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CHAPTER I
INTRODUCTION

In the tenth and eleventh cénturies A.D. societies
referrea Lo as Mississippian developed in the interior
river valleys of the Midwest and Southeast. Between A.D.
1000 and 1200, Mississippian communities in a number of
regions developed networks of hierarchically ranked
polities. Political hierarchies incorporated a complex
form of hereditary ranking. Social institutions and their
ideological constitution extended beyond the boundaries of
local settlement. Maize agricul;ure provided the economic
foundation upon which these socigties depended (Steponaitis

1983, 1986a; Griffin 1985; Peebles 1978),

A great deal of archaeological research during the
past decade has focused on Mississippian social and
economic strategies, using chiefdom models of socio-

political organization (Peebles and Kus 1977; Steponaitis



1978; Welch 1986). Although the development of
Mississippian societies is ultimately rooted in
historically specific situations, much has been learned of
the material basis of the SOCiéty and culture of these

peoples through these more general considerations.

One category of items that became increasinglyv
important in Mississippian socieéty is that of shell beads.
Both freshwater and marine shell beads and ornaments have a
long history in the Eastern Woodlands, extending back at
least to the Late Archaic (Winters 1968). There appears to
have been considerable fluctuation through time in the
frequency of shell bead production and use, as well as
change in the technology of bead production. The mortuary
record from Late Woodland and eariy Mississippian societies
suggests that shell beads may havg Played an important role
in social negotiations and interactions between individuals
and groups during this time (Steppnaitis 1986a; Welch, in
press). It is also at this time ﬁhat a microlithic tool

technology is most prevalent in the archaeological record.

Mississippian microtools were first recognized at the

site of Cahokia, the largest center of Mississippian



development, located near present-day East St. Louis,
Subsequently, similar tools have .been found at a number of
sites in the Cahokia region, at other settlements in the
Mississippi Valley, and throughout the Southeast.

Microwear studies have determined that the Cahokia tools
were used primarily to drill shell, however bone and antler
working is also evidenced (Yerkes 1983) . Microtools,
unfinished shell beads, and shell manufacturing debris have
been found together in the same depositional contexts at a
number of sites. These contexts include burials, refuse
pPits, and house middens at mound center sites, and domestic

settlements (Morse 1975; Schnell.et al. 1981; Yerkes 1984;

Ensor 1981).

During the past five years Jarious models of
Mississippian domestic Specialization have been put forth,
These models have been based, in part, on the
interpretation of microtools as "specialists’" tools
(Prentice 1983, 1985; Yerkes 1984, 1985). Arguments have
focused on a priori interpretations of the tool "type" as
evidence for craft specialization and economic

differentiation (Yerkes 1984, 1985). These studies work




from an evolutiohary framework raﬁher than examining the
actual organization of productive-activities. In response
Lo these arguments, problems have been identified with the
logic and data interpretation that result when technology
is equated with economy and precogceived notions of social
development (Pauketat 1987; Mﬁlle? 1986} . Effects on
artifact distribution patterns dué to temporal variation,
depositional factors, and site formation processes were
also not considered prior to inté?preting these data as

evidence for economic specialization (Pauketat 1987),

Since their initial discovery in large numbers and at
isolated areas at Cahokia, microtools have been linked with
craft production activities invo{ving manufacture of the
thousands of shell beads commonly found amongst the
mortuary-remains of these peoples. The subsequent
discovery of similar tools at other early Mississippian
phase settlements in the Americaq Bottoﬁ suggests that’
microtools were commonly used Ehfoughout the region.
Microtools have been found in a number of household and
refuse deposits on the American Bottom, suggesting that
there was little or no labor allocated to craft production -

outside the control of the household (e.g. Tosi 1984:23) .,



This pattern suggests that shell-%orking on the American
Bottom was perhaps not organized at a scale beyond the
needs of individuals or household§. On the other hand, the
tendency for these tools to occur‘in greater numbers at

paramount sites, such as Cahokia, suggests that prehaps

there was a greater demand for the use of microtools at

these sites.

The organization of production, social exchange, and
the envaluation and use of items of material culture are
processes central to understandiné the social construction
of Mississippian communities. Hoéever, models of
speclalization that have Focused én a particular artifact
"type," ra;her than on the socialgorganization of
production, have confused the issues of craft production
and economic specialization. Craft production can becomé
specialized in the development of complex societies through
increasing hierarchical control over the specialized
sectors of production, raw materigls, and manufactured
ltems. This must be demonstrated; however, through the
integration of a number of lines ?f archaeological

evidence, of which the technology;of production is only one



(e.g. Tosi 1984).

This study describes tools tﬁat are part of a
microlithic technology recovered from surface collections
and test excavations in the Black Warrior River Valley, in
west-central Alabama. The Black Warrior Valley is the
settlement region of the Moundville chiefdom. The
Moundville site itself is second in size only to Cahokia.
Technological and functional studies were undertaken in
order to determine first, the st;ﬁcture of the
manufacturing technology, and secondly, the uses te which

the tools were put.

The chapters that follow do ﬁot address the issue of
productive specialization. Rather, the aim is to descriﬁe
and interpret a éarticular assemblage of stone tools using
a method that integrates typology; technology, and tool use
within a regional historical and Social setting. The
intent is to first identify the structure of the tool
technology relative to a Productive activity. The
organization of production is theh examined within the
limits of the data base. The spatial disﬁributions of the

tools suggest that the technology’ is part of a domestic



productive context. The implications of this observation

are examined in the course of this study.

Chapter II presents a classiéiéation of the microtools
and related artifact classes. Thé intent of the chapter
is, in part, to describe the assemblage. The chronological
context of the tool assemblage is;also examined.
Description of the assemblage is prefaced by a discussion
of the archaeological identification and classification of
microtools in the Southeast. Chapter III presents results
of a technological analysis of thé microtool assemblage.
Core technology and- features of microtoél manufacture are
examined and compared to the larg?r technological context
of which the tools are a part. Tpol'use is examined in
Chapter IV. The results of an optical microwear analysis
are presented for a sample of 105 tools. Relationships
between tool form, technology, ané tool use are examined in
order to evaluate the degree of f;nctional specificity of
the tool assemblage and technology. Locational attributes
are examined as well. These data are then correlated with

regional settlement pattern and site structure information.



In conclusion, Chapter V briﬁgs together the lines of
evidence examined in this study relating to the |
organization of production involving a microlithic tool
industry in the Moundville region. Comparisons are made
between the Black Warrior Valley.industry and analogous
industries in order to evaluate the functional and
technological similarities and differences between
assemblages. Implications for the organization of
production involving the use of microtools in view of other

regional trends are also evaluated.

As a prelude, I begin with af overview of the late
prehistory of the Moundville regioén, and the nature of the

sample on which this study is baseéd.

The Cultural Sétting

There are several recent pubiications outlining the
history of research in the Black ﬁarrior River Valley and
specifically at the site of Moundyille (Bozeman 1982;
Steponaitis 1983, 1386b; Scarry 1586, 1988; Welch 1986, in
press; Peebles 1987; Powell 1988)€ The intent of this

discussion is not to provide a similar review, but to



present a synopsis of the culture history and related
issues pertaining to the study region as it is presently
known. A great deal of archaeological work has been
carried out in the past decade and @ half, including
reanalysis of collections, excavaﬁion, and site survey and
testing in both the Black Warrior and Tombigbee river
valleys. This review of the datatwill draw from a number
of studies and syntheses of the regional prehistory derived
from the intensive research progréms that have been carried
out over the past several years. A reference map for

Moundville and adjacent areas is provided in Figure 1.

The Moundville area is best~known archaeologically as
the location of the Mississippian chiefdom centered at the
Moundville site. 1In é span of only 200 years, between A.D.
1200 and‘1400, the settlement at Moundville grew markedly
in size, population, and complexiﬁy. By A.D. 1400 a total
of 20 platform mounds had been constructed enclosing a
rectangular plaza. At this time the site covered about 100

ha (Steponaitis 1983:4-§).
(

Subsistence economy was based on the intensification

of field agriculture that was concentrated on Eastern Eight
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Row corn (Scarry 1986; Peebles 1987). A variety of wild
animal and plant resources contributed to the subsistence
base as well. There is little evidence of nutritional
stress among the resident population at Moundville (Powell

1988; Peebles 1987).

A number of single-mound "centers" were established
north and south of Moundville beginning sometime around
A.D, 1050, aﬁd by the thirteenth century a three-level
settlement hierarchy was present, with Moundville clearly
the regional center. Around eacﬁ of the outlying centers
were scattered farmsteads and haﬁlets that housed the

majority of the population (Bozeman 1982) .,

The internal organization of Moundville combined
domestic'and Public space in thelform of dwellings, storage
facilities, a plaza, cemeteries,’ and possible areas of
specialized production of ceramics, greenstone celts, and
possibly marine shell objects (Welch 1986:133-172; Peebles
1987:17). Mortuary evidence sugéests that social
distinctions existed within a re;tricted segment of the
society resident at Moundville, fPreferential burial in

mounds and cemeteries, and the presence of exotic burial

]
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goods suggests some form of ascriptive rank among the
higher levels of the social hierarchy. However, for the
majority of individuals, status, as expressed at death,
appears to have been related to faptors of age, gender, and

personal achievement (Peebles 1987:13).

Recent studies of the politidal economy of the
Moundville chiefdom haQe concluded that the pattern of
‘Production and consumption is most similar to models of
"prestige goods" economies (Welch 1986; Peebles 1987).
Within such éystems, certain items, their consumption and
perhaps production, are symbolically manipulated in social
relations. Power and control are ‘linked to the possession
and manipulation of exotic and rare goods, the value and
meaning of which serve to legitimize and perpetuate the
social structure, and the power of the individual (s)
controlling resources and/or prod%cts (Frankenstein and
Rowlands 1978; Friedman and Rowlands 1378) . The emergence
of Moundville as a regional center appears to be correlated
with periods of increasing confliqt and fluctuation of
exchange in the region. The abandonment of certain sites,
and a decline in the frequency'of:ihported goods at others,

12



apparently was linked to the emergence of Moundville as the

regional center controlling long%distance exchange (Peebles

1987; Steponaitis 1986Db; Welch, in press).

Work that has been undertakén in both the Moundville
region and the central Tombigee Valley provide a view of
life prior to Moundville’s polit%cal and economic hegemony.
The Tombigbee Valley lies immediétely to the west of the
Black Warrior Valley (see Figure_l). In the following
s;ctions aspects of community, séttlement, and socizl
organization are discussed in a érief sketch of the period

preceding the Moundville emergence in these two reglions.

The chronologies for the Black Warrior and Tombigbee
f
reglons are provided in Figure 2. These chronologies are
based on ceramic seriations, paleomagnetic and

thermoluminescent measures, and radiocarbon determinations

(Jenkins 1982; Steponaitis 1983; Scarry 1986; Welch 1986;

Peebles 1987).

This study is concerned speéifically with the West

Jefferson phase, which was initially recognized in the

13
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Bessemer area west of Birmingham: Alabama (Jenkins and
Nielsen 1974; O’Hear 1975; Ensor;1979). In the Tombigbee
region, the last 200 years of thé Late Woodland Miller III
phase is contemporary with the West Jefferson phase in the
Black Warrior Valley. The ceramic complex in the Black
Warrior region consists primarily of grog-tempered
Plainwares classified as Baytown#Plain, variety Roper.
Shell-tempered Moundville T phasé ceramic types
occasionally occur in West Jeffefson deposits, but rarely

account for more than 2% of the assemblage (Steponaitis

1983:81).

Evidence frém the Black Warfior Valley suggests that
this region was not permanently occupied prior to the West
Jefferson phase, although elsewhere in the interior of the
Southeasﬁ settlements were occupied on a more or less
permanent basis as early as A.D.i400 (Welch, in press;
Steponaitis 1986a:381). West Jefferson settlements
consisted of villages or hamletsfgenerally less than 0.5
hectares and were concentrated séuthwest of the present
city of Tuscaloosa (Peebles 198755). Although there has
been no systematic survey of the valley south of

Tuscaloosa, West Jefferson communities were presumably

15



dispersed throughout the Moundville region. Residential
base settlements were located along floodplain terraces and
may have been temporarily abandoned during the flood seascn
in late winter and early spring (Welch, in press). Smaller
camps were occupied on a short-term seasonal basis. These
sites were located on the higher river terraces and in the
uplands (Peebles 1987; Welch, in press). A similar pattern
of larger, nucleated villages and smaller seasonal camps is
also observed for the Late Woodland Miller III phase in the

Tombigbee Valley (Jenkins and Krause 1986) .

Sometime between A.D. 1000 énd 1200 a second level in
the settlement hierarchy was established in the form of
single mound-plaza settlements. Between A.D., 1050 and 1250
there were at least four of these settlements, including
Moundville, in the Black Warrior;Valley. Similar
settlements were established north of Moundville at the
Bessemer site, and to the west ;ﬁ the Lubbub area in the
central Tombigbee region. Although investigatioh of these
early Mississippian settlements is limited, the available
evidence suggests that these sit?s yere residences of

individuals who had access to certain exotic materials

16



(Steponaitis 1986b; Peebles 1987).

Late Woodland subsistence pféctices combined hunting,
gathering, and gardening. Maize, introduced some 200 years
prior to the onset of the West Jefferson phase, and a
variety of wild and domestic grasses were cultivated
(Scarry 1986; Caddell et al. 1981: Steponaitis 1986a) .
Botanical evidence from the central Tombigbee area shows an
increase in the abundance of corn dufing the Late Woodland.
Data from the Moundville region alsoc suggest that the shift
toward field production of maize began in the West
Jefferson phase (Scarry 1988). A;though wild plants and
animals continued to contr%bute to the subsistence base,
corn agriculture was intensified_guring the later part of
the Woodland period, perhaps as é;result of increasing
economic bressures (Welch, in press). An increase in the
number of Late Woodland and early'Mississippian sites and
the health status of Summerville I mortuary pobulations
point to increasing population and economic stress at this
time (Cole et al. 1982:Table l4; Peebles 1987; Welch, in

press:Table S).

17



In summary, the period between roughly A.D. 900 and
1200 witnessed changes in social organization and economy,
material culture, and settlement in_both regions. Although
the primary unit of domestic resiéential settlement appears
to have remained unchanged, corn égriculture was |
intensified at the same time we see changes in settlement
and social organization. New forms of architecture
included rectangular wall-trench houses, above- ground
Storage facilities, and the construction of platform
mounds. A second level in the settlement hierarchy, the
single mound-plaza settlement, also emerges at this time.
Other technological changes are s?en in the domestic sphere
with the adoption of shell-tempergd wares and changes in
cooking, storage, and serving veséels, There is also
evidence of production and exchange of agricultural
implements including chert hoes, ?nd greenstone celts and
axes. Microlithic blade-core technologies are another
innovation that occurs along with an increase in shell
craft production (Steponaitis 1986a). The introduction of
the bow-and-arrow and other changgs in lithic technology,
Lo be addressed in more detail in;the context of this

study, also occurred at this time. ‘

18




Social Qrganization

From the breakdown of Middle Woodland exchange
networks (Stéponaitis 1986a) until the establishment of a
"prestige goods" economy after A.D. 1100, there is little
evidence of social differentiatiop among the inhabitants of
the Tombigbee and Black Warrior valleys. Most West
Jefferson burials excavated in thé Besseﬁer area (at Pinson
Cave), and Miller IIT burials from the central Tombigbee
Valley lack burial goods, except for shell beads and
ornaments (Welch, in press). During the early part of the
Miller III, shell beads manufactured from freshwater mussel
shell were found with subadults, édult females, and,
rarely, adult males. However, byfA.D. 800 to 1050, marine
shell beads appear to be more abundant compared to
freshwater beads. Moreover, althpugh marine shell beads
were found with some subadults an@ females, there appears
to be an increase in their occurrence with adult males
(Welch, in press). Along with the emphasis on marine shell
beads and pendants, thére is evidénce of other inter-
community exchange relationships as seen by the appearance

of imported copper, and greenstone celts/axes placed in the

19




graves of adult males. These items appear to be objects of
personal property and there is still little evidence of

soclal differentiation visible in the mortuary record.

The apparent onset of exchange for both aéricultural
implements and other material goods is probably not
unrelated to the rather sudden development of mound centers
and ceremonial mound-plaza settle@ents. At this time (A.D.
1050~-1200) there is also a peak ip the frequencies of
marine shell beads in mortuary contexts {(Peebles
1587:Figures 6 and 7). Evidence of the development of
social distinctions can be found in the burial of
individuals in cemeteries with exotic goods, especially
adult males (Welch, in press). Tpese distinctions contrast

with village-area burials that tepd to lack burial goods.

»

The historical relationshipsibetween outlying mound
sites and the settlement at MoundGille are presently poorly
understood. However, excavations' at one of these centers,
1TuS0, has revealed a high proportion of nonlocal goods
(Steponaitis 1986b). These materials include imported
stone used for the production of ;griculturai tools and

weapons. By the beginning of thefthirteenth century A.D,,
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1Tu50 appears to have been abandoned (Steponaitis 1986b).
It is around this time that Moun&ville emerges as a major
regional center, whose apparent éontrol of nonlocal goods
and production appears to have had a major impact on the

region as a whole,

Summary

I have presented an outline of the plcture of
Mississippian emergence in the Moundville region, however
the details have yet to be brought into focus.
Relationships between agricultural production and other
forms of domestic production await archaeological
in%estigation at both the mound settlements and smaller
farmsteads or hamlets. Only through systematic examination
of all types of community settlements will their

interconnections become more clearly understood.

It is interesting to note that, prior to Moundville I
times, shell beads and shell ornaments wére important among
adults, both male and female, and children. Freshwater
shell beads are found with males“and females, adults and
Subadults among Late Woodland an& early Mississippian

populations in both the Tombigbeé and Black Warrior
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valleys. At some point, however, marine shell became
increasingly valued as a material. for body ornamentation
and other ritual and symbolic activities. The increasing
abundance and restriction of marine shell beads with
certain individuals during early.ﬁississippian times (after
A.D, 1050) is most likely relateq to the changing social

use of this material.

The Moundville Survey and the Microtool Sample

The lithic materials examined in thié study were
collected in 1978 and 1979 during surface survey of sites
in the Mdundville area conducted by the University of
Michigan Museum of Anthropology (UMMA) . A map of the study
area is given in Figure 3. The MEundville Project,
directed by Christopher Peebles, pombined the efforts of

several co-investigators in an integrated research project

in the Moundville region.

As part of this project, the Moundville survey,
directed by Paul Welch, visited known Late Woodland and
Mississippian sites in the Black Warrior Valley between

Tuscaloosa and Akron, Alabama, The survey covered
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Figure 3. W-es.t Jefferson and Moundville phase sites referred to in the text surveyed
during the UMMA Moundville Survey, 1978-79 (after Bozeman 1982),
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approximately 25 kilometers north and south of Moundvilie
(Welch 1981; Bozeman 1982). The intent of‘the survey was
not to discover new sites but tozclarify the chronology,
size, and organization of known Moundville phase
settlements. The survey methods were designed to maximize
spatial control and comparability between sites. Sites of
sufficient size and artifact denéity were gridded into 20 x
20 m units and all surface material collected. Sites were
not collected unless surface visibility was at least 60 to

70% (Paul Welch, personal communication) .

While the survey produced representative, controlled
artifact collections from a number of West Jefferson and
Moundville phase settlements, the data are limited by the
lack of systematic coverage in the floodplain and the
uplands. Although the distribution of mound sites is most
likely accurately represented boﬁh to the north and south
of Mouﬁdville, nonmound sites and smaller farmsteads are
underrepresented in the sample. This bias is greatest
downstream from Moundville where logistical and
physiographic constraints have l;mited archaeological

investigation (Paul Welch, personal communication) .
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Among the items recovered by the Moundville survey are
a variety of chipped stone artifacts that collectively may
be called microtools. Prominent among these tools are a
number of items whose overall morphology suggests they were
used as drills. Of a total of 105 used tools examined in
this study, 76% are from gridded surface collections, 10%
are from mound test excavations, .and 14% are from test
excavations conducted at the White site (lHa8) (Welch
1956). Microtools from the White site were Ffound in mixed
West Jefferson and Moundville phase deposits, and in an
undisturbed West Jefferson phase bip. Microtool
manufacturing debitage, including blade cores, blades, and
unfinished tools, were recovered primarily from site
surfaces. One core found during excavations at 1Tu50, a

West Jefferson and Moundville I site, is included as well.

In a recent review article, Steponaitis (1986a) noted
that the apparent connection between microtool technologies
and shell beads during the period of Mississippian
emergence and consolidation was perhaps not coincidental.
Morse (1974) also emphasized the importance of the

technology in terms of Late Woodland and early
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Mississippian interaction. On the other hand, other
researchers have focused on the implications of the tools
and the technology from an evolutionary perspective. These
arguments interpret the presencé of the technology as
evidence that certain individuals and communities were
involved in craft specialization involving shell-working on
a8 part-time basis (Prentice 1983, 1985; Yerkes 1984, 1985).
These interpretations have derived from a particular
theoretical point of view, rather than the inherent
variability of the individual art%facts. While
technological evidence alone can qot address the issue of
economic specialization, links between exchange
relationships, production, and sh?ll beads during the
initial period of Mississippian development‘is apparent.
Tool design, uée, and a production context are all factors
that together structure stone gool technologies. These

connections are the focus of this study.
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CHAPTER II -

THE BLACK WARRIOR VALLEY MICROLITHIC ASSEMBLAGE:
CLASSIFICATION AND CHRONQLOGY

Small toolé, generally referred to as gravers,
pPerforators, and drills, have been recognized in a variety
of Late Woodland and early Mississippian archaeological
contexts throughout the Southeast. Because of historical
associations, formal similarities in design, and functions,
these tools are often classified as microtools, or
microliths. While in certain regions microtools were
manufactured on blades, in other situations, similar tools
were manufactured on flakes and other pieces of debitage.
Because of this divergence in technological style,
classification of these tools can be somewhat ambiguous.
This is related, in part, to the initial link established
by archaeologists working at Cahokia between the tools, a

blade-core technolegy, and shell craft production (Mason

and Perino 1961; Yerkes 1983),
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The existence of variability in tool form suggests
that microtool manufacturing strategies were not always
consistent. For example, whilg #he Cahokia assemblage
represents a structured blade-tool production technology,
microtools manufactured at certain outlying sites in the
American Bottom were stylistically different. Yerkes
(1987:166) comments that shell drills from the Labras Lake
site would not have automatically been classified as
microdrills using the formal criteria defined by Mason and
Perino (1961) who link the tools to a blade industry. It
is apparent that the organization of microtool production
must be evaluated on a site-by-site basis, as well as in a
regional framework. Factors affécting the organization of
a specific stone working technology would be expected to
vary through time and in different regions, given the

specific socic-economic uses to which the tools were put.

The intent of this chapter is to first, describe the
Black Warrior microlithic assemblage, and secondly to
evaluate the chronology of the tools. Typological
description is conducted with the goal of clarifying the

morphological variability seen iﬁ the finished tools and
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manufacturing debris. This approach is designed to
facilitate comparisons with other related assembloges in
order to evaluate variation in manufacturing methods and
techniques. Description of the Black Warrior assemblage is
preceded by a brief overview of the archaeoclogical
classification of microtools in the Southeast. The intent
of this discussion is to summarize the ektent of formal
variability in microtool morphology and technology, the aim
being to highlight the interpretive and typological
implications of this variability. Artifact class
descriptions are prefaced with a discussion of the
classification methods used in the context of this study,
and the variables measured in order to characterize the
tools and manufacturing byproduct;, The chronology of the
assemblage is discussed following!the class descriptions.
The chapter concludes by evaluating the typological and
chronological implications of the:Black Warrior Valley

microtool assemblage.
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Microtool Classification in the Southeast

Artifacts classified as microtools from the late
Middle Woodland onward in the Southeast vary in
manufacturing technigques, degree of retouch, raw material,
and the morphology of the bit and tool haft. As the typé’s
name suggests, the small size of the tools is one of the
distinguishing features of the artifact class. As a tocl
tradition, late prehistoric micrélithic industries are
characterized by three previously documented trends: (a)
they generally occur in Late Woodland and early
Mississippian contexts, (b) the;e are similarities and
differences between and within settlements as to the
relative frequency of microlithic_tools within the total
assemblage, and (c) they are linked, although not

exclusively, to shell-working.

Initially described as "spicules of chert more or less
square in cross-section," the Cahokia microlithic
assemblage was later recognized as comprising "true
microblades, tiny implements made from microblades, and
usually exhausted cores from which the blades had been

~drawn" (Mason and Perino 1961). unring the course of the
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FAI-270 excavations microtools, blades, and cores were
found at a number of outlying Mississippian sites on the
American Bottom. These sites include both smail domestic
settlements and larger mound center sites (Yerkes 1984;
Milner et al. 1984). The Cahokia mic;olithic industry has
since become synonymous with analpgous industries that were
identified at two other Mississippi Valley settlements,
Zebree in Arkansas (Morse and Morse 1980, 1983) and the
Carson Mound site in Mississippi (Johnson 1987). BRBoth the
ebree and Carson industries are technologically and

historically connected to the Cahokia industry.

The Mississippi Valley microlithic industries can be
described as a technological tool' tradition that was
focused on a common method of stone working and a specific
raw material. Microtools were most frequently used during
the tenth and eleventh centuries A.D. at large mound center
sites such as Cahokia and Mitcheil on the American Bottom,
and at Zebree in Arkansas. Use-wear studies of microtools
from Cahokia and other outlying sites have suggested that
the tools were used primarily to drill shell. However,
bene and hide polishes were also identified (Yerkes 1983,

1984, 1987). sSince the initial identification of
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microtools at Cahokia, there has been an explicit
typological association of these éools with a developed
blade-core technology and shell wérking. Moreover, the
industry as a whole has been interﬁreted as a trait related
A
to developing social complexity during the Mississippian
emergence (Yerkes 1983, 1984, 1985). One implication of
this narrow association with a specific technological,
social, and cultﬁral context is that microtools from
smaller sites are considered eithér as "problematical"

(Faulkner 1968), or more recently, as "specialists’" tools

(Prentice 1985},

Flake and blade microtools, as a component of local
flake-tool technologies, are docuﬁented at a number of
sites in the Southeast as early as 1000 B.C. and as late as
A.D. 1500_(Kline 1985; Dickens 197s6). 'Microtools vary in
the degree and kind of secondary retouch required in their
manufacture, depending on the intended function of the
tool. Raw materials used are local, and formal
similarities and differences can be related to (a) raw
material characteristics and (b) tool use within the local

communities where they are found. .
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Microtools have been reported from a number of sites
in Tennessee. These tools are generally made on flakes
rather than specially produced blades. One such tool
assemblage comes from the Oﬁl Hollow site (Kline 1985).

The Owl Hollow assemblage consists of 28 tools that are
morphologically and functionally'similar. These tools are
described as part of a microlith comp}ex representing an
opportunistic manufacturing technique (Kline 1985:88). The
tools are manufactured on selected pieces of flake
debitage, rather than a flake or blade preform. The
implements are interpreted as scgaping/graving and drilling
tools related to the manufacture of bone needles (Kline
1985) ., Aalthough the term microtool is not used, Dickens
(1976:135-138) describes a unique flake-tool assemblage
from the late Mississippian Pisgah phase at the Warren
Wilson site. Included in this tool assemblage are a
variety of small, cutting and perforating implements.
Microtools made on blade-like lekes and other small flakes
were also found in Late Woodland deposits at the Mason
Site. These tools are described as microtools, and are
referred to as a problematical Eool category (Faulkner

1968:99;Plate XII,G). Other micéotool finds are reported
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from Late Woodland levels at the Westmoreland~Barber site
(Faulkner and Graham:1966:83-84), and from Feature 69, an
early Late Woodland midden on the Moccasin Bend site in

Hamilton County, Tennessee (Graham 1964:31; Faulkner

1968:100) .

In Alabama and Mississippi,'ﬁicrotools are found
manufactured on flakes as well as blades. Described as
microperforators, gravers, and drills, these tools are
found at large Late Woodland villages as well as smaller,
seasonal settlements, and at early Mississippian mound
center sites (Rafferty and Starr 1986; Futato 1977, 1983,
1987; Ensor 1979,1981). 1In the Tombigbee and Tennessee
River drainages, microtools made on flakes, blade-shaped
flakes, ;nd reworked triangular ébints have been found in
late Middle Woodland, Late Woodl;nd Miller III, and early
Mississippian deposits (Futato 1927, 1983, 1987; Atkinson
et.al., 1980; Rafferty and Starr 1986; Allan 1983; Jenkins
et al, 1975). Futato (1983), uses the term "microlith" in
& general sense to describe small tools made on both flakes
and blades from Woodland and early Mississippian contexts

in the Cedar Creek drainage. At the Lubbub archaeological
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locality, in thé central Tombigbee River Valley, a
micrelithic industry composed of ‘tools, blades, and cores
is found in late Miller III and ea:ly Mississippian
Summerville I contexts (Ensor 1979, 1981; Allan 1983;

Walthall 1980:154) .,

In Georgia, microtools are reported from three early
Mississippian sites. At the Gregg Shoals and Clyde Gulley
sites, located along the Savannah River in northeast
Georgia, quartz blade-tools and éores were found in Etowah
Phase deposits, an early Mississippian component in the
South Appalachian Province (Tippitt and Marquardt 1984).
At the site of Cemochechobee, an’early Mississippian mound
site, microtools were found in fill deposits in Mound B

(Schnell et al. 1981).

In summary, small cutting, éraving, and perforaﬁing
tools, collectively described as microtools, are found in a
number of archaeological contexts throughout the Southeast.
Varilability exisits in both tool:technology and use,
Microtools, as éuch, are found p;edominantly in Late
Woodland and early Mississippianideposits. The tool class

includes the hundreds of blade-téols from early
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Mississippian deposits at large ﬁound center sites such as
Cahokia and Zebree in the Mississippi Valley. 1In the
Southeast, microtools have been found at the mound center
sites of Cemochechobee, Carson Mound, and the Lubbub
Archaeological.locality in the Tombigbee River Valley,
Microtools made on both flakes aqd blades are also found to
occur in lithic assemblages from:farmstead and village
contexts on the American Bottom,:in the Moundville region,
and throughout the Southeast. Eﬁnctional studies have
concluded that microtools from Cahokia and other American
Bottom sites were used primarily to perforate shell. Othe;

uses, including bone and hide working, are also evidenced.

The following classification of the Black Warrior
microlithic assemblage is designéd to present the full
range of morphological and technblogical variability of
this particular tool type in the_Moundville region. The
classification is designed to be functionally neutral since

an evaluation of tool use is presented in Chapter 1IV.
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The Black Warrior Valley Industry

The Black Warrior Valley microtools are primarily
bifacially retouched and are manﬁfactured predominantly,
although not exclusively, on blades. Blade-core industries
are technologically distinct and include finished and
unfinished tools, as well as core and blade debitage. One
hundred five whole and broken retouched microtools, 82
unfinished tool fragments, 745 unretouched blades, 55 blade
cores, and 8 blade-core platform removal flakes from 15
sites in the Black Warrior Valle? are included in this
study. These data are provided in Tables A.1 through A.7

in Appendix a.

Microtools from sites in thé'Moundville region are
generally less than 3.0 c¢m in maximum length. The mean
length:width ratio is 2.5, and the mean width:thickness
ratio is 2.0. Both size and form identify these tools as
falling within the traditionally defined microtool class
that includes small hafted bit-tools. On morphological
grounds alone, the tools fall inéo the microdrill and
graver functional categories described for the Mississippi

Valley and Lubbub industries. Bxcluding small fragments,
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72% of the tools are manufactured on blades or blade-shaped
flakes. Of the remaining 28%, 11 tools are made on flakes,

and 14 are manufactured on triangular bifaces.
Clasgification Methods

The following classificationﬂis based on morphological
and technological attributes. Mygrotocls have generally
been described as drills or gravefs, and occasionally
scrapers, based on the bit-edge configuration. Because of
the close link between tool design and intended function,
there is a close correspondence between tool form and
function. However, since the different microtool types,
such as gravers and drills, do not form mutually exclusive
formal classes, I have used the term "bit-tool" to refer to
the implements classified in this.study. This term is
functionally neutral, yet it is descriptive of the small

bit-like, retouched ends_characte?istic of the implements.

The typology is based on a three-tiered, class-type-
subtype hierarchy. Class designations refer to the primary
categories or components of the industry, including both
tools and manufacturing debris. Variability in artifact

form within classes, where it exists, is described using
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the type-subtype nomenclature. Aftifact fragments too
small to be unambiguously identif;ed, tool types
represented by only a few examples, and certain
technological tool distinctions are treated as artifact
Jroups and, as such, are excluded from the formal
classification. The typology can be illustrated by the
dendritic key shown in Figure 4. Similar dendritic keys
have been used to build ceramic typologies focusing on
local stylistic and technological variability (Steponaitis
1983). This typology implies a tree-type classification
and, as such, is characterized byrthe following: (a) a
hierarchy of importance among attributes that determines
the order in which attributes are considered when assigning
specimens to types, and (b) the classification criteria
shift, depending on which "branch" of‘the tree is being
followed in the process of classification (Whallon 1972;

Steponaitis 1983:51).

The primary attribute differentiating bit-tool types
is the nature of the blank used as the tocl preform. Bit-
tools made on flakes form one type or branch and bit-tools

made on blades another. Once the;appropriate type is
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determined, then other technological and morphological
attributes can be considered in the formation of microtool
subtypes for both flake and blade microtools. Both
unifacial and bifacial toolé arezpresent in the sample.
After the pattern of surface and edge retouch is
determined, variability in the shape of the tool haft and
bit is considered. 1In addition to morpholeogical-
technological variation, tool biﬁ shape is also affected by
use. This aspect of variation will be examined when tool
function is considered in Chaptei IV. Technological
relationships between microtool pres and subtypes are
considered in Chapter III. Bladg core types are defined by
the nature of blade removals (single versus multiple) and

the resulting core morphology.
Variables of Core, Blade. and Bit=Tool Morphology

Variables used to describe the morphology of the
cores, blades, and tools can be-grouped into two
categories: descriptive and technological. Descriptive
variables recorded include three:categories of information:
(a) provenience, (b) raw material and conditions of

thermal treatment or burning, an& (c} overall dimensions
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{(maximum length, widthh thickness, cross-section, and
breakage condition). Dimensions characterizing the haft
and bit components of the tools were also measured in
addition to overall size. Linear measurements used to
define the size of the tools, blades, and cores ére shown
in Fggure 5. Core thickness, not shown on the diagram, is
defined as the maximum thickness-measured-along a plane
Perpendicular to the lengtﬁ—width axis.' Bit-tool thickness

is measured along a plane perpendicular to the maximum

width of the tool.

Core technological variables were selected to describe
features of the core platforms and the blade removal face.
Core platform measurements include: (2) the number of
platforms per core, (b) the location of the platform with
respect to the core preform, (c) the pPresence or absence
of platform preparation, and (d) ;the angle formed by the
intersection of the blade removal face and platform
surface. Variables characterizing the blade removal face
are: (a) length, and (b) the number of blade removals
aleng a single face. The geometric shape of the axhausted
Core was also recorded. Blade technological variables

include: (a) cross-section, (b) . the presence/absence and
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location of cortex, and (¢c) the presence of dorsal flake
scars. Microtool technological variables include: (a)

the presence/absence of cortex, (b) tool haft and bit
cross-section, and (c) the character of retouch.
Discussion of the values for these variables is included in
two different contexts in this study. The first deals with
the regional classification of the indivi?pal artifacts.
Theé second discussion focuses on the technological
implications of the morphological_variability and is

pPresented in Chapter III.

In the sections that follow the artifact classes are
described. Sample size, class de%inition, and sample
descriptions are provided. As a prelude to this
discussion, I begin with a description of the raw material

from which the tools are manufactured.

Raw Material i

Unlike the Mississippi Valley industries that were
based on tabular Crescent Quarry cherts, the Alabama
industries are based on the local Tuscaloosa gravel cherts
deriving from Devonian and Missiséippian formations. Local

i
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Tuscaloosa cherts were the Primary source of stone used by
]
the prehistoric inhabitants of this region, especially in

the Late Woodland and Mississippian periods.

Both the quantity of raw material available and its
accessibility along stream channel terraces and exposed
gravel bars would have made acquisition of this resource
relatively easy. 1In situ limestone deposits and bedded.
cherts do not océur in west-central Alabama. The closest
bedded cherts are the Bangor and Fort Payne deposits that
outcrop in the northern part of Ehe state and in portions
of southern Tennessee, northeastern Mississippi, and

northern Georgia. '

The Tuscaloosa Formation coh%ists of redeposited
stream g;avels that include a variety of rounded chert
cobbles, sandstones, quartz, and éuartzite. Quartz is.
predominant in gravel deposits in' the eastern part of the
state, while cherts are predominaht in west-central and
northwestern Alabama (Futato 19805; The Formation occurs
in the basal portion of the UppefECretaceous sedimentary
deposits in the northern part of ‘the Coastal Plain

Province. Deposits extend in a belt 80 to 120 kilometers
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wide swinging from the east westward through Tuscaloosa

County (Adams et al. 1926).

The quality of the gravel cherts is variable, as is
the size of the individual cobbles (Fugato 1980) .
Tuscaloosa cherts are generally fossil-free
cryptocrystalline materials ranging in color from white to
pale yellow and brownish-yellow. These materials when
unaltered by thermal treatment arg referred to in the .
archaeological literature as yellow chert or jasper. When
heat-treated the cherts change color to varying shades of
yellow-orange to pink and red depending on the temperature
and intensity of heating (Futato }980; Ensor 13980). Heat-
treated gravel cherts in this reg}on are frequently

referred to as red jasper.

The use of thermal treatment of the local gravel.
cherts has both regional and temporal continuity in the
Tombigbee and Black Warrior drainéges (Futato 1980, 1983;
Ensor 1980; Gillespie 1977). During the Late Woodland and
Mississippian periods core-flake industries were based
completely on heat-treated Tuscaléosa cherts. Sites
surveyed in the Black Warrior Valiey are covered with heat-

]
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treated gravel-chert debris, cores, and tools. There is no
apparent association between the épplication of heat-
treating and the manufacture of certain tool types.
Although there are occasional impiements made on non-
treated materials, these appear to be exceptions rather
than the norm. Having described the raw material basis of
the industry, let us turn to a description of the
individual artifact classes repreéented in the Black
Warrior Valley sample.
Blade Cores

A total of 422 cores were collected during survey of
the Black Warrior Valley.sites, 81% of which were made on
heat-treated Tuscalocosa gravel cherts. The cores are
remnants from flake, bipolar, ahdAmicroblade industries.

Blade cores represent 15% of the total number of cores in

the assemblage.

A total of 55 blade cores, 34 of which were whole,
were ldentified in this study. Blade cores in the Black
Warrior sample represent a continuum from initial core
reduction to core exhaustion, including aborted and broken

cores. The Black Warrior cores can be divided into two
14
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groups based on the occurrence of multiple (two or more),
or single blade removals. The final shape of the multiple
blade cores is determined by a combination of technological
features including: (a) the amount of preparaticn and
ocrientation of the platform with respect to the core
preform, (b} the number of platforms per core, and (c)

the number of blade removals per platform.

The 34 whole cores can be divided into five core types:
based on the final shape or geometry of the remnant core.
Core fragments were excluded from the typology of whole
cores and are described as a sebarate group. The frequency
distributions of the core types are provided in Table 1.
Blade core dimensions and characteristics are summarized

for the five types in Tables 2 and 3.

ﬁgniggl Cores. Seven conical cores were identified in the
blade core class (Figure 6). Conical cores form a distinct
core remnant because of the cone shape resulting from
attempted multiple blade removals around-the perimeter of
the platform. The cone apex is created by convergence of
the distal ends of the blade reﬁoval scars. As the core

becomes more completely prepared and reduced, the cone
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Figure 6. Conical and rectangular/wed
conical; £ - i, rectangular/wedge. a.
40-1, c. Tu42-51-11, d. Ha92-45-9, e,
1-2, g. Ha%2-11-27, h. Tu66-16-2, 1i.

ge cores; a - e,
Ha92-16-34, b. Tu66-

Tu259-9-18, f. TuM2-
TuM7-5-6,
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——.--——--——--—u-u-—-w-—-—-———.q.u-.—————-u—————-.-—————-.---—

Type n %
MULTIPLE:

Conical 7 12.7
Rectangular/Wedge 3 5.5
Discoidal 6 10.9
SINGLE:

Amorphous 18 32.7
FRAGMENT 21 38.2
TOTAL 55 100.0

-«u———-——u——_——————ﬂ-———-—_--u———---o———-pu_-————--u——

shape becomes more defined.

Conical cores in the Black Warrior sample range frem
completely exhausted core nuclei to cores with minimal
blade removals and unprepared platforms. These cores
appear to have been manufactured by splitting already
fractured cobbles, creating a roughly triangular preform

shape. The platforms on all of the conical cores are non-

cortical fracture surfaces.
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Table 2. Blade Core Metrics

T T S S T T R e e R N E et E SR e E E SRR d N E E R A A R m ..., .- - - —

Length (mn) Width (mm) Thickness (mm)
Type n Mean §.0. €.V, Hean S§.D., C.V. Mean S5.D.C.V.

L R Y e e o wow o - o w e

--------------------------------------------------------------------

Amorphous 18 34,3 7.1 21 25,1 4.1 16 18.0 3.8 21
Conical T O28.5 2,3 28 25.1 2.3 9 4.1 2.8 7%
Discobdal 5 38.5 7,4 19 25.6 4.8 19  18.2 4.5 725

Rectangular 2 27,3 4,1 17 3.8 0.6 2 16.3 1.8 11

-------------------------------------------------------------------

""""""""""""""" Blade Removal Face
Length (mm) : Platform Angle
Type n Mean s.D. c.v Mean §.D c.v
anorphous 10 257 7.8 a1 ssa a0 5
Conical 7 20.9 3.5 j 17 84.7 6.5 8
Discoidal 5 23.9 4,3 18 84.0 4.9 6
Rectangular 2 22.0 2.9 13 90.0 - -
Wedge 1 22.1 - - 80.0 - -
Fragment 16 - - - 83.0 6.2 9
Platform 8 - - - 86.1 7.7 9

removal

-.—————.--——.—————mu———u-————.--ﬂ——--—-n——---.————-————q.—_———-—_—---

exhausted core platforms all show multiple facets removed
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to create a flat surface and to prepare the platform edge
after successive blade removals. The faces for removing
blades were also prepared, as evidenced on the more
exhausted cores. Platform angles range between 73 and 90
degrees. Between three and five blade removals are

evidenced on the exhausted cores,

-Regtangular/Wedge Cores. Three cores in the sample are

rectangular to wedge-shaped, the form depending on
characteristics of the cobble preform and the presence of
more than one platform (Figure 6). The small sample of
cores in this type is likely a result of complete core
reduction and breakage. Many ofithe core fragments appear
to be remnants that would fall into this core type based on
platform_and blade removal features. Cores in this
Category are manufactured on blocky, rectangular-shaped
core preforms. Two or more bladgs were removed from a
common platform down one face of the core creating a
rectangular shape. Platforms were flaked to create a flat,
uniform surface, and acute angle$ were re-established by
removing a burin-like transverse spall across the platform.

The single wedge-shaped c¢ore has'two pPlatforms intersecting
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at right angles. Platform angles for this core type are in
the ninety degree range resulting from complete core

reduction.

Discoidal Cores. A total of six discoidal cores were
identified in the sample (Figure 7). Tabular-shaped cobble
fragments or flakes were used as core preforms. Both
flakes and blade~shaped flakes were removed from the
perimeter and on both faces of the core preform creating a
bifacial or discoidal shapé. Flakes and blades removed
from cores in this category tend to bé longer than those
removed from conical or rectangular-wedge cores. Overlap
in the production of both flakes and blades is indicated
for this core type. However, some of the flake removals
appear to isolate guiding ridges to facilitate blade

removal. Platform angles range betwen 78 and 90 degrees.

Amorphous Cores. In cohtrast to the shaped, multiple blade
core types that together comprise one-fourth of the blade
core sample, are amorphous-~shaped cores (Figure 8). A
total of 18 amorphous cores were identified. Cores in this
category were manufactured from cébble fragments of

variable shape lacking a consistent pattern of platform



Figure 7. Discoidal cores. a. Tu66-70-1, b. Tu259-16-4,
c. Tu259-14-29, d. Tu66-17-2, e. Ha92-2-2¢.
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Figure 8, Amorphous-shaped cores; a. Hal5-21-11, b. Ha92-

5~8, ¢. Tu66-51-1, d. Tu42-66-2, e. Ha92-22-17, f. Ha%92-17-
11.
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orientation or blade removal. Amorphous cores have a
single platform located on a naturally flat surface on the
core preform. Both non-cortical fracture planes and
cortical surfaces were used as platforms. Generally blades
were removed from the longest flat cobble face, often using
a8 non-cortical fracture surface. 1In some cases a platform
was created by removing a single transverse flake to create
a flat surface. Only one or two blades were removed.from
these cores. Platform angles range between 78 and 90
degrees and have the lowest measu;e of platform angle

variation compared to the other shaped core types.

Core Fragments. Nearly half of the-éores in the assmeblage
are fragments, mainly proximal, aithough one distal
fragment is represented (Figure 9). The nature of the
platform and blade scar facets indicate that the majority
are fragments of multiple removal cores. Platform angles

range between 72 and 98 degrees,
LCore Rejuvenation Flakes

Eight platform removal flakes were identified in the
sample (Figure 10). These flakesiare recognizable as

fragments of core platforms along with the upper portions
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Figure 9. Blade core fragments. a. Ha%2-32-22, b. Ha92-3-

14, c. Tu42-49-12, d. Tu66-31-2, e. Hal5-8-5, f. Tu66-68-1,
g. 'Tu66-639-2, h. Tu2-35-7, i. Ha92-37-15.
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Figure 10. Blade core platform rejuvenation flakes.

a. Tu66-42-4, b, Tu56-29-2, c. Tu262-CBC, d. Hal5-8-7,
e, Tu66-45-2,
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of the dorsal.fade of the core exterior. Crabtree (1968)
notes that core recovery is important either when there is
a shortage of material, or when the time required to
prepare a new core is considered. Both of these factors
may have been in operation when t%e task of heat-treating

the material is considered.

Unretouched Blades

A total of 745 blades and blade fragments were
recovered from sites in the Moundville region (Figure 11).
The primary use of the blades appéars to have been to serve
as preforms from which the bit-tools were manufactured,

The frequencies of breakage conditions are provided below
in Table 4, A sample of 462 complete blades was used to.

describe the metric attributes summarized in Table 5.

A blade is generally recogn;zed as a specialized flake
that is linear in shape, having pérallel to sub;parallel
edges, its length being twice that of the width (Crabtree
1972) . By definition blades are not random flakes since

they must be struck from a preparéd core that is designed

to produce them. :
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Figure 11, Blades. a. Tu66-12-9, b. Ha92-21-22, c. Tu66-
65-18, d. Tu66-14-1, e. Tu259-5-36, f,. Ha92-32-25, g. Tu-
259-5-36, h. Tu66-49-1, i. Tu58-cBC, j. Tu259-2-16,

kK. Ha92-2-34, 1. Tu66-14-1, m. Tu66-39-1, n. Tu66-35-1,
0. Tu66-44-1, p. Tu259-~2-16, ;

#
!
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Table 4. Breakage Condition for the Blade Sample

—————————.-———-———-———-—n—————-————-p-m—————.u_————-—————-.q-————

.--——--ﬂ-—--—————--ﬂ-———_-ﬁ—————--—-—l_u——-—-ﬂ—-——-&—————-..—————

Condition n %
Complete 462 62
Distal 9 1
Medial 37 S
Proximal 44 6
Medial-distal 88 12
Medial-proximal 100 13
Lateral ' 5 .7
TOTAL 745 100.0

———-—n———n—————.—.——.-.-.-..————-.-——--p-.-.«-——-p-m————-————-.--.———--—--——
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' , 1
Table 5, Blade Descriptive Statistics

T o o o =k i S alh A — ——— . > " e m— v

————-————-a-—————_—u—-.-—.——---m—-———--————-q-—————pq-—_——‘..-.-

Variable n Mean 3.D. Range Cc.v
Length (mm) .
l/w > 2.0 321 19.6 3.7 12.2 - 38.3 18
l/w < 2.0 141 17.7 3.2 11.9 - 27.86 18
width (mm)
L/w >» 2.0 8.4 1.6 2.2 - 13.5 19
1/w < 2.0 9.9 1.9 6.3 - 18.8 19
Thickness (mm) .
1/w > 2.0 3.0 1.1 0.1 - 9.5 36
1/w < 2,0 2.9 1.0 1.1 - 6.2 35
Width:
Thickness )
1/w > 2.0 3.0 0.9 0.8 - 6.5 30
l/w < 2.0 3.7 1.0 1.8 - 8.4 28
Length:
Width
1/w > 2.0 2.4 0.4 2.0 - 7.1 18
l/w < 2.0 1.8 0.2 1.1 - 2.0 10

--——-—-—--—-———-_—-—--———-q-——-_---————-_——-.-———q—-_——--_-——---_

For each variable, statistics are presented separately for
blades with length/width ratios of > 2.0 and those with
ratios of < 2.0,
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The Black Warrior blades are not finished products.
Rather, these items were used priﬁarily as tool blanks for
manufacturing bit-tools. Conseqﬁéntly, items included in
the sample are discarded blades, Elade fragments, and
debitage resulting from this manufacturing process. While,
for classification purposes, I have followed the
traditional, formal blade criteria to a degree, other
distinctive production features were used in defining the
Black Warrior Valley blade sample as well. Thus, the full
range of variation characteristic of the manufacturing

trajectory is represented.

Similar approaches in the definition of blade
assemblages can be found in the work of other researchers
who have studied blade industries in the Arctic and among
the préhistoric Chumash in California (Aigner 1970; Arnold
1983). The approach I have used follows the logic
expressed in Aigner’s definition of blades in terms of
their production features. In this way,

all of the variation, including poorly manufactured

blades which clearly were not suitable as tool blanks,

is included since the aim is Lo define a total system
of stone tool production with its real patterns of
manufacture and real end-products, not idealized

categories of blades, or microblades preconceived by
the archaeologist [Aigner 1970:61),
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Microblades in the Southeast are described as such because
they are generally less than three centimeters in maximum
length. Mean blade lengths for the major Southeastern
microlithic industries, including Cahokia, are listed in
Table 6. Only the subset of blades in the Black Warrior
assemblage with a length:width ratio greater than or equal
Lo 2.0 is listed in Table 6. This is done to allow
comparisons with other industries that are defined by this
feature. Frequency distributions for maximum blade length
and width are shown in Figure 12. Blades in-the sample are

Primarily triangular in cross-section (74%) .

In contrast to trapezoidal biades designed for cutting
tasks, triangular blades are a more suitable preform design
for tools such as drills and gravers. By design, these
tools require a relatively sturdyfsymmetrical axis and a
convergent or tapering end. While the blades in the'sample
are primarily waste blades, they are nonetheless fairly
consistent in size. The majority have a single dorsal
ridge extending along either the entire length, or part of
the length of the blade. Variability in size and features

of the blade also affected the degree of retouch required
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Figure 12. Distributions of maximum length and maximum width for the Black
Warrior Valley blade sample (complete blades only, n=462),
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to manufacture a suitable bit-tool. These features will ke

discussed in greater detail in Chapter III.

Table 6. Comparisons of Blade Length for Major Microlichic
Industries (mm)

--———.-—-&——u--uu————"-—————-u———m-uu———-——u————.-n—————----———-.-..—__—.-

—u—-—u—-————n-———u-———----———-—_—————-uu———-——a————.—-—————m——————-»-..-.

Industry Raw n Mean S.D
Material
Poverty local
Point gravel 30 33.8 8.2
{Webb and
Gibson 1981)
Cahokia Crescent 64 25.3 7.2
(Yerkes 1983; Quarry
Mason and Perino tabular
1961) chert
Zebree Crescent 66 19.4 7.1
(Morse Quarry
and Morse tabular
13880) chert
Carson Crescent .38 28.1 B.1
Mound Quarry
(Johnson "1987) tabular
chert
Lubbub Tuscaloosa 14 27.1 5.0
Area gravel
(Ensor 1981) chert
Black Tuscaloosa 321 19.6 3.7
Warrior gravel
Valley chert

————--————-———-—————--——-...————......-——-.-—A———«————m—-—-.q---p——m--—-—..__—_...._-q
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Unfinished Bit-tools

One of the distinctive features of the Black Warrior
and Lubbub micro-tool assemblages is that the blade bit-
tools are primarily bifacially séaped. And, as one would
expect, broken, and aborted bifaée bit~tool preforms occur
in both industries. This charactéristic is less common
among microlithic industries that were based on tabular
cherts. The Cahokia, Zebree, and Carson Mound industries
are predominantly unifacial. Thé pPhysical difference in
raw material is likely to be one reason for differences in

manufacturing techniques.
i

A total of 82 unfinished bit-tool fragments were
identified in the Black Warrior dssemblage (Figure 13).
Two distinct groups can be recognized by differences in
flaking patterns and dimensions of width and thickness.
Group 1 preform fragments are larger and have undergone
initial primary flaking., This gfoup has a mean
width:thickness ratio of 1.7. Gfoup 2 preform fragments
are smaller and have undergone both primary and secondary

flaking. The mean width:thickness ratio for the second

group is 2.1.
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Figure 13. Unfinished Bit-tool fragments; a - f, group-1;
g - k, group-2. a. Ha92-32-16, b. Tu66-15~33, c. Tu66-14-
3, d. Ha92-37-11, e. Tu66-22-2, f. Tu59-1-6, g. Tu259-12-~

25, h. Tu66-41-42, i, Tu66-25-10, 3. Tu56~22-13, k. Hals-
22-5.

. 68



Used Bit-tools

The Black Warrior microlithic assemblage includes 105
small bit-tools and tool fragments. The small size of the
implements is a defining feature of the tool class. Size,
form, and manufacturing methods together identify the
majority of the objects classified in this study as
microtools. Microtool bits are both bifacial and
unifacial. The majority of the tools are manufactured on

blade preforms.

Unbroken, used tools account for 36% of the bit-tool
sample. Frequencies of the break%ge conditions for the
tool class as a whole are provided in Table 7. Metric

dimensions for the bit-tool class as a whole are provided

in Table 8.

Table 7. Frequencies of Breakage Conditions for the
Bit-Tool Class

———u——u—-———u-——--—--p_——-———-————-—-——--u-———m-———-.—_—--————-n——-n———

—-———u——--.——n———-——-4———-—--————-——-«-———--———--——-—-——-u.————-———-—

Condition n %
Complete 38 36
Distal 3 3
Medial 6 6
Proximal ; 5 5
Medial/distal : 20 19
Medial/proximal : 33 31
TOTAL ' 105 100

—-‘-—-———————.-———-——-p-——n-——-——-—-«-——q-n-—-—-q-——-.-———--———-u———n-——--..

69



Table 8§,

Bit-tool Metric Dimensions, Morphological Types
Combined (Complete Only)

------------------------------------------------------------------

-----------------------------------------------------------------

N M T MR T W N S W T E S NN N s T T T U e e W T T e e e e

Thickness
Height
Bit Length

Bit Width

Bit Thickness

Haft Length

Haft Width

19

39

KK

3g

37

16

Haft Thickness 36

Width:Thickness 39

Length:Wldih 38
Bit 16
Width:Thickness
Bit 33
Length:Width

Haft 36
Width:Thickness
Haft 13
Length:Width

0,74

§.86

4,34

3,15

12,16

8.92

1.31

2.06

2.51

1.40

2,07

2.15

1.33

0.78

4,31

2.0%

1.01

0.67

0.66

6.00-14.70

1.70-8.00

0.30-1.40

2.70-17.1
2.50-8.50
1.50-5.10
3.30-24.1

4.50-14.70

T 2,90-8.00

1.17-4,20

1.17-4.58

0.75-2.42

1.08-3.70

1,21-4.20

0.24-3.53

-----------

23.13
40,0
3e.5
30.8
24.8
35.5
23.4
23.%

32.8

-----------------------------------------------------------------
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Blade Bit-tools

Blade bit-tocls are the largést technological
category; 63 of the 105 bit-tools are manufactured on
blades. Blade bits include items that are traditionally
classified as microdrills and represent the finished tools
in a distinct core-blade technology. The reduction process
involved three stages: (a) thermal pre-treatment of local
Tuscaloogsa gravel.chert; (b) preparation of cobble cores
for the removal of microblade preforms; and (¢) bifacial

and unifacial surface and/or edge retouch.

Two blade bit-tool subtypes are defined, both of which
are characterized by bifacial retouch. These subtypes
include a biconvex type and a cylindrical type.

Unifacia%ly retouched blades form a separate group of
blade-bit tools. Although the unifacial tools are
morphologically distinct, the small sample size warrants
description of these tools as a group, father than a formal
subtype. Descriptive statistics for the blade bit-tools

are presented in Table 9,

Cylindrical Blade Bits. 'Twenty cylindrical blade bits are

represented in the sample (Figure' 14). As the name
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Table 9. Blade Bit-tool Metric Dimensions For Conmplete Tools

------------------------------------------------------------------

--—-u----—-n---—---on-----------—--«----—--u------o----- ---------

Variable N Mean S.D, Range c.v
{am) {mm) {mm)
Length | 22 22.46 4,28 is.zu-sq.oo 19.0
Width 22 8,13 1,56 6.00-11.00 19,2
Thickness 22 0 4.1 1,00 "3.10-8.00 21.0
Weight 22 0.74  0.26 0.40-1.40 35.5
Bit Length 19 9,15 2.91 5.70-15.30 312.5
Bit Width 20 4,09 0.93 3.00-5,90 22.9
Bit Thickness 20 22 0 2.00-5.10 22,2
Kaft Length 19 13.80 3.69 '8.80-24.10 26,1
Haft Width 20 8.19 1.73 :4.50-11.0 21,1
Haft Thickness 20 4.50 1.11 13.00-5.00 24.8
Width:Thickness 22 1,11 0.50 1,172,987 28.6
Length:Widtn 22 2.86 0,80 :1.59-4.53 28.2
Bit 20 1,27 .11 1,00-1.75 13.6
Width:;Thickness
Bit 19 2,24 0,68 1,46-3.70 310.5
Length:width
Raft 20 1.89 0.54 1.21-2.87 28.9
Width:Thickness .
Haft 19 1.79 0,67 1.00-3.53 37.1
Length:%idth '

------—-—q---—-----q------u---qn ---------------------------------
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Figure 14. Cylindrical bit-tools. a. Ha%2-22-14, b. Tu66-
21-6, c. Ha8-27~1, d. Tud48-CBC, e. Ha7-46-5, £, Tu65-1-28,

g.
k.
0.

Tu46-8-11, h. Tu66-14~20, 1i. Tu398-3-1, 9. Tu259-13-28,
Tu259-8-27, 1. Ha8-233-1, m. Ha%92-11-21, n. Tu66-31~13,
Ha7-50-7, p. Tu259-12~24, q. {(quartz), Tu62-1-1.

”
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implies, tools of this form are cylindrical along the
entire tool axis. These tools are bifacially shaped
creating a tool with a completely cylindrical cross-
section. A mean width:thickness ratio of 1.4 with a
coefficient of variation of 18% describes the fairly

uniform cylindrical shape of this implement,

Cylindrical tools have larger bits than the other bit-
toels. The mean length of cylindrical bits is 12.1 mm.
One of these tools is double-bitted (Figure 14:f). BAnother
tool is uniqgue in that it has an almost completely
cylindrical cross-section (Figure;l4:h). Descriptive
statistics for cylindrical bit-tools are provided in Table
10. With the exception of one qﬁartz tool and one tool
made from unheated gravel chert, 4ll of the tools are

manufactured from heat-treated Tuscaloosa gravel chert.

Biconvex Blade Bits. Biconvex blade bit~tools are the most
comﬁon bit-tool form in the sample (Figures 15 and 16).
There are 40 biconvex bit-tools in the microtool class.
Attributes defining this subtype fnclude a tool haft that

is biconvex in crosé—section, and a small triangular-to-

cylindrical bit.
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Table 10,

--------------------

Thickness
Weight

Bit Length

Bit Width

Bit Thickness
Haft Length
Haft Width

Haft Thickness
Width:Thickness
Length:Width
Bit
Width:Thickness
Bit
Length:Widtn

Haft
Ridth:Thickness

Haft
Length:Width

Cylindrical Bit-tool

-----------------------------------------------------

4.78

0.7

12.12

5.06

4,06

13,98

6.86

Metric Dimensions {complete only)

0.16

2.1

0.74

0,77

3,91

0.71

0.25

0.91

0,31

17.00-34,40

6.00-7.70

1,00-5.10

0.50-1.00

8.80-15.30

4,20-5.90

3.20-5,10

8.80-24.1¢

6.00-7.70

- 3.00-5,10

1.17-1.92

2.65-4,58

1.09‘1-'40

1,48-3.47

1,27-2.00

1.46-3.21

23.14

22,9

14.6

19.90

42,2

10.4

19.4

-------------------------------------------------------------------
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Figure 15. Biconvex bit-tools, group-1. a. Ha%2~32-19,
b. Tu2-15-5, ¢. Tu66-68-6, d. Tu259-5-21, e. Tué66-45-1¢,
f. Tu66-15-3, g, Ha8-91-2, h. Ha8-256-2, i. Tu2-13-3,

J. Ha92-36-12, k. Tu66-47-11, 1. Tu66-30-19, m. Tu66-38-
13, n. Tu66-30~-18, o. Tu66-69-33.
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Figure 16. Biconvex bit-tools, group-2. a. Hal07-11-4,
b. Ha8-189%-1, c, Tu66-17-6, d. Tu259-12-27, e. Ha8-267-1,
f. Tu58-CBC-6, g. Tu66-44~22, h. Ha8-75-1, i. Tu66-14-21,
Jj. Tu66-42-9, k. Tu66-43~13, 1. Tu66~13-5, m. Ha7-49-10,
n. Tu3dé-7-4, o. Ha92-43-13.
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Variation in the extent of secondary retouch required
to manufacture these tools can be used to define two
morphologically distinct groups. The primary attribute
distinguishing between the two groups is the degree of
secondary retouch. This variability is, in turn, related
to the size and shape of the blade preform and prominence
of a dorsal blade ridge. Group 1 biconvex bits (n = 16),
were made on narrower blades having a prominent dorsal
ridge (see Figure 15). Because of these features, minimal
retouch was required to create t@e desired tool form. On
the other hand, Group 2 biconvex'bits (n = 24), were made
on wider blades with a less-prominent dorsal ridge (see
Figure 16). More extensive surface shaping and retouch was
used in making these tools. Group 1 biconvex tools have
both triangular and cylindrical bits, whereas the tools in

Group 2 are primarily cylindrical in cross-section.

Descriptive étatistics for biconvex bit-tools, and
biconvex groups 1 and 2 are giveh in Tables 11, 12, and 13.
A scatter plot of width versus tHickness can be used to
visually differentiate between the two biconvex bit-tool
groups as shown in Figure 17. Two of the implements in

this subtype were manufactured on unheated gravel cherts,
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Table 11. Biconvex Bit-tool Metric Dimensions (complete only)

NEOTEOTIM GE R wmwh mm EE w w em M bk SN W S R W M MR W W W A e W NP MY SR M A s e e M AR W e e o e e e o

------------------------------------------------------------------

Variable N Mean 5.0 Range c.v
{mm} {am) (mm)

agth 15 ans0 a1 ieaezean - ana
Width 15 8,78 1.44 §.60-11,00 16.4
Thickness 15 4.76 1,19 3.10-8.00 25.10
Weight L5 0.76 0.30 0.40-1.40 40.0
Bit Length 14 8,10 2,30 §.70-113.50 28.4
Bit Width 15 3,17 0.17 3,00-5.30 20.4
Bit Thickness 15 2,94 0.43 2.00-4.00 14,7
Haft Length 14 13.74 2,85 10.30-18.50 20,8
Haft Width 13 §.63 1,75 4,50-11,00 20.3
Haft Thickness 15 §.59 1,21 :3.10-8.00 26.4
Width:Thickness 15 1.93 0,51 1.30-2.817 26.9
LengthiWidth 15 2056 0,62 1.69-3.69 24,2
Bit 15 1,28 0.19 1.90-1,75 14.9

Width:Thickness

Bit 14 2,15 0.59 1.46-3.70 27.6
Length:Width

Haft 15 1.97  0.59 1.21-2.87 30,1
Width:Thickness

Haft 14 1,72 0.67 S1.00-3.513 19,72
Length:Width

----------------------------------------------------------------
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Table 12. 3Biconvex Bit-<tool Metric Dimensioas,
Group ! f{complete only)

--------------------------------------------------------------------

--------------------------------------------------------------------

Variable ] Mean 5.0. Range c.v.
fmm} (nm} (mn)
vength S 2 Le anaeessiae 60
Width b 8.2 1.86 6.60-10.80 22.6
Thickness 6 5.36 1,39 4,30-8.00 25.¢
Height 6 0.91 0,32 0.60-1,40 35.4
Bit Length 3 9.94 2,42 7.20-13,50 24.4
Bit Width b 4,08 0.99 3,00-5.30 24 .4
8it Thickness b 3.08 0.5l - 2.50-4,00 16.8
Haft Length § 13.62 2.54 10.80-16,20 18.6
faft Width b 7.85 2.38 4,50-10,80 30.3
faft Thickaess & 4,93 1.59 3,70-8.00 12.4
Width:Thic%ness 6 1.55 0,21 1.30-1,8% 14,1
Length:Width & 2.95 0,60 2.19-3,09 20.06
Bit b 1.32 0,24 1.00-1.75 18,5
Width:Thickness
Bit 5 2.40 ¢.17 1.30—3..70 32.2

Length:Width

Haft 6 1.65 0.60 1.21-2.84 16.5
Width:Thickness

Haft 5 2.07 0.9% 1,00-3.51 15,8
Length:Width

---------n-----p-c--l---—--‘--------‘n-----------------q* ------------
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Table 13, Biconvex Bit-Tool Metric Dimensions,
Group ¢ {complete only)

RN NN M M M W R AL N W o M M W M M M MR M M Wl  ak W e N BN R T SR e e NN W N TR MR MR MR SR MR AP MU W W R W W W W M e W A M W W W m o womw

--------------------------------------------------------------------

Variable N Mean  §.D, Ranqe c.v.
(mm} {mm) {mm}
bength 8 20.88 141 16.20-26.80 169
#idth 9 9.15 1.05 . 7,70-11.00 1.4
Thickness 9 0,36 0.91  3.10-6.00  20.8
Height 9 0.65 0.25 0.40-1.10 18.9
Bit Length 9 7.07 1,54 5,70-10,60 20,8
Bit WIdth 9 3.56 0,54 3.00-4.70 15.3
Bit Thickness 9 2.84 6.36 2.00-3.20 12.9
Haft Lenqth 9 13.81 3.16 10,30-18.50  22.9
Haft Width 9 9,15 1.05 7.70-11.00  11.4
Raft Thickness 9 4.36 0,91 3.10-6.00 20.8
Ridth:Thickness 9 2.18 0,51  1.42-2.87 23,5
Length:Width 9 2.31 0.50 1.69-3.48 22.0
Bit : ' 1.26 0.15 1.06-1.50 12.6
Width:Thickness
Bit 9 2.01 0.46 1,46-2,94 23.0
Length:Width
Haft ;] 2.18 0,51 1.42-2,87 23.5
Width:Thickness
Haft 9 152 0001 1.11-2.40 27.0
Length:#idth

----------------------------------------------------------------------
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while the rest are made from the local heated cherts.
Unifacial Blade Bits

Four bit-tools characterized by unifacial edge retouch
have been included in the microtobl class (Figure 18).
Except for either lateral or end ?etouch, these tool are
otherwise unaltered. Two implements are characterized by
steep lateral retouch along the entire length of both
edges, converging into a rounded tip (Figure 18:a and b).
The lateral edges show signs of heavy use and are blunted.
These tools are square in cross-section. One is
manufactured from quartz and the other from heat-treated
Tuscaloosa chert. The other two‘tools in this group show
fine unifacial edge retouch at t?ﬁ distal end of the tool,
forming én acute tip (Figure‘ls:c.and d). Both are
triangular in cross-section and gfe manufactured from heat-

treated Tuscaloosa chert.

Flake Bit-tools

Flake bit-tools occur less frequently than blade bits.
A total of 39 bit-tools manufactured on flakes are included

in the micro~tool sample. Flake bits include tools

83




Figure 18. Unifacial blade and flake bit-tools. a - d,
blade bit-tools; e -~ h, flake bit-tools. a. HaM6-19,b.
Ha%2-40-6, c. Tu46-14-5, d. Ha8-270-2, e. Tu259-5-20, f.
Tu66-49-23, g. Tu259-14-26, h. Ha8~91-1.
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traditionally classified as micro-tools in the Southeast,
but are made on non-blade preforms. Although not manu-
factured on blades, these tools are morphologically similar
to the blade bit-tools. Two bifaéial flake bit subtypes
are differentiated on the basis of tool form. A third

subtype i1s defined by unifacial lateral and end retouch.
Iriangular Bifacial Bits

Triangular bit-tools are a distinct subtype within the
flake bit-tool type. These tools are characterized by a
bifacially shaped triangular tool haft and a tapering,
bifacially retouched, narrow, bit-like projection (Figure
19), While these tools may have_peen intenﬁionally
manufactured as such, the formal similarities to Late
Woodland and Mississippian triangplar arrow points suggests
that certairy toocls in this subtype are reworked arrow
points. Fourteen triangular bit-tools are included in the

micro-tool class. Descriptive statistics are provided in

Table 14.

Throughout the Eastern Woodlands, small triangular

‘arrow points are one of the most common chipped stone tools

occurring on Late Woodland and Mississippian sites.
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Figure 19. Triangular bit-tools. a, Tu6é-31-11, b. Ha8-
189-2, c. Tu66-16-33, d. Tu66-51-5, e. Ha8-118-1,

£f. Tu346-
17-1, g. Tu66-45-22, h. Tu66~43~18, i. Ha7-33-3, j. Ha92-
25-3, k. Tu346~10-1, 1, Tue6-1-6, m. Tu259-8-28, n. Ha92-

13~9.
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Table 14, Trianqular 8it-tool Metric Dimensions {(complete oniy)

---------------------------------------------------------------------

S e o o T T = o - = W W e R e e W T R M e W = e e e e

Variable N Hean 5.0, Range c.v
{mm) {mm) {mm)
N
Width 14 12,01 1,65 - 9.30-14.70‘ 13.6
Thickness 14 1,33 1.32 2,90-7.170 30.5
Weight 4 0.82 0.33 ° 0.50-1,20 10.0
Bit Length 11 $.19  3.94 2.60-17,70 42.8
Bit Width 12 £.17 1,43 2.60-7.00 34,4
Bit Thickness 12 2,86 0,93 2.00-4.90 32.5
Haft Length 12 7.79 2,44 3.30-11.90 1.3
Haft Width 12 12,27 1,70 9.30-14,70 13.8
Haft Thickness 12 3.96 0.86 . 2,90-6.00 21.7
Ridth:Thickness 14 2.89 0,79 - 1.55-4,20 26.5
Length:Width 4 1,48 0.23 1.17-1.71 15,6
Bit 12 1.48 0.37 . 1.04-2.09 25.10
Width:Thickness
Bit 11 2.18 .68 0.78-2.93 3.5
Length:Width
Haft 12 3.19% 0,87 1.96-4.20 21.0
Width:Thickness
Haft 12 0.63 0,19 0.24-1.00 30.0
Length:Width

-------------------------------------------------------------------
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Although considerable variability is common among these
forms, two major types have been defined in the Southeast.
These are the Hamilton type (Kneberg 1956; Bell 1960;
Cambreon and Hulse 1964) and the Madison type (Scully 1951;
Kneberg 1356; Bell 1960; Cambron and Hulse 1964). Hamilton
points are associated with Late Woodland Hamilten and Mason
cultures in east-central Tennessée (Lewis and Kneberg 1970
Faulkner 1968). Hamiltén points tend to be larger than
Madison points and are characterized by incurvate blade and
base edges. The Madison type is a smaller triangular point
with relatively straight blade edges and a stfaight or
slightly incurvate base. Madison points are known as the

typical triangular Mississippian point.

In the central Tombigbee Valley, small triangular
points first occur in Miller IIItassemblages but occur most
frequently in lafe Miller III and early Mississippian
Phases (Ensor 1981). At the Lubbub Archaeological Locality,
in the Tombigbee drainage, Madisén points were common and
tended to occur in Mississippian Summerville phase contexts
(Allan 1983). At the West Jefferson Steam Plant Site, the
Late Woodland West Jefferson phase type—;ite in the Black

Warrior ‘Valley, Madison points were the most common West

88




Jefferson chipped stone artifact class (Jenkins and Nielsen
1974) . Both Hamilton and Madison poiﬁts occur on the sites
in the Moundville region; however; formal analysis of
these tools has not been conducted. Considerable variation
in size, workmanship, and shape of the blade edges

characterizes the assemblage.

Reworked or recycled projectile points are common in
chipped stone assemblages throughout the prehistoric
cultural sequence in the Eastern Woodlands. Hafted
scrapers and drills are common tools in Archaic and
Woodland assemblages. While in §ome cases the practice of
recycling a biface into a drill is clear from the beveled
edge that results from reworking' a wide blade into a narrow
blade, in other cases the degree of reworking versus
intentional manufacture is less élear. In the case of
reworked triangular points, the intent of manufacture from
a technological point of view is more ambiguous than fer
the larger stemmed bifaces that were manufactured in
earlier periods. Whether purposely manufactured for use as
a perforating tool or recycled on a triangular arrow point,

the end result is the same. However, in light of the
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developed flake tool technology characteristic of Late
Woodland and Mississippian lithic:technology, the presence
of reworked bifacial arrow points is interesting. One
interpretation put forth is that these tools indicate
recycling of arrows, both the point and shaft, for én

alternative use in drilling or perforating (Rafferty and

Starr 1986),

Other tool forms manufacturéd on bifacial triangular
preforms during the Late Woodland and Mississippian periods
are not well documented, althoughlthey tend to be small
perforating tools. In the Gainesville Lake area, Ensor
(1981:130) shows a group of tools listed as biface
perforators, two of which appear to be triangular in shape.
Allan (1983:154) notesathat two Madison points from the
Lubbub eXcavations have reworked distal ends. Futato
(1977,1983) cites cases of intentional manufacture of
triangular bit-tools on flakes from the Bellefonte site and
in the Cedar Creek drainage. 1In the Tombigbee Valley in
eastern Mississippi, Rafferty and Starr (1986) also report
triangular perforating tools from a Late Woodland Miller
III site. All of the tools in this category are

manufactured from heat-treated Tuscaloosa gravels.
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This subtype category includes seven bifacial flake
bit-tocols, one of which is manufactured on a bifacial
thinning flake (Figure 20:a). These tools are similar in

form to biconvex blade bits exceptithe‘flake tools tend to

be smaller and wider.

Five of the flake tools are very similar in size and
shape (Figure 20:b,c,d,f, and h). These tools have a
roughly triangular form and range between 14 mm and 17 mm
in length. The mean length of 15.7 mm is beléw the minimum
of 16.2 mm for thé blade bit-tool length. Tools in this
category are bifacially shaped creating a biconvex haft and
cylindrical bit. Two have remnant platforms on the edge
near the Base of the tool. Lackiﬁé a central dorsal ridge
and the thickness seen in the blade bit-tools, bifacial
flaking was used to create the neéessary tool form.

One tool in the sample was manufactured on a
bifacial flake (Figure 20:a). This tool ié morphologically
similar to tools in the biconvex blade bit subtype.
Although this particular tool was manufactured on unheated

gravel chert, the remaining tools
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Figure 20. Bifacial flake bit-tools. a. Ha8-123-2,
Had92-16-33, c. Tu66-44-21, d. Ha92-4-9, e. Tu66-16,
f. Tud46-14-2, g. Ha92-31-15, h. Tu66-49-19,

»
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were manufactured from heat-treated cherts. Descriptive

statistics are provided in Table 15.
Undfacial Flake Bits

There were a total of five unifacial flake bit-tools
identified in the sample (Figure 18). These tools are
often referred to as flake-gravers. They were included in
the micro-tool class due to their overall small size and
the likelihood that the tools were hafted. These tools are
characterized by unifacial alternating retouch used to
isolate a projection or bit on one end of the flake. Two
tools were retouched on the sides and end. One tool was
manufactured on a heat spall (Figure 18:h). All are
manufactﬁred from heat-treated Tuscaloosa chert.
Descriptiﬁe statistics for unifacial and other bifacial

bit-tools are provided in Table 15.

Bit~Tool Fragments

There are 10 bit-tool fragments that were excluded
from the above categories because the fragments were so
small that it was difficult to place them in a more formal

type (Figure 21). All of the items in this group are
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Table 13, Flake Bit-tosl Metric Dimessions {complete only)

T T o o o o = T i = e e T T e e M e e e

-------uq----—--qqoc----—---------—qa-------—--u-o---------u----p

Variable B Mean 5.0, Range c.v,
{an} {mm) (am}
engsh 1wtz 203 Draerner tee
Width 9 o 9.53 1.38 1.40-12.60 16.6
Thickness 9 .94 0.78 2.80-4.90 19.9
Welght 7 0.62 0.23 0.40-1.10  37.5
Bit Length 1 7.60 3.50 2.70-12.00 4s,1
Bit Width 8 4.40 1.9@ 2.50-8,50 44,1
Bit Thickness 8 2.1 0.60 1.50-3,5¢0 21,8
Haft Length 1 9.08 3.19 5.20-14.60 35,2
Haft Width 8 9,15 1.17 1.40-10.90 12.8
Haft Thickness 4 1,82 0.7? 2,80-4.90  20.0
Width:Thickness 9 2.48 0.586 1.93-3,70  22.%
Lengthiidth 7 1.83 0,29 1.43-2.27  15.9
Bit 8 1.60 0.54 0.75-2.42 313.1
Width:Thickness
Bit 7 1.83 0.65 1.08-2.69 . 35.5
Length:Width
Haft 8 2.43 0,43 1.93-3.03  17.¢6
Width:Thickness
Haft 1 1,03 0.38 0.57-1.711  37.3
Length:Width

----- E
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Figure 21. Bit-tool fragments.
34, c. TuS58-CBC-T14,
16-29, g. Ha%2-1-10,
7, k. Tu2-11-1.

a. Tueé6-45-15, b. Tu66-41-
d. Tubb~-65~16, e. Tu2-19-1, f. Tu66-~

h. Tu66-24-4, i, Tub6~65-2, j. Tu3l46-
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distal bit fragments. It is likely that most are fragments
of other flake bit tools rather than blade bit fragments.
All of the fragments have small cylindrical-to-triangular

bit projections and are bifacially retouched..
The Chronological Evidence

Evidence bearing on the cultﬁral context of the Black
Warrior microtools comes from excévations at two outlying’
single-mound sites and from surface distributions of tools
from other outlying sites. There are no absolute dates for
the industry. Chronological assessment is based solely on
associations between the tools an@ ceramics, using the
Moundville ceramic chronology (Steponaitis 1983). Based on
both the excavated and surface coﬁtexts, the patterns
observed suggest that the industr§ was most common during

the West Jefferson phase, and possibly continued into the

subsequent Moundville I phase.

Before reviewing the evidencé, it is useful to discuss
the nature of the data and the methods that were used to
examine the surface collections for cultural-chronclogical
patterning. Since microtools from surface-collected

contexts comprise 72% of the 105 %ools included in this
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study, any attempt to assess the cultural context of these
tools must be regarded as tentat%ve at best. However,
since systematic collections were made using a 20 x 20 m
grid, horizontal control of the surface materials does
permit one to examine the co¥occurrence, or lack thereof,

between microtools and ceramic components.

Previous research conducted‘by Steponaitis (1983) and
Bozeman (1982) has provided a foundation from which to
explore the spatial, temporal, and configurational aspects
of the site surfaces and cultural components. With the
development of a finer-scale ceramic chronology for the
Moundville phase (Steponaitis 1983), Bozeman was able to
place the outlying Moundville phase sites into a cultural-
historical framework (Bozeman 1982). He also investigated
the distribution and variety of sites. This work forms the
basis for assessing the cultural component of the
microlithic industry as it is presently known from surface

collections and test excavations in the Black Warrior

Valley.

The most frequently occurriﬁg ceramics on sites in the

Moundville region are West Jefferson and Moundville phase
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plainwares. Characteristic West Jefferson ceramics are
grog-tempered wares classified as Baytown Plain, variety
Roper. The most prevalent Moundville phase qeramics are
the undecorated shell-tempered wares classified as
Mississippian Plain, variety Warrior and Bell Plain,
varjiety Hale (Steponaitis 1983).. While overlap between
grog and shell-tempered wares has been documented in
certain areas between A.D. 900 and 1050, after A.D. 1050
ceramic manufacture became completely based on the use of

shell temper (0’Hear 1975; Welch, in press; Steponaitis

1983).

These two ceramic component% are represented on nearly
every outlying site. In order to6 evaluate relative
chronological patterns in the sutrface data, col;ection grid
squares were used as the unit of analysis, and the relative
frequencies of grog and shell-teﬁpered wares and bit~tools
were plotted for each grid unit. This enabled comparisons
to be made between the ceramic and microlithic
distributions for each site, as well as providing a means
for calculating the size and density of the grog and shell-

tempered ceramic cultural components. Settlement size and
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density varies for both the West jefferson and Moundville
phase occupations in the Black Warrior Valley. Thg
majority of the settlements, however, are small farméteads
and hamlets between 0.2 and 0.5 ha. Larger sites are
likely the result of overlapping occupation of>a particular
floodplain ridge. In most cases the settlements of
different components overlapped, especially the high-
density areas. At a few sites, however, there is a more
complete separation in the surface scatters of érog and
shell-tempered ceramics. Both the size and density of the
Moundville and West Jefferson components and the degree of
spatial overlap were considered when examining the
distributions of bit-tools betweep and within the sites

surveyed.

Looking at the region as a whole, bit-tools were
recovered from 8 of 15 sites systgmatically collected. Of
the 76 tools found on those sites, 91% come from 4 sites,
specifically 1Tu2, 1Tués, 1Tu259, and 1Ha92 (see Figure 3).
Three of these sites, 1Tué6, lfu2§9, and 1lHa%2, were the

largest aégregate settlements in the Black Warrior Valley
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between A.D. 900 and 1050. Grog-tempered ceramics cover an
area between 0.8 and 2.6 hectares:at each of these three
sites. 1In addition to the tools,;72% of tﬁe unretouched
blades, 65% of the blade cores, and 59% of the unfinished

bit-tool fragments were also found at these three sites.

Bit-tools were not found on ‘any of thé single-
component small Moundville phase farmstead sites such as
1Had91 or 1Tu389-393, Additionally, bit-tools were not
found at the outlying Moundville phase settlements, 1Tu42
and 1HalS. Although the negative evidence for these sites
alone does not preclude the poséibility that these tools
were used during the Moundville phase occupations,
analogous industiies from other Mississippian settlements
are not common after A.D. 1200 (Milner et al. 1984; Yerkes
1984). .At the large West Jefferson sites where bit-tools
have been found, shell-tempered wares account for less than
5% of the ceramic assemblages, Moreover, the shell-
tempered ceramics that do occur are predominantly
Moundville III wares dating the occupation to after A.D.
1400 (Bozeman 1982; Steponaitis 1983). Thus, it appears
that the bit-tools at these sites are most likely part of

West Jefferson phase lithic assemblages.
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In sum, the regional distributional trends indicated
by the surface patterns suggest that the microlithic
industry was most prevalent in the Black Warrior Valley
between A.D. 900 and 1050, corresponding to the West
Jefferson phase of the Moundville chronology. The primary
evidence is the clustering of tools and debris from their
manufacture at the three major West Jefferson phase
settlements in the valley. Further support for this trend
comes from the on-site distributions of tools and ceramics

at 1Tu66, 1Tu259, and 1Ha92.

Using the 20 x 20 m grid squ;res at 1Tu66, 1Tu259%, and
1Ha92 as the unit of analysis, cohtingency tables were
constructed to examine the frequency of co-occurrence of
bit-tools and either shell or grog-tempered wares (Table
16) . Results of this exercise indicate that out of a total
of 132 collection units there were no cases of bit-tools
occurring in units with only Moundville phase ceramics. 1In
contrast, a total of 17 tools from the three combined sites
were recovered from units where only West Jefferson
ceramics were found. While these data are not conclusive,

4

they do suggest the tendency for bit-tools to co-occur with
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West Jefferson phase ceramics rather than Moundville phase
wares. When distributional information from all
systematically collected sites is combined, there are no
cases observed where bit-tools occur in units with only
Moundville phase ceramics. In contrast, bit-tools occur in
4% of a total of 90 units where only West Jefferson phase

ceramics are present.

Table 16. Contingency Table for Ceramic Types and Bit-toal Counts
for 20 x 20 m Grid Units at 1Tu66, 1Ha92, and 1Tu299

------------------------------------------------------------------

------------------------------------------------------------------

Ceramic 1Tu66 1Ha%2 1Tu259

Temper Types bunits-ftools .Junits-ftools Junits-ftools Total
per Grid Unit ===-mwsescccon mmeaaaaaanoo. wesescssmecae ee--o-

Grog-
tempered :
only 26 - 6 I1 - 3 5 - 8 42 - 11

Shell~ F ' ‘
tempered
only - - - - - - - - - - - -

Grog and
shell
mixed 41 - 58 il - 17 18 - 16 90 ~ 89

----.---——-—---—q-------------—u-----—qou---—-----n--— ----------------
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Bit-tools and a single conical blade core have been
recovered during excavations conducted at two single-mound
sites, the White site (Welch 1986), and 1TuS0 (Steponaitis
13286b) . Test excavations at the White site revealed a
large West Jefferson component and a Moundville III
occupation in the village area of the site (1Ha8) (Welch
1986) . Fifteen bit-tools and 11 unfinished tool fragments
were recovered during the excavations. Bit-tools were
found in two contexts: (a) a mixed West
Jefferson/Moundville ITI midden, and (b) a West Jefferson
phase pit. Unfortunately mixing between the shallow
subsurface midden deposits made it impossible to assign the
majority of the tools to either the Moundville or West
Jeffersoé phase. However, the presence of a single
cylindrical bit-tool in an apparently undisturbed West
Jefferson pit suggests a clearer association of these tools
with the West Jeffersog settlement. Both the ceramic and
botanical remains from the feature fill suggest a Late
Woodland, possibly late West Jefferson, affiliation for the
Pit and its contents (Paul Welch, personal communication) .

Again, the tendency for microtools to not occur after A.D.
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1200 suggests that the White site tools are of West

Jefferson origin.

At 1TuS50, a single conical blade core was recovered
during excavation of a house structure. Both West
Jefferson and Moundville occupations occur at the site and
the ceramics recovered date the site to no later than the
Moundville I phase (A.D. 1050-1250) (Bozeman 1982;

Steponaitis 1986h).

While adﬁittedly the temporai evidence is not without
problems, certain chronological trends are evident for the
microlithic industry in the BlackiWarrior Valley. On the
basis of .a blade bit-tcol from a West Jefferson feature at
the White site, and a blade core found at 1Tu50, it is
clear that the industry was part of the technological
repertoire of West Jefferson, and possibly Moundville I,
communities. The survey data also support an early date
for the industry in the Moundville chronology. The

concentration of over half of the bit-tool sample at 1Tué6

a large West Jefferson settlement, is probably not
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coincidental. The same is true for the assemblages at
1Tu259 and 1Ha%2. The on-site distributions of the tools
also tend to be coterminous with the distribution of West
Jefferson ceramics. In view of the spatial trends outlined
above, and the absence of bit-tools from single-component
Moundville phase sites, it is ligely that the industry was

most prevalent during the period between A.D. 900 and 1200.

Analogous industries and microtocl finds in other
regions also tend to occur in Late Woodland and early
Mississippian contexts. At Cahokia, microtools and
manufacturing debris were found to co-occur with 0ld
Village ceramics that date to the early part of the Cahokia
ceramic chronoloéy, between A.D. 900 and 1200 (Mason and
Perino 1961; Fowler and Hall 1975; Yerkes 1983). During
the FAI é?O_Mitigation Projecﬁ in the American Bottons,
microlithic artifacts were found at a number of outlying
sites in the uplands and floodplain (Porter 1974; Harn
1971; Milner and Williams 1981; ?rentice 1983). Milner et
al. (1984) report that the majority of microtools recovered
from the FAI-270 excavations were affiliated with the
Lohmann ceramic'phase, which is dated between A.D. 980 and

1145 with a mean date of A.D. 1050 (Milner et al.
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1984:168). Microtools tend to oc¢ur less frequently in the
subsequent phases of the sequence_and drop out of the
archaeological record in this region sometime between A.D.

1200 and 1300 (Milner et al. 1984).

At the Zebree site, microtoois, blades, and cores have
been radiocarbon dated to between A.D. 800 and 1050 (Morse
and Morse 1980, 1983:201). At the Carson Mound site,
located in the lower Mississippi Valley, the microlithic
materials are from surface collections. The similarity of
the industry to both the Cahokia and Zebree industries has
prompted the identification of the Carson Mound microliths
with the early Mississippian occupation of the sité

(Johnson 1987) .,

Looking to regions outside of the Mississippi Valley
proper, isolated occurrences of microtools reported from
Tennessee, Georgia, Mississippi, and Alabama occur in
deposits ranging in time'from the‘late Middle Woodland
through the Mississippian period. At the Owl Hollow site
microtools occur in a Middle Woodfand context dated to
between A.D. 200 and 600 (Kline 1985). Microtools are also

reported from Late Woodland Hamiléon and Mason cultural
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phases, also in Tennessee (Faulkner 1968; Faulkner and

Graham 1966; Graham 1964) .

At Cemochechobee, microtools were found in early
Mississippian Roods phase deposits from Mound B. Carbon~14
dates for these deposits range between A.D. 700 and 1090

(Schnell et al. 1981:248, Table A.1).

In Alabama énd northern Misgissippi, microtools have
been recovered from a number of Late Woodland sites (Futato
1977, 1983, 1987; Rafferty and Starr.1986). At the
Bellefonte site, in northern Alabama, microtools and blades
were found in Middle and Late Woodland deposits (Futato
1377). Futato (1983:254) reports that there are three
possible periods of relatively intense microtool use
documented from sites along Cedar’ Creek in the Bear Creek
érainage. These are the Late Archaic Perry phase, the
Middle Woodland Lick Creek phase,  and the early
Mississippian McKelvey II phase (A.D. 700 - 1000). In the
Tombigbee Valley, the Lubbub micrplithic industry is most
prevalent during the Late Woodland Miller IITI phase and may
extend into the early Mississippian Summerville I phase

(A.D. 1000 and 1200) (Ensor 1981, 1985).
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In summary, microtools and related blade industries
are found in both Late Woodland and early Mississippian
deposits. At mound center sites;microlithic blade~tools
are found in early Mississippian deposits. At nonméund
villages, microtools are found in Late Woodland and
emergent Mississippian contexts. The microlithic industry
from the Moundville region can be tentatively affiliated
with West Jefferson and Moundville I communities. This is
consistent with data from the Miésissippi Valley suggesting
that the technology was most prevalent between A.D. 900 and
1200. This period coincides with the Mississippian

emergence in the Black Warrior Valley.
Discussion

Thié chapter has described the Black Warrior Vailey
microtool assemblage as including both flake and blade bit-
tools. A microlithic industry is also documented in the
form of cores and core rejuvenat;on flakes, blades, and
unfinished tools. I have also examined the cultural
context of the assemblage. Excavations at the White site
and 1Tu50, in cenjunction with site survey data, have

indicated that the tool industry was a feature of West
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Jefferson stone—working technology, and that it may have

continued into Moundville I times as well.

As a tool class, the majority of the implements are
small bit-tools manufactured on b;ade tool blanks. The
primary tool types in the Black Warrior industry are
biconvex and cylindrical blade bit-tools. These are part
of a teﬁhnological industry, a common method or style of
tool manufacture. The industry was based on local chert
resources and was focused on manufacturing a specific tool
form. The Black Warrior Valley ihdustry is stylistically
and technologically similar to the Lubbub industry in the

central Tombigbee Valley.

Morphological variability is?related to variation in
manufactdring methods and techniqhes linked to the type of
tool preform (flake versus blade)) and intended tool use.
Drilling/perforating, and engravihg functions are implied
by the morphology of the tool bitsL Certain tecols in this
group are functionally equivalent‘to blade tools, but lack
the formal consistency in manufacfure and design. The
different tool uses will be further explored relative to

morphological and technological variability in Chapter IV,
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CHAPTER III

MICROTOOL TECHNOLOGY

Culture is intellectual,
rational, and abstract; it
cannot be material, but
material can be cultural and
"material culture" embraces
those segments of learning
which provide a person with
plans, methods, and reasons
for producing things which can
be seen and touched.

) (Glassie 1968:2]

Whether one is studying matgrial culture from an
ethnographic or archaeological context, the aim is to
understand reiationships between humans and their material
world; to understand history thrpugh human action (Conkey
1984:11; Hodder 1986:79). As ex?ressed in the quotation
from Glassie above, culture is nbt itself material, but
material can be cultural. The "pulture" of the Black

Warrior Valley microlithic industry is the subject of this

chapter.
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Crabtree (1952:2) defined érehistoric lithic
technology as the science of systematic knowledge of
forming stone into functioning i@plements. This knowledge
consists of a variety of methods;and techniques of stone
working, the methed being in the;mind of the artisan, the
technique in the hands. Methodsfinvolve culture-bound
knowledge that is learned and pa;sed on. Methods involve
the designs, the styles, the traditions that create

material objects within a given culture.

Unlike the ethnogfaphic situation, the archaeologist
is still left, after an assemblage or group of tools is
Classified, with the question of'how to infer meanings from
stone tools, as part of a specific cultural, social, and
historical setting. Aan ethnograﬁhic example from New
Guinea illustrates this point. The Duna refer to both
cores and flakes by the same word, 2re. These material
forms are conceptually, linguistically, and technologically
undifferentiated. Both are used to carve wood, strip
fibers, drill shells, and shave 6cher into powder to make
paint. Some of the smaller flakes, are kou, are

distinguished linguistically and. technologically in the
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sense that they are hafted onto handles and used for more
specific tasks. Although these tools are distinguished
linguistically and, to an extent, technologically and
functionally, White and Thomas (1972) maintain that the
Duna do not conceptualize these differences. This example
illustrates the point that meaning is culturally defined
and not inherent in the material objects, in this case the

different stone tools used by the Duna.

Returning to west-central Alabama, it is not possible
to determine whether West Jefferson ;nd Mississippian
stonesmiths distinguished categorically and/or
linguistically between a blade bit-tool, a flake graver, or
a4 transverse retouched cobble. On the other hand, stone
tools, as objects of material culture, encompass a
continuum of formal variation that the afchaeologist can
measure and describe. 1In addition, observed variation in
tool technology can express an active interaction between
an artisan and a technological trgdition within a
particular social and natural environment (Clay 1976). It
is the combination of tool design; production, and use that

create a technological pattern or style in a given social
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setting and this can be observed archaeologically. Thus,
the interpretation of prehistoric stone tool technology
must come from the links that can be established between a
particular stone tool technelogy and a particular social

context of tool use.

In this chapter I present a reconstruction of the
technological practices used to manufacture the bit-tools

described in Chapter II. While artifact types as such are

the "objects" of archaeological classification and
analysis, it is the technological structure or pattern that
ls interpretable within a wider cultural setting. The
theoretical basis underlying technological studies of stone
tools has been outlined through previous research (Sheets
1975; Collins 1975). Technological analysis is generally
defined as a method to integrate the organizagion of

prehistoric technology with the broader cultural milieu of

which it is a part (e.g., Sheets:1975; Clay 1976; Greber et
al. 1981; Johnson and Morrow 1987). It is argued here that
understanding the use of microtools depends, in turn, on
understanding the social context of productive activities
in which they occur. 1In order tP more fully understand the

meaning of this pattern in tool design and use, however, it
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is first necessary to have a more detailed understanding of
the variability and structure of the industry as a

technological paﬁ;ern.

I begin this chapter with a summary of the
technological practices evidenced in Late Woedland 1lithic
assemblages from the Black WarrioF and adjacent Tombigbee
river valleys. The intent of this summary is to provide a -
general picture of the structure of the regional chipped
stone industries, of which the microtools are a part.

Next, the structure of the microlithic assemblage will be
described. The model presented ebcompasses procedures and
products that form a reduction continuum., Assemblage
variability is evaluated in relation to technological,
material{ functional, and cultural constraints. Potential
constraints affecting the structure of lithic manufacturing
strategies include: (a) raw maté;ial and source, (b)
skill, (¢) reduction methods, (d) functional intent, and

(e) consumer/user demand (Shéets 1975; Arnold 1987; Hester

and Shafer 1987).

The above lines of evidence are brought together in

the course of this chapter to describe as well as interpret
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the structure of the microlithic assemblage.

Interpretation derives from an understanding of the
cultural and technological context of which the tools are a
part. Description of the technological.basis of the
industry will provide a framework: from which to examine
relationships between technological activities, tool
function, and production context-—-topics that will be

addressed in Chapter IV.
Technological Context

Lithic data from sites in the central Tombigbee and
Black Warrior river valleys indicgte that a dommon stone-
working technelogy was shared by Late Woodland and
Mississippian communities in this:region of the Southeast,
Chipped stone technology was base? on a commeon, locally

pProcured resource that was heat-treated and used to produce

a diverse range of cobble and flake tools.

The data base for the central Tombfbbee region is
more extensive than for the Black Warrior Valley as a
result of the numerous site investigations in the Tennessece

and Tombigbee drainages, Material summarized here is taken
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from two areas: (a) the Gainesville Reservoir area in
west-central Alabama (Ensor 1979, 1980, 1981; Allan 1983y,
and (b) sites investigated in the upper Tombigbee Valley
in northeastern Mississippi (Rafferﬁy and Starr 1986) and
the Bear Creek watershed in northern Alabama (Futato 1977,
1983, 1987). Data from the Black Warrior Valley are taken
from the UMMA survey, and other small scale surveys and
excavations in the Black Warrior drainage (Jenkins and

Nielson 1974; Gillespie 1977). !

Both the Tombigbee and Black:Warrior River valleys cut
across the Tuscaloosa Formation, the geologic source of the
secondary Stream-deposited cherts;extensively expleoited in
Late Woodland and Mississippian times. The gravel cherts
are variable in quality and size. Texture varies from
coarse to fine and inclusions and impurities are variable
within individual cobbles (FutatoA1980). Accessibility
along stream channel terraces andﬁgravel bars would have
made procurement relatively easy. Increasing exploitation
of the gravel cherts beginﬁing during the Middle Woodland
period is no doubt related to the1quantity and general
availability of this local lithicfresoﬁrce. Nonlocal

cherts are rare in Late Woodland assemblages; in every

116



regional site report examined, Tuscaloosa gravel chert was

the predominant Late Woodland chipped stone resource.

T
X

Late Woodland Lithic industries included a wide range
of unifacial tools. Bifacial tools requiring primary and
secondary reduction were restricted to a few implements,
primarily triangﬁlar projectile points and microtools. A
core-blade technology was used for the production of
microtool blade preforms in both the central Tombigbee and
Black Warrior wvalleys. Manufacturing practices involved a
trajectory initiated by thermal alteration of the chert
graveis followed by: (a) manua# and/or bipolar primary
percussion to split the chert copbles and cobble fragments,
(b) preparation of core preformg, and (c) the use of
primary and/or secondary percussion and'pressure flaking

techniques, depending on the desired tool and edge form,

Common tool forms are small flake and cobble edge-
tools that required minimal primary percussion and pressure
retouching. Both Gillespie (1977) and Rafferty and Starr
(1986) emphasize the importance of the tool edge for
interpreting Late Woodland lithic assemblages. Use-wear

studies conducted on Late Woodland and Mississippian
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assemblages in the Cahokia region have determined that
informal edge-tools were a major component of local
household industries in the American Bottom (Yerkes 1987).
The majority of edge-tools from sites in Alabama and
Mississippi were manufactured on cobble fragments as
opposed to flakes. Cobble fragment edges were modified
into a variety of linear and poiﬁ; forms. Occasionally, as
illustrated by the group of tools in Figure 22, cobble
fragments were shaped, or selected for a shape, that
complemented the functional design of the tool edge.

Flakes, heat spalls, and cobble fragments were also

utilized in tasks requiring a sharp edge and only minimal

retouch.

The use of cobbles and cobble fragments fér the
productidn of informal tools reprgsents one of two
Production techniques characteristic of these lithic
industfies. A second technique involved the use of cobble
cores for the production of triangular projectiie points
and microtools (Rafferty and Starr 1986; Futato 1987; Ensor
1981). Triangular Projectile points are the most common

tool manufactured from flake preforms and the majority of
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Figure 22. Cobble tools from late prehistoric lithic
assemblages from the Black Warrior Valley,
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the amofphous primary and secondafy flake cores found on
Late Wocdland sites are most liké;y related to the
production of these implements. A core-blade industry for
the production Sf bit-tools appeé;s to be restricted to
certain households in the Summerville region in the
Tombigbee Valley; and the Moundville region. Bit-tools
more commonly found in other areas of the Southeast are

manufactured on flakes and other non-blade preforms.

Heat-treating practices were used as a consistent
strategy and, in all cases examinéd, this pattern diverges
from that of preceding periods. 1In contrast to earlier
uses of thermal heating to facilitate bifacial tool
production, heat-treated stones encompass a much broader -
range of the chipped stone repertoire in Late Woodland and
Missiésiépian times (Futato 1980, 1983; Ensor 1980). The
widespread use of this technique;éuggests that Late
Woodland stonesmiths were effectiVely transforming and
expanding the local resource basg. This new resource was a
more homogeneous and viable mater}al for meeting a variety

of technological and functional demands.
Ensor (1980) has argued that heat-treating was a
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strategy for thermally reducing small chert'cobbles. This
interpretation is based on: 1) large quantites of fire
cracked chert from certain"Miller,III sites in the central
Tombigbee Valley, 2) the lack of cores from these same
deposits, and 3) a general size reduction in objective
tool pieces in Late Woodland and Mississippian lithic
technology, presumably related to the introduction of the
bow and arrow (Ensor 1980). While heat-treatment may have
facilitated the reduction process of small chert cobbles to
a degree, data from other Late Woodland contexts do not
suppert this interpretation. For example, tools made on
heat spalls, rather than core or cobble tools, occur
infrequently and not systematicaliy, as would be expected
if tool preforms were regularly s?lected from amdng fire-
cracked chert fragments (e.q. Raf?erty and Starr 1986:112).
In addition, heat-treated cores are an integral part of the
industrial structure of Late Wood}and lithic assemblages,
as are other reduction techniques including both manual and
bipolar percussion (Ensor 1980; thato 1980; Gillespie
1977; Rafferty and Starr 1986). This is not to deny that

heat-treating was used as a reduction technique.
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The data do'suggest that technological and functional
constraints may have played a role in heat-treating
strategies. When heated at temperatures ranging between
300 and 500 degrees Celsius, Tuscaloosa cherts develop a
highly lustrous sheen and the flaking qualities of the
stone, in terms of both control and predictability of flake
removals, is enhanced (Ensor 1980). As pointed out bQ
Rafferty and Starr (1986), both of these features would
facilitate fine pressure flaking used to manufacture small
edge-tools, bifacial triangular points, and microliths.
Core-blade techniques would also penefit from increased
control in flake removals. 1In contrast t& larger, heavy-
duty implements that tend to be ﬁade on’ unheated stones,
small‘secondary pressure flaked tools and small edge-tools
used in a variety of scraping, planing, cutting and
perforating tasks tend to be magé on heated stones
(Rafferty and Starr 1986; Gillespie 1977). Rafferty and
Starr (1986) and Gillespie (1977) emphasize attributes of
tool edge sharpness and enhanced;pressure flaking qualities
of the heated stones, both of which appear to be important

features of Late Woodland chipped stone technology.
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The nature of the raw material both facilitatéd and
constrained the cobble-flake tool industry in this region.
Edge~tool design was not constrained by material size and
shape. Rather, the material was successfully used to
manufacture a variety of edge-tbols. Variability in the
quality of the material was controlled by thermal
alteration that created a more wdrkable material for both
technological and functional objectives. Although the
cherts were both abundant and accessible, evidence in the
central Tombigbee and Black Warr%or valleys suggests that
almost every piepe of available ?tone was used by Late
Woodland stonesmiths (Rafferty a?d Starr 1986; éillespie
1977). Because of the enhanced qualities of the heated
stone and the time expenditure of heating the material, the
resource was perhaps used in a more conservative fashion
(Gillespie 1977). The large quantities of fire-cracked
chert and dgbitage on Late Woodland sites, often in large
Pits, suggests that Processing and tool production took
Place within settlements (Raffer?y and Starr 1936;

Gillespie 1977).

The general impression of‘the chipped stone industry

ls one of extensive utilization and molding of local lithic
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materials to meet a variety of domestic tasks. The
industry is primarily composed of informal cobble edge-
tools designed for perforating, graving, scraping, planing,
and cutting tasks. Manufacturing practices required, for
the most part, a minimal level of skill in the use of
primary percussion and pressure flaking techniques for the
production of tools used in a variety of activities. On the
other hand, cobble core preparation and the systematic
production of blade bit-tools max have required a greater
level of stone-working expertise\peyond the requirements of
cobble-flake tool production. Blade tools are also rare in
lithic assemblages throughout the region compared to other
flake and cobble tools. The introduction of the bow may
also have affected the structure of Late Woodland lithic
technology. Triangular points reworked into perfora:ing

tools suggests recycling of both the stone tool and arrow

shaft (Rafferty and Starr 1986) .

A major constraint on any téchnology is the nature of
the size, shape, and amount of a-given raw material (e.g.
Johnson 1987). The similarities between lithic assemblages

in this region is no doubt related, in part, to the use of
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the same raw material. Material constraints were overcome
by adopting technigques of thermai alteration. Cobble
fragments were used as tool pref&fms as well as for flake
and blade cores, In some cases g%e.natural cobble form was
incorporated into the tool desigﬁ; the focus being on the
working edge of the tool. Thus, while in some cases
overall tool morphology was related to the shape of the

material, in other cases the shaﬁe was altered to fit the

intended tool design.

In summary, the Late Woodland stone-working industry

in the Black Warrior-Tombigbee region can be characterized
by the follqwing features: (a) ?éxtensive exploitation of
locally available gravel cherts, (b) systematic thermal
processing of these stones that gérved to transform and
expand the local resource base into a more viable and
homogeneocus material, (¢) the use of bipolar and manual
percussion and pressure flaking techniques to produce a
range of formal and informal cobbke and flake tools, (d) a
flake and bifacial core industry aimed primarily at
producing triangular projectile Qoints and bit-tools, (e)

& blade-core industry for the production of bit-tools, and

(f) the use of unretouched flakés, blades, cores, cobbie
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fragments, and reworked projectile points.
Bit-tool Production

Bit-tools classified as micfotools were manufactured
either from flakes or blades. Mdrphological variability in
the Black Warrior sample'can be related to technological
and functional factors including§ (a) core technology
(blade versus flake), (b) formal design of the tool haft,
and (c¢) the degree and nature of retouch required given
the intended tool function, and morphological features of
the tool blank (e.g., flake versus blade, presence/absence
of a dorsal ridge). The most consistent attributes are
width and thickness of the tool bits. Mean distal width
ranges between 3.6 mm and 5.1 mm1 Mean bit thiékness
ranges between 2.8 mm and 4.1 mm. The coefficient of
varliation for both measures is between 13.0 and 24.0.
Consistency in these variables is related in part to

shaping of the tool bit that occurs through continual use.

Flake bit-tool manufacturinérstrategies were embedded
in local flake and cobble tool production strategies, but

blade bit-tool production was based on a blade-core

]
i
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technology. The occurrence of similar blade-core
industries in other regions suggests that, perhaps, both
functional and cultural constraints influenced the
structure of Late Woodland and ea}ly Mississippian blade
tool industries. 1In the followin; sections, the
manufacturing trajectories for fléke and blade bit-tool

production will be described. I begin with bit-tools

manufactured on flakes.
Flake Bit-Tools

Flake bit-tools in the Black.Warrior assemblage were
manufactured on a variety of pieces of stone including:
(a) flake fragments, (b) biface thinning flakes, {(¢) a
heat spall, (d) Dbiface fragments, and (e) reworked
triangular projectile points. These tools are often
describe& as microperforators, gravers, or drills (Futato
1977, 1983, 1987). Tool design was not continggnt on a
preferred flake type; rather, the working edge was the
primary tool attribute. While the majority of the tools
were manufactured on heated stoneé, occasionally unheated

gravel chert and quartz were used.
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Tool bits vary in shape and Size. The range of
morphological variability is illustrated in Figure 23.
Certain flake tools are similar in form to blade bit-tools.
Tool bits are sharp and acute, asﬁwéll as rounded and
blunt. A restricted function in perforating/drilling and

graving tasks is suggested by the'morphology of the tool

bits.

Tools were shaped by pressure flaking the edges to
form the desired edge configuration. The intended tool
function and the form of the tool blank determined the
degree and naturé of retouch. Certain tools required only
minimal unifacial edge shaping, while others were
bifacially retouched. Triangular bit-tools were

manufactured on flakes, bifaces, énd reworked arrow points.
Ihe Blade Bit-Tool Industry

In contrast to flake bit-toois, blade bit-tool
production involved a conceptual link between a tool
design, a manufacturing method, apd function. The overall
tool form and not just the working edge was considered in
the functional design of the toocl. Blades were produced in

a systematic fashion for the specific production of bit-
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Figure 23. Flake bit-tools. a. Tu259~5-20, b. Tu66-~49-23,
c. Tu259-14-26, d. HaB8-91-1, e. HaB8-123-2, f. Tud6-~14-2,
g. Had92~16-33, h. Tu66-16, 1. Tu66-44~-21, j. Ha92-4-9,

k. Tu66~49-19, 1. Ha92-31-15, m. ;Tu66-31-11, n. Tu66-51-5,
0. Tu346-17-1, p. Tu66-16-33.

H
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tools. The method used for the production of suitable
blades involved a blade-core technology based on the local
heat~treated gravel cherts. The structure of the Black
Warrior cobble blade-core industry is diagrammed in Figure
24. The industry is culturally distinct in the region in
that it occurs oniy in late Miller III and West Jefferson
phases in the Tombigbee and Black Warrior valleys. The
core technology and bit-tool manufacturing techniques are

described below for the Black Warrior Valley industry.

Core Technology

Techniques that allow for the production of blade-
shaped flakes require the design of a core in a way that
Prevents the spreading of a flake auring conchoidal
fracture. . This is accomplished by setting up a prepared
ridge that determines the width of the flake and acts as a
guide in the removal of the flake along the core axis
(Crabtree 1968). The result is a product whose dimensions
of length, width, thickness, and curvature can be

controlled by the artisan, depending on the intended tool

or product design.
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Core preparation varies depehding on characteristics
of the raw material and type of‘biade desired. However,
setting up a platform at the correct angle, and the
preparation of a ridge are steps common to blade-core
industries in general. Because of the necessary
preparation required by a blade industry, remnant cores can
be distinguished from amorphous flake cores that required
relatively minimal platform preparation. Thus, the
industry can be defined by the sum of its remains in

blades, tools, remnant cores, andﬁplatform rejuvenation

flakes.

The size and shape of theéraw material constrained
the adaptation of a blade-core inéustry to the local gravel
cherts. Due to the size and roun&ed shape of the cobbles,
there were limitations on the number of consecutive blades
'that could be removed from a single core. Also, the
rounded shape of the cobbles required the preparation of a
non-cortical, straight blade removal face. This constraint
was overcome in one of two ways: (a) by using a fracture
pPlane as the blade removal face or, (b) Dby using a non-
cortical flake or cobble fragment as the core preform. 1In

addition, straight ridged blades are more difficult to
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remove on gravel cherts since roﬁnded cobbles constrain the
removal of blades with straight dorsal ridges extending the
full length of the blade axis. Despite fhe material
constraints, however, stonesmithé working in the Moundville
region adapted core-blade techni%ues to the local gravel-

based chipped stone industry.

Since rounded gravel cherts lack natural flat
surfaces, the first stage in the production of an adequ;te
cobble blade core preform involved creating a flat surface
to serve as a platform. Cobbles were heated and usable
core preforms were selected from either heat-shattered
fragments, or from manually split cobble fragments. The
blocky shape of the shattered cobbles provided the
necessary features for blade remdval by: (a) overcoming
the natu;al curvature of the stone, (b) providing adequate
platform surfaces, (c¢) creating'straighter non-cortical
blade removal faces, and (d) establishing corners from
which to initiate blade removal and establish guiding

ridges for subsequent removals.

After selecting a suitable core preform,

characteristics of the cobble geometry determined the
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amount of preparation needed to femove a blade. In certain
Ccases a natural flat cortical surface was used as a
platform for the removal of a sipgle blade using a natural
corner or edge as a guiding ridge. 1In other cases flat
platform surfaces were prepared by removing one or more
transverse flakes perpendicular to the blade removal face.
Core ridges were also prepared with the use of a series of
shaping flakes converging to create a single ridge. Blades
were removed at an acute angle, greater than 70 but less
than 90 degrees. Characteristics of the blade lip,
platforms and bulbar surface suggest that both percussion
and pressure techniques were used to remove blades. Acute
platform angles were re—establiséed by one or more
transverse blows across the platform removing the exhausted
platform edge. Hinge fractufes occurring toward the
proximal end of the core also required removal before
further reduction of the core was‘possible. Due to the
small size of the cobble cores, however, cores with hinge
flaws were generally discarded os'reused in a different

technological or use context.
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Blade cores in the Black Warrior assemblage represent
a continuum from initial core reduction to core exhaustion.
Although the sample size is small for the region as a

whole, certain technological patterns are represented. I

have distinguished two discrete categories of core remnants

corresponding to cores with single versus multiple blade
removals. Single blade removal cores include cobbles that
were: (a) either aborted prior to complete reduction or,

(b) used expediently for the removal of only one blade.

The resulting product types are the amorphous and discoidal

cores described in Chapter II. Overlap in the production
of edge~-retouched cobble tools may also occur within the
amorphous core type. Both flakes and blades were removed

from discoidal-shaped tabular cores,

In contrast, as many blades as possible (and only
blades) were removed from other cobble cores. Exhausted
types include conical and rectangﬁlar/wedge forms, the
wedge shape resulting from the intersection of two
platforms at right angles on a single core. The greater
frequency of multiple blade core fragments may have
resulted from a switch to bipoelar percussion techniques as

the size of the core was reduced.,

H
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Attributes of blade size and shape were affected by a
combination of technological factbrs as well as core shape.
Variation in blade width and thickness depends on (a)
position of the blade in the coreireduction sequence, (b)
the type of tool used as a percussor, (¢) placement of the
tool on the core platform, and (d) percussion versus
pressure removal techniques. Variation ;n blade length is
affected by the morphology of the core and blade remo;al
face, as well as the position of the blade in the sequence
of core preparation and blade detachment (Crabtree 1968;
Sollberger and Patterson 1976). Blade length and width
attributes show the lowest proporpion of variation about
the mean (coeffiéient of variation = 18.0 and 19.0)
suggesting a greater concern with controlling these

variables relative to blade thickness (C.V.= 36.0).

Blade bit-tools were manufactured on non-cortical
blades. These blades were obtained by either using a non-
cortical fracture plane as the removal face, or by removing
a series of at least three cortical flakes in order to
remove a single non-cortical bladé. The pattern of core

reduction evidenced by dorsal cqftex on the Black Warrior
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bladeé is similar to Late Archaic Poverty Point blades,
which are also part of a gravel-based microblade industry
(Webb and Gibson 1981). The preﬁencé and location of
cortex remnants for the Black Wafrior assemblage is

provided in Table 17,

Table 17. Blade Dorsal Cortex Patterns

R ML iy S D WA WP N M W W WE L Ak W W S N N N S Y EL A e

Location n %
No cortex 133 29
Entire dorsum 57 12
Right edge 46 10
Left edge 42 9
Distal end 75 16
Proximal end -39 8
Medial 8 2
Medial~distal 36 8
Medial-proximal 12 3
Proximal-distal 14 3
TOTAL 462 100

T YD D SR . S S N Ml S A s Wil — D D i - A7 A

Webb and Gibson (1981) define primary cortex blades to
refer to those blades with more than 50% of the dorsal
surface covered with cortex. Secondary cortex blades have
50% or less dorsal cortex, and tertiary or interior blades
are non-cortical. Over half of the waste blades in the

Black Warrior assemblage are cortical, 20% of which are
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secondary blades resulting from preparation of the core
exterior for the removal of interior blades. Secondary
blades have a greater length rangé compared to interior
blades, and 4% of the Black Warriof blades were over-
passes, blades that spanned the full length of the core
face removing a portion of the distal end of the core.
Crabtree (1968) describes over-pass removais as attempts to

remove thick blades or to straighten a removal face by

detaching a blade designed to travel the full length of the

core.

In a2 cobble blade-core indus&fy, over-~pass flakes
would have provided a means of esﬁablishing an initial
guiding ridge, as well as straighéening the curve of the
core face allowing for the production of a straighter blade
running the full length of the core face. Comparisons
between unretouched blade length and microtool length in
Table 18 shows that longer blades were selected for the
manufacture of bit-tools. Triangular blade shapes account
for 74% of the sample. The blade- sample as a whole
represents the by-products from épre preparation and
initial core reduction. This is evidenced by small blades

with convex, trapezoidal, and irregular cross-sections. A
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small propertion of the blade sample (5%) was either

intentionally retouched or used.

Table 18. Unretouched and Retouched Blade Dimensions of Length
Width and Thickness

——.—-—m—-‘-—-—-n-——-u-----———-m---—n———q---——n———-———-u—-—----—--—--———-—

——-—--“‘--—---nt——-—-——--1—1——-——-—_uﬂn———,———'--ﬂ“—-—-——-—*—-—————---——-—-—

Length (mm) Width (mm) Thickness (mm)

e b B R R —— T TED A e NS —— PR . e i . —————

--—-—-———-———---—--—————u--—-———-—---—-u--.—————--———————u—--uu-—-—-——--.----—--

Unretouched

Blades 133 18.3 3.5 12-29 8.5 1.9 2-14 2.6 0.9 1-%
(non-

cortical)

Retouched _
Blades 22 22.5 4.3 16-34 8.1 1.6 6~11 4.8 1.0 3-8

——-u--—-u——m--———-—--—n-———----——-----.——————-u—————-—.--———————qw—-———

Bit-tool Manufacturing Techniques’

Blg@e bit-tools were manufactured by means of both
unifacial primary edge retouch and bifacial primary and
secondary retouch. Unifacial bit-tools cccur rarely in the
assemblage and were characterized by either: {a) steep
lateral retouch éreating parallel dulled edges converging
to form a rounded, blunt tip, or, (b) shallow retouch
confined to the tip of the blade. These tools are

illustrated in Figure 25,
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Figure 25. Blade bit-tools; a - d, cylindrical bit-tools;
e - h, biconvex, group-l; i - 1, biconvex, group~2; m - n,
lateral; o - p, end. a. Ha%2~-22-14, b. Tu66-14-20, c.
Ha7-46-5, d. Ha8-27-1, e. Tu2-15-5, f. Ha8-256~2, g. Tu259-
5~21, h. Ha92-36-12, 1. HalQ7-11-4, j. Tu66-44-22, k. Tubé-
43=-~13, 1. Tu346-7-4, m. HaM6-19, n. (gquartz) Ha%92-40-6, o.
Tu46~14~5, p. HaB-270-2,
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Large, thick ridged-blades were modified by bifacial
pressure retouch into cylindrical blade bit-tools, These
blades were most likely removed b& percussion techniques.
Retouch extended along the entire tool axis creating a
uniform, cylindrical tool that could have been easily

hafted and retooled in a socketed shaft.

Smaller blades were modified by either primary
ﬁnifacial or bifacial secondary retouch. Two groups of
biconvex bit-tools are distinguished based on the form of
the blade preform and nature of retouch. One group of
ltools were manufactured on narrow, thick blades with
prominent dorsal ridges. Thick &ortical platforms suggest
that these were percussion blades removed from an
unprepared platform. Minimal retouch was used to shape the
bit or straighten the proximal outline of the tool haft.
Another group of tools were manugactured on thin, narrow
blades that were bifacially retouched creating a tool with
a slightly expanding biconvex-flattened haft, and a small
cylindrical bit. These tools were made from interior
blades removed from prepared core platforms most likely

using pressure techniques. Tool retouch and form was
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constfained by the prominence of a dorsal ridge. If the
ridge was prominent along the entire tool axis, the
resulting form would most likely_pe cylindrical. 1In the
majority of cases, the thickest secﬁion of the blade, where
the dorsal ridge was most prominent, was incorporated in

the tool bit, leaving a flatter, biconvex haft.
Summary

By examining features of the blades, cores, and
retouched tools it is evident thaF a combination of
technological, functional, and idiosyncratic constraints
affected the final form of blade and flake bit-tools. Bit-
tools were consistently manufactﬁfed on heated stones.
Blade bit-tool design was contingent on the production of a
preferred flake type prescribed b? functional criteria, as
shown by-the consistent shape and:size of the tool bits.
The degree of conversion from bléde to teool related to the
design of the tool bit (large versus small), and attributes
of the blade outline and form. Bl;de attributes were

constrained, to a degree, by the use of small gravel

cherts,
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Flake tools in some cases aré morphologically
equivalent to blade bit-tools. The manufacture of bit-
tools on blade preforms, however,:enabled a more consistent
and repeated production of a specific tool form. The
degree of retouch was related to the design of the tool bit
and blade characteristics, especially the dorsal ridge.
Thus, in contrast to the less strgctured manufacture of
flake bit-tools, blade bit-tools express a link betwén a
tool design, a technological method of stone-working, and
tool function. Tool hafting techqiqués evidenced by tool
haft morphology suggest that both!split and socketed hafts
may have been employed in the use of these tools. The more
uniform shape of the blade bit-to?ls may have facilitated
hafting and retooling, especially in the case of a socketed

haft where a worn or broken bit could easily be replaced.

There are no significant differences in the range of
overall size of blade bit-tools (Table 12); although,
cylindrical bit-tools tend to have longer bits than the
other types. For a sample of 22 ¢omplete bladé bit~tools
the coefficient of variation is 19.0 for both length and

width, and 21.0 for thickness.
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While the production of blade bit-tools was a
structured process compared to flake bit-tool manufacture,
manufacturing strategies were not based on a consistent
technique of core preparation and blade production. The
variation in exhausted and discarded core morphology,
although based on a small sample,:suggests that core
reduction techniques varied depegging on the overall size
and shape of the cobble core prefbrm. The number of blades
that could be successfully removéa was also affected by

core shape and size.
Technological Implications and Comparisons

Stone tool industries aré recognized archaeologically
because of the consistent applicapion of a certain method,
or style, of stone working. 1In attempting to interpret a
technological style as such, botygthe methods and
techniques of stone working must be evaluated together
within the particular cultural and social context of which
they are a part. The intent of this chapter has been to
reconstruct the technological paﬁtern of bit-tool
production in the Black Warrior Valley. Manufacturing

techniques were described in relation to a number of
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constraints that affected the final tool form. The
implications of the technological structure for
interpreting tocl design and maﬁpfacturing strategies will
now be examined within the region, and through comparisons

with other microtool assemblages.

The pattern of stone working during the Late Woodland
period in the Black Warrior and Tombigbee valleys is one of
increasing reliance on local resources and the production
of small flake tools. The majority of chipped stone tools
were informal in the sense that a functional edge was the
primary attributeé considered in fool manufacturing
Strategles. 1In certain cases, however, special preforms
were produced. Triangular arrow .points and blade bit-tools
are two of the more formal, or consistently produced tool

types present in Late Woodland assemblages,

Flake bit-tools that are formally and technologically
similar to the Black Warrior Valley tools are found on
sites in the central Tombigbee drfainage, on Cedar Creek,
and in the Tennessee River drainage, from the Middle
Woodland onward (Ensor 1981; Futéto 1977, 1983,_1987;

Rafferty and Starr 1986; Kline 1§85; Faulkner 1968;
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Faulkner and Graham 1966). Reduction methods were variable
and retouch techniques generally involved minimal edge
retouching. Tool bits are of three major forms: (a)
tapering with an acute tip, (b) 1parallel-sided with
blunted edges and a blunt point,'and (¢) cylindrical, or
rod-shaped, sometimes referred t; as "needles." Settlement
data from the Tombigbee Valley iﬁdicate that microtools are
most prevalent on larger village sites that were occupied

for longer periods of time (Futato 1987; Rafferty and Starr

1986).

Blade bit-tools occur in Late Woodland lithic
assemblages in the Tombigbee and Black Warrior river
valleys. Unlike flake bit-tools, however, the technical,
spatial, and temporal boundariesrof blade bit-tools were
more resﬁricted. The production of blade bit-tools was
bounded by a restricted reduction method, and the intended
product was formally and technologically specific. Not
unlike the production of triangﬁlar arrow points, the
pProduction of blade bit-tools involved the repeated
manufacture of a fairly standardized Product. One measure

of production standardization that has been used in lithic
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studies focuses on two criteria: {(a) consistency in
production intent and procedures; both historically and
spatially, and (b) consistency in production skill and
success, aqd improvement ;hrough.time (Arnold 1987; Hester
and Shafer 1987). These measures enable one to infer
technological behavior in prehisﬁory. The organization of
such behavior, however, is a social activity that must be

inferred using other corrcobative lines of evidence.

Blade-core industries link elements of tool design,
manufacturing methods, and tool function. 1In the case of
late prehistoric microlithic industries, tool use also
appears.to be focused on shell-wérking activities.

However, other uses include bone and wood working and hide
perforating. The Black Warrior Valley microlithic industry
expresses a consistency in production intent. The fact
that similar tools were produced;in other areas at
approximately the same time suggésts that the technology
was part of a stone tool traditi@n in the Southeast.
Manufacturing procedures varied between flake and blade
bit-tools, however blade bit-tool production was based on a

distinct core techneology.
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Consistency in production skill and success were not
examined in the course of this study. However, the
redundancy in the production of blade bit-tools suggests a
consistent application of manufacturing strategies and
skills. The presence of multiple blade cores also suggests
a8 controlled attempt at repeated removals of suitable bit-
toeol preforms and may also signal an increasing demand for
the use of blade bit-tools, Raw material constraints,

however, limited the number of blades that could be removed

from a single core.

The Black Warrior Valley microlithic industry is
technologically specfic in thét the intent of the
manufacturer was to produce a certain implement, a blade
bit-tool. The organization and scale of production is
consisteﬁt with other production strategies characteristic
of chipped stone tool use in the region. In contrast, the
Cahokia microlithic industry has been described as
specialized in the sense that "it seems to have been
designed to produce prismatic blades to be used as drill
bits--with or without further retouching" (Yerkes

1983:503). The primary technolog%cal difference between
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the Mississippi Valley industries and the Black Warrior
Valley industry is due to the structural differences
between tabular and gravel cherts. The Cahokia, Zebree}
and Carson industries are based on Crescent Quarry chert, a
tabular chert that is found in eastern Missouri (Ives
1984). Ridged blades are easily broduced from tabular
cherts, whereas the curvature and smaller size of the
Tuscaloosa gravel cherts were a constraint on the
consistent production of straight-ridged blades. Also,
ridged blades manufactured from ;abular cherts require
minimal retouch to modify a blade into a functional bit-
tool. This difference is evideng between the primarily
bifacial gravel-based industries in the Southeast, and the
unifacial bit-tools manufactured in the Mississippi Valley.
In addition, a greater number 6f_blades could be removed
from the’tabular based blade-coré indusﬁries, and this
feature was apparently taken advantage of. The majority of
exhausted cores from Cahokia andJZebree are columnar-shaped
resulting from maximum consecutive blade removals from
opposing core platforms. The Caﬁokia cores have an average
of 8 blade scars per core, which is more than twice the

average for the Black Warrior Valley gravel chert industry.
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In summary, the Black Warrior Valley microlithic
industry can be described as stylistically and
technologically similar to analogous and contemﬁorary
industries in other regions of the Southeast. The
technological pattern or "culture™ of the industry can be
interpreted as a regional adaptation of a specific method
of stone working designed to produce small bit-tools. The
blade bit-tool assemblage, when compared to flake bit-
tools, is a technologically discrete industry that is best
explained in terms of changing production demands and
cultural influences. Although based on a small sample, the
industry in the Black Warrior Valley is best understood as
a common component of West Jeffer;on, and perhaps
Moundville I, stone tool technolegy. The organization of
production appears to be consistent with local demand for a
particular tool at the larger, more permanent settlements.
There is no indication that the production of these tools
was any more speclalized than the_production of triangular

arrow points or other tools that combined specific tool

shapes and functions.

A stone tool industry reflects a consistent pattern of

b
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cultural and technological constraints and choices that can
be interpreted as defining a manufacturing process (Greber
et al. 1981:491). Blade industries in the Eastern
Woodlands were not constant through time or in all areas.
Rather, the presence of these industries corresponded to
peaks in increased social complexity involving local and
regional interaction. It is within this context that late
prehistoric microlithic industries are meaningful, rather
than from typological and strict technological
interpretations of the tools. While technological methods
may be widespread and related in a socially and
economically integrated culture area, particular
techniques, raw materials, and idiosyncracies may be
expected to vary relative to spéqific regional
circumstgnces. In order to more fully understand the
nature of the circumstances promgting the manufacture of
bit-tools in the Moundville area, I now turn to a
consideration of the functional implications of the tools

and the technology.
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CHAPTER IV

MICROTOOL USE

Microwear analysis is an archaeological method
developed to directly infer tool use from microscopic
traces of wear on tool edges that can be observed at high
magnifications. The interpretation of stone tool uses has
long been a challenge to archaeologists. Ethnographic and
morphological analogy were the first means employed to
infer prehistoric tool function. Although both continue to
contribute valuable corroborative evidence for the
interpretation of prehistoric tool use, the development of
use-wear analysis has provided a more solid foundation on
which to base inferences about the functions of prehistoric

stone implements.

The first published report 6f the development and

systematic application of the method was Semenov’s book
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Prehistoric Technology, published;in English in 1964.
Semenov relied on experimental, ethnographic, and modern
observations of tools and tool use and recognized the
significance and potential of microscopic use-wear traces
(striations, polishes, and pitting) as evidence for
inferring the use of stone tools (Cook and Dumont 1983;
Vaughan 1985). Semenov’s work was a turning point in the

development of the method, and in his own words functional

studies would,

allow us to speak about ancient tools

and their functions not conditionally and
approximately, as we do’ with the typological
method, but make it possible to explain

the actual and concrete purpose of each

tool, as it was when in use ([Semenov 1964:6].

Fol;owing Semenov’s lead, liphic analysts have
developed and tested a variety of techniques that pro?ide
valuable information regarding: ka) the mechanics of edge
fracturing and scarring relative to different hardnesses of
worked materials (Tringham et al. 1974; Odell 1979, 1980;
Odell and Odell-Vereecken 1%80), (b) the formation and
characteristics of wear polishesiénd striations diagnostic

of specific types of worked or contact material and the
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motion of tool action or work (Keeley 1980} Vaughan 1985),
and (¢) the study of diagnostic inorganic residues and the
chemical and physical alterations of the flint surface
resulting in the formation of characteristic "polishes”
(Anderson 1980a, 1980b; Anderson-Gerfaud 1981). Together
these techniques are complementary and can be used
separately or in conjunction with one another depending on
the level of analysis and detail required by a given
research problem. It is clear from the advances in method
in the past 10 years that the coqtributions of each
technique have inspired developments and will continue to

further advance microwear analysis as a viable method.

The utility of microwear anélysis as a method for
inferring stone tool function has been unquestionably
demonstréted in the work carried out following Semenov’s
publication. The observation that different materials
produce experimentally distinct polish surfaces with
distinctive textures, sheen and features on the
microtopography of the flint sur?ace, was initially put
forth by Keeley in the early 1980s. A number of scholars
working predominantly in the 0ld'World have repeated

Keeley’s initial observations (Dumoent 1982;
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Moss and Newcomer i982} Vaughan 1985; Bienenfeld 1986).
This chapter describes the resulﬁs of a microwear analysis
conducted on the Black Warrior microtool sample., Following
the method outlined by Keeley (1980) and Vaughan (1985), a
reflected-light metallurgical microscope with
magnifications ranging between 100x and 500x was used to
identify microscopic wear traces. This technique was
employed because it provides the most specific information

on tool use with regard to the type of material worked and

tool action.

In this study, microwear analysis is used to establish
the use-context of a specific todl technoleogy common in
Late Woodland and early Mississiﬁpian societies. The
specific‘goals are two-fold: (af  to document patterns of
tool use with reference to both ﬁhe individual tool edge,
and the entire tool as a typological and technological
entity, and (b) to establish the functional nature of the
assemblage as a tool industry. This information can. then
be integrated with technological and distributional
information to allow for a more ?omplete and contextual

understanding of the production activities involving

1
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microtools in the Moundville regién.

The chapter is organized in ﬁhe following way. First,
theoretical and methodological coﬁsiderations are
discussed. This is followed by description of the
experiments and characteristics of the replicated wear
polishes, Next, comparisons are made between the
experimental use-wear traces and the archaeological sample.
Description of the functional determinations is outlined
with reference to the individual tools, as well as
technological and morphological variation. The chapter
concludes with a summary of the functional, technological,
and spatial information evidenced in the sample and the

implications for the economic and social context of the

industry.

Theoretical and Methodoiogical Concerns

As an archaeological method, the relevance of
microwear studies is directly linked to addressing specific
problems in the prehistory of a given regioﬁ (Odell 1982).
Typical studies involve analysis at a specific site and the
integration of functional information with paleo-economic

and ecological data in order to reconstruct prehistoric
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activities at a particular location. Other applications
have been aimed at a specific class of tools and the
variability between tool form, technology and use in
relation to specific issues of production. Economic
activities at a specific site or an entire settlement
region and culture may be examined depending on the

particular problem at hand and the nature of the data base

{Odell 1982).

Although a wide range of appiicétions is possible,
microwear studies alsoc share a common interest in the
integrated and contextual aspectslof paleo-economy,
ecology, and changing technologies through time (Odell
1982; Vaughan 1985)., It is for tpe above reasons that, in
the process of extrapolating from tool use to Ffunction,
economic activities and sociocultyral processes, other
corroborative evidence (e.g. spatial, technological,
ethnological, ethnohistorical) must also be evaluated.
This is especially relevant since a direct cause-effect
relationship cannot be assumed when comparing experimental

and archaeoclogical materials.
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The intent of the present stﬁdy is to link a
particular tool technology to a given use-context. In
addition to site~specific examinatiqn, the survey data
allow application of the method at the regional and
cultural level. Once tool use is determined for the
assemblage as a who;e, links between the technology and a
production context can be examined throughout the.

settlement region.

In choesing a particular assemblage to apply microwear
methods to, three methodological concerns to be addressed
are: (a) the nature of the sample’s depositional context,
(b} the size and representativeness of the sample, and (c)
the physical condition of the artifacts to be examined.
This last issue is especially important since depositional
conditions can damage tool surfackes or obliterate wear

traces, rendering the assemblage unsuitable for use-wear

analysis.

It is the responsibility of the analyst to determine
the eligibility of an artifact aséemblage from a given
depositional context for the application of microwear

techniques. 0dell (1985) and Odell and Cowan (1987) have
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determined that for low-magnification studies focusing on
edge-fracture patterns, damage from agricultural equipment
is distinctive and can be factored out of the analysis in
the majority of cases. The effects of natural surface
modifications on the observation of polishes and
striations, however, can be expected to vary depending on
the age of the deposits and characteristics of the geologic
depositional environment, as well as local climatic

conditions (Stapert 1976).

Chemical processes in the soil can lead to the
development of patinas or other aeposits on the flint
surfaces that obliterate wear traces, especially polishes
and other surface features observed at higher
magnifications. 1In the absence of surface modifying-
processeg, however, use-wear traces are distinguishable
from natural features on the material surface (Stapert
1976). Characteristics of wear polishes such as surface
texture, brightness, and distributional'patterns on the
tool surface can be differentiatgd from the surrounding
natural unmodified surface topography of the flint or chert
once the analyst is familiar with the materials and

characteristic wear-patterns.
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The majority of use-wear studies to date have included
only excavated material. However Odell (1985), Stapert
(1276) and Pope (n.d.) have applied microwear techniques,
with varying degrees of success, to surface collections.
Generally, surface-collected sites are not considered due
to factors of post-depositiocnal damage resulting from:
increased exposure, and component mixing of the materials
{Odell 1985). However, if the in#egrity 0of surface
assemblages can be established within_acceptable bounds for
a particular research problem, then surface collected
materials shouldrbe considered. Indeed, surface scatters
comprise a large proportion of the archaeological data base
in many regions and, as such, proyide a more representative
range of site types and activities within a given
settlement system. The issue of feasibility of use-wear
analysis on surface-collected artifacts is resolvable only
through evaluation of research objectives specific to a
particular site or region. 1In the section that follows,

the Black Warrior sample is described and the issues

outlined above are addressed.
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The Black Warrior Sample

Microtools examined in this-gtudy are primarily from
15 sites. A total of 105 tools were examined, 75% of which
are from controlled surface colléctions, 15% are from mound
test excavations, and 10% are fréﬁ test excavations at the
White site (Welch 1986). Since ﬁhe combined assemblage was
relatively small, all microtools were included, and the
sample is therefore representative of the full range of

morphological variability in the tool class.

The Black Warrior Valley artifacts occur in mixed
silt/clay alluvial surface deposits and the tools appear to
be in good condition considering they are primarily from
surface contexts. No apparent modification of the
materialg in terms of patination or other natural damage
was observed for either surface-collected or excavated
artifacts. While the archaeological tools were undoubtedly
_subjected t¢ damage to a dégree before, during, and after
deposition, initial examinations of a sample of the tools
indicated that wear-traces were visible and recognizable.
Although measures of the intensity of tool use are more

problematic, high-power techniques can be successfully
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employed to identify tool use when polish is present,
despite the problems of both natural and human damage.
Although natural modification of the materials was not a
problem in this study, there were éituations where tools
had been burned. Burning creates a patina-like surface
that is uniformly glazed, cracked, and often discoloredf
The identification of use-wear traces was not possible for
these pleces.

Microwear Traces

Two types of microwear tracés~-polishes and
striations~- were studied on the -experimental and
archaeoclogical tools. 1In the following discussion brief

descriptions and summaries are presented for these classes

of wear. '

Microwear traces are based 69 the kinetics of working
with the hand (Semenov 1964). Distinctive wear traces
result from a combination of physical and chemical
Processes that depend on the proéerties ¢f the tool
material and nature of the work éeing done. The motion or
action of work is revealed by striations, defined as linear

marks on the tool surface, showing the direction of tool
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movement. Polishes form as a result of alterations of the
tool surface during work, and as such, are indicative of
tool metion. Both the distribution of wear-polish and
intensity of polish development aéross the tool micro-
topography are indicators of tool motion or action, as well
as the material on which the tool was used (Vaughan

1985:24-5) .

Use-wear striations Qre produced in two ways: (a)
through the introduction of foreign particles such as sand
or dust between the flint surface and the worked material,
and (b) from microflakes removedffrom the working edge of
the tool coming into contact with"the material being worked
(Mansur 1982). Striations can also result from natural
causes (Stapert 1976, Vaughan 1985) . Keeley only
considers striations resulting from tool use when they are
accompanied by wear-polishes (Keeley and Newcomer 1977:37) .
A similar approach was followed in this study. When
striations are Present, they generally occur in the same
area as the polish and are easily.recognized as part of the
polish surface. Research on the mechanisms of striation
formation has revealed a relationship between striation

morphology and processes of polish formation linking the
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developmental processes of these two wear traces (Mansur

1982) .

The study of micropolishes hgs come to be known as the
"high-power" approach since the characteristics of the
diagnostic polish traces can only be detected with
magnifications of 200x and higher;(Keeley 1980).
Micropolishes are diagnostic of w@rked materials 5ecause
their formation and physical char;cteristics depend on the
characteristics of the specific worked substances (i.e.,
hardness, chemical and crystalliné structure, amount of
moisture). Length of use and texture of the chert are also
factors that affect polish develogment, but in quantity,

not quality (Vaughan 1985).

Recent interest in polish formation has been prompted
by studies of plant polishes (Anderson 1980a; Anderson-
Gerfaud 1981). Anderson-Gerfaud’s work has shown that
friction and heat produced during”work leads to the
dissolution of the flint surface, depending on the duration
of work, the texture of the flint material, and the nature
of the tontact material (e.g., acidity, moisture, and the

amount of silica gel present), Fellowing dissolution of
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silica in the tool surface, a layer of amorphous silica gel -
forms on the surface of the contact area of the flint
implement. This hypothesis of polish formation is known as
the amorphous silica gel model (Anderson—Gerfaud 1981;
Unger~-Hamilton 1984; Vaughan 1985). Two other theories of
pPolish formation were put forth pPrior to Anderson~Gerfaud’s
study. In the mid-1950s, Witthoft proposed the frictional~
fusion theory. This theory is based on the notion of
melting and fusion of the silica tool surface at the
contact area as a result of inte%sg frictional heat
(Witthoft 1955, 1967). While changes in the molecular
structure of flint occur as a result of induced heat, there
is debate as to whether sufficient temperatures are
generated by friction during too; use to melt the stone
({Del Bene 1979; Anderson-Gerfaud‘1981; Vaughan 1985).
Finally, the abrasion model has been the most commonly
accepted explanation of polish formation, regardless of the
worked material (Vaughan 1985). Thi's model states that as
a result of the introduction of foreign abrasive particles
during work there is a gradual loss of surficial material
and smoothing of the flint surfage by abrasion (e.q.,

Hayden 1979; Meeks et al. 1982).;
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The formation of use-wear polishes remains to be
completely understood. Recent studies indicate that the.
processes are complex and involve both chemical alteration
of the surface through dissolutiqn and deposition of silica

i

gel, as well as physical abrasion. Unger~Hamilton (1984)

1
provides a summary of recent theories and research on the
processes of peolish formation. Frietion appears to play a
key role since it is the generat;on of heat that initiates
chemical and molecular changes in the elements comprising
the flint or chert material. Thg amount of moisture
introduced through the contact material is also an
important factor (Anderson 1980; Ungar-Hamilton 1984).
Observations that polishes and/or constituents of the
polish (e.g., bone apatite) are %emoved as a result of acid
Cchemical-baths suggests that somé form of deposition of
material residues occurs during éhe process of polish
formation. The nature of these éépositional materials,
however, has yet to be unambiguoﬁsly resolved (Keeley 1980;
Plisson 1983; Ungar-Hamilton 1984). Other studies have
al§o Suggested that the genesis #nd diagenesis of the flinc
or chert, as well as the age of the material, should be

taken into consideration (Masson et al. 1981; Unger-
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Hamilton 1984).

Because the issue of the ontology of microwear
polishes remains to be resolved,’analysts commonly adopt a
concept of "polish" that ;efers teo any surface that
reflects light, irrespective of its origin (Anderson-
Gerfaud 1981; vaughan 1985). A similar approach is
followed in this study when using the term polish. Effects
of use-wear (i.e., polishes and striations) can be studied
and characterized within a given research framework apart

from the technical aspects of origin or cause.

Although the mechanism of polish formation is still
debated we do know that differ;nt contact materials produce
distinctive polishes, especiallijhen they are well
developed (Keeley 1980). It has also been determined that
polish develops in stages and that different textures of
chert affect the rate of wear-polish development, but not
the quality of the polish (Vaughan 1985). Stone tools of
different materials are equally affected by physical and
chemical damage prior to deposition, as a result of post-
depositional processes (including the mechanical and

chemical nature of the depositional environment), and
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during laboratory manipulation (Kééley 1980; Stapert 1976;
Plisson 1983). Characteristics of polishes on the tool
surfaces, however, are generally a result of tool use and
the nature of the worked material rather than other

extraneous variables.

In this study, damage to the'éollection was assessed
and a series of use-wear experiments conducted in order to
familiarize myself with both natural and use-related wear
traces. Observations were also made concerning the
natural, unused state of the raw material, and
technological damage traces. Examination of the tools and
the workeé material was conducted at various stages
throughout the use-wear experiments. Based on the
Published results of other researchers and my own
eyperiments, tool use was determined through identification
of micropolishes and striations. These assessments were
based on the stage of polish deveiopment and degree to
which the archaeological wear-traces matched those

experimentally produced (Anderson-~Gerfaud 1981; Vaughan

1985).
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Methods and Variables

The sections that follow out;ine the methods and
variables used in the experimentai project. First the
lithic materials used are described. This is followed by a
discussion of the tool replication procedures, experiments
conducted, and microscopy techniques used. Variables,

methods of data analysis, and the issue of reliability are

also outlined.
Lithic M {a]

Tuscaloosa gravel cherts collected from two different
gravel quarries along the Black Wérrior River were used to
replicate a serilies of microtools.; A variety of cobbles
were selected varying in size, co%or, and texture. The
natural cobbles are primarily yellow and tan. In order to
examine the quality of the material in terms of texture and
inclusions, the cobbles were fractured after collection.
Interior colers include tans, yellows, and mottled grays,
and pinks. Surface sheen is dull -and textures vary from
fine to coarse. Textures often vary within a single chert

cobble. Quartz fissures and Crystal fragments are also
i

common inclusions.
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In order to replicate the archaeological assemblage it
was necessary to heat-treat the raw material. For this
procedure a laboratory kiln was used. Following procedures
previously used to successfully heat~treat Tuscaloosa
gravel cherts (Ensor 1981), both whole and fractured
cobbles were placed in tins filled with sand and gradually
heated by increasing the temperatufe 100 degrees every
hour. The cherts were heaﬁed to 250, 350, and 500+ degrees
Celsius. Maximum time in the kiln was six hours. The
oven was turned off and left to cool overnight before
removing the heated cherts. Materials heated between 150
and 350 degrees ;elsius were found:to replicate the
archaeological materials. Temperagures in excess of 350
degrees resulted in a deep red color and the materials were
more susceptible to shatter and crumbling rather than
controlled fracturing. Cobbles hegted within the 150 to

350 degree range were selected for tool replication,
Iool Replication, Experimental Procedures, and Technigues

The aim of microtool replication was to reproduce a
usable implement that was morphologically similar to the

archaeological tools. The tools were replicated in the

170




laboratory by Phillip Waite. Aftér examining the
archaeological cores, blades, andamicro-tools, heat-treated
cobble fragments were selected as' cores and blade-shaped
flakes removed in both a systematic and opportunistic
‘fashion. Core preparation and removal was carried out with
an antler baton and percussion techniques. Antler

pressure-flaking tools were used to manufacture the

finished tools.

The use-wear experimental program involved drilling a
series of materials that included fresh deer bone, a bear
claw, 'soaked antler, dried hardwobd, and fresh marine
shell. Engraving experiments wefe also carried out on
marine shell. 1Initial drilling ekperiments were conducted
with a bow-drill, however the frehuency of tool breakage
precluded'the continued use of this drilling technique.
Instead, a small mechanical handfdrill was substituted for
the bow-drill and the motion simuiated. A mold and
machinist plastic were used to foim a sleeve around the
tool for insertion into the driil chuck. The mold was
designed to create a centered, straight axis of rotation

during the drilling experiments. ' This technique proved to
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be of limited success since the piastic sleeve generally
snapped after continued use, requiring several re-hafting
eplisodes during the course of using a single drill. It was
later discovered that simply wrappihg the base or shaft of
the tool in cotton and inserting the tool directly int§ the
drill chuck was sufficient. The worked material was

secured in a vise during the drilling procedure.

Since the objective of the e#perimental program was to
replicate wear-polishes érom the action of drilling and
engraving, it was felt that the artificially imposed
laboratory conditions would provide systematic, controlled
results and not detract from the éuthenticity of the

motions of tool work simulated foi the purposes of this

study. :

Toolg were used for 15 and 30 ﬁinute intervals at
which point they were examined under the microscope.
Duration of tool use was determined by the length of time
necessary to observe the characteristics of polish
formation and the distinctive features of a given contact
material. At each observation point the tools were
examined prior to cleaning and aféer cleaning with warm

i
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scapy water, alcohol, and dilute:(ZO%) HCl and NaOH
solutions. Alcohol was used to clean finger grease when
tool edges were reexamined afterrthe iﬁitial experiments
had been conducted. Similar cleéning procedures were used
on the archaeoclogical pieces in order to insure

comparability (Keeley 1980).

Edges were examined prior to use and at a series of
observation points using an Olympus BHM metallurgical
microscope. Polish identifications were carried cut
Primarily at 200x, although the full 100x to S00x
magnification range was employed: Photomicrographs
recording the diagnostic polish Lraces were taken with an
Olympus 35mm camera attachment. ‘Technical Pan (100 ASA)
film developed by Kodak especiaiiy for photomicrography was

used to document the observed wear~traces.

i

Variables and Data Anlvsis

Since the research presenteé in this study focuses on
a single toocl class, the experiments and analysis were
defined by the nature of the todis under study. The
cbjectives of the experimental p?ogram were: (a) to

determine the range of possible wear patterns resulting
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from the use of the replicated tools on a restricted range
of contact materials, and (b) to familiarize myself with

the characteristics of the wear patterns replicated.

The two most informative and readily identified wear
traces are micropolishes and striations. These two
variables inform on the nature of the worked materials and
action of the‘work carried out with the implement. The
presence of striations, polishes, and microflaking were
identified with both the naked eye and under high-power
magnification (200x-500x). Characteristics of microflaking
and edge rounding were noted for the tool class but were

not systematically examined in this study.

Detailed attributes relatiné to microstriations and
polishes were systematically codéd and described for each
tool examined. Attributes of stfiation morphology,
orientation, and predominant surface were coded.
Attributes of the micropolishes were described with’
reference to: (a) surface characteristics, including
relative brightness or dullness (amount of light
reflected), roughness or smoothness (texture), and the

presence of topographical featurés such as pits and
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undulations; (b) distribution across the tool
microtopography, and (c) the degree of linkage between the
polish components in the development of the surface polish.
Attributes of the micropolishes were described rather than
numerically coded. Line drawings depicting the location of
wear-traces on the tool surface accompanied each
description. Use-wear attributes used in this study
followed those described by Keeley (1980), Yerkes (1983)

’

and Vaughan (1985).

The experimental wear~trace5'rgplicated were found to
be comparable to those described?independently in
experiments conducted by other researchers (i.e., Keeley,
Yerkes,sand Vaughan). The characteristics of the well-
developed polishes for each contact material were used as
the “type—éolish" for a given contact material.
Determinations of archaeological micropolishes were based
on a relative scale of certitude depending on the match
between the experimental and archaeological examples.
These determinations follow those outlined by Vaughan
(1985) and include: (a) definite or at least "very

highly probable" polish traces that are well-developed, (b}
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not as definite but "most likely"” polish traces that are
weakly developed, and (c) polish traces that are
indeterminate or nondiagnostic due to lack of development

or damage from natural or human-induced condition.
Results of the Experimental Replication of Wear-Traces

The results of the use-wear experiments are presented
in ;he following sections by the type of wear and the
category of worked material. Prior to describing the
micropolishes on the used pieces, characteristics of the
unused material surface are described, as well as effects
from heat-treating and tool replication. Photomicrographs

of the observed wear-polishes are presented along with each

description.
Microchipping and Edge Rounding

Attributes of microchipping and edge rounding were not
systematically studied in relation to different contact

materials. However, certain observations were noted during

the drilling tests.

It has been demonstrated that heat-treated materials

are more susceptible to wear during use (Olausson 1983).
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The reduced tensile strength cauéed by heating tends to
increase the rate of microchipping during tool use beyond
that which would normally occcur. Microchipping during
drilling tasks imparts both positive and negative effects
to the tool. On the positive side, microchipping can be
seen to shape the drill bit through extensive use,
resulting in a more symmetric forﬁ determined by the size ~
of the bore hole. ‘However, ﬁhe ihcreased wear quickly
reduces the sharpness of the tool edges, rendering the tool

less effective and more susceptible to breakage during use.

Microchipping was most common on drills used to bore
shell, the hardest material tested. Microchipping occurred
less frequently while working the other materials. Step
scars were most exﬁensive on the shell drills. Also,
microchips were visible in the dust in the bore hole only
when drilling shell. The more eernsive chipping during
shell drilling may also explain the tendency for striations

to be more common on the shell drills compared to the other

materials.

Edge rounding was not observed on any of the

experimental drills, however it is possible that the tools
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were not used for a long enocugh period of time to generate
this. A worn, dull, abraded surface was observed with a
hand lens on the immediate tips of the two shell drills.

This feature was not visible on the other test drills.
Striations

Three morphological classes?of striations were
observed on the experimental tools. First are faint narrow
striations that appear to be supérficial rather than sunken
into the polish surface; second, narrow and deep
striations that appear more as grooves in the flint .
surface; and third, narrow striations that appear to be
filled-in and part of the polishAsurface. Striations as
they are described by Vaughan {1985:24) are "directional

indicators” constituting features that are an integral part

of the micropolish.

The orientation of the obsefved striations from
drilling motion were pPerpendicular or diagonal to the tool
axis. Striations were Observed on tool edges and flake
scar ridges on the dorsal and ventral tool surfaces.
Striations observed on the tool ﬁsed to engrave shell were
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not as prominent and were oriented parallel to the tool

axis,

Striations were most apparent on the tools used to
drill shell. After only 15 minutés of work, narrow,
superficial striations were visible on the shell drills.

As the duration of work increased, the morphology of the
striations tended to change, Aftér an additional 45
minutes (total time = 1 hour), thé striations appeared to
be filled-in and part of the wear polish, and more
indicative of directionality. Fi%ally, after an additional
30 minutes, the striations again appeared as superficial

narrow lines but with darker interiors.

In contrast to working shell; striations were observed
on the d;ill used to bore bone. after only 30 minutes of
work, and after 45.minutes of working antler. Striations
on the antler drill were narrow, %ine and superficial. The
striations on the bone drill appeéred as déep grooves and
did not occur in any consistent pattern. Only faint
striations observed at 500x were Loted on the drill used to

bore a series of holes in a bear claw.
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Micropolishes are characterized by four general
features: (a) reflectivity in tgrms of brightness or
dullness, (b) surface texture and features, (c) degree of
linkage or development, and (d) Fdistribution or formation

across the microtopography of the tool surface.

The most distinctive féaturq'of use~polishes is the
distributional patterns of formation across the tool
surface coming into contact with the worked material., As
the polishes become increasingly developed, individual
polish components tend to become iinked forming a solid
polish cover. It is for this re&son that well-developed

polishes are easily identified and generally unambiguous.

Polish formation over a stone surface follows a
general pattern starting with the area immediatley in
contact with the worked material‘éurface. As work
continues polish forms first on the higher points or crests
(flake scar ridges) and then gradually spreads to the lower
areas of the surface microtopography, If polish formation

is not complete over a surface, dark interstitial spaces in,
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the form of micropits and depressions occur as part of the

polish surface.

Specific patterns of polish formation are affected by
the type of contact material (e.g. moisture content), tool
action (e.g. cutting, scraping, boring), and the texture of
the stone. Boring action generates initial polish
formation on the immediate contaét points on the distal tip
and point of the tool. The early formation of isolatedl
areas of polish were observed in the interior of the
microscars on the tool edges. Sﬁell, antler, and bone
polishes tended to form in linear strips and on the high
points of the microtopography moving away from the edge,
Wood polish formed on the high points of the
microtopography and then quickly spread over the tool
surface. Soaked antler polish also formed quickly,
spreading in a flowing pattern over the contact area. 1In
contrast, bone polish is a more #ocalized formation
developing only on the high points of the surface
topography. Shell polish developed first as scattered flat
pPolish components in the interior of microscars on the tool
edge. As the duration of work-ipcreased the surface became

increasingly covered and linked by the individual flat
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polish components. In all of the.tests, wear patterns
formed on both tool edges, the drill tips, and on prominent
dorsal and ventral ridges. Since the direction of the
drilling motion was alternating in simulated bow-drill
action, wear-traces were not evenly developed on both tool

edges. Rather, one edge tended to be more worn.

While characterization of the natural flint surface
texture and constituents can best bg'accomplished through
scanning electron microscopy, general features of the
unused flint surface can be observed through optical
microscopy (Vaughan 1985). 1In éhé discussion that follows,
natural features of the Tuscaloosa gravel chert and
technological effects from heat-aiteration and tool
manufacture are described. A Photomicrograph of an unused

tool surface is provided in Figure 26:a.

The range of textures in the gravel cherts used can be
described as fine-grained and medium fine-grained,
depending on the range of grain sizes and homogeneity of

F

the chert matrix. The finer-grained material appears more
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homogenecus, lacking obvious cry#talline structures or
other reflective spots. The medium fine-grained materials
have a coarser texture and individual crystalline
Sstructures are discernible within the matrix. These
materials generally have more internal variability. Quartz
crystals were common in the coarser-textured materials.
Both the fine and medium-fine saﬁples had a dull sheen or

matte surface.

The effects of thermal alteration were tested by
examining unheated archaeologicaI specimens and the
unheated and heated test materials., The major alteration
of the material surface as a result of thermal alteration
was the transformation of the matte surface into a greasy
and lustrous surface with a fluid-like texture.
Amorphoué-shaped smooth areas of recrystallized quartz
inclusions formed scattered patches of glass-like material.
Microcracks were also pPresent in the heat-altered surface.
The presence of microcracks or da;k lines have been
observed on other heat-treated maﬁerials as well (Helle
Juel-Jensen, personal communication; Weymouth and
Mandeville 1975). The luster of ;he heat-treated material

surfaces varied, corresponding to the texture of the
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material. The finer-grained samples exhibited a more
intense glossy luster compared to the coarser-grained
pieces. Both features of luster and cracking occurred

between 200 and 250 degrees Cels;us.

Shallow step and hinge scaré were the most common
damage resulting from tool manufécture. Microscars were
also generally accompanied by abrasion along the tool edge.
Occasional scratches, parallel striations, microcracks, and
isolated bright spots were observed at higher

1

magnifications.
§

In summary, wear traces resulting from tool
manufacture were easily distinguished from use-related wear
traces. 0On the other hand, heatitreatment had a more
drastic effect on the physical séate of the material.
However, comparisons between unuged heated and unheated
materials enabled the recognitiofi of changes in the
appearance and features of the heated material. Once
familiar with the high luster of the heat-altered surface,

use-wear traces were easily discerned from the surrounding

natural chert matrix.
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Classification of Polish Types

The polish types resulting from drilling different
contact materials are described below according to the
material worked. 1In addition to the descriptions, major
Characteristics are outlined for each material., For a more
comprehensive description of thege polishes, the reader is

referred to publications by Keeley (1980) and Vaughan

{1985) .

Bone Bolish

Working fresh deer bone produced a2 bright greasy
pPolish (Figure 26:b). A major characteristic of bone
polish, also noted by other researchers, is the pitted
appearance of the polish creating a rough surface texture.
The pitted texture is related in part to the way bone
polish forms on the surface, and;exposure to HCl acid in
solution baths. Bone polish is a more localized wear
pattern compared to other polishes that spread across a
surface through linkage developmént. Bone polish develops
primarily on the higher points o§ the surface topography
becoming more intense in those Places of wear development.

Since the polish is isolated, it has a latticed appearance
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Figure 26. Experimental polishes; a. unused surface
showing a flake scar ridge, b. deer bone polish, c. bear
claw polish (enlarged prints are 8§00x, specimens
photographed at 200x)
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with micropits, depressions and ihterstitial spaces
(Vaughan 1985:31). Hydrochloric acid also has the effect
of removing bone residues from the polish surface adding to
the piltted appearance of the surface texture (Keeley 1980;

Anderson-Gerfaud 1981) .

Examination of the bone driil prior.to cleaning
revealed a tendency for soft bone residues to adhere in
large patches on the flat high p&ints of the tool surface.
This same pattern of wear distribution was noted after the
tool was cleaned. At 500x the localized appearance of the
polish is enhanced and well-developed areas have a wavy

distribution. Deep striations or grooves occurred after 30

minutes of work.

Polish resulting from drill;ng a2 series of holes in a
bear claw was similar to that of deer bone in luster and
texture (Figure 26:¢). The poli;h was bright and greasy,
and the surface had a rough, pitted appearance. Polish
formation is also restricted to the higher points on the
surface, Fine, sﬁrficial striations were observed at 500x

and were oriented perpendicular to the tool axis.
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Antler Polish

Drilling antler soaked in wéter for 86 hours produced
a bright, smooth-textured polish. (Figure 27:b). Keeley
{1980:56) has noted that scraping, planing, or graving
antler produces a very bright and smooth polish. Although
the texture is smooth, the polish surface has a domed
rather than flat distribution. Because of the domed
formation of the polish components, weak antler polish can
resemble wood polish (Keeley 1980; Vaughan 1985). However,
well~developed antler polish is Aore distinctive. As
polish-formation develops the segarate polish domes become
linked forming localized, linear polish surfaces with a
wavy or undulating appearance. és polish development
progresses, the doming effect spfeads across the lower
interstitial spaces. A "pockmarked" appearance results if
linkage is not complete (Keeley 1980:56)., At 500x the
polish has a "layered" look and very fine striations we?e

observed near the corner of the tip perpendicular to the

edge,
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When not well-developed, antler polish also resembles
bone polish. However, one differénce is that the bone-
polish edge bevel tends to be truncated, whereas antler

polish has undulating, smooth, and rounded-over edge

bevels.

Weood Polish

Wood polish is similar to anfler in luster and
texture. The polish resulting from drilling a dried block
of oak 1s bright and smooth (Figufe 27:a), Polish forms
domes around the higher points inéthe microtopography and
linkage spreads rapidly forming a smooth, undulating polish
cover. Unlike bone and antler polishes that form in a more
localized pattern, wood polish is more extensive and evenly
widespread along both the edge and the interior away from
the edge (Vaughan 1985). When polish formation is not
linked it forms a reticular latti;e depending on the
texture of the raw material. Aan pverall smooth surface
results when linkage occurs acrogs the interstitial areas
and depressions in the topograpy of the material surface
(Vaughan 1985). Striations were ﬁot observed to form in

the process of drilling wood.
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Figure 27. Experimental pollshes, a. wood polish, b.

antler polish (enlarged prints are 800x, specimens
photographed at 200x).
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When not well-developed, antier polish also resembles
bone polish. However, one difference is that the bone-
polish edge bevel tends to be truhcated, whereas antler
polish has undulating, smooth, and rounded-over edge

bevels.

Wood Polish

-

Wood polish is similar to antler in luster and
texture. The polish resulting from drilling a dried block
of ocak is bright and smooth (Figure 27:a). Polish forms
domes around the higher points inlthe microtopography and
linkage spreads rapidly forming a smooth, undulating polish
cover. Unlike bone and antler polishes that form in a more
localized pattern, wood polish is more extensive and evenly
widespread along both the edge and the interior away from
the edge (Vaughan 1985). When polish formation is not
linked it forms a reticular lattice depending on the
texture of the raw material. an pverall smooth surface
results when linkage occurs across the interstitial areas
and depressions in the topograpy of the material surface
(Vaughan 1985). Striations were ﬁot observed to form in

the process of drilling wood.
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Shell Poldish

Drilling fresh marine conch shell forms a very
distinctive and directional polish wear pattern (Figure
28). The polish surface is highly reflective and
individual poliéh components are flat and smooth with a
geometric or "platy" appearance. }In contrast to bone and
antler polishes that are localizéﬁ, shell polish formation
is extensive over the areas coming into direct contact with
the worked substance. As the polish develops it it becomes
more extensive and linked creatiné a continuous flat platy
surface. It is likely that the flat formation structure of
the polish results in the reflection of more light and a
brighter polish surface. Well—developed shell polish is
highly directional. This feature is also likely to be
related to the extensive platy formation across the area of

most extreme wear.

Depending on the degree of linkage, interstitial
Spaces appear as dark depressions and cracks or crevices in
the polish matrix. Pits were observed in the polish at
500x magnification. Directionallstriations are also a

prominent feature of shell polish as described earlier
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Figure 28, Examples of experimental shell polish
(enlarged prints are 800x, specim}ens photographed at 200x).
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(Yerkes 1983; Andrea Lain, personal communication).

Examination of the shell drills priér to cleaning
indicated that shell residues tehded to adhere to the stone
surface in the flake scars and extensively across the tool
surface. A similar polish wear pattern was observed after
cleaning. This same phenomenon Qas observed for the bone
drilling tests. 1In addition, extended expoéure (1 hour) in
hydrochloric acid solutions is also reported to dissolve
shell polish components (Andrea Lain, personal
- communication). Characteristics of shell polish
development and reactions with acid baths suggest that, at
least in part, shell polish formation is an additive or

depositional process.

Shell has not been as extensively tested for polish
traces compared to more common QUbstances such as bone,
antler, wood, hide, etc. The results of shell experiments
conducted during this study are consistent with

descriptions reported by both Yerkes (1983) and Lain

(personal communication).
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Summary

Results of the experimental Program cohfirm that the
replicated microtools could be used to work a variety of
substances that were most likely part of the material
repertoire of the aboriginal environment. Diagnostic wear
polishes were defined based on surface and distributional

attributes.

While the issue of polish formation was not directly
addressed in this study, optical examination of both the
contact materials and the uncleaned and cleaned tools
suggest that deposition of material residues occurs to some
degree. Drilling also generates a great deal of frictional
heat, especially when working substances with a high
moisture ‘content such as soaked antler and wood. Abrasion
also affects the polish surface, especially when working
with hard materials such as shell. Extensive microchipping
during shell drilling is no doubt connected to the
formation of striations that cut into the polish surface
and the abrasion that forms on the wear surfaces on the
tips of the shell drills. Microchipping also effectively

removes previously developed polishes.
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Directionality or tool motion was determined by the
distribution of polishes on the tool edges and surfaces and
by directional striations withinathe polish surface. These
features were most apparent on the shell drills. The
polish developed in linear patterns parallel or diagonal to
the tool axis., Striations formed diagonal and
perpendicular to the direction of polish formation and to
the tool axis. These patterns are indicative of rotary
motion and form on major contactlpressure peints on the bit

edges, dorsal and ventral ridges, and tip,.

Shell was the hardest material to work. Both
experimental shell drill bits eventually broke during use;
Because of torsion from vertical ‘and rotary pressures,
drills are suseptible to bending use-breakage (Odell 1981).
The high frequency of broken microtools in the Black

Warrior assemblage with overhanging break surfaces is not

surprising.

Based on the results of the experimental program, the
replicated well-developed wear traces were found to be
distinctive and diagnostic of the categories of worked

»
1 -
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materials. Weakly developed polishes were found to overlap
between bone and antler and bone and shell. However the
action of drilling tended to produce well-developed

polishes after a short time.
Functional Determinations of the Black Warrior Microtools

The archaeological tools were examined following the
same procedures and techniques used to examine the
experimental tools. The same variables as those examined
on the experimental drills were also used in evaluating
contact material and action wear traces on the
archaeological pieces. Each piece was examined along both
edges and dorsal and ventral surfaces. Both polishes and
striations were recorded. Photomicrographs were taken to
document typical examples of the range of use-wear patterns
observed (Figures 29 and 30). Assessments of tool function
are based on individual wear traces and are used to
evaluate the functional integrity of the tool technology.

Summaries of the use-wear results are presented in Tables

19 through 23.
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Worked Material

The principal wear trace observed on the Black Warrior
bit-tool edges was that of shell.(see Tables 19 and 20).
Wear traces resembling shell polish were observed on 60% of
the tools examined. Well-developed shell polish was
ldentified on 15 of the 63 shell-working tools identified
as drills. Extensive well-developed shell polish was
identified as having a bright-white reflective surface, and
a smooth, flat, platy texture (Figure 29). Interstitial
areas not covered appeared as dark cracks or crevices in
the polish matrix. Micropits and fine, narrow striations
were commonly observed as part of the polish formation.
Extensive areas of polish formation tended to occur on the
dorsal aspect of the tool and along the immediate bit
edges. Extensively linked polish traces also tended to be
directional, forming in linear, parallel patterns
indicating rotary tool motion. Well-developed polishes
also tended to form more extensively on the finer-grained

varieties of the Tuscaloosa cherts.

Moderate and weak traces of shell polish were observed

on 48 of the 63 shell-working tools examined. Wear traces
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Table 23. Summary of Morphological, Technological, and
Functional Characteristics of the Black Warrior
Valley Bit-tool Assemblage

--------------------—--.-----q-----—q-------------qa---—-qm-----

---------------------------------------------------------------

Bit-tool Technology Use
Morphological

Type

Biconvex, Group 1 Blade Shell/Bone

Boring/Engraving

Biconvex, Group 2 Blade Shell/Bone
b Boring
Cylindrical Blade - Shell/Bone/Wood

Boring/Engraving

Unifacial-
lateral Blade Dry Hide
Perforating

Unifacial-

end Blade Dry Hide/Wood
Engraving/Perforating

Trianqular Flake Shell/Bone
Boring/Engraviag

Flake Bifate Flake Shell/Dry Hide
Boring/Engraving/
Perforating

Flake Uniface Flake Shell/Dry Hide

Boring/Engraving/
Perforating (?)

-----------------------------------------------------------------
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Figure 29, Archaeclogical examples of shell polish; a -

shell drills, d, shell engraving kool (tool axis is

parallel to the field of Observation; enlarged prints are

800x, specimens photographed at 2?0x).
]

¥

E

203 5




in this category are not extensively formed in that there
were no linked patches of polish. Bright, flat, and platy
polish components similar to well-developed shell polish
weére present on the tool edges and bit surfaces.. These
scattered traces formed on all edges near the tip of the
bit and on both high and low points on the surface
topography. Striations, micropitfing and directionality of
polish formation were also featﬁres of the lesser-developed

shell polishes.

Polishes other than shell accounted for 23% of the
sample and included bone, dry hide, and overlapping traces
of shell/bone, shell/wood, and dry hide/wood (Figure 30).
Although dry hide perforating experiments were not
conducted in the experimental proaram, dry hide traces are
very diagnostic and were identified from other published
accounts (Keeley 1980). Dry hidéiwear is characterized by
an intense dulling of the tool edges and a matte surface
Lexture., Prehaps one of the most‘diagnostic features of
this polish is the presence of small, very regular
circular-shaped pits in the microtopography of the worn

surface (Keeley 1980:49). Keeley (ibid.:50) has suggested
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Figure 30, Examples of archaeological polishes; a. bone
polish, b. dry hide polish showing circular pit
depressions, ¢. wood/fiber haft polish (tool axis parallel
to the field of observation; enlarged prints are 800x,
specimens photographed at 200x).

Y

205




that these pits may be "micropotlids", small thermal spalls
resulting from the intense thermal stress from the
frictional heat developed as a result of working dry hide.

This feature is unique to dry hide polish (see Figure

30:0) .
Action

Actions involving microtool use indicate that in most
cases the éools were used in rotary-drilling or boring
motions (see Tables 19 and 21). Of a total of 80 tools with
identifiable motion traces, 65 (81%) were diagnostic of
rotary motion. Directional stria;ions were driented
diagonally and perpendicular to the tool axis., Well-
developed polish traces tended to form in linear directions
aAcross thé tool microtopography parallel to the tool axis.
Extensively developed striations ﬁended to form in a
regular, parallel pattern suggesting the possible use of‘a
bow-drill. Microchipping and polish formation also tended
to form more extensively on one edge as opposed te both
tool edges. Twel&e of thg tools show parallel linear
striations and polish traces resuiting from engraving

action. Overlap between rotary and grooving actions were
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observed on the edges of three tools.

Rotary-boring motion was used to work shell (75%),
bone (5%), shell/bone (15%), wood/shell (2%), and
indeterminate materials (3%). Grooving-engraving motion
was observed to a lesser extent on shell {50%), and also on
bone (8%), shell/bone (8%), and indeterminate materials
(33%). A combination of both rotary and engraving actions
were identified on two tools used to work shell and one
tool with traces of both shell and bone. Although action
traces were not present on the hide and hide/wood tools, it
is probable that they were used to pérforate hide. Tool
breakage patterns revealed that breaks most likely occurred
as a result of stress involving torsion from rotary action.
Characteristic breaks included lateral and transverse
medial tﬁist breaks, ahd flat, horizontal medial and distal

breaks leaving overhang projections from the break surface

(Odell 1981).

Although hafting experiments' were not conducted in
this study, traces of wear caused by hafting was observed
on over half of the tools examined. Wood-like rectilinear

wear patterns were found on the tool shaft pressure points
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at the base corners, shoulders, and along dorsal flake scar
ridges (Figure 30:c). Hafting traces were observed for
tools used on shell, bone, and wood involving both rotary

i

and graving actions.

Functional Evaluation of the Microtool Class

S

Turning from the individualitools, I now examine
patterns of bit-tool use for the tool class as a whole.
When links between form and function are examined for the
technological categories presented in Chapter II, the use-
wear results indicate that although the majority of the
blade tools were used to drill shell, both blade and flake
bit-tools were used to perforate:dry hide and to work bone
and wood. Summaries of the morphological and functional

tool comparisons are provided in Tables 20 and 22.

Of the 105 tools analyzed, 87 tools (83%) show
identifiable wear traces resulting from intentional use.
Of that total, 18 tools (21%) show signs of extensive use
as observed by a high frequency of wear traces per tool,
well-developed polishes, and alteration of the tool bit.

Shell wear polishes were identified for 15 (83%) of the
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most intensively used tools. The more intensively used
tools also tended to be retoucheé to a greater extent. For
example, blade tools with minimal retouch tended to show
less developed usewear traces thén the more extensively
retouched biconvex and cylindrical bit-tools. When the
proportions of extensively used tools in the technological
categories are examined for the 87 tools with use-related
wear traces, blade tools show a higher proportion of
intensive use (21%) compared to flake bit~tools (7%). On
the whole, cylindrical bit-tools were the most intensively
used group, with half of the 20 gylindrical tools
exhibiting evidence of moderate to ﬁell—developed wear, in
contrast to 8 (19%) of the 43 biconvex tools. Bit-tools

with well-developed wear traces are shown in Figure 31.

Nearly 90% of the used tools with identifiable wear
traces were used in single-action tasks, either boring or
graving. There were only two cases of tools with evidence
of both engraving and boring tasks. Boring actions are the
predominant use-task represented, with three-fourths of the
sample of 87 used tools showing Eotary wear traces.

Cylindrical microtoocls were used almost exclusively as
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Figure 31. Examples of extensively

tools. a. Tu48-CBC, b. Tu398-3-1, c.

233-1, e. HaB8-267-1, f. Tu66-45-16,
31~-11, i. Tu66-44-21, j. Ha8~-209-1,
Tu259-12-26, m. Tu259-8-28.

210

worn shell-working bit-
Tu65~-1~28, d. Ha8-
g. Tu346-7-4, h. Tué6-
k. Tu25%9-8-27, 1.




drills; only two cylindrical todls were used as engraving
tools. Although ghe sample is sﬁaller, engraving tools
tend to be more common among the biconvex blade bits and
flake bit-tool types. Hide perforating tools were made

from both blades and flakes.

Bit-tools were used predominantly, but not
exclusively, on a single contact substance. A large
proportion of the tools were used in single taské involving
shell (72%), and to a lesser extént bone (5%), and dry hide
{(3%) . Multiple uses evidenced by overlapping wear traces
occurred less frequently accounting for 19% of 87 used
tools. Distributions of worked haterials between the
technological and morphological categories indicaté more
varied use-activities for the biconvesx blade bit-tools. 1In
addition to shell, blade bit-tools were used on other
substances including bone, dry hide, and dry hide/wood.

The hide-working tools were unifacially retouched. Two of
the eleven flake bit-tools were Qsed to perforate dry hide
and dry hide/wood. Triangular bit-tools were used
primarily as shell drills and engraving tools. 1In
contrast, cylindrical bit-tools were used exclusively in

shell-working activities, albeit two were used in
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overlapping activitiles involving bone and woed substances.
The cylindrical tool used to work wood, in addition to
shell, 1s morphologically distinct in that it has a nearly
completely cylindrical cross—secéion (Figure 14:h). The
morphological/ technological and:functional tool attributes
are summarized in Table 23,

i

In contrast to the more cylindrical—shaped bits of the
stone drills, engraving and perforating tools tend to have
either a flattened or triangular cross—section at the
working end of the tool. These tools are characterized by
either a unifacial or bifacial projection of variable
length, width, and thickness (Figure 32) . Hide-perforating
tools are also morphologically distinct. The tool shown in
Figure 32:d, has been steeply retouched along both edges,
which have been blunted and rounéed through use. 1In
addition to a rounded, blunt projection, other hide-working
tools have shorter unifacial projections similar to

traditional graver-tool descriptions (Figure 32:1 and p).

Turning to the issue of duration of tool use,
relatively longer tool use can be seen to characterize the

more extensively retouched cylindrical and biconvex
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Figure 32. Examples of engraviné and perforating tools.

a.

e
i.
m

Tud46-14-5, b. Tu66-15-3, c. Ha8-270-2, d. HaM6-19,

Ha92-32-19, f, Ha8-91-2, g. Ha92-11-21, h. Tu259-13-28,

Ha8-123-2, 3. Tu259-5-20, k. Ha92-16-33, 1. Tube~-16,

Tué46-14~-2, n. Ha%92-25-13, o. Ha%2-31-15, p. Tu66-49-23.
:

;
I
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microdrills, Gravers and perforators tend to show less
extensive wear. Although most shell-working tools were
used for short periods prior to breaking, 20% of the tools
show signs of extended periods of use in shell-working
activities. Tools involved in more than one task also show

" moderate to short use~duration.

L

This study has shown that thé bit-tool technology in
the Moundville region was used to bore shells. However,
these tools were also used to engravé, bore and perforate
bone, wood, and dry hide. One paEticular toeol form,

cylindrical bit-tools, were used most intensively to drill

shell.

Spatiai Distributions and Implicéﬁions for the Social Context
of Microtool Use
Up to this point I have focﬁsed on the technological
and functional variability within the microlithic tool
assemblage. Bit-tools in the Moundville region were
manufactured from local chert resources, Cobbles were
modified into cores from which blade~shaped flakes could be

removed and used for the manufacture of small boring,
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engraving, and perforating tools. Results of the use-wear
study have shown that these tools were used to manufacture
items of bone, wood, hide, and shéll. Driiling shell, most
likely for the manufacture of beads and other ornaments,

was the most frequent activity for which these tools were

manufactured.

In order to address the sociél context of tool use
within a community setting, I now turn to a discussion of
the relationships between tool distributions, settlement
patterns, and site formation processes in the local
settlement region. The data from which the following
~ discussion is based are summarized in Tables 24 and'25.
Although the small size of the tool sample limits a
rigorous study of spatial patterning, distriﬁutional data

suggest that tool use was part of domestic productive

activities.

A major contribution of the UMMA survey was to clarify
the chronology, size, and organization of known Moundville
phase settlements in a 25 km stretch north and south of the
Moundville site. Spatial studies conducted subsequent to

the survey have demonstrated that the majority of sites
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previously interpreted as large Moundville phase villages

were actually scatters of West Jefferson phase ceramics

(Bozeman 1982).

Moundville phase sherd scatters, while in

most cases overlapping with West Jefferson components, are

Jefferson and Moundville Phase Sites

Site Size and Artifact Frequencies for West

—-————-n-————-——————-—-—«-—————.-ﬁ_———-——---n-———-—-—-u———.—--n-—-n————-.--..—_

-—a--——m-«——m-—n-—————---———-n-—-—u-———--—_n———-——-—————-—-u——-—

#Grog

#Shell
Sherds

-———-——————-———-p-—————.-nu-————.-u-———u-—-un_———-—-a—_———-—q.-._————-—

Table 24,
Site Site Size
(ha)
1Tu66 2.6
1Tu259 .8
1Ha92 1.5
1Tu2 1.0
1Tu46 .8
1HalQ7 .5
1Tu6s .3
1Ha91l .6
1Tu5e .5
1Tu64 .4
lHals 1.4
1Tu42 2.4

44
26

34
' 56
38

12

167

1438

309

326

29

271

23

223

41

—-————.-————.—-——e—-q-.———m————m—————--——-n-—————«-————-.-————_q-———
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Table 25. Artifact Densities per Grid Unit (400m®) and

Bit-tool/Grog Sherd ratios for West Jefferson and
Moundville Phase Sites

-----------------------------------------------------------------

S o o o o o N T W W W e S W e e e R AR e e e e e

Site  #Grog IShell IBit-tools  jother alt-
Sherd§ per Sherds Toals Tools tool:
400 n per ) per 2 per , Sherd
400 m 400 m 00 m Ratio
aes 26520 e se e e
170259 431,550 £.500 .500‘ 12.900 01
1Ha92 192,106 8,240 26 11,600 002
1Tu2 17.840 13.040 240 1.760 . 013
1Tudb 7,000 1.450 o150 1,300 021
1Hal07 13,360 21,680 080 2,720 006
1Tu65 191,733 31,066 266 7.466 001
14291 2.533 14.866 - 1,466 -
1Tus56 82,240 3.280 - 3.040 -
1Tuéd 27,800 1.800 - 1.200 -
1Hal$§ 90.023' 12.600 - 1.085 -
1Tud?2 55,016 27.900 - 1.983 -

----------------------------------------------------------------
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considerably less dense and more isolated. With the
exclusion of 1Tu42, the mean sherg frequency for Moundville
phase sites is only 188 sherds per site. This contrasts
sharply with West Jefferson phase sherd scatters that are
commonly in excess of 1000 sherds per site. Thus, in the
Moundville region, as in other ar;as of Mississippian
settlement, the majority of the lgte prehistoric population
was dispersed into primarily horticultural rural
communities, most likely consisting of nuclear or extended
families. Archaeologically these settlements are referred
to as "farmsteads" (Knight and Solis 1983; Peebles 1987;

Mistovich 1988; Welch, in press).

While the settlement organization of Moundville phase
components appears straightforward, West Jefferson phase
settlements are somewhat more eluiive. West Jefferron
phase components occur throughoutfthe valley, and there is
quite a bit of variation in site éize and density of debris
scatters, Sites nearer the Fall Line, upstream from 1Tué6é,
are reported to cover between 3 aﬁd 5 ha (Alexander
1982:131). West Jefferson phase components south of the
Fall Line in the vicinity of Moundville range in size from

0.3 to 2.6 ha. West Jefferson sites on the upper Cahaba
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River and in the Bessemer area are generally small, less
than 0.03 ha (Ensor 1979; Steponaitis 1983). The majority
of West Jefferson sites in the Mouhdville vicinity range in
size between 0.3 and 1.0 ha. The West Jefferson component
at the Moundville site is estimated to cover between 0.5
and 1.5 ha (Walthall and Wimberly 1978:123; Steponaitis
1383:151-2). Of the 12 sites listed in Table 24, 8 are

between 0.5 and 1.5 ha,.

Excavation of outlying sites in the Moundville region
consists of limited testing at a few West Jefferson phase
sites. Data from this area, combined with data from the
Tombigbee Valley, however, have determined Late Woodland
and emergent Mississippian settlements to be of two general
types: a) floodplain base camps or villages, and b)
smaller transitory camps (Jenking and Krause 1986; Welch,

. in press). 1In the central Tombigbee Valley, late Miller
IIT sites have been interpreted to include both warm and
cold season base camps, as well as smaller transient
settlements. A trend towards nucleation of communities in
these larger base camp settlements also occurs at this time

(Jenkins and Krause 1986) . Data from the Black Warrior
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Valley, above the Fall Line, and from the Bessemer area,
suggests that population density was low in these areas
compared to the region south of the_Fall Line and the
central Tombigbee Valley (Welch, ;n pPress:46). Excavation
and analysis of small West Jeffe;son sites in both areas
have determined that these settlements were short-term
seasonal reoccupations of the saéé floodplain localities

(O’Hear 1975; Ensor 1979; Mistovich 1988; Welch, in press).

in a recent survey of archaeological data from the
Tombigbee, Moundville, and Bessemer areas, Welch (in
press:35) postulates the model size of West Jefferson
communities in the Moundville reéion to be between 0.2 and
0.5 ha. Sites larger than 0.5 ha are interpreted as
overlapping reoccupations of the:same location, preferably
a terrace above the mean annual flood level downstream from
the Fall Line. Welch (ibid.:36);argues that these West
Jefferson settlements most likely would have been abandoned
during the flood season (late winter-early spring), at
which time communities would have dispersed to smaller
temporary sites on higher terraces or in the uplands.
While such a scenario remains toibe tested in the

Moundville region, the available data on Seasonality appear
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to support this pattern of settlement (Welch, in press).

On the other hand, it is possible that West Jefferson sherd
scatters between 0.5 and 2.0 .ha, cbmmon in the Moundville
region, may in some cases be larger villages rather than a

conglomeration of overlapping occupations of smaller

groups.

Returning to the settlement.data in the Moundville
region, we see that West Jefferson components were
dispersed throughout the 25 km survey area north and south
of Moundville. As shown in Tablés 24 and 25, there is also
quite a bit of variation in both the size and density of
grog-tempered sherd scatters. Five sites fall within the
model size range of West Jefferson communities as defined
by Welch (in press). These sites range in size between 0.3
and 0.6 ha. Variation in ceramic densities between sites
suggests that there are complexiﬁies in terms of the
intensity and/or natqre of settlgment types. Given the
present settlement model, low density sites such as 1Ha91,
1Hal07, 1Tud46, and 1Tub4, may represent a combination of
short-term occupations, special purpose sites, and

settlements reoccupied by a single extended or nuclear
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family. At 1Tu56, 80% of the sherds on the site surface
are concentrated in an area covering only .12 ha. Such a
small area of concentrated debris suggests a small cluster
of structures, most‘likely representing a single household.
The remaining 7 sites range between 0.8 and 2.6 ha.
Following Welch’s argument, thesg sites would be
interpreted as reoccupations of é base camp settlement or
village. Spatial distributions of sherds across these
larger sites indicate that high density concentrations of
debris generally cover an area no greater than 0.5 ha.
Sites with both high and low density sherd scatters occur
within this.size range of West Jefferson components. Based
on sherd densities, the most inténsively occupied sites are
1Tu66, 1Tu259, and 1Ha92. These_sites consist of
continuogs scatters of debris moét likely resulting from a
%onger span of settlement and, c@nsequently, a greater
number of aggregate households. These sites would fall
under the category of base camp/village. Sites with lower
ceramic densities, such as 1Tu2 and 1Tud4s, may represent
short-term occupations by smaller groups. Two sites, 1Hals
and 1Tud42, fall between the two extremes of high and low

density sherd scatters.
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To summarize, settlement daﬁa based on results of the
UMMA survey have clarified the géneral nature of variation
between West Jefferson and Moundville phase communities in
the Black Warrior Valley. Moundville phase occupations are
considerably less dense than the majority of West Jefferson
phase components, While Moundville phase settlements
appear to be 1lsolated farmsteads.scattered throughout the
area, West Jefferson phase communities were more
concentrated in larger base camps or villages. The degree
to which such sites were occupied year-round, however, is
not known. It is possible, baseq on the presence of low-
density West Jefferson phase sites, that a settlement
pattern of dispersed households,‘not unlike Moundville
phase farmsteads, was also present during the preceding

West Jefferson phase.

Turning to the distributiion of bit-tools between
sites, we see from Table 24 that there is quite a range in
tool counts between sites. In order to interpret the
nature of this variability T havé examined relationships
between bit-~tool frequencies andQWest-Jefferson component
size and density,. Component denéity at a given éite is

interpreted here as the intensity of site occupation and isg
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2
measured by the number of grog tempered sherds per 400 m°,

the size of the gridded collection units.

In view of the present interﬁretation of West
Jefferson phase community organization, one would expect to
find differences in artifact frequencies between sites
based, in part, on the duration of site occupation over
time and/or the number of aggregate households that
occupied a given location. If certain sites, such as base
camps or villages, were occupied by a larger aggregate
Population over time, one would ekpect fo find a greater
density of everyday domestic debris at these sites,

Indeed, this pattern is suggesteq by the relationships
between variables of bit-tool frequency, settlement size,
and component density.. For examp;e, when bit-tool
frequency is plotted against site size, as shown in Figure
33, we see a strong positive association between these
variables (Pearsons r = 0.980). Likewise, when ceramic
density is plotted aganist bit-tool density, (Figure 34), a

Strong positive association is also suggested (Pearsons r =

0.854) .

224 -




SIS RaIR allApunOy 1oy Aduonbas) [00X-11g SnsioA 8z1s a1s jo io0)d 1311eag g anbrg

Adusnbaig jooi-ng

oy SE o¢ T4 0¢ Gl oL S 0
L 1 I 1 i 1 I | 00°0
SoOnL G
LOITH @ + O0G'0O
eszn1 & arnt &

tAJN - 0071
n
e ®
T6OH G - 0S°k w
o
g

- Q0°¢2

- 0S¢

Doom

- 00°FE

225



‘SaNs ease IpApUnol 1oy Aysuap [001-11q snsien Alisuap dnuessd paradway-60.6

osv
L

ooY
1

2w 00v i9d spiayg pasedwa] -foin jo -op

0Sse 00t 0se 00¢
1 i 1 3

0G1
1

ool
) 4

30 101d 1ane0g pp 9anbry

0s

1

0o

00’

@sszny

@cony

@ zeeH

®oony

son) @

oynt §

tAUN

-GS¢’

- 087

-GE’

- 0b°

-SSP

- 0G°

-GG ”

~ 09"

ZWY 00y 4ad sjo03-ug ‘o

226



Both site sizé and componen;ﬁdensity appear to be
factors affecting variation in bi;-tool distributions
between sites where such tools are found. The greatest
concentrations of bit-tools are at sites interpreted as
base camps or villages such as 1Tué66, lTu259,'and 1Hag%2.
These sites also have higher dengities of other chipped
stone toois (8.0, 13.0, and 12.0), compared to sites
interpreted as shorter term occuéations with tool densities
ranging between 1 and 3 tools per 400 m2. In addition, the
uniform proportions of bit~toolséto Sherds at these larger
base camp/village sites suggests:that.the use of these
tools occurred at a more-or—less}constant rate. Bit-tools
are also dispersed across site aéeas. With the exc;ption
of 4 bit-tools recovered from a single grid unit at 1Tu259,
bit-tools were found in 40% to 60% of the 20 x 20 m grid
units at these larger siéé with iOO or more West Jefferson
Phase sherds. The presence of bit~-tools, albeit in smaller
numbers, at settlements occupied either for a shorter
period of time, or by a smaller number of aggregate
households, suggests that the same productive activities

occurred at these sites as at the larger settlements.
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These data, taken together, can be interpreted as
suggesting that activities invelving the use of bit-tools
were common among the majority of;West Jefferson phase
settlements in the Moundville region. As expected, those
settlements occupied by a greaterjnumber of aggregate
households, most likely larger bafe camps or villages,
pProduced the greater number of these tools. Moreover, the
ratio of bit-tools to sherds among these larger sites
suggests that activities involving the use of bit-tools
occurred at a more-or-less constant rate, a pattern
expected for productive activities taking place in a

domestic social context,

While the pPreceding discussion has focused on sites
where bit-tools have been found, such tools were not
Present on all of the sites surveyed. Sites lacking bit-
tools vary in the size and intensity of settlement
occupation, and in some cases overlap with certain low-
density West Jefferson sites where bit-tools were found.
However, these sites also tend to have low densities (1.2,
3.0} of other chipped stone toolsj suggesting a more

restricted range of activities. Nonetheless the absence of

bit-tools at certain settlements indicates that the use of
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these tools was not evenly distributed within this region
of the valley, especially among settlements occupied by a
smaller aggregate population or for a shorter period of

time,

In summary, a number of factors, including household
size, gettlement size, duration of site occupation, and
temporal variation are most likely linked to the
distribution of bit-tools between sites. Thus, any
interpretation of these data must be viewed as tentative at
best. However, given the nature‘of Late Woodland and
emergent Mississippian phase settlements in the Black
Warrior Valley and neighboring régions, the distribution of
bit-tools between sites Suggests that such tools were
commonly used in everyday productive activities. These
activities occurred with greaterFfrequency or regularity at
base camps or villages that housed a greater aggregate
population during this time period. In addition, shell-
working tools account for under half of the used bit-tools
at 1Tué6 and 1Ha92, suggesting that bit-tool use was more

varied at these settlements. On the other hand, all of the

bit-tools with identifiable wear-traces were used in shell-
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working activities at 1Tu259. The somewhat more

concentrated distribution of bit-tools, also at 1Tu2s9, may
indicate a greater focus on shell-working at this

particular settlement.
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CHAPTER V

CONCLUSION

The intent of the preceding chapters has been to
examine the classification, chronology, technology, use,
and social context of a microtool assemblage from sites in i
the Moundville area. -The artifactual evidence documenting
a microlithic industry in this region of Mississippian
settlement has been presented. Functional and |

technological studies were undertaken in order to link tool

technolégy and use. This has béen done as a first stage in
the recognition and description of a particular technology
within a regional framework. It is now possible to bring
together these various lines of evidence, and in so doing,
present a more complete picture of this technology in the

Moundville region.
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Microtocl industries in the Southeast combine both
flake and blade tools, the production of which is based on
local raw materials. In the Moundville region, microtools
include small flake and blade bit-tools designed for use as
perforators, drills, and engraving tools. The production
of blade-bit tools can be interpreted as specialized in a
technical sense, in that a specific core technology was
required to produce a desired tool blank, the formal design
of which was prescribed by functional criteria. Small
flake-tools, including bit-tools, used in everyday domestic
productive contexts, were common among late prehistoric
stone technologies throughout the Southeast. Morphological
variation within the Black Warrior Valley assemblage can be
related to manufacturing strategies and intended tool use.
Although certain implements were stylistically and
functionally similar, some tools were made on flakes, and
others on blades. This variability within the tool class
is only understood when links between technology anq
functicon are examined within the larger technological

context of which the tools are a part.

Archaeclogical evidence in other rsgions of




Mississippian settlement suggest a direct relationship
between microlithic industries and the manufacturiﬁg of
shell beads at a time when Mississippian polities wefe
emerging (Yerkes 1983; Morse 1974). Steponaitis
(1986a2:392) has noted that it is probably not coincidental
that microtools, abraders, and shell manufacturing debris
are most prevalent at this time. Shell beatds are commonly
fouﬁd in burials of people of all ages during the earlier
part of the Late Woodland period in the Southeast. It is
also not a coincidence that blade-tool teéhnologies in
Eastern Woodlands prehistory correspond to periods of
increasing social complexity. During these éeriods, demand
for material objects, and a general increase in productive
and. ritual activities would have required changes in stone
tool technologies, of which blade tools were most likely a
part. In both the Late Archaic and early Mississippian
periods, an increasing frequency and restfiction within the
population of marine shell beads is documented in the
archaeological record (Winters 1968; Peebles 1987) .-
Strings of shell beads found in Moundville phaée burizals
peak between A.D.1050 and 1250 (Peebles 1987:Figure 6} .

Microtools in the Moundville region appear to be mosc
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prevalent during the West Jefferson phase, immediately

preceding the Mississippian emergence in this area.

This study has shown that the bit-tools from the
Moundville area were used to drill and engrave shell and
bone, to drill wood, and perforate dry hide. Blade bit-
tools were used primarily in shell-drilling activities,
especially the more cylindrically-shaped tools. Thus,
consistent with data from the Cahokia region, the
Moundville area microtool industry was used to manufacture

shell goods. The fact that these tools were also used to

work other materials suggests that they were not restricted

to a.single productive context. On the other hand, the use
of bit-tools in shell-working activities does emphasize the
importaﬁce of shell items, most likely beads, among the
emergent Mississippian communities in the Moundville

region.

Microlithic bit-tools made on flakes and blades are

found among stone tool assemblages from Late Woodland sites

in the Tennessee drainage, late Miller ITI sites in tne

central and upper portions of the Tombigbee drainage, ar

(i

West Jefferson sites north and south of the Fall Line in

o
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the Black Warrior Valley. The widespread distribution of
these tools at a number of settlements suggests that'the
productive activities requiring their use were common among
Late Woodland populations in this region of the Southeast.
Survey and excavation of sites in the Black Warrior Valley
have recovered bit-tools in the lithic assemblages from
small settlements as well as larger base camps or villages
that were occﬁpied on a more permanent basis. In the
Moundville area, productive activities involving bit-tools
occurred ﬁore regularly at larger base camps or villages.
It is at these larger settlements that we find a greater
diversity and density of chipped stone tools in general,
including bit-tools. Bit-tools are also present at smaller
settleménts and low-density sites. However, the frequency
with which these tools occur is not as constant as for the
larger, more densely populated settlements. A single blade
bit-tool was recovered at a small West Jefferson phase site
north of the Fall Line in the Cahaba drainage (1Je34)
(Ensor 1979:17, Figure 11). The majority cf miCrotEols
recovered in the central Tombigbee Valley zr= From the
Lubburc z2rchaeclogical locality. Microtools, r .ades, and

,Cores were found at the site 1Pi33, where ti- industry

t2
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dates to tﬁe late Miller III component (Ensor 1981). At
1Pi33, 89 bit-tools were found together with shell debris
in one fill layer of a large refuse pit (Ensor 1981).
Unfinished bit-tools were also reported to have been found
with an adult male burial from the subsequent early
Mississippian Summerville component in this area (Ensor

1981, 1%884).*

It is prbbably not inconsequential that a microlithic
industry is present in a late Miller III context in an area
of early Mississippian emergence in the central Tombigbee
Valley. Similarly, a microlithic industry in the
Moundville area during the West Jefferson phase further
supports_the connection between this technology and shell
bead manufacturing at a time when Mississippian polities

were emerging.

A similar trend is documented in the Cahokia area
where microtools are reported from a number of early
Mississippian Lohmann phase sites (A.D. 900 to 1050):
Microtools in this region are found in domestic household
contexts at scattered early Mississippian farmsteads, as

well as larger mound center settlements {Yerkes 1984} . 1In
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the subsequent Stirling phase.(A.D.1050~1150), the
frequency of microtocl finds is reported to decrease in the
American Bottom. These tools continue to occur at smaller
outlying sites in the bottoms as well as the uplands.
However, there is an apparent increase in the frequency of
microtools at mound center sites such as Cahokia, Mitchell,
‘and the BBB Motor site (Yerkes 1984:19-22). Concentrations
of larger numbers of microlithic tools and debris at these
mound center sites may be related to increased activities
involving the production of shell beads and other ornaments
at these locations, especially if the procurement of
marine shell was restricted to mound center elites. On the
other hand, a grgater concentration of the population at
these siﬁes may also explain the increase in microtools
found at mound center/temple towns on the American Bottom.
The use of the same raw material, tabular prescent Quarry
chert, for the production'of microtools at early
Mississippian mound center sites at Cahokia, Zebree, and
Carson Mcund may be of relevance to a nondomestic
production context at these sites. A greater number of
tools per core cquld be produced using this material, which

was expeorted from the Cahokia region to other mound cenrer
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settlements in thé Mississippi Valley.

In the Southeast, shell manufacturing debris was found
in an elite residence at the early Mississippian mound
center site of Cemochechobee (Schnell et al. 1381). It is
perhaps noteworthy that microlithic tools have not been
found at early Mississippian nonmound villages in the
Tombigbee region, such as the Kellogg and Tibbee Creek
sites (Atkinson et al. 1980; O'Hear 198B1). Individuals
buried in village cemeteries at these two sites, ho#ever,
were found with both freshwater ahd marine shell beads.
This variability suggests that bit-tool use may have
occurred more frequently at mound center sites during the
early Mississppian period, rather than at smaller farmstead
settlemehts. Thelsingle conical blade core from the
Moundville I site, 1Tu50, may be further evidence of this

trend.

The results of the present study have documented a
microlithic industry, including both flake and blade bit-
tools, as part of the local stone technology of West
Jefferson communities in the Moundville region. These

implements were used primarily to drill shell, but other
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productive uses are also evidenced. Implements classified
as bit-tools were found to occur most frequently at-large
base camps or villages, and less frequently at smallér,
less intensively occupied sites. Based on the present
evidence, there is no reason to suspect that productive
activities involving this technology were organized at a
scale beyond domestic production. The distributipn of bit-
tools at a number of Late Woodland sites in the Tombigbee
and Tennesseé drainages attests to the common use of these
tools at this time. The importance of one particular item,
shell beads, is also attested to by the increasing
frequency of tool production and use in emergént and early
Mississippian times, such as in the Lubbub and Moundville
areas. The micrelithic industry at larger mound centers
such as Céhokia and Zebree best exemplify the changes in

the organization of microtool technology most likely due to

an increasing demand for shell beads at this time.
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APPENDIX A.

Metrical and Nonmetrical Attributes of the Microlithic
Industry
The following tables A.1 through A.7 include all

lithic materials examined in the course of this study.
Table A.l contains attributes of the blade core sample,
Table A.2, contains attributes of the blade sample, Table
A.3 contains attributes of thé unfinished bit-tools, and
Tables A.4 through A.7 contain all attributes measured on
the bit-tool sample. The first two to three columns of
each table contain artifact identification information
including site number, field specimen number (FSM), and
catalogue numberi A key is provided on the preceding page

for each table.
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Table A.1 Key

A ——— et — ——— — ! ——————— —— W {ln i - T . W Sy —— i ——a——

BRLF - length of blade removal face
ANGLEP - platform angle
COREFRAG - core fragment

PLTFREM - platform rejuvenation flake




Table A.1. Blade Core Attributes

0Bs  SITE FSM  SHAPE WEIGHT ~ LENGTH  WIDTH  THICKNESS BRFL  ANGLEP
1 HAIS 2 AMORBHOUS  29.2 14,3 21.6 2.0 17,4 82
2 HAIS 8 COREFRAG 6.7 . . . . 82
3 HAIS 2 COREFRAG £.4 83
4  HAl 46 COREFRAG 2.9 . . . . 84
5 HA92 22 AMORPHOUS 274 44.8 29.9 23,0 13.1 .
6 HA%2 2 AMORPHOUS 1.2 21.1 20.0 14.4 17.4 83
T HAS2 3 AMORPHOUS  23.3 41.8 26.5 21.4 1.6 8l
8§  HA®2 i7 AMORPHOUS 13,3 3.2 30.2 13.0 3.7 80
9 HA%2 33 AMORPHOUS  27.% 13.3 32.8 21.3 25.1 90
10 HA%2 18 AMORPHOUS 6.3 29.2 12,4 13.8 18.1 90
11 HA92 16 CONICAL 12.0 1.5 26.6 19.2 19.5 90
12 HA®2 45 CONICAL 8.2 0.2 21.% 15.2 25.2 86
13 HA92 37 COREFRAG 3.5 . . . . .
14 HA92 ] COREFRAG 10.3 1
15 HAS2 32 COREFRAG 3.6 29
16 HASZ 9 COREFRAG 5.9 . . . . 32
17 #9% 2 DISCOIDAL 8.7 3.4 21.9 17.7 16.0 85
18 HA32 12 PLTEREM 10.1 . . . . 84
19 HA92 21 PLTFREM 1.2 . 82
20 HA92 11 RECTANGLE  10.1 0.7 2.2 15.0 20.0 90
L TM2 1 COREFRAG 5.7 . 86
22 T2 1 RECTANGLE  10.1 24,0 23.4 11.5 4.1 0
23 TMT 5 AMORPHOUS 5.1 30.0 27.5 20.0 2.3 9%
28 T2 21 AMORPHOUS  20.1 11.0 21.5 18,2 40.4 83
23 T b COREFRAG L6 . 67
26 T02 13 COREFRAG 3.4 . 86
21 T02%9 9 CONICAL 8.5 30.0 23.0 13.9 24.0 79
8 TU29 16 DISCOIDAL  18.6 11.3 26,9 22.8 22.3 80
23 T8 1 DISCOIDAL 19,5 39.2 29.5 19.6 20.6 87
0 TU262 - PLTFREM 2.9 . 9
T4z 29 AMORPHCUS 8.3 28.2 1%.3 13.3 26.8 89
7 T2 b6 AMORPHOUS ~ 11.8 29.1 24.8 13.1 8.7 87
33 1042 51 CONICAL 6.2 25.5 22.1 13.2 1.2 83
4 Tug2 49 COREFRAG 3.2 . . 81
35 Tu42 50 COREFRAG 3.0 . . .
6 T2 38 PLTFREM 3.4 . . 30
T TUs0 124 CONICAL 1.4 29.3 27.2 2.5 19.2 73
8 TUS6 22 DISCCGINAL 5.4 25.1 17.4 1.1 3.5 18
33 TUs6 29 PLTFEEM 3 . . 72
40 TUSY P 10.¢ 17.8 26.0 i2.9 5.9 i
11 TU&d4 9 €.0 .

icontiseed)




Table A.1 {continued)

08 SITE  FSM SHAPE WEIGHT LENGTH  WIDTH  THICXNESS BRFL  ANGLEP
42 TU66 40 AMORPHOUS  10.6 1.9 22.2 18.3 22.0 79
43 TUGe 30 AMOREHOUS  16.0 U1 23.3 20.3 23,1 90
44 TUe k) AMORPHOUS 9.8 28.5 8.0 15.4 19.3 80
4 TU66 51 AMORPHOUS  26.7 115 311 24,6 23.1 90
46 TU6A 42 AMORPHOUS 8.5 26.0 1.9 18.3 22.1 90
47 TU6e 14 AMORPHOUS . 13.0 32.1 20.4 14.6 32.2 9%
18 TU66 40 CONICAL 10.1 29.0 25.2 14.9 24.3 %0
49 TU66 69 CONICAL 51 24.9 234 10.1 in.2 30
5 TU66 69 COREFRAG 5.3 23.3 19,0 14.6 1.1 gl
51 TUe& 4 COREFRAG 4.4 . . . . .
52 TU66 68 COREFRAG 4.3 . . . . T6
33 TUe6 14 COREFRAG 2.4 . . . . .
34 TUsG 31 COREFRAG g.1 . 81
85  TUGE 30 COREFRAG 1.9 . 19
56 TUGG 20 COREFRAG 5.7 . 7
57 1066 63 COREFRAG 3.6 . . 82
38 TUGE 17 DISCOIDAL  20.7 44,1 1.4 17.9 il 85
59 TU6h 10 DISCOIDAL  23.4 §2.2 26.7 0.1 21.5 30
60 Tueh R} PLTFREM 13,1 . . %
61  TUGb 45 PLTFREM 1.6 39
62 TUGG 42 PLTFREM 5.1 . . . . 83
63 TU66 1% WEDGE 8.9 28.1 21.1 11.8 22.1 30




Table A.2 Key

T Gk o D S L S o —— — {3 oy T T i it

XSECT - medial cross-section
THICKNESS - thickness
WDTH - width/thickness
LWD - length/width
COND - breakage condition:

Codes for Condition and Cortex Attributes:
c - compiete

M - medial

o
1

proximal

o
¢

distal

R

right side of blade

L

- left side of blade

Codes for Cross-section Attributes:
TRI - triangular
TRA - trapezoidal

IRR - irregular (more than two dorsal ridges)
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Table A.2. Blade Attributes

0BS  SITE  FSM  COMD  CORTEX  XSECT LENGTH  WIDTH  THICKNES WDTH i
1 M 21 C ABSENT  IRR 21.0 9.] 1.6 3.81230  2.2530%
2 Mt R C )] TRI 221 10.5 6.0 1.75000  2.i013C
3 HML S ¥D ABSENT  TRI 28.8 1.4 3.0 2.46667  3.R0124
4 HAMl 26 M ABSENT  TRI 16.6 8.6 2.8 107163 1.33023
S HaMl 12 PM ™ TRt 26.9 10.3 1.5 2.94286  2.61145
6 HAME 3 C PMDL, TRI 20.8 10.7 3.2 3.3437%  1.94393
T HAMB 10 C | TRI 22.9 8.4 4,2 2,00000  2.7261%
8 HM8 4 PH4 P TRI 14.1 5.1 2.4 2.37500  2,30877
9 HAlS 5 C P TRI 20.7 10.4 5.8 179310 1,99023
10 Hals 2% C - DL TRI 2.6 11.1 3.6 3.08331  2.721622
11 HAlLS 22 C PMD CONVEX 18.8 8.4 2.4 3.50000  2.23810
12 Hmls 25 C D TRI 17.5 4,5 2.7 1.66667  3.R8R%0
13 mls 2 MD ABSENT  TRI 15.9 10.2 3.4 3,00000  1.5%382
14 HAlS 22 MD ABSENT TRI 15,0 1.4 1.8 411111 2.32703
15 HAY 49 C PMDL TRI 18.13 1.0 2.3 30448 2,61429
l6  HAT 24 C ABSENT  TRI 20.0 8.0 4.1 1.95122  2,30080
17 HA? 46 L PM TRI 18.3 6.7 4.2 1.5952¢4 2,711
18 HA? 49 C ABSENT  TRA 130 5.4 1.9 2.84211  Z.4074
13 A7 49 C ABSENT  TRI 16.2 B.4 1.9 4,42105  1,9285%7%
20 . HAT 46 ¢ D IRR 12,2 6.1 1.1 5.54545  2.00800
FARNS ¥} 50 C D TRI 11,0 1.1 1.3 3.06061  1.68317
22 HAT 25 C ABSENT TRI 13.7 9,1 2.1 4,333133 1.72521
23 HA? 50 C PMD CONVEX 20.1 9.4 3.4 2.76471 2,128
24 HEl 13 C PMDR TRA 11.5 10.3 2.4 4.29167  1.5%303
25 HA? 0 C D TRI 17.2 7.5 2.8 2.67857  2.2431
6 HAY 33 C D TRI 18.6 5.0 3.7 2.43241  2.00647
27 . HA? 26 ¢ D TRI 24.7 8.4 1.1 2.70968  2.%4048
28 uA? 33 C P¥D TRI 2.1 1.3 1.1 2.35484 2,894
2% HAY 17 C PMD T8I 17.2 6.9 2.5 2.Te000 2,492
I HA? 46 .. TRI 17.0 8.5 2.9 2.93103  2.000%9
(cont inven)
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Table A.2 {continued)

0BS SITE FSM COND  CORTEX XSECT LENGTH ~ WIDTH THICKNESS  WDTH - LD

i1 HA? 50 " M TRI 15,3 7.4 2.6 284013 2.38737
32 HA? 50 MD MD TRA 16.5 10,2 1.9 2.91429  1.81763
3 m7 ? MD MD CONVEX 17.2 6.4 2.0 J. 20000 2.68730
KLY 49 11 | TRI 16.7 6.4 3.5 1.82857  2.60937
35 HA7 49 4 ABSENT  TRI 3.0 6.2 2.2 2,81818  1.45161
36 W7 33 4 ABSENT  TRA 8.4 6.9 1.7 4.05882  1,21739
kYRR 1.V, 38 M ABSENT  TRA 14.5 8.0 3.5 2.28571  1.81250
3B HAZ 49 by 4 TRI 11.8 6.1 1.7 3.58B24  1.93443
39 HAY a6 PM PM TRI 16.1 1.1 1 2.29012  2.2876)
40 HAY 49 PM BM TRA 13.0 1.2 2.3 3,13043 1,2053%
1] HAT 50 M ABSENT TRI 14.2 6.0 2.2 2,121 2.366067
2 WA 3 ¢ D TRI 16.0 7.4 2.6 2.84615  2,1621&
43 HA92 8 c ABSENT  TRI 25.7 8.2 14 2.4117¢ 31,1415
44 HAS2 2 C D TRA 2.2 1.5 1.0 2.50000  2.%6000
45 HAS?2 %7 ¢ PMDR TRI 0.1 1.9 3.8 1.97368  2.83000
% W% 11 C PMDL TRI 16.6 8.0 2.1 3.80952  2.07500
17 HA%2 32 y MDL TRI 4.3 10.0 2.6 3.84615  2.43000
8 %2 18 £ MDL TRI 20.7 10.5 2.6 4.03846  1.97142
49 HA9? 8 ¢ ABSENT  TRI 16.6 1.9 2.0 3.95000  2.10127
50 W92 1 ¢ DL TRI 23.5 8.7 2.8 3.1071¢ 2,70115
51 W92 A C PMIL TRI 20.2 .6 5.0 1.72000  2.34884
52 HA%2 31 C MDR TRI 2.5 5.9 2.7 - 366667  2,1717:
55 M9 B3 C D TRI 19.6 8.1 3.0 2.90000  2.252%7
50 HAS2 38 C D T8I 17.4 8.3 .6 . 3,19231  2.7%430
5% HA9Z 8 C ABSENT  TRI 18,1 6.6 2.2 00000  2.732¢42
56 HA%Z 40 ¢ PMDL TRI 18.] 10.3 2.9 3.55172  LLTE
57 HA92 45 C PMD CONVEX 8.2 12.6 4.4 2.86364 2.23810
58 HA92 I8 C ] TRI 16.7 B.3 2.2 3.71273 Z.01205
59 HA92 20 C PMD TR1 21.8 11.0 4.3 2.5581¢  1,991%7
60 #A92 40 C ZMDR TRI 18.4 8.8 1.2 2.75000  Z.090%t
{cont inued)
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Table A.2 (continveg)

oBS  SITE £SM COND  CORTEX  XSECT LENGTH WIDTH  THICANES  %DTH - LD
91 %2 U ¢ ABSENT  TRI 18.8 3.3 2.8 2.%642%  2.265(4
92 HA9Z 8 € DL TRI 14.1 1.5 1.9 3.94731  1.960C0
9B A% 3 C b TRI 20.3 6.1 3.5 1.74286  3,32787
94 HA%2 26 c ABSENT  TBI 15.8 1.2 2.1 2.66667  Z.19444
9%  HA%Z 16 ¢ D TRI 15.2 8.5 1.9 3.42105  2.33846
% HA%2 5 e P TRI 4.1 8.0 1.8 4.44444  1.76250
97  HA%2 10 c ¥p TRI 17.3 8.6 2.5 1.44000  2.01163
9% HA9Z 2t c ABSENT  TRI 16.4 6.8 2.0 1.40000  2.4117¢
9 %2 7 C ABSENT  TRI 13.9 5.8 1.0 3.80000  2.39653
100 HR9Z 40 c ABSENT  TRI 19.1 8.9 2.6 3.42308  2.14607
101 HA92 16 c ABSENT  TRI 1.2 1.4 2.5 2.96000  2.32432
102 HA%2 5 C PMD TRI 13.6 1.1 2.3 3.086%  2.19718
03 m2 | C ABSENT  TRI 21.3 8.7 3.3 2.63636  7.44828
104 HA%2 1L £ PHDR TRI 17.0 8.4 1.9 4,42105  2.02381
105 #3243 c EMDR TRI 13.2 6.4 1.6 4.00000  2.062%0
106 HA%2Z 10 c 4 TRI 17.4 7.4 2.6 2.84615  2,35135
107 HA%2 10 C ABSENT  TRI 13.9 1.5 2.9 2.58621  2.400CC
108 HA%2 9 c )] TRI 15.8 5.0 2.4 2.08333  3.16000
109 HA%2 2 C ABSENT  TRI 13.1 1.1 2.0 1.85000  1.96104
110 HA%2 4 c ABSENT  TRI 1.7 1.9 11 2.54839  2.24051
111 HA%2 2 ¢ ABSENT  TRI 13.1 3.3 1.4 18571 24T
112 W% 38 C°  ABSENT  TRI 20.1 9.9 4.0 241500 2,030%8
113 H%2 38 ¢ PMDR CONVEX 21.3 9.1 1.0 3.03333 2.340¢6
114 HA%2 10 ¢ RBSENT  TRI 19.3 1.8 3.0 2.60000  2.4743%
115 HA%2 38 c D TRI 24,1 10.8 2.8 385714 7.23143
116 HA%2 12 ¢ ABSENT  TRI 18.5 8.7 3.2 271875 2,12644
117 W92 2 c PMD TRI 26.1 12.8 2.7 4.66667  2.09524
118 HA92 38 C ¥OR TRA 16.4 8.2 il 2.64516  2.000GD
119 w92 1 c D TRI 20.7 10.1 4.4 2.29545  7.04930
120 HA92 37 c ABSENT  IRR 20,2 9.4 2.5 3,76000  2.14894
121 Mm% 3 C PO CONVEX 19.7 1.7 1.3 2,33333  2.55844
122 m%2 "3 C PD TRA 20,7 9.1 3.3 - 2.19788  2.27473
123 m% 1 ¢ D TRI 22.3 1.3 31 1971297 1.05479
120 ®% 11 ¢ ABSENT  TRI 1.5 6.3 2.3 2.82609  4.23077

{cont inved)
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Table A.2 {continued]

SITE £SM  COMD  CORTEX  XSECT LERGTH WIDTH  THICKNES WOTH - LD

e a2 ¢ PMDR TRL 19.8 9.1 4.2 Z.16667  7.17:3%2
Ha%2 36 C 0 TRI 14.2 §.2 2.0 4.10000  1.731%
HA%Z 14 C PMDL TRl 2.2 9.8 3.8 2.37835  Z.183Z7
HA3Z 42 € ABSENT  TRI 19.9 7.4 2.3 1217138 2.6891%
HA%2 8 ¢ 4 TRI 18.4 8.8 2.9 3.03448  2.090%1
HA9Z 32 c BMD CONVEX 16.9 9.1 2.5 3,64000  1.85714
192 36 ¢ ABSENT  TRI 16.2 9.9 2.3 4.30435  1.63636
A% 1 C D TRI 22.5 9.3 1.8 .4737  2.41935
w2 2 c PMDR TRI 15.8 1.3 2.9 2.92000  2.16438
HA9Z 45 c MDR TRA 1.7 9.1 2.5 3.64000  1,94503
HA92 35 ¢ D TRI 19.2 10.3 4.0 257300 1.86408
HA%2 22 C D TRI 15.3 8.0 2.4 31,3333 1.93750
HA%2 11 ¢ 4 TRI 16.4 7.4 2.3 121739 2.71622
HASZ 40 c MDR TRA 18.7 8.2 2.6 315385 2.28049
Ha92 23 C PMD CONVEX 18.1 1.0 1.1 411765 2.385T
HA%2 8 ¢ ) TRI 20.3 9.4 3.4 276471 2.159%7
M2 U C PMDL TRA 13.6 3.7 1§ 356250 2.383%
HA%2 22 ¢ D TRI 17.0 10.2 2.3 4,434718  1.66687
HA32 43 ¢ FMDR TRI 16.3 8.1 3.5 2,31429  2.01235
HA9Z 43 ¢ PMDL TRI 18.5 7.1 1.7 417647 2,60363
Ha92 43 c D TRI 15.1 5.0 2.4 2.08333  3,02000
HA%2 22 c PMDR TRI 15.5 7.4 11 2.38710  2.09433
M2 3 C PMDR TRI 16.8 8.3 1.2 2.39375  Z.02419
HAZ 25 ¢ PMDL TRI 18.1 3.6 1.8 2.52632  1,88542
HA%Z 37 ¢ ABSENT  TRI 13.1 8.2 1.3 6.30763  1.5975¢
HAS2 11 c ABSENT  TRI 13,5 6.9 1.7 41.05882  1.33832
HA92 39 ¢ ABSENT  TRA 16.4 9.6 2.3 417391 1,70833
HASZ 43 c D TRI 17.1 8.5 3.5 2.42851  7.0B23%
Ha%2 32 C ABSENT  TRA 13.6 1.6 2.1 1.61905  1.78%47
M3 8§ ¢ PMDR TRI 15.2 6.7 2.3 291304 7.26868

{cont i nued!




Tzble A.2 (continueq)

e T S

0BS  SITE FSM WD CORTEX  XSECT LENGTH AIDTH  THICHNES ®DTH - WD

125 HAS2 33 C PMIL TRI 2.7 12.2 3.0 4,06607  1.36060
126 HA%2 16 c g TRI 16,7 1.6 2.1 361905 Z.1%737
127 W% 2 c MDR TRI 17.0 8.0 1.8 4.44444  2,12500
128 HA%2 36 C ABSENT  TRI 1.0 10.0 .8 357143 1,70000
129 HA92 40 ¢ P IRR 19.4 10.6 1.4 2,40909  1.83019
130 %2 2 ¢ MD CONVEX 20.2 8.4 2.0 4.20000  2.40476
131 HA%2 42 ¢ D TRA 16.6 8.5 1.1 1,82353  2.55385
132 HA92 45 ¢ ¥DL TRI 16.4 6.4 1.3 1.59393%  2.36250
133 HA92 42 c PMD CONVEX 13.6 6.7 2.3 2.01304  2.0298%
139 HA%2 2 C D TRI 19.7 8.6 il 2.77419  2.23070
135 W% 4l c ) TRI 13.3 8.0 2.5 2.40000  2.21667
136 HA%2 16 c P TRI 16.1 1.5 1.5 5.00000  Z,14667
137 m9% 38 ¢ EMDR TRI 17.1 1.1 1.3 2.20000  2,22078
138 1A% 12 c PMDL TRA 16.9 1.7 2.5 1.08000  2.13384
139 w92 1 C PMDR TRI 16.1 8.5 1.6 5.3125¢  1.8%412
140 HA%2 2 C ML TRI 22.8 10.1 17 2.72913  2.25743
141  HA%2 22 .C ABSENT  TRI 16.7 8.2 1.7 41,8235 2.0383%
142 _HA%2 38 c ABSENT  TRI 20.2 9.3 3.2 2.90625  2.17204
143 HA%Z 36 C H TRI 19.4 12.2 2.1 £.51852  1.3301sa
144 HA9Z 16 c P¥DR TRI 11.1 8.3 2.8 2.96429  2.13253
195 m%2 N C ABSENT  TRA 20.0 9.2 13 2.78788 2,173
146 HA%2 10 C PMDR TRI 23,1 11.2 17 3,02703  Z.262%0
47 HA%2 22 c PMDR TRI 18.5 10.0 4.3 2,32558 . 1.8500C
148 HA%2 %2 C P TRI 16.3 7.9 2.2 1.55091  2.06329
149 HA9Z 43 ¢ #MDL TRI 17.2 8.2 2.6 1,15385  2.2973%
150 HA%2 31 ¢ ABSENT  TRI 2.1 9.9 2.8 3.835M0 2.23232
187 HAS2 2t c D TRI 26.1 12,5 5.8 2,15517  2.08803
152 HA9%2 3 ¢ PMD CONVEX 11,5 1.4 2.1 3.08333  2.36484
153 %2 8 C DL TRI 16.6 1.0 2.0 3.50000  2.37143
14 H%R 42 c PMD CONVEX 19.1 8.4 2.6 3.230M7 2.27381
135 wA%2 9 C - . ABSENT TRI 14.7 1.2 2.4 300000  Z.04167
136 HA%92 - 13 C ABSENT  TRI 20.8 9.8 2.4 4.08333  2.1224%
157 HA9Z 16 ¢ ABSENT  TRI 17.5 7.1 2.7 2.62963  2.46479

(contincen
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Table A.2 {(continued)

- - e e

OBS  SITE  F3M CCND CORTEX  XSECT LENGTH WIDTE  THICRNES WOTH . 5%
158 HA%2 32 c ABSENT  TRI 23.1 9.4 4.6 2.04348 - 2.45745
159 Ha%2 25 c D TRI 1.1 8.0 3.2 2.81250  2.36667
160 HA92 S C ) TRI 4.4 10.1 3.1 2.729713  2.41584
161 HA92 32 c PHDL TRI 30.7 9.7 1.1 '1,36620 3.16495
162 M2 N ¢ DL, TRA 21.8 10.7 3.2 134315 2.01938
163 HA%2 45 C PL TRA 1.4 9.5 2.6 3.65385  2.25263
164 HAS2 43 C ABSENT  TRI 21,6 14.3 3.4 4.20588  1.93007
165 H%2 1 ¢ 1 IRR 18.8 8.8 2.1 1.25926  2.13636
166 HA92Z 30 C ABSENT  TRI 28.4 9.1 2.6 3.50000  2.68122
167 HA%2 20 ¢ 0 TRA 14,8 1.1 1.8 3.94444  2.08451
. 168 HA92 M ¢ ABSENT  TRI 22.% 10.2 13 3.09091  2.23589
169 wmR 3 D ABSENT  TRI 11.2 8.7 1.7 3.11785  1.28736
170 w2 12 D D TRI 12.6 9.2 3.3 2,78788  1.369%7
171 HAS2 25 ) ABSENT  TRI 10.8 8.7 2.1 4.14286  1v24138
172 HA%2 41 M ! TRI 12.5 9.7 3.0 3.23333  1.28864
173 92 43 M ABSENT  ND 18.7 1.8 3.3 2.36364  2.39744
174 AR 1 M ABSENT  TAI 12.1 10.5 2.7 3.88889  1.13238
175 mR 27 M ABSENT  TRI 17.] 1.4 1.2 2.31250  2.33784
176 HA92 35 M ABSENT  TRI 1.5 8.2 2.2 372721 0.91443
177 HA92 25 H M TRI 16.7 13.0 3.3 351051 1.28462
178 HA%2 5 ! M TRI 14.1 6.8 . 2.2 3.09091  2.07333
179 HA®Z 16 M ABSENT  TRI 19.4 il.1 3.2 34687 174007
180  HA%2Z 38 ¥ ABSENT  TRA 11.8 8.3 I.6 5. 18750 - 1.4eZ6:
181  HA%2 27 M ABSENT  TRI 12.6 10.2 1.9 3.36842  1.23528
182 HA%Z 32 MD MBL TRI 19.7 6.2 4.6 1,34783  3.17742
18 HA%2 22 MD ¥BL TRI 19.] 6.2 3.1 1.87879  3.112%
18 %2 13 D MDR TRI - 2.4 8.0 2.7 2.96296  2.67500
185  HA%R2 12 MD ABSENT  TRI 13.4 &.9 1.7 4.05882  2.8115%
186 w2 1 ¥D 0 TRE 14.5 6.4 1.3 1,93939  2,26563
187 % ¥ ¥ MDR TRI 16.5 1.2 3.4 2.11765  2.29167
188 HA%2 27 M-« MDR TRA 14.3 9.1 1.5 2.60000  1.57143
189 HA92 - 38 MD M TRI 20.0 8.4 1.5 2.40000  2.38093

{cont inued)




Teble A.2 {continueg)

0BS  SITE  FSM CCND CCRTEX  XSECT LENGTH WIDTH  THICKNES WOTH ~ . WD
190 H9%2 D ABSENT  TRA 13.6 1.3 2.1 347619 1.26301
191 HA9Z 8 D ABSENT  TRI 14.7 6.8 1.5 4.53333  2.1617%
192 HA%2 8 MD MDL TRI 18.8 9.7 4.3 2,25381  1.93814
133 HA%2 43 D MDR TRA 14.2 6.4 2.0 1,20000  2.21875
194 HA%2 26 D ABSENT  TRI 12.8 9.5 2.1 452381 1.347%7
195 HA%2 8 MD ABSENT  TRI 12.5 6.0 1.2 3.00000  2.08333
19 HA92 13 MD ABSENT  TRI 10.8 5.8 2.1 2.76190  t.36207
197 A% 8B Mp MD TRI 2.6 16.2 4.7 2.17021  Z.11763
198 MR 2 b MDR TRI 13.1 6.4 2.4 2.66667  7.33933
199 HA%2 16 D MD CONVEX 22.1 8.8 1.9 2.25641  Z,31138
00 w2 n MD MD CONVEX 20.5 8.9 1.3 2.6%6%7  2.303%7
201 H92 28 MD D TRI 20.3 8.9 14 2.61763  Z.280%0
202 HA®Z 43 MD ABSENT  TRI 18.2 9.7 1.5 2.77143  1.87629
03 HA9Z 8 MD ¥DL TRI 20.3 9.8 1.2 1.06250  2.07143
4 HA9Z 12 MD ¥DL TRI 22.6 10.5 5.5 1.90909  2.1%:38
205 HR%2 36 MD D TRI 19.4 11.2 1.1 2.38298  1,73214
06 M2 77 MD bl CONVEX 18.8 6.7 2.5 2.68000  Z.303%7
201 HA%2 42 D MD CONVEX 11.6 1.2 1.8 4,00000  2.44444
208 HA%Z D ] TRI 18.3 8.5 2.5 3.40000  2.132%
209 AR 4 P P TRA 4.6 11.4 1.6 116667  1.Z8077
200 HA92 A P ABSENT  TRI 12.3 9.4 2.8 1Iimae o 13083
211 HA%2 45 F ? TRL 10.6 7.1 2.2 12127 1,4%29%
212 HA%Z 22 ? ABSENT  TRA 13.3 1.1 i £.52%941  1.198Z0
A3 M2 » 3 ABSENT  TRI 12.1 1.3 2.1 147619 1.63733
14 W92 2 3 ABSENT  TRI 8.5 7.6 1.8 4.22222 1.11842
A5 WY a1 4 ABSENT  TRI 10.6 8.6 1.6 2.66667  1.10417
216 HA%2 39 P ABSENT  TRI 10.1 8.3 1.8 4,61111  1.21687
21T HA®2 30 P ABSENT  TRI 9.7 10.3 2.0 5.15000  ¢.94178
218 HAR2 2 4 P TRI 8.9 11.2 2.8 4.00000  0.88393
1y a2 R P : P TRI 14.0 12.6 1.6 150000 1.1l
220 HA92 -3 M ABSENT  TRI 16.4 8.8 2.5 1,52000  1.88%64
21 W92 n2 M ABSENT  TRA 16.6 9.5 2.9 31.27986 1T
22 W92 2 ™ PML TRI 21.2 1.3 3.1 2.35484 2,

23 W% 33 M ABSENT  TRI 16.7 9.2 1.3 £.13333
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Table A.2 (continued)

0BS  SITE  FSM  COND CORTEX  XSECT LENGTH WIDTH ~ THICKNES #DTH . 1D

224 R U PH M ThA 15.7 12 2.1 1,42857  2.180%6
225 HA92 45 eM ABSENT  TRI 18.2 8.7 3.0 2.90000  2.0919%3
226 HA9Z ] PN ABSENT  TRI 17.1 8.7 2.4 3.62500  1.9633Z
21 HA%Z O § o | TRI 18.2 10.1 2.3 4,39130  1.8019%8
228 HA9Z 9 4 ABSENT  TRI 18.3 1.8 13 2.22857  2.34615
2% wmR 8 PM ABSENT  TRI 15.4 8.8 1.8 4.88889  1.75000
230 W2 2 43 ABSENT  TRI 12.6 1.6 2.1 161905  1.65789
231 B 18 PM ABSENT  TRI 14.6 8.3 1.9 2.12821  1.75904
22 w2 u P ABSENT  TRA 13.4 8.6 1.5 2.73333  1.53814
233 R u P ABSENT  TRI . 14.6 8.0 2.1 3.80952  1.82300
230 HA%®2 15 PM ABSENT  TRI 16.4 6.8 11 2,19355  2.41178
235 HA%Z 1 PM ™ TRI 21.4 5.2 1.3 2.78788  2.32609
236 HmR A PM PM TRI 18.9 5.7 2,1 211111 3.31579
231 W2 7 BMD PMDR TRA 17.3 1.1 3.9 1.97436  2.24675
238 TM1T 2 C ABSENT  TRI 14.1 9.0 1.8 5.00000  1.83333
239 M7 S ¢ PHD CONVEX 15,17 7.1 2.3 1,086%  z.21177
20 TUM7 3 ¢ ABSENT  TRA 14.5 7.3 2.5 3.00000  1.93313
241 TOM7T 3 ¢ PMD TRI l6.1 7.9 2.6 3.03846  2.037%7
242 TUMT 3 C ABSENT  TRI 16,5 1.5 2.2 1.40909  2.20000
243 TR 4 c E4u1)] TRI 21.5 8.6 2.6 1.30763  2.50000
244 ™M 2 M M TRI 17 8.0 4.6 1.73913  2.21250
45 TM? 3 ? ABSENT  TRI 10,7 1.4 3.3 2.24242  1.445%5
26 TUMT 6, ™ ABSENT  TRI 16.5 8.2 1.8 4.535%6 - 2,01220
241 TMT 4 PM P TRA 13.3 9.6 2.0 4.80000  1.5937
248 102 26 c PMDR TRI 24.6 9.6 5.7 1.68421  2.56250
249 102 15 € PML TRI 21.6 1.5 3.9 1.92368  3.14667
230 T2 26 ¢ PMDL TRI 16.3 6.8 2.8 2.42851  2.39706
251 R 13 c PMDR TRI 20.3 9.2 4.8 191667  2.22826
52 T k! c M TRI 19.1 8.4 12 2,62500  2.271381
233 T 13 .C ] TRI 24,0 9.8 1.8 2.57895  2.44898
234 2 1 c + ABSENT  TRI 24,0 11.8 3.9 2,00000  2.033¢
35 T2 3 c PMDR TRE 15.1 8.2 1.9 431579 1.91483
256 102 35 ¢ ABSENT  TRI 19.0 9.1 2.9 3.13193  2.08791
257 02 ¢ C PMDL TRI 18.5 8.6 2.3 173911 L.1%l1e

{conc Lnued)



Table A.Z (continued)

085  SITE  FSM  (OND CORTEX  XSECT LENGTH WIDTH  THICANES WOTH ~  iD

58 T2 35 C ABSENT  TR! 12.4 8.5 1.3 0.53840  i.453%

59 TU2 10 ¢ D TRA 1.9 1.5 2.0 375000 Z.386e7

260 TU2 33 C ] TRI 14.2 33 2.1 2.38130  2.5818:

201 TU2 12 C PMD TRI 16.7 1.3 15 2.14286  2,22667

62 02 12 C ZMDR TRA 26.1 12.2 4,8 2.54167  2,13934

263 2 11 D ABSENT  TRI 10.3 L1 3.0 2.56667  1.33766

264 102 4 ) D TRI 11.9 6.5 1.9 1.66667  2.75385

265 102 q D MD TRI 16.5 1.5 3.1 2.41935  2.20008

266 . TU2 § MD D TRI 15.4 6.3 2.0 315000 2.44444

261 02 21 P ABSENT  TRA 9.7 11.1 2.7 411111 0.87387

268 T2 35 4 ABSENT  TRI 8.3 3.5 1.8 1,94444  2.42857

269 102 30 P ABSENT  TRI 11.6 8.9 2.4 .08 1.303%7
270 102 3 Pt ABSENT  TRI 14.4 8.4 1.6 4.00000  2.25000
2711 T2 ! PM 3 TRI 13.6 8.2 1.2 2,56250  1,638%4
72 m2 4 M ABSENT  TRI 16.6 1.] 3.0 2.43333 .21
273 TU240R 6 C ABSENT  TRI 16.7 1. 1.4 3.50000  2.1p833
24 TU2M0A 6 PM ™ TRA 26.5 17.6 4.6 3.82609  1.50%¢3
275 ToM0B 2 C MD IRR 30.0 11.6 1.5 31428 2,586
276 TU240B 2 ¢ ABSENT TR 22.4 10.3 2.1 181481 2.174%%
217 TU40C ¢ C ABSENT  TRI 26.2 13.7 4,2 1,26190  1.91241
2718 10259 8 C P TRI 19.4 1.5 5.2 1.44231  2.386%°
219 10259 15 ¢ ABSENT  TRA 17.1 8.2 1.5 5.46667  2.08537
280 TU259 7 C MD TRA 20.2 10.3 2.4 §.29167  1.%61:7
281 TU259 8 C PMDR TRI 19.6 4.0 3.9 2.05128  2.450%%
282 TU2%9 - 9 ¢ eMD TRI 2.9 3.7 4.3 - 228581 2.5670
283 TU259 b C ABSENT  TRI 20.6 9.3 1.4 273828 2.21503
284 TU25% 13 C PMDR TRI 19.2 1.9 1.2 343750 114543
285 TU2%9 11 c PMDL TRI 1.1 8.1 2.6 1.230m 2.5
286 TO25% 1l C PMD TRI 11.2 8.8 2.9 3.03448  1,9543%
287, TU2%9 9 ¢ PMD CONVEX 23.5 9.9 2.7 166667 2,373
288 TU2%9 4 C . ABSENT TRI 23.7 12.4 31 4.00000  1.91129
283 TU259 - S C ¥ TRI 16.9 1.2 4.3 1.67442  2.34722
290 TU259 13 c MGR TRI 17.6 8.0 2.7 2.962%6  2.Z00%0

1
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Table 4.2 {cantinued)

LENGTH

THICKNES  WDTH

0BS  SITE  FSM COND CORTEX ~ XSECT

291 TU259 b ¢ EMD TRI 23.3 9.6 3.6 2.96607
292 U259 11 c ABSENT  TRI 18.0 8.4 4.3 1.9534%
293 U259 13 c ABSENT  IRR 19.6 3.0 2.2 4.03031
294 TU25% 7 C D TRI 19.2 9.0 4.0 2.25000
295 10259 . 7 C 4 TRI 16.3 6.0 2.0 3,00000
2%  TO299 4 c )] TRI 18.6 8.4 34 2.47059
297 10259 17 c D TRI 2.2 11.2 4.7 2.38298
298 TU25% 14 C D TRI 21.9 8.2 2.7 3.03704
299 0259 5 ¢ PMDL TRI 25.2 11.3 4.1 2.75610
300 TU2%9 8 ¢ PMR TRI 22.5 6.3 1.8 1.63789
301 T0259 11 c PMDL TRI 16.1 7.4 2.4 3,08333
0z sy 4 L ABSENT  TRI 16.1 6.3 I.1 5. 12727
03 10259 12 C PMDR TRI 14.3 8.2 2.2 L
04 TU239 14 C ABSENT  TRA 2.2 7.0 2.7 2.39259
305 TO259 11 ¢ MR TRI 21.6 8.0 1.3 2.42424
06 TO254 14 C ABSENT  TRI 22.1 8.7 5.6 1.55357
307 10259 13 ¢ D TRI 2.8 9.1 31 3.12903
38 TU259 b C ABSENT  IRR 11.9 11.1 2.1 5.28571
09 10259 13 C D TRI 2.0 8.0 2.4 1.07692
310 TU259 4 C ABSENT  TRI 19.4 10.2 3.4 3.00000
ar - w2se 5 c ABSENT T8I 20.0 6.4 2.0 3.20000
2 10259 9 c D TRA 19.2 9.8 2.5 J.84000
313 10259 8 ¢ DR TRI 18.0 8.3 2.7 3.07407
314 TU259 9 ¢ PMDR TRA 21.1 9.5 1.3 2.87879
15 TU259 5 ¢ P TRI 23.0 11.6 3.5 3.3142%
16 TU259 8 C ABSENT  TRI 20.3 11.5 2.1 1,23926
0T U259 8 C RBSENT  IRR 20.3 10.7 1.8 2.8197%
118 Tu259 10 C ABSENT  TRI 19.0 9.4 2.1 3.48148
319 TUes9 1 c B TRI 1.1 8.7 3.2 2.711875
20 10259 12 C ABSENT  TRI 18.7 8.3 2.4 31.45833
21 TU25% 5 L D IRR 15.4 8.5 1.7 5.00960
322 M8y 8 c PMDL TRI 18.6 8.1 2.4 3.62500
23 TU259 12 c MDL IRR 15.5 1.5 2.2

3.40909

_AD

2.42152
2.142%¢
2.177712
2.13333
2,71641
2.21429
1.892E6
2.67071
2,2300%
3.57143

.....

s
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Table A.2 {continuved)

085  SITE  fsSM CND CCRTEX  XSECT LENGTH WIDTH  THICKNZS WDTH  ~ Lid
124 U259 9 c 2D CONVEX 1.4 9.5 2.5 380000  2,38¢7C
325 TU259 14 c ABSENT  TRA 11.2 8.1 2.8 2.89286  Z.1734¢
26 TU259 4 ¢ MDL TRI 20.9 11.4 5.1 2.2352%  1.83333
321 TU25% 12 c D TRI 16.6 5.6 2.6 2,15385  2.96429
- 328 U259 12 c PMDL TRA 15.5 3.3 2.0 2,75000  2.81818
329 10299 14 c ABSENT  TRI 15.3 6.7 2.0 3,35000  2.283%8
330 TU259 13 C BMDR TRI 14.4 1.6 1.8 2.00000  1.89474
31 TU25¢ 13 £ PMDL TRI 15.1 8.5 2.1 L4815 1,77647
132 0259 5 ¢ PMDR TRI 14.4 1.4 2.4 3.08133  1.945%
3 T2 9 c ABSENT  TRI 15.0 7.4 2.1 3.52381  2.077%3
334 1u2s9 8 ¢ D TRA 21.0 10.0 2.8 157143 2.100%8
33 U289 12 c 3 TRI 13.9 9.4 1.6 5.873500  1.473%2
3136 TU259 4 C PMDL TRA 14.8 1.3 2.1 2,70370  2.G2740
337 TU2%Y 9 c PMD- TRI 17.0 8.2 3.2 2,56250  2.07317
138 TU2%9 9 c PMDR TRI 15.5 8.4 2.3 3.85217  1.8452¢
139 TU2%S 4 c PR TRI 16.8 1.2 2.1 1.42857  2.33333
40 10259 B3 . c ABSENT  TRI 18.7 6.8 2.3 2.93652  2.45322
Ml 102594 13 ¢ PIL TRI 18.8 8.5 2.1 14815 2.211%
142 U259 8 ¢ ABSENT  TRI 7.5 8.3 4.3 1.93023  2.10842
143 TU259 & ¢ ABSENT  TRI 14.1 1.5 2.4 312300 1.8801S
49 TO259 6 c ABSENT  IRR 12.8 6.6 1.1 6.00000  1.93933
345 TU259 14 C RBSENT  IRR 13.1 5.9 2.3 2.56522  2.32203
6 TU2SY 12 ¢ ABSENT  TRI 14.4 6.5 2.3 2.82609  2.21312
7 TU289 16 C ABSENT  TRI 16.6 6.4 1.3 4,92308 2.993%
348 TU259 8 C ] TRI 14.4 7.1 1LY -~ 384210 1.972%5
349 TU259 1 ¢ D J:0 2.0 10.5 3.4 J.08824  2.09524
150 TU259 14 C ABSENT  TRI 15.8 4.4 2.4 2.66667  2,4687%
151 TU25% 15 € PMD CONVEX 20.4 10.5 1.3 1.18182  1,9428%
152 TU2%9 13 ¢ PMDR TRI 21.5 11.4 5.8 1,96552  2.412:8
333 0289 3 c ABSENT  TRI 11.0 6.4 2.3 2.78261  2.03125
35 TU289 6 C . PMDL TRI 12.0 6.3 1.5 4,20000  1.9047¢
38 TU2%9 14 ¢ ABSENT  TRI 1.5 1.6 2.2 3.45455  2.30263
356 TO2%9 13 ¢ 19.2 31 1,28032  1.713528

ABSENT  TRI 1.7

{cont 1 nued}
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Table A,Z {continued)

OBS  SITE  FSM  COND  CORTEX  XSECT LENGTH WIDTH  THICKNES #OTH - W0

57 TUsY 11 ¢ 2)] TRI 16.2 1.6 3.1 2.05405  2,131%8
358 U9 6 C ABSENT  IRR 14.4 6.1 1.6 381250  2.36063
159 2% 13 ¢ PMD TRI 15.2 6.8 1.4 4,85714  2.23528
360 TU25% 6 C D TRI 20.2 13.6 3.2 4.25000  1.48328
6l TU259 13 C FMD TRI 17.3 8.0 2.5 3.,20000  2,16250
162 TO2%9 5 C PMDL TRA 26.0 10.5 2.6 4.03846  2.47619
g TO2%Y 2 c BD TRI 22,2 10.3 5.1 2.01961  2.15514
164 TO2S9 5 C PHDR TRI 19.2 9.0 2.6 146154 2.13333
365 TU239 4 c PMDL TRI 21.8 10.1 1.6 2.80536  2,15842
66 TU2SY 4 ¢ PML - TRI 15.3 1.1 2.1 3.06667  1.98701
367 To25% 14 C ABSENT  TRI 21.2 12.7 4.0 317500 1.66929
8 238 13 ¢ ABSENT  TRI 15.3 8.6 1.8 .77718  1,77987
&9 TU259 2 ¢ ABSENT  TRI 213 8.5 2.5 1.26%23  2,52941
N 253 5 c PMDR TRL 1.0 13.5 3.8 3.55263  2.29630
m Ty 7 C P TRA 12,3 6.0 1.3 4.00000  2.05000
KYPERNN CIVCL - c ABSENT  TRI 0.5 9.7 2.3 421139 2.11340
I w2 5 . C 4] IRR 18.9 3.3 2.0 4.63000  2.03226
g mwse 7 ¢ 4 TRI 20.3 12.8 4.2 3.04762  1.585%4
5 10289 6 C ABSENT  IRR 13.7 1.2 1.6 4,50000  1.90z3¢
36 TUBY 6 £ D TRI 11,5 10,7 4.1 2.60976  1.63531
I wase 18 c D TRI 20.8 11.6 15 331428 17950
i sy 2 c ABSENT  TRA 22.3 10.5 4.0 2.62500  7.142%%
I T0259 6 ¢ PMDR TRI 29,1 9.5 11 1.06452  3.0631%
80 259 13 M ABSENT  TRI. 12,9 3.5 1.5 1.66667T  2.3454%
81 10259 8 M M TRI 14.5 8.1 2. 4.15000  1.746%4
82 w289 13 M ABSENT  TRI 13.7 1.9 1.7 4.64706  1.73418
gy omo2sy 1 4 ! TRI 13.6 6.6 4.2 137143 2,06061
B4 TO259 13 M ABSENT  IRR 13.5 1.9 1.0 7.90000  1.70886
B3 T8 6 i | TRI 15.2 1.1 11 2.29012  2.14085
86 U9 8 L] ABSENT  TRI 12.2 9.5 2.7 3.51852  1.28421
387 0299 9 MDD TRI 18,9 8.3 2.9 2,86201  2.27711
188 TU259 . 8 D D TRI 18.5 8.3 2.8 2.96429  2,2289%
8y U259 10 MD M TRI 23.6 9.4 3,2 1.80769  2.51064
390 U239 6 MD D CONVEX 19.7 10.2 3.0 3.40000  1.93137
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0B SITE  FSM COND  CORTEX  XSECT LENGTH WIDTH  THICHMES WDTH it

191 T8 13 MD ABSENT  TRA 13.6 8.2 1.3 2,4B485  1.65854
92 w289 7 MD D TRI 16.4 1.2 2.5 2.88000  2.27778
193 U259 16 ¥D ABSENT  TRI 16.0 6.1 1.6 1.81250  2.62295
% My 1 D ABSENT  IRR 16.5 9.0 1.6 5.62500  1.83333
3% TO259 8 D ABSENT  IRR 11.8 6.6 I 5.07692  1,78788
3% 10258 12 HD D TRI 12.6 3.9 2.3 2.56322  2.135%9
97 TU259 13 uD il TRI 12.9 1.7 2.9 2.65517  1.67532
98 TU2%9 1 D ABSENT  TRA 19.9 8.0 1.6 3.62500  2.21111
399 Tw2se 10 MD YD TRI 16,3 6.6 2.8 2.3371¢ 2,469
400 TU2%% 7 Mo ABSENT  TRI 1.0 6.1 1.4 4.3574  Z,298308
401  TU2%9 9 MD MD TRI 15.2 6.7 1.6 4.18750  2.2686%
02 259 1 MD D TRI 14.3 8.3 2.3 3.60870  1,72289
03 U259 13 P ABSENT  TRI 10.1 8.2 1.7 482331 L2311
04 TO259 13 P ABSENT  TRI 10.5 9.0 2.3 3.91304  1.16667
405  TU259. ¢ P ABSENT  TRI 7.5 1.4 1.7 4.15294  1.01351
406 TU9 8 P ABSENT  TRI 10.1 8.3 2.4 145833 1.21687
407 TU25% 13 Pr M TRI 1.6 8.6 2.6 330789 2.0463:
408 U259 13 BM M TRA 19.4 8.1 3.2 2.53125  2.3%30%
109  TU2%9 38 M ABSENT  TRI 24.0 12.3 2.2 2.5%091  1.9%122
410 TU289 13 ™ ABSENT  IRR 16.7 8.4 1.5 5.60000  1.988L0
411 59 6 PM ABSENT  TRI 17.1 9.7 3.2 303125 1,474
{12 U259 5 4] ABSENT  TRI 26.3 10.4 1.6 2.8888%  2.3288%
413 TU259 5 PM 3 TRI 15.4 10.2 1.6 2,81333  1.5098¢
414 10259 13 o P TRI 16.4 7.0 4.0 1.75000  Z.3428%
415 T0259 14 PH PM  TRI 23.4 10.9 3.0 363333 2.14679
416 TU259 ¢4 M ABSENT  TRI 13.1 6.6 2.3 2.86957  2,28788
417 U259 4 t P IRR 21,3 10.6 4.4 2.40909  2.00943
418 T0259 12 M ABSENT  TRI 16.3 8.4 2.0 4,20000  1.94048
419 TU259 5 M P TRI 14.1 1.8 2.5 3.12000  1.80769
20 10259 9 P ABSENT  TRI 16.1 11.0 2.1 1.23810  1.46384
21 T025% 6 PM- . PY TRI 16.8 1.5 2.1 2777718 2,24000
22 TU259 - 12 PM ABSENT  TRI 12.4 8.9 1.8 1.83333  L.197M9
423 Ty 12 BM ABSENT  TRI 16.3 13.6 5.1 2.66607  1,19853

{cont inues)

258




Table 4.2 (continuec)

0B SITE ©SM COND  CORTEX  XSECT LENGTH WIDTH  THICHNES #DTH T

-

424 T05% 11 P ABSENT  TRI 10.4 8.3 1.2 6.91607  1,25301
425  TU9 7 PM ABSENT  TRI 15.2 8.8 2.4 J.66667  1.72727
426 U258 7 M ABSENT  IRR 22.0 10.0 3.3 30303 2.20000 .
427 T892 4l Y TRI 20.3 9.4 1.8 247368 2.15937
428  TU9 1Y PM 4| TRI 15.2 1.5 2.8 2.67857  2.02667
429 U259 § PM M TRI 12.9 6.8 2.6 2.61538  1.89706
30 10289 13 PMD ABSENT  TRI 21,1 1.9 2.2 3.59091  3.30633
31 TOU2s89 5 #MD ABSENT  TRA 19.1 1.2 2.1 3.42857  2.65278
32 U259 B D PMDL TRI 22.3 8.7 1.5 248571 2.36322
33 TOME ) C PMDL TRI 210 9.9 3.5 2.82857 2,112
434 TU0Me 16 c D IRR 19.4 8.1 34 2.90000  2,2298%
435 TO3Me 15 c 0 IRR 16.8 1.7 1.8 4,217 2,18182
436 TUl6 16 ¢ ABSENT  TRI 19.7 8.8 2.3 3.8260%9  Z.23864
37 TU36 15 ¢ ABSENT  TRI 17.0 9.6 1.5 6.40000  1,77083
418 TMe 15 0 ABSENT  TRI 9.6 6.8 1.8 1T 141174
439 U6 1 D - TRI 20,5 6.5 1.3 196370 3.15385
440 TUM6 1 P P TRI 8.6 3.4 2.2 4.21273  0.91489
41 TIMe U ™ PM TRI 14,6 6,8 2.2 3.00091  2.14706
42 U6 T ] M I 16.2 13.1 3.9 3.35897  1.236¢4
43 TUM6E 15 BM 4 TRI 15.9 6.9 2.3 2.76000  2.30433
444  TUME 6 PM ABSENT  TRA 147 1.4 1.5 41,9333 1.98648
445 1042 49 ¢ 4 TRI 23.1 10.8 1.7 2.91892  Z,1388%
446  TU42 83 c ABSENT  TRA 21,2 10.3 2.9 1.62063  2.01%03
47 42 60 c ABSENT  IRR 24.2 11.7 1.8 6.50000  2.06838
448 42 26 ¢ D TRI 18.9 1.9 18 . 2.07895  2,39241
449 TU42 51 c ABSENT  TRI 17.6 6.6 1.6 4.12500  2.66667
450 TU42 48 C MDR TRI 22.2 8.7 3.2 21873 2.35172
451 TU42 66 ¢ P TRI 18.2 10.1 2.2 459091  1.80198
452 1042 i C P TRI 23.4 12.0 2.9 4.13793  1.95000
433 TU42 &0 c PMDL TRI 2.2 10.0 5.5 1.81818  2.22000
434 1042 49 c - ABSENT  TRI 19.9 10.3 2.1 18148 1.844¢66
155 TU42 - 49 ¢ ABSENT  TRI 24.2 13,0 4.4 2.95455  1.86134
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0BS  SITE  FSM  COND  CORTEX  XSECT LENGTH WIDTH  THICKNES WOTH LW

436 TU42 65 ¢ MD TRI 23.5 12.2 4.5 21111 1.3l
457 a2 4 Ll M TRA 21.] 11.4 3.3 3.45455  1.36842
438 TU4Z 45 M ¥ TRA 16.6 8.6 2.4 2.75000  2.31515
459 U4z 29 H ABSENT  TRI 16.4 12.1 1.4 2.75000 1.353%7
460 TU42 65 MD D TRI 14,9 8.5 2.2 3.86364  1.7%29¢
461 042 29 ¥D ABSENT  TRI 11.1 11.6 2.8 4.14286  9.956%C
462 042 51 D ABSENT  TRI 11.7 1.6 2.4 316667  1.33347
463 TU42 8l P ABSENT  TRI 12.6 11.3 1.1 1.64516  1.11304
64  TUd2 29 PM 4 CONVEX 2.9 9.6 3.7 2,39459  2.281:3
465  TU42 65 PH M TRI 12.4 8.2 1.0 2.73333  1,512%
466 TU42 36 I 4 TRI 1.6 8.9 2.7 1.29630  1.86517
467 T042 65 oM M CONVEX 21,2 8.5 2.8 303571 2.49412
468 U2 W M M TRI 18.4 1.3 3.1 2.34839 72,3291
463 1042 90 4 PM TRI 18.4 6.4 1.2 2.00000  2.8750¢0
40 TU42 65 M ABSENT - TRI 23.1 11.4 4.2 2.71429  2,02632
471 1042 65 M M TRI 26.2 15,5 §.9 316327 1.63032
72 T2 o4 PMD M TRI 1.3 9.7 5.0 1.94000 27,7332
73 Tude 8 c MD IRR 24.0 9.8 4.8 2.04167  7,143%2
179 Tud6 18 C ABSENT  TRI 23.4 1.5 2.8 2.67857 3,100
475 U6 9 C PD TRI 2.1 12.1 2.1 4.48148  1.3917¢
476 THe N4 C D TRI 15,1 6.4 1.9 3.36842  2.43312
7 e 11 ¢ 4 TRI 20.3 3.6 3.9 1.4359¢  3.62500
478 TU46 8 M ABSENT  TRI 12,7 9.4 1.8 %.22222 1.35106
479 Tde 47 M ABSENT  TRI 14,1 9.2 2.8 128571 1.53261
180 TU46 A MD ABSENT  TRI 13.2 6.4 1.8 3.55356  2.06250
81  T46 8 4 ABSENT  TRI 8.4 9.3 1.6 5.81250  0.90323
482 TUs6 22 ¢ MDL TRI 18,1 8.4 2.3 3,63217  2.27381
483 TUS6 28 c 4 TRI 16.8 8.0 1.5 5,33333  2,10000
84 TUS6 22 c ABSENT  TRI 17,7 6.9 2.5 2.76000  7,36522
485 TUSE 25 C ; PMDR TRI 16.1 7.1 2.4 2.93833  2.24741
86 TUSE - 22 € PMDL TRI 11.7 9.2 2.3 1.68000  :.923%
487 TUS6 22 ¢ PMD CONVEX 17.4 8.5 31 2.74194  2.9470h
488  TUSE 25 C MD TRI 15.9 1.9 2.8 2.82143  2.0%Z%¢
483 T056 22 ¢ D TRI 20.1 3.8 3.0 3.26667 205107
130 TUS6 25 C PMDL TRA 17.6 1.5 1.3 9.76923  2.34p47
431  TUs6 22 c ABSENT  TRA 20.7 1.8 2.7 2.88889  2.6313%
492 TUS6 25 c PD IRR 14.8 6.1 1.4 457143 2,31250
193 TUS6 26 D D TRA 10.7 8.1 1.6 3,06250  1.32098
434  TUS& 25 ! ABSENT  TRI 28,0 3.7 2.3 2.28000  4.21993
495  TOS6 25 D ABSENT  TRI 18.5 10.5 2.9 302009 17810
19 71056 R MD RBSENT  TRI 4.4 1.8 3.7 210811 1.%46is
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0BS  SITE  FSM COND  CORTEX  XSECT LENGTH WICTH  THICKNES WOTH - LD

437 U 25 M ABSENT  TRI 16.1 10.2 2.5 4.08000  i.37843
498 TUSe 25 M | TRI 17.5 1.1 4.4 161364 2.46479
493  TU036 22 P ABSENT  TRI 1.6 6.4 1.1 5.81818  1.31250
00 TUNe 22 oM BN CONVEX 17.2 8.1 1.8 2.13158  2.12348
301 U8 C D TRI 18.3 3.6 2.5 1.84000  1.90625%
302 TUs8 c PMDL TRI 9.1 9.4 6.0 1.56667  1.13957
503 T8 ¢ D TRA 16.6 9.6 1.8 .33333  1.72917
504  TUSB PM ABSENT  TRI 17.0 3,3 2.1 J.44444  1,827%
505 TSy i C ABSENT  IRR 16.9 10.0 2.1 370370 1.69000
06 T8 1 c PMDL TRI 23.8 10.3 4.0 257500 2.3i0e8
50T TUs9 ¢ ABSENT  TRI 7.8 11.3 1.8 6. 21718 2.4601F
508 UG 15 c el TRI 1.5 8.3 2.3 J.60870  2.10843
509 U6 30 M i TRI 1.3 8.5 3.1 2. 714190  2.0352%
310 TUeZ2 1 c MR IRR 18.0 10.3 2.8 1.96154  1.74797
811 T0e2 1 M M TRI 17.9 1.2 1.3 2.18182  2.3et1l
512 Tuez 1 HD MD TRI 14.5 1.3 3.3 .21212  1.3Bel0
513 e 1 4 4 TRA 11.0 10.4 2.6 4.00000  1.05769
14 w62 1 bM ABSENT  TRI 15.0 12.1 3.0 4.03333  1.2397
515 Te2 1 M ABSENT  IRR 12.3 6.0 1.9 3.1578%  2.03000
316 TUGZ 2 oM M TRI 15.1 8.7 2.1 3.22222  1.71563
SIT Tu62 1 P ABSENT  TRA 12.1 1.4 1.5 49333 1,7%2Z
518 TUe 1 M | TRI 14.4 8.5 2.9 2,93103  1.6%417
51% 1084 7 C ABSENT  TRI 208.6 12.4 L2 387500 2.30645
220 U4 1 MD ABSENT  TRA 20.9 13.2 .3 4.00000  1.58333
321 TUed ] M 4 TRI 16.8 8.1 4.6 1.97826  1.B4el3
S22 TUeS 1 c MD [RR 19.8 10.1 1.1 3.25806  1.96040
323 T065 6 c D TRI 26.5 13.5 4.3 J.13953  1.962%
324 TUeS 8 C ABSENT  IRR 20.5 3.7 3.4 2.85294  2.11340
325 TUes 9 c PMD CONVEX 20.6 7.7 2.7 2.85185  2.67532
526 TUES 6 c ABSENT  TRI 16.8 9.2 1.1 8.36364  1.82609
521 TGS 8 C _ PMDR TRA 19.3 8.9 2.2 4.04345  2,16854
528 TUGS .6 ¢ " PMD CONVEX 24,1 8.3 2.1 1.07407  2.90361
329 Tues 1 C ABSENT  TRA 17.2 1.5 2.2 3.40909  2.29333
30 TS 9 c EMDR TRI 18.5 8.3 2.1 3.01407  z.208%
531 TUES 9 C MD TRI 22.0 10.9 3.7 2.33784  2.09324
532 TUES S C PMR TRI 17.2 1.4 2.6 2.84015  2.3:i4%7
533 TU&S 9 c PMDL TRI 18,0 8.3 2.9 2.86207 2,249
33 TUeS 7 ¢ PMDR TRI 13.5 8.1 2.1 3.00000 1,330
5 TUES 6 ¢ PMOR TRI 17.2 8.3 2,1 307407 2.0°:0
536 TUBS 6 ¢ PMD CONVEX 17.4 9.2 2.5 308000 .3l
837 TUe5 8 ¢ PMD CONVEX 14.4 5.9 1.6 368730 2.44%¢:
518 Tue 9 C ABSENT  TRI 17.1 6.9 1.5 4.40000  Z.3%0%
339 TUES 7 c RBSENT  THI 13.4 6.8 1.3 5.23077 1.370%3
0 TUES % C ) TRI 18.4 12.1 2.3 5.26087  1.3206¢
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0BS SITE FSH CoND CORTEX XSECT LENGTH WIDTH THICKNES WDTH" _W0

541  TUBS 1 C PML TRI 16.1 1.1 2.2 3227121 i.ieTe:
542 TU65 8 ¢ D TRI 19.5 g.] 3.9 265714 2.00877
541 &5 7 C idul) CONVEX 17.4 9.1 2.4 3.79167  1,9iz20%
544 TUGS 6 C M IRR 20.9 10.2 2.5 4.08000  2.04902
545  TUES 5§ " D TRI 19.3 8.8 1.1 - 2,14614  2,1931%
546 TUBS 5§ ¢ P - TRI 13.4 1.4 2.1 2, 14074 1.81081
547  TUES & c ABSENT  TRI 15.5 6.5 1.6 1.80556  2.38467
548 TURS ¢ D ABSENT  TRI 12,3 8.7 4.7 1.85106  1[.4137%
549 TUBS 9 N i TRI 20.1 6.4 1.9 1.64103  3.14062
550 TOES 4 )] MD TRI 20.0 1.3 3.8 2.027718  2,73873
551  TUGS 8 M MD TRI 19.4 9.5 6.2 1.53226  2.04211
552 TUGS 10 P ABSENT  TRI 9,9 1.2 1.7 4,23529  1,37500
353 TUES 1 P ABSENT  TRI 9.4 8.0 1.5 5.33333  1.17500
554 TUES 5 P ABSENT  TRI 8.4 8.1 1.7 4,76471  1.03704
555  TUes 9 P ABSENT  TRI 10.7 9.6 1.5 0.40000  1.1145%
356 TURY 1 4 ABSENT  TRA 9.1 8.5 1.4 6.07143  1.070%8
557 M6y 7 . P P TRI 7.9 8.3 2.2 N3 0.3k1%
558 TS 1 M ABSENT  TRI 25.9 1.2 5.2 2.53846 1,977
559 TUeS 7 PM PM TRA 14.0 9,1 1.5 6.06667  1.5334%
560 TUGS 7 M 4 TRI 11.9 5.8 2:3 3.82609  1.35227
561 TUES 7 PM ABSENT  TRI 14.0 4.2 2.4 183333 1.s2ivd
562  TU&5 8 M o CONVEX 15.9 9.6 2.8 3.,42857  1,65625
563  TUeE 12 C D TRI 38.3 13.4 5.3 2,52830  2.85821
64 TUGE 44 o PMDL TRI 21.6 8.4 2.5 1.35000  2.80952
565  TURE 44 " MDR TRI 21.1 9.9 1.9 2.51846 2.19192
566  TUG6 &8 C PMD TRI 3.2 9.1 2.7 L1037 2.54943
567 ToHeE 39 C D TRI 23.4 11.0 4.2 2.61905  2.1272%
368  TURE 41 C p TRI 17.8 5.9 5.3 1.11321  3.01635
569 TUeE 44 C MDR TRI 22.9 9.5 3.4 2.79412  2.41032
570 TUREé 12 ¢ ABSENT  TRI 21.2 9.4 3.0 313333 2.75537
ST TURe 47 C - . ABSENT  TRI 18,9 8.0 2.2 J.63636  2.36250
512 TUee - 13 ¢ PMD CONVEX 14,7 7.5 11 2.4193%  2,82661
513 TU6R 2 C D TRI 18.9 8.6 2.6 3.30709 2197
314 TURe 30 C D IRR 19.5 10.4 3.7 2,B1081 1,875
575 TURE  §2 C PMDL TRA 20.8 9.1 1.7 2.43946  2.28%%
576 TURE 39 o P TRI 21.0 9.5 6.4 1.48438  2,21853
577 TUGG 65 C PHD TRI 2.7 11.0 9,5 1.1578%  2,0643:5
518 TU66 18 C PD TRA 18.5 8.3 4.4 1.88636  2,2289)
579 TURE 44 £ PMDR TRI 17.2 8.5 1.5 2,42857  2.023%3
580 TU66 14 ¢ ABSENT TRI 22.0 11.4 6.2 1.91935 1.8aeT
5Bl TUeE 15 ¢ ABSENT  TRI 20.1 8.3 2.4 1.45831  2.44%°
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0BS  SITE  FSM  CCND  CORTEX  XSECT LENGTH  WIDTH  THICKNES #DTH . i

582 TURE 14 ¢ P TRI 25.7 11.3 5.1 1.98246  2.274%¢
583 U6 41 ¢ MDL TRI 18.9 8.8 2.6 3.38462  2,14773
584 TUGBE 44 C ABSENT  TRI 17.7 3.4 4,7 1.148%¢  3,2777¢
385 TUee 65 C P TRI 16.5 10.0 33 1.03030 1.45000
6 TUBE 43 C P TRI 18.2 8.3 2,6 1.26923  2.14118
387 TUe6 30 C P TRI 19.1 8.6 2.1 3.1851%  2.22093
588  TUGe 48 C ABSENT  TRI 11.7 9.0 2.2 4,09091  1.96667
583 To66 30 c P TRI 18.8 10.0 3.6 2,71718  1.880C0
590  Tuee 39 C | IRR 19.5 3.5 2.4 1,95833  2.05z63
91 TUee 31 C D TRI 17.8 12.1 4.9 - 2.46939  1.4ME
292 TU6e 16 € ABSENT  TRI 19.4 8.5 2.1 J.14815  2.2823%
393 Tuee 43 C ABSENT  TRI 15.7 2.2 2.9 0.75862  7.13630
24 TURE 30 ¢ D TRA 21.4 9.6 2.6 3.e9231  2.22917
395  TUee 49 c D TRI 17.4 9.5 2.5 3.80000  1.83158
3%  TUee 29 c PMDL TRL 21.3 12.5 4.1 3.04878  1.70400
397 TUee 48 c P TRI 3.1 8.3 4.5 184444 2.35342
398 TUeE 16 C PMDR TRA 19.9 5.0 3.5 2.57143 2,211
5% TU66 30 C ABSENT  TRI 18.3 7.3 2.4 1.04167  2.50685
600 TUBE 15 C PD TRI 19.9 8.2 3.3 2.48485  2.42633
601 TU66 44 C PMD TR 20.8 8.8 5.7 1.54386  Z.3ol6d
802  TUGE 16 C PD TRA 17.6 13.0 3.3 1.93919  1.333&:
803 TU6E 31 € D TRA 21.9 13.8 6.2 303226 1.1e488
604  TUGE 38 ¢ PYDR TRI 15.8 1.7 1.9 1,052603  Z.3513
805  TURE 43 ¢ D TRI 16.6 9.3 1.3 2,63714  1,78493
806 TUGE 14 C 3 TRA 17.4 13.0 1.6 Joel111 1.33846
807  TUGE 15 c PMD TRA 25,0 13.0 3.5 2.J6364  1.923C8
608  TUG6 42 ¢ 0 TRI 1.3 9.6 2.1 4.57143  1.80208
603 UG 14 c 4 TRI 15.7 1.3 1.1 2.02703  2.09333
610  TUGE 44 c D TRA 14,7 8.8 2.1 3.25926  1.67045
b1l TOBE 14 C MDL TRI 17.3 9.8 3.2 3.06250  1.78571
f12  TU66 47 c. P TRA 25.2 12.4 13 3.35135  2.0322%%
613 TUGG 38 ¢ 0 TRI 17.2 12.3 1.0 4.10000  1.39837
614 TUGE 30 C ° ABSENT  TRI 17.8 1.3 1.9 384211 Z.4383%
015 TUEE 33 ¢ M TRI 15.5 8.2 3.1 2.64516  1.85024
bl6  TUB6 41 ¢ D TRI 17.0 8.6 1o 2.38889  1.37674
817  TUee 41 c P IRR 16.9 .4 2.4 4,75000  1.42246
618 Tuee 44 ¢ MDR TRI 17.8 8.1 4.2 197619 2,144
619  TUeE 20 C PML TRA 2.7 14.8 2.1 3.703710  2.07500
620 TUGE 16 ¢ ABSENT  T&I 16.9 11.] 2.3 491304 1,49338
621 1066 23 ¢ P TRI 19.4 3.2 3.5 167273 2.108%¢
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0BS  SITE  FSM  COND  CORTEX  XSECT LENGTH  WIDTH  THICKNES WOTH . 14D
622  TURE 44 C ABSENT  TRI 16.9 9.1 2.1 4,33333 1.8571¢
623  TUGE 45 C PMD CONVEX 22.9 19.9 1.3 3.30303 2,10092
624  TUGK 14 C PMDR TRA 20.4 10.8 4.0 2.70000 1.86889
#25  TURE 47 C PMD TRI 18.3 9,2 2.4 3.83333 1,98913
626 TUGG f9 C PMDR TRI 23.3 11.1 3.8 2,92105 2112
6271  TURG 12 C PMDR TRI 0.6 12.2 4.6 2.65217 1.68832
628 TORE 44 C # TRA 21.5 10.3 1.2 2.45238 2.08738
629  TO66 15 C PMD TRI 23.3 12.4 5.3 2.33962 1.87803
630 TUGE 45 C 4 TRA - 23.8 9.3 2.2 4.22127  2.559M4
831  TU6A 17 ¢ ABSENT TRI 14.9 6.2 1.7 3.64706  2.40323
632 TO66 10 ¢ ABSENT  TRI 13.1 6.2 2.3 2.69565  2,1179)
633 e 19 C P TRI 13.3 6.9 2.0 3.45000 1,92754
634 e 41 o EMDL TRI 15.0 6.3 1.6 3.93730  2.38095
635  TUEE 15 C PMD TRI 22.6 10.0 4.1 2.43802  2.26000
636 TUGH 69 C PMD TRI 15.3 6.4 3.6 1.777178 Z2.39063
637 TUGE 13 C PMDL TRI 20.5 8.5 3.2 2.65625 2.41178
438 TUGG 16 -C ABSENT  CONVEX 12.3 6.1 1.3 1.69211 2,01839
639 UGS 30 C D TRA 16.1 9.8 1.2 3.06250 3,6423¢
640  TUes 16 C PMDL TRA 17.2 1.6 3.8 2.00000 Z.26318
841  TUsE 15 ¢ MBL TRI 16,5 9.1 30 3.10000 1.77413
642 TU66 1] C PMDR TRI 15,7 6.8 2.9 2,34483  2,10882
643  TU6R 69 C ABSENT  TRI 18.1 8.7 2.7 3,22228  7.0804%
B4 TURE 1 o D IRR 13.4 8.7 1.9 4,57895 1.54023
645 TUBE 31 C MDL TRI 20.0 11.5 4.2 2. 13810 1.73913
646 TURG 41 C ABSENT  TRI 18.1 9.6 3.0 3.20000 1.88942
647 TUB6 41 ¢ ABSENT  TRI 15.8 8.0 2.0 4.00000 1.95000
R48  TUGE 3D C MDR TRA 14.3 10.2 2.1 4.43478 1.401%4
649  TU6E 16 C ABSENT  TRI 20.2 8.4 2.8 3.00000 2.4047¢8
650  TUGA 45 C D TRA .4 8.5 1.9 4.47368 2.51765
851  TUeE 32 C ABSENT  TRI 1%.9 10.2 2.2 4.63636 1.95098
652  TUR6 22 ¢« ML TRI 22.5 11.7 4.2 2.78571 1,92302
65  TUB6 - 4] C ? TRI 15.1 8.8 2.5 1.52000 INEELS
654  TUGR 16 C PML TRI 20.7 11.3 4.1 2.73610 1.85186
635  TUGG 15 C PMD TRI 15.2 8.1 2.1 1.85714 i.87654
636 TUGE 31 € PMD CORVEX 17.2 1.4 2.6 2.84615 2.32832
657  TUG6 41 C PMD TRI 19.8 8.0 4.4 1.81818 2.43G00
858 TUGE 69 C ABSENT  TRI 13.6 1.1 2.1 J.66667 1.76623
859  TUGG ) C PMD TRI 19.1 8.1 2.1 3,52174 2.35802
80 TUGE N C FMD CONVEX 21.5 10.3 - 5.5 1.87273 Z.08738
661 TU&6 41 C PMD CONVEX 17.4 9.0 3.0 3.00000 7 .9232:
662  TUGA 14 £ ABSENT  TRA 15,8 9.2 2.4 3.83311 AN EE
§63 TUGG 16 C PMD TRL 22.1 7.1 3.7 1.91842 L
664 Tues 41 o PMDL TRI 2.4 7.8 1.1 2.51613 z.37175
665  TURE 31 C PMDR TRI 15.2 g8.7 3.0 2.90000 L RN
{cont inued:




Table A.2 [(continued)

0BS  SITE  FSM  COND  CORTEX  XSECT LERGTH  WIDTH  THICHKNES WOTH -~ L&D

fe6  TUBE 18 C MD TRI 16.6 10.1 2.1 3,74074 1,64336
667  TUGE 11 C ABSENT  TRI 23.3 10.2 2.9 .74 2,2841
668 TUGE 1] C PMD TRI 1.1 8.8 2.1 3.73913  2,45349
663 TUee 41 C PMD CONVEX 23.4 1.5 3.1 2,41935  3,12000
670 TUeE 16 C PMD CONVEX 21.2 8.2 1.9 2.10256  2.58537
611  TUGE 43 C D TRA 19.3 it,3 2.9 1.89655 11,7079
612 TURe 3l C PMDR TRI 20,8 9.3 4.1 2.26829  2,23656
673  TURE 16 C ABSENT  TRI 11.2 9.5 2.5 180000 1,81093
674 TOR6 45 o ABSENT  TRI 19.5 .5 3.3 2.57876  2,29412
675  TUe6 39 C ABSENT  TRI 16.4 8.5 3.2 2.09625 1,9794}
6%  TUR6 30 C PMD CONVEX 1.7 8.5 4.2 2.02381  2.55284
677 TUGE 41 C P TRA 14.1 8.6 2.2 3.9090%  1.63933
§78  TURE 16 C ABSENT  TRI 18.5 9.8 4.6 2,13043  1.8877%
679  TURE 16 D ABSENT  TRI 11.8 1.8 2.6 3,00000  1.51282
680 TUGE 15 D D TRI 12.5 11.3 2.1 4.18519  1,10619
681  TUGE 47 i} ABSENT  TRI 13.9 1.1 2.7 2.85185  1.80519
682  TUGE 29 M ABSENT  TRI 12.8 7.3 2.0 3.653000  1.75342
083  TUGE 14 M M TRI 13.3 .1 2.5 3.24000 L6667
684  TUBE 14 H ABSENT  TRI 10.7 8.1 3.3 2.515913 1.2891¢
685  TURE 41 M ABSENT  TRI 12.9 1.3 3.9 1.87179  1.76712
686  TUGE 44 il ABSENT  TRI 11.1 12.1 2.2 5.50000  9.9173¢
087  TUBE 44 il ABSENT  TRI 15.1 8.1 2.5 3.24000 1.86420
688  TUBE 19 M M TRI 16.5 8.1 4,3 1.88372 . 2.02704
689 TUGE 45 M ABSENT  TRI 11.8 1.5 2.0 3,75000 1.57333
530 TUBE 14 MD H TRI 21.2 49,5 4.4 2.15909  2.,23158
631  TUBE 49 MD D TRI 23.5 4,9 3.6 2,75000  2,371374
692 TUGE 30 MD ABSENT  TRI 18.0 8.0 3.4 2.35294  2.25000
693  TURE  1# M MD TRI 21.5 9.1 2.8 3.29000 2.36264
69  TU6E 15 M D TRI 17.5 8.7 2.1 4,14286  2.0114%
895  TUGE 4l M MD TRI 18.0 6.4 1.3 1.93939  2.81750
69 TUGE N1 MD - . ABSENT  TRI 20.1 0.7 4.8 1.39583  3.00G00
697  TURE - 23 1] MD TRI 13.3 6.2 2.4 2.58333  2.1451%
698  TURE 51 MD D TRI 19.9% 11.6 2.5 4.64000  1.715%2
699  TURE 29 ] M TRI 16.4 .6 4.1 2.09756  1,40g8R
T00  TURG 14 MD MD TRI . 18.0 1.2 Z.9 2,48276  Z.500%2
701 TUe 23 MD MD TRI 13.5 8.1 1.9 4,26316 66087
702 TUGE 41 GIH D TRI 17.2 1.3 2.5 2.92000  2.338l¢
M3 TURE 16 MD ABSENT  TRI 16.4 1.4 2.3 Jame o 221622
04 T0RE 14 MD MD TRI 18.5 9.0 3.0 1.00008  2.03%3%
705 TUGE 15 MD ABSENT  TA&I 16.1 8.1 2.6 3,11538 1.98763
06 TURE A4 MD ABSENT  TRI 12.6 1.5 1.7 4,4117¢  1.58000
07 TUR6 68 Mo ABSENT  TRI 16.1 1.1 2.3 1.34783  2.0909
08 TUEE  1g ] MD TRI 17.7 - T1.§ 4,1 1.92683  2.24051
00 TUee 2% MD D TRA 17.8 9.3 1.2 2.96375 1.87168

(cont inved)




Table A.Z (continued)

08S  SITE  FSM  COND  CORTEX  XSECT LENGTH  WIDTH  THICKNES WDTH - D

710 TU66 29 M ) TRI 15.0 1.3 2.0 1.65000 © 2.05479
71 TUe6 12 el ABSENT  TRI 18.3 11.0 3.6 1.03556  1.66364
712 Tuee 38 D D TRA 18.7 8.1 L1 2.61290  2.30864
713 TUee 31 o MD TRI 17.4 8.0 4.6 1.73913  2.17500
714 TUG6 38 xE) ABSENT  TRI 1.1 10.8 3.0 3.60000 - 1.95370
715 T066 13 P ABSENT  TRI 15.3 10.1 1.9 9,31579  1,51485
6 TUeE 44 P ABSENT  TRI 11.1 8.7 2.5 1.48000  1.27586
N1 Tee 16 P ABSENT  TRI %.4 1.2 1.8 4,00000  1.3053a
718 TUEE 12 P ABSENT  TRI 8.0 1.3 .8 4.05536  1.09589
719 e 4 4 ABSENT  TRI 12.1 1.2 2.0 3.60000  1.68036
720 T0e6 12 P ABSENT  TRI 11.9 8.6 2.2 4.36364  1.239%8
121 1066 17 P ABSENT  TRA 9.3 8.8 1.9 4.63138  1.05682
122 Te6 12 P ABSENT  TRI 12.0 8.1 1.3 £.23077  1.48148
723 T0e6 29 P P TRI 13.0 11.3 1.0 1.76607  1.15044
4 TWeE 26 P ABSENT  TRI 11.0 9.8 2.1 1.66667  1,12245%
725 TUe6 15 4 ABSENT  TRI 15.3 12.3 2.6 4.73077  1.243%
126 TU66 41 P ABSENT  TRI 12.2 3.5 1.2 2,96875  1.28471
121 1es 18 P ABSENT  TRI 8.1 13.1 2.9 £.51724  0.6i83Z
128 TUe6 35 oM it TRA 2.1 9.0 1.1 2.90323  2.34444
729 TUGe 16 BM M Tal 16.6 8.3 2.3 3.60870  Z.2G0CK
730 Tuee 13 M PM TRA 15.1 6.5 2.4 2,70833  2.32308
FE) S UL T BM P TRI 13.8 1.7 1.8 4,21718  2.051%
732 Tee 23 PM M CONVEX 15.3 8.4 1.1 1,94118  1,82143
133 TU66 24 B P TRI 15.] 8.9 2.6 3.42308  1.71910
134 TUe6 92 BM 4} TRI 12,3 9.3 2.4 3.9583)  1.29474
135 Toe6 31 M ABSENT  TRI 15.6 8.8 1.8 4.88889  1.17273
736 TUGE 48 PM 4 TRI 19.1 9.2 3.0 1.06667  2.07409
731 e M M ABSENT  TRI '17.8 3.0 2.2 4,09091  1.97778
738 TUe6 29 4y ABSENT  TRI 12.0 7.8 2.4 3,25000  1.53846
139 TUee 38 PM, ABSENT  TRI 12,2 8.3 1.9 4.36842  1.469%8
40 TUGE - 44 5y ABSENT  CONVEX 13.6 6.7 1.8 . n222  2.02%8%
M1 TURE 14 ™ P IRR 12.5 9.8 2.1 162963  1.7733
M2 TUeE 16 2] ABSENT  TRI 17. 9.1 4.1 2.11628 1.0
M3 7066 44 o P T8I 19.1 8.0 4.7 1,70213 0 g3
M4 TUGE 5] P ABSENT  IRR 13.8 11.4 1.6 71,1250  l.210sk
My Tuee 14 PM M TRI 13.0 190.7 3.2 EPRTRY A

IR
[en]
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Table A.3 Key
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MORPH - morphological category for reduction trajectory:
STAGE1 - Group 1 in classification typology
STAGE2 = Group 2 in classification typology
COND ~ breakage condition
Condition and Cortex attributes the same for Table A.2: ND
~ no data.
XSECT ~ medial cross-section:
TRI - triangular
RHO - rhomboidal
TRA - trapezoidal
BICON - biconvex
ND - no data
MAXLENGT ~ maximum length

MAXWIDTH - haximum width

MAXTHICK = maximum thickness
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Table A.1.

Unfinished Bit-tool Attributes

MAXHEDTS

0BS  SITE FS4  CATALOGN  MORPH  COND  CORTEX  XSECT MAXLENGT ATRITD RIlE
1 HALS 22 5 STAGE2 D A TRl 17.7 8.3 1 W<
Z W7 46 8 STAGEL ¥D D RHO 20.5 9.6 3 .
I WY 46 b STAGEZ i ND RHO 11.2 9.8 6,2 i
4 HAT 49 8 STAGEZ il P TRI 13.9 9.7 K] -
7 46 7 STAGEZ HP ¥D RHO 14.4 8.5 4.7 T
& HAS 123 1 STAGEL Mp WP D 22.2 10.7 1.2 g
T He8 256 1 STAGEL 4 ND HD 20.3 10.5 4.4 s
8 HA8 189 3 STAGEZ | il ND 19.0 10.4 L2 2.t
9 HAB 188 4 STAGEZ MD K D 20.5 10,3 3.4 tl
10 HAS 189 3 STAGEZ ! WD ND 12.0 9.1 1.2 3.3
11 HAd 189 b STAGE2 M M ND 16.1 11.2 1.5 33
12 HAB 142 1 STAGEZ Mp D ND 18.5 9.9 g4 Ll
13 HAS 23% 1 STAGE2 Mp ABSENT  ND 22.2 1.9 5.7 Ll
14 HAB 109 2 STAGE2 MD D D 14,4 8.7 2.0 o
15 HAS 54 1 STAGE2 M ND D 17.2 8.7 6,7 Ln
16 Had 267 2 STAGE? MP ND 0 19.7 9.5 5. s
17 HA%2 Y 16 STAGEL C 4 TRI 34.3 9.2 2.3 Lot
18 HA%2 28 3 STAGEL ) KD TRI 154 12.3 g.. s
19 HA% k) 11 STAGEL P ND TRL 5.0 3.9 7.1 w7
20 HA® 23 9 STAGE) MP ND BICON 22,2 11.3 8.3 L
21 HAY2 22 3 STAGEL D ND TRA 1.1 13.1 8.1 el
2 HA92 8 16 STAGE? M D ND 13,7 6,2 .4 PP
3 % 21 17 STAGE2 D 4D TRI 19,5 1.3 4.3 i
4 HA%2 11 22 STAGEZ ! 4 BICCN 16.4 9,3 53 -
25 HA%2 22 16 STAGE2 D D TRI 13.3 11.2 3.3 -
26 HA92 45 5 STAGEZ M D TRI 22,7 10.3 7.2 o
27 TUMS 1 13 STAGE2 MP P RHO 19.9 10.1 12 I
28 T2 15 b STAGEL M ND BICON 15.8 11.9 f2 -
23 T02 4 b STAGEZ M ND TRI 17.1 9.4 1.7 o
0 Mz - 28 2 STAGE2 | D 1o 16.6 8.9. 3. L
- 102 3 2 STAGEZ MP 4 BICON 19.4 9.4 L L
2 m 3 p STAGE2 ¥P 5D TRA 1.1 6.3 2.0 P
3 TU25% 8 34 STAGEL D M TRL 16.4 10.6 6.0 .
4 TU2%9 16 K STAGE} H i ND 21.3 8.3 8.3 o
3 U259 8 R STAGEL ] KD ND 12.2 10.2 4.3 Tt
B TUBY ¢ 30 STAGE] Mp i D 12.9 9.0 ¢.3 e
T TU259 5 21 STAGE] MP 3 D - 18.3 . 3.2 o
8 U9 6 KK STAGE] M ND ND 13.4 8.8 il

EL I\ (VT I 22 STAGEL M D BICCN 15.46 1.3 .

40 TU25% 8 32 STAGEL P ¢ ND 12.4 .0 I

4 T0259 16 1 STAGEZ 3 3 RI 12.8 1.2 :

42 T0289 6 AT/ 3TAGEZ il Gt ND 15.1 . :
3 Tu2sy 8 1 STAGEZ il 4 BICON 12.1 6.9 i C
4 U239 12 23 STAGEZ y 50 ND 24.9 il T :
45 TEM6 9 18 STAGEL b B ND g1 3.3 : :
46 TC346 9 I STAGEZ M kit ND 11.4 8.1




Table A.3 {continued)

-----

085 SITE FSM CATALOGN HORPH COND CORTEX XSECT  MAXLZINGT  MAXWIDTH  MAXTEIIY TlED
7 TUie 9 ! STAGEZ Hp 3 BICON 16.7 10,7 §.1 - o.0
8 T0346 9 2 STAGEZ P 4 BICON 22.1 10.2 4.1 '
49 TUSG 28 1 STAGE] | ;| RHO 23.1 12.5 11.0 .8
30 TUSe 22 13 STAGE2 MP P RHO 15.5 8.3 4.6 2.3
31 1058 1 b STAGE1 M ND TRL 18.1 10.4 4.9 LY
52 1062 1 2 STAGEL ¥P P RHO 11.9 10.4 5.7 0.3
33 TU6S 8 11 STAGEL M WD TRI 16.0 8.5 5.9 T
54 TUGS 9 16 STAGEL M D HD 18.7 8.0 5.7 1.3
35 TUS i 25 STAGE2 M ND BICON 14.% g9 32 0.4
36 TUES 16 15 STAGEZ MD M BICON 15.4 9.4 F P
7 TUGS ol | STAGEL 4 ND TRI 20,2 6.8 9.2 i
38 TUGE 14 ] STAGEL ¥ ND RHO 14.8 10.6 3.1 i
3% TU66 22 2 STAGEL ! M BICON 19,5 3.6 3.7 1,
60 TU66 29 4 STAGE1 M ¥ LY 15.7 1.6 5.6 7
61 TUG6 44 39 STAGEL Mp Lis RHO 23.8 9.4 1.2 i
62 TGS 19 4 STAGEL Mp Lt aD 25.5 10,0 g6 L
& Tues 19 5 STAGEL MD D BICON 20.8 . 3.3 2.
B4 TUGE 19 b STAGEL ¥P P BICON 17.9 1.6 3.1 S
85 TUGG 44 3 STAGEZ D ND TRI 19.4 10,5 3.4 s
66 TUGG 29 2 STAGEZ M D RHO - 10,5 2.4 A Ll
67 TUGS 44 5 STAGE2 H LY BICON 13.5 7.4 3.8 T
68 TUGE 41 42 STAGE? M ND TRI 20,6 8.5 39 30
89 TUG6 22 1 STAGE? e 3 TRI 20.3 11.2 3.4 i
M 1U66 19 ] STAGE? 13 ? RHO 20.4 8.4 4.3 e
1 TU6E 15 33 STAGE? e XD TRI 22.8 9.4 6.2 w3
12 TU&6 69 2 STAGEZ P D BLCCN 13.9 10.4 1.3 @l
13 Tues 45 4 STAGE2 Hp ND TRI 21.4 8.1 5.3 L
14 066 1 4 STAGE2 D D BICON 13.4 8.6 3.9 2.4
15 TU66 45 29 STAGEZ ? ND BICON 16.7 10.7 1.9 5.7
76 TUGE 45 28 STAGEZ B ND RHO 20.5 11.4 6.5 i
71 TU&G 3 11 STAGEZ ME XD BICON 17.3 9.9 4.3 3.3
78 TUGE - 49 4 STAGE2 L ¥ TRI 17.4 9.2 1.1 o
13 TU6S 45 3 STAGEZ P Gy BICON 12.6 8.0 1.1 A
80  TU6E 16 1% STAGEZ bl D WD 13.4 . 3.3 P
81  TUGE 11 5 STAGE2 b D BICON 9.3 10.2 4.2 o
82 TUe6 19 7 STAGEZ MP ND TRI 17.1 13.4 3. 02

]
Ty




Table A.4 Key
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MORPH1 -~ classification subtype and group:

BICON 1 - biconvex, group-1

BICON 2 - biconvex, group-2

CYLIND - cylindrical

BLDUNFL ~ blade with unifacial, lateral retouch

BIFACFLK - bifacial flake

BLDUNFD - blade with unifacial, distal (end)
retouch

FLAKEBIF - bifacially retouched flake

FLAKUNIF - unifacially retouched flake

MORPHZ -~ classification type (blade/flake; fragment)
Condition attributes the same as for preceding tables
ASECT - cross-section of bit:

R = rhomboidal
C - cylindrical
T - triangular
. B - bicénvex
ND - no data

USE-WEAR:

DH - dry hide

SWKD - shell, weak linkage; drill

SMD - shell, moderate linkage; drill

SWD - shell, well-develaped; drill
.BD =~ bone; drill

BG - bone graver

SBD - shell/bone; drill

SBG - shell/bone; graver

SMG - shell, moderate linkage; graver
SWKG - shell, weak linkage; graver

SMDG - chell, moderate linkage; drill/graver
SWKDG - shell, weak linkage; drill/graver
SBDG - shell/bone; drill/graver
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Table A.4 Key (cont.)
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SWKI - shell, weak linkage; indeterminate action
SI - shell, indeterminate action

SBI - shell/bone; indeterminate action

W/H - wood/hide; indeterminate action

WM - wood; medial fragment

WP - wood/fiber; proximal fragment, haft wear
S/WG - shell/wood; graver

IG ~ indeterminate; graver action

ID - indeterminate; drill action

I - indeterminate

ND - no data
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Table A.4. Bit-tool Morphological and Functional Attributes

08s  SITE FS4  CATALOGN  MORPHI MORPHZ COND  XSECT  USE-WEAR

i HAMG 19 BLDUNFL BLADE ¢ R DH

2 HAME It 4 BICON 2 BLADE C C SMD
3 HAT 33 k| TRIANGLE FLAKE P C SWXI
4 A7 49 9 BICON 2 BLADE MP R SWKD
5 A7 49 10 BICON 2 BLADE, C R SWKD-
6 HAY 46 5 CYLIND BLADE C ¢ SWKD
1 HA? 50 1 FRAGMENT TRAGMENT HP ND )]
8 HAH 189 1 BICON 2 8LADE ¢ T SWKD
9 HAB 189 i TRIANGLE  FLAKE HP R SWRD
10 Ha8 123 2 BIFACFLE  FLAKE WP WD $8G
11 HAB 209 1 CYLIND BLADE ] C SWD
12 HAg 270 1 BICON 2 BLADE 714 R SWKD
13 HAS 256 2 BICON 1 BLADE C T SWKD
14 HAB 15 1 BICON 2 BLADE Mp R SHKD
13 HASB 9 2 BICON 1 BLADE C T SHKG
16 HAB 267 1 BICON 2 BLADE Mp R SHD
17 HAS 233 1 CYLIND BLADE MD ht SWD
18 HA8 262 1 8ICON 2 BLADE Hp R SHKT
19 HAg 21 1 CYLIND BLADE C R - SWKD
20 A8 270 2 BLOUNED BLADE C T WH
21 A8 118 1 TRIANGLE  FLAKE ¢ B I

22 HA8 9 1 FLAKUNIF  FLAKE ¢ R SWD
21 HA92 22 12 CYLIND BLADE C ¢ SHKD
2 HAS2 25 13 TRIANGLE FLAXE MP B -BG
25 HASZ 13 9 TRIANGLE FLAKE MP C SWED
26 HAY? 16 13 FLAKEBIF  FLAKE C C SWD
21 HAS2 | 9 FLAKESIF FLAKE C C SBC
28 HASZ 41 13 BICON 2 BLADE C C ap
29 HAS2 3 15 FLAKEBIF FLAKE € C SHKG
30 HA9Z 11 21 CYLIND BLADE MP D IG
kb HAY2 7 5 FRAGMENT FRAGMENT MP ND Hp
32 HA9Z 34 12 BICON 1 BLADE MD C SBD
33 HA92 46 6 BICON 2 BLADE MP C SBD
34 Hau2 1 10 FRAGMENT  FRAGMENT " C SWKD
35 HA92 11 9 FRAGMENT FRAGMENT 3§ D We
6 HA92 22 14 CYLIND BLADE ¢ C SMD
7 HA92 40 ] BLDUNFL BLADE C R NI
18 HAS2 32 19 BICON 1 BLADE C T - SMG
KE] yUp; 15 5 BICON 1 BLADE M C SHKI
40 Tu2 13 1 FRAGMENT FRAGMENT C C 580
41 42 ] 3 BLCCN 2 BLADE Hp il SWKD
42 TU2 13 3 BICON 1 BLADE MD C SWKD
43 TU2 35 5 BICON 2 BLADE P R WP

{cont inued)
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Table A.4 (continued)

SITE  F5M  CATALOGYH MORPH] MORPHZ COND  XSECT  USE~WEAR
U2 11 1 FRAGMENT  FRAGMENT - MD 3 3l
TU259 12 21 BICON 2 BLADE C C SMD
TWAHY 5 21 BICON 1 BLADE MP ND SWKD
TU259 12 26 CYLIND BLADE H T SKD
25 13 28 CYLIND BLADE P ND SHDG
TU258 12 29 CYLIND BLADE NP ND H
U259 8 27 CYLIND BLADE D C SWp
U259 8 28 TRIANGLE  FLAKE MD C SWD
W2%% 14 26 FLAKUNIF  FLAKE MP C SMD
0253 12 24 CYLIND BLADE Mp A SWKI
T0259 3§ 20 FLAKUNIF  FLAKE C B 56
TU346 10 1 TRIANGLE  FLAKE MP C 10
TU344 17 1 TRIANGEE  FLAKE C C SWKD
36 7 4 BICON 2  BLADE C C SWD
™Wide 7 FRAGMENT  FRAGMENT M B SHG
TU343 3 1 CYLIND BLADE MD C SWD
046 8 : il CYLIND BLADE C C SMD
TU46 14 5 BICON 1 BLADE C T IG
TU46 14 2 FRAGMENT  FRAGMENT MD B D
TU48 C CYLIND BLADE ¥D T - SHb
TUS8 ccC b BICON 2 BLADE NP R SMD
TUS8 e 14 FRAGMENT  FRAGMENT MD T [
TuG2 1l 1 FRAGMENT  FRAGMENT P D ND
TUGS 1 28 CYLIND BLADE C C SHD
TU6S ] 18 FRAGMENT  FRAGMENT M ND " SWKD
TUGA 1 b TRIANGLE  FLAKE C B I
TU66 16 3 TRIANGLE  FLAKE MP B SWKG
TUGG 51 5 TRIANGLE  FLAKE MP 8 SBDG
TUGG 31 11 TRIANGLE  FLAKE C C SWD
TUGG 44 22 BICON 2 BLADE ¢ R SWKD
TUGE 15 2} BICON 2 BLADE P C SWKD
TU6E = 38 13 BICON 1 BLADE ur C SHKD
TU6S 43 13 BICON 2 BLADE C {.' SWKD
Ti66 42 9 BICON 2 BLADE C c 10
66 17 ] BICON 2 BLADE MP C SWKD
TUg 68 f BICON 1 BLADE C C SHKD
TU&6 13 5 BICON 2 BLADE uo C . S50
TU66 44 21 FLAKEBIF  FLAKE C o SHD
TUeh 14 21 BICON 2 BLADE Mp ¢ SAD
Tig6 17 3 BICON 2 BLADE P ND SWKI
i 21 6 CYLIND BLADE C ¢ SWKDG
TUGE 15 16 BICON 1 BLADE, MP C SWD
JH 14 20 CYLIND BLADE | ND WM
TUGA 41 16 BIcoN 2 8LADE bl ND WP
TU%6 63 16 FRAGMENT  FRAGMENT il C SBI
TUGG 19 12 CYLIND BLADE MP ND WP

- - teant gt e een
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Table 4.4 {continued)

0BS  SITE FSM  CATALOGN  MORPHL HORPHZ COND  XSECT  LSZ-WEAR
90 Tk 45 15 FRAGMENT ~ FRAGMENT ¥D ¢ SHKD
91  TUeG 41 14 FRAGMENT  FRAGMENT ¥D € SBD
92 U066 30 18 BICON 1 BLADE 1K R B0
93  TUe6 k3| 13 CYLIND BLADE D c SBD
M TUGh 2 4 FRAGMENT ~ FRAGMENT M C SBD
% TUes 69 33 BICON 1 BLADE P R SWKD
%  TUG6 ki) 19 BICON | BLADE i) R SHKED
37 TU6k 4] 18 TRIANGLE  FLAKE 13 ND ND
9%  TU66 49 19 FLAKEBIF  FLAKE ¢ R SED
99 TUGG 45 22 TRIANGLE  FLAKE P ND SHKD
100 Tues 47 11 BICON 1 BLADE Y T 54D
101 Tues 16 29 FRAGMENT ~ FRAGMENT LY B [ !
102 TUe6 63 l FRAGMENT ~ FRAGMENT L0} 3 IG
103 TUe6 I3 ] BICON 1 BLADE C T S/HG
104 TU6G 1o FLAKEBIF  FLAKE )] R Wt
c ) DH

105 Tuee 9 A FLAKUNIF  FLAKE

L]
L]
1
1
]
]
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Table A.5 Key
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MAXLENGTH - maximum length
MAXWIDTH -~ maximum width

MAXTHICK - maximum thickness




Table A.5. 3it-tool Metric Attributes

0B  SITE F3M  CATALOGN  MAXLENGTH  MAXWIDTH MAXTHICX  WEIGHT

1 HAMe 19 3.1 1.2 3,1 1.0
2 HAMB 1 4 26.8 1.1 5.4 1.0
3 W7 33 3 12.4 14.4 4.0 0.5
i HAY 43 9 14,1 9,7 3.8 0.4
5  HAY 43 10 18,3 8.4 4.5 0.5
& HA7 46 5 20.4 6.0 5.1 0.6
7 A7 50 7 21.6 8.0 5.1 0.9
8  HA8 189 1 1.1 9.4 6.0 1.1
9 18 189 2 16.3 11.5 4,2 0.7
10 HA 123 2 21.3 10.3 1.0 1.6
11 HAd 209 1 14.6 6.6 4.9 0.5
12 HA8 270 1 17.1 10.1 5.4 0.8
13 Ha8 256 ? 21.2 6.6 4.6 0.6
14  Has 15 1 21.5 8.2 3.4 0.5
15  HAB 9 2 22.3 7.4 4.1 0.4
16 HA8 261 1 26.1 8.8 1,9 0.8
17 HAB 233 1 18.5 7.4 5.3 0.4
18 HAB 262 1 17,1 9.2 4.8 0.8
19 Ha8 21 1 27.0 6.3 5.1 0.7
20 HA8 270 ? 25.0 9.7 5.1 1.3
21 HAS 118 1 21.0 13.3 4,9 1.0
22 HAB 9] 1 19.4 1.1 31 0.6
2] HA92 22 12 20.5 1.1 4.0 0.8
24 192 29 13 16.9 3.3 2.9 0.3
25 HA92 13 § 13.6 9.8 1.1 0.3
26 HA9Z 1% 3 16.86 10.6 1.9 0.7
21 HA9Z 4 9 15,2 8.9 4.0 0.5
28 HAS? 43 13 16.2 B.1 4.0 0.4
29 Ha92 ki 15 17.2 8.5 2.9 0.4
30 HASR 11 21 17,3 8.3 1.3 0.8
31 AR 7 5 18.4 1.1 5.1 0.6
32 HA®? 16 12 2.1 6.8 1.9 0.6
33 %R 46 6 3.3 10.0 4.5 1.1
M AR 1 10 10,3 8.6 3.6 ¢.]
35 HA92 17 9 13.6 7.4 1.6 0.3
36 HA92 22 14 KL 1.5 4.8 1.0
31 HA92 40 6 25.7 8.0 4.6 1.4
8 HA®2 32 19 25,1 6.8 4.4 0.8
% m2 15 9 5.5 1.1 1.9 0.7
0 19 1 11.9 B.4 4.5 0.4
4 T2 3 3 15.8 8.3 2.9 0.4
42 M 13 3 15.3 1.2 4.1 2.3
3 12 13 5 19.0 9.4 4.1 7.8
4 1 11 1 11.5 8.0 3. 0.3
5  THY 12 27 1.7 11.0 4.4 0.9
-——- {eankinuedt




Tzble A3 {concinued)

GBS SITE  F3M  CATALGGM MAXLENTH MAXWIDTH  MAXTHICK  WEiGHT
6  T0259 3 2 1.3 6.3 4.6 0.6
47 0259 12 26 12,7 5.3 4.5 0.3
48  T29 13 28 15.1 7.0 4.6 0.5
49 T259 12 25 18.7 1.1 5.1 0.6
O TUB9 8 27 13.5 3.9 4.1 0.4
31 T 8 28 13.3 10.3 3.1 0.4
32 T289 i 26 14.2 1.4 2.8 4.2
3 T28Y 12 2 20.7 7.4 4,6 0.7
4 T0259 5 20 22.0 10.9 4.9 1.1
N UM 10 1 16.5 11.9 LA 0.5
36 TUME 17 1 20.1 11.7 6.1 1.2
31 TUME 7 § 17.5 10.3 4.4 0.6
58 TUMe 7 11.6 10.5 3.4 0.5
89 T 3 I 20.0 5.8 L1 0.5
60  TU4d6 8 11 17.0 6.4 5.1 0.5
61  TO46 14 b 4.3 10.8 a7 1.4
62 Tude 14 2 16.1 12,7 4.9 1.0
63 TU48 cC 1.6 6.4 3.0 0.7
b4  TUSE {c 6 2.1 8.4 4.1 0.6
65  TUSE ¢ 14 16,7 5.2 4.7 0.5
66 Tu62 1 1 19.0 9.2 6.0 1.2
67 TU6S 1 28 18.2 6.5 5,0 0.6
68 TO6S b 18 15.9 6.7 1.2 0.5
69 TUGS 1 b 17.3 11.1 3.6 0.6
0 TUes 16 13 19,6 13.1 4.7 0.7 -
71 TU6h 31 3 1.1 12.0 3.0 0.4
12 TU66 31 11 17.2 14,7 .35 0.5
73 TU66 44 22 20.9 3.2 4.2 0.5
74 TUGE 43 27 14.9 9.0 11 0.4
15 TUe 38 13 17.2 1.5 3.9 0.4
16 TUs6 43 13 19.7 8.8 3.1 0.4
7 TUeh - 42 E} 2.2 9.5 3.3 0.6
18 TUGE 17 & 23.2 8.3 4.9 0.7
79 TU6E 68 é 24,9 1.4 3.2 0.9
80  TUe6 13 ) 19.6 1.1 4.9 0.5
81  TUG6 44 21 15.7 8.7 4.4 0.5
82 TUGG 14 1 20.2 8.1 3.9 0.6
81 Tuee 17 3 13.1 8.7 1.6 0.4
84  TUGG 21 b 28,2 6.6 1.4 - 0.8
B85  Tugs 45 16 21.0 7.0 5.0 0.6
§6  TUGG 14 20 19.5 3.3 4.1 0.5
87 TUek 1 16 12.4 8.2 3.1 0.6
88 TUG 65 16 17.5 8.5 4.8 0.7
e




Table A.5 (continued)

0BS  SITE TSM O CATALOGN  MAXLENGTH  MAXWIDTH  MAXTHICX  ®EIGHT

8% TUG6 19 12 19.1 8.3 - 5.6 0.9

0 TUeG 45 15 22.0 1.3 4.1 0.9

51 TUek 41 3 16,1 8.4 1.6 0.4

9 TU6G 30 18 16.2 6.8 37 0.4

3 TUGS i} 13 16.9 1.3 3.0 0.6

9%  TO66 24 4 12.8 9.1 3.2 0.3

%  TU6E 69 13 17.4 1.1 4.4 0.6

%  TUG6 30 19 17.1 1.5 4.7 0.6

97 TU6G 4] 18 15.5 11.2 5.2 0.8

9%  TU6E 19 19 13.9 9.7 3.8 0.5

99 TUGE 45 22 16.7 12.90 1.7 1.1

100 U6 47 11 17.6 9.6 1.8 0.8
101 TU66 16 29 13.5 8.9 11 0.4
102 TUeé 65 2 14.9 . 4.4 0.5
103 Tueé 15 3 22.8 10.4 8.0 1.2
104 Tueh 16 21.10 12.6 3.4 - 0.8
8.5 4.4 0.7

105  Tu66 49 - 23 19.3

278




DISTLENG
DISTWIDT
DISTTHIC
PROXLENG
PROXWIDT

PROXTHIC

Table A.6 Key
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- distal length

- distal width

- distal thickness
- proximal length
- proximal width

- proximal thickness




Teble A.6. 3it-tool Metric Attributes - Distal and Proximal

-— - -

0BS  SITE ESM  CATALCGY  DISTLENG  DISTWIDT  DISTTHIC  PRCXLENG PROXWLDT  FalNTEID

1 HAMG 19 . . 1.3 . 8.3 LR
2 HaMB 11 4 8.3 1.1 . il i8.3 1.7 5.4
3. HA? kK| 3 2.6 1.3 kN 9.8 14,4
4 HA? 49 9 1.1 4.5 1.8 1.0 9,7 2.5
5 HA7 4 10 1.0 4.7 3.2 1.2 8.4 4.5 -
& HAY 46 5 11.6 5.6 5.1 8.8 6.0 3.4
7 HA7 50 7 . . . . . .
8§  HA8 189 1 1.0 3.0 2.0 11.7 9.4 5.0
5  HAB 189 2 . i1 2.4 9.4 12,5 4,2
10 HA8 123 2 1.2 3.3 2.4 20.1 12,3 1.3
11 1Al 209 I . . . . . .
12 HAS 270 I . . . . 10.1 3.4
13 HA8 256 2 1.2 3.6 2.8 14.0 R L6
14  HAS 73 1 . 3.5 1.0 15,3 8.2 2.7
15 Has 91 Z 11.1 3.0 1.0 11.2 1.4 A%
16 Ha8 267 1 . 3.6 3.1 12.3 L B
17 HA8 23 1 1.0 3.8 4.0 ) .
18 HAS 262 1 . 5,7 4.1 . .
19 HAS 21 ! 15,3 4.4 3.4 11,7 £.3 .
20 HAS 2 2 9.1 6.0 4.0 15,7 4.7 3.1
21 HAB 118 1 17.7 6.7 4.9 13 13.3 4,0
22 HAB 9 1 1.5 1.5 2.5 11.9 1.1 i
21 HA92 22 12 8.8 5.9 4,2 11.7 1.1 38
24 HA92 25 13 12.2 5.0 2.9 4,1 9,3 2.2
25 192 13 9 1.0 1.3 2.9 6.6 9.8 4.:
26 HA92 16 KK} 10.5 8.5 3.5 6.1 10.6 £.3
27T HA®2 q 4 5.3 3.9 2.1 9,9 8.9 4,4
28 A% 11 13 3.7 3.9 Ll 19.5 8.1 4.7
29 HAa92 3l 15 12.0 4.9 2.6 5.2 8.5 2.8
0 Ha9? 11 21 . . . . . .
31 uAa9? 7 5 . . . . .
32 HA92 . 3 12 11.8 3.4 2.6 .
33 HA92 15 6 . . .
M EA%2 l 10 . 2.1 2.9 \ .
15 HA%2 17 ] . . . . . ,
36 HA9? 22 14 10.3 5.2 4.4 24,1 1.5 4.3
37 HA92 10 f 1.7 4.5 33 18.0 8.0
38 HA92 L) 19 9,7 5.1 2.9 15.9 4.5 3
3% T2 15 5 7.7 3.3 2.9 . 17.8 7.1 2
40 TU2 19 1 6.0 4.0 311 1.8 8.4 :
41 2 3 3 7.5 3.5 2.9 8.3 8.3 ;
42 TU2 13 3 7.3 2.9 2.1 .
4] TU2 15 5 . . . .
44 102 11 ! 1,4 2.8 2.2

{cont inued)
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Taple A.% {continued)

SITE  FSM  CATALOGN DISTLENG DISTWIDT  DISTTHIC  PROXLENG  PROXKIDT  730XT:IC

U258 12 27 6.5 1.8 2.1 15.2 11.0 4.4
Y 5 21 14.1 5.1 = 3.8 1.2 6.3 4.8
T025% 12 26 . . . .

U259 13 28 . . . .

o259 12 25 . . . .

T025% 8 21 R 4.1 3.3 .

T025% 8 28 6.8 i.8 2.4 . . .
TU259 14 26 . . . 8.2 1.4 2.2
TU259 12 24 . . . . . .
TU259 § 20 . 5.3 2.3 . 19,32 1.7
TO346 10 1 6.2 2.6 2.5 10.1 11.% 1
T03e 17 1 8.2 7.0 1.6 11.9 11.8 6.0
TU346 1 4 5.8 3.0 2.1 1.7 10.3 4.4
e 7 5.0 4,2 2.1 . . .
TU33% 3 1 i2.1 5.1 1.8 1.8 5.8 i1
TEd6 8 11 . . . . .

TU46 14 5 13.5 5.3 1,0 10.8 10.8 3.8
TU46 14 2 8.5 1.0 1.0 . . .
TG48 cC 12.1 4.5 4.2 8.9 6.4 3.4
TU38 cc 6 12.9 4,2 2.8 - 9.2 8.4 o
TU38 e 14 . 3.3 4.0 . .

TUGZ 1 1 . . . . . .
TU&5 1 28 . . . . .
TU&S 6 18 . . . . . .
046 1 ] 10.1 4.6 2.2 IVE 11,7 3.4
TUhG 16 EX] 12.2 4.4 2.2 1.4 13.7 4,17
TU46 51 § 8.8 3.0 2.1 8.9 12,0 1.0
TU&E i 11 9.3 3.3 2.1 7.9 4.7 3.5
TUG6 44 22 10.6 1.6 11 10.3 9.2 4.2
TUgS 43 21 4,2 2.8 2.4 10.7 9.0 3.1
TURE 38 13. 10.9 3.9 2.9 6.3 7.5 i
TOGE - 43 13 6.9 3.3 2.8 12.8 8.8 31
TUGE 42 g 5.9 11 2.9 16.] 9.5 33
TU66 17 ] 1.6 4.6 1.2 1i.6 8.3 4.3
TUGE 68 b g.7 4.4 1.3 15.2 1.4
TUGE 13 5 8.0 4.0 3.5 11.6 1.7 4.3
TUEE 44 21 1.5 3.2 11 8.2 8.7 §,4
TUG6 14 2l 4.8 3.6 3.1 15.4 g.1 13
TUé6 17 3 . . . C, 8.7 i.g
TUGR 21 b 14.6 1.2 1.2 13.8 6.6 4.4
TUG6 43 16 9.4 4.1 3.4 11.6 1.0 5.3
TU6G 14 20 . . . . ; .
TUGG 47 16 . . . .

TUGE 85 if . . .

1066 49 12 . . .
- TURS 45 15 9,2 3.1 3.t

TUES 41 1 9.5 3.2 2.4

(cortinued)




Tzble A.6 {continued)

0BS SITE FiM CATALOGN  DISTLENG DISTWIDT  DISTTHIC PROXLENG PECHWIDT  Z3CATHIC

% Tuee 10 18 . . .
93 TUee 31 13 . 4.4 1.6 . .
% TO66 24 4 5.3 1.8 2.3 . .
%5  TO66 69 33 . . . . . .
% TUG6 30 19 . . . . . .
97 TU6E 43 18 . . . 8.1 11.2 4.3
9% TUGE 49 19 2.7 2.5 3.3 11.2 9.1 3.2
9  TUG6 45 22 . . . . . .
100 TO66 47 11 11.1 3.4 1.3 .
101 TU66 16 28 6.3 15 2.5 .
102 TU66 65 2 2.2 2.5 2.0 . .
103 TURE 1S 3 . 11 2.5 10.4 8.0
104 TOG6 16 10.5 3.9 2.7 . . .
105 TU66 49 23 4,7 2.8 1.5 14.6 8.5 4.4
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Table A.7 Key
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WDTH - width/thickness

LWD - length/width

DWDTH =~ distal width/thickness
DLWD - distal length/width
PWDTH - proximal width/thickness

PLWD - proximal length/width
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Table 4.7,

8it-tool Metric Ratic Attributes

085 SITE FSH CATALOGN #DTH EWD DHDTH DLAD DT A
1 HAMG 19 1.94595  1.20813 . . 2.53677 .
2 HAMB 11 4 1.42593  3.48052 - 1,19355  2.243M4 1.42593  2.402¢0
I W7 3] 3 3,60000  0.86111  1.06452  0.78788  3.50000  0.680%4
i w7 49 g 2,55263  1.45361  1.18421  1,57778  3.B8000  0.72'63
5  HA7 44 10 1.86667  2,17857  1.46875  1.48936  1.36667  1.34524
§  HAT 46 5 117647 3.40000  1,09804  2.07143  2.00000  1.46667
7  HA? 50 7 1,56863  2.70000 . . . .
8 HAS 183 1 1.56667  2.62766  1.50000  2.33333  1.56667  1.88793
9  HAS 189 2 3.21429  1.20741  1.2917 . 3.21429  0.89%630
10 HAS 123 2 1.47143  2.65049  1.37300  2.18182  1.47143  1.95146
11  HAS 209 I 1.34694  2,21212 . . . .
12 HA8 ) 1 1.87037  1.69307 . . 1.87037 .
13 HAB 256 2 1.43478  3,21212  1.28571  2.00000  1,43478 2.1
14  HASB 15 1 241176 2,62195  1.166R7 . 3.03704 1.3638¢
159  HaB 91 2 1.72093  3,01351  1.00000  3.70000 L.72093  1.31331
16 HAS 267 1 2.25641  2.96%91  1.16129 . 2.28041 . tLiRReR
17 Hag 233 1 1.39623  2.50000  0.95000  1.8471] . .
18 HAB 262 1 1.91667  1.89870  1.19024 . . .
19 HAf 21 i 127451 4015385 1,29412  3.47727  1.27451  1.30n60
20 EA8 270 2 190196 2.57732  1,50000  1.35000  1.9019¢  1.518%%
21 HAS 118 1 271429 1.57895  1.36735  2.64179  3.32500  0.24812
22 HAB 3 1 2.48387  2.51948  1.40000  2.14286  2.48387  1.54%4%
23 HA® 22 12 1,92500  2.6623¢  1.40476¢  1.49153  1.97436  1.51948
4 HAR2 25 13 3,20690  1,81720  2.00000  2.44000  3.20630  0.5053R
29 HA9? 13 9 2.3902¢  1.38776  1.13793  2.12121 . 2.3902¢4  (.67347
206 HA9? 16 33 2.16327  1.56604  2.42857  1.23529  2.16327  0.37347
27 HA9? 4 9 2.22500  1.70787  1.44444  1.35897  2.22500  1.112%
28 HA92 43 13 2,02500  2.00000 1.25806  1.4615¢  2.02500  1.29%630
9 HA%2 31 15 2,93103  2.02353  1.88462  2.44898  2.93103  0.&117%
30 HA92 11 2] 1.16438  2.05882 . . . .
1 me 1 5, 1.2456]  2.59159 . .
32 W% 36 12 1,7435%  3.25000  1.3076%  3.470%9 .
33 HA%2 46 b 2.22222  2.33000 . . .
M HA%2 l. 10 2.38B8B9  1.19767  0.93103 .
35 HA92 17 9 2.05556  1.83784 . . . .
J6  HA92 22 14 1.56250  4.58667  1,18182  1.98077  1.56250  3.21133
37 HA92 40 b 1.73913  3.21250  1.36364  L.71111  1.73913  2,75000
18 HA9? 32 19 1.54545  3.69118  1.75862  1.B0392  1.21622  3.33333
9 m 15 5 1.82051  3.59155  1.20890  2.26000  1.82051  2.52704
0 19 1 1.86667  1.65476  1.17647  1.30000  1.86667  ©0.3404%
41 TU2 3 3 2,93103  1.85882  1.8965%  1.36364  2.93103  o.37pT
2 W 13 3 175610 2.15278  1.07407  2.517%4 .
3 102 15 5 2.18605 2.02128 . .
44 T2 11 1 2,35294  1.43150 1.27273  1.3M43
{continued)
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Table A.7 (continued)

SITE TS CATALOGN  WDTH LD DHDTH CLND PHOTH - L
w259 12 21 2,50000  1.97273  1.40741  1.71053  2.50000 1.38182
TU238 5 21 1.36957  3.3B095  1.50000  2.47368  1,36957  1.14286
U238 12 26 L1777 2.39623 . . . .
0259 13 28 15211 2,15714
289 12 25 1.39216  2.63380 .

259 8 -2 1.43902  2.28814  1,24242 .

TH 8 28 2.78318  1,29126  1.58333  1.78947 . .
T025% 14 26 2.64286  1.91892 . . 2.64286  1.1081%
JUFSE Y 2 1.60870  2.79730 . . . .
0239 3 20 2.22449  2.01835  1.96429 . 2,72500

T03d6 10 1 3.83871  1.38655  1.04000  2.38462  3.83871  0.86333
U346 17 l 1.91803  1.71795  1.52174  1.17143  1.9667  1.00847
U467 4 2. 34091 1.6%903 111111 1,93333  2.34091  1.13592
0346 7 J.08824  1,10476  1.53556  1,19048 . .
0398 3 ! 1.56737  3.44828  1.41667  2.37255  1.56757  1.36207
TU46 8 11 1.25430  2.65625 . . . .

To46 5 189474 2.25000  1.32500  2.54717  2.84211  1.00000
TU46 14 2 2.3%184  1.26772  1.75000  1.21429 : .

TU48 cc 1,28000  3.37500  1.07143  2.68B89  1.28000  1.48438
TUS8 cc b 2.04818 263095  1.50000  3.07143  Z.04878  1.0%524
TUS8 cc 14 1.10638  3.21154  0.82500 . . .

TU62 1 1 1.53333  2.06522 . .

U5 1 28 1.30000  2.80000 _

TUBS b 18 2.09375  2.371313 . . . .

TUg6 1 6 3.25000  1.47863  2.09091  2.19565 . 3,25000  0.61538
TU66 16 13 2.91489  1.43066  2.00000  2.77273  2.91489  (.540:5
TUG6 51 5 4.00000  1.47500  1.50000  2.93333  4.00000  0.74167
TU66 X} 11 4.20000  1.17007  1.22222  2.81818  4.20000  0.53741
TUG6 44 22 2.19048  2.27174  1.16129  2.94444  2.19048  1,11397
TUG6 45 - 21 2.90323  1.65556  1.16667  1.50000  2,90323 - 1.18889
TUG6 18 13, 192308 2.29333  1.34483  2.79487  1.92308  0.84000
TU66 - 43 13 2.83871  2.23864  1.17857  2.09091  2.83871  1,454%%
TUG6 42 9 2.87873  2.33684  1.06897  1.90323  2.87879  1,71379
TUES 17 b 1.69388  2.79518  1.43750  2.52174  1.69388  1.3%75%
TUG6 68 B £.02308  3.36486  1.33333 0 L9777 1.42308  2.189:%
TUGG 13 3 1.92500  2.54545  1.14266  2.00000  1.92500  .30@4@
TUGS 44 21 197727 1.80460  1.03226  2.3437%  1.97727  0.94%%3
TUb% 14 21 2.07632  2.49383  1.16129  1.33313 231429 1.9013
TU66 17 ] 2.41667  1.50575 . .. 2,41667 .

TU66 21 b 1.50000  4.27273  L.31250  3.4761% 150000  2.0&Dé:
TUG6 45 16 1.40000  3.00000  1.20588  2.29268  1.40000  1.65714
TU6G 14 20 1.29268  3.67925 . . . .

TU66 47 16 1.60784  1.31220

{cont inued)
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Table A.7 [continued)

0BS  SITE  F3M CATALOGY  WDTH LD LWDTH DLKD J0TH 7 ZIAD
88 TUGE 65 16 1.77083  2,05882

8  TU66 49 12 148214 2.30120 . .

0 TUGE 45 15 2,75610  1.94690  1.00000  2.96774

91 TUe6 4l 3 2.33333  1.91667  1,33333  2.96875

92  TUe6 30 18 1.83784  2,38235 . .

93 Tee 3l 13 1.46000  2.31507  1.22222 .

9  T066 24 4 C2.8437%  1.4065%  1.85217  1.39474

%5  TU66 69 3 L75000  2,25974 . .

%  TO66 30 19 1.39579  2.36000 . .

91 TUe6 43 18 2.13383  1.18393 . . 2.4888%  0.34484
9%  TU6k 49 19 2.53263  1,43299  0.75798  1.0800¢  3,03125 1.13464
99 TUG6 45 22 1.55844  1.3%167 . . . .

100 TU66 47 11 2.32632  1.83333  1.63636  2.0335

101 TO66 16 29 2.87097  1.51685  1.40000  1.80000

102 TU66 65 l . . 1.25000  0.88000 .

103 TU6e6 15 ] 1.30000  2.19231  1.24000 . 1.30000

104 TUG6 16 170588  1.66667  1.44444  2,69231 . :
105 TUes. 49 23 1,93182  2.2705%  1.86667  1.67857  1.93182  1.7176S
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