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THE OCCURRENCE, CHARACTERIZATION, AND PREHISTORIC UTILIZATION
OF GEOLOGIC SOURCES OF OBSIDIAN IN CENTRAL WESTERN OREGON:
PRELIMINARY RESEARCH RESULTS

1.0 INTRODUCTION

For many years, it was taken for granted by Oregon archaeologists that the only
natural indigenous source of obsidian available to the prehistoric inhabitants
of the Willamette Valley was in the river gravels of the McKenzie and
Willamette rivers., It was also assumed that the small obsidian pebbles
occasionally found in these river gravels originated at Obsidian Cliffs, a
glaciated Pleistocene obsidian flow located at the western base of the North
Sister in the Oregon High Cascades. Large obsidian artifacts and raw material
from Western Oregon archaeological sites were thought to have been obtained
either by direct procurement from sources in the High Cascades or through trade
and exchange with aboriginal groups having more direct access to sources of
glass 1in Central Oregon or Northern California. Along the Oregon central
coast, the =zmall quantities of natural glass found at excavated sites were also
thought to have made their way west by trade (through the Coast Range) from the
Willamette Valley.

Up until only a few years ago, the cobsidian artifactual materials that appeared
in archaeclogical assemblages in central Western Oregon were of interest to
archaeologists primarily as a raw material for tool manufacture. Obsidian,
though not naturally plentiful in the region, was found in most archaeological
sites, especially those in the Willamette Valley and Western Cascades.
Recently, though, archaeclogical interest has been piqued by advances in
obsidian hydration dating and in obsidian characterization studies. The former
promises the potential to directly date obsidian artifacts while the latter
offers a means by which to reconstruct prehistoric patterns of contact and
exchange. Western Oregon, with obaidian as an almost ubiquitous archaeological
compeonent, can be seen as an almost ideal region to apply these new obsidian
analysis technologies,

Initial attempts at obsidian hydration dating and obsidian characterization of
artifactual materials have proven somewhat less than successful, however. The
Obsidian Cliffs flow was positively identified as the source of the McKenzie
River gravel obsidian (White, 1974:220 and 1975:171), but after this initial
step, research results became considerably 1less predictable, Toepel and
Sappington (1982), in one of the few obsidian characterization studies to date
in Western Oregon, identified the geologic sources of artifactual obsidian from
the Halverson Site in the southern Willamette Valley as Obsidian Cliffs and
Tucker Hill, an obsidian-rhyolite dome located several hundred kilometers to
the east in the Great Basin. While this was certainly possible, it was an
anomalous and unexpected finding; numerous sources were considerably closer
than the gne at Tucker Hill, Later work in the Willamette Valley revealed the
presence of a second (and equally unexpected) geologic source of obsidian on
the southwestern margin of the Valley (Skinner, 1983:304-320), Alluvial
deposits exposed by streams near the Fern Ridge Reservoir northwest of Eugene
were found to contain nodules of obsidian glass that would have been easily
available to the prehistoric inhabitants of the Valley. Recent obsidian
characterization studies in Western Oregon (Sappington, 1984, 1985a and 1985b)



have suggested that the glass found in this area may be the actuval source of
the obsidian earlier attributed to Tucker Hill, A third possible ohsidian
source in Western Oregon has been reported by Woodward (1974:194-195) in the
gravels of the Clackamas River near Oregon City. A Western Cascades source
near Oakridge has also been proposed by Sappington (1986) on the basis of
archaeological and geochemical evidence.

The few hydration dating studies so far carried out in Western Oregon have
fared little better. Fagan (1975) and Minor (1980 and 1985) both found serious
inconsistencies in their data that they attributed to stratigraphic mixing.
With chemical composition playing a major role role in determining rates of
hydration, the presence of unexpected multiple obsidian sources (when only one
was anticipated) would have an unsettling effect on hydration research that did
not take them into account. Recent obsidian hydration measurements from
Western Cascade artifacts by Origer (1986), though not interpreted in the
report in which they appear by Baxter (1986), also appear to exhibit similar
inconsistencies,

It is the main contertion of this report that the unspectacular results of
obsidian studies to date in Western Oregon are primarily due to a lack of
geologic and gecmorphic baseline information about potential primary obsidian
sources and their secondary areal distributien, Archaeologists, playing
without a full deck, have suffered predictably unsatisfying results. As Earle
and Ericsorn (1977} have pointed out, in regard to the development of
characterization studies, it is essential that the archaeological study of
obsidian be preceded by a thorough survey and sampling of available primary
sources and the limits of their secondary distribution. These are research
development stages that have been almost universally sidestepped by
archaeologists whose interests are, understandably, focused on the data that
artifactual characterization can provide. Nevertheless, it 1is «crucial that
these initial, non-archaeclogical research steps be religiously adhered to.
The computer programmer's maxim of garbage in = garbage out applies all too
well to  archaeological  interpretations drawn from haphazard obsidian
characterization studies.

It is also suggested here that obsidian studies in Western Oregon could prove
to be a very useful adjunct to current routine archaeological analysis
strategies in the region, The very paucity of regional obsidian sources
simplifies the juggling of the competing variables involved in obsidian
studies, Obsidian hydration and characterization research can proceed in a
somewhat simplified context in Western Oregon., The possibility of successful
and routine characterization research should be considerably enhanced, for
example, over the central and eastern portions of the state, where over a
hundred discrete obsidian sources are known to exist,

The purpose, then, of this paper and of the research that is reported here is
to provide some preliminary data that will enhance archaeological obsidian
studies in the central western part of Oregon - the Western Cascades, the
Willamette Valley, and the Oregon Coast.



1.1
Obsidian and the Distribution of Geclogic Sources in Oregon

Before I move to the major theme of the paper, let me digress for a moment and
answer two basic questions germane to the study of obsidian in Oregon -~ Just
what is obsidian? Where is it found in Oregon?

Obsidian is a naturally occurring volcanic glass and is easily recognized by
its glassy texture and classic conchoidal fracture. Though the term obsidian
is a textural one, the chemical composition of the glass is usually rhyolitie,
typically ranging in silica content from between 68 and 78 percent. It is this
unusually high silica content that is largely responsible for the formation of
the glass. The lavas are extremely viscous when extruded (the high viscosity
largely being a function of the large silica content) and the constituent ions
are unable to form a crystalline structure prior to cooling. The resulting
glass, actually a supercocoled liquid, is metastable and over long periods of
time will absorb environmental water to form the crystalline perlite. This
process of hydration and alteration to perlite proceeds at a regular, if
somewhat hard to determine, rate and provides the theoretical basis underlying
the obsidian hydration dating method. Oregon is blessed (or perhaps cursed, in
the case of obsidian characterization research) by a considerable overabundance
of obsidian sources, With well over 100 separate obsidian sources so far
identified in the state, it seems likely that nowhere else in the world are so
many discrete sources found in so limited a geographic area. In archaeological
characterization studies where it is necessary to identify the geologic source
of artifactual  materials, this preponderance of sources is a notable
complicating factor. Not only does the reliable correlation of artifactual
obsidian and geologic sources become more difficult, but the archaeglogist is
faced with the monumental task of adequately identifying and characterizing
over 100 geologic sources before the results of archaeological obsidian studies
can be considered at least approximations of the truth.

These numerous Oregon sources are found almost exclusively in the portion of
the state located to the east of the Cascade Range and are most commonly found
as ohsidian flows or as domes of comingled obsidian and rhyolite. The majority
of the obsidian domes and flows are found associated with three large-scale
tectonic features:

1. The mnorth-south trending High Cascade Range - Obsidian sources are
particularly common in the Three Sisters and Crater Lake areas, two regions
dowinated by late Pleistocene to Holocene bimodal (basalt-rhyolite) volcanic
activity (Williams, 1944; Bacon, 1983; Clark, 1983),.

2, Two bread belts of obsidian-rhyolite domes in south—central and southern
Oregon - These zones, trending about N. 75 deg. to 80 deg. W., roughly parallel
the Brothers Fault Zone in the north and the Oregon-Nevada (Orevada) lineanent
in the south (Allen and Bealieu, 1976; Berri, 1982; Hughes, 1983; MacLeod et
al., 1975; Skinner, 1983:227-302); Stewart et al,., 1975; Walker, 1974),

Caldera structures are also associated with several major obsidian source areas
in Oregon. Most notably, these include the Newberry, Crater Lake, and
McDermitt calderas, though further investigation will 1ikely confirm the
importance of other Oregon calderas as well (Allen, 1979 and 1982).



In addition to these major source areas of natural glass, obsidian is also
found in a number of other locations in the state, though these tend to be
concentrated in the Great Basin. Only two sources are definitely known to
exist west of the High Cascades, both of these in the Coast Range. The
rhyolitic volcanic activity associated with obsidian has been widespread in
Oregon from the Miocene through the Holocene and this volcanism has left behind
a plentiful legacy to be utilized by prehistoric peoples and to be studied by
modern—day archaeologists.



2.0 RESEARCH OBJECTIVES

The main overall objective of the research reported in this paper is the
geologic and geomorphic investigation of indigencus sources of obsidian glass
in central Western Oregon, including the central coast, the Coast Range, the
Willamette Valley, and the Western and High Cascades. There were, however, a
number of explicit research objectives that were considered during the course
of the study. These were:

1. The identification of primary and secondary sources of obsidian in central
Western Oregon - It has long been taken for granted that the only natural
sources of obsidian in west central Oregon were small nodules of glass
fluvially transported from a single source in the High Cascades, the Obsidian
Cliffs flow. Additional sources in the Willamette Valley, in the Western
Cascades and at the Oregon coast have recently been identified and described,
however (Woodward, 1974:194-195; Skinner, 1983:304-320; Sappington, 1986). A
thorough 1literature search was conducted to locate extant references to
possible Western Oregon obsidian sources. Field investigations and sampling
were then carried out at the possible sources of natural glass that were
identified. Care was taken to distinguish both the primary and secondary
depositional contexts of the glass, an often overlooked aspect in obsidian
studies, sc as to determine the actual boundaries of the sources. Geomorphic
processes responsible for the transport of the obsidian to secondary contexts
were also identified.

2. The geochemical characterization of the identified obsidian sources - The
trace element abundances (Sr, Zr, and Rb) of several samples collected during
early stages of the research was determined so as to "fingerprint" or
characterize the obsidian sources. These data were used to determine the
number of geochemically-discrete cobsidian source populations that  were
distinguishable among the Western Oregon sources. The viability of
petrographic methods of characterization for Western Oregon obsidians was also
tested using this baseline geochemical data.

3. The testing of the usefulness of petrographic characterization methods in
the "fingerprinting" of Western Oregon obsidian sources - The presence of
microsceopic petrographic structures has been suspected to be useful in the
identification of obsidian sources or in the delineation of subgroups of
obsidian populaticns. Based on encouraging preliminary research results
(Skinner, 1983:142-151,334-335,355 and 1984), it was decided to test the
usefulness of petrographic characterization technigues in the identification of
Western Oregon glass. This was done using the rather small population of
geochemically characterized obsidians collected early in the research. Results
of this test were then used to tentatively identify the primary sources of
obsidian collected (from secondary contexts) during later stages of the
investigation.

4, The examination of patterns of prehistoric obsidian procurement and
utilization in central Western Oregon - The results of archaeological research
conducted in Western Qregon were carefully examined to determine the extent of
indigenous obsidian use by prehistoric populations and to approach several
questions: Was procurement of the obsidian from Western Oregon sources



accomplished by direct access or through exchange? Was there differential
utilization of obsidian and obsidian sources in Western Oregon? How would
differential wutilization, if found, be expressed in synchronic and diachronic
dimensions? What kind of natural and cultural processes could reasonably be
used to explain the patterns or changing patterns of obsidian utilization that
are found in the archaeological record of Western Oregon?

5. The examination of the archaeclogical implications of the geological and
geomorphic results of this investigation - What are the archaeological
implications resulting from the identification of multiple native obsidian
gources in Western Oregon? How would this affect obsidian characterization
studies in Western Oregon? Will petrographic characterization methods be
useful in future archaeological obsidian studies? How about the implications
for the reconstruction of prehiastoric patterns of contact and exchange?
Obsidian hydration studies? These are all questions that have to be addressed
by archaeologists dealing with the systematic study of natural glass found in
archaeological settings in Western central Oregon,



3.0 PRIMARY AND SECONDARY CONTEXTS OF OBSIDIAN SOURCES

3.1
Introduction

As archaeologists become increasingly interested in the reconstruction of
extinct trade and exchange networks through the investigation of characterized
lithic artifacts, an understanding of the role of the natural processes that
are involved in the distribution of artifactual raw materials will also become
increasingly important. The human transport of obsidian, as reflected in the
spatial patterning of artifactugl obsidian, is only one of many different ways
in which obsidian may find its way from an original, primary source to a
secondary location spatially removed from the original source,

The natural, geomorphic processes that may account for the spatial distribution
of natural glass have been largely disregarded by archaeologists engaged in the
study of prehisatoric exchange or procurement systens, As T will emphasize
here, however, it 1is essential in archaeological obsidian characterization
studies, both in Western Oregon and elsewhere, that the geomorphic processes
that affect the movement of obsidian from primary to secondary localities be
understood.

3.2
Primary and Secondary Sources of Obsgidian

Primary sources of obsidian are those that occur at or near the volcanic vent
from which the o¢bsidian was extruded. Typically, these primary sources are
obsidian flows, obsidian-rhyolite domes, or the chilled selvage of rhyolitic
bodies. Vents from which volcanic ash-flows or tephra containing obsidian were
erupted are considered to be primary sources; their resulting deposits are
considered to be secondary sources,

As is the case for most Western Oregon obsidian scurces, obsidian can also be
recovered from secondary contexts or sources. Secondary sources are spatially
removed from their parent primary sources, sometimes as much as several hundred
kilometers. These secondery sources of obsidian can be found as stream
gravels, as surface float, as fragmental glass, as glacial till, as volcanic
bombs, in laharic deposits, in ash-flow deposits, in near-to-vent tephra
deposits, as landslide debris, as glacial erratics, or in archaeological sites
(see figure 2){Skinner, 1983:52-56; Torrence, 1984},

For the purpose of archaeological characterization studies, an obsidian source
is definable as an aggregate of its primary and secondary occurrences. This
gource must also be distinguishable from other sources on the basis of some
geochemical or physical property such as trace element composition, index of
refraction, or presence of some petrographic structure, Aborigiral inhabitants
of the Willamette Valley who used obsidian from Obsidian Cliffs, for example,
would be drawing from a single geochemically-distinguishable source whether
they gathered the glass directly at Obsidian Cliffs or from river gravels 150
kilometers from the flow, Both would be considered as widely-separated
outcrops of one source, though each could be classified as a separate quarry



aite on the basis of archaeological evidence. The nature of the
characterization technique may alsc influence what may be considered & source.
Trace element abundances, for instance, might be used to identify an individual
obsidian flow in a region crowded with sources. On the other hand, a less
powerful attribute such as major element composition may only be able to
distinguish to a regional level; the "source" considered would actually consist
of several discete units resulting from different eruptive events,

Little archaeclogical attention has been focused on the problems of primary and
secondary deposita of 1lithic raw materials. Hurtado de Mendoza (1977:59-60)
and Hurtade de Mendoza and Jester (1978) recognized that not all obsidian
sources are primary. They attributed the presence of obsidian in secondary
contexts to "drift" processes, which they classified as natural and cultural
(human). Specific modes of obsidian transport were later described, in
somewhat more detail, by Skinner (1983:52~56). Most recently, Meltzer
(1984-85), in a study of supposed "exotic" (made from materials not available
locally) chert artifacts from the Great Lakes region of the United States,
identified secondary transgport factors that accounted for their local
availability. Previous researchers had used the presence of this so-called
"exotic" chert in their attempts to demonstrate wide-range patterns of
prehistoric mobility.

The source area, then, that must be considered in archaeological obsidian
characterization studies, is a combination of both the primary and secondary
sources. The size and boundaries of this resultant source area can only be
determined (when the existence of secondary sources is suspected) through
careful geoclogic field investigation during which the aerial extent end primary
source{s)} of the glass are determined. While this is a methodological step
almost universally passed over in archaeoclogical obsidian studies, it is one
that must be taken so that these studies reflect culturel movement and not the
existence of unrecognized natural processes. These principles hold true, of
course, for any lithie artifactual material that can be characterized when the
subsequent reults are used to make inferences about prehistoric behavioral
systems. The identification of the true boundaries of obsidian sources is
particularly important in the archaeclogical investigation of Western Oregon
natural glass, most of which has been transported to widely dispersed secondary
sources by a variety of geomorphic processes.

3.3
Modes of Obsidian Transport in Western Oregon

In general, the major types of processes involved in the natural movement of
materials on the earth’s surface are mass-wasting, fluvial, aeolien, tectonic,
glacial, and volcanic (Butzer, 1976). In addition to these, human or
biological agents are alsc responsible for the movement of relatively small
quantities of material, though these may be significant in their effect on
human populations.

The wmost sigrificant  transport processes that may affect the spatial
distribution of obsidian are illustrated in figure 2. Aeoclian and large-scale
tectonic processes are not considered here as importent. Though examples of
almost all these processes can be found in Oregon (Skinner, 1983:54-56), only
three are of importance in considering the spatial patterns of the obsidian
found in Western Oregon:
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Figure 2: Geomorphic processes involved in transport of obsidian from primary
to secondary depositional contexts (from Skinner, 1983, with additional
inspiration from Torrence, 1984).

1. Glacial Transport, Glaciers overriding primary obsidian sourcea can
undermine or pluck obsidian from the source, later depositing the glass
"downstream”" in morainal deposits of glacial till, This process took place in
Oregon's central Cascade Range when Pleistocene mountain glaciers moved High
Cascade debris, including obsidian, into the river valleys of the Western
Cascades (Taylor, 1968; Skinner, 1983: 54,102).

2. Fluvial Transport. The movement of obsidiar from its primary source by
rivers and streams is the most important geomorphic transport mode in evidence
in Western Oregon. Obsidian finding its way into the bed-load of a river can
be carried long distances downstream, though the potential transport distance
for glass of large enough size for prehistoric use was probably limited because
of mechanical abrasion (Pettijohn, 1975:45-46). O'Keefe (1976:29) describes a
study concerning the weight loss of artificial glass as a function of its
distance downstream from its source, 99 percent of the mass of the glass was
lost in a distance of 40 kilometers. Studies with other lithic materials have



shown, though, that weight loss plotted versus distance displays a lognormal
relationship with a higher rate of loss taking place near the source (Schlee,
1857; Pelletier, 1958; Pettijohn, 1975:47). Small nodules of obsidian could
therefore be expected to survive dintact for relatively long distances; in
practice, obsidian of archaeologically-usable size (at least 4 cm in diameter)
has been recovered from Willamette River gravels several hundred kilometers
downstream from its primary source in the High Cascades (Minor, 1977; also,
this study).

1. Human Transport. The last important agent of transport is the human one
and it is this process that most archaeologists involved in the
characterization of archaeological obsidian are interested in documenting.
When artifactual obsidian from these human-introduced secondary sources
(archaeological sites) 1is correlated with their primary sources, it becomes
possible to infer extinct patterns of procurement, movement, contact, and
trade. This end can only be reliably achieved, though, when the primary and
secondary sourcesg are both well-documented, Humans provide only one of several
means of removal and transport of obsidian from its parent source and the
failure to take other (natural) processes into account can lead to fallacious
and unreliable archaeological models of prehistoric behavior.
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4,0 PRIMARY AND SECONDARY SOURCES OF OBSIDIAN IN WESTERN OREGON

Primary and secondary sources of obsidian are found in numercus locations in
central Western Oregon., In this section, the geologic and geomorphic contexts
of these sources are described.

4,1
The High Cascades Sources

Primary obsidian sources in the Central High Cascades are focused exclusively
in the Three Sisters area, a region of unusually abundant silicic veleanic
activity. Obsidian flows and domes, ranging in age from the Pleistocene to the
late Holocene, are found in two areas in this region, The most significant of
these sources for Western Oregon obsidian studies are found near the North
Sister, most notably at Obsidian Cliffs, The majority of the Three Sisters
sources, though, Iie on the flanks of the South Sister. These flows and domes
are not located in drainages leading to the western side of the Cascades and
were only sampled on a reconnaissances basis for this current investigation,
Because of the proximity of the South Sister obsidian sources to significant
Western Oregon sources and to probable prehistoric travel routes into the
Willamette Valley, though, these sources are briefly described here,

4.11 Obsidian Cliffs Obsidian Flow

The Obsidian Cliffs source is a large glaciated flow of obsidian and rhyolite
that is located near the northern end of the Three Sisters Wilderness Area
(figure 4). Spectacular 70 to 90 m~high cliffs of rhyolite and obsidian mark
the northwest end of the 2,4 km-long flow, giving the source its name (plate
2). Above the cliffs is a sloping, glacially-scoured plateau (plate 1) that
reaches an elevation of about 2,130 m (7,000 ft) at the vent area,

Much of the Obsidian Cliffs source consists of pale gray rhyolite intermixed
with glassy, gray-black and occasionally red obsidian. Spherulites and
lithophysal bands are common, though they were most frequently encountered
during sample collection near the borders and vent area of the flow, The top
of the flow, a plateau sloping upwards towards the Middle Sister, is covered in
many areas by obsidian nodules with diameters commonly exceeding 20 cm. The
entire area is blanketed by a layer of volcanic tephra, most likely originating
from Mount Mazama (the ancestral Crater Lake) or perhaps from a nearby vent now
covered by the Rock Mesa Obsidian Flow.

The geology of the Obsidian Cliffs flow has been described by a number of
researchers, most notably Hodges (1925:103-108) and Williams (1944:4B). The
major and trace element composition of the glass has appeared in Anttonen
(1972:92), S. Hughes (1983:133), and Skinner (1983:155,161).

The glacier that swept over the Obsidian Cliffs flow extended westward down the
Lost Creek Valley to the McKenzie River, Taylor reports (1968:;15) that during

11
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the latest Wisconsin glaciation this canyon was completely filled with ice that
overflowed the north rim, depositing morainal obsidian in at least one adjacent
valley., Obsidian nodules can be found today in deposits of glacial till on the
floor of the Lost Creek Valley and in road cut exposures near the junction of
Highways 126 and 242 (Taylor, 1968:14), The glacially-transported obsidian also
found its way into the McKenzie River where the river intersected deposits of
till left near the terminus of the Lost Creek Valley glacier. This obsidian
has been carried west down the McKenzie drainage into the Willamette River,
creating a widespread secondary source of glass in Willamette Valley River
gravels, Glacial outwash from the central Cascade Range was also widely
distributed throughout the southern Willamette Valley during the late
Pleistocene (Lawrence et al,, 1977), though obsidian from (bsidian Cliffs has
been reported only from the gravels of the present-day McKenzie and Willamette
rivers (White, 1974:220 and 1975:171; Toepel and Sappington, 1982). Waterworn
obsidian pebbles have also been found, however, in late Quaternary gravels from
modern quarry locations near Corvallis in the central Willamette Valley.

Eighteen samples of glass from scattered localities at the Obsidian Cliffs flow
were examined as part of this investigation

4,12 Condon Butte Area Rhyodacite Dome

Located 1 km southwest of Condon Butte and 3.3 km south of Highway 242, this
unnamed rhycdacite dome lies only 5 km west of the Cascade Divide. The dome is

clearly visible from the Dee Wright Observatory at McKenzie Pass as a knob to
the left of Condon Butte (Skinner,1983:16).

This landform is briefly described by Tayloer (1968:21 and 1981:66) as a
glaciated dome of rhodacitic obsidian. Taylor feels that the obsidian formed
as selvage at the outer part of the dome, this outer layer being later
completely removed by Pleistocene glaciation. He attributes very small
fragments of obsidian found to the east in airfall deposits as originating from
this source (E. Taylor, personal communication, 1982). Fragments of gray
obsidian from the dome are also found in surficial glacial deposits a few
kilometers to the west in the Hand Lake area (Taylor, 1968:18). A search by
the author in 1981 and 1985 revealed no obsidian at the dome, though several
samples of a very fine-grained, glassy, gray rhyodacite (perhaps interpreted as
obsidian?) were collected in 1985, The aerial distribution of obsidian from
this source is presently unknown. It is conceivable, though, that the same
mountain glaciers that carried Obsidian Cliffs glass west to the McKenzie River
could have also carried obsidian from the Condon Butte area dome,

4,13 South Sister Area Ohsidian Sources

Numerous Quaternary obsidian domes and flows are located on the eastern and
southern flanks of the South Sisgter Volecano (figure 5). Over a dozen
unglaciated (Holocene)} and glaciated (Pleistocene) obsidian occurrences have
been identified in geologic studies of the South Sister area (Hodges,
1925:55-58; Williams, 1944; Anttonen, 1972:90-93; Taylor, 1978:25-26,33-35;
Clark, 1982:15,29,32-33; S, Hughes, 1983:128; Wozniak, 1982:24-26,37; Skinner,
1983:246,269-270,272-273), Major and trace element composition of several of
these obsidian sources has been reported by Anttonen (1972:90-93), Taylor
(1978:37-38,41,43), Clark (1982:204-205), S. Hughes (1983:133), and Wozniak
(1982:87,96). A reconnaissance survey of the southern slopes of the South
Sister in 1986 revealed that many of the reported obsidian sources in this area
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are not of artifactual quality. Obsidian at the Rock Mesa flow, a small dome
immediately to the northeast of Rock Mesa, the chain of obsidian domes roughly
paralleling Goose Creek, Kaleetan Butte and Devil's Hill all proved to be very
porphyritic and were not of tool-making quality.
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Figure 5: Sketch map of the South Sister vicinity showing obsidian sources,

A single secondary source of artifact-quality obsidian was found, however, on
the eastern upper slopes of Broken Top Volcano. Nodules of obsidian up to 10
cm in diameter were found in the gravels of the Upper North Fork of Tumalo
Creek up to an elevation of at least 2,130 m (7,000 ft). Similar glass nodules
were also located im an intermittent unnamed stream less than 1 km south of
Tumalo Creek., Based on the presence of the glass and the similar suite of
rocks found in the fluvial gravels of both streams, it seems almost certain
that a source of obsidian is being intersected locally by these streams at an
elevation greater than 2,130 m (7,000 fr)., Another unnemed intermittent stream
bed located approximately 3 km south of Tumalo Creek contained no obsidian.
The source of the Tumalo Creek glass may be the same source described by Taylor
(1978:34-35) as a glaciated rhyodacite tuff cone composed of devitrified pumice
and welded tuff containing obsidian and rock fragments. Explosive vent
activity could have easily spread obsidian fragments over a relatively wide
area where they are now being eroded out by stream activity. The Upper North
Fork of Tumalo Creek is a tributary to the Deschutes River and it is 1likely
that obsidian from this source is bheing contributed to the gravels of the
Deschutes River.
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Swift (1986) has also reported the presence of obsidian nodules in the gravels
of Squaw Creek, the headwaters of which are located only a few kilometers
northwest of the source of Tumalo Creek, It may well be that the same primary
obsidian source is being intersected by both streams, Obsidian is also found
in deposits of glacial till in the Squaw Creek area (Swift, 1986) and it is
likely that glacial activity has widely distributed obsidian glass on the
flanks of Broken Top Volcano.

4,2
The Western Cascades Sources

While no true primary obsidian sources are definitely known to exist in the
Western Cascades, secondary deposits of glass as well as an unusual deposit of
obsidian-like vitrophyre can be found there.

4,21 Lost Creek Canyon Morainal Obsidian

Obsidian nodules originating from the previously-described Obsidian Cliffs
gsource are plentiful in morainal deposits on the floor of the Lost Creek
Valley. The diameter of the obsidian till commonly exceeds 5 cm, Several
samples were collected from the valley floor and from a roadcut where the
glacier flowed into the Upper McKenzie River Valley near the present-day
comnunity of McKenzie Bridge.

4,22 McKenzie River Gravels

Several samples of glass from secondary river gravel deposits were also
obtained from the McKenzie River near Armitage Park in Eugene. McKenzie River
gravel bars near the towns of McKenzie Bridge and Blue Ridge were also
unsuccessfully searched for obsidian,

4,23 Obsidian-Like Vitrophyre Near Lowell

An unusual outcrop of ohsidian-like vitrophyre was located at an elevation of
about 300 m (1000 ft) in the Willamette National Forest about 14 km east of the
town of Lowell. This outcrop, actually the densely-welded portion of a volcanic
ash-flow tuff, is exposed in a road cut adjacent to Winberry Creek, a perenmnial
stream now feeding the Fall Creek Reservoir, The obsidian-like vitrophyre,
while not considered a true ohsidian, bears a megascopic resemblance to
obsidian and could be easily confused with it by a non-geologist,

The ash-flow deposit consists of a black, glassy zone about 3 m thick located
at the base of the main ash-flow unit. The densely-welded zone overlies
thin-bedded pond or lake sediments and was likely formed when the original hot
pyroclastic flow was emplaced over the water. When this occurred, water vapor
was absorbed, lowering the melting point of the ash-flow and allowing refusion
into a dense black glass (McBirney, 1968). The areal exteant of the
obsidian-like component of the ash-flow is not known, though it is probably
limited.  Ashwill (1951:18) mentions that small lake and pond deposits are
found in upper Miocene to Oligocene ash-flow tuffs only a few kilometers north
of the Winberry Creek exposure and that they were limited in size. These tuffs
may be approximately contemporaneous in age with the Winberry Creek
vitrophyre.
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This locality was geochemically-characterized and briefly described by Skinner
(1983:103-105), who speculated that the ash—flow tuff may have been used as a
limited local source of archaeological lithic material,

4,21 Staley Creek Source

The high percentage of obsidian debitage, the presence of larger than expected
quantities of unworked obsidian pebbles at several archaeological sites, and
the trace element analyses of obsidian from four sites in the Oakridge area of
the Upper Middle Fork of the Willamette River have recently led archaeologists
to suggest the presence of a new obsidian source in this area (Baxter, 1986b;
Sappington, 1986). Sappington (1986) has named this suspected source the
Staley Creek source after a local tributary to the Willamette River,

While there is no reason to doubt the existence of new sources (to
archaeologists) of natural glass in the Western and High Cascades, trace
element data concerning the Staley Creek source and the geologic sources of
archaeological obsidian from the Staley Creek area present some problems.
Sappington (1986:110), in discussing trace element analyses of obsidian pebbles
from sites in the Staley Creek area, writes:

"As a group, these pebbles were distinct from all sources with the
exception of Fern Ridge, located 15 km west of Eugene, based on
F-statistics at the .0l level. Individually, most items in this
group were also classified as belonging to the Fern Ridge source.
While it is possible that the Staley Creek material simply represents
material brought into the Oakridge area by the aboriginal inhabitants
of these sites, the preferred explanation is that these two groups
represent different exposures of chemically similar material."

Sappington concludes, after statistically comparing the QOakridge area glass
with 13 previously characterized Oregon sources (the Fern Ridge source was not
included because of its known similarity in composition to the Oakridge
samples) that 98.2%7 of the 282 characterized artifacts originated from the
Staley Creek socurce. Notwithstanding the reliability problems associated with
statistical correlation methods and incomplete source universes (see Chapter 1
of this paper and Hughes, 1984}, there is simply no basis for this conclusion.
The removal of the Fern Ridge source because its presence creates disagreement
with the expected results flies in the face of good science - in this case,
data are being manipulated so that a hypothesis {the proximity of a local
obsidian source) is supported. There is no reasonable geologic or petrologic
basis to support the belief that the Fern Ridge and "Staley Creek" sources are
"different exposures of chemically similar material™. Many years of obsidian
characterization studies have shown that obsidian sources are remarkably
distinct in their trace element composition (Skinner, 1583:19-20)}., Even though
other lines of evidence, particularly the anomalously high relative frequency
of obsidian debitage at the Oakridge area sites, suggest the possible existence
of a local geologic source of obsidianr, a more plausible research methodology
must be utilized to verify that fact.

Trace element analyses by Hughes (1986) of 20 obsidian artifacts from two of
the same four archaeclogical sites (35 LA 529 and 35 LA 599) that Sappington
examined does little to clear up the confusion, It is, unfortunately, not
possible to directly compare the data of Sappington with others as his data are
presented only as intensity counts for each detected trace element. Hughes,
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however, concludes that the artifactual obsidian from the two sites originated
from at least seven different geologic sources (see figure 6). The Fern Ridge
area source was represented by 287 of the collection, Obsidian Cliffs by 13%,
and 282 by two unknown sources; the remaining artifacts appear to have
originated from central Oregon., Whether the "unknowns" of Hughes results are
from a local source or from other as yet unidentified sources in his database
will require further research to clarify. The contradictory results of the
work of Sappington and Hughes, though, are striking and once again, only
further research will reveal whether one or several sources were utilized by
the inhabitants of the Western Cascades., If a Staley Creek source does exist,
though, it would be another potential contributor of natural glass to the
alluvial gravels of the Willamette Valley, A clear understanding of obsidian
utilization patterns in western Oregon will require that further
characterization work be directed towards clearing up the status of this
possible source. Is there a Staley Creek source or is it only a figment of the
archaeological imagination?
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Figure 6: Ternary diagram illustrating the relative abundances of Rubidium,
Strontium, and Zirconium found in artifactual obsidian from sites 35 LA 529 and
35 LA 599 in the Oakridge area of the Western Cascades. Trace element data for
the diagram are from Hughes (1986). At least seven different geologic sources
appear to be represented.

4,3
The Willamette Valley Sources

While small fluvially-transported obsidian pebbles from the High Cascades
Obsidian Cliffs source are widespread in McKenzie and Willamette River gravel
deposits, two geologically-unexpected secondary sources have also been located
in the southwestern part of the Valley,
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4,31 McKenzie River Gravel Obsidian

As previously mentioned, obsidian from Obsidian Cliffs can be found in the
gravels of the McKenzie River. Pebbles of unweorked glass recovered from the
Hurd archaeological site near the McKenzie River were reported as large as 6.7
cm in diameter (White, 1975)., Samples collected from river gravels near Eugene
for the present study were up to 5 cm in diameter,

4,32 Willamette River Gravel Obsidian

The McKenzie River has also contributed obsidian pebbles to gravels intersected
by the Willamette River. Most reported occurrences of obsidian in Willamette
River gravels come indirectly from archaeclogical sites adjacent or near to the
River., Waterworn obsidian nodules that were probably collected from Willamette
River gravels have been found at archaeological sites near Eugene (Follansbee,
1975; Toepel and Minor, 1980:21; Toepel and Sappington, 1982; Pettigrew, 1975),
near Salem (Pettigrew, 1980:43,56,65-66; Sanders et al., 1983:221) and near
McMinnville (Laughlin, 1943), Sanford (1975) and Minor (1977) also mention the
Willamette River as a source of obsidian pebbles,

Ten obsidian pebbles were recovered for this study from Willamette River
gravels at Irish Bend, a prominent river meander located about 20 km south of
Corvallis. The maximum diameter of obsidian from this location was 4 cm, and
it is likely that this is close to the maximum pebble size available in the
middle and Jlower Willamette River. It is alsc probable that there was a
negligible decrease in obsidian pebble size downstream from this location (see
the previous discussion in section 3.2 on the relationship of pebble size to
distance from source)., A single 2.5 cm—diameter glass pebble was also
recovered from Willamette River gravels about 20 km north of Salem at Wheatland
Ferry.

4,33 The Inman Creek Area Sources

Inman Creek is a short perennial stream located on the western margin of the
southern Willamette Valley near Fugene. Though the creek is now a tributary to
the Fern Ridge Reservoir, before construction of the Fern Ridge Dam in 1941 the
stream fed the Long Tom River. TInman Creek would be of little interest to
geologists or archaeologists were it not for the somewhat enigmatic presence of
obsidian nodules in the gravels of this and several other small streams in the
reservoir area. When broken open, these waterworn nodules are revealed to be a
fine, artifact-grade of black and sometimes red and black volcanic glass.

Inman Creek and other local streams in the area cut as much as 2 m into the
Ingram or Dolph geomorphic surface, a former high flood plain of the Willamette
River (Balster and Parsons, 1968:6,9 and 1969). At least 60 m of alluvial
sand, gravel, and mudstone were deposited in the area during the late
Pleistocene and Holocene (Baldwin and Howell, 1949; Frank, 1973). These
deposits originated in the Western Cascades and the east-central Coast Range
and were fluvially transported to the Fern Ridge area. Some of the alluvial
fill in this area may have alsoc been deposited during the multiple Pleistocene
floods of the Willamette Valley that were caused by the repeated failure of ice
dams that contained Glacial Lake Missoula (Allison, 1978; Baker and Bunker,
1985). Evidence of these catastrophic floods, dated at between 12,000 and

19



16,000 years B.P. (Baker and Bunker, 1985), have been found in the southern
Willamette Valley as ice-rafted boulders of exotic, non-local materials,
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Figure 7: Sketch map of the Fern Ridge Reservoir and Inman Creek area.

Nodules of rounded obsidian ranging in size from less than 1 cm to occasionally
more than 10 em in diameter are common in the stream gravels of Inman Creek and
the other creeks entering the Fern Ridge Reservoir on the west and southwest
sides. The obsidian appears to be originating from a locally widespread bed of
clay and water-rounded gravel that dips gently towards the northeast (the floor
of the Willamette Valley). This stratum, best exposed about 2 m below the
ground surface in the banks of Inman Creek, contains abundant nodules of
obsidian located in sgitu (plates 3 and 4), The thickness of the
obsidian-bearing stratum is not known. Obsidian from other creek and river
beds in the area appears after the water has intersected a bed of resistant
clay and gravel identical to the one at Inman Creek. These outcrops of
obsidian are now normally covered by the Fern Ridge Reservoir Lake and are only
accessible in the winter months during the annual reservoir drawdown.

The grain-size of the vertical section of sediments exposed in the banks of
Inman Creek appears to increase significantly as the obsidian-bearing stratuym
is reached., This suggests the presence of a higher-energy depositional regime
than is now present in the area, one perhaps related to the wetter climate in
Western Oregon during the late Pleistocene and early Holocene epochs (Hansen,
1941 and 1942). The age of deposition of the obsidian-bearing sediments is not
known. A radiocarbon date of >39,900 years B.P. (I-4068; Buckley and Willis,
1970) from wood recovered at a depth of 4.1 m in a comparable geomorphic
surface in the area does suggest, however, a late Pleistocene maximum to the
terminal phase of the depositional period.
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obsidian glass would be devitirified by now (E, Baldwin, personal
communication, 1982). Geochemical and petrographic studies of the Inman Creek
area obsidian by Skinner (1983:304-320), however, indicate that the obsidian
does indeed appear to have originated in the Oregon Coast Range. Alternative
scenarios to explain the presence of exotic obsidian such as ice-rafting and
prehistoric human introduction were considered but eliminated as highly
unlikely. Evidence presented to indicate the Coast Range as the probable
primary source of the glass was:

1. The discovery of small (rarely larger than 2 cm 1in diameter) obsidian
pebbles in gravel bars near the mouth of the Siuslaw River at the Oregon Coast
(R. Minor, personal communication, 1981). The trace element composition of the
Siuslaw and Inman Creek area obsidian was subsequently found to be identical
(discussed later in this investigation), indicating that they originated from
the same primary geologic source.

2., The recovery of a single piece of obsidian at a depth of no more than 2 m
from alluvial deposits near Noti on a former Long Tom River terrace (R.
Pettigrew, personal communication, 1982).

3, The Long Tom River, now a westward-flowing tributary of the Willamette
River, was found by Baldwin and Howell (1949) to be a former tributary of the
eastward—-draining Siuslaw River. It is probable that a primary obsidian source
in the upper Long Tom River drainage contributed volcanic glass both to the
east and the west of the Coast Range.

4. The relatively large size of the obsidian nodules suggests that the primary
source of the glass in the Tnman Creek area secondary deposits 18 not far
removed from the primary source.

A tributary of the Long Tom River and the streams of the Fern Ridge Reservoir
area were all found to originate in the same area, a large, unnamed hill
located immediately west of the Reserveir. It is felt that this hill is very
likely the primary source area for the obsidians found in the Willamette Valley
margins and at the coast. A search of the area in 1984 also suggests that the
precise location of the primary source is well-camouflaged by a thick mantle of
goil, brush, and trees and will remain unknown,. It should alsoc be noted that
Toepel (1985:27-29), relying on much the same evidence as was cited above,
concluded that the Fern Ridge area obsidian probably originated in the
Cascades, Though this still remains a possibility, the large nodule size of
the glass and its presence in the Siuslaw River gravels argues strongly against
it.

Obsidian nodules were probably alsoc locally available for  prehistoric
procurement in the Long Tom River draimage. A search was made in the Long Tom
channel between Fern Ridge Reservoir and the river's confluence with the
Willamette River, but no glass was found., The entire length of the river from
the reservoir to the Willamette River has been channelized and 1lined with
rip~rap to prevent flooding. Sappington {1985a) reports that nodules of
obsidian from the Fern Ridge areca are found as far north as Corvallis, though
no mention is made of the geologic context. Petrographic data from the current
study also indicates that Fern Ridge area glass is found in Willamette River
gravels above where the Long Tom River joins it, It appears that
obsidian-bearing sediments made their way east at least as far as the current
Willamette River channel, probably during the initial period of secondary
deposition,
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Preliminary work by Skinner (1983:304-320) also suggests that not one, but two
geochemically-distinct sources of obsidian are found in the Fern Ridge
Reservoir area. The results of this current investigation also bear this out.

4,34
Clackamas River Gravels

Woodward (1974:194-195) mentions that a dull gray obsidian can be found in the
gravels of the Clackamas River near Oregon City., This material was recovered
by Woodward from archaeological sites along the lower Clackmas River and was
utilized for the manufacture of flaked stone artifacts. Woodward later
describes the material as a volcanic glass, more opaque and less glassy than
obsidian, but still of a good tool-making quality (J. Woodward, personal
communication, 1986). He also reports that artifacts and split nodules of this
volcanic glass occur mainly in early (8000 to 3000 B.P.) archaeclogical sites
and that debitage is rare, Small hard-to recognize nodules of the glassy rock
are also found in the gravels of the Sandy River. The primary source of this
glassy rock is unknown, though it is likely that it lies in the Cascades to the
east, A 1986 search of the Clackamas River gravels for samples of this
material was unsuccessful and this source of lithic material still remains
largely undocumented.

4.4
The Oregon Coast Sources

4,41 The Siuslaw River Mouth Sources

The same primary source that provided obsidian for the Fern Ridge Reservoir
area also introduced natural glass into the former upper drainage of the
Siuslaw River (Baldwin and Howell, 1949), Obsidian pebbles a few centimeters
in diameter can currently be found in gravel bars located near the mouth of the
Siuslaw River at the town of Florence. Like the obsidians at Tnman Creek, two
different geochemical populations are represented. It is also likely that
obasidian can be found in the gravels of the upper reaches of the Siuslaw River,
though none has yet been reported.

4,5
Conclusions

Recent work has presented information contrary to the long-held assumption that
a single natural source of obsidian was represented in the river gravels of the
Willamette Valley. Instead, at least three distinct secondary source groups,
one from Obsidian Cliffs in the High Cascades and two others from an
unidentified primary source in the Oregon Coast Range, are present. Another
potential High Cascade source, an unnamed rhyodacite dome near Obsidian Cliffs,
has not been identified in obsidian recovered from secondary deposits in the
Willamette Valley. Obsidian has alsc been reported from the gravels of the
Clackamas River, though this material is more fittingly classified as a glassy
volcanic rock than as a true obsidian. ¥inally, a possible obsidian source in
the Western Cascades near Qakridge has been proposed from indirect evidence,
though its existence remains to be confirmed through valid research methods.

23



5.0 THE CHARACTERIZATION AND PRIMARY SOURCE ASSIGNMENT OF OBSIDIAN
FROM SECONDARY GEOLOGIC SOURCES OF OBSIDIAN IN WESTERN CENTRAL
OREGON

Just as flint or chert can only be derived from particular
strata, and must have been carried by trade if found at any
distance from these centres, so the presence of obsidian
objects in a non-volcanic country is proof of trade with
some ceatre of volcanic activity., Unhappily the scientific
identification of any given piece of obsidian with specimens
from any one deposit is beset with difficulties, so that it
is at present impossible to say categorically that the given
piece did, or did not, come from a certain locality.

G.A, Wainwright (1927:77)

5.1
Principles of Obsidian Characterization

Scientific methods of obsidian characterization and source identification have
advanced a long way since Wainwright wrote the above statement im his study of
obsidian artifacts and sources in the Near East., Techniques now exist that can
identify the gecologic sources of archaeclegical obsidian with a degree of
sophistication undreamed of in Wainwright's day. The analytical techniques for
identifying sources have advanced, in fact, far ahead of the methods used to
interpret the resultant data. With the exception of a few isolated efforts,
these techniques of obsidian characterization have been largely developed over
the past 25 years. The benchmark paper by Cann and Renfrew in 1964 marks the
beginning of this modern period of obsidian characterization study. That
paper, followed by several other related ones (see Cann et al., 1970), touched
off a still continuing period of research in which artifactual obsidian has
been characterized, its geologic source identified, and this information used
to generate hypotheses about possible patterns of prehistoric contact and
trade.

Though trace element abundances have most often been used to characterize
natural glass, a variety of other less powerful, but more accessible techniques
have also hbeen developed or suggested. In this section of the project, T
discuss the results of the application of two different methods that were used
to characterize obsidian from Western Oregon sources. Trace element abundances
(determined by X-ray fluorescence spectrometry) were initially used to
characterize the glass because of the acknowledged high degree of reliability,
Petrographic methods of characterization, while lacking the reliability of the
geochemical methods, were added because of their technological accessibility
and low cost {always a factor in a chronically underfunded discipline such as
archaeology).

Properties of obsidian, whether geochemical, petrographic, or otherwise, must

share two key gualities to be effective as characterization attributes. These
are:
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1. Intrasource homogeneity — the attribute must have a low degree of intraunit
variability.

2. Intersource heterogeneity - the attribute must show a recognizable degree of
intraunit wvariation, i.e. it must be clearly distinguishable from other
obsidian sources that lie within the source universe being considered.

While trace element characterization is the method of choice when funds and
equipment are available, any attribute which has some degree of intrasource
homogeneity and intersource heterogeneity can be used (see Skinner, 1983:76-84,
for a review). These methods, however, are dependent on and reflect the
chemical composition of the glass, though in petrographic characterization the
cooling history (which affects crystallization processes) may also be an
important factor.

5.2
Trace Element Characterization

Abundances of selected trace elements (Rb, Sr, Zr) were initially used to
characterize the glass. These elements have been found to exhibit a remarkably
consistent degree of intrasource homogeneity as well as a marked tendency
{especially in genetically unrelated sources) to intersource heterogeneity
{(Cann and Renfrew, 1964; Cann et al,, 1970; Ericson, 1977 and 198l; Skinner,
1983:152~-166; also see Appendix 5).

The 18 obsidian samples prepared for trace element analysis in this study were
collected from the Inman Creek area, the Siuslaw River mouth, the McKenzie
River gravels near Eugene, morainal deposits in the Lost Creek Canyon of the
Western Cascades, and the Obsidian Cliffs obsidian flow (see Appendix I for
detailed provenance information). All of the samples, with the exception of
those from Obsidian Cliffs, were from secondary contexts in Western Oregon.
The four samples from Obsidian Cliffs were collected from widely dispersed
areas at this source so as to provide a measure of control over any geochemical
intraunit variability that might be present. While obsidian sources are almost
always geochemically homogeneous, Bowman et al. (1973a and 1973b) warn that
this cannot be automatically assumed.

5.21 Preparation and Analytical Methods

The trace element composition of the 18 samples was extablished by X-ray
fluorescence spectrographic methods wusing a GE XRD-7 Vacuum Spectrometer
located at the University of Oregon X-Ray Fluorescence Laboratory. During XRF
analysis, excitation of elements is by means of a primary X-ray beam, These
elements are made to emit in the X-ray wavelength region and these emissions
are detected and used to identify the elements and their abundances in a
sample, An X-ray spectograph such as the one used in this study is simply an
instrument that disperses X-rays and then measures their intensity as a way of
making quantitative or qualitative analyses (Norrish and Chappell, 1967).
Quantitative XRF analysis, the technique used here, is a comparative method and
requires standards of known composition to obtain quantitative results, U.S.
Geological Survey standards AGV-1, BCR-1, DTS-1, G-2, GSP-1, PCC-1, and W-1
were used as standards in this investigation (Abbey, 1673).

25



Each sample of obsidian was then prepared for XRF analysis. The larger samples
from Obsidian Cliffs and the Lost Creek Valley were broken inte small pieces
and a minimum of 100 gm of cortex-free fragments collected, These chips were
placed in a tungsten carbide Spex shatterbox for six minutes and reduced to a
fine powder. The smaller samples from secondary sources were cleaned with
acetone, and powdered in a ball mill, Pressed powder pellets were then
prepared. 5 gm of powdered glass was placed in a mold that uses boric acid as
a backing agent, and then pressed at 10,000 pounds pressure to create a
cohesive disk that can be used for analysis in the XRF spectrometer (Norrish
and Chappell, 1967). Samples were counted for 300 seconds in an air pathway.

5.22 Results and Discussion

The quantitative results of the trace element analysis are shown in table 1,
When plotted on a ternary graph {figure 8), the samples cluster into four
distinct populations, indicating that four possible obsidian sources may be
represented by the data.

Both group A and group B include samples collected in the Inman Creek area and
at the Siuslaw River mouth., This indicates that:

1. Not one, but two different geochemically discrete sources are found in the
Fern Ridge area. This strongly suggests that two separate geclogic sources of
obsidian contributed volcanic glass to the Fern Ridge Reservoir area.  Further
trace and major element analyses will be required to ascertain if any genetic
relationship exists between these two sources,

2. The same two geologic sources of obsidian were supplying glass to both the
central Oregon Coast and the southwestern Willamette Valley. Current river
drainage patterns do not account for this, corroborating the findings of
Baldwin and Howell (1949) that the upper reaches of the Long Tom River once
drained to the west,

The group C population includes, as was expected, aobsidian from Obsidian
Cliffs, the Tost Creek Valley, and the McKenzie River gravels, This further
establishes the Obsidian Cliffs flow as a primary contributor of obsidian to
secondary sources in the Western Cascades and the Willamette Valley,

A single sample collected from fluvial gravels near Eugene forms the D
population., It was initially hypothesized that this could represent either an
unidentified High or Western Cascades source or that it could be evidence of
glass originating from the Condon Butte area dome. A reeximination of the
original sample (only partially destroyed for analysis) also suggests a third,
and perhaps more likely possibility. This sample (MCK-3) is composed not only
of obsidian glass, but also contains spherulites, petrographic structures
commen at the Obsidian Cliffs source, It is likely that the portion of the
sample that was analyzed also contined spherulites. While these features
coexist with the glassy phase of rhyolitic obsidian, they have been noted by
Ewart (1971) to differ in major element composition from the glass. Though not
verified, the compositional differences of this sample from the others
collected near Eugene is considered to probably be due to contamination of the
analyzed portion by a spherulite.
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SAMFLE TRACE ELEMENTS PRIMARY ANPLYTICAL ERROR <+~

NO. RrR8 SR R SOURCE RB Sk 2r
INM-1 a8.8 116.5 vE.5 INMRN B 2.7 2.4 2.4
INM-2 ez.a 1656.9 106.2 INMAN A 2-6 2.6 2.5
INM-3 a5.1 150.6 i07.4 INMAM A 5.0 2.8 2.6
INM-5 an.1 151.@8 109.90 INMAN A 2.6 2.6 2.5
INM-7 al.a 154.0 104.1 INMPM A 2.6 2.6 2.5
INM-9 82.3 153.8 104.2 IMMEBN A 2.7 2.7 2.6
INM~-11 a9.1 111.8 vE. 7 INMRN B 2.7 2.4 2.4
INM-12 a4.8 154, 2 1Q6. 0 IMMBN A 2.7 2.6 2.5
MCK-1 6.7 121.2 112.1 OCLIFFS 2.6 2.4 2.5
MCK-2 7R.5 105.49 95.9 OCLIFFS 2.6 2.% 2.4
MCK—3 Fo.8 179.7¢ 200.8 QCLIFFS 2.6 2.8 3.0
MCK % 80.& 104.1 2.8 OCLIFFS 2.6 2. % 2.4
oBC-1 83.6 116.0 101.6 OCLIFFS 3.0 2.6 2.5
oac-2 °9.4 10%. 4 92,9 QCLIFFS 2.9 2.5 2.5
gsc-3 85.1 103.6 98.0 OCLIFFS 3.0 2.5 2.5
oec—+ 85.9 102.7 95.6 DCLIFFS 2.9 2.5 2.5
Slu-1 835.8 144.5 100.7 INMAN A 2.6 2.6 2.5
sIU-2 92.4 116.9 6.7 INMAN B 2.7 2.4 2.4
IM: OBSIDIAN SAMPLES FROM FERN RIDGE RESERVOIR ARER
MCK:z: OBSIDIAN SAMPLES FROM MCKEMZIE RIVER AND LOST CREEK VALLEYS
08C: O0BSIDIAN SAMPLES FROM THE OBSIDIAN CLIFFS OBSILDIAN FLOW
SIu: OBSIDIAM SAMPLES FROM THE SIUSLAW RIVER MOUTH
CAY: SPHERULITE IN SAMPLE; PROBABLY ORIGINATED AT OBSIOIAM CLIFFS
OCLIFFS: DBSIDIAN CLIFFS

CFILE: TRRLCE)

Table 1l: Trace element abundances of obsidian samples from geologic sources in
Western Oregon. All samples except those from Obsidian Cliffs are from
secondary sources. The probable primary sources of each sample, based on the
geochemical data, are also designated.

The trace element abundances were also plotted on scatterplots to see how well
different trace element pairs could differentiate among the obsidian source
populations (figure 9). Only when Sr is plotted versus Zr can all four of the
different geochemical populations be easily visually distinguished.

5,23 Conclusions

The trace element composition {Sr, Rb, Zr) of 18 different samples of obsidian,
primarily originating from secondary contexts in the Willamette Valley, the
Oregon Coast,and the Western Cascades, were determined by XRF analysis,
Assuming geochemical homogeneity at the primary sources, it appears that three
discrete primary geologic sources are contributing obsidian to secondary
sources in central western Oregon. Two of these are located in the Coast Range
at unknown localities; the third is the Obsidian Cliffs obsidian flow in the
High Cascades, A single compositionally anomalous sample could have originated
from another High or Western (ascades source, but is interpreted here to be the
result of the inclusion of a spherulite in the analyzed sample,.
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Figure 8: Ternary diagram illustrating the relative abundances of Rubidium,
Strontium, and Zirconium found in obsidian from geologic sources in the High
Cascades, the Western Cascades, the Willamette Valley, and the Oregon Coast.
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Figure 9: Different trace element pairs plotted versus one another from sources
in central Western Oregon. Of these three scatterplots, Sr plotted versus Zr
provides the best visual discrimination of the different geochemical
populations represented by Western Oregon obsidian sources.

5.3
Petrographic Characterization

5.31 Introductieon

Although obsidian is often thought of as an aphyric glass, when examined in
thin section with a microscope almost all obsidians can be found to contain at
least a few crystalline or subcrystalline structures. Microscopic phenocrysts,
commonly plagioclase feldspars, are often found in small quantities, Tiny
opaque specks of magnetite, usually only a few microns in diameter, are
virtually ubiquitous in rhyolitic obsidians. It dis the presence of this
magnetite that gives obsidian glass its most common color, black. In addition
to these petrographic features, natural glasses almost invariably contain a
variety of microscopic structures known as microlites and crystallites
{(collectively referred to in this paper as microlitic structures - see figure
10).
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Compiled from several sources (Rutley, 1890;

commonly found in obsidian glass.
1961:99-114; Roass,

Johannsen, 1931:11-15; Williams et al., 1954:13-14; Clark,
1962; Suzuki, 1973:303-304; Skinner, 1983:142-151),

Though microlite and crystallite terminology is somewhat vague, microlites are

usually defined as microscopic crystals that polarize light and that have some
determinable optical properties (anisotropic). The term crystallite is a more
general o¢one and refers to microscopic bodies of unknown mineralologic

composition which do not polarize 1light (disotropic). Crystallites and
microlites are considered to represent early stages of crystallization in a
magma, though the petrologic processes involved in their formation are not well
understoad (Johanssen, 1931:11-15; Marshall, 1961). Microlites and
crystallites may be virtually nonexistent in obsidian or they may occasionally
take up nearly all of the volume of the glass (Ericson, 1977:100-103,115-119;
1981:60-62,68-72), The common microlitic structures are illustrated in figure
10 and are described in additional detail in Appendix 3. Preliminary research
results also indicate that these microlitic structures may have some usefulness
in the characterization of obsidian (Skinner,1983:142-151; 1984), This
possibility, particularly as it applies to the geological and archaeological
obsidian of Western Oregon, will be examined in more detail 1later in this
section of the paper.

5.32 Previous Research in the Petrographic Characterization of Obsidian
The history of the utilization of petrographic features in the characterization

of archaeological obsidian research is a brief one. Microlitic forms were
first superficially considered as a method of characterizing Egyptian obsidian
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by Frankfort (1827:191-192) who, nevertheless, dismissed the method as being
too unreliahle to be of any use. In a study of a small sample of
archaeological and geological obsidian samples from Kenya, Game {1945) reported
some success in separating the samples inte groups on the basis of their
microlitic features. Heizer et al. (1965), citing the work of Ordonez (1892),
suggested that the characterization of obsidian using the crystallite and
microlite structures present in the glass might be worth pursuing. Clark
(1961) also suggested the use of microlitic structures for obsidian
characterization but did not pursue the subject in his research.  Sukuki
(1973:303-304) mentions three Japanese studies in which artifactual obsidian
was assigned a geologic source based on microcrystalline characteristics, In
his own research, though, Suzuki (1973:304) found that the identification of
the sources based on microlitic structures present was awkward due to
considerable overlap among geologic sources, He does mention, however, that
some microlitic features were unique, specifically the presence of asteroidal
trichites at one source and the high density of prismatic microlites at two
other sources. Bettinger (1978) and Bettinger et al. (1984) report some
success in identifying the source of obsidians from California and Nevada hased
on criteria that included the presence or absence of petrograhic features. The
petrographic data from this study are, though, rather vague. Preliminary work
by Skinner (1983:142-151,352,334-335; 1984) indicates that the presence or
absence of specific microlitic structures appears to have some promise as a
characterization technique. This was particularly true when the source
universe was limited or the identification of source sub-groups was adequate,

5.33 Preparation and Analytical Methods

All obsidian samples that were collected for this investigation (with the
exception of two) were prepared as standard petrographic thin sections., SIU-1
and SIU-2 were completely destroyed during XRF analysis preparation and could
not be prepared as thin sections. A total of 53 thin sections representing
obsidian from the Obsidian Cliffs source (OBC sample number prefix), the Lost
Creek Valley glacial till (some MCK samples), the McKenzie River gravels (some
MCK samples), the Willamette River gravels (IRB and WHF prefixes), the Siuslaw
River gravels (SIU prefix), the Lowell area obsidian-like vitrophyre deposit
(LOW prefix), the Condon Butte area dome (CNB prefix), and the Fern Ridge
Reservoir area deposits (INM prefix) were prepared.

Each slide was examined with a petrographic microscope and the presence or
absence of various microlitic structures and significant petrographic features
was noted (tables 2 and 3). 'The specific provenance for each sample is
recorded in Appendix 1.

Do sources of obsidian (and obsidian-like vitrophyre) in Western Oregon possess
petrographic characteristics that will allow them to be characterized on that
basis alone? Three different petrographic characteristics were examined to see
if they exhibited sufficient  dintrasource homogeneity and  intrasource
heterogeneity to be useful as characterization attributes. These three
petrographic properties (in order of importance) are:

1. Microlitic structures present. The presence or absence of specific
microlitic  structures is the major criterion that was examined in this
investigation. A specific microlite or crystallite type was considered to be
present if it made up 5 percent or greater of the total microlites observed in
the microscopic field of view at any point on the sample slide, The percentage
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was estimated wusing standard geologic comparison charts for estimating
percentage composition (Terry and Chilingar, 1955). In the case of borderline
instances, the microlite was considered to be present., The 5 percent lower
limit was adopted to minimize the influence of occasional anomalous microlite
and crystallite types that were sometimes noted in samples. While micrelitic
structures are often found distributed relatively homogenecusly at obsidian
sources, the degree of homogeneity is rarely as great as with some other
attributes such as chemical composition.

Normal prismatic microlites were considered those with a diameter equal to or
greater than one micron; acicular prismatic micrelites were considered as those
with a diameter of less than one micron. In borderline examples, prismatic
microlites were judged as normal.

2. Degree of crystallization. This criterion was adopted when it was observed
that different obsidian sources often exhibited quite different quantities of
microscopic and occaesionally megascopic phenocrysts in the glassy groundmass.
The degree of crystallization refers, then, to whether the percentage of
phenocrysts in the obsidian (usually plagioclase) was found to be greater than
or less than 5 percent. The percentage was determined to be greater than 5
percent if phenocrysts were found to occupy greater than 5 percent of the field
of view at any point in the sample slide., Percentages were estimated using the
same estimation charts as were the microlitic structures (Terry and Chilingar,
1955). The slides were observed under crossed nichols and the percentage of
microphenocrysts estimated using their birefringence properties. Please note
that this percentage measurement is based on different parameters than that of
the microlitic structures. The phenocryst percentage 1s a measure of the
phenocrysts present in the total field of view; the wmicrolitic structure
percentages represent ratios of the total microlitic structures found, not the
area density.

3. The presence of welded glass shards. This was taken to be an absolute
indicator that the sample was not a true g¢bsidian but that it was an
obsidian~like vitrophyre originating in a volcanic ash-flow deposit. An active
volcanic ash-flow is a turbulent combination of high-temperature pyroclastic
materials and gases erupted explosively from a volcanic vent, Pumice blocks
and siliceous, glass-rich portions of the ash-flow may collapse and weld during
emplacement, creating an obsidian-like vitrophyre sometimes called fiamme
(Williams and McBirney, 1979:134), Though the obsidian-like vitrophyre of
welded ash-flows may megascopically resemble obsidian, microscopic examination
in thin section shows that there are striking differences. True obsidian
consists of a glassy, isotropic groundmass filled with varied quantities of
microlitic structures, phenocrysts, and magnetite grains, Obsidian-like
vitrophyre, however, is made up of distinctive glass shards (see plate B8),
leaving little chance of confusion between the two.

The presence or absence of these petrographic features is recorded in tables 2
and 3. Table 2 does not include samples that were also geochemically
characterized; petrographic characteristics of these samples are shown in table
3.

5.34 Petrographic Characteristics of Western Oregon Obsidian Sources

5.341 Obsidian Cliffs: Seventeen of the eighteen samples from Obsidian C(liffs

exhibited a high degree of similarity. The single exception to this is
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only a few separate specimens. Phenocryst density was low, less than 5 percent
in the samples examined, though small megascopic plagioclase crystals were
often found. Plates 9 through 14 on the next page illustrate the wide range of
microlitic structures that were noted in samples from the Fern Ridge Reservoir
area. There is considerable intrasource as well as intersource heterogeneity
in the obsidian f£rom the Fern Ridge area. In several samples, the varieties of
microlitic structures found varied considerably over the scale of a single
slide; though one or two types would be most ofen found in close association at
a single point on the slide, they would often rapidly grade into an area where
another microlite or crystallite structure dominated the microlitic structures
in the field of view. In summary, the degree of heterogeneity found in the
Fern Ridge area glass was very high. No characteristics were found that would
distinguish between the two geochemically-distinct populations.

5.345 Willamette River obsidian: Ten samples were collected from a gravel bar
on the inside of a large river meander at Irish Bend. The petrographic
analysis of the obsidian revealed that two distinct petrographic populations
appear to be found at this location. One of these groups, represented by eight
of the ten samples collected, shared similar petrographic characteristics with
the Obsidian Cliffs source, Acicular prismatic microlites were the most
commonly shared petrographic attribute in these samples (see plates 15 and 16).
The presence of phenocrysts in excess of 5 percent of the field of view was
also a shared trait. These eight samples are all considered to have ariginated
from the Obsidian Cliffs source,

Plates 9-14 (overleaf) : Photomicrographs of obsidian from several locations in
the Fern Ridge Reservoir area. These serve to illustrate the considerable
range of petrographic variation that is found in glasses from the two discrete
geochemical populations represented at this source area. Though there is
suffucuent variation in microlitic structures among these two source groups to
prevent their definite source assignment, the two  populations are
petrographically distinguishable from obsidian from the Obsidian Cliffs source.
Plate 9: This sample (INM-5) 1is dominated by the presence of acicular and
asteroidal trichites. This specimen was geochemically characterized and found
ta originate from the Inman A source, The scale bar in this and the other
photomicrographs is 10 microns long. Nicols not crossed, x93. Plate 10:
Margarites are the predominant structures seen in this sample (INM-11). This
specimen was geochemically characterized and found to originate from the Inman
B source, Nicols not crossed, x93, Plate 1l: Strongly aligned margarites and
acicular to normal prismatic microlites wrap arcund a small phenocryst in this
sample (INM-9). The Imman B source was geochemically determined to be the
gsource of this sample. Nicols not crossed, x93. Plate 12: In this specimen
(INM-2), margarites, isolated and 1in clusters, are the primary microlitic
structures. A single large microlite can be seen in the upper central portion
of the picture. This sample was geochemically characterized and found to
originate from the Inman A source. Nicols not crossed, x150Q, Plate 13:
Abundant aligned groups of longulites, coalesced chains of globulites, dominate
the microlitic forms in this sample (INM-12)., The Inman A group was
geochemically determined to be the parent source of this specimen. Nicols not
crossed, x93. Plate 14: Acicular and asteroidal microlitic structures (INM-8).
The arrow points to a bubble in the glass that apparently acted as a nucleus
for the growth of a trichite. Nicols not crossed, x63,
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attributes alone. The most useful attributes that were found to distinguish
between the Coast Range and High Cascades sources were the presence of
asteroidal and acicular trichites, the high density of acicular prismatic
microlites, and phenocrysts in excess of 9 percent of total field of view,
Obsidian-like vitrophyre from the Lowell area ash flow was not found in any
secondary contexts though it would have been easily distinguishable,
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PRIMARY
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Figure 1l: Preliminary flowchart for identifying the primary sources of
obsidian recovered from secondary contexts in Western Oregon. The presence or
absence of selected petrographic attributes provide the decision criteria
(y=yes; n=no)., The presence of absence of weathered <cortex and/or
stream-rolled surfaces could also be added as additional criteria for
differentiating between primary and secondary sources.
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Based on these initial findings, a flowchart was constructed that would allow
the identification of primary sources of obsidian utilizing the criteria of
presence or absence of selected petrographic attributes (see figure 11). Using
the attributes recorded in tables 2 and 3, the primary sources (as concluded
through the petrographic analysis) of obsidian from all secondary Western
Oregon contexts are all determinable by following the decision pathways through
the flowchart.

Though this decision network does yield the speculated primary sources, the
question remains - Is it accurate? The primary sources of ohsidian samples
from secondary deposits were determined through petrographic analysis, a
relatively untested characterization technique. A potential source may also
exist in the Staley Creek area of the Western Cascades; its presence in
Willamette Valley alluvial gravels would force a reexamination of the criteria
used to construct the £low chart, The  wvalidity of a petrographic
characterization method in Western Oregon can only be ascertained by comparing
the results of petrographically-characterized obsidian with the results of a
more proven and reliable obsidian characterization method, The method of
choice would be the trace element characterization of the glass. In the next
section, these two methods are compared in an attempt to provide an
independent, though still preliminary test of petrographic characterization
methods in Western Oregon,

The other major flaw in this source identification flowchart is its low
reliability in distinguishing geologic sources of obsidian that do not 1ie in
Western Oregon., The source universe was purposefully delimited at this stage
of the research to include only those sources so far identified in Western
Oregon, This was considered justifiable, though not methodologically rigorous,
because of the relative geographic isclation of central Western Oregon, the
ease of procurement from the sources located there, and the overall lack of
petrographic data from other sources. A few independent checks, however, were
included in the flowchart to flag down samples that were obviously from outside
the regional or known source universe., In an informal test of these checks,
obsidian source petrographic data from Skinner (1983:142-151), which included
the Obsidian Cliffs flow and Lowell ash-flow, were introduced into the decision
network. From a total group of ten, eight sources from Central Oregon were
correctly identified as "unknown sources'"; the remaining two Western Oregon
sources (Obsidian Cliffs and the Lowell ash-flow) were also correctly
identified. While these checks are not particularly crucial when determining
the geologic source of glass from natural deposits in Western Oregon, they are
important when considering the sources of archaeological obsidian. There has
probably long been varied degrees of prehistoric contact between Western Oregon
and other neighboring regions. The 1likelihood that obsidian from Central
Oregon or Northern California was introduced by trade or other means into
Western Oregon is almost certain. Henn (1975) and Rarick (1962:36), for
example, both c¢ite ethnographic accounts of Central Oregon Indians whose
seasonal subsistence rounds included travel dinto the Upper McKenzie River
Valley of Western Oregon. The presence of a 25.5 cm long obsidian blade from a
mound in the Willamette Valley (Laughlin, 1941) also argues for the importation
of obsidian. The only Western Oregon sources that could have provided the size
of raw material necessary for this artifact was Obsidian Cliffs. While this
source does provide artifact—quality glass, it is not always of the high
quality that is usually utilized in the production of very large points,
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What the flowchart is intended to provide, then, despite these acknowledged
weaknesses, 18 a starting point for the routine petrographic characterization
of geological and archaeological obsidian from Western Oregon.

5.35 A Test of the Method

How valid a method is the petreographic characterization of Western Oregon
obgidian? Can this technique of identifying geologic sources of artifactual
and geologic materials be used with confidence? Would the simple flowchart
pictured din figure Il be adequate to identify primary sources? To provide a
preliminary test for this method, primary sources were determined, wusing both
petrographic and trace element attributes, for samples that had been previocusly
geochemically characterized (see tables 1 and 3 for data). The results of the
two independent source identification methods were then compared, Since trace
element characterization methods have long been proven reliable, particuelarly
in a simplified context such as in Western Oregon, the sources identified by
this technique were considered as the correct ones. The use of petrographic
attributes to assign primary sources yielded the =same results as those
determined by trace element abundances. Petrographic  characterization,
however, dees lack the resclution of trace element methods - it was impossible
to determine, on the basis of petrographic attributes alcone, which of the two
Inman source groups a sample originated from.

It 1is concluded that the valid petrographic characterization of Western Oregon
obsidian sourceg is possible., Results to date are still based on a relatively
small and possibly dincomplete sample of o¢bsidian, though. More extensive
sampling of Western Oregon sources and those of adjoining regions will still be
needed to establish the long-term reliability of this technique.

5.4
Conclusions

Obgidian characterization studies of vclcanic glass from several different
primary and secondary sources in Western Oregon indicate the existence of three
geochemically-distinct source populetions of natural glass, The secondary
distribution of this obsidian throughout Western Oregon is fairly extensive,
particularly in the Willamette Valley. Three primary sources of obsidian are
presumed to exist, though the location of only one, the Obsidian Cliffs
obsidian flow, is presently known, The remaining two primary sources are
represented only by obsidian found in secondary deposits of clay and gravel in
the south-central Willamette Valley and in the gravels of the Siuslaw River at
the Oregon Coast. The Tocation of these twn sources, while not known, almost
certainly lies in the Coast Range to the west of the Fern Ridge Reserveoir. A
cover of s0il and vegetation has apparently erased any signs of the original
primary sources. The presence of obsidian from the Coast Range sources in the
Willamette River gravels upstream from its confluence with the Long Tom also
indicates that the Willamette River has intersected obsidian-bearing stratum,
Whether this is the same one that is exposed in the Fern Ridge Reservoir stream

banks is not known, It does point out the fairly widespread fluvial
distribution cf the Inman obsidian groups prior to the establishment of the
present-day Long Tom River drainage. A primary source of obsidian-like

vitrophyre was alsoc examined, but was not encountered during the sampling of
secondary depositional contexts.
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Figure 12: Known and inferred primary and secondary distribution of obsidian
from unknown sources in the Coast Range, The primary sources of the secondary
deposits of obsidian found 1in the southwestern Willamette Valley and the
Central Oregon Coast, though they have not yet been found, are thought to be
located near the Fern Ridge Reservoir.

The preliminary petrographic analysis of obsidian from primary and secondary
sources in Western Oregon also indicates that these sources exhibit an
observable degree of intrasource homogeneity and intersource heterogeneity.
This suggests that obsidian from Western Oregon may be petrographically, as
well as geochemically characterized. Based on the presence or absence of
specific petrographic attributes, a source identification flowchart was
constructed that would allow the determination of primary sources. When tested
against geochemically characterized glass, the petrographic method was found to
be a wvalid one, though not as powerful in its discrimination qualities as the
trace element method,

Based on the results of this characterization investigation, it becomes
possible to chart the probable primary and secondary distribution of obsidian
in Western Oregon (figures 12 and 13). The importance and consequences of the
identification and delineation of these sources and their secondary boundaries
for archaeological obsidian studies is the subject of the remainder of this
study.
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Figure 13: Primary and secondary distribution and of obsidian from the Western
and High Cascades. Obsidian in late Pleistocene deposits of glacial outwash is
probably widely spread in alluvial deposits of the southern Willamette Valley.
Deposits of gravels containing obsidian pebbles that originated at Obsidian
Cliffs are currently accessible in existing (and probably recently abandoned)
river channels. Though the Condon Butte area dome and Lowell area sources are
shown on the map, their secondary distribution is not known. It is likely that
neither of these 1last two sources will prove to be archaeologically
significant.
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6.0 PREHISTORIC UTILIZATION OF CENTRAL WESTERN OREGON OBSIDIAN
SOURCES: EVIDENCE ¥ROM ARCHAEOLOGICAL RESEARCH

6.1
Introduction

It is clear from the descriptions of Western Oregon obsidian in Chapter 4 that
sources of natural glass were widely distributed throughout the Willamette
Valley. Along the Oregon central coast, obsidian was available in small
amounts in at least one location, the mouth of the Siuslaw River. Natural
glass was also present in the Western and High Cascades in an east-west linear
belt stretching from the Obsidian Cliffs flow down through most of the length
of the Iower McKenzie River Valley. In all of these regions, the glass was
available in secondary geologic contexts throughout the Holocene, a 10 to
12,000-year time span which appears (based on current archaeological evidence)
to comfortably encompass the range of prehistoric human occupation in Western
Oregon,

Given, then, that obsidian was widely available in Western Oregon, what was the
extent of prehistoric exploitation of this raw material? Were all available
sources being utilized? TDoes the archaeological record provide us, either
syncronically or diachronically, with any visible patterning of obsidian
utilization? What kind of evidence do the limited numbers of obsidian
characterization studies provide? These issues will be briefly explored in the
remainder of this chapter.

The raw data for this analysis of prehistoric obsidian procurement and
utilization in Western Oregon were drawn from reports of archaeological site
investigations throughout the western portion of the State (see figure 14).
Classes of data that might provide clues about obsidian utilization patterns
(such as the presence of absence of obsidian artifacts or the percentage of
ohsidian debitage at a site) were tabulated and examined (see Appendix 4 for
this data), The most telling of these classes of information appeared to be:

1. The presence or absence of artifactual ohsidian at a site (debitage or
tool-manufacturing waste is considered to be artifactual material),

2. The maximum length of any artifactual obsidian object at the site. This
figure was often tentatively arrived at by measuring photographs of obsidian
artifacts. It was assumed that most archaeologists, even when writing the
briefest of reports, cannot resist includimg in their site report a picture of
the largest obsidian tool that was recovered. Data compiled under this
assumption, however, must be considered provisional.

3. The percentage of gbsidian debitage that was recovered from the site. This
number was computed, when possible, using the total number of debitage items
recovered, i.e, if 100 pieces of debitage were found and 50 of these were
obsidian, the obsidian debitage percentage would be 50%. The relatively large
numbers of debitage recovered compared to other artifactual classes makes this
a particularly valuable indicator of obsidian utilization in an archaeological
context., Statistical sampling error should be considerably reduced due to
these large quantities,
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Figure 14: Archaeological sites and obsidian sources
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4, The ratio of obsidian cores to the total debitage number. This was
considered as a possible indicetor of quarry distance. Ethnographic
observations of behavior at obsidian sites (Gould et al., 1971; Clark, 1978 and
1979; Gallagher, 1977) sugpest that the raw material is generally reduced in
some respect {tc cores, blanks, bifaces, or fiakes) prior to transport from the
source. It was thought, then, that the number of obsidian cores, normalized
for site size by their ratic with the total debitage count, could provide an
index of quarry proximity. This ratio proved to be of only limited value,
though, for four reasons. First, there are often very few obsidian cores
recovered at any given site, leaving their number highly vulnerable tc¢ sampling
error, Secondly, the definition of just what constitutes a core 1is often
tacitly determined among different workers. The intersite comparison of any
inadequately defined artifact class should be considered as mnethodologically

gsuspect - after the classic polyhedral core types have been eliminated, the
identification c¢riteria of what constitutes a core can become somewhat
amorphous. Thirdly, small differences in core frequencies among sites, when

compared to high debitage numbers, can lead to large variations in core to
debitage ratios., Errors introduced by sampling or identification problems can
quickly become very significant. Lastly, as suggested by Pettigrew (19380:67),
small pebbles of obsidian {such as those available throughout much of Western
Oregon) may be completely reduced during tool manufacture, leaving no trace in
the archaeclogical record.

3. The presence of unworked nodules of obsidian at the site. S5Small,
stream-rolled nodules or pebbles of glass are frequently recovered from
Willamette Valley sites. Their presence was interpreted to provide evidence of
utilization of fluvially~transported cbsidian that is commonly found in the
river gravels of the Willamette and McKenzie Rivers,

6. The results of obsidian characterization studies that have identified the
geologic sources of artifactual obsidian from Western Oregon sites.  Though
there are methodological problems with some of these studies, particularly
concerning the incomplete source universes and the statistical methods of
correlation that were used {(see Skinner, 1983:85-86, and Hughes, 1984, for
discussions of these protlem areas), they still provide useful information when
cautiously used. Particularly dimportant to note 1in these studies is the
identification of artifacts from the Eastern Oregon Tucker Hill source in
archaeological assemblages in the Willamette Valley and Western Cascades
(Toepel and Sappington, 1982; Sappington, 1984b and 1984c), These artifacts
almost certainly originated from one of the twe geochemically-distinct obsidiean
sources in the Fern Ridge area of the southwestern Willamette Valley, sources
that were not adequately characterized or identified at the time of the
research, Studies performed after one of the Fern Ridge sources {(named the
Inman Creek source) had been included in the source universe also failed to
recognize that there were two intermixed sources available in this one area,
though their existence was by this time strongly suspected (Sappington,
1984a),

Obsidian-related information drawn from these many site reports, while not
always completely comparable, provides at least a preliminary glimpse at the
prehisteric patterns of obsidian utilization that have existed in Western
Oregon, These data are summarized in figure 16,



6.2
Utilization of Western and High Cascades Sources

Glass from the Obsidian Cliffs source, besides appearing in Willamette Valley
gravel deposits, alsc was utilized in the Western and High Cascades, though
archaeological data is rather sparse, A brief trace element and petrographic
characterization study of obsidian from a small surface scatter in the Condon
Butte area suggested that most, if not all of the glass at this site originated
at the nearby Obsidian Cliffs flow  (Skinner, 1983:353-355). Forty-Three
percent (43%) of the characterized obsidian from the Blitz Site was also found
to originate from Obsidian Cliffs (Sappingten, 1984c). The obsidian debitage
percentages at the Condon Butte area site and the nearby Indian Ridge and Blitz
sites alsa suggest the utilization of a locally-available source, most likely
the nearby Obsidian Cliffs source - 100% of the Condon Butte debitazge and 93%
of the Indian Ridge site debitage was cowmposed of obsidian (figure 15).
Obsidian debitage ratios from several sites on the Upper liddle Fork of the
Willamette River are also large, suggesting procurement from Cbsidian Cliffs or
perhaps a more locel, still unidentified, source (Baxter, 1283, 1984, 1986b;
Connolly and Baxter, 1983; Sappington, 1986). Obsidian used at these sites
could easily have come from multiple sources, as characterization studies by
Hughes (1986) suggest. Glass from more distant earchaeological sites in the
southwestern Willamette Valley may alsoc have coriginated at Obsidian Cliffs
(Toepel and Sappington, 1982; Sappington, 1985b). The geographic distribution
and frequency of characterized artifactual obsidian from this source is
graphically illustrated in figure 16, Whether the relatively low percentage of
Obsidian Cliffs glass present 1in characterized artifactual assemblages from
Vestern Cascade sites reflects procurement styles, geographic barriers;, or
sampling limitations is still hard to tell. This is a trend worth watching in
future work, though.

The distribution of relatively large obsidian artifacts in the Obsidian Cliffs
area alsc argues for its use as a quarry source (see figure 17), Artifacts up
to 9.5 cm in length have been reported from Western Cascades sites and there is
a tendency for maximum length to decrease as s function of distance from the
Cbsidian Cliffs source.

The Obsidian Cliffs flow lies near the McKenzie Pass, one of the few natural
passes over the Central High Cascades; its use by prehistoric hunting parties
has been suggested by previous researchers (Newman, 1966:2). The Scott Trail,
an early pioneer path that crossed the Cascade Divide near Obsidian Cliffs was
reputed to follow an Indian trail (Rarick, 1962:32; Minor and Pecer, 1977:155).
Rarick (1962:36), Henn (1975), and Griffin (1986:;100) report that as late as
the 1920's Indians from east of the Cascades made &annual treks over the
mountains to the upper McKenzie area to use local hot springs and to hunt for
fish, deer, and berries,

The Obsidian Cliffs source has also been identified as a quarry site (Hopson,
1946:327; Minor and Pecor, 1977:138), though archaeclogical details are lacking
in the literature. More than two dozen archaeological quarry sites have been
recently identified at this scurce (Jon Silvermcon, personal communication,
1986), though the ultimate destination of the glass quarried here is still
poarly-known. Some of the glass from this source, though, has made its way to
the east into Central Oregon. Obsidian Cliffs was identified as a 1likely
source for three of 103 obsidian artifacts that were recovered 30 km te the
southeast at the Lava Tsland Rockshelter (Sappington, 1982),
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was found.
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6.3
Utilization of Willamette Valley Sources

The most complete information about Western Cregon obsidian utilizetion comes
from sites in the Willamette Valley, an area where archaeoclogical research has
been carried out for over forty vyears. One of the conspicuous and
long-recognized features of lithic assemblages in the Willamette Valley has
been the universal presence of obsidian as a raw material, Until recently, it
was assumed that this glass was found locally only in the gravels of the
McKenzie and Willamette rivers -~ any obsidian artifacts over about 4 cm in
diameter were thought to have made their way into the Valley through direct
procurement at High Cascades sources or what must have been imagined to have
been rather active exchange networks with groups to the east and south who had
direct access to sources. The recent discovery of obsidian sources in the
gouthwestern Willamette Valley and the preliminary obsidian characterization of
cbsidian from Valley sites will do much to alter this formerly held picture of
Willamette Valley obsidian use.

6.31 Utilization of Obsidian from the Fern Ridge Area Sources

Were the two Fern Ridge area obsidian sources wutilized by the prehistoric
inhabitants of Central Western Oregon? Two independent lines of evidence, the
characterization of archaeological obsidian and the overall areal distribution
of obsidian in archaeological sites, suggest that this was indeed the case,

Though obsidian characterization data for the Fern Ridge sources are still
sparse, thev do indicate that these scurces were being exploited for their
lithic meterials. The characterization of small samples at the Ripple Site in
the Northwestern Cascades (Sappington, 1985a), the Colt, Saddle, Blitz, and
Condon Butte sites in rhe central Western Cascades (Hughes, 1986; Sappington,
1984c; Skinner, 1983:347-356), the Halverson Site din  the southeastern
Willamette Valley (Toepel and Sappingten, 1982}, and the Hannavan, Perkins
Point, Kirk Park and Flanagan sites in the scuthwestern Willamette Valley
(Cheatham, 1984; Sappington, 1984b and 1985b) all demonstrate utilization of
the sources. One of the two Fern Ridge sources was clearly being used while
the second source (probably misidentified as originating from Tucker Hill) was
almost certainly also being utilized. Reports describing excavations at these
gites unfortunately do not document the provenience of the characterized
samples. No temporal dimension can therefore he assigned to either the
artifacts or the periods during which specific sources were being utilized.
Sample sizes are also rather small and may not be statistically representative
of the range of variation of source utilization at any one site. The summary
of obsidian characterization research results in figure 16 clearly illustrates
the popularity of the Fern Ridge sources, particularly in the Willamette
Valley. One hundred percent {(100%) of the characterized obsidian artifacts
from Fern Ridge vicinity archaeological sites were found to have come from the
local source (Cheatham, 1984; Sappington, 1984b}., The Fern Ridge sources were
also represented by a surprisingly large number of Western Cascade artifacts
(Sappingten, 1984c; Hughes, 1986). It appears that the Fern area obsidian
sources are not only significant in the archaeclocal record, but that they may
be the most heavily utilized of the Western Oregon socurces.

The second line of evidence supporting the prehistoric use of the Fern Ridge

sources lies in the areal distribution of the percentage of obsidian debitage
appearing in Western Oregon sites. The frequency of obsidian debitage in the
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Figure 17: Maximum size of obsidian artifacts from sites in Western Oregon.
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Willamette Valley appears to focus on the TFern Ridge area with higher
percentages indicated nearer the sources (see figure 15). This is precisely
the pattern expected and recorded at numerous other sites throughout the world
(Ericson, 1977 and 1981; Renfrew, 1977; Findlow and Bolognese, 1980 and 1982) -
that the fall-off of obsidian in archaeclogical sites is largely a function of
the distance of a site from the source, When plotted on a scattergram, as in
figure 18, the relationship of obsidian debitage percentage as a function of
distance from the F¥Fern Ridge sources hecomes even more evident. It must be
kept in mind, though, that the distance—decay curve displayed is a rather
optimistically crude one based on few data points in which only a minimum of
independent variables are taken into account (see Skinner, 1983:87-90, for
discussion of these variables). Nevertheless, the decay curve does display the
predictable initial low slope that is characteristic of the direct—-access
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Figure 18: Distance-decay curve generated when the percent of obsidian debitage
from Willamette Valley and coastal sites is plotted versus their distance from
the Fern Ridge sources. In the inset scatterplot, data from Western Cascades
sites have been introduced.

supply zone. This is immediately followed by a rapid initial increase in slope
and the gradual fall-off curve typical of an economically valued raw material
(Renfrew, 1977). The anomalous data points in the upper right-hand corner of
the inset graph almost certainly indicate the utilization of another closer
source of glass, probably the Obsidian Cliffs flow. As more characterization
studies for Western Oregon sites appear, it will also become possible to
examine the relationship of the percentage of characterized artifacts
originating at the Fern Ridge sources (or other sources) with the site distance
from the sources. Data from figure 16 suggest that a decay curve similar to
the one in figure 18 would be the result.

Tt is also interesting to note the areal pattern of maximum obsidian artifact
size that is exhibited near the Fern Ridge sources., While the pattern is only
weakly suggested in figure 17, there appears to be a trend towards decreasing
size as the Fern Ridge sources are approached. This seemingly enigmatic
relationship, if it is a real one, could result from an increasing dependence
on the often small nodules of obsidian from the Fern Ridge sources as these
sources are approached. All things equal, the energy cost of the raw material
would seem to be the major variable — the nearest obsidian source is almost
always the one that is most heavily used,
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In summary, several different lines of archaecological evidence suggest that the
Fern Ridge area sources were being heavily utilized by the prehistoric
inhabitants of the Willamette Valley. Additional research is 1likely to
indicate that these sources provided natural glass for much of the Willamette
Valley, casting a new light on the role and importance of archaeological sites
in the southwestern Willamette Valley.

6.32 Utilization of Obsidian from the Willamette Valley River Gravels

Obsidian is widely distributed in the Willamette Valley as small stream-rolled
nodules in the gravels of the McKenzie and Willamette Rivers. The obsidian
pebbles in the Willamette River north of Eugene represent a contribution by
both the the Obsidian Cliffs and Fern Ridge sources, though in the small sample
collected for this study, Obsidian Cliffs glass was more frequently found, Was
this river gravel source of obsidian utilized?
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stream-rolled obsidian have been found.
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This can be best illustrated threough a map of the distribution of obsidian
pebbles recovered from archaeological contexts in the Willamette Valley. In
figure 19, these pebbles are seen to be largely distributed in a narrow linear
zone parallelling the McKenzie and Willamette rivers. It is evident that
obaidian was being collected from the river gravels, at least in areas close to
the river channels.

6.4
Utilization of Obsidian at the Central Oregon Coast

With the unexpected discovery of an indigenocus obsidian source at the Central
Oregon Coast, there was considerable interest during this project as to whether
the source had been exploited. Research results to date suggest that, in all
likelihood, locally-available obsidian was not being utilized or that, if it
wag, use was very minimal.

Evidence for this conclusion comes primarily from the low frequency of obsidian
debitage and toels found at coastal sites. Though published materials are
sparse, extremely little obsidian debitage and few tools have been reported
from archaeological sites along the Central Oregon Coast. Excavations at the
Neptune Site yielded only two obsidian flakes out of the small 1lithic
assemblage recovered (Barner, 1982:64). Work at two small middens, the Good
Fortune Cove and Good Fortune Point sites, were even less productive ~ neo
obasidian flakes or tools were found (Minor et al,, 1985), Farther south at the
Philpott Site, 0.1%7 of the 1lithic debris found was composed of obsidian
(Draper, 1980 and 1982). Whether this paucity of obsidian debitage at central
coastal archaeological sites completely reflects obsidian utilization in this
area 18 not known - most of the sites excavated are midden sites whose lithic
assemblage may not be representative of all coastal occupation areas.

A single ethmnographic account by Drucker (1943) also mentions that obsidian was
known to the Alsea Indians near the mouth of the Siuslaw River. Nothing was
known by informants, though, of flintworking.

Obsidian usually appears in collections from permament occupation sites, though
once again, information is incomplete, The maximum size of ohsidian toocls from
coastal sites (figure 17) exceeds the size of obsidian pebbles available in the
Siuslaw River, indicating an exotic origin,

This pattern of small obsidian tools changes dramatically, though, at sites on
the far southern coast. Berreman (1944:Plate VII) reported an obsidian point
with a length of 12,7 cm from the Lone Ranch village site near the California
border. Similarly, Chase (1873) describes artifacts of black and bluish
obsidian from an unidentified site on the southern coast. The largest of these
tools was a biface 37.5 cm long! The source of this obsidian is not known,
though Heflin (1966) suggests that the large obsidian tools from the southern
coastal sites originated in Northern California, The nearest obsidian sources,
though, are located in the Klamath Falls area (Hughes, 1983:328-331), Draper
(1980) comments that the artifacts from the Philpott Site are similar to those
found in 1late prehistoric sites in Southwestern Oregon and Northern Oregon.
This all cumulatively suggests cultural affiliations with either interior
Southwestern Oregon or Northern California.
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The maximum length of obsidian artifactuwal material also increases along the
Northern Oregon coastline. Only along the central coast is obsgidian wvirtually
absent.

It appears, then, from the limited evidence available, that the Siuslaw River
secondary obsidian source was probably not being used by prehistoric coastal
inhabitants, The marked size differential in maximum obsidian artifact size
from the northern and southern portions of the Oregon coast also suggests that
two different sources, or groups of sources, were being used. It is suggested
that obsidian from the central and northern Oregon Coast was obtained, possibly
through exchange, from the Willamette Valley sources, Natural glass from the
southern part of the coast appears to have originated in either Southern Oregon
or Northern California., Only further archaeological research will resolve and
clarify these questions, however,

6.3
Diachronic Dimensions: Changing Patterns of Obsidian
Utilization in Western COregon

Until this point, the presence of obsidian in Western Oregon archaeoclogical
contexts has been treated as a synchronic feature with entire sites considered
as a single analytical wunit. Only in the last decade have  improved
chronological controls and an increased awareness of the importance of lithic
debitage made diachronic studies of obsidian distribution and utilization
possible., Obsidian debitage and characterization data, though, are still
spread very thinly throughout the archaeological literature of Western Oregon.
The tentative nature of the conclusions in this section reflects both this
sparsity of regional data and the newness of characterization and debitage
analysis methods in archaeology. The spatial patterns of archaeological
debitage must be accepted as reflecting something about the behavior of the
prehistoric populations and cultural systems that created them, Just what that
something is or might be is an area only just beginning to be explored.

One diachronic dimension of culture that 1is available for study in the
archaeological record is the relative use of lithic materials through time.
Stability of lithic utilization patterns through time implies, at the very
least, a certain degree of cultural stability. Changing patterns of
utilization as reflected in the changing spatial patterning of recovered lithic
materials can likewise be seen as the result of changes in culture, The
cultural (and environmental) processes that have the potential to initiate
these changing patterns of utilization are many - improved techmologies,
depletion of lithic resource, creation of lithic sources (such as the eruption
of obsidian flows), population increase and changes in sociopolitical
structures or relationships are only a few possibilities (see Skinner,
1983:87-90, for a discussion of these and other variables).

The most noticeable diachronic pattern shift concerning lithic utilization in
the Willamette Valley is the increasing frequency of obsidian debitage that
appears in more recent components of archaeological sites. Pettigrew (1980:65)
noted that at the Hager's Grove sites near Salem there was a marked increase in
the percentage of obsidian debitage that was found in the later components of
the sites (see figure 20), These Jlater components are associated with
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radiocarbon dates ranging from 1190+-120 yrs. B.P. (Gak-7598) to 2870+-130
yrs. B.P. (Gak-7600). He speculated that some unknown cultural or natural
mechanism related to increased availability of obsidian, or more generally, to
the reduced cost of the material, was responsible for this phenomenon. He
writes: "A tempting notion is
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Figure 20: Scattergrams illustrating the change in obsidian debitage frequency
ovaer time at selected Willamette Valley archaeological sites. The vertical
dimension refers to the number of obsidian waste flakes recovered; the
horizontal axis refers to the excavation level (smaller numbered levels overlie
larger numbered ones). Multiple plots are from different excavation units at
the game site. The figures within the scattergram refer to radiocarbon dates
that are associated with the designated excavation level,

59



that fairly recent (within the last several thousand years) volcanic activity
in the Cascade iountains (perhaps in the Three Sisters area where obsidian is
known to exist) created a sudden abundance in the gravels of the streams
draining the area." A much more compelling hypothesis (and more
geologically-feasible; recent obsidian flows in the Cascades are virtually
uneroded and in east-draining locations) is that the secondary sources of
obsidian in the Fern Ridge area were either discovered or made available
(through direct procurement or exchange) to Willamette Valley inhabitants in
the neighborhoad of three millennia ago. This dntriguing hypothesis
(admittedly only one of several that could be formulated) could be easily
tested through characterization studies of archaeclogical obsidian within a
temporal framework., The shift to & new (and closer) obsidian scurce would be
reflected by the appearance {in characterized artifactual materials) of
obsidian from the Fern Ridge area sources. This shift weould also be reflected
in archaeological assemblages as a relatively abrupt change towards greater
quantities of obsidian tools and debitage and a tendency for larger obsidian
tools to appear. Uther possible diagnostic tendencies that would support this
hypothesis might include the increase in frequency of cobsidian cores and other
gquarry-related artifacts or perhaps a change in settlement patterns in the
southwestern Willamette valley of the type suggested by Custer et al., (1983).

When other Willamette Valley sites are examined, a shift in the obsidian
frequency of later components similar to the one observed at Hager's Grove also
becomes apparent. At the Flanagan Site near Bugene, the frequency of obsidian
debitage (both in weight and in number) and obsidian projectile points rises
significantly between excavation levels 5 and 8 (Toepel and Minor,1980:32-33;
Toepel, 1985:58,120 ). This increase of obsidian appears to have occurred at
the Flanagan Site during a similar time period as at the Hager's Grove sites;
radiocarbon dates of 1760+-100 yrs. B.P. (Gak-8363) and 3300 +- 220 yrs B.P.
(Gak-8369) are associated, respectively, with levels 5 and 6. Data from the
Flanagan Site suggests, as at Hager's Grove, that some changes in obsidian
procurement patterns were taking place in the Willamette Valley about 3,000
years ago., The discovery and utilization of the Fern Ridge sources at this
time, while not the only possible explanation for these shifting patterns,
provides a simple and testable answer,

Additionel evidence also comes from several sites in the immediate vicinity of
the Fern Ridge area obsidian sources, the Kirk Park and Perkins Peninsula sites
(Cheatham, 1984). Obgidian debitage quantities in all of these sites exhibits
a marked rise in more recent excavation levels (see figure 20), This rise is
approximately bracketed by radiocarbon dates of 1170+-100 yrs. B.P. (UCR-1636)
and 33104+-150 yrs. B.P., (UCR-1735). Once &gain, it appears some kind of change
in procurement behavior was teking place in this area as early as 3,000 years
ago, The frequency of cbsidian projectile points alsc shows a concomitant rise
roughly parallelling that of obsidian debitage frequencies., Seventy-five
gbsidian artifacts (temporal provenience not reported) from sites in the Fern
Ridge vicinity were also gecochemically-characterized; all appear ¢to have
originated from the local Fern Ridge area sources (Sappington, 1984b).

Whether or not the increasing numbers of obsidian waste flakes and tools
appearing 1in later Willamette Valley archaeological sites were due to the
emerging importance of the Fern Ridge area sources or to some other facror such
as population increese will have to wait for further research. Equally as
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interesting as this increase in obsidian in the archaeological record, however,
is the sharp decrease in natural glass in the recent components of most sites
where data are available. Just what recent changes in the prehistoric cultural
system of the Willamette Valley could have led to this decrease are not known,
though the dramatic population decrease caused by the early appearance of
European-introduced diseases provides one plausible explanation (Taylor and
Hoaglin, 1962; Boyd, 1975). The causes for this marked decline pose vyet
another research question that bears investigation.
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7.0 ARCHAEOLOGICAL IMPLICATIONS OF OBSIDIAN CHARACTERIZATION
STUDIES IN CENTRAL WESTERN OREGON

What does this multiplicity of obsidian sources and geologic contexts mean to
the archaeologist interested in investigating Western Oregon prehistory? Can
any good come of this? What is there to know beyond the obvious fact that
there was more than one geologic source of obsidian available to the
prehistoric occupants of the western portion of the state?

?.1
Implications for the Study of Contact and Exchange Systems

Prior to the recognition of the Fern Ridge area obsidian sources, it could be
reasonably assumed that any obsidian artifact 1longer than three or four
centimeters probably came from either the High Cascades or from some point
farther to the east, Considered less likely as a source area was Northern
California (the existence of several closer obsidian sources in the Klamath
Lake Basin region has only been recently documented by Hughes, 1983:328-330).
This assumption, of course, can nc longer be made, for nodules occasionally
exceeding 10 centimeters in diameter are found in the Fern Ridge area. Rarely
does archaeological obsidian recovered in the Willamette Valley or Oregen Coast
exceed that limit,

Along the Oregon Coast, it was also assumed that any obsidian artifact
automatically pointed to contact with the interior. With the presence of
obsidian in the gravels of the Siuslaw River, this too can no longer be taken
for granted, It can still safely be hypothesized, however, that any glass
artifact with a dimension greater than about four centimeters must have
originated somewhere other than the Siuslaw River,

Artifact size, then, 1is no longer as definitive a criterion for an exotic
origin as it was once assumed to be. A far better indicator of exchange or
long-distance  procurement is to be found in the characterization of
archaeological obsidian.

Researchers have long argued that the environmentally segmented nature of the
Oregon Coast made contact or trade with interior groups a more likely scenario
than exchange with other coastal populations (Cressman, 1953 and 1977:206-207;
Beckham et al., 1982:182), The presence of items such as Olivella shells,
dentalium, and whalebone tools in Willamette Valley archaeological sites
certainly argues for some contact between coastal and Valley groups. That
these coastally-related artifacts are not distributed uniformly throughcout the
Willamette Valley, but rather are concentrated in the Fern Ridge area (Perkins
Peningula), Yamhill River sites (Fanning and Fuller mounds) and Oregon City
area (Mostul Village) suggests that their distribution may be coincident with
travel routes. The existence of obsidian resources in the Fern Ridge area
would certainly make it a potential focus for interaction between the Central
Coast and the Valley. Similarly, contact between the Northern Coast and the
interior may have been directed through the Oregon City-Willamette Falls area,
a major center of activity in prehistoric times. That Willamette Falls was a
hub of the obsidian economy is suggested by the discovery of thousands of arrow
points and obsidian fragments in the 1800's (U.S. Geological Survey, 1863). On
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the other hand, the extent of interaction between the Central Cecast and
Willamette Valley, if it did exist, seems to have been rather limited. Very
few obsidian artifacts are found along the Central Coast, indicating that the
Ccast Range may have been an effective barrier in iscolating the coastal groups.
The maximum length of obsidian artifacts, as well as the frequency of
appearance of natural glass in archaeological contexts, appears to be greater
(relative to Central coast sites) along the southern and northern portions of
the coast. This pattern could have been produced by the intreoduction of
pbsidian at points along the Southern and Northern coast, perhaps from sources
in the Willamette Valley and the Klamath Falls area. The central segment of
the coast, geographically closest to & source of obsidian (Fern Ridge),
exhibits the smallest frequency of glass - the little cobsidian used may have
been imported from the north or south or gathered from the Siuslaw River.
Alternatively, this pattern could be the result of sampling problems. A
greater number of permanent habitation sites have been examined along the South
and North coast and this type of site weould be expected to yield a greater
variety of chipped stone artifacts that midden sites., Pettigrew's (1975)
comparison of similarities between a Coast Range and Willamette Valley site
suggests that coastal people may not have traveled very far inte the interior
(Beckham et al, 1981:182). To these and other similar gquestions about contact
and exchange systems, the use of characterized artifactual obsidiar may provide
some fairly definitive answers.

Does the presence of an exotic material such as obsidian indicate exchange and
trade or does it reflect direct preocurement bhehavior (direct access)? This
point is mentioned because it is often casually assumed that exctic materials
are acquired through exchange networks. In fact, groups may travel long
distances in order to procure prized lithic materials. There is no evidence
that access to material sources are necessarily controlled by the groups in
whose territory the source falls (a number of examples are cited by Ericson,
1984}, Access to the Fern Ridge area sources, for example,was likely not
restricted by the Kalapuyan peoples who inhabited the area. At  this peoint,
though, 1little can be said about the procurement strategies that were in
operation in Western Oregon. Distance-decay curves may provide some clues
{though T do not caonsider the one pictured in figure 18 in this report to be
accurate enough to do this) - in direct access systems, the falloff curve tends
to be more rapid and the procurement systems smaller in size than for exchange
systems (Bettinger, 1982; Findlow and Bolognese, 1982). Archaeological
criteria, however, are far from clearly defined regarding this point. There is
not even any assurance that evidence of any kind of procurement strategies has
been preserved in the vicinity of utilized sources of raw material (Sappington,
1884a); the conly clues to procurement behavior may come through obsidian
characterization studies,

7.2
Implicatiens for Obsidian Hydration Studies

The presence of large quantities of archaeclogical obsidian in Western Cregon
also raises the possibility of the utility of obsidian hydraticn dating methods
(I refer the reader not familiar with this method to Friedman and Trembour,
1978, or Manche and Lakates, 1986).

One of the major variables infiuencing the rate of hydration, a variable that

must be known if the method is to effectively used, is the chemical composition
of the glass (Ericson, 1677 amd 1981; Friedman and Long, 1976; Friedman and
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Obradovich, 1981). To control for this variable, the geologic sources of
obsidian that are to be dated must be differentiated (each source will yield a
difference chemical compogition and a different rate of hydration). This
method has been termed source-specific obsidian hydration analysis (Eriscon,
1975). If the analyst determining hydration ages were expecting only one
source (one hydration rate) when there were actually several sources present,
hydration dating results could be inexplicably erratic.

To date, only two obsidian hydration studies have heen published in regard to
Western Oregon cbsidian. Fagan (1975) examined artifacts from the Hurd, Lynch,
and Baby Rock Shelter sites while Minor (1980, 1985) analyzed material from the
Flanagan site., Both authors were expecting only one geologic source of
cbsidian to be represented in the archaeological assemblages. They both (Minor
at the Flanagan Site and Fagan at the Hurd Site) also found inconsistencies in
their hydration readings that they concluded were due to stratigraphic mixing
at the sites. Both the Fern Ridge area and Willamette and McKenzie River
gravel sources of glass would have been easily available at these two sites,
These same patterns could have also resulted from the mixing of obsidian
specimens from different sources, Fagan, however, found that hydration
readings were more consistent at the Lynch and Baby Rock Shelter sites, At
Baby Rock Shelter, Obsidian Cliffs was the nearest source and probably provided
the bulk of the glass at this site, leading to a single source-single hydration
rate phenomenon. Data from the Lynch site appear to be less consistent than
for the Baby Rock Shelter Site, though more so¢ than the Hurd Site. The
utilization of different sources at the Lynch Site could have easily been
masked by the relatively young age of the site.

It should be clear than any further obsidian hydration studies inm Western
Oregon will have to take into account the presence of multiple obsidian sources
and multiple rates of hydration.

7.3
Implications for the Characterization of Western Oregon Obsidian

Obsidian characterization studies have proven themselves to be, when carefully
used, a valuable tool for archaeclogical research in many areas throughout the
world, I have argued here that characterization methods could be particularly
valuable in their applications to Western Oregon archaeological studies, While
few researchers would deny that this analytical technology would be the useful
in their work, the techniques available are still only rarely employed. Why?

The answer lies in both the cost of the most widely empleyed obsidian
characterization methed, the use of trace element abundances, and in the
difficulty in finding someone who will characterize a sample or samples with a
reasonable turnaround time. Not many researchers are willing to send off their
artifacts when there is little assurance that analytical results will appear
within any predictable length of time. This is, of course, particularly true
in contract archaeology situations where deadlines must be met. The
availability of a relatively simple and inexpensive method of obsidian
characterization that would allow for many, instead of only a few samples, to
be characterized (with a rapid turnaround) would certainly be a welcome
addition.
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The petrographic characterization technique that is outlined in Chapter 5 of
this report offers some potential of providing such a method for Western Oregon
archaeologists, Further studies of greater numbers of samples from additional
obsidian sources are needed , but in this preliminary developmental stage, the
potential of the method appears promising. Sample preparation requires anly
that a petrographic thin section of the obsidian be produced {this can be done
with very small waste flakes), a procedure that takes about 15 to 30 minutes
for a practiced analyst. Source assignment can be made by a trained observer
in only a few minutes by using a decision network such as the one pictured in
figure 11, Material cost for thin section preparation is minimal and takes
only a few days to carry out (minimum time), There is no free lunch, though -
the disadvantages of the method that have been encountered so far are:

1, Tt is destructive — a small slice of artifactual obsidian is needed for thin
section preparation.

2. It is not as powerful in its source discriminating ability as trace element
characterization methods - petrographic features typically exhibit far less
intersource and far more intrasource variation than do trace element
abundances. For example, in Western Oregon it appears that the Obsidian Cliffs
source can be reliably discriminated from the Fern Ridge area sources but that
these latter two sources cannot be petrographically distinguished from each
other.

The advantages of the method, though, low cost and rapid analysis, would seem
to argue for its adoption, particularly when funding and time are not available
for trace element characterization. Further investigation of petrographic and
other characterization metheds, currently wunderway, will provide a clearer
picture for their future use.
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8.0 CONCLUSIONS AND RECOMMENDATIONS

8.1
Conclusions

1. Contrary to a long-held archaeological assumption, there are a minimum of
at least three geochemically-distinct sources of obsidian to be found widely
distributed in secondary contexts throughout Western Oregon. The primary
sources for this obsidian are Obsidian Cliffs in the High Cascades and two as
yet unknown sources that are likely located in the Central Western Coast
Range,

2. Obsidian from the Obsidian Cliffs source is found in glacial deposits in
the High and Western Cascades and in the gravels of the McKenzie and
Willamette Rivers in the Willamette Valley. This was verified through
geochemical studies of trace element abundances in the glass,

3. Obsidian from the Coast Range (Fern Ridge area) sources is found in the
gravels of the Willamette River north of Eugene and in a stratum of clay and
gravel that is exposed in the Fern Ridge area near Eugene., Initial geochemical
studies of the Fern Ridge area glass indicate that two geochemically-distinct
sources {(termed the Inman A and Inman B sources in this study) are present in a
mixed context at the Fern Ridge area.

4. Obsidian pebbles from Obsidian Cliffs and the Fern Ridge area are both
represented in the Willamette River gravels north of Bugene, Natural glass was
probably distributed by fluvial action throughout most of the Willamette
Valley; pebbles of obsidian have been recovered from archaeclogical contexts
bordering the river at least 15 kilometers north of Salem.

5. Obsidian pebbles have also been recovered from the gravels of the Siuslaw
River at the Oregon Coast, once again challenging an assumption that cecastal
archaeological obsidian must have originated from inland sources, Geochemical
studies indicate that two geochemical populations are present at the Siuslaw
River source and that their primary source is identical to that of the two Fern
Ridge area sources,

6. Geochemical studies (X-ray fluorescence) of obsidian recovered from
geologic contexts in Western Oregon indicate that determinations of abundances
of the trace elemrents Strontium, Rubidium, and Zirconium are adequate to
characterize each of the sources. The chemical composition of each source,
with regard to these three trace elements, was found to be very homogeneous.

7. A fourth source of obsidian in the gravels of the Clackamas River has
additionally been reported in the archaeclogical literature but is most likely
a glassy rhyolite. Obsidian has alsc been reported from the High Cascades in
the Condon Butte area but none was located during two reconnaissance trips. An
obsidian-like vitrophyre of rather 1low artifactual quality from an ash-flow
deposit in the Western Cascades near Lowell was also examined but no evidence
exists that this source was ever utilized or even availahle to prehistoric
occupants of the Valley,
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B. The existence of a Western Cascades obsidian source in the vicinity of
Staley Creek, a tributary to the Upper Middle Fork of the Willsmette River, has
been recently suggested. Initial geochemical studies of glass from nearby
archaeological sites, however, were methodologically flawed and the reality of
this possible source has yet to be verified.

9. Petrographic analyses of thin sections of obsidian samples from primary and
secondary geologic contexts were undertaken to didentify any distinctive
characteristics that might be useful in their characterization, Preliminary
results indicate that the presence or absence of selected petrographic features
can be reliably used to differentiate between the Obsidian Cliffs and Fern
Ridge area sources. 1t was not possible to distinguish between the Inman A and
Inman B geochemical groups on the basis of petrographic characteristics alone.
The petrographic analysis of geochemically-characterized obsidian samples was
used to support this conclusion.

10. Limited obsidian characterization studies indicate that glass from the Fern
Ridge area sources and Obsidian Cliffs were being utilized by the aboriginal
population of Western Oregon., The Fern Ridge sources were probably extensively
used by Valley inhabitants. Dependence on Obsidian Cliffs glass appears to
increase in the Western Cascades, though limited data from Cascedes sites
points to procurement from multiple sources, Farlier studies that identified
obsidian from the Fastern Oregon source at Tucker Hill in Willamette Valley
archaeological assemblages are almost certainly in error. The Tucker Hill
source is thought here to have been confused, possibly because of geochemical
similarities, with one of the two geochemical groups from the Fern Ridge area.

11. Prehistoric utilization of Western Oregon obsidian sources is also
reflected in the percentage of obsidian debhitage that has been recovered from
archaeological sites., Obsidian debitage frequences appear to vary in relation
to their distance from quarry sources; preliminary data from Western Oregon
gites 1indicate probable foci din the Fern Ridge and Obsidian Cliffs areas,
further corroborating their role as quarry source areas., Stream-rolled
obsidian pebbles have been found in several sites bordering the McKenzie and
Willamette rivers, also suggesting that river gravel sources of glass were
being utilized,

12, Regional patterns of raw material usage, reflected by indices such as the
obsidian debitage ratio (illustrated in figure 15), can be used to predict the
existence of unrecognized natural sources.

13, The closest source of a lithic material, all things being equal, is the one
that tends to get the most use,

14, Obsidian debitage and projectile point frequencies appear to rise in the
Willamette Valley archaeological record beginning approximately 3,000 years
aga. While the reason for this is not apparent (many are possible), it is
hypothesized here that the increase might be due to the discovery of the
easily-accessible Fern Ridge area obsidian sources. This hypothesis could be
easily tested using chronologically controlled and characterized archaeological
collections.

15, Only at the Central Oregon Coast does obsidian appear in very low
quantities in archaeological sites. Though no obsidian characterization
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studies exist for coastal sites, it is suggested here that obsidian available
near the Siuslaw River mouth was only minimally uitilized, if at all, by the
early coastal inhabitants. The lack of obsidian at the Central Coast indicates
that there was probably 1little direct contact between that area and the
interior. Apparent rises in projectile point size at sites along the northern
and southern coast suggest procurement ties, respectively, with the Willamette
Valley and with Northern California or the Klamath Lake Basin,

16, The recognition of multiple sources of obsidian in Western Oregon is
crucial for future obsidian hydration dating investigations., Source-specific
hydration dating will have to be practiced as it can no longer be assumed that
only one source has been dominantly used. The multiplicity of sources is also
suggested as the probable cause for the generally unsatisfying results of
hydration studies to date.

17. Obsidian characterization studies should prove to be a particularly
valuable research tool in the further investigation of Western Oregon
prehistory. The low number of obsidian sources in this region greatly reduces
the methodological difficulties of characterization research, The use of
reliable petrographic characterization technigques in the region, as is
suggested by this research, also offers a relatively simple and fast addition
to the geochemical methods now available.

8.2

Recaommendations for Further Research

From the still preliminary research that is reported in this project can be
gleaned several suggestions for further research directions regarding obsidian
research in Western Oregon archaeological studies. Briefly, these are:

1. Further study dis still needed about the geclogic contexts and areal
distribution of obsidian in Western Oregon, While secondary sources are now
known in the Fern Ridge area, do other geochemically-related ones exist in
other locations in the Willamette Valley or Coast Range? Are the two Fern
Ridge sources petrologically-related or are they the result of two distinctive,
but proximate, eruptive episodes? In what relative abundances are the obsidian
sources represented when found 1in mixed contexts, such as in the Fern Ridge
area or in the Willamette River gravels? Is there a Staley Creek source in the
Western Cascades? Could obsidian nodules also be found in coastal rivers other
than the Siuslaw River. Additional fieldwork is still needed before serious
archaeclogical characterization studies c¢an begin in earnest.

2. Further geochemical characterization of the geologic sources of obsidian
must be carried out to identify the maximum range of variation for all existing
sources.

3. The source universe considered for any Western Oregon obsidian studies
should be expanded to include bordering regions. Many obsidian sources have
been identified in the High Cascades, the Western High Lava Plains, the Far
Northwestern Great Basin, and the Medicine Lake Highlands of Northern
California. These should all be characterized, described, and included in the
possible obsidian source catchment zone for Western Oregon,
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4. Purther research into the potential of petrographic methods of obsidian
characterization should be pursued., With the low number of sources in Western
Oregon, this method could prove to be a valuable one,

5. Further research into other low-cost, easy-to-use obsidian characterization
methods 1is also encouraged. Trace element characterization, while very
reliable, 1is slow and expensive, characteristics which have inhibited its use
by many archaeologists, Numerous other techniques have been tentatively
explored or suggested (see Skinner, 1983:74-84) and may prove to be important
for future reseach,

6. Further characterization of archaeological obsidian from Western Oregon
sites is needed. Obsidian characterization data cannct be used if it does not
exist. More research is called for. As more characterization methods and/or
data become available, patterns of utilization, procurement, and exchange can
be much more clearly documented, The analysis of the spatial patterning of
characterized 1lithic materials, though still a very new research area, offers
the potential to provide information about cultural processes not often
accesgible to archaeologists.

7. Characterized obsidian materials should be placed, whenever possible,
within a chronologic framework, Only then are diachronic studies of any
changes in spatial patterning possible. Research designs dincorporating
obsidian characterization studies should be constructed so as to reflect both
the synchronic and diachronic dimensions of obsidian utilization at a site.
Needless to say, the exact provenience of any characterized obsidian should be
presented in site reports,

8. Careful records of 1ithic debitage distribution should be made during
archaeological excavations. Though this is rapidly becoming standard practice
as the importance of lithic debitage is recognized, it is not yet universal.
Comparative statistical studies of debitage also require that screen size
remain consistent throughout an excavation project. The occasional mixing of
1/4 inch and 1/8 inch screen during excavations makes intersite comparisons of
debitage difficult while the use of only 1/8 inch screen makes comparisen with
older excavation data difficult. A useful method of screening might be to use
nested 1/4 inch and 1/8 inch screens, yielding artifactual materials that could
be easily compared with earlier studies,

9. The use of quantitative measures or indices such as those used in the
construction of the distance—decay curve in figure 18 deserve some attention in
the study of Western Oregon prehistory. Measures such as the exchange index,
the debitage index, the cortex index, the core index, or the obsidian density
index can be represented quantitatively or graphically and may hold potential
in interpreting and reconstructing prehistoric cultural behavior (Sidyrs, 1977;
Renfrew, 1977; Ericson, 1984},

Western Oregon possesses a distinctive geographic character with its
well-defined physiographic barriers and boundaries. If this is combined with a
thorough understanding of the lithic resources that were available for its
prehistoric inhabitants, this region could hold the potential to contribute
significantly to both obsidian characterization and lithic debitage research.
It may be possible to use this region as a natural archaeclogical laboratory
for creating and testing methods and hypotheses concerning the patterns and

69



principles of 1lithic utilization and procurement systems, Obsidian, with its
economic valwe and wunique physical properties that allow for reliable
characterization, will occupy a central part in any research of this nature.
The presence of only a few competing sources of glass within this
geographically-delineated area presents a situation in which patterns of
obsidian procurement and utilization are not hopelessly complicated by scores
of interacting variables. Generalized principles coaxed from studies in this
region could perhaps be then applied to other areas of the world where more
complex patterns of lithic resource utilization exist, Those complex areas are
not the places to hegin research, though - more productive research strategies
in this still poorly-understood field will move most effectively from simple to
complex applications., Only time will tell whether this information will come
from Western Oregon studies.
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APPENDIX I: SAMPLE PROVENIENCE

All samples are listed in alphabetical order by sample number. See table I-1
for additional provenience data.

CNB-1: Condon Butte Area Dome - Glassy gray rhyodacite from the southwest
margin of the dome. Microcrystalline texture when observed in thin section.
This sample was considered representative of several collected. Though this
dome 1is reported as a glaciated obsidian dome, no true obsidian was found at
the site.

INM-1 through INM-5: Inman Creek - Obsidian nodules from the gravels of Inman
Creek between the paved highway and the reservoir low-water line.

INM-6: Fern Ridge Reservoir - 0Obsidian from point beach immediately south of
Inman Creek.

INM-7: Fern Ridge Reservoir - Obsidian from reservoir beach immediately south
of Tnman Creek

INM-8: Fern Ridge Reservoir - 0Ohsidian from reservoir beach immediately
northeast of the first unnamed creek north of Hannavan Creek.

INM-9: Fern Ridge Reservoir - Obsidian found in situ in clay stratum exposed in
bhank of first unnamed creek north of Hannavan Creek,

INM-10 and INM-11: Hannavan Creek -~ Obsidian from gravels of Hannavan Creek
below the reserveir high-water line.

INM-12 and INM-13: Inman Creek - Ig situ obsidian nodule from the bank of Inman
Creek immediately west of paved highway.

IRB-1 through IRB-9: Irish Bend - Obsidian pebbles found in gravel bar adjacent
to Willamette River. Diameters of pebbles, respectively, from INM-1 to TINM-G
were 2 ¢m, 2 cm, 2 cm, 2.5 cm, 1.5 ¢cm, 3 cm, 3 cm, 2.5 cm, and 4 cm. INM-9 is
mixed rhyolite and obsidian.

MCK-1: Lost Creek Canyon - Obsidian from deposit of glacial till exposed in
roadcut at intersection of Highways 242 and 126; west end of Lost Creek
Canyon,

MCK-2: Lost Creek Canyon - Obsidian from pround moraine deposit on floor of
Lost Creek Canyon approximately 3 km east of the intersecticn of Highways 242
and 126.

MCK-3 and MCK-4: Armitage Park - Obsidian pebbles from McKenzie River bheach
gravels immediately west of Armitage Park on the north bank of the river.

MCK-5: Lost {reek Canyon - Obsidian from ground moraine deposits on the floor
of the Lost Creek Canyon. Same sample location as MCK-2.
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MCK-6: Lost Creek Canyon - Obsidian nodule from glacial till exposed in roadcut
at same location as MCK-1.

MCK-7 and MCK-8: Armitage Park - Ohsidian pebbles from McKenzie River beach
gravels near Armitage Park; same sample location as MCK-3 and MCK-4.

OBC-1: Obsidian Cliffs Obsidian Flow - Obsidian from the base of the Obsidian
Cliffs near where the trail from Frog Camp crosses Holocene lava from from
Collier Cone,

0BC-2 through 18: Obsidian Cliffs Obsidian Flow - Obsidian from widely
scattered localities on the Obsidian C(liffs plateau. Samples 5-18 were
collected by J. Silvermoon, U.S. Forest Service archaeologist, and are
associated with archaeological obsidian quarry sites at this source.

SIU-1 through 3: Siuslaw River Mouth - Obsidian pebbles from a gravel bar near
the mouth of the Siuslaw River, Collected by R, Minor,
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SANFLE NANE SANPLE COUNTY SECT. TDMN. RNGE . SOURCE SOURCE IF CHARARCT .
L TYPE  SECOMDARY RETHOD
CONOON BUTTE DONE CHe-1  LRME 31 195 ?-1/2E  PRIMARY - FETRO
INMWIN CREEX IWn-1 LANE @ 155 Su SCMORRY INPAM & TRACE
INMAN CREER INN-2  LANE 8 135 H SCHMORRY INNAM R TRACE
INMAN CREEK INR-3  LANE 8 195 SM SCHNDARY INMAN A TRACE
INMAN CREER INN-4  LANE -] 135 oM SCNDARY INMANC1> PETRO
1NN CREEK InNn-5 L AME B 135 ou SCNDORY IMAAN A TRACE
FERMN RIDGE RESERVOIR INN-6  LANE B 155 e o SCNDARY IMnAMCl> PETRO
FERN EIDGE RESERVOIR IWn=-7  LAaME 8 185 =) SCNDARY [INMAN R TRACE
FERMN RIDGE RESERVOIR INnt-a LAne 19 155 M SCNDRARY [NMAMC1Y PETRO
FERN RIDGE RESERVOIR Inf-9 LANE 19 155 | SCNDARY INIMWAM R TRACE
HRANNAVAN CREEK INA-1Q  LANE 19 185 -] SCNDARY THIWAMC1) PETRO
HANMNAVAN CREEK Id1-11 LANE 19 135 oM SCNDARY  TMMAK B TRACE
IWNAN CREEK INA-12 LANE B 1955 LT SCNDARY INMAM A TRACE
IMP CREEK INA-13 LANE B 195 ] SCNDRARY IMMN<1) PETRO
IRISH BEND IRB-1 BENT OM v 115 W SCHDARY OCLIFFS PETRO
IRISH BEND IRB-2 BENT OM v 145 - SCHDARY  THIAN7? PETRO
IRISH BEND IRB-3  BENTOM I 145 -l SCHORRY QCLIFFS PETRO
IRISH BEND IRB-4  BENTOM 7 145 -l SCHDARY OCLIFFS SETRO
IRISH BEMD IRB-%  BENTOM ? 145 - SCNDARY OCLIFFS PETRO
IRISH BEND iIRB-6&  BENTOM v 145 - SCNDRRY OCLIFFS PETRO
IRISH BEMD IKB-7  BENTOM ? 145 L SCNOARY INMAMCLY PETRO
IRESH BEND IRB-8  BENTOM ? 145 -l SCHNOARY QGCLIFFS PETRO
IRISH BEND IRB~-% BENYOM ? 145 “u SCNORRY ODCLIFFS PETRD
IRISH BEND IRB-10 PENTON ? 1435 - SCNDARY OCLIFFS PETRD
LOMELL ASH-FLON LOW-1  LRANE 20 195 2E PRI NARY - PEFRO
LOST CREEK CAMYON NCE-1  LANE 10 15 6E SCHOARY OCLIFFS TRACE
LOST CREEK CAMYON RCE-2  LANE 24 165 GE SCNDARY OCLIFFS TRACE
ARNITAGE PARK NCk-3  LAME 4 1?75 2 SCNOARY OCLIFFS TRACE
ARNI TRGE PRARK NCK-4  LANE 4 1?75 34 SCNDARY OCLIFFS TRACE
LOST CREEK CANYON NCK-3  LANE 24 165 5E SCNDARY OCLIFFS TRACE
LOST CREEK CRNYON HeK-% LANE 10 165 6E SCHDARY OCLIFFS TRACE
ARALTRGE PRARK nCK-7 LANE 4 175 ) SCHDARY OCLIFFS TRACE
RRAITRAGE PARK MCK-9 LANE “ 175 ) SCHOARY OCLIFFS TRACE
Q0BSIDIAK CLIFFS Qec-1 LANE 10 165 6E PRIPARY -— TRACE
OBSIDIAN CLIFFS QBCc-2 |.ANE 15 165 BE PFRIMARY - TRACE
OBSIDYIAM CLIFFS Q8cC-3 LANE 19 165 8-1/2E PRIMPRY - TRACE
0BSIDIAN CLIFFS oBC-4 LANE 19 165 B~1/2E PRIMARY - TRACE
OBSIDIAN CLIFFS oBC~-3 LANE 197 165 B-1/2E  PRINARY - PETRO
OBSIDIAM CLIFFS QBC-& LANE 197 165 8-1/2E PRIMARY - PETRO
OPSIDIAN CLIFFS OBC-¥ LANE 197 63 8-1/2E FRIMARY - PETRO
0BSIDIAN CLIFFS 0oBL-a LAKE 197 165 B-i1/2€ PRIMRY — PFETRO
OBSIDIAN CLIFFS 0BC-9  LANE 19 165 B-1/72E PRIMARY - PETRO
OOSIDIAN CLIFFS OBC-10 LANE 19 165 8-1/2€ PRINARY - PETRO
OBSIDIAN CLIFFS OBC-11  LANE 19 165 a-1/2€ PRIIARY - FETRU
GasIDIAM CLIFFS OBC-12 LAME 19 185 8-1/2E PRINARY - PETRO
QBSIDIAN CLIFFS OBC-13 LAME 19 165 8-1/2E PRIMARY - PETRO
OBSIDIAN CLIFFS OBC-14 LANE 19 165 8-1/2E PRINARY - PEYRO
OBSIDIAN CLIFFS OBC-15 LANE 197 165 B8-1/2€ PRIPARY —— PETRO
QBSIDIAN CLIFFS DBC~-16 LAKE 197 165 B-172E PFRIMARY - FETRO
OBSIDIAN CLIFFS 0BC-17 LANE 197 165 8~1/2€ PRINARY - PETRO
OBSIDIAN CLIFFS OBC—-18 LANE 197 165 6-1/2€ FPRIMARY - PETRO
SIUSLANM RIVER 5IU-:t  LRNE ? 185 124 SCHNDARY IMMAN A TRACE
SIUSLAM RIVER S5IU-2  LANE ? 185 124 CHOARY 1WPAN & TRACE
SIUSLAU RIVER 5IU-3 LANE ? 185 126 SCNORKY INMRNC1> PETRO
WHERTLAND FERRY HHF -1 AR OM a7 55 k) SCNDARY INMRMC1> PETRQ

TABLE I-1: OPSIDIAN SAMPLE
PROVENANCE DRTH

(1> INDIVIDURL ITMraM OBSIDIAN
PFOFULATIONS CIMMAN A OR
INNAN B GEOCHENICAL GROUPS)
HOT DISTINGUISHABLE

CHARACT aCHARACTERI ZATI OM

OCLIFFS=OBSI0IAN CLIFFS

PETRO=FETROGRAPHLC

TRACE=TRACE ELEMENT

CFILE:FROVENANCE>




APPENDIX II: GLOSSARY OF TERMS

Acicular: Needle-like in form.

Acicular Prismatic Microlite: A prismatic microlite with a diameter of less
than 1 micron,

Acicular Trichite: A hairlike trichite,

Anisotropic: Having a physical structure that varies with direction; this
usually refers to optical properties of crystalline materials.

Artifactual: Referring to an object used, moved, modified, or manufactured by
humans.

Ash-Flow: Avalanche of very hot gas-rich pyroclastic material erupted
explosively from a volcanic vent,

Ash-Flow Tuff: Ash-flow deposit indurated by compaction and heat,

Basalt/Basaltic: Dark-colored extrusive igneous rock with a silica content of
between 48 and 53 percent.

Characterization: A distinguishing attribute or characteristic,

Conchoidal Fracture: Smoothly-curved fracture surface; typical of the glassy
rocks such as obsidian or quartz,

Core: An objective piece whose function is to produce flakes suitable for tool
manufacture,

Crystallites: A broad term applied to a minute crystal form or body of unknown
mineralologic composition which does not polarize light.

Debitage: Non-toel artifactual materials considered as waste,

Diachronic: Changes or patterns considered over time,

Diorite/Dioritic: Intrusive volcanic rocks approximately equal in composition
to andesite; higher in silica than gabbros and basalts but lower than

rhyolites,

Direct Access: Procurement style in which the users of a lithic material obtain
it directly from its primary or secondary geologic source,

Direct Procurement: Direct access procurement of resource material; no exchange
ig involved in procurement.

Erratic: Tce-transported rocks.

Exchange System: Procurement style in which needed materials are obtained
through trade,
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Eutectic Point: The lowest melting temperature obtainable with mixtures of
given components (as in magmas) where the components remain in a liquid state.

Fiamme: Obsidian-like lumps of collapsed pumice occasionally founrd in ash—flow
deposits

Fingerprint: To characterize a material using physical or geochemical
attributes that serve to distinguish a particular source or source group from
all others; for example, trace element abundances of lithic materials are often
used to characterize both geologic sources and artifactual materials.

Float: Loose surface rocks found separated from parent veins or strata due to
weathering processes.

Gabbro/Gabbroic: Intrusive volcanic rocks approximately equivalent in
composition to basalt.

Glacial Lake Missoula: Large, Pleistocene, glacially-dammed lake in Montana
that periodically failed to produce massive floods that washed over
southeastern Washington and into the Willamette Valley,

Globulite: A small, spherical crystallite commonly found in glassy rhyeolitic
rocks,

Holocene: The post—glacial epoch spanning the last 10-12,000 years.
Holohyaline: An igneous rock that is composed entirely of glass.

Isotropic: Exhibiting the same optical properties (when viewed under polarized
light) in all directions; characteristic of glassy rocks such as obsidian

Lahar: Landslide or mudflow of pyroclastic material associated with volcanic
activity.

Lithophysae: Hollow, bubble-like structures composed of concentric shells of
finely crystalline materials; often found in rhyolites and obsidians.

Longulite: Cylindrical crystallite thought to be formed by the coalescence of
globulites.

Major Element: Elements occurring in abundances greater than about 0,1
percent.

Margarite: Bead-like string of globulites found in glassy igneous rocks,
Microlite: A microscopic crystal with determinable optical properties.
Microlitic Structure: A microlite or crystallite,

Micron: One-millionth of a meter.

Meoraine: Unstratified glacial drift deposited by the direct action of glacial
ice,
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Normal Prismatic Microlite: Prismatic microlite with a diameter equal to or
greater than one micron.

Obsidian Hydration Dating: Dating method based on the assumption that a
freshly—fractured surface of obsidian absorbs water as a predictable rate aver
time; the hydrated obsidian is present as a visible and measurable hydration
rim.

Perlite: A crystalline rhyolitic rock that can result from the devitrification
of obsidian.

Petrographic: Referring to the systematic description and classification of
rocks.

Phenocryst; A relatively large crystal set in a finer-grained groundmass.

Pleistocene: Epoch preceding the Holocene that spans the time period of about
two million to ten thousand years ago.

Polyhedral Core: The "classical" core; cylindrical core bearing multiple flake
removal scars.

Post-Mazama: Referring to event or time period postdating the Mazama (Crater
Lake) ashfall of about 7,000 radiocarbon years ago.

Primary Source: The primary, initial context of a lithic material i.e. an
obsidian flow or dome, ash-flow eruptive vent, etc,.

Prismatic microlite: Rod-shaped microlite.

Procurement Systems: Systems through which prehistoric peoples obtained raw
materials; see direct access and exchange systems.

Pyroclastic: General term applied to volcanic material that has been
explosively or aerially ejected from a volcanic vent.

Quarry Site: An archaeological site centered around a natural source of a raw
material,

Quaternary: The geologic period comprising the Holocene and Pleistocene
epochs.,

Rhyodacite: A rather vague classificatory term often used synonomously with
rhyolite,

Rhyolite: Extrusive volcanic rocks with a silica content greater than 70 about
percent,

Scopulites: Stemlike crstallite that terminates in bhranches or plumes.

Secondary Obsidian Source: A source of obsidian occurring in a context removed
from its original, primary location.
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Selvage: The marginal zone of a rock mass having some distinctive textural or
compositional characteristic; chilled margins often exhibit a glassy or
fine—grained texture,

Shard: A curved fragment of volcanic glass; a bubble remnant.

Sourcing: Bad grammar for characterization.

Spherulite: Small, radiating, and usually concentrically arranged aggredation
of minerals of a spheroidal shape formed by the rapid growth of crystals in a
rigid glass; differs in chemical composition from the surrounding glass.
Synchronic: With no reference to time,

Tephra: Ejecta blown through the air by explosive volcanic eruptions,

Thin Section: A very thin slice (30 to 50 microns thick) of rock mounted on a
slide for the purpose of microscopic petrographic examination.

Till: Unstratified glacial deposits; see moraine,

Trace Element: Element occurring in quantities of less than about 1000 parts
per million,

Vitrophyre: Any porphyritic igneous rock having a glassy groundmass.

X-Ray Fluorescence Spectrometry: An analytical method used for determining the
chemical composition of rocks.

XRF: X-ray fluorescence.
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APPENDIX TII: MICROLITIC STRUCTURES IN VOLCANIC GLASSES

A substantial collection ¢f different microlitic structures have been
identified in the volcanic glasses and the more common of these are illustrated
in Figure 10. Microlite and crystallite nomenclature is based entirely on the
morphology of the structures, a clue to the lack of information concerning
these forms. It should also be noted that the terms defined here reflect a
majority and not concensus opinion in the literature. Because of this lack of
information in geologic and archaeological literature, the terminology and
genesis of microlitic structures are discussed in some detail din this
appendix.,

Crystallites

Globulites are small spherical or oval structures reaching a diameter of no
more than about 5 microns. Some of the earlier studies also appear to refer to
the optically anisotropic grains of magnetite as globulites, creating some
confusion. In this investigation, the term globulite refers to isotropic
gtructures, When globulites are found in structures, they are known as
cumulites; if the aggregrates are approximately round, they are termed
glaobospherites (Rutley, 1892; Johannsen, 1931:13-14),

When the globulites form chainlike structures, they are known as margarites.
In this form, the globulites appear to be strung as if on a necklace with the
individual adjacent globulites sometimes coalescent. Longulites appear to be
rows of coalesced globulites, with only traces of their original glchulite
structure remaining. Club-ended longulites are known as clavalites. Masses of
longulites oriented with their longest axes parallel have been  termed
bacillites and may appear, at first glance, as a microscopic banding of the
glass (Rutley, 1892; Johannsen, 1931:14),

Thin, hair-like hodies, trichites, also occur in some cobsidians and may appear
as straight, segmented, or curved., When observed in greoups radiating from a
central point, they are known as asteroidal trichites; when seen singly, they
are termed acicular trichites. This latter trichite usually radiates from a
nucleus of magnetite and Clark (1961:105) speculates that trichites are not
primary structures in the glass, but are microscopic cracks that have been
altered. Diller (1898) and Johannsen (1931:14) consider them to be some form
of diron-rich silicate. Ress (1962) also concludes, from the examination of
trichites in welded ash-flow tuffs, that these microlitic structures form after
deposition of the parent rock, at least in some instances. A structure similar
to the asteroidal trichites, termed here the pseudo-astercidal trichite, is
occasionally seen radiating from tiny bubbles in the glass (see plate 14 for an
example). Whether these two structures are related is not known, though they
will be considered separately here (Johannsen, 1931:14; Ross, 1962).

Scopulites are brush-like or plume-like bodies, often red in color, that may
caused by the oxidation of other iron-rich microlitic structures in the glass.
They may appear as fern-like fronds or as rods terminated by brushes or plumes.
Scopulites are occasionally termed arborescent microlites (Rutley, 1892;
Williams et al,, 1954; Skinner, 1983:41).
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When the ends of a longulite or prismatic microlite are pointed, the form is
knawn as a spiculite, The term belonite is also used to describe any rod-like
microlitic structure ({crystallite or microlite) but appears to be an outdated
term (Ross, 1962).

Microlites

These rod-shaped structures (sometimes called lath crystals or microliths) are
minute, incipient crystals that polarize light. The prismatic microlites are
found as normal and acicular. Normal varieties (the most common) vary in
diameter from about one to two microns and are typically five to 20 microns in
length. Acicular varieties exhibit a diamter averaging about 0.5 microns and
are visibly more acicular than the normal varieties when compared to them
(Ross, 1962; Skinner, 1983), Prismatic microlites are sometimes found in loops
or coils. Ross (1962) found that prismatic microlites were characteristically

pyroxene, occasionally sanidine, and rarely amphibole or Dbiotite, The
prismatic microlites are often found oriented in the same direction and this
was taken by Ross (1962) to be due to flow movement during emplacement.  (Clark

(1970), though, has found that microlites are mobile under static stresses at
temperatures far below the melting point of obsidian and that the alignment of
microlites in flow bands may take place during cooling in situ. The
differential concentration of microlites in obsidian glass dis megascopically
visible as flow-handing.

Petrogenesis of llicrolitic Structures

The genesis of the many types of crystallites and microlites is poorly known
but is probably related primarily to the cooling history, chemical composition
and volatile content of the parent rhyolitic magma.

Ross (1964) notes that obsidians with a small volatile content (0,10 to 0.127%
in his examples) usually do not contain microlites while obsidians with a large
volatile content (0,32 to 0.347 in his examples) usually do contain microlites,
The low volatile content would 1lead, he concluded, to a higher ohsidian
viscosity that would inhibit microlite. He also found exceptions to this
relationship, though, suggesting that volatile content is only one of the
vatriables controlling the presence or absence of microlitic structures,
Tektites have also been noted to contain essentially no microlites (0'Keefe,
1976:7). Their low water content (less than 0.05 %) would suggest an inverse
relationship between microlite presence and volatile content. The role of
trace or major element concentrations in microlite and crystallite genesis is
net known.

The coeling history of the melt alse plays a part din the formation of
microlites and crystallites, Lofgren ({(1974), in experimental studies of
plagioclase crystallization, found that the rate of cooling played a key role
in the determination of the morpholegy of the resultant crystals. Marshall
(1961) also noted the importance of the cooling history on the morphology of
microlitic forms - the more vrapid the rate of cooling, the smaller the
microlitic structure. An understanding of these poorly-understood petrogenetic
processes can be the key to determining whether the presence or absence of
certain crystallite and microlite types will have any eventual archaeoclogical
utility in c¢bsidian characterization research. To be useful in an
archaeological context, the glass must exhibit intrasource homogeneity and
intersource heterogeneity ILn the morphology of the microlitic structures, If
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the process of formation of these petrographic features can be determined, it
may be possible to predict, on the basis of the behavior of erupting rhyolitic
lavas, whether chsidian can be "fingerprinted" using the microlitic structures
that are present. lacking a sclid theoretical base, a more pragmatic approach
to determining the usefullness of the petrographic characterization method
should suffice - the extensive sampling and petrographic analysis of different
obsidian sources.
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APPENDIX IV: OBSIDIAN DATA FROM WESTERN OREGON ARCHALOLOGICAL SITES

Tables 4, 5, and 6 contain tabulsted information relating to archaeclogical
obsidian found at sites along the Oregon coast, the Willamette Valley, and the
High and Western Cascades. This collected data was used in the construction of
the graph and figures of Chapter 6.

Site name; Popular name of the designated archaeological site,
Site no.: State of Oregon archaeological site number, if known.

Obsidian artifacts present? Were any obsidian artifacts found at the site?
Yes or no,.

Maximum length (Cm): The maximum length or dimension of any obsidian artifact
found at the site., When the maximum length of the artifact exceeds the maximum
diameter of locally available raw materials, an exotic origin 1is suggested,
The length is measured in centimeters.

Percent obsidian (Weight): Of the lithic debitage recovered at a site, this
figure refers to the weight percentage of obsidian debitage (relative to other
materials such as CCS or basalt) that is recovered. Weight is measured in
grams,

Percent obsidian (Number): Of the lithic debitage recovered at a site, this
figure refers to the percentage of obsidian relative to the total debitagpe
count, If 1000 pieces of debitage are recovered and 500 of these are obsidian,
the ohsidian percentage is 50. This figure is sometimes referred to as the
debitage index.

Debitage number (N=): N = the total count of debitage items recovered from an
archaeological site including obsidian, chert, CCS, basalt, or any other lithic
material., This is the figure that the obsidian percentage and core to debitage
ratios are computed from. The typically large quantities of debitage relative
to lithic tool types that are found in archaeological sites makes this a
particularly statistically valuable figure,

Number of cores: The total number of c¢bsidian cores identified at a site.

Core to debitage ratio: The ratio of ohsidian cores to total debitage count.
This ratio was initially thought to provide some index of the proximity of

obsidian quarry sites - the 1lower the ratio, the closer the quarry. It is
likely, though, that several factors render this a not altogether reliable
concept (see section 6.1). The ratio does, hawever, appear to have some
utility in spite its problems - archaeological sites near Western Oregon

obsidian sources tended to exhibit a lower ratio of cores to debitage near the
quarry source. An indicator of quarrying activity less prone to error than the
obsidian core count (such as a debitage with cortex index) could likely provide
a more reliable index of quarry proximity.
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Unworked nodules present? Were any unworked ohsidian nodules found at the
site? The presence of nodules was taken to suggest the likelihood of lecal
obsidian sources and direct procurement, The discovery of stream-rolled
pebbles at many Willamette Valley archaeological sites, for instance, strongly
suggests that local river gravels were being exploited for the material.

Maximum nodule diameter (Cm): The Jlongest dimension of the largest size
obsidian nodule or pebble that was found associated with th site., This was
intended to give some indication of the largest size of artifactual items that
could be manufactured from local raw materials.

Maximum size non-local? Was the largest obsidian artifact recovered larger
than the obsidian material available at the closest natural obsidian source?
This was thought to provide an indication of exchange activity or long-distance
direct procurement.

Obsidian projectile points (Z): The percentage of obsidian projectile points
found in the total projectile point assemblage. This was alsc thought to
provide some indication of the proximity of a quarry source. In all instances,
the percentage of obsidian projectile points was higher than the percentage of
obsidian debitage, indicating the preferred usage of obsidian in projectile
point manufacture (certainly no surprise). Projectile points were chosen over
other artifact classes because of the known preoccupation of archaeologists
with this artifactual category and the high likelihood that any projectile
point information will make its way into a site report.

Characterization studies? Have any obsidian characterization studies been
undertaken at the site? Yes or no.

If vyes, primary source: If cobsidian characterization studies were performed,
what primary sources of obsidian were identified? It is important to keep in
mind, when considering these results, that the sample size is typically very
low and may well not be representative of the site in general. It is also
important to remember that a representative sample of characterized obsidian
projectile points only yields reliable information about the artifact class of
projectile peoints, Differential raw material use has been reported for
different artifactual classes (Hughes and Bettinger, 1984). Abbreviations for
obsidian sources used are:

1. CL ~ Crater Lake area obsidian sources (see Williams, 1942).

2. FR - Fern Ridge area secondary sources (also designated the Inman A
and Inman B geochemical scurce groups).

3. KF - Klamath Falls area cobsidian sources (see Hughesg, 1983).

4, MR — McKenzie River gravel secondary source {obsidian originating
from Obsidian Cliffs).

5. OC - Obsidian Cliffs primary source.

6. SR - Siuslaw River gravel secondary source (obsidian originating from
one of the two Imman geochemical groups).

7. TH - Tucker Hill obsidian-rhyolite dome in eastern Oregon. Obsidian
initially identified as originating from this source almost
certainly came from an apparently geochemically-similar source
in the Fern Ridge area (probably the Inman B geochemical group).

8, WR - Willamette River gravels secondary source (obsidian originating
from both the Obsidian Cliffs and Fern Ridge area sources.
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Nearest source: The c¢losest source of obsidian raw material to the site. If
this source was not being exploited, it raises certain interesting questions
about why this was the case.

Source distance: The distance from the archaeological site to the nearest
obsidian source,

References: Numbers refer to authors listed at the bottom of the table.
Comments: Anything unusual or distinguishing about the site not covered

elsewhere. Several of these were independent dindicators of exchange or
long-distance contact:

M - The site was a shell midden,.

N - No obsidian artifacts or debitage were found,

0 - Olivella or other marine origin shells found at site,
R - Red or mahogany-colored obsidian was found.

W - Whalebone artifacts were recovered,
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APPENDIX V: INTRASOURCE TRACE ELEMENT HOMOGENEITY OF OBSIDIAN SOURCES

To be of use as an attribute of characterization, a particular geochemical or
physical characteristic must exhibit a sufficient degree of intersource
heterogeneity so that each source (or source group) possesses a distinct
identifying "fingerprint"., In addition to this, a high degree of intrasource
homogeneity is also desirable so that the range of variation of any source
characterization attribute is small (see section 5.1). Large variation ranges
do not automatically disqualify an attribute as useful but do make it more
likely that overlapping values among sources will exist, particularly when the
number of sources within the universe considered is large, Ideal
characterization attributes, then, are those which combine 1low intrasource
variation with high intersource variation. In practice, these attributes are
often pragmatically determined — when applied to a collection of obsidian
sources and/or artifacts an attribute either works, or it doesn't. There is,
however, a simple statistical measure that can be applied to distributions of
quantitative data that will provide a useful measure of variation. This
measure is the coefficient of variation (CVZ) or the relative standard
deviation, defined as the ratio of the standard deviation to the mean or
average (Anderson and Sclove, 1686:136). The resultant figure is usually
expressed as a percentage and can provide a quantitative aid in determining the
usefulness of an attribute for characterizing a source.

The coefficient of variation has been shown to be a useful means for
guantifying the degree of intrasource trace element variation. A trace element
data set (from a single source or source group) which yields a small
coefficient of variation can be considered to possess a large degree of
intrasource homogeneity, one of the necessary qualities of a characterization
attribute. Hughes (1986a and 1986b) has successfully applied this measure to
sources of obsidian though he cautions that care must be taken  when
interpreting trace element abundances which approach their instumental limits
of detection. Chase (1974), in a study of bronze artifacts, found the
coefficient of wvariation a useful measure in comparing interlaboratory
analytical results,

Though there is no absolute numerical value of the coefficient of variation
that indicates whether a particular trace element will be useful in
characterizing a source of obsidian, this measure can still be of use. As a
rough guideline, any trace element set with a CV%Z of less than 5 percent could
be considered to exhibit a very high degree of intrasource homogeneity. There
is no hard and fast rule, though, about the useful upper limit of the
coefficient of variation; values of 507 or larger may be useful in some
instances. Good judgement is the deciding factor., The coefficient of
variation may be of particularl value when comparing different data sets. When
several different trace elements, for example, are being considered as
characterization attributes, those with the lowest coefficients of variation
would be judged to be the most effective in characterizing the source (though
they must still also show intersource variation to be of use).



Trace element abundances of samples from the present investigation were
compared and the average, standard deviation, and coefficient of variation
computed (table V-1), Though the sample sizes for each source population are
small (particularly for the Imman B group), the degree of intrasource
variability for Rb, Sr, and Zr in all three sources is very low - less than 5%
in most instances. The Inman A and Inman B sources both exhibit very low CVE
values with all three trace elements, attesting to a low amount of dintrasource
variation; the Obsidian Cliffs flow, while demonstrating a greater range of
variation, still reflects a small degree of intrasource variability. The small
CV% values of Rb, Sr, and Zr abundances for all three sources suggests that
they are all excellent candidates as characterization attributes.

[P

SOURCE SAMPLE Ran SRa ZR# TRABLE V~1: MEASURES OF YARIANCE
BROUP NO. FOR DBSIDIAN TRACE ELEMENT
ABLUNDANCES
INMAN A INM-2 82.8 156.9 106.2
IMNM-3 ed.1 150.86 107.4
INM-5 a8d.1 151.8 109.0
INM-7 81.8 154.0 104.1
INM-3 82.5 153.8 104.2 ST.DEV.=STANDRRD DEVIATION
INmM—-12 84.8 154.2 106.2

CO.VAR.=COEFF ICIENT OF VARIATION

AVERAGE |2.8 155.6 106. 2 SST.DEV. /7 RVERAGE ¥ 100
ST.DEV. 1.9 2.2 1.9
CO.vAR. d.24 1.4% 1.7 # TRACE ELEMENT RBUNDANCES
REPORTED IN PARTS PER MILLION
INMAN B INM-1 ed.8 116.5 76.5
IMM-11 89.1 1.8 6.7
AYERAGE 89.0 114.2 76.6
SY.DEV. 9.2 3.3 G.1
COD.VAR. Q.24 2.8x Q.1%
OBSIDIAN 0BC-1 83.6 110.0 101.6
CLIFFS O0BC-2 79.4 105. 4 92.9
oBC-3 as.t 105.6 98.0
oBC-4 81,9 102.7 95.6
mCK-~-1 6.7 121.2 112.1
MCK -2 78.5 105.8 95.9
MCK—+ B20.6 10+4.1 92.8
AVERAGE B81.1 107.3 o841
ST.DEV. 1.1 6.6 6.8
CO. VAR. 1.8 6. 1% 6.9% CFILEAaVARIATION)




TABLE Ty-1: DOSIDIAN FROM ARCMAEOLOGICAL SITES IM TME MESTERMN CASCADES

- SITE WAr SITE ODSIDIAM MAKIMUM PERCENT PERCEMT OEBITGE MUMBER CORE TO  UNMRKED
\ NO. MRTIFCTS LENSTN OBSIDIAM COSIDIAN MUNDER oF DEBITSE MWODULES
FRESENTT  <OWD CHETGNT) CMUMBER> (8= CORES RATIO  PRESENT? |

- ——— -—— i 2l

ARNET ROCKSHELTER MO.1 - YES 2.12 N 94.¢ 4456 (CD ) M7A N0
PABY ROCK SHELTER ISLA3 YES 9.5 nR NA " A N/A NA N/A
BLIiT2 ISLINIY  YES S.8(m A .2 1745<D> & 1:319 N0
QUCK CREEX BLAZY  VES 1.3 /R 91.Q 1101CC a N/R NO
CNSCADIN CAVE MLIMNLI1  VES 9.0CR> WA M/ N/R N-R N/R N/R
coLT LAY  VES 8.5 NR 51.0 18504CC> v N/R VES
COLT TIMBER SALE LAS?4  35LAS74 VES 2.75 17.0 53.9 8ty 0 N/R NO
COLT TIMBER SALE LAS?S JI5LASS3  VES 2.3 25.1 7.3 164¢LD 0 N/R MO
COLT TIMBER SALE LAS”Z ISLAS7Z VES 0.% .9 87.9 59cCy O NP 1]
CONDON BUTTE - YES 6.9 e 100.0 (3 0 R MO
FALL CREEK MLA3S YES 5.0CM NR 2,2 8l 0 N/ N
MIRSE PASTURE CAVE na» &S 7.0 A 66.2 180D ’ 1:2017 NAR
INDIAM RIDSE - YES 5.0(m nA .0 41%0¢D> 0 M/ NN
KIMPLE JBLLESE YES - 2.9C0 nA 3.4 36168 0 N/ o
SADBLE IWLASZY VvES 3.5% NA 43.0 1+WS8c0) 0 N/A YES
SARDINE CONFLUENCE ISLASTY YES 6.0/ NA &0.9 253c e MR N0
TIOM TS BLINIOD YES 1.0 NA 9.8 656CE> O KA L
VINE ROCKSMELTER A0 YES 5.3 A .5 M1y 22 114905 YES
MAITE CLIFFS A5 MO.1 - YES 1.21 nA 20.5 334C> 0 M/ L
> PN INCOMPLETE DATA NEF ENENCE
> MERALY WALF OF ARTIFACTS NICOWERED MERE ODSIDIAN
O BOTH 171 MD L/8 IN. SCRREN MEED IN EMCAVATION 1. WILLIG
(B> 174 IN. SCAEEN USED IN EvCAMATION 2. OLSEM,
G 19 IM. SCEEEN WEED N ENCAWATION 3. Mimek |
CF> CONFLICTING RESULTS; SEE DISCUSSION IN TEXT 4. e
<G> WEAREST CONFIAMED SOURCE IS THE WCKENZIE RIVER GRAVELS; THE HIGH PERCENTAGE OF 5. BAMTER,
ODSIDIAM DEDITAGE SUGGESTS, THME PRESENCE OF A LOCAL SOURCE; SEE DISCUSSION IN THE TENT 6. NEMMAM,
7. BRNTER,

SOURCES: MR-MCKENTIE RIVER ORAVELS; OL-ORSIOIAN CLIFFS; MR-HILLAMETTE RIVER GRAVELS 8. IWTER,
BANTER



CFILE:CASCADESITE

-

BMTGE NUNBER CORE TO UNMRKED MAKINUN MAKINUN OBSIDIAN CHARACT, IF YES, MEAREST SOURCE REFER— LCOMMENTS
MR oF DEBITSE MODWLES MODWLE SIZE NOM- PRACTILE STUDIES?T PRIMARY SOURCE DISTrAMCE EMNCES
> CORES RATIO  PRESENT? DIMMCCH) LOCALT  PHTSCX) SOURCES (4.}
446 CC) 0 M/A NO WA NO 100 NO - R 35 1 -
| N/R N/R NA N/R YES Ns/A NG -— "~ -0 2 1]
Sy 5 1:3499 N0 N/R N0 N/R YES OC,FR e 13 3.1 -
FERE (] 1] N/R N0 K/A MO 160 NG - MR 55 5 -
N/R N/R M/A R N/A YES H/RCBD ND - "R 30 [ -
Bo4cCC) a N/A YES 3. YES ok YES (P2 MRCE) fa r,8,9,10,11 -~
-3 14op] 1] N/R NO N/R HO N/R NO -— "R 7o 4 -
164¢C) 0 N/A NG N/R NO 100 NO - [ 4 70 r -
58cC 1] N/R "o N/R NO N/R NO - R 70 ’ -
(] 0 A 0 N/R (] N YES oC oc 5 12,13 -
e § a N N/A MR YES 20 MO - 4 15 14 -
9% CCO e 112017 NN nn YES NN YES <F) [ { 75 15,16 -
150 CD> a n/A A [ ¥, .} YES *®2 NO - R 15 11 -
166 i} MN/A ~ NrA YES 1 YES nC WR 0 17,18 -
2 114 0 N/R YES 5.63 YES 20 YES <F> MR (6> 70 ”,8,%,10,11 -
253CD> 0 B/N 1] N/R NO 100 N -— " 30 19 -
56 CE2 Q KRN ND N/R [ ] 100 wa - e 14 20 -
PLICC) 22 11905 YES 4,57 [T 70 YES <F) MRCG -] 10,21 -
3340 0 N/ ND [ ] 100 "o - e » 1 -

REFENENCES :

1. MILLIS & MUSIL, 199¢ 11, SAPPINGTON, 19 19. COMMOLLY & BRXTER, 1983

2. LSEN, (WS 11. WONES, 1986 20. MINOR & TOEPEL, 12

3. NINOR & TOEPEL, 19 2. SKINGR, 193 2i. DAKTER & COMNOLLY, 1996

4, SWPINETON, 190aC 13. SKIWNER, L9
CENTAGE OF 5. BAXTER, 1994 14. COLE, 196
ISSIDM IN THE TENT 6. MEWMAN, 1%:4 15, GARTER ET AL., 1963

7. BTER, 1903 16. WEMN, 1975
IVER GRARVELS 0. DAXTER, 1906A 1. LENOM, 199%

9. NTER, 1%%E 1&. SAPPINGTON, 199GR



TABLE [V-2: OBSIDIAN FRON RRCHMEDLOGICAL. SITES IN THE HILLAMETTE VALLEY REGION

SITE NAME SITE OBSIDIAN MAXIMUM PERCENT PERCENT OEBITGE MNUMBER CORE TO  LsimME
NO. ARTIFCTS LENGYH OBSIDIAN OBSIDIAN MUMBER OF OEBITGE MODULE
PRESENTT CCH CMEIGHT) C(MUMBER) H=2 CORES RATIQ  PRESEN

ARNITAGE BRIDGE ISLAZS YES 3.71 N/R 30.% 775 (B N/R R/A N/A
BEEDE 35LA216 YES N/R N/R /A 1691CA NsR N/R ':"E-;.
BENJRMIN 35LA41-2  YVES Fgid: ¥ N/R N/F NAA n/A NsA ;;;-
EUGENE VICINITY J5LAZ43 YES 1.8 0.5 5 10 1 1: 10 NO
FRMNING MOUND - YES 4.6¢CB N/A M/A MsA N/A N/R N/
FLANAGAN I5LA218 YES ) 1.2CB> 6.0 22 1187 (R 3 1:32 N/R
FULLER MOUND -- YES 15.25¢B N/A N/A N/R N/R N/R YES
GEERT2 - YES 41.0¢B2 N/A r 704 N/A N-R N/R
HAGER”S GROVE MAZ ISHA? YES 4,48 N/A 23.5 547 CR) 1 1:547 YES
HAGER®S GROVE MA9 I5MA9 YES 3.94B2 NsA ~.5 293CRD 1] N/R YES
HALVERSOM 35LA261 YES 2.5 5.5 20 262 CAX L Tg,} L 7q ) MAA
HANNAYAN CREEK ISLAG47 YES 3.0¢@ N7A 20.4 N/R 23 N/R VES
HURD 35LA YES 6.7CB 9.0CE> 41.0<Ed 9634CED MR N/R YEsS |
KIRK PRRX LASES 35LA%65 YES 5.5 N/A 1. 2esacly 27 1:98 N/A |
KIRK PARK LASe6 I5LASeE YES 4.5(8 NrR 45.3 13383 22 1:608 LT |
KIRK PARY LASE? 35LASE” YES 3.5 MR B7 .6 829<0> ] 1:104 M/R |
KIRK PARK LAS6D I5sLA%eR YES 3.5¢H N/R 52.5 4137 C02 19 1:218 MR |
LINGO A5LA29 ;E; 4.5<82 N/R N/R N/A N/A N/R N/A |
LYNCH ISLIN3S YES 3.5 Mrk N/R N/R N/R N/R N |
--IIBSfI.IL VILLAGE - YES 3.0<0 N/R 3.0 «“370 2 1:2185% YES
-PERKINS PENIMSULA (L) I5LAZEL YES 3.0000 MR 38.49 1969C00 1 1:1969 N
SIHONS 35LA11s YES 4.7CC N/A 11.5 206 4 1:5;? YES
SIUSLAM FALLS 35LALT3 YES 1.5C0 N/R 11.2 52 o N/R NA
HILLAMETTE MISSION ISHASC01  YES 1.9 ” NsA 5.2 58<R) N/R N/A YES |

CA) 1lr9 IN, SCREEN USED FOR EXCRVATION

CB) 1/B IN, SCREEN USED FOR EXCRVATION

(C) FRON POTENTIMLLY INCOMMLETE DATA

W 174 WD 1/8 IN. SCAEEW MERE USED FOR EXCRVATION

CE) NBSIDIAN AND FINE-GRAINED ORCITE FROM RIVER GRAVELS MERE APPARENMTLY PLACED IM SAME CLASS

(F) 13 PROJECTILE PQINTS ORIGIMATED FROM THE FERM RIDGE SOURCE CPROBABLY THE INHAN R GEQCHENICRL GROUP)
POIMTS ORIGINATED FROM THE TUCKER MILL SOURCE (PROBABLY THE INMAN B GEQCHEMICAL SOURCE)

(6> 11 ARTIFACTS RECOVERED ORIGINATED FROH THE FERM RIDGE <INMAM A> SOURCE; 1 PROJECTILE POIMNF ORIGIMATI
NHILL cCINMAM 8D

(H) PARK ARER OML'Y C(DOES NOT INCLUDE DRAMDDMN Z0OMWED

I) 7B.9% OF OBSIDIMN IDENTIFIEC AS QRIGIMATING FRON THESE TRO SOURCES

SOURCES: FR—FERM RIDGE SOURCES; WR-MCKEMZIE RIVER GRAWELS; OC~0BSIDIAN CLIFFS; TH-TUCKER HILL CFERM RII
WR-WILLAMETTE RIVER GRAVELS



LEY REGION CFILE:VALLEVSITEL

DEBITGE MNUMBER CORE TO UMMEKED nRdImm  mAXIMUM  OBSIDIAN CHARACT. [F YES, NERREST SOURCE REFER- COMMENTS

| WUMBER oF DEBITGE NODULES MNODULE SI2E MON- PRJUCTILE STUDIES? PRINARY SOURCE  DISTANCE ENCES
M=) CORES RATIO  PRESENT? DIAMCCH) LOCAL?  PNTSCR) SOURCES CKHD
Z76¢B> MR N-A MR nA NO 64 o - R < 1 -
1691¢A) N/R N/R YES - N-R NrR NG - HR 10 2 -
N/A N/R N/A H/R R/A NO N/A NO - FR <1 3,4 -
10 1 1:10 NG - NO N/R N -~ HR <5 5 -
N/A N/R N/A N/R N/A YES N/R NO -- NR R 8,7 0
1187 ¢RI k4 1:32 M/R N/A YES H/A YES  FR-0CCIY MR 6 8,9,10 -
N/A NA NAA YES N/R YES N-A NO - uR 22 2,11 0,N
704 N/A N/R NsA N/A YES 11 NO — NR 20 12 -
B47 CAY 1 1:547 YES SHALL YES 45 NO - HR L] 13 -
293¢A) 0 N/R YES SMALL YES 19 N - HR 5 13 -
262CA) WA N/R NN N/ NR n/R YES 0C-TH MR <10 14,15 -
N/ 23 N/R YES N/R NO N/R NO - FR <1 16 -
) 9634¢CE] N/R N/A YES £.7CE) YES o8 YES oc MR <5 7,18 -
2659CD2 22 1198 N/A N/R L] NsR VESCF)  FR-TH FR <1 16,19 -
1293834 22 1:608 N/ N/A NO NrR YESCF>  FR-TH FR <1 16,19 =
29 B 13104 N/R M/R NG N/A YESCF>  FR-TH FR <1 16,19 -
4137 (O3 19 1:218 N/R N/A NO N/R VESC(F>  FR-TH FR <1 6,19 -
N/A N/A N/A M-A H/A N/A NP NO -— FR <1 20,21 -
N/R N/A M/A NN N/R NO N/R NO - HR <5 22,21 -
4370 2 1:2185 YES 3.0¢0 NO NeA NO - NR <5 24 -
1969<D) 1 1:1969 NA N/ (¢ N/A »o - FR <5 16,25 b}
208 - 1:547 YES 2.9 YES N/R HQ -- HR <10 26 -
52 0 N/A NsA NrA ) N/R NO - FR 50 26 -
58CA) N/R H/A YES N/R NG 60 NO - MR 1 27 -
REFERENCES:
1. TOEPEL & MIMOR, 1983  i6. CHENTHANM, 1984
2. FOLLAWSBEE, 19%7S 17. WNITE, 1974
LY PLACED IN SANE CLASS 3. HILLER, 197D 18. WHITE, 1975
BLY THE INMAN A GEOCHENICAL GROUPD; 2 PROJECTILE 4, MILLER, 1975 19. SAPPINGTONM, 1994R
8 GEOCHENICAL SGURGEY 5. CHERTHAH, 1980 20. CORDELL, 1967
QURCE; 1 PROJECTILE POINF GRIGIMATED FROM TUCKER 6. - BURDY & WEMTZ, 1975 21. CORDELL, 1979
7. LAUGHLIN, 1943 22. SANFORD, 197%
8. TOEPEL & NIWOR, 1980 23. DAWIS €T AL., 1973
5 9. TOEPEL, 198% 24. HODDWARD, 1979
10. SAPPINGTOM, 1985 25. COLLINS, 1951
AN CLIFFS3; TH-TUCKER HILL CFERM RIDGED); 11. HOODMARD ET AL., 1975 26. PETTIGREW, 197%
12, HOGDWARD, 1972 27. SANDERS ET AL., 1983

13. PETTIGREM, 1980
14, MINOR & TOEPEL, 1982
15, TOEPEL & SAPPINGTON, 1992



TABLE [v-3: 0BSIDIAM

FROM ARCHREOLOGICRL SITES MLOMG THE OREGGN CONST

- SITE NAME SITE OPSIOIAN RNAXINUN PERCENT  PERCENT 'DEBII'GE MNUMBER CORE TG UNMREELD
MO. ARTIFCTS LENGTM OQUSIOIAN OSSIDIAN  NUMBER 0F DEBITGE NODULES
PRESENT™ <M CMEIGHT) CNUMBER) C(N=D CORES RATIO PRESENT
BULLARD"S BERCH ISCsy WO N/R N-R MN/R N/A N/R N/R NrR
G00D FORTUME POINT ISLNCSS NO H(H N/RA NP 212080 0 N/RA NO
G000 FDRTUME COVE ¥LNCSE NO M/A /A N/R 35 1] H/R Na
KILCHIS POINT - YES 2.5¢B> N/R N/R H/A NAR N/R N/R
LOMNE RANCH I5SCU4” YES 12.7(@) N/R N/R N/RA N/A NsR N/R
NEPTUNE 3ELA] NO N/R N L] #/R ®"/A M/R N/A
MNETART'S SPIT Wril YES &.0(B) N/R N/R MR N/R N/A N/R
OCERANSIDE BERCH HWRYSIDE 3ISTIoP YES 1.935¢CF) N/A 0.47 1452 CF32 N/R MR NN
PRLNROSE MBLTa YES L% A N#R N/R N/RA M/R N/R
PARTEE »oT20D YES NA KA N/A N/R N/A M/A N/A
PHILPOTY 3IsCs1 YES 3.540) N/R D.10CE> 37B5<F) 1] N/R NO
PISTOL RIVER WUl YES N/A - MR MN/R W/R NA N/A N/A
TAMKENETCH LAKE 35B0130 YES N/R N/A n/A N/R N/R NeRA NN
UNPGLN/EDEN 380063 YES 1.9¢C) MM N/A N/A N/A N/A MR
(M) 1/8 IN. SCREEN USED IN EXCAVATION REFEREN
(@ FROM INCOMPLETE DATA
(C) TOTM. OF ONLY 2 OBSIDIAN FLAKES HERE RECOVERED 1. LEAT
(D) THIS WAS THE SINGLE MON-DEBITRGE OBSIDIAN ARTIFACT RECOVERED 2. HINO
(E) 0.08 X BLACK OBSIDIAN; 0,02 ¥ RED OBSIDIAN 3. CoLl
FY 179 IN. SCREEN USED IN EXCAVATION 4, FERR
5. BARM
SOURCES: KF-XKLANATH FALLS ARER; SR-SIUSLAM RIVER GRAVELS 6. NEWN
7. ZOMT



CFILE:COASTSITEY

ITGE WUHBER  CORE T8 UNMRKED MAKIMUM NAXIMON OBSIDIAN CHARACT. IF YES, MERREST SOURCE  REFER- COMMENTS
BER oF DEBITGE NODULES NGDULE SIZE NON- PRUCTILE STUDIES? PRIMARY SOURCE OISTANCE ENCES
=) CORES RATI0  PRESENT? DIAMCCMY LOCAL?  PNTSCRD SOURCES Kkm
7R N/R H/A N/R 1 7] N ) N - SR 100 i N
200 B N/R NO N/A N/R I NO — SR 25 F3 "N
" 0 N/R NO N/R N/R D NO - SR 25 2 M N
/6 /R N/A N/A N/R NO N/A NO - ) 170 3 -
/R N/A N/A N/R N/R vES N/ NO - SR-KF 220 -| M
/R N7A N/A N/R N/R N/R 0 NO - SR 30 5 "
/A N/A N/A N/A N/R PES WA NO - = 3 170 £,8 R
20F)  N/R N/R MR NR NO N/R NO - SR 160 ? M
R NA N/A N/A NAR H/R MR NO - SR 210 9 n
/R N/A N/A NR WA NR W/R NO - SR 210 9 M
5Fy 0 H/A NG N/A YES N/R NO - SR 100 10,11 AR
/R NR N/R NA N/R vEsS N/R NO .- SR-KF 220 12 -
/A MR N/R NAR N/F N/R N/R MO - SR 20 13,14 K
A N/R N/R N/R N/R no N/ 80 — SR 13 15 "

REFERENCES :

1. LERTHERMAN & KRIEGER, 1940 9, PHEBUS & DRUCKER, 1979

2. MIMOR ET AL., 1965 10. DRAPER, 1980

5. COLLINS, 1952-53% 11. DRAPER, 1982

4. BERREMAN, 1944 12. HEFLIN, 19%6

5. BRARNER, 1982 13. NINOR & TOEPEL, 1982

6. NEWMAN, 1959 1. HINGR & TOEPEL, 1985

7. 20HTEK, 1978 15. STENNOUSE, 1974

9. CRESSMAN, 1952






