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Abstract

Discovered in 1957, the Ensemble Basarabi–Murfatlar is one of the most impressive

archaeological sites from Europe. The monument is situated on a hill chalk cliff, and is built

from amorphous calcium carbonate, very sensitive to moisture, frost, salts, as the most

important and common causes of monuments degradation. The calcite dissolution is affected by

the presence of foreign ions, Mg2+ (from MgSO4 ⋅ 7H2O and MgSO4 ⋅ 6H2O) and Na+ (from

Na2SO4 ⋅ 10H2O and Na2SO4), being the major cations in seawater and groundwater. Also, the

anions SO4
2 and Cl− are favouring the calcite conversion to gypsum and is responsible for stone

wall dissolution. Some petrographic and physico-chemical (X-ray fluorescence energy

dispersive (EDXRF), thermal analysis, ICP-AES of wall samples are presented in this paper.

The influence of Fântâniṭa Lake water (Chalk Lake) composition situated very close to the

church is discussed, pointing out the salts migration from the lake to the church wall.
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97.1 Introduction

The Basarabi–Murfatlar Ensemble has been discovered on

1957, and is one of the most impressive archaeological sites

of Europe, consisting of four churches dated from 9th–11th

century, recognized as the first religious monument from

medieval Dobrogea. Situated in the cliff of a chalk stone hill,

this ensemble is built from amorphous calcium carbonate

(calcite), very sensitive to humidity, frost, salts etc. Stone

surfaces are continuously exposed to physical, chemical and

biological degradation (Ion et al. 2013).

The high porosity allows penetration of water with cor-

rosive ions, acids and salts inside the stone and cause it

severe damages. The deterioration of stone is primarily due

to the presence of different water-soluble salts. Salts crys-

tallization is responsible for efflorescence (salt deposed on

stone surfaces), sub-efflorescence (the salts beneath the

surfaces) and crypto-efflorescence (the salts are deposed

within the pore of the stone) (Gauri 1982). Sometimes, due

to the increased salinity of the ground water, an increased

stone degradation occurs, due to the reaction of calcite from

limestone react with different oxides (El-Gohary 2011).

Different anions (nitrates, sulphates, and chlorides) is facil-

itating the stone degradation. This situation has been iden-

tified for Basarabi–Murfatlar church.
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Calcite (the variety of calcium carbonate detected) dis-

solution is affected by the presence of foreign compounds,

Mg2+ (from MgSO4 · 7H2O and MgSO4 ⋅ 6H2O) and Na+

(from Na2SO4 ⋅ 10H2O and Na2SO4), being the major

cations in seawater and groundwater. Also, the anion SO4
2−

(from atmospheric pollution) is favouring the calcite

conversion to gypsum and is responsible for stone wall

dissolution. Petrographic and physico-chemical (X-ray

fluorescence energy dispersive (EDXRF), thermal analysis,

ICP-AES and X-ray diffraction (XRD), are presented, too.

Because in the close vicinity of the church is the Fântâniṭa

Lake or Chalk Lake, formed after construction of Danube-

Black Sea Channel in 1975, the possible influence of the

water composition on the weathering and deterioration of

this church, is analysed in this paper. These analysis are

original, nobody up to now discussed this water lake influ-

ence of these churches.

97.2 Materials and Methods

97.2.1 Sampling

Samples of stone were collected from Basarabi church

(samples collected from the exterior of the monument,

without any value for this church), Fig. 97.1.

97.2.2 Characterization Techniques

The X-ray diffraction analysis has been carried out with a

DRON UM1 diffractometer using an iron filter for the CoK
α

radiation (1.79021 Å), and with a Philips Diffractometer PW

1840, 40 kV/20 mA, Cu Kα radiation). The energy-dis-

persive X-ray fluorescence analysis was performed with an

energy dispersive instrument, EDXRF PW4025, type Min-

ipal- Panalytical, with a Si(Li)-detector of 150 eV resolution

at 5.89 keV (Mn-Ka-line) and a Rh-tube with an acceleration

voltage of 50 kV. Thermal analysis has been performed on

a Mettler Toledo Thermo-gravimetric Analyzer TGA/DSC/

SDTA 823e, in the range of temperature 25–1000 °C, in

dynamic air, with 60 ml/min, at a heating rate of 10 °C/min,

in alumina crucible. ICP-AES elements analysis has been

recorded with ICP-AES spectrometer Varian, Liberty 110

System.

97.3 Results and Discussion

This ensemble is built from calcium carbonate (chalk) and is

very sensitive to humidity, frost, salts etc. Usually, calcium

carbonate is occurring as limestone, chalk and biomaterials.

It can adopt three polymorphs forms: calcite, aragonite and

vaterite (Goudie et al. 1970). From petrographical analysis,

could be concluded that the wall is mainly composed of

calcium carbonate (CaCO3 = 91.4%), small amount of quartz

and minerals clay as constituents, and an autigens chemical

structure with iron oxides and hydroxides. It has a highly

porous microstructure, with quite coarse pores (Fig. 97.2).

The prelevated chalk sample is a clay bioclastic limestone

(chalk), a variety of precipitation limestone, porous, finely

granular and relatively friable (white powder). The identified

vaterite, which coexist with calcite, is stable only under 10
OC, has the tendency to form framboidal structures, in the

presence of CO2, with an average size of these elementary

spheres comprised between 36 and 150 nm (Nehrke 2007).

Analyzing the metal content (by ICP and EDXRF) from

samples prelevated from different church’s locations, and

lake water, too, besides the usual metals (Fig. 97.3 and

Table 97.1) could be detected Sr, favouring the calcite sta-

bility, being able to interact primarily with the sterically

open sites on the surface of calcite during dissolution (Lea

et al. 2001). The growth of damaging salt crystals is usually

attributable to crystallization, caused by the evaporation or

Fig. 97.1 Picture of the prelevated sample Fig. 97.2 Petrographic analysis of chalk stone sample
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cooling of salt solutions within the stone. Most aggressive

are: Na2SO4 ⋅ 10H2O (mirabilite), an extremely soluble

salt which derives from hydration of Na2SO4 (thenaride),

which increases its volume for about 70–250 %, and

kieserite (MgSO4 ⋅ 6H2O) which transforms in epsomite

(MgSO4 ⋅ 7H2O) with a volume increase of 173 %

(El-Gohary 2011).

For the lake water have been determined sulphates

(1426.75 mg/L vs. 300 mg/L for Danube-Black Sea Chan-

nel)(STAS 8601-70), chlorides (645 mg/L vs. 200 mg/L in

Danube-Black Sea) (SR ISO 9297/01) and hardness (53.93 °

DH vs. 30 °DH) (SR ISO 6059/2008) all these being similar

with literature data (Barac et al. 2011). The other water

parameters have values not exceeding the standard values for

Black Sea water. Their presence in the lake could be the

main source for the salts responsible for wall degradation.

Also, by analyzing the values obtained by ICP-EAS, could

be observed identical or higher values for Na and Mg, for the

lake water by comparison with the chalk samples prelevated

from different locations of the church. From thermal analy-

sis, in the chalk sample prelevated from the church, could be

identified both hydrous and anhydrous Mg and Na sulphates

(Table 97.2).

Insoluble salts (mostly carbonates) do not crystallize,

mostly because of their poor solubility a stay either on or

below surface. Because of their low solubility, slightly sol-

uble salts often crystallize just below the surface and cause

bulging, detachment and loss of fragments, calcium sulfate

(gypsum) being the predominant salt (CaSO4 ⋅ 2H2O).Highly

soluble salts are mostly chlorides and nitrates (NaCl, NaNO3,

KNO3). Their hygroscopic salts in humid environments

remain in solution producing a dark patches. Because of high

Table 97.1 The ICP-AES analysis for Basarabi churches sample (minor elements)

Element Lake water

(ppm)

Church stone from entrance

Nord-West (ppm)

Church stone from entrance

South-West (ppm)

Chalk sample (I)

(ppm)

Chalk sample (II)

(ppm)

Al 0.218 542.29 569.81 554.15 196.38

Sr 2.322 269.66 256.38 317.27 496.44

Ca 68.19 92,500 95,500 94,700 96,700

Ba − 14.19 11.02 1.08 16.08

Mn − 132.33 128.08 169.24 216.79

Fe − 652.86 354.54 379.04 116.08

Mg 131.9 760.77 764.35 132.02 1304.20

Na 458.9 173.77 172.46 837.30 1745.81

Zn 1.566 78.57 36.90 2.46 82.16

Cu − − 4.77 0.27 3.44

K 6.845 481.43 387.80 528.83 127.44
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Fig. 97.3 EDXRF semi-quantitative analysis of chalk samples

Table 97.2 Endothermic peaks of chalk sample with Na and Mg sulphates

Chalk sample Endothermic peaks (°C)

100 150 198 275 −

Na2SO4 − − − 275.54 −

Na2SO4 ⋅ 10H2O 90.89 − − 271.15 −

MgSO4 ⋅ 6H2O 110 156 200 275 360

MgSO4 ⋅ 7H2O 135 185 200 274 365
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solubility, the crystallization occurs, efflorescence appears,

but sometimes crystallization spreads below the surface layer,

affecting cohesion—subefflorescence (Török 2010).

97.4 Conclusion

Some petrographic and physico-chemical (X-ray fluores-

cence energy dispersive (EDXRF), thermal analysis, ICP-

AES of wall samples from Basarabi–Murfatlar church are

presented in this paper. The calcite dissolution is affected by

the presence of some cations, Mg2+ (from MgSO4 ⋅ 7H2O

and MgSO4 ⋅ 6H2O) and Na+ (from Na2SO4 ⋅ 10H2O and

Na2SO4) being detected in Fântâniṭa Lake water, very close

to the Basarabi–Murfatlar Churches and pointing out the

salts migration from the lake to the church wall. Also, the

anions SO4
2 and Cl− are favouring the calcite conversion to

gypsum and is responsible for stone wall dissolution.
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