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Introduction

This date list presents dates from over 100 ceramic
and burned stone samples from prehistoric and historic
sites in the American Southwest, analyzed by the
luminescence laboratory at the University of
Washington from 1994 to 1999. The Southwest has a
rich archaeological tradition, in large part because of
the remarkable preservation afforded by the generally
dry climate. The detailed painted designs on much of
the prehistoric pottery, the styles of which have
changed rapidly through time, have also allowed a
rather finely resolved chronology, tied to a calendrical
scale by an abundance of radiocarbon and, particularly,
tree ring dates (Blinman, 2000). Nevertheless, there are
still pockets of uncertainty in Southwestern ceramic
chronology. In the lowland desert region of southern
Arizona, the Hohokam cultural sequence has suffered
from poor resolution due to inadequacy of tree-ring
dating and temporally insensitive ceramics (Dean,
1991). More relevant to this work is the poorly known
chronology of the very late prehistoric/early historic
record, which has recently gained interest among
scholars seeking to understand the ramifications of
Spanish contact on native populations (e.g.,
Raminofsky, 1996) and the impact of the relatively late
migration to the region by Apache and Navajo groups
(e.g., Towner, 1996).

The dating work reported here has not resulted from
any systematic study originating from the laboratory,
but rather represents the serendipitous accumulation of
dating analyses contracted by a variety of academic and
cultural resource management (CRM) organizations.
The bulk of the dates are on Navajo ceramics or on late
Puebloan ceramics, mostly from northwestern New
Mexico, but also included are earlier ceramics from the
Colorado Plateau, the desert lowlands of southern
Arizona, and the Great Basin. Most of the dates are for
pottery, but a few burned rocks from hearths and
similar contexts have been included; some dates

previously published are not included (e.g. Feathers and
Rhode, 1998).

The analyzed ceramics are generally thin-walled (5-
7mm), relatively high fired (ca. 800-900°C), and fine
textured with inclusions of fine sand or volcanic
material. The fine texture has necessitated use of the
fine-grain dating technique. Overall the luminescence
characteristics of the samples can be described as well
behaved. The fabrics are composed of clays that are
relatively high in naturally occurring radionuclides
(means tabulated for 92 of the ceramics reported here
are 12.2 * 5.4 ppm Th and 42 % 1.7 ppm U), and
contain luminescent minerals of high sensitivity.
Scatter in growth curves tends to be low, plateaus are
generally broad, and anomalous fading is only present
in a few sherds. The recovery context is often complex,
representing dwellings (vartous pit structures, adobe
room blocks or Navajo “hogans™), middens, or other
activity centers, but generally radioactivity does not
seem to vary greatly from different areas of the sites.
Many of the ceramics were recovered from the surface.
This complicates to some degree estimations of the
gamma dose rate and increases the contribution from
the cosmic dose rate {especially given the high altitude
of some regions such as the Colorado Plateau where
elevations at sites range up to 2500 m or more).
However, we have shown in other contexts that these
uncertainties are not greater than those for buried
ceramics, particularly, as is often the case, where the
timing and rate of burial are unknown (Dunnell and
Feathers, 1994). Moisture contents are generally low,
because of the relatively dry climate, although there is
variation from place to place.

Procedures

The laboratory’s procedures have evolved through the
years. What follows is a generalized protocol. Sherds
are broken to expose a fresh profile, and material then
drilled from the center of the cross-section more than 2
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mm from either surface, using a tungsten carbide drill
bit. To avoid mechanical fragmentation of grains the
drill is kept at low speed and material is scraped out
mainly using the sides of the drill bit rather than the tip
and employing minimum pressure. The material
retrieved is ground gently in an agate mortar and pestle,
treated with HC] and then settled in acetone for 2 and
20 minutes to separate a 1-8 pm fraction, which is then
deposited onto stainless steel discs. TL is measured on
a Daybreak reader using a 9635Q photomultiplier
through a Corning 7-59 (blue) filter, in N, atmosphere,
heating at 1°C/s to 450°C. A preheat of 1°C/s to
240°C and then immediate cooling to room temperature
precedes each measurement. In earlier analyses,
samples were preheated in a separate oven at 70°C for
several days, depending to some degree on the amount
of fading detected over the first few weeks. Artificial
irradiation is provided by a ?*Am alpha source,
calibrated by the manufacturer (Littlemore Scientific)
following Aitken (1985), and a “Sr beta source,
calibrated against a '’Cs gamma source.  After
irradiation, sample discs are stored for at least one week
prior to measurement of the luminescence.

Tests for anomalous fading involve measuring the
natural signal on several discs, administering equal
alpha irradiations and storing at room temperature for
various times up to 8-10 weeks. The irradiations are
staggered in time so that all second glows are
performed on the same day. The second glows are
normalized by the natural signal and the signal from the
plateau region plotted against log time. Dating results
of any sample showing fading beyond one week are
presented as minimums, indicated in the table by italic
type.  Alpha irradiations were chosen for this test
because of convenience in administering the dose.
Moreover, for most samples, alphas are a significant
contributor to the dose rate. Figure 1 shows examples
of sherds displaying fading and no fading.

Paleodose is determined by combining additive dose
and regeneration growth curves in the “Australian
slide” method (Prescott et al., 1993), using the program
developed by David Huntley of Simon Fraser
University. Sensitivity changes are corrected using the
scale factor (which is a ratio of the two slopes)
computed in that program. Where the scale factor is
within two standard deviations of one, the program is
run assuming no sensitivity change. Fits are either
linear or, particularly for younger samples, quadratic.
An earlier version of the program used a cubic rather
than quadratic fit, although the cubic term for these
ceramics was never significant. Dose increments are
determined so that the maximum additive dose results
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in a signal about three times that of the natural and the
maximum regeneration dose about five times the
natural. A few analyses determined palacodose by an
additive dose extrapolation corrected for supralinearity
by the regeneration intercept (this is indicated in the
date list table and a footnote gives the ratio of the
supralinearity correction to the paleodose for these few
samples). One advantage of the slide method is that
supralinearity is automatically taken into account,
resulting in higher precision. Figure 2 shows two
examples of growth curves following the slide
procedure, showing samples with more and less scatter.
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Figure 1. Examples of anomalous fading results.
(a) UW362 shows no fading over the 8-week storage
time. (b) UW302 shows substantial fading that is not
complete by eight weeks.
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Figure 2. (a) Quadratic fit to additive dose and
regeneration points after the slide procedure for
UW358. (b) Linear fit to the same kind of data for
UW343, except that the scatter is much greater. In
both graphs, the open circles are additive dose points
and open squares are regeneration points.

A plateau region is determined by calculating the
paleodose at temperature increments between 240° and
450°C and determining over which temperature range
the values do not differ significantly. This plateau
region is compared with a similar one constructed for
b-values, and the smaller of the two plateaus defines the
region over which the signal is integrated for final
determinations.  Some earlier analyses defined the
plateau on the basis of dose intercepts for first glows
(alphas and betas) and second glows, but this more
conservative approach was abandoned once more
advanced slide software was obtained. Figure 3 shows
some typical plateau plots.

Where the size of the sherd prevents a full multi-
aliquot analysis, the palaecodose is determined by the
SARA technique (Mejdahl and Bgtter-Jensen, 1994).

53

Several aliquots are given additive doses, and then after
heating to 450°C are given regeneration doses on the
order of magnitude of the natural signal or the natural
plus added dose signal. The apparent palaeodose is
determined by regeneration measurements with each
aliquot. These are plotted against the original additive
dose and a linear extrapolation to the dose axis provides
the correct palacodose. We have found this method to
be less precise than the multiple aliquot procedure.

A summary of procedures for deriving equivalent
dose is given in Table 1.

Alpha efficiency is determined by comparing the
slopes of additive dose curves built using alpha and
beta irradiations. The ratio of the slopes is taken as the
b-value., and this is determined by scaling the alpha
curve to the beta curve using Huntley’s slide program
(Lian et al., 1995). A b-value variation of this program
has been developed by Prof. Huntley.

Radioactivity is measured by alpha counting in
conjunction with flame photometry for “K. Samples
for alpha counting (for sherds, using fragments
remaining after material has been removed for
luminescence measurements) are crushed in a mill to a
fine powder, packed into plexiglass containers with
ZnS:Ag screens, and sealed for one month before
counting. The pairs technique is used to separate the U
and Th decay series. For flame photometer
measurements, samples are dissolved in HF and other
acids and analyzed by a Jenway flame photometer. K
concentrations for each sample are determined by
bracketing between standards of known concentration.

Both the sherd and an associated soil sample are
measured for radioactivity. Additional soil samples are
analyzed where the environment is complex, and
gamma contributions determined by gradients (after
Aitken, 1985: appendix H). The cosmic ray dose is
determined after Prescott and Hutton (1988).
Radioactivity concentrations are translated into dose
rates following, most recently, Adamiec and Aitken
(1998).

Water absorption values for sherds are determined by
comparing the saturated and dried weights. For the
climates typical of the Southwest, which is dry much of
the year but has seasonal rain in late summer and snow
at higher elevations in winter, moisture values are taken
to be about 30+ 20 to 50+20 percent of saturated
values, depending on information provided by the
archaeologist. Soil moisture contents are determined
largely on the basis of texture, with values of about 6
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percent for sands and 11-15 percent for siltier substrates
(Brady, 1974:196).
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Figure 3. Plateau test for UW358 showing results for
(a) equivalent dose and (b) b-value.

Accuracy and precision

Tests for accuracy are not a straight-forward task
because seldom are the dating events precisely the same
for luminescence and independent methods. We
addressed this problem in a comparison of TL and tree-
ring dates obtained from several short occupation
Navajo sites in northwestern New Mexico (Dykeman et
al., 2000). Direct comparisons were available from 12
sites, from which 15 TL dates were obtained. The tree-
ring dates were considered high quality not only
because of a close match with the reference curve but
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because they were derived from wood containing either
the outer most ring or significant amounts of sapwood.
Stumps from cut limbs were available at some sites. In
these cases the cutting did not kill the tree, which
continued to grow (even to the present) and protected
the stump rings from weathering. Distinctive axe scars,
attributed to early Navajos, suggested these trees were
cut during occupation. The precision of these dates was
taken to be nearly 1 year. Using a 1 ¢ confidence
interval (average 70+18 years) for the TL dates, only
four of the 15 dates agreed with corresponding tree ring
dates.

Percent tree-ring
dates
Percent TL dates

Figure 4. Comparison of aggregate TL and tree-ring
dates, as explained in the text.

However, tree-rings date the cutting of a tree, usually
for construction, an event that may not correspond
closely with firing of the pottery. Dates of these events
may differ significantly at any one site, although the
differences should average out on a regional scale.
Indeed, the aggregate distributions from all sites
(Figure 4) show a much closer correspondence. In this
figure the TL dates are treated as normal probability
distributions, which are summed at any given point.
The distributions from the two techniques are similar
with a main node around AD 1700, although an earlier
minor node apparent in the tree-ring data is less defined
in the TL distribution. If the TL distribution is
deconvoluted by the two ceramic types represented
(Figure 5), the bimodality of one of the types closely
matches the bimodality in the tree-ring dates, while
both types contribute to the main node. Terminating
the probability distributions of TL dates for both
ceramic types at the 75" percentile produces ranges
(AD 1640-1780 for Gobernador Polychrome and AD
1520-1740 for Dinetah Gray) remarkably close to the
range of production estimated for both types by several
radiocarbon and tree-ring dates from across the region
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(AD 1630-1775 for Gobernador Polychrome and AD
1540-1800 for Dinetah Gray). These results underscore
the difficulty in directly comparing dating methods that
address different events, but also show that
Iuminescence provides some chronological information
-- on ceramic production -- that may not be as easily
obtainable from tree-rings or radiocarbon. These data
are presented in more detail by Dykeman et al. (2000).
In a more recent study (Dykeman, 2000), a comparison
of tree-ring dates (used as the standard) with 14 TL
dates (numbers 357-370 in this date list) and several
radiocarbon dates, all obtained from Morris I, a large
Navajo site in northwestern New Mexico, concluded
TL provided better accuracy and even better precision
than radiocarbon. The latter suffers in this region from
old wood effects and for this time period from multiple
intercepts on the calibration curve.
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Figure 5. Distribution of TL dates by ceramic rype.

Variable precision in the dates reflects in large part
the scatter about the growth curves. As our fitting
procedures and other aspects of the protocol have
improved through the years, the precision obtainable
has improved and become less variable. The mean,
standard deviation and median of percent errors for all
the dates are 12.8, 8.2 and 10.2 respectively, while the
same numbers for dates obtained since 1996 are 10.7,
3.6, and 9.5 respectively. The errors reported were
computed using an Excel spreadsheet developed in this
laboratory and modeled after Aitken (1985: Appendix
B). The errors, computed at 10, include both random
and systematic contributions.
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DATE LIST 7: LUMINESCENCE DATES ON PREHISTORIC AND PROTO-HISTORIC POTTERY FROM
THE AMERICAN SOUTHWEST

The data presented include procedures for determining palacodose (Table 1), information about the samples and
submitting organizations (Table 2), notes on abbreviations used, and the main date list (Table 3).

Table 1: Procedures for determining palaeodose

Procedure Steps
TL slide 1. Aliquot allocation and dosing: 1-15, natural then alpha dose for fading; 16-30
(TL1) natural, then regeneration doses; 31-45 natural plus added beta; 46-60 natural plus

added alpha. Number of aliquots adjusted for smaller samples.

Preheat 240°C @ 1°C/s, and cool.

Heat to 450°C @ 1°C/s to measure TL, repeat for background

Use slide program to determine plateau.

Integrate over plateau region and use slide to determine palacodose (Dg) and alpha
efficiency.

D

TL additive dose | 1.  Steps 1-3 of TL1

(TL2) 2. Use additive dose extrapolation to determine plateau
3. Integrate over plateau region and determine Dg by adding intercepts of additive dose
and  regeneration. Alpha  efficiency  determined as in TL1
SARA 1. Make as many aliquots as possible: some naturals, some additive dose (beta and

alpha). Use same preheat and temperature regime as TL1.

2. Follow TL1 steps as much as possible, and determine a regeneration dose that yields
a TL signal close in magnitude to the natural

3. Use that dose plus the additive dose to determine a regeneration dose for various
additive dose discs )

4. Use additional regeneration doses as needed to bracket the natural or additive dose
signal.

5. Determine apparent D of natural and additive dose discs by interpolation
6. Use apparent Dg as function of original additive dose to extrapolate Dg
7. If Dg from SARA and Dg from the limited number of discs for TL1 agree, use
weighted average
OSL 1. Use single aliquot protocol, after Duller (1995). Steps are preheat, natural OSL,

dose, preheat, OSL, dose, preheat, OSL, etc., using at least 5 dose increments, then
several preheats and OSL measurements without dose to correct for signal loss at
each step.

2. Build additive dose and regeneration curves for different aliquots and combine using
slide after normalization by the natural signal. Regeneration followed heating to
450°C

3. Preheat at each incremental step at 220°C for five minutes @ 1°C/s

4. OSL measured at 100°C using green light from filtered quartz-tungsten halogen lamp
(550 + 20nm). Stimulate for 5s at reduced lamp intensity.
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Table 2: Sample information

Sample reference Sample Type Region Contracting Agency | References
344-346,348, Ute ceramics Colorado Plateau (N. | Alpine Reed and Zier, 2000
Mex. and Colo.) Archaeological
350-351, 430 Consultants,
Montrose, CO
349 Navajo ceramic ontrose
347 Puebloan ceramic
230-233 Hohokam ceramics Tonto and Phoenix | Arizona State | Rice, 1998
Basins (Ariz.) University, Tempe
135-138 Navajo ceramics Colorado Plateau | Cultural Resources
(N.Mex.) Management
Consultants,
Farmington, NM
111-112 Numic brownware | Great Basin (Nev. | Desert Research | Rhode, 1994,
ceramics and Utah) Institute, Reno, NV Feathers and Rhode,
1998
161 Puebloan pottery Colorado Plateau | Mariah  Associates,
(N.Mex.) Albuquerque, NM
119-120 Burned  sandstone | Colorado Plateau (N. | Navajo Nation | Dykeman and
(Archaic period) Mex. and Ariz.) Archaeology Wharton, 1996;
Department,
253-254 Bumed  sandstone Farmington, NM Dykeman et al.,
(Navajo period) 2000;
190,192, 359-361 Puebloan pottery Dykeman, 2000
191 Burned basalt
193-194 Basketmaker pottery
142-147. 236- | Navajo pottery
252,328-333, 357-

358, 362-370, 463

104 Burned sandstone Colorado Plateau N. | San Juan College, | Kotyk et al., undated
Mex.) Farmington, NM
105-106, 303, 312 Basketmaker-
Puebloan pottery
107 Burned daub
149-153, 302, 304- | Navajo pottery
311, 313-314
113-114, 164-166, | Proto-historic Chama Valley, N. | University of New | Ramenofsky, 2000;

342-343,372-373

Puebloan pottery

Mex.

408-413

Spanish colonial

ware

Comanche  Springs,
NM

Mexico,
Albuquerque

Ramenofsky and

Feathers, 2000
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