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Recent experimental work has shown that the rate of hydration is significantly infiuenced by the 
amount of intrinsic water (0H-) contained within the unweathered obsidian. A value for the intrinsic 
water concentration may be obtained through a nondestructive measurement of glass density, thereby 
permitting obsidian hydration rates to be determined for individual artifacts. As a result of these discov
eries, many of the assumptions used in the normal application of obsidian hydration dating are now in 
need of revision. This article presents a revised set of working assumptions and procedures for imple
mentation of the obsidian dating method and evaluates the ability of calibrations to produce chrono-
metric dates that correspond with radiocarbon assays. 

i3INCE the initial publication of the paper on 
the obsidian hydration dating (OHD) technique 
by Friedman and Smith (1960), the field of glass 
science has seen a wide variety of developments 
that have increased our understanding of the hy
dration process. These studies have been largely 
laboratory-based studies that have addressed the 
problem of hydration rate compositional depen
dence (Friedman and Long 1976; Stevenson et 
al. 1998; Anovitz et al. 1999) and the environ
mental factors that influence the hydration pro
cess (Mazer et al. 1991; Friedman et al. 1994, 
1997; Jones et al. 1997). However, field appli
cations of the dating method have generally not 
incorporated the new advances. Instead, archae
ologists have held to several basic working 
assumptions that have been viewed as well-
grounded and preferable to die results of com
plex experimental procedures. 

This article reviews four fundamental as
sumptions of OHD diat have been in use since 
the development of the method. It is maintained 
herein that each of these assumptions is now un
suitable in light of new theoretical advances in 

the dating method. We propose alternate, easy 
to use strategies for the application of OHD that 
rely upon experimental results observed under 
controlled conditions. These new methods are 
then applied to a case example, showing that reli
able age estimates can be obtained for archaeo
logical contexts. 

WORKING ASSUMPTIONS OF 
OBSIDIAN HYDRATION DATING 

The application of OHD in the western United 
States (principally California) is viewed as a rela
tive dating method. In the generally accepted 
procedure, artifacts from site assemblages are 
first provenienced to geological source by ele
mental analysis (e.g.. X-ray fluorescence analy
sis, instmmental neutron activation analysis), or 
by visual categorization based upon color and 
type of crystal inclusions. The hydration rim 
thicknesses obtained from artifacts of known geo
logical source are then compared on a within or 
between site basis. These comparisons are used 
to develop statements about which contexts are 
earlier or later. If clusters of rim measurements 
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are present, generalizations may also be made 
about the relative length of site occupations or 
the number of past settiement episodes. 

The application of diis simple mediod is 
based upon four fundamental assumptions about 
the properties of obsidian. These assumptions 
are: 

Assumption No. 1: Artifacts derived from 
the same geological source will hydrate at the 
same rate. This assumption likely stems from an 
early statement by Friedman and Smith (1960: 
484) on the influence of chemical composition, 
where they observed that "[t]he variation within 
one petrographic province is usually small, but 
greater variation can be expected from province 
to province." This was reinforced in a second 
publication by Friedman and Long (1976), where 
they presented data in graphical form that dem
onstrated the uniformity of hydration rate for a 
large number of glass fragments described as 
coming from the same source. In addition, they 
presented a single set of high temperature hydra
tion rate constants for each source. Since that 
time, these reporting standards—and all that they 
imply—have become the convention for most 
subsequent studies that have been concerned with 
estimating hydration rates for geological sources 
(Ericson 1981; Stevenson and Scheetz 1989; Ste
venson and McCurry 1990). 

Assumption No. 2: Trace element uniformity 
implies obsidian major element and minor ele
ment uniformity, those factors thought to have the 
most influence on hydration rate. This assump
tion is closely related to Assumption No. 1. It 
has developed over the years as the ability to 
characterize samples for trace element concentra
tions has become a routine procedure. The abil
ity to characterize a source with high precision, 
and to subdivide that source into unique flows or 
geological events, raises the question of how 
many rates are represented in the source mate
rial. Is one rate still representative of the entire 
source, or is a rate needed for each flow? In 
many cases, the researcher is guided by the trace 

element chemistry and assumes that flow-specific 
rates are required (Ericson 1989). 

Assumption No. 3: Ambient temperature 
significantly affects the hydration rate, while en
vironmental conditions, such as relative humidi
ty, have little or no influence on the rate of hy
dration. Early in the development of OHD, it 
was proposed that atmospheric relative humidity 
had no effect on the rate of hydration (Friedman 
and Smith 1960; Friedman and Long 1976). As 
a result, this variable has not been routinely 
considered, although the effects on hydration rate 
have been investigated (Friedman et al. 1994; 
Mazer et al. 1991). Temperature has always been 
seen as an influential variable both between re
gions and to a lesser degree over time. How
ever, users of this method who rely upon exter
nally correlated hydration rates have not been 
able to account for this variable with any level of 
precision. Thus, although known to be influen
tial, it is generally ignored (Ericson 1988). 

Assumption No. 4: Accurate hydration rates 
may be empirically developed using field data. In 
their initial paper, Friedman and Long (1960) 
presented the basic strategy for hydration rate de
velopment where hydration rim thicknesses are 
correlated with dated contexts. In recent applica
tions, it is typical for samples from the same geo
logical source to be located in numerous dated 
contexts within a larger region. Hydration rates 
that follow the square root of time or other rate 
equations are typically proposed (Bettinger 1980, 
1989). 

THE HYDRATION PROCESS 

Scientific Background 

Obsidian hydration dating converts a hydration 
layer of measured thickness to an absolute date 
with an established rate for the inward diffusion 
of molecular water using the equation: 

X = kt"^ (1) 

where x is die hydration rim width in microns 
(/x), k is die hydration rate at a particular temper-
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ature/relative humidity, and t is time. 
The major tasks in OHD are to determine the 

thickness of the hydration rim (x) and the value 
of the hydration rate for specific archaeological 
site conditions (k). Hydration rims are presentiy 
measured by optical microscopy on prepared thin 
sections. The current approach to rate determi
nation is to develop a rate at high temperature 
(160° C) and extrapolate to ambient site condi
tions using the Arrhenius equation (Friedman and 
Long 1976): 

k = A (RH) exp E/RT (2) 

where k is the archaeological hydration rate, A is 
die preexponential at 160° C, RH is relative hu
midity, E is activation energy, R is universal gas 
constant, and T is site ambient temperature. 

The geochemical approach to hydration rate 
development offers a precise way to integrate all 
of the rate-influencing variables into a single 
equation. However, in order for OHD to pro
vide reliable age estimates, the values of A, E, 
RH, and T must be accurately determined. 

The Compositional Dependence of Obsidian 
Hydration 

The development of obsidian hydration rates 
has been a fundamental issue for users of the 
method. Conventional methods of hydration rate 
determination for specific obsidian sources have 
included the correlation of hydration rim widths 
with associated radiocarbon dates and/or high 
temperamre induced hydration on geological 
samples. The latter approach has been extensive
ly investigated using a variety of reaction media 
and temperamre settings (Ambrose 1976; Fried
man and Long 1976; Ericson 1981; Michels et 
al. 1983; Stevenson and Scheetz 1989; Stevenson 
et al. 1989; Stevenson and McCurry 1990; Ma
zer et al. 1992). In these experimental designs, 
fresh obsidian surfaces were exposed to either a 
liquid or vapor atmosphere within an open or 
sealed reaction vessel maintained at temperatures 
between 95° C and 250° C. The hydration rims 

formed at elevated temperatures were measured 
and used to calculate the hydration rate constants 
(A, E). In studies conducted by the authors over 
the last five years, a vapor environment kept at 
100% RH has been used as a model of natural 
conditions. 

The dependence of hydration rate on obsidian 
chemical composition has been addressed 
through theoretical considerations (Ericson 1981) 
and by correlation of high temperature hydration 
rates with glass chemical constituents (Friedman 
and Long 1976). Recent work by Mazer et al. 
(1992) and Stevenson et al. (1996, 1998) has 
shown a strong dependence between the stmc-
tural water content (OH-) of the glass with the 
100% relative humidity hydration rate constants 
developed at high temperature (Fig. 1). With this 
calibration established, it was now possible to 
estimate archaeological hydration rates from the 
concentration of OH- contained within the glass. 

Once the rate controlling parameter had been 
identified, several quarry locations in the Coso 
Volcanic Field were examined to look at the 
potential effect of intrinsic water on the hydration 
rate (Stevenson etal. 1993). Infrared water anal
yses indicated that the water content of obsidian 
samples had a large range within many of the 
quarry locations, a factor that would result in 
correspondingly large hydration rate ranges. Ad
ditional studies completed since that time (Ste
venson et al. 1996) have demonstrated diat a 
range of intrinsic water values (exceeding analyt
ical error) is present in some source locations 
while others exhibit only limited variation. 

In order to develop the hydration rate calibra
tion (Fig. 1), the structural water content was 
precisely determined on transparent obsidian sec
tions using the infrared spectroscopy protocol of 
Newman et al. (1986). However, the application 
of the calibration to archaeological obsidians was 
significantiy hindered by die lack of infrared 
transparency in many obsidians. A method to 
avoid this limitation was proposed (Ambrose and 
Stevenson 1995; Stevenson et al. 1996). Gravi-
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Fig. 1. Relationship between OH- concentration and the hydration rate 
at 160° C (top), and OH- concentration and the activation energy 
(bottom). 
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metric analysis of samples with known water 
contents were used to demonstrate a mathemati
cal relationship between water content and den
sity (Fig. 2). High-density obsidians have low 
quantities of stmctural water and hydrate slowly, 
while low-density glasses have higher water con
centrations and faster hydration rates (Stevenson 
et al. 1998). With this relationship precisely 
established, water values—and thus hydration 
rates—for virtually all archaeological obsidians 
can be nondestmctively estimated. 

Effective Hydration Temperature and Relative 
Humidity 

As noted above in the discussion of method, 
the rate of hydration is exponentially dependent 
upon ambient temperature and is thus very sen
sitive to this variable. However, new experimen
tation has contradicted earlier statements about 
the effects of RH and has shown that low humid
ity levels can significantly slow the hydration 
rate. Mazer et al. (1991) demonstrated that the 
rate reduction was most pronounced when the 
relative humidity was reduced from 100% to 
90%. This observation was generally confirmed 
by Friedman et al. (1994), who found a linear re
duction in hydration rate in the 80% to 100% rel
ative humidity range. They also provided a cor
rection equation to adjust the 100% RH hydration 
rate (Friedman et al. 1994:187). Control over 
these variables is currently monitored with the 
use of thermal cells that precisely record ambient 
conditions over the course of a one-year period 
(Ambrose 1982, 1984; Leach and Hamel 1984; 
Trembour et al. 1988). 

REVISED WORKING ASSUMPTIONS 
FOR OBSIDIAN HYDRATION DATING 

The scientific background presented above 
has illustrated the complexity of the obsidian hy
dration process. Yet, experimentation on rhyo-
litic obsidian and other glass compositions has 
shown repeatedly that many glasses hydrate at 
the square root of time and that the hydration rate 

is influenced by the intrinsic water content and 
the ambient context within which the artifact has 
resided. We find these data compelling to the 
point where the current working assumptions in 
the application of OHD are in need of revision. 
We therefore propose the following revised as
sumptions: 

Assumption No. 1: Obsidian sources will 
have a range of hydration rates that is a function 
of the variation in intrinsic water content. Intrin
sic water concentration values for obsidian flows 
generally fall between 0.08% and 1.3%. Based 
on only a few studies to date, it appears that the 
internal variation of water content is greater for 
sources with an overall higher average water 
content (0.4% to 01.3%) than those sources that 
have relatively little water (0.08% to 0.4%). The 
water concentration range for each geological 
source should be empirically determined using 
either infrared or gravimetric methods. 

Assumption No. 2: There is no observable 
relationship between trace element concentra
tions and the uniformity of obsidian intrinsic wa
ter content. As with sources containing one flow 
event, sources with multiple flows may exhibit a 
range of intrinsic water content values within 
each flow defined through trace element analysis. 
The range of hydration rates for each flow needs 
to be empirically determined. 

Assumption No. 3: Ambient temperature and 
relative humidity conditions signiflcantly in
fluence the rate of obsidian hydration. The as
sumption that aerially extensive regions will be 
uniform with respect to their ambient conditions 
is no longer supportable. Temperature and rela
tive humidity are significantly influenced by ele
vation, slope, and ground cover, all of which af
fect the long-term averages. It has been shown 
that microvariation with respect to these variables 
will form significantiy different climatic settings 
even within small areas (Ridings 1991; Jones et 
al. 1997). 

Assumption No. 4: Archaeological field data 
may not be used to estimate the long-term hydra-
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Fig. 2. Relationship between water concentration and the density of obsidian. 

tion rates for obsidian sources or flows. As cur
rently stmctured, studies that estimate hydration 
rates from archaeological data do not control for 
any of the pertinent variables that affect the rate 
of hydration. The chemical sourcing of samples 
does not ensure that all of the samples have the 
same hydration constants. In addition, the use of 
samples from multiple contexts within a region 
does not account for variation in ground tempera
mre or relative humidity. This is compounded 
by the fact that the sample may not be in situ so 
it may not reflect the dated context (Hall and 
Jackson 1989). Even if all of the potential errors 
are minimized at a particular location, such as a 
stratified cave deposit, the utility of an empirical
ly derived rate is dubious once applied to a dif
ferent environmental setting. We therefore con
sider it unadvisable to work with uncontrolled 

contexts in order to provide a precise estimate for 
a physical process. 

RESEARCH DESIGN CONSIDERATIONS 

The discussion presented above has argued 
that assumptions about the weathering process of 
obsidian and the variables that affect the rate of 
hydration be replaced widi a new approach, one 
based on demonstrated processes established 
through controlled experimentation. Prior labo
ratory modeling of the hydration process in na-
ttire was problematic as hydration parameters 
were not estimated to reflect actual site condi
tions. We consider induced hydration within a 
noncorrosive vapor environment (100% RH) to 
be representative of many ambient contexts. In 
addition, this permits the hydration rate for each 
glass composition to be adjusted in accordance 
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with the temperature and relative humidity condi
tions measured at the site. 

In light of these developments, it is proposed 
herein that OHD results may be significantly im
proved by employing the following simple re
search design: 

1. From noncorrosive contexts (e.g., non
tropical), select flake or tool samples that are 
free of cortex or internal flaws, such as large 
perlite inclusions or open cracks. In corrosive 
contexts, it may be necessary to select samples 
with visible microfissures that contain protected 
hydrated surfaces (Ambrose 1994). 

2. Determine the water concentration of each 
sample through a density analysis or by infrared 
spectroscopy. 

3. Estimate or measure the effective hydra
tion temperamre (EHT) and RH conditions at the 
archaeological site. 

4. Calculate absolute or relative ages for the 
samples in question. Samples of different com
position are directly comparable at this stage. 

It is our opinion that the procedures oudined 
above will produce superior results in the appli
cation of OHD. To help evaluate the procedures 
and identify potential problem areas, these meth
ods were applied to a prehistoric site (CA-ORA-
64) that has been well dated. 

APPLICATION OF THE REVISED OHD 
APPROACH AT CA-ORA-64 

In order to provide support for the revised 
OHD approach delineated above, a case example 
from California (CA-ORA-64) is presented. In 
this dating exercise, the research design dis
cussed above is illustrated and evaluated through 
a comparison with other chronological data. 

Located on the east bluffs of Newport Bay in 
Newport Beach, Orange County, CA-ORA-64 is 
a prehistoric open-air site. Three previous stud
ies in the 1970s and 1980s (Archaeological Re
search, Inc. 1977; Drover et al. 1983; LSA 
1987) documented the rich variety of cultural 
materials and established that CA-ORA-64 was 

one of the earliest sites in southern California, 
with occupations dated between approximately 
7,000 and 2,300 B.C. The most recent research 
at the site was conducted by Macko (1998), and 
it is from this work that we have drawn the case 
example to illustrate the application of our re
vised OHD approach. 

CA-ORA-64 encompasses an area of approxi
mately 79,000 m.̂  (Macko 1998). Controlled 
surface collection in the 1970s identified two spa
tially distinct core areas of high artifact density. 
A pre-mitigation magnetometer survey revealed 
that the upper surface layers had been heavily 
disturbed through plow agriculture and rodent 
burrowing. This was confirmed through excava
tion, where intact cultural features were not en
countered until a depth of approximately 70 cm. 
below the surface was reached. At this depth 
and below, several hundred culmral features 
were identified. Obsidian samples used for an 
initial age assessment were selected from system
atic unit (nonfeature) contexts between 10 and 80 
cm. below the surface, from which specimens for 
accelerator mass spectrometry (AMS) dates were 
also obtained. These items were submitted to the 
University of California, Los Angeles, Obsidian 
Hydration Dating Laboratory or Diffusion Labo
ratory for analysis. The objective of the dating 
exercise was to determine if the same dating 
range and patterns of occupation revealed by the 
numerous radiocarbon dates could be matched by 
OHD. In addition, the degree of correspondence 
was assessed between obsidian dates and AMS 
radiocarbon dates recovered from the same fea
ture contexts (Macko 1998). 

High-precision AMS dating of CA-ORA-64 
was conducted by Macko (1998) as part of the 
site mitigation effort. A total of 42 AMS dates 
was obtained on shell (n = 41) and bone (n = 1) 
located within features. The corrected radiocar
bon dates revealed an occupational range that 
spanned the period from approximately 7,000 to 
2,300 B.C. Within diis age range, the data 
revealed a nearly continuous occupation from 
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7,000 to 5,500 B.C., which was followed by a 
1,000-year hiattis. At 4,500 B.C., the occupa
tion resumed, although it was broken by shorter 
periods of nonuse between 4,000 and 3,500 B.C. 
and between 3,000 and 2,500 B.C. An addition
al 22 conventional radiocarbon dates on pooled 
shell samples collected previous to the mitigation 
fell widiin die 7,000 to 2,300 B.C. age range, 
but because of the large standard deviations in 
the reported ages, periods of site abandonment 
could not be identified (Macko 1998). 

Soil Temperature and Relative Humidity 

Monitoring of the soil temperature and rela
tive humidity was conducted within the site 
boundaries of CA-ORA-64 using the saline based 
cells developed by Trembour et al. (1988). Two 
separate columns of cell pairs (one temperature 
cell/one relative humidity cell) were installed a 
few meters apart. The cell pairs in each column 
were buried at depths between 0 and 100 cm. and 
recovered at the end of one year. The monitor
ing results in Table 1 revealed that the EHT de
creased from the surface to a depth of 100 cm., 
consistent with the general trends noted by Fried
man et al. (1994). The greatest decrease was in 
the 0 to 10 cm. range in Trench 1, where a dif
ference of 3° C was recorded. Smaller tempera
mre decreases occurred at greater depths. In 
Trench 1, from a depth of 10 to 100 cm., the 
temperature decreased by 1.3° C and in Trench 
2 the temperature dropped by 0.83° C between 
10 and 90 cm. 

In contrast to the temperature trend, the per
cent relative humidity values increased with 
depth (Friedman et al. 1994; Table 1) and ranged 
between 96% and 98% at deeper levels and 81 % 
and 82% at 10 cm. below the surface. The sur
face cell in Trench 1 was nearly desiccated upon 
retrieval and remrned a relative humidity value 
of 43 %. Because of the degraded cell condition, 
this value most likely does not represent an accu
rate determination for this context. 

Table 1 
SOIL TEMPERATURE AND RELATIVE 

HUMIDITY AT CA-ORA-64 

Cell 
No. 
4/11 

3/12 

2/13 

1/14 

7/8 
6/9 
5/10 

Trench 
No. 

1 
1 
1 

1 
2 
2 

2 

Depth 
(cm.) 

0 

10 

50 

100 

10 

50 

90 

EHT (°C) 

29.55 

26.68 

26.08 

25.38 

26.03 

25.48 
25.20 

%R] 

43 

81 

96 

96 

82 

96 

98 

Hydration Rate Estimation 

Estimations of the hydration rate constants 
were made from the OH- concentration of the 
glass as estimated from density values. In apply
ing the Archimedes method, density determina
tions were made on an analytical balance with a 
Metder density kit. A heavy liquid (Unigrav) 
was used as the immersion media (1.45 to 1.6 
g/ml at 15.5° C) and a mercury thermometer was 
used to measure the temperature of die liquid to 
± 0.5° C. The results are presented in Table 2. 

Prior to determination of artifact density, it is 
advised that samples with obvious open cracks or 
bubbles be removed or an unflawed sample cut 
from die body of the flake. Although surface 
cortex does not appear to affect the overall den
sity result (Torrence and Victor 1995), it is sug
gested that high proportions of cortex on the sur
face be avoided since air bubbles may become 
trapped, lowering die density value. Despite 
these precautions, a portion of the samples in this 
study produced very low and inaccurate density 
values. The first two samples (UCLA-19647 and 
-3853; Table 2) rettirned OH- values of 1.9% 
and 2.5% and fall outside the known density 
range of obsidian. The next four samples (UCLA 
-22998, -7155, -2099, and -5333) rettirned high 
OH- values ranging between 0.48% and 0.90%. 
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Table 2 
OBSIDIAN HYDRATION DATES FOR NONFEATURE CONTEXTS AT CA-ORA-64 

UCLA Depth 
Lab No. (cm.) 

19647 70 

3853 50 

22998 40 

7155 60 

2099 50 

5333 50 

564 10 

7152 80 

3641 30 

7156 60 

1231 70 

1965 80 

7154 30 

22959 60 

7153 40 

23007 30 

3852 30 

3643 50 

12111 70 

22976 20 

3057 20 

22966 60 

3642 40 

' Density in g/cm.' 
'• Rate in/iV 1,000 years 
' Standard deviation. 

Rim(M) 

9.8 

12.4 

9.3 

10.5 

11.9 

17.0 

8.0 

7.5 

8.4 

8.4 

8.6 

9.2 

9.4 

9.7 

10.3 

10.5 

10.7 

11.3 

10.0 

12.9 

14.0 

13.0 

13.8 

(based on 

Density^ 

2.3094 

2.2995 

2.3286 

2.3267 

2.3338 

2.3324 

2.3460 

2.3690 

2.3419 

2.3434 

2.3516 

2.3436 

2.3463 

2.3480 

2.3455 

2.3440 

2.3415 

2.3436 

2.3776 

2.3399 

2.3494 

2.3879 

2.3991 

Equation 2). 

%OH-

1.90 

2.48 

0.78 

0.90 

0.48 

0.56 

0.13 

0.11 

0.13 

0.13 

0.12 

0.13 

0.13 

0.12 

0.13 

0.13 

0.13 

0.13 

0.11 

0.13 

0.12 

0.10 

0.09 

Rate" 

236.09 

299.14 

101.72 

115.96 

61.33 

72.42 

11.59 

9.57 

11.95 

11.82 

11.09 

11.80 

11.56 

11.41 

11.63 

11.76 

11.99 

11.80 

8.82 

12.13 

11.29 

7.94 

7.00 

Age 
A.D./B.C. 

A.D. 1543 

A.D. 1436 

A.D. 1100 

A.D. 999 

359 B.C. 

2,041 B.C. 

3,573 B.C. 

3,930 B.C. 

3,954 B.C. 

4,021 B.C. 

4,718 B.C. 

5,223 B.C. 

5,693 B.C. 

6,296 B.C. 

7,171 B.C. 

7,421 B.C. 

7,601 B.C. 

8,871 B.C. 

9,384 B.C. 

11,770 B.C. 

15,417 B.C. 

19,329 B.C. 

25,259 B.C. 

S.D.' 

8.0 

8.0 

18.0 

18.0 

39.0 

47.0 

139.0 

158.0 

141.0 

143.0 

156.0 

157.0 

163.0 

171.0 

178.0 

179.0 

179.0 

192.0 

228.0 

214.0 

249.0 

329.0 

396.0 

Although significant in comparison to many ob
sidians, these concentrations are well within the 
range exhibited for the Coso Volcanic Field (Ste
venson et al. 1993). The remainder of the arti
facts has a limited density range that falls be
tween 0.09 and 0.13% (Table 2). 

After completion of the density analysis, a 
thin section was prepared for each sample. The 
hydration rim thickness measurement was made 
using a Jenaval polarizing microscope with a 
Leitz filar micrometer at a magnification of 
625X. Five independent measurements were 
taken within the field of view on clear and well-

defined hydration and a mean value computed. 
A measurement error of +0.2/t is associated with 
each thickness value. If a second hydration rim 
was measured and found to be greater or lesser 
than the first hydration rim by 0.4ju, then a sec
ond band measurement was reported. This was 
observed on four samples (UCLA-1965, -2099, 
-7154, and -22998). However, the larger rim on 
each sample was omitted from the data set as it 
does not reflect the last depositional event. It 
cannot be assumed that the scavenged artifact 
originated at CA-ORA-64 since it is also possible 
that the item may have been imported from an-
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other nearby site. At this stage, all of the mea
sured variables (EHT, RH, 0H-, hydration rim 
width) were used to calculate die hydration rate 
at ambient temperature and an age for each of the 
samples (Table 2). 

Results 

Successful obsidian hydration analyses were 
obtained on 23 samples (Table 2). Only a single 
sample had no visible hydration on the surface 
and is not listed. The age range (based on Equa
tions 1 and 2) for the samples extends from 
25,259 B. C. to A. D. 1543. This range is signifi
cantiy greater dian the 7,000 to 2,300 B.C. ra
diocarbon determination for site use. What the 
data in Table 2 do not reflect are the analytical 
decisions that were made to account for error and 
inappropriate context. In this study, all the data 
were purposefully included in order to illustrate 
what post-processing considerations may need to 
be addressed. 

An examination of the data in Table 2 reveals 
several sources of introduced variation. The first 
source of error is that of faulty analysis. Two of 
the most recent samples (UCLA-3853 and 
-19647) have very low densities and thus very 
high water contents. These water content values 
are 1.90% and 2.48%, levels that are significant
ly greater than that reported for water-rich obsid
ian sources (0.10% to 1.20%), such as the Coso 
Volcanic Field (Stevenson et al. 1993). (Al
though these individual items have not been as
signed to their geological source, five other spec
imens within the set of dated samples are from 
West Sugarloaf or West Cacms Peak in the Coso 
field [Macko 1998]). It is therefore recommend
ed that the samples be eliminated from further 
consideration. 

At the other end of the continuum, there are 
four dates (11,770, 15,417, 19,329, and 25,259 
B.C.) that are very old and much earlier than the 
generally accepted age for humans in the New 
World. Although pre-Wisconsin glacial age oc
cupations have been documented in the western 

hemisphere (Adovasio et al. 1983; Dillehay 
1997), there is no additional artifacmal or radio
carbon dating evidence to support their occur
rence at CA-ORA-64. It is likely that the hydra
tions observed on tiiese samples are geological 
surfaces that were included in the sample because 
they could not be visually identified as such; 
therefore, the samples were removed from fur
ther consideration as the hydration does not re
flect the appropriate context. 

After the removal of samples that reflected ob
vious analytical error or a geological origin, an 
age range of 9,384 B.C. to A.D. 1100 remains. 
At this point, it is interesting to note that there is 
a large 1,700-year gap between the youngest 
cluster of samples (359 B.C. to A.D. 1100) and 
die older cluster (9,384 to 2,041 B.C.). The 
three samples in the latest cluster also happen to 
be more water rich, with concentrations between 
0.48% and 0.90%. With one exception, all of 
the other samples have water concentration val
ues between 0.09% and 0.13%. However, we 
were reluctant to eliminate this water-rich group 
of samples, since the reported concentrations fall 
within the range documented for the Coso Vol
canic Field and one of the water-rich samples 
(UCLA-5333) is within the radiocarbon age 
range. It is unlikely that these results represent 
analytical errors. Thus, there appears to have 
been a single, nearly continuous occupation be
tween 9,384 and 2,041 B.C., as well as a small 
and younger set of occupations occurring be
tween 359 B.C. and A.D. 1100. The earliest 
and larger occupation correlates well with the 
documented radiocarbon age span of 7,000 to 
2,300 B.C., alttiough there are several outiiers at 
die early end of the distribution. The smaller 
and more recent period of site use is not repre
sented in the radiocarbon ages. 

At this point, additional obsidian samples were 
processed from AMS-dated feature contexts to 
assess the degree of correspondence that might 
be obtained. Thirteen samples associated with 
four cultural features (Features 1, 2, 8, and 12) 
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Table 3 
O B S I D U N HYDRATION DATES FROM FEATURE CONTEXTS AT CA-ORA-64 

Lab No. 
DL-99-13" 

DL-99-14 

DL-99-15 

DL-99-2 

DL-99-3 

DL-99-4 

DL-99-5 

DL-99-6 

DL-99-8 

DL-99-10 

DL-99-9 

DL-99-11 

DL-99-17 

Feature No. 
1 

1 

1 
2 

2 
2 
2 
2 
2 
8 
12 

12 

12 

Rim(;t) 

7.7 
9.4 

10.4 

8.2 

6.9 
9.2 

9.2 
11.0 

9.1 

11.4 

7.4 
7.9 
6.7 

%OH-
0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.65 

0.13 

0.13 

0.13 

0.13 

0.13 

2-Sigma AMS Date 
6,188-5,956 B.C. 

7,586-7,420 B.C. 

and 
7,073-6,758 B.C. 

5,950-5,691 B.C. 

7,147-6,813 B.C. 

Hydration Date 
3,213 B.C. ± 135 

5,660 B.C. ± 162 

7,179 B.C. ± 176 

3,673 B.C. ± 138 

2,186 B.C. ± 120 

5,164 B.C. ± 156 

5,132 B.C. ± 155 

A.D. 522 + 26 

5,146 B.C. ± 156 

8,871 B.C. ± 191 

2,651 B.C. ± 125 

3,189 B.C. ± 132 

1,948 B.C. ± 117 

DL = Diffusion Laboratory. 

were processed (Table 3). The degree of cor
respondence between the age determinations of 
the two methods is very poor and in no instances 
do die obsidian dates fall within the two-sigma 
age range of the AMS dates. The obsidian dates 
show no consistent pattern and are either con
siderably older or younger than the AMS range. 
What is encouraging, however, is that the overall 
obsidian date range for these samples (7,179 to 
1,948 B.C.) again correlates very well with the 
overall AMS date range, with the exception of 
one outlier at each end (8,871 B.C. and A.D. 
522). While the poor matches suggest that the 
integrity of the specific features may have been 
compromised, the overall correspondence in 
range is encouraging. This example also demon
strates the difficulty of empirically developing a 
hydration rate from archaeological field data. 

DISCUSSION AND CONCLUSION 

The objective of this article is to address the 
long-term assumptions of obsidian hydration dat
ing in light of the new experimental results that 
have been published over the last few years. It 
has been argued that the new water dependence 

model of glass hydration has a strong foundation 
in the experimental literature and is the most ap
propriate approach to the absolute and/or relative 
dating of glass artifacts. With this empirical 
foundation, certain long-held assumptions about 
the behavior of natural glasses in the environ
ment are less secure. We believe that a high po
tential for intraflow variability in hydration rate 
exists within volcanic glass sources and flows, 
and that the degree of water variation should be 
explored by those wish to apply the method to 
their region of study. We maintain that the trace 
element composition and variability within a geo
logical flow is probably unrelated to the quantity 
of volatile components in the magma and hard
ened glass. Consequently, major or trace ele
ment compositional analysis may not always be 
the appropriate analytical technique, unless addi
tional research demonstrates that a specific flow 
is uniform in its water content. 

It has further been argued that obsidian hydra
tion is a complex process within its natural con
text. Soil temperature and relative humidity are 
two influential factors that require long-term 
monitoring with sensors to arrive at estimates for 
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these variables under current ambient conditions. 
With this as background, we have great difficulty 
with die tradition of estimating hydration rates 
using contexts where the critical parameters of 
glass hydration are poorly controlled. It is our 
opinion that archaeological contexts and their 
chronometric dates should be the proving 
grounds for the modeling processes behind the 
dating procedures rather than the empirical foun
dation for hydration rate development. The 
approach outlined herein starts with an explicit 
model and extrapolates to the past to arrive at an 
estimated age for the archaeological context. If 
the age is inexact in comparison to the radiocar
bon age, one must question not only the integrity 
of the archaeological context but the parameters 
of the model and the analytical techniques used to 
develop it. The transformations that create the 
archaeological context are vague and only partly 
reconstmctable, and as a result, validation comes 
through repeated application. 

In that light, a case smdy from CA-ORA-64 
has been presented. The correspondence be
tween the large suite of high-precision AMS shell 
dates and the obsidian dates is encouraging. The 
vast majority of the samples with low intrinsic 
water values fall within or slightiy exceed the 
radiocarbon age range of 7,000 to 2,300 B.C. 
This is indeed a positive sign. Less encouraging 
is the small set of outlier dates for the water-rich 
glasses (>0.4% 0H-), which have remrned 
dates far removed from the last radiocarbon dat
ed event. Is this an undetected set of occupations 
or the consequence of a faulty estimate of the in
trinsic water content? For the present, it is pro
posed that the late dates are valid, since they are 
expected outcomes from the hydration model and 
are equivalent to those dates that fall within the 
range of expected age determinations. If late 
dates on water-rich samples become repeated 
outliers in the evaluation process, then a recon
sideration of the water content model would cer
tainly be in order. Until then, we are confident 
that the new model of glass hydration and the 

dates it produces, when rigorously applied, will 
provide accurate chronometric dates for archaeo
logical contexts. 
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