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Abstract⎯A comprehensive research of water and cyanobacterial mats in Mogoysky and Shurindinsky ther-
mal springs (Baikal rift zone) was carried out by hydrochemical, chemical, microbiological, and mineralog-
ical methods. Detailed descriptions of the springs location and their characteristics were given. According to
their chemical composition, the springs were classified as f luoride-bicarbonate (Mogoysky) and bicarbonate-
sulfate (Shurindinsky) types with a high concentration of f luorine. This is explained by the interaction of
infiltration waters with embedding rocks. A wide diversity of cyanobacteria (14 species of 7 genera) was
revealed in the investigated springs. The development of cyanobacteria in microbial mats was observed at
water outflows at the temperatures of 37.8 to 76.6°C. Chlorophyll a was the predominant pigment in micro-
bial mats of the studied springs, indicating predominance of cyanobacteria in the mat. Deposition of various
pyrite forms, celestite (SrSO4), f luorite (CaF2), calcium carbonate, elemental sulfur, barite, and amorphous
silica was found in microbial mats.
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While investigation of nitric thermal waters in the
Baikal rift zone (BRZ) commenced in the 20th cen-
tury, research was limited to determination of their
thermal and hydrochemical characteristics (Tkachuk
et al., 1957; Albagachieva, 1965; Lomonosov, 1974;
Borisenko and Zamana, 1978). More active research
of microbiology and hydrochemistry of these springs
has been carried out in the recent decades (Namsar-
aev, 2006; Lazareva et al., 2010; Namsaraev et al.,
2011; Plyusnin et al., 2013; Shvartsev et al., 2015).
Investigation of species diversity of the cyanobacterial
communities of the BRZ thermal ecosystems was
commenced, and the effect of temperature and other
physicochemical factors on their development was
studied (Bryanskaya, 2002; Namsaraev, 2006; Laza-
reva et al., 2010; Namsaraev et al., 2011, Tsyrenova
et al., 2011). In this relation, investigation of the
hydrotherms of the Bauntov raion, Buryat Republic,
also belonging to BRZ but unstudied in detail due to
difficult access, was of interest. These are Mogoysky
spring with the highest temperature and fluorine con-
tent among the BRZ nitric therms and the high-tem-
perature Shurindinsky spring.

At the outlet of a number of thermal springs, car-
bonate (travertine) structures are formed, which are
associated directly with the activity of microbial com-
munities (Tatarinov et al., 2005). Apart accumulation
of certain elements, microorganisms create favorable
conditions for precipitation of such minerals as car-
bonates, sulfates, phosphates, and silicates. Dur to the
shifted carbonate equilibrium, cyanobacteria contrib-
ute most significantly to precipitation of calcium car-
bonates (Orleanskii and Gerasimenko, 1982; Chafetz
et al., 1991; Zavarzin, 2002). The role of microorgan-
isms in mineral formation has been previously studied
in thermal springs of Japan (Tazaki et al., 1995), Yel-
lowstone Park (Guidry and Chafetz, 2003), Southern
China (Peng et al., 2007), Kamchatka (Lazareva et al.,
2012), etc. Mineral formation in cyanobacterial mats
of the Barguzin depression alkaline hydrotherms was
studied (Bryanskaya et al., 2006; Lazareva et al., 2010;
Tsyrenova et al., 2013; Budagaeva et al., 2014), as well
as species diversity of cyanobacterial communities of
the Baikal rift zone (Bryanskaya, 2002; Namsaraev,
2006; Tsyrenova et al., 2011). Apart from providing
new data on the biological diversity of cyanobacterial
communities and physicochemical conditions of their
508
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Fig. 1. Map of the Baikal rift zone indicating the major Buryat hydrotherms: Bauntov group hydrotherms (1), Barguzin Valley
hydrotherms (2), and Eastern Sayan hydrotherms (3).

55° N

50° N

100° E 105° E 110° E 115° E

Moscow
RUSSIA

Lak
e B

aik
al

BURYATIA

Sample points

N

1
2

3

development, investigation of these thermal springs
will provide new information on extremophilic bio-
genic mineral formation.

The goal of the present work was therefore to inves-
tigate cyanobacterial species diversity in nitric therms
of the Mogoysky and Shurindinsky springs of the
Bauntov group (Zamana and Askarov, 2010) and to
determine the role of these communities in mineral
formation.

MATERIALS AND METHODS

Samples for hydrochemical and microbiological
analysis were collected in November 2009 from the
springs Mogoysky and Shurindinsky (Tsipa River
basin, Bauntov raion, Buryat Republic, Russia)
(Fig. 1).

Mogoysky spring (55°28.4369 N, 113°26.3379 E) is
located on the left-shore terrace of the Mogoy River.
In the literature it has also been described as Tsip-
inskii, Uakitskii, and Frantsevskii (Tkachuk et al.,
1957). The latter term is also used by the local popula-
tion. The spring is a thermal field with numerous
(~40) outlets grouped in two bands of sub latitudinal
distribution separated by a shallow (up to 1 m) sand-
gravel dome. The jets with the highest temperatures
are located between the bands, closer to the western
part on the field; in two of them the terms constantly
and intensely emit gas. The f low from them goes in
opposite directions into thermal springs with f low
intensities of 20‒25 and 50‒60 L/s in the northern
and southern f low, respectively. The thermal field is
170‒180 m long and up to 100 m wide. The highest
temperature of the spring was higher than the value
MICROBIOLOGY  Vol. 87  No. 4  2018
reported in the literature, 83.7°C, rather than
81‒82°C (Borisenko and Zamana, 1978).

The spring is characterized by profuse bacterial
growth in the form of multilayer mats of green, white,
or brown color, with a semitransparent gelatinous
lower layer, located at the bottom or attached to the
shores. At the outlet with the temperature of 76.6°C,
dirty-gray filamentous formations attached to the bot-
tom with one end and freely f loating in the f low were
observed, which did not occur at other outlets. In
another outlet with the temperature of 65.3°C,
unusual filamentous formations of brown color were
also observed.

The samples of water, microbial mats, and bottom
sediments were connected at five stations at the outlet
of thermal waters (Mog 1‒5). The highest water tem-
perature (83.7°C) was recorded at station Mog 1, while
at other stations the temperature decreased to 37.8°C.

Shurindinsky spring (55°13.565′ N, 113°30.743′ E)
is represented by numerous outlet in the bed of
Goryachaya River, a right tributary of Tsipa in its
near-estuarine part. The bed and coastal slopes of the
river consist of feldspar sands with gravel. The length
of the site of thermal water discharge is 0.8‒1.0 km.
The temperature in the studied outlets varied from
41.6 to 70.6°C. At some outlets black sludge was
formed, as well as oozy sand with a smell of sulfide.
The overall f low was 35‒40 L/s. Samples of water,
microbial mats, and bottom sediments were collected
at three stations at the thermal water outlets
(Shur 1‒3). At station Shur 1 the temperature of the
water was 70.6°C; it decreased along the current to
57°C.
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Water temperature in the springs was measured
with a Checktemp 1 thermometer (Hanna Instru-
ments), pH was measured with a рН-Meter CG 837
portable potentiometer, and the redox potential was
determined using an ORP portable measuring device
(Portugal). Total mineralization was calculated as the
sum of the major ions. The samples of water, microbial
mats, bottom sediments, and silts were collected into
sterile containers. In the laboratory the samples were
stored at 10°C.

The basic composition of ions, macro-, and micro-
elements in the water was determined in the certified
laboratory of the Institute of Natural Resources, Ecol-
ogy and Cryology, Siberian Branch, Russian Academy
of Sciences. The concentrations of the major cations,
Fe, Sr, and Ba, were determined by atomic absorption
analysis of a SOLAAR-6M spectrophotometer (Ger-
many) in acetylene f lame with electrothermal atomi-
zation (GOST 31870-2012). The concentrations of
fluorine and chlorine were determined by potentiom-
etry using selective electrodes. The concentrations of

 and  were determined by potentiometric
titration. Sulfate was determined turbidimetrically
(RD 52.24.360-2008). Silicon, nitrogen species, and
phosphorus were determined by spectrophotometry
(PND F 14.1:264.215-06, 14.1:2.1-95, 14.1:2:4.3-95,
14.1:2:4.4-95, 14.1:2.106:4.215-06). For sulfide deter-
mination, the samples were fixed at the sampling site
with 2% zinc acetate solution. Hydrosulfite ion was
determined spectrophotometrically with N,N'-
dimethyl-p-phenylenediamine (microquantities)
(method 8131 HACH Lange) or potentiometrically
(macroquantities) (GOST 22387.2-2014) with prelim-
inary fixation with the antioxidant buffer (a mixture of
Trilon B with ascorbic acid and NaOH). The equip-
ment was calibrated using the standard samples.

Cyanobacteria were identified based on their mor-
phological characteristics according to Elenkin (1949)
and Gollerbakh et al. (1953). The samples were exam-
ined under light microscopes Axiostar Plus and
Axioskop 2 Plus (Carl Zeiss, Germany).

Chlorophyll a was extracted according to the stan-
dard procedure (Cherbardzhi, 1973). The pigment
concentration was calculated according to the equa-
tion proposed by Namsaraev (2009). Cyanobacterial
numbers were determined by counting the cells in a
0.1-mL water drop in ten fields of view (Netrusov et
al., 2005). For investigation the composition and
micromorphology of the minerals, mat samples were
packed preserving their structure. In the laboratory
the mats were separated into layers and dried. The
composition of the mineral phases was examined
under Leo Oxford 1430VP scanning electron micro-
scope (Germany) in the Institute of Geology and
Mineralogy, Siberian Branch, Russian Academy of
Sciences.

3HCO− 2
3CO −
RESULTS AND DISCUSSION

According to the results of chemical analysis, the
springs belonged to the f luorine-hydrocarbonate
(Mogoysky) and hydrocarbonate-sulfate types
(Shurindinsky). The pH of spring water was alkaline
(8.85 in Mogoysky at water temperature 83.7°C and
8.88 in Shurindinsky at water temperature 67.0°C).
Salinity was 406 mg/dm3 in Mogoysky and somewhat
higher in Shurindinsky (570 mg/dm3). In most cases
the thermal water at the outlet had reductive Eh,
‒230 and ‒35 mV in Mogoysky and Shurindinsky,
respectively, due to the presence of sulfide (up to
14.5 mg/dm3 in Mogoysky and 7.9 mg/dm3 in Shurin-
dinsky) (Zamana et al., 2010). The sodium ion domi-
nated in the cation composition (115.3–
124.5 mg/dm3), while hydrocarbonate (140.4–
180.0 mg/dm3) or sulfate ions (136.0–175.0 mg/dm3)
were the major anions (Table 1). The data on f luorine
content in Mogoysky spring therms (26.4–
27.0 mg/dm3) agree with the previously obtained val-
ues of up to 26.7 mg/dm3 (Lomonosov, 1974). High
fluorine concentrations in the springs are explained
either by partial inflow with deep f luids (Alekseev,
1956; Lomonosov, 1974; Safronov et al., 1998) or by
the processes of interaction between infiltration water
and embedding rocks (Posokhov, 1957; Shvartsev et
al., 2015). We agree with the latter point of view and
consider high f luorine content in the therms as a con-
sequence of its substitution by the ОН‒ group in dark-
colored minerals, especially in micas, the major f luo-
rine carriers in aluminum silicate rocks, and of hydro-
lysis of these minerals. Strontium was found in the
concentrations typical for the BRZ thermal waters Sr
(490–1650 μg/dm3). Silicon concentration varied
within the range of 28.9–49.6 mg/dm3. The concen-
trations of P, Fe, and Ba were insignificant (Table 1).

Abundant growth of cyanobacterial mats was
observed in the springs. They were of multilayer struc-
ture, and their color varied from green to brown. The
mats were located at the bottom or were attached to
the coasts of the springs. In Mogoysky microbial mats
occurred throughout the thermal field, within the
temperature range from 37.8 to 83.7°C. The structure
of the mats, however, varied. At high temperature
(76.6°С), bright-green mats 1–2 thick developed. At
lower temperature (37.8–65.3°С) microbial mats of
green color covered with a white deposition occurred.
Their thickness was up to 1 cm. In the Shurindinsky
spring microbial mats were found at all three station
with the temperature range from 57.0 to 70.6°C. At
higher temperature mat structure changed and its
thickness decreased. These mats varied in thickness
(0.1–2.0 cm) and were characterized by high cyano-
bacterial diversity (Fig. 2). Seven cyanobacterial gen-
era and 14 species were revealed in two springs
(Table 2). The genus Phormidium was represented by
the largest number of species (7).
MICROBIOLOGY  Vol. 87  No. 4  2018
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Table 1. Chemical components of the water of the nitric therms of the Bauntov group (in mg/dm3; for Fe and Ba, in μg/dm3)

Component/
station

Mogoysky spring Shurindinsky spring

Mog 1 Mog 2 Mog 3 Mog 4 Mog 5 Shur 1 Shur 2 Shur 3

T, °C 83.7 76.6 65.3 46.4 37.8 70.6 67.0 57.0

Na+ 124.3 115.3 120.7 121.9 124.5 178.5 178.5 155.5

K+ 4.11 4.16 4.27 4.16 4.03 4.20 4.33 4.06

Ca2+ 2.12 2.13 2.14 2.38 2.24 6.14 5.73 5.18

Mg2+ 0.12 0.12 0.11 0.11 0.11 0.15 0.12 0.13

2.70 2.25 2.50 0.23 0.12 0.10 0.10 <0.10

180.0 180.0 177.0 170.9 143.4 143.4 143.4 140.4

15.0 9.0 13.5 9.0 12.0 9.0 9.0 3.0

32.8 30.0 40.4 57.5 81.5 175.0 171.0 136.0

HS– 13.2 14.5 8.2 11.8 0.20 7.9 0.03 0.13

Cl– 23.9 15.5 14.6 14.0 12.5 42.0 39.6 38.1

F– 24.9 24.9 25.4 27.0 25.0 19.0 19.5 17.0

0.80 1.08 0.78 1.08 0.90 0.86 0.90 0.98

Si 46.2 49.6 45.0 46.9 43.3 28.9 29.4 28.7
Sr 1.24 0.53 0.51 0.53 0.49 0.25 1.35 1.65
P 0.062 0.050 0.055 0.070 0.055 0.062 0.062 0.058
Fe 29.3 26.9 35.5 23.1 32.9 51.7 46.2 46.5
Ba 8.0 11.0 10.0 11.0 10.0 2.1 8.4 9.1

4NH+

3HCO−

2
3CO −

2–
4SO

3NO−
In Mogoysky spring, five Phormidium species and
two Synechococcus species were found. The genera
Gloeocapsa, Microcystis, and Nostoc were represented
MICROBIOLOGY  Vol. 87  No. 4  2018

Fig. 2. Microbial mats from the Bauntov group springs:
Mogoysky (a) and Shurindinsky (b). Scale bar, 2 cm.
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by one species each. The most abundant species were
Synechococcus elongates, S. cedrorum, Phormidium
angustissimum, and Ph. valderiae. The sample from
station Mog 4 with water temperature 46.4°C, which is
optimal for cyanobacterial growth, exhibited the high-
est species diversity (9 species). Diversity decreased at
higher and lower temperatures. At the outlet with the
temperature 65.3°C (Mog 3), where unusual filamen-
tous brown formations were observed, six species of
cyanobacteria were found. In the outlet with the tem-
perature 76.6°C, where dirty-gray filamentous forma-
tions occurred, which did not occur at other stations,
only three cyanobacterial species were present.

Compared to Mogoysky, cyanobacterial diversity
in Shurindinsky spring was lower. Phormidium valde-
riae was found at all stations. In this spring, cyanobac-
terial development was found to depend on tempera-
ture. The highest number of species (five) was revealed
at station Shur 1 (water temperature 57.0°C). Increase
in temperature resulted in decreased species diversity.
At the station Shur 2, where the temperature was 10°C
higher, cyanobacterial diversity decreased to three
species, and only filamentous forms were present.

Thus, the studied springs exhibited relatively high
diversity of cyanobacterial species. Water temperature
in the springs was among the major factors affecting
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Table 2. Taxonomic spectrum of cyanobacteria of the nitric therms of the Bauntov group

Taxon/station Mog 2 Mog 3 Mog 4 Mog 5 Shur 1 Shur 2 Shur 3

Temperature, °C 76.6 65.3 46.4 37.8 70.6 67.0 57.0

pH 8.88 8.92 8.86 8.92 8.87 8.88 8.62

Borzia sp. +
Gloeocapsa bituminosa + + +
G. magma +
Microcystis pulverea + + +
Nostoc sp. +
Phormidium angustissimum + + + +
Ph. valderiae + + + + + +
Ph. laminosum + + +
Ph. fragile + +
Phormidium sp. +
Phormidium sp. 2 + + +
Synechococcus elongates + + +
S. cedrorum + +
S. minuscule +

Total 3 6 9 6 5 3 2
formation and development of cyanobacterial com-
munities. Development of cyanobacteria in microbial
mats was observed along the f low of thermal waters at
temperatures from 37.8 to 76.6°C. Within this range,
both filamentous and unicellular species developed.
At higher temperatures cyanobacterial diversity
decreased, and filamentous forms predominated.

Chlorophyll a content was determined in the
extracts from mat samples (Fig. 3). It varied from
18.58 to 437.16 μg/cm2. The highest chlorophyll con-
centration was found in Mogoysky spring (station
Mog 4), where the highest cyanobacterial diversity
was recorded (9 species). The highest cyanobacterial
abundance was 123.42 × 106 cells/mL. The lowest
chlorophyll a content was revealed in microbial mats
at station Mog 5, which was characterized by the low-
est cell number (32.56 × 106 cells/mL), while species
diversity was high (6 species). This may be explained
by predominance of unicellular cyanobacteria among
the Mog 5 species. These organisms contribute less
significantly to the biomass and therefore to the
amount of chlorophyll a.

The Shurindinsky microbial mat also exhibited
high concentrations of chlorophyll a (40.97‒
85.89 μg/cm2). The maximum was recorded at station
Shur 2, where high numbers of phototrophic bacteria
were observed (81.76 × 106 cells/mL).

Thus, chlorophyll a content in the hydrotherms of
the Mogoysky and Shurindinsky springs (18.5–
437.0 μg/cm2) was comparable to the values for micro-
bial mats of saline lakes, hypersaline lagoons and ther-
mal springs (up to 551 μg Chl a/m2) (Brock, 1967;
Castencholz, 1969).

In the studied microbial communities of the
springs Mogoysky and Shurindinsky precipitation of
various minerals was revealed: various forms of pyrite,
celestine (SrSO4), f luorite (CaF2), calcite, elemental
sulfur, amorphous silica, and barite.

Pyrite was revealed in mat samples from all Shurin-
dinsky stations; H2S content in the water of this spring
was high (Fig. 4g). Pyrite occurred both as single
cubic and cuboctahedral crystals 1‒3 μm in size
(Figs. 4a, 4b) and as framboids 10 to 20 μm wide
(Fig. 4c). The size of individual cuboctahedral and
octahedral crystals forming the framboids varied from
1 to 3 μm. Since the Shurindinsky spring contains dis-
solved sulfide, hydrochemical pyrite precipitation
from the solution is quite possible. Pyrite framboids
were, however, most probably formed as a result of
activity of sulfate-reducing bacteria (Berner, 1970);
biogenic origin of framboids in sediments and/or
microbial communities was reliable demonstrated by
isotopic methods (Popa et al., 2004). Importantly,
micromorphology of pyrite particles formed as a result
of microbial activity is often indistinguishable from
that of abiotically precipitated ones (Lowenstam,
1981).

Celestine (SrSO4) was found among the unicellular
cyanobacteria Synechococcus elongates in the
Mogoysky spring (Mog 3, 65.3°C) as irregularly-shape
excretion, not larger than 5 μm (Fig. 5). Strontium
sulfate excretions had a considerable admixture of bar-
MICROBIOLOGY  Vol. 87  No. 4  2018
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Fig. 3. Biological characteristics of the springs: chlorophyll a concentration, μg/cm2 (1) and total abundance of phytoplankton
(cyanobacteria, diatoms, and green algae), cells/mL (2).
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ium (up to 2.17%). As a biomineral, celestine is used by
some Radiolaria species (marine planktonic organ-
isms of the genus Acantharia) as a skeletal material.
Organisms have a significant effect on the strontium
cycle in marine systems (Lowenstam, 1981). There is
evidence on microbial precipitation of Sr carbonate
(Anderson and Appanna, 1994; Thorpe et al., 2012).
Strontium-binding microorganisms and the processes
initiated by them are of interest to modern technolo-
gies (Thorpe et al., 2014). This is due to existence of
Sr90, an artificial radionuclide which may accumulate
in the environment at rather high concentrations and
which is easily incorporated in trophic chains. Reports
on strontium sulfate precipitation as a result of micro-
MICROBIOLOGY  Vol. 87  No. 4  2018

Fig. 4. Forms of pyrite excretion in microbial communi-
ties: cubic crystals (a), cuboctahedral crystals (b), fram-
boids (c), and composition (d).
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bial activity were recently published (Krejci et al.,
2011). Apart from precipitating strontium and barium
sulfates, microorganisms are able to discriminate
between these two elements. Although at the present
stage of the study it is, unfortunately, impossible to
state unequivocally that celestine formation in the
Mogoysky spring microbial community was a result of
microbial activity, there is also no evidence for exclu-
sively hydrochemical precipitation of this mineral.
Uniform shape and size of the excretions indicate
simultaneous precipitation of all celestine excretions.
The nature of crystallization centers for these grains
remains an open question. Celestine was found only at
certain locations, although the concentrations of dis-
solved Sr and  were very similar at all sampling
points (Table 1), except for the most high-temperature
one (Mog 1). Thus, favorable conditions for precipita-
tion of this mineral develop locally, indicating the pos-
sible involvement of the microbial community in is
formation.

Calcium carbonate and fluorite (CaF2). Massive
precipitation of tabular formations, not exceeding
8 μm in size, was observed among cyanobacterial fila-
ments of the Shurindinsky spring microbial commu-
nity (Shur 2, 67.0°C) (Fig. 6a). According to the
results of analysis, these excretions may be an inter-
growth of calcium carbonate and fluorite. They con-
tained a significant (11.38%) strontium admixture
(Figs. 6b, 6c). Spherical excretions of similar size
occurred also in the Mogoysky spring among frag-
mentary material and on the sheaths of unicellular
bacteria (Fig. 7). Calcite and aragonite are among the
most widespread minerals formed in living organisms
and by living organisms (Lowenstam, 1981; Ehrlich,
2010). Some organisms (fish and mollusks) also use
fluorite. The authors are not aware of the cases of f lu-
orite precipitation due to microbial activity.

2
4SO −
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Fig. 5. Celestine (SrSO4) excretions (a, b) and their composition (c).
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The possibility of f luorite precipitation from ther-
mal solutions is determined by f luorine and calcium
concentrations and depends on the temperature, as
may be seen from Fig. 10. The saturation coefficients
for f luorite (the ratios of the concentrations product to
the solubility product) were below 1.0 (0.82 and 0.89)
in solutions from stations Mog 1 and Mog 2 of the
Mogoysky spring, considerably higher (1.87‒1.83) in
solutions from stations Mog 3‒5, and intermediate
(1.19‒1.65) in the Shurindinsky spring solutions
(Shur 1‒3). Thus, f luorite saturation was achieved in
the studied systems, indicating the possibility of
hydrothermal formation of this mineral.

Silica occurred at all stations both as diatom shells
and pseudomorphoses (sheaths) along cyanobacterial
filaments (Fig. 8a) and as crust on the surface of the
microbial community (Fig. 8b).

Elemental sulfur was found in large amounts in the
Mogoysky spring in the communities where sulfur
bacteria were present. Well-faceted rhombic crystals
of sulfur did not exceed 10 μm in size (Fig. 9).
Apart from locally formed minerals, significant
amounts of fragmentary material were formed, which
reflected the composition of embedding rocks (quartz,
feldspar, etc.) and of the spring agglomerates (calcite,
silica, and barite).

Our research revealed the waters of the Bauntov
group springs, Shurindinsky and Mogoysky, to be
weakly mineralized, alkaline, of the f luoride-hydro-
carbonate and hydrocarbonate-sulfate types, with
high f luorine content. This is the first study of cyano-
bacterial communities of these springs, which exhib-
ited high species diversity (7 genera and 14 species
were revealed). The most common species in the
Mogoysky spring were Synechococcus elongates,
S. cedrorum, Phormidium angustissimum, and
Ph. valderiae. In the Shurindinsky spring, Ph. valde-
riae was the dominant species. Water temperature and
pH are among the main factors affecting formation
and development of cyanobacterial communities
(Yurkov et al., 1991; Namsaraev, 2006; Namsaraev
et al., 2011). In Mogoysky, optimal cyanobacterial
growth was observed at 46.4°C and pH 8.86 (station
Mog 4). Increase or decrease of these parameters
MICROBIOLOGY  Vol. 87  No. 4  2018
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Fig. 6. Intergrowth of calcium carbonate and fluorite (CaF2) with strontium admixture (a) and their composition (b, c).
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Fig. 7. Spherical excretions (indicated by arrows) (a) resembleing calcium carbonate and fluorite intergrowth in composition (b).
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Fig. 8. Diatom shells and silica pseudomorphoses (sheaths) along cyanobacterial filaments (a) and silica incrustations of the sur-
face of the microbial community (b).

(a) (b)

30 µm 10 µm
resulted in decreased cyanobacterial numbers (Table
2). In the Shurindinsky spring cyanobacterial growth
was revealed at the highest temperature (70.6°C) and
pH 8.87. Decrease in temperature resulted in
decreased species diversity. In these springs, therefore,
temperature was the limiting factor in formation and
development of cyanobacterial communities. Pre-
dominance of chlorophyll a among the pigments
extracted from the mats indicated predominance of
cyanobacteria in these mats.

Precipitation of various minerals was observed for
the studied microbial communities. Some of them
were certainly or highly probably of biogenic origin,
e.g., silica of the diatom shells, crystals of elemental
Fig. 9. Crystals of elemental sulfur in the Mogoysky spring
microbial community.

20 µm
sulfur, and framboidal pyrite. Pyrite precipitation was
revealed for microbial communities of the stations
where dissolved sulfide levels were high
(8‒15 mg/dm3, Table 1). Pyrite was mainly precipi-
tated in the mats formed by filamentous cyanobacte-
ria. Sulfur was precipitated in considerable amounts,
resulting in formation of white sulfur mats. Amor-
phous silica was precipitated from the thermal solu-
tion, causing silication of cyanobacteria (formation of
silica sheaths). The saturation indices for f luorite
(ratios of the concentration products to the solubility
product) at stations 1 and 2 of the Mogoysky spring
were below 1.0 (0.82 and 0.89), with the points located
below the solubility product line for the relevant tem-
peratures (Fig. 10). At three other Mogoysky stations
and at the Shurindinsky spring the saturation indices
were above 1.0 (1.87–1.83 and 1.19–1.65, respec-
tively), indicating the thermodynamical possibility of
hydrothermal f luorite formation. The solubility prod-
ucts for f luorite at various temperatures were calcu-
lated previously (Zamana, 2000). Celestine precipita-
tion in the community with predominance of unicel-
lular cyanobacteria is of special interest. The
Mogoysky spring communities deserve in-depth
investigation in order to reveal the organisms capable
of strontium binding.
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Fig. 10. Ratios of the solubility products for f luorite and f luorine and calcium molar concentrations in Bauntov therms.
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