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Olivella-shell grooved rectangular beads, or N series beads as classified by Bennyhoff and Hughes (1987), are the
oldest Olivella wall beads in central California, dating to a narrow time-frame during the mid-Holocene. This bead

type, thought to have originated in the southern Santa Barbara Channel islands, has been identified across a wide

geographical area, including most of central and southern California and portions of Nevada and southeastern

Oregon. Used by some to argue for a Middle Holocene Uto-Aztecan socioeconomic interaction sphere, we demonstrate

that their broad geographical range is simply a barometer of the widespread transmission of cultural knowledge and

the establishment of extensive trade networks circa 5,000 years ago. We also present new isotopic data that suggest

that at least some of these beads were manufactured from shells obtained north of Point Conception, beyond the

greater Santa Barbara Channel region.
IN 1958, JAMES BENNYHOFF AND ROBERT HEIZER
published Cross-Dating Great Basin Sites by California
Shell Beads, in which they described an unusual type of
rectangular Olivella biplicata! bead found at Lovelock
Cave, Nevada. Bennyhoftf and Heizer described it as a
“grooved rectangle with a sawed perforation” (1958:69).2
The 16 specimens they reported lacked detailed proven-
ience, but they assumed that they represented “the Early
and Transitional Lovelock Periods” and speculated that
they were a “local attempt to replace the early drilled
rectangles when the trade of the latter beads was cut off™

(1958:69). In a subsequent, unpublished manuscript by
Bennyhoff and Dave Fredrickson— Olivella Shell Bead

261

Typology (1967), the forerunner to the classic Bennyhoff
and Hughes (1987) publication—these beads were given
the designation N, or grooved rectangular Olivella,
and were thought to be “restricted in occurrence in
Nevada” (Bennyhoff and Fredrickson 1967:28). By 1987,
based on the work of Chester King (1990), the known
geographic range had been expanded to include four
southern California sites, including the Little Harbor site
(CA-SCAI-17) on Santa Catalina Island, and the Nursery
site on San Clemente Island (Bennyhoff and Hughes
1987). At that time, Bennyhoff and Hughes (1987:141-2)
assigned the N series rectangular beads to a broad time
range between about 3,900 and 580 B.P.



262 Journal of California and Great Basin Anthropology | Vol. 38, No. 2 (2018)

Figure 1. Location map of OGR beads recovered from archaeological sites.
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Table 1

NEW DIRECT AMS RADIOCARBON DATES FOR OGR BEADS

Conventional Max 63 cal B.P. @ 22 with
Lab Number Location Site Catalog Number  14C Age (RYBP) (%o, VPDB)  (Median Probability) Reference
Beta-2276561  Kern County Temblor Ranges ~ CA-KER-4623/H 184-011 4.850+40 -0.7 5,000 (4,850) 4,695  Tiley 2008
Beta-2275641  Kern County Temblor Ranges ~ CA-KER-4623/H 016-01 4920+50 0 5,170 (4,930) 4,195 Tiley 2008
Beta-262216  Merced County Great Valley CA-MER-295 P 1171-10-682 5,090+40 +04 5,300 (5.230) 5,020 This paper
Grassland SP
Beta-456064  Los Angeles County (Encino) ~ CA-LAN-43 91724 5,000+30 +14 5,226 (5,040) 4.875 This paper

Note: All conventional ages are calibrated with CALIB 7.1 (Stuiver and Reimer 1993) and AR of 225+ 35. All eleven of the other directly dated OGR beads are listed in Table 2 of

Vellanoweth et al. (2014).

After the 1980s, direct Accelerator Mass Spectro-
metry (AMS) radiocarbon dating of N series beads, by
then commonly referred to as Olivella Grooved Rectangles
(OGR), re-assigned their temporal range to a narrow time
span within the Middle Holocene (Jenkins and Erlandson
1996; Vellanoweth 2001; Vellanoweth et al. 2014). AMS
dating also revealed that the OGR was the earliest form
of Olivella “wall” bead in central California, including the
oldest directly-dated wall bead in all of California (Byrd
et al. 2017). Wall beads are manufactured from the body
whorl, the outermost and largest whorl of the Olivella
biplicata shell. Throughout the 1980s and 1990s, finds of
OGR beads continued to expand their geographic range
to include more sites in Los Angeles County (Vellanoweth
1995; Wiley-Desautels 2013), Orange County, Santa
Catalina and San Nicolas islands (Howard and Rabb
1993; Macko 1998), Kern County (Jackson et al. 1998),
and southeastern Oregon (Jenkins and Erlandson 1996;
Jenkins et al. 2004). Their occurrence in Fort Rock Basin,
Oregon led some scholars to speculate that the distribution
of OGR beads was a direct result of population migrations
“by early Uto-Aztecan groups” from the northwestern
Great Basin into southern California (Kennett et al. 2007).
Others interpreted this widely distributed and unique
bead type as demarcating a “sphere of socioeconomic
interaction” (Howard and Raab 1993:7) or a “Uto-Aztecan
Interaction Sphere” (Jenkins et al. 2004). The inferred
association with the Uto-Aztecan language family was
based on the “known” geographic distribution of OGR
beads at that time, thought to be restricted to areas
“historically inhabited by Uto-Aztecan speaking people”
(Vellanoweth 1995:18).

More recently, Vellanoweth et al. (2014) have
documented OGR beads from regions of California not
previously reported, such as San Diego County (Schulz
2011) in the south, and San Mateo (Clark 1998) and Santa
Clara counties (Arrigoni et al. 2008) in the San Francisco
Bay area of central California. Vellanoweth et al. (2014)
hypothesize that San Nicolas Island was the epicenter
for OGR bead production, citing evidence for their local
manufacture in conjunction with the presence there of
the highest number and greatest diversity of OGR-styled
beads in western North America.

In this paper, we further expand the geographic
range of OGR beads in the San Joaquin Valley, report
new AMS dates from beads found in Kern, Los Angeles,
and Merced counties, and provide corroborating Middle
Holocene radiocarbon dates from sites where OGR beads
have previously been found. In addition, we present stable
isotopic data that suggest the manufacture of OGR beads
extended beyond the Santa Barbara channel region of
southern California and included shells obtained from
localities north of Point Conception.

NEW SITES AND DATES FOR OGR BEADS

In addition to the sites previously reported by
Vellanoweth et al. (2014:Table 5), we have identified
three additional central California sites that contain OGR
beads, CA-KER-4623/H (Tiley 2008), CA-MER-295
(Bethard and Basgall 2000), and CA-CCO-474/H (Estes
et al. 2002; Fig. 1). We have directly dated two OGR
beads from KER-4623/H and one bead from MER-295
(Table 1). A fourth directly-dated OGR bead comes
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Figure 2. OGR beads from CA-KER-4623/H,
CA-MER-295 and CA-LAN-43.

from LAN-43, where Vellanoweth (2001) also reported
a Middle Holocene age for this bead type (Fig. 2).
Supporting Middle Holocene radiocarbon dates from
sites with OGR beads, including CA-CCO-474/H and
CA-SMA-40 on San Francisco Bay, and CA-MER-295
in the northern San Joaquin Valley, are listed in Table 2.
Dates from CA-CCO-474/H and CA-MER-295 are
reported here for the first time, while Clark (1995)
originally reported the two dates from CA-SMA-40.
Table 3 presents metrical information available for the
four directly-dated OGR beads.

The new AMS dates obtained for this study were
analyzed by two different laboratories, including Beta
Analytic Inc. (BETA) and Eckert-Ziegler Vitalea Arch-
lab (Vitalea), using similar methods. At both labs, shell
was acid etched prior to graphitization. The resulting ages
were corrected for natural isotopic fractionation by split
sample measurement on a mass spectrometer (BETA)
or direct measurement in the BioMICADAS AMS
unit (Vitalea) to account for both natural and machine
fractionation (these values are unique to each sample and
not reported). All radiocarbon dates discussed here were
calibrated to years before present (cal B.P.) using CALIB
version 7.1 and (where applicable) the IntCall3.14¢
dataset (Reimer et al. 2013; Stuiver and Reimer 1993).
Radiocarbon dates are given in Table 1 (direct dates on
OGR beads) and Table 2 (dates on materials directly
associated with OGR beads) under their original lab
number and are reported as the calculated median
probability with a 2-sigma (95%) confidence interval.

As shown in Table 1, calibrated AMS ages from the
four OGR beads range between 5,230 and 4,850 cal B.P,
falling entirely within the range of dates from eleven other
previously-reported OGR beads (Vellanoweth et al. 2014).
At MER-295, a second assay from a spire-lopped Olivella
(Ala) bead (Table 3) returned a median probability age of
5,020 cal B.P,, confirming a Middle Holocene component
at the site. This age estimate is supported by a mean Napa
Valley obsidian hydration value of 6.4u (n=7) and the
presence of a Middle Holocene-aged side-notched point
(Bethard and Basgall 2000; Kaijankoski and Rosenthal

Table 2
CORROBORATING AMS RADIOCARBON DATES FROM SITES WITH 0GR BEADS

Gonventional cal B.P. @ 2% with

Lab Number Location Site Material 14G Age (RYBP) (Median Probability) Reference

WSU-3979 San Mateo CA-SMA-40 Charcoal 4,530+150 4,847 (5178) 5,581 Clark 1998
(west shores of San Francisco Bay)

WSU-3967 San Mateo CA-SMA-40 Charcoal 5165+210 5471 (5,920) 6,395 Clark 1998
(west Shore of San Francisco Bay

ULN-15D0M Hercules CA-CCO-474/H4 Mussel 5,095 £ 352 4,907 (5,080) 5,267 This paper
(east shore of San Francisco Bay)

Beta-489924 Merced County CA-MER-295 Olivella bead 4,990+ 30b 4,865 (5,020) 5,210 This paper

Great Valley Grasslands SP

Note: The calendar age for CA-CCO-474/H was generated using a AR of 299 +35 in the CALIB 7.1 Program based on average of reservoir ages determined for the interior of

San Francisco Bay.
213C/12 C ratio not reported.
0136/12C ratio +1.7
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Table 3
METRICS FOR NEW OGR BEADS

Maximum  Minimum Perforation

Site Catalog # Diameter Diameter Thickness Diameter
CA-KER-4623  016-011 59 53 15
CA-KER-4623  184-011 53 44 12 n/r
CA-MER-295  P1171-10-682 65 59 14 15
CA-LAN-43 91724 47 43 12 30/1.22

Note: n/r perforations not measured by original researchers.
0utside length and width of perforation.

2018). At KER-4623/H, three other Middle Holocene
dates were previously reported by Tiley (2008) from the
lower midden, Component 111, where the OGR beads
were found. These include a date of 6,300 cal B.P. (Beta-
227549) from a Small Barrel Olivella bead (Type B2a),
5,920 cal B.P. (Beta-221312) from a hearth, and 5,460 cal
B.P. (Beta-221306) from unidentified organic material.

ADDITIONAL SITES WITH OGR BEADS AND
THEIR ARCHAEOLOGICAL CONTEXT

Three other sites in the San Francisco Bay area have also
produced OGR beads, including CA-SMA-40 and CA-
SCL-12, previously reported by Vellanoweth et al. (2014),
and CA-CCO-474/H (Estes et al. 2002; Rosenthal and
Meyer 2004). Both CA-CCO-474 and CA-SMA-40 have
yielded radiocarbon ages between 5,920 and 5,080 cal
B.P. (Table 2), supporting a mid-Holocene association for
OGR beads at these sites. Furthermore, the three OGR
beads from CCO-474/H were found in the same burial lot
(Burial 8) as two Amphissa spp. beads. As far as we know,
these latter beads have not been reported from any other
site in central California, and are rare in the Santa Barbara
channel region, identified only in King’s (1990:238-239,
285) Eyb phase, dated between 4,870 and 4,432 cal B.P.
Although the OGR beads from SCL-12 on the San
Francisco peninsula (Fig. 2) remain undated, they were
found in a single grave (Burial 35) in a discrete cemetery
involving seven individuals, situated about 500 meters
north of the shell midden and other burials at the site.
In addition to 19 OGR beads, Burial 35 also contained
117 other Olivella wall beads described as “saddles,”
a bead type typically associated with the late Middle
Period, between 1,530 and 995 cal B.P. (Groza et al. 2011).

However, neither Burial 35 nor the cemetery was directly
dated, and no illustrations or metrical descriptions of
the so-called “saddle” beads were reported (Arrigoni et
al. 2008). It is very likely that these were the same type
of rectangular beads with rounded corners (Type L3?;
Bennyhoff and Hughes 1987) reported from East Bay
site CA-CCO-637, and directly dated to 4,670 cal B.P.
(Rosenthal and Meyer 2000).

Despite the ambiguities associated with the bead lot
from SCL-12, it is noteworthy that so few OGR beads
have been identified among the hundreds of thousands of
Olivella beads previously reported in the San Francisco
Bay region. Likewise, of the more than 500 directly-
dated Olivella wall-bead lots from central California (see
Chapter 7 in Byrd et al. 2017:7-13 to 7-20) only Burial 14
at CCO-637 is dated older than 4,600 cal B.P. The rarity
of Middle Holocene bead lots in this region is largely
a product of Late Holocene landscape evolution. More
than 70% of known Middle Holocene archaeological sites
in the Bay Area are buried (Meyer 1996, 2011; Meyer
and Rosenthal 2008; Rosenthal and Meyer 2004). All
of the sites containing OGR beads in the San Francisco
Bay Area and San Joaquin Valley are surface deposits
associated with very ancient landforms that have been
stable since the late Pleistocene or early Holocene (see
Rosenthal and Meyer 2004). It is likely that buried Middle
Holocene sites containing OGR beads will eventually be
discovered in this region, as well.

STABLE ISOTOPE ANALYSIS

Olivella-shell calcium carbonate (CaCOj;) accumulates
in narrow sequential bands that incorporate information
about water conditions at the time of growth (Krantz
et al. 1987). For example, the 180/160 ratio (3!80) of
biogenic calcite and aragonite, the dominant minerals
present in Olivella shells, is strongly correlated with
water temperature at the time of growth (Grossman and
Ku 1986; Kim and O’Neil, 1997). Colder temperatures
produce higher 6180 values in a shell, and clines in sea
surface temperature along the California coast result in a
0180 range of up to 5%o in Olivella-shell aragonite from
southern to northern California (Eerkens et al. 2005).
Shell 8180 also varies with salinity, with lower salinities
producing lower shell 8180 values. Similarly, carbon
isotope ratios (613C) in shell are strongly correlated
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Figure 3. Maximum 6180 and 6!3C values for six bead types recovered from Southern and Central California.

with the source of dissolved inorganic carbon (£2CO,)
in seawater (McConnaughey et al. 1997). Along the
California coast, 813C is strongly related to seasonal
upwelling of 13C-depleted waters, a signal which is
stronger in northern than in southern California
(Friederich et al. 2002; Korchagin and Lozovatsky 1998).

Because water temperatures and upwelling patterns
vary in a predictable manner along the California coast,
0180 and 813C signatures preserved in a shell can provide
information about where a shell was growing when
harvested. For shells traded to the interior of California,
we can use these tracers to infer geographic information
about the shells’ origins. This approach has been used
in California and Oregon to reconstruct certain aspects
of the organization and antiquity of ancient shell-bead
trade networks (Bottman 2006; Eerkens et al. 2005, 2009,
2010; Smith et al. 2016).

Because water conditions vary throughout the
year, our sampling strategy includes taking multiple
independent samples from each bead, from different
and sequential growth rings. We can thus capture some
degree of variation in the growing conditions involving

a particular shell, which assists us in identifying a shell’s
geographic origin. The amount of time represented in
these samples depends on the age of the shell (smaller
shells are younger and grow faster) and the size of the
bead (larger beads provide more samples and represent
more ontogenetic time).

Previous studies have shown that there is a difference
in the isotopic composition of modern and prehistoric
shells growing north of Point Conception versus those
growing south of it (Eerkens et al. 2005). This includes
both modern and prehistoric Olivella shells collected
on San Nicolas Island, which group with other shells
collected south of Point Conception (Eerkens et al. 2010).

Studies of archaeological beads show a similar
distinction. For example, Figure 3 plots maximum 6!80
and d13C values for four bead types recovered from the
Ballona wetlands in Los Angeles County and from San
Nicolas Island in southern California (data from Eerkens
et al. 2010), including H1 (n=3; needle-drilled), E1
(n=5; Lipped), G2 (n=2; Saucer), and K1 (n=6; Callus
Cup). Cannon (2006) found Olivella bead production
debris as well as discarded bead blanks in various states
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of production, demonstrating that many of these bead
types were produced directly on San Nicolas Island,
including all of the samples included in Figure 3 (filled
black symbols). Figure 3 also plots two bead types,
M1/2 (n=12; Sequin) and F2/3 (n=33; Saddle), that
are stylistically unique to central California, and were
recovered from a range of archaeological sites in the San
Francisco Bay area and California Delta. Each M1/2 and
F2/3 bead represented in the figure, as an “x” or “+”
symbol, was sampled in multiple locations, for an average
of six isotopic samples per bead.

Figure 3 shows there is isotopic separation between
most archaeological beads recovered in these two
geographic regions, with beads from northern Califor-
nia displaying isotopic values consistent with colder
maximum temperatures and greater upwelling. However,
the non-OGR beads and shells included in Figure 3
represent only the last 2,500 years. Current estimates
suggest that sea-surface temperatures along the California
coast during the time of OGR bead production were
approximately 0.2-0.4° C. warmer, on average, than
today (Marcott et al. 2013). Such a temperature increase
in the Middle Holocene should have resulted in a decrease
in 8180 shell aragonite of approximately 0.05-0.2%o
(Grossman and Ku 1986; Rosenheim et al. 2009), a minor
amount relative to the large differences between southern
and northern California.

We sampled three OGR beads for 6180 and 6!13C,
two from CA-KER-4623 and one from CA-LAN-43. Full
isotopic results are presented in Table 4, with maximum
8180 and 6!3C values plotted in Figure 3.3

Stable isotope data from one of the OGR beads from
CA-KER-4623 (184-011) clearly falls within the range of
other archaeological beads from northern California. It
does not plot close to the prehistoric and modern shells
collected from San Nicolas Island, nor to the beads
from San Nicolas Island and mainland Los Angeles
County. We assign this bead to a source-zone north
of Point Conception. The other CA-KER-4623 bead
falls into this same isotopic range, but is closer to the
zone of overlap with southern California. Given that
sea-surface water temperatures were warmer in the
Middle Holocene (causing the source ellipses in Fig. 3 for
northern and southern California to drop slightly lower
on the X-axis during this time period), we also assign
this bead to a source north of Point Conception. The third

Table 4

RESULTS OF O AND C STABLE ISOTOPE ANALYSIS
ON THREE OGR BEADS

Site Bead # Sample # o130 6180
CA-KER-4623 184-0M 1 0.97 1.00
CA-KER-4623 184-011 2 093 0.78
CA-KER-4623 184-011 3 0.80 0.83
CA-KER-4623 016-011 1 1.64 1.25
CA-KER-4623 016-011 2 1.53 1.09
CA-KER-4623 016-011 3 1.60 1.07
CA-KER-4623 016-011 4 1.60 1.04
CA-KER-4623 016-0M ] 1.30 0.81
CA-LAN-43 91724 1 099 -0.36
CA-LAN-43 91724 2 1.06 -0.20
CA-LAN-43 91724 3 1.07 -0.09
CA-LAN-43 91724 4 1.20 0.06

bead from CA-LAN-43 also plots on the margin of the
zone of isotopic overlap between southern and northern
California but is closer to the southern California group.
As aresult, we tentatively assign this bead to the southern
California source zone.

Together, the three OGR beads display a large degree
of isotopic variation, overlapping with other prehistoric
beads from southern and northern California. This
high degree of variation is most consistent with the
interpretation that OGR beads were produced in a range
of geographic locations, and not in a single locale.

DISCUSSION AND CONCLUSIONS

A comparatively short manufacturing period for OGR
beads is indicated by the summed probability distribution
of all 15 directly-dated examples from Oregon to San
Diego (see Vellanoweth et al. [2014] for a list of 11 dates
not reported here). The combined probability distribution
(AR of 225+/-35; OxCal, version 4.3 [Brock Ramsey 2013,
2001]) suggests that all of these beads were manufactured
within a very narrow period of time (Fig. 4), with a
duration ranging between 180 years (5,130-4,950 cal B.P;
68.5% probability) and 330 years (5,220-4,890 cal B.P;
95.4% probability). This rate of change is commensurate
with shell-bead style horizons documented for the Late
Holocene (e.g., Groza et al. 2011).

The narrow manufacturing span for OGR beads
during the Middle Holocene is remarkable, given their
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Figure 4. Probability distribution for all 15 directly dated OGR beads from Oregon to San Diego.

distribution over a large swath of western North America.
As stated earlier, OGR beads are the earliest directly-
dated Olivella wall-bead type and are among the first
in a long developmental sequence of distinctive types
produced in California and exchanged throughout
Western North America, a process that continued into the
Mission Period (Bennyhoff and Hughes 1987; Hylkema
2009; King 1990). Rosenthal’s essay on the trajectory of
shell-bead exchange in central California points out that
OGR and other Middle Holocene wall beads represented
“a substantial increase in the amount of labor devoted to
[Olivella bead] manufacture” (Rosenthal 2011:94), which
suggests they also represent the advent of incipient craft
specialization. Up until now, the emergence of craft
specialization has been attributed only to the area south of
Point Conception (i.e., the Santa Barbara Channel area),
and by extension, to San Nicolas Island, where extensive
evidence for the manufacture of Middle Holocene OGR
and other wall bead styles has been found (Cannon
2006; Vellanoweth et al. 2014). The importance of craft
specialization for the emergence of social complexity
among native people in the Santa Barbara channel region
has been well-documented (Arnold 1987, 1992, 1993,

1995, 2004; Arnold and Graesch 2001; Arnold and Munns
1994; Gamble 2008; Kennett 2005; and King 1990). On
the northern Channel Islands, shell bead-making reached
its industrial peak during the Late Holocene, and along
with plank canoe (fomol) construction on the adjacent
coast, represents to some the apex of technological
sophistication and craft specialization in pre-contact
California (Gamble 2002; Heizer 1938; Jones and Klar
2005). Hence, it is not surprising that the origins of social
and technological innovation have deep roots in southern
California.

However, there are strong indications that Olivella
wall beads were also manufactured in central California,
beginning at least 4,000 years ago (Eerkens et al. 2009)
and continuing until the time of contact (Rosenthal 2011).
The regional distribution of stylistically distinct beads in
central California argues for a limited number of “coastal”
production centers. These manufacturing sites have yet to
be located (Rosenthal 2011). Nevertheless, the limited
isotopic evidence presented here suggests that the origins
of this industry also began north of Point Conception in
the Middle Holocene, when coastal residential mobility
decreased and population densities increased (Jones
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et al. 2007). Assuming that the innovation of creating
wall beads with a sawed perforation did originate in the
southern Channel Islands (Vellanoweth et al. 2014), it is
noteworthy that other prehistoric artisans quickly adopted
the concept and style and retransmitted it over a large
geographic and multicultural region.

The argument that OGR beads are a symbol of
population migration or a socioeconomic interaction
sphere of Uto-Aztecan people is not compatible with
linguistic reconstructions for the Middle Holocene.
Rather, linguistic data indicate Uto-Aztecan speakers
arrived relatively late on the southern California coast
and in the northwestern Great Basin (Golla 2007, 2011).
As demonstrated both in this paper and elsewhere (e.g.,
Vellanoweth et al. 2014), OGR beads are found in regions
such as the San Francisco Bay area and the San Joaquin
Valley where there is no evidence for Uto-Aztecan
speakers at any point in the distant past. Rather, it seems
that—like the distribution of Early Holocene spire-lopped
beads (e.g., Fitzgerald et al. 2005), or the many Late
Holocene wall-bead types from the Pacific coast (e.g.,
Bennyhoff and Hughes 1987)—the distribution of OGR
beads is a reflection of regional economic and social
interaction. As such, we believe the rapid transmission of
bead production technology and the development of an
extensive trade network best explain the wide appearance
of OGR beads across California and the western Great
Basin for a brief period during the Middle Holocene,
initiating an industry and a pattern of inter-regional
exchange of information and goods that continued
through the Late Holocene.

NOTES

IThe scientific name of the purple olive shell, Olivella biplicata,
has been changed to Callianax biplicata (Carlton 2007). We
retain the term Olivella here due to its historical significance
within California archaeology, going back at least to the bead
classification of E. W. Gifford in 1947.

2Bennyhoff and Hughes were not the first to recognize this

unusual bead type; it had been previously described by
William Orchard in 1929 in a volume entitled Beads and
Beadwork of the American Indian, published by the Museum
of the American Indian/Heye Foundation, formerly of New
York but now in Washington D.C.

3The whole OGR bead from CA-MER-295 was used for the
radiocarbon date and therefore was not available for stable
isotope analysis.

ACKNOWLEDGEMENTS

We thank Nathan Stevens for preparing the CA-KER-4623
beads for isotopic analysis and Jack Meyer for assistance with
the calibration and statistical analysis of the radiocarbon dates
mentioned here. Funding for the stable isotope research was
provided by a National Science Foundation grant to Eerkens
and Spero (BCS#1220048). We also thank California State Park
Angeles District Archaeologist Barbara Tejeda for allowing
access to the collections from CA-LAN-43, and California
State University, Los Angeles graduate student Darlene Deppe-
Carrillo, who is writing up the collection from LAN-43 as her
Master’s project. Lastly, we thank our reviewers and the editor
of JCGBA for their helpful comments on this paper.

REFERENCES

Arnold, Jeanne E.
1987 Craft Specialization in the Prehistoric Channel
Islands California. Berkeley: University of California
Press.

1992 Complex Hunter-Gatherer-Fishers of Pre-historic
California: Chiefs, Specialists and Maritime Adaptations
of the Channel Islands. American Antiguity 65:67-84.

1993 Labor and the Rise of Complex Hunter-Gatherers.
Journal of Anthropological Archaeology 12:75-119.

1995 Transportation Innovation and Social Complexity
among Maritime Hunter Gatherer Societies. American
Anthropologist 97(4):733-747.

2004 Foundations of Chumash Complexity. [Perspectives
in California Archaeology 7.] Los Angeles: Cotsen
Institute of Archaeology, University of California, Los
Angeles.

Arnold, Jeanne, and Anthony P. Graesch
2001 The Evolution of Specialized Shellworking Among
the Island Chumash. In The Origins of a Pacific Coast
Chiefdom: The Chumash of the Channel Islands, J. E.
Arnold, ed., pp. 71-112. Salt Lake City: University of
Utah Press.

Arnold, Jeanne E., and Ann Munns
1994 Independent or Attached Specialization: The Organi-
zation of Shell Bead Production in California. Journal of
Field Archaeology 21:473-489.

Arrigoni, Aimee, Drew Bailey, David Buckley, Angela Cook,
Allen Estes, Paul Farnsworth, Melinda Hickman, and
Eric Strother
2008 Data Recovery, Burial Removal and Construction
Monitoring at the Moffett Towers Project CA-SCL-12/H
Sunnyvale, Santa Clara County, California. MS on file at
William Self Associates, Inc., Orinda, California.

Bennyhoft, James A., and David A. Fredrickson
1967 A Typology of Shell and Stone Beads from Central
California. MS on file at Cultural Resources Division of
California State Parks, Sacramento.



270  Journal of California and Great Basin Anthropology | Vol. 38, No.2 (2018)

Bennyhoff, James A., and Robert E. Heizer
1958 Cross Dating Great Basin Sites by California Shell
Beads. University of California Archaeological Survey
Reports 42:60-90. Berkeley.

Bennyhoff, James A., and Richard E. Hughes
1987 Shell Bead and Ornament Exchange Networks
Between California and the Western Great Basin.
American Museum of Natural History Anthropological
Papers 64, Pt 2. New York.

Bethard, Kenneth R., and Mark Basgall
2001 Archaeological Investigations at CA-MER-295:
An Early Period Cemetery Residential Area on the
San Joaquin River, Merced, California. MS on file at
Cultural Resources Division of California State Parks,
Sacramento.

Bottman, Tobin C.

2006 Stable Isotope Analysis to Determine the Geographic
Provenience of Olivella biplicata Shell Beads Excavated
from Archaeological Sites in the Northern Great Basin:
Implications for Reconstructing Prehistoric Exchange.
Master's thesis, University of Oregon, Eugene.

Brock Ramsey, Christopher,
2013 Radiocarbon Calibration and Analysis of Stratigraphy:
The OxCal Program. Radiocarbon 37(2):425-430.
2001 Development of the Radiocarbon Program OxCal.
Radiocarbon 43(2A):355-363.

Byrd, Brian F., Adrian R. Whitaker, Patricia Mikkelsen, and
Jeffrey S. Rosenthal
2017 San Francisco Bay-Delta Regional Context and
Research Design for Native American Archaeological
Resources, Caltrans District 4. MS on file at Caltrans,
District 4, Oakland.

Cannon, A. C.

2006 Giving Voice to Juana Maria’s People: The Organi-
zation of Shell and Exotic Stone Artifact Production and
Trade at a Late Holocene Village on San Nicolas Island,
California. Master's thesis, Humboldt State University,
California.

Carlton, James T.
2007 The Light and Smith Manual: Intertidal Invertebrates
from Central California to Oregon. Berkeley: University
of California Press.

Clark, Matthew R.
1998 Evaluative Archaeological Investigations at the
San Bruno Mountain Mound Site, CA-SMA-40, South
San Francisco, California. MS on file at the Northwest
Information Center, Department of Anthropology,
Sonoma State University, Rohnert Park, California.

Eerkens, Jelmer W., Gregory S. Herbert, Jeffery S. Rosenthal,
and Howard J. Spero
2005 Provenance Analysis of Olivella biplicata Shell Beads
from the California and Oregon Coast by Stable Isotope
Fingerprinting. Journal of Archaeological Science
32:1501-1504.

Eerkens, Jelmer W., Jeffery S. Rosenthal, Howard J. Spero,
Nathan E. Stevens, and Richard Fitzgerald
2009 The Source of Early Horizon Beads: Isotopic Evidence
from CA-CCO-548. Proceedings of the Society for
California Archaeology 23:1-11.

Eerkens, Jelmer W., Jeffery S. Rosenthal, Amanda Cannon,
Eric L. Brown, and Howard J. Spero
2010 Stable Isotope Provenance Analysis of Olivella Shell
Beads from Los Angeles Basin and San Nicolas Island.
Journal of Island and Coastal Archaeology 5:105-119.

Estes, Allen, K. Brown, Eric Strother, L. Valkenier,

James Allen, N. Summerlin, K. Poetz, M. Wells, and

William Self

2002 Report on the Catellus Hercules Project Data

Recovery, Burial Removal and Construction Monitoring
at Site CA-CCO-474/H Hercules California. MS on file
at the Northwest Information Center, Department of
Anthropology. Sonoma State University, Rohnert Park,
California.

Fitzgerald, Richard, Terry L. Jones, and Adella Schroth
2005 Ancient Long Distance Trade in Western North
America: New AMS Radiocarbon Dates from Southern
California. Journal of Archaeological Science 32:423-44.

Friederich, G. E., P. M. Walz, M. G. Burczynski and
F. P. Chavez
2002 Inorganic carbon in the Central California upwelling
system during the 1997-1999 El Nifio-La Nifia event.
Progress in Oceanography 54:185-203.

Gamble, Lynn H.
2002 Archaeological Evidence for the Origin of the Plank
Canoe in North America. American Antiquity 67:301-315.

2008 The Chumash World at European Contact: Power,
Trade, and Feasting Among Complex Hunters and
Gatherers. Berkeley: University of California Press.

Gifford, Edward W.
1947 California Shell Artifacts. University of California
Anthropological Records 9(1):1-114. Berkeley.

Golla, Victor
2007 Linguistic Prehistory. In California Prehistory:
Colonization, Culture and Complexity, Terry L. Jones
and Kathryn A. Klar, eds., pp. 71-83. Walnut Creek,
California: Altamira Press.
2011  California Indian Languages. Berkeley: University of
California Press.

Grossman, Edward L., and T. L. Ku
1986 Oxygen and Carbon Isotope Fractionation in Biogenic
Aragonite: Temperature Effects. Chemical Geology
59:59-74.

Groza, Randall, Jeffrey Rosenthal, John Southon, and
Randall Milliken
2011 A Refined Shell Bead Chronology for Late Holocene
Central California. Journal of California and Great
Basin Anthropology 31(2):13-32.



ARTICLE | The Distribution of Olivella Grooved Rectangular Beads in the Far West | Fitzgerald / Rosenthal / Eerkens / Nicholson / Spero 271

Heizer, Robert F.
1938 The Plank Canoe of the Santa Barbara Coast. Etno-
logiska Studier 7:193-237.

Howard, William J., and L. Mark Raab
1993 Olivella Grooved Rectangle Beads as Evidence of
an Early Period Southern Channel Islands Interaction
Sphere. Pacific Coast Archaeological Society Quarterly
29:1-11.

Hylkema, Mark G.

2009 A Collection of Papers on Archaeological Findings
at the Third Location of Mission Santa Clara De Asis,
CA-SCL-30. MS on file at Cultural Resources Division of
California State Parks, Sacramento.

Jackson, Thomas, Lisa Shapiro, and Jay King
1998  Prehistoric Archaeological Resources Inventory and
Evaluation at the Naval Petroleum Reserve No. 1 (Elk
Hills) Kern County, California. MS on file at Pacific
Legacy, Berkeley, California

Jenkins, Dennis L., and Jon Erlandson
1996 Olivella Grooved Rectangle Beads from a Middle
Holocene Site in the Fort Rock Valley, Northern Great
Basin. Journal of California and Great Basin Anthro-
pology 18:296-302.

Jenkins, Dennis L., Leah L. Largaespada, Tony Largaespada,
and Mercy A. McDonald
2004 Early and Middle Holocene Ornament Exchange
Systems in the Fort Rock Basin of Oregon. In Early and
Middle Holocene Archaeology of the Northern Great
Basin. Dennis L. Jenkins, Thomas J. Connolly, and C.
Melvin Aikens, eds., pp. 251-269. [University of Oregon
Anthropological Papers 62.]

Jones, Terry L., and Kathryn A. Klar
2005 Diffusionism Reconsidered: Linguistic and Archaeo-
logical Evidence for Prehistoric Polynesian Contact with
Southern California. American Antiquity 70(3):457-484.

Jones, Terry L., Nathan Stevens, Deborah A. Jones,
Richard T. Fitzgerald, and Mark G. Hylkema
2007 The Central Coast: A Midlatitude Milieu. In California
Prehistory: Colonization, Culture and Complexity, Terry
L. Jones and Kathryn A. Klar, eds., pp. 125-147. Walnut
Creek, California: Altamira Press.

Kaijankoski, Phillip, and Jeffrey S. Rosenthal
2018 Holocene Landscape Evolution and Human Occu-
pation in the Lower Penitencia Creek Watershed:
Archaeological Investigations for Phase I of the Silicon
Valley BART Extension Project, Fremont, Milpitas, and
San Jose, California (Draft). MS on file at Far Western
Anthropological Research Group, Inc., Davis.

Kennett, Douglas J.
2005 The Island Chumash: Behavioral Ecology of a Mari-
time Society. Berkeley: University of California Press.

Kennett, Douglas J., Brendan J. Culleton, James P. Kennett,
Jon M. Erlandson, and Kevin G. Cannariato
2007 Middle Holocene Climate Change and Human

Population Dispersal in Western North America. In
Climate Change and Cultural Dynamics: A Global
Perspective on Mid-Holocene Transitions, David G.
Anderson, Kirk A. Maasch, and Daniel H. Sandweiss,
eds., pp. 531-557. New York: Elsevier Inc.

Kim, S. T., and J. R. O’Neil
1997 Equilibrium and Nonequilibrium Oxygen Isotope
Effects in Synthetic Carbonates. Geochimica et Cosmo-
chimica Acta 61:3461-3475.

King, Chester
1990 The Evolution of Chumash Society: A Comparative
Study of Artifacts Used in Social System Maintenance
in the Santa Barbara Channel Region before A.D. 1804.
New York: Garland Publishing Company.

Korchagin, N. N., and I. D. Lozovatsky
1998 On the thermohaline fine structure in the California
Upwelling Region. Okeanologiya 38:335-342.

Krantz, D. E., FE. D. Williams, and D. S. Jones
1987 Ecological and Paleoenvironmental Information using
Stable Isotope Profiles from Living and Fossil Molluscs.

Paleogeography, Paleoclimatology, and Paleoecology
58:249-266.

Macko, M. E.

1998 Executive Summary of Mitigation Measures Imple-
mented Pursuant to the Operation Plan and Research
Design for the Proposed Newporter North Residential
Development at ORA-64. MS on file at Macko Inc.,
Huntington Beach, California.

Marcott, Shaun, Jeremy D. Shakun, Peter U. Clark, and
Alan C. Mix
2013 A Reconstruction of Regional and Global Temperature
for the Past 11,300 Years. Science 8(339):1198-1201.

McConnaughey, T. A., J. Burdett, J. F. Whelan, and C. K. Paull

1997 Carbon Isotopes in Biological Carbonates: Respiration

and Photosynthesis. Geochimica et Cosmochimica Acta
61:611-622.

Meyer, Jack
1996  Geoarchaeological Implications of Holocene Land-
scape Evolution in the Los Vaqueros Area of Eastern
Contra Costa County, California. Master's thesis, Sonoma
State University.

Meyer, Jack, and Jeffery S. Rosenthal
2008 A Geoarchaeological Overview and Assessment of
Caltrans District 3: Cultural Resources Inventory of
Caltrans District 3 Rural Conventional Highways. MS on
file at Caltrans, North Region District 3, Marysville.



272 Journal of California and Great Basin Anthropology | Vol. 38, No.2 (2018)

Reimer, Paula J., Edouard Bard, Alex Bayliss, J. Warren Beck,

Paul G. Blackwell, Christopher Bronk Ramsey, Caitlin E. Buck,

Hai Cheng, R. Lawrence Edwards, Michael Friedrich,

Pieter M. Grootes, Thomas P. Guilderson, Haflidi Haflidason,

Irka Hajdas, Christine Hatté, Timothy J. Heaton,

Dirk L. Hoffmann, Alan G. Hogg, Konrad A. Hughen,

K. Felix Kaiser, Bernd Kromer, Sturt W. Manning, Mu Niu,

Ron W. Reimer, David A. Richards, E. Marian Scott,

John R. Southon, Richard A. Staff, Christian S. M. Turney,

and Johannes van der Plicht

2013 IntCall3 and Marinel3 Radiocarbon Age Calibration

Curves 0-50,000 Years cal B.P. Radiocarbon 55(4):1869-
1867.

Rosenheim, Brad E., Peter K. Swart, and Phillipe Willenz
2009 Calibration of scerosponge oxygen isotope records to
temperature using high-resolution 8180 data. Geochimica
et Cosmochimica 73:5308-5319.

Rosenthal, Jeffrey S.

2011 The Function of Shell Bead Exchange in Central
California. In Perspectives on Prehistoric Trade and
Exchange in California and the Great Basin. Richard
E. Hughes, ed., pp. 56-83 Salt Lake: University of Utah
Press.

Rosenthal, Jeffrey, and Jack Meyer
2000 A Middle Holocene Olivella Wall-Bead Assemblage
from Central California. Society for California Archaeo-

logy Newsletter 34(4):27-28.

2004 Landscape Evolution and the Archaeological Record:
A Geoarcheological Study of the Southern Santa Clara
Valley and Surrounding Region. Davis Center for
Archaeological Research Publications 14. Davis: Univer-
sity of California, Davis.

Shultz, Richard

2011 Shell Beads: Analysis of Shell Beads Identified in
the Border Barrier Archaeological Project. In Cultural
Resources Services at Site CA-SDI-222 Border Field
State Park and Site CA-SDI-4281 Lichty Mesa for the San
Diego Border Project, San Diego County. MS on file at
Cultural Resources Division of California State Parks,
Sacramento.

Smith, Geoffrey M., Alexander Cherkinsky, Carla Hadden,
and Aaron P. Ollivier
2016 The Age and Origin of Olivella Beads from Oregon’s
LPS-1 Rockshelter: The Oldest Marine Shell Beads in
Northern Great Basin. American Antiquity 81:550-561.

Stuiver, M., and P. J. Reimer
1993 Extended 4C Data Base and Revised CALIB 3.0 14C
Age Calibration Program. Radiocarbon 28:215-230.

Tiley, Shelly

2008 Phase III Data Recovery Report for Archaeological
Excavations at CA-KER-4623/H and CA-KER-1304,
02-KER-41 KP 0.0/8.0, PM 0.0/5.0,EA 06-382938,
Contract 0641261, Task Order 3, Cottonwood Canyon
Highway Widening and Rehabilitation Project, Kern
County, California. MS on file at Caltrans, Central
California Cultural Resources Branch, Fresno.

Vellanoweth, René L.

1995 New Evidence from San Nicolas Island on the Distri-
bution of Olivella Grooved Rectangle Beads. Pacific
Coast Archaeological Society Quarterly 31(4):13-22.

2001 AMS Radiocarbon Dating and Shell Bead Chron-
ologies: Middle Holocene Trade and Interaction in
Western North America. Journal of Archaeological
Science 28:941-950.

Vellanoweth, René L., Amira F. Ainis, Jon M. Erlandson,
and Lisa D. Thomas-Barnett
2014 An Olivella Grooved Rectangle Bead Cluster from
San Nicolas Island, California. Journal of California and
Great Basin Anthropology 34:229-246.

Wiley-Desautels, Nancy A.
2013 Middle Holocene Ceramic Artifacts from the Encino
Village Site. Pacific Coast Archaeological Society Quar-

terly 47(3-4):25-43.





