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. Absgract _
v The goal of th1s document is to evaluate the potentwal‘v
for evaluating the status of collections of quest1ohable
. stone clasts in redeposited contexts. To this end, the
problem‘ of ,natural versus human mod1f1cations of~stone.
clasts is revwewed in. terms of its historical and current
context. Previous approaches . to this prob'lem are reviewed.
.and found to be unsattsfactory in terms of providing sound
emp1r1cal arguments W1th whtch t0’ evaluate questionable
assemblages ‘To resolve this problem, a general research
. design is out i{ined wh1ch focuses attention on the contextual
parameters of questonable -stone clasts redepositedf by a
variety of natural geomorphic agenc1es This research design
is then applied to threevconcrete cases (the Timlin site,
the Caribou Island site, and the ESP site) where stone
clasts of questlonable origin have been excavated. klthough
the evaluation of the status of spe01mens is not always
conclusvve in each case, the results indicate that at the
very least pPObabl]lsth assessments can be formulated and
valid lines for future research can be generated from such a

study.
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I.'Intrpduction Y
- ha
A. Problem Statement

The Folsom discovery ’moré than 50 years  ago
substantially altered traditional archaeological concepts 6f
the éhronology of HUman oécupation in the New World. Since
that discovery, which demonstrated the coexistence af
hominids with terminal Pleisfocene fauna, little further
progress has been made towards ﬂﬁaerstanding tHe antiquity
of human beings on this continent. Archaeologists are still
unab{e to address meaningfﬁ]fy the quesfion of possible
- precursors to people who produced'the we1l-documented fluted
Fboint~assemblages across North América approximately 11,500
years ago.

One of the most‘signfficant prob lems emeﬁging from the
 1arge1y unsystematic éearch for evidence of pré-Ciovis
hominids is fhat of distinguishing humanly-altered from
naturally-altered stone .and béne materials (Bryan 1978).
This question is far from being resolved, although™ the
_ evaluation éf naturally versus culturally modified bone
materials has been the subject of considerable research
(Binford 1981, ‘Bonnichsen 1978 1979, Morlan 1980), and the
lines of argument, at least, well defined. The hsame cannot
beA said . for ‘the evaluation of natural wversus ¢ultura11y
modified stone materials. . '( ‘ . |

~In most areas of the New World stone materials will

constitute the bulk of the available evidence pertinent to

1
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the duestion of pre-Clovis hominids. Past trends projected
into the future suggest that these materials| will be most
commonly recovered from secondary context (Drew 1978,
Morlan n.d.). Kjthough perhaps not the ideal \ context from
which to evaluate the antiquity of hominids in ‘the New World
kGriffin 1979), appropriate tecHnidues must pe deve loped
.with which to evaluate questionable:sites nét in.primary
context (Morlan n.d.).- A

The focus of the present study is to lay a systematic
framework for the evaluation bf questionable stone materials
in _redeposited contexts. This goal will be achieved by
construction of a general research design that incorporates
the two mos t important parameters of aliered stone
materiéls: their geomorphic 'context,' and the nature of
alteration morphologies. In Chapters 4,5, and 6 case studies

are presented which illustrate the application of the

v

research design  to the evaluation and assessment of stone

assemblages from specific problematic sites.

B. The Pre-Clovis Problematic

To “‘the casual observer, the numerods and often
conflicting reports on the existence. or non-existence ,of
pre-Clovis . assemblages in thé New World must seem truly
;?Befudd1ing. On the one hand, laundry lists Cof pre-Clovis
sites in North, Central and South America have been
aublished (e.g., Bryan 1965, Krieger 1964, Sellards 1952,
MacNeish 1876) most of which use the sites reviewed to erect

s
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cultural-historical frameworks of the ’evolution'of stone
tool technology. On the other hand, other scholars have
reviewed the sites purported- to represent evidence of
pre-Clovis hominids and either dismissed the ‘claims as
unfounded or ‘cast('doubt upon a portion or portions of the
evidence (e.d., Haynes 1969, Irwin 1971). Key issues cited
in the non-acceptance of these sites include the following;
1. The dating and/or relative age assessment based

on stratigraphic grounds is either inconclusive or
invalid (e.g., Meadowcroft Rockshelter, Haynes 1980;
Taima-Taima, Lynch 1874, Haynes 1969). '

2. The argument for a pre-Clovis age rests entirely
upon typological grounds in the absence of secure
stratigraphic context or datable “materials (e.g.,
Imlay Channel, Irwin 1871; Black's Fork Culture,
Sharrock 19661 .

"3. The specimens are not of definite artifactual
status (e.g., Calico Hills, Haynes 1973, Taylor and
Payen 1979, Duvall and Veneer 1880; Medicine Hat
Localities, Reeves 1980). o

AWtHough ‘chers have put forward other reasons for the
non-acceptance of specific sites, such as an insufficient
sample size (e.g., Tlapacoya, Haynes 1969), the prob]ems
outlined above probably cover the reasons for rejection of
) ' / 3 .

the vast majority of purported prg-Clovis sites in both
South and North America. | | |

| ‘Resolution of conflicting opinions regarding the first
issue generally poses no great theoretical problems; either
the stratigraphic evidence or dates based on reliable
chronometric methods are present . or they are not.

Adﬁittedﬂy, problems can arise when otherwise reliable

radiometric techniques are uncritically applied (Yuha
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Burial, Childers and Minéhall‘ 1877), or when the age
assessment is based on relatively untried chronometric
methods (e.g., amino acid racemizationl dating of hominiéA
fossils from'C5ﬁifornia localities, Bada and Helfman 1975).
The second issue is fairly straight forward as well;
simply put, dating entirely on typological grounds, shakey
in the best of circﬁmstangés, is untenable for proclaiming a
pre-Clovis ége for specimens from a particular site. This is -
particularly true when \¢here exists no .well-dated
cultural-historical framewoﬁb with which to compare surface

\ '
finds. Typically the typologfo:ﬁ argument is predicated on

the premise that the cruden the artifacts the older they

hN

,gﬂst be. The fallacy of thiS\\line of reasoning was

successfully dealt with by Ho Imes (1919) earliér inhihis
century. | ' - n\x

}his brings us to the third and figéﬂ problem, which is"
the principle -focus of this study: 'the\ discovery of
principles for diétinguishing artifacts Frpm materials
altered by a variety of biological or geologicél\'agencies.
The artifact versus ‘"naturefact" issue is a mo>é\comp1ex
problem in many ways but one in which archaeo]og{éts as

"experts in material culture’ can hope to make meaningful

general contributions.
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C. Status of the Problem |

 This’ study‘ has as its principlé focus the problem of
recognizing the human alteration of stone $qterials wighin
the context of the dispugé over human antid&ity current in
"New World archaeology. Essentially this problem consists of
an inability on the pant of éychaeolog%éts toiagree on the
status of the primary data removed from sites(ii.e., stone
flakes and flaked stone objects). However, |the general.
problem of recognizing the natural modification of stone has
broader implications in terms of other materials [(e.g., bone
and ivory), and archaeological materials outsi&e the New
World. In addition, the problem is not always whéther‘ag not
a particular assemblage of specimens constitut3 artifacts
but, in some cases, whether or not artifacts have been
subsequenf]y modified by natural or non-cultural biological
agencies.

In general, when purported artifacts from a particular
site have been questﬁoned with respect to their status as
artifacts, it is not that the specimens don't Jook 1ike
artifacts[ but rather, that within a given context it cannot
be demonstrated that the specimens are not simply the result
of natural proéessesl Mosf broadly-trained érchaeo]ogists
recognize the great diversity that characterizes human
stoneworKing. strategies throughout time and space. Given
this familiarity, most archaeologists would not reject out

of hand specimens recovered 1in a primary archaeological

context no matter how crude or dissimilar from Known



artifacts an item or assemblage might be. It 1is only when -

the specimens occur within a geological context where
flaking by natural agencies is a distinct possibility that
questions of natural versus human modification are raised.
Primarily, these contexts include secondary deposition of

materials by one or more geomorphic processes.

D. Levels of Alteration

~In this study, a distigction i€ made between two levels
of modification of stone ¢tlasts by natural agencies. The
analytical distinction bbetween macromorphological and
micromorpho]pgica] alterations is made for two reasons, 1) a
distinction between macro- and micromorphological
alterations of stone tools has prdved fb be useful in the
analysis of human alteration of stone (i.e., the analysis of:
stone artifact production and subsequent wear) and, 2) the
- qualitative differencé between macro- and micromorphological
a]terationsv reflects real differences -in the energy
‘available in natural environments to produce alterations to
stone clasts.

Macromorphological alterations consist of the removal
of flakes or spalls greater than approximately 1 cm in
length. Corresponding human behavioral inputs consist of a
variety of production techniques including core-flaking and
the shaping_and thinning. of -specimens. An investigation of
the nafura] production df macrogeomorphs is crucial for

undertaking research into the question of "eoliths.”



Micromorphological alterations include those
attritional processes which result in the removal of flakes
less than 1 cm in length, as well as a host of surficial
alterations (formation of patinas, striations, pressure
cones, etc.). In general, this arbitrary size 1limit would
exclude much shaping. Human analogues to natural
micromorphological alterations include primar?ly edge énd
surface alterations resulting from tool use and edge
~retouching.

In general, it can be assumed that where natural
processes are competent to pfoduce r-macromorphological
alterations, the same process will lead to the production of
micromorphological alterations as well. The nature of the
'micrOMOrpho]ogical alteration will be for a given 1i thology
dependent upon 1) the mechanism of transport,‘ and 2) the
dnature of the physicé1 and chemical weathering environment.

Eolithic controversies throughout the world ’represent
attempts to differentiate natUra] macro-alterations from
human stone-shaping. As such, the histéry of .this Kind of
research spans more than a century, with surprisingly little
real progress toward resolution of the problem.

Considerably 1less attention has been directed towards
the consideration of natural micro-alterations (see however
Stapert 1976). However , aknumbér of use-wear analysts have‘
acknowledged the problem of confusing natural edge
alterations with that produced through use (Keeley 1§74

1980, Keeley and Newcomer 1977, Semenov 1964). These authors



suggested circumventing the problem by examining only those
features produced through use and not characteristic of
microalterations in natural contexts (e.g., edge polish).-
Othér authors in the "edge damage school" recognize the
problem’ of confusing natural edge alterations with attrition
produced through use and have attempted to conduct relevant
experiments to test the similarity in damage brought about
by natural and cultural micromodifications (cf. Tringham et
al, 1974). |
E. The Eolithic Problem

' The term "eolfthic" was firét coined by either G. de
Mortillet or S.A. Brown during the late 19th century to
describe what appeared to be the éar]iest attempts by
hominids to manipulate stone (Oakley 1972). These materials,
located in'Tertiary déposits in England, France and Belgium
(MécCurdy 1905), lacked the handaxes and flake tools
characterizing the Paleolithic industries and were, by any
standards, somewhat crude.

The question . of the artificial status of these
specimens was soon to be raised owing to the context of the
spectmens (drift deposits and pre-Quaternary gravels) and
their Tack of ev%dence of intentional modification.
According to MacCurdy (1905: 433):

The mérks are often the result of use alone and not
of design. This 1is due partly to the fact that
people of that time did not know how to obtain the

raw materials from the chalk, but depended entirely
on picking up from the drift natural flakes of

&



approximately the shape and size needed.

Later, with continued research, other investigators
began to turn-up flint {implements that were apparently
shaped to suit specific needs (e.g., rostro-carinates: Moir
1921). These supposed implements were held by Moir and
others to be irrefutable proof of the existence of Tertiary
hominids in Britain.

J/j Although the existence of an Eolithic stage in Europe
is no longer a hotly contested issue, the problem was never
resolved to the satisfaction of several prehistorians. Once
Warren (1905) described the evidence for the production of
rostro—carinat? forms by the natural pressure of overlying
sedimentﬁ, and\others described the natural production of
other Eolithic "types"” (Breuil 1910) the issue largely died
out. ” |

Outside Europe, evidence of an 'eolithic’ presence
cropbed up in widely separated aregs such as Africa and
Australia. .The Australian Eolifhic stage proposed by Howchin
(1921) was quickly debunked by Jones and Campbell (1925) who
observed the modern production of eoliths on the Australian
Tablelands py natural thermal forces. In Africa, tHe
controversy ‘raged for some yeaﬁs until the excavation of

undisturbed sites .and the recovery of simpfe stone tools in

primary context .

»
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F. Contempord%y Relevance -

In a more comtemporgry context, questions of natural
“micro- or macromorpho]odfcal altefations have become éentral
issues in determining fhe ahtiquify of Man, or. the existenée
of> spec%fic aréhaeo]ogica] cultures  in widély separated
aréas of thé wor ld. Althugh the following dis¢ussﬁon will
focus primarily on the "eolithic" question in the New Wor 1d,
the intention is to demonstrate that this problem is not
limited to this continent. | |
Macro-Alterations

.Throughout major areas of the‘world such as Africa,
Asia and Europe,;{hgfé.appears to be little difficulty at
the preseht time }ﬁ' recognizing stone artifacts fbom the
dawn of bhtiquity?\éQen in‘situatiohs wﬁere the material has
been redeposited (e.g. Bartstra 1978), and the material is
crude. In other more marginal areas (marginal in terms of
temporal models of human colonization) either currently
separated by large bodies of dcean {e.g., Japan or the New
Wor 1d) bn in \seeming1y inhospitable areas of the world
(e.g., western Siberia), the demonstratign of the antiquity
. éf man remains, at the bresent time, uncertain.
| Interestingly, recognifion broblems have not occurred
in Australia where a temporal record of over 40,000 years
long has been demonstrated; despite the fact that Australia
has always | been separated - from the mainland by a w
considerable expanse of open water (Hallam 1977). In this

case, the temporal continuity in . use = of largely
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" - unstandardized stone tools Bas per force (lead to their
recognition in a variety of contexts.
The New world Eolithic
The timing of the arrival of hominids into the New
World has -great significance for questions of pultura]
and biological evolution. In addition, the t{ming of
arrival is ‘centra] to our undefstanding of;the role of
hominids in the extinction’ of late Plefstocene
megafaunal populations in North and South America (cf.
Mossiman and Martin 1975). Current opinion is polarized
into  two camps; 1) those who see the earliest colonists
;;ﬁ- ’ crossﬁng into eastern Beringia no earlier than about
13,000 B.P. (Haynes 1968; Lynch 1979) and, 2) those who
feel hominids wenq\already'well established south of the
continental ice sheets long before 13,000 B.P. (cf.
Bryan 19%8, Carter 1978).

The Martin/Hayqes co]onization model cites evidence
for the sudden; widespread appearance of fluted,
lanceolate Clovis points at’around 11,500 B.P. in North
America as the remains of a ‘highly mobile initial
colonizing popu]ation; Causally related to the initial
pénetration of North America by hominid big-game hunters
in this model ‘is the demise of over 35 generé of now
extinct P]eistodehe fauna. The latter model views the
distinctive, wfdespread Clovis fluting tradifion as an
indigenous New World invention, developed in bﬁace in

North America by ancestral human populations who first
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 entered the New World perhaps as early as 60,000 years

ago.

Céntra} .to our ability to evaluate these opposing
models is the proper evaluation of those archaeologica]
sites which pre-date '12,000 B.P. and do not yield

%1uted, Tanceolate bifaces. However, although a fairly

substantial number of sites have been put forward as

evidence of a pre-Clovis occupation, relatively few have
withstood the acid = test of scrutiny by the

archaeological communiiy. Many of the sites advanced as

candidates for a pre-Clovis occupation (such as those

" published in Krieger, 1964) have been surface sites

where the argument' for extreme antiquity has been on
typological grounds. More tantalizing though, have been
those sites where there exists indepehdent dating for a
pre;Clovis age but where gehera]. consensus cannot be
reached regarding the artifactual status of.{he stone
specimens.
The Problem of the New World Early Crude Stone Industry
Throughout North Americé, and large areas of South
America, archaeologica1 ‘assemblages from virtually all
time horizons include varieties of ‘bifacially-thinned
stqne projectile points. This being the case, what did
the stone tool repertoire of pre-Clovis populations
consist of? This question has a bearing on the problem
of distinguishing natural from humanly-flaked stone

because our perception of what represents an artifact is
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conditioned by that wifh which we are familiar.

| As there has been thus far little in the way of .
direct .evidence to inform us as to the nature of
pre-Clovis stone tool assemblages, inferences have been
made on the basis of 1) possible ancestral populations
in western Beringié and, 2) the poor quality 1jthic
evidence in the New World. Duriﬁg the first half of this

century it was common practice to extrapolate western

European Paleolithic sequences to far distant lands. In'M

North America, Renaud (1938,1940,1943) identified a

corresponding sequence of technological development on
the hiéh plains of the -western United ‘States. Others
have more realistically sought tg derive ear]y North
Amer ican populations from central Siberia.(Haynes, 1986,
Workman  1980). Late Pdeistocene assemblages there

contain evidence of an advanced bifacial industry from

‘which it 1is possible to deriv the biface-thinning

technigues of late Pleistocene [lovis populations in
North America. Qther persons,éée the ear ly occupants of

the New World as possessing what would be by North

American standards a “crude" (i.e., less specialized)

stone tool industry (e.g., Carter 1978, 1980;A Bryan

1978). Chard (1959) proposed. that early New World

colonists were derived from the North Pacific Rim and |
brought with them a largely unifacia] stone-working
technology. Krieger (1964) echoed this opinion and went

on to define what he termed the "Pre-projectile Point"
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stage in North and South America. Bryan (1978) has
further developed Krieger's anq Chard’'s posipjgg,/byA
inferring the existence of formerly more éXEé;;ive wood /
ahd boneworking indystries among the early colonists;

" these materials ‘substituting ‘fof stone as the major
material used for the manufacture of projectiles.

In Bryan's model, populations of héminids‘equipped
with simple flake and uniface tools could have produced
a wide variety‘of tools from perishablevmaterfals. Thus,
the archaeological remaﬁné might consist .of margihal]y
retouched stone specimens With only a few of these being

‘Eharacterized by a high‘degreé of f]aking technoﬁogy. In
South America, a quber of assemblages appaﬁent]y fit
these criteria (including Lapa Pequena; Bryan and Gruhn,
1979; E1 Abra, Hurt et al., 1976; Monte Verde, Dillehay
n.d.;Los Toldos, Cardich et al., f973).

Regardless of whether or not an ancestra], crude,
stone iﬁdustry is eventually established in the New
World, this question poses a critical problem ‘for New
World archaeologists. Currently in | Nofth Amer ican
archaeology it\ is common ‘practice to interpret sites
consisting entirely of flake tools as specialized
activity sites (e.g., quarry workshops) or as incompletel
("the amateurs got the arrowheads”). Where assemblages
of "crude" flaked stones are in a redeposited context

the questioh of natural versus human flaking becomes

extremely important. This issue is'extremely significant -
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when examinfng the ’likelihood of finding pre-terminal
Wisconsin sites i;>an undisturbed context.
- By contrast, in western Europe and the British
Isles the vast majorfiy of open-air Paleoliphic sites
%are in 'redepositéd contexts but most are easily
recognized by the presence of carefully shéped tools. In
" this instance the specimens areAmorphologically similar
to specimens collecfed from primary contexts Aon the
continent, and exhibit a‘High degrﬁk,of skill in flake
“removal. |
Thf Paleolithic of Japan
. Pre-ceramic archaeology in Japan began only in 1947
with the discovery and dating of the Iwajuku site
(Morlan 1971). Since that initial discovery, which
eVentua]lx established the reality of a Japanese
Paleolithic, a large body of evidence has aécumu]ated‘
that securely dates the presence of hominids on the
dabanese'lslands at least és early as 30,000 B.P.
ﬁlkawa¢5mith 1978b) . Appareﬁf]y a land connection to
‘mainland Asia eﬁisted before then, duqing the Early and
Middle PTeistocene, that would have allowed easy éccess
to’the Japanese Islands by hominids present in Asia
during at least the Middle Pleistocene (Ikawa-Smith
1978a). Although there exist at least 100 siteg claimed
to date earlier than‘about 30,000 B.P.; the’artificial
status of the assemblages and/or their temporal position

- has been criticized, making the Early Paleolithic of
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Japan at present an uncertain entity (lkawa-Smith 1978a,
Morlan 1971).

Mor 1an (1971). reviewed a ﬁumber of the candidates
for Early Paleolithic status in Japan (e.g., 556zudai,
Hoshino, Fujiyama, Yamaderayama) and concluded that "...
there appears to be no unequivocal evidence of a
pre-Wisconsin’ maxiﬁum oécupation of qapan {(ibid., p.
164)." This conclusion is based primarily on the
appafent' "crudity" of the proposed artifacts. In only
one instance did Mor l1an present an alternatiQe
explanation for fhe fractured clasts, where in the case.
of the Hoshino site, materials are suggested to have
been fractured by transport in the Nagano River, in
whose grave]s‘the materials were deposited. At other
sites (é.g., Fujiyama and Yamaderayéma){ Mor lan states
that the épecimens {n question are of - nonlocal
lithologies . (ibid., p. 142), but rejects theﬁ as
~cultural products on the basis of their "amorphou§ form"
(ibid.) . o

At the Sozudai site{ northeastern Honshu, Serizawa
(1978) * claims to have recovered a variéfy df\too] types
{e.g. proto-handaxes, chopping toblé) from an andesite
gravel layer within the marine terrace in which the site
is located. That the  specimens are not as cleariy
man-made as suggested by Serizawé is indicated by Mor 1an
(1971) who finds "...it difficultv to find systematic

evidence of human modification on these specimens
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kibid;, p. 141)". On theé other hand, Bleed (1977) 1atef
analyzed the collection and claims to bhave found
. objective evidence for the artifactual status of the
specimens - : \\\\

At the site of Iwajuku, further excavat%ﬁns loéated
fractured clasts in deposits older.than 403000 years ago
(Serizawa 1978, Ikawa-Smith 1978a). The artifactua]
skatus-of these specimens .is questioned by several
authors (OHyi 1978, Arai 1971, Arai cited in Ikawa-Smith
1978a) . These aufhors basé their critiéisms on thé
grounds. that the assemblage occurs in redeposited
context in mudflow deposits with some evidence of
solifluction. Similar arguments have been made against
the geologically early'AKaonj/}so site'(thi 1978).

As seems common for "fringe" archaeological sites,
evaluation of claims and counteré]aims for and against
the artifactual ;tatus Qf assemblages is made pointless
by the lack of detafled analysis and description of
relevant specimens. Rather, the argument becomes one Sf
personal opinion, based on an intuitive fee]mof_what is
of is not an artifact. ’v
Eastern Siberian Lower Paleolithic

The - hérsﬁ climate of eastern Siberia has long been
considered to have acted as a bérfier to the human
occupation of this area until tthUpper Paleolithic (for

a review see Derevianko ,1978) . Rebent]y“ this basic

assumption has been questioned on the basis of “crude"
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flaked stone found in redeposited early contexts by
Okladnikov (1964, cited in Derevianko 1878). However,
the contexts and technological "crudeness" of specimens
recovered from-fluvial gravels such as Filimoshki, on
the Zeia Rivef, have led to a certain degree of
scepticism regarding the artificial status of the f]aked
stoﬁe specimens (cf. Klein 1971, Powers 1973).
Powers (1973: 16) cites the ‘rounded riddes on flake
scars of flaked stones as evidence for wear during
transport in a fluvial environment. However,  this
explanation is unsatisfactorY\beeau;e, as with Acheulean
artifacts in England, flaKed: stone artifacts having
undergone fluvial transport would exhibit similar
features.
Micro-Alterations

Natural micromorphological alterations do ndt often
create interpretive problems for archaeo]oéists on the scale
of those potentially caused by natural macromorphologicai
alterations. More often, micro-alterations affect the

analysis of stone tool use where the alterations can

 sometimes completely obscure use-wear damage (Stapert 1976).

However, in some cases, the possibility of micro-alterations
can caﬁse more severe interpretive problems.

In terms of edlithic controversies, natural
micro-alterations on natural clasts cant be incorrectly
interpreted as human use-wear and/or retouch. At‘ the E1

Bosque site, Nicaragua, for example, Gruhn (1978) addresses
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the question of human versus natural micro-modification of
_tabular chert fragments in geologicaly early deposits: (Page
1978). Several of the specimens from this site exhibit
sequences of microfiake scars a;ound their entire perimeter.
If this damage could be confident]y attributed to hominid
activity, this site would be extremely important in the
context of the New World early hpminid contﬁoversy.

Elsewhere in North America, Morlan (1981) reports
finding poésible'microdebitage in alluvial sediments in the
0ld Crow Basin. Employing a firm contextual argument, Morlan
makes a compelling case for the human origin of these
microf lakes. ”

On other continents, the question 6f\natura1 versus
human micromodifications has siénificance for the possible
misidentification of archaeo]ogicalvcultUres. In France, the
Tayacian and other pre-Mousterian industries hKave remained
enigmétic since their initial _identificétion. These
industries lack the characteristic tool types (e.g.,
handaxs) of preceding and following industrfes and consist
of flake tools with a éharacteristic steep retouch. More
recently, aréhaeologists in France have come to consider
these specimens to be’"pseudo-outi1s" ‘or flakes that have
been subjected to a variety of turbation processes resulting

in edge mddifications resembling human retouch (Laville et

al 1980). Probable mechanisms involved in the alteration of "

these specimens include bio-turbation or trampling (Bordes

and Bourdier 1951) and’éryoturbation (Lavilie et al., 1980,
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Bordes 1969).

The Clactonian ocgupies a similar enigmatic status in
lthe British Paleolithic. Ohel (1978) hasvargued that the
Clactonién does not inffacf represent a separate cultural:
entity but merely redeposited Acheulean preparatory areas.
Resolution of this dilemma rests in part 'upon the
interpretation of edge démége on fiakes in fluvial gravels
ascribed to the Clactonian. In Ohel’'s (ibid.) opinion, “much
of the alteration is attributable to damage during fluvial

transport and not hominid retouch.

G. Outline of Chapters

The introductory chapter has servedc to 6ut]ine thg
problem under study and address its significance to general
archaeological problems. In Chapter 2 a review of the
literature peftinent to fhe question of distinguishing
‘natural from culturally-modified stone materials will be
presented. Due to the Unsystemat{c nature of previous
Vresearch, the _11térature is 'divided into three approaches:
cdnsensus, empirical/experimental and the technological
approach. It is argued that much past research has suffered
from the lack of a coherent, explicitly outlined research
deéign. In the third chapter, a research design is presented
which draws upon past research but emphasizes the necessity
for evaluating the geomorphic context of 'specimens. In
subsequent chapters three case studies are presented. These

case studies consist of questionable altered stone materials
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collected from three widely separated excavation sites. In
the concluding chapter the research design is evaluated in
terms of its utility for evaluation of the case studies, and
suggestions are presented for future research. It is argued
fh;t the most relevant area for future research lies in two
areas: 1) obtaining a clearer understanding of the relevant
parameters of transport in geomorphic environments through
expe;imentation or empirical observation and, 2) development
of .procesé analogues for better understanding the human

alteration of stone materials.



I11. Previous Research

A. Introduction
The presént chapter will review the relevant literature
pertfnent to the problem of' distinguishing natural
modificatiohs of stone from those due to human activity. The
structure of this —chapter will follow the logical
distinction made earlier between macromorphological
alterations and micromorphological alterations.
Macromorphological alterations were the subject of extensive
research during the latter half of the‘19tH century and the
early part of the 20th century when it was termed the:
"eolithic” problem. Much of current research into
macromorphological alterations by natural forces has not
progressed much beyond the foundations 1aid by earlier
scholars. Micromorphological research, on the other hand,
commenced only during the early 1960's with the renewed
| interest in obtaining functional information about stone

tools.

B. Approacﬁes to the pfob]em: Macro-Alterations

Portions of the preceding chapter briefly outlined -the:
nature of contfoversies about " "eoliths" in both the New
World and elsewhere. Throughout this discussion it became
clear that several similarities in argument exist which
serve to unify the nature of the problem throughout the

world in the past as well as in more recent research:

22
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t) In each area, questionable sites predate a
specific time line beyond which archaeological
cultures are firmly founded.

2) Questionable specimens generally Joocur in
redeposited contexts.

3) Iﬁdividual specimens or assemblages are-
relatively “"crude" in comparison to the earliest
generally accepted evidence.

Four not necessarily mutually exclusive approaches, or
lines of argument, have characterized attempts‘to evaluate
the status‘of various "eolithic" assemblages: the "consensus
approach,” the "empirical approach,” the “experimental
approach", and the "technological approach.”

Consensus Approach

PerHdps the most widespread approach to »the
determination of the artificial or natural status of
specific questionable assemblages has been the consensus
aﬁproacﬁ, or the agreement in opinion by groups of scholars.
Simply, though not unfairly put, this approach consists of
groups of individual scholars - examining a specific
collection  and its context, either personally or by
communication, and arriving at a consensus opinion as to its
status: cultural or natural. This does not, however, imply
unity 1in the discipline  as, quite commonly, two or mofe
groups of scholars may reach quite different‘COnclusions.

Obviously, the -validity of this approach is dépendent
upon 1) the quality of data presentation and, 2) the
competence‘vof the individuals comprising the groups to make

informed opinions on this subject. The impact of this

consensus on the profession as a whole is, however, 1in
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direct. proportion \fg/ the position and status within the
academic édmmunity  of the individual scholafs and not
neccesarily proportional to their cdhpetence\ in thé
partiéu]ar field of study.

-For example, it was congen§us opinion Eby noted
geologists (Sir John Prestwich, éhd Charles Lyell) -from
Englandﬂ tﬁ%t. 1ed, eventually, to the géneral acceptance of
flaked stone frdm the Somme River gravels as being the work
of ante-diluvial hominids (Oakley 1972). Similarly, it was
an agreement in opinion by a ma jority df noted scholars that
led to the general dismissal of fhe Calico Mountains site as
vélid’evidencé for very early hominids in North America.

At conferenées in North Ameriéa, a nbt infrequent sight
is the excavator of an Early Man Site, armed with a
-briefcase fu}ﬁ of specimens, attempting to rally support for

the authen}%cjty of‘their discovery. This tactjc consists of
trying Lé/ stimulate grassroots' support either p?ior to
publication, or after this route has faf]ed.
Clearly, the solution to'a problem as complex as this
. cannot be resolved by personal viewing or handling of
‘specimens. If the authenticity of specimens were so
compelling.as to convince a skeptic by visual examination,
then the problem could be dispensed with in short order. In
large part, tﬁe problem with the consensus approach lies its
bagic assumpfion: that archaeologists, és "“experts" in the
gtudy of material culture, should be sufficiéntly competent

to make informed opinions on the artificial status of a
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given ‘assemblage of questionable flaked stone. The fact
remains that the majority of archaeologists lack the
‘requisite training to make a reasoned‘judgement on thé basis
of a Timited visual or tactile ihpression, if indeed this is
ever possible in marginal cases. Nevérthe]gss, a number of
sites, particularly in the New Worid, have had dark and
ominous clouds cast over them on just these grounds (e.g.,
Calico Mountains, Texas Street, E]y Bosque) . Onl the other
hand, excavafoﬁs of these potenfia]ly important sites have
consistentlytfailed to publish detailed documentation of

their specimens and their contexts (see however, Meadowcroft

Rockshelter, Adovasio, et al. 1977, 1978)ﬂ‘More\important1y,

few scholars _on either the pro or con siéé\attempf to
S : \\\
approach the problem from the framework of presenting . for

testing a series of multiple wdrking hypotheses. It_may be

that there exists such an ideological sp]it‘ that neither

side is willing to provide fuel for the'_a1ternative

position.

C. The Empirica]QApprdach

vWith the' claims for an "Eolithic" technological stage
during the latter pént of the 19th dehtury, archaeoTogists
were presented wjth a very comp]ex‘problem. On the one hand,
the ‘perosed collections of humanly-flaked stone were
recovered from whaf were-identified'as Pliocene or M{océne
deposits, earlier than the accepted existence of hominids

anywhere: in addition, the specimehs were exceedingly crude

o

S
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by Paleolithic standards. On the ofher hand, there existed
little experimental or empirical evidence regarding the role
of natural processes in flaking flint with which to evaluate
these _claims. Faced with this dilemma; prehistorians
interested in the question of Early Man undertook an
extensive program 'of empirical and experimental research
into human and natural fracturing of stone.

L

Much of the empirical research, for reasons to be
explained later, has beeh/;f small utility on ogher than a
heuristic level. Thus, although there now ‘exist many
observations of natural flaking processes or their products,
it is difficu]t to use these observations to make sense out
of quesfionab]e early assemblages. There has been only one
attempf (Barnes 1939) to pull -together the§e ‘-varied
obsefvations into a coherent, empirically verified
framework. Due to the extreme significance that the "Barnes
me thod" ‘has “had in eolithic studies, this subject will be
discussed at length below.

The primary contribution of empiricai studies of
natural fracture processes was the recognition that natural
processes could, in fact, produce stone flakes'mﬁjpin some
cases, these naturally broken specjmens 'mimicked hominid -
handicraft. Within the context of:%ﬁé Eolithic dispute, it
was the "“con" side that produced irrefutable specimens of
natufa]]y-fractured stone (cf. Breuil 1910, Rutot 1902,

Warren 1905). These well documented studies, although not

disproving the status of eolithic specimens championed by
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Moir (1819) .and.others, cast sufficient doubt on the issue

tO»Keep it beclouded for years.

D. The Barne§ Criteria for Human Workmanship

Ih the . literature critical of proposed early sites in
the New Worid, the most‘ often cited study of natural
fracturing is that of A. Barnes (1939)L Essentially, Barnes’
goal was to set up an objective, measurable indek that would
faithfully segregate populatioﬁs. of human]y-f]aked stone
from that flaked by nature (either pressure or percussion).
Barnes set up‘ his stUdy by,contrasting Human and natural
flaking in terms of the degreé of .control over fracture
variables based on thé'premise«ihat hUman work represents:
controlled fracture while natural flaking 1sﬁdncontrolled, a
distinction originally made‘by Warren (1905).}Barn§s quite
r‘vightly _reasonéd that a pm'me; variable invo]”in the
controlled removal of flakes is the -angle between the
platform and the core fqpe. In percuééion flaking, acute
angles are an essential ?ngredient for most controlled
flaking. From this observation, Barnes reasonéd that
col]eétions of flaked stone "...may be c&nsiaebed;to be of
human origin if not more thaﬁi 25% of the. angles
platform-scar are obtuse..." (ibid: 1J1f. This seemingly
arbitrarybcutoff‘point :was arriVed‘ at - by comparing the
angles platform-scar, values from colTeét}oné of
humanly-flaked artifacts with specimens broken in situations

of"uncontrol1ed fracture\ (e.g., beneath the * wheels of
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vehicles), and with collections of eoliths. In fhe 1after
two populations, the angles platform-scar values were
conéistently and signifiéantly di fferent (more obtuse) by at
_least one standard deviation than examples of human work.

Payen (n:g,Jﬂ Taylor and Payen 1979) has repent]y‘
attempted to provide further empirical support' for Barnes’
generalization. Payen's study involved the collection of
naturally fractured specimens from a number of different
1oca]itites,' és well as conductiné a series.of experiments
to fracture rocks in uncontrolled fracture envirohﬁents. His
study provides strikingly similér results to those obtained
by Barnes (1939). Based on his results, Taylor and‘ Payen
(1979) pub]ishéd an evaluation of the stone specimens from
the Calico Hills site. As specimens from Calico- Hills
exéeeded the 25% cutoff for obtuseﬁahgled glake scars, the.
authors concluded that stone clasts from the site were, in
all probabilify, natural in origin.

The simp]fcity and intersubjectivity of the Barnes
method has encouraged others to use the technique when
eva]uéting questionable sites. Ascher and Ascher (1965)
applied the method to specimens attributed to the Talchaco
complex in Arizona. In their op{nion, the Barnes techniqué
successfully distinguished a col]ecfion. of mixed surface
specimens into populations fractured by nature from those
fractured by hominids. Unfortunate]y, these authors made the

initial segregation of specimens on the basis of other

criteria, a logical error discussed further below.
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More recently, Bleed (1977) modified ‘the Barnes method
to obJectiQe]y assess stone flakes from the Sozudai 51te,~
Japan. Instead of measuring the angles of fiaké scars as
Barnes (1939) out]ined, Bleed measured the complimentary
angle on the flakes (Wilmsen's 1970 Beta angle). In Bleed’s
opinion, the range of values obtained from the flakes
indicate that hominids were responsible -for their production‘
as they conform to‘espected values for human industries from

the Barnes index.

E. Problems With the Barnes Method
"In a field as. rife with controversy as that nf‘ Early
Man studies in the New World, where opinion often outstrips
analysié, an objective méthbd for evaluating questionable
sites such as the Barnes method would seem to be a cure for
\the i]]élof the field. However, certain criticisms of the
method have been raised. These criticisms make it unlikely
that the Barnes method will éver achieve the status of a
discriminating technique which is applicable in all places
at all times. % | ‘ .
Speth (1972) argues that when degiing with as complex a
phenomenon as stone fracture, concentration ‘upon a single
attribute could be dangeroué]y »mislgading. However, this
criticism would be valid only if the method remained
unsubstantiated by any particular body of empirical data.

More serious are several criticisms outlined below that have

to do with the logical structure of the Barnes method.
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Essentially, the Barnes method represents an empirical
generalization, that is, a summary statement based on.
observed patterns in sets of empirical data (Reynolds 1971).
The explanation for the relationships observed in the data
resides in the postulated differences between controlled and
uncontrolled fracture. The re]ationship between data sets is
nét subject to question; only to further Verification. The
real problem lies in the postulated relationship between
uncontrolled fracture and human versus nathal frécture.

That the human fracture of stone is not always
controlled in Barnes’s sense has been illustr;ted by White’s
(1967) étudy of aboriginal stoneworking techniques in New
Guinea. In this instance stone was réduced to angular
fragments by simply throwing one large noduie onto another.
Similar pﬁactices have been Vobserved among ‘Australian
aborigines. Although no analysis of flaking angles have been
published from théseu studies, it 1is most probable that
ranges of values for these éttribufes would conform to the
uncontro]led,‘or natha] fracture modei. ) |

On.the other hand, it is relat}vely eésy to demonstrate
the existence of vcertain stone reduction strategies where
the resultant by-products are characteristically steep or
obtuse-angled. For example, aboriginal craftspersons
characteristica]lylEeduced roundéd quartzite cobbles and
pebbles with various" bipolar reduction strategies. These
stoneworkers readily manipulated radial fracture pfincib]es

(Bonnichsen 1977) that invariably yielded, obtuse-angled
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 by-products. The well-known blade industries in Europe were
predicated on the attainment and manipulation of
steep-angled core faces . with resQltant steep-angled
debitage. |
ClearTy, Barnes’'s (1939) cencept of controlled fracture
cannot be extended to all Known hominid strategies of stone
tool production. . Rather, his method is only vehified for
those stone industries from which it was drawn, primarily
Acheulean and Mousterian. However, the method could
logically be extended to most other stoneworking strategies
lwhere cone fracture techniquee and bifacial flaking
predominate.

. Uncontrolled fracture, either natural or experimental,
‘was found by Barnes (1939), and later verified by Tay]or and
Payen (1979) to yield obtuse angles platform-scar va]uesAin
at 1eaet 25% of the examples. Mean values. obtained from
these data range between ’84 degrees and 99 degrees for
vafious samp]e lots. As a f]intkhapper, this distribution of
values is contrary to experience (see also Patterson n.d.).
The reason human beings utilizing cone fracture principles
generally impact gpoL acute-angled core faces is because
this is the éhsiest,means of reducing a core. With only a
hand held impactor it is diffiey]t to drive off flakes, let
alone control their morphology, from obtuse;ahgled core
faces. Therefore, if the responsible mechanical principles

‘operate at all times, why should natural forces be immune?

L
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The data on uncontrolled fracture presented by Taylor
and Payen (1979) and Barnes (1939) can be explained by
examining the force levels represented by the natural and
experimental environments from which their specimens were
collected. The only way in which hominids are able to
manipulate radial fracture teChniques is either by throwing
a large rock onto another, which is fixed upon aa anvil, or
by using a ~sufficiently small pebble on an ahvi].‘Thus.
-variables such as f;rce and size of the impactor relative to
the impacted clast are crucial and, beyond a theoretical
threshold, the angle of the impact area relative to the core
face is not important. ‘

Therefore, in natural environments where energy levels
greatly exceed the threshold failure limit of particular
stone clasts, fracture‘can'occur regardless of the angles
presented by impacted c]asts.‘This postulate is verified'by
experimental and natura]rcon;exts‘from which Barnes (1939)
and Payen (Taylor and Payen 1%79, Payen n.d.) selected
specimens.‘These fracturing environments include: -glacial
deposits (Barnes 1939, Taylor and Payen 1979), collapsed
beds - (Barnes 1939, Taylor and Payen 1979}, roadways
travelled by heavy vehicles (Barnes 1939, Taylor and Payen
1979), dropping 50 1b weights onto chert nodules (Taylor and
Payen 1979), and crushing with an eight'ton road grader
(Taylor and Payen 1979). C]early, in these situations the

internal strength of the rocks‘is greatly exceeded and the

angle of fracture will depend upon the availability of
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angles of different degrees and the specific area impacted.
In natural environments where avaifable energy exceeds this
theoretical threshold value then Barnes'’s axiom will
probably hold true. _

Most natural processes probably do not exceed this
threshold with great regularity. Fluvial proceséeg certainly
would not. fit this pattern. Fluvial environments  are
characterized by a wide range of energy leyels both
| seasonally and longitudinally along their course. However,
other than waterfalls, it is ' unlikely that anywhere along
their course would they regularly exceed threshold strength
levels for most rocks. Similarly, various _§oill creep
.processes probably do not ekceed these limits. Under these
conditions, when and if macromorphological alterations
occur, they shbuld conform more closely to the controlled
fracture situation -(i.e., less than 25% obtuse-angled
removals). Thus, Barnes’s (1939) criteria for distinguishing
natural from humanly-flaked stone’cannot be applied acro;s
the board, at least not without further empirical déta from
environments of alteration not characterized by energy
extremes.

A further impediment to the uncritical app]icatfon of
the Barnes method lies in the inherent assumption by most.
workers that a particular cbllection of f laked étone will be
either natural or human in origin. It is entirely possible
that certain redeposited sites may contain specimens

fractured by both natural and human agencies. In a mixed
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sijuation like this, where populations of specimens produced
b one pfocess greatly outnumber the other, the Barnes
thod would simply recognize the more dominant population.
Without some independent means of segregating populations of
artifacts from naturefacts, the Barnes method would possibly
mask the Ypreéence of independent populations. Thus, at a
site such as Cglico, where natural processes have surely
broduced a significant porfion of the fractured stone in -the
deposits, it is inappropriate to adopt a single variable
approach like \the Barnes method as Taylor and Payen (1978)
héve done to evaluate as complex a question as natural
versus human fracturing. In order to resolve the or;gin of
questionable assehb]ages a hethod of multiple working
hypotheses must be adopted that includes consideration of
bbth natural and human origins.

F. Statistical and Population Arguments
A commonly heard assertion'aga{nstAacceptance of many \
proposed early sites in redeposited contexts 1is that the
excavator has Tfailed to collect a truly representative
samplie of clasts from the site and simply selected a small
number of specimens that, - by.chaﬁce, resemble artifacts, -
from the total range‘ of wvariabi®lity in clast morpholiogy
(Comments 1in Cole and Godfrey 1976). Duvall and Veneer
(1979) term this practice “form selection," defined as
~"...the selection of naturally fractured 1lithics that

resemble man-made tools and therefore create a biased sample
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of lithics from the total population of naturally . fractured
lithics at the site(p. 455)."

As Patterson (n.d.) points out, this reasoning "... is
based on the assumption that if nature breaks enough rock,
significant amounts of specimens resembling man-made objects
can be produced (p.4)." In Patterson’s (n.d.) opinion this
is an unconfirmed assumption. As he goes on to point out, if
there are great quantities of rock in the depos'its then it
becomes a matter of practicality to invoke initial screeniné
procedures to select’ only those specimens that may be
man-made.

Clearly, if subsequent analyses are to be framed in
‘terms of stafistica] comparisons of either attributes or
specimens, then at least control samples encompassing the
toté] range of natural variability must be collected. This
Kind of methodology was employed by excavators at the Calico
Hills site, as well as in the case studies in the presgnf
study.

Duvall and Veneer’'s (1979) study has been justifiably
criticized on several grounds that have significance for the
design of tests to distinguish hominid-fractured from
naturally-fractured stone. The first issue revolvesﬂérouhd
the_se]ection of attributes of broken stones with which to
compare populations. The second issue involves the question
of what populations of "other" specimens should questionable

specimens be compared to. A final 1issue can be raised

regarding the image of ranges of specimens along some



hypothepica] normal curve from "naturefacts" to
"possiblefacts” to look-alike "artifacts".

The selection of attributesf as in the testing of any
propositfon, is crucial if the results are to be meaningful
with respect to the proposed alternative hypotheses. As
Patteggon (1979) has argueqﬁh fhe greater portion of
attributes selected by Duvall aﬁg’Veneer (1979) are among
those least lfke]y to be significant in the determination of
natural Qersus human flaking. These attributes consist
mainly of those/which describe the overall geometry or the
geometry of specified edgeé(of specimens. In demonstrably
human assemblages, ranges of values for these attributes can
be shown to differ, significantly, as a function of cultural
factors (e.g., quarry sites versus hunting camps) and
characteristics of the raw materials involved. Clearly these
authors have chosen to select those flake attributes
amenable to facile quantiffcation rather than grounding the
selection of attributes in terms of underlying principles:
spec;fica]ly the principles of fracture mechanics and
general‘patterns of human stoneworking strategies. Certainly
attributes of flake geometry have their place in a
descriptive study of the sort undertaken by Duvalil and
Veneer, however, not in a str{ct1y comparative argument as
the authors presented. Rather, variables or attributes must

be consciously weighted in terms of underlying principles of

stone fracture.
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In the chapter to follow, flake attributes that are
useful i’ forming evaluative statements of human versus
natural fracture are discussed. Thesehattributes are then
related to properties of stone fracture as discussed by
several authors (e.g., Speth 13972, Bonnichsen 1977), and to
the principles of human stoneworking (Phagan 1976,
Bonnichsen 1977).

Patterson (1979) and Gruhn and Young (1380) have

successfully rebuked Duvall and Veneer's (1979) wuse of

inferential statistics in comparing the proposed tools from

Calico with Paleo-Indian flake data presented by Wilmsen
(1970), and the Calico site con@!gl group specimens. As
these critics point ,out whethgm or not flake thickness,

iength or width are statist® different from that

derived from classic Paleo-Indian éites is‘of no consequence
to the. issue of whether or not the Calico specimens are
artifacts. This fundamental problem of inappropriateness
relates to the rprobiem of attribute selection discussed
prev%ously, as well as to the fact that the eight

Paleo-Indian sites discussed by Wilmsen (1970) are hardly

representative of human stone-flaking in the New_Wbrld '

during the last 10,000 years, let alone a much earlier time.
What then is the value or eppropriate place for comparisons
of population characteristics in tackling the issue of human
versus natural flaking?

“ An obvious sé}ut}on to this logical dilemma would be to

compare populations of possiblefacts to specimehs Known to

(21
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have been fractured by geologicé] agencies similar in Kind
to thése repfesented at the site in question. This sort of
ana]stS’ is performed for specimens at the Tim]fn site and
Caribou Island site (Chapter 4) where  fracturing can be
demonstrated by independent means to have occurred during
glacial transport. However, it must be recognized that this
is generally a difficu]t problem to overcome, as, in mO#t
instances. of natural fracture, geological processes _do not

leave independent lines of evidence on flaked specimens.

G.>Technological”Approach .

One of the early arguments put forward by Moir (1912,
1919) for the artificial status of English eoliths was that
mbrpho]ggical "types" could be isolated in these collections
and that'they represented a replicable production strategy.
One half of the argument consjsted éf, simply demonstrating
that hominids - coU]d, in fact, create stone objects of
simila#;morpho]ogy. Té this end, Moir (1912) performed
replicative experiments demonstrating the way in which
rostro-carinate implements could be manufactured using only
simple stbne tools. Given the stateqof knowledge regarding
"stone tool ﬁanufactdre‘around the turn of the century these
studies were an essential part of the attempt to understand
the problem’. The final art of the argument was that these
morpho-téchﬁb]ogica] types recurred consistently and?joﬁﬁgd

a pattern of both‘shape and technology.
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Unfortunately, demonstrating how a particular
’implement’ could have been manufactured by hominids does
not mean that hom1n1ds actua]ly manufactured such a 'type.’
Warren (1921) countered Moir's (1912) claim by demonstbating
“how, in certain natural contexts this form and " technology"
could be replicated. At tnis point the argument'énters the
realm of probabilistic assessment. What is ‘the rate of
occurrence in a given locality of specffic “types," for
instance the rostrQ-carinate, in relation to numbers of
other clasts of flakeable stone? Unfortunately, these
stud1es were never under taken and the issue was left tn ‘be
resolved through consensus. ‘

Clearly though, the demonstration'of how an implement
could have been manufactured is an important step in
resolving 1ts; artificial or natural status. Recent ly
Childers (1977) has sucéeeded in replicating one method for
the prnductfon of what he calls "ridge back toola,".found in
the deserts _nf southern California. The technique outlined
by Childers consists of a two person operation using a 1arge'
wooden punch 1mpacted on a 1arge stone cobble to drive large
spa]]s off a boulder.;Th1s process functions to isolate a
p]atﬁorm vfor the remoQa] of a large flake with a triangular
_ crbss-section. The end product lacks mofphoiogical features
such as a platform and bulb of percussion that are
characteristic of mosflstone f]aking.ﬂAs this technique is

extremely dissimilar to typical North American aboriginal

» §—
stoneworking techniques, in the absence of contextuaiﬁgﬁk
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évidence to the contrary, an unmodified "ridge back" would
likely be dismissed as an artificial specimen.

In a similar vein, Bonnichsen (1968) demonstrated a
recurrent pattern of producing flake geometrics on the
Northern'Pla{ns by radially fracturing flakes on an anvil.
Prior to this study, broken, angular f]ake fragments were
commqnly attributed to geological or accidental biological
breakage.

Clearly these sorts of analyses are of value on a
'heuristic level. Certainly the principles involved in this
form of reasoning (recurfent patterns of form and
technology) form the basis for the .recognition of all
archaeological assemblages. In the case of bffacia]]y-flaked
implements "in the New World, it is both the almostipedantic
recurrence of form.and technology as well as the 1ntuitfve
assessment of the :mprobablity of a natural origin (dUe fo
the expertise requ{red consistent]y to produce bifacial

implements) that makes is° possible to identify & Clovis

point even in a redeposited context. Replicative studies of

' techniques of production can; therefore, be of great utility

in at Jeast providing a4 sense of\undersfépding regarding the
steps and difficulty involved iﬁ specific - production
strategies. /
Attribute Analysi;?g; Manufacturing Patterns

AThé;majogity of questiohab]e assemblages of flaked
stone do not ;onsist of heavily modified stone ciasts.

Rather, these collections consist primarily of gtone flakes,



.41

flaked nodules, and mihimal]y modified ‘clasts. In these
situations, a technological analysis focuses on.attributes
of flakes or flaked nodules that are charaéteristic of human
stoneworking  and defines their range of values and
occurrence on specimens’in the collection. These attributes
include platform preparation, numbers and patterﬁs,of dorsal

flake scars for flakes, and angles directions and uniformity

of flake scars on flaheﬁ?5m¢¢ules. An assessment of the

collection can then be maéé oﬁ‘fﬁé basis of assumptions of
patterning and regularity in human flaking, and its absence
in natural fracture situations (Patterson n.d.).
Surprising]y, however, few studies of this sort exist.
vC]ear]y the documentation of attributes of stone tool

'fﬁg?acture should form the basis of any detailed analysis

5:collection of questionable spécimens from a particular

oca]ity.: At the very least, this sort of detailed analyis

xg@%/Wou]d provide information wi?h Which the érchaeo]ogica]
community could begin to make informed decisions.

Patterson (1977, n.d.) has performed = preliminary
analyses of manufacturing attributes for the Texas Street
And’Calico Hills collections. Alfhough a useful first step,
Patterson éxamined »s0Nnly small portions of the collections
and the data were presented only sketchily. In addition,.
Patterson (n.d;) has prepared a detailed discussion of the
significance of particular attributes, or attribute states,
ih ‘recognizing human modificaiion of specimens in disturbed

contexts.
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Other studies pertaining to manufaéturing pattern
‘evaluation are even less quantftat?ve {cf. Witthoft 1955).
These studies attempt to recognize general manufacturing
strategies (e.g., bipolar flaking) without providing
evidencé to> support the observations.

H. Eva]uat%bn of Micromorphological Alterations
Introduct ion

The previous chapter has outlined some of the problems
encountered wfth micromorphological alterations on a“
macroscobic level which can imitate eithef use-wear or human
retouch.  The discussion to follow Wij] focus on the
empirical and experimental work (undertaken to attempt to
resb]ve - this issue. As will be shown, the debate about the
possibility of distinguishing certain Kinds of\
micromodifications has resulted in a methodological split
améng use-wear éna]ystséthat will only be =esolved with
further expeﬁimenta] and theorétiéal studies. This split has
been termed the "low power approach" versus tHe “high power
approach.” / |

In‘a pioneering experimental and systematic approach to
the application of use-wear studies to stone tools, Semenov
{1864) pointed to the possibility of natural edge and
surface modifications either mimicking or obfuscating
evidence of human use-wear. This work was concerned
primarily with the observation of microscopic alterations.

Since Semenov’'s study, which actually reiterated statements
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hade by Warren (1914), several authors have concerned
themselves with developing criteria for disfinghishing human
from natural micromodifications (cf. Ohel 1973, Isaac 1977,
Keeley 1980, Tringham, et al. 13974).

The majority of natural micromodifications (e.g.,
microflake scars) require only small amounts of energy, and
very little or, in some cases; no movement of clasts (e.g.,
§olution polish). Given  these - energy = and movement
paramefers, gome natural micromodifications should be

expected 'at' almost any .archaeofogical site, making this
\\field of study of extreme importance. |
The "High Power"” Versus "Low Power" Argument

It bas long been recognized by$archaeologists (cf..Méir
1919, MacCurdy 1905} that when human beings utilize stone‘
tools to perform tasks such as scfaping, chopping or
cutting, both microscopic and macroécopic alterations to the
foé] edges and‘surféces can occur. These é]terations may
ﬁgke the form of microfilaking of the edge of the tool, or a
h&st of other morphological features, including edge bpelish
and the formation of striations on surfaces. However, it was
a]soirecognized that natural agencies could produce many of
thesé\same alterations. |

’ With the emergence of lithic use-wear studies as a
potent résearch field, a methodological split has. arisen,
centered, in part, around the issue of diStinguishing

natural from human microa]terafions. Keeley (1974, 1980,

KeeTey and Newcomer 1977) has been perhaps -the most
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persUasive proponent of the "high power" approach to
use-wear studies. Advocates of the the high magnification
approach echo Semenov’s (1964), original  concern that a
xnumber of ‘natural agencies can produce edge and surfacé
alterations morphologically similar to human é]teratiohs.
Keeley (1980; 28-35) feels that edge polish and to é more
limited extent, striatidns,/ provide the only re]iéble
indicators of human‘ utilization. Thus, 1in his opinion,
analysts who rely primarily upon low magnification will be
:apt to misidentify a number of natural modifications as
being caused by human utilization. |

Propqnents of the low magnification approach arng that
tHeir methodology is both faster and less expensive than
primary: reliance upon high magnification obéervations. They
argue further that edge démage} in the form of microflaking,'
occurs much more rapidly than either polish or striation
formation and that specffic tasks performed on materials of
variable hardness will leave characteristic patterns of edge
damage (0Odell 1980, 0Odell and O0Odell-Vereecken 1980*. To
counter criticisms laid by proponents of the high power
approach,» a limited series of experiments were undertaken to
replicate the formation of edge damage by natura1 agencies.
These experiments led Tringham, et al. (1974: 191) to make -

the unqualified statement that:

"in analyzing the lithic material - prehistoric
assemblage, there is no difficulty istinguishing
the damage resulting from deliberat< :.sage from that
which results from accidental or "natural’
agencies.” ' ;

Vi
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Iﬁ their repT%cation of fluvial transport the authors cited
above subjected five flint flakes to vigorous shaking in a
pléstic bag filled with sands, gravels and water for one
hour. The conc]usiéns derived from this experiment were that
damage-from water action is distinct and "...quite unlike
any known wear pattern (ibid.)." Characteristics of this

pattern produced by 'natural forces’ are as follows:

1) Random distribution of scars along the entire
flake perimeter,

2) Random orientation of flake scars,
3) No standardization of size or shape of'scars.

In addition, the authors performed a trampling
éxperiment in which flakes were shallowly buried and the
experimenters jumped and »trod on them for several hours,

with the following results:

1) Random distribution of scars around the entire
‘perimeter, but only on one surface.

2) No fixed ofientation or size of scars.

The identification'of micro-alterations that could only
have been produced by human activity would be of great
utility in disputes over questionablé assemblages. Polish
(as emphasized by Keeley 1980) may well prove to be one of
‘the few variables thafl can be confidently assessed (cf.
4Stapert 1376). However, in the contexts in which the
majority of questionable sites are .located, evidence of édge
polish may be entirely or partially ob]iteraﬁpd. Stone

flakes subjected to water abrasion can have tﬁé{} edges

rounded relatively quickly, thus obscuring any evidence of
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use-polish (Appendix 1[I). Thus, although it may be possible
to recognize features altered by natural agencies, as Keeley
(1980: BQ) suggests, it is often impossible to determine if
prior human traces have been subsequently removed.

The criteria developed for distinguishing natural from
human micromodifications by the low power school consist of
differences in the patterning of morpho]ogy, direction and
placement of microflaking. These differences are based on
very 1limited expe}imentation and on assumptions of how ..
clasts are transported by natural agencies.

Keeley (1980: ‘30) has criticized the experimental
replication of fluvial transpoft undertaken by Tringham, et
al. (1974). As in the case of the Barnés method discussed
previously, rgsearchers tend to .confuse natural procesées
with a notion of randomness in force amounts and placement
of impact points; However, as Keeley (1980) poipts out} the
bresence of water 1is not a'gufficient condition for the
imitation of fluvial transport. As discussed in Appendix I,
fluvial transpor{ is far from random in the sense used by
Tringham, et al. (1974ﬁland is capable Qf producing damaged
edges characterized by uniformly spaced, parallel,
equal-sized flakKe scars.

Most archaeologists operate with the assumption that
naturé] forces will produce random arrangements of edge
damage. In the majority of natural‘environments this is
‘probably a valid assumption. However, around the turn of the

century Warren (1905) demonstrated empirical evidence for
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the natural production of flake scars on specimens that were
uﬁiform in size, orientation and direction, by sub-soil
pressure flaking. However, this type of damage may well be
ofllow probability. In other environments, wﬁere fluvial
transport of clasts has operated, randomness cannot be
assumed. Further, Flenniken and Haggarty (1980) have
observed how simple trampling of clusters of flakes can -

yield edge damaged specimens that closely resemble those

documented from preﬁistoric assemblages.

I. Summary and Discussion

This chapter outlined three general approaches to the
evaluation of macromorphological alterations to assemblages
of flaked stone. Because of the lack of a coherent research
design for the evaluation of questionable assemblages,
archaeologists have usually operated by means of the procéss
of consensus opinion. This approach has not 'on1y been‘
unproductive but counterproductive to 'the ultimate-
resb]ution of the status of potentially significant sites.

The empirical/experimental approach has proven useful
as far as it has been taken. Useful examples of alterations
to stone clasts have been described. In addition, the Barnes

method was formulated out of these studies, providing a

measurable index of, unfortunately, q&é'tionable utility

N

when employed in isolation without other analyses.
The technological approach is promising though untested

against significant bodies of data. This study maintains
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tBat presentation of technological data is a necessary first
Step in the evaluation of questionable sites.

In the following chapter the empirical/experimental and
technologicals approach are synthesized -into a coherent
research  design for the evaluation of .questionab!e
assemblages. These approaches ﬁwhen combined with the
contextual parameters of speéimens form a synthetic research
design with which meaningfully to evaluate questionable

assémblages of modified stone.



I11. Research Design

A. Introduction

Eariier sections outlined the significance of natural
alterations to stone clasts for a series of archaeolégical
problems.- Previous approaches to the problem of macro- and
micromorphological alterations were reviewed. In general,
the majority of these attempts were found to be inadequate;
authors either maae invalid primary assumptions concerning
popu]ations’of specimens or applied faulty and inappropriate
analytical procedures. In the present chaptér, a research
~ design 15 outlined for the evaluation of questionable sites.
This design differs from those of previous studies '~ its
emphasis on the contextual parameters Qf specimer - well
as a systematic evaluation of technological aspects. A final
section discusses evaluation procedures for questionable

sites.

B. Epistemological Considerations

There is no difference between 'the fracture mechanics
of human and natural flaking per se. A blow of a given
magnituden delivered by an impactor, to a portion of a
nodule will produce a\f]aké of iden£1c31 pfoportions whether
resulting from human hands or natural force. A similar logic
is appropriate to situations of static loading. p

Even in redeposited contexts, -archaeologists appaféntﬁy

have no difficulty determining that bifacially-thinned stone

- 49
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specimens are of human origin. If a North American biface or
Acheulean handaxe were found in coarse fluvial graQels. or
even glacial till, mos t archaeologists would have little
trouble identifying the agent of production f(e.g., Stapert
1976b). The number of individual events represented oh the
specimen (number of flake scars), the inference of
intentional shaping, and the known difficulty, even for
humans, in removing Jlong, thin, bifacial-thinning flakes
contributes to this unquestioned appraisal. However, this is
merely a probabilistic assessment based on empir{bal
observations of flint-working, and on observable patterning
in form and technology. The probability of Kuman alteration
of bifacially-thinned and shaped stone specimens would be
high. However, recognition of bifacially worked stone
objects as definite human products was not always so clear
cut as evidenced by the early controversies over handaxes in
‘Eedeposited contexts (Oakley 1972). Much of what is
considered a definite human product results from previous
experience and fami}iarity with similar forms. On.the:dther
hand, the Au lidn example gz; indicated that' even 1essr
extensively modified stone specimens become definité¢human s

'*products when they are are the dominant artifacts in pﬁimary?‘ 

contexts.

At the other end of the spectrum are specimeng g@ﬁd
features thatv can be assumed, with a high: degnéé% df
probability, to be of natural origin. These 'includef%%#qét

spalls and a variety of surficial alterations such ééﬁdéép,
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heavy striations, surface percussion cones and various
cryoturbation alterations (i.e., Jlocalized blunting and
polishing, Stapert 1976).

Between the ends of this spectrum lies a gray area in
which probabilistic assessment is difficult and requires
detailed analysis and thoughf?u] consideration of
alternative modes of alteration. However, it should be
possible, where the appropriate conditions of sample size
are met, to evaluate assemblaaes of flaked stone and make
assessments regarding their origin in probabilistic terms.
C. Research Design ¢

Implicit in the evaluation of questionable sites are
two primafy considerations: the context of specimens and
stone artifact technological criteria. In previous studies,
excluding Reeves's (1980), contextual criteria have been
used to argue against a hominid origin, and
techﬁblogiéa]/typo]ogical criteria uééd=§&o argue in its
Q? fayor. However, in order adequate]yl to assess doubtful
spé%ﬁmens, both contextual and téchno]ogical criteria must
be considered from an objective perspective. Only then will
it be possible to carry out a probabilistic assessment. The
primary aspects of this research design will be discussed
first. A more expanded discussion is presented later in this
chapter. |

There are three primary components to the research

design outlined in Figure 1: data recovery decisions,
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evaluation ot contextuai ‘parameters, /and technological
evaluation. The first component, data ;ecovery deCisiQns;
will determine in part the nature of subsequent anélyse&
that can be carried out. Contextual evaluation provides the
starting po;;l for hypothesis formulation regardiﬁg the”
ﬁature and extent of ﬁatural ,a1terationsa Technological
eva]uation “involves the obéervation of the a1tefations to
stone specimens. From these evaluations, assessment is
" carried out with respect to the fit between formulated
‘hypotheses and results from the analyzed data.

A - degree of feedback exists between all components of
tBe research des{gn. Data recovery decisions made at the
beginning of excavation must often be mitigated in light of
hypotheses générated fﬁom the other components (see Chapter
4 and A5)n Thus, for example, additional’ﬁétural processes
may be inferred from the contextual .evaluation. This may
entail collection Qf non-ar§ifactua1 épécimehs from the site
deposits. A similar strategy was employed in the Calico
Hifis project (Simpson, et al., 1978). Hypotheses generated
from thé contextual or techno]ogicai evaluation may require
.off-site data co]léction. In this case, eithér experimental
data collection or recovery -of materials from similar
environmental contexts may be reci:ired (see Chapter 4).

In -~ ~ previous cases, data co]lectiqn' has rbroceeded
in the ac.. .ce of an explicit research design. This has left
many site ana]yses/eva]uations» épen to -the criticisms

outlined 1in Chapter 2: that fhe excavators have merely
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Research Design for the Evaluation of Flaked
Stone Objects in Secondary Conges

Data Recovery Decision& g

/
Contextual
Evaluation
L}

, Y .
Technological
Evaluation

Macromo*pho]ogical o Micromorphological

Y

Assessment

Figure 1. Research design for the évarﬁation of flaked
stone objects in secondagy‘pontextf

*
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selected end-members of a continuum ofﬁwnatufa] frﬁctuke
products. In addition, unsystematic gdata ‘collection
precludes many potentig]]y impor tant ‘compa;étive analyses_
(see Chaptér 6) and, hence, weakens the conclusions thas can
be drawn from them. )
v

Contextual evaluation inf luences data recovery
decisions and - thek‘ nature of data - observation .in
technological eva]uatidn. This is fbecausé‘ hypothesis
formulation stems from the evaluation of the contéxtua]
parameters\ Qf specimens. .As an example, for specimens
collected from areas characterized by extreme temperature
ranées, spalling of clasts by freeze-thaw action may be an
appropriate working hypothesis. This hypothesis can then be
tested against the data. Additionally, this hypothesis, if
substantiéfed. may.reqﬁire placing lower ‘confidence Timits
" on certain technological attributes (e.g., dorsal surface

scars). A]ternative]y, certain a]tenmtion products may  be

i,

deemed to be anomalous from the standpoint of the contextual
evaluation. ‘Th{$ ,,may " require éddit@%ﬁa] contextual
evaluation ,dr st;engthen the alternative hypothesis of a
human origin for the specimens.‘ | .

Technological evaluation Consists‘ of observation of
alteration attributes on spécimens that are vcharacteristic_
of human stoneworking but not mutuai]y exclusive of natural
aiterations. In this eValuation, close interplay must exist

with hypotheses: concerning natural alterations generated

from the contexﬁua] ané]ysis. The contextual evaluation
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provides a basis for plaéing conf idence limits on

obserQations from the technological evaluation.

The preceding discussion has served to outline the
primary components of the research design and their
interrelationships. The individual components are expanded

&

more fully in following sections.

D. Collection Procedures

Collection methodology is extremely important to the

. resolution of the artifactual status of a collection of

altered sténe specimens. If a case is to be made for the

artificial status of altered stone clésts in a secondary
context, it must be demonstrated that the_ spécghens are
anbma1ous . prpducts for their reconstructgd geomorphfc

context. This case can only be made if, 1) samples of Known

" natural alteration products . are systematically collected

from the site deposits or, 2) specimens can be compared with

" relevant published or experimental studies.

Arguments against the procedure outlined above are that

it is too expensive and time-consuming in terms of field and.

laboratory work (Patterson n.d.}. Howevef, collection

procedures for artifacts as well as geofacts can be
implemented in terms of an overall ‘reéearch design. Ffor
example, 1if in the deposits of é si?é‘tﬁ; great majérity of
specimens are angular or rounded unflaked clasts, then only
a smai] representative sample may need to be collected. In

this instance, the relevant information to be gained from
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the analysis of naturally altered clasts might be only a
‘description of the size range of clasts (for comparison with
suspected human flakes), and the relative abundance of
particular size classes or litholbgies in the deposits.
"‘HoweVer, in situations where there exists an abqndance of

f laked nodules. and flakes, in-field segregation is’
danéerous, and- a Jlarge sample ~should be collected for

o

comparafive purposes.
E: Contextual Analysis
Contextua]_hehe refers to the reconstructed geomorphic
and weathering énvironmenf in Whicﬁ specimens were4located
and underwent transport or disaggregation. From this
analysis, an appreciation can be gainedbfor the potential of
various Kinds of macro- and micromorphological a]te}ationsf
This can be achieved by a consideration of models of
particle transport via various geomorphic processes, as well
as those alteration mechanisms that do not necessarily
include sighificant transport (i.e. physical weathering).
-The. underlying rationale for carrying out a contextuai
analysis is that nof all geomorphic processes transpor?/
speéimens in the same way. Various processes can se]ective]y—
bias the representation of certéin size classes  [Shackley
1978, Isaac 1967), or Titho]ogies. Intaddition, the Kinds of
alferationsVcharactéristic of particular ehvirdnments‘can be
rather differgnt due to the manner in which'specimens are

transported. For instance, 1 a fluvial environment, the
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hature of particle movement and, hence, damage, is in large
part dependent upon size and to a lesser extent, shape
characteristies. Further, the amounts and‘ distribution of
energy available in particular environments differs greatly
and will therefore affect the nature and kinds of
alterations to epeeimens. |

1Energy levels cah be thought of in terms of the
competence of natural environments to produce given
alteration types. Figure 2bdepicts a hyb;theticel continuum
' of»transport,energy in geomorphic environments. Envirénments

beldw‘the hypothetical dashed line ére~primari]y jnvolved\in

P producing micromorphological alterations to etope clasts aﬁd
artifacts. Those above the line are “involved in producing
both mac%e- and micromorphological = .alterations. The .
transport energy, and hence the competence, of a given
'alteration environment will determine the range of
alterations produced in terms of size and morphological
chahecteristics. |

The empirical data upon which Barnes (1939) formulated
his criteria as well as the later study undertaken by Téyﬁor
and Payeﬁ (1979) was derived from specimens fractured in
environments Jlocated above fhe line on Figure 2. These
environments are characterized. locally byjabundant available
energy 'greater than that required for c]asf failure. Thus
the large percentage of obtuse angled flake rehova]s,
seemingly anomalous from a flintkhappeh’e perspectjve, makes

sense when considering forces beyoqq}those capa being
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prodgced by human hand-held pe"rssion. However, from the
perspective of fracture mechanics one would still expect a
greater proportion of acute angled removals because this
constitutes the more éasily failed surface. This latter
problem becomes clear when considering the suhface area
available on nodule surfaces compared to the évailable area
of acute-angled edges. If c]aét on cliast impingement is a
stochastic phenomenon, then probabilistically, a higher
percentage of contacts Between clasts .will occur on
obtuse-angied. surfaées. In addition, it wou 1d seem
reasonable that undér conditions of static loading a clast
impinging on another’'s edge would often accommodate the
stress by siipping rather thanbfailing.

When considering other fracturing environments where
either available energy is greatly reduced (e.g.,
solifluction, fluvial transport) or the impact is dynamic
(e.g., mudflows), quite different results can be expécted.
In f]uvial environments, due to, in most cases, markedly
reduced energy, fracturing should be greatly reduced in
terms of the size of the flake removals, and'coﬁtrolled to a
mUéh greater degree by the angles available on the
specimens. If the above reasoning is 'valid, it should be
possible to construct mbdels of a]terafion environments that
predict the expectable kinds of alterations to stone clasts ~
given. the amount of ‘available energy and the nature of the
impacts. A tentative theoretical construction is presented

in Table 1.
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v Table 1
Predictions of Alterations in Natural Environments
‘ High energy Static 1oadihg
(e.g., pressure of thick overlying beds, glacial transport)
Macro-alterations
1. High angle flake removals

2. Abrupt terminations:
3. Wide range of size classes

Micro-alterations
1. Striations
2. Pressure cones
3. Edge and ridge crushing
4. Edge and ridge micro-flaking

Low energy Static loading

(e.g., cryoturbation, solifluction)

Mécro-alterafions
1. rare,, few obtuse-angle removals

Micro-alterations
1. striations
2. pressure cones
3. edge and ridge crushing £
4. edge and ridge micro-flaking, sometimes patterned

~

Note: These préedictions are hypothetical in the sense that
they are derived predominantly from empirical :
observation and theoretical considerations.

Much more experimental research is needed
before they can be considered truly "predictive".



High energy
(e.g., mudflows)

Macro-alterations
1. wide range of size classes
2. obtuse and acute-angled removals
3. abrupt terminations

Micro-alterations
1. percussion cones
- 2. edge and ridge crushing
3. random edge and ridge micro-flaking

Low energy

' Dynamic loading

Dynamic loading

(fluvial environments)

Macro-alterations

rare, acute when present

. edge and ridge rounding
extensive edge micro-flaKking

. more limited ridge micro-flaking
. occasional striations

OB Wt —

N
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Several authors have advocated or undertaken contextual
analyses of putatively early hominid sites in North America.
In what was perhaps the most insightful approach to the
evaluation of the Calico Hills site to date, Haynes (1973)
presented a hypothetical reconstruction of the various
transport and weathering processes to which the chert clasts
at this site must have been subjected. With the predictions
for Kinds of alterations expected in these environments,
Hayﬁes’s outline would constitute a useful point.’ of
departure for a meaningful consideration of the role of
natural flaking at this potentially important site.
Unfor tunately, this analysis has yet to be undertaken.

In a more detailed analysis, Reeves (1980) has taken a
contextual approach to the determination of flaked cherts in
Pleistocene deposits near Medicine. Hat, Alberta. In this
study the author evaluated potgntia] environments for
alteration and sought to observe characferistic attributes

N

of these processes.

F. Absolute Criteria
: Abso]ute criteria for naturally fFactured versus
humanly fractured clasts can be considered on the population
or the specimen’level. Barnes’s (19339) method was designed
as an absolute criterion on the population level.
Absolute criteria for recognizing naturally altered
individual spécimens are few but important to the overall

research design. Recognition of naturally fractured
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specimens %s important in initial population segregation and
for the analytic comparison of the natural with the
"questionable” population, However, it would be misleading
to group all naturally fractured specimens known to have
been fractured by different agencies into a single
population for statistical analyses, as Taylor and Payen
(1378) have done.

There are, unfortunately, very few absolute criteria
for recognizing natural flaking. The most common, and easily
distinguished natural fracturing process is‘ freeze-thaw
- fracture. This process produces distinctive attributes that
are easily discernible on mos t 1itho{o§€es (cf. Pei 1936,
Oakley. 1972). These attributes consisf of 1) concentric
rings originating in the center of the spall, 2) presence of
nipples at the center of the concentric rings, 3) the
absence of features indicative of percuséion removai (e.g.,
plétform, bulb of  percussion). The attributes are
sufficiently distinctive to make it difficult to confuse
this natural process with human stoneworking.

Many previous studies of natural f1aking at pfob‘»matic
archaeological sites suffer due to the fact that they did
not recognize the presence of frost spalls (Duva11 and
Veneer 1980) or they were mentioned but nonethe]éss were
grouped with the remainder of the collection for analytical
purposes (Taylor aﬁd Payen 1978). |

As discussed in Chapter 2, failure to segregate

populations makes subsequent statistical manipulation of the
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data invalid as the products of non-identical processes are .

represented. Further, the lack of feedback from the
contextual to the technological evéluation makes the latter
observations suspect. ~

The presence of deeply striated wventral surfaces on
stone flakes may be considered an absolute criterion for
natural flaking in certain contexts. Their presence would
imply post-detacﬁment transport in an environment capable of
producing deep striations, which in glaciated regions would
most probably be due to glacial transport. However, if an
archaeological site were subsequently overridden by glacial
ice artifacts may be altered. Stapert (1976) describes
striated handaxes in tills in the Netherlands.

It 'maybbe possible to define absolute criteria for the
products of other environments and/or geomorphic processes.
At  this stage, given the paucity of empirical and

experimental research, these criteria are not available.

G. Evaluation df,Fracturing Environments

In any evaluation of a natural fracturing envirionment
at least three general parameters must be considered: 1)
competence of the transport medium, 2) Clast’motjon within
fhe transport medium, and 3) léngth and/or périodicity of
transport (Figure 3). These are merely general parameters,
not necessarily linked to any specific gebmorphic context.
Thus, qualitative assessment of these parameters éan be

conducted in the absence of detailed geomorphic assessment.

-
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- Figure 3. Research design for contextual
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analysis
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- éompetence refers . to the ability of the transport
7medium_to move objects with suffjcient force to produce
-alterations of a given magnitude. The’usage of the term
competence is similar though not identical to its defjnition
wi-th Vrespect to sediment transport in fluvial systems. Thus
a stream. may _ be competent " to transport ~ and produce
micropmorphologica] a]terations to ’ag g1ven size range of
/clast but may not be competent to produce macro alterat1ons
. On  the other hand the potential energy 1nvolved in glac1a1
transport (other factors e.g:, debris coTpos1t1on, being
’equal) . is suff1c1ent to produce the ent1rd range of miéro-
to macromorpholog1ca1 alterat1ons Thus glagial transport is'
a process competent to produce any reasonable magnitude of
alteration to. stone cla:ts. o | |
o The d1fference between stream compe énce and alteration
'competence can be 1]1ustrated with an e amp]e of soil flow
on h1l1s1opes Sollfluct1on, o% 5011/éreep'are competent to'
_ transpOrt a wide range of size classes\ under the -proper
conditionst of soil moisture content and gravﬁty. However,
the1r competence to produce alterat1ons to stone c]asts has.

\

been observed to fal] prwmar11y in the m1cromorpholog1ca]
range_(Warren 1914, Pei 1936,’Stapert 1976). In ghe case of
soil 'flohs;.]ack~of competeqce to \oduce macro-alterations
is due to the genera}ﬁy.1owienergiesl'nv01ved in clast on\
clast loading; xthe energy - of the \System asha whole is,
.hoWever, relat1vely ”arge Th1s apparent anomaPy can be

explajned by the second related parameter the movement of



clasts.

The movement of cﬁasts“within a transpcrt medium is an
important, often poorly understood consideration in the
evaluation of natural alterations -to stone clasts The
following example of clast movement within f]uv1al systems
i]}ustrates the s1gnificance of this parameter.

Fluvial Transpcrt o »
In streams, the size class of particles oP‘intereit 'ig/{;

the ‘natural fracture question are transported pri‘rha;:t/i1y~-=t;y"'i'w

‘traction Pebbles and cobbles are generalf& too heavy to be

[

sa]tated upwards through hydrodynamic 1ift into the zone of
1ncreas1ng velocity near the surface ~ Instead where net )
movement does occur, the energy 1nvolved is generally
supp11ed by turbu]ent velocity 1ead1ng to minimal sltding
and dragging movements a]ong the stream bed (Butzer_tggﬁ).
Near the bed cdr%ent veloc1ty ‘Bpproaches zero,; (Butzer 1976) ¢
and, contrary to common be]1éf pebbles will be’ unlikely to
roll rapidly along the stream bed. v
ATthough hydrodynamic Tift wou]db generally be
1nsuff1c1ent to play a role in 11ft1ng medium-sized clasts
it does appear to cause vert1ca1 v1brat1ons on the order of
m11l1meters or cent1meters (Schumm and Stevens 1973). This
vertical movement, a]though minimal, is s1gn1f1cant in terms
of s1ze reduction of clasts. When brittle solids with sharp
acute—ang]ed edges ‘undergo this in-pface motion, extensive

e

mﬁcroflaking of the edge may be expected (see Appendix I).

PR
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A furtﬁer alteration process in.stream environments is
"wet ;%nd fblasting" (Kuenan 1961, Shackley 1972), or the
ébrasfon of clast .edges and surface by fine-grained
patiticles ,oarried in suspension or by saltation. Exposed
surfaces -are continually impacﬁed - by fine particles
resulting in‘sﬁoothiog of edgeéveod polishing of surfaces.

The 1atte; process is ‘an on-going phenomenon taking
pTace throughout  an annual cycle of a stream. The pbeviously'
discussed processes occur with lese frequency and ehd a
non-uniform energy distribution. Turbulent energy iné;eases
to. a maximum between‘ 1/2 and 3/4 bankfull ~stage and
decreases beyond 4%his- point. For the most of the cycle
turbulent veloc1ty is probably not great enough to transporto
the coarser - fraction of the bed-load. Tn add1t1on ma X i mum
turbulent veloc1ty is dastr1buted uneven]y accross  the

lateral and longitudinal stream profile. Alteration

Comﬁﬁgence will then vary spatially and temporally.

- H. Discussion

The aone theoretical outline generates significant
propositions for the investigation of natural flaking in
f]hyia] 'environments. In most situations streams are not
competentv: - to produce - significant - numbers of

macro-alterations In situations where sufficient energy is
. -

Yy‘v

present, it will be distributed unever

through time and
space. On the other hand, m1cromorpholog1cal a]terat1ons may

be produced cont1nuously through time. If the degree of
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microalteration is quantitatively neasured, as suggested by
Shackley (1972), then it may be possible to outline a
chronology of flake scar production. Variable flake scar
ridge width ~measurements may be suggest1ve of intermittent
f1ake removals and a natural origin.

It is unlikely that use-wear studies of specimens
having undergone significant fluvial transport will be of
much utility. Micromorpho]ogical alterations from polishing
to microflaking of edges occur with sufficient regularity to
obscure or alter origina]xhuman alterations. Unless a great
deal more experimental work is undertaken it is unwise and

e,

probably m1s]ead1ng toyg 3_ micromorpholiogical criteria to

argue for a human origin F:' questionable specimens in a
fTuvia]'contextpas, for/# ample, Singer (1978) has done. |
| To carry out a conﬁextua] analysis adequately, first
the 1ife h1story of/;/éo]]ect1on must be fully reconstructed@_'
with respect to the/ kinds of alteration env1ronments to
which specimene weqé subjected. Thefr sequencing may also be
an essential part of the analysis. Secondly, a thordugh
contextual analysis requires adequate knowledge of the
essential paramefers of a given environmental process.. |
'ﬁReconstrucfion of the life history of a collection of
‘specimens will only rarely be complete. If specimens afe far
removed from their inifial source area, only the moet recent:

env1ronments to wh1ch ¥hey have been subjected may be

discernible. Beyond these latter stages, earlier stages of

- the \1ife history will be a ' matter of hypothetical

v T
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&

.rgconstruction.

The second problem is more complex, and Onfortunatelyv

ﬁes; easily addressed given the current state of knowledge.
Most of the essentia]g_of alterations in particular cdntexts
musi be derived from geological rand geomorphological
l;terature. It is rare, however, that the observations made
by specialists in.these fields will be directly relevant to
the quéstions posed by the éontektuaT analysis. Thus, many

of the predictions generated by the will be,' in

part, ppnjecturalQ The case studies in following chapters

,thisfregard.

suffen. 2

experimental and empiricab“Vobservations. carried out by
archaeologists. Again, this information suffers due to its

limited extent and the fact that most of it;@as carried out

earlier in this century prior to a clear understanding of

fhe;mechaniés of rock fracture. Additibnal]y, much of ¢this
literature is very subjective and only rare]y quantjfied.

1. Technological Analysis

§ When human beings intentionally alter stone materials,
depending upon the mechanfcal properties of the raw
materials, -and the desired. endjproduct, théy employ a
1imifed set of productién techniques. Thése procedures leave
chabacteristic attributes that can be objectively observed

and/or .measured. This. is not to say that these attributes

are by any means mutually -exclusive .to human  stone

Further information® can be derived'from'the‘]imitedif

[y
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alteration. It is to be expecte& that natural proéesses
will, iﬁ some instances, produce features that will mimic ..
such attributes of human stoneworking as platform ¥
‘preparation or ‘dorsal surface flake scars. However, it is
assumed that these features will - not characterize the
ma jority of natUra] f lakes ow:altered nodules.

Attributes bf human}.étoneworking can be objective]y
recorded on populations of specimens. Howeverw\{ew QP‘these
are dlagnostlc of human alteration otheréﬁ ) |

&,

pPObab1]ISt1C . sense (depend1ng upon the nun

fhaﬁvqxdn a

patterning). The step from

involves an ‘1ntermed1ate

human stoneworking pnOducts collected elsewhere.

The outline of attributes below focuses on two

generalized human . stoneworking stri 5ies: percussion
flaking _and‘bipolar flaking. These'stréfegieé were selected
primarily because of their relevaﬁbe for the case studies to
follow. In addition, simple flakés and minima]]y-flaked"
stone ogﬁécfs%$brm the bulk of specimeﬁs in the questionable
siteé discussed earlier.
Proximal Attributes |

Observation of prS?ﬁma] end attributes is extremely
important because‘ﬁgnumber of beﬁavioral processes such as
platform ‘préparation (grinding, facetiﬁg) “and ptatform

isolation may be recorded on Specimens. In addition,
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patterned striking platform geometry (depth, width, shape)
may be useful for distinguishing hominid stoneworking from
natura] flake removals. |
Platform Remnant' Depth
This is a continuous' 1ével measurement of the
distance of the widest part of the stering platform
from the ventral to the donkal face .(figure 4). The
depth of the platform remnant is dependent upon the
distance of the PFA (point of force “application) from
the core edge (Phagan 1976: 44).“Deeper platforms on
human flakes may indicate 'a desire" £o obtain Tlarger
fiakes in the early stages of cofe‘%educﬁion. However,
the same result can be obtained by ‘fsolating and
’preparing a suitdble platform for flake removal. Human
stoné flaking ¢en then be predicted to vary conéiéﬁrably
in values for this attribute. If, however, platform
~remnant depths are Characteristica]ly shallow in
relation to overall flake dimensions, then a case for a
human origin may be 1ndicated.’ :
PTatform Remnant Width
Platform remnant width is the maximum width of the
striking platform between the two lateral edges. Similar
to platform remnant'depth, this measurement correlates
negatively with the degree of platform preparation and

isolation.
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Platform Remnant Surface
This nominal attribute records the Kind and degree
of alterétion of the Aplatform surface prior to flake
removal (for definitions see Phagan 1976: 46-47) .
" Platforms may retain the original sur face of the parent
nodule (e.g., cortex), facets or a ground surface. In a
"~ very active, high energy natural fracturing environment
it is quite possible that a low number of ‘platform
remnant f1§58$ will exhibit faceted platforms. However,
xwhefe the;méjor;ty‘of suffaces are non-cortical a human
'orig{n can be strongly inferred (Patferson n.d.). On the
other hand,, the presence of predominantly cdnfical
surfaces dégs not automatically preclude a human origin.
Initial stages of core reduction such as quarrying
activites may result in predominantly cortical platform
surfaces (Phagan 1976: 47). |
Platform Preparation Scars
This attribute records the presence of microflake scars
' emanating from ‘the dorsal edge of the the platform remnant
(for definitions. see Phagan 1976 49) . In  homir
stoneworking plztform; preparation serves . to remove
- overhangs on the core face thus»”strengthening" the edge as
well as to isolate fhe, platform. In either a natural
percussive or pressure environment these features would not
be out of place fsee Chapter 4). It shouid be noted that
platform preparation scars are often ' absent on

humaniy-struck flakes as well. o
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Platform Angle

This attribute is similar to that recorded by Wilmsen
(1970: 14-17), Phagan (1976: 47-48), and Bleed (1976). The
platform angle recorded here is the complement of the actual
anglew between the platform surface and the ventral flake
surfégg. As suggestei@by Bleed (1977) and Phagan (1976) this
measurement is preferable to the éctual angle as it gives a
comparable figure to that taken off core faces such as
Barnes’'s (1939) angles-platform scar measurement. '

The platform angle is determined primariiy by the angle
of épplied force (Phagan 1976: 49). The angle of applied
force is manipulated to control flake 1length. Contrary to
Pattersoh (n.d.), human beings do occasionally“produce
flakes with platform angles greater than 90 degrees. Rather,
steeper p]atform angles reflect more outward directéd force
components (Phagan 1976).
Distal End Attributes
| Flake Termination

Flake terminations are recorded in nominal states.
Two of these states are right-angled terminations (step
and hinge terminations). These two states may indicate
inadequte force amounts and/or very high  outward
components in the angle of delivery (éhagan 1976: 51).
Also, right ahgle ter&inations occur with great
regularity when the core face 1is very steep ?hd/oh
obtuse. However, in this instance, flake rehova] will

“only proceed with very high force components.
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Ventral Surface Attributes
Attributes of ventral surface morphology are, for this
study, only recorded as being present or absent. The value
of these ' attributes, -including ripple marks, hackles,
eraillures, and percussion bulbs ‘(for definitions see
Bonnichsen 1977) is primarily for distinguishing percussive
from pressure flake removal.
Dorsal Surface Attributes
Cortex
| TPjs aéiribute igproximates the peréentage of
unmodified area remaining on the dorsal surface. It may
be difficult to determine non-cortical from cortical
surface for some lithologies, anc/or tho ecimens
that have been subjected to a lengthy*d of

weathering. ' ~ B
Scar Number

This attribute quantifies the numbér of individual
flake scars present on the dorsal surface. As in the
preceding cortex attribute, the number of dorsal scars
present on a specimen indicates the degree of prior
modification the parent nodule underwent prior to flake
removal. It'may prove difficult to distinguish fherma]
'spaﬁls from flake scars on some coarse-grained materials
that are not " conducive to_‘fhe formation of Qentfal

surface attributes .

ey
1
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Scar S?;e and Orientation
Because of the difficulty in recording . the
attributes of scar size and orientation objectively
these attributes were'oh]y subjectively assessed in this
study. However, where great regularity in size and
orientation of dorsal ffake scars exists, a human origin
is strongly implied. |
Production Technology for Quartzite Cobbles
In many areas of the New World, particularly in the
northern plains region, the most common raw méterfa] for
stone tool production coﬁsists of rounded quértzite cobbles.

These clasts are generally characterized by a.hard, smooth,

siliceous cortical surface encasing a matrix of cemented

quartz grains with considerable variation in the degree of
cementation and coarsenéss of the grains. |

Many of the production attributes outlined previously
are applicable to this raw material,‘ since it was also
bﬁfacially and unifacia]fy f 1aked by aboriginal ?eop]es.
However, due to the granular structure of most qu;ﬁtz{tes,

it may be difficult to observe many of the attributes on

- most  specimens. In addition, due to the characteristics of

the cortical surface and the degree of rounding of edges_”

(i.e., few naturally occurring{sharp, acute-angled edges),
-more specialized géchnidues of core reduction were commonly
employed with this raw matérial.

Aboriginal peoplesﬁ.utilizing’ quartzite }éobbles for

stone tool production commonly split cores longitudinally or

»
o4

v ¥a e
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into a series of fragments by means of radial fracture
techniques (throwing .clasts against clast) prior to

hand-held percussion flaking (Honea 13865, Bonnichsen and

Young n.d.). Failure by radial fracture can occdr when high .

velocity impacts , to cores with oval to circular
cross-sections are made with a hammers tone with a
~semi-circular end (Bonnichsen and Young n.d.:170). The end

product_ of failure by radial fracture may be two

longitudinal sections of the original clast (or fragment
thereof) if the specimen is oval cross-sectioned or, when
the specimen has a circular cross-section, the clast may
fail into several “orange-section” frégments (Bonnichsen

1977: 125).

Commonly aboriginal peoples attempted to fail clasts.?

with oval cross-sections by placing one end of the
longitUd1na1 axis atop an anvil and delivering a high

velocity  impact with a  thrown hammerstone. = These

\

end-products, with the Hard cortex removed from portions of

the specimen were then ‘more easily flaked by hand-held

percussion techniques.

J. Assessment . R

Fo]iowing evaluation of contextual and technoliogical

parameters it is possible to make probabilistic assessments

-® gpecimens. Assessment may cover the entire assemblage (see

vChépter‘ "6}, or - consider portions of the ‘assemblage

:ﬁfﬁeganqﬁgg the natural or humanastatus of a population of
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separately (see Chépter 5) where speciﬁbns can be subdivided
into smaller analytical populations. Assessment of micro-
versus macromorphological alteratioas  must be cdnéidered
separately.

Assessment is, to a certain degree, subjective.
However; the procedures ;nd the criteria leading to the
assessment can be explicitly stated. Other scholars are then
free to. evaluate the conclusion on the basis of objective
criferia{ ConclUsioﬁs can be strengthened or altered on the |
basis of additional ‘evidence. In this way discussions about
questionable Sites‘cén be additive and dialectic rather than
simply argumentative.

No clearcut quidelings for assessment can be laid out
at this time. In the absence of absolute criteria and
objective principles fbr estimating coﬁfidence Timits,

. . | .
assessment consists of posing four general questions:

1) What criteria argue for a ngtura1 origin, and 2/ what
criterié argue for a human origin. 3) What ’critéria /argue
against a natural origin, and 4) what criteria argue/égaiqst
a human origin. » :ﬁ

The ”Ffrst question involves evaluating whetHer or not
the population, or specﬁmens'wifhih the poph]atioh, are in
cdnformity with the prediéfions derived from the;contextualk
analysisz.Thisﬁevaldation ﬁhy be inconciusi?e when sample
size isasmal]' or the reconstructed env1ronments are poor]y

understood in terms of relevant parameters (see Chapter‘ 6).



Alternatively, the evaluat1on may be strengihengq bY“'
comparison with known natura]]y fractured specimens (see
Chapters 4. and 5). .

The pecond question . may be éddressed ﬁifh_somewhat
greafer'coﬁfidénce. Consfdérable’compafa{?§g datg has been
published and considerable research has beeﬁ conducted with
réspect to fractUPe.mechanics ofghumah stoneworking.

The third - question 'involves 'evaluating whether
speéiméns.are anomalous in their contextual parameters.
Again, estimatioh? of confidence limits is subjective.

However : where/'one or more- environments have been“

S
»reconstructed {t may be possible to e]1m1nate one or more of

them from covs1derat1on (see.Chapter 4).
The fourth quest1on is also difficult to address;
ﬁrguments /aga1nst a human origin consist primarily of
h / ' ' ‘ ‘

stress1n% minimal alterations to spé&cimens. However, in
RN

certain pehav1oral contexts (e. g , quarry activfty), Q\human1
alterat%ons may in fact be minimal.

Afcertain amount . of "artistry“ is required in the
assesgment of quéstionablé s{fe assemblages, and the
selection of alternative hypotheses' will ? rarejy LBe
straightforward. HoweVer, if the range of poésibilities\can’

be narrowed and criteria for assessment-exp]ic{tly stated it
N b :

would be a major advance over current approaches embloyed in

- the Yassessment of questionable sites.
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IV. The T1m11n Site: F1uv1a1 and.Glac1a1 Attritional

-

Processes

€ ‘ . ’

" A. Intfoduct ion o )

' The . flaked stone specimens from the Timlin site,

eags-oentral New York state, present an extremely complex

‘interpretive"problem The .context' of the specimens in

coarse, poorly sorted gravels has led nseveral authors to
questiont the artjfac1al \status of the proposed artifacts
(cf. Funk 1977 Cole and Godfrey 1977). Further the
geomorphic oontext in coarse fluvial grave]s, adm1ts to the

strong posswb11ty for extensive m1cromorphologjca1

alteration to specfmensyfAs a final comp]ioating factor;.tnp’

relative contemporaneity,gf specimens is d1ff1cu1t if not

impossible to determine in this s1Qpat1on and given the

——r

potential of fluvial systems to select and transport. ‘clasts °

- of different size ;and shapes, the possibility for sample

bias is:large. | v
The hssemb]age - of “ proposed‘ humanly-flaked stone

speoimens consists primarily "of flakes,. many of which

exhibit wunifacial edge: damage, and several cores or core

fragments. Tnev speoimens _occur in(\postglacia] fluvial
gravels, tne c]asgy of ﬂmh1ch are ultimately der1ved from
g]ac1al/g1ac1o fluv1a1 deposits in the 1mmed1ate area
(Flefisher  1980). . The lithological compos1t1onl of the
ass#mblage corresponds 1n Kind to the 11tho%og1es of brittile

c]gsts present in 1oca1 fluvial and glac1al dep051ts (i.e.

81
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no exotic materials). Given this situation, alternative
hyppthe§es for .the origin and alteration of the specimens
from this site in fluvial oq‘ glacial contexts must be

4

vobjectiVely assessed.

B; Background.tq the Problem ‘

Several archaeologists (cf.,Ritchie and Funk 1869, Funk
19%7; Starna 1977, Cﬁle ghd Godffey 1977) have quéstibned
the,artﬁfactua1‘statUS of flaked stone specimens descr ibed
; in a series of articles by Raemsch and others (cf. Raehsch

and Vernon 1977a; Raemsch‘1977b; Stagg, et al. 1980)i-1n the
initiaTldeséripfionslof‘the site, the f]akéd stone matéfials
‘were believed to lie within coarse sfony tills, and-yon
weathering surféCes separﬁting tills of diffé;ent ages
'(RaemSCh,and Vernon.197Y3). Because of the -contéﬁt of the
specimens, their vfsible weathering, and their techno]bgical
simplicity, varioug New York archaeologists. suggested that .-
fracfuring durjng glaCial’ transport might be an'equalTy
valid alternative hypothesis for their origin. -
| lin addition to the hypothesis:of f]éking during g]écia]
\\transbort, the positibn of .the specihens within coarse,
fTUVigj gravels :hintéd strongly at the poséibility‘ of
aliera£}on through vigoroué fluvial transport. The shiny,
polished appearaﬁce of the cortical surfaces of the
speci%ehs and the degree of roUndinQ.of-édges lent further

support to this»hypothesis. In particular, it was felt that

the nibbled edges of many specimens might have resulted from
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transport by this mechanism. - ‘ Z

Rttchiet and, Funk 195951 were qu1te adamant in their

assessment of examples of prd sed human flaking at the

Timlin site. In their opinion, the spec1mens were.

..unequivocally not the - wgrk of man, but the
. product . of natural agencies, of erosion by rolling,
batter1ng, and scouring and other - forms = of
- attrition. Such Tlakes as haye been removed are
» , purely random and show none of the characterlstlcs
‘ resulting from human workmansh1p (p 15)". -

and

"Most of the items from the site...cannot bé called
art1fagts)by any exerc1se of the imagination (Funk
1877 43)" , _ _

and

"With very few -exceptions, these ‘artifacts’ were
simply rocks , or, technically geofacts (Starna
~1877: 543)". .

Two primary reasons for . not accepting the specimens as
resulting from human activity were given;

1. LacK of l1tho]og1ca1 d1vers1ty (Cole and Godfrey
1977): “the specimens comprise  two primary
lithologies, both of which are. abundant in the
gravels at the site and in surround1ng glacial and
fluv1a] depos1ts

2. The site, being quite near .the source area for

o the lithologies present in the collection, “would be
expected to contain large numbers of sharp,
glacially-fractured specimens in a fairly fresh
state, allowing for their misidentification as
artifacts (Cole and Godfrey 1977).

In order to resolve the disputed status of the
specimens, several authors (Cole and Godfrey 1977,  Funk

1977) advocated use of the Barnes method as an objective

Ed
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technique‘;for, evaluating the conflicting opinions. In a
refly to criticisms.leveled at the 'Timlin3 site, Raemscm
(1977) addressed the issue of Barnes's anéles platform scar
."measurement by providing a very rough assessment of the
distribution of values for this variablevon specimens in fhe'
collection. A}though°the angles of flakes and flake} scars
were, in Raemsch’ opinion, obtuse, he argued that fhis
result is not unexpected in certain human inhdustries, for
examp]e the Clacton1an

Before discussing more recenf-criticisms of the Iimlin
~site, .a number of comments regard1ng the use of the Barnes
method are appropr1ate As or1g1na11y defined (Barnes 1939:
109-111) the angTes platform-scar was to be measured on
specimens exhibitihg flake sc;rs greater than 1 cm in lehgth
and exhibiting' the1r point of 1n1t1at1on Barnes made no
ment1on of measur1ng the f]ak1ng angle on flakes. In the
Timlin collection, the vast majority of specimens are flakes
exh1b1t1ng few flake scars on cores or flaked artifacts of
the appropriate .length for the application of this test.
Thusi the Barnes method, per se, would be 1nappropr1ate for
the,T1m11n collection.

However, if one were to measure the -flakfng angTe or
Wilmsen's (1970) Beta angle‘on flakes, as Bleed (1977) has
done for‘the Sozuflai collection, it would be necessary to
vtake'kthe complementary angle to that read directly oh the

recording device. This measurement is then comparable to the

*~angle measured on cores or flaked artifacts. If this
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procedure is not foilowed. the vast ma jority of fiakes, from
h . , ,

any site (including Timlin or Late Woodland &ites) will

exhibit a majority of,ébiuse-angled specimens.

C. Geomorphic and Geologic Context

Specimens collected from Locus 1C at the Timlin site
weré rebovésed from poor}y sortéd‘?luyial gravels from the
highesf fluviagvterrgce (T2} (Figure ‘S)u Th$§e .gravels,
occasionally interbedded with coarse sandy lenses, "rest
, diredtiy upon tili forming a contactvcharacterized’by large
lég boulders (up to 2 feet in didmeter) ahq cut and fill
?chan?gls within the till" (Fleisher 1980: 6). The western
‘portion. of the terrace is bounded by a fluvially sculptured
horaina] terrace, the cdntents of which probably supplied’
A'most of the material that was later reworked to form the
fluvial gravels of the site. F]eisherv(1980: 10) interprets
the degree of 'sorting and cut and fill structures to
indicate "limited distance of transport and rapid deposition
in sﬁift currents” of materials makiné vup the gravel
stratum. | |

The coarseness and angUlarity of the fluvial gravéls at

- the Timlin site give a false impression of the competence of

West Creek to transport the relati&e]y large chert and
siltstoné nodules in the deposits.s. Funk (1980:‘ personal
communication) observed . large chert- boulders witH faceted
surfaces in the modern Creeﬁ bed and felt that this faceting

resulted from tumbling and bashing of one nodule against
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another. However, ‘it must be borne in mind ‘that the

composition of the Nest Creek gravels 1s more a function of
“the proximity . of the glacial sediments the stream is

currently reworking. In this case the‘stream is transporting

those sediments it is competent to move (primarily 5uspended .

and dlssolved load) thus winnowing out the finer~matrix from

the coarser clasts wh1ch probably do not undergo significant

N W,
;wwﬂw
I A -y s "y

transport. v ‘

‘A general alteration qbdel for chert &
siltstone clasts eventually deposited‘at;tne Timlin site is
presented in Figure 6. Reoonétructed geomorphic environments
are on the 'left‘ side of the figure involving outcrop
- disaggregation, glacial, and finally fluviaﬁ transport.
Altqration :processes andv products are on the middle and
rigﬁ% side of the fiéure.
Flaking by Glacial Transport

The observation of clast abrasion .in present glacial
systems, or the imitation of these processes b& %xperiment
is, for practical reasons, difficult. What literature does
egist regarding clast attrition‘by Qlacial transport comes
primarily through deposits derived from this process(cf.
Drake 1972). Thége studies are somewhat inadequate for the
purposes of this study as they simply represent
reconstructions of proposed mechanisms of attrition: and the
lithologies studied are rarely the isomorphic, brittle

solids sought after by hominid stoneworkers. Nevertheless,

it is possible to examine several dominant, modes of glacia]l,

' siliceous-

%,

i
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tgaﬁsport and their role as attritional agents.

The two primary attritional mechanisms involved in the
size’ reduétion of clasts in basal till are crushing and
abrasion (Drake 1972). Mechanical abrasion is brought about
by the frictiénalvwear of clast against clast as well as the
movemen t of‘clasts through a medium rich in sand-sized
particies. Clast ‘crushing is achieved through the
point-loading of one or more clasts against another and
failure of one ér more spécimens under sufficient
compressive and confiﬁing pressure.

In most respects, then, the environment of attrition at
the base of a glacier éorresponds to Model 1, in which
impact areas are‘largely independent of size anddshape, and
stress is locally well above «the failure \pofnt of the
included Gclasts. Agsumptions of sufficient cqnfining
pressures are difficult to evaluate because friétional
forces at the base of femperate glaciers create a
semi-aqueous environment in which limited mobility is
possible. Inaddition, in the majority 6f‘caée§, fdilure of
a specimen is confined tovthe extreme edge, rgsulting in
crushed aRd abraded edges 6f clasts. |
) Thebpredictions for flaking“of brittle solids following
the high-energy model are 1) a high proportion of steep to
obtuse angled removals, 2) a high proportion of stepped and
hinged terminations, particularly on the larger flakes, and
3) location of at least a small percentage of!flake r?movgls

from free surfaces and ridges as opposed to edges.
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In addition, a horizomtal vector is supplied in the
sub-glacial %nvironment. This movement creates additional
micromorphological features such as striations or scratches
and pressure cones. Obviously, where these features overrun
flake scars, or the ventral surface of flakes, a glacial
origin for the flake or a flake scar may .be inferred. It
mus t be recalled. however , ~ that not all specimens
transported by the glacier will necessarily be striated. In
addition, other mechanisms of transport (e.g., fluvial) have
been been shown to‘produce striated surfaces (dJudson and
Barks 1961).

Fluvial Transport

The downstream gize reduction of stone clasts through
fluvial transport has long been of major concern to
'geoldgists, and an impressive array of published literature
exists on the'subject. HoweVer, much of this literature is
not relevant for this study since it deals primérily with
the end-products of abrasive and attritional processes, by
which time microfiaking features have been erased through
-the rounding of édges. Nonetheless, a certain amount of
observational and experimental Jiterature does exist that is
useful for designing ‘models of particle movement and 
attrition in these environments.

Virtually no evidence exists, either experimental or
empirical, on . which to base. an evaluation of
macro-alterations in fluvial environments. Because of the

lack of data, most evaluations, by neccesity, are of a
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negative nature (i.e., bocadse 1t hasn’'t been ocbserved it
must not occur with great regularity). |

In the opinion of many early researchers interested in.
the 'eolithic’ problem (Pei 1936; Breuil 1959, Warren 1914),
the majority of alteration by fluvial trinsport was limfted
to various micromorphological alterations. Clark (1958), in
his study of naturally fractured clasts fro& the Batoka
Gorge (Rhodesia), was able to conclude with confidence that
fractured clasts in the ‘river-bod were caused by fallihg
fréﬁ great heights, rather than riverine transport. Frgm/bis
study, he was led to the conqlusion that "it is hard to.
understand how water action could itself ;remove even
average-sized flakes with any conslstenéy. though secbndary
nibbling or ‘trimming’ is certainly being produced in this
way once there is a sharp edge for the river to work on
(Clark 1958: 70).

Carter (1967) has long been inte;ested in tHe‘role of
moving water in the fracture of rocks with special reference
to claimg} of natural fracture at.the Texas Sreet site.
Through survey of the fluvial transport literature (cf.
Kuenan 1956) and‘by pergonal obsérvation, he would conclude
that fluvial action is not a viable alternative explanation
for concentrations of flakes and flaked stone in even coarse
fluvial gnavels:v ‘

It seems safe to conclude that flaking of stone does
not normally occur by stream action, and that the
rare instances are due to coincidence of extreme
energy situations such as waterfalls coinciding with

a weaK or very brittle rock (Carter 1975: 14).

o
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My own obuv'*vut‘on’ on macro-siterations to astone
clasts in streams are rgbortod in Appond‘x 1. Extrapolation
of results from the Suvég. River study sre difficult because
of diéforoncou in stréam velocity and other variables,
However , th study generally supports the ideas expressed by
Carter and é1ark regarding the low frequency and magnitude
of fracturing in ‘z:;ﬁamn (1f the qualifications regarding
the study are valid)”

D. Excavation Procedures

Dr.qéaruce Ragﬁsch had conducted excavations of large
areas of(Timlin Loous 1~C"(Fi§ure 7} during three fiela
seasons. Throughoui these previous excavations only those
spécimens were saved which appeared to be the result of
hugan manufacture. During subsequent excavations under the
direction of Alan.Bryan and Ruth Gruhn from the University
of Alberta all ‘sﬁliceous siltstone or chert clasts were
recovered and sa;ed-in level bags for comparative purposes.
Throughout all field séasons, excavation was with rock
hammer and téowel. Due to the high clay' content of the
matrix;-‘dhy screening procedunes were not carried out.
However, during the 1980 field season, portions of
excavation units were wet-screened through window screen in
order tg'obtain a sampie of —smaller sized clasts and/or

artifacts.
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E. Description:of Specimené

Those specimens} from the Timlin site of> possible
artificial status.consist of chert and éi]icified silfstone
flakes, two bifaces, and five cores and/or core fragmehts.
In addition, a number of possible flake frégménts were
recovered. Flakes consist of those specimens exhibiting
strikingApiafforms and bulbs of percussion’ (Plate 1): and
also fﬁcludingl on some specimens, ripple marks.‘hackles,
and erailureg; Distal flake \‘fragments are primariiy
recognized by the presence o%\ ripple marks, ribs, and
hackles. Cores and core fragments consist of thosg spéziméns
lacking flake features énd exhibitiné a number of acute
angled flake scars on their dorsal surface (Fiéure 8) .

The tentafive]y ~identified artifact assemb lage
confrasts markedly with numerouys other chert and si]iéeousi
si]tétone specimens in the terrace gravels because natural
specimens lack flake features and seldom exhibit evidence of
more than one flake removal. Pseudo-cores (natural clasts
with flake scars) ‘possess‘ very rounded and/of heavily
abraded edges and the flake removals have nof Eesulted in
shaping of the Specimen (Plate 2). Finally, several of theée
specimens exhibit strig?ions overrunning the f]aKé scar
surface. Definife glacially derived flakes were in?%ia]]y
identified on the basis of the presence of parallel
étriations on fheir ventral surface. A total of nine flakes
~ were identified in this manner as being'produced through

glacial transport (Plate 3). However, it was predicted that
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Plate 1.

Flakes from the Timlin site. _
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PTate.3. Natural f]aKes from the Timlin site.
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some glacially derived flakes would go unrecognized due to
the lack of sfriations'on their ventral surfages. -

Observat ions on ggge and Surface Alterations

Several forms of sunfic}al alteration occur on the
dorsal and ventral surfaces of the tentative artificial
specimens. These alterations ipcludeé'patinas, striations,
edge and ridge rounding, and flaking and crushing of ridges
and edges.
| A1l siliceous siltstone specimens, either cultural or
natural, exhibit a brown patina which 1is, in some cases,
"polished" to é ‘high gloss. The formation of the brown
patina from a blueish unweathered core, is giéérly a
chemical phenomenon, involving the oxidation of ferric
compounds forming'part'of the mineralogical makeup ‘of this
lithology (Rottlander, 1975). For reasohs that are unclear
at present, there exists ‘considerable variability 1in the
degree of patination both between specimens and on altered
and unaltered surfacés of the same specimens. Variab%lity
between specimens is mos t 1ike1y due tovdifferences in the
amount. of iron compounds present. Differences in degree of
patination on individual specimens is more difficult to
evaluate, but probably results from differential expoSure to
the elements. In some cases, patinated flaked surfaces are
somewhat darker than the more intensely weathered cortical
surfaces. | ‘ |

The mechanism involved in the polishing of the surfaces

- of some specimens is also difficult to determine, but it is
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exceediﬁbly relevant to proper interpretation of the history
of specimens. Two. processes, wet sandlblasting and/or
chemical ’solution weathering, are likely causes of this
phenomenon, If it can be éémOnstrated that the glossy
surface of some specimens is due.to fluvial transport, then
differential polishing could result from variable lengths‘of
exposure to moving water. If, on the other hand, the glo ,
is due to solution and precipitation of silica in cavities,
then differential weathering‘might be due to longer time of
burial. |

Striations are present 86 the majori}y of siliceous
siltstone level bag sbecimeqs, and on many co;tigg1 surfaces
of flakes (e.g., Figure 9). The,cher% Specimens. on the
other hand, exhibit striated surfaces in ’only a very few
instahces. Clearly, this fact results from the greafef
hardness of the chert;; and, whereas cherts are capable of
striating the "softer” siltstones, they themselves are more
resistant. Glacial striations on the level bag specimens and
flake cortical surfaces are significant because their
preservation argues against»a lengthy exposure to fluvial
attritional processes. If the clasts had been exposed for
very long period> to wet sand-blasting, most of the
striatioﬁs would no longer be visible.

Edge and ridge wear consists primarily of rounding,
microflaking, and crushing. Crushing is restricted td ridges
of flakes. Rounding of ridges and edges is é%ﬁriable in

distribution on different specimens.‘The same interphetivé
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Figure 8. Large flake with striated dorsal surface.
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dilemma of gloss applies to edge and ridge rounding because
eifher solution and/or fluvial abrasion are capable of
producing this phenomenon. Crushing, restricted to the
ridges of flakes and present only on the edges of Jevel bag
clasts, is cléarly related to glacial transport. The
interpretation of microflaking of ridges and edges is more
difficult. If the specimens are in fact man-made, then
glacial abrasion could be ruled out. As will be shgwnﬁlater.

fluvial action may be largely responsible for the ”ﬁgjority

of micro-flaking exhibited on f laKe edges. Ridge
microflakes, are in all probability . due to fluvial
transport.

Characterisfics of the Level Bag Specimens

Of " the total collection of level bag specimens, 421
were examined from the standpoint of lithology, shape,
metric characterization and weight. This number consists of

approximately half of the available specimens. The selection

of specimens for examination approximates a random sample as .

level bags were selected haphazardly from the box of bags,
and the contents of each bag was examined completely.

From those level bags examined, 421 chert or siliceous
si]tstone clasts:were recorded. To arrive at this figure, 70
level baés. représenting all natural clasts of chert or
siliceous siltstone recovered within a 1x2 m, 10cm level,
were examined.‘Thus, a mean of approximatefy six natural

clasts were recovered per 10cm level.

o

%
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Chert was the dominant lithology present in the
collection, accounting for 51X of the sample (Table 2).
However, from the standpoint of the production of natural
flakes, the high proportion of cherts is somewhat misleading
in that the majority of these specimens are relatively small
fragments, too small to serve as a source for the production
of flakes in ihe Timlin collection. The size of these
fragments is most certainly a property of the original size
of the nodules in the Onondaga and Helderberg formations, as
well as the presence of many internal flaws 1in these
specimens leading to numerous structural weaknesses. This
latter factor’causes the chert nodules commonly to fracture
along thg internal flaws into angular fragments instead of
fracturiég conchoidally.

Table 3 provides comparative distributional data for
weights of the two lithologigs. TQ@ mean of the population
of siliceous siltstone specimens i; nearly twice that of the
chert clégts. By way of comparison, the mean weight of
flakes from the population of possible humanly-struck flakes
is approximately 66 gms. As the aVerage weight of flaﬁes
exceeds theé average weight of. the natural clasts, the
majority of natural clasts are simply tao small to have
served as the cores from which the flake;/were removed .
Level Bég F lake Scars

Several authors have published data comparing' the

flaking angle (Wilmsen's angle Beta). of naturally and

humanly flaked stonehglasts (e.g., Barnes 1939, Taylor and

{
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| Table 2 )
Raw Matenfal Frequencies
; Relative Adjusted cum
Absolute Freq Freq Freqg
Lithology - . Freq (Pct) (Pct) (Pct)
Indeterminate 1 . 0.2 0.2 0.2
Silttstone : 79 18.8 18.8 18.0
Chert 341 81.0 81.0 100.
 Total 421 100.0 100.0
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Payen 1979, Reeves 1980,IWilmsen 1970, Phagen’4{976). For
reasons dfécusssed previously, “this concentration upon a
single attribute i's considered insufficient for the purposes
of distinguishing human from natural flaking. Therefore, it .
was decided to observe values of the following additional
attributes: 1) \flake ‘termination, 2) shape, 3) length and
width paraméters, and 4) place of origin bf the proXima] end
ofk the flake scar (on an edg; versus the surface of the
clasts).

The following criteria were used to determine which
flake scars were to be .observed: 1) the entire negative
flake scar mﬁst be present; from initiation to termination,
‘and 2) flake scar length must exéeed 1 cm in length. The
cut-off point of 1 cm, while ﬁérhapé,somewhat arbitrary,
providesva.degree of comparability invobservations to other
studies where a similar cutoff point was employed‘(Barnes
1839: Taylor and Payen 1979). In addition, the collection of
flakes froh the Timlin site does not include %1akes in the
less than 1 cm .in length category. ﬂ

For this analysis, the total collection of level bagé
was examined, yie]ding 66 clasts exhibiting one or more
flake scars with the appropriaté characteristics (Plate 4).
From these clasts, a total of 99 flake Scars were recorded,
yielding an average of 1.5 f]ake scars per clast. Of these.
c]aéts, 39 were chert and 27 were siliceous siltstone.
' However, the siliceous siltstone specimens tended to possess

more flake scars per clast than the chert specimens



Plate 4. Flaked level bag clasts.
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(siliceous 'siltstone=1§8 scars/cligf; chert=1.2
scars/clast).} ‘_ :
The breakdown of observed_flake scars by lithology is
presented in Table 4. From these results it is’apparent that
while chert is the dominant 1ithology _preéent in the
depésits. flake scars of the appropriate. dimension ‘and
morphology were produced with greater frequency on siliceous
siltétone specimens. Again, this observation undoubtedly
relates more to the inherent ff{abi1ity of chert clasts and
their tendency to shatter along planes " of weakness rather
than prodUcing conchoidal fractUres{ than to the greater
"flakeability" of the siliceous silfsténe clasts.
Descriptive statistics for length and width attributes
of level bag flake scars are presented in Table 5. The means
for these attributes are relatively small (1.696 and 2.221
for length and width respectively). However, the max i mum
values -of over 6 cm in both dimensions are of comparable
“size to mahy of fhe flakes: included .in the .Timlin
collection. The ]ehgth X wiéfh index present in Table 5,
prdv%ding a grosé estimate of flake surface area, will be
valuable for cohparison with a similar'index calculated for
the proposed bopu]ation of humanly” struck specimens. The
length/width index, on the other hand, indicates propoftions
of linearity-or sqqatness‘of‘thelflake scars, with the value
of 2 being traditibnaly defined as the lower 15mit for the_
definition of a blade. From the descriptive stétistics

(Table 5) it 1is evident that the majority of flakes are
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Table\4

Numbers of Flake Scars on Level Bag Litho]ogies

- Relative Adjusted Cum

. o Absolute Freq Freq Freq
.Category Label Freq ~ (pct) (pct) (pct)
Siltstone e 51 - 51.5 51.5 51.5
Chert | a8 48.5  _48.5  100.0

Total 99  100.0 100.0

-
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somewhat wider than long, with very few specimens being
"blade-1ike" in proporikons. The descriptive statistics can
be summarized more visually by an examination of the flake
scar shape categories in Table 6. In this table it is shown
that approximatgly 9% of the flakes are parallel-sided, with
the majority falling into the category of flake scérs with
the maximum width occurring at the extreme distal end. The
low frequency of parallel-sided flake scars is mogt’readily
éxp]ained by the lack of previous flake Scaf ridges to guide
the path of subsequent flakes.

The frequency of observed f{ake termination types is
presented‘ in &Tabla 7. The distribution illustrated in this
table provides a rather striking~patfern_ of slightly .ovér
70% of the flake scars possessing either hinged or step
terminations. In controlled human flakKing one éenera]]y
exbects the craftsmen to produce a higher percentage of
feathef terminated flakes. The presence of a high proportion
of hinge and step terminations can be used to infer
inadequate force amounts, an improper direcfion of force
application (Phagen 1976: Crabtree i972), or, in the case of
step fractures, impurities or lines of weakness in the
clasts.

Desgriptive statistics fof intervé] level measurements
and the frequenc%es of the variable angle in 10 degree
increments are presented 'in Table 8. The meén value for the
attribute of flaking angle compares very favorably with mean

values presented by Taylor and Payen (1979) and Barnes
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Flake Scar Morphology

bie 6

for Level Bag Clasts

: ReTative Adjusted Cum
Absolute Freq Freq Freq
Category Label Freq (pct) (pct) pct)
Irregular 5 5.1 5.1 5
Distal End Widest 67 B67.7 67.7 7
Rectangular 3 . 3.0 3.0 75
Spatulate 13 13.1 13.1 88
Parallel ‘ -9 3.1 9.1 98.
Expanding 2 2.0 2.0 100.
TOTAL 99 100.0 100.0
. \\
Table 7
Flake Terminations for Level Bag Clasts _
Relative Adjusted Cum
Absolute Freq Freq Freq
Category Label Freq {(pct) (pct) (pct)
Hinge 33 33.3 33.3 33.3
Step : 37 37.4 37.4 70.7
Feather : 22 22.2 22.2 92.9
Off Edge 7 7.1 7.1 100.0
Total =~ 93 100.0 100.0
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Table 8

4

Platform Angle
Relative Adjusted Cum

Absolute Freg Freq Freq

Angle in Degrees Freq (pct)  (pct) (pct)
40° to 50 2 2.0 2.0 2.0

50° to 60° 3 3.0 3.1 5.1

60° to 70° 4 4.0 4.1 9.2

70° to 80° 12 12.1 12.2 21.4

80° to S0° - 18 19.2 19.4 40.8

90° to 100° 24 24 .2 24.5 65.3

100° or greater 34  34.3 34.7 100.0
Indeterminate A 1 1.0 Missing 100.0

TOTAL 99 100.0

100.0

Mean (94.86 degrees) Minmimum (43 dégreesi Max imum
(158 degrees) Std. Dev. (90.95)



(1939), and is even a bit higher. Further, the percentage of
specimens exhibiting angles of 90 degrees or greater is
quite‘ comparable (34.7 degrees). Thus the empirical
generali;ation devised by Barnes for tHis context is further
strengthened by the Timlin site level bag analysis.
Differences in Flake Scars by Lithology |

Becéuse there might exist differences in the Kinds of
f lakes pnoduced due to structural and mineralogial
differences, it was decided to compare the values of each of
the recorded attributes for the two different
lithologies(Tables 9-15). From the tables comparing the
relative ' freguency percenta;e . of  specimens for the
attributes analyzed, it appears thaﬁ the Kinds and
dimensions of flakes produced are’roughly\xsimilar for all
attributes except flake terminations. For this attribute,
chert flake scars possess a relatively higher perééntage of
step and feather terminations with a correspondingly Tower
percentage frequency of hinge fractures: The reasons behind
this observed discrepancy are not immediately obvious,
particulary in the <case of the increased feather
terminations. The explanation for the relatively higher
occurrenée of step terminations in the case \of ‘the chert
clasts is probably related to internal flaws in the nodules
Natural Flakes From the T1m11n Site E
Analysis of flake scars on the level bagA clasts

indicate that in many cases flakes were removed periodically

during - the transport of these chert and siliceous siltstone

. / d



Table 9
Flake Scar Angle for Siltstone Clasts

Relative ‘Adjusted Cum

Absolute Freq Freq Freq
Category Label Freq (pct) (pct) (pct)
40° to 50 1 2.0 2.0 2.0
700 to 80 5 9.8 10.0 12.0
80" to 90° 8 15.7 16.0 28.0
90" to 100° 14 27.5 28.0 56.0
100* or Greater. 22 43 .1 44.0 100.0
Indeterminate 1 2.0 Missing 100.0

Total 51 100.0 100.0
Table 10

Flake Soar Morphology for Siltstone Clasts
Relative Adjusted Cum

Absolute Freq Freq Freq
Category Label Freq (pct) (pct) (pct)
Irregular 4 - 7.8 7.8 T 7.8
Distal End Widest 36 70.6 70.6 78.4
Rectangular 2 3.9 3.9 82.4
Spatulate 2 5.9 3.9 86.3
Parallel 6 11.8 11.8 98.0
Expanding 1 2.0 2.0 100.0

Total 5 100.0 100.0
Tab]e 11

- Flake Scar Terminations for Siltstone Clasts

Relative Adjusted  Cum

Absolute Freq + Freq Freq
Category Label Freq (pct) (pct) (pct)
Hinge 23 45 . 1 45.1 45. 1
Step . 17 33.3 33.3 78.4
Feather 9 17.6 17.6 S6. 1
Off Edge 2 3.9 3.9 100.0

—

Total - 51 100.0 100.0
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Table 12

Flake Scar Angle for Chert Clasts

Relative Adjusted Cum

Absolute Freq Freq Freq

Category, Label Freq (pct) (pct) {pct)

40" to 50° 1 2.1 2.1 2.1

50° to 60° 3 6.3 6.3 8.3

60° to 70° 4 8.3 8.3 16.7 .

70° to 80" 7 14.6 14.6 . 31.3 T

80" to 90° 1 22.9 22.9 { 54,2

90° to 100° 10 20.8 20.8 75.0

100° or Greater 12 25.0 25.0 100.0

'Total 48 100.0 100.0
Table 13

Flake Scar Morphology for Chert Clasts
Ul
Relative Adjusted Cum

Absolute Freq Freq Freq
Category Labe]l Freq (pct) (pct) (pct)
Irregular 1 2.1 2.1 2.1
Distal end widest 31 64.6 64.6 66.7
Rectangular 1 2.1 2.1 68.8
Spatulate 11 22.9 22.9 81.7
Parallel 3 6.3 6.3 97.9
Expanding 1 2.1 2.1 100.0

Total 48 100.0 100.0
Table 14

Flake Terminations for Chert Clasts

&

Relative Adjusted Cum

. Absolute Freq Freq Freq

Category Label Freq (pct) (pct) (pct)

Hinge - 10 20.8 20.8 20.8

Step 20 41.7 41.7 62.5

Feather 13 27 .1 27 .1 89.6

Off Edge ‘ 5 10.4 10.4 100.0
Total 48 100.0 100.0
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glasts from some unknown locality to their eventual
deposition in tills near gthe Timlin site. From thi’s
observation it is logical to assume that some of ‘these
flakes will be present in the tills and redeposited ti1]
sediments. Given that flake removal was a random process
(i.e., it“did not occur with Qreater fregquency in'some
enQironmental situations than in others) it is probable that
nétural flakes would show considerab]é vgriébi]ity in th%&
degree of subsequent mechanical abrasion. | %W
The recognitioh of those flakes definitely produced
during glécial transport rests upon the presence of
striations on the ventral surface of flakes. From the.Timlin
~ site collectjon sample a total of nine flakes of siliceous
‘siltstone were discoveréd exhibiting striations on their
ventral surface. Less certain identification of natural
flakes was madéb on the basis of shape, termination, and‘
dorsal surface attributes as suggested by the analysis of
level bag flake scars. In this category, a-tqtal of seven
flakes were identified, giving a total of 16 tentatively
identified natural flakes. It should be emphasized at this
pdint that while the definite naturally flaked specimens
were not included in the following Zechnological analysis,
the tentative natural flakes were, as they could not be

confidently separated from the remainder of the collection

on the basis of independent attributes.



123

Characteristics of the Natural F]akés

By comparison to the proposedkhumanly struck flakes the
dimensions (length, width, thickness) of fhe natural flakes
are rather small (Table 16). Similarly, the means for the 3
flake indexes are consistently smaller. However, the values
fo; thése variables compare favbbab]y with those obtained
from the flake scar analysis of the level bag clasts.
| Phoxima] End Attrfbutes |

Distributiona] data for attributes of platform
surfacé and platform” preparation scars are presented in
vTab]es 17 and 18. A]though the sample size is extremeiy
smé]]; it is apparent that the majority of the specimens
exﬁibit cortical platform surfaces, or surfaces that
havé' been crushed and hinged (in this case) by
mechanical abrasion of the edge of the parental nodule.
Pe?héps not suprisingly, two specimens exhibit
pseudo-platform preparation scars. The crushing and
hinging is véry characteristic of the‘cruéhed edges'of
many of the the 1eye1 bag nodules and the
pseudo-platform preparation s{hply reflects edge
crushing on what was to become the prof%maT‘ end of a
flake. The small flake scars on the proximal dorsal
subface may relatevto‘pggf-detachment damage 1in fluvia]
tranéport or damage that occurred prior to the removal
of tHe flake.

Flaking angle measurements on the natural flakes

correlate nicely with the angles from the level bag
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Table 17

. Platform Sur face for Natura]lFlaKes
s ’

Relative Adjusted Cum

Absolute Freq Freq Freq
Category Label Freq (pct) (pct) (pct)
Indeterminate _ S 2 22.2 22.2 22.2
Cortex 6 66.7 66.7 88.9
Crushed and H1nged 1 11.1 11.1 100.0
Total g 100.0 100.0
Table 18

Platform Preparation Scars(fbr Natural Flakes

Relative Adjusted Cum

Absolute : Freq Freq Freq

‘Category Labe]l Freq ' (pct (pct) (pct)

Indeterm1nate 1 11L1 f1.1 11.1

No Scars 6 66.7 66.7 66.7

1 to 3 Scars 1 11.1 11.1 88.9

Mass of Hinges 1 11.1 11,1 100.0
Total e) - 100.0 - 100.0

125
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flake scars, as well as other published daEa referred to
prévigusly (Table 19). Although the sample size is too
;mal] tp emp loy descriptive statistics usefu]ly, it is
obvious from a visual inspection of Table 19 that a
large number of the specimens possess angles greater
than 90 degfees, with a mean in the 89-90 degree
interval.
Terminations

From the analysis of the_levéT bag‘TTéRé‘EEaré one:
would expect a high frequéncy of either step or hinge
terminations. | UnfortunateTy, terminations .were
~indeterminate' on the majority of specimens due to
.snapping of the lateral distal portions. However, this
‘observation is significant in that it supports the
hypofheéis of mechanical attrition of‘,the"edges qf
flakes 'transported in glaciers. Nonetheless, three of
nine specimens = éxhibit eithér hinged or stebped
terminations (Table 20). |
Dorsal Surface Morphology

An agﬂribute measuring the occurrence of cortex -on
the dorsal surface of naturally-flaked specimens i's
somewha t redundant because, by definition, cortex refers
t9 cortical surface material that was not exposed
through human activity. Therefore, by definition all
specimens exhibit 100%4cortex-on their dorsal surface.
The same reasoning holds true for the flake scars

present on the dorsal -surface of several specimens, -
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Table 19

f]aking Angle Values for Natural Flakes

Absoilute Relative Cum
Freg Freq Freq
(Pct) (Pct)

O
70° to 80 1 12.5% 12.5%
80° to 90° 4 50.0% 62.5%
80° tQ 100° 3_ 37.5% 100.0%

Total 8 100.0%



Table 20
Flake Terminations for Natural Flakes

Relative Adjusted

Absolute Freq - Freq

Category Labe]l Freq (pct) (pct)
Indeterminate 5 55.86 55.6
Feather 1 11.1 11.1
Stepped 1 11.1 11..1
Hinged 2 22.2 22.2
- Total 9 100.0 100.0

Table 21

Dorsal Surface Scars on Natural Flakes

Relative Adjusted

- Absolute - Freq Freqg
Category label = Freq (pct) (pct)
None ' 4 44 .4 44 4

One Scar 4 44, 4 44 .4
Three Scars ~ 1 11.1 11.1 ..
Total S 100.0 100.0

Cum
Freq
(pct)

55.6

66.7

77.8
100.0

Cum

" Freq

(pct)

44 .4
88.9
100.0
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though in this case recording of this ‘attribute is
significant 1in terms of a comparison with the proposed
humanly struck flakes in the Timlin collection. From
Table 21, it is clear that the presence of dorsal
surface.fleke scars 1is not unexpected on naturallyi

produced flakes.

F. Discussion

The preceding analysis of natural flakes and flake
scars on level bag clasts indicates several important'trends
in particular attributes that are significnt in terms of
distinguishing glacially produced flakes from those produced
by humans. However, it must be borne in mind that none of
these attributes or attribute states are mutually exclusive
to either human or glacial fleking.

Firstly, this analysis adds further empirical support
to Barnes’s generalization regard1ng distributions of values
for angles-platform scar measure%ents As suggested earlier,
a high percentage of obtuse measurements is expected in a
hvery high energy, low velocity sub-glacial envirohment.

In addition, where a 1arbe number of whole flakes are
present, flake terminations would appear to be a powerful
attribute in distinguishing glacial flakes from human
flakes. However, it is possible that high percentages of
right angle terminations (hiﬁge and step) may be due to
other causes when dealing with different 1ithologies or very

'specialized human fechnologies.
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Platform aptributes confirm the expected pattern for
natural flaking with the low occurrence of platform faceting
or psuedo-platform preparation scars. Howevér, it was shown
that even in as small a sample as the nine natural flakes in
the Timlin collection, a certain amount ~of p]atforh
alteration is to be expected. |

Dorsal surface characteristics (number of flake scars
and percent cortex) proved less valuable. If',glacia1
striations overrunning flake scars or cortical surfaces were

absent it would be difficuTt to assess the origin of these

scars.

G. Flake Analysis

The Timlin site collection consists of 128 identifjable
flakes and flake fragmehts (Table 22). Of these flakes, 108
are complete; and 18 are either proximal, distal, or lateral
fragments.

Raw Materials .

The lithological breakdown of flakes by raw material
type is given in Table 23, showing that the dominant
lithology (86%) of the flakes is brown silicified siltstone.
Ten percent were detached from brown chert nodules, with the
remaining‘§pecimens éonéisting of black siligified limestone
and a blue chert. Th; source of the B]ack silicified
limestone is unknown at present; but it is assumed that this

~material, as well as all other 1ithologiés in the collection

can be found locally in fluvial or glacial deposts.



Table 22

Categories of Possiblefacts

Relative Adjusted Cum

Absolute Freq Freq Freq
Category Label Freq (Pct) (Pct) (Pct)
Indeterminate 6 4.3 4.3 4.3
Complete Flake 108 77T 77.7 82.0
Proximaf Fragment 6 4.3 4.3 86.3
Distal fragment 10 7.2 7.2 93.5
LateralfFragment 3 2.2 2.2 85.7
Core Fragment 1 0.7 0.7 96.4
Shatter 4 2.9 2.8 100.0

Total 138 100.0 100.0
Table 23

Raw Material Types for Possiblefacts

Relative Adjusted Cum

Absolute Freq Freq Freqg

Category Label Freq (Pct) (Pct) (Pct)

Siltstone 86 86.0 86.0 86.0

Chert 10 10.0 10.0 - 86.0

Black Siltstone 2 2.0 - 2.0 898.0

Blue Chert 2 2.0 2.0 100.0
100.0 100.0

Total 100

131
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The greater percentage of flakes of silicified
siltstone compared to their rate of occurrence in the level
bag specimens (18.8% siltstone, 81% chert) does not support
a random fracture model of natural flaking. These data
suggest some form of selection, either by humans or some
natural process. Of course, these data must be balanced with
the rate of flaking of natural nodules where chert and
siliceous siltstone are approxi%ately " equal in
representation. ‘

Metr-ic Description

Descriptive statistics for weight, length, width,
thickness, and the three flake indexes are presented in
Table 24. These data provide a gross statement of the size
distributions for these variables, and are wvaluable in
éomparision to the size and djmension of level bag flakes
and flake scars. |

Descriptive statistics for the weight variable indicate
a mean of approximately 65 gm, a mediUm sized flake, with a
range of 476 gm (from 2.2 gm to 478.2 gm). This measurement
~indicates that from small to extremely large flakes (e.g.,
Figure 10) are included in the sample. The sKeWness value
indicates a clustering of cases to the right of the mean.

Length and width distributions indicate near normal
distributions around a mean of approximately 5 cm. Means for
these variables contrast sharply with those from the level

-~

bag flake scars (L=1.696; W=2.221). In addition, the maximum

»

values for these variables (L=13.1); W=11.7) fall well
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Figure 10. Large flake in the Timlin collection.
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outside the range for these variables on level bag
specimené.

Descriptive statistics for f]aking angle ére'.presentéd
in Table 25. Flaking angles for Timlin site flakes compare’
very favorably with published statistics for ﬁﬂaking angles
in other controlled fracture situations (Tayior and Payen,
1979; p. 266). ‘ |

Approximately 2.6% of the flaking angles exceed 90
degrees, a sufficiently low value to satisfy :F= Barnes
criterion for human workmanship. Further, the level bag mean
of approximately 94.8 degrees contrasts sharply with the 64
degree mean of the Timlin site flakes, but ag-ees very
nicely with publishéd distributions for flaking angles in
natural situations (Taylor and Payen 1978: p. 268-269).

Useful information can be derived from three other
statistics describing flake proportions. Table 24 presents
descriptive statistics for the . x W index, L/W index and
the’:ffake index.. The length x width index provides a rough
approximation of fracture surface area and is, therefore,
roughly proportional to the force of detachment (Phagen,
1976; p 77). By itself, this index is not particularly
meaningful, though' its  significance can be estimateqxwhen
compared with L x W values from other published sites;q The
rqmge of 0.0 'to 121 approximates a normal distribution as

indicated by skewness and Kurtosis values. This distribution
’ __3:3'5\:}‘ ; P}

of values 1indicates that the majority of ?WéKes\Sbe fairly

large, but ranging between;éma]l‘and very large flakes. By
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Table 25
Flaking Angle Values for Timlin Flakes

Relative Adjusted Cum

Absolute Freq Freq Freqg
Category Label Freq (Pct) (Pct) (Pct)
20° to 30°% 1 0.9 1.0 1.

30° to 40° 1 0.9 1.0 1.9

~40° to 50° 6 5.6 5.6 7.7

50° to 60° 18 46,7 17.3 25.0

60° to 70° 36 33.3 34.6 59.6

70° to B80° 29 26.9 27.9 87.5

80° to 90° 10 9.3 9.6 87.1

90° to 100° , 2 1.9 1.0 89.0

100° and greater 1 0.9 - 1.0 100.0
Indetgrminate 4 3.7 Missing
Total 108 100.0 100.0

¢ Ry
S N

v RN
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comparison to length x width values for level bag flake
scars, the mean for the Timlin proposed human collection is
very near the maxihum value for natufa] flake scars
presented earlier. ‘ »

Sjimilarly, the L x W index illustrates that Timlin
flakes are conéistent]y- longer ré]ativé to width, while
Tevel bag flake scars, in the majority of cases, are nearﬁy
rounded or squared.,

Flake Index

‘ Accbrding to Phageh-(1976) the flake index should give
a rdugh estimate of the degree of control exerted over
Fracture’variables. However, this index only makes sense
when compared with published values from other sites. The
flake index values for the T1m11n\§l}€/ESTE§péd with sites
analyzed by Phagen indicate that little control was exerted
over fract;re- variables so that . flake thickness is
. relatively high in comparison to length and width
parameters.d | %

The remaining groups of attributes measure or describe
characteristics of fhe proximal end, dista} end, the dorsal
surface, and ventra]c surface: Proxiﬁa] end atthibutes
.provide information regardihg the amount ‘of surface
preparatiggﬂprior to flake removal (platform scars, platform
z_surface)jﬁgée position of the PFA from the core edge
%(plagform remnant deptﬁ), and the degree of isolation of the

platform (platform remnant width). The distal end attribute

‘of termination used in this study is sigRjficant for several

o

&
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reasons. Flake terminations are, to a certain degree,
indipativé of the proper control of force direction, amount,
and placement. ngethen these properties-cohsist of what
Warren (1914) referred to as controlled flaking. Given that
the knapper does not intend to produce hinged or step
terminations, then the frequency of feathered terminations

is proportional to the degree of control exerted over the

;éQ@ed terminations may indicate

i‘/'a"?'.-:‘ ¥

- inadequate force amounts delivered with an outward

flaking process. .

component” (Phagen 1976:. 51), while hinge terminations

indicate an inadequate force amount to achieve a feathered

" termination.

Dorsal surface characteristics (percent of remainin‘t,
cortex; étarbnumber, size and arrangément). similar to théJ
proximal  end attributes,'provi&e an index of the amount of.
previous t]ake removals, either cultural or ‘natura1.
Pattéfning in size and arrangement méy point more strongly
to a cultural origin a]tthgh the reverse is not necessarily
true. | |
Proximal End Attributes

Descriptive statistics tor continuous variables of
platform dim#nsions are given in Table 26. These statistics
déscribe a population of platforms which are on the average
rather deep (meanz.922) and wide (hean=2.207t with a higher
percentage of the specinkns occurring to ‘the right of the
mean. The méans'for the-Timlin site flakes compare well with

similar measurements from other assemblages and bear out
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this observation (avg. 4.1 mm from Phagen, 4mm from Wilmsen:
width under O9mm from Wilmsen, and 4mm from Phagen). Little
can be said about comparing these values to those observed
on the natural flakes due to the small number of définite
natural flakes. It' can only be noted that thé mean values
for the proposed human_assemblage are considerably greater
for both of these measurements.

Platform preparation scars '

The distribution of values for this variable given in
Table 27 indicates a low frequency of fracturing around the
platform area that appears to resait fﬁom preparation of the
flake prior to flake removal. Plate 5 illustrates several
flakes exhibiting platform preparation scars; Less than 30
percent of the assemblage exhibits one or more proximal
flake scars. Ip addition, ,observations regarding the
incidence of pseudo-platform preparation on natural
specimens (f]aké scars originating from the proximal endAnat
caused by human action) indicates that this variable is not
completely reliable in discriminating‘between popuiations 5f
natural and humanly-produced specimens. '

Platform Surface

The high incidence of indétermfnate observations (Table
28) for .this variable reflects the degree of chemical
weathering these‘speCimens have undergone, and consequently
the difficulty in determinjﬁg whether or not a Elatform
surface consists of a single facet or a corticalvsurface.

However, approximately 51% of the f lakes exhibit from one to



Table: 27

Platform Prebaration Scars on Timlin Flakes

Category Label

Indeterminate
No Scars

1 to 3 Scars

4 to 6 Scars
Mass of Hinges

Total

- Absolute

Freq

-
DWW =W

100

Table 28

Relative Adjusted
Freq
(Pct)

Platform Surface Mohpho]ogy on Timlin Flakes

Category Label

Indeterminate
Cortex

Single Flake Scar

2 to 3 Scars

Series of Small Scars
Crushed and hinged

Ground

16
26
40
14
2
1
1

Absolute
Freq

Total

t

1C0

(Pct)

Relative = Cum
' Freq

Freq
(Pct

)

cCOoOoCOoOOoO

Cum

Freq

(Pct)

9.
70.
89.
g2.

0
0
0
0
0
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Plate 5. Timlin flakes exhibiting platform
preparation. :
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three flake removals on theiﬁ platform, the majority
consisting of only a single facet.
Distal End Attributes

Flake terminations for Timlin flakes are presenfed in
Table 28. As mentioned previously, flake terminations
reflect the degree of control over flake production, from
the standpoint of proper force‘ amounts and directidn of
force app]jcatioﬁi~ Table 29 illustrates that ‘for whole
flakes, nearly 80% of the ’specimens possess feather
terminations. The percent occurrence of hinge fractures,
however, is rather high (14.8%) when compared with published
data. Comparison of = termination attributes on level bag
flake scars is particulary instructive. For these specimens,
hinge and step terminations account for approximately 70% of
the observed flake occurrences.
Dorsatl Suﬁface.Characteristics

In most humanly flaked stone industries, ”a great
percentage of flakes exhibit evidence of prior flake
removals inythe form of dorsal surface ridges. As such, each
individUal flake scar represehts a distinct event prior to
the removal of the flake under consideration. That this
beasoning is not always necessarily the case has been
illustrated by Bradley, et al. (1972) who demonstrated that,
in some instances, a single blow can detach two flakes, one
superimposed on the other. However, if this were the casé:
the direction of propagation of the secondary and primary

flake should be exactly the same..lh addition, the proximal
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Table 29
?lake Terminations for Timlin Flakes

Relative Adjusted Cum

Absolute Freq Freqg Freq
Category Label Freq (Pct) (Pct) (Pct)
Indeterminate 4 4.0 4.0 4.0
Feather ' 81 81.0 81.0  85.0
Stepped 1 1.0 - 1.0 86.0 7
Hinged 14 14.0 14.0 100.0

Total 100 - 100.0 100.0
Table 30

Dorsal Surface Scars

Relative Adjusted « Cum

Absolute Freq Freq Freq
Category Label Freq (Pct) (Pct) (Pct)
None 16 16.0 16.0 16.0
One, Scar 16 16.0 16.0 32.0
Two Scars 20 20.0 20.0 52.0
Three Scars 10 10.0 10.0 62.0
Four Scars 17 17.0 17.0 79.
Five Scars 10 10.0 10.0 89.0
Six Scars ' 6 6.0 5.0 85.0
Seven Scars 1 1.0 1.0 96.0
Eight Scars 3 3.0 3.0 99.0
Nine or More Scars 1 1.0 1.0 100.0
Total 100 100.0 100.0
Table 31
Percent Cortex°on Dorsal Surface
Relative Cum
: Absolute Freq Freq
Category Labe] Freq (Pct) ,(Pct)
Indeterminate 3 3.0 3.0
No Cortex 24 24.0 27.0
Less Than One Quarter ' 18 18.0 45.0
One Quarter to One Half 24 24.0 69.0
One Half to Three Quarters 11 11.0 80.0
More Than Three Quarters 7 7.0 87.0
A1l Cortex 13 13.0 100.0 -
Tatal 100 100.0
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initiation morphology shauld be present as well.

Thus, the number of flake scars on specimens and the
amount of cortex remaining on the dorsal surface are uséful
~interpretive attributes in distinguishing natural from human

flaking. In the Timlin collection, approximately 18% (Table
30) of the flakes lack flake scars and, therefore, exhibit
cortex over the entire dorsal surface. Plate 6 and Figures
11-13 illustrate specimens exh{biting one or more dorsal
surface scars. The lower specimen on Figure 13 has been
extehsively retouched on the dorsal surface with more
minimal alteration of the ventra] surface.

The percent of the dorsal surface covered by cortex is
pfesented.in Table 31. These data indicate -~ well over

50% of the specimens exhibit from 1/2 to ail of the dorsal

surface free of cortex. When combined with the data supplied

in Table 30 it is apparent that while the majority of the
specimens have had at least half of their cortical surface
removed, the removal was accomplished with only a few,
.relatively large flékes. Figure 14 illustrates two flakes
1acking any cortex on the dorsal surface. Figure 15
i]]ustrates specimens exhibiting cortex over the entire

dorsal surface.

H. Summary and Discussion
In the preceding section, a number of attribute§/ of
flake form and production were reviewed from a technological

standpoint. It was stressed earlier that none of these



Plate 6.

Small flakes exhibiting compiete removal
of dorsal surface cortex.
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Ventral

Dorsal . Ventral -

Figure,11.‘ Flakes with dorsal surface flake scars.
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Dorsal Ventral

Figure 12. Flakes with'bdrsai surface flake scars.
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Dorsal

Ventral . Dorsal

/',»— R
Figure 13. Flakes with dorsal surface flake scars.
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Ventral

3cm

A

Dorsal 3ém

Ventral

Figure 14. Flakes lacking cortex on dorsal suhface;
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Ventral

Dorsal Vent,ral-

Figure 15. Flakes with cortex covering dorsal surface.



&

154

-attributes are 1in any sense exclusively characteristic of

human]y broduced flakes. This pbint was brought home by the
observation of these same attributes on the small sample of
naturally produced flakes. However,‘ -in many cases,
examination of the distribution of values for these
variables has shown them to be distinctly different from

their distribution in naturally flaked specimens.

I. Cores and Core Fragments

Five possible cores and core fragments were récovered
from Locus 1-C. The Tithology of these specimens is in each
case the same patinated brown siliceous siltsfbhe as thé
majority of flakes. Although the degree of patination is
variable between specimens, flake scar’. surfaces on
individual specimens are patinated to roughly the same
degree. |

| Recognit ion of these specimens as possible human

produats'relates to tHefr general morphology and lack. of
features indicative of glacial transport. Specifically,
striations aﬁd heavily crushed edges and ridges are located
only on unflaked, cortical surfaces. Further, each specimen
exhibits numerous flake removals so that the original shape
of the nodule has been significantly altered, .or shaped.

For each core, flakes were detached at flaking agg]es
less than 90 degreeé. The vast majority of terminatid;;“of
larger f]ékes (greater than 3cm) are feathered.. Smaller

flakes exhibit considerable variation j

[

terminations, most
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of .which are feathered with a fair number of hinged
terminations. |

In all but one case, cortical surfece area of these
specimenégﬁbnsists of less than 1/4 of the total  surface
area.. The former specimen, with flakes detached from only

two faces, retains nearly 50% of the cortical surface.

J. Discussion

v_Possible cores and core fragments differ systematically
from the level bag clasts exhibiting one ‘or more flake
removals. Significant differences exist in the degreelof
a]teration and shaping, the angles at which flakes were
removed, and their distal morphology. In addition, “in no

instance do striations overrun flaked surfaces.

K. Mfcromorphblogical Alterations

As deseribed' previously, the majority of f]aKeé and
flaked nodules (core and/or core fragments) exhibit
microf laked edges. of variable intemsity and distribution.
With the aid of a binocular microscope,\‘rounded' edges are
visible on all edges even where no microflaking is present.
Thevidentification of the mechanism responsible for the edge
~damage present on these specimens (cultural or natural) is
cruciaf Qfon a proper cultural interpretation of the
collection. 'In nmnj%&ﬁeépects the. problem presented by the

e

edge damage on the fLocus 1-C speciemens resembles, #

oA
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these specimens  in "lct represent a distinctive
archaeological industry, qualitatively different from Known
Holocene industires from eastern North America (Bryan et
al., 1980), then the edge damage on Timlin sbecimens would
have to be identified as primarily cultural in origin. If,
on the other hand, the observed damage can be demonstrated
to be the result of natural processes, the case er a
distinctive 1industry of stone tools would be greatly
weakened. In this latter case, a quarry/workshop hypothesis
would seem to be a more reasonable interpretation.

Rounded edges and dorsal ridges must be éonsidered as
natural in origin, caused by the abrasive wear of sand and
silt-sized particles in fhe stream environment. Although
edges and ridges may have been rounded and polished thru
cultural activities prior to fluvial transport, subsequent
wear in the stream has effectively removed any possible
traces. As demonstrated by specimens in the Savage'River
Experiment, this Kind of abrasive wear takes place quite
rapidly, and necessitates little or no movement of specimens
(Appendix 1). The rapidity with which these alterations
occur makes it impossible to detect use-wear in the form of

edge-polishing, or of striations located on and near the

edge. ' _

"The origin of microflakes on flage perimeters {Zﬁvless
easily assessed. On nearly all épecimens this edge damage
consists of isolated, randomly distributed flake scars of

varyihg intensity. Many of the tabular chert specimens from
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the level .bags also exhibit this form of edge damage on
acute angled edges. It was demonstrated in the Savage River
experimenti that this kind of. alteration can take place
relatively quickly in fluvial environments. This experiment
indicated that edge microflaking is accompanied by less
intensive removal of microflakes on flake scar ridges.
Similar damage has been noted on fhe Timlin flake scar
ridges.

In all probability the edge damage noted on the Timlin
specimens is natural in origin, resulting from Qibration in
place in a stream characterized locally by high turbulent
velocities. This damage could have occurred quite quickly
and necessitated véry l%tt]e net horizontal movement. The
edge damage exists on all size classes, with more intensive
larger flake removals on large flakes and smaller flake
removals on very small flakes ?e.g., Figure 16).

Three specimens exhibit edge damage that is, in all
probabf]ity the result of human edge .retouch. These
specimens include the extensively modified f lake il]ustrafed
at the bottom of Figure 13 and two others exhibitif‘i‘}‘“ﬁ:gd
closely-spaced, parallel retouch of a single flake edge

perimeter.
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4cm

g

Figure 16. Small flake with edge microf laking.
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V. The Caribou Island Site

A. Introduction

The Caribou Island site (GbOs 100) is located
approximately 30 Km west of the town of Bonnyville, adjacent
to Moose Lake (approximately one Km northeast), in
east-central Alberta (Figure 17). The site occupies what can
be described as a small "island", formed by dune sands
b]énketing a glacial Kame. The "island" is in the midst of
an extensive bog which is the remnant of a former channel
that drained Moose Lake before the outlet was diverted to
the north by differential isostatic rebound (Bryan and
Bonnichsen n.d.).

Archaeological materials, including bipolarly-split
quartzite cobbles and chert pebbles, flakes and bifaces
occur in the dune sands, whichAvahy iﬁ thickness from 50 cm

‘to several meters, and in the under lying discontinuous

¢ -~

gravel stratum (Figure 18). The gravel stratum is composed
primarily of quartiite cobbles and pebbles in a sand matrix.
The artifact-bearing layers overlie‘ a clay till core
containing pockets of Msbrted quartzite gravels. From the
vast quantity of core; and debitage, it appears that
prehistoric "peoples ' visited this 1locale over several
millennia for the purpose of extracting raw materials for

stone tool production.
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CARIBOU ISLAND
SITE
GbOs 100

 RIFE Rt 28 Tmile

‘ALBERTA

Figure 17. Location of Caribou Island site (GbOs 100). .
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B. The Probleﬁ 4 v
e L\
During the 1initial excavations under the direction of
Alan Bryan in 1965, test explorations were extended in
several unitéf to some depth into both of the gravel strata
under lying the dune sands. These excavations exposed
numerous fractured cobbles, a small percentage of which in
”the‘lower kame gravels obviously had been fractured in
“place.-Amongst these fractured gravels, occasional specimens
were. recovered that resembled unifacial tools. Throughout
these deeper gravels Bryan noted the conspicuous absence of
bifacial «implements or debitage from their manufacure. From
‘these';inifiﬁn observations, three questions were po§ed: 1)
how cou]d 6ne@distinguish artifacts in the wupper gravels
from thg’nétufally-fractured cobbles and pebbles which could
have Béen introduced from below, 2) fwhat mechanism(s) ~could
‘vacccuht for the presence of such a great quantity of‘
frdctured~c]ﬁsts in the u;per gravels, and, 3) if there ari
artjfackg ih the deeper gravéls,‘ what mechanism could
account for their presence?
;k‘“Before 'considé;ing the question of diS%inguishihg
Héfﬁéa]ly from humaniy-flaked stone in this context it s
neQeSSary td'rey{em pertinent observations of fracturing of

gbéve] beds elseWhere in the prairie provinces.

A\
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C Rracture Mechanisms

In1t1a11y, the hypothes1s was entertained that broken -

-cobbles and pebb1es in the gravel strata had been fracturedt

-

by the act1op of lake 1ce rampart1ng surf1c1al sediments andj
~ “exerting great pressure on gravels in a frozen matr1x (Bryan

_aqd Bonn1chsen n.d.). This' mechanism would have necess1tated

)

the existence of a former]y more: extensive Moose Lake,
possibly a pro-glacial lake resultihg from the damming of
.-former outlet drainages. It was felt ‘that an ice rampart

mechanism as well as simple beach action might account for

: | . E
both -the frbcturing of clasts and their mixing ¢ with

, } . , ‘
artifacts in the upper gravels. In addition, this hypothesis
) | _

also pﬁévided%a means for belative age estimation by tying

in mixing of the’artifacts‘With late glaqiaT events.
The hypothesis of ice ‘bampant action as the agent

responsible 'f6r~fractuﬁingiof clasts and mixing of deposits

seems, at present, unacceptable for several reasons. In  the |

‘first place, there is no - independent evidence for,thé‘

éXisténce of a more extensive Jlake 1in the form of

étrandtinqs_or lacustrine sedtments..Cores taken. adjacent to

. the "island” and nearby in the bog rea¢Hed ‘clay-till  (the

. ’ o oo |
intervening - sed1ments v consisted 'ofP well-sorted sand,

3
i

_lprobably aeol1an in orxg1n) Wﬁthout encountering evidence
for lacustrine sedjments? More/'imﬁortahtly,'-it mus t pe
seriously qUestidned whether iceffampaﬁting is competent. to
Fracturé/.Térge pébbTes 'ana cobbles on the §C§Te that is

observed in't%e’gravelS’at the'Sifé.’Generajly,“ ice-rambart

f£ 7 ¢ L .
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activity results in the plowing up of the surface beach

sediments, thereby; forming the rampabt‘ feature. Unless =

specimens were frozen tightly in the underlying matrix, the .

gravels would give before ﬁailure‘occurred. Most of the in
situ fractured: specimens were reooveFed from the loose sands
~and gravels overlying the Kame and would not be expected to
be frozen in place due to ‘their high porosity (assum1ng
édequate drainage). In addition, ev1dence of;}e ﬁampart
feature was‘not detectable in any of the ]ateﬁil gﬁ£5agxtta]
‘profiles. . . : <
‘T@e}‘improbability of ice-ramparting' . a fracfure
,ﬁmechan1sm was further conf1rmed by excavat1ons in 1980 near
1the highest elevation of the Kame core of the island. These
,excavat1ons revealed a somewhat similar strat1grapb;c
s1{bat1on tovthat déscribed for the _presumed beach area.
Test uoiig ssunk through dune sands 1nto the sorted1@rave1s
Eevealed nuUmerous d1sﬁurbed and in situ fractured clasts, as
in the previous excavations. Thus, ice-ramparting, unless it

'affected’the entire'"is]énd," is unlikely to have caused the

large scale fractur1ng of quartz1te gravels observed at the

L4

site. However, no poss1ble art1facts were  recovered dur1ng

theee excavaltions. -
Thus, the ice rampart hypothesis isounaccebtab]el“as a
mechanism for- the fbacture'of the gravels at the'site but

, may conceivably be'reépoheible’in part for the m1x1ng of

spec1mens in the loose gravels at lower elevat1ons Th1s,

'latter poss1b11ty‘_is; however , unsubstant1ated by :@by
' ‘ 1 : - . '\:{I ! B ’ -
. /)

o]
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f
independenﬁ lines of evidence et'bresent.
|
D. Ice- Thrust Fracturegof Gravels |
An alternat1ve mechanism for the in situ fracture of
the quartz1te gravels has been suggested by the work of
Babcock, ,et al. (1978} and Kupsch (1865) who have stud1ed
large scale fractgring df gravel beds in the prairie

provinces. These authors descr1be grave] pit exposures in

Alberta (Babcock, et al. 1978) and Saskatchewan (Kupsch'

. 1965) of Tertiary quartzite. gravels that are charaqter1zed

by varylng degrees of deformatign of beds and. 1nten§1ty of

.clast fracture and/or pulverization.

At several Jocalities the/ responsible fracture
meehanism glacial ice thrust ca%“be independently verified
by the presence of extensive fault1ng and deformat1on of the
beds. At other localities, where independent 11nes of
eVidence do not.exist, the ratio of fractured clasts to
unfractured clasts was used to 1dehtity an ice-thrust
mechanism. This tatter .1nterpretation} is baeed on
compar isons with gravel pjtsl Unaffected by ice-thrust
(Babcock, et al. 1978). | |

The general fracture mechanism envisioned at these

loca]ities is that of <clast- on clast impingement by a

| network of med1um 51zed (4-6cm) and larger gravels bearing

the wevght of an overr1d1ng co'h nental ice mass. Factors

)
be]ieved to be responsible for varying degrees of fracture

intensity include variations in thetclay—sized; fraction in



the matrix and resultant va;iation in pore water pressures
between beds (Babcock, et al. 1978).
Several of the beds described contain ‘completely
pulverized quartzite clasts while in others, clasts were
less inténse]y'fractured. In these more moderately fractured
beds, clasts were aescribed' as exhibiting one or more
fractures radiating out from the point of impingement wi th
one or more neighboring clasts. o
The relevance of‘ice-thrust fraéture to the exp]anatioﬁ
of the presence and condition. of the gravel bed at fhe
Car ibou IsTand'site is somewhat problematic at present. Some.

s1m1]ar seem to be called for ﬁnAorder to

exp1a1n quartz1te.;5avel beds where approx1mately 50% of the
c]asts 1arger than . 3 cm are fractured. However, of these
fractured clast§/0n1y approxxmately 5% exhibit evidence. of
lhav1ng been #lactured in place;  the rema1n1ng»fractured
clasts could/not be "mated" with the other portions ‘of the
original clasts at Caribou Island.

APresuﬁ%bly, the gravels mak1ng up the‘gravel bed at the
Caribou 1Is and site could have been 1n1t1a1]y fractured
elseWhefé and the gravels subsequently transported to their
present location. According to Mark Fenton of the Geological
Survey of Alberta (1980: pers. comm.), these gravels must
Have. been transported from e]sewhebe to. their 'present
1§€ati6n; as inta?t debosits of Teftiaby gravels in this

area /are characteristically buried under up to several'

. hundred feet of till. If this is indeed the case then -the

. ’
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intact fractured clasts may represent either a- subsequent
fracture episode of much more moderate intensity, or
possibly clasts transported in a frozen state that managed

to retain their respective mates.

E. Description and Context, of Specimens

The majobjty of specimens recovered from the Iower dune
sands and upper loose gravels consist of fractured quartzite
clasts with less ffequent fractudﬁﬁ‘chert pebbles.. Most of
che specimens are debltage from stone tool production,
: snclud1ng flakes and spalls, longitudinally-split cobbles
and pebbles, aqv11stdnes, and a few bifacialﬂy and

B ! &
unifacially worKed todvls. '

The }ocationb of the site‘ﬁabove a good supply of
flakeable quartzite and chert clasts,-and theﬁ}low r}ool to
debitage ratio suggests that a maJor act1v1ty for ab:r1g1%al
peoples at this location was the product1on of stone tools.
Towards the southern, downs]ope area of the excavated
portion of the site the cover of sand. over the .gravels is
comparatively thin, between .75 and 1 m. Moving nor thward
and upslope the dune sand cover atta1ns a depth of more than
two meters in - some places (F1gure 19). This d1fference in
thickness of the sand cover probably in part accounts for
the greater intensity of debitage. towards the southern

port1on of the site; the greater thickness of sand obscur1ng

..the presence of\raw materxa]s below.

-



Figure 19.

£

Profiles” from 1980 excavations. Pits
located on crest of "island."
Stratum I=Modern soil.
Stratum II=Dune sands and
Stratum ‘Il11=Loose sand apd,§i
gravels (no possible arti¥gdi:
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The 1980 excavations near the crest of the hill
reveaied @ sharp contrast between the dune sands and the
under lying éorted gravel bed (i.el, the loose sand and
gravel wunit was not present). Occas{onal arfifacts were
recovered throughout the dune Sands to the conthct between
sand and gravel. On the surface of the gravel bed several
Iongitudihally-split dﬁartzite cobbles with shatter (anguléb

by-p}odqcts of quartzite cobble splitting) were exposed.

T s . : .
- These specimens indicate that prehistoric hominids were

present and utilized the available raw materials before the
gravels were covered by sand. e o |

Excavations were extended ‘down thru the gravel bed
revealing numerous fractured vquartzite cobbles. Six were
apparent ly fractufed in place. However, no  possible
artifacts were located. !

Most split cobbles wifhin thé gravel stratum exhibited
single bor multiple frac® s that bisect the specimén on a
plane‘perpendicﬁlar to the longitudinal axis. A smaller

A

number of specimens had one or more spalls removed (see
! )
discussion of spalling versus flaking later in this

chapter).
Excavations durihg the 1965 field season revealed a
somewhat different stratigraphic situation on the southern

portion of the site. In this area there were three distincts

- e v e o e e = e =

'Possible artifacts included longitudinally split or flaked
quartzite clasts as discussed later in this chapter. Neither
of these categories of fractured clasts were recovered
during the 1980 excavations
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strata: the overlying sand, a stratum with quartzite and
chert pebbles mixed in a loose sand matrix, and an
under lying compaét sorted gravel and sand depbsit. Within
the transitional wunit, numerous artifacts were recovered.
However, no in-place fractured clasts were encountered,
these specimens being 1limited to the underlying sorted
'gravéls. |

| Prior to 1980,! Bryan worked with the hypothesig that
the lopse gravels in this northern, downslope‘portion of the
site weré beach gravels. The mixing of sands and gravels was
exp]aingqiby wave and ice-ramparting action. Given the
results??ﬁbm testing on the crest of the site, (and the lack
of independent evidence for an extensive lake),  the
alternative hypothesis ié ‘presented that human beings are
responsible for the observed mixing in this portion of the
site. People digging for flakeable stones could have mixed
the gravels with the blanket of dune sand: Thé lack of
"diagnostic" projectile points and other tbols in this
stratum noted by Bryan and Bonnichsen (n.d.) may simply be

due to their low frequency elsewherefin the site de.» - its.

F. Naturally Fractured C1asts»iﬁ the Gravels

The discussion of naturally fractured clasts ‘involves
primarily the in-éitu fractured speéimens as 6n1y thesehcan~
be'copsidered»natdral ~in ‘origin with a high degree of

chfidence.
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Idealized Fracture Types
Three fracture types can be distinguished by the

direction of force loading relative to the axis of the

specimens (longitudinal and transverse) and the placement of

the impact point (leading to spalling versus splitting).

"These fracture types are idealized in the sense that they

represent end-members with considerable variation between

these extremes. The clasts within the gravel stratum are not

uniformly oriented and thus points of contact are more or

less randomly distributed along the surfaces of- the

specimens.

Transverse Splitting

!

Transverse splitting 1is by far the dominant mode of

fracture in the gravel stratum. Specimens exhibiting
transverse¥splitting' were | failed by pnressure roughly
perpendiculaf to maximum width and length dimensions and
parallel to the thickness dimension (Figure 20). The
end-product(s) of this type of fracture were either two
halves 6r three or more sections with steep éngles between
the dorsal and ventral surfaces.

" Approximately 80% of . the unmated specimens recovered

from the gravel stratum exhibit this = fracture type.

Specimens fractured into three or more sections exhibit a

single point of loading. Flake features such as ridgés and

proximal concavities are lacking on every specimen.

=
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Various angles of force application

Impact

Impact point

J

Figure 20. Transverse splitting of quartzite cobbles.
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In percussive experiments carried out by the author,
identical clast morphologies were obtained. In .th;se
experiments quartzite clasts with oval cross-sections were
placed on anvilstones and fractured traﬁsversely by throwing
a large hammerstone onto the specimen. It appears that
clasts wifh more rounded cross-sections tend to fracture
into multiple fragments, whereas speqimens with more oval

‘cross-sections tend to fracture inio only two sections.
These experimehfs indicate that transverse splitting by
percussion produces similar features to pressure loading.
Thds. specimens latitudinally fréctured by humans would be -
identical to those fractured‘by the‘pressure of overriding
ice. . . | C
Longitudinal Splitting

Longitudinal splitting occurs when loading took place
~parallel to the long ax;s of the specimen (Figure 21). This
type of fracture is rafe in the gravel stratum. Longitudinal
éplitting can lead to either single or mU]tiple fracture
products (Chaptefﬁé); As discussed in Chapter 3, this mode
of fracture is characferistié of human strategieé for the

reduction of quartzite cobbles.

spalling

Spalling consists of ‘the removal of small (relati@%ﬁ*ﬁ@?w*

the parent clast) fr%gments from an edge} h"surface”ofia h

| .
ere observed in

/

nodule. Four examples of this fracture type

1
\ 2
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Various angles of force application

-

Impact points

@

"Plan view

F igure 21 LongitudinaT splitting of quartzite cobbles.
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the sample of .in-situ fractured specimens. This type of-
fracture simulates human hand$HEId percussien flakihd or
incomplete bipoTar fracture. Spalling- results in a scar on
the parent clast similar to a flake scar. _ |

Morphological features such as a bulb of percussion,
ribs and hackles were not evideht on the specimens in the.-
sempie. This. fact probably relates to the coarse fracture
typical of quartzite. The presence of a platform appears to
depend ‘on the placement of the point of impact on the parent
nodule. If ]oad1ngloccurs adjacent to an angular corner ' a
platform will be produced. If the fracture initiates from a

" smooth surface the platform will be absent (Figure 22).

Impact Points '

An examwnat1on of 1mpact p01nts on natura]]y fractured
spec1mens ~was made- in order to Aeterm1ne if, they
- systematically differed from  experimeﬁta11y perFUssioh
fractured  specimens. H0weveri on the basis of this
qualitative . examination 1f was - “impossible ‘tof( detecf'
'significant differehces There may be a sTight teddency‘form
percuss1on splitting to produce slightly larger 1mpact areas
with gneater damage to the prox1ma1 portion, but these‘
~1endencies are not gfeat enough “to be useful as a;
comparatwve attr1bute
»§D1scuss1on |
Transverse ep1ffting was found 'to be by - faﬁ fhe

gqminant fracture type both in the collection of specimens,

PR
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ing of\qu’ar‘tzite cobbles.



preferent1al or1entat1on Whether or not this situation was
A

S - S s

fractured \1n place and "in the unmated specimens from the

gravel stratum Longitudfhal splltt1ng, characterlst1c of;

¢ b

: human stonework1ng strategles, was rare. Pressure removal of

spalls was &1so of l1m1ted frequenby

- The reasons behlnd the low frequency of the latter two

1 fractune\types probably relates ‘to two factors,,’1) the

orientation of olasts (in‘ the gravel stratum and 2) the
placement of 1mpact po1nts on spec1mens. - |

S~

Clasts w1thin the gravel stratum currently exh1b1t no

5

true in the or1g1nal depos1ts from wh1ch the gravels werel

AN

derived is impossible to determlne If they were

’preferentially, oriented it is probable that long aXes were
moreé or.leSS parallel to ,the ground surface andLﬂ hence;

‘perpendicular to the . usual d1rect1on oﬁ force appl1cat1on' ‘

(in a. situation of glac1al ice . overr1de) ' There may havé
been a degree of 1mbr1cat1on to the clasts as well

»G1ven exther-of the s1tuat1ons descr1bed above it is

argued. that transversely spltt bobbles and pebbles would be

\the mos t probable end products In, lat1tud1nal splitting

1mpact= areas occur on the only slightly rounded surface of

greatest available_area; Thus the opportunﬁty for stress. to

be ‘accommodated'fby slippﬁae‘versus failure is reduced. In

long1tud1nal spl1tt1ng the po1nt of - force application must
occur on the extreme ends of the long1tud1nal axis. These

ends bossess a very much h1gher radius of curvature and

7therefore perm1t only a very small area for fracture
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initiation. In. this 'situation,l it would be very easy'to.
accommodate stress by/only very mmn?Mal movement by e1ther.
tﬁe 1mpacted clast or its 1mpactor . - _
Persona] attempts to .split | ouartzite, cobbles
,longltud1nally reinforce this COnc{usion' In this casetovalf ’
‘cross sectwoned cobbles were buried in sand w1th one - point
in contact w1th a bur1ed anv1lstone Great care and
pre01s1on was requ1red to fa11 the specimens long1tud1nally
In many 1nstances the 1mpactor did not strike squarely on
the exposed endfof the bur1ed cobble;'and' only "a glanc1ng
vblow ‘was ostruck ‘In_'other tnstances the impacted'copble;
accommodated stress by sl1pp1ng s1deways on the anvilstone. |
' ' 'Similar observations are pert1nent to Vthe pressure
removal of spal1s from quartzite‘coobles Angular specimens
are rare tn.tne-gravels, tth'prec]uding s1gn1f1cant,remova]
of spalTs from angular osUrfaces; - In 'addition the-
probab1l1ty of proper p1acement of an 1mpactor just back
from the corner of an angu]ar surface is suff1c1ent]y ;ow toﬁ
render th1s1 éh' un11kely fracture type 1n»beds of largely_
rounded cobbles. The Tow . frequency of spa]1 removal from
”‘smooth ‘surfaces is related to the narrow range of cond1t1ons
requwred for this type of Tremoval. 'In  this Jnstance the
angle of impact must be somewhat 1e55’than.90,degrees or
 1at1tud1na1 spl1tt1ng will result. However,‘.jf the’ angle
becomes too ‘acute, the~1mpactor.woutdlbe'ekpected tous]ide,

across the surfacevrather,than,resultingvin spall removal.



G. Possible Artifactsnﬁn the Lower Gravels o ,
All of the specimens bel eved'to be art1facts recoveredff'

from the compact graveT strat‘. consist of un1fac1a1ly"

-altered ar spl]t quartz1te cobbles and chert pebbles The

:dIScuss1on below will focus on fracture types . W1th1n this

pe]

vcollect1on
Transverse Split A ‘
| The major1ty of specimens Bryan and Bonn1chsen (n.d. )‘
 fselected as poss1ble art1facts consxst of transversely spl1t,
‘“clasts Most of these spec1mens do not;possess steep, nearly
perpend1cular fracture faces character1st1c of most - of ~the
.naturally fractured specimens’ (due to.‘fie1d sejection
1.procedUres).»Instead, the"fracture faCe-fs -somehwat acute,
,igtYingl the impression that the clasts is'avunifacially
£ laked chopptno,too]ﬂ“On SpecimehsifrOm.which three or ‘more
jfragments were removed ‘o a Curved 'eége'kwas/‘produCeo:
s1mu1at1ng un1fac1al flaklng even more closely Ih addition,
several specxmens possess a bit- 11ke edge This relat1ve1y

-«

rare feature was probably cause?}by a }ack of sol1d suppor t
N

“bon the 51de opp051te the po1nt of force app11catwon S1m11ar_

exper1menta1 results were obta1ned w1th percuss1ve fracture o

'»(although this was a rare product)

The:- specimens descrlbed 'above 's1mu1ate un1fac1a1]y'
flaked quartzite "cobbles. Recogn1t1on of. ‘transverse
splitting as therfracture process ‘necess1tated examination
of ‘the point ofiforcelapplication. If the PFA is located on

the fdte opposite the ’edge,fé latitudinal 'splitting' was

ES
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inferred If the face was created by hand- held percuSsion'"'

flaking the PFA would have had to have been located on the
edge (Figure 23) The author s experiments haJe shown that
1dentical fracture products can be produced by percuss1ve
splitting of properly,oriented quahtzite cobbles. However,
this.type of fracture'is rare in humanly-f laked coliectionsJ
Longitudinal Splitting | R

A few speo1mens collected from the Ilower greVels‘
exh1bit ]ongitudinal) splltt1ng These specimens resemble

humanly spllt spec1mens from the dune deposits in every way

and thus cannot be d1st1ngu1shed from them.
i ,

Spa111ng » |
A few spec1mens exh1b1t spa]led,surfaces or edges. . The .
' maJor1ty of these spec1mens exhibit only a single spale
removal Whene the Spall was *remoVed .from aA surface, as .
oppossed to an edge, 1t 1s probably safe to 1nfer a natural
r1g1n -due to the d1ff1cu}ty of flak1ng obtuse quartzite
'surfaces by hand- held percuss1on Edge spalled surfaces are
d1st1ngu1shed with greater d\ff1cu1ty
A very small number of spec1mens exh1b1t un1d1rectvonalf
f1ake so?rs or1g1nat1ng from an edge. The 'scars are usuelly
unidirectional.Aunifacial'and-éxhibit marphological features
similar to unifacia]1y'flaked “ariifacts from the dune
deposits. \However, fl§k1ng is restr1cted to a single edge as

épposed to two or more edges
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H. Assessment : : X
In the preceding evaluations and discussion it was

deterhined thaf flaked and split’quartzite spec1mens from

the lower grave]s exhibit fractm- S

_ p»f

features which are exhibxtz?“ D ‘n;g!Jwaractqred as well”

and morphological

as - on experimentally frgéfa ' imens. However, the

M
majority of fractured clasts in the lower gravels conform to
the doﬁinant natural ' fracture mode (i.e.,‘; transverse
splitting). 'Further,-this'fracture type is unéhéracteristic

df " the human alteration of 4quartzite cobbles.

Trapsversely-sp]it specimens are therefore determined 20 be
of natural.or%gin with a*high degree of probability. | ;

A few longitudinally-gplit spec1mens,icharacter1st1c of

human alteration ~products and a rare

natural situations were also foundAn the lower gravels.

Thus these specimens must be asse d..by other parameters as
-well. The a]ternative possj 1lit1es ére‘ that ' they were

fractured naturalty oré;aééiured 6y humans and incorporated

into the¢~lower//9¢§€;ls by human beings excavéfing for raw
. materials. - //%// s ’ - | \

S flaked specimens from the lower gravels resemble
#@n alteration products. Similar exampleg, with two or
.”fmore“ flakéé removed were ndf found in the co]iection of
definitely naturally spalled specimens. Thus, if ‘these
specimens ,afe natural]y flaked, they must‘represent ‘one
: >

extreme of output morpho]ogy for §h1s env1ronment Without a

larger. samp]e of flaked 'specimens it is difficult to



: ‘//‘ : | 184

v

evaluate their staius with much cohfidence.

I. Gonclusion

Aithough the assessment  of the Caribou Island

assemblage was .not entifely conclusive with respect to the

natural versus human status of every Specimen. ghe'lgnaIysis

does provide impdrtant implications for archaeological

research elsewhere in the glaéiated prairie pggfi;_ s. In

. P
addition, this study illustrates the utility &#§

\' control specimens of kKnown natural . origin and the

difficulties ~in assessing a very small population . of

specimens in light of natural processes characterized by

extreme ranges in energy and output morphology.
The natyral fracture of quartzite cobbles at the
Caribou Island site may represent a widespread phenbmenon in

the prairie provinces. Babcock, et al. (1978) have descr ibed

in-situ fracturing of quartzite gravels on a larger scale

than observed at the Caribou Island site. I% this natural

fracture phenomenon is as widespread as indicated by

previous studieé, then the potential for misidentification -

of naiura]1y*fractured’specimens as artifacts in redeposited

contexts may be 1arge§

‘Without control 'sanples of Known naturally fractured
quartzite’clasts, it would have been very difficult to
evaluate the ~rahge of éxpecfed natural fracture products.
Without this Knowledge;‘the aségssment of the status of

specimens wou 1d have been difficplt and cérfainly
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inconclusive. As it was, the small nu'nber of specimens ‘
..representing one morphological type (flaked specimens) ;wer-e‘.'.
difficult to -assess with confidence (

*

'y



VI. The E.S.P Site

A. Introduction

The initial discovery and sﬁbsquent excavation of the
E.S.P. site wbuld.hake interesting reading in and of itself;
" however, a dfscussion of the history of this site is not
directly pertinent to-the present study. Interested readers
are directed to Goodman (1978, 1951) for a discussion of the
remote sensing strategy empioyed in‘locating this site.

The E.S.P. site is located at approximately 8000 feet
in the Sart Francisco Peaks area (Little Mount Elden) near
Flagstaff, Arizona (Figuré\ 24).. The site was initially
 excavated under the direction of Jeffrey “Goodman  (Goodman
- 1977) and later by Alan Bryan of the University.of Alberta
in 1979 (Bryan n.d.). |

The E.S.P. site provides an ideal example of the
"eolithic" problem. The site has yielded a collection of
questionable art$¥acts ébove and below a layer dated by
radiocarbén to ca. 24,000 years ago (25,470 + 1700 BP
[1-7519], 22,490 =+ 420 BP.2 1 additian. the project
geologist, Thdr KablStromv(U.S.G.S.), identified a paleosol
beneath the dated stratum which may be Sangamon in age.
Unfortunately, the proposed artifaét sample is quite small,
and 1is dwarfed by the presence of large numbers of angular,
naturally-fractured chert clasts in the same depbsits.

2 No range of error given in Goodman n.d.

-
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, : I
In sddition to the small size of the samble of proposed
artifacts, the study of this collection was cut short by the

untimely 1nfenforence of the ‘U.S.Na§1gnal Forest Service

which demanded return of the collection -two weeks after the
laboratory analysis had begun. Thus the discussion to follow
is not as complete @s would have been’désined. Nevertheless,
the site provides an example of the geomorpﬁ\c eﬁQironment

of a talus slope.

‘B. Site Description : -

re [

&

" The excavation consists of a 10 foot by 10 foot ‘shaft o

sunk in some places up to 34 feet into poorly stratified,
coarse unsorted colluvial and alluvial sediments. During the
1979 excavations it ‘proved impossible to examine thq
stratigraphic sections exposed by Goodman's excavations as
'the majority of the wall area had beep reinforced with
cribbing for safety reasons. Goodman’ s idealized
stratigraphic cross-section is. presented in Figure 25.
During the 1879 field season excavation was largely
confined to a tunnel leading off to the sduth from the main
vertical shaft. The sediments §in tﬁis area were comprised of
a sandy-silt matrix containing abundant clasts ranging from
small pebbles to large, boulders. The predominant
lithologies present in the gravel to boulder sjzé classes
are a green da&ite, and a white chert. _ x

The cherts recovered throughout the excavations are

locally derived upslope from outcroppings of the: Kaibab



189

CENERALIZED GEOLOGIC CROSS SECTION
FOR FLAGSTAFF TEST SHMAFT
, Y

ESTIMATED AGE

racent

/30 AD

(based on radio -
carbon date)

25%708P
(based ®w redio ~
carbon datx)

20000 -5Q000 8P
(based on geo/ogscal
Corrrk?'an)

.100,000 8P
Pased on ;«olositdl

cofre lation)

Figure 25.

—

vep(y ’ SEOLOGY
I topsail
L bouldery colluvium
g »finc- rained zone
S(u‘lt to sand)
bou]dary colluvium
grading to allumum
15’ Silly carbon zone
alluvium
. u'
paleosol (fossil soil)
with carbon
1y
. colluvium to alluvium
27 silty carbon 2one
colluvium
34

Cliy

Idealized cross-section of ESP site
(from Goodman n.d.).
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. Ifmestone.;"DOWQSIOpe ‘fromf the outcrops,  thef talus is -
" littered with abundant chert clasts, oécaéionéllyfcontajning
.evidence_of human acthify in the form of broken bifaces and
. flakes. - L e
Excavation Methodo 1&gy | -
Throughout Goodmén“s initial excavﬁtioh, tools included
»‘jachhammers, picks, and dyhamiie where necessary.'For the
 majority of thevtime shovels ang hammers were émployed.
Goodman‘:(n}d.) states . that the initial exbayétion
~ procedures 16vo]Véd following the ’levels’ predicted byl'a
' “péychic". A1l material recdvered was scree ed“fhroUgh 1/4"
mesh screen. Only specimens felt to be arfifécts were saved.
’ During the 1979 field season excavation consisted of
remoVing‘one foot deép and one'fbdt thick arbitrary levels
tbﬁ”,width 'of the tunng]. Again, all materiai»was screened.'
through a 1/4" mesh. In addition, all chert materials were

saved for comparative purposes.

C. DeScription and Location of Spec imens
The E.S.Pf-site collectibﬁ congists cof 22  ¢omp1ete
flakes{' several flake fragment§, numerous - spalls, ahd
several spécimené eXh{biting possible eage-wear and/or
hetogdg. These Specimens _rgngé iin distribution from the
sur fase down to abproximate]y 27 feet in depth. Due fo the
excévation procedufes/ emp]oyéd,' speciﬁens cank only. be

)vertica]ly relocated within a two foot to as chh as a three

foot thick excavation level. prever, it is possible to
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place‘speeimens ihtq qudman;s'idealized cross-section in at
“least gross terms. »

The. greatest,?frequency of technical flakes3 ¢ome'from
the bduldery col]pvium between one to eight feet in depth.
"Three other technical flakes fall somewhere between seven to
twelve feet_in;depth end thue cannot be’ safely located in
terms ~of Goodman’s profile. A rédioqerbon date of.750 years
(1-8564:\norran9e df1ehror‘gﬁven by. Poodman) was obtained
from charred wood befween four tb five feet in depth
(Goodman h.d.). | |

- One technical flake Can_be’confidently.lqpated.in_the
bouldery‘ceITUVium between 8 and 15 feet in depth. The dates
of 25, 470 + 1700 BP and 22,400 + 420 BP on charcoal
collectea from the ei]ty carbon zone at 15 feet provide a
maximum age for this speC1men ) |

Four technical flaKes were recovered between 15 and 21
feet in depth. These specimens over11e the paleoso] between
21 and 25 feet in debth. No technical flakes were rechered
from the paleOSolx‘and it is impossible to te]ﬂ'whether
specimens fhe four specimené were-initially Tocated” at its
sur face. ’ | | ‘ | | ‘
Finally, three‘technical flakes were recovered ‘befweenl

. -
24 and 27 feet in depth, below the paleosol and above. the

/

lowest silty carbon zohe identified by Goodman at 27 feet.

3 ' Technical flake' refers to stone clasts exhibiting
morphological features character1stlc of stone flakes in
human assemblages :
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The numerous.ohert'spalls. angular clasts amnd minimally
altered basalt and cherf objects were recovered at various
depths thrdugnout'the section. The depths'offthese specimens
will be'discbssed Where pertinent | |

All of the flaked spec1mens are of wh1te to pale ye]low
chert wh1ch is representedt on . the surface "as spalls,
flaKes. and nodules. From a» flintknappers perspectiQe’ the
| -quality .of this chert'is‘rather,poor; Most nodules contain
abUndant‘ internal flaws that causel them ’frequent]y to
shatter into angularn spa]ls rather than produc1ng flakes
However, broken bifaces and flakes present on the surfaces‘
of the slope attest to the faot that aborigjnaﬁ craftsmen'
occasionaiiy.did make use of this raw;matérial;
D.‘NaturaI.Processes |

Whether or not the specimens from this sfte,are in fact.
artifacts, itpis clear that the bulk of other ohert clasts
ink,ihe. deposits were fractured and transported by seVeral
geomorphio processes (Fjgure 26). Initial disaggregation of
chert from tne outcropping high on the talus'slope resulted
from a var1ety of phys1ca] weather1ng processes, including
freeze thaw fracture, root pressure, and residual stress
release. The prodocts of these processes are angular
fragnents, angular nodules and frost spa]ls

Dur1ng transport down the steep talus slope 'from the
chert outcrops. to ‘the excavat1on unit, chert c]asts probably

were sUbjected_to perfodic percussion, as well as continuing
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physical 'weathering p;ocesses Movement of clasts downslope
'probably took the form of roll1ng of 1nd1v1dual part1cles
- for- short dlstances SImply by grav1ty, or in connect1on w1th
~sheet and gu]ly wash. In’ add1t1on, at least some
. catastrophic events (1and- slxdes) probably took" place dur1ng
the build-up of the sedimentary deposits as evidenced by the
boUldér field adJacent to the site éhd:thé ﬁumenous‘1arge-
. boulders in the s1te depos1ts The first of these transport B
1mechan1sms would be expected to 1ead to m1cromorpholog1cal
alterations to edges and, less commonly, ridges of angular
"élasts. DUring' occasions -, of cataStrophic vtbénsport,..é
certain amount Qf,macromorphologicél alterations would be -

expected.‘ "

E. Macro AIterat1ons » \**\¥ o
The maJor1ty of c]asts present. in the depos1is\ and on

i \

~the modern slopes -cons1st of"angular,'polyhedral c?asgs

3 . - \\\k

resu]t1ng from the physical - and | ¢hemi¢a]} weathering =
processes outlined -ébove.: Ih"addition,‘a number 6fbfrost
spa]]s were identified in the proposed art1fact sample.
‘Frost spalls are eas1ly 1dent1€ked on the basis of .
cqncentrib rings originating from the-&bnter of the ventral/
sur face (Dakley 1972% 9-11), feather terminéfibns around the
entire perimeter of the spall (i.e.;,ho proximal portion),
negative ”Qipﬁles" (Pei  *{939:): and ' the absence of -
diagnostic flake features (Plate 7). In several cases, it

~was possible to observe incipient frost‘sballs not yet fully
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detached from the host nodule (Plate 8).

Although frost spalls are eési]y differentiated from
flakes, thermal-spail scars left on many parenf nodules a}e
difficult, if not impossible to distinguish from flake
- scars. In some insfancés frost spall scaré'are' recognizable
when vpositive nipples are present or, if the éntiré scar is
visible, when the initiation point 1is lacking. If these.
clasts were more fine-grained, concentric ripples would also
be a usele fndicator of ’freeze-thaw spalling versus
’flaking. . However, since the féatures outlined above are not
observable on manytspecimens exhibiting scars, fhe question
of whéther or not specific scars on ;Jakés or spalls are due
to freeie-thaw.spalling or peréussion‘flaking "is difficult
to determine. | ‘

‘ Exc]uding the 'obvious frost sba]ls and unmodified
ahgular' qlésts, the_reméinder of the co]lection consfsts of
the 22 complete technical fiakes. six distal or . proximal
flake fragments,  and several spails with minimally damaged

. edges.

'F. Micro-Alterations
.f "A ;sma1fv_ndmbeh of spalls exhibit microflake scars on °
their edgeé_énd ridges. In the majority of cases these scars
are visdlated and randomly distributed around the edge
.perimeter. In a transport environment such as enviségéd for

I

the' E.S.P. site deposits, these micro-alterations would be

expected on at least a portioﬁ of the included clasts.



Plate 8.

Incipient. frost spall.
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Certainly, there 1is no evidence for intentional shaping of
edge perimeters. If the damage exhibited on these specimens
is the result of human action, it was of a brief nature.

Two other clasts exhibit a more continuously damaged
edge perimeter. The large clast 1illustrated in Plate 9
(depth=16-21 feet) exhibts 2 parallel wunidirectional flake
scars along a pdrtion of one edge. Another specimen
possesses a series of unifacial microflake scars aldng
approximately 3.5 cm of its edge perimeter (P]ate 10:
depth=15-17 feet).

Of the sample of technical flakés, many specimens
appear to be in a relatively "fresh" condition. Plate 11
illustratesjéne specimen, a thin; fragile flake recovered at
a depth of approximately 27 feet. Clearly ;his spécimen had
not béen subjected to a vigorous attritional environment\
during its transport from point of detachment‘td its final
resting spot. |
G. Technological Analysis |

For purposes of this ahalysis, all-flakes are initially’
considered as a single population. However, it shoulid be Kept/ﬂ
in mind that specimens within this grtificiai population
were recovered from th? surface and at various depths within
the site to approximately 27 feet. |
Metric Descriptions

The majority of flakes recovered from the EfS(P., site

are of medium size. Distributional data for weight,;length;



Plate 9. Microflaked clast.

Plate 10. Microflaked clast.

28]
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Plate 11. Thin flake from the ESP site. .
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1

widfh'and thickness are displayed in Table 32. Approximate

flake surface défa;are given by the length x width index in

Table 32. .
Clearly the majority of flakes in the E.S.P. collection

are not large flakes removed by extreme force. Rather, these

specimens would hgve reduired only modest force fob removal. .

Gross two-dimensional shape éharacferisticg.are given by the

length/width  index ‘présénted in Table 32. These ndata

indicate a population of specimens that are generally at

least as 1long as wide, with some specimens approachihg the

propor tions of a blade.

Platform Angle
Distributional data for platform angle as a continuous
level measure are presented in Table 32. As platform angle

is largely determined by initial core face angles and fdrée

direction, these data indicate a rather high incidence of

outward force vectors. These data reveal the absence of

- platform angles within expected ranges for biface thinning.

Proximal End Attributes

Descriptive statistics forvplatfofm depth and width are
presentgd in Tabie 32, These statistics degqribe a
bopu]ation of platform dimensions that are‘of medi&m depfh
and width. In no instance is the PFA located exceedingly far

from the edge, and 1in most cases the platform does not

“appear to have been isolated to any great degree..

Frequency data for platform surface attributes are

presented in Tables 33 and 34. The majority (54%) of
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‘Table 33

Platform Surface Morphology

C Relative Adjusted Cum

: ' . Absolute Freq Freqg Freqg
Category Label  Freq (Pct) (Pct) (Pct)

" Cortex R 12 54.5 70.6 70.6
- 1 Scar e 3 3.6 17.6 : 88.2
2-3 Scars-~ N 1 4.5 5.9 . 94,1
Ground Surface « 1 4.5 5.9 -~ 100.0
Indeterminate - 5 22.7 Missing 100.0
Total" 22 100. 0 100. 0
Table 34

Platform Preparation Scars

Relative Adjusted Cum

_ Absolute Freq Freq =~ 'Freq

Category Label  Fregq (Pct) (Pct)  (Pct)

No Scars . 5 22.7 22.7 22.7

1-3 Scars 16 72.7 72.7 95.5

4-6 Scars : 1 4.5 4.5 100.0
Total 22 100.0

100.0

20%,
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platform surfaces are cortical. However, many had no v1s1ble

facets, and it was 1mposs1b1e to determ1ne if the surfagg‘

was cort1cal or not. At least three speciméns exhibited a
non cortical single facet platform surface. One of these
spec1mens exh1b1ts a ground platform surface (depth 4-7
feet) and one other has several flake scars (depth 7-12
feet) or1g1nat1ng from the p]atform area.

Possible -evidence for 1solat1on of the platform area is
provided in Table 34, record1ng the 1nc1dence of platform
preparation'scars. These.data indicate that vmany specwmens
‘éxhﬁbit» at"least"oné, prerous flake scar on theidorsal
proximal sur face. By'contrast, only five specimens reveal no
'potent1a] platform preparat1on scars. |

Spec1mens exhibiting a single or mu1t1p1e f lake soars
orig1nat1ng from the 'platform surface,are 111ustrat;d in .
P]ate 12. TheSe scars‘represent percussion damage to the
’platform area, in all prgbability occurring prior to flake
detachﬁent.

Dorsal Surface Charactericstics

S )

Frequency data for dorsal surface‘attributes of percent
' oorfexi and humber of dorsal surface scars are presented in
Tables. 35 and 36. A high ‘proportion of'vindeterminate
obserQatfons exists for both attributos. This fact is due to
the difficulty in determining what 'conStitutes av cortioal
surface for this raw materia] In determining poss1b1e.
dorsal surface fiake scars, it proved d1ff1cult to determine

if dorsal surface ridges reflect the prior removal of



Plate 12. Platform preparation scars on ESP flakes.
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Table 35

Percent Cortex

: "Relative ABjusted Cum
: Absolute Freq Freq Freq
Category Label Freq (Pct) (Pct) (Pct)
Indeterminate - 6 27.3 27.3  27.3
No Cortex 7 31.8 31.8 59.1
One Quarter or Less 2 9.1 9.1 68.2
To One Half 5 22.7 22.7 90.9
All Cortex- 2 9.1 9.1 100.0
Total 22 100.0 100.0
Table 36
Dorsal Scars
Relative Adjusted Cum
Absolute Freq Freq - Freq
Category Label ' Freq (Pct). (Pct) = (Pct)
Indeterminate 5 22.7 22.7 22.7
One Scar ¢ 5 22.7 - 22.7 45.5
Two Scars o 9 40.9 40.9 B86.4
Three Scars 2 9.1 9.1 95.5
1 0

~Six Scars 4,5 | 4.5 100,

 Total 22 100.0 * 100.0
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percussion fiakes or frost spa\lé. Eor these reasons, little
confidence can be placed in these 6bsgrvations. )
#Iake.Termtnations ﬂ o ‘ ,
Frequency data for flake terminations is presented in.
Table 37. In thi§'case. indeterminate observations (22.7%)
refléct either step terminations, or flakes that terhinated
off the core edgevTéaving a right angled distal end. Of the
,re@aihing‘ speciméns, the majority (54.5%) exhibit feather

términations, with the next largest category being hinge

. “terminations (18.2%).

H. Discussion

 Evaluation of these stone specimens is hindered by Athe
small sample size, the great vertical separation of
specimens,'_and the coarse-grained texture- of the raw
matéria], all of which makes it difficult to identify
important ~attributes with confidence. However , the
geomorphological « context allows 1imjted'evaluation of the
‘artificial or natLra} status of these specimens. The
following discussion focusés on‘only the technical flake and
flake fragments from the site, as the remainder .of the
collection consists of speciméns exhibiting no evident human
.élterafion (i.e., no eQiden;e of percussion flake remové]),
or ‘tﬁose in which ihe evidence‘is so minimal as io preclude

meaningful evaluation.
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Table 37

Flake Terminations

Relative Adjusted Cum

Aksolute Freq Freq _Freq

Category Label Freq (Pct) (Pct) (Pct)
Indeterminate 5 22.7 22.7 - 22.7
Feather 12 54.5 54.5 77.3
Step 1 4.5 4.5 81.8
Hinge : 4 18.2 18.2 100.0

Total 22 100.0 100.0"

'*\
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Arguments For a Human Origin

The strongest argument for a human origin for the
specimens under consideration (flakes and flake fragments)
lies ;p fheir objective status as technical flakes rempved‘
either by percussion blows or pressure. However, it has been
demonstrated elsewhere that natural agencies of' sufficient
' energy» do exist which are capable of prdecing stone flakes
exhibiting similar minimal morphological features (i.e.,
ribs; hackles, etc.) as are produced in human stoneworKing.
Usihg oniy this arguhent the question comes down to a
probabalistic assessment as to whether 6r not a collection
of this size could conceivably have been produced by natural
forces alone, given the abundance'bf aﬁg:f:ble flakeabﬁe
- materials and the potentialt energy indicated by the
' erositiohal'égencies at the site;

A satisfactory answervto the first part of the question
is -unfortunately precluded by the excavation procedureé
| employed prior to thé 1879 field season when eonfro] samples -
- of | bresumed ' natura]]y' ~fractured - Specimens were not
collected. The control data'collected during the 1978 field
season are .useful but notbdirectly applicable, as no flakes
were recovered during fhose _excavations. However, the
contrd]-'data are not- compLetély reﬂiablé for other more
- serious reasons. In contrast to the géo1ogicél sitﬁation
1described for fhe Tié&in siie, the 1lithology represented by
the E.S.P. site matériais has. a definable . outcrop location

from Which_ all materials must have been transported either
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by natural or cultural agencies. At the Timlin site,
previous glacial transport served effectively to distribute
the two lithologies across ’the landscape. Given the
situation wifh a kKnown local outcrop, materials transported
to the site area would have undergone alteration and size
reduction throughout their life history. On the other hand,
small flakes may well have been created at some distance
from their final resting place (assuming some liﬁiting size
‘range beyond which clasts are only slowly reduced). Given
this situation it would be incorrect to compare the size of
flakes with pdtential parental nodules in_ the form of
‘natural claéts from the site déposits.

An assessment of the potent}al for natural processes,
" (as represented by the deposits at the site and elsewhere up
the slope), to fracture chert conchoidaliy~is an elusive
problem. Clearly, the coarseness of the excavated 'deposits,
including igneous boulders up to four‘feet in diametef,
implies at least rare episodes in which energy was "
theoretically sufficient to remove stone flakes of the size
' represented in the collection. The periodicity of this
energy level would, however, be a matter of;pointless

speculation. \

As discussed earlier in this section, t\e majority of
materials represented-at the site probably 3eached fheir
present position  thru fér less vfgorous - transport
mechanisms; soil creep, runoff and rolling of larger ciasts

after they had been set in motion. These movements would

.;/,r
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have been of icieﬁt energy to produce even the

medium-sized f1z rdpresented in the E.S.P. collection.

Their primary etféct would have been of a much smaller scale
1nc1uding'edge and ridge microflaking.

Thus the case for an artificial status of the flakes
from this site is very, weak when considering only their
status as flﬁkes in light of potential geomorphic forces.
Given randomly occurring percussion blows of clast against
clast duriné periods of mass movement (or at least movement
of large ﬁasses) some 30-odd flakes scattered throughout a
3000 plus square foot area and repfesehting over 25,000
years of time is not an unreasonable expectation.

The tecﬁnologica] analysis discussed previously
provides little data concerning flake attributes which would
support an argument for ‘an ‘arpificial bstatus for the
specimens. However, on the other hand, none of these
specimens‘ wou 1d seem anoma lous within a primary
archaeological context.

Attributes of gross shape indicate only that'he]ativeiy
Nittle for;e would have been required for removal of these
flake specimens. fhis observétion fits well with an
hypothesis of natural flaking, but is certainly also.
reconcilable with a human origin hypothesis.

Platform angles are generally within the range of
values employed by hominid flihtknappers. Aﬁthough the
valués are all somewhat steep, this range could be expected

in initial core preparation. The negative implication of the
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range of platform angle values is simply that bifacial
thinning was not an activity represented by these specimens.

Proximal end attributes and dorsal surfice
characte?istics provide only ambiguous - information with
which to evaluate this collection. Metric data platform
width and depth indicate little in the way of ptlatform
isolation but with the point of force appl{cation located
near the core edge. Possible platform preparation scars,
while évident on several specimens, do not,. in most
instances follow a pattern consistent either with platform
isolation or the removal of voverhangs. Platform surface
morphology reveals little evidence of modification prior to
flake removal except in the case of several spec imens
exhibiting ground or faceted Qlatforms. The data recorded
for dérsal surface characteristics could potentially be used
to argue for human alteration given the high incidence of
one or more dorsal ridges. Although this conclusion may be
correct, the nature of the physical weathering environment,
especially as iPdicated by the numerous frost spalls, makes
this gonclusiqn extremely tenuous. - .
Arguments For a Natural Origin |

Initially, it must be reiterated tha§ the geomorphic

situafion "at the E.S.P. site is theoretically competent to
t

_ produce limited percussion flaking. Given thiswwbeginning

premise,_ what evidence can be marshaled to support the
position that natural events actually are responsible for

the production of all flakes in this collection?
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specimens are never less than 45 degrees which, if coupled
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Both the size of the ‘sample ‘and the vertical

distribution of ;spécimens are in.ﬁconformityf ‘withk an

hypothesis of natural flaking.‘Extrapolatinglthe 22,000 BP'

daté at 15 feet down to 27 feet would yield‘ an average of -

one flake every 1500 years. However, the gfeatest‘frequency

of ffakes‘ occurs in the upper 'eight feet of 'deposits ,

representing perhaps as little as one thousand yeans;
The size of the flakes is also- in ‘conformity ,with‘ a
natural fracture model. Given the difficulty in'hemoving

large flakes in even a high epergy- envjhohment whéh‘lthe _

respective pariic]es are moving = rapidly, small " to

medium-sized flakes, 1ike those representedp‘ﬁn the E.S.P..

COllectioq, would be an expected end-pfoduct. AngTes'Of)

~with moderate ]ength’ and a he]atiQelychin crbss-sectiqh,“

would cgnstitute @ flake of - low probability under most

‘natural conditions.

The possible, platform preparation scars aré}~ not
incémpatible’ with vf1;king Qnder hatural)conditions..if‘wé
assume that impact was randomly djstributed around noduié
surfaces, :and‘ of v?riab]e Xforce amounts, ﬁheﬁ sgreaférj
numbers of microflake scars shbuld~be removed\from a given
core face. In addition, those”éoreﬂfaCés monre eaSiiy failed
by virtue Qof their ‘ang)e' would . presumably be mbbe
susceptibie to both mfcroflaking and thevremoval of large
flakes. Thus . whether’for not a given 'flake exhjbits

pseudo-platform preparation scars would depend upon whether
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6b‘ not preViOUS‘ blows adJacent to the same core edge had

,occurred wh1ch wete either of lesser force or located nearer

the core edge. "I have tried to argue that this occurrence |

wald be of sufftbient freqUency in this context to result

in a number of flakes bear1ng these features.

Further attr1butes such as percent .cortex or dorsal

"scars are, for reasons di scussed earlier,.of questionable
r»;value in evaluat1ng alternat1ve models for the origin  of
vthese spec1mens | : |
| In conclu51oh tnone of the data recorded in this study

“would appear to contrad1ct a natural or1g1n for the flakes

N and flake fragments from thls site. However, as indicated

’ear11er these~ spec1mens would not be out of place from an

archaeo]og1ca1 site .in primary context

I. Conclusion

The preceding analysis -and dlscuss1on has demonstrated
.that the bulk of specimens mak1ng up the _E.S.P.I.collect1on
~ are e1ther‘products of natural ferces and processes or which
they ekhieit no alterations'that would indicate that they
had\‘beenvaltered by human aetivity.'These specimens eonsist
of thermal spalls and.irregulerlyfshaped clasts exhibiting
no evidence of conchoidal fracture. Clearly these specimens
could have been utilized by humans though if they were they
Teft no observable traces. , |

The remainder of the collection, ‘COnsiséing _of

technical flakes -and flake fragments, is of more uncertain
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status. Given' thi size :and dtspersed‘ nature of the
co]lection it is impossible to , reach any definite
conclusions ‘as to whéther the spec1mens are naturefacts or
artifacts The spec1hens do conform to a natural fracture
mode | if the geomo%phjc reoonstruotlon outlined earlier has
- any'va]idfty. On'thevother hand;-the flakes are not unlike
those 1remo§ed‘ by"hominﬁds in ,the initial‘stages of core
reduction. . ’ |

Leaving aside the.inconclusive question of whether- the
spec1mens are art1facts, a more attainable questlon can :be.
posed. Does the collectioh of f1aked chert excavated thus
tar Justify the further expenditure of t1me and effort at
this locat1on'7 By way of a negatlve' response to th1s
rhetorical question I would 'put forward the fol]ow1ng
argument ' From the preced1ng d1scuss1ons I would argue that
the case for a human or1g1n for these spec1mens 1s very weaK;
given their context Further if 1n\$q\t these spec1mens are
v artlfacts, (poss1b1y the resu]t of random rock smash1ng by
hominids testing. the qua11ty_of the~1ocal materials) there
appears to be no 1noontrovertible way to demonstrate that
fact even if ha]f the mounta1n were excavatedo On the other
hand, these mater1a]s may be derived from a ser1es of 1ntact
‘ depos1ts farther upslope or be mere]y the remnants of at one
_'t1me more extens1ve s1tes in the general v1c1n1ty of . the
present s1tev G1ven‘ the genera] th1nn1ng of sed1ments

ups lope the former poss1b111ty 1s unlikely and would 1n',any

case be a hit or m1ss propos1tlon. The latter possibi]tty;
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;though _mofe 'probabTe‘ leaves ~tﬁe same problem fhét if the
rehaihder“of the site has beenllargély removed and'sbattered
there would be no means of demohstrating a hominid presence.
In conclusion ,theﬁ,‘ I would argue that this "erptfc’_
redeposfted siie_fai]s to‘meet anyystahdards of verification
~and would probably continue to do so even in the eVenf of

future more extensive field work. .



‘VII.'Summany. Conclusions, and Suggestiohs foh'Future o

Research

A. ‘Introduction | | ' €

In preceding éhapiers the problem‘of evaluating q?tural
versus humanomodifications of stone was examined. In Chapter
11 it ‘Qas‘.concluded that existing ‘research tools fof
addressjné‘ this question were iﬁadeduate and in some cases
fnappropbiatei Chapter vIII éftempted to ptace 1nafura],
fhacturé“ reséafch on a firmer footing ‘by»lémphasiiing
‘contextuatl ahalysis and the‘utflity of 'pebforming._analySes
of manufacturing .pafterns. Finq]ly, ah attempt}waé made to
evalQafe the status of'fractUred stone specimens from'nthree
wide1y ‘sepérated eXcavated sites breprésenting different
>geomorphi¢ éontexts. The purpose of the present chapter‘will
bé to summafize ;ndvgrevieQ thé utility of the analyfical
methods.out]ined breviously fn’terms of their'vutidfty in
gaining a better Qnderstanding of fracture processes at
these three sités. Suggestions for future exﬁerfmenta1‘ and

empirical research are outlined in the final section.

-B. Summary and Eva]uatién of Case Studies
Introduction |

In chapters IV, V, and VI, three sites were examined in
terms of their geomorphic context and alteration of stone
specimens. At each site béth the geomorphic situation and

the nature of flakeable réw materials were quite different.

222
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Comparisons and contrasts of these differences will be made
in the present section. |
Contextual Analysis

In Chapter'III it was stressed that various geomorphic'
\ processes transport speoimens in different_manhersvdoe to
variable energy‘ievels ‘and the nature of the transport_
medium. In addition,"physicai weathering environments'may;
- differ great]y between speoimens depos1ted within a
temperate floodpla1n env1ronment and specimens depos1ted in |
high altitude colluv1a1 sediments. The Kinds of physical and
chemical weathering processes in these environments can be
'expected to produce d1fferent weathering products v

At “the T1ml1n . sjte, _ reconstructable geomorph1c
‘en;irOnments included glacial and fluv1a1 transport of
natural clasts and fluvial transport of the'artifactUal
\specimens. At th1s- site ‘1t was' poss1b1e to d1st1ngu1sh'
bspecimens that had conc]us1ve]y been transported by g]ac1a1
ice (presence of striations). The absence of ~ striations on
the proposed, artifaot-,assemb]age posed a strong argument
against their f:%cture in a g]aoial environment and the
existence of a collection of' clasts that coUld be
demonstrated to have been glacially fractured -allowed the
compar ison. o% known naturally-fractured specimens‘with the
proposed artifact coW]ection} Using these lines of evidence
it was possible to conStruct a 'strong case against the
fracture of the Timlin co1lection by glacial action. In this

case statistical comparisons of these two populations was
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Vappropriate. |

At the Caribou Island site, known naturally-fractured
specimens.were avai]ab]e as well. In this\instanceﬁspecimens
had been “Fractured in a"manner- and from directions
uncharacter1st1C' of human stonework1ng techn1ques 1nvolv1ng
'rounded quartz1te cobbles. Some of the fracture patterns
“were vshown to be the result of high energy pressure, which
would not have been possible for peopfe; to produce. Other
epeeinens, characterized by transverse splitfing;_ceuld have
been producedrby human beings, ( though Bhey-rarely vemp10yed‘-
this 'fracture‘ etrater) Aga1n in this situation it was
valid to perform comparat1ve ana]yses between populat1ons

‘The E.S.P. _s1te collection. presented a more d1ff1cult
analytical«problem. W1th1n th1srcollect1on the vast majority
of sneeimens were dembnstrated to be the result of natnral
. proCeSSes. identifiable processesl;’included ’ freeze-thaw
spai]ing, and‘ otner physicaT'weathering’phenomena. Because»b
attr1butes on these natural spec1mens were not comparab]e to
those ”on the technical flakes in the collect1on, it was not
possible to perform mean1ngfu1 coqsaratiQe analyses of human
versus,pature] flaking. |

In the ana]ysfs of all three sites, tHé first step was
to attempt to segregate specimens on the basis of observable
attributes into populations of natura41y=fractured specimens
‘and those that may‘ be either natural or human' If the
fracture end- products are comparable then it is poss1b1e 'to

undertake comparat1ve statistical analyses between
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populations. If this cannot be carried out due to a lack of
vcomparability then the initia1 segregation at least performs
the function of réducing thé ‘number of specimens under
observation and in clarifxing] the character of  the
fracturing environment}for tHe_genera] reader. |

At most reported questionabie sites in the New ‘WOPid
(as  well  as in unquestionable _sites), proposed human
specimens generally occur wifh many other fracfured .clasts_
that are not felt td be artifacts. However, it .is rare that
the reporf cites critéria' used  for idenfifying
naturally-fractured clasts. Without an initial attempt to-
idénfify a pbpulation.' of naturallnyractuEed clasts,
comparative analyses, sbch as undertéken by Duvall and
Veneer (1980), are inappropriéfeL'Mofe serious problems are
encountered when, as in . the stugy by Taylor and'Payen (1979)
‘ nafura]ly—fracfured clasts are sUbjectively idehtified' but
are"neverthe]eSs 'includéd within the total population for
analyticél purposes. : | _

WHén a conteXtualiy-driented analysis is performed it
: may bé possiblF to exclude with confidén¢e'one or more of
the altérn'fgve fractqre models‘fromacohsidebétion, or at
least to réduce the number of specimens from the field of
observatigp; The 'Timlih Site'analysis demonstrated with a
high probabiiity that glacial transport was unlikely to have
produced the perosed.artifactUal,speciméns from thehgite.
Within the E.S.P. site collection, number ing several hundred

specimens, all but about 30 could be safely excluded from

.
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further aﬁa]ysis because they were demonstrably natural in
origin. - ’W

In otheblvinstances._ the elimination ’of aiternative
hypotheses_éannot be carried out with such a high degree of
confidence. Within the analysis of the Timlin site
co]lectfon,‘ fraéturing of Chert clasts during fluvial
trangport',could not be excluded with very high cohfidence.
Rather, tﬁe combination of empirical lines of evidence
(includiﬁg flake = scar widthé),Q thedretfcal ‘arguments
' regardihg processes of fluvial transpoft and associated
‘enengy levels, as well as the fechno]ogica] arguments, made
this alternative nétural fracture hypothesis less acceptab]é
than a hﬁman origin far'thé'specimens.'

In the anaIysis of"the E.S.P. site éq]lection the
alternative érguments _for either a humah or natural or{gin
for fhe flékés Qas' even less conclusive. The ’1ine§ of
’argument for a‘human origin were sé weak in this case as to

§

.
fracture hypothesis the

make the alternative natural |
stronger of\.the two given “the geomorphic context of the
- specimens. |
Te¢hnologica1 Analysis

As discussed in Chapter 11I, a technological anélysis
of flaked stone assemblages shéu]d form a basic component of
Any'heport on a particular site. At the very Teast such a
study allows the reader to gain an appreciation of thevrange

of materials collected from the site. However, for most

sites . containing questionable flaked stone materials it is
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doubtful whether a techno]ogical\ahalyis will provide proof
positive of a human origin for the specimens . Genéral]y,
assemblages of questionable specimens exhibif only miﬁimal
gvidence of modification, hence their "questionable" status.
On fhe other hand, when combined with contextual.analyses,
the technological apptoach may bring forward ess;ntial lines
of argument _which can be used to evaluaté questionable
assemblages.r | ',

In the evaluation of the Caribou Island site
collection, the technologicai analysis provided létrong
evidence for'non-acceptance of thé bulk of fractured c1a§ts7
from thé lower gravels. Ih this insténce, the argument
égainst ‘a humah origiﬁ was not that’human beings could not
: dupliCafe ysimi1ar fracture by-products, but that khuman
beﬁngs'vrarely, if bever, attempted to fracture rounded
'quarfzite cobbles iﬁ this manner. _ |
The techno]ogica] anéiysis of the Timlin .site was
N équa1ly fnformative bothf{n terms of supporting a human .

origin for the flakes and coreS‘fromvthe sitefas well é%\\
providing a.pos$ib1e exp]anation for the occurrencé of the
Specimens' in the stream gravels of fhe site, This analysis
phovided convincing proof that é]though gldcia]]y-f]aked
stone ' clasts and flakes ‘dcqur in the stream graQels, the
ranges of values for varigus flake‘attributesfaiffer to such
a degree that é glacial origin  could 'be confidently

rejected. In addition, a fluvial origin was assessed as

being of tow probability, given the ranges of values for
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attributes of flake size and manufacturing attributes.

On tﬁe other hand, the technological analysis of the
E.S.P. site materials was essentially inconclusive with
respect to the questibn of a human versus a natural origin.
This analysis was hampered by the sma]l‘sample.size, the
'coarse 1ifhology of the specimens, and the nature of the

physical weathering environment.

' C. Suggestions for Future Research

‘Empirical and Experjmentai Research

‘ Empirical and  experimental research into natural
processes of rock fracture is a necessary pre-réqui;ite to
strengthening. assesémeﬁtéL of' the status of questionable
assemblages. Much useful researChlis already being éonducted
‘with respect to micromorphological alterations as
exemplified by the work of Keéléy' (1980) and »Stapeft
(1976a). These studies promise to place the eva]uation of
micromorphological a]teratfbns on fair]x firm ground.

The same unfortunate]y cannot be said for pertinent
researéh into natural micromorphologica1' a1terationé. This
lack of bresearch relates to difficulties in obtaining
funding, the goals of Aspecific investigators,‘ and the
difficulties inherent in either observing of experimentally
reproducing natural processes of the appropriate gcale.

" Regarding thevfirét two points, the lack of funding and
- research interests of persons interested in the-qdestion of

‘early man in the New World are interrelated. Firstly, the
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standards of wverification of many scholars and funding
adminiétratoré, preclude the consideration of redeposited
sites as valid' evidence (Griffin 1979). It is gererally
considered a higher priority to search for new sites: rather
than attempt to resolve the issues raised by excévated
sites. Regarding the question of the natural versus human
fracture of bone a similar situation dbes not exist.
However, if it were not for the reieyance of such studies to
early man research in ofher areas; spécifically Africa, it
viS'doubtful that such research in the New ‘WOP]d would be
generousf; funded. -

Secondly,mscholars‘inferestéd in thevqueétion 6f early
<han in the New World consistently fail td address the
probiem of natural fracture‘ of stone. With notable
eXceptions (e.g., Reeves 1980, 1981), these archaeologists
seem content to engage in a Fru}tless dialogue that can
never be "resolved without objective éonsidération of
multiple hypotheses of sfdne alteration origin., Rather,
these scholars jump from siﬁe'to site revealing tanta]iziﬁg
clues‘Seldom backed by carefully gathered eVidence.

Regarding the thifd problem, it is true that natural
processés are difficuit to observe or replicate. However,
limited study‘ of particular environhents are feasible as
’ind{cated by the Savage River study. In addition, ft is not
necessary to replibate or obsePVe'eVery conceivable natural
process. As outlined in Chaptér 3, if \Knowledge can beb

gained regarding. the relevant parameters of = specific
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environments, it should be possible to deduce expected
alterations given a defined set of input conditions.
Technologicai Analyses

The most important realm of research to ‘aid the
techgologica] analysis falls into two ghoups: those that aid
in understanding the processes by which specific attributes
are pﬁbduced and, those that deal with inferences stemming
from the combination of attributes on specimens.

Research into the first group has been underway since
.the early 1960’ s, beginning with Crabtree's (1972) important
study and later more quantified reserach (Bonnichsen 1977,
Faulkner 1872, Speth 1872). This research is promising and
has served as the .basis' for tﬁis thesis which,
unfortunatley, was largely confined to attribute analyses.

Strengthened evaluation of technological analysesuwil]
only come about with means by which attributes can be
evaluated in terms Qf their pattern on individua] séecimens.
.Pat}ern analysis may take the form of the recbnstruétion of
pfoduqtion grammers of speciméns and comparison of the
grammer to known production grammeré from experimental or
prehistoric craftsmen. Young and Bohnichsen (n.d.a, n.d.b)
‘are pioneering research into the technological grammer of
experimental graftsmen. If reconstructed grammers from

questionable specimens were found to not make sense" in
terms of an overall production strategy it may be possible
to infer a natural origin (D.E.  Young, personal

communication 1982). The obvious drawback to application of
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these methods lies in the minimal alteration exhibited by

spdcimens from most questionable assemblages.

D. Conclusion

The question of the antiquity of human beings in the
New World is an important question for North Qmerican
Archaeologists. Thus far the approaches taken to~;ddress
this question have been largely unsystematic and undirected.
This thesis has attempted to provide at least a general
direction for research intq one important area in . tire?
overall problem: that of recognizing alterations of stone
produced by man from those d@’g:ced by natural processes.

¢

It has JLen argu roughout this thesis that

% g s
37 oy 1 W

oy

archaeologists need to app Jthe question of 'a natural
versus a human origin for quesfionable assemblages on an
objective, aUantified basis. Alternative hypotheses must be
explicitly stated and tested. Important components to this
assessment involve evaluation of the contextual parameters
of specimens within a given geomorphic environment (s) and_
quantification of alterations of specimens. Unless similar
studies are undertaken at other potentially important éites
in North and South America, interested scholaré will
continue to ‘ be divided into separate and distinct,
diametrically opposed camps. This unfortunatley. is not
science and does little to progress knowledge regarding'the

>

early,occupants of ‘the New Wor id.
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IX. Appendix 1

A. The Sévage River Experiment 

In preceding sections, a certain dissatisfaction was
'?xpressed concernihg the design of experiments to evaluate
the kind and rate of’attrition in a fluvial environment. The
ﬁresenée‘ or absence of water, while neceséry, is nof a
rsUfficiént condition to simulate particle movement in an .
aqueous regime (e.g., Tringham et al. 1874). For these
'reasons it was decided to conduct an experiment in a
_contro]led‘siiuatign of Horizonta]1y_f16wing water.

Fob théée purposes, two. éituatﬁdns“ are suitable for
examinihg’pabrasidn in a f]uvﬁal ehvironment;'fluhes, and
natural Stréams. The advanfages of the former are many in
that is “is possible “to coh£r01 precisely a host of input
variables (rate of f]Qw, time, matrixY§l~hOW¢ver, severéf
'disadvéhtagés makelhatUral envirpnménents‘mOre su{table;

| THe_gfeateét diéadvanfages in using flume appafqtuseé
aré"limitéion'tﬁe.size of clasts.that can be introduced and
fon'fhe'size of the bed Toad medium. In addition, comparisons
of the ratequfaitritioﬁ in naturg]vétreams and laboratory
- cbhﬁitidns indicate that laboratory . abrasion prpcegds
somewhat\sfower for a éiven distance traveled. x |

The size 1imifations tinherent in flume . experiments
‘allow for ;tHe, study. of micromorphological alterations but
,hake it !neahly impossible to study macromorphologic%]

alterations. For these reasons, it was decided to utilize a

250



251

natural stream environment.
Comparability |

| » One fiha] issue in designing experimenfs‘ to observe
alterations to clasts in fluvial envirbnments must be
discussed; the issue of combarabi]ity.’ Streahsk ~differ
greatly along continua of several crucial variables (e.g.,
bed load, velocity) that make it difficult to interpret
specimens from archaeological sites directly from .the
experimentally deriQed results. Thus, the lack of production
of large flake removals in an exberimental.situatioﬁ cannot
then be used to infer that no Lawgé flakes wéré_Arehoved in
the archaeological_sipuation. Thus, only generaﬁ principles
abpficable to all sifuations may“be applied, and not context
specific processes. | | |
Location

The SaVage River in western Maryland periodically is
a1lowed to flow past a dam from a beservoir during high
water levels. After issuing out of the drainage pipe, the
waters f]ow‘répid1y>down a steep gradient' for about four
,milés to the west braach of the Potomac river. Along its
Shorf bed the stream encounters a number ~of man-made and
bedrock-controlled topod?aphic features which provide a
certain ambunt of‘variabi]ity in the rate and Kind of flow
in the stream. For much of its course the stream consistgﬁpﬁ
a boulder-strewn chahné]'that at peak flow produces 1;;52 2
waves and "holes." Dtheerortions vathe ChanneT,consKSt Of,

deep pools with a relatively iquer.rate o For this

g,ﬂ
5
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eXperimént;‘an'area largely Freé’of boulders with imbricated
. cobble-sized clasts 1iping the channel floor was selected.
This particular area was chosen because of nearness to the
road and i%%bssibility of\speCimens after subsidence of the
stream. The lack of boulders éhd\deep chaﬁnels'allbwed for . a
very high rate of recovery of specimens.

Experimental Spegihens :

A total of 330 chert and siliceous siltstone specimens
were placed in the stream'during low;watef. The lithology of
these. specihens differed  in no significnt way from the
lithologies represehted in the Timlin collection. In fact,
the majority of fTaKeable sbecimens Qere»siliceoUs siltstone
andscﬁertfclasts collected from fluvial gravels at ‘the West
" Branch. ~‘ |

As‘stated_earlieh;’the purposes of fhis experiment were
to test both m@cro-‘and’micbomorphoTogical alterations in a

fluvial contexi.'For these reasons it was decided to utilize

a wide"rangev of sizes and morphologies of clasts. The )

majority of specimené consisted of medigm to large ‘f]akeé,
with smaller numbers of small flakes and ﬁarge noduTes. For
the Jlarge nodules, both rounded and freshly fractured
specimens were utilized.

Specimens were - subjected to high water levels for
approximatély‘ 20 hours; 10 hours per‘day. Specimens were

placed along two 11nesJ§§;pendicular ,to the filow ‘of the

stream and separatedfbx about 30 feet. In addition, in the .

face‘of the rapidly impébding approach of the flood watersk

By
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a number of flakes were "Prriedley ;p]aced in 'a (tight
circular cluster in a position further upstream. The latter
Speéfmens were approximately 30 feét .upstream from a
boulder-strewn rapids at the head of which the downstream
lines of clasts were placed. |
Movement of Clasts
| From’the relatively high velocity of the river at flood
stage and the occasional large size of’clasts within theyz
bedloadithat‘had appa;;ntly been moved to their present_
position by the stfeam, it Qa% expected that considerable
movement of clasts, particularly the shal]ér ones, would
také place over a two?day period. However, very 1fttle.
actUa]‘movemenf took p]ace, and'what hovementvdid occur  was
in the largest and smailést size range. The very largest
specimen, weighing approximately kg, moved about 36 feet:
~and one small flake p]éced in a trough at the head of‘the
v rapids was transporfed»élmost 60 feet. The great majority of
specimens. were not transpohtéd much over .3 feet, with many
éxperiencing no movement at all. The exp]anétion for this
pattebﬁ of movement  is, with hindsight, in  perfect
éonformity with general princiblesA of fluid dynamics' and

processes of particle movement in fluviatile environments. -

Some of the variables involved in whethér' or not
clasts 'will move or not are stochastic while others égq'be

largely controlled.
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Damage to Specimens ‘

For very practical reasons, only those specimens which
exhibited observable damage were recovered from the stream;
apprbximate]y 149 spécjmens were left for recovery at a
futﬁre’date after further periods of transport. Thus oﬁly -
45.1% of the specimens introduced into the stream ﬁnderwent
macroscopic a]terations, though the remaiﬁdér may well have
undergone -microscopic damage. The majority of the damage to
specimens éon§isted of the remoVa] of paint, and,
presumably, pobtions of ridges and edges. In most cases this
wear undoubtedly resultea from abrasion by sand-sized
particles ihl suspension.‘Other specimens Which traveled an
appreciable distance exhibit evidence of more ‘extreme edge
and ridge wear due to 31iding and ﬁol]ihg over immobile
clasts. | ~ e | |

In addition to edge and r#dge abrasive wear, a number
of lspecimens exhibit .percussion ‘craters on Eidges, as

‘descrfbédv by Shackley (1974), although on a mucH larger

scale due to the greater size of particles in this

experiment. - These percussion.craters are also visible, toa ;..

lesser extent, on one or more faces of several specimens.
Damage to flake and nodule edges represents the most
extensive modification of specimens. On virtually all

- flake-specimens, paint was removed from edge

s by the
detachment of small (up to several  mm jhfyflength)
microflakes. On several spécimené, re]ative]yﬂiérge .1 to
lcm flakes were detached. Flakes 1afger thaQ Aone‘fcm were

4
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£
primarily restricted to nodules or very large f]aK;Su
Macromorphological Alterations

Table 38 presents metric data for the dimensions of
flakes removed during the experiment. Of these flake
rémova]s, only eleven exceeded one cm in length, the
majority of these being between one and two cm (nine
specimens). Only one flake removal (3.7 cm long x 5.2 cm
Wide) approachgs the size of specimens in the Timlin
collection. | .

Due to the small size of the major%ty’of flake
femovals, fhe Beta angle measurement is Eeaningless. For
scars of this vsfée, the Beta angle relates more
realistically to the availabiliiy of edgeé pos§eSSing
angles of varying degrees. In this instance, the majorify
of edges of flakesiahe aéute. '

For flakes ’exéeeding 1 cm in length, six flakes
possess feafhér terminations, with four step “and one
hinge termination. Although  too small a gsample to
genera]izé from, these d;ta conform to Model 4

“predictions outlined in Chapter III;
- Miéndmonphological Alterations

The most prevalent Kind of alteration suffered by
specimens consisted of small, edge-microflaking. All
recovered specimens exhibited greater or lesser degrees
of ihis}form of damage.3The ma jority of‘microfjakes were

under 1 mm in lengfh and visible only with the aid of a

binocular microscope.
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Aﬁthough only‘in the incipient stages, the effect of
this edge microflaking would probably be to dull or round
the edges of flakes\and noduled and, to a lesser extent,
ridges. A similar phenomenon was reBbrted~ by Kuenan
(1956: 352) for angular pebbles rolled in a circular
flume. )

vFlaKe scar termination obsérvations of the§? .
microflakes were recorded for flakes between one and ten
mm in length (Table 38). Again, the majority of flake
scars exhibit feather Mterminationsr‘(54%) though a
significant percentage ‘_}44%) exhibit right~angled.
terminations (hinge and step).‘In édd%tion, £he majority
of flake scars exhibit cone .fegtubes in contfast to

bending fracture features.



Indeterminate

Hinge
Step
. Feather

Table 39

Flake Scar Terminafions

Total

Absolute
Freq

2
16
27
58

98

Relative Cum
Freq Freq
(Pct) (Pct)

2.0 2.0
16.3 18.4
27.6 45.9
54,1 100.0

100.0 100.0



