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Major advances have been made in in the past decade in understanding and applying the basic science of 
obsidian hydration dating (OHD). Drawing on advances in geochemistry and glass science, mathematical 
models for OHD have been developed and published which are based on the physics and chemistry of 
obsidian hydration. If these improved methods are used, OHD is capable of reliably placing obsidian 
artifacts within the correct archaeological period and of answering interesting anthropological questions. 
In this article, we address four significant aspects of these advances: the form of the age equation; the 
effects of temperature on hydration; the effect of obsidian structural water on the hydration rate; and the 
ability to compute age accuracy in addition to age itself. Finally, we briefly summarize the limitations to the 
current method and the outlook for future research. 
 

 
Obsidian hydration dating (OHD) is a method of computing an archaeological age based on 

measuring the depth of diffused water in the near surface region of obsidian artifacts. Although currently 
less accurate than radiocarbon dating, it is also less expensive and hence larger data sets are feasible. Unlike 
dating by projectile point typology, OHD can be used on debitage as well, and it is the only chronometric 
method that can directly date obsidian artifacts. It is often the only option for chronometric assessments of 
sparse desert sites, where radiocarbon or dendrochronology specimens are typically lacking. Its ability to 
determine ages for non-diagnostic artifacts makes it useful in studies of trade and exchange by correlating 
obsidian compositional data from a number of sites. Unlike radiocarbon or dendrochronology, obsidian 
hydration is primarily controlled by post-depositional temperature history, so great care is needed in 
controlling for environmental effects. 

Here we provide background on OHD and briefly review four recent advances in the field: the form 
of the age equation; the effects of temperature and methods of controlling for temperature; the effects of 
obsidian structural (intrinsic) water content on the hydration process; and a recently developed method for 
computing the accuracy of an OHD age. Finally, we give a summary of the state of the art and a description 
of current research topics. 
 
 

HISTORY AND CURRENT METHOD OF OBSIDIAN HYDRATION DATING 
 

Obsidian hydration dating as a discipline dates from the original article by Friedman and Smith (1960). 
They correctly identified the physical process involved, the mathematical form of the hydration law, and 
other fundamental properties of hydration. Subsequently, other advances were made, primarily by researchers 
in glass science, geochemistry, and diffusion studies. The field of archaeology has gone through periods of 
great optimism (e.g., Friedman and Long 1976) and of complete disillusionment (e.g., Anovitz et al. 1999; 
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Ridings 1996). In recent years, the field of OHD has benefited greatly from the rigorous application of 
physics, geochemistry, and glass science, so that the basic physics and mathematical models are now 
understood, and are the basis for the present treatment. The history of OHD has recently been summarized by 
Liritzis and Laskaris (2011) and by Rogers and Stevenson (2020). 

The OHD method described here is based on usual archaeological practice in the western United 
States. The obsidian specimens are grouped by geochemical source, and a hydration rate is ascribed to the 
source. The hydration rate is not adjusted for the intrinsic water content of the individual specimen. 
Hydration measurements are made by optical microscopy, and temperature corrections are made by 
calculation from meteorological records or on-site temperature measurements. Both age and age standard 
deviation are computed by physics-based mathematical models. 

Analytical methods that are not general archaeological practice at present are not addressed here. 
Some of these include Secondary Ion Mass Spectrometry (Anovitz et al. 1999, 2004; Liritzis and Laskaris 
2012; Riciputi et al 2002); Fourier Transform Infrared spectroscopy (Newman et al. 1986) and Infrared 
Photo-Acoustic Spectroscopy (Stevenson and Novak 2011).  
 
 

SCIENCE OF OBSIDIAN HYDRATION DATING 
 
Hydration and its Measurement 
 

In its most basic aspect, “obsidian hydration” describes the process by which water is absorbed by 
obsidian, and involves both physical and chemical changes in the glass (Anovitz et al. 2008; Doremus 2002; 
Kuroda and Tachibana 2019; Kuroda et al. 2018, 2019). When a fresh surface of obsidian is exposed to air, 
water molecules adsorb on the surface. Adsorption is a chemical bonding process, not simply condensation, 
and the adsorbed layer may be many molecules deep (Kuroda and Tachibana 2019; Kuroda et al. 2018, 
2019). Some of the adsorbed water molecules, as well as other water molecules impinging directly from the 
atmosphere, are absorbed into the glass and diffuse into the interstices in the glass matrix. The process occurs 
when a water molecule has sufficient energy to stretch the glass matrix and enter one of the interstices.  

Some of the diffusing H2O molecules react with the silica or alumina in the glass, forming hydroxyl 
(OH) and causing an increase in volume and openness of the hydrated region. Since the hydrated region is 
expanded and the non-hydrated region is not, a stress region exists between the two. The stress region is 
visible under a polarizing microscope due to stress birefringence. As time passes, the region of increased 
water concentration progresses into the glass, its rate of progress being a function of the initial openness 
of the glass, temperature, and the dynamics of the process itself. When the hydrated layer becomes thick 
enough, typically greater than 20µ, the accumulated stresses cause the layer to spall off as perlite. 

The depth of water penetration is measured by determining the depth of the stress zone. A thin slice is 
cut from the margin of an artifact with a diamond saw, mounted on a microscope slide, polished to 
transparency, and observed under a polarized light microscope. The thickness of the hydrated layer (the 
“rim” or “rind”) is on the order of microns, so typically a petrographic microscope system with an optical 
magnification of 400X or more is used. The rate of hydration can be determined by any number of methods 
(Rogers and Stevenson 2020), the equation relating penetration depth to time is known, and thus age can be 
computed. The age accuracy, measured by age standard deviation, can also be computed. The resulting ages 
and standard deviations are accurate enough to place an artifact in the correct archaeological period and 
answer interesting anthropological questions (Rogers and Yohe 2014, 2020). 
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Obsidian Mineralogy 
 

Obsidian is an alumino-silicate glass, formed by rapid cooling of rhyolitic magma. Like any other 
glass, obsidian is not a crystal and lacks the lattice structure typical of crystals at the atomic level, but it does 
possess a matrix-like structure exhibiting some degree of short-range spatial order (Doremus 1994:27, 
Figure 2; 2002:59-73). Obsidians are typically about 74% silica (SiO2) and about 14% alumina (Al2O3) by 
weight, the remainder being matrix modifiers (mostly alkaline oxides) and trace elements (mostly rare earth 
elements), some of which are source-specific (Doremus 2002:109, Table 8.1; Hughes 1988; Stevenson et al. 
2019; Zhang et al. 1997). The trace elements provide the means for geochemical sourcing for provenance 
studies. The anhydrous composition (chemical composition independent of water) of obsidians from a wide 
variety of sources has been shown to be remarkably consistent, within a few tenths of a weight percent 
(Zhang et al. 1997). The minute interstices within the glass matrix, on the order of 0.1-0.2 nanometers in 
diameter, are where water penetration takes place. 

All obsidians also contain small amounts of natural water, known as intrinsic water or structural 
water, resulting from the incomplete degassing of the magma during its ascent from the magma chamber. 
The amount is generally < 2 wt.% in natural obsidians, although cases of somewhat higher concentration are 
occasionally encountered (Newman et al. 1986; Stevenson et al. 2019). The effects of water on hydration 
rate are discussed below. 

 
 

FOUR RECENT ADVANCES 
 
Form of the Age Equation 
 

Many forms of the age equation have been published over the years (e.g., Basgall 1990; Bettinger 
1989; Friedman and Long 1976; Pearson 1994), but only the equation of Friedman and Long (1976) is 
based on the physics of the process. Hydration of obsidian is a diffusion process (Doremus 2000, 2002); by 
definition, diffusion is a process in which mass is transported due to a concentration gradient (Crank 1975). 
All laboratory data (e.g., Rogers and Duke 2011; Stevenson and Scheetz 1989; Stevenson et al. 1998, 2019) 
and theory (Crank 1975; Doremus 2002; Ebert et al. 1991) indicate that the position of the stress zone due to 
hydration progresses into the obsidian such that depth is proportional to tn, where t is time and n = 0.5 within 
limits of experimental error. Thus, the age equation which should be employed is 
 

t = r2/t         (1) 
 
where t is age in calendar years, r is rim thickness in microns, and k is the hydration rate in µ2/year (Rogers 
2007, 2012). No other equations for age are valid. If data from an archaeological site seem to conform better 
to another equation, it is because of experimental errors in the data; archaeological data are not sufficiently 
accurate to question equation (1) (Rogers 2006). 
 
 
Controlling for Temperature Effects 
 

The hydration rate (k in equation (1)) is a strong function of temperature, which in the archaeological 
case is time-dependent. The temperature dependence is described by the familiar Arrhenius equation, 
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k = A exp [-E/(RT)].       (2) 
 
If k is in µ2/year, then A is a constant in the same units, E is the activation energy of the diffusion process in 
J/mol, R is the universal gas constant (8.315 J/mol ºK), and T is absolute temperature in Kelvins (Kelvin = 
Celsius + 273.15). Thus, since the temperature undergoes both annual and diurnal variation, k varies as well. 
The key concept in controlling for temperature in archaeological chronometrics is the Effective Hydration 
Temperature (EHT), which is a single temperature that yields the same hydration results as the actual 
varying temperature over the same time. Due to the mathematical form of equation (2), EHT is always 
higher than the mean temperature (except in the uninteresting case of a constant temperature, in which case 
they are the same). Further discussion is in Rogers (2007, 2012).  

The EHT is computed by integration of equation (4) over a mathematical model of the time-varying 
temperature. Details of the computation are in Rogers (2007, 2012) and the application of this method to 
controlling for temperature is described in Rogers and Stevenson (2020). A simple equation for archaeo-
logical use has been developed, which yields EHT values within 0.25°C of the more complex computation: 
 

EHT = Ta + 0.0062*(Va
2 + Vd

2)      (3) 
 
The annual average temperature is Ta; the annual variation, Va, describes the variation of monthly average 
temperatures through the year; the mean diurnal variation, Vd, describes the daily hot and cold cycle. All 
temperatures in equation (3) are in °C. These parameters can be determined from meteorological records 
or from temperature sensors. The Va and Vd terms also need to be corrected for burial depth (Rogers and 
Stevenson 2020). 

To yield a valid age, both k and t in equation (1) must be for the same EHT. The EHT computed 
from equation (3) is used to adjust the measured hydration rim data to the same EHT as the hydration rate, 
after which age and age accuracy can be computed (Rogers and Stevenson 2020). 
 
 
Water Content and Hydration Rate 
 

Obsidian anhydrous chemistry has traditionally been regarded as having a major influence on hydra-
tion rate (see attempts to determine a chemical index to hydration (e.g., Friedman and Long 1976; Stevenson 
and Scheetz 1989). However, Stevenson et al. (1998, 2000) found no consistent influence of anhydrous 
chemistry on hydration rate. Behrens and Nowak (1997) and Zhang and Behrens (2000) found the effect of 
anhydrous chemistry to be negligibly small, although Karsten et al. (1982) reported that Ca2+ concentration 
may influence hydration rate to a very slight extent. It now appears that anhydrous chemistry has a negligi-
ble effect on hydration rate and attempts to predict hydration rate from anhydrous composition are unlikely 
to succeed. 

Intrinsic water, on the other hand, has a profound affect on hydration rate since it impacts the open-
ness of the glass structure during formation of the glass from a melt (Behrens and Nowak 1997; Delaney 
and Karsten 1981; Karsten et al. 1982; Lapham et al. 1984; Rogers 2015; Stevenson et al. 1998, 2000; Zhang 
and Behrens 2000; Zhang et al. 1991). Shelby (2005:145ff.) described the effects of adding network modifier 
atoms to a glass melt. A melt of silica and alumina is a liquid, but as the temperature is lowered the silica-
alumina network starts to form. If there are no modifier ions present, the network forms with the interatomic 
spacing characteristic of its composition, approximately 0.086 nanometers for glass (Doremus 2002:67). If 
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modifier ions such as water are present the glass has to form interstices around them which are larger than 
the interstices in the modifier-free case (Shelby 2005:145). The radius of a water molecule is in the range of 
0.138 to 0.233 nanometers (Doremus 2002:63), so the diameter is roughly 0.4 nanometers. This leads to 
much larger interstices than for the water-free case (Ambrose and Stevenson 2004; Garofalini 2020; Stevenson 
et al. 2019). These larger interstices represent voids in the glass matrix, which can be more easily penetrated 
by water molecules. Thus, increasing the structural water content leads to increased hydration rate (Kuroda 
and Tachibana 2019; Kuroda et al. 2018, 2019).  

Stevenson et al. (1993) analyzed the intrinsic water content of obsidians from the Coso Volcanic 
Field (CVF) source in eastern California. The CVF was known to have four geochemically distinct sub-
sources (Hughes 1988), and Stevenson demonstrated that the mean intrinsic water content of the subsources 
varied between subsources, and that there was significant variation within each subsource. The variation in 
intrinsic water within a geochemical source or subsource leads to variations in hydration rate, which in turn 
increases the uncertainty (statistical error) in computed ages (Rogers 2015). The effects of these errors have 
been analyzed in detail in Rogers (2008, 2010). 

From a practical standpoint, controlling for geochemical source functions as a proxy for controlling 
for intrinsic water (Stevenson et al. 2000), albeit rather poorly (Rogers 2008; Stevenson et al. 1993). 
Geochemical sourcing controls for the mean value (central tendency) of intrinsic water in the obsidian 
from that source; the uncontrolled intra-source variation in water content contributes to uncertainty in the 
age and is reflected in the standard deviation of age. 
 
 
Age Accuracy 
 

In obsidian hydration dating, the primary error sources affecting the computed age are: obsidian rim 
thickness measurement; errors in the hydration rate ascribed to a source; intra-source rate variability due 
to uncontrolled intrinsic water in the obsidian (Ambrose and Stevenson 2004; Rogers 2008, 2010; 
Stevenson et al. 1993, 2000; Zhang and Behrens 2000; Zhang et al. 1991); errors in reconstructing the 
temperature history (EHT) (Rogers 2007, 2012); and errors in association or temperature history caused 
by site formation processes (Schiffer 1987). The mathematics to compute standard deviation of age were 
developed in Rogers (2010). 

Recently, an accurate but simplified method of computing age accuracy has been developed, based on 
typical values of error sources (Rogers and Yohe 2021). This analysis shows that the standard deviation of 
age (σt) is 
 

σt = t* sqrt[(0.16/rm)2 + 0.007*k – 0.0581]    (4) 
 
where t is the age computed from equation (1), rm is the measured hydration rim value in microns, and k is 
hydration rate in µ2/1000 years at 20°C. If this method is used, any uncertainty due to site formation 
processes must be added separately. 
 
 

AREAS OF FUTURE RESEARCH 
 

Despite its current utility, there are limitations to the OHD method. We have effective mathematical 
models for the effects of intrinsic water and temperature; the primary limitations to OHD accuracy and 
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precision occur because these models are not developed for the specimen but for the environment. For 
example, the temperature model is developed for the site and burial depth, but not for the specific obsidian 
specimen, and humidity can only be accounted for statistically. Similarly, hydration rates are computed for 
geochemical sources, but do not account for the intrinsic water in a particular obsidian artifact. As a result, 
OHD dates typically have relatively poor precision (age uncertainties of ∼10-25%, with faster hydrating 
obsidians giving poorer accuracy). It is unlikely that further refinement of the present process will lead to 
dramatic improvements in precision with the current approach to controlling for temperature and intrinsic 
water. 

Looking to the future, there are four areas of research that promise significant improvements. The 
first is a method for measuring the intrinsic water content of the individual specimen cheaply, quickly, 
and without damage to the specimen. Such a method would enable the hydration rate to be computed for 
the individual artifact rather than being ascribed to the geochemical source and would lead to a dramatic 
improvement in age precision.  

A second improvement would be a method to determine the temperature history an artifact has experi-
enced by a measurement on the artifact itself, or “intrinsic EHT.” Possible phenomena being investigated 
are the water speciation process in glass and index of refraction. Much more research is needed in this area. 

A third area for research is to develop a quantitative understanding of hydration at the molecular level. 
The present diffusion models are macro-level, phenomenological models. They are based on understanding 
and including molecular-level effects, but the models themselves are higher level. The goal of research in 
this area is a mathematical model which starts with the structure and composition of the glass matrix and 
allows computing both a hydration rate and the speciation reaction. 

A final area of research is much less glamorous, but is sorely needed: a method for measuring the 
extent of hydration without damage to the artifact. Current methods are consumptive, in that they require 
cutting a small piece of obsidian from the margin of an artifact, and land management agencies and 
museums are often unwilling to allow damage to artifacts. The method would need to be fast, cheap, non-
damaging, and applicable to a wide range of artifact types and sizes. A method meeting these criteria does 
not currently exist. 
 
 

SUMMARY OF RECENT ADVANCES 
 

It has been nearly 60 years since the original obsidian hydration dating work of Friedman and his 
colleagues, and their work has stood the test of time. In succeeding years, other researchers, primarily in 
glass science and geochemistry, developed the field further. The archaeological advances over the past 
decade, which are the subject of this article, have been chiefly the result of applying numerical modeling 
to the known physical and chemical basis of hydration. Key points are discussed here are: 

 
• First, the appropriate archaeological age equation for OHD is equation (1). No other mathematical 

form is valid, and should be avoided. 
• Second, the primary environmental factor affecting OHD is temperature. Its effects are summarized 

by the Effective Hydration Temperature, which can be computed from equation (3). Methods for 
applying EHT in age computation have been developed and published. 

• Third, the primary compositional factor affecting hydration rate is the intrinsic water content of the 
obsidian, whose causes and effects are now understood. Geochemical sourcing of the obsidian, and 
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ascribing a rate to the source, controls for mean value of water content; the effects of intra-source 
variation in water content are included in the accuracy computation in equation (4). 

• Fourth, both age and age accuracy can be easily computed for OHD. Current models enable 
computing both an age and a standard deviation of the age, and sources of uncertainty contributing 
to the standard deviation are known. 

  
Thus, at present, the mechanism of hydration is well understood at a macro level and can be success-

fully applied to archaeological problems.  
 
 

A MEMORIAL ACKNOWLEDGEMENT 
 

The authors dedicate this article to the life and work of Dr. Mark Basgall, a pioneer in obsidian 
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REFERENCES CITED 

 
Ambrose, W. R., and C. M. Stevenson 

2004 Obsidian Density, Connate Water, and Hydration Dating. Mediterranean Archaeology and 
Archaeometry 4(2):5-16. 

Anovitz, Lawrence M., David R. Cole, and Mostafa Fayek 
2008 Mechanisms of Rhyolitic Glass Hydration Below the Glass Transition. American Mineralogist 

93:1166-1178. 
Anovitz, Lawrence M., J. Michael Elam, Lee R. Riciputi, and David R. Cole 

1999 The Failure of Obsidian Hydration Dating: Sources, Implications, and New Directions.  Journal 
of Archaeological Science 26(7):735-752. 

2004 Isothermal Time-Series Determination of the Rate of Diffusion of Water in Pachuca Obsidian. 
Archaeometry 42(2):301-326. 

Basgall, Mark E. 
1990 Hydration Dating of Coso Obsidian: Problems and Prospects. Paper presented at the Society 

for California Archaeology Annual Meeting, Foster City. 
Behrens, Harald, and Marcus Nowak 

1997 The Mechanisms of Water Diffusion in Polymerized Silica Melts. Contributions to Mineralogy 
and Petrology 126:377-385. 

Bettinger, Robert L. 
1989 Establishing an Hydration Rate for Fish Springs Obsidian. In Current Directions in California 

Obsidian Studies, edited by Richard E. Hughes, pp. 59-68. Berkeley, CA: Contributions of the 
University of California Archaeological Research Facility No. 48. 

Crank, John 
1975 The Mathematics of Diffusion. Oxford, UK: Oxford University Press. 



________________________________________________________________________________________________________
SCA Proceedings, Volume 35 (2022)  Rogers and Yohe, 194 
 

Delaney, J. R., and J. L. Karsten 
1981 Ion Microprobe Studies of Water in Silicate Melts: Concentration-Dependent Water Diffusion 

in Silicon. Earth and Planetary Science Letters 52:191-202. 
Doremus, Robert H. 

1994 Glass Science (2nd edition). New York: Wiley Interscience. 
2000 Diffusion of Water in Rhyolite Glass: Diffusion-Reaction Model. Journal of Non-Crystalline 

Solids 261(1):101-107. 
2002 Diffusion of Reactive Molecules in Solids and Melts. New York, NY: Wiley Interscience. 

Ebert, W. L., R. F. Hoburg, and J. K. Bates 
1991 The Sorption of Water on Obsidian and a Nuclear Waste Glass. Physics and Chemistry of 

Glasses 34(4):133-137. 
Friedman, Irving, and R. Smith 

1960 A New Method of Dating Using Obsidian: Part 1, The Development of the Method. American 
Antiquity 25(4):476-522. 

Friedman, Irving, and William Long 
1976 Hydration Rate of Obsidian. Science 191(1):347-352. 

Garofalini, Stephen H., Jesse Lenz, and Matthew Homann 
2020 Molecular Mechanism of the Expansion of Silica Glass Upon Exposure to Moisture. Journal of 

the American Ceramic Society 103:2421-2431. 
Hughes, Richard. E. 

1988 The Coso Volcanic Field Reexamined: Implications for Obsidian Sourcing and Dating Research. 
Geoarchaeology 3:253-265. 

Karsten, J. R., and J. L. Delaney 
1981 Ion Microprobe Studies of Water in Silicate Melts: Concentration-Dependent Water Diffusion 

in Obsidian. Earth and Planetary Science Letters 52:191-202. 
Karsten, J. L., J. R. Holloway, and J. L. Delaney  

1982 Ion Microprobe Studies of Water in Silicate Melts: Temperature-Dependent Water Diffusion in 
Obsidian. Earth and Planetary Science Letters 59:420-428. 

Kuroda, Minami, and Shogo Tachibana 
2019 Effect of Dynamical Property of Melt on Water Diffusion in Rhyolite Melt. ACS Earth and Space 

Chemistry 3:2058-2062. 
Kuroda, Minami, Shogo Tachibana, Naoya Sakamoto, and Hisayoshi Yurimoto  

2019 Fast Diffusion Path for Water in Silica Glass. American Mineralogist 104:385-390. 
Kuroda, Minami, Shogo Tachibana, Naoya Sakamote, Satoshi Okumura, Michihiko Nakamura, and Nisayoshi 
Yuimoto 

2018 Water Diffusion in Silica Glass through Pathways Formed by Hydroxyls. American Mineralogist 
103:412-417. 

Lapham, K. E., J. R. Holloway, and J. R. Delaney 
1984 Diffusion of H2O and D2O in Obsidian at Elevated Temperatures and Pressures. Journal of 

Non-Crystalline Solids 67:179-191. 
Liritzis, Ioannis, and Nikolaos Laskaris 

2011 Fifty Years of Obsidian Hydration Dating in Archaeology. Journal of Non-Crystalline Solids. 
357:2011-2027. 

2012 The SIMS-SS Obsidian Hydration Dating Method, In Obsidian and Ancient Manufactured 



________________________________________________________________________________________________________
SCA Proceedings, Volume 35 (2022)  Rogers and Yohe, 195 
 

Glasses, edited by Ioannis Liritzis and Christopher M. Stevenson, pp. 26-45. Albuquerque, NM: 
University of New Mexico Press. 

Newman, Sally, Edward M. Stolper, and Samuel Epstein 
1986 Measurement of Water in Rhyolitic Glasses: Calibration of an Infrared Spectroscopic Technique. 

American Mineralogist 71:1527-1541. 
Pearson, James L. 

1995 Prehistoric Occupation at Little Lake, Inyo County, California: A Definitive Chronology. 
Master’s thesis, Department of Anthropology, California State University, Los Angeles, CA. 

Riciputi, Lee R., J. Michael Elam, Lawrence M. Anovitz, and David R. Cole 
2002 Obsidian Diffusion Dating by Secondary Ion Mass Spectrometry: A Test Using Results from 

Mound 65, Chalco, Mexico. Journal of Archaeological Science 29(10):1055-1075. 
Ridings, Rosanna 

1996 Where in the World Does Obsidian Hydration Dating Work? American Antiquity 61(1):136-148. 
Rogers, Alexander K. 

2006 Hydration Rate of Obsidian: Mathematical Form and Archaeological Implications. Maturango 
Museum MS 13, dated November 11, 2006. Maturango Museum, Ridgecrest, CA. 

2007 Effective Hydration Temperature of Obsidian: A Diffusion-Theory Analysis of Time-Dependent 
Hydration Rates. Journal of Archaeological Science 34, pp. 656-665. 

2008 Obsidian Hydration Dating: Accuracy and Resolution Limitations Imposed by Intrinsic Water 
Variability. Journal of Archaeological Science 35, pp. 2009-2016. 

2010 Accuracy of Obsidian Hydration Dating based on Radiocarbon Association and Optical Micro-
scopy. Journal of Archaeological Science 37, pp. 3239-3246. 

2012 Temperature Correction for Obsidian Hydration Dating, In Obsidian and Ancient Manufactured 
Glasses, edited by Ioannis Liritzis and Christopher M. Stevenson, pp. 46-55. Albuquerque, NM: 
University of New Mexico Press. 

2015 An Equation for Estimating Hydration Rate of Obsidian from Intrinsic Water Concentration. 
Bulletin of the International Association for Obsidian Studies No. 53, pp. 5-13. 

Rogers, Alexander K., and Daron Duke 
2011 An Archaeologically Validated Protocol for Computing Obsidian Hydration Rates from Labora-

tory Data. Journal of Archaeological Science 38:1340-1345. 
Rogers, Alexander K., and Christopher M. Stevenson 

2020 Archaeological Age Computation Based on Obsidian Hydration: A Summary of the Current 
State of the Art. Bulletin of the International Association for Obsidian Studies, No. 63, Special 
Issue 2020, pp. 2-44. 

Rogers, Alexander K., and Robert M. Yohe II 
2014 Obsidian Re-Use at the Rose Spring Site (CA-INY-372), Eastern California: Evidence from 

Obsidian Hydration Studies. Journal of California and Great Basin Anthropology 34(2):267-280. 
2020 Obsidian Hydration Dating of Proposed Paleoindian Artifacts from Tulare Lake, California. 

California Archaeology 12(2):223-239. doi/10.1080/1947461X.2020.1812028. 
2021 An Equation to Compute Accuracy of Obsidian Hydration Dating Ages. Bulletin of the Inter-

national Association for Obsidian Studies. No. 67, pp. 5-14. 
Schiffer, Michael E. 

1987 Site Formation Processes of the Archaeological Record. Salt Lake City, UT: University of 
Utah Press. 



________________________________________________________________________________________________________
SCA Proceedings, Volume 35 (2022)  Rogers and Yohe, 196 
 

Shelby, John E. 
2005 Introduction to Glass Science and Technology (2nd edition). Cambridge, UK: Royal Society of 

Chemistry. 
Stevenson, Christopher M., and Steven W. Novak 

2011 Obsidian Hydration Dating by Infrared Spectroscopy: Method and Calibration. Journal of 
Archaeological Science 38:1716-1726. 

Stevenson, Christopher M., and Barry E. Scheetz 
1989 Induced Hydration Rate Development of Obsidians from the Coso Volcanic Field: A Compari-

son of Experimental Procedures. In Current Directions in California Obsidian Studies, edited 
by Richard E. Hughes, pp. 23-30. Berkeley, CA: Contributions of the University of California 
Archaeological Research Facility No. 48. 

Stevenson, Christopher M., Mike Gottesman, and Michael Macko 
2000 Redefining the Working Assumptions for Obsidian Hydration Dating. Journal of California and 

Great Basin Anthropology 22(2):223-236.  
Stevenson, Christopher M., James J. Mazer, and Barry E. Scheetz 

1998 Laboratory Obsidian Hydration Rates: Theory, Method, and Application. In Archaeological 
Obsidian Studies: Method and Theory. Advances in Archaeological and Museum Science, Vol. 
3, edited by M. Steven Shackley, pp. 181-204. New York: Plenum Press. 

Stevenson, Christopher M., Alexander K. Rogers, and Michael D. Glascock 
2019 Variability in Structural Water Content and Its Importance in the Hydration Dating of Cultural 

Artifacts. Journal of Archaeological Science: Reports 23:231-242. 
Stevenson, Christopher M., Elizabeth Knaus, James J. Mazer, and John K. Bates 

1993 The Homogeneity of Water Content in Obsidian from the Coso Volcanic Field: Implications for 
Obsidian Hydration Dating. Geoarchaeology 8(5):371-384. 

Zhang, Youxue, and Harald Behrens 
2000 H2O Diffusion in Rhyolitic Melts and Glasses. Chemical Geology 169:243-262. 

Zhang, Youxue, Edward M. Stolper, and G. J. Wasserburg 
1991 Diffusion of Water in Rhyolytic Glasses. Geochimica et Cosmochimica Acta 55:441-456. 

Zhang, Youxue, R. Belcher, Liping Wang, and Sally Newman 
1997 New Calibration of Infrared Measurement of Dissolved Water in Rhyolitic Glasses. Geochimica 

et Cosmochimica Acta 62:3089-3100. 


	Anovitz, Lawrence M., David R. Cole, and Mostafa Fayek
	2004 Isothermal Time-Series Determination of the Rate of Diffusion of Water in Pachuca Obsidian. Archaeometry 42(2):301-326.

