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ABSTRACT
From Earth to Eternity
Investigating Bitumen and Clay Use in Byzantine Church 
Construction at Ashdod-Yam
Marta Lorenzon – Lucía Ruano Posada – Myrsini Gkouma – Liora Bouzaglou – Philip 
Ebeling – Alexander Fantalkin

This paper presents the results of an archaeometric analysis examining bitumen 
and plastic earthen materials (PEM) samples brought to light at the Ashdod-Yam 
Byzantine church (Israel). The site, active from the late 4th or early 5th century C.E., 
shows evident signs of destruction by fire towards the end of the 6th century C.E. This 
destruction was evident from the large number of shattered roof tiles embedded 
in a hard, earthen matrix, suspected to be composed of clay and bitumen. Selected 
samples from this destruction layer underwent examination through pXRF, WD-XRF, 
ESEM and thin-section petrographic analyses (TSPA). The goal was to determine 
the composition of the roofing material through cost-effective archaeometric tech-
niques, investigate its microstructures, and discern the manufacturing technologies 
employed. While clay use in roofs is well-documented in Byzantine-period structures 
in the region, bitumen application as an intermediate layer between tiles and ceil-
ing has not been previously recorded, thus offering a new insight into construction 
practices.

KEYWORDS
Late Antique, southern Levant, ancient architecture, archaeometry, building archae-
ology, roofing material, bitumen
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Introduction

1	 The evolution of architectural practices has often been intertwined with the 
exploration and adaptation of building materials that are both locally available and 
economically sustainable. In this context, our research delves into the innovative utili-
zation of bitumen in connection with earthen building materials in Byzantine-period 
roof structures in the Southern Levant. Bitumen is a fossil hydrocarbon with high mo-
lecular weight that was extensively utilized in the ancient Fertile Crescent.1 Bitumen 
can be identified in archaeological materials using gas chromatography and isotope 
analysis. However, this study introduces cost-effective analytical methods, not only 
to detect bitumen’s presence, but also to discern its architectural function within an 
archaeological setting. As a building material, bitumen is versatile, resilient, and offers 
unique benefits that extend beyond traditional applications, especially when used in 
conjunction with earthen architecture.2 Plastic Earthen Material (PEM) is an earthen 
building material compositionally similar to mud mortar, but distinguished by the de-
liberate inclusion of vegetal temper. This temper improves plasticity and is employed 
for use as a structural architectural filling. As a result, PEM often resembles mud plaster 
in composition – another form of earthen building material that also includes vegetal 
temper. However, while mud plaster is typically used as a finishing layer on walls, PEM 
serves a structural purpose. Both bitumen and PEM are well-known for their adhesive 
properties, impermeability, and their overall impact on the durability and longevity of 
multi-material assemblies. These qualities made them suitable for specific construction 
purposes in antiquity, where they were available in abundance.3 This general statement 
however holds especially true for the Bronze and Iron Age periods in Western Asia 
where they were used for various building purposes; occasionally for roofing.4

1	 Connan et al. 2006; Connan – Carter 2007; Connan – Deschesne 2007; Connan 2011.
2	 Connan – Deschesne 1992; Lorenzon et al. 2024a.
3	 Abraham 1918; Connan 1999; Connan – Van de Velde 2010.
4	 Forbes 1936; Griffith et al. 2013.
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2	 The use of bitumen in the Mediterranean during the Hellenistic, Roman, and 
Byzantine periods was primarily confined to medicine and magic. Ancient recipes for 
various treatments using bitumen are documented.5 However, the archaeological re-
cord provides scant evidence of its use. Ancient textual sources such as Vitruvius (De 
Architectura, 1.5.8) and Pliny (Naturalis Historia, 35.178–181) indicate that bitumen as 
a construction material in the Near East was known in Italy during the Roman Imperial 
period. Pliny also mentions construction with bitumen in Agrigentum, Sicily (Naturalis 
Historia, 35.179), yet archaeological evidence from Agrigentum itself and from through-
out Sicily is absent. Similarly, the archaeological record from the Hellenistic and Roman 
Imperial periods in the Southern Levant seldom shows bitumen usage, except in a few 
cases involving minor, isolated objects.6

3	 Greek and Roman sources occasionally describe the use of various burn-
ing, oily substances in warfare. During the Late Roman and Early Byzantine periods, 
sources gave more focused attention to bitumen, particularly in its military applica-
tions. This period also shows a slight resurgence in architectural use of bitumen in the 
Southern Levant, as evidenced by scattered instances.7 Following the Muslim conquest 
of the Southern Levant in the 7ᵗʰ century C.E., bitumen gained greater significance, 
particularly in the feared ›Greek Fire‹ – a distilled derivative of liquid bitumen; highly 
flammable and predominantly used in warfare.8 Potential evidence of ›Greek Fire‹ can 
be inferred from the ›grenades‹ – clay balls filled with a bituminous substance – found 
in a 10ᵗʰ century C.E. shipwreck.9 However, there is no direct evidence of a fire caused 
by ›Greek Fire‹.
4	 The limited source of bitumen in the broader Mediterranean region is at-
tributed to the scarcity of suitable sources, as most asphalt sources were located along 
the southern Euphrates River, which was under Arsacid and later Sassanian control. 
Nonetheless, the Dead Sea also served as a source for bitumen, where materials occa-
sionally surfaced and were collected, as noted for example by Diodorus Siculus (Biblio-
theca Historica, 19.73–101). Therefore, bituminous material remnants in the Southern 
Levant are not rare,10 and its presence and trade in the coastal southern Levant’s Iron 
Age have been documented.11 Despite this, the use of bitumen in construction at such a 
late date as that found in Ashdod-Yam remains unusual.
5	 Following this line of inquiry, the archaeological site of Ashdod-Yam presents 
a compelling case study. This site displays a long history of occupation with extensive 
Iron Age and Roman remains, and its importance continued into the Byzantine period 
when it served as a religious center. The church uncovered by the Tel Aviv University ex-
cavation was active from the late 4ᵗʰ or early 5ᵗʰ century C.E.12 The monumental public 
structure showcased clear signs of fire destruction at the end of the 6ᵗʰ century C.E., ev-
idenced by numerous shattered roof tiles embedded in a hard debris matrix composed 
of mortar and plaster, bitumen and clay deriving from the collapsed roof.
6	 In this framework, we employed a range of archaeometric techniques in-
cluding pXRF (and WD-XRF), ESEM, thin-section petrographic analyses (TSPA) and mi-
cromorphology to investigate ceiling construction practices, particularly the combined 
use of clay and bitumen. Through this approach, we aimed to explore the potential of 
cost-effective archaeometric techniques for identifying and analyzing bitumen in ar-

5	 For a compilation of sources, see Forbes 1936, 90–92.
6	 Gutfeld – Rogovski 2021.
7	 Atrash 2009; Atrash 2010; Hadas 2013; Atrash – Mazor 2021, 86; Tchekhanovets 2022, 320.
8	 Forbes 1936, 95–100.
9	 Parker 1992, 314 no. 821.
10	 Oren – Scheftelowitz 1999; Hadas 2013.
11	 Connan et al. 1998; Connan et al. 2006.
12	 Di Segni et al. 2022; Habas 2023.

https://gazetteer.dainst.org/place/2178775
https://gazetteer.dainst.org/place/2276881
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chaeological samples, as opposed to traditionally-employed methods such as Gas Chro-
matography coupled to Mass Spectrometry and δ¹³C Isotope Ratio Mass Spectrometry.

Archaeological Context: The Byzantine Church of 
Ashdod-Yam
7	 The Ashdod-Yam archaeological site, known as Ashdod-by-the-Sea, is situat-
ed on Israel’s southern coast (Fig. 1). The site is encompassed by the urban sprawl of 
Ashdod’s southern district, yet it retains the status of a protected archaeological zone. 
Notably, in its southern sector the site features a mound, or acropolis, enclosed within 
a man-made barrier. This fortification dates back to the Iron Age IIB–IIC (8ᵗʰ –7ᵗʰ centu-
ries B.C.E.) and was also occupied during the Hellenistic period.13 North of this enclosure 
lie the Roman-Byzantine city remnants, now obscured by sand dunes.
8	 During Late Antiquity, a period marking the settlement activity’s zenith, the 
Ashdod-Yam site exhibited considerable expansion, stretching approximately 2 km from 
north to south and around 1.5 km from east to west, as outlined by Bäbler and Fan-
talkin.14 Consequently, during the Byzantine era, the coastal city of Azotos Paralios rose in 
prominence, even surpassing its inland counterpart, historically recognized in classical 
texts as Azotos Hippenos or Azotos Mesogaios.15 This shift in urban significance is corrob-
orated by the 6ᵗʰ century C.E. Madaba mosaic map and various historical records.16

9	 In 2013, a new excavation initiative started at Ashdod-Yam, conducted by the 
Institute of Archaeology at Tel Aviv Uni-
versity and led by Alexander Fantalkin. 
In August 2017, the third season of ar-
chaeological research on the Ashdod-Yam 
acropolis saw the initiation of an excava-
tion approximately 1 km northeast of the 
acropolis and 350–400 m eastward from 
the coastline. This newly targeted area 
(Area L) was situated amidst modern 
Ashdod’s residential villas. The initial 
excavation here (permit G-78/2017) pro-
vided promising evidence of a Byzantine 
church, including a nearly-intact Greek 
dedicatory inscription and fragments of 
another. Subsequent extensive excava-
tions in July–August 2019 and July 2021 
(permits G-50/2019; G-26/2021) aimed at 
uncovering the full extent of the church 
complex and its associated structures.
10	 These efforts led to the discov-
ery of a sizeable basilica-style church fea-
turing three aisles and decorative mosaic 
floors, alongside an ornate chapel and 
additional facilities. Regrettably, unregu-

13	 Kaplan 1969; Fantalkin 2014; Fantalkin et al. 2016; Fantalkin 2018; Ashkenazi – Fantalkin 2019; Fantalkin et 
al. 2024a; Fantalkin et al. 2024b.

14	 Bäbler – Fantalkin 2023.
15	 Tsafrir et al. 1994, 72.
16	 Tsafrir et al. 1994, 72.

1

Fig. 1: Ashdod-Yam, map of the 
southern Levant with the location 
of Ashdod-Yam

https://gazetteer.dainst.org/place/2043616


2

Fig. 2: Orthophotograph and plan of the Byzantine church at Ashdod-Yam with the mosaics floors
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lated construction activities in the 1980s inflicted considerable damage on the com-
plex’s southwestern section (Fig. 2). The exposure of the church’s mosaic floors revealed 
numerous inscriptions. These served as temporal markers, highlighting the building’s 
architectural evolution.17

11	 The edifice consists of a basilica c. 25 m in length and 19 m in width, aligned 
predominantly along an east-west axis. Its layout includes a broad nave partitioned by 
two pillar rows, culminating in a presbyterium/bema and an expansive semi-circular 
apse. The nave is bordered by two aisles, with the northern aisle extending into a chapel 
that features a small semi-circular apse. A spacious narthex spans the complex’s western 
front, leading to protruding rooms at its northern edge. Each room was adorned with 
intricate mosaic floors.18 Including the section destroyed by modern construction, the 
church spans c. 570 sqm. Numerous tombs, including some holding multiple individ-
uals, were discovered beneath the mosaic floors respectively of the chapel’s apse, the 
northern and southern aisles, and the narthex. The epigraphic and numismatic evidence 
collectively suggests the edifice’s active period spanned from the late 4ᵗʰ or early 5ᵗʰ cen-
tury C.E. until around 600 C.E. Every exposed section of the structure exhibited clear 
signs of fire damage. The majority of the debris, consisting predominantly of roof tiles, 
was likely part of the former roof. These fragments were found embedded in the debris, 
scattered throughout the church, and even outside, dispersed among the sand dunes. 
Chemical and mineralogical analyses indicated that the roof tiles were imported from 
the northeastern Mediterranean and the Judean Hills.19 Arranged in overlapping rows, 
they formed a waterproof barrier, primarily secured with lime mortar, also known for 
its waterproof properties. Lime mortar, found in layers or as loose chunks ranging from 
hand-sized to microscopic particles, was prevalent throughout the destruction debris.

Bitumen Remains
12	 We collected seven samples from various excavation areas of the church, with 
clear attestation of bitumen and other remains on top of the mosaic floors. Four samples 
(AY-43 to AY-46; Fig. 3. 4) were collected from the collapse debris and the conflagration 
layer on top of the mosaic floor in the western section of Room 5, in the church’s north-
ern annex (Locus 21). This layer is characterized by a clayish soil mixed with lime, a 
large amount of ash and whitish concretions. Regarding the finds, a significant quantity 
of roof tiles was recovered, along with several metal fragments. Near Room 5’s entrance 
a metal key was discovered, as well as a ferrule or rod handle, an iron fitting or fastener, 
possibly used for building or furniture, and iron nails. This area was deemed suitable 
for sampling (AY-45, AY-46). Beneath this layer the mosaic floor was severely burnt, 
displaying black soot.
13	 A sample (AY-48) was collected from an accumulation of hardened sand in 
Room 6 (Locus 25). Nearby, another sample (AY-49) was obtained from superstructure 
debris resulting from its collapse, and a burnt layer, both linked to the church’s de-
struction (Locus 33). The debris was exceptionally well-preserved in this specific area, 
featuring identifiable and nearly-intact roof tiles embedded in a burnt black matrix 
mixed with lime and concretions. Among the finds were coins, plaster, glass fragments, 
and various metal objects. Additionally, marble fragments, including part of a grate, 
were discovered near the mosaic floor but not directly on it.

17	 Di Segni et al. 2022.
18	 Habas 2023.
19	 Ebeling et al. forthcoming.



4

ID Type Basket Locus Description Location Inclusions

AY-43 Roof B.1061 L. 21 Conflagration Square E11 Northern Annex Room 5, west +
AY-44 Floor (?) possibly mixed with ceiling B.1063 L. 21 Conflagration Square E11 Northern Annex Room 5, west ++
AY-45 PEM B.1075 L. 21 Conflagration Square E11 Northern Annex Room 5, west ++
AY-46 PEM B.1076 L. 21 Conflagration Square E11 Northern Annex Room 5, west ++
AY-47 Roof B.1142 L. 71 Conflagration Square C10 Central Narthex Room 2 +++
AY-48 Roof (?) B.1143 L. 25 Accumulation above 

collapse F11
Northern Annex Room 6, 
northeast

++

AY-49 PEM B.1144 L. 33 Conflagration Square F11 Northern Annex Room 6, 
northeast

++

Fig. 3: Table of macroscopic description and location of the samples from within the Byzantine church at Ashdod-Yam

3

Fig. 4: Byzantine church plan with the location of samples analyzed
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14	 A last sample was collected from the destruc-
tion layer in Room 2, located in the narthex (AY-47 in 
Locus 71). Viewed from above, the destruction pattern in 
this area resembled waves, akin to hardened viscous sub-
stances, similar to cold lava flows. The pottery covered 
by this layer on the mosaic floor appeared melted and 
severely overheated. Clay begins to melt in temperatures 
between 1250–1400° C, depending on the components. 
Such high temperatures can only have been reached 
by the presence of flux. Due to these observations the 
presence of bitumen was suspected, as it melts at about 
200–220° C and burns long and hot once ignited, particu-
larly when combined with wood (Fig. 5).20

Methods
15	 The decision to utilize pXRF was based on its non-destructive nature, em-
phasizing the importance of preserving the limited sample quantity for further micro-
morphological analysis. Elemental analysis was carried out using the Bruker S1 TITAN 
handheld XRF set to mining mode, with the resulting data presented in Fig. 6. The pXRF 
parameters include a 4 W, 50 kV tantalum anode X-Ray tube and a high-performance 
Silicon Drift Detector (SDD) enveloped in graphene. This detector possesses a resolution 
of 145 eV (Mo-Kα), shielded by a 20-mm window. In light of the material constraints, 
each sample underwent three measurements, each lasting 180 seconds. As a result, the 
values documented in Fig. 6 represent the mean outcomes derived from three successive 
runs. The results of these analyses were statistically analyzed through both triangular 
scattergram and principal component analysis (PCA) using R software (version 4.3.1). 
The data were normalized prior to analysis.
16	 A limited number of samples were re-analyzed with a Rigaku NEX-DE VS 
bench-top ED-XRF spectrometer. The analyses were conducted in a helium atmosphere, 
employing tube voltages of 60 kV, 35 kV, and 6.5 kV for high-Z, mid-Z, and low-Z ele-
ments, while the acquisition times were 60, 60, and 100 seconds for high-Z, mid-Z, and 
low-Z elements. We also employed WD-XRF for a better definition of a few light elements 
present, but also to test and evaluate the feasibility of using pXRF for the correct identi-
fication of elemental compounds in diverse building materials.21

17	 The samples also underwent examination using an environmental scanning 
electron microscope (ESEM- FEI Quanta 200FEG) operating in high vacuum mode. The 
instrument, equipped with an Everhart-Thonley Secondary Electron (SE) detector, was 
operated at the Faculty of Engineering at Tel Aviv University and calibrated using stan-
dard samples provided by the manufacturer.22

18	 Petrographic and micromorphological analyses were employed to examine 
the detailed physical and geological characteristics of the samples. For this study, thin 
sections of the seven samples were prepared and investigated using a Leica DM2000 
polarized light microscope fitted with a digital camera, operating within a magnification 
range of × 5 to × 40. The samples were examined and categorized based on the descrip-
tion of soil and pottery thin sections.23

20	 Schwartz – Hollander 2000.
21	 Lorenzon et al. 2024b.
22	 Ashkenazi – Fantalkin 2019.
23	 Bullock et al. 1985; Whitbread 1989; Whitbread 1995; Quinn 2013.

5

Fig. 5: The destruction debris 
during the excavations of the 
nave in Unit 2 from the Byzantine 
church at Ashdod-Yam
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19	 Soil micromorphological samples were oven-dried at 50° C and then impreg-
nated using a 9:1 mixture of polyester resin with acetone and 1 % catalyst. Precut sam-
ple slabs measuring 5 cm × 7 cm were processed to thin sections of 30 μm thickness. 
Flatbed scanning or static high-resolution images of whole thin sections were used to 
observe features at the mesoscale.24 The thin sections were studied using a polarizing 
microscope at various magnifications (× 12.5, 20, 40, 50, 100 and 400). Micromorpho-
logical descriptions follow the terminology of Courty et al.25 and Stoops.26

Results

Chemistry
20	 The data from the pXRF geochemical analysis are presented in Fig. 6 (Appen-
dix A), encompassing values for 27 elements and compounds (MgO, Al₂O₃, SiO₂, P₂O₅, S, 
Cl, K₂O, CaO, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Rb, Sr, Zr, Nb, Mo, Ag, Sn, Ba, and Pb). These 

24	 Carpentier – Vandermeulen 2016.
25	 Courty et al. 1989.
26	 Stoops 2020.

Fig. 6: Table with pXRF results of 
the seven analyzed Ashdod-Yam 
samples

Sample MgO Al₂O₃ SiO₂ P₂O₅ S Cl K₂O CaO Ti

AY-43 2,7451 3,1621 21,4267 0,2815 0,1932 0,0498 0,2472 16,0182 0,2545
AY-44 2,5247 3,8453 25,5573 0,2188 0,1666 0,0523 0,2963 18,6169 0,2668
AY-45 1,9953 3,5605 23,6424 0,2032 0,2921 0,0479 0,3547 14,5354 0,2824
AY-46 2,0591 3,9835 26,3118 0,1375 0,0783 0,0361 0,4202 10,2862 0,3304
AY-47 1,6867 5,4478 35,3647 0,0752 0,0068 0,0137 0,5418 5,1380 0,3361
AY-48 1,9566 9,6129 47,5063 0,2662 0,0472 0,0454 0,8840 16,3610 0,5886
AY-49 2,2056 3,4137 22,4043 0,1152 0,0621 0,0301 0,2694 10,3744 0,2734

Sample V Cr Mn Fe Ni Cu Zn As Rb

AY-43 0,0018 0,0000 0,0220 1,1145 0,0016 0,0035 0,0016 0,0004 0,0017
AY-44 0,0013 0,0007 0,0249 1,4534 0,0011 0,0037 0,0014 0,0005 0,0022
AY-45 0,0015 0,0000 0,0244 2,7184 0,0013 0,0033 0,0015 0,0014 0,0018
AY-46 0,0000 0,0000 0,0294 1,8991 0,0019 0,0033 0,0024 0,0008 0,0025
AY-47 0,0015 0,0000 0,0255 1,4217 0,0020 0,0025 0,0019 0,0003 0,0020
AY-48 0,0009 0,0027 0,0588 3,1006 0,0028 0,0047 0,0028 0,0015 0,0021
AY-49 0,0019 0,0000 0,0235 1,2703 0,0015 0,0033 0,0018 0,0009 0,0016

Sample Sr Y Zr Nb Mo Ag Sn Ba Pb

AY-43 0,0382 0,0007 0,0187 0,0002 0,0000 0,0000 0,0000 0,0080 0,0031
AY-44 0,0191 0,0011 0,0154 0,0004 0,0000 0,0000 0,0000 0,0127 0,0092
AY-45 0,0170 0,0010 0,0146 0,0000 0,0000 0,0000 0,0000 0,0000 0,0105
AY-46 0,0173 0,0014 0,0185 0,0008 0,0004 0,0000 0,0038 0,0080 0,0079
AY-47 0,0106 0,0009 0,0155 0,0005 0,0000 0,0000 0,0036 0,0073 0,0000
AY-48 0,0318 0,0018 0,0294 0,0007 0,0002 0,0011 0,0000 0,0359 0,0091
AY-49 0,0297 0,0008 0,0171 0,0000 0,0000 0,0000 0,0000 0,0000 0,0026

6
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particular elements were chosen due to their reliability in pXRF analysis, demonstrating 
minimal error margins.27

21	 Additionally, it should be noted that some of these elements serve as proxies 
for bitumen (e. g. Ni, S, V, Cr, and Fe).28 The two principal components, PC1 and PC2, col-
lectively account for 80.8 % of the overall variability (respectively 51.2 % and 29.6 %).
22	 The PCA, conducted with elements associated with crude oil, reveals no clear 
groupings, suggesting significant variability among the samples (Fig. 7); however, the 
point distribution provides us with additional information to help characterize the 
samples. Sample AY-48 stands out as a clear outlier, indicating a significantly different 
geochemical fingerprint when compared to the other samples. AY-48 is characterized by 
a high percentage of Mn and Fe, which corresponds in its high clay content, as seen in 
petrographic analyses. Samples AY-44 and AY-45 deviate slightly from the main cluster 
due to the presence of S in their chemical fingerprint. Samples AY-43, AY-44, AY-47, and 
AY-49 are marked by a higher value of V.
23	 To complement and verify the findings from the PCA, we created two trian-
gular scattergrams to analyze the composition of our samples further, selecting two 
sets of elements relevant to bitumen detection. We selected the elements Vanadium 
(V), Nickel (Ni), and Manganese (Mn) due to their relevance in analyzing bitumen and 
clay materials. Bitumen often contains elevated concentrations of V and Ni, while Mn 
serves as a comparative baseline for clay materials. This first scattergram (Fig. 8) reveals 
that samples AY-44, AY-45, AY-49, and AY-43 are clustered near the vertex representing 
Vanadium, suggesting elevated V levels in these samples. This finding aligns with the 
PCA results, where these samples also showed higher V concentrations, potentially in-
dicating the presence of bitumen or related organic traces. Sample AY-47 is positioned 
along the line between V and Ni, which suggests a more moderate presence of V in this 

27	 Goodale et al. 2012; Hunt – Speakman 2015.
28	 Lu et al. 2018; Ni et al. 2020.

7

Fig. 7: Principal component 
analysis (PCA) created using S, 
CaO, Cr, Mn, Fe, Ni, Zn, Pb as 
variables. R software (version 
4.3.1)



Fig. 8: Triangular scattergrams 
clustering a: V, Ni and Mn, b: Sr, S 
and K₂O. R software (version 4.3.1)

Fig. 9: Table with the EDXRF results 
from Ashdod-Yam samples AY 44 
and AY 47

Na₂O MgO Al₂O₃ SiO₂ P₂O₅ SO₃ Cl K₂O CaO TiO₂ V₂O₅ Cr₂O₃ MnO Fe₂O₃

mass% mass% mass% mass% mass% mass% mass% mass% mass% mass% mass% mass% mass% mass%
AY 44 0 12,510 107,482 575,390 0,5324 0,4228 0,0504 16,098 188,047 18,895 0,0537 0,0244 0,1193 67,670
Std dev. 0 0,0133 0,1024 0,3661 0,0011 0,0150 0,0006 0,1516 0,3637 0,0168 0,0344 0,0136 0,0068 0,0142
AY 47 21,460 12,497 103,253 609,539 0,5862 0,4062 0,0486 15,187 172,808 12,235 0,0364 0,0160 0,1134 53,919
Std dev 0,0000 0,0435 0,0907 0,5172 0,0176 0,0191 0,0010 0,1325 0,5214 0,0200 0,0328 0,0000 0,0065 0,1551

NiO CuO ZnO As₂O₃ Br Rb₂O SrO Y₂O₃ ZrO₂ BaO Ga Co₂O₃ Nb Pb

mass% mass% mass% mass% mass% mass% mass% mass% mass% mass% mass% mass% mass% mass%
AY 44 0,0028 0,0044 0,0080 0,0024 0,0022 0,0062 0,0393 0,0048 0,0766 0,0350 0,0009 0,0045 0,0039 0,0094
Std dev. 0,0020 0,0020 0,0015 0,0006 0,0005 0,0008 0,0013 0,0006 0,0004 0,0022 0,0006 0,0049 0,0000 0,0005
AY 47 0,0049 0,0059 0,0056 0,0013 0,0009 0,0048 0,0334 0,0044 0,0574 0,0252 0,0010 0,0055 0,0021 0,0021
Std dev 0,0000 0,0000 0,0015 0,0018 0,0003 0,0004 0,0012 0,0012 0,0047 0,0020 0,0001 0,0049 0,0000 0,0003

9
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sample compared to the others. Conversely, sample AY-48 is separated from this cluster, 
confirming its status as outlier and suggesting a distinct geochemical profile.
24	 The second scattergram focuses on the elements Strontium (Sr), Sulfur (S), 
and Potassium Oxide (K₂O), each of which provides critical insights into the material 
compositions (Fig. 8). Sulfur is a strong indicator of bitumen, given its common presence 
in its composition, while Sr and K₂O reflect the characteristics of the clay matrix. Sr also 
serves as a proxy for carbonate content. Elevated S levels relative to Sr and K₂O suggest 
the presence of bitumen in a sample.
25	 In this diagram, sample AY-49 is positioned closer to the Sr vertex along the 
S-Sr axis, indicating relatively low sulfur content. AY-43 occupies a more central position 
along this axis, reflecting a balance between S and Sr. Samples AY-44 and AY-45 are 
slightly closer to the S vertex, suggesting minor sulfur enrichment that could indicate 
traces of bitumen. Sample AY-46 is located near the center of the triangle, suggesting 
balanced levels of Sr, S, and K₂O.
26	 In contrast, samples AY-48 and AY-47 are positioned near the K₂O vertex, 
highlighting a composition distinct from the other samples. This distribution reveals a 
preliminary grouping: AY-43, AY-44, and AY-45 cluster toward the S vertex, indicating 
significant mixing with bitumen. Meanwhile, AY-49 and AY-46, with lower levels of clay 
minerals, K₂O, and Sr, stand apart from this group.29

27	 Samples AY-44 and AY-47 were then selected to be re-analyzed through WD-
XRF (Appendix B); then with ESEM (Appendix C); and analyzed to ascertain the levels 
of Vanadium (V) and any eventual variability with pXRF. V is often used as an indicator 
element for bitumen or heavy crude oil, but its analysis through pXRF may be unreli-

29	 Morgenstein – Redmount 2005; IARC 2013.

10
Fig. 10: SEM images from samples 
a and b: AY-47; c and d: AY-44
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able. Both samples, however, did indicate 
the presence of V in combination with 
Ni and Cr; elements also often associated 
with crude oils, and thus supporting the 
pXRF results (Fig. 9).
28	 We further investigated Samples 
AY-44 and AY-47 through ESEM (Fig. 10). 
The results highlight the consistent pres-
ence of bitumen, as indicated by the worm 
structure identified in both samples (Lu 
et al. 2018). Alongside bitumen, Sample 
AY-44 has visible quartz contents, while 
Sample AY-47 presents evidence of calcite 
crystals.

Thin-Section 
Petrographic Analyses
29	 The TSPA of the samples allows 
us to identify different fabrics, depending 
on the characteristics of the groundmass 
and the type, size, and distribution of the 
inclusions.30

30	 Fabric 1 (n = 6) is composed 
by a reddish-brown active matrix and a 
heterogeneous distribution of inclusions 
(c.f.v. 30:60:10 – 45:50:5) (Fig. 11 a–f). It 
displays a bimodal distribution pattern, 
characterized by a densely-packed fine 
fraction (c. 0.001 mm, very fine silt), with 
close-spaced and moderately-sorted inclu-
sions. The coarse fraction (c. 0.1–0.5 mm, 
very fine sand to coarse sand) presents 
a single- to open-spaced distribution of 
poorly-sorted sub-rounded and sub-angu-
lar grains. The more common inclusions 
are monocrystalline quartz, while less 

common ones consist of clay pellets, mudstone, feldspars, microcline, pumice, and iron 
oxides. Rare limestone, clinopyroxene and biotite grains are also visible. Bitumen is 
observed in several samples (see AY-43, AY-44, AY-45, AY-46, and AY-47; Fig. 11 a. c. d. e).
31	 Voids are present in all the samples, generally shaped as vughs and chan-
nels; possibly related to stress cracking and to shrinking (Fig. 11 c. e). They appear to be 
randomly distributed. Embedded into the matrix, we recognized fragments of bivalve 
shells (some of large size, >1 mm); and, to a lesser extent, different types of microfossils, 
such as echinoids (AY-44; Fig. 11 e); and planktonic and benthic foraminifera, such as 
globigerinoides (AY-47). Most samples from this fabric also attested charcoal, some of 
which retained their microstructure (see AY-43, AY-44, or AY-45; Fig. 11 a. f), providing 
further evidence of the conflagration event that destroyed the building.
32	 The quantity and distribution of inclusions, as well as the presence of various 
intercalations in the samples, enable us to distinguish between two different sub-fab-

30	 See Quinn 2013 for the methodology.

Fig. 11: Photomicrographs of 
petro-groups identified in Ashdod-
Yam samples, plane polarized light 
(PPL). Fabric 1, a: AY-43, b: AY-48, 
c: AY-46, d: AY-47, and e–f: AY-44; 
Fabric 2, g–h: AY-49
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rics. Sub-fabric 1.1 (n = 1) includes Sample AY-48, which exhibits the aforementioned 
features but showcases a prevalent homogeneous fine fraction and a low percentage of 
inclusion (Fig. 11 b). Bitumen has not been detected in this sample. Sub-fabric 1.2 (n = 5) 
exhibits similar qualitative features, but also a high percentage of inclusions, specifically 
monocrystalline quartz (AY-43, AY-44, AY-45, AY-46, and AY-4). In addition, bitumen is 
clearly noticeable in all the samples belonging to this fabric (Fig. 11 a. c. d. e). Sample 
AY-47 also features a lime plaster fragment embedded in the matrix.
33	 Fabric 2 (n = 1) was only identified for Sample AY-49 (Fig. 11 g. h), which ex-
hibits a calcitic matrix with abundant poorly distributed inclusions (c.f.v. 40:40:20). These 
show a bimodal pattern between fine silt and medium sand (0.01–0.4 mm), mainly com-
posed of quartz and calcite grains. To a lesser extent, grains of clinopyroxenes, schists, 
microcline, mudstone, and clay pellets were identified. Voids are quite common, typical-
ly taking the form of macro- and meso-vughs and channels, with a random orientation.

Soil Micromorphology
34	 Soil micromorphological analysis was carried out on samples large enough 
for the study, including Samples AY-43, AY-44, AY-45, AY-46, and AY-47.

Sample ΑΥ-43
35	 The sediments include loamy sands with sand-sized rounded to sub-rounded 
quartz (0.5 mm size) and dispersed calcareous nodules incorporating quartz sand grains 
(Fig. 12 a. b. d), plagioclase feldspar and calcite. The matrix exhibits a reddish-brown color 
and contains 10 % elongated shell fragments, each up to 0.5 cm in size, altered by diage-
netic processes31 (Fig. 12 a. c). They are characterized by crude laminated distribution.
36	 Abundant angular, elongated charcoal fragments (10 %) less than 1 cm size 
were identified, along with organic remains of sub-angular shape (Fig. 12 a), which 
preserve fiber needles.
37	 SEM analysis reveals a cellular microstructure, but it does not allow for the 
identification of the specific type or part of the plant from which these structures orig-
inate. The b/f fabric is crystallitic, which 
along with the presence of charcoal re-
mains, indicates the addition of ashes in 
the matrix.
38	 The deformation features are 
limited and ill-developed with abundant 
poly-concave vughs. The microstructure 
is massive, with a few elongated channels 
occasionally curvilinear, which indicate 
mild compaction processes.32

Sample AY-44
39	 Poorly-sorted sandy-silt loams, 
with predominantly sand-sized quartz 
and shells, as well as abundant charcoal 
fragments of less than 1 cm size are re-
corded. The sample’s lower half shows 
sub-angular aggregates of reddish-brown 
silty clay loams (Fig. 13). Rounded organic 

31	 Karkanas – Goldberg 2019, 85.
32	 Rentzel et al. 2017.

12

Fig. 12: a: Flat-scanned thin 
sections of sample AY-43 
in XPL, showing curvilinear 
fracture (arrow) and randomly 
distributed shells (circles); 
b: photomicrograph of sub-
rounded organic features in PPL; 
c: photomicrograph of altered 
part of shells (in circle) due to 
diagenetic processes (PPL)
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nodules are also preserved, as described above. Vughs 
and voids are very limited and randomly distributed, in-
dicating mild compression and a limited amount of water 
applied in the sediments.33 Planar shear zones are des-
ignated by shells with a »tiled« arrangement transverse 
to the shear surface (Fig. 13). They appear to represent 
the direction of compression and deceleration as the 
pressure subsided and slid to a halt.34 The reddish-brown 
sediments may represent a lower shear surface. Overall, 
the construction appears to have been executed in three 
distinct phases, as shown in Fig. 13.

Sample AY-45
40	 The sediments include loamy sands with sand-sized quartz, rounded to 
sub-rounded – 0.5 mm – and dispersed calcareous nodules incorporating quartz sand 
grains (Fig. 14 a. b. d), plagioclase feldspar, and calcite. They are poorly sorted, with a 
few but sizeable elongated shell fragments randomly distributed along with charcoal 
fragments. Vughs are few and rounded, randomly distributed, and oriented in an oth-
erwise massive microstructure indicating mild compaction.35 Many rounded organic 
inclusions and fiber needles are confirmed through SEM. Queras, noted as evidence of 
sediment exposure, are pedofeatures created by the impregnation of root tissues close 
to the surface, commonly seen in semi-arid soils.36 In this instance, they manifest as 
channel fillings composed of coarse cytomorphic calcite.

Sample AY-46
41	 The sample is divided in two sedimentary units: upper (1) composed of moder-
ately-sorted reddish-brown silty clay loams and lower (2) composed of dark-gray sandy 
loams (Fig. 15 a. b). Unit 1 is massive in microstructure with few planar voids indicating 
repeated compaction,37 forming fissility due to the plastering process of a watery slurry. 
Rounded organic inclusions and infillings of phytomorphic calcite (Fig. 15 d) are also re-
corded (queras); which, as already noted, indicate exposure of the sediments. The lower 
part (2) has vertical small channels, due to more intensive compaction; it is coarser in 
composition and more calcareous; b/f fabric is crystallitic including many aggregates of 
recrystallized ashes (10 %) and abundant (30–40 %) charcoal fragments of c. 1 cm size. 
The undulating boundary between the units along with the vertical intrusions of Unit 
1 in Unit 2 (Fig. 15 a) indicate the watery composition of the sediments.

Sample AY-47
42	 The sample includes light grayish-white sandy loams with a reddish-brown 
silty clay loam intercalation of 1 cm thickness (Fig. 16). Charred remains and pelloids 
from calcareous rock fragment dissolution are included. Crystallitic fillings from ash 
recrystallization are also present. Fine vertical channels due to compaction, and nu-
merous parallel linear and wavy fine voids are abundant, as well as arrays of vesicles, 
produced by repeated application of mud slurries.38 Separations have been formed 
along microlayers. Fine laminations of bitumen form surfaces applied in several layers. 
The undulating deformation indicates the watery composition of the sediments.

33	 Karkanas 2019.
34	 Karkanas 2019.
35	 Rentzel et al. 2017.
36	 Yousefifard et al. 2015.
37	 Karkanas 2019.
38	 Karkanas 2019.
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Fig. 13: Polished resin-
impregnated slab of sample 
AY-44, showing bands of shells 
with ›tiled‹ arrangement (arrows) 
oriented transverse to the shear 
zone indicated in yellow dotted 
lines
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15

14

Fig. 14: a: Photomicrograph 
of sample AY-45 with coarse-
grained sand-sized quartz 
and shell fragments (XPL); b: 
photomicrograph of reddish-
brown loams with organic 
features in a circle; c: flat-scanned 
thin section with ill-developed 
deformation features in the form 
of small and randomly distributed 
vughs (circles)

Fig. 15: a: Polished resin-
impregnated slab of sample 
AY-46, where the wavy boundary 
separating the two sedimentary 
layers is marked by a dotted line. 
Vertical intrusions (indicated 
by arrows) from the upper 
sedimentary unit into the lower 
indicate the presence of a 
watery slurry; b: flat-scanned 
thin section in XPL. Note upper 
part characterized by massive 
microstructure with fine planar 
channels forming fissility due to 
the plastering process of a watery 
slurry. Fissility may be caused by 
water that develops pathways 
through the sediment, leading 
to interconnected shear planes 
accommodating both deformation 
of the sediment and evacuation 
of water. This interpretation is 
probably valid for some linear 
arrangements of fine planar 
voids observed in resurfaced 
occupational debris and during 
wet brooming (Karkanas 2019). 
The lower unit is characterized by 
vertical channels due to moderate 
compaction; c: photomicrograph 
of sample AY-46 (b), where fine 
planar channels are indicated 
with an arrow and infillings with 
coarse phytomorphic calcite 
(queras) shown in circle (PPL); d: 
bitumen (arrow) and fillings of 
phytomorphic calcite (circle) (PPL)

Fig. 16: a: Flat-scanned thin 
section of sample AY-47 in XPL, 
displaying vertically-oriented 
planar voids (crudely curvilinear) 
linked to fine planar channels, 
demonstrating fissility. These 
features are marked with 
arrows. Undulating laminations 
of organic charred remains are 
shown in yellow dotted lines; 
b: photomicrograph of fine 
planar channels (arrows) (PPL); 
c: bitumen indicated in yellow 
irregular shape (XPL). Shown in 
the circle are pelloids originating 
from the calcareous sandstone 
nodules
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Discussion

43	 Our analyses highlight the composite nature of the roof, in which multiple 
building materials were present. As suspected while excavating, the results of this study 
confirmed the presence of bitumen within the roof debris in Samples AY-43, AY-44, 
AY-45, AY-47, and AY-49, while it is notably absent in Samples AY-46 and AY-48. The 
samples containing bitumen originate with certainty from the collapsed roof structure, 
showcasing a mixture of bitumen and clay, likely resulted in the degradation of PEM 
used in the roofing structure. The mixture may indicate a post-depositional process or 
pre-depositional process.
44	 Bitumen’s absence in Samples AY-46 and AY-48 suggests several possibilities: 
the analyzed substances may not have originated from the roof, parts of the roof could 
have been constructed without bitumen, or the samples could have come from areas 
of the roof not in direct contact with bitumen. However, the presence of charcoal in 
Sample AY-46 indicates it was contemporaneous with the destruction, and not deposited 
long afterward.
45	 Architecturally, the use of bituminous material in the roof structure was 
appropriate given its properties. It was likely applied as a mastic, its most common 
application,39 as suggested by evidence from the church itself. This mastic was intended 
to serve as a water sealant to prevent leaks, rather than as an adhesive. The mastic 
mixture included alongside bitumen also PEM, made of loamy clay – materials readily 
available near Ashdod, and used for pottery and sun-dried brick production since the 
Iron Age.40 Additionally, vegetal temper was identified in Sample AY-43’s composition. 
Both PEM and vegetal matter are components in similar bituminous mastics detected 
in Bronze and Iron Age period structures (both private and monumental) found in 
Mesopotamia and further eastwards. These examples often include additional ingre-
dients like sand and gravel, which were likely also used in Ashdod-Yam. Thus, we can 
infer that the mastic recipe used in Ashdod-Yam was not significantly different from 
those used centuries earlier in Mesopotamia. The nearest bitumen source is in Dead Sea 
deposits, which have been harvested, utilized, and exported since prehistoric times.41 
This proximate source might have been utilized for Ashdod-Yam, and further analyses 
will confirm this hypothesis.
46	 The presence of different components in construction recipes with bitumen 
can provide us with relevant information about early operational technical chains. 
Thus, the different ways of working with this raw material not only speak to us about 
its different origins and formats but also about how each human group may have had its 
own way of dealing with bitumen, depending on their knowledge, other available mate-
rials, and perhaps also its intended specific use. The methodology of analysis presented 
here, grounded in comprehensive chemical, petrological, and micromorphological ex-
aminations, holds significant potential not only for identifying the bitumen’s presence 
in construction samples but also for providing insights into the various ways it was 
employed. While the limited number of samples in this case study constrains our ability 
to propose diverse construction recipes, they do underscore the substantial potential 
this integrated approach holds for enhancing our understanding of construction in the 
Byzantine world, and offers a potentially efficient and financially feasible application 
for other periods and regions as well.
47	 In conclusion, the use of analytical methods such as pXRF, ESEM, and mi-
cromorphology has confirmed the presence of bitumen in various samples from the 

39	 Forbes 1936; Connan 1999.
40	 Lorenzon et al. 2024a.
41	 Oron et al. 2015; Fulcher et al. 2020.
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collapsed church roof. The correlation observed between the presence of bitumen and 
concentrations of chemical elements such as vanadium, sulfur and manganese show 
the potential for using field techniques such as pXRF to conduct elemental analysis as a 
tool for bitumen characterization. An initial characterization can then be confirmed by 
more comprehensive laboratory analysis.
48	 Moreover, the utilization of diverse methodologies, such as the combined 
approach of pXRF, ESEM, and micromorphology, proves to be efficient in the character-
ization of bitumen in archaeological contexts. This study thus highlights the efficiency 
of employing more affordable techniques, including portable ones in the field, now 
proven capable of detecting the presence of bitumen. This may lead to a more refined 
sampling strategy and then to further inquiries into issues related to its production and 
application processes.
49	 Furthermore, this application of bitumen represents a previously undoc-
umented technique for the Byzantine period in the wider region. The bitumen was 
probably used for waterproofing the roof, together with other more common and more 
readily available materials. The absence of bitumen in other samples could hint at a 
varied use across the structure, perhaps not directly involving the sealant. The asso-
ciation of bitumen with these architectural remains and its apparent key role in the 
construction recipe offers new insights on ancient construction techniques.

Availability of Measurement Data
50	 The Measurement Data of the analyzed Ashdod-Yam samples is available in 
the data repository iDAI.repo (https://doi.org/10.34780/dy7eff02):

•	 Appendix A: data from the pXRF geochemical analysis (cf. Fig. 6)
•	 Appendix B: Samples AY-44 and AY-47 re-analyzed through WD-XRF
•	 Appendix C: Samples AY-44 and AY-47 re-analyzed with ESEM
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