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ABSTRACT

Using a systematic sanpling strategy and | NAA, material from
a series of outcrops of Onondaga chert in western New York State
was anal yzed. The el enmental concentration pattern established
for brom ne, chlorine, and sodi um shows evidence of a facies
shift in the Onondaga |inestone fornation which all owed
"sourcing” of flakes fromthe French 3, CGuenther, and Henry Long
Sites. Future extension of this sanpling base should produce
favorabl e results for the rest of New York State and southern

Ontari o.
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CHAPTER ONE: THE PROBLEM OF ONONDAGA CHERT

Al t hough artifacts nmade of Onondaga chert dom nate New York
State prehistoric artifact assenblages, only mnimal success has
been achi eved at determining their origin. This study ains to
examne this problemw th the aid of neutron activation analysis
and a systematic sanmpling strategy. First, the formation will be
characterised by an analysis of geological nmaterial froma series
of outcrops, and then this characterization will be used to
"source” archaeol ogical material from several prehistoric sites.
This project will focus on western New York State, but success
will allow future expansion to the rest of the state. (Chert is a
sedi mentary form of silicon dioxide, usually found as nodul es or

| enses inside |linmestone formations.)

For the archaeonetrist, the ideal scenario for solving
guestions of artifact provenience is one in which all exploited
sources are localized and have their own distinct physical and
chemical properties. In sonme cases, visual distinctions can even
make chem cal anal ysis unnecessary. Unfortunately, in New York
State, the only major chert resource is not only both visually
and chenically very honpgeneous, but al so accessible across much
of the state. Thus it is very difficult to deterni ne where any

artifact mght have originated.

Past attenpts to characterise the Onondaga chert using
petrol ogi cal or hard scientific approaches have been linited in
scope and not very systematic. They have relied on snall sanple

sizes fromdi sparate sources, and thus have only been able to



show a few gross macroscopic differences in the chert, although

t hey have been able to distinguish between the Onondaga and ot her
cherts. However, no extensive, systematic attack has yet been
perfornmed to deternine if the Onondaga as a resource can be
adequately characterised so that artifacts can be "sourced” on a

| arger scale.

The benefits of such a characterization are clear
El sewhere in North Anerica, data on artifact provenance have been
used, directly and indirectly, to draw inferences regardi ng many
aspects of society, including economcs, religion, socia
structure, and technology. Access to this data would be a boon
to New York State archaeology. It mght shed Iight on intriguing
aspects of the region's prehistory, such as the apparent absence
of Early Archaic occupation, or the nature of the Archaic
adaptation itself. These goals are in line with current views
regarding the role of archaeonetry; i.e. to expand the know edge
of physical, chemnical, and biol ogical processes that underlie the
data, and to elucidate significant archaeol ogi cal problens

(Luedt ke 1987a).



CHAPTER TWO BACKGRCUND TO SOURCI NG

I nt roducti on

Ward (1974) outlines three phases required in the process of
sourcing artifacts: delimtation of source variation;
characterizati on of each source; and conparison of artifacts with
characterised sources. The first phase involves careful sanpling
of the various sources and application of one of a nunber of
chem cal or petrological analytical techniques. The second phase
i nvol ves the definition of patterns in the data that all ow
sources to be distinguished. The final phase applies the sane
analysis to artifacts, and their conparison with the geol ogi ca

patterns to ascribe their potential origin

Sanmpl i n

In the first phase, at each source locality, a sanmple nust
be taken that is sufficiently large and physically w despread to
contain the full range of internal, or intra-source variation
(cf. Shotton and Hendry 1979: 78). (In this paper, intra-source
variation will often be terned intra-outcrop variation.) At
tinmes, the degree of variation in a source outcrop can surpass
t hat between sources; extensive variation has even been observed
on an intra-nodul ar | evel (Luedtke 1978:415-416, 1979: 746;
Parkins 1987). A common flaw in trace el enment anal ysis studies
is the failure to adequately delimt the intra- and inter-source
variation (Ward 1974). Chem cal characterization studies rely on
the "Proveni ence Postul ate” (Wigand, Harbottle, and Sayre

1977:24) which states that there is "greater variation in



chem cal composition between sources than within thent (Luedtke
1987a:4). Wthout adequate know edge of this variation, it is
not possible to distinguish reliably between different sources,

nor is it possible to source artifacts.

Unli ke some studies in which "grab” sanpl es have been
collected fromoutcrop localities and material has been borrowed
fromcollectors and institutions, this study follows a recent
trend whi ch advocates the need for stronger control over the
sampl e (Meyers 1970: 17-18; Luedtke 1978). All sanples should be
collected froma known position in their parent matrix, if any
true notion of natural variation is desired (Luedtke 1978: 422).
As this caveat infers, know edge of the resource's geol ogy, as
well as any quirks in the local geology, is a necessity. This
know edge will not only ensure control over variation, it wll

also aid in the interpretation of the data

Sonme woul d presune that the best approach would be to target
all known prehistoric quarries and trace cultural material back
to them However, to characterise a geological feature truly, it
is necessary to sanple nore than just the suspected source
localities. One must assess the overall natural variation in
order to control for variation that may be too broad to be seen
with only a few points sanpled, and to allow for the possible

prehistoric exploitation of currently unknown quarries.

Finally, the nunber of sanples collected fromeach source
nust be | arge enough to allow for scientific analysis. A sanple

size of ten is usually considered the mnimum (Shotton and Hendry



1979:78). Luedtke (1978:422) reconmends at |east ten and
suggests thirty for even a honpbgeneous source. The sanple sizes

in this study may thus be too snall

Techni ques

The first phase involves the use of an anal ytical technique
to nmeasure source variation. Various approaches are avail able for
the characterization of exploited resources, including visual and
m croscopi c petrol ogy, optical em ssion spectrography, atomc
absorption spectrometry, X-ray fluorescence (XRF), and
i nstrunmental neutron activation analysis (INAA). Different
techni ques vary in cost, ease of application, and sensitivity to
particul ar elenents. Visual analysis, or "eyeballing” is rather
conmon anong archaeol ogi sts, but its unreliability and i naccuracy
in many cases have been repeatedly stressed by archaeonetrists
(Cal ogero and Phil potts:1987; Luedtke 1987h:2, 1979:745), and this
is especially so when one tries to differentiate the honbgeneous
Onondaga cherts. Were a material is unusual, or rare,
petrol ogi cal techniques can be quick, inexpensive, and rewardi ng;
but when the resource is widespread and its outcrops not visually
distinctive, as in the case of Onondaga chert, they are nuch | ess
effective. Despite the apparent honpgeneity of a resource, there
are often differences in the relative levels of trace and ot her
el ements that can only be detected by the nore sensitive

t echni ques not ed above.

Unli ke optical em ssion spectrography and atoni c absorption

spectrometry, XRF and | NAA are nore sensitive techniques and



produce data on many el enments at once (Shotton and Hendry 1979:
78). The ability of INAA to anal yse the conposition of the
entire sanple, and not just its surface, as with XRF, reduces the
effect of error due to surface contam nation or heterogeneity,
making it the nost desirable for sourcing a material |ike chert

(Al tken 1962:172; Harbottle 1982:23-4; Luedtke 1979: 746).

Chert's chemical composition reflects the conditions of
deposition, including such factors as clinate, salinity, depth,
and geol ogi cal processes operating in and around the sea.
Further post-depositional factors such as |eaching and
m neralisation can al so have effect. The spati otenpora
di fferences in these conditions produce the present spatia

variation seen in chert resources. (Luedtke 1978:414)

Al t hough I NAA is one of the nost expensive nethods, it is
not difficult to conduct. I NAA al so has a few advantages for
the author. He has worked with the techni que before at the
facility (SLOANPOKE) where the current analysis has been
conducted. This has led to famliarity with the staff and
operating procedures of the facility. As Harbottle has
recomended (1982:38), the cost of | NAA can be appreciably
| essened if the archaeol ogist is trained by an anal yst and then

conducts the mpjority of the work hinself (as in this study).

Cheni cal Characterization

Chem cal characterization relies on the neasurenent of the

| evel s of various elenments in a sanple. This data is then



exam ned by various visual and statistical nethods for the
presence of patterned variation, the purpose being to
characterise the chenical conposition of the sanpled outcrops.

To allow outcrop differentiation, traits must be found that show
the conformity of all sanples froma given outcrop, while clearly
differentiating themfrom other outcrops’ sanples. Once such a
pattern, a sort of chemical blueprint, is established,
theoretically the chem cal conposition of any artifact will

clearly match its source outcrop and no ot her

Because chert deposits can be so chem cally heterogeneous,
the archaeometrist must deal with several |evels of variation
variation within the formation (inter-source), variation within
an outcrop (intra-source), and variation within a nodule (intra-
nodul ar). For the characterization to be effective, intra-source
variation must be controlled so that it does not interfere with

the detection of inter-source variability.

Conparison with Artifacts

During this phase, the artifacts are anal ysed and conpared
to the source characterizations. An artifact that falls within
t he exclusive range of one source, can be ostensibly assigned to
t hat source; however, it is not possible to assert that an object
originated fromone particular location, only that it is nore |ike
that than any of the other sources sanpled - another untested
source may yet exist (Shotton and Hendry 1979: 78). In order to
make source classifications with any real confidence, the natura

variation in the formation(s) mnmust truly be understood.



CHAPTER THREE: THE STUDY

The Study Area

The study area encloses a strip of New York State from
Buf fal o east to Phel ps (see Figure 1), centered on the Onondaga
Escarpnent and its environs. Physiographically, the region is
divided into the All egheny Plateau and three narrow | owl ands, the
Lake Ontario plain, the Lake Tonawanda plain, and the Lake Erie

pl ai n.

South fromthe Lake Ontario shore, the land rises gently
across the Lake Ontario plain to the N agara Escarpnent. Between
this feature and the Onondaga Escarpment |lies the Lake Tonawanda
plain, named for a now defunct |ate Pleistocene feature. This
region is a shall ow east-west trough drai ned by the Tonawanda
Creek and its tributaries. North of the Onondaga Escarpnent, the
Lake Erie plain rises slowy to the Lake Erie or Portage

Escar pment which borders the All egheny Pl ateau

The | owl ands are areas of wet, relatively flat |land, and
di ssected frequently by |arge streans. The plateau is a
southward tilted nesa, characterised by rolling hills and deeply
eroded stream val |l eys, and has been wel|l-rounded by gl aci a
activity. Ceologically, the I ow ands rest on soft sedinentary
rock, while the scarps are the uptilted edges of nore durable
strata. The larger streanms tend to cut the scarps or cross them

in waterfalls and cascades. (Buehler and Tesner 1963:9)

The Onondaga Escarpnent is the product of glacial and post-

gl acial erosion. Beginning in discontinuous exposures in
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Ontario, on the north side of Lake Erie, it runs under the |ake
fromPort Col borne to Buffalo. It continues generally eastward,
al nost to Al bany, then turns southward i nto Pennsylvania. Above
the scarp and in its upper conponent |lies the Mddle Devonian

Onondaga Li mestone Formation, while below are Silurian deposits,

including the Bertie, Salina, and Lockport Formations. (see

Appendi x 1)

The Onondaga Formation is naturally exposed in frequent
out crops al ong the Onondaga Escarpnent, and in the gorges and
waterfalls of streans that cross the scarp. In historic tines,
nore exposures have been made in quarries and roadcuts. Residua
chert also can be found south of the scarp where shall ow soi

cont ai ns weat hered bedr ock

The Study

In this study, chert fromthe Onondaga Fornmation was
anal ysed using INAA.  The followi ng el ements were anal ysed:
Urani um Dysprosium Barium Titanium Strontium 1odine, Brom ne
Magnesi um Silicon, Sodium Vanadium Potassium Al um num
Manganese, Chlorine, and Calcium Systematic variation in the
rel ative concentrations of sonme of these el enents was detected,
and was used to establish a chem cal blueprint of the Onondaga
Chert against which prehistoric artifacts could be conpared to

determ ne their origin.

The chert samples were collected froma spaced series of

outcrops intended to represent the western end of the Formation

10



fromBuffal o east to Penbroke (see Figure 1). For conparative
pur poses, an outlying location, near Phelps, was also sanpled. A
systemati c sanpling approach was enpl oyed at each locale, in
order to collect sanmples of known provenance, and, by collecting
a controlled series of sanples, to delimt accurately the

variation within each sanpling | ocale.

Then chert flakes fromthree prehistoric settlenments |ocated
near the outcrops were analysed. This data will be conpared with
the geol ogical data in a blind test. This step will indicate the
study's value to Northeastern prehistory and to archaeol ogy in

general .

11



CHAPTER FOUR: NEW YORK STATE CGEOLOGY

Stratigraphy and History of the Onondaga Fornmation

The Onondaga Li mestone Formation is M ddle Devonian in age.
Al t hough in eastern and sout heastern New York State the
formations are intact, in the study area the Onondaga often
rests directly on the older Silurian deposits. The Lower
Devoni an deposits were alnmost entirely renmoved by erosion which
occurred after the Hel derbergian Stage. GCccasionally, there are
thin and di sconti nuous Lower Devoni an deposits of the Bois Bl anc
Li mestone. The Bois Blanc is not present east of the Genesee
Val | ey, but becones nore evident to the west, and is quite thick
in Ontario. (Rickard 1986: 12-14; Sorauf and O iver 1983:138-9)
The unconformity provides a useful marker for interpreting the
stratigraphy at sanpling |ocations. Al ong the Escarpnent, none

of the formati ons which overlay the Onondaga remain

The Onondaga Li nestone was deposited in a transgressive sea
whi ch extended north from southern New York (Rickard 1986: 13).
In the east, it averages 75 meters in depth; the central portion
is around 21 neters, and in the west its maxi mumis around 35
neters. There are four menbers, fromearliest on: Edgecliffe,

Cl arence/ Nedr ow, Mbor ehouse, and Seneca.

The ol dest nenmber, the Edgecliffe, is fossiliferous, a
coarse, light gray linestone, which becones slightly darker and
nmedium grained as it nears Buffalo (Oiver 1966:37). 1In the
study area this menber is very thin, decreasing from between

three to five neters near Syracuse, to only one neter at Buffalo

12



(Sorauf and Oiver 1983:139). It is dom nated by corals.
Local i zed coral structures vary in size frommcroreefs severa
neters in proportion, to reefs that are over 10 nmeters thick and
eighty neters in dianeter (Oiver 1954:636). The chert is |ight
gray in color, but only irregularly present and mainly in the

upper regions of the menber (Qiver 1966: 37).

Deposition of the Edgecliffe nmenber was terminated by an
influx of argillaceous naterial, correlating with the increasing
erosion of uplifting landforns to the east. In the eastern
state, these sedinents formthe Nedrow nenber and are shaly, a
different facies fromthe O arence nenber, west of Syracuse,
whi ch retains many of the characteristics of the Edgecliffe
(Aiver 1966:33). The Carence is fine-grained, thickening from
five nmeters in central New York to around 14 neters at Buffalo
Dark blue and black chert is extrenely abundant in this nenber,

sonetines formng over half its bulk (Dunn and Ozol 1962).

The thickest menber, the Morehouse, increases from eight
neters in the central state to around 16 nmeters near Buffal o.
However, due to erosion, this thickness is only attained in the
southern half of the state. In the study area, it no |longer is
evident at the escarpnment. The sedi nent shows deposition of a
fine grained, nediumgray |inmestone i nfused with abundant
noncar bonate nud in the central and eastern state (Qiver
1966:33). In the study area, the sedinment was purer; there is
nore coral, and the linmestone is nmediumgrained and |ighter in

color. Throughout the nenber, fossils are abundant. Chert is

13



present, but in amunts that vary and col or that ranges from
[ight buff to dark gray (O iver 1966:40; Buehler and Tesmer

1963: 36).

Separating the Mdoorehouse fromthe younger Seneca menber, is
the Tioga Bentonite, a 15 cmthick stratumof clay ninerals,
possi bly the product of M ddl e Devoni an vol canoes in Virginia

(Ri ckard 1986: 14).

From Buf fal o, east to the Syracuse area, nuch of the Seneca
menber has been lost to erosion, and thus little is known (Qdiver
1954: 637-41). In places, however, it does reach a thickness of a
few neters (Sorauf and Aiver 1983:139). What does exist is a
cherty, fine grained, fossiliferous |inestone. Eastern |inestone
deposition ended earlier than in the west. The deposit is dark
and fine grained, with few fossils, and upgrades into the bl ack

shal es of the Hamilton group (diver 1966: 33).

O the four, the primary conponents of the Onondaga
Escarpnent are the Edgecliffe and C arence nenbers, especially in

west ern New York (Buehler and Tesmer 1963: 36).

Oigin of Chert in Onondaga Fornmation

Ozol (1963:11) characterizes the Onondaga chert as
"mcrocrystalline quartz in conbination with chal cedony,
cryptocrystalline quartz, mnor anpunts of isotropic silica
(possibly related to opal), and nega-quartz", dolonmite and
calcite remants, and occasional sulfides, clay, and organic

material. These are all different types of sedinment which have

14



beconme incorporated into the chert.

Chemni cal and physical weathering produces three major
sedi nent types: quartz sand, clay, and calcite (CaCQ3) in
solution. These settle ultimately in marine waters after being
nechani cal | y separated, and eventually form sandstone, shale, and
i mestone, respectively. Oher, |ess abundant mnerals in
solution are halite (Nad), gypsum (CaSQ;), and silica (Si Q).
Al the dissolved mnerals are capable of precipitating directly
fromthe water. Calcite and silica can al so be absorbed into

organi sns and then indirectly deposited after their death.

Silica D agenesis

Silica is a comon end product of the chem cal weathering of
terrestrial rock formations. It then dissolves and flows in
river water to the sea. Once there it enters the sedi nent and

finally beconmes chert.

Controversy surrounds silica deposition. The ol der
geological literature often assumed that the dissolved silica
precipitated, usually around a seed such as colloidal particles,
organic material, or electrolytes (cf. Laird 1935). This schoo
found evidence for inorganic silica precipitation and suggested
that this nodel was the nost likely to supply the great quantity
of silica required for chert diagenesis (Bien, Contois, and
Thomas 1959; Krauskopf 1959; Peterson and Borch 1965). More
recent work argues that chenmical precipitation is very unusua
and that the dissolved silica was probably organically fixed by

mari ne organi sns and deposited when they died (cf. Cressnman 1962;

15



Heath 1974; Von Rad and Rosch 1974; Wse and Weaver 1974). This
siliceous material would then have been the target of chenica
reactions, eventually producing the characteristic nodul es and

| enses. Wse and Weaver (1974) support a "maturation theory” in
whi ch chert formed in stages: dissolved silica - biogenous silica

- cristobalite - true quartz chert.

There are various theories regarding silica diagenesis
during the formation of the Onondaga Limestone. Two main
conflicting theories are post-lithification replacenent and pre-
lithification consolidation. Ozol (1963:137-154) supports a
post -depositional theory in which the Onondaga Li nestone was
locally replaced by silica. Ozol observes that silicified
fossils are of the same type and alignnment as those in the
surrounding |inestone matrix. Some fossils straddle the
interface and are part silica and part carbonate, while |inmestone
texture also locally continues into the chert. Lindholm (1967)
notes evidence for both theories. He cites simlar observations
as Ozol, but, in favor of the pre-lithification theory, he also
notes that |inestone | am nations are defl ected around chert
nodul es and that occasionally cracks in chert have been filled by
carbonate mud. All the above observations suggest that nany
forms of diagenesis occurred, possibly alternating due to

| ocal i zed conditions.

16



CHAPTER FI VE: NEW YORK STATE ARCHAEOLOGY

Prehi storic Chert Exploitation in New York State

Little research has been conducted on aboriginal chert
exploitation in the Northeast, especially concerning western New
York State. Lithic studies have been nostly limted to artifact
nor phol ogy (e.g. Ritchie 1961) and technol ogy (Nel son 1987;

Nel son and G uliano 1988; Nel son and Spaul di ng 1987; anobng
others). Indeed, very few cases of prehistoric quarrying have
been noted in the literature, exceptions being the Bronpton I
Site (Sheehan and Cowan 1988), the Centerpointe Site (Hansen, in
prep.), the Coxsackie Flint Mnes (Parker 1925), the al nost

| egendary Divers Lake Quarry (Prisch 1976), the Matteson-
Harrington Site (Nel son personal comunication 1988), and the
West Athens Hill Site (Ritchie and Funk 1973:9-36). To date, the
only excavated Onondaga chert quarry in Ontario is the Sl ack-
Caswel |l Quarry, located in the N agara Peni nsul a (Jam eson 1978;
cf. Fox 1978); chert extraction may al so have been conducted at
the Surma Site, in Fort Erie, Ontario (Enerson and Nobl e 1966),
and at the Boyd Lakefront Site (Spence and Fox 1987:21). Fox
(1978) and Parkins (1977:85-6) discuss various chert resources,

i ncl udi ng beach cobbl es, that have been used in Ontario, while
short references to New York chert can be found in G anger
(1974:177,325-6), Ritchie (1980:8), Way (1948:28-30), and many

ot hers.

Wil e the Onondaga Formation is w dely assuned to have

provided the dark gray and nottled tan chert artifacts found

17



t hroughout the state, sources are frequently not discussed,
assuned to have been "nearby", or all material is vaguely linked
to one of the few well known |ocations, such as Divers Lake (Way
1948:28). Even if a possible source is nentioned, the
application of any analytical technique (other than eyeballing)

to verify these inferences is rare.

Anal ysis of New York State Cherts

The use of trace elenment analysis on lithic materials in
archaeol ogy is quite common. However, the application of these
nethods to New York State materials has been linted to a handfu
of studies (Brindle and Hancock 1987, Koffyberg 1987, Kuhn and
Lanford, Luedtke 1976, Pavlish et al. 1987, anpbng others).

Al t hough vi sual and microscopic studi es have shown cl ear

di stinctions between New York State cherts (including Onondaga
chert) and nei ghbors (Hamer 1976; Janusas 1984; Koffyberg 1987;
Kuhn and Lanford 1987; Lavin 1983; Parkins 1977, 1974; Way 1948),
t hey have been only managed to show sone gross differences between
chert outcrops at the eastern and western ends of the Formation
(Hamrer 1976), (Lavin and Prothero 1981), (Way 1948), and between
chert fromdifferent nmenbers of the formation (Ozol 1963). No
success has been won at characterising the entire Onondaga
Formation, to allow sourcing of artifacts nade fromany of its
outcrops. No study has yet systenatically anal ysed a series of

outcrops with controlled sampling of in situ chert.
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CHAPTER SI X: SELECTI ON OF GEOLOJ CAL SAMPLI NG LOC

From geol ogi cal literature, and through consultation wth
local flint knappers, a selection of Onondaga outcrops was
isolated in the western state. The selection criteria were as
follows: 1) known geol ogy; 2) presence of chert in natura
context; 3) accessibility; 4) sufficient exposure of chert to
allow a vertical series of sanples. Wth the exception of the
Phel ps | ocus, where the literary description was found to be
m sleading, all initial sanpled loci fit these criteria. The
Centerpointe Site | ocus was added | ater as a possible prehistoric
quarry which is currently threatened by commerci al devel oprent.
As nentioned above, prehistoric quarries generally were not a

priority for sanpling.

The follow ng | ocations were chosen: Akron Falls Park, the
Centerpointe Site, East Anmherst Street, Gen Park Falls, Goodrich
Road Cut, and Oaks Corners Quarry (see Figure 1 and Appendices 1
and 2). Al colors nentioned bel ow were deternined using the

CGeol ogi cal Society of America's Rock Col or Chart.

a) Akron Falls Park (OC 4)

In the Village of Akron, Erie County, Mirder Creek cascades
over the Onondaga Escarpnent at Akron Falls, cutting a gorge
t hrough the underlying dolonmite. By the falls, the gorge wal
reveal s Akron dolonite, the overlying Edgecliffe nenmber, and
possi bly some of the Clarence nmenber. From 1.7 neters of
i mestone, sone 12 sanples of chert were renmoved. A sanple of

t he underlying rock was al so collected for verification as
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dol oni te.

This chert varies in texture, but is generally rough with
i nclusions, and thus tends to produce a poor conchoidal fracture.
Above the meter mark, the chert quality becomes consistently
good. The chert fractures well and has a fine-grained texture.
This textural transition may indicate a change fromthe
Edgecliffe to Carence nenmber. At all levels, the chert was
simlar in color, ranging fromdark gray to nmediumdark gray (N3

to Nd), with lighter nmottling.

b) Centerpointe Site (CC 7)

The Centerpointe Site (UB 2445) is located in the Town of
Amherst, Erie County, and is only two kiloneters fromthe
Wllianmsville (OC2) location (Hansen, in prep.). The site is
situated on a section of the Onondaga Escarpnent where the slope
is quite mld and the linmestone extrenely eroded. There is
evi dence of occupations fromthe Late Archaic, M ddle Wodl and,
Late Wodl and, and even |roquoi an peri ods. G ab sanples of
resi dual chert were taken fromtwo areas as no chert was
accessible inits original matrix. Twelve sanples were collected
fromthe east area, and eleven fromthe west central area. By
conparison with the other sanples, all appear to be fromthe

Cl arence Menber.

The chert at this location is of good quality, being nedium
to fine in grain, and fractures well. It varies in color froma

medi um dark gray to a mediumgray (N4 to N5).

c) East Anherst Street (OC 1 and 5)
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In the city of Buffalo, Erie County, the formation is
exposed on East Anherst Street near Kensington Park. Two
| ocations were sanpled, a road cut, and an old quarry now owned
by the Public Works Departnent. At the roadcut, 16 chert sanples
were taken froma five meter section of Cl arence and possibly
Edgecliffe |inestone, while, at the quarry, 32 chert sanples were
coll ected froma congruous seven neter piece of the C arence and
the Edgecliffe nmenber. At the quarry, the basal unconformty of
t he Onondaga Formation was clearly visible. The Edgecliffe
menber lies on 10 cmof Bois Blanc Formation, and below that, 3.4
neters of Akron Dolomite. Seven sanples of Onondaga |i nestone

were al so taken fromthe roadcut.

In the quarry, the chert in the lowest 2.5 neters
(Edgecliffe) is mediumto poor in quality. It fractures badly,
havi ng a coarse texture and many inclusions. |Its color ranges
frommediumgray to nmediumdark gray (N5 to N4), with sone darker
gray material (N3), and rmuch lighter nmottling. Higher in the
outcrop, the chert becones a consistent, nottled dark gray (N3),
and, with an even, mediumtexture and good conchoi dal fracture,

its quality is excellent.

In the roadcut, the first neter of chert sanples are nedi um
gray to nmediumdark gray in color (N5 to Nd), with lighter
nottling, and poor in quality. This material is probably
Edgecliffe. Sanples fromthe upper 3.5 nmeters range from dark
gray to nediumgray (N3 to N5) in color, again with |lighter

nmottling, but are all excellent in quality. Presumably, they
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represent Cl arence chert.

d) Goodrich Road Cut (OC 3)

East of Wlliansville, in the Towm of Carence, Erie County,
Goodrich Road cuts through the Escarpnment. Cearly exposed is
t he Onondaga and its basal unconfornmity. While the upper scarp
i ncl udes Edgecliffe and probably sonme of the Cd arence nenber,
below lie the Bois Blanc and Akron strata. From 3.6 neters of

t he Onondaga |inestone, sone twenty chert sanples were taken

The quality of the chert sanpled is quite variable. The
texture is a mediumgrain size, but there are often pockets of
coarser inclusions. Were the texture is honbgeneous, the
sanples fracture very well, but the rest are of poor quality.
The chert is generally a mediumdark gray (N4), but becones
darker (N3) around the 5.5 meter mark. It is difficult to
di stingui sh between Edgecliff and O arence naterial at this

| ocati on.

e) Oaks Corners Quarry (OC 6)

This location is an active quarry near Phelps, in the Town
of Caks Corners, Ontario County. Here, the Edgecliffe, Nedrow,
and Moor ehouse nenbers are all exposed, lying on top of the
Akron, Wlliansville, and Scajaquada formations (Mrshall 1987).
Wil e chert has been noted in the literature (NYSGA 1956: 110)
for the Nedrow and Moorehouse strata, a careful search of the
quarry wall reveal ed only occasional nodules in what was probably
t he Nedrow nember. One sanple of this chert was collected. At
the top of the quarry, |oose bl ocks of Mdorehouse |inmestone

contai ned nore nodules. Fromthis material, a grab sanple of
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seven chert pieces was collected. Al of the observed chert was
in the form of amorphous nodul es. The chert is mediumto
coarse in grain. Fracturability was difficult to determi ne as

t he avail abl e nodul es are snall and pressure flawed from gl aci a
activity. The Nedrow material is very dark, a grayish black
(N2), while the Mdorehouse chert is a mediumdark to dark gray

(N4 to N3).

f)y Wlilianmsville (OC 2)

In Wlliamsville, Erie County, Ellicott Creek cuts through
t he Onondaga Formation and t hen cascades over the edge at den
Park Falls. Exposed in the falls are strata of the Akron
Dol omite, the Edgecliffe menber, and probably some of the
Cl arence nenmber. Fourteen sanples were taken froma five neter
segnent beside the falls, and froma further four nmeters of
Clarence strata exposed in cascades just above the falls. A
sanpl e of the underlying rock was al so taken for verification as

dolom te.

Al the chert fromthis location is nmediumgray to nmedi um
dark gray in color (N5 to Nd). The sanples fromthe first four
neters are poor in quality, being coarse and fracturing poorly.
These represent the Edgecliffe menber. Above the falls, some of
the sanples are of excellent quality, flaking well and having a
nmediumto fine texture, while others are of poor quality. These
possi bly represent the C arence menber. (This variability
reflects the constrained sanpling conditions. At this |ocation

the chert was npbst accessibly exposed in the creek bed and banks,
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where renoval of good material was rather difficult. As a

result, many of these sanples are not representative and of poor

quality.)
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CHAPTER SEVEN: GEOLOG CAL DATA COLLECTI ON TECHNI QUE

Met hod

At each outcrop, consecutive sanples were collected of every
chert nodule |located within a 20 cm wi de vertical swathe up the
face of the escarprment. This strategy will yield informtion
about intra-source chem cal variation. At neasured |ocations,
sanpl es were renpved with a geol ogist's hamer and bagged in
plastic. Black and white photos and color slides were taken, and
| ocational information noted, to allow collection of nore data in
the future. Sanples of the underlying rock (assuned to be
dolomte) were taken at several locations to verify their
identity. Also a series of |linmestone sanples was coll ected at
t he East Anmherst Street Roadcut. These were thought necessary to
i ntroduce data fromthe chert's matrix. Linmestone and chert have
aclose link relating to their genesis, and |inestone is often

i ncorporated in inmpure chert sanples.

A standardi zed record formpartly nodel ed after one used by
Meyers (1970: 16) was established for all sanpling activities
(see Appendix 3). This formensures the accurate record of
i nfornmation regarding the sanpling | ocation, including the
out crop' s physiographical form identity of constituent
geol ogi cal menbers, approxi mate |ocus of sanple renoval, photo

nunbers, and so on.

For this study, a mninmum sanple size of ten cases from each
outcrop was attenpted and succeeded for all but the Oaks Corners

Quarry where the standard approach was thwarted by the scarcity
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of chert.

In an attenpt to maintain a focus on chert and not chert-
like rock (e.g. cherty limestone), an effort was made to estimate
the quality of the chert in each sanple piece, and then to renove
the actual | NAA sanple only fromthe highest quality part of that
piece. In this fashion, it was hoped that the target of this
sampling strategy woul d be equivalent to that of the prehistoric
peopl e who were exploiting the naterial. Since chert is the
siliceous end of a cal careous-siliceous continuum (linestone to
chert), the "best” quality chert in a particular sanple should
represent the nost cherty conponent of the sanple. 1t can be
shown (see below) that there is a relationship between subjective
quality estinates based on physical properties and the actua

concentrations of calciumand silicon in a sanple.

Frank Cowan, an experienced flint knapper and archaeol ogi st,
suggested a rough set of classificatory characteristics by which
the quality could be estimated - texture, honobgeneity, and
fracturability. The best cherts will have the finest textures,
| east nunber of inclusions, such as fossils or quartz crystals,
and have a consistently good conchoidal fracture. Honpgeneity, a
consi deration of variability in texture and presence of rough
i nclusions, was found difficult to neasure and was not used for
this analysis. Each sanple was thus classified by texture (no
tangi ble grain = fine; sonme grain tangible but not rough or
variabl e = nediunm rough to touch = coarse) and fracturability

(good or poor). The resulting coding systemrated fine-textured,
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good fracturing material as good to excellent in quality; nmedium
textured, good fracturing material as marginal in quality; and
all poor fracturing naterial as poor in quality. (Appendix 5

records the quality estimations for the sanples.)

Controlling for Variation

This sampling strategy attenpts to control for intra-source
variation by using a vertical series of sanples fromeach | ocus.
It has been noted that there is nuch nore vertical than latera
variation in the trace elenents in sedinentary rock (Sieveking et
al . 1972:156). For all but the Caks Corners Quarry |ocus, a
congruous section of Edgecliffe and C arence nmenber strata was
sanpl ed. Although the small | NAA sanpl e wei ght nakes the data
susceptible to intra-nodul ar variation, the size of each outcrop

sanmpl e shoul d average out nost of the deviation
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CHAPTER EI GHT: SELECTI ON OF ARCHAEOLOQ CAL SAMPLI NG LOC

Fromthe records of the SUNYAB Archaeol ogi cal Survey, al
prehi storic archaeol ogical sites existing within roughly five
m | es of the geol ogical sanpling | ocations were noted. Fromthem
three sites were chosen, using the follow ng selection criteria.
The artifact collection fromthe site had to be located close to
SUNYAB, and, ideally, in the M E. White Muiseum There had to be
sufficient nunbers of flakes in the collection to allow for
per manent rermoval of a sanple for INAA.  The assenbl age had al so
to contain early reduction stage flakes (likely to be site-loca
material). After these criteria were nmet, sites that had been
the subject of lithic analysis or were part of ongoing research
were thought nost desirable. No attenpt was nade to limt the
sites chosen to one period or culture. The followi ng sites were
chosen: the French 3 Site, the Guenther Site, and the Henry Long
Site. O these, the fornmer have been subjected to extensive
lithic analysis by Frank Cowan (Cowan and Hartner 1987). (See

Figure 1, and Appendices 1 and 2)

a) French 3 Site (UB 2292)

French 3 is located in the Town of Marilla, Erie County
(East Aurora Quad), on a sandy knoll. Nearby is a small stream
part of the Little Buffalo Creek Watershed. There is evidence of
two occupations, Early Wodl and and Late Wodl and. All chert
artifacts were of a nottled brown and gray material thought to be
Onondaga Chert. A dense lithic scatter and surroundi ng sparser
collection, roughly 40 neters by 30 neters, produced 648 fl akes

and di agnostic tools. The site's function is not yet known.
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Wil e no features have been found, the lithic assenbl age retains
evi dence of nmany different activities. (Hartner and Nel son 1987:

57-64; Cowan and Hartner 1987: 60-69)

French 3 is located 18 kil onmeters due south of the Goodrich
Road sanpling location (OC3), 24 km sout heast of East Anherst
Street (OCl and 5), 22 km SSE of WIllianmsville (OC2) and the

Centerpointe Site (OC7), and 22 km SSx of Akron Falls (OC4).

b) Guenther Site (UB 2287)

This was an Early Wodl and canpsite, located in the Town of
Lancaster, Erie County. The encanpnent was on a gentle, wel
drai ned sl ope on the south bank of the Ellicott Creek. This site
was i nvestigated by menbers of the SUNYAB archaeol ogi cal Survey.
Al chert artifacts were of a gray material, attributed to the
Onondaga Chert. In a diffuse lithic scatter, roughly 85 neters
by 20 neters, 91 flakes and several bifaces were found. Al
col lected cultural material resides in the Marian E. Wite
Museum  (Hartner and Nel son 1987: 22-31; Cowan and Hartner 1987:

23- 29)

The Guenther site is located south of the escarpnent, md
way between the Centerpointe Site (OC7) and Akron Falls (OC4)
sampling locations. It is approximtely six kilometers south of
the Goodrich Road location (0OC3), 10 kmfromthe Centerpointe Site

(OC7) and 14km from Akron Falls.

c) Henry Long Site (UB 294)

The Henry Long Site is located in the Town of Newstead, Erie
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County, near Clarence. The existence of the site has been known
since Squier's work in 1851 (1851:79). More recently, Wite's
excavations (1963) reveal ed a palisaded village of the N agara
Frontier lIroquois. The settlement was roughly 60 nmeters by 50
nmeters and | ocated on a | ow peninsula of land jutting out into a
swanp. The artifacts reside in the Marian E. Wite Miseum

Al t hough her report does not discuss the lithics in detail, the

projectile points are gray Onondaga chert. (cf. MIller 1977)

The site is located six kil oneters southeast of Goodrich

Road (OC3), and ei ght km sout hwest of Akron Falls (OC4).
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CHAPTER NI NE: ARCHAEOLOG CAL DATA COLLECTI ON TECHNI QUE

Met hod

For the archaeol ogical nmaterial, an attenpt was nade to
sample only flakes fromearly on in the reducti on sequence; i.e.
fl akes that are the product of renmpving the cortex, edging, and
prelimnary thinning the preformor core (Wl dorf 1984: 25).
These flakes will generally be of chert fromsources that are
very close to a site on which they are found, assum ng that
peopl e sel domtransport |arge quantities of unreduced chert for
any great distance, especially when acceptable nmaterial is
avail able locally. Late reduction stage flakes could, on the
ot her hand, reflect the further reduction of |ocal material, or

t he mai nt enance of non-|local nateri al

A mni mum sanpl e size of ten was set and nmi ntai ned for each
site collection sanpled. Visually classified Onondaga chert
fl akes were selected as a grab sanmple fromeach site's
collection. Flakes that were nacroscopically distinct fromthe

norm were not sel ected.
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CHAPTER TEN: I NAA

Sanpl e Preparati on

Smal | pieces of best quality chert were renoved from each
geol ogi cal sample, with an effort being made to avoid surface and
cortex naterial. Small fragnents were renoved with a sandstone
cobbl e hamrer st one, prewei ghed on a OHAUS nodel C501 Port-o-gram
scal e, and placed into polythene vials ready for I NAA A Mettler
H 15 Anal yti cal bal ance was then used to neasure sanple weights

to £0.1 ng accuracy.

Sanpl e Anal ysi s

Al'l I NAA was conducted at the SLONPOKE Reactor Facility, at
the University of Toronto, Toronto, Canada. This reactor
produces slow, thermal, neutrons with a flux of less than 2.5 x
10! n/cnfs (Hancock 1976). Mst of the geol ogi cal sanples (SWP
1-107) were anal ysed on January 13, 1988. The Centerpointe Site
sanple (OC7, SWMP 110-125) and all archaeol ogi cal sanpl es (SWP
130-159) were anal ysed on March 23, 1988, while the |inestone
sampl es (SMP 107-109 and 126-129) were anal ysed on April 15,

1988.

Sanpl es were placed in polythene vials and irradiated for 5
mnutes at 5 kilowatts, or at two kilowatts for the |linmestone. A
del ay of around 19 minutes was instituted to allow the «28<Al to
decay to a level such that it did not nask other |ess active
i sotopes. Ganmma ray products of the radi oi sotope decay were
counted with a Canberra Ge(Li) detector coupled through a 452

Otec spectroscopy anplifier to an 8100 series, 4096 channe
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Canberra anal yzer (relative counting efficiency of less than
6.7% . Measurenents were taken of gammma ray peak and background

| evel s at known energy |evels (Hancock 1976).

The neutron flux at SLOAPOKE, based on many observations,
has been denponstrated to be within 2% over |ong periods. This
degree of consistency is sufficient to allow the use of house
st andards whi ch have been kindly | oaned by the facility director
R G V. Hancock - standards are routinely run by the facility
staff to ensure reliability, and arithnmetic constants have been
created. Access to these data nmade it unnecessary to include
experimental standards with each sanple run. Their use,
unfortunately, nakes easy conparison to data from ot her studies
nore difficult (Shotton and Hendry 1979:82), but greatly speeds

t he sanpl e anal ysi s.
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CHAPTER ELEVEN. DATA ANALYSI S

Dat a Reducti on

The raw gamma ray count data from SLOANPCKE were reduced on
an APPLE Ile using an Appl eworks database file with enbedded
equations. Elenental concentrations were cal cul ated using the
foll owi ng equati on:

peak counts - background counts
concentration (ppn) =

Px F x edTUn2t) x Mx kw

where P, is the relative distance between the sanple and detector
F, is a constant created fromthe inhouse standards in counts/ng;
dT, is the delay tinme between sanple irradiation and counting; t,

is the istopic half-life; M is the sanple mass in ng; and kw,

reflects the reactor power level. (This equation is tailored to
SLOWPCKE. )
The concentration data are listed in Appendix 4. In each

case, the magnesi um concentrations have been reduced by 16% of
t he al um num concentration to correct for a partial overlap by

one of the al um num i sot opes.

Met hod of Data Anal ysis

The concentration data was anal ysed on the SUNY Buffal o | BM
mai nfranme using SPSS-X. A Pearson's Correlation table was
created for the geol ogical sanple data. G oups of strongly
correlated elenments were noted and plotted with their
geogr aphi cal | ocation on sinple x-y graphs. These graphs were

exam ned for el enents or comnbi nati ons of el enents whose



concentrations vary systenmatically in relation to their

geogr aphi cal origin. Wenever such relations were found, the
archaeol ogi cal data was then introduced onto the graphs so that
the values could be directly conpared to the geol ogi cal val ues.

I nferences could then be directly made regarding the origin of

t he archaeol ogical material. Miltivariate statistical approaches
were not found to be necessary for this Iimted study, however,

in any future larger study they may quite |likely be of val ue.

Di scussi on of Data

In all, 159 sanples were anal ysed, including 120 geol ogi ca
chert sanples, seven |linestone sanples, and 30 archaeol ogi ca
sanples. Two dolonmite sanples that were anal ysed (SMP 18 and 65)
are not relevant to this study. The concentrations of sixteen
el ements were determined: U Dy, Ba, Ti, Sr, |, Br, My, Si, Na
V, K, Al, M, O, and Ca. (See Appendix 4 for trace el ement
concentrations and Appendix 5 for sanple weights, quality
estimation, and other general information.) All concentrations

are by nass.

As expected, the npbst conmon el enent in the chert sanples is
silicon, averaging 45% (Chert is silicon dioxide, which is 46%
silicon when pure.) The next nbst common el enent, cal cium
ranges fromO to 5% Al umnum chlorine, nagnesium and
pot assium are minor elenents (below 1%, while the other el enents
are all at trace levels (less than .01%. The concentrations of
barium iodine, potassium and strontiumare extremely variable

and frequently fall below the detection linmit: bariumin 26
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cases; iodine in 103 cases; potassiumin 32 cases; and strontium

in 60 cases.

The |inestone cal ciumconcentrations are in the range for
normal |imestones (30-40%, while the two dolomite sanples have a
typi cal conposition, averaging roughly 19% cal ci um and 10%

nagnesi um

a) Si/Ca Ratio and Chert Quality

When the principal conponents, silicon and calcium are
plotted for all geol ogical chert (Figure 2), a considerable
variation in silica purity is evident anong the val ues.
I nclusi on of estimated sanple quality shows that the ratio of
silicon to calciumhas inportant inplications for knapping
quality: high-rated naterial (QU=1) tends toward a high Si:Ca
rati o, while poorer sanples (QJk3) have |ower ratios. Although
t he val ues are sonewhat dispersed, there is a definite linear
relationship with a negative correlation coefficient of r= -.43
(P{2-tail} <.0000). This correlationis noted in the literature

(cf. Dunn and Ozol 1962:31).

The phenonenon is not surprising considering that chert
forms in cal careous sedinent. A continuumnay exist from"pure”
chert (ca. 46% Si and <1% Ca) to "pure” limestone (<1% Si and ca.
37% Ca). Intranodul ar el enental concentrations have been observed
to vary significantly fromcenter to cortex (Luedtke 1978:415-6).
This continuum woul d presumably al so correlate with the relative
| evel s of any elements which are |linked chemically to the silica

or cal ci um car bonat e.
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Figure 2: Graph of Si/Ca by Quality for Geological Chert
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b) Descriptive Statistics Table

Table 1 contains the el emental mean concentrations, standard
devi ations, and ranges for all the geological chert, and then for
each outcrop. Wen the nean concentration values for each
outcrop are conpared, some general trends are visible. Oaks
Corners and Akron sanples are the "dirtiest"”, having the highest
| evel s of nost of the minor and trace el enents. Akron has the
hi ghest nean values of U, Dy, Ti, V, K A, M, and d. Qaks
Corners is the highest in Ba, Br, My, and Na, and is the only
outcrop to have a large anbunt of Sr. Next "dirtiest” is the
Goodri ch Road sanple, with the next highest |evels of Dy, Ba, Ti,
K, and Al. Then follow Centerpointe, WIlliansville, and East
Amherst Street in varying order. This sequence parallels the
geogr aphi cal | ocation of the outcrops, with the "dirt” increasing
towards the east. In geological terms, such a transition in a

formation is called a facies shift.

c) Pearson's Correl ation Tabl e Di scussion

Since the primary constituents of the chert are silica and
cal ci um carbonate, many of the other elements which are bonded to
these mnerals would presumably correlate with the Si/Ca ratio.
However, this is not the case. Table 2 shows the Pearson's
Correl ation Coefficients for all geological chert. Only alum num
and dysprosiumcorrelate with the Si/Ca ratio, and not strongly.
Al umi num has a positive (r=0.38) correlation with silicon and a
strong negative correlation with calcium (r=-0.43). Dysprosium
has a strong positive correlation with calcium (r=0.63), but only

a very weak correlation with silicon (r=-0.18).
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Table 1: Descriptive Statistics
key: p=sample mean S =sample stddev R =samplerange (ppm unless noted)

antT antT antT antT antT ontT TNt THnT

antT

463
.109
.699

443
.077
.367

435
.158
.630

.435
.042
125

.609
151
.526

.468
.095
.338

469
.092
.287

1.35
.21
.56

1.06
14
.20

144 24 71 0 O
.204 34100 0 O

All Geological Chert Samples (120 cases)
Dy Ba Ti Sr | Br Mg% Si% Na% V K% Al% Mn CI

451 20.7 135 22.4 135 11.3 .200 44.6 .070 4.75 .101 .409 16.2 1090
.074 12.5 48 25.3 .353 4.6 .062 3.4 .023 2.23 .076 .082 9.5 430
.459 46.2 300 117 1.83 26.2 .334 17.7 1111 10.2 .341 .439 59.4 2130

East Amherst St (OC 1 and OC 5) Chert Samples (49 cases)
Dy Ba Ti Sr | Br Mg% Si% Na% V K% Al% Mn CI

A35 17.8 121 141 .077 9.1 1182 45.8 .061 4.07 .079 .404 11.5 864
.047 11.6 50 17.8 .268 2.4 .056 3.5 .014 1.63 .070 .082 3.5 209
.259 38.5 249 45.11.26 121 .277 17.2 .090 8.02 .288 .35416.8 997

Williamsville (OC 2) Chert Samples (15 cases)
Dy Ba Ti Sr | Br Mg% Si% Na% V K% Al% Mn CI

A77 154 132 12.2 105 9.5 .222 43.2 .061 4.76 .085 .401 20.6 935
106 13.4 38 21.3 .278 1.7 .058 2.7 .008 2.15 .068 .064 14.3 142

.459 33.3 121 55.7 .863 5.9 .198 11.8 .027 6.45 .174 .228 56.8 539
Goodrich Roadcut (OC 3) Chert Samples (19 cases)

Dy Ba Ti Sr | Br Mg% Si% Na% V K% Al% Mn CI

184 23.3 142 31.0 .256 10.4 .178 42.9 .067 5.83 .121 .426 15.9 1050

.043 8.9 27 20.0 .401 21 .040 2.6 .016 1.73 .068 .064 3.3 240

158 32.5 112 53.7 1.09 8.8 .138 9.4 .066 5.91 .262 .214 14.2 940
Akron Falls (OC 4) Chert Samples (12 cases)

Dy Ba Ti Sr | Br Mg% Si% Na% V K% Al% Mn CI

214 259 186 34.3 .336 15.9 .216 44.4 102 8.42 197 .505 27.7 1800
A13 143 54 26.2 .645 4.6 .078 3.0 .025 2.46 .073 .079 14.4 550
.450 45.0 213 62.8 1.83 16.7 .259 9.2 .088 7.23 .235 .261 48.3 1940

Oaks Corners Quarry (OC 6) Chert Samples (9 cases)
Dy Ba Ti Sr | Br Mg% Si% Na% V K% Al% Mn CI

.085 34.7 167 60.8 .134 22.6 .287 45.6 .113 4.60 .062 .417 26.9 1690
.085 7.8 29 39.1 .403 23 .060 3.21 .009 1.03 .076 .034 6.9 596

.211 20.5 110 117 1.21 6.2 .196 9.55 .026 3.64 .174 117 23.2 1990
Centerpointe Site (OC 7) Chert Samples (16 cases)
Dy Ba Ti Sr | Br Mg% Si% Na% V K% Al% Mn CI

122 19.5 112 16.8 .045 11.0 .195 43.5 .060 2.84 .105 .335 12.1 1070
.039 125 36 201 .182 3.1 .045 3.5 .015 .79 .053 .061 1.8 104

178 33.7 152 46.7 .727 14.3 189 11.3 .055 2.74 198 .217 6.9 314
Limestone Samples (7 cases)
Dy Ba Ti Sr | Br Mg% Si% Na% V K% Al% Mn CI

944 411 110 259 1.94 .63 451 24 .021 7.74 .147 .283 79.4 245
.074 429 106 39 1.401.67 .082 4.4 .005 3.18 .121 .126 3.8 39
.206 101 240 99 3.414.43 .247 111 .016 9.68 .336 .384 121 108

Dolomite Samples (SMP 18 and 65)
Dy Ba Ti Sr | Br Mg% Si% Na% V K% Al% Mn CI
984 804665 0 O 0 980 0 .039 149 .865 1.02 214 505
0
0

.01 0 .004 31 .154 .19 60 17
.02 0 .005 44 218 .26 85 24
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Ca%
1.68
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5.01

Ca%
1.52

.79
3.34

Ca%
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Ca%
2.45
1.45
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Ca%
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1.05
4.00

Ca%
1.03

1.48

Ca%
1.4

3.36

Ca%
35.8

3.2

9.7

Ca%
18.6
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TABLE 2:

u

U 1.0000
( 120)
P=.

Dy .5400
( 120)
P=.000

Ba .3573
( 120)
P=.000

Ti .4953
( 120)
P=.000

Sr .0823
( 120)
P=.186

I 1216
( 120)
P=.093

Br .0471
( 120)
P=.305

Mg .3744
( 120)
P=.000

Si -0518
( 120)
P=.287

Na .0774
( 120)
P=.200

vV 6178
( 120)
P=.000

K .5737
( 120)
P=.000

Al .4891
( 120)
P=.000

Mn .5264
( 120)
P=.000

Cl .0929
( 120)
P=.156

Ca .1512
( 120)
P=.050

U

PEARSON CORRELATION COEFFICIENTS FOR ALL

GEOLOGICAL CHERT SAMPLES

Dy

1.0000
( 120)
P=. Ba

.2246 1.0000
( 120) ( 120)
P=.007 P=. Ti

.4698 .4835 1.0000
( 120) ( 120) ( 120)
P=.000 P=.000 P=. Sr

1310 .1966 .1894 1.0000
(120) ( 120) ( 120) ( 120)
P=.077 P=.016 P=.019 P=. |

3259 .0112 1724 .1292 1.0000
(120) ( 120) ( 120) ( 120) ( 120)
P=.000 P=.452 P=.030 P=.080 P=. Br

-.3242 .2283 .0575 .3985 -.0875 1.0000
(120) ( 120) ( 120) ( 120) ( 120) ( 120)
P=.000 P=.006 P=.266 P=.000 P=.171 P=. Mg

3215 .3771  .5659  .1947 1071 .1508 1.0000
(120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120)
P=.000 P=.000 P=.000 P=.017 P=.122 P=.050 P=. Si

-1751 .0373 .0081 -.0751 -.0946 .1628 -.0479 1.0000
(120) (120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120)
P=.028 P=.343 P=.465 P=.208 P=.152 P=.038 P=.302 P=. Na

-.2266 .2078 .1772 .3741 -1132 .8842 .1356 .1509 1.0000
(1 120) (120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120)
P=.006 P=.011 P=.026 P=.000 P=.109 P=.000 P=.070 P=.050 P=.

5783 .4659 .7689 .1397 1770 .0573 .4175 .0177 .2372 1.0000
(120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120)
P=.000 P=.000 P=.000 P=.064 P=.027 P=.267 P=.000 P=.424 P=.005 P=.

5090 .3793 .6429 .1463 .0929 -.0806 .3505 -.0111 .0344 .7143 1.0000
(120) (120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120)
P=.000 P=.000 P=.000 P=.055 P=.157 P=.191 P=.000 P=.452 P=.355 P=.000 P=. Al

4104 .4286 .7209 .0991 .1146 .0600 .4026 .3814 .2005 .7868 .6489 1.0000
(120) (120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120)
P=.000 P=.000 P=.000 P=.141 P=.106 P=.258 P=.000 P=.000 P=.014 P=.000 P=.000 P=. Mn

5213  .3631 .5121 .2923 .3132 .2206 .5098 -.2323 .2450 .5174 .3405 .3495 1.0000
(120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120)
P=.000 P=.000 P=.000 P=.001 P=.000 P=.008 P=.000 P=.005 P=.003 P=.000 P=.000 P=.000 P=. Cl
-.2444 1787 1080 .3471 -2246 .7988 .0865 .1030 .8382 .2018 1200 .1480 .2241 1.0000
(1 120) (120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120)
P=.004 P=.025 P=.120 P=.000 P=.007 P=.000 P=.174 P=.131 P=.000 P=.014 P=.096 P=.053 P=.007 P=. Ca
.6346 -.0021 .1431 .2069 .3290 -3290 .0710 -.4305 -3292 .1112 .0399 -.0236 .3929 -.3153 1.0000
(120) (120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120) ( 120)
P=.000 P=.491 P=.060 P=.012 P=.000 P=.000 P=.221 P=.000 P=.000 P=.113 P=.332 P=.399 P=.000 P=.000 P=

Dy

Ba Ti sr I Br Mg  SI Na v K Al Mi ci ca

First number is Pearson's r. Sample size in parentheses.

P is one-tail probability. ("." signals no value computed)
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The tabl e does show two groups of strongly intercorrel ated
el ements. Bromne, chlorine, and sodiumare intercorrel ated at
r20.8 (P{1-tail} « .000). The second group is larger, but the
strength of its intercorrelations vary. |Its nenbers are al um num
dysprosi um nanganese, uranium and vanadium Wth the exception
of manganese whi ch has many correlations at r20.34, the other
coefficients are all greater than r=0.4. (Barium i odine,
potassium and strontium have been ignored because their

concentration |levels were not neasurable for all cases.)

d) Bivariate Plots

When pairs of the strongly correlated el ements are plotted,
two things are apparent. The graphs visually repeat all the
previously noted trends. Secondly, the values of certain
el ements, especially bromne, chlorine, and sodium are clearly
better for separating the geol ogical outcrops and will thus be

nost suitable for characterisation.

The graph of sodium by bromne (Figure 3) clearly shows the
facies shift fromWIIliansville and East Amherst Street, through
Cent er poi nte and Goodrich Road, to Akron, and finally QGaks
Corners. On this graph, the Caks Corners sanple forns a distinct
cluster with the hi ghest sodi um and bromi ne concentrations. The
Akron Falls sample lies in its own cluster with slightly |ower
sodi um and bromi ne | evels. The other sanples show a | ot of
overlap, making their differentiation difficult. |f the East
Amher st Roadcut sanple (OCl) is renoved (Figure 4), the picture

becomes cl earer, and sone general trends can be suggested. Wile
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Figure 3: Graph of Na/Br by Outcrop for all Geological Chert
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Figure 4: Graph of Na/Br by Outcrop for Geological Chert
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Figure 5: Graph of CI/Br by Outcrop for Geological Chert
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Figure 6: Graph of CI/Br by Outcrop for Geological Chert
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the data from East Amherst Street and Wllianmsville are too
di spersed to be characterised, the Centerpointe values appear to
cluster at a higher brom ne concentration. Simlarly, the
CGoodri ch Road sanple can be differentiated by its higher sodi um

val ues.

These sanme trends are repeated in the graphs of chlorine and
brom ne (Figures 5 and 6). Again we see the distinct Oaks
Corners and Akron clusters at high chlorine and brom ne | evels.
The Goodrich Road cluster is shown even clearer by chlorine than

by sodium but the Centerpointe cluster is nore dispersed.

Artifact Sourcing

The sane el ements were graphed to exam ne the archaeol ogi ca
data. In Figure 7, the French 3 values are low in sodium and
brom ne, clustering at the bottomleft of the graph. The
Guent her and Henry Long val ues are nore dispersed, although the
Henry Long sanpl e shows the highest |evels of both el enents.
Figure 8, chlorine graphed by brom ne, the Henry Long sanple
agai n has the highest values. The French 3 sanple has | ow
concentrations, but is dispersed. Again, the Guenther sanple is

spread in the mddle.

When bot h geol ogi cal and archaeol ogi cal sanples are plotted
(Figures 9 and 10), the French 3 values still have the | owest
levels of all three elenents. Wile the Guenther sanple blends in
with the WIlliamsville and East Amherst sanples, the Henry Long

val ues are as high in bromne and chlorine as those of



Figure 7:
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Goodri ch Road and the Centerpointe Site.

VWhen the archaeol ogical C/Br values are compared to those of
t he geol ogi cal sanples (Figure 10), the |linear patterns are
paral |l el and overlap. However, sinilar exam nation of the Na/Br
val ues (Figure 9) shows that, while the patterns are parallel, the
sodium |l evels in the archaeol ogi cal sanples are |ower than those
in the geological sanples. Since the artifacts sanpled were thin
flakes, less than 3 mmthick, their sodiumlevels may have been

reduced by natural soil processes such as | eaching.

Luedt ke (1978:418-20) has di scussed the effects of chem ca
weat hering on artifacts. Flakes are especially vul nerable due to
their small size and extreme thinness. She noted that the
majority (629% of her archaeol ogi cal sanples had nean el enenta
concentrations that were bel ow those of their probable sources,

and that iron and sodium |l evels were especially | ow.

If we | ook again at the conbined Na/Br graphs (Figures 9 and
11), a small arbitrary inflation of the archaeol ogi cal sodi um
val ues would shift their location into the range of the
geol ogi cal sanples. The Guenther sanple values would |ie anbng
t hose of East Anmherst and Wlliansville. The Henry Long sanple
woul d nove into the range of the Centerpointe val ues, or even
into the Goodrich Road cluster. The French 3 values would now lie

at the lower end of the East Anmherst/WIliansville range.
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Figure 9: Graph of Na/Br by Outcrop for All Chert Figure 10: Graph of CI/Br by Outcrop for All Chert
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Figure 11: Graph of Na/Br by Outcrop for All Chert
Except Outcrops 1, 4, and 6
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CHAPTER TWELVE: FI NAL DI SCUSSI ON

The "Dirt” Sequence

An initial scan of the literature suggests an expl anation
for the increasing |l evel of many of the elenents (the "dirt”
sequence) in sanples eastward across the study area. A facies
shift has been detected which reflects differences in the
deposi tional environnent of the sedinent. This facies shift my
i ndicate increasingly shallow waters towards the east of the
study area, which would then entail higher precipitation rates,
producing a "dirtier” chert (Pavlish, personal comrunication).
Par ki ns (1977:83) has al so noted evidence that a | and nass
existed to the north or east of the study area during the
deposition of the C arence nenber, fromwhich | arge amunts of
fresh water and argillaceous material entered the Onondaga Sea.
The facies shift may also be a reflection of the general state-
wide trend fromthe cleaner Cl arence to the contenporaneous
Nedr ow nenmber. The Nedrow has a high shale content and is
general ly coarser in texture, aspects which are characterised to
be the result of increased erosion of the uplifting landforms to

the east (Qiver 1966).

If the "dirt” in the chert is the product of an influx of
argill aceous sedinent froma river, there may be a neasurabl e
cline in the marine levels of many mnor and trace el enents that
have been captured in the chert. |If this cline exists, we would
expect to see a definite pattern in the "dirtiness” of outcrops

running fromthe south and west towards the north and east. This
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study's data support this hypothesis.

Cheni cal Characterization of Qutcrops

As shown above, it is possible to characteri se Onondaga
chert outcrops based on a facies shift that is well represented
in the relative levels of brom ne, chlorine, and sodium This
means of characterization differentiates some of the outcrops,
but is incapable of distinguishing every one. As noted by
Luedt ke (personal comruni cation), intra-outcrop variation in
chert is often greater than inter-outcrop variation. However,
wi th increased geographi cal distance, the chance of
characterizati on becomes nuch i nmproved. This study was able to
easily distinguish Buffalo and Akron sanples located only 28 km
apart, and was showed sone difference between Buffal o and

Goodri ch Road sanples located only 16 km apart.

Artifact Sourcing

This study net with m xed success at sourcing the
archaeol ogi cal sanples. Their elenental concentrations do show
the east-west "dirt” sequence. They al so have brom ne, chlorine,
and sodiumvalues that are simlar to the nearer outcrops
sanmpl ed, nanely East Anmherst, WIllianmsville, and Goodrich Road.
Since the artifact sanples were picked to favor site-local chert,
it is not surprising that the chert fromthe nost distant site,
French 3, should be the nmpost unlike all other outcrops and
assenbl ages sanpl ed, and that the other two sites should be nore
simlar to relatively nearby outcrops. |If the sodiumvalues are

slightly inflated to correct for hypothetical sodiumleaching, so
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as to overlie the geol ogical values, the graph would even nore
strongly show that the French 3 sanple represents a distinct
source, that the Henry Long sanple is like its innmedi ate

nei ghbors, Goodrich Road and the Centerpointe Site, and that the
Guenther Site sanple has a general simlarity to the East Anherst
Street, WIllianmsville, and Centerpointe Site sanple val ues.
Considering the proximty of nost of the sanpling |ocations, the

study has nmet with a good deal of success.

Recomrendat i ons

In order to determine if this approach to sourci ng Onondaga
chert artifacts is really a success, and to further explore the
"dirt” sequence, a larger data base is required. As denonstrated
by the East Anherst and WIllianmsville sanples, there is a high
tendency for intra-outcrop variation which can only be controlled
by | arger outcrop sanples. Collection of sanples in a series of
vertical runs (a grid pattern) rather than the single vertica

series used in this study is reconmended.

Naturally, to properly attenpt the sourcing of
archaeol ogi cal naterial, nore outcrops than the few exanm ned in
this study nust be sanpled. Since this study shows that the
ef fecti veness of an | NAA characterization of outcrops increases
wi th the geographi c distance between sanpling | ocations, outcrops
shoul d be sanpled on a spacing that is at |east the 12-13
kil ometers which separates the distinguishable Goodrich Road and
Akron Falls outcrops and the Guenther and French 3 Sites. An

i ncreased data base will allow a nore thorough exani nation of the
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"dirt sequence", and hopefully lead to insight into prehistoric

behavi or.

Any | arge-scal e | NAA anal ysis of the Onondaga chert shoul d
i ncorporate international standards as recomended by Shotton and
Hendry (1979:82) to allow nelding with other data bases such as

that collected by Luedtke (1976).
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Appendi x 1:

Conposite Stratigraphic Profiles for the
Onondaga Formation in the Study Area
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Appendi x 2: Ceol ogi cal Sanple Locations

(Each map section is fromthe USGS
1: 24 000 Topographi c Maps)
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Appendi x 3: Chert Qutcrop Record Form

S L0 1= o S
desSCri Pti ON. ... e

DATA SAVPLED: (D'MY): [ |/

SAMPLERS: . ... ...
QUALI TY OF SAMPLES: best.. all.. other.
PHOTO #' s: BIW........... Colour ..........

SAMPLI NG STRATEGY: vertical.. grid.. grab.. other.
I NTERVAL: horiz... cm vert...cm natural..
# OF SAMPLES:

Approx. Scale: ....=.... Bearing: ..... -
[ 1
| |
| |
| |
| |
| (rough sketch of outcrop) |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
L |

Sketch a map of the sanpling |location on back of page.
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Appendi x 4: | NAA Data

Sanpl e El enent Concentrati ons

key: SMP = | NAA sanple #
CC = outcrop #
PCS = vertical position
Q= quality (1l=excellent, 2=fair, 3=poor)
MASS = | NAA sanple nmass in ng

Note: all el enent concentrations are expressed

in ppm except where noted as %

SMP OC PCS Q U Dy Ba Ti Sr | Br  My% Si % Na% VK% A % M ad  Ca% Mass
2 1 389 .41 .15 24.36 107.1 34.42 .00 9.65 .22 43.9 .07 4.29 .1 .39 14.32 975.66 1.34 299
4 1 67 3 .39 .17 .00 121.1 31.09 .00 10.0 .16 45.9 .07 3.70 .1 .34 11.75 964.92 2.33 313
6 1 140 1 .43 .12 27.62 105.3 .00 .00 12.1 .17 45.0 .07 4.33 .1 .38 9.43 1025.1 .58 314
8 1195 3 .38 .10 .00 66.78 38.43 .00 10.0 .13 44.7 .07 2.72 .0 .36 9.43 956.57 1.25 279

10 1 2651 .49 .10 18.19 89.06 36.32 .00 9.93 .16 40.3 .06 2.83 .0 .31 10.08 936.64 2.49 310
12 1 350 1 .48 .13 18.11 124.2 30.86 .00 11.0 .17 55.6 .07 4.33 .1 .66 10.74 1070.4 1.91 300
14 1 400 1 .38 .09 .00 93.43 36.63 .00 10.5 .15 45.1 .07 2.96 .1 .36 8.71 975.83 .66 303
16 1 440 1 .33 .08 19.90 55.90 44.41 .00 10.8 .16 46.9 .07 2.03 .1 .34 7.60 1008.3 .72 352
18 2 081.21.178.72 714.9 00 .00 .00 9.81 .00 .04 12.7 .8 .89 256.8 492.90 18.1 300
20 2 410 3 .59 .24 24.55 114.1 00 .00 9.45 18 44.5 .07 5.67 .1 .42 32.32 1010.6 2.26 364
22 2 460 1 .45 .13 .00 111.4 00 .00 11.2 15 44.2 .07 5.87 .1 .40 13.44 1043.8 .98 382
24 2 500 3 .44 .17 18.71 163.5 39.36 .71 11.3 25 50.8 .07 7.61 .2 .49 12.95 1064.8 .63 354
26 2 620 3 .47 .26 .00 169.0 55.70 .00 7.21 26 41.0 .05 4.47 .2 .43 25.97 708.22 4.25 318
28 2 775 1 .45 .25 23.71 143.6 48.63 .00 10.8 23 41.4 .07 3.56 .2 .39 19.27 973.89 3.79 312
30 2 815 3 .26 .12 27.03 103.3 39.95 .00 11.1 17 43.6 .07 3.21 .0 .35 11.33 1034.0 1.46 288
32 2873 2 .31 .10 19.65 86.23 00 .00 10.6 14 42.5 .07 3.44 .0 .37 9.98 1005.8 .95 300
34 3 260 1 .46 .18 29.15 172.3 34.05 .00 11.2 17 44.5 .09 7.13 .2 .50 14.90 1293.3 .85 381
36 3 290 1 .38 .15 25.36 118.7 44.65 .00 12.1 18 39.8 .08 5.72 .1 .36 17.49 1254.9 1.81 355
38 3 3359 .38 .12 25.33 145.8 29.06 .00 10.4 16 43.0 .07 6.15 .2 .47 11.85 1150.7 .57 381
40 3 370 1 .45 .17 32.53 193.7 41.57 .00 12.1 21 45.1 .08 8.10 .3 .56 15.13 1213.0 .86 346
42 3 410 1 .39 .21 31.05 162.2 00 .00 13.3 21 42.4 .08 6.80 .2 .47 18.13 1274.7 2.63 350
44 3 460 1 .38 .16 28.38 137.6 53.57 .75 10.7 21 41.7 .06 4.94 .0 .40 16.51 1068.2 2.44 358
46 3 490 3 .45 .17 24.53 142.2 37.72 .00 9.68 19 44.3 .05 7.06 .1 .45 16.79 986.97 2.08 326
48 3 530 3 .42 .21 31.42 120.7 53.69 .00 7.40 16 38.3 .05 3.51 .1 .35 20.79 787.82 5.48 290
50 3 5801 .38 .14 .00 116.0 42.17 .00 10.9 10 44.6 .07 3.17 .1 .35 12.49 1183.0 2.29 305
52 3 623 3 .41 .21 22.93 123.5 53.20 .75 12.2 11 45.0 .06 3.16 .1 .38 15.57 1148.9 3.45 316
54 4 20 2 .73 .45 45.03 299.6 00 1.4 4.14 .39 39.5 .04 11.9 .3 .64 41.35 316.24 4.48 328
56 4 50 3 .74 .21 37.95 221.3 62.80 .00 18.1 32 46.3 .12 11.8 .3 .60 20.70 2174.2 1.15 309
58 4 70 2 .62 .26 26.53 196.0 59.75 .00 19.4 23 48.2 .13 9.43 .2 .55 17.73 2243.7 1.10 354
60 4 100 1 .64 .24 37.84 198.0 59.98 .00 15.7 20 43.3 .10 10.1 .2 .51 35.40 1762.4 2.31 332
62 4 130 1 .46 .00 .00 161.2 00 .00 20.8 14 45.7 .12 6.35 .2 .49 30.65 2255.7 .68 355
64 4 165 1 .45 .17 19.93 141.9 43.87 .81 18.8 13 43.8 .12 4.64 .1 .41 23.99 2154.7 1.58 369
66 5 02 .66 .24 34.37 231.1 31.82 .00 4.01 .28 45.7 .03 9.73 .3 .61 19.33 404.74 2.35 335
68 5 40 2 .48 .14 24.61 183.8 00 .00 8.58 .31 41.9 .11 7.68 .2 .46 23.75 896.96 .67 365
70 5 75 3 .53 .22 20.64 240.4 00 .00 7.44 24 48.7 .06 6.64 .2 .56 16.10 836.13 1.77 324
72 5 165 2 .46 .21 29.03 196.0 00 .00 7.89 25 50.1 .06 7.25 .2 .51 14.11 814.53 .83 339
74 5 230 2 .42 .12 21.16 153.1 00 .00 6.22 .26 45.4 .04 3.96 .1 .37 14.30 575.14 1.15 304
76 5 250 2 .53 .13 34.73 80.08 00 .00 7.83 .15 49.1 .06 5.21 .1 .44 10.70 766.62 1.14 250
78 5 315 9 .48 .13 34.65 118.3 00 .00 10.5 .12 47.1 .07 5.32 .1 .40 8.72 1077.8 .65 245
80 5 345 1 .42 .00 31.14 128.6 .00 .00 9.26 .11 42.7 .07 3.85 .1 .38 9.03 898.45 .76 285
82 5 3701 .47 .12 22.81 106.8 42.54 .00 11.0 .15 44.1 .07 4.19 .1 .39 11.48 1011.0 .82 297
84 5 407 1 .53 .09 26.42 109.4 00 .00 10.2 13 47.1 .06 3.17 .1 .39 7.70 1057.5 .91 284
86 5 487 1 .31 .11 30.74 122.7 00 .00 11.2 13 45.4 .08 3.48 .1 .40 6.96 1103.9 1.04 272
88 5523 3 .33 .09 22.76 109.0 00 .00 11.2 14 48.5 .07 2.64 .0 .39 7.86 1000.7 1.40 269
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SMP OC PCS Q U Dy Ba Ti Sr | Br  My% Si % Na% VK% A % Mh ad  Ca% Mass
90 5 560 3 .41 .19 23.55 108.8 31.20 .00 9.84 .19 40.4 .05 2.56 .1 .35 18.15 821.29 3.89 307
92 5593 1 .46 .16 24.50 119.4 .00 .00 9.37 .16 48.6 .07 4.53 .1 .45 09.86 1006.5 .91 319
94 5620 1 .29 .13 23.51 94.79 33.36 .00 12.0 .15 46.9 .08 2.78 .0 .37 9.63 1123.7 1.64 293
96 5 649 1 .42 .14 16.82 127.7 45.15 .00 10.4 .17 43.8 .06 3.70 .1 .39 12.15 903.05 2.24 289
98 6 999 9 .49 .00 42.14 168.7 96.33 .00 25.3 .27 42.6 .12 4.50 .1 .40 24.60 2130.0 1.00 369

100 6 999 9 .27 .00 41.54 167.6 .00 .00 24.1 .31 47.2 .12 4.55 .0 .41 26.13 1968.2 .93 290

102 6 999 9 .50 .00 40.51 156.1 .00 .00 21.2 .29 43.1 .11 4.20 .0 .41 30.82 1866.4 1.17 357

104 6 999 9 .44 .00 27.77 158.6 57.56 .00 20.0 .23 44.3 .10 3.44 .0 .39 22.28 1766.7 .68 364

106 6 999 9 .60 .21 46.17 230.6 117.0 .00 22.2 .42 40.4 .12 7.07 .2 .50 43.34 1961.1 2.11 241

1 1 12 3 .30 .10 21.17 87.71 .00 .00 10.5 .21 48.0 .07 4.05 .0 .37 10.73 967.45 1.27 370
3 1 503 .43 .13 17.82 141.9 .00 .00 9.83 .15 39.2 .06 4.06 .0 .33 12.96 797.11 2.07 293
5 1 96 3 .50 .07 .00 83.86 .00 .90 10.2 .17 45.8 .07 2.78 .1 .33 10.20 970.29 .80 295
7 11551 .46 .13 15.08 113.3 30.65 .00 9.21 .10 43.8 .06 3.80 .0 .34 12.35 805.27 1.92 381
9 1215 2 .46 .10 .00 109.5 .00 .00 8.81 .13 45.8 .06 3.08 .0 .33 8.17 724.77 1.24 325
11 1 328 1 .39 .11 17.69 133.8 .00 .00 10.1 .16 56.0 .06 3.86 .1 .65 8.92 922.00 .99 287
13 1380 1 .37 .17 38.48 111.7 .00 .00 7.93 .23 47.6 .06 3.23 .0 .37 15.46 817.18 2.32 255
15 1 418 2 .41 .13 .00 104.3 38.94 .00 6.30 .19 38.8 .05 2.71 .1 .34 10.25 735.18 2.51 381
17 1 440 1 .33 .15 16.11 113.1 .00 .00 9.75 .17 47.5 .07 2.88 .0 .36 7.72 933.88 .91 323
19 2 370 3 .89 .46 33.25 204.1 .00 .00 5.39 .28 39.0 .04 8.40 .1 .44 66.40 525.83 5.30 365
21 2 445 2 .58 .25 29.62 207.0 .00 .86 8.86 .26 43.1 .06 8.96 .2 .57 24.26 935.40 1.71 338
23 2 500 3 .38 .12 26.22 115.3 .00 .00 8.68 .16 42.2 .05 5.59 .1 .38 15.29 874.89 .82 386
25 2 580 1 .42 .14 27.82 135.0 .00 .00 8.04 .33 42.2 .06 3.58 .1 .37 23.25 951.04 1.03 312
27 2 695 3 .32 .17 .00 106.7 .00 .00 10.9 .27 41.0 .06 2.68 .0 .34 19.32 951.47 2.17 325
29 2 7801 .33 .10 .00 97.28 .00 .00 8.92 .21 46.5 .07 2.76 .0 .34 9.59 982.83 .62 241
31 28451 .30 .13 .00 96. 25 .00 .00 9.86 .25 42.7 .06 2.52 .1 .34 14.28 962.79 .74 304
33 2873 2 .33 .00 .00 124.2 .00 .00 10.3 .16 43.4 .07 3.12 .0 .36 10.96 1001.3 .93 282
35 3 276 3 .44 .25 27.76 136.4 41.97 .00 11.2 18 38.5 .08 8.16 .1 .38 23.99 1191.0 3.66 375
37 3 310 3 .50 .16 23.67 110.8 35.65 .88 9.42 18 45.9 .07 5.31 .1 .42 13.27 954.93 1.87 309
39 3 3551 .45 .14 25.48 176.5 .00 .00 11.0 .23 44.4 .08 6.82 .1 .53 16.02 1163.9 .87 330
41 3 390 3 .47 .22 25.20 166.3 .00 .00 8.66 .22 41.9 .05 6.08 .2 .44 15.71 775.55 2.49 393
43 3 440 3 .39 .22 19.98 158.7 38.50 1.1 5.16 .20 43.2 .03 5.34 .1 .38 17.17 376.64 3.77 356
45 3 470 1 .48 .11 27.04 139.7 .00 .00 14.0 .19 47.7 .07 9.07 .1 .48 09.81 1319.5 .60 337
47 3 510 3 .48 .21 19.39 156.9 42.12 .00 9.31 .17 43.5 .05 5.33 .2 .43 15.58 921.85 2.14 300
49 3 550 2 .48 .27 23.12 134.1 41.18 .88 8.82 .20 39.6 .06 5.50 .0 .39 18.65 821.27 5.23 289
51 3 600 3 .46 .19 .00 82.11 .00 .51 10.5 .09 41.7 .07 3.35 .0 .35 12.48 1099.6 3.38 311
53 4 03 .95 .33 40.06 232.0 48.72 .00 11.0 .25 48.7 .07 10.5 .3 .59 41.43 1343.3 2.44 352
55 4 351 .64 .27 26.54 215.8 40.54 .00 15.6 .26 43.5 .11 8.97 .2 .53 20.84 1899.2 1.49 327
57 4 65 3 .61 .13 29.26 172.8 .00 .00 16.0 .19 40.2 .11 8.89 .1 .45 14.53 1863.5 1.26 293
59 4 90 3 .54 .11 24.44 171.9 46.34 .00 20.4 .16 47.6 .11 6.66 .1 .47 11.56 2139.8 .48 325
61 4 110 1 .43 .20 .00 86.41 .00 .00 17.1 .13 42.3 .11 5.47 .1 .38 14.83 1989.6 1.80 314
63 4 150 3 .49 .20 23.79 136.8 49.07 1.8 13.9 .19 44.0 .08 6.38 .1 .44 59.87 1476.9 1.97 346
65 4 08 .96 .88 82.07 614.7 .00 .00 .00 9.79 .00 .04 17.1 1.0 1.2 171.9 517.12 19.1 343
67 5 15 2 .46 .26 20.51 210.0 37.15 1.3 .00 25 42.3 .02 6.59 .2 .45 16.45 126.33 3.80 321
69 5 59 9 .56 .17 34.12 224.3 .00 .00 3.44 .23 44.7 .03 7.45 .2 .52 15.15 289.95 1.16 266
71 5 91 3 .51 .20 17.34 248.6 .00 .89 3.41 .27 45.1 .03 5.82 .2 .52 17.85 314.12 2.37 376
73 51951 .41 .14 .00 160.6 .00 .00 9.80 .16 52.2 .06 5.51 .1 .41 8.71 970.64 .52 350
75 5 240 2 .48 .22 .00 112.4 .00 .00 7.45 25 47.8 .04 5.45 .1 .37 15.23 676.63 2.30 310
77 5290 1 .63 .13 .00 .00 .00 .74 11. 4 20 46.7 .05 2.95 .0 .36 12.82 898.18 1.39 225
79 5 333 1 .45 .07 17.78 110.9 .00 .00 9.14 10 42.4 .07 3.42 .0 .35 10.24 956.36 1.29 323
81 53551 .51 .13 23.88 96.09 13.67 .00 10.4 .13 45.2 .06 2.82 .1 .37 8.34 954.60 .96 227
83 5393 1 .51 .09 22.43 119.7 .00 .00 10.5 .38 44.2 .06 3.25 .0 .38 8.09 956.37 .95 220
85 5450 1 .51 .11 .00 89.00 .00 .00 10.2 .17 46.0 .07 2.86 .0 .37 9.11 948.92 1.03 265
87 55051 .39 .16 17.88 139.6 44.69 .00 9.21 15 45.0 .07 3.15 .0 .36 10.49 947.37 1.41 284

62



SMP OCPOS Q U Dy Ba Ti Sr | Br__ My% Si % Na% V_ K% A % M ad_ Ca% Mass

89 5543 1 .39 .13 00 00 37.16 .00 8.60 16 40.9 .06 1.71 .0 .31 10.47 837.59 2.22 293
91 5575 1 .41 .14 16.61 107.0 .00 .00 10.5 .17 49.6 .07 2.74 .1 .40 10.06 950.07 2.15 349
93 56051 .50 .13 27.39 96.13 21.91 .00 10.5 .21 44.8 .07 4.02 .1 .41 10.78 975.67 1.60 309
95 5 643 1 .42 .15 .00 133.6 00 .00 9.65 18 43.5 .06 2.98 .0 .38 12.61 890.61 2.76 304
97 56851 .39 .12 16.05 106.7 30.19 .00 8.89 17 47.4 .05 4.20 .1 .41 9.63 763.80 .89 340
99 6 999 9 .51 .13 27.27 175.5 76.05 .00 20.8 31 49.9 .11 4.68 .0 .40 26.46 1844.8 .90 247
101 6 999 9 .39 .11 25.68 161.7 61.80 .00 23.5 25 47.6 .11 3.77 .1 .38 20.14 1865.4 .62 345
103 6 999 9 .49 .15 31.25 120.2 74.41 .00 20.1 28 49.0 .10 4.35 .1 .43 26.32 1666.0 .86 329
105 6 999 9 .52 .16 30.20 160.6 63.78 1.2 26.2 23 46.6 .12 4.84 .0 .41 22.09 139.44 .99 260
130 10 999 9 .75 .11 57.52 141.7 33.76 .00 8.40 38 41.9 .05 4.95 .1 .40 19.90 883.88 1.24 252
131 10 999 9 .53 .12 70.51 186.4 00 .70 9.11 46 40.8 .04 6.31 .2 .45 31.43 840.85 1.40 232
132 10 999 9 .51 .15 .00 .00 00 .00 14.5 06 50.8 .06 2.84 .0 .36 8.41 1355.7 1.60 219
133 10 999 9 .64 .13 84.56 279.0 00 .00 8.65 48 45.8 .05 6.07 .2 .51 26.55 902.80 1.21 209
134 10 999 9 .42 .00 24.64 .00 34.64 .77 13.8 05 44.9 .04 .00 .1 .26 9.71 1417.6 1.90 287
135 10 999 9 .34 .11 29.20 107.6 36.73 .68 15.6 10 41.0 .07 2.15 .0 .31 7.61 1378.5 1.27 372
136 10 999 9 .48 .09 35.49 136.7 00 .00 11.1 .04 47.8 .02 2.80 .2 .41 5.36 978.39 .28 308
137 10 999 9 .58 .09 28.31 140.2 00 .00 14.7 00 44.3 .05 2.32 .0 .37 4.25 1316.5 .10 282
138 10 999 9 .82 .00 60.51 179.1 00 .00 11.3 36 42.1 .04 3.96 .1 .39 16.98 787.44 .90 220
139 10 999 9 .23 .00 36.68 120.7 00 .00 10.7 24 42.4 .06 5.22 .1 .39 12.58 981.83 .63 318
140 8 999 9 .26 .08 00 .00 .00 .00 8.84 .05 46.9 .04 1.26 .0 .26 8.19 794.67 1.38 342
141 8 999 9 .32 .00 138.0 95.46 00 .43 5.02 01 43.1 .02 2.64 .1 .34 1.42 480.63 .05 236
142 8 999 9 .31 .09 89.05 107.2 .00 .00 6.83 .02 44.7 .02 2.42 .1 .34 4.43 616.72 .28 282
143 8 999 9 .57 .11 78.96 162.4 23.38 .61 4.22 .05 48.4 .02 4.98 .1 .37 7.37 355.13 .53 286
144 8 999 9 .62 .19 31.45 167.7 .00 .00 10.1 .11 46.5 .03 2.81 .1 .42 14.63 863.08 1.21 276
145 8 999 9 .36 .17 26.33 134.4 40.04 .00 10.2 .17 47.3 .05 2.68 .1 .35 24.00 1020.0 1.84 335
146 8 999 9 1.4 .23 50.33 333.5 .00 .00 9.27 .05 52.1 .055.10 .1 .55 14.89 587.32 .46 207
147 8 999 9 .62 .10 35.78 126.7 53.08 .00 20.9 .00 41.9 .09 3.44 .0 .39 3.35 2012.0 .09 240
148 8 999 9 .48 .17 36.86 152.8 00 .00 7.28 11 42.4 .03 3.13 .1 .38 22.44 690.50 1.06 308
149 8 999 9 .49 .14 32.95 189.8 00 .00 5.01 .00 43.5 .01 4.21 .1 .37 26.55 299.35 .24 299
150 9 999 9 .43 .07 19.07 150.0 00 .00 7.22 .00 44.0 .04 4.29 .1 .36 4.38 680.39 .15 322
151 9 999 9 .68 .00 99.66 139.9 00 .00 8.91 .08 47.0 .02 3.28 .1 .37 7.52 646.65 .37 260
152 9 999 9 .34 .00 70.50 186.7 00 .44 6.44 .00 46.0 .02 2.73 .1 .40 2.61 582.21 .03 262
153 9 999 9 .48 .00 52.92 155.7 00 .00 8.16 .00 44.5 .02 5.45 .1 .44 4.00 655.19 .10 272
154 9 999 9 .32 .00 138.0 95.46 00 .43 5.02 00 43.1 .02 2.64 .1 .34 1.42 480.63 .05 272
155 9 999 9 .36 .09 27.52 170.3 00 .73 3.92 00 47.3 .02 3.30 .1 .39 3.99 263.75 .04 257
156 9 999 9 .60 .00 148.9 168.7 .00 .00 6.24 .08 48.0 .02 3.87 .1 .45 9.94 593.18 1.03 225
157 9 999 9 .48 .12 90.15 127.0 34.79 .00 9.43 .07 44.8 .02 3.07 .1 .36 6.17 743.14 .36 273
158 9 999 9 .50 .10 31.03 202.9 00 .68 4.11 00 45.8 .01 3.41 .1 .38 3.24 413.22 .00 262
159 9 999 9 .64 .00 23.39 .00 00 .00 7.03 00 47.4 .04 1.41 .0 .28 44.22 820.65 .08 357
110 7 999 1 .52 .11 .00 107.8 .00 .00 11.3 .18 39.8 .07 2.47 .1 .29 10.76 1188.4 .74 324
111 7 999 1 .35 .18 .00 93.42 46.68 .73 10.3 .18 41.0 .07 1.79 .1 .22 15.34 1000.9 3.94 332
112 7 999 1 .60 .11 30.68 142.8 .00 .00 12.7 23 40.6 .07 2.98 .1 .31 10.55 1013.1 .71 231
113 7 999 1 .32 .00 .00 128.7 42.82 .00 11.1 16 42.3 .07 2.20 .0 .31 12.61 1121.9 2.63 193
114 7 999 1 .45 .14 32.33 93.65 00 .00 12.1 09 43.9 .06 2.10 .0 .32 8.47 966.85 1.67 277
115 7 999 1 .50 .13 21.20 111.9 00 .00 12.8 20 39.1 .04 2.88 .1 .28 12.89 966.13 .58 336
116 7 999 1 .45 .15 23.70 152.5 30.85 .00 .00 17 40.0 .03 4.38 .2 .33 12.94 997.89 .61 304
117 7 999 1 .49 .12 20.76 .00 00 .00 10.2 14 40.5 .03 1.64 .1 .24 12.05 903.19 1.97 277
118 7 999 1 .36 .11 25.77 101.5 33.61 .00 10.3 23 48.0 .06 2.29 .1 .38 11.75 1113.2 1.05 248
119 7 999 1 .50 .13 30.67 122.1 46.59 .00 12.1 20 45.1 .05 3.38 .2 .38 11.22 1008.8 1.51 332
120 7 999 1 .39 .15 21.00 103.4 34.40 .00 12.5 22 50.4 .08 3.42 .1 .36 14.91 1217.3 2.41 294
121 7 999 1 .57 .13 00 125.5 33.44 .00 11.8 28 41.1 .06 3.60 .1 .43 13.52 1129.6 .76 243
122 7 999 1 .36 .14 20.82 92.32 00 .00 11.1 21 45.2 .06 2.40 .1 .33 9.77 1182.3 .69 263
123 7 999 1 .57 .12 31.71 129.6 00 .00 12.2 24 44,9 .07 3.59 .1 .44 13.52 1161.7 .92 358

63



SMP OCPOS Q U Dy Ba Ti Sr | Br__ My% Si % Na% V_ K% A % M ad_ Ca% Mass
124 7 999 1 .46 .10 19.11 139.4 .00 .00 10.9 .16 45.2 .07 2.55 .1 .32 11.02 924.67 1.52 345
125 7 999 1 .59 .15 33.70 147.1 .00 .00 14.3 .22 49.3 .07 3.79 .1 .40 12.42 1164.8 .86 294
107 1 150 8 1.2 .95 .00 .00 306.8 .00 .00 .45 .00 .02 5.52 .1 .22 81.59 254.25 36.2 310
108 1 150 8 1.2 .99 88.24 208.2 292.6 2.0 .00 .42 5.46 .02 8.76 .2 .29 84.40 269.45 35.4 349
109 1 150 8 1.3 .99 53.82 240.5 208.0 2.4 4.42 .63 11.1 .03 14.3 .3 .55 72.29 241.36 29.0 349
126 1 150 8 1.3 .81 .00 .00 218.8 .00 .00 .38 .00 .02 6.29 .0 .21 77.56 180.77 38.7 368
127 1 150 8 1.2 .88 100.8 .00 233.8 2.8 .00 .40 .00 .02 4.58 .0 .17 80.24 207.88 37.7 320
128 1 150 8 1.3 .97 .00 167.0 290.4 3.4 .00 .43 .00 .02 7.50 .2 .26 80.38 288.50 36.7 367
129 1 150 8 1.8 1.0 44.75 152.7 260.6 3.0 .00 .46 .00 .02 7.28 .2 .26 78.69 274.61 37.2 347



Appendi x 5: General Sanple Infornmation

Sanple: L indicates |inmestone; D indicates dolomte.
Qutcrop Location

1..... East Anmherst St. Roadcut 6..... OGaks Corners Quarry
2..... A en Park Falls 7..... Centerpointe Site
3..... CGoodri ch Road Roadcut 8..... Guenther Site

4. . ... Akron Falls Park 9..... French 3 Site
5..... East Amherst St. Quarry 10..... Henry Long Site

Position refers to the vertical distance in centinmeters above the
starting point on the face of the landmark (often at the

di sconformty). At Qutcrop 7, EAST refers to the eastern sanpling
area, and WCEN to the west central region of the site.

Accession, for the archaeol ogical sanples, refers to the Marian E
White Museum artifact accession nunbers.

Quality refers to the quality estinmate based on flaking properties
and fineness of texture.

1..... fine-grained texture, good to excellent flaking properties
2..... nmedi um grai ned texture, nore marginal flaking properties
3..... coarse or highly varied texture and inclusions, poor

fl aki ng properties
Col our is neasured using the Geol ogical Society of America's Rock
Col our Chart. (nmw indicates nottling; & indicates the presence of
two equal |y dom nant col ours.)
Mass is in mlligrans.

Qutcrop Sanple Position Quality Col our Mass
1 001 12 3 N5 mw N7 370
002 38 N4 mw 5YR 2/1 & N7 299
003 50 3 N5 mw N7 293
004 67 3 N5 mw N7 313
005 96 3 N4 mw N7 295
006 140 1 N3 mw 5B 7/1 314
007 155 1 N3 381
008 195 1 N nmw 5B 7/1 279
009 215 2 N4 & N6 325
010 265 1 N4 mw 5B 7/1 310
011 328 1 N nmw 5B 7/1 287
012 350 1 N4 mw N7 300
013 380 1 Nu mw 5B 7/1 255
014 400 1 N4 mw 5B 7/1 303
015 418 2 N4 mw 5B 7/1 381
016 440 1 N3 mw 5B 7/1 352
017 440 1 N3 mw 5B 7/1 323
107 L 150 - - 310
108 L 150 - - 349
109 L 150 - - 349
126 L 150 - - 368
127 L 150 - - 320
128 L 150 - - 367
129 L 150 - - 347
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Qutcrop Sanmple Position CQuality Colour Mass
2 018 D 000 300
019 370 3 N4 mw 5B 7/1 365
020 410 3 N4 & N5 nw N7 364
021 445 2 N5 mv 5YR 2/1 & N7 338
022 460 1 N5 mv 5YR 2/1 & N7 382
023 500 3 N4 mw 5B 7/1 386
024 505 3 N5 mwv 5B 7/1 354
025 580 1 N4 mwv N7 312
026 620 3 N4 mw 5B 7/1 318
027 695 3 N5 mwv 5B 7/1 325
028 775 1 N4 mwv N7 312
029 780 1 N4 mwv N7 241
030 815 3 N4 mw 5B 7/1 288
031 845 1 N4 mw 5B 7/1 304
032 873 2 N4 mw 5B 7/1 300
033 873 2 N4 mw 5B 7/1 282
034 260 1 N3 381
035 276 3 N4 375
036 290 1 N4 mw 5B 7/1 355
037 310 3 N4 mw 5B 7/1 309
038 335 - N4 mw 5B 7/1 381
039 355 1 N4 mw 5B 7/1 330
040 370 1 N4 mwv N7 346
041 390 3 N4 mw 5B 7/1 393
042 410 1 N4 mw 5B 7/1 350
043 440 3 N4 mw 5B 7/1 356
044 460 1 N4 mw 5B 7/1 358
045 470 1 N4 mwv N7 337
046 490 3 N4 mw 5B 7/1 326
047 510 3 N4 mwv N7 300
048 530 3 N4 mwv N7 290
049 550 2 N3 & N5 nw 5B 7/1 289
050 580 1 N3 & N5 mnw 5B 7/1 305
051 600 3 N4 & N6 311
052 623 3 N4 & N5 nw 5B 7/1 316
4 053 0 3 N4 352
054 20 2 N3 mwv N7 328
055 35 1 N3 mwv N7 327
056 50 3 N3 309
057 65 3 N4 293
058 70 2 N3 354
059 90 3 N3 mw 5B 7/1 325
060 100 1 N3 & N6 332
061 110 1 N4 mwv N7 314
062 130 1 N4 mwv N7 355
063 150 3 N3 mwv N7 346
064 165 1 N4 mwv N7 369
065 D 0 - - 343
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Qutcrop Sanmple Position CQuality Colour Mass

5 066 0 2 N4 mv N6 335
067 15 2 N4 mv N6 321
068 40 2 N6 & N4 365
069 59 - N3 nmw N6 266
070 75 3 N4 mw N7 324
071 91 3 N3 mv N6 376
072 165 2 NS mv N6 339
073 195 1 N5 nmw N6 350
074 230 2 N4 & N5 nmw N8 304
075 240 2 N4 & N5 nmw N8 310
076 250 2 NS mwv N7 250
077 290 1 N3 mwv N6 225
078 315 - N3 nmw N6 245
079 333 1 N4 nmw N6 323
080 345 1 N3 nmw N6 285
081 355 1 N4 mv N6 227
082 370 1 N3 mv N6 297
083 393 1 N3 & N4 nmw N7 220
084 407 1 N4 nmw N6 284
085 450 1 N3 & N4 mw N7 265
086 487 1 N3 mv N6 272
087 505 1 N3 & N4 mw N7 284
088 523 3 N3 & N4 mw N7 269
089 543 1 N3 & N4 mw N7 293
090 560 3 N3 nmw N6 307
091 575 1 N3 mv N6 349
092 593 1 N3 mwv N6 319
093 605 1 N3 nmw N6 309
094 620 1 N3 nmw N6 293
095 643 1 N3 nmw N6 304
096 649 1 N3 mwv N6 289
097 685 1 N3 mv N6 340

6 098 1370 - N3 369
099 1370 - N4 247
100 1370 - N4 290
101 1370 - N3 345
102 1370 - N4 357
103 1370 - N3 329
104 1370 - N3 364
105 350 - N2 260
106 350 - N2 241
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Qutcrop Sanmple Position CQuality Colour Mass
7 110 EAST 1 N4 mw 5B 7/1 324
111 EAST 1 N5 332
112 EAST 1 N4 nmw 5B 7/1 231
113 EAST 1 N4 nmw 5B 7/1 277
115 EAST 1 N5 336
116 EAST 1 N5 304
117 EAST 1 N5 277
118 WCEN 1 N4 nmw 5B 7/1 248
119 WCEN 1 N4 nmw 5B 7/1 332
120 WCEN 1 N nmw 5B 7/1 294
121 WCEN 1 N4 mw 5B 7/1 243
122 WCEN 1 N4 mw 5B 7/1 263
123 WCEN 1 N4 nmw 5B 7/1 358
124 WCEN 1 N nmw 5B 7/1 345
125 WCEN 1 N nmw 5B 7/1 294
Qutcrop Sanple Accession Mass
8 140 87.09 77910 342
141 87.09 77897 236
142 87.09 77904 282
143 87.09 77901 286
144  87.09 77898 276
145 87.09 77895 335
146 87.09 77895 207
147 87.09 77862 240
148 87.09 77896 308
149 87.09 77896 299
9 150 87.31 80200 322
151 87.31 80200 260
152 87.31 80197 262
153 87.31 80208 272
154  87.31 80208 272
155 87.31 80208 257
156 87.31 80203 225
157 87.31 80209 273
158 87.31 80210 262
159 87.31 80223 357
10 130 62.1 5520 252
131 62.1 5520 232
132 62.1 5520 219
133 62.1 5520 209
134 62.1 5520 287
135 62.1 5520 372
136 62.1 5520 308
137 62.1 5520 282
138 62.1 5520 220
139 62.1 5520 318
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