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ABSTRACT
The thermal fluids vented over Eskisehir province have been
investigated for their origin and to estimate the geothermal
potential of the area. Thermal waters as well as bubbling and
dissolved gases were collected and analysed for their chemical
and isotopic features. Their isotopic composition varies in the
range from −11.5 to −7.7 ‰ for δ18O, −84 and −57 ‰ for δ2H,
and 0–7.2 TU for tritium. The gases (bubbling and dissolved) are
mostly N2-dominated with a significant amount of CO2. The
helium isotopic ratios are in the range of 0.2–0.66 R/Rac, indicate
remarkable mantle-He contribution ranging between 2 and 10 %
in the whole study area. Considering the estimated geothermal
gradient about three times higher than the normal gradient, and
the reservoir temperatures estimated to be between 50 and 100 °C
using quartz and chalcedony geothermometers, a circulation
model was built where possible mixing with shallow waters cool
down the uprising geothermal fluids.
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1. Introduction

The increasing request for sustainable energy resources during the last decades pushed
the scientists to improve their knowledge on geothermal systems and on the scientific
approaches to constrain the natural systems and recover information on the feasibility
of their exploitation.

The study area, marked by the diffuse presence of thermal waters, is located in central
Anatolia near the North Anatolian Fault Zone. The area is crossed by active fault segments
belonging to the Trace Eskisehir Fault Zone (Figure 1(a)) marked by active seismicity [1,2].
Results of earlier geophysical investigations [3–7] carried out over the region indicate the
existence of buried tectonic structures in relation to hot water resources. Likewise, former
investigations of the water geochemistry pointed out the relation of active tectonics with
the potential geothermal reservoirs located in marble and schist levels as well as the water
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radioactivity in the region [2,8–19]. As a matter of fact, there were enough evidences indi-
cating the possibility that a consistent geothermal reservoir might be located in the Eski-
sehir area.

The relationships of the local geological and tectonic structures with the circulating
fluids pose some limits on the location of the geothermal reservoirs and their thermal
regimes. Many thermal springs and Turkish spas (Hammam), that are typical signs of
deep fluids driven to the surface by fault activity, can be easily found in the central part
of Eskisehir as well as in the close vicinity of the fault segments.

This paper accounts for assessments of the geochemical results related to 19 cold and
hot water samples and 10 samples for gas analysis that allowed us to constrain the origin
and gas/fluids interactions. Besides gas analysis, environmental isotope composition and
R/Ra, He/Ne ratios as well as total α, β, and radon activity of the samples were examined.

2. Geologic and tectonic settings

Triassic metamorphic rocks and ophiolites represent the basement rocks in the region,
which have been intruded by Palaeocene granitic rocks ([13]; Figure 1(b)). These are
unconformably overlain by Miocene and Pliocene sediments, volcanic units, and Quatern-
ary alluvium on top. The Lower Triassic metamorphic basement is composed of blue schist
and marble, with a horizontal and vertical transitional contact. These metamorphic units
are unconformably covered by ophiolitic rocks such as serpentinite, peridotite, and listwa-
nite. The granodiorite cropping out in the Topkaya village is a product of magmatic activity
developed as a result of crustal thickening during the Upper Cretaceous and Lower Eocene
compressional tectonic regime. The Palaeocene age Topkaya granodiorite intruded the

Figure 1. Geological map and locations of sampled waters in the area (modified after [13]) upper map
from [20]).
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basement rocks. Skarn zones were formed along the contacts with metamorphic rocks. All
of the older units are unconformably overlain by the Middle–Upper Miocene sedimentary
(a sequence of partly conglomerate, green claystone, coal, grey sandstone, dark grey to
green siltstone, bituminous marl [21] and volcanic rocks, and Pliocene age sedimentary
units). All these units are unconformably covered by Quaternary alluvium.

The Miocene and Pliocene sedimentary and volcanic rocks have been considered as cap
rocks while the Palaeocene granites and metamorphic units (mainly schist and marble) act
as reservoir for the thermal fluids. Because of the low permeability of the cap rocks, thermal
waters cannot move upward unless connected by faults. Thus, faults in the area allow waters
to infiltrate at depth where they warm up as a result of locally high geothermal gradient.

The imbricated structures are recorded resulting from evolving tectonic events during the
closure of an ocean at the end of the Late Triassic period in the study area around Serefiye
village (Eskisehir). The imbricated system that was evolved until the end of the Late Triassic
was affected by later tectonic events [13]. During this period, N–S compression resulted in
the evolution of E–W-trending fault systems. On the other hand, normal faults evolved under
the effect of N–S extension along the Inonu–Eskisehir–Sivrihisar trend during the Neogene.
These faults form a system, and they are observed at the south and north parts of Eskisehir.
Synthetic and antithetic faults are evolved within this fault system.

A dextral strike-slip fault was observed along the granite–marble contact close to the
study area around 10 km southeast (Kaymaz, north of Karakaya village). This fault is
named as the Eskisehir fault zone [22] (Figure 1). The analysis of fault slip data shows a
NW–SE compression and NE–SW extension in the region. Hot springs are located about
10 km southeast of the study area (Kaymaz, north of Karakaya village), and they are impor-
tant manifestations of fault activity along this belt in the region. The possible western con-
tinuity of the dextral motion along the fault system and a small velocity difference in the
western escape of the Anatolian block resulted in the development of the NW–SE-trending
Late Pleistocene–Quaternary age Mahmudiye–Cifteler half graben.

Reservoir units are calc-schists and marbles within and around the studied area, while
ophiolitic units and the Topkaya granodiorite have low permeability [23,24].

3. Materials and method

Two sampling campaigns were carried out in the wet and dry periods of 2006 and 2013.
Four water samples were taken from wells (samples E3, E4, E5, and E8), four from cold
groundwaters (E11, E12, E18, and E19), and from 11 thermal springs (samples E1, E2, E6,
E7, E9, E10, E13, E14, E15, E16, and E17). A total of nine gas samples were collected
(three bubbling and six dissolved gas samples) in 2013. The sampling locations are
shown in Figure 1(b), while Table S1 (Supplemental Material [SM]) lists the types and
locations of samples (given in UTM-WGS84 coordinates) along different segments of the
Eskisehir Fault Zone.

Electrical conductivity (EC, μS cm−1), temperature (°C), pH, and redox potential (Eh, mV)
values were measured in situ with a handheld multi-parameter instrument (YSI-556-USA
brand). All samples were analysed for their major and minor ions, silica, B, Br−, and F− con-
tents, environmental isotopes (oxygen-18, deuterium, tritium, and carbon-13), gas con-
tents and noble gas isotope ratios as well as radioactivity parameters (radon, total
alpha, and total beta). Chemical analyses were carried out using ICP-AES for Na, K, Ca,
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and Mg, whereas Cl−, SO4
2− and HCO3− concentrations were determined by titration

method at the laboratories of the General Directorate of Mineral Research and Exploration
(MTA), Ankara, Turkey. All samples are checked for the acceptable analytical error limits
less than ± 10 %, except for samples E5 and E12 (more than ±10 %). Therefore, samples
E5 and E12 were not considered for further evaluation, and they were disregarded. The
isotopic ratios of 18O/16O and 2H/H were determined by isotope-ratio mass spectrometry
at the laboratories of the Technical Research and Quality Control Department of the State
Hydraulic Works (DSI) in Ankara with an overall precision of ±1 and ±0.1 ‰ for δ2H and
δ18O, respectively. The results are conventionally expressed in delta units as per mil devi-
ation from the Vienna Standard Mean Ocean Water [25]. Tritium was analysed in the DSI
laboratory with an ultra-low-level liquid scintillation counter (Perkin–Elmer Quantulus
Ultra-Low-Level LSC) after electrolytic enrichment of the water samples with an error of
± 0.6 tritium units (TUs). The gross alpha and gross beta analyses were performed by Bert-
hold Lb770-Pc 10-Channel Low-Level Alpha/Beta Counting System (TENNELEC LB 1000) in
the DSI laboratory. The analytical errors in the gross alpha analyses (excluding Rn proge-
nies) were min 0.002 Bq l−1 and max 0.056 Bq l−1. The errors in gross beta analyses were
min 0.02 Bq l−1 and max 0.15 Bq l−1. The radon concentration was measured by GEO-RTM
2128 alpha spectroscopy (manufactured by SARAD GmbH). The relative statistical error for
radon activities ranged from over 10 % for low radon values (2–10 Bq l−1) to less than 5 %
for values greater than 10 Bq l−1. The measurement period was an hour with a high con-
fidence level (95 %) with respect to detection limits.

Samples for gas analyses were collected following already adopted methodologies for
bubbling and dissolved gases [26,28]. The dissolved gases were extracted from water
samples collected in 240 ml glass bottles sealed in the field by silicon/rubber septa
using special pliers. All of the dissolved gas samples were collected taking care to avoid
even tiny bubbles to prevent atmospheric contamination [26,27]. The free (bubbling)
gases were collected using a stainless-steel inverse funnel connected to a three-way
valve [29]. The valve was connected to a syringe and to a two-way Pyrex bottle with
vacuum stop-cocks at both ends. The syringe sucked the gas collected by the funnel
and through the valve; the gas was pushed inside the sampling bottle. The bottle was
flushed with a gas amount ten times larger than its volume, and then the sample was col-
lected following always the same procedure: the first valve is closed; the syringe applies a
slight overpressure inside the bottle; and the second valve is finally closed.

The analysis of the bubbling gases was performed by direct injection in the gas chro-
matograph, while the dissolved gas analyses were carried out on the gas phase extracted
after the attainment of the equilibrium (at constant temperature) between the water
sample and a known volume of host, high purity gas (argon), injected inside the sampling
bottle (see [26,27] for details). The chemical analyses of He, H2, O2, N2, CO, CH4, and CO2

were carried out by a Perkin Elmer Clarus 500 gas chromatograph equipped with a
double detector (TCD-FID; detection limits 1 ppm/vol), with argon as carrier gas.

The helium and carbon isotope analyses were carried out by mass spectrometry.
Helium isotope analyses of both bubbling and dissolved gases (on gas fractions extracted
following the same procedure as for the gas-chromatography and using nitrogen as host
gas) were carried out after accurate sample purification following the already proposed
procedures [26,28,30,31]. The isotopic analyses of the purified helium fractions were per-
formed by a split flight tube static vacuum mass spectrometer (GVI5400TFT) that allows
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the simultaneous detection of 3He and 4He ion beams, thereby keeping the 3He/4He error
of measurement to very low values. Typical uncertainties in the range of low 3He (radio-
genic) samples are within ±1 %. The water samples for dissolved gas analyses were also
used for the determination of the carbon isotopic ratio of the total dissolved inorganic
carbon (TDIC). The method for δ13CTDIC determination is based on the chemical and phys-
ical stripping of CO2. The stripped gases, as well as the bubbling CO2, were purified by
means of standard procedures, then the carbon isotopic composition was measured
using a Finnigan Delta Plus mass spectrometer, and the results are expressed in delta
units as per mil deviation relative to the Vienna-Pee Dee-Belemnite standard. The standard
deviation of δ13C is ±0.2 ‰.

4. Results and discussion

The analytical results of waters and gases are listed in Tables S2 and S3 (SM), respectively.
The results allowed us to group the groundwaters based on the major ion ratios, field par-
ameters, dissolved gas contents, and saturation index (SI).

4.1. Hydro-geochemical features

The dominant cations in waters are Mg in samples E-7 and E-19 (Figure 2(a)), and Na in
samples E-1 and E-17 (Figure 2(b)), whereas Ca is the dominant cation for the rest of

Figure 2. Semi-logarithmic Schoeller diagrams. They allow grouping of the collected samples as a func-
tion of the dominant hydrochemical facies. Three water types have been identified: (a) Mg HCO3; (b) Ca
Mg HCO3 (except for E-17 and E-1 with Na Cl HCO3, respectively); and (c) Ca Na HCO3 (mixed waters).
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water samples (Figure 2(c)). The dominant anion is sulphate for sample E-3, chloride for
sample E-17 (Figure 2(b)), and HCO3 for all other waters (Figure 2(c)) (Table S2).

The high Na and Cl contents of the water sample E17 (Agapinar thermal spring) prob-
ably originate from bituminous marl and claystone interbedded with coal layers of
Miocene age [21]. The presence of a considerable amount of coal deposits and coal
seams was recently discovered in the Neogene Basin of the Eskisehir Graben Area.

Hydrochemical characteristics of water samples do not show any seasonal change poss-
ibly indicating a long and deep groundwater circulation system unaffected by seasonal
variations.

The Na HCO3 type water (sample E1) is the result of water–rock interactions (WRIs) with
the calc-schists hosting reservoir, while Ca/Mg HCO3 type waters (Table S2) may have ori-
ginated from marbles. However, the dominant presence of Mg and Na in some water
samples is probably due to the interaction with the olivine and pyroxene minerals, as
much as albite plagioclase in ophiolitic rocks [32] outcropping in the area, whereas sul-
phate may be resulted from oxidation of sulphide mineral such as pyrite in ophiolites or
diffusion of sulphate from clays in overlying beds.

The saturation index (SI) values with respect to the minerals calcite and dolomite were
calculated using the WATSPEC computer program [33]. The SI values calculated for
common mineral dissolution are plotted in Figure S1(a,b) (SM) for dry and wet periods,
respectively. They vary from −2.5 to +1.75 showing slight over-saturation with respect
to both calcite and dolomite due to WRI occurrence with carbonate rocks. The results of
SI calculations revealed that aragonite, calcite, chalcedony, dolomite, and quartz are over-
saturated, indicating in all likelihood the dissolution of Triassic marble, which is considered
the reservoir rock. As expected from the geological point of view, the waters are undersa-
turated to the respect of anhydrite and gypsum due to the absence of evaporites as a
source rock. Sample E10 is oversaturated in aragonite, calcite, and quartz, probably
from hydrothermal alteration of silica-enriched conglomerate, and undersaturated in
anhydrite, chalcedony, dolomite, and gypsum. There are no seasonal variations regarding
saturation minerals.

4.2. Isotopes in water

According to deuterium and tritium values (Table S2), the sampled waters are considered
as replenishment from relatively higher altitude (800–1000 m a.s.l.) and deep circulation
due to the low δ2Η (less than −75‰) and low tritium (0–1.5 TU) values except for
samples E18 and E19, which probably underwent evaporation process after sampling.
Generally, seasonal effects can be identified on the samples relative enriched 18O and
2H in the dry period. E1 and E13 groundwater/thermal water samples marked by the
most negative δ2Η and δ18O values show typical altitude effect [34] implying the
highest recharge areas among the collected samples (Figure 3).

4.3. Chemistry and isotope signature of gases

The analytical results of nine samples taken from eight different sites are listed in Table S3
(SM). A common feature of both dissolved and bubbling gases is the large amount of N2

and low oxygen concentration indicating that nitrogen is only partially atmospheric.
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The triangular diagram of Figure 4 plots the relative amounts of N2, CO2, and CH4. The
asterisk shows the N2 excess with respect to the atmosphere assuming that deep gas is
oxygen-free. The CO2 content, ranging from 0.3 to >90 %, supports the presence of vola-
tiles of deep provenance (either of crustal or mantle origin). Although a significant atmos-
pheric content is expected for the dissolved gases, the high CO2 amount recorded in
dissolved gas samples E1 and E4 (Table S3) confirms the interaction and dissolution of
deep-originated volatiles to the local groundwater.

The CH4 and He contents provide additional information on the mixing of volatiles. At
times, CH4 is present in significant amounts. As CH4 is usually generated from the crustal
environment, and CO2 is either produced by crustal and mantle sources, we may discrimi-
nate the origin of the gaseous components using the isotopic ratio of helium.

The relationships between CO2 and N2 highlight also the occurrence of phenomena
that change the pristine gas assemblage. Gas–water interactions (GWIs), namely the inter-
actions occurring during gas uprising across the groundwater, allow the soluble species to
dissolve and the less soluble gases to be enriched in the residual gas phase. Figure 5 shows
that the N2 content decreases with increasing CO2 content, as CO2 dissolves in water, the
less soluble N2 increases its concentration. Thus, the CO2–N2 relationship is a consequence
of two different, sometimes concomitant phenomena: mixing of fluids from two different
sources and GWIs leading to CO2 dissolution and virtual enrichment in the gas phase of
the less soluble gas species. As a matter of fact, most of the bubbling gases are CO2-domi-
nated, whereas the dissolved gases are mainly composed of N2.

The isotopic composition of helium is well known to be able to discriminate the genetic
origin of helium and the associated volatiles. As stated above, large CO2 content testifies
the presence of a gas phase of deep origin but cannot discriminate whether it was derived

Figure 3. δ18O–δ2H diagram. Almost all the samples fall on a line that can be considered as the local
precipitation line. The line is parallel to the Eastern Mediterranean Meteoric Water Line due to the con-
tinental effect [35].
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from mantle or a mantle-derived source or from a crustal source. The values we recorded
are in the range from 0.2 to 0.66 Rac, where Rac stands for isotopic ratios normalized to the
atmosphere and corrected for the atmospheric contamination. We estimated the relative
mixing proportion of helium from the three sources (air, mantle, and crust) as suggested
by [36] assuming as mantle end-member the SCEM-type mantle (6.5 Ra [37]).

The C isotopic composition of CO2 of −2.5 ‰ as δ13C in bubbling gases and −5.9 and
−6.8 ‰ in dissolved CO2 (TDIC) (Table S3) shows relatively negative values. Considering
the isotopic fractionation occurring during gas dissolution, the heavier isotope (13C) is pre-
ferentially lost as bicarbonate ion producing more negative δ13C values in dissolved CO2

due to the enrichment in light carbon. As a matter of fact, since our data underwent frac-
tionation effects, the pristine gases should have displayed more positive values allowing to
rule out a major contribution from organic source (typically in the range <−20 ‰). More-
over, the relatively higher isotopic ratio of the bubbling gases compared to the typical iso-
topic composition assumed for mantle-derived CO2 (−6.5 ‰) suggests an origin of CO2

from a mixture in variable proportions of mantle and crustal CO2 probably from decarbo-
nation processes.

In the absence of volcanic structures, we argue that deep lithospheric faults are able to
drive mantle-type volatiles towards the surface, as previously observed along the EAFZ
[27].

Figure 4. The triangular diagram shows the relative amounts of N2, CO2, and CH4. The asterisk shows
the N2 excess to the respect to the atmosphere assuming that a deep gas is oxygen-free. To calculate:
take the oxygen content and multiply by 2 for dissolved and by 3.7 for bubbling (2 and 3.7 are the N2/
O2 ratios in air and in air-saturated water). This is the amount of nitrogen related to the atmosphere,
then subtract this amount to the total amount of nitrogen. The result is the nitrogen that does not
come from the atmosphere.
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4.4. Silica geothermometers

The silica content of the water samples was investigated for its suitability as a geotherm-
ometer assuming that the temperature-dependent chemical reactions equilibrate in the
aquifer and the equilibrium does not significantly change during fluids upraising. The
quartz geothermometer has been tested for reservoir conditions >150 °C, as well as chal-
cedony geothermometer for temperatures <150 °C. Once the geothermometer indicates
temperatures of 120–180 °C, then chalcedony may probably control the silica solubility.
As the chalcedony geothermometer gives temperatures of 100–120 °C, it may represent
a good estimation of the deep temperature [38]. The estimated reservoir temperatures
of quartz and chalcedony geothermometers vary in the range from 80 to 120 °C and
from 50 to 100 °C, respectively (Table S4), showing that they provide consistent results.
The estimated temperatures of E10 and E17 are lower or close to the surface temperature
either because of shallow circulation or possible silica precipitation during the ascent of
the fluid to the surface. On the other hand, the presence of other salts enhanced the
silica precipitation [39] as well (for the sample E17). Most of the pH values of the
sampled waters are lower than 7.5 (Table S3) providing that the geotemperature esti-
mations can be considered acceptable as no increase in dissolved silica content sourced
from the low pH which might cause temperature overestimations [40–43].

4.5. Circulation model

The interpretation of hydro-geochemistry and isotope geochemistry results allowed us to
build up a circulation model and to identify the geo-tectonic conditions for a geothermal

Figure 5. CO2–N2 diagram. The relationships between the two gas species are the consequence of (1)
mixing of two different gas assemblages and (2) GWI processes (dissolution).
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reservoir, which is critical in assessing how to extract thermal waters. A possible geother-
mal model was developed taking into account the geological, hydrological, geochemical
and hydrochemical data (Figure 6). The geological information identifies the calc-schists
and marbles from metamorphic units as suitable reservoir rocks for geothermal waters
with tectonically induced secondary porosity and permeability. The geochemical features
of the circulating waters are consistent with equilibration of the thermal waters in marble
host rocks. The major part of heat in the study area possibly originates from radioactive
decay of U and Th in granitic rocks that outcropped in the study area [44] with contribution
of mantle-derived volatiles [45]. The relatively higher total alpha vs total beta values are
testified by the measured radon contents up to 5600 Bq m−3 (Table S2). In the absence
of young volcanic rocks, only faults with lithospheric character are able to drive fluids
from deep crustal levels. The faults are preferential way for water infiltration down to
deep crustal levels where they warm up as a result of locally high geothermal gradient.

Based on the obtained data, two exploration wells were drilled (E4 and E3) in 2011, with
the aim to gather direct information on the geothermal gradient. Following the well-
logging in the Serefiye well (E4) at the depth of 665 m, the drilling stopped at the
depth of 718 m due to stucking of the drilling pipes and also to protect the well from
other risks. The measured temperature at the depth of 665 m was as 65.7 °C after a
time interval of 15 min. The yield of the well was determined as to be 80 l s−1 by pressure
test. A geothermal gradient of the specific area can be calculated by following equation
[46]:

Geothermal gradient = measured BHT−mean annual surface temperature
formation depth

.

Figure 6. Geothermal model of the study area (vertical axis is not to scale).
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Assuming a mean annual surface temperature of 11 °C (according to the Turkish
Meteorological Service), the calculated geothermal gradient in the Serefiye well is 8.2°C/
100 m. Another exploration well (Mahmudiye well E3) encountered the fault zone at
556 m where the drilling stopped due to circulation loss. The thermal water in the well
was not in artesian conditions, temperature and flow rate measurements gave 59.5 °C
and 70 l s−1, respectively, resulting in a geothermal gradient of 8.7 °C/100 m. Therefore,
the water temperatures in well E3 increased at the reservoir level (located in marbles),
in contrast to the water temperature in well E4 that constantly increased with the
depth due to artesian flow condition. The direct observations provided reservoir tempera-
tures lower by about 20 °C in respect of those estimated by the geothermometric
approach thus apparently inconsistent. However, mixings with surface waters at shallow
levels might cool down the geothermal fluids may provide an explanation for the
observed results.

5. Conclusions

Results from a multidisciplinary study combining geology with hydro-geochemistry and
isotope geochemistry carried out over the area of Eskisehir allowed us to constrain the
existence and thermal potential of some aquifer systems. The geothermal resource is at
the exploitable yield, and our results provide useful information on the natural progress
controlling the geothermal regime. Based on the overall data evaluation, the most prom-
ising areas seem to be the located in the vicinity of Serefiye and Mahmudiye villages.

The heat source of the geothermal system for the eastern sector of the study area can
be sourced from the radioactive decay of U and Th in the granite and granodiorite rocks;
however, the isotopic ratio of helium in most of the samples is higher than crustal volatiles
(0.02–0.05 Ra) indicating a significant mantle-He degassing over the whole study area
probably due to the presence of lithospheric structures. The helium isotopic ratio points
to a mantle and crustal sources mixing with an estimated mantle contribution in the
range of 2–10 %.

Direct observations carried out during drilling of boreholes E3 and E4 have shown that
the geothermal gradient in the area is higher than the normal one. According to the chal-
cedony geothermometer, the reservoir temperatures of thermal waters were estimated
between 50 and 100 °C.

Although the recorded temperatures are not high enough to produce electricity, the
geothermal energy can be used to heat up residences and greenhouses, which is
common in the region. It is worth to note that besides possible exploitation, it is manda-
tory to keep the equilibrium between the proportion of thermal water that can be
exploited and the natural recharge of groundwaters. To keep the correct balance
between the rate of water recharge and the required thermal energy to heat up the
cold waters, an upper limit for the water pumping rate out of the reservoir has to be
defined. For this reason, we suggest to fix the maximum productive yield in 50 l s−1 for
each geothermal well in the region. If the limit is overtaken, then an enhanced mixing
with the shallow cold water component would cool down the reservoir in a short time.

Although a variety of scientific studies have significantly improved the knowledge on
the natural resources of the area, no activity aimed to protect the Eskisehir–Mahmu-
diye–Cifteler and Alpu geothermal fields has been carried out. Some work needs to be
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done to keep the geothermal fields safe and to prevent possible pollution for example
because of new boreholes (already planned by MTA) and/or the development of new
building complexes. The availability of a natural resource, like a geothermal reservoir,
over long-time intervals requires in a mandatory way the protection from artificial modi-
fications, biological/chemical contaminations, and mechanical effects.
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