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     Although the eruptive centre for the 
Zayukovo obsidians is not yet defined, 
available radiometric results suggest that their 
primary source might be associated with the 
eruption of one of the volcanic centres located 
close to the city of Tyrnyauz, as much as 30 
km to the south of the Zayukovo obsidian 
collection localities. Within the Elbrus region 
in the north-central Caucasus, the early Lower 
Pleistocene magmatism is recorded at present 
only in the the Tyrnyauz volcanic area 
(Chernyshov et al. 2008: 207, and references 
therein), where it is associated with the 
formation of the El'djurtin granite massif at 
2.5–2.1 Ma (Hess et al. 1993) and the Kyrtyk 
granite-porphyritic massif at 2.0+/-0.15 Ma 
(Borsuk 1979). 
 
Obsidian Megascopic Description 
     The Zayukovo obsidian is mainly uniform 
aphyric black or brownish-red (mahogany), 
sometimes black with rare very small (<0.01 

mm) sanidine phenocrysts, banded black and 
brownish-red. In thin section, the obsidian 
shows alternation of brown, reddish-brown, 
and colorless bands each divided into smaller 
thin bands (Figures 4 and 5). These bands are 
straight, curved, and sometimes folded. Under 
light microscopy, one can see isotropic 
colorless or pinkish glass, in which there are 
small inclusions of mafic ore particles 
(magnetite, iron, mica). This obsidian is an 
excellent media for chipped stone tool 
production, however, most of the obsidian 
nodules (marekanites) are small in size (less 
10 cm in diameter and rarely more). The 
obsidian marekanites have cortical surfaces 
that are deeply etched and roughened by pits 
often having circular lunar crater forms, and 
grooves, and many cobbles are covered by a 
thin chalcedonic and sometimes travertine/ash 
crust (Chirvinskiy 1934). Although Zayukovo 
obsidian is highly variable in colour, trace 
element analyses discussed below suggest a 
single, homogeneous composition of all 
obsidian samples from the area and their 
distinction from other obsidian sources known 
in the Southern and Lesser Caucasus on the 
basis of trace element composition (see also 
Keller et al. 1996; Le Bourdonnec et al. 2012). 
 
X-Ray Fluorescence (XRF) Analysis 
     A collection of 34 source samples from 
three collection localities along the Baksan 
River were analyzed by XRF to provide an 
initial baseline for the understanding of raw 
material procurement in regional sites 
(Doronicheva and Shackley 2013; 
Doronicheva et al. 2013, 2017).  The samples 
were analyzed initially at the Archaeological 
XRF Laboratory, University of California, 
Berkeley. The bulk of the samples were 
analyzed at the Geoarchaeological XRF 
Laboratory in Albuquerque, New Mexico, 
USA, by MSS, both analyses using the 
ThermoScientific Quant'X EDXRF 
instruments.  The instrument methodology is 

Figure 5. Obsidian nodules from the Zayukovo 
(Baksan) source. 
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available in Shackley (2005, 2011), Shackley 
et al. (2016, 2017), and online at 
http://swxrflab.net/anlysis.htm. Both trace 
elements and oxides were acquired (Tables 1 
and 2).  The obsidian is a high silica rhyolite 
glass with relatively unique trace element 
composition in the region (see also Le 
Bourdonnec et al. 2012). 
 
Major, Minor, and Trace Element Results 
     Table 1 exhibits the major and minor oxide 
analysis of one source sample from Locality 1, 
results from the Keller et al. (1996) study, and 
the results of the analysis of USGS RGM-1 
rhyolite standard for this study and USGS 
recommended values.  The Keller et al. (1996) 
study and this study are in good agreement. 
The Zayukovo obsidian is a high silica 
rhyolite glass, reflected in its excellent value 
as a media for tool production (Figure 6). 
     Table 2 exhibits the raw trace element data 
from the analysis of the 34 source samples by 
sample number and locality. Locality is 
denoted by the suffix. The NAA results from 

Blackman's 1998 study, and the XRF results 
from the Keller et al. (1996) study are also 
included for reference.  As with the major and 
minor oxide results, there is good agreement 
between this study and Keller's (Table 2).  The 
NAA results from Blackman's (1998) study 
are somewhat deviant, in part due to the 
differences in instrumental precision between 
NAA and XRF and that some elements such 
as Zr and Ba are actually measured more 
accurately with XRF versus NAA (Glascock 
2011). In general, however, NAA measures 
many more elements with greater precision 
than XRF, particularly the rare earth elements 
(REEs; see Glascock 2011). However, given 
that most analyses of obsidian in the region 
use XRF, PIXE, or LA-ICP-MS, which have 
been shown to yield statistically similar 
results, the XRF data offered here should be 
comparable to most regional studies (see 
Poupeau et al. 2010). 
     Table 3 exhibits the mean and central 
tendency for the 34 Zayukovo source samples 
in table 2. It has generally been noted that the  

Figure 6. TAS plot of Zayukovo sample 9-1 from Locality 1 (Le Maitre et al. 1989). 

16 

14 

12 

10 Nephelinite or 

Melilitite 

Na2O+K2O 8 

6 

4 

2 

0 
35 40 45 

Andesite 

Basalt 

50 55 60 65 70 

Zayukovo 

9-1 * 

75 



IAOS Bulletin No. 60, Winter 2018 
Pg. 18 

Zayukovo (Baksan) obsidian "suggest a single 
homogeneous composition" (Le Bourdonnec 
et al. 2012: 1320), which is true generally, but 
there is elemental variability evident in this 
larger study, typical as source sample size 
increases (Shackley 2008). Evident in the 
mean and central tendency data are some trace 
elements, many of the mid-Z light-ion 
lithophile (LILE) and high-field strength 
(HFSE) elements that are measured well by 
XRF, that here have significant variability, 
including Rb and Ba and the minor element 
Mn (Table 3).  This variability is rather typical 
of many rhyolite compositions, but should be 
heeded in source assignment (Glascock 2011; 
Shackley 2005, 2011; Shackley et al. 2017).  
Still, as Le Bourdonnec and others noted it is 
still compositionally distinct from other 
regional obsidian sources (2012).   
     The variability within the Zayukovo source 
is also evident graphically.  Figure 7 plots four 
elements Mn, Rb, Zr, and Ba overlain by 95% 
confidence ellipses for each collection 
locality. Depending on the elements of interest 
and the bivariate plots here, various localities 
exhibit more or less variability.  However, in 
each case the vast majority of the Zayukovo 
source data are contained in the smallest 
confidence ellipsis and all three collection 
localities overlap compositionally (Figure 7).  
Again, however, as noted by Le Bourdonnec 
et al., even with the intra-source variability, 
the Zayukovo obsidian is elementally distinct 

from all the other known regional sources 
(2012: 1320; see also Blackman 1998; 
Poidevin 1998). 
     The XRF analysis presented here can serve 
as a baseline for geoarchaeological studies of 
obsidian procurement in the region, 
particularly for analyses using XRF, LA-ICP-
MS, and PIXE. The elemental variability 
evident is greater than indicated in earlier 
analyses with smaller sample sizes, but this is 
expected. The Zayukovo (Baksan) obsidian 
source is an important raw material source in 
the Cacausus region throughout prehistory, 
and these data should aid in the understanding 
of that prehistory. 
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SAMPLE Na2O MgO Al2O3 SiO2 K2O CaO TiO2 MnO Fe2O3
T Σ 

Zayukovo 9-1 4 0 
12.39

5 
76.74 4.796 

0.831
3 

0.046 0.0884 0.9892 99.89 

Keller et al. 
(1996) 

4.21 0.11 13.71 75.75 4.42 0.73 0.05 0.07 0.92 99.97 

RGM-1  
(this study) 

3.66 0 
12.20

2 
74.66 5.19 

1.492
3 

0.266 0.0449 2.281 99.796 

RGM-1 (USGS 
recommended) 

4.07±
0.15 

0.28±
0.28 

13.7±
0.19 

73.4±
0.53 

4.30±
0.10 

1.15±
0.07 

0.27±
0.02 

0.036±
0.0004 

1.86±0.03 99.06 

Table 1. Major and minor oxides for one source sample from Zayukovo Locality 1, results from the 
Keller et al. (1996) study, analysis of USGS RGM-1 rhyolite standard, and USGS RGM-1 
recommended values. All measurements in weight percent. 
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Locality/Sample Mn Zn Rb Sr Y Zr Nb Ba Pb Th 
1-1 458 78 303 60 31 72 14 211 50 30 
2-1 509 93 276 54 23 72 15 273 51 33 
3-1 475 82 288 60 33 73 13 234 62 20 
4-1 415 66 276 53 30 73 18 225 62 27 
5-1 466 153 268 51 25 76 17 213 52 25 
6-1 436 54 284 51 26 76 16 229 43 22 
7-1 508 61 300 56 25 73 15 295 52 27 
8-1 430 48 273 53 29 70 11 292 49 24 
9-1 456 59 293 54 27 71 20 193 47 32 

10-1 499 64 308 57 31 79 23 244 53 31 
11-1 446 59 277 55 31 76 18 199 49 26 
12-1 469 61 288 51 23 76 21 204 50 33 
13-1 455 83 288 56 29 76 13 204 51 28 
1-2 530 96 324 61 29 79 22 239 61 26 
2-2 441 86 281 52 29 81 20 224 52 31 
3-2 477 104 291 54 26 76 11 224 52 33 
4-2 448 88 289 53 26 77 22 226 53 27 
5-2 412 94 281 54 26 78 16 207 46 24 
6-2 541 69 311 63 26 85 26 229 55 32 
7-2 455 73 280 52 31 75 19 242 47 19 
8-2 441 73 294 54 30 75 20 234 55 34 
9-2 445 72 279 52 27 73 16 205 47 25 

10-2 444 130 278 56 25 70 16 191 51 26 
11-2 450 75 281 52 26 75 15 227 47 33 
1-3 435 69 275 53 27 72 16 233 50 31 
2-3 441 78 293 56 29 75 14 153 51 28 
3-3 459 70 293 52 33 73 18 233 47 27 
4-3 431 82 273 53 24 74 14 190 43 29 
5-3 445 65 291 56 31 71 19 245 48 34 
6-3 471 72 293 50 25 77 13 209 50 25 
7-3 445 86 288 57 27 74 20 179 57 32 
8-3 467 100 294 55 26 69 21 238 55 29 
9-3 469 62 288 53 25 75 13 215 47 21 

10-3 470 73 278 52 30 74 18 212 46 24 
Blackman 1998 

(n=10) 
 43 301   127  536 21  

Keller et al. 1996 
(n=1) 

542 43 280 53 22 65 12 173  22 

RGM-1 this study 293 42 147 109 26 220 11 843 22 16 
RGM-1 USGS 
recommended 

279±
31 

32±
nr 

150±8 110±
10 

25±
nr 

220±
20 

9±0.6 810±
46 

24±3 15±1.3 

Table 2. Trace element concentrations for the Zayukovo (Baksan) source, results from Blackman (1998) 
and Keller et al. (1996), USGS RGM-1 rhyolite standard this study, USGS RGM-1 recommended values. 
All measurements in parts per million (ppm). Localities denoted by suffix (1-3). 
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Figure 7. A- Zr versus Rb bivariate plot of the Zayukovo source samples by collection locality, and 
B-  Ba versus Mn bivariate plot of the Zayukovo source samples by collection locality. Confidence 
ellipses at 95%. 
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data for the Zayukovo elements in 
Table 2. All measurements in parts per 
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AN INNOVATIVE METHOD FORCOMPUTING THE HYDRATION RATE FOR THE  
BROWNS BENCH OBSIDIAN SOURCE 

 
Alexander K. Rogers, MA, MS, RPA 

Daron Duke, PhD, RPA 
 

Introduction 
     As referred to here, Browns Bench 
represents three chemically clustered but 
overlapping groups that all occur across a 
roughly 4,400 km2 region at the Nevada-
Idaho-Utah border (Hughes and Smith 1993; 
Page and Bacon 2016). The most familiar 
source names for these are Browns Bench, 
Browns Bench Area, and Butte Valley Group 
A. Prior work with large samples of each 
suggests there is no meaningful distinction in 
hydration rate among them (Duke 2008, 
2011). 
     Hydration rates for obsidian can be 
computed in a straightforward manner by 
association with radiocarbon dates, using a 
linear least-squares best fit between the 
hydration rim and the square root of the age. 
To be useful beyond a particular site, however, 
an effective hydration temperature (EHT) 
must be associated with the rate, and the EHT 
is influenced strongly by local temperature 
conditions. Generally the temperature 
parameters need to compute EHT are 
developed from meteorological data, which is 
a valid method unless site formation processes 
are causing ambiguities in the temperature 
history. In this paper, we describe an 
innovative technique for determining the EHT 
of a site, and using it to adjust the hydration 
rate. 
 
Method 
     Three sites were used as data sources 
(42To137 – “Mosquito Willies”; 42To2622 – 
the Cache Site; and 42To3817 – the Cone 
Site), and two of the three data sources 
involved obsidian specimens that were 
eroding out of sand dunes, so the burial depth 
and hence EHT were ambiguous (Duke 2011; 

Duke et al. 2019; Young et al. 2008). Because 
of this phenomenon, we anticipated that use of 
meteorological parameters would not be 
successful. Fortunately, the data sets included 
both Browns Bench and Topaz Mountain 
specimens, and the rate parameters for the 
latter have already been established by 
laboratory methods (Rogers and Duke 2011). 
The method employed here was to use the 
Topaz Mountain data to calibrate the EHT of 
the sites, and then apply that EHT in 
determining a hydration rate for Browns 
Bench. 
     In computing a hydration rate, it is 
necessary to adjust the hydration rim values to 
a single, known, EHT, including the effects of 
burial depth. At 42To137, the obsidian 
specimens were obtained from various burial 
depths, which were used in the computation. 
However, for 42To2822 and 42To3817, the 
obsidian was on the surface but had eroded out 
of dunes which were up to a meter in depth. 
For computation purposes, these specimens 
were assigned a burial depth of 1 meter, and 
the assumption was made that they had been 
exposed by erosion only recently. 
      In each case, the radiocarbon dates were 
calibrated with Calib 6.0, yielding the median 
calibrated age in calendar years before 1950. 
These were the then converted to the physical 
age, in calendar years before 2000 (cyb2k) by 
adding 50 years. Radiocarbon dates associated 
with the sites are presented in Table 1.  
     The mean age for 42To137 is 1291 cal BP, 
or 1341 cyb2k; the mean for 42T02822 is 
10255 cal BP, or 10255 cyb2k; the mean for 
42T03817 is 11106 cal BP, or 11156 cyb2k. 
These values were used in the rate 
computation. 
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42To137 42To2622 42To3817 
RC 

mean, 
rcybp 

RC std. 
dev, yrs. 

 

Calib 
Median, 
cal BP 

RC 
mean, 
rcybp 

RC std. 
dev, yrs. 

 

Calib 
Median, 
cal BP 

RC 
mean, 
rcybp 

RC std. 
dev, yrs. 

 

Calib 
Median, 
cal BP 

1230 60 1159 9090 60 10249 9510 50 10823 
1190 60 1117 8910 50 10035 9810 50 11226 
1470 60 1367 8980 50 10159 9870 50 11270 
1350 50 1277 9210 60 10376    
1330 40 1265       
1370 40 1295       
1410 50 1323       
1270 50 1207       
1450 60 1351       
1510 40 1394       
1550 70 1448       

      Computing a temperature adjustment 
requires estimating the site temperature 
parameters. In this case, Wendover, Utah, 
which is at essentially the same elevation and 
in the same weather patterns, was used as a 
proxy. Temperature data were downloaded 
from the Western Regional Climate Center 
website and the temperature parameters were 
computed as described in Rogers (2016).  The 
average annual temperature (Ta) was 11.35C, 
the annual variation (Va0, hot-month mean 
minus cold-month mean) was 29.17C, and 
the mean diurnal variation (Vd0) was 12.07C. 
These parameters are for conditions at the 
surface, so the EHT for surface conditions is 
given by 
 
EHTs = Ta + 0.0062*(Va0

2 + Vd0
2)  (1) 

 
For this case EHTs = 17.53C. 

 
Topaz Mountain Obsidian  
     A hydration rate is computed by a linear 
least-squares best fit between the EHT-
adjusted hydration rim and the square root of 
the age. For this case, the EHT for each artifact 
was adjusted to local conditions at the surface, 
a rate was computed and compared with the 

known laboratory rate, and the site EHT 
implied by this rate was computed. 
Mathematically, EHT at artifact depth is 
 
EHTd = Ta + 0.0062*(Va

2 + Vd
2)  (2) 

 
where Vd and Va are given by 
 
Va = Va0*exp(-0.44*z)    (3) 
 
Vd = Vd0*exp(-8.5*z)     (4) 
 
and z is burial depth in meters. The rim 
correction factor, RCF, which adjusts the rim 
value at depth to the value it would have had 
at surface EHT, is 
 
RCF=exp(E/(273.15+EHTd) –     

E/(273.15+EHTs))/2)    (5) 
 
where E is the activation energy for the 
obsidian source (10370C, in this case 
[Rogers and Duke 2011]). 
 
     Table 2 presets the data for the 
computation of a rate and associated EHT for 
Topaz Mountain obsidian; Rm is the measured 
hydration rim value, and Rs is the value 
adjusted to surface EHT, both in microns.  

Table 1. Radiocarbon ages for Utah Sites 
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Rm z, m Ta Va0 Vd0 EHTd EHTs RCF Rs 
Mean 

CYB2K Site 
2.50 0.15 11.35 29.17 12.07 16.04 17.53 1.10 2.74 1341 42To137 
3.60 0.15 11.35 29.17 12.07 16.04 17.53 1.10 3.95 1341 42To137 
2.77 0.15 11.35 29.17 12.07 16.04 17.53 1.10 3.03 1341 42To137 
3.72 0.25 11.35 29.17 12.07 15.60 17.53 1.13 4.19 1341 42To137 
4.04 0.45 11.35 29.17 12.07 14.90 17.53 1.18 4.75 1341 42To137 
1.80 0.45 11.35 29.17 12.07 14.90 17.53 1.18 2.11 1341 42To137 
1.89 0.45 11.35 29.17 12.07 14.90 17.53 1.18 2.22 1341 42To137 
2.03 0.55 11.35 29.17 12.07 14.60 17.53 1.20 2.43 1341 42To137 
3.30 0.55 11.35 29.17 12.07 14.60 17.53 1.20 3.96 1341 42To137 
4.10 0.35 11.35 29.17 12.07 15.23 17.53 1.15 4.73 1341 42To137 
1.60 0.05 11.35 29.17 12.07 16.78 17.53 1.05 1.67 1341 42To137 
4.30 0.25 11.35 29.17 12.07 15.60 17.53 1.13 4.85 1341 42To137 
3.00 0.15 11.35 29.17 12.07 16.04 17.53 1.10 3.29 1341 42To137 
3.00 0 11.35 29.17 12.07 17.53 17.53 1.00 3.00 1341 42To137 
9.80 1 11.35 29.17 12.07 13.54 17.53 1.28 12.56 10255 42To2622 

10.00 1 11.35 29.17 12.07 13.54 17.53 1.28 12.82 10255 42To2622 
7.40 1 11.35 29.17 12.07 13.54 17.53 1.28 9.49 10255 42To2622 
9.10 1 11.35 29.17 12.07 13.54 17.53 1.28 11.66 10255 42To2622 

10.00 1 11.35 29.17 12.07 13.54 17.53 1.28 12.82 10255 42To2622 
7.20 1 11.35 29.17 12.07 13.54 17.53 1.28 9.23 10255 42To2622 
9.00 1 11.35 29.17 12.07 13.54 17.53 1.28 11.54 10255 42To2622 
7.44 1 11.35 29.17 12.07 13.54 17.53 1.28 9.54 10255 42To2622 
8.34 1 11.35 29.17 12.07 13.54 17.53 1.28 10.69 10255 42To2622 
8.07 1 11.35 29.17 12.07 13.54 17.53 1.28 10.34 10255 42To2622 
7.54 1 11.35 29.17 12.07 13.54 17.53 1.28 9.67 10255 42To2622 
8.54 1 11.35 29.17 12.07 13.54 17.53 1.28 10.95 10255 42To2622 
8.59 1 11.35 29.17 12.07 13.54 17.53 1.28 11.01 10255 42To2622 
8.40 1 11.35 29.17 12.07 13.54 17.53 1.28 10.77 10255 42To2622 
8.47 1 11.35 29.17 12.07 13.54 17.53 1.28 10.86 10255 42To2622 
8.50 1 11.35 29.17 12.07 13.54 17.53 1.28 10.90 10255 42To2622 
9.00 1 11.35 29.17 12.07 13.54 17.53 1.28 11.54 11156 42To3817 
8.09 1 11.35 29.17 12.07 13.54 17.53 1.28 10.37 11156 42To3817 
8.05 1 11.35 29.17 12.07 13.54 17.53 1.28 10.32 11156 42To3817 
7.37 1 11.35 29.17 12.07 13.54 17.53 1.28 9.45 11156 42To3817 
7.63 1 11.35 29.17 12.07 13.54 17.53 1.28 9.78 11156 42To3817 
7.72 1 11.35 29.17 12.07 13.54 17.53 1.28 9.90 11156 42To3817 
9.05 1 11.35 29.17 12.07 13.54 17.53 1.28 11.60 11156 42To3817 
9.05 1 11.35 29.17 12.07 13.54 17.53 1.28 11.60 11156 42To3817 
8.00 1 11.35 29.17 12.07 13.54 17.53 1.28 10.25 11156 42To3817 
8.03 1 11.35 29.17 12.07 13.54 17.53 1.28 10.29 11156 42To3817 
7.64 1 11.35 29.17 12.07 13.54 17.53 1.28 9.79 11156 42To3817 
7.04 1 11.35 29.17 12.07 13.54 17.53 1.28 9.02 11156 42To3817 
7.22 1 11.35 29.17 12.07 13.54 17.53 1.28 9.25 11156 42To3817 
7.24 1 11.35 29.17 12.07 13.54 17.53 1.28 9.28 11156 42To3817 
7.30 1 11.35 29.17 12.07 13.54 17.53 1.28 9.36 11156 42To3817 
7.31 1 11.35 29.17 12.07 13.54 17.53 1.28 9.37 11156 42To3817 
7.76 1 11.35 29.17 12.07 13.54 17.53 1.28 9.95 11156 42To3817 
7.99 1 11.35 29.17 12.07 13.54 17.53 1.28 10.24 11156 42To3817 
8.03 1 11.35 29.17 12.07 13.54 17.53 1.28 10.29 11156 42To3817 
8.05 1 11.35 29.17 12.07 13.54 17.53 1.28 10.32 11156 42To3817 
8.05 1 11.35 29.17 12.07 13.54 17.53 1.28 10.32 11156 42To3817 
8.17 1 11.35 29.17 12.07 13.54 17.53 1.28 10.47 11156 42To3817 
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Rm z, m Ta Va0 Vd0 EHTd EHTs RCF Rs 
Mean 

CYB2K Site 
8.26 1 11.35 29.17 12.07 13.54 17.53 1.28 10.59 11156 42To3817 
8.27 1 11.35 29.17 12.07 13.54 17.53 1.28 10.60 11156 42To3817 
8.34 1 11.35 29.17 12.07 13.54 17.53 1.28 10.69 11156 42To3817 
8.87 1 11.35 29.17 12.07 13.54 17.53 1.28 11.37 11156 42To3817 
9.01 1 11.35 29.17 12.07 13.54 17.53 1.28 11.55 11156 42To3817 
9.03 1 11.35 29.17 12.07 13.54 17.53 1.28 11.57 11156 42To3817 
9.65 1 11.35 29.17 12.07 13.54 17.53 1.28 12.37 11156 42To3817 
9.74 1 11.35 29.17 12.07 13.54 17.53 1.28 12.49 11156 42To3817 
9.78 1 11.35 29.17 12.07 13.54 17.53 1.28 12.54 11156 42To3817 

10.98 1 11.35 29.17 12.07 13.54 17.53 1.28 14.07 11156 42To3817 

  
The rate as computed from the data of Table 2 
is 10.84 µ2/1000 years. The temperature 
dependence of hydration rate is given by the 
Arrhenius equation 
 
k = k0*exp(-E/T)      (6) 
 
where k is the rate in 2/unit time, k0 is the pre-
exponential in the same units, E is the 
activation energy expressed in K, and T is 
effective hydration temperature (EHT) in K. 
For Topaz Mountain obsidian, k0 = 1.87  1013 
2/yr and E = 10370 K (Rogers and Duke 
2011), so knowing the rate allows 

computation of EHT. A rate of 10.84 µ2/1000 
years corresponds to a local EHT of 22.46C, 
or 4.93C above what was expected from 
meteorological data. This demonstrates, inter 
alia, the disproportionate effect of even a short 
surface hot-soak on the effective hydration 
temperature. 
 
Browns Bench Obsidian 
 A similar process was used for Browns 
Bench obsidian, from the same three sites. 
Table 3 presents the data for the rate 
computation. 

 

Rm z, m Ta Va0 Vd0 EHTd EHTs RCF Rs 
Mean 

CYB2K Site 
5.80 0.45 11.35 29.17 12.07 14.90 17.53 1.16 6.74 1341 42To137 
4.20 0.35 11.35 29.17 12.07 15.23 17.53 1.14 4.79 1341 42To137 
5.30 0.25 11.35 29.17 12.07 15.60 17.53 1.12 5.92 1341 42To137 
3.70 0.35 11.35 29.17 12.07 15.23 17.53 1.14 4.22 1341 42To137 
3.00 0.00 11.35 29.17 12.07 17.53 17.53 1.00 3.00 1341 42To137 

11.29 1.00 11.35 29.17 12.07 13.54 17.53 1.26 14.19 10255 42To2622 
13.22 1.00 11.35 29.17 12.07 13.54 17.53 1.26 16.61 10255 42To2622 
11.32 1.00 11.35 29.17 12.07 13.54 17.53 1.26 14.23 10255 42To2622 
12.20 1.00 11.35 29.17 12.07 13.54 17.53 1.26 15.33 10255 42To2622 
11.06 1.00 11.35 29.17 12.07 13.54 17.53 1.26 13.90 10255 42To2622 
11.00 1.00 11.35 29.17 12.07 13.54 17.53 1.26 13.82 11156 42To3817 
12.04 1.00 11.35 29.17 12.07 13.54 17.53 1.26 15.13 11156 42To3817 
8.85 1.00 11.35 29.17 12.07 13.54 17.53 1.26 11.12 11156 42To3817 

 

Table 2. Topaz Mountain obsidian and radiocarbon data. 

Table 3. Obsidian and radiocarbon data for Browns Bench 



IAOS Bulletin No. 60, Winter 2018 
Pg. 28 

     Computation of a rate, again by a linear 
least-squares best fit between the EHT-
corrected rim and the square root of time, 
yields 20.11 µ2/1000 years for local EHT 
conditions. The local EHT was computed 
above to be 22.46C. Knowing a rate and a 
temperature, the intrinsic water content w can 
be computed from the equation 
 
k=exp(37.76–2.289*w–10433+1023*w/T) (7) 
 
where k is rate in 2/1000 yrs, w is total water 
content in wt%, and T is temperature in K 
(Rogers 2015). Knowing a rate and a 
temperature, w can be computed from 
equation (7) as w = 0.46wt% 
 
The pre-exponential constant is 
 
k0 = exp(37.76 – 2.2289*w)   (8) 
 
or 8.74  10 15 2/1000 yrs.  The activation 
energy is then 
 

E = 10433 – 1023*w     (9) 
 
or 9966K. 
 
 Finally, a correction factor to adjust the 
rate to 20C is 
  
Frate=exp(E/(273.15+22.46)– 

E/(273.15+20.00))    (10) 
 
or 0.748 (note that this differs from equation 
(5) by the absence of a 2 in the denominator of 
the exponential). This leads to a Browns 
Bench hydration rate of 15.16 in 2/1000 yrs 
at 20C. 
     This rate, and the rates computed for Topaz 
Mountain, give archaeologically reasonable 
ages for obsidian at the Bonneville Estates 
Rockshelter in eastern Nevada (Rogers and 
Duke 2019; publication forthcoming). 
     Finally, for convenience of archaeological 
use, Figure 1 presents a graph of hydration rate 
of these two sources for temperatures between 
10 and 35C. 
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Figure 1. Hydration rate comparison for obsidians from the Topaz Mountain and Brown’s Bench 
sources. 
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ABOUT OUR WEB SITE 
 
The IAOS maintains a website at 
http://members.peak.org/~obsidian/  
The site has some great resources available to 
the public, and our webmaster, Craig Skinner, 
continues to update the list of publications and 
must-have volumes.  
 
You can now become a member online or 
renew your current IAOS membership using 
PayPal. Please take advantage of this 
opportunity to continue your support of the 
IAOS. 
 
Other items on our website include: 
 

 World obsidian source catalog 
 Back issues of the Bulletin. 
 An obsidian bibliography 
 An obsidian laboratory directory 
 Photos and maps of some source 

locations 
 Links 

 
Thanks to Craig Skinner for maintaining the 
website. Please check it out! 
 

CALL FOR ARTICLES 
 

Submissions of articles, short reports, abstracts, 
or announcements for inclusion in the Bulletin 
are always welcome. We accept submissions in 
MS Word. Tables should be submitted as Excel 
files and images as .jpg files. Please use the 
American Antiquity style guide for formatting 
references and bibliographies.  
http://www.saa.org/Portals/0/SAA%20Style%2
0Guide_Updated%20July%202018.pdf   
 
Submissions can also be emailed to the Bulletin 
at IAOS.Editor@gmail.com Please include the 
phrase “IAOS Bulletin” in the subject line. An 
acknowledgement email will be sent in reply, so 
if you do not hear from us, please email again 
and inquire.  

 
Deadline for Issue #61 is May 1, 2018. 
 
Email or mail submissions to: 
 
Dr. Carolyn Dillian 
IAOS Bulletin, Editor 
Department of Anthropology & Geography 
Coastal Carolina University 
P.O. Box 261954 
Conway, SC 29528 
U.S.A. 
 
Inquiries, suggestions, and comments about the 
Bulletin can be sent to IAOS.Editor@gmail.com   
Please send updated address information to Matt 
Boulanger at Boulanger.Matthew@gmail.com 
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MEMBERSHIP 
 
The IAOS needs membership to ensure success 
of the organization. To be included as a member 
and receive all of the benefits thereof, you may 
apply for membership in one of the following 
categories: 
 
Regular Member: $20/year* 
Student Member: $10/year or FREE with 
submission of a paper to the Bulletin for 
publication. Please provide copy of current 
student identification. 
Lifetime Member: $200 
 
Regular Members are individuals or institutions 
who are interested in obsidian studies, and who 
wish to support the goals of the IAOS. Regular 
members will receive any general mailings; 
announcements of meetings, conferences, and 
symposia; the Bulletin; and papers distributed 
by the IAOS during the year. Regular members 
are entitled to vote for officers. 
 
*Membership fees may be reduced and/or 
waived in cases of financial hardship or 
difficulty in paying in foreign currency. Please 
complete the form and return it to the Secretary-
Treasurer with a short explanation regarding 
lack of payment. 

 
NOTE: Because membership fees are very low, 
the IAOS asks that all payments be made in U.S. 
Dollars, in international money orders, or 
checks payable on a bank with a U.S. branch. 
Otherwise, please use PayPal on our website to 
pay with a credit card.  
http://members.peak.org/~obsidian/  
 
For more information about membership in the 
IAOS, contact our Secretary-Treasurer: 
 
Matthew Boulanger 
Department of Anthropology 
Southern Methodist University 
P.O. Box 750336 
Dallas, TX 75275-0336 
U.S.A. 
Boulanger.Matthew@gmail.com  
 
Membership inquiries, address changes, or 
payment questions can also be emailed to 
Boulanger.Matthew@gmail.com  

ABOUT THE IAOS 
 
The International Association for Obsidian Studies (IAOS) was formed in 1989 to provide a forum for 
obsidian researchers throughout the world. Major interest areas include: obsidian hydration dating, obsidian 
and materials characterization (“sourcing”), geoarchaeological obsidian studies, obsidian and lithic 
technology, and the prehistoric procurement and utilization of obsidian. In addition to disseminating 
information about advances in obsidian research to archaeologists and other interested parties, the IAOS 
was also established to: 
 

1. Develop standards for analytic procedures and ensure inter-laboratory comparability. 
2. Develop standards for recording and reporting obsidian hydration and characterization results 
3. Provide technical support in the form of training and workshops for those wanting to develop their 

expertise in the field.  
4. Provide a central source of information regarding the advances in obsidian studies and the analytic 

capabilities of various laboratories and institutions 
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MEMBERSHIP RENEWAL FORM 
 

We hope you will continue your membership. Please complete the renewal form below. 
 

NOTE: You can now renew your IAOS membership online! Please go to the IAOS website at 
http://members.peak.org/~obsidian/  and check it out! Please note that due to changes in the membership 
calendar, your renewal will be for the next calendar year. Unless you specify, the Bulletin will be sent to you 
as a link to a .pdf available on the IAOS website. 

 

___ Yes, I’d like to renew my membership. A check or money order for the annual membership fee is enclosed 
(see below). 

 
___ Yes, I’d like to become a new member of the IAOS. A check or money order for the annual membership 

fee is enclosed (see below). Please send my first issue of the IAOS Bulletin.  
 
___ Yes, I’d like to become a student member of the IAOS. I have enclosed either an obsidian-related article 

for publication in the IAOS Bulletin or an abstract of such an article published elsewhere. I have also 
enclosed a copy of my current student ID. Please send my first issue of the IAOS Bulletin.  

 
NAME: _______________________________________________________________________________ 
 
TITLE: _________________________ AFFILIATION:_________________________________________  
 
STREET ADDRESS: ____________________________________________________________________ 
 
CITY, STATE, ZIP: _____________________________________________________________________ 
 
COUNTRY: ___________________________________________________________________________ 
 
WORK PHONE: _______________________________ FAX: ___________________________________ 
 
HOME PHONE (OPTIONAL): ____________________________________________________________ 
 
EMAIL ADDRESS: _____________________________________________________________________ 
 

My check or money order is enclosed for the following amount (please check one): 
___ $20 Regular 
___ $10 Student (include copy of student ID) 
___ FREE Student (include copy of article for the IAOS Bulletin and student ID) 
___ $200 Lifetime 
 

Please return this form with payment: (or pay online with PayPal http://members.peak.org/~obsidian/) 
 
Matthew Boulanger 
Department of Anthropology 
Southern Methodist University 
P.O. Box 750336 
Dallas, TX 75275-0336 
U.S.A. 


