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Obsidian studies play an dnrcgral port in archacology around the world, paiticularly in the
Amcricas, but fow archaeologists have cinploved obsidini studics to understand Notive
Americon life at bistorical archacological sites. Yet, obsidian sourcing and Iivdration analy-
sis can provide critical insinhts into site chronology and wuse, lithic vecveling, and procire-
ment and trade ot contact and coloninl sitcs. Obsidinn geocheniical sourcing and vdration
analvses of o 19th-century rancho site in northern Californin have revenled new informa-
tion onr Native Americons who lnbored there in the second quarter of the 19th century. The
obsidion data indicote o significant amnount of lithic inanufocture and use, o change in
obsidian procurement i the 1800s, and an unprecedented number of obsidian sources rep-
resented on-site. The immplications for general obsidian studics, as well as for regional
archacologicnl issues, coneern the problems with populnr sourcing methods in northern Cali-
[fornin and the need to vevisit current understandings of the fivst micron of vdration 1im

developiment.

Introduction

The sourcing and dating of obsidian artifacts contribute
greatly to archacology in Mesoamerica, the Mediterranean,
the Pacific, and North America. Although many archacol-
ogists in North America, parricularly those working in the
Southwest, California, and the Great Basin, study obsidi-
an artifacts for information about pre-contact chronology
and sourcing, very few archacologists working in historical
periods have contributed to or made use of obsidian stud-
ies. This absence is noteworthy given the otherwise bur-
geoning contact and colonial-period research in obsidian-
rich areas of the world. California is a case in point. Fifteen
vears ago, Thomas Origer claimed that his laboratory in
California had, since 1978, “processed more than 10,000
obsidian artifacts from archacological contexts in the Unit-
ed States and abroad, vet only a handful of specimens (a
few dozen) have hydration bands measuring less than one
micron™ (Origer 1989: 70). Little has changed since then
n our understanding of the one-micron range that fre-
quently indicates a relatively recent age. The lack of data for
these recent periods s not because obsidian artifacts do not
exist at historical sites or because there is a dearth of such
sites, but rather becausce archacologists working on contact
and colonial sites tend not to appreciate their potential use-
fulness.

The uscfulness of obsidian studies for historical archae-
ology is outlined here. Obsidian studies do not offer a sim-
ple, straightforward set of data, particularly since contro-
versy surrounds the eftecriveness and utility of obsidian-
hydration dating (¢.g., Anovitz ct al. 1999; Ridings 1996),
but they do provide data usetul for refining archacological
interpretations of post-contact and colonial sites. My argu-
ment is that obsidian sourcing and hvdration can provide
information on site chronology, stone tool recveling, and
lithic procurement and trade for historical sites with Native
American residents. Although prehistorians routinely use
obsidian artifacts for the same issues, historical archacolo-
gists have engaged only minimally with obsidian studies.

I begin with a brief outline of methodological issues in
obsidian studies at historical sites and follow with a case
study of a 19th-century site in northern Calitornia, known
as CA-Son-2294/H in the Petaluma Adobe State Historic
Park north of San Francisco, which illustrates the effective-
ness of obsidian studies using a combination of original en-
ergy-dispersive x-rav fluorescence (EDXRF) and obsidian-
hvdration analvses. In addition to demonstrating the usc-
fulness of obsidian studies for unraveling some details of
indigenous involvement in colonial worlds, the results are
also significant for analvtical methods in American west
coast archacology and for archacological obsidian studies
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as a whole. A final section takes up these implications and
ofters a challenge to sourcing methods in California.

Obsidian Studies and Historical Archaeology

Virtually all obsidian studies involve cither the sourcing
of obsidian artifacts and raw material to a geographical or
geological source using analvtical chemistry or macroscop-
ic visual inspection, or the dating of obsidian artifacts in
relative or absolute terms by measuring the width of the
hvdration rim that forms on an exposed surface over time.
Frequently, archacologists pursue these eftorts simultane-
ouslv to increase the reliability of archacological interpre-
tation and archacometric results. In place of detailed tech-
nical summaries of obsidian sourcing and dating, T turn in-
stead to a general outline of the applicability of obsidian
studies to contact and colonial sites. I do not ofter obsidi-
an studies as unproblematic and unambiguous for histori-
cal sites, but T do show how obsidian data can provide
complementary results for historical archacology and, si-
multancously, how the application of obsidian analyses in
historical contexts can benefit broader archacological ob-
sidian studics.

Site Chronology

The obsidian-hvdration technique entails measurement
of the water absorption band that forms on an exposed ob-
sidian surface and grows as a function of time and cnvi-
ronmental factors (Freter 1993; Friedman and Smith
1960; Michels and Tsong 1980). Although manyv have
grave concerns about obsidian-hydration as a rehable dat-
ing technique (Anovitz ct al. 1999; Ridings 1996), recent
applications in Mesoamerica (Evans and Freter 1996,
Freter 1992, 1993; Webster, Freter, and Rue 1993), the
western United States (Hull 2001), and the Pacific (Am-
brose 1998, Stevenson et al. 1996) demonstrare the con-
ninued viability of obsidian-hvdration analvsis for tackling
archacological problems, it used carcfully. Significant
strides have also been made in the last 20 vears in deriving
source-specific rates from empirical studies of indepen-
dentlv-dated archacological materials (Bettinger 1989,
Hall and Jackson 1989) and in studving hvdration rate for-
mulas and source comparisons from experimental studies
of induced hvdration (Mazer et al. 1991; Stevenson and
Scheetz 1989; Stevenson, Carpenter, and Scheetz 1989,
Stevenson, Mazer, and Scheetz 1998; Tremaine 1989).

Prehistorians regularly use obsidian-hydration dating,
particularly in western North America, to refine site and re-
gional chronologies and, when coupled with obsidian
sourcing, to investigate changes in site use, mobility pat-
terns, and trade relations (e.g., Byram 1995). In California,
obsidian-hvdration dating has proven to be a useful ar-

chacomctric tool (Ericson 1989; Hall and Jackson 1989;
Hull 2001; Origer 1987; Origer and Wickstrom 1982).
These studices frequently occur separately trom, but draw
on, cfforts to geochemically characterize obsidian sources
and artifacts. Archacologists rarely use obsidian-hydration
dating in the American Southwest because more precise
chronological methods are available, but obsidian sourcing
is common (Glascock, Kunselman, and Woltman 1999;
Shackley 1988, 1995; Stevenson and Klimkiewicz 1990).
Applications of obsidian-hvdration dating at colonial
and post-contact sites are few, however. Only a handful of
studies in California have used it to refine issues of site
chronology in historical periods (Lavton 1990; Lighttoot
and Silliman 1997; Lightfootr, Wake, and Schitt 1991).
One reason for its infrequency in archacological studies of
post-contact sites can be attributed to the assumption that
obsidian-hvdration dating is too imprecise when compared
to dating based on historical archives and colonial mass-
produced artifacts. Few would disagree with this assess-
ment, but archacologists are making headway in tightening
the resolution of obsidian-hvdration dating (Ambrosc
1998; Stevenson, Gottesman, and Macko 2000).
Although obsidian-hvdration analysis does not offer a
methodological panacea, obsidian-hvdration dating can
address chronological issues in the historic period in three
wavs. First, obsidian-hvdration data can aid in the dating
of lithic artifacts at colonial and contact sites with poten-
tially mixed stratigraphic deposits, which is particularly im-
portant in open-air sites m the American West affected by
bioturbation, deflation, agricultural activities, and other
post-depositional processes. Second, obsidian-hvdration
can address questions of lithic recveling and the attendant
impacts on chronological and behavioral interpretation.
Insightful applications of obsidian-hvdration dating to the
recveling question have been offered in the literature on
pre-contact sites (Michels 1969; Rondeau 1997; Wacechter
and Origer 1993), but few have considered it in historical
cases. One exeeption 1s Lightfoot and Silliman’s (1997)
case of the 19th-century Russian sertlement of Ross on
California’s north coast, where the predominantly pre-con-
tact dates of obsidian artifacts within 19th-century lavers
are as much, if not more, duc to lithic scavenging as to bio-
turbation or mixed stratigraphic deposits. Obsidian-hvdra-
tion analysis indicated that indigenous residents lost some
trade relations necessary for acquiring fresh obsidian raw
material (Lightfoot, Wake, and Schift’ 1991: 116) and
turned to the site’s earlier deposits as a lithic resource
(Lighttoot and Silliman 1997: 352). Third, some histori-
cal sites associated with Native Americans may have few
documents or mass-produced colonial goods uscful for
dating. Without obsidian-hvdration dates, archacologists
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Figure 1. Map of northern California.

may wrongly label historical sites or obsidian artifacts in
multi-component sites as “prehistoric.” Since many archae-
ologists wrongly assume that contact with Europeans uni-
formly resulted in a loss of access to obsidian for Native

1\ Berkeley

San Jose.

Y
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Americans or a replacement of lithic materials with metal,
it is likely that the simplistic attribution to prehistory of
metal-, ceramic-, or glass-free sites in the American West is
common. In California, farming out lithic artifacts on
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Figure 2. Plan of CA-Son-363/H (cxtant structures) and the Native
American living arca (CA-Son-2294/H) in Peraluma Adobe State
Historic Park.

clearly colonial sites to pre-contact specialists exacerbates
the problem. Obsidian-hydration dating can help replace
assumptions with empirical assessments, especially since it
is clear that Native groups were highly variable in whether
or not and how they altered their lithic practices (e.g.,
Cobb 2003).

Procurcment and Trade

Obsidian sourcing studices are well suited to tracing pat-
terns of lithic procurement, trade, mobility, and popula-
tion migration, particularly when coupled with obsidian-
hvdration or other dating methods. Care must be exer-
cised, however, to avoid uncritically conflating geological,
geochemical, and archacological “sources.” as outlined by
Hughes (1998). Good examples of sourcing rescarch de-
rive from pre-contact archaeology in the American South-
west (Roth 2000; Shacklev 1992, 1998b) and California
(Bouev and Basgall 1984; Ecrkens and Rosenthal 2004
Jackson 1986, 1989). The few archacologists who trace
similar changes in historical periods in California have fo-
cused on indigenous workers at Russian Fort Ross on the
north coast (Farris 1989: 492; Lighttoot, Wake, and Schiff
1991: 116), on Native American sites in the near-coastal
northwestern region (Lavton 1990), on Native workers at
a Mexican-Californian rancho north of San Francisco Bay
(Silliman 2003, 2004), and on California Indian residents
at the Spanish Mission Santa Cruz near Monterev (Allen
1998: 82). Tracing changes in obsidian procurement and
trade from pre-contact to colonial times reveals how ex-
change relations shifted, how procurement diminished or
ntensified, and how people altered or held to mobility pat-
terns across changing landscapes of colonial western North
Amcrica.

Obsidian Use in 19th-Century California

To illustrate the usetulness of obsidian studies for con-
tact and colonial studies, I turn to a case study in northern
California. Since my purpose is not to relate the historical
and archacological specifics that have been detailed clse-
where (Silliman 2000a, 2004), the background presenta-
tion is briet. The site of interest is associated with the 19th-
century Rancho Petaluma, a 270 sq km Mexican-Californ-
ian rancho owned by Mariano Guadalupe Vallejo and situ-
ated just north of San Francisco Bay (F1G. 1). This rancho
was established in 1834, but was in scrious decline by 1850
tfollowing the annexation of California by the United States
two vears previously. At its peak, the rancho had 600-1000
hunter-gatherers and missionized Indians from several lan-
guage groups and regional communities who provided al-
most all labor relating to livestock, agricultural production,
and manufacturing. Native individuals labored at ranchos
for a vartety of reasons, ranging from indebtedness and
force to volition and incorporation into scasonal rounds
(Silliman 2004).

Currently, Rancho Petaluma is partiallv protected by the
roughly 17-ha Petaluma Adobe State Historic Park in
Sonoma County (FIG. 2). These state lands have been the
focus of intermittent archacological rescarch over the last
40 vears with a recent attempt to document Native Amer-
ican activity since historical documents had provided only
incomplete views (Silliman 2004). The effort successtully
discovered a Native living area approximately 120 m cast
of the main colonial building, the Petaluma Adobe. The
site, CA-Son-2294/H, contains a dense midden along the
cast bank of the stream and a collection of pit features,
refuse dumps, and general artifact scatter approximately
15-25 m cast of the midden. The excavated portions of the
site, or approximately 50 sq m, contained almost 3000
glass shards, more than 1000 glass beads, a comparable
number of metal artifacts, over 300 ceramic sherds, and
less than 25 examples cach of roof tile fragments, clay pipe
picces, and buttons. The colonial artifacts co-occurred with
“traditional” Native artifacts: approximately 1300 obsidi-
an artifacts, almost 1200 microcrystalline silicate (mostly
chert) artifacts, over 500 picces of other chipped stone, 25
ground stones and fragments, and scveral worked bone ar-
tifacts and clamshell disk beads. Faunal and floral remains
show a wide variety of wild plant and animal species as well
as introduced livestock and crops (Silliman 2004). Of par-
ticular interest is the association of lithic artitacts with all
other artifactual and ecofactual material. The consistent as-
sociation demonstrates the continuity of stone tool tech-
nology into the 19th century (Silliman 2003), and in what
follows, I focus on the obsidian artifacts and their unique
contribution to the interpretation of the site.
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Table 1. Obsidian source trequency and rounded percentage for analyzed artifacts
having undergone energy-dispersive x-rav fluorescence (EDXRF) and obsidian-

hvdration (OH) analysis.

Effective Effictive
Souree EDXRF n EDXRF % OH n OH % OH" n OH %
Annadcl 106 44.4 57 37.7 40 36.0
Borax Lake 1 0.4 1 0.7 1 0.9
Franz Valley 6 25 3 2.0 2 1.8
Mt. Konocti 1 0.4 1 0.7 1 0.9
Napa Vallev 107 44.8 73 48.3 55 49.5
Oakmont 11 4.6 10 6.6 8 7.2
Unknown 1 1 0.4 1 0.7 0 0
Unknown 2 2 0.8 1 0.7 1 0.9
Unknown 3 2 0.8 2 1.3 2 1.8
Unknown 4 2 0.8 2 1.3 1 0.9
Tortal 239 100 151 100 111 99.9
* Excludes all “no visible hvdration” (n = 38) and “diffuse™ (n = 2) readings.

Obsidian Sourcing

Methods

Of the 1303 obsidian artifacts recovered during excava-
tion, 239 (18.3%) were geochemically characterized with
a subsample of 151 submitted for obsidian-hydration
analysis (TABLE 1). Heeding published advice (e.g., Freter
1993: 299), sampling of the original collection was de-
signed so that contexts would not be preferentially select-
ed in wavs that might bias the sourcing or dating eftorts.
Within this broad protocol, artifacts were sampled from
multiple units across the site from both general midden de-
posits and specific pit and refuse features. These samples
derived from contexts both near the surface and up to 50
cm below the surface, from both arbitrary levels excavated
into undifferentiated alluvium and stratigraphically distinet
features, and from both bioturbated sediments and intact
deposits. The protocol also sought to represent each of the
five major excavation loci in the sourced collection, but
care was exercised to improve the representation of well-
defined contexts such as small pit features and refuse piles
over undifferentiated arbitrary levels. The sample included
formal tools and tool fragments, cores, flakes, and other
debitage in order to cover the entire range of lithic tech-
nology, but the tools are intentionally over-represented in
the sourced collection relative to their frequency in the en-
tire obsidian subassemblage.

The EDXREF analvsis was performed on the Rancho
Petaluma obsidian sample in the Department of Geology
and Geophvsics at the University of California, Berkeley,
with standard instrumentation (Silliman 2000a: appendix
B). The international RGM-1 standard for rhyolite was in-
cluded in every analytical run to insure proper machine cal-
ibration based on concentration values reported in Govin-
daraju (1989), and all runs demonstrated statistically iden-

tical values to that standard. Sources were assigned by
comparing quantitative data to the clemental profiles re-
ported for published sources in Nw California (Jackson
1986, 1989), NE California (Hamusck-McGann 1995;
Hughes 1986a), castern California (Davis et al. 1998:
table 7.3; Hughes 1988, 1989, 1994), southern California
(Hughes 1986b; Shackley 1994), Oregon and Washington
(Ambroz, Glascock, and Skinner 2001; Skinner 1983),
and ncarby regions (c.g., Hughes 1990; Nelson 1984;
Shacklev 1995).

All source assignments were made with a combined use
of raw part-per-million (ppm) inspection, bivariate cle-
ment plots, and clement ratios. Archacologists have
demonstrated the elegance of multivariate statistics for ob-
sidian source characterization and assignment (Bishop and
Neff 1989; Braswell and Glascock 1998; Glascock,
Braswell, and Cobean 1998), and were I characterizing ac-
tual sources through controlled samples, I would have opt-
ed for such treatments. Echoing Baxter (1992), “[i]t is
clear that in many cases the bivariate plots may be a more
accurate reflection of source heterogeneity, as well as a bet-
ter media for source assignment” (Shacklev 1998a: 13).
Fortunately, the known obsidian sources in northern Cali-
fornia can be identified reliably through bivariate plots and
ratios of rubidium (Rb), strontium (Sr), and zirconium
(Zr) ppm concentrations. Using ratios is an acceptable
complementary method of source assignment as long as
raw values are monitored to insure that other sources with
similar element ratios, but different absolute parts-per-mil-
lion (ppm) values, are not classified incorrectly (Hughes
1998: 107). Ratios also help to control for uniformly-re-
duced element concentrations that may occur with obsidi-
an samples that approach or fall below the minimum size
requircments of analyzed samples, as outlined by Davis
and her colleagues (1998).
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Table 2. Summary statistics of select ¢lement concentrations in parts-per-million for sourced artitacts. Values in parenthesis are ranges.

Annadel, n=1006 Borax Lake, n=1 Eranz Valley, n=0 Mt. Konocti, n=1 Napa Vallev, n=107 Oakmont, n=11

Element u a u 54 “ o u o u a u o

Ti 1365.6  184.6 604.8 - 1417.0 57.8 18358 - 837.7 161.5 1186.5 130.8
(1042.1-2045.0) (~) (1344.3-1479.9) (=) (523.2-1522.8) (1050.1-1402.3)

Mn 336.5 41.9 150.9 - 251.2 39.1 2225 - 162.4 26.2 303.1 35.4
(183.5-468.4) (=) (202.7-318.4) (=) (96.2-234.2) (208.6-348.1)

Fe 17,375.1 1646.3 89815 - 154059 14449 12723.6 - 11,3645 981.6 154198  855.4
(10,413.1-23,752.5) (=) (13,988.2-17,948.9) (=) (8662.4-17,948.9) (14,207.1-16,492.4)

Th 28.7 10.5 22.7 - 30.8 7.5 33.7 - 29.8 6.5 24.6 7.8
(0.0—45.3) (=) (21.0-39.2) (-) (10.1-39.9) (17.6-37.2)

Rb 141.8 11.8 216.5 - 171.9 10.8 234.9 - 190.4 14.7 149.1 7.3
(102.4-175.3) (=) (158.5-185.6) (=) (145.5-222.5) (139.3-158.9)

Sr 50.6 4.9 7.0 - 46.1 4.7 76.1 - 6.2 1.7 71.3 29
(32.7-65.6) (=) (38.8-53.1) (=) (2.1-12.8) (65.6-74.1)

Y 47.3 5.2 41.7 - 38.4 4.9 38.3 - 42.6 1.4 35.2 +.0
(34.7-57.7) (=) (28.841.7) (=) (29.8-49.5) (27.0-39.4)

Zr 281.3 24.5 99.6 - 250.1 14.4 209.0 - 2347 19.4 244.6 13.6
(196.7-344.7) (=) (222.0-263.8) (-) (175.6-272.1) (218.9-261.4)

Results recognized Franz Vallev obsidian in archacological con-

For the 239 obsidian-sourced artifacts, 10 source areas
were identified: Annadel, Borax Lake, Franz Vallev, Mt.
Konocti, Napa Valley, Oakmont, and four unknowns (F1G.
3). Table 2 presents summary EDXREF statistics for ppm
values of select elements. With the possible exception of the
unknowns, the identified source areas are local to the
North Coast Ranges of northern California. As Jackson
discovered, ppm values and proportions of trace elements
of Rb, Sr, and Zr can reliably discriminate these regional
sources (Jackson 1986: 75-76), and all assignments here
were made using his reference data after insuring that no
other known sources outside the North Coast Range re-
gion mimicked the geochemical profiles. Using Sr—Rb and
Zr-Rb bivariate plots to flatten the three-dimensional
view, the results were quite clear (FIGS. 4, ).

Because the obsidian artifacts varied greatly in size, ex-
amining ratios was an important step for the source as-
signments since very small artifacts might produce de-
pressed ppm values in the x-ray fluorescence composition-
al analvsis. For instance, artifact size seems to account for
the larger spread of ppm concentrations that I obtained for
Napa Valley and Annadel when these sources otherwise
have been reported with fairly uniform geochemical com-
positions (Bowman, Asaro, and Perlman 1973; Jack 1976,
Jackson 1986, 1989). Despite the compositional spread, a
scatter plot of ratios of Rb and Sr ppm values relative to the
sum of Rb, Sr, and Zr clearly separates Franz Valley from
Annadel, Borax Lake trom all others, and the four possible
unknowns from cach other and from Napa Valley (F1G. 6).
The former is critical because few archacologists have ever

texts (Jackson 1986; Lightfoot and Silliman 1997, Psota
1994). Furthermore, the tightness of the ratios for Annadel
serves as justification for classifying as part of that source
the two artifacts in Figures 4 and 5 with question marks
that otherwise have ppm values too high or too low for av-
erage concentrations detected here and for published con-
centrations reported elsewhere (Jackson 1986, 1989). The
only artifact that may subtlv indicate a different geological
source is the questionable Napa Vallev sample that seems
to fall outside the main cluster in both raw concentration
and ratio plots. Future regional characterization studies
mav reveal this outlier to be part of another obsidian
source, but I have no reason to propose that here since the
ratio evidence suggests it may very well belong to Napa
Valley.

The six known source arcas are located in the North
Coast Ranges (FIG. 7). Four sources—Annadel, Borax
Lake, Mt. Konocti, Napa Valley—are thosec commonly
identified in regional sites. Not surprisingly given the site
location, two sources dominated the subassemblage in rel-
atively equal proportions (TABLE 1): Napa Vallev at 44.8%
(107 artifacts) and Annadel ar 44.4% (106 artifacts). The
Napa Valley source sits roughly 35 km NE of Petaluma and
includes several collection and quarry areas as well as sec-
ondarily-deposited material north and west of Petaluma
ncar Santa Rosa and along the Napa River (Jackson 1986:
54-57, 1989). The primary Annadel source lies 23 km
north of Petaluma, but its products also occur in secondary
deposits along Sonoma Creek to the cast (Jackson 1989:
83). Artifact types for Napa Valley and Annadel samples in
this collection included both tools and flake debris.
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Unknown 1, n=1 Unknown 2, n=2

Unbknown 3, n=2

Unknown 4, n=2

u 4] uw 4] u a u 8

1232.2 - 883.9 89.4 1028.8 5.7 6428 1059

(=) (820.7-947.1) (1024.7-1032.8) (567.9-717.7)

188.0 - 263.9 85.3 170.8 4.5 235 4.3

-) (203.5-324.2) (167.6-173.9) (231.9-238.0)

12,7395 - 10.837.1 1240.3 11877.3 925 8742.6 139.7

() (9960.0-11.714.1) (11,811.9-11.942.7) (8643.8-8841.3)

37.3 - 37.5 0.4 33.9 0.6 254 1.6

=) (37.2-37.8) (33.5-34.3) (24.3-26.5)

228.9 - 186.9 7.5 187.4 4.0 451.6 0.5

-) (181.6-192.2) (184.6-190.2) (151.3-151.9)

16.7 - 15.8 1.4 20.1 1.6 9.1 0.7

(-) (14.8-16.8) (19.0-21.2 (8.7-9.6)

34.2 - 51.6 5.3 40.6 0.8 17.0 2.1

(-) (47.8-55.3) (40.0—-£1.2) (45.5—48.5)

2119 - 135.0 6.8 237.3 3.0 123.6 5.5

(-) (130.3-139.8) (235.2-239.4) (119.7-127.4)
260 —

Rb ppm

Unknown |
A g

Borax Lake

Franz Valley

Sr ppm

Figure 3. Three-dimensional plot ot Rb, Zr, and Sr ppm values. Ellipses are for visual demarcation only; they are not staustically derived.

Superposition of symbols creates the appearance of tewer than 239 samples.
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Figure 4. Bivariate plot of raw Rb and Zr values. Symbol superposition creates the appearance of fewer than 239 samples.
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Figure 5. Bivariate plot of raw Rb and Sr values. Svmbol superposition creates the appearance of fewer than 239 samples.
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Figure 6. Plot of the ratio of Sr and Rb to the sum of ppm values for Rb, Sr, and Zr. Superposition of

symbols ¢reates the appearance of fewer than 239 samples.

The other sources occur as 4.6% for Oakmont (11 arti-
facts), 2.5% for Franz Vallev (six artifacts), and less than
1% tor Mt. Konocti (one large tlake), Borax Lake (one cor-
ner notch projectile point), and each of the four seemingly
unique unknowns (seven artifacts). Both Mt. Konocti and
Borax Lake sources are located near Clear Lake about 80
km north of Petaluma. Artifacts made of material from
Franz Vallev, a source located approximately 37 km north
of the Petaluma Adobe, number only six (2.5%), including
one virtually complete projectile point and five flakes and
shatter pieces. Unlike the intensive pre-contact use of An-
nadel and Napa Valley obsidian, Franz Valley seems to have
been used by California Indians primarily in sites near the
source and its non-quarry secondary deposits, according to
the only study ever devoted to examining its distribution
(Psota 1994). To date, only a few sites outside this range
have produced Franz Valley artifacts (Jackson 1986: table
2; Lightfoot and Silliman 1997), perhaps due in large part
to the sourcing methods discussed in more depth below.
Interestingly, one of the six pieces sourced to Franz Valley
was a projectile point, a notable find given that Jackson
(1986) discovered only three Franz Valley projectile points
out of 1126 from Late Period sites across this region. All
occurred at a site (CA-Mrn-307) sw of the Petaluma

Adobe in association with one Borax Lake projectile point
(Jackson 1986: 84).

The one core, cight flakes and flake shatter, and two
pieces of angular shatter of Oakmont obsidian are enig-
matic because, to the best of my knowledge, no one has
ever recognized this source in archaeological contexts. The
source was named in Silliman (2000b) bascd on three sam-
ples (Oak10, Oak13, 0ak20) previously collected and geo-
chemically analvzed by Jackson from Sonoma Volcanics
deposits near Qakmont (Jackson 1986: table Al: 19) and
then re-identified as a distinct group after finding similar
artifacts in the Petaluma collection. OQakmont obsidian can
be found in Glen Ellen Formation deposits less than 3 km
SE of Annadel, but the exact source is unknown.

In addition, four of the ten sources recovered in the
Rancho Petaluma excavations are unknowns. The un-
knowns include flakes, flake shatter, angular shatter, and an
unflaked nodule, but no formally-defined tools. The pres-
ence of debitage rather than tools suggests fairly local ac-
quisition rather than trade. As noted above, geochemical
profiles for all known sources in western North America,
including unknowns reported in Jackson’s (1986) study of
northern California obsidians, were consulted before la-
beling these specimens as unknowns, and I tentatively con-
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sider these to be four distinct source profiles. To rule out
instrument error and data unreliability, T reanalyzed each
unidentified sample at the University of California, Berke-
ley, and Craig Skinner (personal communication, 2000)
analvzed a sample of the unknowns with similarly-arraved
EDXREF parameters and found comparable signatures.

As well as pointing toward trade and procurement is-
sues, the EDXRF data from this project underscore the
need tor more obsidian source characterizations and iden-
tifications. Studies in California (Hughes 1994) and other
parts of the world (Braswell and Glascock 1998) have re-
vealed that archacologists need better control over intra-

source variability, not only for refining source identifica-
tions, but also for applying obsidian-hydration rate equa-
tions. Eerkens and Rosenthal (2004) demonstrate this well
for the Coso Volcanic Field in California. Despite Jackson’s
(1986, 1989) monumental work on geochemical charac-
terizations of the known sources in northern California
and his attention to possible subsources, no one has yet fol-
lowed up with more intrasource sampling and mapping of
Napa Valley, Annadel, Borax Lake, Mt. Konocti, Franz Val-
lev, or anv of the other smaller known sources. The un-
knowns reported here and in Jackson (1986) point to that
deficit.



Obsidian Dating
Methods

Before turning to analvtical specitfics of the obsidian-hy-
dration analvsis, it is worthwhile to situate obsidian-hy-
dration analysis in its regional context. Early research in
California produced hydration rate equations for some
North Coast Range sources (Clark 1961; Ericson 1977,
Michels 1982), but the studies were fraught with difticul-
ties (Origer 1987: 54-55) and are incompatible with re-
vised typologies (Bouey and Basgall 1984: table 6). Cur-
rently, there is only one published, useable diffusion rate
cquation for Napa Valley and Annadel and none for Mt.
Konocti, Borax Lake, Franz Valley, the newly-named Oak-
mont source, or the unknowns. Correlating obsidian rim
readings to a small number of radiocarbon dates, Origer
constructed an empirical diffusion curve for the Napa Val-
lev and Annadel sources: T = 153.4 x* (Napa) and T =
184.6 x* (Annadel), where T = time in years before present
and x = reading in microns, or um (Origer 1987: 56).
Since the eftective hyvdrating temperature of the Petaluma
area is statistically identical to that reported in Origer’s
study (Origer 1987: table 1), the proposed equations
should be broadly applicable. Due to the influence of am-
bient soil temperature on hvdration rates (Jones, Shep-
pard, and Sutton 1997; Ridings 1991), the equations must
be used tentatively, however, in the absence of site-specific
temperature controls.

Experimental induced-hydration research on Napa Val-
lev, Annadel, Mt. Konocti, and Borax Lake obsidian has
not vet produced viable diffusion rate equations, but
Tremaine’s induced-hydration experimental runs indicate
that the sources seem to develop hydration rims at the
same proportional rate (Tremaine 1989; Tremaine and
Fredrickson 1988). Therefore, she suggests that “conver-
sion constants” can transform one source’s micron readings
into another’s for intersource comparisons (TABLE 3).
Some archacologists in northern California have calibrated
obsidian data to Annadel (Lightfoot and Silliman 1997;
Lighttoot, Wake, and Schift 1991: 66-119) and Napa Val-
lev (Psota 1994), but the potential £ 0.2 um measurement
error in equipment commonly used to record obsidian-hy-
dration rims (Scheetz and Stevenson 1988) renders “con-
version” of values < 1.0 um, or roughly the last two cen-
turics, misleading. For instance, my initial conversion at-
tempts produced spurious split peaks per source for the re-
cent period of interest.

The discrepancy between dates produced during per-
mutations of the dittusion formulas and conversion con-
stants is significant, and it is extremely ditticult to estimate
individual error ranges without additional experimental
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Table 3. Hydration value conversions for
four common sources in northern Califor-
nia (trom Tremaine 1989: 70 and Tremaine
and Fredrickson 1988).

Desized sonyee

Conversion

Napa Borax Lake x 0.79
Annadel Borax Lake x 0.62
Mt. Konocti Borax Lake x 0.79
Napa Annadel x 1.30

Annadel x 1.30
Annadel x 1.61

Mt. Konocti
Borax Lake

Annadel Napa x 0.77
Mt. Konocti Napa x 1.00
Borax Lake Napa x 1.27
Napa Mt. Konocti x 1.00
Annadel Mt. Konocti x 0.77
Borax Lake Mt. Konocti x 1.27

and site-specific studies. In light of the error introduced by
varying effective hydration temperatures, optical limita-
tions, possible surface dissolution, and other factors, one
response might be to discard obsidian-hydration altogeth-
er. A more positive responsc is to focus on broad patterns
in hydration data rather than on specific hydration readings
(Jackson 1984: 110). The broader pattern reveals that
< 1.1 um on Napa Valley, Mt. Konocti, and Borax Lake
obsidian and < 1.0 um on Annadel obsidian clearly indi-
cate a date in the 19th century (Silliman 2000a: table
6.16). There is currently no way to know, however, about
the development of the first micron in the unknown and
newly-identificd sources, but it scems unrcasonable until
future studies arc completed to believe that these new
sources would reach 1.0 um at a rate so much slower or
faster than the studied sources so as to disrupt the broad
temporal pattern.

For the Rancho Petaluma samples, two different ana-
lysts 1 California supplied the obsidian-hydration data:
Thomas Origer, who supervised the Sonoma State Obsid-
ian Hvdration Laboratory, and Kathleen Hull, who
worked as an archacologist for Dames and Moore, Inc. in
Chico. Where possible, the first analyst returned six read-
ings per cut in microns, and the second returned cight. The
mean value of the six or eight readings is presented here.
Both analysts selected hydration cut locations to sample
the voungest flake scars. Although methods were compa-
rable in slide preparation and usce of traditional optical
readings, interobserver variation existed in the samples cx-
amined by both analysts (Silliman 2000a: appendix A).
Space is too limited to address comparability here, but the
Sonoma State readings were used when two values were
available because this laboratory could read hydration rim
values on more specimens without the assessment of “no
visible hydration.”
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Results

A total of 151 samples (63.2%) of the 239 EDXRE ar-
tifacts were sclected for obsidian-hydration analvsis. The
protocol was to sample artifacts in percentages closely
matching their tfrequency in the sourced collection and to
cover a multitude of lithic types such as flakes, debris,
tools, and cores. Since the EDXRF sample had already
been chosen to maximize representation from multiple
proveniences and to avoid undue bias toward potentially
older or vounger deposits, samples were drawn from the
sourced collection only with respect to their technological
tvpe and not to their excavated context, except to insure
that all major excavation loci had good representation. To
refine the sampling, 1 sought to maximize information on
underrepresented sources such as Franz Valley, Oakmont,
and the unknowns since these appeared to be the most in-
triguing in the sourced data set, a protocol that increased
their relative sample percentages (TABLE 1). The total sub-
mitted for hvdration analvsis included 36 tools and tool
fragments and 115 artifacts categorized as flakes, debris,
and cores. After analysis, two obsidian-hydration rims were
rejected as too diftuse and variable, decreasing the total ob-
sidian-hvdration sample to 149. Excluding 38 obsidian
items (5 biface fragments, 33 tlakes and shatter) with no
visible hyvdration due to their ambiguous temporal attribu-
tion, the uscable obsidian-hvdration readings were cftec-

tivelv lowered to 111, or 8.5% of the total obsidian as-
semblage and 46.4% of the geochemicallv-sourced sample.

The hydration results, combined with sourcing data,
suggest two things (F1G. 8). First, the graph indicates that
Mt. Konocti, Borax Lake, Franz Valley, Oakmont, and the
unknown obsidians do not appear at the site until 1.1 um
or later. All obsidian artifacts sampled from carlier periods
were exclusively Napa Valley or Annadel. Second, obsidian
use increased gradually but intermittently over time at the
site with only minor peaks in pre-contact periods. The
largest peak, between 0.8 wm and 1.2 um, is the more sig-
nificant temporal feature for the study of 19th-century lith-
ic technology. Based on the large quantity of small micron
values, the normal curve comprised of the 0.8-1.2 um
readings, and the potential £ 0.2 um measurement crror
involved in obsidian-hvdration analysis, the peak clearly
represents 19th-century occupation by California Indiang
at Rancho Petaluma. Adding the 38 “no visible hvdration™
values excluded carlier would give even more weight to this
trend if thev are, as many argue, evidence of fairly recent
knapping. I excluded them to be cautious, even though a
sample of 12 “no visible hvdration™ readings returned by
one hvdration analvst were re-read or re-cut by the other
with a mean of 0.9 um (S.D. = 0.09 um). This suggests
that improvements in measurement technology may over-
come some instances of “no visible hvdration.”

To supplement the interpretation, Figure 9 provides a
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trequency distribution of the 97 samples from Napa Valley,
Annadel, Mt. Konocti, and Borax Lake standardized to An-
nadel using constants listed in Table 3. As there are cur-
rently no conversion constants or dittusion formulas tor
Franz Valley, Oakmont, or the unknown obsidian, they are
excluded. Since the source conversion method is problem-
atic for the 18th and 19th centuries for reasons outlined
above, this graph suggests a tentative permutation. The re-
sult, however, 1s remarkably similar to, if not even more
convincing than, Figure 8 at the “historical” end of the hy-
dration distribution.

In addition to the scemingly normal curve arching over
an unequivocal historical mean micron value of 0.99 um
(raw data, n = 80, range = 0.7-1.3 um) or 0.90 um (stan-
dardized “Annadel” data, n = 70, range = 0.6-1.3 um)
corroborating evidence tightens the argument for attribut-
ing the entire peak to the 19th century. As Braswell noted
in his re-analvsis of obsidian-hydration dates from Copdn
in Mesoamerica, “statistically it cerrainly makes great sense
to exclude dates from either extreme of the distribution,
unless they can be independently demonstrated to be valid™
(Braswell 1992: 137). Whereas Copdn rescarchers can
demonstrate the validity of these tail-end dates and the in-

appropriateness of assuming a normal distribution for
their hvdration rims (Webster, Freter, and Rue 1993:
313-315), evidence for CA-Son-2294/H suggests that no
such mdependence is warranted and that these are likely to
be statistical outliers of a normal distribution rather than
meaningtul dates (Silliman 2000a: 222-223). That is,
archival accounts suggest that the Petaluma arca had emp-
tied of indigenous communities as a result of missioniza-
tion in the early 19th century before the establishment of
Rancho Petaluma and that no Native American village sites
existed in the expanding area of Petaluma city in the latter
decades of the 19th century after the demise of the Cali-
fornia rancho operation.

Discussion

The geochemical sourcing and obsidian-hvdration data
illuminate the issues, noted carlier, of site chronology, pro-
curement, and trade. These 1ssues dovetail with broader
concerns in research methods in western North American
archacology.

Site Clronology

As expected, the obsidian-hvdration data offer temporal
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insights into the Rancho Petaluma lithic subassemblage
and the site as a whole. At a basic level, the study identities
pre-contact artifacts in the historical rancho deposits, per-
haps as part of an underlving lithic scatter. This finding is
critical because no other lines of evidence point to multiple
occupations. No prehistoric features were located, and no
significant stratigraphic breaks mark a pre-contact—post-
contact transition. Furthermore, 19th-century mass-pro-
duced goods and organic remains occurred in association
with almost all lithic debris. These factors weigh against as-
signing particular lithics as intrusive or reused in historical
deposits based on context alone.

Although pre-contact artifacts undoubtedly entered his-
torical deposits through bioturbation or accidental incor-
poration, the evidence suggests that recyeling may account
for many of these artifacts in the Rancho deposits. Despite
the failure of three projectile points to reveal an additional
hvdration rim dating to the 19th century after being se-
lected for re-analysis on vounger flake scars, two artifacts in
the original analysis revealed artifact reuse with bands of
0.9 um (Napa Valley) and 1.0 um (Annadel) juxtaposed
with readings of 1.6 um and 1.9 um, respectively. In addi-
tion, no uncquivocal pre-contact deposits or features were
uncovered, even at depths of 0.6-0.7 m below the surface,
and no significant, if any, correlation exists between hydra-
tion rim width and depth in ditferent excavation loci (R* =
-0.14 to 0.06). This suggests that pre-contact obsidian ¢n-
tered historical deposits via cultural or natural agents. De-
spite the obvious bioturbation, cultural agents are just as
likely to be responsible.

Gravel and cobble fluvial surfaces at the base of several
historical contexts provided a fairly impenetrable laver to
burrowing that might have otherwise introduced older
lithic materials into near-surface deposits. In other words,
obsidian artifacts with “older” rims were found alongside
glass bottle sherds, glass beads, metal artifacts, and fragile
fish vertebrac and charred sceds, but were positioned
above lavers of cobble and gravel. To further examine this
possible source of contamination, I sclected an excavation
locus, the Midden Trench (Silliman 2000a), with the least
amount of fluvial underlavment to test the expectation that
such an area should show more “pre-contact™ obsidian ar-
tifacts if bioturbation were responsible for deposit mixing.
This area had the most evidence of gopher disturbance and
the least number of cobbles, but unlike other loci, it con-
tained no obsidian artifacts unambiguously related to pre-
contact times (n = 37, < 1.2 um, mean = 1.0 um, medi-
an = 1.0 um, S.D. = 0.1 pwm). Thar is, the site locus un-
ambiguously relates to the colonial period, a discovery that
strengthens the dating of the entire assemblage since the
midden contained 34% of all hvdration readings in the an-

alvzed sample and, therefore, should have improved the
chances of catching rarer “pre-contact”™ obsidian.

In addition to contextual and stratigraphic information,
the obsidian-hvdration results provide strong evidence that
the lithic assemblage is predominantly post-contact. A full
70.3%, or 78, ot all analyzed artifacts date to the historical
peak at < 1.2 um. Although physical associations between
obsidian artifacts and material culture manufactured dur-
ing the 19th century ofter the most convincing support for
stone tool use in that century, obsidian-hydration data pro-
vide the welcome indication that the site is not completely
mixed and that the lithic materials in the historical deposits
are not a fluke of post-depositional processes. Including
the “no visible hvdration™ specimens, arguably the result of
relatively recent flaking, further strengthens the argument
for 19th-century obsidian use.

With chronology controlled, the hydration and sourc-
ing data serve as a window into indigenous practices at
Rancho Petaluma. The large peak in small hydration values
signifies a notable increase in obsidian use and occupation
intensity during the 19th century. In contrast to the low-
intensity pre-contact use of the Adobe Creek tloodplain, a
larger Native American population lived there in more
permanent wavs in the 19th century. Not only is there a
substantial mncrease i obsidian use, but also the obsidian
artifacts are associated with unequivocal residential debris
rather than with dispersed sitc use. Native individuals
made or acquired projectile points, bifaces, and flake tools,
and the variety of debitage and cores verifies that some
manufacturing took place on-site (Silliman 2003). In fact,
53.0% of all obsidian flakes and manufacturing debris had
a hvdration rim < 1.2 um in width, but only 13.9% of
tools fell below this threshold. The site was no longer a
temporary camp as it may have been in pre-contact times;
it was a location for full-scale stone tool production and use
and a major habitation site linked to the Mexican-Cali-
fornian rancho. The various obsidian sources represented
in the lithic collection indicate that Native people who
lived and worked at Rancho Petaluma maintained ex-
change relations off the rancho or procured obsidian on
trips away from the colonial work and residential center.
They also picked up and reused older stone tools that they
discovered in or on the ground, perhaps exposed during
the digging of trash pits, excavation of adobe foundation
walls, and shallow plowing of rancho agricultural fields.

Procurement and Trade

Source assignments are an intriguing aspect of the ob-
sidian data. At no time in the pre-contact occupation of the
site did individuals use obsidian from any sources other
than Annadel and Napa Vallev. The prevalence of Annadel



and Napa obsidian 1s common to the region (Jackson
1986), and the pre-contact record of CA-Son-2294/H and
the nearby CA-Son-363/H (Petaluma Adobe) suggests
that individuals living on or visiting the Adobe Creck
floodplain did not use the Annadel source arca until rough-
lv 2900 ycars ago. Only in the 1800s and in conjunction
with the establishment of Rancho Petaluma did individu-
als living on-site obtain obsidian from Mt. Konocti, Borax
Lake, Franz Valley, Oakmont, and the unknown sources.
The presence of 10 different obsidian sources at a single
site is currently unprecedented for an archacological site in
the greater San Francisco Bay area. Sites in the region tend
to contain little more than Napa Valley, Annadel, Borax
Lake, Mt. Konocti, and sometimes Franz Valley obsidian,
with their relative percentages a function of social relations
and geographical proximity (Fredrickson 19895 Jackson
1989). In addition, one piece of tlake shatter found in the
basal construction fill of the nearby Petaluma Adobe that I
assigne to the archacologically-rare Trinity source in the
Sonoma Volcanics (FIG. 7) further accentuates the Rancho
Petaluma case, particularly when considering that this arti-
fact also sported 2 0.9 um hydration rim and tends to oc-
cur in collection localities similar to Oakmont (sce Jackson
1986: 53-54).

The pattern suggests a potential shift in 19th-century
obsidian procurement strategies. Possible explanations
might include California Indians from diftferent homelands
living in the Petaluma area during the rancho period, indi-
viduals from villages far aficld rotating through the colo-
nial center on scasonal rounds, or rancho laborers altering
their trade relations with outlving groups. The advent of
Oakmont and the unknown obsidians may indicate the lat-
ter, since these are sources never before recognized in ar-
chacological collections. The presence of debitage, core
fragments, and nodules from these rare sources means that
individuals cratted tools at this location, possibly atter ac-
quiring the raw material locally. Perhaps the influx of new
people and the aggregation of them on the rancho proper-
tv ushered in an intensified use of the local lithic landscape.

Implications for Future Reserach

I ofter this interpretation of trade and procurement not
as a final word on the local or regional patterns of obsidi-
an use in 19th-century northern California, but as a hy-
pothesis for further testing. The archacological support for
it 1s relatively strong, but caution is required since the re-
ported pattern could be a function of sample size or sourc-
ing methods. On the statistical side, the exciting discovery
of a high proportion of historical obsidian artifacts is a
mixed blessing—that is, higher quantities of 19th-century
obsidian also produce a greater statistical probability of de-
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tecting more obsidian source diversity. The rare sources of
Franz Valley, Oakmont, and the pieces of unknown origins
must await discovery in pre-contact assemblages that are of
sufticient sample size to detect infrequent sources. Addi-
tional excavation at or near the Petaluma Adobe State His-
toric Park will be crucial for this eftort.

The sourcing aspect casts a somewhat longer shadow
over archacological interpretation. My analyses diverged
trom the standard practice of provenance studies in the
southern North Coast Ranges of California in that I opted
tor geochemical EDXRF rather than macroscopic visual
sourcing. The implication is that the lack of these newly-
discovered 19th-century obsidian sources i pre-contact
sites mayv be as much due to visual sourcing attribution er-
rors than to anv past reality. Unlike many arcas of the
world, obsidian sources in the southern North Coast
Ranges of California possess macroscopic attributes that
allow relatively reliable source identifications through vi-
sual inspection (Jackson 1986: 76; Origer 1987:
194-197; Psota 1994: 40—47). Much like that recently
proposed for Guatemalan obsidians (Braswell et al. 2000),
the visual sourcing protocol has been a cost-effective
method of generating source data on large collections of
northern California obsidian for many vears, and it has
proven even more reliable when samples of visually-
sourced obsidian artifacts are submitted for EDXRF analy-
s1s to verifv sources. The data presented here suggest, how-
ever, that visual sourcing in northern California is ham-
pered, not by a lack of visually-distinguishable sources or
by a lack of skilled visual analvsts, but by a lack of intensive
regional identification of all possible obsidian sources.
Without having identified and analvzed the range of actu-
al obsidian sources, archacologists are destined to macro-
scopically assign all obsidian to known sources because
new sources will be exceptionally difficult to recognize.

Larger questions loom as a result. Are the picces of un-
known origin in the Rancho Petaluma sample actually
from localities within known sources, or are thev from new
sources? Were these unknown obsidians casily picked up
by knappers alongside “known™ obsidians such as Annadel
and Napa Vallev in secondary source environments like
that of the Glen Ellen Formation north of Petaluma, such
that individuals in the past made no distinction whatsocev-
er between stream nodules (i.e., “sources™) in such pro-
curement arcas? Answers will come only from more re-
gional sampling and careful differentiation of subsources.
Arc visual sourcing cfforts placing an unrecognized range
of obsidian diversity into predefined and expected cate-
gorics based on traditional assumptions and insufhicient
obsidian characterization studics? This is likelv true, given
that mv own EDXRF analysis detected the rare and un-
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known sources in the Rancho Petaluma study that a trained
visual analyst had not detected in an earlier source assign-
ment effort of the same artifacts during hydration analysis.
If there are many misidentified or unknown obsidian
sources and subsources, what are the ramifications for hy-
dration rates? Clearlv more work is needed on this front
since previous studies would predict the cffects to be con-
sequential, although a recent assessment of Coso obsidian
in sk California suggests that subsource difterentiation
may not refine obsidian-hydration analysis in some geo-
logical source areas (Eerkens and Rosenthal 2004: 22). Fi-
nally, how much crror is acceptable in obsidian source as-
signments, and how important is it to know source attri-
butions for specific artifacts versus source percentages for
artitact collections (e.g., Braswell et al. 2000; Silliman
2000b)? The answers are project-specific and typically
based on budgets and research design, but the gaps in re-
gional archacology as a result of ditterent sourcing success
rates compromise the fine-grained questions that archacol-
ogists may seek to answer with obsidian. Certainly, a pro-
tocol that carefullv combines visual sourcing for a complete
collection with nonrandom geochemical sourcing for a se-
lect sample may be a fruitful compromise (Braswell et al.
2000; Meighan 1984: 226), but the source landscape must
be well understood geochemically and visually beforehand.

Conclusions

My analvsis suggests that obsidian studies have much to
offer historical archacology. Obsidian sourcing and hvdra-
tion dating have refined what can be learned about the
19th-century Rancho Petaluma site and oftered critical
new insights not available from traditional historical ar-
chacology. The issues addressed —site chronology, strati-
graphic integrity, trade, and lithic practices—are concerns
that historical and pre-contact archacologists in North
America both share.

The study shows the bencefits of using obsidian hydra-
tion as a complementary line of research inquiry at histor-
ical sites. Given the multiple and often intractable variables
that atfect the formation of hvdration rims, archacologists
should not use obsidian hydration as an independent
chronometric technique at historical sites with associated
documentary records and mass-produced artifacts. Even
archacologists working on pre-contact times have a difhi-
cult time using obsidian hvdration in this manner. Obsidi-
an-hvdration data can help answer some questions about
chronology, stratigraphic integrity, and lithic usc at histor-
ical sites, however, when compiled in a large data set and
not used only as individual hydration readings. For the
Rancho Petaluma case, hvdration data filled gaps in the
pre-contact record, identified pre-contact artifacts in oth-

erwise historical deposits, tested the possibilities of reused
ancient obsidian, and indicated a wealth of 19th-century
lithic materials at the Rancho.

At the same time that obsidian studies make an impor-
tant contribution to historical archacology, post-contact
and colonial sites can offer a unique contribution to obsid-
tan studies. As demonstrated in the Rancho Petaluma case,
the obsidian-hydration values hovering around a relatively
well-known and short period of historical occupation fur-
ther affirm the need to focus on large numbers of obsidi-
an-hvdration readings and to be wary of single valucs. The
reason stems primarily from the inherent crror of + 0.2
microns in traditional optical measurements, which could
obscure the otherwise finer temporal distinctions already
known from documentary and other material culture
sources. In addition, this 19th-century site has confirmed
that archacologists still have much to learn about the first
micron of hydration development and about the rate of hy-
dration for ditferent sources. Plugging some of the small-
est hyvdration values discovered in this study into the cur-
rent diffusion formulas for the southern North Coast
Ranges produced dates that were inconceivably late, indi-
cating that however solid the empirical fit mav be for cal-
endrical dates further back in time, a different situation
could hold for the last 100-200 vears as the first micron
develops. Historical archacologists mav hold the key to
sorting out that initial hvdration rim.

Although obsidian studies have a unique role to play in
the archacology of the last few centuries in North America
and many other places by providing complementary evi-
dence, thev do not offer a problem-free archacometric
methodology. There is little consensus about the cfficacy of
obsidian hvdration, although many archacologists 1n-
volved in this type of research are relatively optimistic
about obsidian-hydration dating when the variables are ap-
propriately controlled (Freter 1992, 19935 Hull 2001).
The same is true for obsidian sourcing. Archacologists hold
strong, but often unpublished, feelings about whether geo-
chemical methods should replace visual sourcing in the
Mediterranean, Mesoamerica, and California and about
what analvtical chemical techniques are the most appropri-
ate. This study has touched brietly upon that debate. Such
discrepancies and disagreements have a significant impact
on the viability of obsidian studies in historical periods, but
the influence can spread in both directions. Historical ar-
chaeologists may be able to contribute to, rather than sim-
plv utilize, obsidian studies, often thought to reside only in
the toolkits of prehistorians.

Acknowledgments

I extend thanks to Rebecca Allen, Pat Dunning, Richard



Hughes, Kathleen Hull, Kent Lightfoot, Tom Origer,
Steve Shacklev, Craig Skinner, and Greg White for their
various insights, comments, and assistance as I construct-
cd this paper. I thank also Richard Hughes, Barbara Roth,
and the anonvmous reviewers for their extremely helpful
comments on the final manuscript. I must give particular
thanks to Craig Skinner for helping me track down the
Oakmont source buried in Tom Jackson’s dissertation ap-
pendices and for agreeing to analvze a sample of myv un-
knowns to insure data reliability. I thank Tom Origer and
Kathleen Hull for providing the obsidian-hvdration data
used in this paper, and both Tim Teague and Steve Shack-
lev have my gratitude for their training assistance on the x-
rav fluorescence machine at University of California,
Berkelev. In addition, T want to express deep gratitude to
my colleagues, advisors, State Park personnel, students,
and members of the Federated Indians of Graton
Rancheria who supported or assisted my rescarch at the
Petaluma Adobe State Historic Park. A Social Science Re-
search Grant (University of California, Berkelev) and the
California Department of Parks and Recreation provided
partial funding for the analvses conducted for this paper.

Stephen W. Silliman (Ph.D. University of California, Berke-
lev) has been an Assistant Professor at the University of Mass-
achusctts, Boston since 2001. His research focisses on the ar-
chacolonical study of Native American responscs to Enropean
coloninlisin, and be has conducted field, lnboratory, and
archival vesearcly on that topic on botly consts of the United
States. Even thounly continuing vescarely on California, bis
current ficld project in New England is a collnborative cffort
with the Eastern Pequot Tidbal Nation to dociment their bis-
tory and interactions with European settlers. His publications
cover a vange of topics including colonialisin, social theory, lith-
ic analvsis, geoplysical surveying, and empirical ficld studics.
Mailing address: Department of Antliropolony, University of
Muassachusctts, Boston, 100 Morvissey Blvd., Boston, MA
02125-3393. E-mnail: stephen.silliman @uimnb.cdu

Allen, Rebecea
1998 Native Americans at Mission Santa Crus, 1791-1834: Inter-
preting the Archacoloqeal Record. Tos Angeles: Institute of
Archacology, University of California, Los Angeles.
Ambrosc, Wallace
1998 “Obsidian Hyvdration Dating ar a Recent Age Obsidian
Mining Site in Papua, New Guinea,” in M. Steven Shack-
lev, ed., Archacological Obsidian Studics: Method and Theory.
New York: Plenum Press, 205-222.
Ambroz, J., Michael D. Glascock, and Craig Skinner
2001 “Chemical Differentiation of Obsidian within the Glass
Burtes Complex, Oregon,” Journal of Arehacological Scicnce
28: 741-746.

Journal of Field Arebacology/Vol. 30, 2005 91

Anovitz, Lawrence M., J. Michael Elam, Lee R. Riciputi, and David
R. Cole

1999  “The Failure of Obsidian Hyvdration Darting: Sources, Im-
plications, and New Directions,” Journal of Archacological
Scicnce 26: 735-752.

Baxter, M. J.

1992 “Archacological Uses of the Biplot—A Neglecred Tech-
nique?™ in G.m Lock and J. Moftet, cds., (’om/mtu Appli-
cations and ()nmmmtzvc Methods in Archacology, 1991. BAR
Intcmmtmunl Series 577. Oxford: B.AR., 141-148.

Bettinger, Robert L.

1989 “hxmbllshnw an Hvdration Rate for Fish Springs Obsidi-
an.” in Richard E. Hughu cd., Cuzrent Directions in Cali-
forinn Obsidian Studics. Contributions of the Avchacological
Research Facility 48. Berkeley: University of Calitornia,
59-68.

Bishop, Ronald L., and Hector Neff

1989 “Compositional Data Analvsis in Archacology.” in R. O.

Allen, ed. Aidma)lly]zml(/Jmltsn'v-1- \Vlﬁl]ll]”‘f()ll Ameri-
can Chemical Society, 57-86.

Bouey, Paul D., and Mark E. Basgall
1984 “Trms Sierran Exchange m Prehistoric California: The
Concept of Economic Articulation,” in Richard E. Hugh-
¢s, ed., Obsidian Studics in the Great Basin. Cmm'z'butiou.f of
the Archacological Researcly Facility 45. Berkelev: University
of California, 135-172.
Bowman, H. R., F. Asaro, and I. Perlman
1973 “On the Uniformity of Composition in Obsidians and Ev-
idence for Magmatic Mixing” Journal of Geolony 81:
312-327.
Braswell, Geottrey E.
1992 “Obsidian-Hvdration Daring, the Coner Phasc, and Revi-
sionist Chronology at Copan, Honduras” Latin American
Auntiquity 3: 130-147.

Braswell, Geoftrev E., and Michael D. Glascock
1998 “Interpreting Intrasource Variation in the Composition of
Obsidian: The Geoarchacology of San Martin Jilotepeque,
Guatemala,” Latin American Antiquiry 9: 353-369.
Braswell, Geoffrey E., John E. Clark, Kazuo Aovama, Hcather
McKillop, and Michael D. Glascock
2000 “Determining the Geological Provenance of Obsidian Ar-
tifacts tfrom the Mava Region: A Test of the Etticacy of Vi-
sual Sourcing,” Latin American Auntiquity 11: 269-282.
Byram, Scott
1995 “Methodological Notes on the Use of Obsidian Hvdration
Data” Current Archavological Happenings in Oregon 20:
6-14.

Clark, Donovan
1961 “The Application of the Obsidian Dating Mcthod to the
Archacology of Central California]” unpublished Ph.D. dis-
sertation, Stanford University, Stanford, CA.
Cobb, Charles, editor
2003  Stone Tool Traditions in the Contact Era. Tuscaloosa: Univer-
sity of Alabama Press.
Davis, M. Kathleen, Thomas L. Jackson, M. Steven Shackley, Tim
Teague, and Joachim H. Hampel
1998 “Factors Aftecting the Energy-Dispersive X-Ray Flunrcs-
cence (EDXRE) Analvsis of Archacological Obsidian,” 1
M. Steven Shackley, ed., As rlmmlorﬂml Obsidian Smdzu
Method and Theory. New York: Plenum Press, 159-180.



92 Obsidian Studics and the Archacology of 19th-Century California/Silliman

Eerkens, Jelmer, and Jefirey Rosenthal

2004 “Are Obsidian Subsources Mcaningtul Units of Analysis?
Temporal and Spatial Patterning of Subsources m the Coso
Volcanic Field, Southeastern California” Jorrnal of Archne-
ological Science 31(1): 21-29.

Ericson, Jonathon E.

1977 *“Prehistoric Exchange Systems in California: The Results
of Obsidian Dating and Tracing,” unpublished Ph.D. dis-
sertation, University of California, Los Angcles,

1989 “Toward Flow-Specific Obsidian Hydration Rates: Coso
Volcanic Field, Invo County, California,” in Richard E.
Hughes, ed., Current Directions in California Obsidian
Studics. Contributions of the Archacological Reseavch Facility
48. Berkeley: University of California, 13-22.

Evans, Susan, and AnnCorinnc Freter

1996 “Aztec Period Setrtdement History and Absolute Chronolo-
gv: Obsidian Hydration Evidence from the Teotihuacin
Valley,” Ancient Mesoamerica 7(2): 267-280.

Farris, Glenn J.
1989 “The Russian Imprint on the Colonization of California,”
in David Hurst Thomas, ed., Columbian Consequences, Vol.
1. Washington, D.C.: Smithsonian Institution Press,
481-497.
Fredrickson, David A.
1989 “Spatial and Temporal Patterning of Obsidian Materals in
the Gevsers Region,” in Richard E. Hughes, ed., Current
Directions in Caltfornin Obsidian Studics. Contributions of the

Archacological Resenrch Facility 48. Berkelev: University of’

California, 95-110.
Freter, AnnCormne

1992 “Chronological Rescarch at Copan: Methods and Implica-
tions,” Ancient Mesoamerica 3: 117-133.

1993 “Obsidian-Hydration Dating: Its Past, Present, and Future
Application in Mcesoamerica,” Ancient Mesoamerica 4:
285-303.

Friedman, Irving, and Robert Smith

1960 “A New Dating Method Using Obsidian. Part 1, The De-
velopment of the Method” American Antiquity 25:
476493,

Glascock, Michael D., Geoftrev E. Braswell, and R. H. Cobean

1998 “A Svstematic Approach to Obsidian Source Characteriza-
tion,” in M. Steven Shackley, ed., Archacological Obsidian
Studies: Method and Theorv. New York: Plenum Press,
15-65.

Glascock, Michael D., R. Kunsclman, and D. Woltman

1999 “Intrasource Chemical Ditferentiation of Obsidian in the
Jemez Mountains and Taos Plateau, New Mexico,” Journal
of Archacological Science 26: 861-868.

Govindaraju, K.

1989 “1989 Compilation of Working Values and Sample De-
scriptions for 272 Geostandards.” Special Issue, Geostandards
Newsletter 13.

Hall, M. C., and Robert. J. Jackson

1989 “Obsidian Hydration Rates in California” in Richard E.
Hughes, ¢d., Curvent Directions in Californin Obsidian
Studies. Contributions of the Archacological Reserch Facility
48. Berkeley: University of California, 31-58.

Hamusck-McGann, Blossom

1995 “The Tuscan Obsidian Source of Northern California: Ar-
chacological Implications and Geochemical Variability”
Proceedings of the Sociery for California Archacology 8: 13-32.

Hughes, Richard E.

1986a Dinchronsc Variability in Obsidian Procurement Patterns in
Northeastern California and South-Central Ovegon. Universi-
ty of Californin Publications in Anthropolyqy 17. Berkeley:
University of California.

1986b “Trace Element Composition of Obsidian Butte, Imperial
County, California” Bulletin of the Southern Californin
Academy of Sciences 85: 35-45.

1988 “The Coso Volcanic Field Reexamined: Implications for
Obsidian Sourcing and Hvdration Darting Research”
Geonrchacology 3: 253-265.

1989 “A New Look at Mono Basin Obsidians.” in Richard E.
Hughes, ed., Curvent Directions in California Obsidian
Studics. Contributions of the Archacological Research Facility
48. Berkelev: University of California, 1-12.

1990 “Obsidian Sources at James Creek Shelter, and Trace Ele-
ment Geochemistry of Some Northeastern Nevada Vol-
canic Glasses,” in Robert G. Elston and E. Budy, eds., The
Archacology of James Creek Shelter: University of Utaly An-
thropological Papers 115, Ogden: University of Utah,
297-305.

1994 “Intrasource Chemical Varnability of Artifact-Quality Ob-
sidians from the Casa Diablo Arca, Calitornia)” Jorrnal of
Archaeological Science 21: 263-271.

1998 “Reliability, Validity, and Scale in Obsidian Sourcing Re-
search)” in Ann F. Ramenofsky and Anastasia Steffen, eds.,
Unit Issues in Archacology: Measuving Time, Space, and Ma-
terinl. Foundations of Archacological Inquiry. Salt Lake City:
The University of Utah Press, 103-114.

Hull, Kathleen

2001 “Reasserting the Utility of Obsidian Hvdration Dating: A
Temperature-Dependent Empirical Approach to Practical
Temporal Resolution with Archacological Obsidians,” Jour-
nal of Archacological Science 28: 1025-1040.

Jack, R. N.
1976 “Prechistoric Obsidian in California I: Geochemical As-
pects.” in R. E. Tavlor, ed., Advances in Obsidian Glass Stud-
ses. Park Ridge, NJ: Noves Press, 183-217.

Jackson, Robert J.

1984 “Current Problems in Obsidian Hvdration Analysis” m
Richard E. Hughes, ed., Obsidian Studies in the Great Bastn.
Contvibutions of the Archaeological Rescarch Facility 45,
Berkeley: University of California, 103-116.

Jackson, Thomas L.

1986 “Late Prehistoric Obsidian Exchange in Central Califor-
nia,” unpublished Ph.D. dissertation, Stanford University,
Stanford, CA.

1989 “Late Prehistoric Obsidian Production and Exchange in
the North Coast Ranges, California.” in Richard E. Hugh-
es, ed., Cuzrenr Directions in Californin Obsidian Studies.
Contributions of the Archaeological Research Facility 48.
Berkeley: University of California, 79-94.

Jones, Martin, Peter J. Sheppard, and Douglas G. Sutton

1997 “Soil Temperature and Obsidian Hvdration Dating: A
Clarification of Variables Aftecting Accuracy;” Journal of Ar-
chaeological Scicnee 24: 505-516.

Lavton, Thomas N.
1990  Western Powmo Prelristory: Excavations at Allbion Head, Night-
birds’ Retreat, and Three Chop Village, Mendocino County,



California. Monograph 32. Los Angeles: Institute of Ar-
chacology, University of California.
Lighttoor, Kent G., and Stephen W. Silliman

1997 “Chronology of” Archacological Deposits from the Fort
Ross Beach and Nartive Alaskan Village Sites.” in Kent G.
Lightfoot, Ann M. Schift, and Thomas A. Wake, eds., The
Native Alaskan Neighborlbood: A Multicthnic Community at
Colonv Ross. Contributions of the Archacological Researcly Fa-
cility 55. Berkelev: University of California, 337-354.

Lighttoot, Kent G., Thomas A. Wake, and Ann M. Schift

1991 The Awchacology and Ethnobistory of Fort Ross, Califormn.
Volume 1: Introduction. Contributions of the Archacological
Researcly Facility 49. Berkelev: University of California.

Mazer, James J., Christopher M. Stevenson, William L. Ebert, and
John K. Bates

1991 “Experimental Hydration of Obsidian as a Function of Rel-
ative Humiditv and Temperature,” American Antiquity 56:
504-513.

Meaighan, Clement W.

1984 “Overview of Great Basin Obsidian Studies.” in Richard E.
Hughes, cd., Obsidian Studies in the Great Basin. Contiibu-
tions of the University of California Archacological Resenich
Facility 45. Berkelev: University of California, 225-230.

Michels, Joseph W.

1969 “Testing Stratigraphy and Artifact Reuse through Obsidian
Hvdration Dating,” American Antiquiry 34: 15-22.

1982 The Hydration Rate for Napa Glass Mountain Obsidian ot
Archacological Sites in the Oakland Area of Californin.
MOHLAB Technical Report 14, State College, PA:
MOHILAB.

Michels, Joseph W._and Ignatius S. T. Tsong

1980 “Obsidian Hydration Dating: A Coming of Age.” in
Michacl Schifter, ed., ddvances in Archacological Metlod and
Theory 2. New York: Academic Press, 405444

Nelson, Fred W., Jr.

1984 “X-Rav Fluorescence Analvsis of Some Western North
American Obsidians.” in Richard E. Hughes, ed., Obsidian
Studies in the Great Basin. Contvibutions of the Archacological
Researcly Facility 45, Berkelev: Universiy of” California,
27-62.

Origer, Thomas M.

1987 Temporal Control i the Southern Nowtl Const Ranges of Cal-
tformia: The Application of Obsidian Hydration Analvsis. Pa-
pers in Northern California Anthropology 1. Berkelev: North-
crn California Archacological Group.

1989 “Hvdration Analysis of Obsidian Flakes Produced by Ishi
during the Historic Period)” in Richard E. Hughes, ed.,
Current Directions in Californin Obsidian Studics. Contribu-
tions of the Arehaeolggical Research Faciliry 48. Berkeley: Uni-
versity of California, 69-78.

Origer, Thomas M., and Brian Wickstrom

1982 “The Use of Hvdration Measurements to Date Obsidian
Materials from Sonoma County, California,” Jourual of Cal-
ifornia and Great Basin Anthropolony 4: 123-131.

Psota, Sunshine

1994 “Native American Use of Non-Quarry Obsidian in North-
ern Sonoma County: A Preliminary Assessment,” unpub-
lished M.A. thesis, Sonoma State University, Rohnert Park,
CA.

Ridings, Rosanna
1991 “Obsidian Hydration Daring: The Effects of Mcan Expo-

Journal of Field Archaeology/Vol. 30, 2005 93

nential Ground Temperature and Depth of Artifact Recov-
ery,” Journal of Field Archacology 18: 77-85.

1996 “Where in the World Does Obsidian Hvdration Daring
Work?” American Antiquiry 61: 136-148.

Rondeau, Michael
1997 *Technology as a Context for Obsidian Hydration Studies.”
Litlyic Techmology 22: 86-98.

Roth, Barbara J.

2000 “Obsidian Source Characterization and Hunter-Gatherer
Mobility: An Example from the Tucson Basin,” Jourzial of
Archacological Science 27: 305-314.

Scheetz, Barry, and Christopher Stevenson

1988 “The Role of Resolution in Sample Preparation m Hydra-
tion Rim Measurement: Implications for Experimentally
Determined Hvdration Rates” American Antiquiry 53:
110-117.

Shackley, M. Steven
1988  “Sources of Archacological Obsidian in the Southwest: An
Archacological, Petrological, and Geochemical Study
American Antiquity 53: 752-772.
1992 *The Upper Gila River Gravels as an Archacological Ob-
sidian Source Region: Implications for Models of Ex-
change and Interaction,” Geoarchacolggy 7: 315-326.

1994 “Intersource and Intrasource Geochemical Variability in
Tivo Newly Discovered Archacological Obsidian Sources
in the Southern Greatr Basin: Bristol Mountains, California
and Devil Peak, Nevada Journal of California and Great
Basin Anthropology 16: 118-129.

1995 “Sources of Archacological Obsidian in the Greater Amer-
ican Southwest: An Update and Quanrirative Analvsis.”
American Antiquity 60: 531-551.

1998a “Current Issues and Future Directions in Archacological
Volcanic Glass Studics: An Introduction,” in M. Steven
Shackley, cd., Archacological Obsidian Studics: Method and
Theory. New York: Plenum Press, 1-14.

1998b “Intrasource Chemical Variability and Secondary Deposi-
tional Processes: Lessons from the American Southwest,”
in M. Steven Shacklev, ed., Ardhacological Obsidian Studies:
Method and Theory. New York: Plenum Press, 83-102.

Silliman, Stephen W.

2000a Colonal Worlds, Indigenous Practices: The Archacology of La-
bor on a 19¢l-Century California Ranelo. Ph.D. disserration,
University of California, Berkelev. Ann Arbor: University
Microfilms.

2000b “Obsidian Studies in the Archacology of 19th-Century
California,” Soeciety for Cnlifornia Archacology Newsletter
34(1): 1, 26-29.

2003 “Using a Rock in a Hard Place: Native American Lithic
Practices in Colonial California)” in Charles Cobb, «d.,
Stone Tool Traditions in the Contact Era. Tuscaloosa: Univer-
sity of Alabama Press, 127-150.

2004 Lost Laborers in Colonial Californin: Native Americans and
the Archacology of Rancho Petaluma. Tucson: University of
Arizona Press.

Skinner, Craig E.

1983 *Obsidian Studics in Oregon: An Introduction to Obsidi-
an and an Investigation of Selected Methods of Obsidian
Characterization Utilizing Obsidian Collected at Prehis-
toric Quarry Sites in Orcgon,” unpublished M.A. thesis,
University of Oregon, Eugene.



94 Obsidian Studies and the Avchacology of 19th-Century California/Silliman

Stevenson, Christopher M., and Maria Klimkiewicz
1990  “X-Ray Fluorescence Analysis of Obsidian Sources in Ari-
zona and New Mexico,.” Kiva 55: 235-243.
Stevenson, Christopher M., and Barry E. Scheetz
1989 “Induced Hyvdration Rate Development of Obsidians from
the Coso Voleanic Field: A Comparison of Experimental
Procedures,” in Richard E. Hughes, ed., Current Directions
i California Obsidian Studics. Contributions of the Archaco-
logical Research Facility 48. Berkelev: University of Califor-
nia, 23-30.
Stevenson, Christopher M., John Carpenter, and Barry E. Scheetz
1989 “Obsidian Dating: Recent Advances in the Experimental
Determination and Application of Hvdration Rates.” Ar-
chacormetry 31: 193-206.

Stevenson, Christopher M., Mike Gottesman, and Michacl Macko
2000 “Redefining the Working Assumptions of Obsidian Hy-
dration Dating.” Journal of California and Great Basin An-
thropolggy 22: 223-236.
Stevenson, Christopher M., James J. Mazer, and Barry E. Scheetz
1998  “Laboratory Obsidian Hydration Rates: Theory, Method,
and Application,” in M. Steven Shackley, ed., Archacological
Obsidian Studies: Method and Theorv. New York: Plenum
Press, 181-204.
Stevenson, Christopher M., Peter Sheppard, Douglas Sutton, and
Wallace Ambrose
1996 “Advances in the Hydration Dating of New Zealand Ob-
sidian” Journal of Archacological Science 23: 233-242.

Tremaine, Kimberly J.
1989 “Obsidian as a Time Keeper: An Investigation in Absolute

and Relative Dating,” unpublished ML.A. thesis, Sonoma
State University, Rohnert Park, CA.

Tremame, Kimberly J., and David A. Fredrickson
1988 “Induced Obsidian Hydration Experiments: An Investiga-
tion in Relative Dating.” Materials Researcly Society Sympo-
siun Proceedings 123: 271-278.
Wacchter, Sharon A., and Thomas M. Origer
1993 “A Discussion of Multiple Hvdration Bands and Obsidian
Scavenging at CA-Col-160, Mendocino National Forest,”
in Greg White, Pat Mikkelsen, William Hildebrande, and
Mark Basgall, eds., There Grows a Green Tree: Papers in Hon-
or of David A. Fredrickson. Publication No. 11. Davis, CA:
Center for Archacological Rescarch, 277-284.
Webster, David, AnnCorinne Freter, and David Ruce
1993 “The Obsidian Hydration Dating Project at Copan: A Re-
gional Approach and Why It Works.” Latin American An-
tiquity 4: 303-324.



