
A total of 32 flaked obsidian artifacts was recov-
ered by the Desert Archaeology, Inc., investigations
at the Clearwater site, AZ BB:13:6 (ASM), and the
Tucson Presidio, AZ BB:13:13 (ASM). The elemental
concentrations in 20 obsidian artifacts were analyzed
by the energy dispersive X-ray fluorescence (EXRF)
method to match them to the compositions of known
obsidian sources in the Greater Southwest. The types
of obsidian artifacts, their contexts, the ages of those
contexts, and identified sources are summarized in
Table 17.1. Elemental concentrations for the analyzed
obsidian artifacts are shown in Table 17.2, and the
periods and sample sizes of obsidian artifacts from
archaeological sites in the Tucson Basin are listed in
Table 17.3. Table 17.4 shows the sources of obsidian
artifacts from archaeological sites in the Tucson Ba-
sin, by period. The locations of identified sources for
obsidian artifacts from Clearwater and the Tucson
Presidio, dating to the Cienega phase, the Hohokam
periods, and the Spanish period, are illustrated in Fig-
ures 17.1-17.3, respectively.

ANALYSIS AND INSTRUMENTAL
CONDITIONS

All the archaeological samples from Clearwater
and the Tucson Presidio were analyzed whole. The
results presented here are quantitative in that they
are derived from “filtered” intensity values ratioed
to the appropriate x-ray continuum regions through
a least-squares fitting formula rather than plotting
the proportions of the net intensities in a ternary
system. More essentially, through the analysis of
international rock standards, these data allow for in-
ter-instrument comparisons with a predictable de-
gree of certainty.

The trace element analyses were performed in the
Archaeological XRF Laboratory, Department of Earth
and Planetary Sciences, University of California, Ber-
keley, using a Spectrace/ThermoTM QuanX energy
dispersive x-ray fluorescence spectrometer. The
spectrometer is equipped with an air-cooled Cu x-ray
target with a 125-micron Be window, an x-ray gen-
erator that operates from 4-50 kV/0.02-2.0 mA at 0.02
increments, using an IBM PC-based microprocessor
and WinTraceTM reduction software. The x-ray tube

is operated at 30 kV, 0.14 mA, using a 0.05 mm (me-
dium) Pd primary beam filter in an air path at 200
seconds livetime to generate x-ray intensity Kα-line
data for elements titanium (Ti), manganese (Mn), iron
(as FeT), thorium (Th) using Lα line, rubidium (Rb),
strontium (Sr), yttrium (Y), zirconium (Zr), and nio-
bium (Nb). Weight percent iron (Fe2O3

T) can be de-
rived by multiplying pp estimates by 1.4297(10-4).

Trace element intensities were converted to con-
centration estimates by utilizing a least-squares cali-
bration line established for each element from the
analysis of international rock standards certified by
the National Institute of Standards and Technology
(NIST), the U.S. Geological Survey (USGS), Canadian
Centre for Mineral and Energy Technology, and the
Centre de Recherches Pétrographiques et Géo-
chimiques in France (Govindaraju 1994). Line fitting
is linear (XML) for all elements except iron, where a
derivative is used to improve the fit for the high con-
centrations of iron, and thus, for all the other ele-
ments. Further details concerning the petrological
choice of these elements in southwest obsidian is
available elsewhere (Hughes and Smith 1993; Mahood
and Stimac 1990; Shackley 1990, 1995, 1998, 2005).

Specific standards used for the best-fit regression
calibration for elements titanium through niobium
include basalt (G-2), andesite (AGV-1), GSP-1, syen-
ite (SY-2), hawaiite (BHVO-1), syenite (STM-1),
quartz latite (QLO-1), obsidian (RGM-1), diabase
(W-2), basalt (BIR-1), mica schist (SDC-1), tonalite
(TLM-1), shale (SCO-1), all U.S. Geological Survey
standards, basalt (BR-N) from the Centre de Re-
cherches Pétrographiques et Géochimiques in France,
and obsidian (JR-1 and JR-2) from the Geological
Survey of Japan (Govindaraju 1994). In addition to
the reported values here, nickel, copper, zinc, and
gallium were measured, but these are rarely useful
in discriminating glass sources and are not generally
reported.

The data from the WinTraceTM software were
translated directly into Excel for Windows software
for manipulation, and on into SPSS for Windows for
statistical analyses. To evaluate these quantitative de-
terminations, machine data were compared with
measurements of known standards during each run.
RGM-1 is analyzed during each sample run for ob-
sidian artifacts to check machine calibration (see

CHAPTER 17

SOURCES OF OBSIDIAN ARTIFACTS

M. Steven Shackley, Jennifer Kahn, Elizabeth Eklund,
and Caroline Ogasawara

University of California, Berkeley



17.2  Chapter 17

Table 17.2). Compilation and discussion of RGM-1
analyses are available at http://www.swxrflab.net/
analysis.htm. Source assignments were made with
reference to the source standard library at Berkeley
(Shackley 1995, 1998, 2005), Baugh and Nelson
(1987), Glascock et al. (1999), and Nelson (1984).

RESULTS AND DISCUSSION

The majority of the assemblage from the Clear-
water and Tucson Presidio sites were made of mate-
rials procured from sources in the Sonoran Desert,
including (in order of increasing distance) the Sand
Tanks, Sauceda Mountains, Los Vidrios, and Tank

Mountains sources (see Table 17.1). However, the
earliest obsidian artifacts, dating to the Cienega
phase (circa 800 B.C.-A.D. 50), did not come from
the closest sources, but rather, from sources between
200 km and 400 km away (source distances are
shown in Table 17.4). This fits with a previous ob-
servation that obsidian was procured from diverse
sources, including some from great distances, dur-
ing the Cienega phase in southern Arizona (Shack-
ley 2005). It does not, however, fit with the previous
model of a contracted obsidian procurement pattern
during the Late Archaic/Early Agricultural period,
compared with the extensive procurement pattern
of the preceding Middle Archaic period (e.g., Roth
2000; Shackley 1990, 1996, 1999, 2002, 2005).

Table 17.1.  Information about obsidian artifacts from the Rio Nuevo archaeological investigations, in temporal order. 
 

AZ (ASM)  
Site No. 

Feature  
No. 

Field 
No.  Period/Phase  Context Artifact Type Source 

BB:13:6 3364 9248 Unnamed phase of  
Early Agricultural 
period 

Pit structure Flake Unknown 

BB:13:13 409 4104 San Pedro or Cienega 
phase 

American Terri-
torial period pit 

San Pedro point Tank Mountains 

BB:13:6 0 5596 Early Cienega phase Sheet trash Cienega Short 
point 

Antelope Creek/ 
Mule Mountains 

 20 6781 Late Cienega phase Roasting pit  Biface tip Tank Mountains 

 9357 8471 Late Cienega phase Big house Flake Government 
Mountain 

  8355b Late Cienega phase Big house Flake Los Vidrios 

  8355c Late Cienega phase Big house Flake Tank Mountains 

  9026 Late Cienega phase Big house Flake Government 
Mountain 

BB:13:13          406 3525 Hohokam Colonial 
period? 

Pit structure Flake Blue/San Francisco 
River 

BB:13:6            0 5605 Hohokam Sedentary 
period 

Sheet trash Sedentary point  Superior 

BB:13:13          0 3473 Hohokam Classic  
period 

Sheet trash Classic point tip Sauceda Mountains 

BB:13:6            0 5230 Protohistoric or  
Spanish period 

Alluvium       Sobaipuri point Sand Tanks 

 178 6520a Spanish period Pit             Flake Mule Creek 

  6520b Spanish period Pit             Flake Los Vidrios 

 3000 7970 Spanish period Mission wall  Flake  Burro Creek 

BB:13:13 371 2439 Spanish period? American Terri- 
torial period pit 

Point tip  Tank Mountains  

 0 2694 Spanish period? Backhoe backdirt  Point tip Los Vidrios 

            2694 Spanish period Disturbed area Point tip  Los Vidrios 

  3377 Mexican period Sheet trash Sobaipuri point Sauceda Mountains 
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Recent data, however, suggest such a contraction
may have occurred during the San Pedro phase
(1200-800 B.C.), the phase preceding the Cienega
phase. The small sample of obsidian artifacts from
the San Pedro phase (n = 8) in the Tucson Basin, all
from the Las Capas site, AZ AA:12:111 (ASM), is lim-
ited to sources within 150-200 km (Shackley et al.
2006). Among the recovered samples from Cerro
Juanaqueña in northwestern Mexico, the only other
San Pedro phase site that has yielded obsidian, the
four identified sources are also within 150-200 km of
the site (Shackley 1999). This pattern may indicate
restricted access and/or reduced movements to ob-
sidian sources during the San Pedro phase, probably
related to reduced residential mobility and the use
of fewer resource zones during that interval (Shack-
ley 1996).

In contrast, the currently available data for the
Cienega phase in the Tucson Basin shows an exten-
sive pattern of obsidian procurement. With the new
data from the Rio Nuevo project, the list of identi-
fied obsidian sources for Cienega phase artifacts in
the Tucson Basin has been expanded to include the
distant western sources of Los Vidrios and the Tank
Mountains, as well as the Government Mountain
source far to the north. Obsidian from Los Vidrios
could have been procured during expeditions to
gather marine shells from the Gulf of California for
making shell jewelry found at Cienega phase sites.
Table 17.4 shows that the spatial scale of obsidian
sources for Cienega phase farming communities in
the Tucson Basin was much greater than is currently
known for San Pedro phase farmers, and it was al-
most as extensive as the procurement ranges of
Middle Archaic foraging bands and later pre-Clas-
sic and Classic Hohokam communities in the re-
gion.

The varied and extensive pattern of Cienega
phase sources may have developed with a shift in
procurement strategies to include more obsidian ex-
change rather than direct procurement, a shift first
proposed by Shackley (1990). This interpretation is
supported by the presence of artifacts manufactured
from other nonlocal materials (for example, marine
shells, rare stones, and exotic minerals) at Cienega
phase sites in the Tucson Basin, indicating the de-
velopment of long-distance exchange networks dur-
ing this phase (Huckell 1995; Mabry 1998). For the
obsidian from this phase, there is no fall-off curve in
the number of artifacts in relation to increasing dis-
tances to sources, as would be expected to result from
down-the-line exchange (Renfrew 1975). Including
projectile points and flakes, the assemblage reported
here also contradicts the previously known pattern
noted by Roth (2000) of obsidian from Late Archaic/

Table 17.3.  Periods and sample sizes of obsidian arti-
facts from archaeological sites in the Tucson Basin. 
 

Middle Archaic Period  

AZ AA:12:181 (ASM) (n = 2) 

La Paloma, AZ BB:9:127 (ASM) (n = 3)  

Owl Head Butte, AZ AA:8:194 (ASM) (n = 7) 

Tates Hills, AZ AA:12:84 (ASM) (n = 5) 

West Branch, AZ AA:16:3 (ASM) (n = 1) 

Upper Bajada, Late Archaic/Early Agricultural Period 

AZ AA:12:84 (ASM) (n = 13) 

Angus, AZ AA:8:133 (ASM) (n = 1) 

Coffee Camp, AZ AA:6:19 (ASM) (n = 3) 

HK, AZ AA:8:166 (ASM) (n = 7) 

La Paloma, AZ BB:9:127 (ASM) (n = 3)  

Early Agricultural Period  

Unnamed Phase 

Clearwater, AZ BB:13:6 (ASM) (n = 1) 

San Pedro or Cienega Phase 

Tucson Presidio, AZ BB:13:13 (ASM) (n = 1) 

San Pedro Phase 

Las Capas, AZ AA:12:111 (ASM) (n = 8) 

Cienega Phase 

Clearwater, AZ BB:13:6 (ASM) (n = 6) 

Cortaro Fan, AZ AA:12:486 (ASM) (n = 1)  

Santa Cruz Bend, AZ AA:12:746 (ASM) (n = 6) 

Stone Pipe, AZ BB:13:425 (ASM) (n = 2) 

Hohokam Colonial Period? 

Tucson Presidio, AZ BB:13:13 (ASM) (n = 1) 

Hohokam Sedentary Period 

Clearwater, AZ BB:13:6 (ASM) (n = 1) 

Sunset Mesa, AZ AA:12:10 (ASM) (n = 8) 

West Branch, AZ AA:16:3 (ASM) (n = 16) 

Hohokam Classic Period 

Marana site complex (n = 178) 

Tucson Presidio, AZ BB:13:13 (ASM) (n = 1) 

Protohistoric or Spanish Period  

Clearwater, AZ BB:13:6 (ASM) (n = 1) 

Spanish Period 

Clearwater, AZ BB:13:6 (ASM) (n = 3) 

Tucson Presidio, AZ BB:13:13 (ASM) (n = 3) 

Mexican Period 

Tucson Presidio, AZ BB:13:13 (ASM) (n = 1) 
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Early Agricultural period contexts being limited to
flakes and shatter. However, the total assemblage of
Cienega phase obsidian artifacts in the Tucson Basin
is still a very small sample, and these patterns will
likely change with new data.

The assemblage of Hohokam obsidian artifacts
from the Clearwater site and the Tucson Presidio is
very small (n = 3), but it adds to the recently avail-
able data on pre-Classic Hohokam obsidian procure-
ment by the inhabitants of the Tucson Basin. The data
now available from the Clearwater and Tucson Pre-
sidio sites (this report); the Sunset Mesa site, AZ
AA:12:10 (ASM) (Shackley 2000); and the West
Branch site, AZ AA:16:3 (ASM) (Shackley 2004), pro-
vide the first glimpses of Sedentary period obsidian
procurement patterns in the Tucson Basin.

The total Sedentary period assemblage from this
region (n = 14) includes projectile points and flakes.
The Superior and Mule Creek (Blue/San Francisco
River) sources are represented by artifacts from the
Clearwater and Tucson Presidio sites, while a vari-
ety of other sources are represented in the Sunset
Mesa and West Branch assemblages. The majority of
obsidian artifacts dating to this period are from
sources within 200 km to the north and west, with
one possibly coming from Government Mountain,
400 km away to the north. The overall pattern fits
with previous observations that pre-Classic obsidian
was procured from the nearest sources, probably di-
rectly by the inhabitants of each community, with
obsidian tool manufacture conducted on-site rather
than at the sources (Shackley 2005).
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Figure 17.1.  Identified material sources of Cienega phase obsidian artifacts from the Rio Nuevo sites.
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The single Classic period obsidian artifact recov-
ered during this project, a projectile point tip from the
Tucson Presidio, fits the previously known pattern of
the relatively nearby Sauceda Mountains being the
primary source for Classic period communities in the
Tucson Basin (Bayman 1995). However, the second-
most important source, the Vulture, near Wicken-
burg, Arizona, is some 250 km to the north. This
contradicts the expectations of the down-the-line
obsidian exchange proposed for most Classic period
communities (cf. Bayman and Shackley 1999; Mitch-
ell and Shackley 1995).

The analyses results for the Spanish period ob-
sidian artifacts recovered from the Clearwater and

Tucson Presidio sites (n = 6) provide the first infor-
mation about the obsidian sources used during this
early portion of the Historic era. A variety of sources
are represented in the sample, all of them located at
a distance between 200 km and 300 km away. This
pattern contrasts with the prehistoric periods, when
the closest sources to the Tucson Basin were well
represented, if not predominant. Most of the Span-
ish period sources were located to the west, perhaps
reflecting the difficulty that desert O’odham groups
(Sobaipuri and Papago) faced in procuring obsid-
ian from eastern sources after the intrusion of
Apache groups into the highlands of the southern
Southwest.

SON

AZ

CA

Sauceda
Mts.

Superior
Blue/San Francisco River

SITES
RIO NUEVO

UT CO

BCA

NV

CHI

TX

NM

M   E   X   I   C   O

Obsidian Source

KEY

Km

0

0 100

100 Mi

Desert Archaeology,
2004
Inc.

Hohokam

Figure 17.2.  Identified material sources of Hohokam obsidian artifacts from the Rio Nuevo sites.
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Figure 17.3.  Identified material sources of Spanish period obsidian artifacts from the Rio Nuevo sites.
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