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lntroduction

L,ntil cluite lecently. obsklian studies have attractecl
little interest flom f)rcgon archacologists. Conse-
quentlv. studies in the state havc luggcd bchind
tirosc conducicd in Cali lornia uhere. i i rr  the last
t\ !o decades. archaeologists havc rcapcd the
beneli t- .  from thc partncrship ftrrged rvith geo-
chcmists. There archaeoiogists have emploved vol-
canic glass studics to in!esl igate (among other
topic-s) di l ierences in prehistoric social ranking.
prehistori t 'Lrade and exchange, ancl thc proclrrc-
t ion hjstorics of obsicl ian quarries. Despite this lag.
the archaeological potential lbr C)rcgon obsidian
studies is trul,v cxci l ing. sincc the state probabll
c()ntains as rnilnv artif:rct-qualitv sources of r.olcanic
glass as arc knorvn lrorn anv region of similar size
in Lhe world.

Hc,lever. belore the bencfi ts of obsir l ian
studics ( in this casc. geochernical " l ingerprint ing"

or "sourcing") can be accrued archacological ly, i t
is first necessarr to locatc and geochemicall-v
characlerize par-ent geologic soulces (and sourcc
tvpes). since i t  is to thc gcochcrnic al "proh1es." or
"f ingerprints." of these volcanic glasscs that rnea-
surements on archaeological art i lacts t i l l  be com-
paretl .  Despite thc init ial  skcpticism for obsidi:rn
studics lhat hrl lowed disclosure of mistakes in both
x-r:ry analvtical techniques and statistical tlassifi-
cations of obsit l iarr sorrrccs ancl aft i facls through-
oul Oregon (Sappington I98la,b; Tocpcl and
Sapping'ron l9{12; see Hughes 1984). subsequent
studies (c.g. Hughcs l9B6a. b; Sknner 198i3) hale
real ized some ol thc potcntid of such work. and
h.rr.c chartcd sorne pronrising research direct ions.
But belbre anv conlidence can be placcd in or-
thacological ap1)iL:ations of olisidian studies a solid

geochcnicul hrundation musl be establ ished.
grounded in analvses reported in intclnational)y
rccognized measurement units calibrated to inter-
national rock standards. I t  is only through adher
ence 1o analyticallv rifiorous standar-ds lhal
rcscarchcrs can begin to build a quantitatile data
base lor Oregon obsidians that can bc sharcd b,v
re!el lrcher' ! .r l  Ji I i t  r t  nt lr l , , ' "r lof ici .

Rer:ognizing this, the ultimatc goal of what has
corne lo be called "obsidian sourcing" rescarch
shoulcl scnc trvo crrmplementary pufposes- the ftst
principall,v geor&.emicrzl, thc sccond principall,v ar-
thaeolo6gcal. Fi-st it rs necessary to collect and ana-
lyze volcanic gla,sses and to dctcrminc r\,hethel an]'
gcu,l l  m i ,  .r l  ,  r  iJ, n, .  - , ,  i . t .  fnr irr trosource r ari .r '
Lilit,v among quarries. Havinpl accomplishcd thc
first strp, these baseJine geochemical data can be
ernplo,ved to inrcst;gatc archacological qucsLions
regarding the long term use-lifc history of obsid-
ian quarrics, prchistoric t lacle and enchange. and
mobility patterns. The research reportcd hcrc t'us
undefiaken to inrcstigatc only the firsL oI these t\vo

The Problems

The present studv is not thc f irst (scc Wil l ians

[94.X] for a geologic descript ion ol the f lorJ to
generate trace element data for Obsidian Cliffs vol-
canic glass but. compared to the geochernical and
archaeomelric attention deloted to the nearbv
Ncnbcrry Volcano (e.g. Laidlel '  and NIcKay I971:
Higgins 1973: Fricdman 1977; Macleocl ancl
Sherrod I9BB). research on thc Cli lTs is considcr-
abh lcss cxlcnsive and detai led. Despite the work
conducted ltl date. three problems remained which
requircd furthcr r-csearch. First.  geochcmical
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mcasurernents on obsicl ian from thc Cli l i i  (r \nLto-
nen 1972; S. Tlughcs 1983; -qkinner 191313) remain
unpublishecl and thc lcsults have not been l  idcl-v
di-.seminaLr:d. Scurnd. Obsidian (ilifl'-s gla-<s was
characLerized on thc basis oi an ertremelv snral l
nurnber ofanalvscs; Skinner (1983). for exarnplc.
reporlcrl analvses for onl,v live elr-'nrcnts on lbur
srnrplcs. but it t:rs mol allogethcr cic to t'hat eri-
tent these rneasurelrrrnls r-r:flccted the range ofge-
ochemical variabi l i tv in the soulce. ' fhird. arralvscs
underl:rlen Lo {lele \rcl-c csscntiallv d,estnLctirc: th
i - .  - u ,ne  I ' o r t i n r r  , , f  t 1 ' .  ; , , , 1 , , v i '  . pee i rnen  sa -
crushed and ground inlo a f inc pot 'der prior to
\ravrlcngth dispe rs ir  e r-rav f luorescence
(WD\RF: see Skinner 1983: Appendix V. p. 6)
and neutron acLivation rnl vsis. While this proce-
dule has a Lrng historv in gcochemistn. re(:ent ad-
vances in cornputer-l)ascd spcctnlm clecoD!oluLion
- r . I ' r ' , . r t i r r e -  Jnd  au t , ,m , r t i c  mr t r i r - , : l l e c t  t . r nec t i o r r

I ' r , ' y r . rm .  h . r r "  e r r r l , l ed  t l r o - .  . r r r 1 ,1 , , r i r r g  ,  r r ,  r g r
rJispcrsivc :<-ray lluorescence {liD\RF) on r.olcanic
glasscs to condud tbn-desutt(tite qlirntitative a:ral
lscs oi hoth geologic source samplcs and archaeo-
Iogical art i lacLs (see l lughcs 1986a. b: l9BBa. h).
Although tradit ional WDXRF anahsis is crpable
of dctr:ct ing sl ightl l -  lowel concenlrat ions of ccr
La;r l  elements than state ol-the-arL energv dispcr-
si\e inslfu m cntat ion, this ndvantage is offsct in
on:|uetioglnl ,rppLc:ations frecarrse porlions of ar-
l i facts arc srcri i icecl ( i .e..  grouncl into a porrder)
prior to WDXlt l '  anrlvsis (Skinner l9B3: Appen-
r l i r  IX .  p .  12 ,  l i :  see  a l so  \ e l son  [ 1984 :  2B j ) .
In l ight ofthc'closc comparison beL*een WDXRF.
ED\RF arrd neulron lct ivat ion measlrements on
obsidian from lhe sarn{r sourccs (see Hughes 19114:
Table l l :  1986b: Tablc 4; 19BBa: T:rble I I :  Hughcs
ancl \elson 1987: Table l)  and archaeologl. 's cr-

I ' l i r  i t  ,  ,  '  r  r  -  .  r  r  .  r  t  i  ,  ,  r  r  ,  t l r i ,  .  i t  - " "m" ,  I  r n , , - t  r g ' 1 , ru1 , r i -
ate k) e\lend thc non-dcstmctire rnethrxl ofanalvsi,.
to Oreplon obsidians-spccif ical lv. to the Obsicl ial
( l l i l i is (see :r lso Hughcs J9B6a).

Field Reconnaissance and Collection

( |bsidian sorrrcc spccimens were obtained frorn l2
oulcrops aL, and adjacent to. Obsidian Cli f is (scr:
! ' igures I anrJ 2). Obsenations were rnade dLrring
thc lield reconnaissarrre phasc rcgarding the qual-
i t r  , , l  u l ^ i d i , r n  . r l  ea ,  l r  , . .  r r l r - n , ,  .  r . r r i r r t i un -  i n
glass tcxhre and color and. in parlicular. er.idence
1br prehistolic utilization at cach location. Although
some el idence l ir 'prehistoric qualrving i ! 'as oh-

serrcd rt  1 l  l2 local i t ies. lhe intcnsitv ofsuch ac-
t ivi t ics (bascd on . lual i tal ive imJrrcssions of the
:rmount of quarrv-t'orkshop deblis on thc surface)
r.lrricd considerablv across collection siLes. The
field col lcct ion phase uas designcd lo obtain sam,
ples spanning thc ful l  range ofvisual , ,ar ict ics ( i .e..
colof-r and le\ lurc rariat ions) in Lhe hope that, i I
macroscollic \ ariation * as encocled geochemicalJv,
i t  might be possible to idcnti iv subtle inrrasourcc
dist inct ions. Red-ancl-black mott lcd obsidian was
r n l l - , t - , 1  h u m . u r  / r - r i / r /  o , 1 u r r r r , - . r t  . r  p l o m i -
nence along the $'estern margin of the Obsidian
Cliffs flol (loc:rtion i106. src Figurc l). nhile rna-
hoHanv colored variet ies wer-e obscrved and col-
lectcrl  at locations 771,779 and 789 and 7148.
l)espite a prcviouslv reported occurrcncc of red
obsidian aL OLsidian Cli f ls {C. Sl inner. pcrs.
cornm.). lhc prc\.ai l ing conlention among local ar-
chaeolopfsts has been that glass ol red or red-anrl-
black phvsical lppearance must havc bccn con-
veved liom sourccs to the east ofthe Cascaclcs (c.g.
Cluss Buttes) where red obsidiuns are well-knor,in
(C. Davis. pers. comm.).

The choicc olparlicular site crrllec{ions for sub
scquerlt €ieochemical analr'sis t'as inlluenced by
the prc'c cding factols and bv the areal cxtcnt nnd
abundance of observed quarrw-t 'orLshop debris.
Lacking any clear unclerstanding of thc production
history oi thc Obsidian Cli l ls quarries ( i .c.,  hot '
long thev were usr:d, what kinds oi prehistoric:
nanulicturing attivities r!erc undcfiaken at each.
rr;helher or rroL thcir usc-life hi-"tories hacl changccl
through t ime). i t  seemed acl, ' isablc to focus init ial
research elforls on thc quarries (sites) which had
thc greatest surl;ce clerrsitics of arlifact manufac-
turing dcbris on the assumption that such densi-
t ies could scnc as general indic,ators of the
irnportance nf cacfi source in the past. Consc-
qrrcntlv, of the trr'elve collecting lrrcations, samples
l iom eiglrt  (rros. 7 7 4. 7 7 5. 7 7 7, 7 7 B, 7 82. 7 I  06 "
7138. and 7148 on Figure 2) were latcr subjected
to x-rav lluorcsccncc analvsis.

Laboratory Analysis: Methods

Laboralorv in\,est igations vcre performed on a
Spcctracc"* 5000 (Tracor X-ray) cncrgy clispersive
x-rav lluorescenoe sfcclrometer equipped r,rith a
rhodium (Rh) x-r 'av t lrbe. a 5O kV r-ray gelr:r.r ,
tor. ancl a Si(Li) solid statc detector with 150 c\r
rcsolut ion (FWHN{) at 5.9 kcV in a 30 mm2 area.
Thc x-nw tube l'as operated aL 30.0 kV. 0.30 mA.
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Figure L Aerial lieir ro sorrth,ast acn,ss Lhr: Ohsirlirn Ulills llo\L (lo$ef leli in phoro). with Colier Cone and th.i \,)fLh Sin.r if
bockground.  Ar ron  spec i l ies  the  re i r i r iu i  o l  th t  l lo { .  shn , l ,  ,o rh i )onds  $ i rh  o l lec t ion  locar ion  i106 o !  F isur .  2 .

using r 0.127 mnr I lh primarr beam l i l ter in an
air path at 200 scconcls livctimc to fienerate )i-rav
intensitv dala lor elemr:nts Zn (Ko). Gt (Kcv.|. llb
(KoJ. Sr'(Ka). Y (Ko). Zr (Krr).  and Nb (Ka). Ti
(K(1). Nln (Kcr). dnd total iron (!'ezo.r) inlensities
rrere gener:rted br opefaling lhe \-fav tLrbc aL 15.0
k\. O.i l0 rnA. t i th a 0.127 rnrn ulurninum (All  l i l -
lcr in an air path.rt  200 seconds l ivet ime. r,hi le
Ba (Kcrl intensities rlefe generalcd b! opcratin€r thc
r-rrv tube at 50.0 kV. 0.35 mA. *iLh a O.6iJ mrrr
copper (CLr) filtcr at 300 srconds li\.etime. 

'lrace

elemenL intensilics \rcrc con\.cr1cd to concentration
estimates bl elnploving a lcast-squarcs cal ibrat ion
line establishecl lbl each element lrom analvsis o{
up to 25 intcrnational rocl sl:rndards ceflified bv
the l .S. Gcological Suncy. thc L.S. National In-
stitutc of Standards :rnd Technolopy. the Ceologi-
cal Sunev ofJapan. and the Centrc dc Rcchcrchcs
Petrlgraphiqucs ct Ct'ochinriques (l'rance). !'urtlrer
details pertaining to r-ral tube operaling conditions,
calibration dnd clcmcnt-specilic delec{ion limits al)-
pear in Hughes ( l9t l{ :}a). Thc r-rav analvses lere

iX
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crrnpletel l  non destnlct ivcl cortcr-free obsicl ian
llakes and chunks \{ere clctachccl from geologir:
semples and each n'as l inst ld in dist i l led rvater to
fpmu \ .  Jn \  1 ' ^ s i l , 1 .  - r r r f . r ,  e  , , ' n l r n r i r r r t r l - .

Laboratory Analysis: Results

Tracc clcmcnt valLres generated lbr B0 samplcs
from cight sarnpl ing locations appear in Tablc 1.

Examination of sample means and stanclard devi-

ations reveals that all cight sites contain obsidian

of lemarkablv uni lbrm gcochcmical comlxrsit ion:

in fact, mean valucs for ull cight of the best nleas-

ured elements o\.erlap at t$o sigma. Thus. there

is sound jusLification 1br concluding that thcsc cight

loc: l t ions leprcscnl cxposures of obsidian of the

same geochemical tvpe. Thc valucs in Table I also

Volcanic Cllss from the Ohsidian Oliff-s I'lon, Oregon 203



are in verv closc a€gccmcnt rr i th those generaled
on a srnall numbcr of Obsidian (iliIIi samples b,r
SLinner (1983: Appen(l ix X)" i l lustrat ing that non
destruci ive quanli lat ir 'e EDXRF prol idcs conccn-
trat ion estirnates congruenl \ f iLh those generaled
using thc clestmctive VD\Rl '  technique.

' l 'he 
present studr pareal lv rxpands thc numbcr

ol minor. trace and rare earlh clcmcnt mtasurc-
ments 1br Obsiclian Cliffs glass (irorn fivc in Skin-
ncr's studv to eleven in Table I herein). anrJ thrse
additional clonents rdll likelv be of assistance in
hclping to clistinguish bctncen Obsidian Cliflis gla-"s
and oLhcl obsidiarrs thich have sirnilar llb. Sr. :rnd
Zr composit ions (c.g. Tnrnan Crcck Cravels. Group
B; -slinner 198i3). The tract clcmcnt clata in 

'l 
able

I :xe quite dif ferent f lom art i fact-qLral i t l  obsicl ians
from thc ncarb_v \ewberlv Volcano (see TabJe 2:
ci.  N{acl corl  and Shcrrod [988: l 'able l ])  and
l i th the polphvri t ic microresit 'ular obsidians ofthc
-South Sistcr in the Ca,.cade Range (Nlacdonalcl eL
al 1992: Appcndir l .  [ , .pecimens B'I0].  p.17{)).
The geochrmical contlusts among sources are illu-q-
tratecl in Figurc 3 Lrsirrg a bivariate plot of Zr vs.
Sr abundance.

Discussion

,{ l though quanti tat ir 'c mcasurcments (values
feported in parts pcr million [ppm] and teight per-
cent [0/o] composition) ar-e reported hcr-c for cleven
minor. t lacc and rale earth elements. nut al l  ele-
menls are eqLral lv uscful in obsidian charactedza-
t ion studies. The besl elcmcnts to cmplov lbr
intcr'-source discrimination ale those J term ''di-

agnostic" (scc also Hughcs 1990)- those minc,r.
trace, and/or rare earth elemenls that arc wcl l-
measured bv x-rav f luorcscence. aDd $,hose con-
centrations show low variabilitv r.titlia a sourcc and
rnarkcci variabilitv tucrors sources. Diagnostic elc-
rnents arc lhosc lthosc concentration values allow
one to draw the dearest gcochcmical dist inct ions
between soulces. In practice. lhe actual ;dcnti f i -
caLion of a diagnostic clcmcnt and suites ol diag-
nostic clcmcnts is inl luenced not onlv b,v
instrurnent sensit ivi ty and analvt ical techniquc
(e.g.. r-ral fluorcscence vs. ncuhon activation), but
b,v the concenhation ol a parLicular clcmcnt in a
source undcr stuclv,

T{BLE2.  Trace r lu rcnr  gdnh in i i s t r r  o is i \ c f  o l )s id ians  in  the  r i c in i r r  o f  rhe  Newbern  \ ro l .a ro .  Oregr r r .  A l l  rah ,s  in  pa l rs
per million (ppn). except iror (!e) .\t,hiss..l ds li.ror in $.ishr pi,Ranr; \- :-.u.pl" n,""n, S.D. = -.ahdc sta,;lanl
d{liltion. C\ 0/o : coefficient oflariatnD (nr perert). l,i!,r st(r i,ri,ns $cr lndlvzed ILom erLch source, excepr 1\lcKar
Bur re  an :  l J ) .
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Figure  :J .  Bnar ia r i ,  t , lo r  o l  Z r  rs .  Sr  ahurdakcs  i r  l i r c  r rapr
(  ascrde  I t rnge o l ,s r l in , ,  s , , !Rc  ichemicr l )  t \ tes .
P lo ls  me, lc  l ronr  r r \ r  da ta  s r rnDar iz l l  in  Trb  es  2
und i3 hereiri. crceq,L S0urh Sisrcr {dNtr from l'h.-
d o n r l , l . t r l .  l ( r 9 2 :  ̂ p p e r d i r  1 . 1 , .  l 2 B . s r r r i , f c n s

8 l0l. qrer squares Fl,r1.s.nt obsi,lid Irom rhe Bis
Obs ic l ia r r  l lo r .  \ r .wbcr r r  \  o lcano:  f i l l ed  t r ia rg lc "
r rp r  r : * : r t  l i , r r  ru rce  locaL i i ie r  (Canr  Hur -  P !micc

Cone.  \o r th .  and Las t  l -ak  l lovs)  i r  the  Nenbern
\ ol.u,,; l; .,1 {rrures fepresent lI.Kr\ BL,Lt(ii ,)r! f

c i rc les  Quar tz  \ lounLa i r r  anrJ  opor  t r iung les  dep i r t
Ohsd i ! , i  C l i l l s  obs  ian .  South  -q is i . r  r ! ) r r )h r r i r i (
n r lc fo \es icu la r , ,bs id ia , ,  i s  n l rsen te i l  on  the  d ia
gran  l , r  r  s ' r rbo ls .

For e-rarnple. Sr is in rnost c:rses an e\tferncl l
uselul t lace element in obsidian sourcing studies
bccause it c:rn be rneasLrrcd l,".ith good precision
using r-rav lluorescence analvsis ancl lts concen-
lfalions vitn' by several or-dcrs of nragnitude across
soulces (Jack and Carmichael 1969: 22; \ ' lac
donald et al.  J992: 103). Occasional l ,- .  l rrxlcvcr,
,Sr crontcnt mav noL be rJiagnostic ibr Edlsses con-
taining < ca. 10-15 ppm ber'ause such concrn
tliltions are near lhc calibration imposed delcction
l imits ol r-rar f luorcsccncc instmrnental ion (e.g..

Dog Hil l  obsidian IILrghcs 1986a: Table 2] i .  Tn

thc Obsidian Cli i l ls case. -(r is a diugnostic element
since i l  occLl ls in coi lcentrat ions consider:rbi,v
obove detection l i rr i ts. i t  r .aries markedlv across
sourcs. and coei l icients of r,ariat ion (scc Hughes
l9B.l) 1br al l  Obsidian Cli f fs col lect ion sites shor,;
thal it is nrcasurccl r,".ith precision. On thc basi-r ol
lneasuremert prccision (as rnoni lor-ecl bv CVlo
lalues; ' l 'able I).  Ti.  NIn, Fe,,O.L, Rb. Y. Zr and
Ba also could be ct)nsiderrd diagnostic eiements.
Zn. Ga and \b ppm concentr-at ions also r,".ere
mcasurecl and reported for cach collection Lrca-
t ior. but thcsc clcments are not consir lcrcd cl iag-
nostic because the;- do not usulllv valv significantlv
acnrss obsicl ian sources (see Hughcs l982. 198.1.
l986b). and bccause coefl icienLs of rariut ion for
these thfee elements i trc ntuch lafger Lhan lhosc
of thc rem:rinirrg eighL. Although Zn, Ca and Nb
were noL diagnosti( :  clcments in this pa|t icular
studv. cach clcment has to be evaluatcd on a ca-(e,
br-casc basis since it i-q dear that volcanic glasses
ocr:ur in wir ich somc ol drese (e.g.. Nb irr ccrtain
Tclaho [Nelson 198,,tr :  Tablc 5. source #l3B], -{r i-
zona [Jack 1971:Table l ]  ancl Ncrl  Nlexico

[Hughe-s 19BBb] rf isidiansi and other elernenls
(e.g.. Sn in ccnain Peruvi:rn obsidian IMacdonald
ct al.  1992: Appendi-r 1. specimcn 1601) can sene
in a diagnosLic cap:rcitv.

Conclusions
' l 'here 

ar-e srrcral points that shoulci be nraclc with
regard to these geochernical f indings. ' Io the ex-
tent that this unif irrrr minor. trace and rarc c;rrth
element prof i lc moniton underlr- ing geocncmrcd
homogcneity, i t  should rrot bc possible to pursue
o h - i d i a n  l r r , l l r t i L r n  s t r r J i , .  t o  . r d d r - - - , t r r - - t i , , r r s
ltlating to the use-liie historv of thc Obsidian (lliills

-source sincc thc probrbi l i tv ol i rr trasourcc heter-
ogcncitv ol sulf icienL magnitLrclc to ai lect obsidiarr
hvdration ralc dcvclopment non' appears crcccd-
i ngh  J i sh l .  \ l r r i , , r ' . . ' r ' d  r n i n " r  - l - r ncn t  l um l ' u - i t i o r r
data to -cupporl this contlLrsion appear in Skinrrer
(1983: Alrpendir ! l l .  l 'able \rI I-  L). Likewisc" thc
gcochemical uniformilv across all toolstone<aliLer
variet ies of Obsidian ( i l i f i .s volcanic giass suggests.
as lr t ls been drxrurrcntct l  elserhere in North
Arnerica (Gri i f in et al.  I969; Jackson 1974:
Hughes 19{i6b). Lhat t ,olor of obsidian tr.e. reo\s.
black) carr ies l i t t lc signif icarce in provenancc
studies. Thc pr-csrnt study undefscores again that
lhcrc is no gerx'hemical justification fir the
pfesumption thrt.  in [ ' i l lan]el le Val lcv sitcs. lbr
e\ample. red obsidian must h:rve heen procLrrcd

\olcanic Olass fron thc Obsidian OJiffs Flor. Orcgon 2O5



l iom sourccs to the east of the Cascaclcs since i t
coLrldn't  be obLrined ' local lv" ( i .c.,  at Obsidian
( l l i f i .  , , r  i n  i t -  d . r i v  J  r i r e l  g r r r - i - r .

Final lv. bevond thcir i rnmediaLr gcochemical
utiJitv of contributing L(r Lhc cstablishment of a com-
prehensirc rnult i-elelncnt regional tJata base lor
Oregon obsidians to rvhich archaeologic. a ifads
(an bc compared. thcse geochernic{l  dat:r prorn-
ise to bc pirotai in subsequerrt archaeological
studies: in part icular thosc concerned l i th recon-
stmcting svnchronic and diachronic asperts oI pre
hisloric prot 'urcmcrlt  and c()nr.cvaDce svsLcms
(tradc and exchangc). studies focusing on charrgc
and stabi l i tv in prchistor. ic serr lcrncnt subsislencc
svslens and populat ion rnobi l i tv. ancl research
direr,terl toward identili,ing funcLional and temporal
val iabi l i tv in the obsidian tool producrion histon'
oi thc 0bsicl ian Cli l1s.
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