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The principle of '*C AMS-analysis of mortar Case studies, testing different types of Roman mortar A series of statistical diagrams to demonstrate
hydraulic non-hydraulic how different types of mortar respond to mortar dating

This poster presents the state of research in developing a method which ideally could work on mortars of different types and

different dates. The focus is on mortared structures, hydraulic and non-hydraulic, in the Mediterranean and the 5-"‘3%' Diagram of all mortars analyzed so far Diagram of all Mediterranean
territory of the Roman Empire. The methodological development of 14C AMS [Accelerator Mass Spectronomy] dating of Scandianvian/medieval, and Mediterranean/Classical samples, hydraulic and non hydraulic mortars Diagram of Classical non hydraulic mortars
mortar began in 1994, with encouraging results from Medieval Scandinavia. An interdisciplinary collaboration to develop '
techniques for AMS dating of concrete and other lime mortar construction materials was formed in 1997, with the aim of ?.'ﬁg _ | 28 ] 38
introducing the method into classical archaeology and defining potentials and limitations of the technique. :'Igg = gg m 28 m
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Mortar absorbs carbon dioxide from the atmosphere when hardening, The Roman pozzolana mortar is hydraulic and can harden under water. It was in fact believed that it did not - rd | ‘o | — -
which makes 1t potentially suitable for normal 14C dating. need carbon dioxide from the atmosphere for the hardening process. It was therefore doubtful if pozzolana mortar 1 2 3 4 ] ) . 4 L < - =
would at all be suited for mortar dating, which depends on the interaction with atmospheric CO7 in the hardening process.
Pozzolana is a volcanic ash mixed into the mortar. When combined with building lime the silica and
(04 fiom alumina of the pozzolana cause a chemical reaction resulting in a mortar much stronger than mortar made with quartz
. sand. Hydraulic mortars continue to be chemically active for a very long time and seem to produce readily soluble | s otClasacaliEozze anaion ceete Samipics _ . [Led — the results correspond to the date known from historical
carbonates whenever exposed to atmospheric CO3. They are also full of re-crystallizations for several reasons. The oE sources, brick-stamps or dendrochronology.
impermeable hydraulic mortar will retain pockets with un-reacted Ca(OH);. These will continue to react with CO> . 2. Blue — the results agree with the expected age, but objective
and form carbonates whenever the mortar is disturbed by breaking or crushing. Testing the mortar dating method in classi- . m 1 feedback is missing. The result is reached either with the first
cal archaeology, both on non-hydraulic and hydraulic samples, was a necessary stage of the developmet of the method. e fraction, or with the plateau of the profile. These results were only
L :j possible to reach using “C-analysis of mortar, and they show
cav Experience shows that samples chemically separated into five different fractions z | R potential SLRc Mot
create age profiles which demonstrate the successive dissolution of the mortar. In principle ' > 3 4 R wE =t result.s ATE WRONE, bu th?’ FEASONS are kn-own.
two different patterns of age profiles are created: 4. Green — the result is wrong or use.less 11: the first fractlons. or
However, the method has to deal with potential problems, such as: the plateau?( from several samples yield different results or if
- Unburned fossil limestone (calcium carbonate that survived the heating, or was mixed a) an age profile where the first fraction hits the correct age, with no re-crystallization no plateau is formed.
into the filler with the sand) results in dates too ancient. b) a pattern where the horizontal plateau of the age profile hits the correct age, revealing Diagram of all Classical mortars which yielded wrong These unsuccessful samples are among the most useful,
- Re-crystallization of the mortar carbonate, results in dates too recent, due to later re-crystallization in the first CO; fractions and contamination from unburned fossil limestone L because they forced us to ask further questions and showed us
exchange with the atmosphere. towards the end - the types of samples to avoid.
1‘2‘ : — 1) Most of them were taken at an early stage of our project,
A e e ————— 10 - m2 when only two fractions were analyzed, whereas a profile from
Fi . Bl g - a3 analysis in five fractions could have solved the problem.
To control these problems, both mechanical and chemical separation t A 4 o ?) We have also learnt, from trial and error, to avold mortars
: : 2 e | A 2 e i~ 5| that have been buried under volcanic masses,
of the sample is required A‘ o L 0 - , | . 3) and mortars that have crushed bricks in the aggregate
R ROy USRS 1 ? > * ° to make them water resistant.
fco2 PRESSURE ltageBr {'““'""'“'"::;Olosseum L% I | C-t4age BP Bal;lhca Ulpia (Aar-4795 1,2 4) The same applies to mortars taken from deep Wlthlll the
oy N7 Sl e . [ walls or from under marble slabs, where the hardening has been delayed
cEl sE oy bt Coanaten | 5) unsuccessful sampling.
~ ' o] g T 31 imestn
1 i :ﬁ H :ﬂ T
Ul s Bl o oyt s What we have learnt so far:
=] L iU d U P& W AAN / s | M ettt =AD-140 - Mortar is often the only datable material available from ancient constructions
f:p E?L%.‘i.?f i 125 | '|"|'|"'| ' ’(’ _ IREL - t S 1 1800_} | and we have had positive results from all types of mortar
‘ 5 | Pt el R R o - However, the best results are achieved with non-hydraulic lime mortar
. & T | | e ) | | | | ' ' - Pozzolana mortar is not always hydraulic
Before the AMS the sample is mechanically ~ The mortar samples undergo further  The flow of the gas is interrupted into The Colosseum The Basilica Ulpia, Trajan’s Forum - Hydraulic pozzolana mortar can be successfully dated by mortar analysis, but the results are less
separated with gentle crushing followed by  chemical separation by stepwise reac-  several CO3 fractions. Since limestone where the pozzolana mortar is only slightly hydraulic, hydraulic pozzolana mortar, demonstrates pattern cortain and the internretation iv ofien more comblex
wet and dry sieving, using increasingly fine  tion with phosphororic acid under dissolves more slowly than mortar, the first represents an example of pattern a): where four b): the correct age (BP 1873 +/-18) which corresponds p. P - - .
mesh widths. vacuum, releasing carbon dioxide gas.  CO3 fraction should in principle be free different age profiles agree on the same age for the first with written sources is reached at the horizontal - Mortars that have deliberately been made hydraulic by mixing in crushed terracotta are
ff om contamination. The succe.ssive fr et fraction. The result, the BP age of 1940 +/-17, corresponds plateau of the age profile. The result after calibration not suitable for dating.
tions are subsequenty formed into graphite Wikt he eslibrated sec range ol AL &= B duyl vl Yieton sHe age tatigo oUALE (LA, - The same, for some yet unknown reason, seems to apply to mortars buried under volcanic ashes.

and analyzed separately to form age profiles. historical sources suggesting ca AD 80.

- For a correct interpretation of the profiles, mortared structures have to be dated with profiles from
three separate samples from each building unit. The dates can be established if the profiles coincide
a) at the first fractions, or

Torre de Palma, Portugal > i b) at the horizontal plateau.
an example from the margins of the Roman Empire F b This is true of both hydraulic and non-hydraulic mortars.

Radiocarbon dates must then be calibrated
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_ Radiocarbon measurements are by convention cast in terms of radiocarbon years - n _ with non-hydraulic lime mortar of high quality,

g =005 “before present” (BP, meaning before 1950) using the known half life of carbon-14. : i R COME 151821087 -’ responding well to mortar dating. No written sources
£ 22008° | The calibration between radiocarbon age and calendar age is affected by the fluctua- g o R or archaeological artifacts are available to confirm
% 20008P [ tions in the production of carbon-14 in the atmosphere over time. In order to yield g the derived chronology.
€ 18008P | the right calendar age, this BP age therefore has to be weighted against the calibration B e Here the mortar was analyzed in two CO3 fractions
g% 1600BP | curve, which illustrates the wiggling course of the concentrations of radioactivity in ;'f . only - a large majority of the samples from the

4P | the atmosphere. These irregularities in turn affect the accuracy of the “C analysis. ) double-apse Basilica agree on the same age with the T e

12008P |— q | _ - 14C-dating can be rather precise, but variations within the radiocarbon calibration | 2 first fractions. The calibrated age lies between AL D, ceaiation s Ao tatvorsts Frosan

1000BC  s00BC  AD __ s00aD  1o00aD  CUKFVeE over time sometimes result in dates with large uncertainties, only pinpointing e AD 535 and 600, a plausible age which could only be e e A e
Calbrated dete the right century. Calibrated date reached using mortar dating. Flona Brock. PhD, chermist The Onford Radiocarbon Accclerator Unit, UK




