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Abstract:

This paper reports the computation of hydration rate for Napa Valley obsidian
from laboratory data. Napa Valley obsidian, from northern California, is found to be a
slow-hydrating obsidian, with a rate of 0.0912 + 0.051 p/yr” at an effective hydration
temperature of 17.0°C. An equation to scale the rate with effective hydration temperature
is provided. Activation energy of Napa Valley obsidian is 10014 + 956°K, and its
diffusion constant, or pre-exponential factor, is 8.012 x 10 ** i?/yr, both of which are
independent of temperature. Its intra-source variability in hydration rate is very low (CV

~ 0.014), implying a low variability in intrinsic water. The sample size is very small (N =
2) so further measurements are desirable.



Introduction

Quantitative measurement of hydration rate by laboratory methods (sometimes
known as “induced hydration”) has an equivocal history in archaeology. The temperature
dependence of hydration rate is well known, as are attempts to measure hydration rate in
the laboratory (e.g. Friedman and Long 1976; Stevenson et al. 1998). However, rates
measured in the laboratory often have not agreed well with archaeological data (see, for
example, the pointed observations in Hall and Jackson 1989:32), and are generally not
used by practicing archaeologists today.

This paper reports a protocol to compute the hydration rate for Napa Valley
obsidian from laboratory data, based on recent successful application to Topaz Mountain
obsidian, which agreed closely with archaeological data (Rogers and Duke, in press).
Laboratory hydration data for this investigation were provided by Origer’s Obsidian
Laboratory (Origer 2010), and the laboratory methodology was as described in
Stevenson et al. (1998) and Rogers (2006). The obsidian hydration parameters (activation
energy and diffusion constant) were determined from laboratory hydration data, after
which the hydration rate was computed at an effective hydration temperature (EHT) of
17.0°C, typical of northern California sites.

The standard deviation of the laboratory rate was estimated by a Monte Carlo
simulation using measured parameters and accuracies, and intra-source variability of
Napa Valley obsidian was calculated.

Theory and Notation

The basic equation from diffusion theory is
r*=DT (1)

where r is the hydration rim, D is the diffusion coefficient, and t is time; units of D are
u?/yr (Crank 1975). An equivalent form is

r=keVt (or ket %) (2)

where now ke is in units of u/yr . A convenient expression for age in terms of hydration
rim is

t=K,r? (3)
where the age coefficient K, is the reciprocal of D, and is in yrs/p®.
The diffusion coefficient D is a function of temperature by the Arrhenius equation

D = Aexp(-E/T) 4)



where A is the diffusion constant or “pre-exponential”, E is activation energy in °K and T
is temperature in °K (Doremus 2002; Rogers 2007). Note that D is a function of
temperature, but E and A are not.

Finally, the diffusion equation (1) can be combined with the Arrhenius equation
(4) to yield

r’/t = A exp(-E/T) (5)
This is the equation used for computing E and A, and hence D, from laboratory data.

Linear Best-Fit Technique

Equation (5) can be expressed in logarithmic form as

In(r’/t) = In(A) - EIT (6)
If we define y = In(r?/t) and x = 1/T, equation (5) becomes a linear equation of the form

y =1+ 5x (")

with I =In(A) and S = -E. Given data for r, t, and T for two or more points, equations (6)
and (7) can be solved as a linear best fit (Cvetanovic et al. 1979; Meyer 1975):

S = {NXXxi yi - 2x; 2yi}/D (8a)

I = {Zx* Zyi - £x Zyi}/D (8b)
and

D = NXxi — (Xxi)? (8c)

Here weighting for all points is assumed equal. The slope value S is the activation
energy, and A, the diffusion constant, is given by

A=exp () 9)

The laboratory data set provides three points: one at 110°C for 29 days, one at
150°C for 29 days, and one in which the samples were soaked at a variable temperature.
The last case involves 29 days at 110°C and 29 days at 150°C; one sample of eight
specimens underwent the hot soak first, followed by the cool, while the process was
reversed for the other sample of eight. Since the rim values were the same regardless of
sequence, as predicted by theory (Crank 1975; Rogers 2007), these two samples can be
combined. A computation of effective hydration temperature (EHT) for this situation (per
Rogers 2007) gives a value of 139.39°C. Six readings of the hydration rim were made on
each specimen. The data are summarized in Table 1.



Table 1. Origer data for Napa Valley obsidian.

T,°C t, days meanr, u o U N
110 29 1.72500 0.04523 12
139.39 58 5.97917 0.07211 24
150 29 5.84167 0.05149 12

Using these values in equation (8a) - (8c), and assuming a site EHT of 16.0°C, typical of
northern California sites, gives results as in Table 2.

Table 2. Napa Valley obsidian hydration parameters

Parameter Value Units
Activation energy 10014 °K
Diffusion constant 8.0123 x 10 *2 wllyr

Hydration rate k. at 17.0°C 0.0912 u/yr *
Hydration rate D at 17.0°C 8.32 u?/1000yr
Age coefficient K, at 17.0°C 120.2 yrs/p?

Napa Valley obsidian is thus relatively slow in hydration; the hydration rate for the Coso
volcanic field is about a factor of three greater.

The accuracy of the rate computed above was estimated by a Monte Carlo
simulation of the experimental errors. The technique is to introduce random errors into
the r values, based on the standard deviations in Table 1, compute values of E, A, and k,
and accumulate statistics. Results are in Table 3.

Table 3. Napa Valley obsidian parameter accuracies.

Parameter Value Units

Std. dev of activation energy 956 °K
St. dev of diffusion constant 6.89 x 10 ** u/yr V2
St. dev. of hydration rate 0.051 ulyr %,

Note that the standard deviation of the diffusion constant is greater than its mean. This
occurs because errors in y-intercept (1 in equation 8b) are being raised to an exponential
per equation (9), and is unavoidable.

The hydration rate standard deviation corresponds to a CVye ~ 0.49. This rather
poor accuracy is due to the small number of data points, and again to the relatively large
error in A caused by the exponentiation process in equation (9). It should be emphasized
that oy, affects the accuracy of the age estimate, but does not affect the spread of ages as
long as all age computations for a site use the same rate.

Variability of Napa Valley Hydration Rates

It has been shown (Rogers 2010b) that the coefficient of variance of intra-source
variations in hydration rate (CVys) is given by
CVis’ = 4[CV,* - (o/r)’ - (0.060enT)?)] (10)

where CV, is the CV of the aggregated rim values, o is the standard deviation of the rim
measurement process, r is the mean rim value for the aggregate, and oeyr IS the standard



deviation of the EHT uncertainty. For laboratory measurements, oent ~ 0; a best-fit
procedure as described in Rogers 2010 using the data in Table 1 then yields

o, = 0.044y (11)

and
CVis=0.014 (12)

Two observations can be made here. First, the rim readings are very accurate, and
fully validate Origer’s claim of an accuracy of < 0.1u. Second, the obsidian has very little
variability; in contrast, the corresponding values of CVs for the Coso sources range as
high as 0.25 (Stevenson et al. 1993; Rogers 2008). Since the hydration rate is small, it is
likely that intrinsic water content of Napa Valley obsidian is also small; further, it is
likely that the water variability is low. Thus, variations in rim thickness in field data are
more likely due to differing ages or differing EHT than to rate variations for this
obsidian.

Conclusions

Napa Valley obsidian is a slow-hydrating obsidian, with a rate (0.0859 + 0.048
w/yr*)at 16.0°C, about one-third that of Coso obsidians. The rate can be adjusted to other
values of effective hydration temperature by the equation

ks = 0.0912 exp[0.06(Ts - 16)] w/yr * (13)

where Ks is the hydration rate at the site of interest and Ts is the EHT at that site, in °C.
Alternatively, the age factor K, can be scaled by

Kas = 120.2 exp(0.12(16-Ts)] yrs/p? (14)

where Ky is the age factor for the site of interest.

The intra-source variability in hydration rate for this sample of Napa Valley
obsidian is very low (CV ~ 0.014), approximately an order of magnitude less than Coso
obsidian, which suggests its intrinsic water variability is also very low. As a consequence,
the contribution of rate variations to the spread of hydration rims in field data is probably
negligible. Finally, the measurement of hydration rims by optical microscopy is giving
very good results for Napa Valley obsidians, with a measurement standard deviation of
0.04p.



References

Crank, J.
1975  The Mathematics of Diffusion. Oxford: Oxford University Press.
Cvetanovic, R. J., D. L. Singleton, and G. Paraskevopoulos
1979  Evaluations of the Mean Values and Standard Errors of Rate Constants and their
Temperature Coefficients. Journal of Physical Chemistry 83(1):50-60.
Doremus, R. H.
2002  Diffusion of Reactive Molecules in Solids and Melts. New York: Wiley Interscience.
Friedman, Irving, and W. Long
1976  Hydration rate of obsidian. Science 191(1976):347-352.
Hall, Matthew C., and Thomas L. Jackson
1989  Obsidian Hydration Rates in California, In: Current Directions in California Obsidian
Studies, Richard C. Hughes, ed., Contributions of the University of California
Archaeological Research Facility No. 48, Dec. 1989. Berkeley: University of California.
Meyer, S.
1975  Data Analysis for Scientists and Engineers. Wiley: New York.
Origer, Tom
2010  Letter report to Mr. Daron Duke, Far Western Anthropological Research Group, Las
Vegas, NV, dated 23 April 2010.
Rogers, A. K.
2006  Induced Hydration of Obsidian: A Simulation Study of Accuracy Requirements. Journal
of Archaeological Science 33:1696 - 1705.
2007  Effective Hydration Temperature of Obsidian: A Diffusion-Theory Analysis of Time-
Dependent Hydration Rates. Journal of Archaeological Science 34:656-665.
2010a How Did Paleotemperature Change Affect Obsidian Hydration Rates? Bulletin of the
International Association for Obsidian Studies, No. 42, Winter 201, pp. 13-20..
2010b  Accuracy of Obsidian Hydration Dating Based on Obsidian-Radiocarbon Association and
Optical Microscopy. Journal of Archaeological Science.
http://dx.doi.org/10.1016/j.jas.2010.07.023
Rogers, Alexander K., and Daron Duke
2010  Laboratory Measurement of Hydration Rate for Topaz Mountain Obsidian, and
Comparison with Archaeological Data. Bulletin of the International Association for
Obsidian Studies. In press.
Stevenson, Christopher M., E. Knauss, J. J. Mazer, and J. 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.
Stevenson, Christopher M., J. J. Mazer, and B. 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, M. S. Shackley, ed., pp.181-204. New York: Plenum Press.



