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1. Introduction
1.1. Scope of research

Most published studies of ancient turquoise and its sources focus on
artifacts from Mesoamerica and the American Southwest (Weigand
et al., 1977; Thibodeau et al., 2007, 2012, 2015), and they generally rely
on a variety of geochemical (Mathien, 1981; Harbottle and Weigand,
1992; Kim et al., 2003; Crook and Leuth, 2014) and isotopic techniques
(Hull et al., 2008; Thibodeau et al., 2015) to characterize specimens
quantitatively and distinguish between different deposits. To date, iso-
topic signatures, particularly those of Pb and Sr, have proven the most
successful indices for linking turquoise artifacts to specific geological
sources. These isotopes undergo little fractionation during weathering
and diagenesis and therefore can be reliable indicators of restricted
geologic environments (Thibodeau er al., 2015).

In contrast, there are few publications reporting results for geological
or archaeological turquoises using non-invasive X-ray fluorescence
spectroscopy (XRF) (Mathien et al., 1992; Laclavetine et al., 2014, 2015;
Liu et al.,, 2018; Sabbaghi, 2018), and outcomes of these investigations
generally have been limited. This analytical approach is not readily

applicable to the study of turquoise, given the intrinsic and well-known
limitations of using surface-dependent spectroscopic techniques to
characterize minerals that demonstrate multi-scale geochemical vari-
ability and which may have suffered from weathering and post-retrieval
interventions (Thibodeau et al., 2012). Moreover, trace elements found
in turquoise that are potentially robust indicators of origin fall well
below the detection limits of commercial XRF units (Qin et al., 2015).

Sample size and preparation required for most quantitative analyt-
ical techniques, however, is prohibitive for artifacts preserved in cul-
tural heritage collections, particularly the small beads, inlays, and
amulets found in ancient Egyptian and Near Eastern contexts. The need
for uncontaminated samples requires invasive interventions rarely
permitted in museums. Similarly, the likelihood of bringing artifacts to
external facilities to perform PIXE, LA-ICP-MS, or NAA is slight, given
high transit costs and safety concerns. For these reasons, despite the
limitations presented by XRF analysis, it was deemed worthwhile to
investigate its applicability to the characterization of ancient turquoise.

The research presented here was therefore driven by the wish to
explore options for gathering meaningful chemical data on ancient
Egyptian turquoises using non-invasive analytical equipment found in
museum research laboratories, and to consider these data in tandem

5 minute exercise

What is the author’s
main question?

1.

What are the methods
employed to answer
that question?

What are the results?

with their respective archaeological contexts. The extensive holdings of
excavated Egyptian artifacts at The Metropolitan Museum of Art pro-
vided a starting point for acquiring data from a large number of tur-
quoise inlays, beads, and amulets. The scope was later enlarged to
include materials from the Near East and Central Asia. In all, 431 stones
associated with 95 artifacts in five museums were analyzed by point
XRF. Four artifacts (with a total of more than 1000 small inlays and
beads) were examined in their entirety using scanning XRF.
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ARTICLEINFO ABSTRACT

Keywords: More than 1400 turquoise stones associated with 98 archaeological artifacts from Egypt, the Near East, and
Egypt Central Asia were analyzed using non-invasive point and scanning XRF. Geological specimens of turquoise from
Iran

Non-invasive analysis
Scanning XRF
Sinai

mines in the Sinai and Iran were also included in this study. The relative intensities of characteristic X-rays of Fe,
Cu, Zn, and As were used to categorize the stones, which are discussed here in terms of their geographical
contexts and assigned dates. The results indicate strong correlations between turquoise composition and

Turquoise archaeological attribution. Although these relationships likely reflect differences in turquoise sources that

X-ray fluorescence spectrometry

changed over the course of several millennia, it is not possible to associate the chemical signatures with specific

mines solely using non-invasive XRF data.

1. Introduction
1.1. Scope of research

Most published studies of ancient turquoise and its sources focus on
artifacts from Mesoamerica and the American Southwest (Weigand
etal., 1977; Thibodeau et al., 2007, 2012, 2015), and they generally rely
on a variety of geochemical (Mathien, 1981; Harbottle and Weigand,
1992; Kim et al., 2003; Crook and Leuth, 2014) and isotopic techniques
(Hull et al., 2008; Thibodeau et al., 2015) to characterize specimens
quantitatively and distinguish between different deposits. To date, iso-
topic signatures, particularly those of Pb and Sr, have proven the most

applicable to the study of turquoise, given the intrinsic and well-known
limitations of using surface-dependent spectroscopic techniques to
characterize minerals that demonstrate multi-scale geochemical vari-
ability and which may have suffered from weathering and post-retrieval
interventions (Thibodeau et al., 2012). Moreover, trace elements found
in turquoise that are potentially robust indicators of origin fall well
below the detection limits of commercial XRF units (Qin et al., 2015).
Sample size and preparation required for most quantitative analyt-
ical techniques, however, is prohibitive for artifacts preserved in cul-
tural heritage collections, particularly the small beads, inlays, and
amulets found in ancient Egyptian and Near Eastern contexts. The need
for uncontaminated samples requires invasive interventions rarely
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