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THE SHELLS FROM A SALVAGE EXCAVATION AT THE NAVON SCHOOL IN REHOVOT, ISRAEL

Henk K. Mienis

National Natural History Collections, Berman Building Room 119, Hebrew University of Jerusalem, Edmond J. Safra
Campus, IL-9190401 Jerusalem, Israel, 

and 

The Steinhardt Museum of Natural History - National Center for Biodiversity Studies, Room 309, Tel Aviv University,
IL-6997801 Tel Aviv, Israel

mienis@netzer.org.il

A salvage excavation in Rehovot  was carried out by  Tal  Rogovski  in  August  2018.  The site situated among the
premises of the Navon School turned out to have been inhabited during a single period in the 6th-8th Century C.E.
i.e. Late Byzantine to Early Islamic Period. Among the recovered items for further study were ten samples of shells.
This archaeomalacological material is here briefly discussed.

Material and Methods

According to the size of the material the shells had been collected at eye-sight during the excavation. 

Most of the shells could be identified on the spot in the laboratory except for a fragment of a freshwater mussel. The
latter was compared with material of more recent origin present in the Mollusc Collection of the Steinhardt Museum
of Natural History at the Tel Aviv University.

Results

The ten samples consisted of 22 shells belonging to four different species.

 

GASTROPODA

Bolinus brandaris (Linnaeus, 1758) – Fig. 1.

Sq-3B, L 002, B 1004: one old shell with a damaged body whorl and a missing large part of the siphonal canal.

Sq-4C, L 013, B 1043: one shell with a broken siphonal canal.

BIVALVIA
Family Glycymerididae

Glycymeris nummaria (Linnaeus, 1758) – Fig.  2.

Sq-3B, L 008, B 1911: one heavily abraded valve which had a hole in the umbo. The valve is filled with a kurkar-like 
substance which is also present on a part of the exterior.

Sq-4D, L 011, B 1090: one valve with a hole in the umbo.

Sq-2D, L 012, B 1027: one valve with a hole in the umbo.

Sq 3A, L 016, B 1089: four partly damaged valves of which two with a hole in the umbo.

Sq ??, L 076, B 1244: one naturally abraded valve.
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Sq ??, L 999, B 1040: eight partly damaged valves of which three with a natural hole in the umbo, and one fragment
of the ventral margin.

Family Unionidae

Unio terminalis delicatus Lea, 1863 – Fig. 3. 

Sq-??, L 010, B 1110: one part of the ventral margin.

Family Cardiidae

Acanthocardia tuberculata (Linnaeus, 1758) – Fig. 4.

Sq-3C, L 001, B 1091: one damaged valve with a small hole in the umbo.

Sq-??. L 999, B 1040: one valve.

Figures  1-4:  Some  shells  recovered  during  the  salvage  excavation  at  the  Navon  School  in  Rehovot.  1.  Bolinus
brandaris, 2. Glycymeris nummaria, 3. Unio terminalis delicatus, 4. Acanthocardia tuberculata. 

Origin of the shells

The recovered shells were brought to the site from two different areas:

 A local river (1) Unio terminalis delicatus (1)
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Mediterranean Sea (21) Bolinus brandaris (2)

Glycymeris nummaria (17)

Acanthocardia tuberculata (2)

The single fragment of Unio terminalis delicatus arrived at the site most probably from either the Soreq River (=Wadi
Rubin) or the Yarqon River, this in spite of the fact that so far it has never been recorded from those rivers (Mienis,
2011; Mienis & Rittner, 2013). In reality it has only been recorded from the Tanninim River, however over there it is
also on the brink of extinction since only large specimens were encountered (Mienis & Ortal, 1996 & 1997; Milstein,
Mienis  &  Rittner,  2012)  i.e.  a  non-reproducing  population  is  still  living  in  the  only  unpolluted  river  in  the
Mediterranean coastal area of Israel.

All the remaining 21 marine shells are from the Mediterranean Sea which is situated west of Rehovot at a distance of
about 12 km. Most of the shells are heavily abraded due to the constant scouring activities of a combination of
waves and sand and had been collected as empty shells.  Some of the shells show also growth of other marine
animals on the interior which is never the case in living material.

Exploitation of the shells

The paucity of shells recovered during the excavation makes it rather difficult to explain the presence of these few
items.

The only gastropod species present among the material:  Bolinus brandaris, was one of the three Mediterranean
species, the other two were Hexaplex trunculus and Stramonita haemastoma, which had been intensively exploited
as a source for the production of the purple and tekhelet (=biblical blue) dyes. Especially at nearby Yavneh Yam
Bolinus brandaris served as  the major  source for  the production of  purple  dye from the time of  the Philistine
invasion to well  in the late Roman periods (Mienis, unpublished). Later when they were no longer exploited for
dyeing cloth such  shells  had  still  some symbolic  value and  were  therefore  collected even if  they  were  in  bad
condition as in the case of the excavation at the Navon School. 

Eight out of the 17 valves of Glycymeris nummaria show a hole in the umbo. Although most probably all are natural
holes caused by the abrasive force of a combination of wash of the waves and sand, they might have been exploited
as ready to make pendants.

Although one valve is completely filled with a hard substance like mortar, we are most likely dealing with a natural
filling with kurkar i.e. we are not dealing here with building material but with a shell which had once been part of a
kurkar layer along the beach.

Valves of  Acanthocardia tuberculata are also often exploited as pendants because of their beautiful ray-like axial
ribs. One of the two recovered shells is lacking a hole in the umbo, while in the other one the hole a small hole in the
umbo is indeed present.

The fragment of the freshwater mussel Unio terminalis delicatus is the most interesting one. It was obviously part of
a specimen which had been collected alive. It shows still some traces of the beautifully, pearly interior. It is exactly in
the Byzantine-Early Arab period that people started to produce all kind of furniture and other wooden utensils which
were  inlaid  with  pieces  of  Mother-of-Pearl  (Houston,  1994).  Although  they  used  usually  the  large  Pinctada
margaritifera from the Red Sea for this purpose, they exploited for the same reason also the much softer Mother-of-
Pearl layers produced by freshwater bivalves like the huge Chambardia rubens arcuta from the river Nile in Egypt or
the much smaller Unio and Potomida species occurring in perennial streams and lakes throughout the Levant.       

All these interpretations are likely events but because of the paucity of the recovered shells remain unproven.
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STAINING MOLLUSC SHELLS

Tim Hewson 
Cardiff University School of History, Archaeology and Religion, John Percival Building, Colum Drive, Cardiff, CF10 3EU,
United Kingdom.  
tim@hewsonfamily.co.uk

Introduction
Mollusc shells consist of an inorganic calcium carbonate (CaCO3) component and an organic constituent of mainly 
polysaccharide and glycoprotein.  Using the common limpet (Patella vulgata) as an example, this report identifies a 
chemical stain suitable for staining each component and discusses how staining of mollusc shells can provide 
additional information to archaeomalacologists regarding the taphonomy, growth, age and seasonality of collection 
of mollusc shells. 

Staining of calcium carbonate.
Background. Calcium carbonate has three known crystal forms (polymorphs, Ni & Ratner, 2008) - aragonite (λ-
CaCO3), calcite (β-CaCO3) and vaterite (μ-CaCO3).  Vaterite rarely occurs in mollusc shells (Qiao, et al., 2007), but the 
other polymorphs are widely found.  At normal temperatures and pressures, calcite is the most thermodynamically 
stable form of calcium carbonate (Leitmeir, 1910). Aragonite is only metastable but can be preferentially-
precipitated from water into a macromolecular framework during molluscan biomineralisation (Sun, et al., 2015).  
The relative instability of aragonite versus calcite is relevant to archaeomalacologists for two reasons.  Firstly, the 
relatively high solubility of aragonite in colder seas (Mucci, 1983) means that species found in non-tropical seas 
overwhelmingly tend to have mixed mineralogy, rather than pure aragonite shells, although aragonite predominates 
in land snails and freshwater mussels (Claassen, 1998, pp. 22-23).  This complicates the use of analytic techniques 
such as clumped isotope analysis for the detection of cooking (Müller, et al., 2017; Staudigel, 2019; Hewson, 2022a, 
p 34-36) that rely on the presence of aragonite. Secondly, the relative instability of aragonite has diagenic 
implications and can cause post-depositional direct conversion of aragonite to calcite or dissolution of aragonite and 
its replacement with newly precipitated calcite or a different mineral (Tucker, 1991; Land, 1967).

Methods. Feigl’s solution (Feigl, et al., 1972) may be used to preferentially stain aragonite versus calcite. The staining
depends on a redox reaction giving a black precipitate of silver particles:

Mn2+  +  2Ag+  +  4OH-  ⇌  2Ag  +  H2O

The OH- ions for participation in the redox reaction are generated by solubilisation of Ca2+(CO3)2- from shell.  
Aragonite is moderately soluble at room temperature whereas calcite is much less soluble. The redox reaction 
therefore generates a prominent black precipitate within 30 to 60 seconds of contact with aragonite.  With calcite, 
only a slight grey colour is seen and several hours are needed for observable black precipitate to appear. Feigl’s 
solution may be applied to powdered shell, or complete shells or shell-sections to visualise the location of aragonite. 
Results must be noted or photographed before the staining of both minerals progresses to black.

To make 10ml of Feigl’s solution, 1.18g MnSO4∙7H2O and 0.1g of AgSO4 are added to 10ml of deionised water and 
gently boiled in a microwave oven until partial dissolution. Undissolved reagent is removed by filtration, and a drop 
of dilute NaOH solution added to the filtrate which is then left for 2 hrs.  Any precipitate is removed by a second 
filtration. The resulting solution should be dated and may be kept for up to 6 months in a dark dropper bottle.  It is 
used to test powders by applying a drop of solution.  Whole and partial shells may be tested by brushing the solution
over the surface.   

Examples of Feigl’s staining of limpets.  Figures 1 and 2 demonstrate that Feigl’s stain can be used to identify 
aragonite regions of limpet shells either on the intact shell (figure 1) or in powder samples removed from each region
of the shell (figure 2).  Confirmation that the stained regions are indeed aragonite was obtained by X-ray diffraction 
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(see Hewson, 2022a, p 70-74 for data and an explanation of how XRD may be used to quantify the proportions of 
aragonite and calcite).  Despite reports that aragonite may be replaced by calcite in archaeological material, this was 
not observed in Late Iron Age material from Bornais, South Uist, in which calcite was retained.

Figure 1. Plantar view of modern beach-collected limpet shell with dark Feigl’s staining for aragonite demonstrating 
that the aragonite-rich regions of the shells may be identified.  Feigl’s solution was brushed over the surface of the 
shell and left for about ten minutes before photographing.  The white M-2 and M-1 calcite regions show a 
characteristic “wide brimmed amphora” shape which is bounded by the penannular myostracum (M) marking the site
of pedal retractor muscle attachment. The aragonite M+1 region is demarcated from the myostracum by the pallial 
scar (PS) or pallial line (MacClintock, 1967, p. v). Staining of region M+1 is due to its aragonite composition.  
Apparent staining of region M is due to the aragonite M+1 region below.
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Figure 2. Feigl’s staining for aragonite of powdered shell samples obtained from different regions of limpet shell, 
demonstrating non-quantitatively that sampling of the M and M+1 regions yields material with a higher aragonite 
content.

Uses of aragonite staining.  The ability to differentially stain aragonite versus calcite can be useful in identification of 
shells and of aragonite-rich regions of shells.  Clumped isotope techniques for the detection of paleocooking are 
currently suitable for use in aragonite only and in mixed mineralogy shells it is necessary to quantify the relative 
amounts of each polymorph by XRD prior to isotopic analysis.  Feigl’s staining provides a quick and cheap 
determination of the presence of aragonite prior to XRD analysis and potentially prior to sampling where it may be 
used to select an appropriate aragonite-rich sampling site on a shell.  The detection of aragonite may also be useful 
in taphonomic studies of shell diagenesis.

Staining of organic components of shell
Background.  The organic component of mollusc shell consists largely of a glycoprotein and chitin (poly-N-
acetylglucosamine) into which calcium carbonate is crystallised during shell growth. Alcian blue is a histology stain 
which is selective for polysaccharides.  It may be applied to mollusc shells in acetified solution (1% Alcian blue in 3% 
aqueous acetic acid) or as Mutvei’s solution (warm acetified Alcian blue solution mixed 50:50 with 50% aqueous 
glutaraldehyde).  The presence of acetic acid etches slightly into the surface of the shell, exposing fresh 
polysaccharide to be stained.  On modern material, Schöne et al. (2005) demonstrated superior clarity of staining 
using Mutvei’s solution versus acetified Alcian blue.  On modern and archaeological limpets, I found the opposite, 
with Mutvei solution producing very poor staining and acetified Alcian blue showing superior results.  Future 
investigators may wish to experiment with the two reagents to identify one which works best on their material.

Methods.  Full details of sample preparation are given in Hewson (2022a, p. 52-55).  Briefly, limpet shell portions 
may be embedded in epoxy resin blocks and sliced to 300μm thickness using a saw microtome, before being stained 
for 20 minutes with acetified Alcian blue solution, rinsed, dried, mounted on glass slides and examined by 
transmitted light microscopy.  The work presented here used modern live-collected UK limpets (Hewson, 2022a, p. 
42-43) or Iron Age archaeological limpets from dwellings at Bornais, South Uist (Sharples, 2012, p48-49, 53), or Iron 
Age limpets from a cooking pit interpreted as evidence of feasting at the Cairns Broch site, South Ronaldsay (Young, 
2021, p.32).    

Example of loss and retention of organic material.  In modern live-collected limpet shells, Alcian blue staining is 
uniform indicating no loss of organic shell material.  In modern beach collected material, Alcian blue staining is 
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almost completely absent, suggesting that being washed by the sea for many years (it has been suggested that 
empty shells collected from the beach may survive for up to 100 years before fragmenting) leads to substantial loss 
of polysaccharide content.  Most of the archaeological shell material examined in the present study retained 
stainable polysaccharide despite dating to the 4th to 6th century CE.  A minority of archaeological limpets showed 
patches of polysaccharide loss as can be seen in figure 3. The substantial retention of polysaccharide in the 
archaeological material examined argues for the limpets having been collected live rather than as empty shells from 
the shoreline.  

Figure 3. Photograph of Iron Age limpet C2 from the Cairns excavation. Patches where organic material has been lost 
result in lack of staining by Alcian blue. 

Sclerochronology and seasonality of mollusc harvest.  During mollusc growth, new shell material is deposited within 
the extrapallial space, a sealed compartment bounded by the periostracum, at the growing rim of the shell.  The 
periostracum provides a framework for crystallisation of aragonite or calcite and active pumps increase ion 
concentrations beyond the point of saturation (Marin & Luquet, 2004).   Because shell deposition is an active 
biological process, its rate depends on the metabolic status of the animal and it can be interrupted by metabolic 
stresses such as the retreat of the tide causing dehydration and a growth interruption (Pojeta, 2000).  Growth 
interruption is permanently recorded in the shell as a growth line.  In limpets, a single line is deposited with each 
tide. 

In addition to growth increments recording short term growth interruptions such as those that occur daily or with 
each tide, in some environments, limpets show seasonal growth-checks which at their most extreme may be visible 
with the naked eye on the shell surface.  Winter growth-checks in Viking-Age limpets from Quoygrew, Orkney were 
used to estimate the age of limpets in a study by Milner et al. (2007). 

Even when annual growth-checks are not visible on the shell surface it may be possible to detect them by sectioning 
the shell and staining with Alcian blue.  Ambrose (2016) took this approach to determine the age of modern limpets 
from Shetland and Norway. Ambrose confirmed that growth-checks were deposited annually by incorporating a 
florescent dye into the shell in field-marking experiments.

To detect fine-resolution growth-increments it may be necessary to look near the shell rim where most of the growth
occurs.  This was done by Deith (1983) on modern and Mesolithic cockles (Cerastoderma edule) from Morton, Fife 

9

400µm



Archaeo+Malacology Newsletter, 38 (2022)

using an acid etching and acetate peel technique on polished shell sections.  Tidally-deposited increments were 
observed and used to determine seasonality of harvest by counting the number of increments deposited since the 
most recent winter growth-check.  This allowed the site to be interpreted as mainly occupied by humans in the 
autumn, with summer visits being briefer but potentially more frequent.  The acetate peel technique allowed clear 
visualisation of growth-increments but the polishing required was time-consuming. 
 
Hewson (2022a p. 75-78) demonstrates at pilot scale that sectioning of archaeological shells by saw microtome, 
followed by Alcian blue staining allows growth increments to be visualised, measured and counted in a method 
which is quick and inexpensive (provided that one has access to a saw microtome – a device typically used for 
sectioning archaeological bone and present in many laboratories carrying out bone histology) and therefore 
applicable to large sample sizes.  If a winter growth check can be identified (and ideally verified as occurring during 
the winter by use of modern comparators or correlation with water temperature as measured by carbonate δ18O 
values as in Fenger et al. 2007), then the number of tides since the winter can be counted and the season of harvest 
estimated.  Figure 4 is provided as an example of tidal growth increments and a winter growth check.  Figure 5 shows
an example of a shell section where growth checks have been identified and intervening growth increments counted 
to demonstrate an age at harvest of at least 4 years and to estimate the season of harvest as early summer.  As an 
aside, the detection in modern material of additional summer growth checks not seen in comparable ancient 
material has been hypothesised as a marker of environmental stress linked to recent anthropogenic rises in sea 
temperature (Hewson, 2022b).

Figure 4 . Labelled high power image of Iron Age limpet shell section from Bornais (543.07 AB) at region of growth-
check.  It can be seen that over time growth-increments, which correspond to tides, become increasingly narrow until 
the growth ceases completely (a “growth-check”). When growth restarts it results, at least initially, in the deposition 
of relatively wide growth-increments which cause a characteristic asymmetric appearance of a growth-check.
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Figure 5. Composite photograph of limpet C3 AB from The Cairns, showing location of growth-checks (dashed red line
and dorsal surface invagination) and span of growth-increments counted.  
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Archaeological relevance of seasonality estimation.  The estimation of season of harvest can be used to determine if 
all shells in a deposit were collected together (for example as a single event) or if they represent a gradual 
accumulation.  Hewson (2022a, p. 114-118) identified the same season of harvest for multiple limpet shells 
excavated from a pit feature at the Cairns site, supporting Young’s interpretation of the pit as a site of large scale 
cooking for a single feasting event (Young, 2021, p.32) and adding an estimate that the feast took place in May or 
June.  Limpets from a hearth deposit at Bornais were shown to result from a single harvesting event, whereas 
limpets from a floor deposit were demonstrated to have accumulated over several months – possibly the interval 
between the last time the floor was swept and the destruction of the dwelling by fire (Hewson, 2022a, p. 118).   

A suggestion that limpets were harvested in Iron Age Bornais for most of the year (Hewson, 2022a, 115-116) argues 
against the idea of a universal and year round avoidance of marine resources of the sort proposed for the British Iron
Age by Dobney and Ervynck (2007).  Rather it appears that limpets were consumed during at least most of the year 
and not confined to a single hungry season where normal avoidance behaviour might be suspended by the exegesis 
of survival.   A more nuanced understanding of marine resource utilisation taking into account local differences as 
proposed by Rainsford and Roberts (2013) may be appropriate.   

An exciting possibility exists in respect of coastal sites in which mollusc deposits are found, in that a quick and 
inexpensive method of estimating seasonality of harvest might be used to assign a season to the deposit.  It may 
then be possible to determine if a particular site is occupied all year round or for seasonal events only.  Such 
information has the potential to be relevant to the interpretation of the function of sites such as hillforts and brochs.
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NEW ELEMENTAL IMAGING LAB SPECIALISING ON MOLLUSC SHELLS AT THE LEIBNIZ INSTITUTE FOR 
ARCHAEOLOGY

Niklas Hausmann 
Römisch Germanisches Zentralmuseum - RGZM, Leibniz Institute for Archaeology, Mainz, Germany

Getting geochemical data from marine mollusc shells to answer questions about short-term climate variations and seasons of 
capture is becoming more and more common. But the costs related to those analyses are often difficult to cover, which is why 
almost five years ago, I presented the beginnings of fast and inexpensive elemental mapping using Laser Induced Breakdown 
Spectroscopy (LIBS) in this very newsletter (Hausmann 2017). For that report we were using only a rudimentary prototype with 
an average age of the components lying somewhere ~25 years. Many plans back then did not go anywhere, simply because 
mollusc shells are so variable and so were their results. While we hoped to get information on sea surface temperature, season 
of death, and ontogenetic age, we mostly got a mix of both environmental and internal factors, making it impossible to find out 
what exactly is recorded in the shell. Nevertheless, we were able to show that limpets record sea surface temperature really well
(Hausmann et al. 2019a) and oysters their season of death (Hausmann et al. 2019b). We can call ourselves lucky that those 
species occur in huge quantities in archaeological sites. But the search for more of such cases is still ongoing!

Last year, with some extra funding from the DFG (German Research Foundation), I have started the new Emmy Noether 
Research group Seafront, in which we study limpet shells from across the Mediterranean during the Mesolithic-Neolithic 
transition. With this funding, we were able to build a new LIBS-System fully dedicated to the fast and inexpensive analysis of 
marine shells. The system works in a very similar manner as the previous one (Hausmann 2017 et al.), in that it has a motorised 
stage on which the shell section is placed, and where it is irradiated by an infrared laser beam, generating a small amount of 
plasma on the sample surface (Fig. 1). This plasma emits light depending on the elemental composition of the sample, which we 
can measure using a spectrometer. The main improvements to the old system, is that we are using a faster laser (100 Hz instead 
of 10 Hz) and a faster spectrometer (also 100 Hz), so that elemental maps of whole shell section can now be done within less 
than 10 minutes. One example (Fig. 2) is a shell collected by project member Danai Theodoraki (Twitter: @DTheodoraki), who is 
analysing limpet shells from the prehistoric site Franchthi in Greece for her PhD Project. 

Figure 1 - Plasma being created on limpet shell.
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Figure 2 - Elemental map of shell.

The shell maps are mostly done using a 100 µm resolution , but we usually find parts of the shell, that we want to look at with a 
higher resolution. These areas can be resampled, because LIBS is a minimally destructive method, leaving only small traces that 
can barely be seen by the naked eye. To get a better idea of what is going on, we use a 30 µm resolution. With this data we are 
getting closer to a temporal resolution of days to weeks, which can really bring out short-term variations and help us to better 
interpret the season of death.

Even though the analysis of archaeological shells is only just starting, we are very happy with how things are progressing and 
hope to finish our work on Franchthi within the next two years. Within the next two years, we will also increase our research 
group by two new members for which there will be international calls for application. 

Until then we are keen to invite guest researchers at all career stages to come and try out the system. Please get in touch, 
particularly if you are working on limpet or oyster shells.

Thank you!
Niklas
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