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Abstract 
Tepe Sagzabad (2200 BC to 500 BC), located in the northwestern region of 
Iran’s central plateau, lies along a key east-west trade route on the Iranian Plat-
eau. This site faces numerous challenges, including seasonal floods, and seis-
mic activity. In 2016, the excavation of Trench 6 unearthed a distinctive vessel 
in Context 6006, characterized by a closed head, knob-shaped top, and side 
handles. Its unusual form suggests similarities to traditional alembics used in 
distillation, sparking debate over its function. Chemical analysis revealed sec-
ondary crystallizations such as gypsum and calcite, likely a result of environ-
mental weathering, but no dairy lipid residues were found, challenging the the-
ory of their use in milk production. This study compares Tepe Sagzabad vessels 
with similar artifacts, offering insights into the development of early distilla-
tion technology in the region. These findings highlight the complexity of re-
constructing ancient technological systems and emphasize the need for further 
research to understand early distillation practices on the Iranian Plateau. This 
study serves as a preliminary exploration of distillation-related artefacts in pre-
historic Iran, offering a unique case for future comparative analyses. 
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1. Introduction 

Tepe Sagzabad, a significant archaeological site located on the Qazvin Plain, plays 
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a pivotal role in understanding the Central Iranian Plateau’s ancient human set-
tlements. Its continuous occupation from the Bronze Age to the Achaemenid pe-
riod (c. 2200-500 BCE) offers invaluable insights into the region’s sociocultural 
and technological development over millennia (Shahmirzadi, 1979). The site, 
which spans approximately 13 acres and rises 5 meters above the plain, contains 
around 9 meters of archaeological deposits, a testament to its long-term signifi-
cance as a hub of human activity (Talai, 1983). (Figure 1) 
 

 
Figure 1. Location of Qazvin Plain and Tepe Sagzabad, Tepe Ghabrestan and Tepe Zaghe 
(authors). 

 
The site benefited from fertile alluvial deposits and seasonal waters flowing 

from the surrounding mountains, which provided essential resources for early ag-
ricultural communities (Maghsoudi, 2012). Additionally, the Hajji’Arab River, lo-
cated just south of the site, offered a consistent water supply, further supporting 
long-term habitation and agricultural development (Schmidt & Fazeli, 2007). 
Tepe Sagzabad functioned as a critical crossroads for prehistoric and historic in-
teractions between the East and West (Fisher, 1968; Dehpahlavan, 2016). Despite 
the natural barriers of the Caspian Sea, Alborz Mountains, Dasht-i Kavir desert, 
and Zagros Mountains surrounding the region, the Qazvin Plain provided a fa-
vourable route for the movement of people, goods, and ideas. This strategic posi-
tion made the plain, and consequently Tepe Sagzabad, an essential site for study-
ing early trade and cultural exchanges across the Iranian Plateau (Alden, 1982). 
The plain’s importance as a crossroads is underscored by the presence of several 
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key archaeological sites, including Tepe Ghabrestan and Tepe Zaghe, located 300 
meters west and 2 kilometers east-northeast of Tepe Sagzabad, respectively. These 
sites, with their distinct phases of habitation dating from the 6th to the 1st millen-
nium BCE, offer valuable comparative data for understanding broader settlement 
and cultural developments in the region (Mashkour et al., 1999; Maghsoudi, 2012). 

Tepe Sagzabad and its neighboring sites also reveal the economic and techno-
logical advancements of the region, particularly in the exploitation of metal ores. 
At Tepe Ghabrestan, evidence of metal ore use during the Chalcolithic period 
highlights the area’s role in early metallurgical practices, reflecting its economic 
importance in prehistoric times (Mortazavi, 2011).  

Despite difficulties arising from natural conditions, research at Tepe Sagzabad 
continues to offer important insights into the area’s historical development. Re-
cent excavations, particularly those concentrating on the Iron Age and Achaeme-
nid periods, are noteworthy because numerous sites across the Qazvin Plain ex-
perienced reduced populations or were abandoned during the transition from the 
late Iron Age to the early historic era, possibly linked to the rise of Median domi-
nance (Tahlan, 2016). In 2015, the University of Tehran conducted an educational 
excavation at Tepe Sagzabad to further investigate the Iron Age III and Achaeme-
nid layers. A geophysical survey in the northeastern section of the site detected 
anomalies indicative of human-made structures, prompting the excavation of 
Trench 6. This trench revealed 25 distinct contexts, including Contexts 6004 and 
6006, both associated with kiln structures but differing in dimensions and cultural 
materials. One of the most significant discoveries from this excavation was a 
unique pottery vessel found in Context 6006. This vessel, characterized by a closed 
head, knob-shaped top, and two side handles, bears morphological similarities to 
alembics used in distillation processes (Dehpahlavan, 2016). (Figure 2) 
 

 
Figure 2. 1: Topographical map of Tepe Sagzabad showing the location of trench 
6. 2: Image of vessel context 6006 inside the kiln. 3: Vessel context 6006. 4: Assyr-
ian seal discovered in context 6006 (Dehpahlavan, 2016). 
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In 2019, a later excavation at Tepe Sagzabad uncovered pottery vessels like those 
found in Context 6006, and these vessels were situated within burial contexts 
(Dehpahlavan, 2019). The distinctive shapes of these containers raise intriguing 
questions about their intended purpose, suggesting the possibility of further ex-
perimentation with early technologies or unique cultural practices in the region. 
Pottery found in a pit or on a living floor does not represent a random or accurate 
sample of all pottery used at a site, as its composition can differ based on func-
tional variations in different areas (Hodder, 1974). To accurately determine the 
function of an artifact, it is important to examine its typology and the role it plays 
in archaeological analysis. Form-based research is crucial in this context, as stud-
ying the physical characteristics of the pottery through comparative methods 
helps to identify its intended use (Trusty & Hruby, 2017). 

The functional history of pottery vessels often leaves behind physical and chem-
ical evidence, offering clues about their original use. These uses are typically clas-
sified into three main categories: storage, processing, and transfer (Gregg, 2009). 
To identify the purpose of vessels of Tepe Sagzabad, an analysis of the form is 
essential. With its closed head and hole in the body, the vessel resembles an alem-
bic used for distillation. However, comparisons with traditional nomadic contain-
ers suggest it might have served as a barrel vessel, possibly used for milk storage. 
Such vessels have been used since the Early Bronze Age in the Aegean and Eastern 
Mediterranean (Morris, 2013). The detection of dairy lipid residues supports this 
idea, though further confirmation can be obtained by analysing carbon stable iso-
tope (δ13C) values within the lipid mixture. Although archaeometric analysis 
could potentially reveal residues within the vessel, the absence of the lower portion 
of Context 6006 reduces the likelihood of finding such evidence. As a result, this 
situation necessitates a greater emphasis on the study of the vessel’s form and a 
comparative analysis with similar vessels from other sites. 

The primary objective of this study is to analyse the typology, function, and sig-
nificance of the pottery vessels uncovered at Tepe Sagzabad, focusing on the notable 
artifact from Context 6006. The research seeks to reconstruct the technological ca-
pabilities of ancient Iran, particularly regarding distillation or processing practices. 
Additionally, it aims to compare the pottery from Sagzabad with similar artifacts 
found at other sites in Iran and Central Asia, enhancing the understanding of re-
gional technological developments and cultural exchanges. By examining these ves-
sels, the study provides insights into ancient practices and innovations in the region. 

2. Typochronolgy Pottery in Tepe Sagzabad 

Tepe Zaghe, Tepe Ghabrestan, and Tepe Sagzabad complete a significant archae-
ological cluster in the Qazvin Plain (Negahban, 1973: p. 32). Ghabrestan, exca-
vated in the 1970s, comprises layers IV-I, revealing three phases of the Chalco-
lithic period (Majidzadeh, 1977; Nashli et al., 2013). Initially dominated by red pot-
tery, buff ware became common by the middle Chalcolithic. The Early Bronze Age 
introduced Kura-Araxes Grey Ware, linking Ghabrestan and Sagzabad, with in-
creased interregional influences by the end of this period (Nashli, 2005; Piller, 2003). 
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Tepe Sagzabad pottery consists of excavated artifacts (Dehpahlavan, 2016, 2019; 
Nashli et al., 2011) and smuggled items from 1948 onward, documented by vari-
ous researchers (Akkermans, 1991; Dyson, 1973; Vanmoerkerke, 1991). In gen-
eral, Tepe Sagzabad reveals 15 distinct cultural layers (Shahmirzadi, 1977). Based 
on the analysis of the associated pottery, the site’s cultural sequence can be divided 
into four horizons. 

Horizon I at Tepe Sagzabad, identified by Shahmirzadi as belonging to the Early 
Bronze Age, is dated to approximately 2400 BCE. This dating is based on the close 
similarities between its pottery assemblages and those from Godin III and Hasanlu 
VI-V (Shahmirzadi, 1977: p. 76). Distinct ceramic forms from this horizon include 
closed bowls and pedestaled vessels (Hamlin 1974, 133). 

Horizon II at Tepe Sagzabad is characterized by a decline in polychrome pot-
tery, an increase in greyware, and connections to regional sites such as Tepe Sialk 
IV and Khurvin. This horizon reflects a blend of local and regional influences, 
with parallels to the assemblages from Giyan III, Dinkha Tepe III, and Hasanlu 
VI-V (Shahmirzadi, 1977; Ghirshman, 1939; Piller, 2003; Vanden Berghe, 1964). 

Horizon III at Tepe Sagzabad, dated to after 1500 BCE, is marked by the con-
tinued dominance of grey ware, typically featuring minimal decoration such as 
gloss bands and grooves (Shahmirzadi, 1977: p. 78; Piller, 2003: pp. 158-160; 
Danti, 2013: pp. 348-355). Similar pottery styles have been found at sites like Geh-
tariyeh in northwestern Iran. 

Horizon IV at Tepe Sagzabad, dating from 850 to 500 BC, featured buff and red 
pottery with gloss bands and geometric decorations, reflecting Median and 
Achaemenid styles (Shahmirzadi, 1977: pp. 78-79). Roman Ghirshmann intro-
duced the pottery culture of Sialk VI during the archaeological excavations of Sialk 
(“la Grande Construction” and the Cemetery B), which was related to the begin-
ning of the first millennium BCE 

(Ghirshman 1939: p. 94). Comparisons with Nush-i Jan support this classifica-
tion (Kohl et al., 1989: p. 64; Stronach et al., 1978: pp. 1-3), while the pottery also 
indicates dynamic Scythian, Median, and Cimmerian tribal movements (Hay-
wood et al., 2001). (Table 1 & Figure 3) 
 

Table 1. Comparative chronology of pottery horizons at Tepe Sagzabad. 

Horizon Period Comparison Reference 

I Early Bronze Age 
Godin III, Hasanlu VI-V 

Tepe Dinkha 
(Hamlin, 1974: p. 133) 

(Shahmirzadi, 1977: p. 76) 

II Middle Bronze Age 
Khurvin 

Tepe Sialk IV 
(Ghirshman, 1939: pp. 7-9; Piller, 2003: pp. 158-160) 

III 
Late Bronze Age- 

Early Iron Age 
(1250-800 BC) 

Gehtariyeh, Northwestern Iran 
Tepe Sialk V 

(Danti, 2013: pp. 348-349, 354-355) 
(Piller, 2003: pp. 158-160) 
(Shahmirzadi, 1977: p. 78) 

IV 
Late Iron Age 
(850-500 BC) 

Nush-i Jan 
(Shahmirzadi, 1977: p. 79) 

(Haywood et al., 2001) 
(Kohl, 1989: p. 64; Stronach, 1978: pp. 1-3) 
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Figure 3. A variety of pottery types related to beverage consumption were found in trenches 12 and 13 (Dehpahlavan, 2019). 

 
The pottery discovered during the excavations in 2016 and 2019 is associated 

with various sites on the Central Plateau of Iran, including Sialk, Ozbaki, Khurvin, 
and Qeytarieh, as well as regions in northwestern and western Iran, particularly 
Hasanlu, Haftavan, Ziwiye, and Nush-i Jan. The cultural materials retrieved indi-
cate that the relative chronology of the layers spans Iron Age II and III (1100-550 
BCE). This dating is further supported by two radiocarbon dates that corroborate 
the chronological framework (Dehpahlavan & Alinezhad, 2024).  

3. Archaeological Context (Vessel 6006, 12176, and 12148) 

Excavation of Trench 6, measuring 10 by 3 meters in the northeastern sector of 
the site, revealed two kiln structures of varying dimensions at a depth of 80 cm. 
Context 6006, identified as the larger structure, primarily consisted of a densely 
packed mass of heated soil displaying distinct color variations (yellow-reddish 6/6 
5YR, white 1/8 5YR.7, brown-reddish light 3/7 5YR.2) and relatively consistent 
dimensions (thickness: 30 cm; length: 370 cm; width: 390 cm). The lower part 
of context 6006 exhibited a layer of dark ash containing charcoal fragments and 
substantial amounts of very soft, blackened wood residues (5.2/1 Gley). (Figure 
4) 

The cultural materials recovered from this context include pottery sherds, mud-
brick, faunal remains, clay objects, stone tools, a rare welding furnace, heel stone 
and samples of seeds such as wheat. With respect to the kiln superstructure, the 
discovery of mudbricks in the collapsed layer—some of which display fragments 
of heated mudbrick and traces of tree branches—suggests that these may have 
been part of either the kiln roof or wall. (Figure 5)  
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Figure 4. The final plan of trench 6 (Dehpahlavan, 2016). 

 

 
Figure 5. (a) Layers of context 6006 (kiln); (b) fragments of heated mudbrick and traces of 
tree branches (Dehpahlavan, 2016). 
 

This implies that the firing chamber superstructure could have consisted of a 
temporary dome or vault built atop the firebox wall (Majidzadeh, 1975). The floor 
was intentionally covered with mud as a protective layer. An analysis of the micro 
debris of trench 6 revealed that these kilns contained the highest concentration of 
micro debris, including heated or burnt mudbricks, and fragments of chalk and 
lime. The relatively high density of chalk and lime is most likely indicative of their 
use as floor coatings (Dehpahlavan, 2016). Additionally, the effect of the direct 
fire flames was evident in this kiln, causing three mudbricks to become heavily 
smoked.  
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The lack of sufficient evidence in this context, such as slag, welding residues, 
storage pottery, or tools and implements, complicates the precise determination 
of the kiln’s function, leaving it open to various potential uses. A total of 46 special 
finds were recovered from Trench 6, including a gypsum cylindrical seal, featuring 
a goat and tree motif, measuring 15 mm in length and 10 mm in width. Other 
notable artifacts include animal-shaped tokens. However, the most significant 
finding from this trench is an unusual vessel, identified as context 6006. The dis-
covery of this oval-shaped vessel within the kiln (context 6006) is particularly 
noteworthy because of its distinctive and unconventional form. The vessel surface 
shows significant discoloration and erosion, likely due to prolonged exposure to 
environmental factors or burial conditions. Closed Head: Unlike typical open-
topped pottery, this vessel features a closed head, which enhances its distinctive-
ness. The vessel is topped with a knob-shaped cap, adding to its uniqueness and 
potentially serving a functional purpose. 

Handles: Two handles are situated on the sides of the upper part of the body, 
resembling those found on a pot lid, potentially aiding in handling or transporta-
tion. Upon closer examination, the handles appear relatively small compared with 
the overall dimensions of the container. 

Central Hole: Positioned at the center of the upper part of the vessel, a 5 cm 
hole serves a strategic function as a spout, indicating a specialized purpose. The 
presence of this central hole suggests that a reed could have been inserted to act 
as a tube, enabling the pouring or transfer of liquids. Around this hole, there are 
signs of cracking, indicating that a fragment was previously joined to it under 
pressure. 

Lower Part: Despite damage to the lower section of the vessel, it is estimated 
that the entire vessel originally measured approximately 75 cm in height with a 
diameter of 36 cm. It is inferred that the lower part of the vessel had also been 
closed, ensuring secure containment of liquids. Given its dimensions, the vessel 
could have accommodated approximately 7 litre of liquid. 

In 2019, similar vessels were discovered in burial contexts. (Figure 6) 
Vessel 12176 (Trench 12C): a relatively intact vessel measuring 11.4 cm in 

height with a rim diameter of 12 cm and a bottom diameter of 4.5 cm. The thick-
ness of the tube is 2.2 cm. It is equipped with two vertical handles, one measuring 
3.3 cm in length, and 0.7 cm in thickness; however, one of them is damaged. Dec-
orative buttons with diameters of 1.4 cm and heights of 0.7 cm are positioned 
between the handles. The container has a capacity of approximately 1 litre of liq-
uid. 

Vessel 12148 (Trench 12B): A fully intact vessel, likely used as a distillation pot, 
was discovered with dimensions of 35 cm in diameter, 0.5 cm in thickness, and a 
height of 24 cm. It features a closed head, a knob-shaped top without handles, and 
a 5 cm diameter hole installed in the upper part, potentially used as a spout. The 
noticeable cracks around the hole suggest that it may have been associated with 
tubing connected to another pottery vessel, possibly a receiver container. This ves-
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sel has a capacity of approximately 2 liters of liquid. A common feature among 
the mentioned samples is that they all have a closed head with a central hole in the 
containers, suggesting that they were used to hold liquids (Table 2). 
 

 
Figure 6. Two vessels that may be associated with distillation, found in burial contexts at 
Tepe Sagzabad in 2019.The vessel 12176 (Trench 12C). The vessel 12148 (Trench 12B) 
(Dehpahlavan, 2019). 
 

Table 2. Summary of vessel characteristics. 

Vessel Dimensions Handles Hole/ Spout Special features Capacity 

6006 
Height: 75 cm 

Diameter: 36 cm 
Two small handles on 

upper part 
Central hole:  

5 cm 

Closed head, knob-shaped 
cap, significant discoloration 
and cracked around the hole 

7 liters 

12176 
Height: 11.4 cm 

Rim Diameter: 12 cm 
Bottom Diameter: 4.5 cm 

Two vertical handles  
(one damaged) in 3.3 cm 

length 
and 0.7 thickness 

Spout: thickness 
2.2 cm 

Decorative buttons between 
handles (1.4 cm diameter, 0.7 

cm height) 
1 liter 

12148 
Height: 24 cm, 

Diameter: 35 cm 
None 

Central hole:  
5 cm 

closed head, knob-shaped 
top, cracks around hole 

2 liters 

4. Geological Context  

The Tepe Sagzabad has been significantly influenced by the braided alluvial fan 
formed by the Khar Roud River and the Haji Arab River, which flows into the 
plain, passes through agricultural lands and the surrounding gardens and eventu-
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ally reaches the salt marsh area. In the Qazvin plain, fluvial and coarse sediments 
5.5 meters deep, indicate a high-energy fluvial system, and Quaternary alluvial 
deposits cover a wide range, spreading over a relatively flat surface with a low-
angle slope, with most sediments linked to young alluvial deposits. Thus, fluvial 
environmental conditions likely forced the inhabitants to leave the area (Tahan & 
Naghshineh, 2016). The geochemistry of the Quaternary sediments from the Haji 
Arab River reveals that the major element oxides in these sediments are SiO2 
(57.17%), Al2O3 (11.24%), and CaO (9.12%). The results suggest that the sedi-
ments were derived from felsic igneous rocks with a low fraction of plagioclase 
during weathering. The siliciclastic sediments in the study area likely originated 
from the Eocene volcanic rocks of the Karaj Formation (granite) which are ex-
posed in the northern and southern part of the Qazvin Plain. (Figure 7)  
 

 
Figure 7. The geological map of Qazvin Province in the mountainous area just south of the 
Sagzabad site, gypsum-bearing rock formations are present (Khakestari et al., 2022). 
 

Chemical analysis of Bronze Age pottery revealed notable concentrations of these 
elements, indicating a correlation with the local clay soil in the area (Khakestari et 
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al., 2022). Furthermore, the petrographic analysis of the heated mudbrick from 
Tepe Sagzabad (context 6006) revealed the presence of carbonate clay, quartz, iron 
oxide, clasts of igneous rock, and chert. Additionally, fine-grained secondary cal-
cite was observed in the paste of the mudbrick (Dehpahlavan, 2016). 

5. Archaeological Evidence of Distillation Vessel 

Historically, distillation has encompassed a range of extraction techniques, in-
cluding methods for purification and separation such as filtration, crystallization, 
and sublimation. Early alchemical writings connect distillation to the concepts of 
essences, vapors, and material compositions (Sherwood Taylor, 1952; Holmyard, 
1957; Moran, 2006). “A Short History of the Art of Distillation” (1948, expanded 
in 1970), Forbes provides a comprehensive overview of how distillation practices 
have evolved across various regions. 

The beginnings of the earliest civilizations are often associated with “ancient 
Mesopotamia” as well as technological innovations in Southwest Asia and the 
Eastern Mediterranean (Levey, 1959). M. Levey made important contributions to 
the understanding of distillation in prehistoric Mesopotamia by studying distilla-
tion devices found at Tepe Gawra and correlating their functions with Akkadian 
cuneiform texts (Figure 8). His work examined known Sumero-Babylonian tech-
niques and included an ancient Mesopotamian cooking pot with a distinctive dou-
ble-rimmed design. Comparable vessels were subsequently discovered at Bronze 
Age sites in Türkiye, Cyprus, Sardinia, and Slovakia, further confirming evidence 
of distillation practices during the second millennium BCE (Belgiorno, 2020). 
 

 
Figure 8. Tepe Gawara, suggested as primary extraction apparatus 
(Levey, 1959: pp. 33-35). 

 
Several vessels associated with distillation apparatuses have been found in 

South-Central Asia, particularly at sites such as Taxila, Shaikhān Dherī, and Barikot. 
The typology of these pottery items suggests a mix of local, imported, and “Greek” 
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vessels, dating from the 4th century BCE to the 4th century CE. Among these dis-
coveries, a notable artifact identified as a receiver, receiver-condenser, or conden-
ser was excavated in the ancient Gandhāra region (Marshall, 1951). While Mar-
shall, after making this bold reconstruction, refrained from speculating on the 
specific function of the apparatus, others were less cautious. Ray (1956: p. 86) and 
Mahdihassan (1972: p. 164) quickly noted its clear potential for use in alcohol 
distillation. (Figure 9) 
 

 
Figure 9. Still reconstructed from finds at Taxila, Punjab (after Mar-
shall, 1951). 

 
The study of distillation apparatus at Shaikhān Dherī has revealed significant 

findings across multiple excavation periods, categorizing different types of vessels 
and their respective attributes. The following summarizes the key developments 
and classifications of distillation apparatus components: Greek or Indo-Greek 
(big pot for condensing water), Scytho-Parthian (receivers/still head with differ-
ent morphology and start of stamping tradition), Early Kushan (new rounder 
globular style of receiver), Middle Kushan (increase in number of squat receivers) 
and Late Kushan (several stamped receivers produced) (Husain, 1980; Dani, 1966: 
p. 145). 

Early Evidence of Distillation Vessel in Iran 

Hermann Schelenz reported that the process of distillation was invented by the 
Persians, who utilized it to produce rose water, rose oil, and various perfumes 
(Kockmann, 2014). Some historians, based on substantial textual evidence, argue 
that the art of distillation was discovered in Hellenistic Alexandria during the early 
centuries AD and subsequently developed by Arab scholars in the 8th and 9th 
centuries. These scholars refined the distillation techniques for extracting essen-
tial oils for perfumery and for producing alcohol from wine, although they largely 
refrained from exploiting alcohol distillation for religious reasons (Levey, 1959). 
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By the 9th century CE, the proto-chemist Muhammad ibn Zakariya al-Razi doc-
umented the distillation of alcohol for medicinal purposes, coinciding with the 
evolution of elaborate stills designed for rosewater and herbal compounds, as well 
as experiments with solvents for base metals (Forbes, 1970). This method contin-
ues to be practiced today, particularly in Iran, where it is officially used to produce 
Golab (rosewater). In the book “Mafatih al-Uloom,” two types of vessels, Jam-ol-
Jor and Jam-e-Adl, are described, sharing characteristics with the previously men-
tioned vessel (Dadkhah & Pourjavady, 2020). The sizes of these containers vary, 
likely depending on the amount and type of materials to be distilled (Hosseinian 
et al., 2020). 

The only pottery vessel investigated for its potential function as a distillation 
apparatus is the “Unique Ceremonial Clay Vessel No. 9617” from Kaluraz, dated 
to the Iron Age. This vessel was analyzed in 1988 at the Iranian National Museum 
(Mohsenianrad, 2017; Figure 10). Although it is hypothesized that this vessel may 
be related to distillation apparatuses, this assertion has not been studied deeply 
and remains a preliminary hypothesis. Further research is needed to clarify its 
origins and functionality. 
 

 
Figure 10. The “Unique Ceremonial Clay Vessel No. 9617” from Gilan Kaluraz, 
dating to the Iron Age (550-850 BC), has been proposed as a distillation apparatus 
(Mohsenianrad, 2017). 

 
This vessel features an inverted funnel connected to its opening inside the pot, 

allowing for the pouring of liquid when turned upside down by 180 degrees. Once 
the liquid reaches the spout level, it begins to pour out. However, if the vessel is 
turned only 90 degrees clockwise while water is poured in, it can hold significantly 
more liquid, filling almost to the top. If turned another 90 degrees to an inverted 
position, the vessel remains upside down. 

6. Sampling  

Four white powder samples (SAG.01, SAG.02, SAG.03, and SAG.04) and a small 
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fragment of pottery (SAG.05) were collected from the inner and lower sections of 
the pottery to perform a preliminary analysis. SAG.01 was collected from the in-
terior part of the head of the pottery (knob-shaped); SAG.02 was collected from 
the inner wall of the pottery (left); SAG.03 was collected from the inner wall of the 
pottery (right); SAG.04 was collected from the outer part of the hole (spouts); and 
SAG.05 was collected from the lower part of the pottery as sherds. A comprehen-
sive summary of the samples examined in the current study is provided in Table 
3 and Figure 11. 
 

Table 3. Summary of the samples examined. 

Sample ID Location collected Sample type Micro-Raman SEM-EDS 

SAG.01 The interior part of the head (knob-shaped) Powdery x x 

SAG.02 Inner wall Powdery x x 

SAG.03 Inner wall Powdery x x 

SAG.04 The outer part of the hole (spout) Powdery x x 

SAG.05 Lower part of the pottery Sherds  x 

 

 
Figure 11. Details of the sampled areas (authors, 2023). 

7. Analytical Methods  

The samples from Tepe Sagzabad were analyzed for chemical and mineralogical 
characterization by the Department of Environmental and Prevention Science, 
University of Ferrara, Italy, employing the following analytical techniques.  

SEM-EDS 
A ZEISS EVO MA 15 scanning electron microscope (SEM), coupled with an en-

ergy dispersive X-ray spectroscopy (EDS) system (Oxford Instruments) equipped 
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with a silicon drift detector (SDD), a LaB6 filament as an electron source, and 
cobalt as a calibration standard, was employed for microstructural characteriza-
tion and to determine the chemical compositions of the samples. Aztec 3.3 soft-
ware was used to collect and process the SEM–EDS data. The white powder sam-
ples and a small piece of pottery were studied at 20 kV and an 8.5 mm working 
distance under variable pressure (VP) conditions. Images were captured using 
both the backscattered electron detector (BSD) and the secondary electron detec-
tor (SED). 

To preserve samples for future analyses, they were not coated, and they were 
observed under variable pressure conditions. 

MICRO-RAMAN SPECTROSCOPY 
A LabRam HR800 micro-Raman from Horiba Scientific, equipped with an air-

cooled CCD detector at −70˚C, an Olympus BXFM microscope (objective 10. and 
50.), and a 600 groove/mm grating, was used to collect the Raman scattering sig-
nals of mineral phases present on the samples. The excitation source was a He–
Ne laser (632.8 nm line) with a maximum laser power of 17 m W and the spec-
trometer was calibrated with silicon at 520 cm−1. Spectra acquisition and treatment 
were performed using HORIBA Scientific’s Lab Spec 6 Spectroscopy Suite Soft-
ware. The identification of the mineral phases and peaks attribution is performed 
by referring to the BIO-RAD spectral database, using Know It All spectroscopy 
software. 

8. Results  

The areas were analyzed using EDS microprobe, to determine its semi-quantita-
tive chemical composition, which resulted in a compound enriched in Ca and S, 
in addition to other elements such as Si and Fe. Gypsum (peaks at 415,494, 1008, 
and 1135 cm−1) was also detected employing micro-Raman spectroscopy. Consist-
ently, on all the samples and in different areas, SEM-EDS analyses revealed high 
percentages of Ca and S and the clear morphology of gypsum crystals. In addition, 
the EDS microprobe in SAG.01 and SAG.02 samples, also provides reasonably 
strong discrimination between elements. Analysis of this sample is characterized 
by the presence of Ca, Fe, Na, and Cl (Figure 12 & Table 4). 
 

Table 4. Chemical composition of vessel context 6006. 

Element Symbol Presence in Samples Additional Information 

Calcium Ca High Enriched in all samples; major component of gypsum 

Sulfur S High Significant presence in gypsum 

Silicon Si Moderate Detected in various areas 

Iron Fe Moderate Present in SAG.01 and SAG.02 samples 

Sodium Na Low Identified in SAG.01 and SAG.02 samples 

Chlorine Cl Low Identified in SAG.01 and SAG.02 samples 
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Figure 12. Summary of the SEM micrograph (BSE) of the area and related EDS spectra results obtained on samples. The presence 
of (a), (b) calcite (c) halite and (d) gypsum, are the most relevant phases detected in the samples. (e) mineralogical phases of gypsum 
detected by micro-Raman spectroscopy (authors, 2023). 

9. Discussion 

The presence of gypsum, calcite, and halite represents the most significant phases 
detected in the samples. Secondary crystallization on the pottery surface, resulting 
from various weathering processes during archaeological deposition, was identi-
fied in all samples. With respect to gypsum and halite, secondary evaporitic min-
erals are very common in ceramics found in arid and semi-arid environments of 
Central Asia. These processes involve significant changes in the chemical and 
mineralogical compositions of surfaces and ceramic bodies (Luneau et al., 2022). 
The presence of these phases is highly unlikely to be attributable to past uses of 
the pottery. Instead, the occurrence of gypsum may be linked to precipitation phe-
nomena resulting from the infiltration of sulfate-rich waters. Geologically, in the 
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mountainous area just south of the site, gypsum-bearing rock formations are pre-
sent. It is conceivable that surface waters, which historically flowed through these 
rocks, became enriched with sulfates and subsequently reached the alluvial plain 
where Tepe Sagzabad site is situated (Khakestari et al., 2022). This may have con-
tributed to the enrichment of the soils in the alluvial plain with sulfate phases. The 
infiltration of surface waters (rivers and rainfall) into the ground could have facil-
itated the precipitation of the gypsum found inside the vessel. Similarly, regarding 
calcite, there are also calcareous rock formations in the mountainous area that 
could have provided carbonate to the flowing waters. Furthermore, studies in lit-
erature have shown that the presence of gypsum promotes carbonate precipita-
tion. The petrographic analysis of the heated brick-clay sample from Context 6006 
reveals the presence of components such as quartz, iron oxide, pieces of igneous 
rock, and clay-carbonate soil. The calcite present is in the form of fine grains and 
is not observed as separate or coarse grains. Chemical analysis of pottery from the 
Bronze Age and Iron Age at Tepe Segzabad revealed a significant presence of cal-
cium. The quantity of calcium is likely influenced by carbonate compounds in the 
soil, which are potentially added to the clay used for pottery production (Salehi & 
colleagues, 2020). These results explain the presence of clay-carbonate and calcite 
in the findings of this study. On the other hand, as the density of pottery sherds 
increases, the density of heated soil gradually decreases from the oldest phase to 
the newest phase. This issue may be related to the use of explored spaces and the 
change in thermal technology employed in these kilns. 

Trusty and Hruby (2017) argue that form-led research is essential for under-
standing the function of ancient vessels, emphasizing that the physical features of 
pottery can provide insight into its original use. The examination of the vessels 
from Tepe Sagzabad uncovers fascinating similarities when compared to the 
Gandhāra receivers/still. The notable characteristics of the vessels from contexts 
6006, 12058, and 12071—including a closed head, two handles, and a central 
spout-like opening—closely resemble the design of the Gandhāra receiver-con-
denser, indicating their potential role in distillation. Additionally, the designs of 
vessels 6006, 12176, and 12148 suggest that they were likely components of a dis-
tillation apparatus, with a distilling flask positioned over a fire linked to the re-
ceiver via a condenser tube. This arrangement reflects the distillation methods 
observed in Gandhāra. 

The vessels from Tepe Sagzabad differ from Gandhāra receivers in four key 
ways. First, vessel 6006 has a head button, which is absent in Gandhāra types. Sec-
ond, the Tepe Sagzabad vessels have handles, a feature missing in Gandhāra re-
ceivers. Third, Gandhāra vessels date to the 5th century BCE–4th century CE, 
while Tepe Sagzabad vessels belong to Iron Age III, representing distinct cultural 
timelines. Fourth, surface stamps appear on some Gandhāra vessels but are absent 
on those from Tepe Sagzabad. However, an Assyrian seal in context 6006 hints at 
possible trade or cultural exchange, with influences from Mesopotamia and the 
Caucasus evident in luxury items and ceramics (Haywood et al., 2001; Nashli et 
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al., 2013). 
It is difficult to determine whether these vessels were used for distilling alco-

holic or non-alcoholic beverages, as beer residue, specifically calcium oxalate 
(beerstone), is harder to identify compared to wine’s chemical markers. Thus, 
fewer beer-related artifacts are found in the archaeological record, with its im-
portance documented mainly in historical texts (Homan, 2004). Archaeological 
evidence for beer production and consumption is typically scarce, with exceptions 
like the Tell Hadidi brewery (Gates, 1988). Over the past three decades, scholars 
have highlighted the significance of alcohol in the development of complex Near 
Eastern societies, comparable to food (Dietler, 1990, 2006), influencing health, 
nutrition, rituals, and social identity (Joffe, 1998). 

A key challenge in Iranian archaeology has been the over-reliance on typologi-
cal comparisons between distant regions. Early research often drew parallels be-
tween pottery sequences from geographically separated sites, leading to unverified 
cultural connections. For example, Hasanlu pottery was frequently compared to 
Sagzabad artifacts, despite notable regional and chronological differences (Mousavi, 
2005). 

10. Conclusion 

Chemical analysis revealed the presence of secondary crystallizations, including 
gypsum, calcite, and halite, which likely formed due to weathering processes in 
the arid environment of Central Asia. Although these minerals may not be directly 
related to the vessel function, they provide insights into the local geological influ-
ences. Additionally, the absence of dairy lipid residues suggests that the vessel was 
not associated with milk production. However, one of the limitations of this study 
is the missing lower part of the vessel, which reduced the chance of reaching any 
residual remains. 

The unique shape of Tepe Sagzabad vessels, with their oval body, closed-head 
form, and spout, suggests they were likely used as alembics for distillation. Com-
parisons with modern distillation tools and Iran’s tradition of producing rose-
water and essential oils support this theory. Classifying these vessels as distillation 
apparatuses depends on modern models of distillation techniques (Butler & Need-
ham, 1980). 

The early history of distillation in the “Gandhāra tradition” was shaped by pre-
conceived notions and embellished narratives. Initially termed “water conden-
sers,” spouted vessels are now recognized as alcohol distillation tools across 
South-Central Asia, linking Gandhāra to scientific progress. Indo-Scythian still 
receivers, with varied sizes and stamped surfaces, highlight the complexity of dis-
tillation technology’s evolution (Groat, 2023). 

The typological evolution of pottery from the Bronze Age to the Iron Age re-
flects technological advancements, marking a clear progression beyond domestic 
production (Babazadeh et al., 2024). Sociocultural, economic, and political shifts 
in the 1st millennium BCE are deeply tied to innovation and mobility, influencing 
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metallurgy, ceramics, and glass production (White, 1984). The Tepe Sagzabad ves-
sels, particularly from context 6006, represent a breakthrough in understanding 
ancient distillation techniques due to their distinct design, possibly linked to tra-
ditional alembics. Their unique features, unlike typical pottery, highlight broader 
technological and cultural developments from the Bronze to the Iron Age. Study-
ing these vessels is essential for exploring early distillation and understanding in-
novation and cultural exchange in ancient societies. 
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