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One of the most important potteries used in Persian Gulf (Middle East) maritime 
trade with a large part of the ancient world, including the Persian Gulf, the Gulf of 
Oman, the Indian Ocean, Sri Lanka, and finally the country of Thailand. (Suriname 
ship cargo) earthenware jar called Torpedo-jar or storage jar. Although this type of 
pottery was dated by most researchers to Sassanian era, this type was used in trade 
and burial from the Parthian period to early Islamic era or 3rd century BC to 9th 
century AD (Kennet, 2004: 85). The most important feature of these types of jars is 
the coating of bitumen on its inner surface. So far, archaeologists have not succeeded 
in finding a kiln for the production of this type of pottery, so it is very important to 
know the place of pottery production and the bitumen mine used in them.  In this 
article, using the method of geochemical laboratory studies and a comparative study, 
the bitumen samples taken from the torpedo jars from the south and southwest of Iran 
were investigated. In this research, 15 pieces of pottery with tar coating belonging 
to the archaeological excavations of Siraf and Mahruban ports on the coast of the 
Persian Gulf (south of Iran), related to the Sassanid and Islamic period, and samples 
from Shush and Shushtra region from the Parthian and Sassanid periods were 
selected.The sample of the Susa area is from the Iran National Museum and belongs 
to the archaeological excavations of Susa region, the sample of Ivan-i Karkheh is 
related to the Dezful region, and the sample of the Dastova area is also related to 
the Shushtar region in Khuzestan province, southwest of Iran. All bitumen samples 
were analyzed geochemically with the aim of determining the origin of bitumen in 
its specialized laboratories in Europe and America. The main result of the research 
shows the use of bitumen from the bitumen springs of Khuzestan, Lorestan, Ilam and 
Kermanshah provinces in the studied pottery (Fig. 1).
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1. Introduction
The present article is dedicated to the topic of geochemical analysis of bitumen from 
“torpedo jars” from Susa, Dastova, Ivan-i Karkheh, Mahruban and Siraf archaeological 
sites from Iran (Fig. 1).

Bitumen samples collected for laboratory studies in this research are categorized into 
two groups. The first group pertains to archaeological excavations in Siraf, Mahruban, and 
Susa in south and southwest Iran. The second group is associated with surface surveys 
conducted in Ivan-i Karkheh and the ancient site of Dastova (Elymais city in Khuzestan 
province), located in the southwest and south of Iran, respectively. The chronology of the 
selected samples indicates that the Shush (Susa) and Dastova samples are from the first 
millennium BC (Parthian and Elymais), while the Ivan-i Karkheh, Siraf, and Mahruban 
samples are from the first millennium AD (Sasanian period and early Islam). According 
to Esmaeili Jolodar’s chronology, the Siraf sample is categorized in the context of the 
early Islamic period(Esmaeili Jelodar, 2021:270-275). However, due to intentional 
accumulation of intact and fragmented pottery by Muslims to fill the previous architectural 
space and the comparison of this pottery with Sasanian period examples, these samples 
could be considered older, probably from the late Sassanid period. As this article focuses 
on Torpedo Pottery type, which is found across the entire Persian Gulf, the Indian Ocean, 
and recently in Thailand where the Suriname shipwreck was excavated (Choksy and 
Nematullahi, 2018: 144-151; Lischi et al., 2020:1-14), it is important to have a deeper 
understanding of the archaeological background of the study samples.

The present article is dedicated to the topic of geochemical analysis of bitumen from 
« torpedo jars » from Susa, Dastova, Ivan-i Karkheh, Mahruban and Siraf archaeological 
sites from Iran (Fig. 1).

Bitumen samples collected for laboratory studies in this research are categorized into 
two groups. The first group pertains to archaeological excavations in Siraf, Mahruban, and 
Susa in south and southwest Iran. The second group is associated with surface surveys 
conducted in Ivan-i Karkheh and the ancient site of Dastova (Elymais city in Khuzestan 
province), located in the southwest and south of Iran, respectively. The chronology of the 
selected samples indicates that the Shush (Susa) and Dastova samples are from the first 
millennium BC (Parthian and Elymais), while the Ivan-i Karkheh, Siraf, and Mahruban 
samples are from the first millennium AD (Sasanian period and early Islam). According 
to Esmaeili Jolodar’s chronology, the Siraf sample is

categorized in the context of the early Islamic period. However, due to intentional 
accumulation of intact and fragmented pottery by Muslims to fill the previous architectural 
space and the comparison of this pottery with Sasanian period examples, these samples 
could be considered older, probably from the late Sassanid period. As this article focuses 
on Torpedo Pottery type, which is found across the entire Persian Gulf, the Indian Ocean, 
and recently in Thailand where the Suriname shipwreck was excavated (Choksy and 
Nematullahi, 2018: 144-151; Lischi et al., 2020:1-14), it is important to have a deeper 
understanding of the archaeological background of the study samples.

1.2. Torpedo Jars: definition, study background and function
One of the most important potteries found in the Persian Gulf, the Gulf of Oman, and the 
Indian Ocean -including India and Sri Lanka- is the type known as Torpedo Jar. Adams 
(1970) introduces these containers as Torpedo Fuse Point. this type is also known as a 
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Fig. 1: Map location of the study areas (© Mohammad Reza Rokni).

‘Spitzfuss’ storage jars.1 The material used for both the interior and exterior coating is 
bitumen, as confirmed by tests. This coating is also referred to as “Glass Gum” in the 
Devnimory of India (Tomber, 2007: 976).

These jars typically stand about 100 cm tall and are approximately 35 cm wide. They 
feature sloping shoulders, thick rims, and either a rounded base or a flat bottom with 
a smooth, sharp, and well-rounded tip. Often known as Torpedo Jar Pottery or storage 
containers with ring-necked necks, these types have been discovered across the Persian 
Gulf and Mesopotamia from the Parthian period to the Abbasid era. The majority of 
examples date back to the Sassanid era, and were likely used for shipment of liquids. 
This type of pottery is fired at high temperatures, resulting in a reddish-yellow (7.5-6.8 
YR) to pale yellow (2.5-4.8) color with a significant presence of sand and fine-grained 
particles measuring 0.1mm in thickness. The pottery’s surface is smoothed with brushed 
salt and finished with wet hands, giving it a somewhat sandy texture. Its interior surface 
is predominantly coated with bitumen.  Kennet (2004) believes that this type of pottery 
originates in Iraq (Kennet, 2004, p.85). The production centers of this pottery type have 
not yet been identified. However, the widespread presence of this pottery along the 
Persian Gulf coast, particularly in the major Sassanid cities like Ivan-i Karkheh near 
Andimshek, has been observed. It has been reported from the Mian Ab in Shushtar Plain 
(Khosrowzadeh and Aali, 2005: 240, Fig. 50), several ancient ports of Persian Gulf (from 
Mahruban to Siraf as noted by Esmaeili Jolodar, 2009) Gelalak in Shushtar and Shoghab 
in Bushehr (Rehbar, 1997; Sarfaraz, 1969). It has also been discovered in the Parthian and 
Sasanian layers of Susa. 
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There have been different opinions about the purpose of torpedo jars. The most 
significant ones include using this pottery to a) transport liquids like water, wine, or other 
beverages, b) store supplies, and c) bury the bones of the deceased. It is challenging to 
provide a definitive answer to this question, but the two purposes of transporting liquids 
and burying the dead align with archaeological evidence and written records (Table 1). 

2.1. Archaeological sites
It is important to begin by providing the historical, spatial, and temporal context of the 
locations where the pottery samples were examined. Following this, the chronology of 
the chosen samples will be addressed.

2.1.1. Susa: Sample No.3430
Susa is an ancient site in Iran with a history of continuous settlement dating back 
millennia. As one of the world’s oldest cities, Susa has long been a subject of fascination. 
Archaeological exploration in Susa has spanned 70 seasons from 1850 to 1987 
(Mohammadifar, 2014: 65). British, French, Iranian, and international archaeologists 
have conducted excavations in this area and Stern and his colleagues have published an 
important article about bitumen’s of Torpedo jar (Stern et al., 2007).

The artifact selected from the National Museum of Iran pertains to the Parthian Susa 
period, bearing the registered number 5667-21233 and number 35. It stands at a height 
of 95 cm with an opening diameter of 17.5 cm (Fig. 2 and 4). This jar originates from 
the French archaeological excavations in Susa, although there is a lack of archaeological 
information regarding its context. Our research indicates that the jar was unquestionably 
acquired from Susa and was likely transported from Susa to the National Museum of Iran 
in recent years. Additionally, it is known that a similar specimen was discovered in the 
excavations conducted by Girshman2  in the cemeteries of Susa (Fig. 3) (Boucharlat and 
Haerinck, 2011:41, Fig. 19 b&c).

Fig. 2: (left)Torpedo jar from Susa (Boucharlat and Haerinck, 2011:41, fig.19a) Fig. 3) (center) cylindrical jar 
from Susa in National Museum. Fig. 4) image of inscription or a molded stamp on torpedo jar (right), (© Es-
maeili Jelodar).

Boucharlat and Haerinck (2011) suggest that cylindrical jars from Susa coated with 
bitumen inside and having a round bottom, date back to approximately the first year AD 
to 225 A.D. (Parthian period). They believe that the other type of jars, namely the torpedo 
jars with a pointed or torpedo-shaped bottom, date back to the period between 225 BC 
and 110 BC. (Boucharlat and Haerinck, 2011:58, table1). The pottery of the National 
Museum closely resembles other similar examples of cylindrical jars discovered at Susa. 
As a result, its origin is estimated to be from the early first millennium AD to 225 AD., 
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therefore, this pottery can also be dated to the Parthian period (for comparisons see: Fig. 
2, 3 and 4 (Boucharlat and Haerinck, 2011:41; Fig. 19b and 19c; Boucharlat et al., 1987, 
Fig. 69). Cylindrical jars and torpedo jars differ in the shape of the base. Cylindrical jars 
have a semi-round base.

The significant aspect of the jar selected from the National Museum is the presence 
of an inscription or a molded stamp on its body at the bottom of the rim. This feature 
indicates its commercial purpose. (Fig. 4a&b).

Fig. 5: The main sites (indicated by numerals) worked at Susa by Roman Ghirshman and Marie-Joseph Steve, 
1946-68. (Gasche, 2009; Fig. 2).

Fig .6: Arial map of Ivan-i Karkheh in Susiana plain near to Karkheh River (Google earth).
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Table 1: Distribution of Torpedo jars in the Ancient Ports of the Persian Gulf, Indian Ocean, East of Africa, 
India and China.

Site name location Date References 

Siraf and Mahruban, Iran Sassanid and Early 
Islamic  Esmaeili Jelodar, 2010 

Suriname shipwreck Thiland Sassanid and Early 
Islamic  Choksy and Nematullahi, 2018 

Mian Ab e Shushtar Iran Parthian, Sassanid and 
Early Islamic  

Khosrowzadeh and Aali, 2005: 240, 
fig. 50 

Mleiha ,Al-Dur, Suhar 
phase III 

UAE and 
Oman pre-Islamic period Kervran, & Hiebert, 1991: 341, fig. 6 

Reyshahr Iran Sassanid Khosrowzadeh, 2011: 180 

Jazirat al-Ghanam Kowait Sassanid De Cardi 1975, fig. 8: 15,36 

Kush UAE 5th and 6th centuries Kennet, 2004: 69 

Shoghab site in Bushehr Iran Sassanid era Rahbar, 1997 

Anuradhapura Sri Lanka 
200 AD to 600 AD) 
which dates back to 
about 200-600 AD. 

Coningham and Batt, 1999; 
Coningham, 2006: 5, Table.1.1; 

Stern et al., 2007: 409-428 

Gelalak of Shushtar Iran Parthian Rahbar, 1997; Sarfaraz, 1969 

Mantie port Sri Lanka Sassanid to the early 
Islamic Wijayapala & Prickett 1986: 17 

Kateshwar India 6th century AD Tomber, 2007: 979 

Alagankulam Port south of India 500 and 1200 AD Tomber, 2007: 979 

Tissamaharama Sri Lanka Parthian to the Islamic 
era Tomber, 2007: 980 

Nagara,Nevasa,Pattanam 
and Paunar India Sassanid layers Tomber, 2007: 981 

Ras Hafun Somalia the 3rd to 5th centuries Smith & Wright 1988: Fig. 9ah 
 

2.1.2. Ivan-i Karkheh: Sample No.3432
Ivan-i Karkheh is an ancient city from the Sassanid period, located 20 km northwest of the 
ruined city of Shush (Susa), and situated west of the Karkheh River. The city was fortified 
and had a rectangular shape, with a width of one kilometer and a length of 4 kilometers. 
The city was surrounded by a wall made of raw clay (Fig. 6). In their article, Gyselen 
and Gasche (1994) suggest that this city resembles Roman camps, with four nearly equal 
quarters and a sizable palace and gardens in the royal area. (Gyselen & Gasche, 1994; 30 
-31; Vandenberghe, 2000: 680). 

Through pottery analysis, Wenke (1976) suggests that Ivan-i Karkheh dates back to 
the third century AD and likely originated as a Parthian settlement prior to Ardeshir’s 
rule in 224 AD. He has not discovered any evidence of settlement from the Islamic era, 
indicating that this city was likely abandoned after the Sassanid period. (Wenke, 1976: 
72-73). The sources of the early Islamic period also provide brief information about this 
city. For example, Istakhri et al., (1994) only mentioned the name of this city. 

The city of Dastova is situated 3 kilometers south of Shushtar, between two branches 
of the Karun River: the Gargar River (or Do Dangeh) to the east and the Shotait River 
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Fig. 7: Tomb of Gelalak in Shushtar, Khuzestan province (left,© Mehdi Rahbar).

(or Chahar dangeh) to the west (Fig. 1). The Gargar river is an artificial canal dating back 
to the Sassanid period. It was constructed in Shushtar along with the Shadorvan and the 
Mizan dams after the Achaemenid Darion canal was dried. The boundary between these 
two branches of the Karun River is referred to as MIĀN Āb (meaning “island” in Persian). 
Prior to the construction of the Gargar canal, the Achaemenid or post-Achaemenid Darion 
stream irrigated the agricultural lands of Miᾱn Āb. This city was investigated in 1968 by Ali 
Akbar Sarfaraz from the General Directorate of Archeology and Popular Culture (Rahbar, 
1997;175-176; Sarfaraz, 1969, 73-79). After him, Mehdi Rahbar excavated during three 
seasons in the years 2003, 2004 (Rahbar, 2003, 2004). In 2014, during Esmaeili Jelodar’s 
field survey with his students from the Department of Archaeology, University of Tehran, 
sample No.3431 of the torpedo jar was collected from the surface of the area and selected 
for this laboratory study.

Mehdi Rahbar’s excavation report states that torpedo jars were discovered in tomb 
5, which was excavated in trench T12. Rahbar dated the tomb to the Seleucid-Parthian 
period based on the presence of 37 copper and lead coins featuring Parthian and Seleucid 
iconography. The discovery of Esmaeili team’s sample in the same location supports the 
Parthian dating. (Fig. 7-10). 

2.1.4. Siraf: Samples No.3437-3444
Siraf or Bandar-I Taheri is located on the 250 km east of Port Bushehr and 35 km southeast 
of Port Kangan on the beach of the Persian Gulf. (Fig. 11)

Sirāf was one of the most important ports in the Persian Gulf, playing a key role 
in the region’s maritime trade throughout its history. Early Islamic historians frequently 
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Fig. 8: Top: Sassanid coin. Down left: Parthian coin. Down right: Elemaeane coin. (Rahbar, 2004).
 

mentioned the name of Sirāf in their writings. (see e.g. Al-Jeyhani 1989: 55-60, 109-
128; Muqaddasī 2006: 636-7; Yāghūt 1983: 60, 76; Ibn Faqih 1970: 374-5; Ibn Rusta 
1986: 111; al-Masʿūdī: 1965: 143; Semsar, undated: 219, 220; Sūleymān and Abū Zayd-e 
Sirāfi 2002: 13, 14; Istakhri, 1994: 115, 116; Ibn Ḥawqal 1966: 55, 56; Anonymous 1983: 
130, 131; Ibn Balkhi 1995: 328-332; Abuľl-Fidā 1970: 374, 375). Since the beginning 
of the 19th century, Siraf port has attracted the attention of political officials, history 
researchers, and foreign archaeologists. (Morier, 1812; Semsar, undated; 331/1; Wilson, 
1942; Kempthorne, 1837, 1856; Pezard:2005; Ravaisse. 1914; Pezard, 2005: 133-129 
and see also: Lamb, 1964; Stiffe, 1895; Stein, 1937).    

The archaeological excavations at Siraf were carried out for seven seasons from 1966 
to 1973 by a joint Iranian-British delegation led by Dr. Whitehouse. The results of these 
excavations were published in the form of numerous articles, particularly in the journal 
of Iran (Whitehouse, 1968, 1969, 1970, 1971, 1972, 1974, 2009).

After Whitehouse, H. Bakhtiari continued to excavate Siraf for a season in 1975 
(Bakhtiari, 1974, 1976). Masoumi, Zarei, Sarfaraz, Sadraei, MirEskandari, Tofighian and 
Khakzad also conducted limited explorations and surveys in Siraf and its surrounding 
areas (Masoumi, 2004; Sarfaraz, 2004; Khakzad, 2012, 2015). In 2006-2007, the first and 
second seasons of the archaeological excavations in Siraf were carried out by Esmaeili 
Jelodar of the University of Tehran. (Esmaeili Jelodar, 2009). Later, the third season of 
excavations was also conducted by him in 2022 (Fig. 11).

The prospect of Siraf torpedo-jar pottery
The new phase of archaeological excavations in Siraf took place over two seasons, from 
2008 to 2009. Torpedo-jar samples were uncovered during the second season. This phase 
of the excavations focused on establishing the chronology of Siraf. Two trenches, named 
A and B, were opened during this season. Seven potsherds selected for analysis were 
collected in 2009, with one piece originating from trench A and the remaining six from 
trench B. (Fig. 11). Sample No.3443 from Trench A (table 7), analyzed using C-14 dating, 
suggests a date range of 850-976 AD (Esmaeli Jelodar, 2021: 201-218). While this points 
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Fig. 11: Map of the location of the Siraf excavation trenches by Esmaieli Jelodar on the coast of the Persian Gulf 
on Google Earth map (Google Earth, 2015).

 Tr. I, II & II excavated by Esmaeili Jelodar in the First Season .
 Tr. A & B excavated by Esmaeili Jelodar in the Second Season.

 

          SIRAF 

Persian Gulf 

to its belonging to the early Islamic period, there is a strong possibility that this pottery 
was actually used in an earlier period, specifically the Sassanid era (Fig. 12, Table 2). The 
other six specimens were collected from locus 107 of Trench B, which is 80 cm thick. 
C-14 dated samples from the center of this layer yielded a date of 887 (95.4%)- 985 cal., 
indicating a date range from the late 10th century AD to the 12th century AD. The specific 
details about these samples can be found in Tables 3 and 7. Among them, four pieces are 
associated with the rim and body of the vessel, while three include the pointed base of the 
torpedo jar along with a part of its body (Figs.13-17, Table 4).
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Fig. 12: Stratigraphy of Tr. A, Siraf 2009 (Left,Esmaeili Jelodar, 2021: 212).

Fig. 13: Stratigraphy of Tr. B, Siraf 2009 (Esmaeili Jelodar, 2021: 182).
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Fig. 14: East wall section of stratigraphy of Tr. B.(left). Fig. 15 &16: The deposit of the Early Islamic period,                  
which is full of Sassanid cultural materials such as torpedo jar, blue- green glaze ware.

Fig. 17: Three torpedo jars from Siraf, Tr. B, loc.107, Layer Ic.

Table 2: Stratigraphy of Tr. A, Siraf 2009 (Esmaeili Jelodar, 2021: 218).

 

Period Phase sous-phase Layer Locous 

virgin soil - - XII, XIII - 

I 
800-1050 AD  

Ia - X, XI  -- 

Ib 
IbI IX 119 

IbII VIII 117 

Ic - IV, VII 114 C14 Dating from 
Loc.114:850-976AD 

Id  II, III, IV, V 110 

Surface layer - - I - 
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Table 3: C14 dating result from Siraf,Tr. B, Oxford lab (Esmaeili Jelodar, 2021: 188).

Table 4: Stratigraphy of Tr. B, Siraf 2009 (Jelodar, 2021: 189).

Fig. 18: Left: Arial photo of Mahruban in west of Shah Abdullah village on Google Earth. Right: location of 
trenches A (top) and B (down) on the GIS map of the Mahruban port.

No. Oxf. No  Tr, Loc. Layer Date 

3 Oxa.22844 Bone B 107 IV 887(95.4%)985 cal.AD 

 

Period Phase Sub-phase layer Locus of architectural 
structures 

Virgin soil - - - XIII, XII, XI, 
X 

- 

I 
Late Sassanid and 
Early Islamic era 

Sassanid and Early Islamic 
era 400-800AD  Ia 

IaI IX, VIII, VII - 

800-985 AD 
C14 dating: layer IV, Locus 
107; 887- 985 cal. AD 
(95.4%) 

IaII VI, V - 

Ib 
IbI - 108, 110, 119 

IbII - 109 

Ic - IV - 

II 
Islamic period 
(11-12 century) 

II 
1000-1160 AD 

IIa - 
- 105, 108 

- 104 
IIb - III - 

Surface soil   - - II, I - 

 

Mahruban: Samples No. 3433, 3444, 3445, 3446
Mahruban was a significant port in the coastal Persian Gulf engaging in extensive trade 
with other ports such as Basra, Siniz and Genaveh as well as with inland centers like 
Arrajan in the Behbahan Area. Situated approximately 10 km north of Deylam near the 
village of Shah Abdollah, the remnants of this site now form a visible natural ridgeline 
stretching almost 1.5 km with a width exceeding 200 m. (Fig. 18). 
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Fig. 19: General view from Trench B.

Fig. 20: Torpedo jar fragments from Locus 117, Tr. B.

Mahruban was a thriving city from the late Sassanid era to the early Islamic era until 
the 10th century AD, as indicated by historical sources and archaeological research 
(Esmaeli Jelodar and Mortezae, 2013; Ibn Faqih 1970: 9, 114; Schwartz, 2003:164;  Ibn 
Rusta, 1986: 111; Istakhri, 1994: 39-40, 115, 120-121, 127; Muqaddasi, 2006: 74, 631, 
636; and 672-673; Ibn Ḥawqal, 1966:1, 7, 21 and 55; Al-Jeyhani, 1989: 55, 58, 110, 119; 
Anonymous, 1983:133; Qudama ibn Jafar 991:137; Qubaidiani Marvzi, 1984:160-163; 
Gaube, 1981a and b:77-78). In 2009, based on location and extent area of the Mahruban 
port, two trenches were opened: trench A and B (Fig. 19).
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Mahruban’s Torpedo Shape Pottery Perspective
A Torpedo jar from Mahruban port was obtained for the first time from Locus 108, from 
a depth of -250 cm in the trench B, from layer IIc, with a chronology of 900-1300 AD. 
The C-14 dating for this layer is 943 to 1010 AD (Tables 5 and 6), and considering that 
the sample was chosen from the lowest level of this layer, it is logical to attribute it 
to the beginning of the 10th century AD (Esmaeili Jelodar and Mortezae, 2013; 343). 
The existence of early Sgraffito pottery along with Torquize glaze ware with barbotine 
decoration and their attribution to the Islamic period indicates the presence of this port 
in the international maritime trade of the Persian Gulf in the early Islamic centuries. 
However, most statistics related to the torpedo jar tipped pottery were obtained from the 
deposits of Locus 117 to Locus 122 in Trench B (Fig. 20)

The specimens chosen for laboratory analysis were gathered during a 2009 
archaeological dig and consist of sample numbers No.3433, No.3435, and No.3436. These 
samples originate from a layer that, based on pottery typology for relative chronology 
and C-14 absolute dating, can be attributed to the late Sassanid and early Islamic Period. 
They were discovered in a stratum directly above a clearly Sassanid context, suggesting 
potential usage during the Sassanid era.

Table 5: C14 Dating of Port of Mahruban, Persian Gulf, Iran.1388, Tr. B (Oxford University Laboratory, UK, 
2010).

No. Oxf. No   Tr, Loc. Layer Date 

11 Oxa.22800 Tooth B 108   897(17.8%)922 cal.AD 
943(77.6%)1020. cal.AD  

12 Oxa.22801 Bone B 114   544(95.4%)633 cal.AD 

13 Oxa.22669 Charcoal B 114   878(95.4%)985 cal.AD 

 
2.2. Samples analyzed
15 samples of bitumen (Table 7), coating the interior face of potsherds from torpedo jars, 
dated from the Late Sassanid to the Early Islamic period (6th-8th century AD), from one 
Parthian jar from Susa (247 BCE-224 AD) and from one sample of Dastova of Elimaei-
Parthian period, were analyzed to collect molecular data on saturates and aromatics and 
isotopic data on chromatographic fractions: saturates, aromatics, resins (NSO compounds) 
and asphaltenes (Table 8). Photos of samples are reproduced in Figures 21 and 22.

2.3. Analytical procedures 
Methods used in this study have been described in details in previous papers (Connan et 
al., 2021, 2022).
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Fig. 21: Photographs of bitumen samples of Susa, Dastova, Ivan-i Karkheh and Maruban.

Table 6: Stratigraphy of TR. B in Mahruban
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Fig. 22: Photographs of bitumen samples of Siraf.

Fig. 23: Gross composition of the dichloromethane extract in ternary diagrams: %saturates vs. %aromatics vs. 
% polars (resins + asphaltenes) for Susa-Dastova-Ivan-iKarkheh, Mahruban and Siraf.

3. Results and discussions 
3.1. Gross composition 
Gross composition data are compiled in Table 8. The scraped samples from potsherds are 
all rich in bitumen with a dichloromethane extract between 21 and 88 % / weight. Plot 
of % saturates vs. % aromatics vs. % polars (resins + asphaltenes) and % hydrocarbons 
(saturates + aromatics) vs. % resins (NSO) vs. % asphaltenes in Figs.23 and 24 shows that 
bitumens are all extremely rich in polar fractions and therefore are characteristic bitumens 
of archaeological sites, well documented in the literature (e.g. Connan et al., 2021).
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Fig. 24: Gross composition of the dichloromethane extract in ternary diagrams: %hydrocarbons (saturates + 
aromatics) vs.  %resins vs. %asphaltenes for Susa-Dastova-Ivan-i Karkheh, Mahruban and Siraf.

3.2. Isotopic data 
Isotopic data are listed in Table 2. Plot of  

13Csat (‰ /VPDB) vs.  

13Caro (‰ /VPDB) and  

13Casp (‰ /VPDB) vs.  

13CNSO (‰ /VPDB) in Fig. 25 shows a diversified situation among 
the samples and therefore different sources. By anticipating the rest of the study and taking 
into account the biomarker data and the presence of 18 (H)-oleanane, it follows that some 
samples cluster in a group (Fig. 25) where  

13Casp (‰ /VPDB) is ranging between -26.8 
and -27.3 (‰ /VPDB). The occurrence of 18 (H)-oleanane is characteristic of bitumen 
originating from Iran. This feature is of course not surprising for samples of the Susa area 
but is informative for the bitumen of Siraf for it orientates the search of their bitumen 
sources towards Khuzestan, i.e the same area where the bitumen for the Susa samples 
where collected. Other samples came from other areas with  

13Casp (‰ /VPDB) ranging 
between -27.0 and -28.0 (‰ /VPDB).

Plot of  Dasp (‰/ SMOW) vs.  DNSO(‰/ SMOW) and  Dasp(‰/ SMOW) vs.  

13Casp 
(‰/ SMOW) in Figs. 26 shows that bitumen from the potsherds of the Susa area seems to 
be more oxidized, i.e. more enriched in 2H, than bitumens from Siraf samples. Mahrooban 
samples display a diversified situation. No relation is recorded between  Dasp (‰/ SMOW) 
and  

13Casp (‰/ VPDB).  Dasp (‰/ SMOW) is not a source indicator but reflects either the 
stage of oxidation of the bitumen or a possible contribution of ingredients which were 
stored or processed in the potsherd and were therefore impregnating the bitumen. In the 
present case the  Dasp (‰/ SMOW), which ranges between -100 and -70 (‰/ SMOW), 
does not suggest any potential contribution of the contents stored in jars.

The data on the samples of this set were compared to data obtained on bitumens from 
archaeological sites used as proxis (Fig. 27) and oil seeps (Fig. 28) from Iran. Plot of  Dasp 
(‰/ SMOW) vs.  

13Casp (‰/ VPDB) of archaeological sites (Fig. 29) shows that many 
samples of Susa, Chogha Ahowan, Tepe Tula’i, are enriched in 2H as compared to what 
is recorded in this study. Some samples from Susa, Ali Kosh, Chogha Ahowan and Ali 
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Table 7: Gross composition and isotopic data on bitumens. Significance of abbreviations: EO% (% dichloro-
methane extract/ sample), sat% = % saturates / EO, aro% = % aromatics /EO, NSO% = % resins (NSO)/ EO, 
asp% = % asphaltenes /EO.
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Fig. 25: Plot of  Dasp (‰ / SMOW) vs.  DNSO (‰ / SMOW) and  Dasp (‰ / SMOW) vs.  

13Casp (‰ / VPDB). Signif-
icance of colours in Fig. 25.

Fig. 26: Plot of  Dasp (‰ / SMOW) vs.  DNSO (‰ / SMOW) and  Dasp (‰ / SMOW) vs.  

13Casp (‰ / VPDB). Signif-
icance of colours in Fig. 25.

Abad integrate the area defined by the samples of this study. One should notice that the 
Susa sample is in agreement with a Susa sample from the rim of a Parthian amphorae, 
previously analyzed. The record of  Dasp (‰/ SMOW) as a function of date (Fig. 29) did 
not show any tend despite the fact that oxidation of bitumen may have been enhanced 
with age. Plot of  Dasp (‰/ SMOW) vs.  

13Casp (‰/ VPDB) of oil seeps (Fig. 30) point 
that samples are matching with area of samples defined by Dehluran-Siah Kuh, Sultan/
Pol Doktar and Gilsonites, i.e. samples from Illam, Lorestan and Kermanshah provinces.

3.3. Biomarkers: steranes and terpanes (Table 9)
Mass fragmentograms of steranes (m/z 217) and terpanes (m/z 191) are reproduced in Fig. 
31 and 32. 
The sample of Susa (No. 3430) exhibits a rather well preserved distribution of terpanes 
with a moderate Tm/Ts and gammacerane, a low amount of tricycloploprenanes and a well 
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Fig. 27: Map of bitumens from archaeological sites of Iran used as proxis in this study.

Fig. 28: Map of oil seeps used as references in this study.
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Fig. 29: Plot of  Dasp (‰ / SMOW) vs.  

13Casp (‰ / VPDB) of bitumens from archaeological sites used as proxis. 
Plot of of  Dasp (‰ / SMOW) as a function of date of samples from archaeological sites.

Fig. 30: Plot of  Dasp (‰ / SMOW) vs.  

13Casp (‰ / VPDB) and Ts/Tm vs.  

13Casp (‰ / VPDB).

present 18 (H)-oleanane. Steranes are biodegraded according to the well-documented 
sequence: C27 steranes are preferentially removed (Seifert and Moldowan, 1979, McKirdy 
et al., 1983, Sandstrom and Philip, 1984, Seifert et al., 1984, Chosson et al., 1991, Connan 
et al., 2022). In this set the C29   R sterane which have the biological configuration, is 
not selectively degraded as seen in th e Dead Sea asphalt of Tell Yarmuth (Connan et al., 
2022).C21 and C22 pregnanes have been almost removed.

The sample of Mahrooban (No.3435) shows also a well preserved fingerprint of terpanes 
with a moderate Tm/Ts and gammacerane. 18 (H)-oleanane is questionable and may 
occur as traces. Steranes are again biodegraded but present a well identified occurrence 
of C27diasteranes. C21 and C22 steranes are present and the biological configuration of 
C29steranes namely the C29   R sterane has not been selectively degraded.
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Fig. 31: Mass fragmentograms of steranes (m/z 217) and terpanes (m/z 191) from Susa (No.3430) and Mahruban 
(No. 3435).

Fig. 32: Mass fragmentograms of steranes and terpanes (m/z 191) from Siraf (No.3438 and 3440).

The sample of Siraf N°3440 ressembles the Susa sample with the occurrence of 18 
(H)-oleanane , a moderate Tm/Ts and gammacerane and biodegraded steranes in which 
the biological configuration of C29steranes is not preferentially affected. C21 and C22 
steranes are present. The sample of Siraf N°3438 is contrasted with a high Tm/Ts , more 
gammacerane , no oleanane and also biodegraded steranes with no C27steranes. C21 and 
C22 steranes are present. 
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A plot of 18 (H)-oleanane vs.  

13Casp (‰ / VPDB) in Fig. 33a documents three main 
groups of samples : samples from the Susa area and 4 samples from Siraf (No.3439, 
3440, 3444 and 3444bis) which contains 18 (H)-oleanane, samples from Siraf and 
Mahrooban with traces of  18 (H)-oleanane and samples from Mahrooban (No.3433) 
and Siraf without 18 (H)-oleanane.  No oil seeps analyzed yet are corresponding to 
samples with 18 (H)-oleanane or traces of 18 (H)-oleanane (Fig. 33b). Obviously their 
sources are in the Zagros mountains, east or southeast of Susa, in the Khuzestan province.  
The third group without 18 (H)-oleanane matches a list of gilsonite and oil seeps from 
Illam, Lorestan and Kermanshah (Fig. 33b). Fig. 34 complete the comparison by referring 
to archaeological sites. Examples of bitumen with traces of 18 (H)-oleanane are also 
recorded in Susa and Tepe Senjar. Bitumen from Mahrooban may be originating from the 
same source, likeley in Khuzestan. Bitumen without 18 (H)-oleanane are matching with 
bitumens excavated from Chogha Ahowan, Susa, Tall-e Geser (Fig. 34)

Fig. 33: Plot of 18 (H)-oleanane vs.  

13Casp (‰ / VPDB). a) samples of this study. b) samples of oil seeps.

A plot Ts/Tm vs.  

13Casp (‰ / VPDB) is another diagram currently used for correlation 
purposes. Fig. 35 and 36 gave the results in reference to data collected on oil seeps and 
archaeological sites. Many samples of both natural oil seeps and archaeological bitumen 
show properties that match those of bitumens from this study. 

Report of results on maps of oil seeps (Fig. 37) and archaeological sites (Fig. 38) 
provides a synthesis of the potential sources. More gilsonites may be concerned if 
their  

13Casp (‰ / VPDB) are enriched of 0.4-0.5 (‰ / VPDB) though alteration and are 
consequently shifted from -28.3 to -27.9 (‰ / VPDB). 

3.4. Aromatics 
Mass fragmentograms of triaromatic steroids (m/z 231), phenanthrenes (m/z 178+192) 
and dibenzothiophenes (m/z 184 + 198) from Susa (No.3430), Mahruban (No.3433) 
and Siraf (Nos.3440 and 3438) are shown in Fig. 39. Phenanthrenes, dibenzothiophenes 
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Fig. 34: Plot of 18 (H)-oleanane vs.  

13Casp (‰ / VPDB): samples of archaeological sites.

and triaromatic steroids are all present. Triaromatic steroids show a very low amount of 
C26S. Patterns of methylphenanthrenes and dibenzothiophenes are consistent with what is 
observed in Pataq oil seeps and some gilsonites but obviously aromatics of archaeological 
samples are more altered. Plot of some molecular ratios (4MDBT vs. P/DBT and C27R/
C28R vs. C26S/C28S, Table 10) of archaeological samples by comparison to those of five 
gilsonites used as unaltered references confirm that aromatics of archaeological samples 
are altered. The changes seen in the parameters of Fig. 40 are identical to what has been 
recorded in the Dead Sea bitumen (Connan et al., 2022). 
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Fig. 35: Plot of Ts/Tm vs.  

13Casp (‰ / VPDB): samples of this study comp ared to samples of oil seeps and gil-
sonites

Fig. 36: Plot of Ts/Tm vs.  

13Casp (‰ / VPDB): samples of this study compared to samples of archaeological sites.
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Fig. 37: Map of selected oil seeps identified as potential sources of archaeological bitumens of this study.

Fig. 38: Map of bitumens form archaeological sites which are matching bitumens of this study.
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Fig. 39: Mass fragmentograms (m/z 231 =Triaromatic steroids, m/z 178 +192= Phenanthrenes), m/z 184 +198= 
Dibenzothiophenes) of aromatics of four samples : No.3430 (Susa), No.3433 (Mahruban), Nos.3440 and 3438 
(Siraf).
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Fig. 40: Plot of some characteristic ratios of aromatics. a) 4MDBT vs. P/DBT. b) TAS5 vs. TAS4. 

Table 10: Characteristic aromatic ratios on samples of this study and five representative gilsonites from the 
Kermanshah province. Significance of abbreviations: MPI = Methylphenanthrene Index = 1.5x[3MP+2MP] / 
[P + 9MP +1MP], F1= [3MP +2MP] / [3MP +2MP +9MP +1MP], F2= 2MP / [3MP +2MP +9MP + 1MP], P/DBT 
=phenanthrene/dibenzothiophene, DBT/C4N=dibenzothiophene/C4naphthalene, MDR = 4MDBT/ 1MDBT, 
TAS1= C20/ [C20+C27] triaromatic sterane, TAS2= C21/ [C21+C28] triaromatic sterane, TAS3 (cracking ratio) 
= [C20 + C21] / [C20-C28] triaromatic sterane, TAS4= C26S/C28S triaromatic sterane, TAS5= C27R / C28R 
triaromatic sterane.

lab 
number  Location GeoMark 

reference  
C30H 
ppm MPI F1 F2 P/DBT DBT/C4N MDR TAS1 TAS2 TAS3 TAS4 TAS5 Dino3/9 

3445 
Zarneh 
Gilsonite  UNK0889 1782 0.73 0.47 0.27 1.16 3.05 2.76 0.36 0.33 0.16 0.41 0.91 3.22 

3446 Pataq oil seep UNK0890 1295 0.61 0.47 0.25 0.92 3.26 3.88 0.24 0.24 0.1 0.21 1.2 3.68 

3447 
Vigenan 
Gilsonite  UNK0891 1840 0.67 0.43 0.25 0.53 4.18 2.41 0.44 0.39 0.23 0.33 1 2.33 

3397 
Gilan-e Gharb 
Gilsonite  UNK0809 1009 0.69 0.42 0.24 0.94 2.02 3.35 0.64 0.6 0.38 0.55 1.18 3.4 

3398 Gilan-e Gharb UNK0810 1001 0.7 0.43 0.25 0.91 1.55 2.96 0.55 0.49 0.3 0.38 0.98 3.05 

3430 Susa UNK0872 5007 0.14 0.55 0.32 15.96 4.17 6.83 0.03 0.02 0.01 0.04 0.54 4.3 

3431 Dastova UNK0873 281 0.37 0.54 0.3 10.11 1.36 4.73 0.03 0.06 0.02 0.12 0.8 1.99 

3432 Kharkheh UNK0874 3948 0.44 0.54 0.31 31.93 0.73 4.21 0.07 0.07 0.03 0.17 0.89 3.16 

3433 Mahruban UNK0875 22314 0.5 0.59 0.34 5.61 2.88 3.72 0.2 0.24 0.12 0.06 0.76 4.16 

3434 Mahruban UNK0876 6789 0.46 0.62 0.36 4.58 3.08 4.4 0.06 0.12 0.05 0.05 0.9 3.55 

3435 Mahruban UNK0877 5342 0.42 0.53 0.3 4.42 2.18 3.11 0.09 0.16 0.06 0.08 0.95 2.24 

3436 Mahruban UNK0878 6707 0.41 0.54 0.31 4.39 2.26 2.94 0.07 0.15 0.06 0.07 0.95 2.21 

3437 Siraf UNK0879 8248 0.23 0.56 0.32 9.67 2 3.06 0.01 0.07 0.02 0.02 0.72 5.58 

3438 Siraf UNK0880 10380 0.38 0.52 0.3 5.73 4.23 4.44 0.03 0.07 0.03 0.06 0.59 1.9 

3439 Siraf UNK0881 5796 0.44 0.52 0.3 5.61 3.23 3.61 0.05 0.1 0.04 0.01 0.8 4.17 

3439 bis Siraf UNK0882 7707 0.61 0.53 0.31 12.21 2.28 3.56 0.06 0.09 0.04 0.09 0.61 1.68 

3440 Siraf UNK0883 6797 0.47 0.51 0.29 5.98 3.14 3.83 0.06 0.1 0.04 0.02 0.8 5.65 

3441 Siraf UNK0884 10492 0.36 0.53 0.3 5.44 3.63 4.19 0.05 0.1 0.04 0.05 0.57 2.1 

3442 Siraf UNK0885 9988 0.59 0.47 0.27 7.2 3.31 2.88 0.03 0.07 0.03 0.04 0.51 2.86 

3443 Siraf UNK0886 8036 0.27 0.53 0.3 5.34 2.92 3.56 0.03 0.06 0.02 0.06 0.77 3 

3444 Siraf UNK0887 7459 0.45 0.51 0.3 2.29 3.54 3.76 0.05 0.09 0.04 0.03 0.8 4.87 

3444bis Siraf UNK0888 7007 0.47 0.52 0.3 5.17 3.28 4.08 0.05 0.1 0.04 0.02 0.78 4.53 
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Fig. 41: Left: General photo of Shoghab graveyard in Bushehr Peninsula, near the coast of the Persian Gulf.
 Right: Torpedo jar vessels with human bone burials inside, Shoghab graveyard.

4. Conclusion 
The method of using bitumen inside pottery jars for insulation or waterproofing has been 
employed in two types of jars: cylindrical and torpedo-shaped. Archaeological studies 
presented in this article demonstrate the continuity and utilization of these jar types from 
the Parthian (including Elymais) and Sassanian periods, persisting through the early 
Islamic era until the 10th century A.D. The first type is less common compared to the 
second type, with samples found exclusively in Susa during the Parthian period, and in 
the same context during the Elymaeans period in Khuzestan.

In their study of Girshman’s excavations in Susa, Rémy Boucharlat and Ernie 
Haerinck (2011) note that both the cylindrical vessel and the torpedo jar tip were found 
in an archaeological site primarily used for human burial, especially child burial. The act 
of breaking these jars to place the body inside suggests that their use in burial should be 
considered a secondary function. The torpedo jar, which was the focus of this research, 
appears to have been primarily used for carrying liquids. It has been found in various 
locations in the Persian Gulf. Its presence is also evident in the Oman Sea, East Africa, 
and the Indian Ocean, with the farthest discovery being the Phanom Surin ship in Thailand 
(Choksy and Nematollahi, 2018). The use of torpedo jars for burying human bones has 
only been reported in archaeological excavations in Iran, specifically in the Persian Gulf 
and Khuzestan Plain. Outside of the Persian Gulf, in locations such as the Indian Ocean, 
East Africa, and the Oman Sea, there are no reports of torpedo jars being used for burial. 
Excavations in Susa, Shushtar’s Gelalak Tomb, Bushehr port on the Persian Gulf, and 
the Shoghab cemetery from the Sassanid period have revealed burial samples of these 
jar graves (Figs.41 to 43). Archaeological studies have indicated that the Gelalak tomb 
samples in Shushtar and Susa are from the Elimaean and Parthian periods, while examples 
from Ivan-i Karkheh and Mahruban (with the exception of one piece) are related to the 
Sassanid period. The samples from Siraf can be dated to both the Sassanid and early 
Islamic periods.

The cylindrical vessel and torpedo jar serve the dual purpose of burial and transporting 
liquids.More recently, Lambourn believes that torpedo jars were used to carry water, but 
we think that used to store other liquids than water. (Lambourn , 2022). However, further 
laboratory studies are needed to analyze the remnants of their contents. Additionally, 
the origin of this pottery and its associated kilns remains undiscovered, necessitating 
extensive targeted archaeological research, particularly in the southern and southwestern 



300 Journal of Archaeological Studies / No. 2, Vol. 16 , Serial No. 35 / Summer-Autumn

Fig. 42: Sassanian coin from Shoghab Graveyard in Bushehr Peninsula (Rahbar, 2004: fig. 51)

Fig. 43: Aerial photo of Gelalak Tomb, , Torpedo jar vessels with human bone burials inside (Google Earth).

regions of Iran (Khuzestan, Fars, Ilam, and the Persian Gulf coast).
Lab studies show that the origin of the bitumen used for coat the interior face of 

torpedo jars came from several areas of Iran. Bitumen from the samples of Susa  and 
from some samples of Siraf which contain 18  (H) oleanane, originates from Khuzistan 
whereas bitumen from other samples of Siraf and Mahruban came for Illam, Lorestan and 
Kermanshah provinces. 

References
- Abuľl-Fidā, (1970). Taqvīm al-Boldān. Trans. Abdul Mohammad Ayati. Tehran: 

Foundation for Iranian Culture. (In Persian)
- Adams, R. Mc., (1970). “Tell Ab¯u Sar¯ıfa. A Sassanian-Islamic sequence from 

south Central Iraq”. Ars Orientalis, 8: 87-119.
- Al-Jeyhani, Abol-Q. ibn-A., (1989). Aškāl al-ʿAlam [Shapes of the World]. trans. 

Ali bin Abdol-Salam Kateb, annotated by Firuz Mansouri, Mashhad: Astan Quds Razavi 
Publications.vol.1 (In Persian).



301Jacques et al.: Torpedo Jars of Iran: Context of Archaeological Discovery and Origin of the...

- Al-Masʿūdī, A.-ibn al-Ḥ. ibn-ʿA., (1965). Murūj aḏ-Ḏahab wa-Maʿādin al-Jawhar 
(Meadows of Gold and Mines of Gems). translated by Abolqasem Payandeh, (Tehran, 
Book Publishing and Translation Company, 1965).

- Anonymous, (1983). Ḥudūd al-ʿĀlam minal-Mashriq ilá l-Maghrib. ed. Manuchehr 
Sotudeh. Tehran: Tahuri Library. (In Persian) 

- Bakhtiari, H., (1974). Notes from the historical geography and archeology of Siraf, 
Bushehr. Publications of the General Department of Culture and Art of Bushehr Province, 
1353)

- Bakhtiari, H., (1976). Archaeological excavations in Siraf, in the report of the fourth 
annual conference of archaeological excavations and researches in Iran. November 
12-17, 1976, under the supervision of Firoz Bagherzadeh, Iran Archeology Center 
Publications, Tehran.

- Boucharlat, R. & Haerinck, E., (2011). Mémoires de la Délégation archéologique en 
Iran, Tome XXXV, Mission de Susiane. sous la direction de Roman Ghirshman, Membre 
de l’institut, tombes d’époque Parthe (Chantiers de la ville des artisans). 

- Boucharlat, R., (avec la collaboration de J. Perrot et D. Ladiray), (1987). “Les niveaux 
post-achéménides à Suse, secteur nord. Fouilles de l’Apadana-Est et de la Ville Royale-
Ouest (1973-1978)”. In: Cahiers de la Délégation Archéologique Française en Iran, 15: 
145-311.

- Choksy, J. K. & Nematollahi, N., (2018). “The Middle Persian Inscription from a 
Shipwreck in Thailand: Merchants, Containers, and Commodities”. Digital Archive of 
Brief notes & Iran Review, 6, 2018 (ISSN: 2470 – 4040).

- Chosson, P., Lanau, C., Connan, J. & Dessort, D., (1991). “Biodegradation of 
refractory hydrocarbon biomarkers from petroleum under laboratory conditions”. Nature, 
351: 640-642.

- Coningham, R., (2006). Anuradhapura. The British-Srilankan Excavation at 
Anuradhapura Salgaha Watta 2. Vol II: The Artifacts (British Archaeological Reports 
International Series 1508). Archaeopress. Oxford Coningham, R. & C. Batt

- Coningham, R. & Batt, C., (1999). “Dating the sequence”. in: R. Coningham, 
Anuradhapura. The British- Srilankan Excavation at Anuradhapura Salgaha Watta 
2. Vol I: The Site (British Archaeological Reports International Series 824): 125-31. 
Archaeopress. Oxford.

- Connan, J., Engel, M. H., Jackson, R. B., Priestman, S., Vosmer, T. & Zumberge, 
A., (2021).” Geochemical Analysis of Two samples from Jars Discovered on Muhut and 
Masirah Islands (Oman)”. Separations, 8: 182. https://doi.org/10.3390/separations810018

- Connan, J., Adelsberger, K. A., Engel, M. & Zumberge, A., (2022). “Bitumen from 
Tell Yarmuth (Israel) from 2800 BCE to 1100 BCE: A unique case history for the study 
of degradation effects on the Dead Sea bitumen”. Organic Geochemistry, 168: 104392. 
https://doi.org/10.1016/j.orggeochem.2022.104392. 

- De Cardi, B., (1975). “Archaeological survey in Northern Oman, 1972”. East and 
West, 25: 9-75.

- Finster, B. & Schmidt, J., (1976). “Sasanidische und fruhislamische Ruinen im Iraq”. 
Baghdader Mitteilungen, 8: 7-169.

- -Esmaeili Jelodar, M. E., (2009). “Report of the second seasons of archaeological 
exploration in the ancient port of Siraf”. Tehran, Iranian Center for archaeological 
Research (I.C.A.R). (Unpublished, in Persian). 



302 Journal of Archaeological Studies / No. 2, Vol. 16 , Serial No. 35 / Summer-Autumn

- Esmaeili Jelodar, M. E., (2010). “The commercial relationship between the northern 
and southern ancient ports of the Persian Gulf in the Islamic period until the 5th century AH 
(based on the archaeological surveys and excavations of the central coasts of the northern 
part of the Persian Gulf)”. Tehran, University of Tehran, Doctoral Thesis, Supervisor: Dr. 
Haydeh Laleh.

- Esmaeili Jelodar, M. E., (2021). Archaeological Research of the Persian Gulf, 
Ancient Port of Siraf. Tehran: Research Institute of Cultural Heritage and Tourism, The 
first edition, 2016 (in Persian).

- Esmaeili Jelodar, M. E. & Mortezae, M., (2013). “Re-identifying the location of the 
ancient port of Mahruban on the Persian Gulf and its preliminary chronology based on 
an analysis of writing evidence and excavations”. Archaologische Mitteilungen aus Iran 
und Turan, 45: 325-348.

- Finster, B. & Schmidt, J., (1976). “Sasanidische und fruhislamische Ruinen im Iraq”. 
Baghdader Mitteilungen, 8: 7-169.

- -Gasche, H., 2009. “SUSA i. EXCAVATIONS’’. In: Encyclopedia Iranica. By the 
effort of: Ehsan Yarshater. Originally Published: July 20, 2009, Last Updated: July 20, 
2009. https://referenceworks.brillonline.com/entries/encyclopaedia-iranica-online/
susa COM_11581?s.num=0&s.f.s2_parent=s.f.book.encyclopaedia-iranica-online&s.
q=susa#COM-698

- Gaube, H., (1981a). Arrajan and Kohgiluyeh (from the Arab conquest to the end of 
the Safavid period). translated by Saeed Farhoudi, Tehran: Association of National Works 
and Honors, first edition, Tehran. [in Persian]. 

- Gaube, H., (1981b). Arragan/Kuh-Giluyeh. Eine südpersische Provinz von 
der arabischen Eroberung bis zur Safawidenzeit. (= Österreichische Akademie der 
Wissenschaften Denkschrift. 107. Band). Wien 1973. (Dissertation, Persische Übersetzung, 
Tehran 1981).

- Gyselen, R. & Gasche, H., (1994). “Suse et Ivān-e Kerkha, Capitle provinciale 
d’Ērānxwarrah-Šāpūr. Note de géographie historique sassanide”. Studia Iranica, 23: 19-
35.

- Ibn Balkhi, (1995). Fársnáma of Ibnu’l-Balkhí (Based on G. Le Strange and R.A. 
Nicholson edition). Annotated by: Mansur Rastgar Fasaie. Shiraz: Foundation for Fars 
studies. (In Persian)

- Ibn Faqih, A. A.-ibn I. H., (1970). Tarikh-e Goghrafiya’i-ye Iran, Tarjomey-ye 
Mukhtasar al-Buldan/Geographical History of Iran: Translation of Mukhtasar al-Buldan. 
Trans. H. Mas’ud. Tehran: Foundation of Iranian Culture. (In Persian)

- Ibn Ḥawqal, M. Abū’l-Q., (1966). Ṣūrat al-’Arḍ. [ar], (صــورة الارض; “The face of the 
Earth”), Trans. Jafar Shu’ar. Tehran: Bonyad-e Farhang-e Iran (In Persian).

- Ibn Rusta Iṣfahānī, A., (1986). Kitāb al-A‘lāq al-Nafīsa (Arabic: كتــاب الأعــاق النفيســة, 
Book of Precious Records) Translated and edited by Dr. Hossein Qarachanlou. (Tehran, 
Amirkabir Publishing House, 1986)

- Istakhri or Eṣṭaḵrī, Abū-E. I. ibn.M. al-F., (1994). Masālik al-Mamālik (مســالك الممالــك, 
“Routes of the Realms” or Ketāb al-masālek wa’l-mamālek, كتــاب المســالك والممالــك “Book of 
roads and kingdoms”) trans. Mohammad ibn Sa’d ibn Abdullah Tostari. ed. Iraj Afshar. 
(Literary and Historical Series by Dr. Mahmud Afshar Fund, Vol. 52. (In Persian)

- Kempthorne, G. B., (1837). “On the ruins at Tahrie”. Transactions of the Bombay 
Geographical Society, 1: 294–95.



303Jacques et al.: Torpedo Jars of Iran: Context of Archaeological Discovery and Origin of the...

- Kempthorne, G. B., (1856). “A narrative of a visit to the ruins of Tahrie, the supposed 
site of the ancient city of Siraff, also an account of ancient commerce of the Gulf of Persia, 
etc”. Transactions of the Bombay Geographical Society, 8 (New Issue, 1856-57): 125-40.

- Kennet, D., (2004), Sasanian and Islamic Pottery from Ras al-Khaimah, Classification, 
chronology and analysis of trade in the Western Indian Ocean. Oxford, BAR Int. Ser. 
1248.

- Kervran, M. & Hiebert, F., (1991). “Sohar pré-Islamique. Note stratigraphique”. In: 
K. Schippman, A. Herling & J.-F. Salles (eds.), Golf - Archäologie: Mesopotamien, Iran, 
Bahrain, Vereinigte Arabische Emirate und Oman, Internationale Archäeologie, 6: 337-
348.

- Khakzad. S., (2012). “SIRAF ARCHAEOLOGICAL”. REPORT in Sasanika 
Archaeology, 5: 2012. https://sites.uci.edu/sasanika/2012-2/

- Khakzad, S., (2015). “Maritime Aspects of Medieval Siraf, Iran: a pilot project 
for the investigation of coastal and underwater archaeological remains”. NAUTICAL 
ARCHEAOLOGY, 44 (1): 1-19

- Khosrowzadeh, A., (2011). “Commercial and economic centers and routes of the 
Parthian and Sasanian periods in the Persian Gulf based on the archaeological data 
obtained from the excavations and surveys conducted in the Strait of Hormuz and the 
southern coasts of the Persian Gulf”. Doctoral dissertation of Tarbiat Modarres University 
(Unpublished, in Persian).

- Khosrowzadeh, A. & Aali, A., (2005). “Definition, classification and typology of 
Seleucid, Parthian and Sasanian era pottery (Mianab plain) in the archaeological Surveys 
of Mianab plain, Shushtar”. Edited by Abbas Moghadam. With the contribution of a group 
of authors. Iranian Center for Archeological Research and Cultural Heritage and Tourism 
Organization (in Persian). 

- Lamb, A., (1964). “A visit to Siraf”. Journal of the Malaysian Branch of the Royal 
Asiatic Society, 37: 1-9.

- Lambourn, E., (2022). “Sweet Water on the Sea Route to China: Watering Stops and 
Torpedo-Jar Capacities in Long-Distance Indian Ocean Sailing”. In: Al-ʿUṣūr al-Wusṭā, 
vol. 30, Published 2022-09-13. https://doi.org/10.52214/uw.v30i.9320

- Lischi, S., Odelli, E., Perumal, J. L., Lucejko, J. J., Ribechini, E., Mariotti Lippi, M., 
Selvaraj, T., Perla Colombini M. & Raneri, S., (2020). ’’Indian Ocean trade connections: 
characterization and commercial routes of torpedo jars’’. Heritage Science, 8:76. https://
doi.org/10.1186/s40494-020-00425-9

- Masoumi, Gh., (2004). Siraf (Bandar Taheri). Publications of the Society of Cultural 
Artifacts and Prominences, Society for the National Heritage of Iran, Tehran.

- McKirdy, D. M., Aldridge, A. K. & Ypma, P. J. M., (1983). “A geochemical 
comparison of some crude oils from pre-Ordovician carbonate rocks”. in: Advances in 
Organic Geochemistry (eds Bjorøy, M. et al.): 99–107, Wiley, Chichester.

- Mohammadifar, Y., (2014). Sassanid Archeology and Art. Tehran: The Organization 
for Researching and Composing University textbooks in the Islamic sciences and the 
Humanities or SAMT, 1394. (in Persian).

- Morier, J., (1812). A Journey through Persia, Armenia and Asia Minor, to 
Constantinople, the Years 1808 and 1809 in which is Included, some Account of the 
Proceedings of His Majesty’s Mission. Under Sir Harford Jones, Bart. K.C. to the Court 
of the King of Persia. Longman, Hurst, Rees & Orme: London.



304 Journal of Archaeological Studies / No. 2, Vol. 16 , Serial No. 35 / Summer-Autumn

- Muqaddasī, Abu-A. M. ibn-A., (2006). Ahsan at-Tāqāsīm fi Ma’refat al-AqŪlim. 
Trans. Ali Naghi Monzavi, Kumesh Publications. 1st Edition.  (In Persian).

- Pezard, M., (2005). Mission A Bender- Bouchir (report of excavations and 
archaeological studies). Paris: Mission Archéologique De Perse. Tome XV, Trans.Seyyed 
Zia Mosleh, Explanations and comments by Gholam Hossein Nizami, Boushehr. Shoroua.

- Qubaidiani Marvazi, (1984). N.K. Qubaidiani Marvzi, Safarna ̄ me-ye Naser Khosrow 
Tehran, (in Persian). 

- Rahbar, M., (1997). Archaeological excavations in Gelalak Shushtar, in the 
memorandum of the Shush Archaeological Meeting. Tehran, Iran’s Cultural Heritage 
Organization, 175-209.

- Rahbar, M., (2003). “Report of the first seasons of the archaeological excavations of 
educational archeology in Dastova, Shushtar”. Iranian Center for Archeological Research, 
(unpublished).

- Rahbar, M., (2004). “Report of the second seasons of the archaeological excavations 
of educational archeology in Dastova, Shushtar”. Iranian Center for Archeological 
Research, unpublished).

- Ravaisse, P., (1914). “Tombe de Mahmoūyah le Sīrāfien”. In: M. Pezard (ed.) Mission 
à Bander - Bouchir. Documents Archéologiques et Épigraphiques. Publications de la 
Mission Archéologique de Perse, Délégation en Perse, Mémoires 15, Paris: 98-99.

- Sandstrom, M. W. & Philp, R. P., (1984). “Biological marker analysis and stable 
carbon isotope composition of oil seeps from Tonga”. Chemical Geology, 43: 167-
180.

- Sarfaraz, A. A., (1969). “The historical city of Dastova in Shushtar, in Journal of 
Bastanshenasi va Honare Iran”. Iran’s Journal of Archeology and Art, 4: 73-79.

- Sarfaraz, A. A., (2004). “Kangan city archeological survey report”. Iranian center for 
archeological research (In Persian, unpublished).

- Schwartz, P., (2003). Goghrafiya-ye Tarikhi-ye Fars/Historical Geography of Fars. 
Trans. Keikavus Jahandari. Tehran: Tehran University Press. (In Persian).

- Seifert, W. K. & Moldowan, J. M., (1979). “The effect of biodegradation on steranes 
and terpanes in crude oils”. Geochimica et Cosmochimica Acta, 42: 77-95.

- Seifert, W. K., Moldowan, J. M. & Demaison, G. J., (1984). “Source correlation of 
biodegraded oils”. Organic Geochemistry, 6: 633-643.

- Semsar, M. H., (Undated). Joghrafiyaye Tarikhi Siraf. Tehran: Anjoman Asar va 
Mafakhere Farhanghi Iran.

- Smith, M. C. & Wright, H. T., (1988). “The Ceramics from Ras Hafun in Somalia: 
notes on a classical maritime site”. Azania, 23: 115-41.

- Stein, S. M. A., (1937). Archaeological Reconnaissance’s in North-Western India 
and South-Eastern Īrān. MacMillan & Co: London.

- Stern, B., Connan, J., Blakelock, E., Jackman, R., Coningham, R.A. & Heron, C., 
(2007). “From Susa to Anuradhapura: reconstructing aspects of trade and exchange in 
bitumen-coated ceramic vessels between Iran and Sri Lanka from the third to the ninth 
centuries AD”. Archaeometry, 50: 409–28.

- Stiffe, A. W., (1895). “Ancient trading centers of the Persian Gulf. I. Siraf”.
Geographical Journal, 6: 166-173. 

- Sūleymān (e Tājir) and Abū-Z. H. S., (2002). Selsela al Tavarikh Or Akhbar o Al Sin 
Va al Hend. Trans. Hosain Gharachanloo. Tehran, Asatir Publication. (In Persian).



305Jacques et al.: Torpedo Jars of Iran: Context of Archaeological Discovery and Origin of the...

- Tomber, R., (2007). “Rome and Mesopotamia – importers into India in the first 
millennium AD”. Antiquity, 81: 972–988. Published online by Cambridge University 
Press. https://doi.org/10.1017/S0003598X00096058

- Vandenberghe, L., (2000). Archeology of Ancient Iran. with an introduction by 
Roman Ghirshman, trans. Dr. Isa Behnam, 3 Edition, Tehran: Tehran University Press. 
[Persian Translation].

- Wenke, R. J., (1976). “Imperial Investment and Agricultural Development in Sasanian 
Khuzestan 105 BC. to 546 AD.”. Mesopotamia, X-XI: 31-217.

- Whitehouse, D., (1968). “Excavations at Siraf, first interim report”. Iran, VI: 163-
164.

- Whitehouse, D., (1969). “Excavations at Siraf, second interim report”. Iran, VI: 182-
184.

- Whitehouse, D., (1970). “Excavations at Siraf, third interim report”. Iran, VIII: 189-
190.

- Whitehouse, D., (1971). “Excavations at Siraf, fourth interim report). Iran, IX: 176-
177.

- Whitehouse, D., (1972). “Excavations at Siraf, fifth interim report). Iran, X: 63-88
- Whitehouse, D., (1974). “Excavations at Siraf, sixth interim report). Iran, XII: 1-30. 

Published by Taylor & Francis Ltd.
- Whitehouse, D., (2009). Siraf; History, Topography and Environment. with 

contributions of Donalds Whitcomb and T.J. Wilkinson. (B.I.P.S, Oxford).
- Wijayapala, W. & Prickett, M., (1986). Sri Lanka and the international trade: 

an exhibition of ancient imported ceramics found in Sri Lanka’s archaeological sites. 
Archaeological Survey Department, Colombo.

- Wilson, A., (1942). South West Persia: A Political Officer’s Diary 1907-1914. London.
- Yāghūt, al-Hamavī, (1983). Argozide-ye Mushtarak-e Yāghūt Hamavī/ A Selection of 

Yāghūt Hamavī’s al-Mushtarik. Trans. Parvin Gonabadi. Tehran: Amirkabir Publications. 
(In Persian).



Publisheder: Unversity of Tehran Prees.  

تاریخچه مقالهچکیده

https://jarcs.ut.ac.ir/

کوزه های نوک اژدری شکل ایران: بسترهای کشف باستان شناسی و 
منشأ پوشش قیری آن 

connan.jacques@orange.fr :1. دانشگاه استرازبورگ، فرانسه. رایانامه
  Jelodar@ut.ac.ir :2. گروه باستان شناسی، دانشکدۀ ادبيات و علوم انسانی، دانشگاه تهران، تهران، ایران )نویسندۀ مسئول(. رایانامه

ab1635@ou.edu :3. مدرسۀ علوم زمين، دانشگاه اوكاهاما، امریکا. رایانامه
 azumberge@geomarkresearch.com  :4. گروه پژوهشی ژئوپارک، آمریکا. رایانامه

mehdi.azarian2012@gmail.com :5. گروه باستان شناسی، دانشکدۀ علوم انسانی، دانشگاه تربيت مدرس، تهران، ایران. رایانامه
j.nokandeh@richt.ir :6. پژوهشگاه ميراث فرهنگی و گردشگری، تهران، ایران. رایانامه

یکــی از مهم تریــن ســفال های مورداســتفاده در تجــارت دریایــی خليج فــارس )خاورميانــه( بــا بخــش بزرگــی 
از جهــانِ  باســتان، ازجملــه خليج فــارس، دریــای عمــان، اقيانــوس هنــد، ســریانکا و درنهایــت كشــور تایلنــد 
كــوزۀ ذخيــرۀ آذوقــه اســت.  كــوزۀ ســفالی به نــام ســفالِ نــوک اژدری شــکل یــا  كشــتی ســورینام(،  )محمولــۀ 
گرچــه قدمــت ایــن نــوع ســفال را بيشــتر محققيــن بــه دورۀ ساســانی منتســب می داننــد، امــا از دورۀ اشــکانی تــا  ا
صــدر اســام از ایــن نــوع خمــره در تجــارت دریایــی و تدفيــن اســتفاده می شــده اســت. مهم تریــن ویژگــی ایــن 
كنــون باستان شناســان موفــق بــه یافتــن كــوره ای  نــوع كوزه هــا، پوشــش قيــر روی ســطح داخلــی آن اســت. تا
بــرای توليــد ایــن نــوع ســفال نشــده اند؛ بنابرایــن اطــاع از محــل توليــد ســفال و معــدن قيــر بــه كار رفتــه در 
آن هــا بســيار حائــز اهميــت اســت. در ایــن پژوهــش بــا اســتفاده از روش مطالعــات آزمایشــگاهی ژئوشــيميایی 
ــران  ــرب ای ــوب و جنوب غ ــکلِ جن ــوک اژدری ش ــفال ن ــده از س ــر برداشت ش ــای قي ــی، نمونه ه ــۀ تطبيق و مطالع
موردمطالعــه و آزمایــش قــرار گرفــت. در ایــن تحقيــق 15 قطعــه ســفال بــا پوشــش قيــر متعلــق بــه كاوش هــای 
باستان شناســی بنــادر ســيراف و ماهروبــان در ســواحل خليج فــارس )جنــوب ایــران( مربــوط بــه دورۀ ساســانی 
و اســامی و نمونه هایــی از منطقــۀ شــوش و شوشــتر از دوران اشــکانی و ساســانی بــرای برداشــت قيــر انتخــاب 
شــد. نمونــۀ محوطــۀ شــوش از مــوزۀ ملــی ایــران و متعلــق بــه كاوش هــای باستان شناســی منطقــۀ شــوش، 
ــی  ــت. تمام ــتر اس ــۀ شوش ــز از منطق ــتوا ني ــۀ دس ــۀ منطق ــول و نمون ــۀ دزف ــه منطق ــوط ب ــه مرب ــۀ ایوان كرخ نمون
ــه  ــکا مــورد تجزی ــا و آمری ــر در آزمایشــگاه های تخصصــی آن در اروپ ــا هــدف تعيیــن منشــأ قي ــر ب نمونه هــای قي
گرفــت. نتيجــۀ اصلــی تحقيــق اســتفاده از قيــر چشــمه های قيــر اســتان های  و تحليــل ژئوشــيميایی قــرار 
خوزســتان، لرســتان، ایــام و كرمانشــاه را در ســفال های موردمطالعــه نشــان می دهــد. همچنيــن گاهنــگاری 
كاوش و بررســی باستان شناســی و مطالعــات تطبيقــی انجــام و بــازۀ زمانــی  نمونه هــا بــا تکيه بــر مســتندات 

شناســایی شــده دورۀ اليمائی هــا، اشــکانيان، ساســانيان و صــدر اســام را نشــان داد. 
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