
Obsidian Hydration Dating of Archaeological Artifacts from the Middle East: 
Characterizing Compositional Variations of Potential Volcanic Sources

Archaeological artifacts from the Middle East offer 
important insights into the evolution of early human   
civilization.  The geology of the region surrounding 
the ‘fertile crescent’ helped to determine the nature 
of the artifacts utilized by the local population.  In 
particular, rhyolitic volcanoes in present-day Turkey, 
Syria, Iraq, and Azerbaijan were the source of obsidian 
glasses that were manufactured into spear points, 
scrapers, jewelry, and art objects.  Obsidian has long 
been utilized by archaeologists for the study of       
ancient trade networks for two important reasons:  
(1) the glasses can be readily sourced to a particular 
volcanic flow, and (2) the amount of time that has 
elapsed since the glass was re-worked can be deter-
mined by measuring the rim thickness associated 
with the diffusion of water into knapped surfaces.  
Here, we present FTIR measurements that document 
the initial water content of 98 individual flows 
sampled from the rhyolitic volcanoes of the Middle 
East.  As the diffusion rate of the advancing hydration 
rim is dependent on the initial water content, our    
results are required for precision dating of the many   
artifacts that have been recovered from the region.  
We correlate the observed variations in water content 
to variations in major and trace element 
geochemistry.

Giselle Conde and Jennifer Sisko

Abstract

Tectonic Setting

Obsidian as an Archaeological Tool

What’s Next
During the summer of 2008, we will look for correlations between 
water content and other aspects of rhyolite geochemistry, including 
major and trace element, and Sr, Nd, & Pb isotope composition.  We 
hope to obtain obsidian artifacts from a representative suite of 
archaeological sites in space and time in order to expand our 
knowledge of trade routes during the devlopment of the earliest 
civilizations.
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The closing of the Tethys Sea helped to create the Alpine/Himalayan 
mountain belt.  Large thrust belts and foreland and hinterland basins 
are shown in yellow.  Average plateau elevations are:  Western Anato-
lian plateau (blue; 1 km); Eastern Anatolian Plateau (green; 2 km); Tien 
Shan (purple; 3 km); Tibet (red, 5 km).  Figure from Dewey et al., 1986, as 
modified by Keskin, 2005

Geological map of the Eastern Anatolia region showing tectonic 
units, collision-related volcanic products and volcanic centers 
(compiled by Keskin, 2003) as presented on www.mantleplumes.org.

E-K-P: the Erzurum-Kars Plateau; NATF and EATF: North and East Anatolian Transform Faults. Volcanic 
centers: Ag: Mt. Agri (Ararat), Al1: Mt. Aladag (SE of Agri), Al2: Mt. Aladag (NW of Horasan), Bi: Mt. Bingol, 
Bl: Mt. Bilicandagi, D: Mt. Dumanlidag, E: Mt. Etrusk, H: Mt. Hamadag, K: Mt. Karatepe, Ki: Mt. Kisirdag, M: Mt. 
Meydandag, N: Mt. Nemrut, S: Mt. Suphan, T: Mt. Tend�rek, Y: Mt. Yaglicadag, Z: Mt. Ziyaretdag

Obsidian Clovis Point as an example 
of the utility of obsidian for manufac-
turing projectile points.   Image from: 
www.thefurtrapper.com/images/Clovis%20Point.jpg

Photomicrograph of edge of obsidian artifact 
showing hydration rim.  The rate of advancement 
of the diffusion front is dependent on the time of 
exposure, the bulk composition of the glass, the 
climate (temperature and rainfall), the depth of 
burial, and the initial water content of the glass 
(Anovitz, 1999).  Image from: 
www.obsidianlab.com/services.html

The trace element concentration of every obsidian flow 
is unique.  As a result, every obsidian artifact can be 
sourced to an individual lava flow.  This information 
allows archaeologists to establish the evolution of 
ancient trade routes  (Griffin et al., 1969).   Images from: 
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...to manufactured object. 

Obsidian flow at Newberry Volcano, 
Central Oregon.  Image from: 
http://www.obsidianlab.com/news.html#field

An example of an obsidian core used 
by Native Americans to manufacture 
projectile points.  Core collected in 
Dunn Co., WI by Dr. Robert Barth at 
UWEC.

From Lava Flow... Obsidian artifacts can be used by archaeologists to:

I. Determine the specific lava flow from which it was derived:

II. Determine the time elapsed since the artifact
 was manufactured:

...to portable core...
 www.obsidianlab.com/services.html

IR Spectroscopy of Obsidian
The Micro-FTIR Facility at UWEC How the IR Microscope Works

Operating the micro-FTIR instrument 
at the UWEC Materials Science Center

Schematic illustration of conoscopic 
focus in the FTIR microscope 
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Observations and Results
Geographic Distribution of Anatolian Rhyolites

and Ancient Trading Routes in the Fertile Crescent

Weight percent total water as measured using the 7100 cm-1 band vs. weight per-
cent water as measured by summing absorbance of the 5200 cm-1 and 4500 cm-1 

bands for obsidian flows from the Middle East.   Some regional differences in total 
water content are apparent.  
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Intra-sample variations in water content observed for individual polished wafers of natural 
obsidian from Anatolia.   Observable variations on the millimeter scale are apparent.  

Obsidian samples from the Middle East have a wide range of water contents.  Regional differences in total water     
content may be real, but more data is required to verify this observation.

The obsidian samples from the Aegean region have unusually high water contents.  Because elevated water contents 
are not observed in non-explosive volcanic flows, we suggest that post-eruption hydration was the mechanism for    
incorporating this water.

The observed variability of total water content in single, mm-sized wafers require caution in interpreting obsidian 
hydration dates of individual artifacts.  In order to extract reliable hydration ages on artifacts manufactured from 
Anotolian obsidian, care should be taken to characterize the water content adjacent to each spot where hydration 
rim measurements are performed.  

.

Anatolia and Upper Syro-Mesopotamia.  Large colored dots represent obsidian lava flows.  Small 
red dots are modern cities.  Black dots are some of the important archaeological sites.  Gray 
arrows represent principal trade routes around Urkesh (figure modified from Buccellati, 1997). 

NIR Spectrum of Natural Obsidian Quantitative Fitting of Absorption Bands
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