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ARTICLE INFO ABSTRACT

Keywords: The paper provides insights into an assemblage of glass finds from the citadel of Kafir Kala and the site of
Archaeological glass Cholaktepa both in the proximity of Samarkand (Uzbekistan). Located along one of the major Eurasian branches
Silk R?ads of the Silk Roads, passing through Samarkand, Kafir Kala is among the most relevant centres to better understand
glfllzf:ma“ the Islamization of the Middle Zeravshan Valley in the early 8th century. During the excavations, hundreds of
LA-ICP-MS fragments of ceramics, and a conspicuous amount of glass finds were recovered. Chrono-typological study

allowed identifying objects for everyday use like bottles, cups with handles and bowls with re-folded rims;
fragments of decorated bottoms with a honeycomb pattern, showing a distinctive rosette stamp, were also
identified. Moreover, glass debris from Cholaktepa, 11 km west of nowadays Samarkand, provided evidence for
the occurrence of glass working. Compositional analyses, by electron microprobe (EPMA) for major and minor
elements and by Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) for trace elements,
have been carried out on selected fragments, aimed at investigating the compositional features of finds and their
raw materials, to establish comparisons with published assemblages pertinent to neighbouring geographical
areas and comparable chronological spans. All the glass fragments are silica-soda-lime in composition, made by
using plant ash as fluxing agent, except two samples made by using natron. Compositional data show a link to the

Ferghana Valley in Uzbekistan, where a local glass manufacture has been identified.

1. Introduction

Providing a chronological and geographical definition of the inter-
connected web of routes commonly known as Silk Roads is not a simple
task. The network of multiple ways that linked by land and sea the
ancient Asian and Mediterranean societies reached its peak during the
Han Dynasty and the Kushan Empire, in the first centuries BCE and CE.
However, the origin of this phenomenon can be framed even earlier in
the material and cultural exchanges of nomads and semi-mobile pasto-
ralism groups across Eurasia (Benjamin, 2018). In the pre-Islamic cen-
turies, a crucial role in the long-term commercial activity between
Central Asia and China was played by the Sogdian merchants, who
originated in the region of Samarkand (de la Vaissiere, 2005). As dis-
cussed in greater depth elsewhere (Williams, 2014), movements along
and across the Silk Roads were complex, with a great variety of goods
and people flowing from east to west and vice versa. Furthermore, the
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movement of goods and the volume of exchange had a massive impact
on many of the societies along the Silk Roads: it shaped their ability to
build the famous cities, religious buildings, and elite structures. The
spread of religions, social customs, languages, political ideas, agricul-
tural practises, scientific knowledge, know-how, and technological in-
novations was the most significant outcome of these complex networks
of interactions. In such a diverse environment, little is currently known
about glass and its movements. As demonstrated by our study, the main
question concerning the identification of production centres cannot be
answered without understanding how trade and routes changed over
time, also as a consequence of the changes connected with the Arab
conquest of the Samarkand region in the early 8th century. Located in a
strategic position that controlled one of the local north-south passages
along the ancient Silk Road, the archaeological complex of Kafir Kala
(site code Sam-090) is about 12 km southeast of Afrasiab, the ancient
city of Samarkand (Mantellini and Berdimuradov, 2005) (Fig. 1). The
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sites of Kafir Kala and Cholaktepa have been the subject of targeted
investigations as part of the Uzbek-Italian Archaeological Project — UIAP
“Samarkand and Its Territory” (Mantellini and Berdimurodov,
forthcoming).

A network combining artificial and natural waterways had ensured
the defence of the complex over ca. 30 ha, making Kafir Kala the second
largest site in this area after Afrasiab. The site is built with rammed earth
and it is shaped by different architectural features (Fig. 2a,b). A square
citadel, ca. 60 by 60 m, is in the middle of a moat that is surrounded by a
residential area (shahristan). At West, a second moat separates the main
complex from an outer settlement (rabad). The reclamation activities of
the last decades largely flattened a necropolis outside the southern
shahristan and an artisan district on the right bank of the Ilonsai with
many pottery kilns, both only partially investigated in the late 30 s-early
40 s of the 19th century (Berdimuradov and Mukhammadiev, 2016;
Grigorev, 1940).

The early occupation (late 7th—early 8th centuries) refers to the years
immediately preceding the Islamic conquest of Samarkand in 712. The
monumentality of the site, its architecture, its proximity to Samarkand,
and the exceptional finds discovered there, suggested the identification
of Kafir Kala with Rewdad, mentioned by the Arab geographer Istakhri
as the rural residence of the pre-Islamic kings (ikhshid) of Samarkand
(Grenet and de La Vaissiere, 2022). The end of this occupation phase is
well recognizable in the archaeological record by a thick layer of burnt
wooden beams and column bases belonging to a porch running around
the inner courtyard. The presence in this layer, and in the compact
beaten earthen floor below it, of coins dated to Tarkhun, the last ikhshid
of Samarkand (700-710 CE), make possible framing the fire exactly at
the time of the arrival of Islam in 712 CE (Gariboldi et al., 2018; Usami
et al., 2017). The fire that caused the dramatic end of the citadel of Kafir
Kala is a further indication on the political importance of this site, as
arguable from the present toponym “Kafir Kala” that means “Fortress/
Castle of unbelievers” in Arabic. Following a temporary abandonment,
the site was immediately resettled for residential purposes already in the
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early 8th century. Compared to the previous period, this occupation is
marked by a rough architecture, with the systematic reuse and adapta-
tion of previous architectural structures and spaces (di Cugno et al.,
2013). The long corridor (ca. 45 m) along the western side, for example,
was turned into a residential room (Room 7), a small storage (Room 10),
a kitchen (Room 11), and a large storage area in the circular corner
tower (Room 14), whereas the southern part was left unused (Mantellini
et al., 2016). The use of the space for domestic activities is emphasized
by the remains of dozens of fire structures (tandir/domed ovens, fire-
places, hearths), as well as a significant amount of pottery. Around the
12th century, the citadel was definitively abandoned.

Among the unearthed finds, coins (Gariboldi et al., 2018) and glass
are the most numerous and important in terms of understanding the
Islamic transition that this settlement underwent. The glass finds
selected for this study belong to the three main contexts described above
(pre-Islamic, early Islamic and abandonment of the citadel). Another set
of glass comes from Cholaktepa, site code Sam-105, 11.5 km West of
Samarkand/Afrasiab and 21 km NW of Kafir Kala. The site was identi-
fied on the 25,000 topographical maps and then validated on the field in
2007 and 2009. The exposed section at west evidenced the presence of a
fireplace and burnt layers in the archaeological stratigraphy. In the
middle of the site, a S—N trench disclosed several sherds of glazed
pottery and a few fragments of glass. The discovery of glass during
surface survey is rather unusual in Samarkand, since it is attested only in
21 over ca. 2,300 sites (ca. 1 %). Moreover, glasses from Cholaktepa are
remarkable for two reasons: first, this is the only site with certain pro-
duction wastes; secondly, the chronology is like Kafir Kala, with a sig-
nificant occupation in the Medieval period (9th-12th centuries AD).

The present study is related to one that was recently published by the
authors on a selection of glass finds from the same archaeological
context (Fiorentino et al., 2021). The focus is here on the chrono-
typological study of fragments attributable to specific shapes, com-
bined with chemical analysis to define the raw materials used and
establish possible connections with previously investigated assemblages

320000 340000 360000

Fig. 1. Geographical localization of Kafir Kala, Afrasiab/Samarkand and Cholaktepa (basemap: BING satellite image 2022; data processing UIAP ©).
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of finds from sites located in the same region.

2. Materials and methods

A total of 329 glass fragments were found inside the citadel of Kafir
Kala, mainly datable to the pre-Islamic and early Islamic phases of the
site. The citadel was burnt in 712 CE, during the Arab conquest, terminus
post quem for the Islamic settlement. Among the unearthed finds, 291
were classified as undecorated walls, the majority being highly
compromised by severe surface degradation phenomena, discussed
elsewhere (Fiorentino et al., 2021); 38 fragments of rims, bottoms and
handles were identified.

The research presented in this article was carried out on 11 frag-
ments of undecorated walls chosen from those least compromised by
surface degradation (KK-d1, KK-d2, KK-d3, KK-d4, KK-d5, KK-d6, KK-d7,
KK-d8, KK-d9, KK-d11, KK-d14), as well as 18 fragments attributable to
rims (KK-r1, KK-r2, KK-r3, KK-r4, KK-r5, KK-r6, KK-r7, KK-r8, KK-r9),
bottoms (KK-b1, KK-b2, KK-b3, KK-b4, KK-b5) and handles (KK-h1, KK-
h2, KK-h3, KK-h4).

4 glass working debris (SAM-GD1, SAM-GD2, SAM-GD3, SAM-GD4)
from Cholaktepa, and 2 walls of vessels (SAM-W1, SAM-W2) were also
investigated. All selected finds, for a total of 35 samples, are reported in
Table 1.

Photographic documentation, technical drawings, and documenta-
tion of the chromatic hues by NCS Colour System, as well as comparisons
with literature data, were used to conduct a chrono-typological study on
fragments of rims, bottoms, handles from Kafir Kala (Figure S4) and on
glass debris and walls of vessels from Cholaktepa.

Quantitative chemical analyses, aimed at acquiring data on major
and minor elements characterising the base glass composition, were
carried out by using electron microprobe (EPMA). The EPMA employed
was a JEOL 8200 Super Probe, equipped with five WDS spectrometers
and located at the Department of Earth Sciences of the University of
Milan “La Statale”. Analytical conditions, used for glass samples from
Kafir Kala and Cholaktepa, are detailed into Table Sla, provided as
supplementary materials; it should be also stressed here that the electron
beam was de-focussed to about 10 pm, in order to reduce alkali volati-
lisation. Accuracy of EPMA measures was checked against the interna-
tional reference standards, Corning glasses A, B and D, and was lower
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(b)

Fig. 2. A) architectural features of the site; b) digital terrain model of the citadel of kafir kala, 7th-14th century (uav data acquisition and processing uiap ©).

than 1 % for SiO, Nay0, and CaO, lower than 5 % for K0, MgO, P50s,
Fe,03 and Sb,03, and within 10 % for other minor elements (Table S1b).
The chemical compositions of the Kafir Kala and Cholaktepa glasses
were identified by about six point microanalyses for sample, and aver-
ages and standard deviations were calculated. EPMA data are provided
in Table S2.

Laser Ablation-Inductively Plasma Coupled-Mass Spectrometry
(LA-ICP-MS) was performed to determine the concentration of trace
elements. Analyses were carried out at the University of Modena and
Reggio-Emilia (Italy) by a Thermo Fisher X-Series II quadrupole based
ICP-MS coupled with a New Wave ablation system with a frequency
quintupled (A = 213 nm) Nd:YAG laser. Laser parameters were the
following: spot-size 80 um; frequency 10 Hz; dwell time 40 s; energy
density ~ 8 J/cm?. Helium was used as carrier gas, with a flow of 0.6 L/
min; the frequency of standard analysis was every 20 measurement
points. Data reduction was carried out following Longerich and col-
leagues (Longerich et al., 1996); 298i was employed as an internal
standard, NIST 612 as external reference material. The distribution of
REE and of the other trace elements was analysed by normalising the
data to the upper continental crust (Kamber et al., 2005). Accuracy of
LA-ICP-MS measures checked against the international reference stan-
dards is provided in Table S1b; LA-ICP-MS data are provided in Table S3.

To avoid any contamination ascribable to the altered surface, micro-
samples (of the order of few square millimetres) were taken from the
core of the selected fragments. To perform EPMA and LA-ICP-MS ana-
lyses, the glass micro-samples were embedded in blocks of resin, covered
by a thin carbon layer (only for EPMA).

3. Results and discussion
3.1. Chrono-typological study

The chrono-typological study on fragments of rims, bottoms, and
handles from Kafir Kala and chosen for the chemical analyses had
identified and confirmed the presence of typologies ascribable between
the 7th and 12th centuries AD, when the new Arab domination defini-
tively assimilated the pre-existing administrative structures. The KK-r1
and KK-r2 fragments appear as slightly funnel-shaped rims, straight
and indistinct by the wall. Because of the small size, they can be
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Table 1
Kafir Kala - Rims, bottoms and handles.
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Kafir Kala — Rims, bottoms and handles

Sample  Photo

SU

Archaeological
phase

Object Typology Dating Colour NCS References
form codex

KK-rl

lI|IIIl[III[|HIl|IIIIIIIIIIllllllli'I

KK-r2

|IHJ’IllllilIlIlllllllil[llllllllilllllllllllli

fIIIIIIIII I'IIIIHII|IIII!III!|Hllllll

KK1
2013
SU 683

KK1
2005
SU5

2008
SU 339
(room
12)

KK1
2005
SU1

2013
SU 645
(room
18)

Pre-Islamic

Islamic

Islamic

Islamic

Islamic

cut-off rim small 8th-11th Light olive S 1015- Gorin-Rosen

bottle / cent. AD green G80Y 2010, n. 4, pl.

perfume 10.5 (Abbasid

bottle period); Foy
2012, n. 56, pl.
20 (Umayyad
period);
Ouahnouna
2018, n. 11,
Fig. 2 (Abbasid
period)

Cut-off rim small 8th-11th Light olive S 2030- Gorin-Rosen
bottle or cent. AD green G40Y 2010, n. 4, pL.
perfume 10.5 (Abbasid
bottle period); Cullen

2009, PF 22, p.
239 (9th-10th
cent.)

infolded rim Globular Mid-7th- Light blue S 1005- Hadad 2005,
bottle mid 8th B20G nn. 182-184,
cent. AD pl. 9 —nn.
185-190, pl. 10
—nn. 191-195,
pl. 11
(Umayyad
period); Pollak
2007, n.62, fig.
10 (Umayyad
period); Gorin-
Rosen 2010, n.
13, pl. 10.1
(Umayyad
period)

Inverted rim bottle 7th-11th Emerald S 7020- Bass 1984, h,

cent. AD green G pag. 68 (mid-
11th cent.);
Hadad 2005, n.
187 (Umayyad
period);
Ouahnouna
2018, n. 7,
Fig. 2 (9th-
11th cent.);
Ouahnouna
2020, n.7,
Fig. 3 (Abbasid
period);

Vertical rim Beaker Byzantine Aqua green S 1020- Pollak 2007, n.

period B30G 26, Fig. 6

or (byzantine

9th-10th period) or

cent. AD Pollak 2007, n.
46, fig. 8 (9th-
10th cent.)

(continued on next page)
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Table 1 (continued)
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Kafir Kala — Rims, bottoms and handles

Sample  Photo

SU

Archaeological
phase

Object Typology  Dating Colour NCS References

form codex

KK-r6

l[ﬂlllﬂlll!l|llll|llll|II_II|IIIIIIIII|III

KK-r7

Iﬂ!ﬂlq“l_l]“]li_|I1EI.II|I![IIIIII|[III!I|IIiI|Ii|IHI !i|1|

FI’II! T"IIJHFI IIII|III| .!‘IIIIII

KK-bl

B L L]

KK1
2006
SU2W

KK1
2006
sU2w

KK1
2006
SU2W

2006
SU2W

2006
SU2W

Islamic

Islamic

Islamic

Islamic

Islamic

Refolded rim  Bowl Mid-4th - Aqua green $1020-  Dussart 1998,
9th cent. B30G BI. 4122 (mid-
AD 4th — 8th cent.);
Hadad 2005,
nn. 49-50
(Umayyad
period) and nn.
561-563
(Abbasid/
Fatimid
period); Israeli
2008, nn.
78-81 (4th-5th
cent.); Pollak
2007, n. 7,
Fig. 1 (8th
cent.)
Mid-4th — Aqua green S$1515-  Dussart 1998,
9th cent. B80G BI. 4122 (mid-
AD 4th - 8th cent.);
Hadad 2005,
nn. 60-61
(Umayyad
period) and nn.
561-563
(Abbasid/
Fatimid
period); Israeli
2008, nn.
78-81 (4th-5th
cent.)
Mid-4th — Aqua green S 1515- Dussart 1998,
9th cent. B80G BIL 4122 (mid-
AD 4th — 8th cent.);
Hadad 2005,
nn. 60-61
(Umayyad
period) and nn.
561-563
(Abbasid/
Fatimid
period); Israeli
2008, nn.
78-81 (4th-5th
cent.)
Mid-4th — Aqua green S$1515-  Dussart 1998,
9th cent. B80G BIL 4122 (mid-
AD 4th — 8th cent.);
Hadad 2005,
nn. 60-61
(Umayyad
period) and nn.
561-563
(Abbasid/
Fatimid
period); Israeli
2008, nn.
78-81 (4th-5th
cent.)
Hadad 2005, n.

Tubular rim Bowl

Tubular rim Bowl

Tubular rim Bowl

Flat bottom Large from 7th Aqua green S 3555-

with pontil bottle to mid- B60G 219 (Umayyad

mark 13th cent. period), n. 885

AD (Abbasid/

Fatimid period)
and n. 1088
(Abbasid/
Mamaluk
period)

(continued on next page)
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Table 1 (continued)
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Kafir Kala — Rims, bottoms and handles

Sample  Photo SU Archaeological

phase

Object

Colour NCS
codex

Dating References

form

Typology

KK-b2 KK1 Islamic
2006

SU2W

KK-b3 KK1
2008
SU 442
(room
14)

Islamic

KK1 Islamic
2008
SU1W

KK-b4

(TR |||r|l||Ell|llgml|lllillll|u|illll g

KK-b5 _ KK1
2005
SUS

Islamic

IlllfINI[IIJIFI'N||'I||’FI1I[I‘III[IIIIIHIIl!III IIIIJ

Flat bottom
with rosetta
stamp and
honeycomb
pattern

Flat bottom
with rosetta
stamp and
honeycomb
pattern

Flat bottom
with rosetta
stamp and
honeycomb
pattern

Flat bottom

Bowl or
bottle

10th — Light green S1515-  Bass 1984, ¢
11th cent. G and e, pg. 68
AD [without
rosette stamp]
(1st half of
11th cent.);
Hadad 2005,
nn. 595-596,
pl. 30 (mid 8th-
11th cent.);
Pollak 2007,
nn. 66 and 69,
pl. 10 (10th-
11th cent.);
Gorin-Rosen
2010, PL.
10.9:2 (10th-
11th cent.)
10th — S$5020-  Bass 1984, ¢
11th cent. B90G and e, pg. 68
AD [without
rosette stamp]
(1st half of
11th cent.);
Hadad 2005,
nn. 595-596,
pl. 30 (mid 8th-
11th cent.);
Pollak 2007,
nn. 66 and 69,
pl. 10 (10th-
11th cent.);
Gorin-Rosen
2010, PL
10.9:2 (10th-
11th cent.)
10th — S 6020- Bass 1984, ¢
11th cent. B90G and e, pg. 68
AD [without
rosette stamp]
(1st half of
11th cent.);
Hadad 2005,
nn. 595-596,
pl. 30 (mid 8th-
11th cent.);
Pollak 2007,
nn. 66 and 69,
pl. 10 (10th-
11th cent.);
Gorin-Rosen
2010, PL.
10.9:2 (10th-
11th cent.)
Hadad 2005, n.
140 (Umayyad
period)

Bowl or
bottle

Light blue

Bowl or
bottle

Aqua green

Small
bottle

7th-8th
cent. AD

S 2030-
G40Y

Light green

(continued on next page)
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Table 1 (continued)
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Kafir Kala — Rims, bottoms and handles

Sample  Photo

SU

Archaeological
phase

Object

Typology

Dating
form

Colour

NCS
codex

References

KK-h1

KK-h2

KK-h3

ke &b

i Iﬂllllll |II1|I|1I HII|IIII Illlillll lIIlI]II H“lllll II‘

KK-h4

IIIllilI||IIIIIIIII|IIII|II|!|1l|l|IIII|II'

Kafir Kala — Undecorated walls
Sample  Photo

KK-d1

KK1
2005
SU1

2008
SU 266
(room
11)

KK1
2013
SU 665
(central
trench)

2006
SU1WwW

SU

KK1
2006
SU1E

Islamic

Islamic

Islamic

Islamic

Archaeological
phase
Islamic

Loop handle

Loop handle
with
decoration?

Loop handle
with thumb-
rest

Loop handel

Object

wall

Cup

Bottle or
lamp

Cup

Cup

Typology

undefined

8th — mid

12th cent.

AD

mid 7th -

12th cent.

AD

8th — mid
12th cent.
AD

8th — mid
12th cent.
AD

Dating
form
Not
applicable

Light blue

Light blue

Light blue

Light blue

Colour

Blue

S 2040-
B20G

S 4550-
B90G

S 3040-
B10G

S 0515-
B20G

NCS
codex
S 4040-
R80B

Davidson 1987,
n. 724 (11th -
mid 12th
cent.); Hadad
2005, n. 938
(Abbasid/
Fatimd period);
Jennings 2006,
n. 3, fig. 8.13
(undated
context);
Matthews and
Lledo 2009, HN
16, Fig. 39-3
(mid. 9th cent.)
Hadad 2005,
nn. 389-393
(Umayyad
period) and nn.
927-933
(Abbasid/
Fatimid period)

Davidson 1987,
n. 724 (11th -
mid 12th
cent.); Hadad
2005, n. 938
(Abbasid/
Fatimd period);
Jennings 2006,
n. 3, fig. 8.13
(undated
context);
Matthews and
Lledo 2009, HN
16, Fig. 39-3
(mid. 9th cent.)
Davidson 1987,
n. 724 (11th -
mid 12th
cent.); Hadad
2005, n. 938
(Abbasid/
Fatimd period);
Jennings 2006,
n. 3, fig. 8.13
(undated
context);
Matthews and
Lledo 2009, HN
16, Fig. 39-3
(mid. 9th cent.)

References

Not applicable

(continued on next page)
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Table 1 (continued)

Kafir Kala — Rims, bottoms and handles

Sample  Photo SuU Archaeological Object Typology Dating Colour NCS References
phase form codex
KK-d2 KK3 Timurid Wall undefined  Not Green/ S 0530-  Not applicable
2003 applicable Yellow G20Y
SU 125
KK-d3 KK1 Islamic Wall undefined Not Aquamarine S 0530- Not applicable
» 2008 applicable B10G
* L SU 345
(room
13)
KK-d4 KK1 Islamic Wall undefined  Not Light blue S 0530-  Not applicable
" 2001 applicable B40G
S Su11
|
KK-d5 KK1 Islamic Wall undefined  Not Blue S 1555-  Not applicable
2006 applicable B10G
SU1W
KK-d6 KK1 Pre-Islamic Wall undefined  Not Light blue S$2020-  Not applicable
< 2013 applicable B40G
.7 : SU 683
R
By
\‘l o
KK-d7 o KK1 Pre-Islamic Wall undefined  Not Light blue S$2020-  Not applicable
Ak 2013 applicable B40G
; SU 683
E }
KK-d8 KK1 Islamic Wall undefined Not colourless S 2005- Not applicable
2013 applicable G80Y
SU 646
KK-d9 . KK1 Islamic Wall undefined Not Unevaluable Not Not applicable
. 2005 applicable valuable
SUS

(continued on next page)
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Table 1 (continued)

Journal of Archaeological Science: Reports 48 (2023) 103841

Kafir Kala — Rims, bottoms and handles

Sample  Photo SuU Archaeological Object Typology Dating Colour NCS References
phase form codex
KK-d11 KK1 Islamic Wall undefined  Not Colourless S$2005-  Not applicable
2005 applicable G80Y
su7
KK-d14 KK1 Islamic wall undefined Not Green S 2050- Not applicable
2001 applicable G30Y
SU 6
Cholakpeta — Working debris and undecorated walls
Sample  Photo SuU Archaeological Object Typology Dating Colour NCS References
phase form codex
SAM- 2009 Islamic Glass chunk Not Not Dark green S 6030- Not applicable
GD1 SAM applicable applicable G
! 105
SAM- 2009 Islamic Glass chunk Not Not Dark green S 6030- Not applicable
GD2 SAM applicable applicable G
105
SAM- 2009 Islamic Glass chunk Not Not Dark green S$6030-  Not applicable
GD3 SAM applicable applicable G
‘ 105

(continued on next page)
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Table 1 (continued)
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Kafir Kala — Rims, bottoms and handles

Sample  Photo SuU Archaeological Object Typology Dating Colour NCS References
phase form codex
SAM- 2009 Islamic Fluidity Not Not Green S 4030-  Not applicable
GD4 SAM proof applicable applicable B90G
105 (drop)
SAM- 2009 Islamic wall Not Not Purple S 6030-  Not applicable
w1 SAM applicable applicable R
105
SAM- 2009 Islamic wall Not Not Blue S 3560-  Not applicable
w2 SAM applicable applicable R80B
105

identified as small bottles or perfume bottles. The irregularity of their
shape suggests that they are ordinary products, not designed to meet the
needs of the élite. The glass appears to be naturally coloured, full of air
bubbles, and heavily altered by post-depositional processes. Similar
specimens can be found in the Israeli city of Ramla, in layers dating back
to the end of the 10th century (Gorin-Rosen, 2010; Ouahnouna, 2018),
in the Umayyad contexts of al-Hadir (Syria) (Foy, 2012), and in the 11th
century marine wreck of Serce Limani (Turkey) (Cullen, 2009). The KK-
r3rim is an everted and folded inwards rim from a bottle with a globular
body. The archaeologists recovered and partially reconstructed the
artefact, which was made of opaque light blue glass that had become
highly degraded. The find can be compared to Umayyad materials from
Ramla (Gorin-Rosen, 2010; Pollak, 2007) and Bet Shean’s so-called suq
of Hisham, dated to the same period (Hadad, 2005). The KK-r4 fragment
is an inverted emerald glass rim that is commonly found on small or
large bottles. Although similar rims have been found since the Umayyad
period (Hadad, 2005), they can also be found in early Islamic assem-
blages in the Ramla train station (Ouahnouna, 2018), in the Abbasid
strata of Jaffa (Ouahnouna, 2020), and in the Serce Limani underwater
relic from the mid-11th century (Bass, 1984). The KK-r5 is made of pale
aqua green glass and has a slightly everted profile. The preserved frag-
ment is too small to be associated with a specific typology, but among
the comparisons available in the literature, the two most appropriate
come from the excavation of Marcus Street in Ramla (Pollak, 2007), and
refer to a Byzantine period stemmed goblet or a 9th-10th century jar.
KK-r6, KK-r7, KK-r8, and KK-r9 are rims of bowls made of pale green
glass. They are folded towards the outside; the walls are slightly convex.
Similar finds have been found in Caesarea Maritima, in association with
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4th-5th century coins (Israeli, 2008), in Jordan and southern Syria, in
contexts dated from the 4th to the 8th centuries (Dussart, 1998), in
Ramla (Pollak, 2007), and in Bet Shean (Hadad, 2005), in contexts from
the 8th century. The KK-b1 is a light green flat bottom. The fragment
shows the pontil mark: a distinguishing feature associated with the free-
blowing technique. Despite the lack of additional distinguishing fea-
tures, the dimensions and appearance of the fragment KK-bl can be
compared with large bottlesfound in Umayyad contexts, as well as
Abbasid/Fatimid and Mamaluk phases, in Bet Shean’s so-called suq of
Hisham (Hadad, 2005). Flat light green glass bottoms with a mould
blown honeycomb decoration and a central rosette’s stamp are KK-b2,
KK-b3 and KK-b4. In comparison to the KK-b1 bottom, they can identi-
fied thanks to the decoration. This feature appears in association with
bowls or bottles dated back to the Abbasid and Fatimid periods in
several Middle Eastern contexts, like the cargo of Serce Limani (Bass,
1984), Bet Shean (Hadad, 2005), and Ramla (Gorin-Rosen, 2010; Pollak,
2007). KK-b5 has a recessed profile and a pontil mark on the bottom
surface. The severely deteriorated fragment is compatible with a small
globular bottle. A comparison can be found in the Umayyad contexts of
Bet Shean (Hadad, 2005). Loop handles, with or without thumb rest, are
represented by samples KK-h1, KK-h3, and KK-h4. They are commonly
associated with cups or pendant lamps, as well as long-necked bottles.
Very similar comparisons can be found in the assemblies of the South
Agora of Corinth (Turkey), dating from the 11th - mid-12th century
(Davidson, 1987), the so-called suq of Hisham in Bet Shean (Hadad,
2005), the souk of Beirut (Jennings, 2006), and among the products of
the Serce Limani shipwreck (Matthews and Lledo, 2009). The KK-h2 is
very similar to the previous handles but shows a glass extension that has
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Henderson et al., 2016; Rehren et al., 2010; Schibille et al., 2022; Swan et al., 2017).
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been flattened and extended to cover the intersection area between the
loop and the wall. The object to which this fragment belongs has not
been identified, but extending the handle (downwards or upwards) is
common in some typologies of lamps and bottles, as demonstrated by
Umayyad and Abbasids/Fatimids assemblages in Bet Shean (Hadad,
2005). Samples KK-d1, KK-d2, KK-d3, KK-d4, KK-d5, KK-d6, KK-d7, KK-
d8, KK-d9, KK-d11, and KK-14 are wall fragments with no significant
characteristics that help to defined the original typologies. Six glass
objects from Cholaktepa, 11 km from the citadel of Kafir Kala,
completed the dataset. The samples are distinguished between raw glass
chunks (SAM-GD1, SAM-GD2, SAM-GD3), fluidity tests (SAM-GD4), and
two fragments of vessel (SAM-W1, SAM-W2).

3.2. Compositional study

The finds from Kafir Kala and Cholaktepa are all of a soda-lime-silica
glass type (Fig. 3a). All but two samples (KK-d8 and KK-d11) have K0
contents between 2.06 wt% and 6.44 wt% and MgO between 2.74 wt%
and 5.38 wt%, consistent with the use of halophytic plant ash as fluxing
agent. Samples KK-d8 and KK-d11 are characterised by lower K20 and
MgO contents, falling within the range of natron-based glass (KK-d8:
K20 = 0.40 wt% and MgO = 0.85 wt%; KK-d11: K20 = 0.41 wt% and
MgO = 0.48 wt%).

Regarding the plant as-based glasses, the samples can be further
classified into two sub-groups (Fig. 3b). The finds from Kafir Kala (all but
KK-d2 and KK-d5) belong to the first sub-group, comparable with as-
semblages from Ghazni, Afghanistan (Fiorentino et al., 2019) and Kuva,
Akhsiket and Pendjikent, Uzbekistan (Abdurazakov, 1969; Bezborodov
and Abdurazakov, 1964; Brill, 2009; Rehren et al., 2010). The second
sub-group, which encompasses all the samples from Cholaktepa and two
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samples from Kafir Kala’s citadel (KK-d2, KK-d5), shows comparability
with Siraf Low Zr Group (Swan et al., 2017) and assemblages from
Iranian sites (Schibille et al., 2022). According to major oxide data, the
usage of two different plant ashes can be hypothesised.

For a further comparison with data from the literature, Al,O3 versus
MgO/CaO scatterplot was selected, as recent research has outlined
relevant compositional variations in major and minor oxides (especially
K50, MgO, CaO and Al;03) moving East-West across Central Asia: plant
ash glasses from eastern regions tend to have higher MgO/CaO ratio and
higher MgO than glasses from Syria-Palestine (Freestone, 2006; Hen-
derson et al., 2016; Phelps, 2018; Simpson, 2014). Fig. 4 shows that
most of the samples from Kafir Kala fall in the upper part of the diagram;
among them, only a few (KK-d14, KK-r2, KK-b5, KK-d3, KK-d6, KK-d7)
more consistently match the so-called Mesopotamian Type II composi-
tional group, encompassing: Sasanian plant ash-based glasses from Veh
Ardasir, Iraq (Mirti et al., 2009, 2008); glasses from Nishapur, Iran and
Ctesiphon, Iraq (Henderson et al., 2016; Phelps, 2018) and the so-called
“Low Zr Group” found at Siraf, Iran (Swan et al., 2017).

Most of the samples in the upper part of the plot (KK-d5, KK-r4, KK-
h3, KK-r1, KK-d2, KK-r3, KK-d1, KK-d4, KK-r9, KK-h2, KK-r6, KK-r5, KK-
r7, KK-r8, KK-bl, KK-h4, KK-b2, KK-b3, KK-h1l, KK-b4) show higher
Al;O3 contents (between 3.57 and 4.90 wt%) compared to the Meso-
potamian II group, suggesting the use of a different silica source; the
closest match is with 11th-12th century glass from Ghazni, Afghanistan
(Fiorentino et al., 2019) and with assemblages of glass from the Fer-
ghana Valley and Uzbekistan (Abdurazakov, 1969; Bezborodov and
Abdurazakov, 1964; Brill, 2009; Rehren et al., 2010). Last, only three
samples from Kafir Kala are significantly different from the larger
dataset: KK-8, KK-d9 and KK-d11. The KK-d8 and KK-d11 samples are
made with natron as a flux, closely matching 1st-2nd century CE glass
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Fig. 4. Al;O3 versus MgO/CaO scatter plot, prepared after Phelps et al., 2018 Reference data: Abdurazakov, 1969; Bezborodov and Abdurazakov, 1964; Brill, 2009;
Dussubieux and Gratuze, 2003; Fiorentino et al., 2019; Henderson et al., 2016; Mirti et al., 2009; Phelps, 2018; Rehren et al., 2010; Swan et al., 2017.
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from Begram, Afghanistan, made by using natron as fluxing agent
(Dussubieux and Gratuze, 2003). The KK-d9 sample (K0 = 2.05 wt%;
MgO = 3.55 wt%; CaO = 8.44 wt%) shows similarities with the Eastern
Mediterranean Group, including Islamic glass from Tyre, Beirut, Banias
and Damascus (Freestone et al., 2002, 2000; Henderson et al., 2016).

The plot for the Cholaktepa samples shows a correspondence be-
tween SAM-W1 and SAM-W2 and the higher Al;03 content samples from
Kafir Kala. SAM-GD1, SAM-GD2, and SAM-GD4 samples form a separate
cluster with a higher Al,O3 content (between 5.74 wt% and 6.16 wt%).
SAM-GD3 is an outlier, with an Al,O3 content of 8.25 wt%.

Variation in specific trace elements provides more in-depth insights
into the raw materials used in glassmaking, specifically the vitrifying
agent. In accordance with recent literature, Cr, La, Zr, and Ti will be
considered, as differences in these trace element concentrations may be
related to the geochemistry of sand sources (Schibille, 2022); Sr will not
be considered a discriminant element because it is inextricably linked to
calcium and its abundance varies according to the geology of the envi-
ronment in which the plants grow, as well as how and where it accu-
mulates within the plant (Barkoudah and Henderson, 2006).

The plot Zr/Ti vs Cr/La (Fig. 5) shows a division of the analysed glass
finds into three clusters. The Cholaktepa samples form Group A, which is
distinguished from the others by a higher Zr / Ti ratio, ranging between
0.38 and 0.47. The second Group, labelled Group B, contains all of the
analysed glass fragments from Kafir Kala, with the exception of KK-r1,
KK-r2, KK-r4, KK-b5, and KK-d9, defining a third cluster, named
Group C. The samples belonging to Group C differ from those of Group B
for a higher Cr / La ratio, while Zr/Ti ratios are comparable; according to
recent research, Cr / La ratios greater than 5 can be considered a marker
for “Mesopotamian” glass, which includes assemblages of finds from
Iraq and Iran (Schibille, 2022).

In the case of Group C samples, the Cr / La ratios are well above the
value of 5, ranging between 10.48 and 13.90; similar ratios are found in
some 9th-10th century glass samples from Ctesiphon, Iraq (Henderson
et al., 2016). The glasses from Cholaktepa in Group A do not find
comparison with data published in the literature; differently, the sam-
ples belonging to Group B show similarity with assemblages found at
Ghazni, Afghanistan (Fiorentino et al., 2019), with Group 1 from
Samarra, Iraq (Schibille et al., 2018) and with recently published data on
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glass assemblages from Iranian sites along the Silk Road (Schibille et al.
2022). According to current knowledge, Samarra seems to be the only
site where evidence of glass production has been uncovered. Since no
evidence of glass production at other Iranian sites has been found jet, it
is not possible to be more specific about the place(s) from where glass
was imported to Kafir Kala. The rare earth distribution patterns (Fig. 6)
confirm the division of the analysed samples into three groups; in
addition to showing higher chromium contents for Group C samples, the
comparison of the patterns highlights very high barium contents in
Cholaktepa samples.

To gain further insights on the barium contents and related impli-
cations, the element has been plotted versus aluminium (Fig. 7a),
manganese (Fig. 7b) - being barium an element linked to the silicate
phases or to the raw materials used as a Mn-decolourant - and versus La
and other REEs of the lanthanide series, which are typically lithophilic
and thus linked to the sands used (Fig. 7c, d).

The bi-plots highlight that the wall fragments SAM-W1 and SAM-W2
are the only samples from Cholaktepa showing consistency with the
finds from Kafir Kala, while all the working debris from Cholaktepa have
different trends. More specifically, SAM-W2 matches the higher-Al
samples from Kafir Kala, while SAM-W1.

might be a mixture of glass worked at Cholaktepa and glass found at
Kafir Kala.

Framed in the historical-archaeological contexts, the data allow to
identify Cholaktepa as a site dedicated to glass working between the 9th
and 12th century, fusing both glass with a new composition and glass
from previous periods mixed with it. The sand used as a vitrifier for the
working debris from Cholaktepa shows, in fact, a different geochemical
signature compared to those of the glass from Kafir Kala, which are
divided into two Groups B and C; the two groups, although different in
terms of sands used, show affinities with assemblages from sites located
in Central Asia. In contrast, the glasses from Cholaktepa were made
using a sand with higher barium contents and higher Zr/Ti ratios; the
only exception, the walls SAM-W1, which can be interpreted as a mix
between Cholaktepa and Kafir Kala, and SAM-W2, which is consistent
with glass found at Kafir Kala.

Based on currently available data, it is not possible to define more
precisely the geographical area of origin of the different sands used as
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Fig. 7. Bi-plots showing correlations between a) barium and aluminium; b) barium and manganese; c) barium and lanthanium; d) barium and neodymium.

vitrifying agents. Taking the major and minor oxides into account, an
intriguing comparison emerges with the 11th-12th century glass from
Ferghana Valley, Uzbekistan (Fig. 4). Here, evidence of glass working
has been attested in the 10th-11th century: fragments of crucibles with
adhered glass and processing waste have been found, suggesting a
possible local manufacture (Rehren et al., 2010). However, the lack of
data on trace elements prevents a more in-depth comparison between
the Ferghana Valley, Kafir Kala and Cholaktepa datasets.

4. Conclusions

The results of the chrono-typological study do not show the
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occurrence of distinct forms in the manufacture of everyday objects
between the pre-Islamic and Islamic periods. As a result, rather than
disposing of some and introducing others, there is a situation of conti-
nuity in the use of the same shapes.

From an archaeometric standpoint, relevant differences can be
highlighted. Although, with the exception of kk-d8 and kk-d11, all of the
samples were made with plant ash as a flux, the data show the use of
different sands as a vitrifying agent.

The two Groups B and C, whose sands differ in terms of Cr/La ratios,
match - although without perfectly overlapping - assemblages from
other Central Asian sites. More specifically, the Group B samples are
comparable with the so-called Group 1 from Samarra and with recently
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published assemblages from the Iranian Silk Road, while the Group C
samples were made with sands with a higher chromium content, which
show affinity with those used for some glasses found at Ctesiphon. Since
there is no archaeological evidence of glass working and/or production
at the citadel of Kafir Kala, the archaeometric data suggest an impor-
tation of the vessels from the Central Asian region.

The glass debris found at Cholaktepa define Group A, which does not
find a precise comparison with the data published so far in the literature;
it clearly differs from both Group B and Group C, being characterized by
significantly higher Zr / Ti ratios and a higher barium content; the
geochemical signature of the sands clearly shows that different sands
were used as vitrifying agents. The keystone for establishing a connec-
tion between the assemblages from Kafir Kala and Cholaktepa is repre-
sented by wall fragments SAM-W1 and SAM-W2, found with working
indicators. Of these two fragments, SAM-W1 may have been made by
mixing glass from Cholaktepa with the same glass found at Kafir Kala,
while SAM-W2 is consistent with high-Al glass from Kafir Kala. The
archaeometric data therefore suggest that at Cholaktepa glass was pro-
cessed of both new composition, with sands having geochemical sig-
natures hitherto never traced in the literature (Group A), and for the
remelting of glass possibly recovered from nearby Kafir Kala, which,
following the Arab conquest and the fire that occurred in 712 CE, lost its
role as a citadel. Based on the archaeological data, the Cholaktepa
handicraft quarter would appear to have been active between the 9th
and 12th centuries. Further studies on materials from both other parts of
Kafir Kala, like the residential quarter (shahristan) and the outer set-
tlement (rabad), and from other Uzbek sites are in progress to give an
answer to still open questions on glass from Uzbekistan.
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