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AN EARLY BYZANTINE ENGRAVED
ALMANDINE FROM THE GARIBPET
DEPOSIT, TELANGANA STATE, INDIA:
EVIDENCE FOR GARNET TRADE ALONG
THE ANCIENT MARITIME SILK ROAD

H. Albert Gilg, Karl Schmetzer, and Ulrich Schiissler

An Early Byzantine almandine garnet engraved with a Christian motif and dated to the late sixth to eighth century
offers insight into trade practices in antiquity. The gemstone was characterized by a combination of nondestructive
analytical methods including electron microprobe, portable X-ray fluorescence, Raman spectroscopy, and optical
microscopy. The chemical composition and zoning, in combination with the inclusion assemblage and the distinct
distribution of inclusions between an inclusion-rich core and an inclusion-poor rim, indicated that the sample
most likely originated from the large Garibpet deposit in Telangana State, India. The Byzantine intaglio thus fur-
nishes evidence of garnet transport from the eastern Indian coast to the Mediterranean world during Early Medieval
times. In so doing, it supports the interpretation of a sixth-century text by the Greek merchant and traveler Cosmas
Indicopleustes, which describes the export of “alabandenum,” a reference to garnet, from harbors on the southeast
Indian shore along the ancient Maritime Silk Road. This idea is further buttressed by considering that garnet from
the Garibpet deposit was used for bead production at the archaeological site of Arikamedu, one of the historical
ports on the Coromandel Coast in southeast India. Conversely, a comparison with properties of the two predom-
inant types of almandine used in Merovingian cloisonné jewelry shows that the characteristic mineralogical features
and therefore the sources of these garnets set in Early Medieval jewelry were different.

pyrope-almandine, and almandine composi-

tions were highly esteemed and frequently em-
ployed for gemstone purposes in Hellenistic and
Early Roman Imperial times, from about 300 BCE to
200 cE (e.g., Spier, 1989; Zwierlein-Diehl, 2007;
Adams, 2011; Thoresen, 2017). With regard to fash-
ioning, engraved gems were prominent during this
era but became much rarer during Late Roman Im-
perial times of the third and fourth century cE (figure
1), signaling a decline in the art of gem engraving
(e.g., Entwistle and Adams, 2011).

Red to purple garnets of predominantly pyrope,
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An apparent resurgence in the use of engraved
gemstones occurred in the middle of the fifth century
(Spier, 2007, 2011), and the period from the fifth to the
seventh century saw developments spread across mul-
tiple localities and cultures. Depending on the focus
and context, this period may be variously referred to
as Farly Byzantine, Early Medieval, or Merovingian,
among others. Spier (2011), for instance, suggested the
existence of a prolific garnet workshop associated with
the Early Byzantine imperial court in Constantinople
that specialized in engraving the hard red stone, as
well as sapphire, during the fifth to the seventh cen-
tury. The Early Byzantine garnets might thus serve to
suggest a revival in the Hellenistic to Early Roman Im-
perial tradition of gem engraving. The earliest and
finest examples displayed beautiful portraits, for ex-
ample of Theodosius II, while the quality of later ob-
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Figure 1. This schematic timeline shows the use of
garnets in different eras within the so-called garnet
millennium, from 300 BCE to 700 CE.

jects embellished with doves, eagles, dolphins, and re-
ligious images or symbols varied substantially. No-
tably, Early Byzantine engraved garnet seal stones
comprised a significant proportion of Early Christian
gems (Spier, 2007).

Garnets also played a significant role in Early Me-
dieval (including Merovingian) cloisonné jewelry of
the fifth to seventh century (e.g., Arrhenius, 1985; Cal-
ligaro et al., 2002; Gilg et al., 2010; Adams, 2014).
Largely contemporaneous use of garnet during these
centuries can likewise be seen with seal stones in pre-
Islamic Persia and Central Asia (Adams, 2011; Adams
et al., 2011; Ritter, 2017) and with transparent red
beads produced for the Indo-Pacific trade network in
the first millennium cE (Francis, 2002; Carter, 2012,
2013, 2016; Borell, 2017; Schmetzer et al., 2017). Evi-
dence further suggests that manufacture of cloisonné
jewelry may have begun with the use of non-engraved
flat ring stones as garnet inlays for polychrome jewelry
in the Black Sea region (Adams, 2011, 2014).

More than 4,000 individual garnets from Early Me-
dieval cloisonné jewelry have been analyzed chemi-
cally, with the resultant data indicating classification
into at least six garnet types, clusters, or groups with
generally distinct features: three of almandine, two of
pyrope, and one of intermediate pyrope-almandine
with more variable chemical and inclusion character-
istics (Quast and Schiissler, 2000; Calligaro et al.,
2002, 2006-2007; Mannerstrand and Lundqvist, 2003;
Périn and Calligaro, 2007; Mathis et al., 2008; Gilg et
al., 2010; Horvath and Bendo, 2011; Gilg and Gast,
2012; Gast et al., 2013; Smit et al., 2014; Bugoi et al.,
2016; Périn and Calligaro, 2016). In contrast, less than
40 full chemical analyses of Hellenistic, Etruscan, and
Roman garnets, mostly intaglios and cameos along
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with a few beads, have been published to date; these
data were summarized by Thoresen and Schmetzer
(2013). A portion of these stones demonstrated com-
positions that overlapped with some types found in
Early Medieval cloisonné jewelry, but others reflected
different chemistries, in particular a Ca- and Mn-rich,
Mg-poor almandine (a fourth type or cluster of alman-
dine), and likely derived from sources not used to sup-
ply the Medieval examples. Garnets from the Early
Byzantine seal stones have not yet been analyzed or
assigned to specific garnet types or clusters.

More recently, a detailed study on garnet beads
from the Arikamedu archaeological site in Tamil
Nadu State, India, identified a new (fifth) type of al-
mandine used in antiquity (figure 2). The archaeolog-
ical context of that site is described in detail by
Schmetzer et al. (2017). The garnets were character-
ized by a distinct chemical composition with a con-
spicuous chemical zoning and a zonal distribution of
inclusions. These features were shown to correspond
with those of almandines from the alluvial Garibpet
deposit in Telangana State, India (Schmetzer et al.,
2017). The Garibpet locality was first described by
Voysey (1833), and Bauer (1896) similarly mentioned
it as a secondary occurrence of better-quality gem
garnets in India. Production figures were then re-
ported by Mirza (1937), covering a period from 1910
to 1929. In the current era, the prolific nature of the

In Brief

* An engraved almandine garnet, dated to the late sixth
to eighth century by art historians through comparison
of its stepped-cross motif with Byzantine coinage, pro-
vides insight into trading practices in antiquity.

e Chemical composition and inclusion characteristics in-
dicate that the gemstone originated from the Garibpet
deposit in India. Garibpet has also been shown to have
supplied the rough material for bead production at
Arikamedu, an early port and trade center on the
southeast Indian coast.

e Asixth-century Greek text describing export of “ala-
bandenum” from the port of Caber, near Arikamedu,
has been interpreted as a contemporaneous reference
to shipping of almandine from the Coromandel Coast.

¢ The Byzantine gem serves as tangible evidence of gar-
net trade between India and the Mediterranean world
along the Maritime Silk Road.

deposit has continued to be recognized, with litera-
ture describing a garnet-bearing schist that “consti-
tutes an entire hill at Garibpet, in the Khammam
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district” of Telangana State (Phani, 2014). Taken to-
gether, such references thus chronicle centuries of
ongoing use of garnets from the deposit.

An extensive historical role can likewise be docu-
mented for Arikamedu, an important port, bead pro-
duction site, and trading center along the Indian
Ocean during the first millennium ce (Wheeler et al.,
1946; Casal, 1949; Begley et al., 1996, 2004; Francis,
2004). Some have even equated Arikamedu with the
harbor of Podouke (Poduké) mentioned in the Periplus
Maris Erythraei, a sailing guide for merchants written
by an anonymous author in the first century CE
(Raman, 1991). Another important ancient harbor on
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Figure 2. This map of
southern India shows
the locations of Garibpet
and Arikamedu on the
subcontinent, together
with the ancient harbor
of Kaveripattinam.

the Indian east coast (the Coromandel Coast), south
of Arikamedu, was Kaveripattinam (Rao, 1991a,b;
Gaur and Sundaresh, 2006; Sundaresh and Gaur,
2011). The Kaveripattinam port has been associated
with the Kaberis Emporium cited by Ptolemy (Raman,
1991) and with a locality referred to as “Caber” by the
Greek traveler and merchant Cosmas Indicopleustes
in his mid-sixth century CE text known as Christian
Topography (Banaji, 2015; an English translation is
available from Winstedt, 1909, and a modern edition
with commentary from Schneider, 2011). It has been
speculated that the text mentioning “Caber, which ex-
ports alabandenum” refers to shipment of almandine
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Figure 3. Early Byzantine garnet intaglio with a
stepped-cross motif, dated from the late sixth to eighth
century CE. The stone measures 10.1 x 6.1 mm and
weighs 1.95 ct. Reflected light. Photo by K. Schmetzer.

garnet (Roth, 1980; Kessler, 2001) on the ancient Mar-
itime Silk Road (see Ptak, 2007).

To date, interpretation of the above-cited sixth-
century text has remained obscure, principally be-
cause no direct evidence of Garibpet garnets being
used in the Mediterranean world during the fifth to
seventh or even eighth century CE has been reported.
With the aim of probing this question, the present
study of an Early Byzantine garnet intaglio (figure 3)
was undertaken. Chemical composition and inclu-
sion characteristics were examined using non-
destructive methods. Properties from this sample
were then compared with those of rough garnets
from the Garibpet secondary deposit and fashioned
almandines from Merovingian cloisonné jewelry.

MATERIAL AND METHODS

The subject intaglio has been maintained in a private
collection (Christian Schmidt, Munich, inventory
number 2847) and is said to be from Israel. The sam-
ple was previously described by Spier (2011) as cata-
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logue addition No. 58, plate 37. It came to the atten-
tion of author HAG while investigating a series of
engraved historical garnets from various collections.
After a preliminary examination of the sample’s in-
clusion pattern that revealed features typical of gar-
nets from the Garibpet deposit, a more detailed study
followed. As all analyses of the engraved gemstone
had to be performed by nondestructive methods,
only portable X-ray fluorescence (p-XRF) and electron
microprobe analysis were employed for determining
the major, minor, and trace-element contents. Appli-
cation of micro-destructive techniques, such as laser
ablation-inductively coupled plasma-mass spec-
trometry (LA-ICP-MS), was not possible.

Chemical analysis was initially achieved with a
handheld Niton XL3t XRF analyzer by Thermo
Fisher Scientific, which was equipped with a silver
anode and a helium purging system. The analysis
was performed in the bulk mode (“mining mode”)
with a collection time of 120 s, using four different
settings for acceleration voltage and beam current.
The analytical spot size of the primary X-ray beam
was in the range of 4 x 3 mm, with the beam directed
toward the inclusion-poor side of the gem. The data
provided by the automated software were calibrated
using a set of approximately 30 gem-quality garnets
that had previously been analyzed by electron micro-
probe, particle-induced X-ray emission (PIXE), and
LA-ICP-MS, normalized to 100 wt.%. The detection
limits were ~1 wt.% for MgO; ~100 ppm for Ti, Cr,
and V; ~50 ppm for Zn; and ~25 ppm for Zr and Y.

Electron microprobe analysis was carried out on
a JEOL JXA 8800L microprobe with wavelength-
dispersive channels. Analytical conditions were as
follows: 15 kV accelerating voltage, 20 nA beam cuzr-
rent, 1 ym beam diameter, and counting times of 20
s for peak positions and 20 s for background. Natural
and synthetic silicate and oxide mineral standards or
pure element standards supplied by Cameca were
used for calibration (i.e., andradite for Si and Ca,
hematite for Fe, Cr,O, for Cr, corundum for Al,
MnTiO, for Mn and Ti, and MgO for Mg). Ka radia-
tion was utilized in the process. Matrix correction
was performed by a ZAF procedure. Under these con-
ditions, the detection limit was ~0.05 wt.% for most
elements, and the analytical precision was better
than 1% relative for all major elements. The propor-
tion of end members was calculated from the chem-
ical analyses using the methods of Locock (2008).

Optical investigations and documentation were
performed with a Schneider immersion microscope
with Zeiss optics, a Leica DM LM polarizing micro-

Gems & GEMOLOGY SUMMER 2018



Figure 4. The Early
Byzantine garnet in-
taglio displays an in-
clusion-rich core,
slightly decentered to
the right side of the
stepped cross, and a
more transparent rim.
Three areas analyzed
by electron microprobe
are marked C (core), R
(rim), and I (intermedi-
ate zone). Transmitted
light. Photo by H.A.
Gilg.

scope with transmitted and reflected light sources,
and an Olympus stereomicroscope, the latter two
both equipped with an Olympus DP25 digital camera
and Olympus Stream Motion software. Selected min-
eral phases were identified by micro-Raman spec-
troscopy using a Horiba Jobin Yvon XploRA PLUS
confocal Raman microscope. The spectrometer was
equipped with a frequency-doubled Nd:YAG laser
(532 nm, with a maximum power of 22.5 mW) and
an Olympus LMPLFLN 100x long-working-distance
objective with a numerical aperture of 0.9.

PROPERTIES OF THE ENGRAVED ALMANDINE
AND COMPARISON WITH GARNETS FROM
THE GARIBPET DEPOSIT

Visual Appearance. The historical garnet (figure 3)
was red and had been fashioned as an oval, strongly
convex cabochon with a concave back. The cabochon
measured 10.1 x 6.1 mm, with a height of 4.4 mm
from the base to the tip of the dome, and weighed 1.95
ct. The gemstone depicted a simple cross with three
steps, and the presence of specific grooves indicated
that the design had been engraved using a wheel. This
stepped-cross motif—probably depicting the bejew-
eled cross of Theodosius IT at Golgotha—first appeared
in Byzantine coinage at the end of the sixth century,
in solidi of Roman Emperor Tiberius II Constantine,
but the design was also common in the seventh and
eighth centuries (Brubaker and Haldon, 2001;
Brubaker, 2012). Accordingly, gemstones engraved
with this motif can be dated to the period from the
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late sixth to the eighth century (Spier, 2011). The main
usage of garnets in this period, however, is related to
the sixth and seventh century, with a decline in the
second half of the seventh and a rapid decline in the
eighth century (J. Spier, pers. comm., 2018).

The garnet showed a slightly decentered inclusion-
rich area (core) that was surrounded by an inclusion-
poor, more transparent zone (rim). A small fracture
with brownish secondary staining was also seen (fig-
ures 3 and 4).

Chemical Composition. Three areas on the convex
side of the intaglio were examined chemically via
electron microprobe, with several point analyses in
each area. Analysis positions are indicated in figure
4. These included the central part of the inclusion-
rich core (C); the inner part of the more transparent,
inclusion-poor rim (R); and an intermediate area (I) lo-
cated between the core and the rim. Due to the un-
even form of the cabochon, a separate mounting of
the garnet was necessary for each sequence. Analyses
of a given area that totaled between 98 and 101 wt.%
oxides signaled acceptable analytical results, despite
the difficult measurement geometry of the curved sur-
face. Analyses below 98 wt.% oxides, stemming either
from the uneven surface or from inclusions struck by
the electron beam, were rejected. The results are sum-
marized in table 1 and compared with chemical prop-
erties of garnets from Garibpet and from Merovingian
cloisonné jewelry (see below) in table 2.

The electron microprobe analyses revealed that the
engraved gem was a member of the pyrope-almandine
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TABLE 1. Chemical properties of the Early Byzantine engraved gemstone from this study.

Sample Position, Position, portable X-ray
electron microprobe analyses fluorescence analysis
Major and minor element content, compositional ranges (oxides in wt.%)

Details Core, Intermediate Zone, Rim, Rim, ‘

3 analyses 9 analyses 5 analyses 1 analysis
SiO, 34.96-36.06 35.03-36.50 35.80-36.51 35+£2
TiO, 0.01-0.02 0.00-0.04 0.00-0.05 <0.1
ALO, 20.92-21.67 20.73-21.85 21.26-21.85 20+ 2
Cr,O, 0.02-0.06 0.00-0.04 0.01-0.07 <0.1
Fe,O,* 2.57-4.08 1.57-3.03 1.31-2.46
MnO 1.30-1.35 1.20-1.33 1.13-1.22 1.3+0.3
MgO 2.48-2.63 2.49-2.69 2.56-2.67 <3
CaO 0.68-0.69 0.66-0.70 0.61-0.65 0.9+0.3
FeO* 35.20-36.20 35.71-36.90 36.22-36.87
FeO,,, 37.98-38.62 37.69-38.55 38.05-38.60 45+7

Molecular percentages of end members (ranges, in mol.%)**
Almandine 80.07-81.49 81.03-82.18 81.49-82.41
Pyrope 10.12-10.48 10.31-10.72 10.29-10.64
Spessartine 3.03-3.12 2.74-3.01 2.59-2.70
Grossular 1.75-1.92 1.53-1.94 1.44-1.80
Andradite 0.20-1.51 0.10-0.24 0.21-0.44
Trace-element content (ppm)

Y 312
Zn 111
Zr <25
\ <100
Cr <100
Ti <100

* Fe,O, and FeO calculated from stoichiometry

** Using the scheme of Locock (2008), the calculated remainder is between 2.4 and 3.8%.

solid solution series, with almandine between 80.1
and 82.2 mol.% and relatively low pyrope between
10.1 and 10.7 mol.%. Minor percentages of spessar-
tine between 2.6 and 3.1 mol.% and of grossular be-
tween 1.4 and 1.9 mol.% were also found (table 1).
Ti and Cr were below the detection limit of the elec-
tron microprobe. The chemical composition was
within the compositional field for garnets from
Garibpet (table 2 and figure 5).

The intaglio was chemically zoned, with slightly
elevated Mn and thus higher spessartine percentages
in the core than in the rim (figure 5, right). A similar
Mn zoning was characteristic of Garibpet almandines.
A weak zoning of Ca, also observed in some of the
Garibpet garnets, was apparent in the engraved gem-
stone, with slightly higher values in the core and in the
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intermediate zone than in the rim (figure 5, left). These
data on major element zoning were indicative of pro-
grade metamorphic growth (see, e.g., Spear, 1993).
X-ray fluorescence analysis provided meaningful
results only for the inclusion-poor rim of the en-
graved garnet. The data confirmed the average major
elemental composition as determined by electron
microprobe, especially the low Ca and moderate Mn,
but showed considerable uncertainties with respect
to Mg, Si, Al, and Fe due to the unfavorable geometry
during analysis. The XRF analysis also demonstrated
high concentrations of Y (~300 ppm) and Zn (~100
ppm), while Zr, V, Cr, and Ti were below the detec-
tion limit of the instrument (table 1). Due to the large
spot size and the abundance of inclusions in the core,
it was not possible to detect any trace-element zon-
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Figure 5. Binary plots showing the chemical composition of the engraved Byzantine garnet and samples from

Garibpet as MgO, CaO, and MnO weight percentages.

ing. The high Y and Zn contents and low Zr, V, Cr,
and Ti concentrations of the engraved gem were fully
consistent with the values reported for Garibpet gar-
nets on the basis of LA-ICP-MS data (table 2).

Microscopic Characteristics. Characteristic inclu-
sions observed in the engraved gem, as well as those
seen in garnets from the Garibpet deposit and de-
tailed by Schmetzer et al. (2017), are presented in fig-
ures 6 and 8; an overview is provided in table 3.

The gem displayed conspicuous zoning with an
inclusion-poor, transparent rim and an inclusion-rich
translucent core that was slightly decentered to the
right side of the oval (figures 3, 4, and 6A). The
translucent core encapsulated a variety of minerals,
some of which were opaque and hindered the visibil-
ity of the core zone and occasionally the identifica-
tion of the minerals.

Four types of inclusions proved dominant. A par-
ticularly characteristic inclusion feature was the
presence of aggregates of curved colorless sillimanite
fibers at the border between the inclusion-rich core
and the inclusion-poor rim (figure 8E). The other
three dominant inclusion types were seen principally
within the core, as described below.

Opaque, mostly anhedral elongate crystals (figure
6C) were a prominent core feature and were in part
aligned following a schistosity. These irregularly
shaped minerals with rounded surfaces were identi-
fied as ilmenite by their Raman spectrum. Some
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Raman spectroscopic measurements also yielded
bands characteristic of rutile (444 and 607 cm™), in-
dicating rutile overgrowth on the ilmenite.

Another common core inclusion was a transpar-
ent, colorless, isometric to slightly elongate or irreg-
ularly shaped mineral that showed a maximum size
of up to several hundred pym (figure 6E). The crystals
were identified as quartz by a typical Raman spec-
trum with a main band at approximately 464 cm™.
Quartz also occurred rarely in the inclusion-poor
rim.

Other common inclusions in the core were long-
prismatic, partially segmented apatite crystals with
rounded edges that could reach a length of more than
200 pm. Included within these crystals were abun-
dant opaque flakes (figure 6G). The small euhedral
flakes, approximately 10 pm in diameter, were iden-
tified by Raman spectroscopy as graphite (figure 7).
The prominent G band at 1580 cm™ in the first-order
region and the second-order bands between 2400 and
3300 cm™ were very sharp, while the D1 band was
poorly developed, thus signaling high-temperature
growth conditions of at least 600°C (Wopenka and
Pasteris, 1993; Beyssac et al., 2002).

Notably, the four dominant features just de-
scribed matched those found in Garibpet garnets (see
Schmetzer et al., 2017). The sillimanite fibers be-
tween the core and rim were the signature inclusion
feature observed in Garibpet garnets and in beads
from Arikamedu (Schmetzer et al., 2017), with an
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TABLE 2. Comparison of chemical features in the Early Byzantine engraved gemstone, garnets from the Garibpet
deposit, and Cluster A and B almandines from Merovingian cloisonné jewelry.

Sample

Engraved gem

Garibpet

Cluster A [Type Il]

Cluster B [Type I]

Major and minor

Mean values with standard deviation [ranges], in wt.%

elements
Analytical technique, - a2 EMPA, n =283 EMPA, n = 85°
number of analyses EMPA, n =17 EMPA, n =329 PIXE, n = 175° PIXE, n = 491
SiO, 35.82 £0.48 36.05 = 0.34 37.78 £ 1.04 37.26 £ 0.55
[34.96-36.51] [34.74-36.84] [34.19-39.62] [35.77-38.61]
37.52 £ 0.66 36.83 £0.48
[36.09-39.84] [36.00-37.98]
ALO, 21.43 £0.35 21.54£0.22 21.62 = 0.64 21.14 £0.37
[20.73-21.85] [20.55-22.24] [19.14-22.73] [20.36-22.31]
21.65 = 0.44 21.28 £0.33
[20.36-23.35] [20.28-22.36]
MnO 1.25 +0.07 1.44 + 0.45 1.26 £ 0.76 0.30 £0.24
[1.16-1.35] [0.50-2.58] [0.13-3.17] [0.00-1.10]
1.50 + 0.85 0.25 +0.22
[0.00-4.42] [0.00-1.28]
MgO 2.59 +£0.07 2.72 +£0.15 6.83 = 1.00 4.71 £ 0.67
[2.48-2.69] [2.37-2.99] [5.05-8.87] [3.29-6.26]
6.49 £ 0.74 4.69 + 0.66
[4.46-9.07] [3.04-6.53]
CaO 0.66 + 0.02 0.59 +0.07 1.46 £ 0.21 0.63 +0.16
[0.61-0.69] [0.47-0.73] [0.96-2.01] [0.32-1.03]
1.30+£0.20 0.63 £0.15
[0.72-2.01] [0.32-1.03]
FeO, 38.22 +0.26 37.72 £ 0.52 31.00 + 1.02 36.11 = 1.00
[37.69-38.62] [36.30-39.21] [28.41-31.94] [33.49-37.75]
31.24 £1.39) 36.10+1.13
[26.52-35.63] [32.98-38.35]
Trace elements Mean values with standard deviation [ranges], in ppm
Analytical technique, o P B 5  io1s
aumber of analyses p-XRF, n = 1 LA-ICP-MS, n = 31 PIXE, n = 175 PIXE, n = 491
Y 312 213 +70 534 =325 57 £56
[45-401] [57-1478] [0-416]
Zn 111 107 £ 15 34 +31 14 + 30
[77-129] [0-369] [0-432]
Zr <50 4+2 26 =96 7+7
[1-11] [0-1084] [0-34]
Vv <100 28+6 72 + 30 10+ 14
[17-44] [0-159] [0-86]
Cr <100 55+ 42 444 + 165 7+15
[25-255] [101-995] [0-121]
Ti <150 38+9 126 £ 75 74 £ 43
[18-55] [0-441] [0-257]
Chemical zoning Yes Yes Yes Not described
[Mn,Ca]’ [Mn,Ca,Zn]? [Y]*

"This study
2Schmetzer et al. (2017)

*Quast and Schiissler (2000)
“Calligaro et al. (2006-2007)
°Gilg et al. (2010)
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Engraved Gem

identical distribution and shape (figures 6B, 8F). The
ilmenite, quartz, and long-prismatic graphite-bearing
apatite were also typical for Garibpet stones (figure
6D, F, H; Schmetzer et al., 2017).

ENGRAVED BYZANTINE ALMANDINE FROM INDIA

Garibpet Garnet

Figure 6. Comparison of
inclusions in the Early
Byzantine engraved
gem (left) with garnets
from the Garibpet de-
posit (right). A and B:
Inclusion-rich core and
inclusion-poor rim with
sillimanite fibers at the
boundary. C and D: Ir-
regularly shaped il-
menite. E and F:
Subrounded quartz
crystals. G and H:
Large long-prismatic
apatite crystal (a) with
characteristic graphite
inclusions, along with
short-prismatic zircon
(z) and monazite (m)
crystals. Photomicro-
graphs by H.A. Gilg.

Turning to less dominant but still frequent inclu-
sions in the engraved gemstone core, two types
should be mentioned. One consisted of very small,
transparent short-prismatic zircon crystals that
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TABLE 3. Comparison of inclusion characteristics in the Early Byzantine engraved gemstone, garnets from the Garibpet
deposit, and Cluster A and B almandines from Merovingian cloisonné jewelry.

Sample

Engraved gem

Gal

ribpet (Schmetzer

Cluster A [Type II]!

Cluster B [Type I]'

(this study) etal., 2017)
Inclusions Frequency
IImenite +++ e+ +++
Quartz +++ +++ +++
Biotite + + +
Chlorite in fluid inclusions + + ++
Apatite, euhedral, inclusion-rich +++ +++
Apatite, anhedral, green "
Rutile, needle network, coarse I
Rutile, needle network, patchy + + +
Rutile, short prismatic + + +
Sillimanite bundles at core-rim boundary ++4+ +4++
Sillimanite, individual coarse needles + T+
Monazite ++ ++ ++ ++
Zircon ++ ++ +++ +
Uraninite ++
Graphite in apatite +++ 4+
Graphite in monazite ++ ++ ++ ++
Graphite + +
Goethite in fractures + + + +

+++ dominant, ++ frequently present, + occasionally observed
'Cilg et al. (2010), Horvéth and Bend6 (2011), Gilg and Hommrichhausen, unpublished research

caused tension cracks in the host garnet (figure 6G).

Another was found as irregularly shaped monazite
crystals less than 50 pm in diameter and surrounded
by distinctive brownish halos related to radiation
damage. The monazites often contained opaque

COUNTS (ARB. UNITS)

RAMAN SPECTRUM

1580

2443

graphite and quartz inclusions as well (figures 6G,
8A). Both zircon and monazite, which are radioac-
tive minerals, were also common in Garibpet gar-
nets and displayed similar habits in that material

(figures 6H, 8B).

2715

3245

500 1000

T T
1500 2000

WAVENUMBER (cm™)
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Figure 7. Raman spec-
trum of a graphite in-
clusion (red) and the
host garnet (black) in
the core of the engraved
gem. The inset shows
the size and shape of
the graphite, appearing
as a bright crystal in
the center, in reflected
light. Photomicrograph
by H.A. Gilg.
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Engraved Gem

e

Less frequently, a three-dimensional network of
very thin rutile needles (“silk”) was irregularly dis-
tributed in a patchy manner within the core zone of
the engraved garnet (figure 8C). Such distribution of
rutile needles was similar to a feature observed in
about 10-15% of the Garibpet garnets (figure 8D).

A rare brown platy crystal approximately 150 pm
in length was attached to an ilmenite crystal in the
engraved Byzantine garnet (figure 9, top). It resem-
bled short prismatic rutile crystals found overgrown
on ilmenite in some Garibpet garnets (see figure 26D
in Schmetzer et al., 2017), but the mineral was iden-
tified here as biotite on the basis of its Raman spec-
trum, with an OH-stretching band at about 3664 cm™!
(figure 9A; Wang et al., 2015). Meanwhile, with some
further study of inclusion characteristics, biotite

ENGRAVED BYZANTINE ALMANDINE FROM INDIA

Garibpet Garnet

Figure 8. Comparison of
additional inclusions in
the Early Byzantine en-
graved gem (left) with
garnets from Garibpet
(right). A and B: Mon-
azite with graphite and
quartz inclusions. C
and D: Patchy network
of oriented rutile nee-
dles. E and F: Silliman-
ite fibers at the
boundary between the
inclusion-rich core and
the inclusion-poor rim.
' Photomicrographs by
H.A. Gilg.

flakes have also been identified in samples from both
Garibpet and Arikamedu (figure 9, bottom). Biotite
is considered a less common accessory inclusion
mineral found in Garibpet materials.

In the inclusion-poor rim of the engraved garnet,
only a few quartz and zircon crystals and a brownish
goethite-bearing fracture were observed (figure 4).

COMPARISON WITH CALCIUM-POOR
ALMANDINES USED IN CLOISONNE JEWELRY

In contrast to the broad equivalence between the
chemical and inclusion features of the Early Byzan-
tine engraved garnet and garnets from the Garibpet
deposit, comparison with the two dominant Ca-poor
almandine types in Merovingian cloisonné jewelry
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RAMAN SPECTRUM

COUNTS (ARB. UNITS)

Figure 9. Top: Raman
spectrum of a brownish
biotite inclusion (red)
and the host garnet
(black) in the core of
the engraved gem. The
inset shows the size
and shape of the biotite
crystal, which is at-
tached to an opaque il-

menite flake; the tip of

T T T T
500 1000 1500 2000 2500

WAVENUMBER (cm™)

RAMAN SPECTRUM

the arrow shows the
analysis spot. Bottom:
Raman spectrum of a
brownish biotite inclu-
sion (red, the three
peaks marked with an

T T
3000 3500

COUNTS (ARB. UNITS)

asterisk (*) are related
to the host garnet) in a
garnet from Garibpet,
India. The inset shows
the size and shape of
the biotite crystal,
which is attached to an
opaque ilmenite.
Photomicrographs by
H.A. Gilg.

500 1000 1500 2000 2500

WAVENUMBER (cm™)

(Cluster A and Cluster B of Gilg et al., 2010, which
are identical to Type II and Type I, respectively, of
Calligaro et al., 2002) revealed substantially greater
divergence. Again, tables 2 and 3 summarize these
results.

Chemical Composition. As explained above, the
composition of the Early Byzantine gemstone over-
lapped for all elements with the Ca-poor garnets from
the Garibpet deposit. Conversely, considerably lower
almandine and higher pyrope contents were measured
for the two Ca-poor almandine types (Cluster A and
Cluster B) in cloisonné jewelry (figures 10 and 11).
Moreover, the high MnO, Y, and Zn levels found in
the intaglio demonstrated inconsistency with Cluster
B garnets, while the lower CaO, low Cr, and high Zn
were incompatible with Cluster A garnets.

160 ENGRAVED BYZANTINE ALMANDINE FROM INDIA

3000 3500 4000

The low Ca content of the engraved gem further
excluded any meaningful similarity with Ca-rich al-
mandines, such as the Cluster C garnets observed in
Scandinavian Early Medieval cloisonné jewelry (Lof-
gren, 1973; Mannerstrand and Lundqvist, 2003; Gilg
and Hyrsl, 2014) or the Ca- and Mn-rich almandines
commonly encountered among Hellenistic or Early
Roman engraved gems (Gilg and Gast, 2012; Thore-
sen and Schmetzer, 2013).

Microscopic Characteristics. A zonal arrangement of
inclusions with an inclusion-rich core and an inclu-
sion-poor rim has not been reported for either of the
two Ca-poor Merovingian almandine types. Likewise,
bundles of sillimanite fibers at a boundary between
the core and rim portions have not been observed in
either Cluster A or Cluster B garnets. Coarse silliman-

Gems & GEMOLOGY SUMMER 2018



50

A

(om0
GO AORH]

core

Garibpet
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garnet intaglio

Figure 10. Triangular dia-
gram of the chemical
composition in molecular
percentages (mol. %) of
the core (red diamonds)
and the rim (yellow dia-
monds) of the Early
Byzantine garnet intaglio,
in comparison with rough
from the Garibpet deposit
(brown circles, data from
Schmetzer et al., 2017)
and Cluster A and B al-
mandines from Early Me-
dieval cloisonné jewelry
(blue squares and green
triangles, respectively;
data from Quast and
Schiissler, 2000, and Gilg
et al., 2010). Alm =

Pyr

Spe+Gro

| T T T
20 30

Spe+Gro —»

Alm

ite needles, however, have been described for Cluster
A almandines (figure 12C), but they were located
within rather than bordering inclusion-rich zones, and
none have been seen in Cluster B almandines (Calli-

40

, almandine, Pyr = pyrope,
50 Spe = spessartine, Gro =
grossular.

garo et al., 2006-2007; Horvith and Bendo, 2011; Gast
et al, 2013).

Two other dominant inclusions found in both the
engraved garnet and the Garibpet material, ilmenite

Figure 11. Binary plots comparing the chemical composition of the garnet intaglio, with Garibpet rough and Clus-
ter A and B almandines as MgO, CaO, and MnO weight percentages.

CaO vs. MgO CONCENTRATION

2.0 §

MnO (wt.%)

0.5 +

MnO vs. MgO CONCENTRATION

Engraved Gem
<& This study, EMPA

Cluster A
B Gilg et al. (2010), PIXE
B Quast and Schiissler (2000),
EMPA
Cluster B
A Gilg et al. (2010), PIXE
A Quast and Schussler (2000),
EMPA
", Garibpet
® Schmetzer et al. (2017), EMPA

MgO (wt.%)
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MgO (wt.%)
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Cluster A

and quartz, have been reported with similar habits in
Cluster A garnets (figure 12A) but have not been seen
in Cluster B samples (Calligaro et al., 2002, 2006-
2007; Gilg et al., 2010).

Apatite has been identified as a dominant inclu-
sion in Cluster B garnets but has proven extremely
rare in Cluster A samples (Calligaro et al., 2002,
2006-2007; Gilg et al., 2010). Nonetheless, apatite
crystals in Cluster B garnets (figure 12B) have shown
a characteristic greenish color, xenomorphic shape,
and lack of graphite inclusions (Gilg et al., 2010), an
appearance distinct from that of apatite in the en-
graved gem and the Garibpet garnets.

Monazite and zircon inclusions have been noted in
all different types of almandines discussed in this
paper. A three-dimensional network of rutile inclu-
sions (figure 12A,C) has only very rarely been observed
in Cluster B garnets but has occurred commonly in
Cluster A garnets (Calligaro et al., 2002, 2006-2007;
Gilg et al., 2010; Gast et al., 2013). Brownish biotite
inclusions have so far only been detected in Cluster A
garnets by scanning electron microscopy (Horvath and
Bendo, 2011). Uraninite inclusions have been reported
as a typical feature only of Cluster B garnets (figure
12D; Calligaro et al., 2002, 2006-2007).

Although certain mineral inclusion features of
the engraved gem can be observed in either of the
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Cluster B

Figure 12. Characteristic
inclusions in Ca-poor al-
mandines from
Merovingian jewelry of
Cluster A (left) and
Cluster B (right). A: Ir-
regularly shaped il-
menite and acicular
rutile network.

B: Greenish xenomor-
phic apatite. C: Curved
sillimanite needles
(arrow) and rutile net-
work. D: Black uraninite
inclusion with brown ra-
diation halo, along with
colorless crystals of apa-
tite (largest grain) and
zircon (small grains
with tension cracks).
Photomicrographs by N.
Hommrichhausen (A
and C) and H.A. Gilg (B
and D).

two Ca-poor almandine types in Merovingian jew-
elry, on balance the combination of features is quite
distinctive and consistent only with garnets from the
Garibpet deposit. In particular, the sillimanite fibers
at the border between an inclusion-rich core and an
inclusion-poor rim and the long-prismatic graphite-
bearing apatite crystals can be considered the most
distinguishing inclusion characteristics.

DISCUSSION AND CONCLUSIONS

Schmetzer et al. (2017) proposed that assignment of
garnet samples from a historical context to a specific
garnet type or cluster used in antiquity should ideally
be based on a series of criteria. For instance:

1. Major element chemical composition, includ-
ing proportions of garnet end members

2. Chemical zoning for major and minor elements
within the crystals from core to rim

. Trace-element contents

. Zoning of trace elements from core to rim
. General inclusion assemblage

. Appearance of individual inclusions

. Distribution and zoning of inclusions

~N N OB~

It was emphasized that a detailed correlation of sev-
eral features, rather than merely one or two, should
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be considered a prerequisite for assigning a sample to
an established garnet type or cluster.

Here, the present study has demonstrated that the
engraved gemstone and samples from the Garibpet
deposit are consistent with respect to six of the seven
criteria just mentioned, namely 1-3 and 5-7. Exam-
ining trace-element zoning in the gem was not pos-
sible due to experimental restrictions.

Only one inclusion characteristic was not entirely
congruent: the absence of thick acicular sillimanite
needles in the engraved gemstone. The thick acicular
sillimanite needles were observed only in about 10%
of Garibpet garnets, however. This is understandable,
since garnets from different areas of the large deposit,
mined during different historical eras, might also
show a degree of variability.

Thus, being unaware of any other known deposit
with garnets showing the characteristic features de-
scribed for the Garibpet material, the authors con-
clude that the Early Byzantine garnet engraved with
a Christian motif originated from this secondary de-
posit. Garnets from the Garibpet deposit were used
extensively for the historical bead-making industry
of Arikamedu, in Tamil Nadu State. The bead en-
terprise flourished from the second century BCE at
least until the end of the first millennium cE and
probably even to the early seventeenth century (Be-
gley et al., 2004; Francis, 2002, 2004; Schmetzer et
al., 2017). The examined spherical and faceted bi-
cone garnet beads from the Arikamedu archaeolog-
ical site had diameters of less than 5.5 mm, in
contrast to the 11 mm length of the engraved gem-
stone. Nonetheless, rough fragments from Arika-
medu reaching 11 mm in size were observed during
the 2017 investigation, and material even exceeding
that size was found at the Garibpet deposit (Schmet-
zer et al., 2017).

Accordingly, the present study can be considered
to offer the first strong, tangible evidence of garnet
trading from the eastern coast of India to the
Mediterranean realm, including the Byzantine Em-
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pire, in the late sixth to eighth century CE, even as
use of garnet for cloisonné jewelry in central Europe
declined (for details see Schmetzer et al., 2017, p.
599). When such evidence is combined with the re-
cent work demonstrating use of Garibpet material
for bead-making at Arikamedu, the shipment of gar-
net rough or beads from Arikamedu or nearby har-
bors on the Coromandel Coast can logically be
assumed. Doing so is also consistent with prior in-
terpretation of the sixth-century text by Cosmas In-
dicopleustes regarding export of “alabandenum” to
the Mediterranean region from a port named
“Caber,” as referring to garnets shipped from Kaveri-
pattinam, close to Arikamedu. Hence, the idea that
garnets were transported and traded from Indian
ports along the so-called Maritime Silk Road, which
connected China with the Western world, becomes
a supportable proposition.

It should be noted, however, that the vast major-
ity of almandine garnets that were used for Merovin-
gian cloisonné jewelry and supposedly derived from
an Indian source (Greiff, 1998; Quast and Schiissler,
2000; Calligaro et al., 2002, 2006-2007; Gilg et al.,
2010; Périn and Calligaro, 2016) must have origi-
nated from different localities and likely were not
traded from the Coromandel Coast.

Lastly, as a practical point, this study further
demonstrates that chemical analysis of ancient gar-
nets using a portable X-ray fluorescence instrument
with helium flow mode, in combination with micro-
scopic investigations, can be sufficient to assign a
gemstone to a known almandine type or cluster, de-
spite the relatively low precision of the XRF tech-
nique for some major elements, (e.g., Fe, Si, Al, and
Mg). Specifically, the capability of the device to
measure important minor elements including Mn,
Ca, and to a lesser extent Mg, as well as the charac-
teristic trace elements Y, Cr, and Zn, provides ade-
quate data. Thus, this research may encourage other
scientists to augment the information compiled to
date on historical gemstones and their trading.
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