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Introduction
In 2014, an application was filed to the Butrint Foundation for research on carbonate
deposits in the water system of Butrint in 2015, which was positively assessed. This
report concerns the project carried out with funding of the Butrint Foundation on
project BF15/03. We closely followed the program set out in the application, albeit
one year later (in 2016) since the applicant (Sürmelihindi) was employed in Berlin on
another project until January 2016. In February 2016 Sürmelihindi joined the research
group of Prof Passchier in Mainz, and part of her research time was used to collect
samples in Butrint, and to carry out laboratory work on the collected samples. Of the
subjects mentioned in the original work plan, most items were carried out, except for
fluid inclusion analyses, which could not be implemented since fluid inclusions were
not observed. On the contrary, the unexpected presence of diatoms (see below)
opened up a new possible field of investigation.

Fig. 1. Reconstruction of the aqueduct and nymphaeum (N) as exposed on the site of Butrint

Carbonate and water sampling
After preparation in Mainz, consisting of a literature survey, selection of tools and the
purchase and preparation of water sampling equipment, we organized a research visit
to Butrint and an adjacent aqueduct in northern Greece from 7 to 16 June 2016.
Butrint
We visited the Butrint site during three days on 8-10 of June 2016. We made a
general inspection of all water structures in the town, focusing our work on the
nymphaeum (Fig. 1). We established, that most water structures in Butrint lack
carbonate deposits. Fountains around the theatre, at the back of the baptistery, at the
Gymnasium, the bathhouses and other visited sites were free of carbonate, and show
no indications that carbonate deposits were ever present.
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Fig. 2. (a) Water pipe from the forum with minor carbonate deposits(arrow); (b) mosscovered porous carbonate deposits on the NW outside wall of the nymphaeum; (c) ridge of
carbonate deposits on the inside wall of the nymphaeum cistern (arrow)

General observations
Butrint
We visited the Butrint site on 8-10 of June 2016. We made a general inspection of all
water structures in the town, focusing our work on the nymphaeum (Fig. 1). We
established, that most water structures in Butrint lack carbonate deposits. Fountains
around the theatre, at the back of the baptistery, at the Gymnasium, the bathhouses
and other visited sites were free of carbonate, and show no indications that carbonate
deposits were ever present. Only one ceramic water pipe, in the forum, was found to
contain minor carbonate deposits (Fig. 2a). This pipe shows that an active water
system was present in the town, and that this was fed by the aqueduct system.
However, the amount of carbonate (Fig. 2a) was too small to sample in the ceramic

pipe. Carbonate was unexpectedly found, however, in the niches of the skene building
of the theatre. Also, some of these niches seem to have remains of waterproof “opus
signinum”, which is normally only used in water structures. Outside Butrint, in the
Vrana plain, the remains of the tanks and aqueduct were found to have no significant
carbonate deposits.

Fig. 3. Overview of the nymphaeum cistern. Thick carbonate deposit rims are visible along
the sides of the chamber. The window in the north side of the cistern, now partly closed with
Masonry, is visible at the back

Nymphaeum
Substantial carbonate deposits were found in and around the main nymphaeum of
Butrint (Fig. 2b,c, 3). We found deposits on the outside southern wall of the
nymphaeum, on the NW wall, and especially inside the nymphaeum cistern. No
deposits were seen on the roof of the building, which originally housed a water tank
in connection with the aqueduct (Fig 1, Wilson 2013).
The deposits outside the building on the NW (Fig. 2b) are recognized as
typical overflow deposits, either from the window of the nymphaeum cistern, or from
the roof tank. This type of deposits forms on the outside of water structures when they
are leaking or overflowing. Since this water flows at full-light conditions, mosses and
other water plants have grown in it, creating a spongy, porous non-layered deposit.
This material is not very useful for analysis, but may be used for carbon dating (Fig.
2b).
On the inside of the tank behind the Nymphaeum we found an approximately
10 cm thick deposit of well-layered, crystalline carbonate in a ridge appr. 2.3 m above
the floor (Fig. 2c, 3). On the south wall, below the present opening in the tank, some

opus signinum is present on the wall of the tank. There seems to be no opus signinum,
however, below the thick rim of carbonate just below the vault. This may mean that
the water level in the tank was higher than initially intended. The role of the window
in the back (north side) of the tank is presently not clear (Fig. 3). This window was
partly blocked by masonry at a later stage of use of the nymphaeum (Wilson 2013).
The thick carbonate rim seems to be interrupted by the masonry filling the window,
although a thin layer is present on the masonry of the blockage. This setting has to be
more closely investigated to determine the sequence of carbonate deposition and the
blocking of the window.
We took three small pilot samples from carbonate deposits in the cistern,
BTA, BT5a and BT5b, which together cover the lower part of the stratigraphy. We
did not take a complete section, because the deposits are loose and need special tools
to be removed, without detaching them completely and destroying the inside of the
cistern. Now that we localized the carbonate and know the local situation, we plan to
carry out a second, controlled sampling trip in 2017 to obtain a complete stratigraphic
sample and to analyze this further.
Reference observations - Nikopolis
Since our visit to Butrint was shorter than expected, because of the lack of carbonate
deposits outside the cistern of the nymphaeum, and because we could not change our
flight, we decided to make proper use of our time by made a visit to the Nikopolis
aqueduct, Greece to take water samples there and test the aqueduct of Nikopolis for
the presence of carbonate deposits. We found that carbonate deposits are well
preserved there, and show similar layering as in Butrint. The reason we visited
Nikopolis is that, if we have a reference aqueduct near Butrint, we can check if
layering in the Butrint deposits is due to weather effects, or to other environmental
factors. Any climatic effect recorded in Butrint would also effect the Nikopolis
springs. Although it lies 80 km from Butrint, Nikopolis is the closest Roman aqueduct
with sinter deposits from the site. We have so far paid this second leg of the trip from
our own means, since no permission for it was asked in the original application.

Analytical results
Water sampling and analysis
pH cond

T

Cl-- nitrate sulfate
Na
K
Ca
Mg
[mg/l] [mg/l] [mg/l] [mg/l] [mg/l] [mg/l] [mg/l]

Site

D

Xarrë spinghouse
Çiftlik water
supply
Shkalle cheese
factory
Nikopolis spring,
Greece

0.9 5.54

205 17.7

22.94

19.79

24.34

15.60

1.65

15.1

9.8 7.55

674 20.4

94.28

12.77

24.04

45.60

2.04

77.8

7.17

3.5

10.8 7.51

811 16.5 115.69

4.63

30.82 68.10

2.69

76.7

9.8

10.6 8.02

572

2.94

91.26

0.63

94.9

9.7

14

20.76

13.00

Table 1. Water analysis results

In order to interpret the carbonate deposits, we tried to investigate the water of the
supposed spring of the aqueduct in Xarrë. Water was investigated in situ by
measurement of pH, hardness and conductivity, and water samples were collected in

separate bottles for stable isotopes, cations and anions. Water was analyzed in the
laboratory in Mainz for main elements by conventional methods.
We investigated and sampled water at three sites. We started at the Xarrë
springhouse (39.72544°N, 20.06605°E) described by Wilson (2013), which is
supposed to have provided the aqueduct with water. Surprisingly, we found that the
spring water has a composition with extremely low carbonate (Hardness D 0.9, while
D 9-16 is normal). In an attempt to find alternative springs, we also visited and
sampled two other springs in Çiftlik, east of Xarrë (Shkalle cheese factory: 39.68978°
N, 20.11975°E and Çiftlik water supply building: 39.68488° N, 20.12107°E). The
results are given in Table 1. Water from these other two sites is very different in
composition, rich in carbonate, and could deliver the type of deposits we find in the
nymphaeum. For comparison, we also include the composition of the spring of the
Nikopolis aqueduct (39.2698°N, 20.85073° E).

Carbonate analysis
Materials and methods – analytical work
Analytical work was done as outlined in our earlier studies on carbonate deposits in ancient water
structures (Sürmelihindi et al 2013a, b, 2014; Passchier et al 2013a, b, 2015a, b, 2016a, b: Wenz et al
2016). The samples were cut in the laboratory using a thin diamond saw and two mirror-image rock
slabs were taken from each sample, separated only by the saw cut. One of these slabs was used to make
polished thin sections and the other was polished. The microstructure was investigated by transmittedlight microscopy. The relative percentage of micritic and sparitic sinter was estimated using enlarged
photographs of the thin sections.
Stable oxygen and carbon isotope analyses were carried out at the University of Innsbruck.
Polished slabs of all samples were micromilled at 0.2 mm intervals in traces 5 mm wide and parallel to
the lamination. The sample powders were analyzed using a semi-automated device (Gasbench II)
linked to a ThermoFisher DeltaplusXL isotope ratio mass spectrometer. Isotope values are reported on
the VPDB scale and long-term precision is better than 0.1‰ for both δ13C and δ18O (Spötl and
Vennemann, 2003).
Trace element analyses were performed by laser ablation-inductively coupled plasma-mass
spectrometry (LA-ICP-MS) using an ArF Excimer laser system (ESI NWR193) with an output
wavelength of 193 nm coupled to an Agilent 7500ce ICP-MS. Analyses were carried out as lines of
spots with a spot size of 100 µm and a spacing of the mid points of 300 µm parallel to the micromilling
tracks of the stable isotope analysis. The isotopes monitored were 7Li, 11B, 23Na, 24Mg, 27Al, 29Si, 31P,
43
Ca, 47Ti, 55Mn, 63Cu, 66Zn, 85Rb, 88Sr, 89Y, 90Zr, 110Cd, 111Cd, 137Ba, 139La, 140Ce, 141Pr, 146Nd, 147Sm,
153
Eu, 157Gd, 159Tb, 163Dy, 165Ho, 166Er, 172Yb, 175Lu, 208Pb, 232Th, and 238U. For calibration, NIST SRM
610 was analyzed at the beginning and after every 40 spots on the sample. For all materials 43Ca was
used as internal standard applying for the reference materials the Ca concentrations reported in the
GeoReM database (http://georem.mpch-mainz.gwdg.de/) and for the samples the stoichiometric Ca
concentration of CaCO3, respectively. The time-resolved signal was processed using the program
GLITTER 4.4.1 (www.glitter-gemoc.com, Macquarie University, Sydney, Australia). Analytical
uncertainty (one sigma) for one spot analysis was less than 10 %. The measured concentrations of the
QCM agree generally within 15 % with values reported in the GeoReM database and the relative
standard deviations (1RSD) are <8 % for NIST SRM 612 and USGS BCR-2G and <18% for USGS
MACS-3, respectively.
The microstructure was investigated by transmitted-light microscopy. For sclerochronology,
scans of the slab were analysed using ImageJ64 to obtain a gray-tone profile of the stratigraphy (Fig.
3b).
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Fig. 4. Thin sections of the carbonate stratigraphy: (a) BTA - this section represents about
40% of the carbonate present in the cistern: we did not sample the lowest and top part of the
deposits. This sections shows clear reef-like columns of carbonate, indicating biogenic
growth (red arrows). Other layers are coarse-crystalline and indicative of non-organic,
crystalline growth (blue arrows). The large voids in the sample were probably originally
filled with clay or organic matter. Max. thickness 35 mm (b). BT5b - This section represents
the top of the stratigraphy of BTA, but in a different, more laminated and regular facies.
Probably, carbonate was less biogene in this sample, which was taken from a deeper level in
the cistern. Thickness 14 mm

Carbonates were analyzed using five techniques: optical microscopy, stable isotope
analysis, trace element analysis, fabric analysis and sclerochronology. Only samples
BTA and BT5b were fully investigated to date: sample BT5a is still to be processed,
and has only been investigated optically. Fabric analysis results have not been
interpreted yet, and are not discussed in this report
Optical observations – microstructure
BT5B

The top part of the sample is quite porous with small crystals (Fig. 4a). The top part
starts with very fine crystals. After this fine-grained area, the next layer consists of
relatively bigger crystals with poor orientation. The middle part of the sample is the
area where one can follow the visible seasonal lamination. There are some brown
layers that consist of several thinner bands with small crystals without any specific
orientation. Sample BT5b has relatively higher porosity than the BTA sample.
Generally, the sample shows indications of turbulent water conditions. The water
residence time must have been short, not long enough to see longer, elongated
crystals.
BTA

BTA is more solid than the previous section BT5B, and contrary to that sample
contains stromatolitic structures and fossil diatoms. Besides these interesting
biological aspects, there are also some areas where small crystals seem to be
originated from bigger crystals as a result of secondary deposition (possibly
recrystallization or diagenetic crystals).
Some domains show seasonal alternation of micritic, very fine-grained crystals and
relatively bigger crystals with usual orientation to the growth direction of the material.
The middle part of the sample is more porous with large voids, which may have filled
with bacterial or algal mucus structures. The thickness of the porous layers is greater
than some others, most likely due to bio-calcification by biological activity. There are
also some areas like in sample BT5B, dominated by the multi-directional crystals.
The lower part of the sample is more micritic and the layers are more difficult to
distinguish.
Stable isotope analysis
BTA

Stable oxygen isotopes are driven by changes in temperature during calcite
precipitation and further represent the isotopic values of host water. Stable carbon
isotopic values are sensitive to changes in vegetation cover, biological activity and
CO2 degassing in a closed system. Generally speaking, it is easier to explain behavior
of stable oxygen isotopes than carbon isotopes since oxygen is a major constituent of
water and the carbon reservoir is far smaller. Moreover, stable carbon isotopes
commonly embody both long and short-term changes in atmospheric and local water
conditions. Carbon isotope values are little affected by changes in local temperature:
for this reason correlation of lower values of oxygen with relatively higher values of
stable carbon isotopes originated from thermal alteration.

In sample BTA, at 13.6 mm from the top of the sample, stable carbon and oxygen
isotopes show positive correlation, which is not common in aqueduct carbonate
deposits (Fig. 5). The stable oxygen isotopic values show low values, specifically
within porous layers. The nature of the lamination is generally very fine and for this
reason, the cyclicity is very variable over a short area. The oldest part of the sinter has
the highest values. There is a high positive correlation between oxygen and carbon
isotopic values and the correlation coefficient (r) is 0.55.

Fig. 5. Stable isotope analysis on the sample BTA.
BT5B
Stable oxygen and carbon isotopes in this sample (Fig. 6) are well correlated with a
correlation coefficient (r) 0.57, which is quite high. In calcareous sinter examples from a
number of other sites, the general trend is anti-correlation between these two stable isotopic
values. The Butrint samples are quite unique in showing correlation.

Fig. 6. Stable isotope analysis on the sample BT5b

Fig. 7. Trace element analytical results. The left part of the graphs shows results for BT5B:
the right part of the graphs for BTA. Representative parts of the samples are shown in the
photographs below the graphs.

Trace element results
Laser ICP-MS analyses were carried out on samples BTA and BT5b in tracks parallel
to the stable isotope track, and results are shown in Figure 7. The results have been
obtained at the end of 2016, and have not been fully interpreted yet. Below are some
first observations.
High P (Phosphorus) levels in both samples are striking and can have a relation to
changes in precipitation rates. Especially during high rain periods, there can be P flow
from soil by infiltration. P31 is known for its tendency to be activated in soil by
microbiological activity (Fig. 8). This activation behavior also brings its importance
during investigation of the annual cyclicity since its level show high fluorescence
features.
Some other trace elements have the same association with fluorescence feature while
showing higher values as in P31 are Cu63, Zn66, Pb208. The increase in values of specific
trace elements such as P31, Cu63, Zn66 and Pb208 mark the time periods with high
organic matter input. These intakes are probably the outcome of high precipitation
time intervals during the whole stratigraphic formation.

Fig. 8. Comparison of P-levels results (centre) with stable isotope carbon levels (left and
right) in both investigated samples. There is a correspondent (green) enhancement in both
δ13C and P at the top of both samples, probably due to high biogenic activity.

There is no significant change in Mg values, which could reflect changes in
temperature and water residence time. However, Sr isotopic values are quite variable,
which probably indicates good agreement with changes in growth rates or grain size.
In both samples, there are correlated peaks in Lanthanides and Y, which may be due
to peaks in colloid materials in the water (Fig. 7).
Biological aspects
Diatoms
Microscopic investigation of the sample BTA has shown the massive presence of
diatoms in porous parts of the sample. The presence of diatom fossils is probably the
main reason for the positive correlation between oxygen and carbon isotopes.
Stromatolite-like structures are common. They are very thin and dome-shaped and
remind us in their bio-influenced origin as a result of micro-organisms like
cyanobacteria. The formation of fine layers can be the result of rapid water level
changes in the cistern.
Generally speaking, aqueduct carbonate depositions are mostly non-biogenic due to
the roofed tunnel architecture of aqueducts. The Butrint samples, and especially BTA,
are rich in biogenic material. There can be several factors, which gave rise to
domination of microorganisms in the nymphaeum cistern. Our samples were located

in a closed cistern with an open window where there must have been abundant light
and interaction with the environment outside.

Fig. 9. Diatoms present in the porous part of sample BTA. The length of the diatoms is appr.
25-30 um.

Sclerochronology
BTA
20 to 24 layers were counted from the thin section next to the stable isotope
micromilling track whereas from the stable isotopic cyclicity, 22 were counted. In
case the layers are annual, and the whole sample has maximum layering of 35 to 40
layers this means at least 35 years of deposition represented by sample BTA. Some
layers show sub-annual layers, whereas some others are thicker than standard
thickness of aqueduct sinter of 1mm, due to the bio-calcification.
BT5B
15 layers were counted from the thin section and about 13 from the stable isotopic
cyclicity. These layers overlap with the top of sample BTA.
Since the top part of the stratigraphy present in the cistern was not sampled, and appr.
40 % of deposits is missing in our collection, we estimate that the nymphaeum cistern

may have been used for 60-100 years. Further study will be able to narrow down the
exact period of use.

Discussion
The lack of carbonate deposits in most of the water structures in Butrint, apart from
the nymphaeum, may be due to two reasons: some structures may have been fed by
cisterns that used rainwater, therefore having a low carbonate load: others, fed by the
aqueduct, may lack deposits because most of the carbonate in the aqueduct water was
deposited in the roof tank of the nymphaeum, and in the aqueduct itself, before
reaching baths and fountains. Since most of the feeding water structures have been
destroyed, we cannot say more at this stage. The presence of carbonate and opus
signinum on the theatre skene building is interesting: it may be derived from tanks on
top of the skene, making it into a type of nymphaeum. It is not clear if the aqueduct
could have been high enough to reach the top of the theatre building. Alternatively, a
water-lifting device could have been used.
Good quality carbonate deposits were found in the cistern of the nymphaeum. This
carbonate is thickest near the base of the window in the cistern, instead of gradually
increasing in thickness to the bottom of the cistern, as is usual in other areas. The
reason for this is being investigated. Possibly, enhanced biological activity could be
responsible. The structure of the sinter is characterized by reef-like columnar growth
structures, which seem to be organic (Fig. 4a). Abundant diatoms also indicate
enhanced biological activity (Fig. 9). Presently, the cistern of the aqueduct is dark, but
in order to produce the kind of biological activity seen in the cistern, it is like that the
window was initially open when the cistern was being used.
At some stage, the window of the cistern was (partly) blocked by masonry.
Thin carbonate deposits on the inside of this masonry indicate that the cistern was still
in used when the window was (partly) blocked
Water springs of the aqueduct
The water of the Xarrë spring as sampled during our visit in June 2016 has very low
calcium content (D 0.9), and cannot be responsible for the carbonate deposits as
observed in the cistern of the nymphaeum. Either the aqueduct was fed by other
springs, still undiscovered, or the Xarrë spring has a more carbonate rich composition
in other times of the year. A conversation with local farmers suggested that this is
possible, but it would have to be tested with a water-sampling program. We sampled
also two alternative springs in Çiftlik, which had a composition that could have
caused the carbonate deposits observed (D9.8 and 10.8 respectively). This shows, that
carbonate rich water suitable to form the observed deposits in the cistern of the
nymphaeum are present in the area. It is uncertain, though, if the Çiftlik spring may
have been connected to the aqueduct: the aqueduct would have had to pass a major
river on a large bridge, and no such archeological structures have been found to date.
Possibly, another unknown spring, which may not be active any more, was used in the
surrounding of Xarrë. Further archaeological survey is needed to solve this problem.
Without further investigation, we cannot say if these springs may be the true sources
of the aqueduct.

Microstructure
The disorientation of calcite crystals in Butrint samples from the cistern is not a
common observation in the aqueduct carbonates in which elongated crystals form in
the growth-direction of lamina couplets. This misorientation could also be a result of
turbulent flow and irregular water input during different times of the day, month or a
year: deposition patterns as seen at the Butrint site could form due to nonsimultaneous water intake. This pattern is unlike that in city aqueducts where the
water supply is almost always continuous without long interruptions or changes in the
amount of water.
Stable isotope results and trace element geochemistry
As expected, the carbonate deposits of the nymphaeum show a well-defined cyclicity
which can be interpreted as an annual cyclicity of water temperature in the cistern,
based on our previous studies (Sürmelihindi et al 2013a, b; Passchier 2016a, b). Water
temperature in the nymphaeum cistern must have varied considerably between
summer and winter, probably because most of the aqueduct crossed the Vrana plain
on arches, exposing the water to significant temperature changes.
Generally in carbonate deposits from ancient water systems, stable oxygen and
carbon isotope values may vary due to different factors. Stable oxygen isotope levels
can change due to changes in local temperature and precipitation rate. However,
stable carbon isotopes can change due to changes in vegetation cover over bedrock
formation and are independent from any changes in temperature. Increasing CO2
degassing can be followed by an increase in C isotopic values, whereas O isotopic
values will be depleted. As a result of this, both isotopic values will be anti-correlated.
The observed co-variation between the two isotope curves in the Butrint samples is
atypical, and may be the result of variations in non-equilibrium isotopic effects
(kinetic effects) driven by climate change. Isotopic fractionation can cause both
isotopic values to change simultaneously and result in their positive correlation. The
kinetic effects can be related with variable biological activity, changing evaporation
or degassing processes. The presence of diatom fossils is probably the main reason for
the positive correlation between oxygen and carbon isotopes.
Alternative reasons for positive correlation can be rapid calcite precipitation
and concurrent CO2 degassing, surpassed the buffer effect of CO2 hydration (CO2 +
H2O!H2CO3) and hydroxylation (CO2 + OH-!HCO-3) reactions. Increase in both
isotopic values can be seen during periods of high degassing and increase in
evaporation of water in the cistern.
Other than these listed factors, positive correlation of the stable isotopic results can be
related with diagenetic processes or mixing of two water sources with different
character.
The amplitude of the stable isotopic cyclicity is very different from one layer
to the next as a result of more severe, rainy winters (autumns) or more arid summer
months in specific years.
Some of the significant changes in P31 values of BT5B can be traced in the δ13C cycle
of the same sample (Fig. 8). Especially the lower parts of both the δ13C and P31 curves
show a sudden increase, where we observe the highest values of both results. This
sudden increase in P31 and δ13C is driven by the same factor of increased biological
activity during the last period of the deposition (Fig. 8). This dramatic rise in the

microbiological activity can have been related with a small architectural change in the
cistern structure. In a closed system like a cave, the opening even a small window for
some reason, could have been responsible for increase in bacteria and algae
community and most likely give rise to both P (Phosphorus) and δ 13C values.
Although this sympathetic relation between δ 13C and P31 is also the subject for the
BTA sample, there are some layers in the first part where we see their anticorrelation. The P31 values are relatively more stable by comparison to two significant
periods of δ13C, which are characterized by high values. These two high stages of
δ13C might have been less related with biological activity but most likely driven by
increase in CO2 outgassing within the cistern.

Conclusions
The results presented above are first discussions of measurement results, and need
further elaboration before we can draw definite conclusions. However, a few trends
are visible which we can already presented as main conclusions
1 – the water of the Xarrë spring, as measured in June 2016 cannot be responsible for
abundant carbonate deposits as observed in the nymphaeum cistern: either the
aqueduct was fed by other, or additional springs: or the Xarrë aquifer provides
completely different water as different times of the year. This point must be further
investigated by taking more water samples, and by archeological survey looking for
possible additional spring.
2 – carbonate is only present in abundance around the nymphaeum. This is probably
due to turbulence of water in and around the nymphaeum, and by the presence of
abundant organic activity in the water. A reason for that could be that the cistern was,
for some reason, open to the air and lighted.
3 –the nymphaeum cistern and the aqueduct were at least in use for 60 and possibly
up to 100 years. Longer use is possible if the cistern was cleaned at some stage, prior
to the last phase of usage
4 - some biological aspects of the cistern carbonate deposits are unique: Butrint is the
first roman water system where we found the presence of diatoms. The significance of
this is so far unclear
5 – some aspects of the trace element and stable isotope geochemistry may reflect
changes in light conditions, and concurrent biological activity, in the cistern. This
effect can be further investigated when a full sample is available
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• Finances
The awarded funding for the project was spent largely according to the application
from 2014. Some adaptations were needed, however, since Dr Sürmelihindi was
already employed as a Postdoc in Mainz in 2016 on another grant. Since she worked
approximately two-month non-stop on the project, we use some of the budget to pay
for her position, as also applied for in the original application. Note that we could no
longer pay this as a stipendium, but as a full postdoc salary at bruto costs before taxes.
We spend more on travel and on laboratory analysis as foreseen in the application of
2014, but only claim those analyses here that fit in the budget provided. Other costs
we try to cover from other grants. Below is a detailed list of spending for the project.
Albania_Butrint project
total travel costs - sampling and research in Butrint
thin sections
Stable isotopes Innsbruck mass spec
travel to Innsbruck for analyses
Hotel Innsbruck 11.16
ICP analysis Mainz mass spec
salary Sürmelihindi - 1 month Bruto costs
total

Details - Travel costs Butrint
flight
ferry Sarande
taxi corfu
train germany
car rental sarande
hotel sarande
hotel Corfu 1
Hotel corfu 2
petrol albania

Euro
907.89
345.7
1233
206.96
339
950
3517.36
7499.91

Euro
337.96
20
10
16.8
90
188.8
130
100
14.33
907.89

Application for remaining funding
We would like to take the opportunity to apply for the remaining £1817 in the budget
to finish research on the Butrint samples. We need this funding for the following
foreseen costs
1. Sampling trip to Butrint in late 2017 (if permits are forthcoming) to collect a
full sample from the nymphaeum cistern (Fig 10 shows possible sample
locations), and to take water samples from the Xarrë spring in fall - £500
2. Remaining laboratory work - water and sinter analysis. Analysis of the
remaining (new) part of the stratigraphy - analysis of diatoms - £1317

Fig. 10. Two possible sites to take a full stratigraphic sample of the nymphaeum cistern
deposits. The sample in the centre has our preference, and could probably be taken without
damage to the rest of the deposits, since it is already cut by two fractures in the cistern
wall

