
RESEARCH

20 | ERETZ Magazine

RESEARCH

ERETZ Magazine | 21 

The world of archaeology is changing and Prof. 
Aren Maeir, of the Martin (Szusz) Department of 

Land of Israel Studies and Archaeology at Bar-Ilan 
University, is embracing it.

“As collaborative and interdisciplinary as archaeolo-
gy already was, now it is even 
more so – I rely on a whole group 
of experts. It is like the change in 
medicine between the nineteenth 
and twenty-first centuries, in that 
there now is a broad range of tools 
that enable us to discover types of 
finds that we did not even know 
existed beforehand,” Maeir says. 
“This requires us to change how 
we are working, slowing down the 
speed of the work, and the tools.”

Maeir’s colleagues on the other 
side of the humanities-exact sci-
ences divide, Dr. Ruth Shahack-
Gross and Dr. Elisabetta Boaretto, 
both of the Kimmel Center for Archaeological Science 
at the Weizmann Institute of Science in Rehovot, share 
his enthusiasm about these developments, though their 
perspective differs.

“It began with archaeometry,” Shahack-Gross says. 
“Once the archaeologist would give something he 
found at the excavation site to the scientist and the sci-

entist would give him back very technical results that 
the archaeologist did not always understand. They 
basically did not fully understand each other or what 
the other did. In the 1990s, this began to change.” 

This can be seen in the labs that Shahack-Gross and 
Boaretto operate today.

“We send our students to study 
both disciplines so that they can 
apply the methodology of both of 
the disciplines in their work,” 
Boaretto says. 

“Having a broader background 
and hands-on experience in the 
field represents a huge advantage. 
Our students collect the material 
and they do the measurements. 
There is no technician or expert 
doing the work for them. They 
therefore can integrate the archae-
ology and science world.”

Maeir, who is directing the exca-
vation of Tell es-Safi (Gath), the site in the Shephelah 
that is best known as one of the five major Philistine 
cities and that the Bible identifies as Goliath’s home-
town, says, “What we found at Gath using new meth-
ods has changed our understanding of the Philistines. I 
was taught that they came from Greece or somewhere, 
destroyed all the Canaanite cities and replaced them, 
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Above: Tell es-Safi (Gath) is best known as the Philistine city that the Bible identifies as Goliath's hometown. (Dr. Avishai Teicher)
Facing page: A Philistine beer strainer that was discovered at Gath. (Yoav Dothan)

Archaeological research has changed dramatically since 
the introduction of carbon dating in the 1940s, yet the 
sophisticated, multidisciplinary work being performed 
today still is based on the painstaking use of the 
scientific method to accumulate knowledge. ERETZ 
Magazine interviews Prof. Aren Maeir, Dr. Elisabetta 
Boaretto, and Dr. Ruth Shahack-Gross. > by Heidi J. Gleit
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and then slowly assimilated into the local culture and 
disappeared. Now we know they were composed of 
various groups who came from abroad and did not 
destroy local culture or assimilate into it, but coexisted 
with it, maintaining their own culture and identity until 
the end of the Iron Age.

“We talk about the Israelites and the Philistines as 
enemies,” Maeir continues, “but now we can see that 
they interacted at various levels. We know this 
because new analytic perspec-
tives have helped us find cultic 
objects and cooking pots that 
combine both Aegean and 
Canaanite aspects.”

He adds that finds such as 
distinctively Philistine hearths 
and dog and pig bones, which 
are evidence of dietary prefer-
ences, show Philistine cultural 
manifestations continued until 
later in the Iron Age.

These discoveries are the 
result of incorporating cutting-
edge techniques and tools from 
a variety of disciplines into 
archaeological research and 
cooperating closely with 
researchers from other disci-
plines to analyze what they 
find, Maeir emphasizes.

In the past, archaeologists 
would spend a few weeks 
excavating a site, bring all the 
finds back to their offices to 
study, and only then perhaps 
send a few items to a lab for 
experts to test.

“Now we have labs in the 
field and that enables us to 
make decisions on how to 
excavate at the time,” he says. 
“A few years ago at Gath, we excavated an area with 
evidence of metallurgical activities. The supervisor 
saw a change in the color of the earth and brought over 
experts from the lab and they began to check it. If we 
had not done that, 15 minutes of work with a hoe 
would have destroyed the earliest evidence of metal-
lurgical activity discovered thus far in Philistia.”

Microarchaeology techniques made it possible to 
analyze the colored patch of earth, which covered only 
20 square centimeters, date it to the ninth or tenth cen-

tury BCE, and identify it as the first physical evidence 
of iron production in the area.

“Archaeology is like a puzzle, but without the cover 
of the box with a picture of the puzzle on it – and the 
majority of the pieces missing – so we are constantly 
pushing the envelope to try to utilize any type of 
research to bring these pieces together, because of the 
limited evidence we have of the past,” Maeir says.

Shahack-Gross explains that microarchaeology sim-
ply is using instruments to 
understand what cannot be 
seen by the eye. This can 
involve DNA, micromorpholo-
gy, and carbon dating, among 
other options.

New technology has opened 
all sorts of new avenues of 
research, Maeir notes, such as 
DNA studies of ancient ani-
mals, humans, and plants that 
can reveal their place of origin, 
diseases, and how long they 
lived, among other details. 
DNA studies revealed that the 
Dead Sea Scrolls mainly were 
written on parchment that was 
made from the skins of local 
goats that came from the same 
herd, reinforcing theories that 
the scrolls were written near 
where they were discovered. 
More recently, studying DNA 
of boars from different periods 
and locations revealed that the 
Philistines brought boars from 
Europe to Israel and that the 
boars became wild in this area 
over the ages.

“Israel is the only place in 
the entire region that European 
boars can be found and we can 

see when that DNA appeared in Israel and we found 
that it coincides with the arrival of the Philistines,” 
Maeir explains.

Conclusions about why pigs are not kosher and 
when Judaism prohibited their consumption cannot be 
drawn from this, he says. The research simply shows 
that Philistines introduced a new type of pig to the area 
that was different from the indigenous pig that already 
was here. Biblical archaeology does not strive to prove 
or disprove the Bible, he explains, but to enhance 

understanding of it.
Another exciting new technology is phytolith analy-

sis, he says, explaining that plant cells contain a micro-
scopic silica skeleton. While plants usually decom-
pose, this survives and so even if the organic material 
decomposes, this can be used to identify the class of 
the plant, among other details.

Shahack-Gross explains that studying the absolute 
concentrations of phytoliths, their state of preserva-
tion, and their anatomical properties can help answer 
“questions about the origin of plant material in archae-
ological sites, its fate in the environment [where it 
decomposed], and the implications from its composi-
tion on the site’s past economy and the inhabitants’ use 
of space.”

Organic residue analysis also is a significant addi-

tion to the archaeological research toolbox, Maeir says, 
explaining, “olive oil and incense were liquids that 
would evaporate and decompose, but the lipids get 
stuck in the matrix of the pottery and so you can tell 
what was in the vessel.” An analysis of pottery found 
at Gath revealed that it once contained incense with 
cinnamon. Since cinnamon originates only in Sri 
Lanka, this means there was interaction of some sort 
between Gath and Sri Lanka in ancient times.

Petrographic analysis can identify the source of the 
clay used to create pottery. This can indicate if it was 
made locally with a cheap material, which could be an 
indication that an item was widely used in daily life.

“We also can use a laser to get a very accurate scan 
of the site and remote sensing, which has some ability 
to look under the ground, so you get an idea of where 

Above: A wild boar depicted in a Byzantine-Period mosaic in Caesarea. (Carole Raddato)
Facing page: A wild boar at the zoological gardens of Tel Aviv University. (ladypine)

“Archaeology is like a puzzle, 
but without the cover of the 
box with a picture of the 
puzzle on it – and the majority 
of the pieces missing – so we 
are constantly pushing the 
envelope to try to utilize any 
type of research to bring these 
pieces together, because of 
the limited evidence we have 
of the past,” Maeir says.
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there are cavities in the ground. It is a very exciting set 
of tools,” he says.

More than Machines
At the Kimmel Center for Archaeological Science at 
the Weizmann Institute of Science, Boaretto and 
Shahack-Gross place less emphasis on innovative tech-
nology and more on knowledge and field experience.

“You need to know a great deal and perform a huge 
amount of work researching the finds in order to learn 
that this boar originally came from Greece,” says 
Boaretto, who has a background in physics as well as 

in archaeology. “It is not simply making one single 
measurement and the science is not because an instru-
ment is used.”

Shahack-Gross, who studied geology in addition to 
archaeology, emphasizes, “People do not appreciate 
how much knowledge this entails. We both also stud-
ied archaeology and we work in the field with the 
archaeologists. It is not simply about using sophisti-
cated tools and methods. You have to understand 
which methods and tools can be informative and help 
answer relevant questions. ‘Why questions,’ for exam-
ple, are hard to answer.

“We are not providing services to archaeologists, but 
doing our own research in collaboration with archaeol-
ogists,” Shahack-Gross adds.

While it is possible to obtain some test results quick-
ly, one needs knowledge to understand their signifi-
cance, Boaretto says. That is why, she explains, “We 
cannot respond to all the requests for cooperation we 
receive because we need to learn about the question 
asked and how, starting from the field, it is possible to 
answer it. We develop scientific methodology for each 
question. That is because we work at the archaeologi-
cal excavation. Our research may take a different 
direction once we are in the midst of the excavation 
because of unexpected finds and new archaeological 
question that are asked.” 

While all of Shahack-Gross’s research questions are 
archaeological, Boaretto says, “Archaeology is the 
starting point of my research, but I also try to under-
stand what happens to material over time and develop 
new methodology and basic science.”

About a dozen graduate students and post-doctoral 
researchers from their labs are working at excavation 
sites throughout Israel and abroad. 

“Our students learn how to ask the question, how to 
build the sampling strategy, and how to answer the 
question. This is what students learn in our interna-

tional field school in archaeological science – not only 
how to use instrumentation,” Boaretto says. 

Much of the work is done at a lab set up in the field.
“The field lab usually has a microscope and some 

instruments and we also have instrumentation at the 
kibbutz that is used as a base during an excavation,” 
Shahack-Gross says.

“It is completely different than bringing everything 
back after the dig and studying it and then seeing the 
results only a year later in relation to the excavation.” 
Boaretto says.

Her recent research focuses more on “when than 
what,” she says, explaining that the dating of the 
Bronze Age, as well as that of Iron I and Iron II, is the 
subject of extensive debate which raises questions 
about the interpretation of the Bible. Boaretto also 
looked at when the city-states that prevailed during the 
Early Bronze Age were abandoned, collecting samples 
from 30 different archaeological sites around Israel. 
The results, which Johanna Regev’s PhD dissertation 
covers, indicate that the process of the abandonment of 
the cities occurred 200 years earlier than previously 
thought, calling into question the generally accepted 
dating for the Early Bronze Age and the theories link-
ing the city-state’s decline to climate change. Now a 
different explanation is needed for this event. This may 
perhaps result in a different understanding of the soci-
eties in this transition. 

“It is not simply about using sophisticated 
tools and methods. You have to 
understand which methods and tools can 
be informative and help answer relevant 
questions. ‘Why questions,’ for example, 
are hard to answer,” Shahack-Gross says. 
“People do not appreciate how much 
knowledge this entails.”

Above: Mud bricks at the top part of the wall in Gvulot with remains of straw still within them. On the bottom right are broken 
and degraded bricks. (Courtesy of Dr. David Friesem and Dr. Ruth Shahack-Gross)
Facing page: A wall left from a structure in Kranionas that Dr. David Friesem and Dr. Ruth Shahack-Gross and their colleagues 
excavated close to. The blue tags indicate places they collected samples for laboratory analysis. (Courtesy of Dr. David Friesem and 
Dr. Ruth Shahack-Gross)
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Several of the research projects that Shahack-Gross 
has been working on lately have wide-ranging impli-
cations for the excavation of tells. One looks at mud 
bricks, which were a very common construction mate-
rial in the past. 

“People wanted to know how to tell the difference 
between mud bricks and earth, including mud bricks 
that had decayed and melted over the ages,” Shahack-
Gross  explains.

There is a village in northern Greece named 
Kranionas that was abandoned 
50 or 60 years ago, so Shahack-
Gross and one of her students, 
as well as Greek colleagues, 
excavated there as a model, 
studying the micromorphology 
of samples from the site in 
order to define how to distin-
guish between soil from mud 
brick that has melted, regular 
soil, and soil that has been 
washed away. Micromorphology 
is the study of intact sediments 
in thin sections in order to iden-
tify materials that comprise an 
archaeological sediment, the spatial relationships 
between different sediment layers, and the post-depo-
sitional changes to the sediments under study, 
Shahack-Gross explains.

“We found that the micromorphology of the soil is 
open, while the brick is compact and has long voids in 
it from the straw, which was used to make the bricks 
but has decayed. The brick retained the structure and 
has a void where the straw once was. We also see an 
indication when the soil was worked so even though 
much time has passed and a brick changes as it decays 
and melts, some microscopic relics still can be identi-
fied that indicate they once were part of a mud brick,” 
Shahack-Gross says.

Her findings about mud bricks from the Greek vil-
lage can be applied at archaeological excavations in 
Israel and elsewhere.

“This, in turn, may help identify the location of long 
degraded mud brick walls (in the absence of stone 
foundations) and identify the relationship between 
house floors and degraded infill that accumulated on 
floors following wall degradation,” she explains.

Shahack-Gross also has been trying to understand 
signs of destruction found at a tell, such as how the 
remains of a building that was destroyed by fire look. 

“We studied a burnt wall in a farm in the Greek vil-

lage,” she says. “It allowed us to see where to look for 
a roof and then we could apply what we learned there 
at Megiddo.”

Shahack-Gross and her colleagues found that the 
black layers present in building remains that previous-
ly were believed to be a floor actually are a roof. 
Micromorphology allows distinguishing compact floor 
materials from porous, phytolith-rich roof material 
showing that roofs in Iron Age Megiddo were made of 
wattle-and-daub covered by thatch.

“At a tell, the roof remains 
might be only one centimeter 
thick and tightly associated with 
a floor that is a few millimeters 
thick, so this micromorphologi-
cal distinction is something 
important to be able to deter-
mine,” she explains. “We also 
can reconstruct the process of 
collapse of the destroyed struc-
ture at Megiddo, using micro-
morphology and other tech-
niques. We know that the roof 
still was burning when it fell 
and scorched the floor on which 

it landed. We also determined the temperature that the 
material experienced. This in turn enabled us to see 
where the fire was the hottest, which is usually the 
spot where the fire began.” 

Updating Archaeology
“Archaeology is not a field with only a hat and shovel 
– those days are past,” Maeir says. “That is not to say 
that pottery and typology are not important, but now 
there are 15 or 20 other things to add on to it. We’re 
not saying, ‘Let’s replace the stratigraphy and the old 
methods.’ We still use the old methods. A modern doc-
tor still needs to know anatomy and physiology even 
though he uses an MRI. 

“If you think of the GP you went to as a kid, he 
probably had solid correct medicine, but lots of things 
we do now, he couldn’t do.”

The addition of so many new methods makes inter-
disciplinary collaboration vital.

“You have to realize that you can’t know everything 
and you have to utilize a broad group of collaborating 
scientists, he says, comparing the role of an excavation 
director to that of a conductor trying to get everybody 
to work together. “You have to really utilize all the 
resources at your disposal. I may not understand the 
science behind the biochemistry analysis, but I know 

“Going the extra mile is 
vital, especially now that 
the extra mile is known, 
since you are missing so 
much about the past 
without it. When excavating, 
you are destroying the past, 
so there is a responsibility 
to use all the tools we have 
so as not to destroy it,” 
Maeir explains.

this is interesting and the importance of combining the 
knowledge of archaeological experts from different 
fields. You need really broad work to do archaeology 
today. If you don’t move ahead and follow what sci-
ence has to offer, you are falling behind.”

Maeir also emphasizes that whether “you want to 
incorporate biochemistry or Bible studies in your field, 
you have to work with the people who are at the cut-
ting edge. You need to be standing on the front line 
with the people doing the research. You can’t use out-
dated research.” 

Modern technology makes that easier to do than 
ever, he notes, adding that he collaborates with people 
from many universities both in Israel and abroad.

He acknowledges that not everyone is doing this and 
having a field lab still is not that common, but feels 

that “going the extra mile is vital, especially now that 
the extra mile is known, since you are missing so much 
about the past without it. When excavating, you are 
destroying the past, so there is a responsibility to use 
all the tools we have so as not to destroy it.”

He notes that one of the foundations of archaeology 
is to excavate only a small percent of a site so that 
future generations of archaeologists can return to 
check it with new technologies; an entire site is exca-
vated only if it is about to be destroyed. Today Gezer, 
Lachish, Ashkelon, and other sites are being re-exca-
vated using new techniques and new questions. 
Artifacts also are being reanalyzed using modern tech-
niques to find new data.

“So we are going back and rethinking things thanks 
to these new analytic perspectives,” he says. 0

 Above: Dr. Elisabetta Boaretto at Boker Tachtit, near Sede Boker. The excavation is part of the Max Planck-Weizmann Center for 
Integrative Archaeology and Anthropology “Timing of Cultural Changes” research program. (Courtesy of Dr. Elisabetta Boaretto)


