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Abstract

This study was undertaken to investignle polential intrasouree trace element variability in the Obsidian Cliffls flow, Three Sisters
Wilderness, Oregon. Geologic samples of artifact-quality voleanic glass (obsidians) were collected from twelve locations around the
flow, and 80 of these {ten cach from eight locations) were subjected 10 non-destructive cnergy dispersive x-ray (luorescence analysis.

Concentration abundances of eleven minor, trace, und rare earth clements were determined for each collection location. The resulis
show that all locations represent obsidian of the same (Obsidian Cliffs) geochemical type, and they contribute to the long-term goal
of establishing a geochemical data base against which arifucts from Oregon archaeological sites can be compared.

Introduction

Until quite recently, obsidian studies have attracted
little interest from Oregon archacologists. Conse-
quently, studies in the state have lagged behind
those conducted in Calilornia where, for the last
two decades, archaeologists have rcaped the
benefits from the partnership lorged with geo-
chemists. There archaeologists have emploved vol-
canic glass studies to investigale (among other
topics} differences in prehistoric social ranking,
prehistoric trade and exchange, and the produc-
tion histories of obsidian quarries. Despite this lag,
the archaeological potential for Gregon obsidian
studies is truly exeiting, since the stale probably
conlains as many artifact-guality sources of volcanic
glass as arc known from any region of similar size
in the world.

However. before the bencfits of obsidian
studies {in this case, geochemical “fingerprinting”
or “sourcing”) can be accrued archaeologically, it
is first necessary to locale and geochemically
characlerize parent geologic sources (and source
tvpes), since it is to the geochemical “profiles,” or
“lingerprints,” of these volcanic glasses that mea-
surements on archaeological artifacts will be com-
pared. Despite the initial skepticism {or obsidian
studies that followed disclosure of mistakes in both
x-ray analvtical techniques and statistical classifi-
cations of obsidian sources and artilacts through-
out Oregon (Sappington 1981a,b; Tocpel and
Sappington 1982; see Hughes 1984), subsequent
studies (c.g. Hughes 19864, b; Skinner 1983) have
realized some of the potential of such work, and
have charted some promising research directions.
But before any confidence can be placed in ar-
chaeological applications of obsidian studies a solid

geochemical foundation must be established,
grounded in analyses reported in intcrnationally
recognized measurement units calibrated to inter-
national rock standards. It is onty through adher-
ence 1o analytically rigorous standards that
rescarchers can begin Lo build a quantitative data
hase for Oregon obsidians that can be shared by
researchers at different laboratories.

Recognizing this, the ultimate goal of what has
come lo be called “obsidian sourcing” rescarch
should serve two complementary purposes- the first
principally genchemical, the second principally ar
chaeological. First it is necessary to collect and ana-
lyze voleanic glasses and to determine whether any
geochemical evidence exists for inlrasource varia-
hility among quarries. Having accomplished the
first slep, these base-line geochemical data can be
emploved to investigate archacological queslions
regarding the long-term use-life history of obsid-
ian cuarrics, prehistorie trade and exchange, and
mobility patterns. The research reported here was
undertaken to investigate only the first of these two
issLLes.

The Problems

The present study is not the first (sec Williams
[1944] for a geologic description of the flow) to
generate trace element data for Obsidian Cliffs vol-
canic glass but, compared to the geochemical and
archaeometric attention devoted to the nearby
Newberry Voleano (e.g. Laidley and McKay 19715
Higgins 1973; Friedman 1977; MaclLeod and
Sherrod 1988), research on the Cliffs is consider-
ably less extensive and delailed. Despite the work
conducted to date, three problems remained which
required further research. First, geochemical
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mcasuremenls on obsidian from the Cliffs (Antto-
nen 1972; 5. Tlughes 1983; Skinner 1983) remain
unpuhlished and the results have not been widely
disseminated. Second, Obsidian Clilfs glass was
characlerized on the basis of an extremely small
number ol analyscs; Skinner (1983). for example,
reported analyses for only five elements on four
samples. but it was not alilogether elear to what ex-
tent these measurements reflected the range of ge-
ochemical variability in the source. Third, analyses
undertaken Lo date were essentially destricetive; that
is, some portion of the geologic specimen was
crushed and ground into a fine powder prior to
wavelength  dispersive x-ray fluorescence
(WDXRF: see Skinner 1983: Appendix V, p. 6)
and neutron aclivation analysis. While this proce-
dure has a long history in geochemistry, recent ad-
vances in computer-based speetrum deconvolulion
subroutines and automalic matrix-cffect correction
programs have enabled those employing energy
dispersive x-ray fluorescence {EDXRF) on voleanic
glasses to conduct non-destructive quantitative anal-
yses of both geologic source samples and archaeo-
logical artifacts (see Hughes 19864, b: 1988a, h).
Altheugh tradiional WDXRF analysis 1s capable
of detecting slightly lower concentrations of cor-
taitt elements than state-ol-the-arl energy disper-
sive instrumentation, this advantage is offset in
archacological applications because portions of ar-
tifucts arc sacrificed (i.e., ground into a powder)
prior to WDXRF analysis (Skinner 1983: Appen-
dix TX, p. 12, 17: see also Nelzon [1984: 28)).
In light of the close comparison belween WDXRF,
EDXRF and neutron activation measurements on
obsidian from the same sources (see Hughes 1984
Table 3; 1986h: Table 4; 1988a: Table IL; Hughes
and Nelson 1987: Table 1} and archaeclogy’s ox-
plicil conservation cthic, it seemed most appropri-
ate 1o exiend the non-destructive method of analvsis
to Oregon obsidians—specifically, to the Obsidian
Cliffs (see also Hughes 1986a).

Field Reconnaissance and Collection

Ohsidian source specimens were obtained from 12
outcrops al, and adjacent to, Obsidian Clifls (sce
Figures 1 and 2). Observations were made during
the field reconnaissance phase regarding the qual-
ity of obsidian at each oceurrence. variations in
glass texture and color and, in particular, evidence
for prehistorie utilization at each location. Although
some evidence for prehisloric quarrying was oh-
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served at all 12 localities, the intensity of such ac-
tivitics (bascd an qualitative impressions of the
amount of quarry-workshop debris on the surface)
varied considerably across collection siles. The
lield colicetion phase was designed to obtain sam-
ples spanning the full range of visual varieties (i.e..
colors and texture variations) in the hope that, if
macroscopic variation was encoded geochemically,
it might he possible to identify subtle intrasource
distinctions. Red-and-black mottled obsidian was
collected from an in-site occurrence at a promi-
nence along the western margin of the Obsidian
Cliffs flow (location 7106, see Figure 1), while ma-
hogany colored varieties were obscrved and col-
lected at locations 774, 779 and 789 and 7148.
Despile a previously reported occurrence of red
obsidian al Obsidian Cliffs {C. Skinner, pers,
comm.), the prevailing convention among local ar-
chaeologists has been that glass of ved or red-and-
black physical appearance must have been con-
veved [rom sources wo the east of the Cascades (c.g.
Glass Buttes) where red obsidians are well-known
(C. Davis, pers. comm.).

The choice of particular site collections for sub-
sequent geochemical analysis was influenced by
the preceding factors and by ihe areal extent and
abundance of ohserved quarrv-workshop debris,
Lacking any clear understanding of the production
history of the Obsidian Cliffs quarries {i.c., how
long they were used, what kinds of prehistoric
manufacturing activities were undertaken at each,
whether or nol their use-life histories had changed
through time}, it seemed advisable to focus initial
research efllorts on the quarries (sites) which had
the greatest surface densities of artifact manufac-
turing debris on the assumption that such densi-
ties could scrve as general indicators of the
importance of each source in the past. Conse-
quently, of the twelve collecting locations, samples
from eight (nos. 774, 775,777,778, 782, 7106,
7138, and 7148 on Figure 2) were later subjected
to x-ray (uorescence analysis,

Laboratory Analysis: Methods

Laboratory investigations were performed on a
Spectrace™ 5000 (Tracor X-ray) energy dispersive
x-ray fluorescence spectrometer equipped with a
rhodium {(Rh) x-rav tube, a 50 kV x-ray genera-
tor, and a Si{Li} solid state detector with 150 ¢V
resolution (FWHM) at 5.9 keV in a 30 mm? area.
The x-ray tube was operated al 30.0 kV, 0.30 mA,
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Aerial vlew to southeast across the Obsidian Clills flow (lower left in photo), with Collier Cone and the North Sister in

background. Arrow specifies the terminus ol the (low, which corresponds with collection location 7106 on Figure 2.

using a 0.127 mm Rh primary beam filter in an
air path at 200 sceonds livetime to generate x-ray
intensity data for elements Zn (Ke). Ga (Ko}, Rb
(Ker). Sr (Keo), Y (Ka). Zr {Ka). and Nb (Ke), Ti
{Kerd. Mn (Koo, and total iron (Fe, 03" intensities
were generated by operating the x-ray tube a1 15.0
kV. 0.30 mA, with 4 9.127 mm aluminum {Al) fil-
ter in an air path at 200 seconds livetime, while
Ba (Ke) intensities were generaled by operating the
x-rav tube at 50.0 kV, 0.35 mA, with a 0.63 mm
copper (Cu) flher at 300 seconds livetime. Trace
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element inlensitics were converted to coneentration
estimates by employing a least-squarcs calibration
line established for each element from analysis of
up to 25 international rock standards certified by
the U.3. Geological Survey, the U.S. National In-
stitute of Standards and Technology, the Geologi-
cal Survey of Japan,
Petrographiques et Geochimiques (France). Further

and the Centre de Recherches
details pertaining 1o x-ray wube operating conditions,
calibration and clement-specific delection limils ap-

pear in Hughes {1988a). The x-ray analyses were
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TABLE L. Trace. rare carth and sclected minor element contents of voleanic glass collected from eight areas w1 Obsidian Cliffs
{sec Figure 2 for locations). All elemental values in parts per million, except iron (Fe). expressed as total iron (Fea(s')
in weight percent. X = sample mean: 8,10 = sample standard deviation; CV% = coefficient of variation. Ten specimens
analyzed from each site. Site numbers assigned by Willamette National Forest personncl.

Colleetion Locations

Flement 774 775 777 778 782 7106 T136 7148
Ti X 597 604 506 616 586 627 615 al2
S.D. 37 31 22 52 a7 24 36 33
CVg 6 5 1 8 6 4 6 9
Mn X 3341 383 381 378 382 378 384 300
5.0, 12 9 8 5 10 7 9 7
€V 3 2 2 1 3 2 2 2
Fey)y X 1.20 1.22 1.22 1.20 1.21 1.19 1.21 1.24
S .03 3 03 .02 03 0l 03 .06
Y% 2 2 2 1 3 I 2 1
/n X 45 43 15 43 41 42 15 16
5.0, 6 3 : 3 6 1 7 5
CV% 13 11 I 6 13 10 14 11
Ca X 16 16 17 18 18 18 17 16
S0 2 3 2 1 2 1 3 3
Cy% 11 L7 i 6 12 5 18 16
Rb X 76 76 78 76 75 74 77 75
s, 2 3 3 2 3 2 3 2
CVw 3 3 1 2 3 2 3 3
3y X 101 102 102 103 102 Le2 102 106
&0, 4 3 2 4 5 3 1 6
LV 1 3 2 4 5 3 4 6
Y X 18 18 18 18 18 17 17 18
s 1 1 i 1 1 1 I 1
CV% 4 7 6 7 6 3
A X 88 85 28 87 86 88 89 92
5D, 2 2 3 ; 5 5 3 3
CV% 3 2 3 3 5 6 3 5
Nb 7 8 8 8 a 9 :
2 2 2 2 3 2 3 3
26 23 28 23 33 23 30 32
Ba X 877 845 899 821 866 #24 851 897
s.D. 33 23 34 20 21 36 45 29
TV 4 3 4 3 3 4 3 3

completely non-destructive: cortex-free obsidian
flakes and chunks were detached from geologic
samples and each was rinsed in distitled water to
remove any possible surface contaminants.

Laboratory Analysis: Results

Trace clement values generated for 80 samples
from cight sumpling locations appear in Table 1.

Examination of sample means and standard devi-
ations reveals that all eight siles contain obsidian
of remarkably uniform geochemical composition;
in facl, mean values for all cight of the best meas-
ured elements overlap at two sigma, Thus, there
is sound juslification for concluding that these eight
locations represent exposures of obsidian of the
same geochemical type. The values in Table 1 also
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are in very close agreement with those generated
on a small number of Obsidian Cliffs samples by
Skinner {1983: Appendix X). illustrating that non-
destructive quantitative EDXRF provides concen-
tration estimates congruent with those generated
using the destructive WDXRF technique.

The present study greatly expands the number
of minor, trace and rare earth element measure-
ments for Ohsidian Cliffs glass (from five in Skin-
ner’s study to eleven in Table 1 herein), and these
additional elements will likely he of assistance in
helping 1o distinguish between Obsidian CLiffs glass
and other obsidians which have similar Rb. Sr, and
Zr compositions (¢.g. Inman Creck Gravels, Group
B; Skinner 1983). The wrace clement data in Table
1 are quite different from artifact-quality obsidians
from the nearby Newberry Volcano (see Table 2;
ef. Macl.cod and Sherrod [1988: Table 1]) and
with the porphyritic microvesicular obsidians of the
South Sister in the Cascade Range (Macdonald el
al 1992: Appendix 1, [specimens 8-10], p.L70).
The geochemical contrasts among sources are illus-
traled in Figure 3 using a bivariate plot of Zr vs.
Sr abundance.

Discussion

Although  quantitative (values
reported in parts per million |ppm| and weight per-
cent |%] composition} are reported here for cleven
minor, trace and rare earth elements, not all ele-
menis are equally uscful in obsidian characteriza-

measurements

tion studies. The best elemenis to employ for
inter-source diserimination are those T term “di-
agnostic” (see also Hughes 1990)- those minor,
trace, and/or rare earth elements that are well-
measured by x-ray fluorescence, and whose con-
centrations show low variability within a source and
marked variability across sources. Diagnostic ele-
menls are those whose concentration values allow
one to draw Lhe clearest geochemical distinctions
between sources. In practice, the actual identifi-
calion of a diagnostic clement and suites of diag-
nostic clements is influenced not only by
instrument sensitivity and analytical technique
(e.g.. x-ray fluorescence vs. neutron activation), but
by the concentration of a particular clement in a
source under study.

TABLE 2. Trace element geochemistry of seven obsidians in the vieinity of the Newberry Voleano. Oregon. All values in parts

per million (ppm). except iron (Fe} expressed as I"(*;('}JI in weighl pereent; X

sample mean, 5.D. = sample standard

deviation, CV% = coefficient of variation (in percent). Five spevimens were analyzed from each source, except MeKay

Butte in=23).

Big Obsidian  Guame Hul Pumice Cone  North Flow East Lake

Element Flow (188-) (189 (191 {190-) {192-) McKay Butte  Quarlz Min.

Ti X 1350 1385 1416 1358 1475 1165 368
ST 52 b5 a6 65 70 48 31
CVo 4 4 A 5 > 4 6

Mn X i 455 400 447 166 387 376
S0 12 18 11 24 12 3 4
V% 2 4 2 5 3 1 |

Fesy' X 2.60 2.23 2.29 2,23 2.36 1.97 1.84
S.D. 03 06 {05 .09 .05 .01 .03
CVi% 2 3 2 1 2 2 2

Rb X 117 127 126 129 126 125 130
ST, 1 4] 3 7 4 5 5
CV% 1 5 3 i} 4 4 1

Sr X 53 60 39 5o 62 a9 6l
5.5, 2 A 1 3 3 2 2
V% 4 5 6 5 1 3 3

Y X 42 38 59 37 36 35 38
5.D. | 3 3 3 2 1 2
CV% 3 8 6 7 6 4 3

£r X 319 277 275 274 275 195 178
=D, 3 7 7 [} g a8 4
CV% 1 3 2 2 3 4 2
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Figure 3. Bivariale plot of Zr vs, Sr abundances i five major
Cascade Range obsidian source (chemical) types.
Plots made lrom raw data summarized in Tables 2
and 3 herein. excepl South Sister (data from Mae-
donald etal. 1992; Appendix 1, p. 128, specimens
8-10). Open squares represenl obsidian from the Big
Obsidian Flow, Newberry Yoleano: filled triangles
represent four source localities (Game Hul. Pumice
Cone, North, and East Lake Nows) in the Newberry
Yoleanos filled squares represent McKay Bulte: open
circles Quartz Mountain: and open triangles depirt
Obsidian Clills obsidian. Seuth Sister porphyrilic
microvesicular obsidian is represented on the dia-
gram by x svmbols.

For example, Sris in mest cases an extremely
useful trace element in obsidian sourcing studies
because it can be measured with good precision
using x-ray fluorescence analysis and its concen-
trations vary by several orders of magnitude across
sources (Jack and Carmichael 1969: 22: Vac-
donald et al. 1992: 103). Oceasionally, however,
Sr content may nol be diagnostic for glasses con-
taining = ca, 10-15 ppm hecause such concen-
trations are near the calibration-imposed detection
limits of x-ray fluorescence instrumentation (e.g.,

Dog Hill obsidian [Hughes 1986a: Table 2]). Tn

Volcanic

the Obsidian Cliffs case. Sris a diagnostic elemeni
since il oceurs in concentrations considerably
above detection limits, it varies markedly across
sources, and coefficients of variation (sce Hughes
1984) for all Obsidian Cliffs collection sites show
thal it is measured with precision, On the basis of
measurement precision {as monitored by CV%
values; Table 1), Ti. Mn, Fe;0;%, Rb, Y. Zr and
Ba also could be considered diagnostic elements.
Zn, Ga and Nb ppm concentrations also were
measured and reported for each collection loca-
tion, hut these clements are not considered diag-
nostic because they do not usually vary significantly
across obsidian sources (see Hughes 1982, 1984,
1986b}, und because coefficients of variation for
these three elements are much larger than those
of the remaining eight. Although Zn, Ga and Nb
were nol diagnostic clements in this particular
study. cach element has 1o be evaluated on a case-
by-case basis since it is clear that voleanic glasses
occur in which some of these (e.g., Nb in certain
Tdaho [Nelson 1984: Table 5. source #38], Ari-
zona [Jack 1971:Table 1] and New Mexico
[Hughes 1988hb] obsidians) and other elements
{e.g.. 3n in certain Peruvian ohsidian [Macdenald
elal, 1992: Appendix [. specimen 160]) can serve

in a diagnostic capacity.

Conclusions

There are several points that should he made with
regard to these geochemical findings. To the ex-
tent that this uniform minar, trace and rare carth
element profilc monitors underlying geochemical
homogeneity, it should now be possible to pursue
obsidian hydration studies to address questions
relating to the use-life history of the Obsidian Cliffs
source since the probability of intrasource heter-
ogeneity of sufficient magnitude to affect obsidian
hydration rale development now appears exceed-
ingly slight. Major and minor element composition
data to support thiz conclusion appear in Skinner
(1983: Appendix V11, Table VII-1). Likewise, the
geochemical uniformity across all toolstone-caliber
varielies of Obsidian Cliffs voleanic glass suggests,
as has been documented elsewhere in North
America (Griffin et al. 1969; Jackson 1974:
Hughes 1986h). that color of cbsidian (i.e. red vs.
black) carries little significance in provenance
studies. The present study underscores again that
there is na geochemical justification for the
presumption that, in Willamelte Valley sites, for
example, red obsidian must have been procured
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from sources to the east of the Cascades since it
couldn’t be oblained “locally™ (i.c., at Ohsidian
ClilTs or in its derived river gravels),

Finally, bevond their immediale geochemical
utility of contributing o the establishment of a com-
prehensive multi-element regional dala base for
Oregon obsidians te which archaeological artifacts
can be compared, these geochemical data prom-
ise to be pivotal in subsequent archaeological
studies; in particular those concerned with recon-
structing synchronic and diachronic aspects of pre-
historic procurement and conveyance syslems
(trade and exchange). studies focusing on change
and stability in prchistoric settlement subsistence
svstems and population mobility, and research
directed toward identifying funclional and temporal
variability in the obsidian tool production history

of the Obsidian Cliffs.
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