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This study examines the hydrochemistry of mineral and freshwaters circulating
in the crater of the Aragats volcano and on its Eastern and Couthern slopes, as well
as to clarifying several related issues. On the Eastern slopes, in connection with the
composition of the mineral waters, a natural acid drainage phenomenon has been
observed, which propagates downstream along the main tributary and gradually
diminishes within the territory of the Tsaghkashen Village. In this area, noticeable
differences are also observed in the compositions of waters discharging from outlets
located in proximity to one another, which may be explained by the substantial
difference in the depths of formation of the mineral and freshwater bodies, as well
as by the isolation of their respective pathways to the Earth’s surface. The most
widespread and dominant water types were distinguished for the investigated sites,
and their chemical formulas were determined according to Kurlov’s classification.
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Introduction. Geological characteristics and features of 4090 m high Aragats
stratovolcano have always been at the center of attention of the scientists, particularly
of the volcanologists. Many scientific works of Armenian researchers dedicated to
the geology of the Aragats, in which the age, petrology, geochemistry, volcanology
are discussed.

Territory of Armenian highland is an area of widespread post-collisonal
volcanism. Within territory of the Republic of Armenia (RA) volcanic activity of the
Miocene-Quaternary period covers about 50% of the territory. Aragats volcano
occupies a special place among volcanic structures in terms of the scale of eruption,
the complexity of the structure, and the structural-tectonic position. Morphologicaly,
the Aragats massif is represented by a large shield-shaped structure with a diameter
of 42 km [1].
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Academician R. Jrbashyan considers the Aragats Polygenic volcanic structure
to be the largest and most complex in the Central Volcanic Zone of Armenia, with
an area of about 5000 km? [2].

This paper ficuses on hydrogeological characteristisc of Aragats stratovolcano,
mineral water springs in the crater and natural acide drainage conditions. With its
unique and interesting hydrogeological characteristics, Aragats has also attracted the
attention of specialists in the field of hydrogeology. Some of the results of their
research were presented in a fundamental work [3], where it is stated that the Aragats
volcanic massif is mainly composed of andesite-basalt, basalt, andesite-dacite, dacite
lavas of the Tertiary and Quaternary periods, as well as of tuffs and tuff-lavas of
andesite-dacite and dacite composition. After the last cycle of volcanic activity,
Aragats underwent glaciation twice. Two minor glaciers have been preserved on the
mountain peak. As a result of the glaciers’ activity, Amberd, Mantash, Geghadzor,
and other valleys were formed, where both mineral and fresh water springs were
recorded. In general, the mineral waters of Aragats have a large discharge and high
values of carbonic acid content [3].

This study aims to characterize the chemical composition of the studied
mineral, fresh and surface flow waters in the Aragats Volcanic Region, identify the
primary sources of their chemical constituents, and evaluate the processes governing
their geochemical evolution.

Samples and Analytical Methods. Fieldwork and sampling was conducted
in three phases:

2015 — Sampling in the upper reaches of the Amberd River, originating on the
Southern slope of Aragats.

2018 — Sampling in the crater area of Aragats.

2020 — Sampling on the Eastern slope, extending to the vicinity of the Aparan
Reservoir.

Water samples were collected from mineral and fresh water springs, as well
as from Amberd and Gegharot Rivers systems, to assess their hydrochemical
composition. Sampling locations were selected based on previous hydrogeological
studies and visual indicators of mineralization, such as ochre-colored streambeds,
gas emissions, and variations in water clarity. Sampling was carried out in
accordance with the accepted requirements and rules [4]. Water was sampled in
1-liter polyethylene containers. The first of the most important conditions is the
cleanliness of the container and stopper. This is prepared in the laboratory.
The containers and stoppers are pre-treated in the laboratory with a 5% solution of
hydrochloric acid, then with boiled water and finally with distilled water.
When taking the sample, the container and stopper are rinsed 2—3 times with the
water being sampled, which is then poured into the container up to the bottom of the
stopper, and then the container is hermetically sealed and stored in a cool and dark
place, until delivered to the laboratory.

Analytical studies were carried out at the Hydrogeochemistry Laboratory of
the Institute of Geological Sciences of the NAS of the RAa. Standard hydrochemical,
colorimetric [4] and physicochemical [5] methods were applied in accordance with
ISO and GOST standards. The chemical composition of the samples was determined
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using traditional hydrochemical analysis, focusing on major ions, trace elements, and
isotopic ratios where it’s applicable.

The results of the hydrochemical analysis of the studied waters are presented
using the Kurlov formula and the Piper diagram.

The Kurlov formula, utilized in hydrogeology for classifying groundwater
based on its chemical composition. It was first introduced by Soviet hydrogeologist
M. I. Kurlov. He detailed this method in his 1928 publication titled “Hydrogeological
Studies in the Lower Volga Region” (in Russian). In this work, Kurlov presented a
systematic approach to express and classify groundwater types using the relative
concentrations of major ions, a methodology that has since become fundamental in
hydrogeological studies. In the Tab. 1 all sampled waters compositions are presented
by Kurlov’s formula.

Table 1

Brief data on the geographical location, temperature and chemical composition
of the studied water outlets

Sample Location,

N D water description Latitude | Longitude | H,m | T,°C Kurlov’s formula
i i HCO03 73 S0*20
1| g5 AmberdRiverbasing, yseens 44161151 | 33014 | 44.0 | M, o 000 20
surface flow “® Ca44Mg33Nal8
i i HCO37550*19
2 | 10115 (AMPerd RIVerbasing g 4on467 44161617 | 33045 | 331 | My pp oo
mineral water “® Ca59Mg24Nal4
4
9
3 | o7viig | Craerof Aragals, | 4, 114100 44 190001 | 33518 | 449 | M, S0795
mineral water 1 "~ Mg35Fe26Ca22NH4 11
S0%79Cl118
4 27v-1/1g) CrarOTAIQalS, |4, 511691 44189257 | 33526 Mo g0 o
mineral water 2 n/d ~” Mg56Ca25Fe9
i HC0373S0*15ClI12
5 | 2gvig |  Lakekar, n/d nd | 3199 | 12.9 | Myges ot 2%
fresh water ] Ca56Mg29Nal2
Aragats East. s_lop, S0476CI123
6 | 1/20 | Tributary, with |40.501389 44.208611 | 22978 | 110.5 | M,.,
ochrehue Ca46Mgl17Nal14H12
S0*49Cl45
7 2/20 Right tributary  [40.501111| 44.209167 | 22972 | 1175 | My39 ———————
~” Ca43Mg26Na26
S0*76Cl123
8 3/20 Main rivulet 40.496667| 44.225556 | 22779 | 115.1 | Mysg ——————
~® Ca50Mg21Nal4
. HC035650*30
9 | 4/20 | Fresh water spring |40.495000| 44.243611| n/d 113 | Mygpp———————
~" Ca44Mg30Nal2
Main rivulet up to S0*77ClI22
10 5/20 v. Tsaghkashen 40.489444| 44.286944 | 22317 | 113.9 M0.30m
Main riVUlet, S0474ClI20
11 6/20 Eastern end 40.501389| 44.360000 | 11928 | 117.1 | My33 ———————=
of v. Tsaghkashen Ca44Mg39Nal3
Main rivulet, before HCO3 41 SO*38CI17

12| 7/20 flowing into the |40.502222| 44.429167 | 11828 | 119.5 | M, ,,
Aparan reservoir

Ca44Mg36Nal6

Note: n/d — not determined.
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Fig. 1. Schematic map of all sampling areas: 1. Samples from Gegharot River; 2. Samples from
Amberd River; 3. Crater mineral waters; 4. Fresh waters; 5. Polygenic volcanoes; 6. Settlements.

Results and Discussion. According to the results of previous research, the
waters of the upper flow of the Amberd River appear mainly in two types, leaving a
red trace along the entire stream. These waters are cold, contain free carbonic acid,
have a large discharge and a pleasant taste [3].

It should be noted that the data given in this research refer to the two springs
coming to the surface of the Earth in the upper reaches of the Amberd River, at a
distance of about 150 m from each other, whose composition formulas, in order to
ensure more accuracy, are presented taking into account the values of components
less than 10 mg-equivalent:

HCO0393Cl7 HCO0398C1150*1
0.1 cagaNa+K9Mg7’ 0.8 ca20Mg33Na+K26Fel’

During the research of 2015, we sampled the waters of 2 spring in the
basin of the right tributary of the Amberd River, upstream of the tributary, about
0.5 km to the North of Kari Lake at an altitude of 3200 m. The difference in
composition formulas obtained as a result of the research allows us to assume that
the waters of the previously and newly examined springs circulate in different
underground levels.

The first sample taken by us here is from the right tributary of the Amberd
River (9/15), the second is from the water coming out to the surface of the Earth on
its right bank (10/15). The bed of the latter, in the direction of the flow, has a bright
ochre color until it joins the tributary, which gave reason to think that it is mineral.
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Table 2

Hydrochemical analysis of all sampled waters (g/L)

N Determined Sample number

COMPONENtS | o/15 | 10/15 [27v/18|27V-1/1828V/18| 1/20 | 2/20 | 3/20 | 4/20| 5/20 | 6/20] 7/20
1 H* n/d n/d 0.63 0.66 n/d 138 | nd | 076 | nd | 031 | nd | nd
2 Li* nla nla 0.04 0.05 n/d n/d n/d nd | nd | nd | nd | nd
3 NH,* 0.10 n/a 32.00 | 12.00 n/a 014 | 014 | nfa | nfa | nfa | nfa |0.10
4 Na* 9.66 7.82 3.75 3.45 1.05 | 37.27 | 37.01 | 30.00 | 1.50 | 16.14 | 15.86| 9.29
5 K* 3.67 2.67 2.05 1.83 0.50 | 10.67 | 13.00 | 9.00 | 2.17 | 5.83 | 5.33 | 3.25
6 Ca® 2043 | 28.28 | 74.33 78.24 4.61 |107.58| 53.79 | 92.91 | 4.30 | 53.79 |44.99|21.52
7 Mg** 9.06 7.15 | 72,06 | 106.09 146 |23.72 | 1957 | 23.72 | 1.78 | 10.67 | 24.19|10.67
8 Fetotal 0.20 0.02 | 79.20 | 25.30 0.06 |1815| 018 | 7.70 | 0.02 | 1.28 | 0.18 | 0.11
9 Cu? 0.00049| 0.00051 | 0.0048 | 0.039 | 0.0006 | n/d n/d n/d nd | nd | nd | nd
10 Zn* nla nfa | 0.008 0.01 0.008 | n/id n/d nd | nd | nd | nd | nd
11 Pb%* n/d n/d 0.028 | 0.033 [0.00045| n/d n/d nd | nd | nd | nd | nd
12 Cd? n/d n/d 0.04 0.025 [0.00015| n/d n/d nd | nd | nd | nd | nd
13 F 0.28 0.05 3.80 3.80 005 | 1.10 | 0.36 | 0.96 | 0.36 | 0.44 | 0.56 | 0.44
14 Cl- 5.46 477 | 16.37 | 102.30 1.71 | 9548 | 98.89 | 75.02 | 1.36 | 37.51 | 35.46|15.00
15 SO 21.81 | 22.21 |752.16| 587.90 3.09 [425.07|148.14|342.46| 7.00 |178.19/179.8345.27
16 HCO3~ 102.48| 109.80 | n/a nla 1831 | nfa | 21.96 | nfa [17.08| n/a |12.20|61.00
17 NO3z nla nla nla nla nla 030 | nfa | 050 | 0.80 | n/a | 7.00 | 4.00
18 NO, nla nla nla n/a n/a n/a n/a nfa | 001 | nfa | nfa |0.07
19 PO, n/a n/a 0.05 0.05 n/a na | 008 | na | 0.07 | 0.05 | nla | nla
20 H,SiO, 110.00 | 100.00 | 55.00 | 50.00 2.00 n/d n/d n/d nd | nd | nd | nd
21 Si 208 | 29.17 | 16.04 14.58 0.58 n/d n/d n/d n/d nd | nd | nid
22 As n/a n/a n/a nla nla nfa nla na | nla | nla | nla | na
23| General 100001 28277 111052 987.68 | 32.85 |720.86|393.12 583.03| 36.45 304.21/325 60170.72

mineralization
24 fe”era' 177 | 199 | 964 | 1263 | 035 | 7.32 | 429 | 659 | 0.37 | 356 | 424 | 1.95

ardness

25 pH 5.82 4,99 3.20 3.18 717 | 286 | 655 | 3.12 | 7.24 | 351 | 4.44 |6.94

Note: n/d — not determined; n/a— not available.

However, as a result of the research, it turned out that this water is almost
indistinguishable from the water of the tributary, belongs to the same class with not
much difference in numerical values, has the same value of mineralization and only
the hydrogen ion content is slightly higher here.

Thus, it can be concluded that these waters sampled and examined by us, in
addition to the intermixing of surface flows, also have a common circulation plane
in the Earth’s depths. The obtained data are given in Tabs. 1 and 2, and the formulas of
surface flow and mineral water compositions, respectively, have the following form:

HC037350%20 HCO037550%*19
0-28 c344Mg33Na18’ 0.28 c359Mg24Na14’

In the near-peak area of Aragats, in the crater, the waters of 3 outlets coming
to the surface of the Earth at an altitude of about 3500 m, two of which are mineral
and one is fresh — were previously described by us as well. One of the mineral waters
is sulfate, magnesium—iron—calcium—ammonium in composition and the other is
sulfate—chloride, magnesium—calcium (values below 10 mg-equivalent are not taken
into account). They are distinguished by the significant contents of ammonium-ion,
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H*-ion, Fewtar. They have relatively high mineralization and relatively high values of
total hardness, which allows their origin to be associated with greater depths.

The obtained data are given in Tabs. 1 and 2, and the composition formulas,
respectively, 27V/18, 27V-1/18, and 28V/18 have the following forms:

M S0*95 u S0*79Cl18 u HC0373S0%15C112
11 Mg35Fe26Ca22NH4411’ 999 Mg56Ca25Fe9’ 0033 Ca56Mg29Nal2

There are known data in the literature about the mineral waters of two springs
coming to the surface of the Earth in the peak area of Aragats, which are called
Geghadzor springs [3]. We cannot consider them the mineral waters described by us,
because the compositional differences are quite substantial and conducted research
does not provide grounds to assume that such changes could have occurred in an area
at such a great distance from anthropogenic influence. Besides, only one water
composition formula is provided:

M C15350*41HCO36
13 Na + K57Mg31Cal2’

We believe this question needs further additional examination and clarification,
because we still are not aware of other mineral water outlets in the crater of Aragats.

During the works performed on the Eastern slope of Aragats, several water
outlets were observed, which, according to us, are of interest both in terms of the
outlets’ position and composition. And the activity of some of them, particularly the
mineral ones, can be considered as an example of natural acid drainage. Their bed
has a bright ochre color in the direction of the flow of Gegharot River, which
continues for several kilometers and fades in the territory of Tsaghkashen Village.

As the obtained data show, particularly the values of hydrogen ion content and
total mineralization, before flowing into the Aparan Reservoir, the water quality is
completely restored due to the active operation of the oxygen barrier.

In this area, the compositions of the mineral and fresh waters of the outlets
located close to each other and coming out to the surface of the Earth are obviously
different from each other. This testifies about the formation of underground waters
compositions in different depths and about their coming out to the surface of the
Earth in ways that are significantly isolated from each other.

In the direction of the flow, downslope, the waters of seven outlets were
sampled and examined. The obtained results are presented in Tabs. 1 and 2.
According to their composition, they can be divided into 2 groups: 1) sulfate—
chloride, calcium-magnesium-sodium: S0*Cl/CaMgNa; 2) hydrocarbonate—
sulfate (-chloride), calcium-magnesium-sodium: HCO3S0*/CaMgNa (Tab. 2).

The cationic series is distinguished also by the constancy of numerical values.
Only in the first sample does H* appear at the last place in the series.

We tend to consider the first ones as mineral waters, based on the color of the
bed, the total amount of iron, the fact that the sulfate ion is in the first place among
the anions, and on the pH values. The mineralization of these waters is not high
(0.30-0.72 g/L), which can be explained by their mixing with fresh, low-mineralized
waters circulating at shallow depths for a short period of time before coming to the
Earth’s surface, which, in its turn, is confirmed according to the research results of
the waters of many outlets of fresh water coming to Earth surface.
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An idea of the general description of the studied water compositions can also be
obtained from Fig. 2, where the compositions are expressed using the Piper diagram.

Explanation

A Gegharot river

W Amberd river

© Crater min. waters

@ Fresh water springs

60

(Ca®) (@) +(F)

Fig. 2. Piper diagram of the sampled waters.

Conclusion. Thus, the results of the previously carried out and our current
hydrochemical studies allow us to separate certain hydrochemical characteristics of
the waters circulating in the areas of our research, on the slopes of the Aragats
volcano, according to their composition, which are:

I. On the Southern slopes, the examined waters of the upper reaches of the
Amberd River are characterized by a total mineralization of 0.1-0.8 g/L and the
following compositions (to make it comparable with our formula, we present the
composition formula given in [3] without values below 10 mg-equivalent):

- hydrocarbonate, calcium (or calcium—magnesium);

- hydrocarbonate, calcium—magnesium-sodium—potassium;

- hydrocarbonate—sulfate, calcium—magnesium-sodium.

I. The waters circulating in the crater area of Aragats are characterized by the
following compositions:

- chloride—sulfate, (Na+K)—magnesium—calcium;

- sulfate, magnesium-iron—calcium—ammonium;

- sulfate—chloride, magnesium-calcium—iron,

- hydrocarbonate—sulfate—chloride, calcium—magnesium-sodium.

The mineralization values of these waters are between 0.033 and 1.3 g/L.

I11. On the Eastern slope, mineral waters have mineralization of 0.30-0.72 g/L,
fresh waters — 0.04-0.17 g/L.
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Minerals are characterized by sulfate—chloride, calcium—magnesium-sodium
composition.

Fresh waters are characterized by hydrocarbonate—sulfate, calcium-—
magnesium-sodium and hydrocarbonate—sulfate—chloride, calcium—magnesium-—
sodium compositions.

IV. The studied Eastern slope mineral and fresh water compositions are
formed at different depths and come out to the surface of the Earth mainly in different
ways, significantly isolated from each other. It can be assumed that the time of their
interaction is quite short, since this interaction takes place before their coming out to
the surface of the Earth, close to the surface, at small depths.

V. The studied mineral and fresh water springs exhibit significant compositional
variability, influenced by subsurface geological processes, rock-water interactions,
and atmospheric contributions. Notably, the phenomenon of natural acid drainage has
been observed on the Eastern slope in the Gegharot River, originating from the crater
and extending downstream, where its effects gradually diminish near v. Tsaghkashen.
The composition of these waters is strongly controlled by the volcanic and pyroclastic
deposits, which contribute major and trace elements to the hydrothermal system.
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UL hwpuuyhtt wbetinhtt pppwiiunynn hwbpuyhtt b pungpuwhwd  optiph
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hhnpnphihuyhtt ni ngput wnbsynn npn) hwpgtiph Wuipquipuwbdwap: Wplbpub
Jwbgtphti, hwbpwyhtt optiph Juqubtph htiwm Juuyyws, nhudt) £ phwub
pPRYwhlt nphbwdh tpunyp, npp wwpwoymd . duyp Jumwlh hnuph
ninnnipjudp b wunhwbwpwp dwpnd Swnuptit gyninh mwpwdpnid:
Wju mbinuiwunid nhunynid Gh twle hpup dnn mbinuijuyywd Gjptipny optiph
Juqitinh Gqunbih muppbpniynibbtn, hbsp Jupnn £ pugumpyty mtinudwuh
hwipught L pwngpuhwd  optiph  dwynpiwd  funpnigmibbitiph  qquih
wmwppbipnipyudp b bpubtg” Gpyph dwytipbu pnipuy quni Gwmbwywphbtph
dhdjuiighg Wtyniuwugyudnipjudp: Whpwwmyty Gt optiph winwyty mwupudywd,
gtipulponn Juqitpp, pun htimugnnjuo wmtnudwutiph, b Juqiygty o
puwlaltin pun Unipnyh:

I'. B. LIAT'MHAH, X. b. MEJIUKCETSH, LI. C. 3AKAPSH, III. A. TTOJIbBHA3APSH,
3. C.TPUI'OPH, H. A. CAAKAH

I'MAPOXMUMA BOJ, IUPKYJIMPVIOIINX B KPATEPE,
HA BOCTOYHBIX U HOXKHBIX CKJIOHAX BYJIKAHA APAT'ALL

Pe3mome

Pabora mocesiieHa BBISCHEHHIO OCOOCHHOCTEH T'MIPOXMMUYECKUX Xapak-
TEPUCTHUK HEKOTOPBIX MUHEPAIBHBIX U IIPECHBIX BOJ, HUPKYJIHUPYIOIINUX B KpaTepe,
Ha BOCTOYHBIX W FOXKHBIX CKJIOHaX BYJIKaHa Aparall, a TaKkKe YTOUYHEHHIO psia
CBSI3aHHBIX C HUMH BOIIPOCOB. Ha BOCTOYHBIX CKIIOHAX M3-32 COCTaBa MHHEPAIBHBIX
BOJI HaOIIOIAETCsI SIBJICHUE €CTECTBEHHOT'O KHCIIOTHOTO ApeHaka, KOTOPBIN pacipo-
CTpaHACTCAd BHU3 110 TCYCHUTIO BAOJb OCHOBHOI'O IMPUTOKA U MMOCTCIICHHO 3aTyXacT B
npenenax teppuropuu cena llaxkamen. B atom paiioHe (GUKCHPYIOTCS 3HAYHMEIE
pas3iandusd B THAPOXUMUYCCKOM COCTAaB€ BOJA HCTOYHUKOB, PACITIOJIOKCHHBIX APYT OT
Jipyra Ha HEOOJIBIIOM PACCTOSIHHUH. DTO MOXET OBITh OOBSCHEHO CYIIECTBEHHOM
pasHuIei riryouH GopMHUPOBaHUS MUHEPAIBHBIX U MIPECHBIX BOJI, & TAKIKE U30JIHPO-
BaHHOCTBIO JPYT OT APYyra UX MyTed K MOBEPXHOCTU 3eMiu. s uccieqoBaHHBIX
YYaCTKOB BBIICTICHBI HAHOOJIEe PaCIIPOCTPAHCHHBIC W JOMHHHUPYIOIITUE THUITH BOJ,
TUAPOXUMHUYECKHE COCTABBI KOTOPBIX MPUBOIATCS B BHe hopmyiel Kyprosa.



