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Abstract—The concentration and temperature dependences of the solubility of tantalite, pyrochlore, and tan-
talum and niobium oxides in f luoride–chloride aqueous (mHF + mHCl) solutions at 300–550°C and
100 MPa (Co–CoO buffer) were studied experimentally. The initial concentration of HF varied from 0.01m
to 2m, while the HCl concentration remained constant and was 0.5m. A comparative analysis of the equilib-
rium contents of Nb and Ta upon dissolution of tantalum and niobium oxides and natural tantalite and
pyrochlore in f luoride, chloride, and mixed (mHF + mHCl) solutions was carried out.
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INTRODUCTION
The development of scientific criteria for predic-

tion and the search for deposits of economically
important metals requires a clearer understanding of
the conditions of their formation, the forms of trans-
port of ore elements, and their behavior in various
physicochemical environments. It is well known that
rare-metal granite is a promising object for tantalum–
niobium mineralization. The geological data (miner-
alogical, structural, geophysical, etc.) on a particular
deposit undoubtedly provide the fundamental basis
for the study of the genesis of rare-metal deposits.
Over the past several years, researchers have accumu-
lated a huge amount of material on their geological
structure, petrology, geochemistry, mineralogy, geo-
dynamic position, and genesis. However, despite the
great achievements of geologists in the field of the
study of ore-bearing granite and related greisen, albi-
tite, and other genetic types of rare-metal deposits,
many fundamental problems of their genesis still
remain unclear.

The most generally accepted genetic ideas of
V.I. Kovalenko [5] suggest that rare-metal lithium–
fluorine granite hosting tantalum ores is formed by
crystallization fractionation of ordinary granite
magma under the specific conditions that ensure the
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gradual accumulation of F, Li, Ta, Nb, and other rare
metals in the residual granite melt. However, it is also
necessary to take into account the role of hydrother-
mal–metasomatic processes in order to model the
physicochemical conditions of the formation of grei-
sen and albitite deposits of W, Mo, Sn, Ta, Nb, and Li
associated with standard calc-alkaline granite, includ-
ing the lithium–fluoride variety [2, 15]. The papers [3,
4, 6, 7] showed the decisive role of metasomatic pro-
cesses in the genesis of granite, as well as in the distri-
bution of accessory minerals of rare metals. The role of
these processes in the formation of Ta and Nb deposits
is one of the most important issues of modern geo-
chemistry.

In this regard, experimental studies of the solubility
of ore minerals under controlled physicochemical
parameters are of key importance, since their results
are necessary for the creation of reliable databases of
experimental data applied for definition of the pre-
dominant forms of transfer of ore elements, assess-
ment of their thermodynamic properties, and subse-
quent creation of quantitative models of fractionation
of ore elements in the natural environment. They are
also used for study of the conditions of the formation
of large and industrially significant rare-metal depos-
its associated with granite of various alkalinity, includ-
ing Li–F granites, and for validation of the existing
genetic hypotheses of their origin.

At present, the data on the solubility of Ta and Nb
minerals under the T–P–X–f(O2) conditions corre-
sponding to magmatic and hydrothermal processes of
mineral and ore formation available at the world level
1
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are clearly insufficient for understanding the role of
hydrothermal–metasomatic processes in the genesis
of rare-metal deposits. Therefore, the assessment of
the limiting concentrations of ore elements in hydro-
thermal solutions in a wide range of T–P–X parame-
ters necessary for construction of a quantitative model
of ore formation is an important problem of ore genesis.

EXPERIMENTAL METHODS
AND TECHNIQUES

This work is related to long-term complex experi-
mental studies of the processes of concentration,
forms of transfer, and precipitation of ore components
(Ta, Nb, W, U, etc.) [8, 13, 14, 16]. The method of
ore-mineral solubility based on analysis of the behav-
ior of the ore element (component, mineral) content
depending on the bulk concentration of the solvent
was selected as the main research instrument. All
experiments were carried out on a high-pressure
hydrothermal apparatus (with limiting parameters of
600°C and 200 MPa). The redox conditions in the
experiments were set with the Co–CoO buffer pair. To
achieve equilibrium more rapidly, platinum test tubes
that are easily permeable to hydrogen were used in the
experiments. The study of the solubility of niobium
oxide (an analogue of the natural mineral nioboxide)
and tantalum oxide (an analogue of the natural min-
eral tantite) was carried out using chemical reagents
preliminarily purified by hydrothermal recrystalliza-
tion in a 0.1 M HF solution at 550°С and 100 MPa,
namely, pure tantalum oxide (β-Ta2O5) grade and
ultrapure niobium oxide (β-Nb2O5). To study the sol-
ubility of pyrochlore (Ca,Na)2(Nb,Ta)2O6(O,OH,F)
and tantalite (Mn,Fe)(Ta,Nb)2O6, natural single crys-
tals of pyrochlore were taken from the weathering
crust of the Tatarka carbonatite deposit (the composi-
tion obtained by EMPA is the following, wt %:
7.61 Na2O, 14.28 CaO, 71.61 Nb2O5, 5.18 F, 0.83 TiO2,
≤1 Ta2O5), and tantalite from quartz–amazonite–mica
pegmatoids of the Etyka tantalum deposit, which had
the following composition according to the analysis on
a CamScan MV2300 (VEGA TS 5130MM) electron
microprobe (wt %, mean of seven analyses): 58.99
Nb2O5, 17.70 Ta2O5, 13.51 MnO, 4.42 FeO, 2.59 TiO2,
1.54 SnO2, and 1.24 WO3. In the experiments, we used
their fragments with a size of ~2–3 mm weight of
~0.1–0.05 g, which were preliminarily treated with
0.1 M HF solution, washed with water, and dried. Flu-
oride–chloride solutions were prepared from the cor-
responding HF and HCl reagents of high purity grade
based on twice-distilled water. The concentrations of
the initial HF solutions varied from 0.01m to 2m, while
the HCl concentration remained constant and
amounted to 0.5m. It should be noted that the selected
range of HF concentrations corresponds to the real
range of f luoride concentrations in natural postmag-
matic f luids in deposits associated with granite.
DO
According to the data [1] obtained on the basis of an
experimentally developed mica geofluorimeter, the
concentration of HF in aqueous f luids separated from
the granite melt at the transitional magmatic–hydro-
thermal stage of the evolution of ore–magmatic sys-
tems is ~0.01 mol/kg H2O for copper–molybdenum
porphyry deposits. It is higher by one order of magni-
tude in the Akchatau-type greisen deposits of W, Mo,
Sn, Be, and Bi (0.1 mol/kg H2O) and reaches the max-
imum values of 1.0 mol/kg H2O in rare-metal tanta-
lum deposits from lithium–fluorine “apogranite” of
the Orlovskoe and Etyka types of rare-metal massifs.
In our experiments, 2.0 mol/kg H2O solutions were
used as the limiting concentrations of HF.

During the preparation of experiments, 50 mg of
the investigated solid material was added to a platinum
test tube 8 × 0.2 × 50 mm3 in size, the solution was
poured in an amount corresponding to the T–P–X–
f(O2) parameters of the experiment, and then the tube
was sealed by electric arc welding. Equipped test tubes
and special containers made of stainless steel with an
oxygen buffer of Co–CoO were placed in the reactors
of a high-pressure hydrothermal apparatus, the work-
ing zones of which provided isolation of test tubes
made of noble metals from buffer devices. The dura-
tion of the experiments was 15–30 days depending on
the parameters selected. After the experiment, the test
tubes were removed from the reactor, weighed, and
opened. Weighing was carried out on an AP250D elec-
tronic balance (Ohaus) with an accuracy of ±0.01 mg.
The solution from the test tube was separated from the
sample by centrifugation (an adjustable rotation speed
up to 10 000 rpm) and taken for analysis. The sample
was thoroughly washed and dried at 100°C in an oven.
Analysis of quenched solutions for the concentration
of Ta, Nb, and impurities of other elements (Mn, Fe,
Ti, W, Sn, etc.) was carried out using the most precise
and modern methods of inductively coupled plasma
ICP/MS and ICP/AES. The phase composition of
run solid products was studied by powder X-ray dif-
fraction (XRD), and the composition of the crystals
was analyzed on a CamScan MV2300 scanning elec-
tron microscope (VEGA, 130 mm).

RESULTS OF EXPERIMENTS
AND DISCUSSION

Using modern research methods, the first data on
the solubility of niobium (β-Nb2O5) and tantalum (β-
Ta2O5) oxides, as well as natural pyrochlore
(Ca,Na)2(Nb,Ta)2O6(O,OH,F) and tantalite
(Mn,Fe)2(Ta,Nb)2O6 in solutions of mixed composi-
tion (mHF + 0.5mHCl) were obtained in the tempera-
ture range of 300–550°C at a pressure of 100 MPa and
oxygen fugacity corresponding to the Co–CoO buffer
(Table 1).

Figure 1a shows the results of experiments studying
the concentration dependences of the equilibrium
KLADY EARTH SCIENCES  Vol. 505  Part 1  2022
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Fig. 1. Concentration dependences of the content of niobium and tantalum in mHF + 0.5mHCl fluids (a) upon the dissolution
of Nb2O5 and pyrochlore and (b) upon the dissolution of Ta2O5 and tantalite (Т = 550°С, Р = 100 MPa, Co–CoO buffer). 
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contents of niobium upon dissolution of niobium
oxide and pyrochlore in mHF + 0.5mHCl solutions at
T = 550°C and P = 100 MPa in the presence of an oxy-
gen buffer Co–CoO. Analysis of the data obtained
showed that the equilibrium content of niobium in the
solution upon dissolution of Nb2O5 in f luoride–chlo-
ride solutions with low fluoride concentrations
(0.01mHF + 0.5mHCl and 0.1mHF + 0.5mHCl) is
10–5m, which is lower than that for pyrochlore by
approximately one order of magnitude. With an
increasing concentration of F, the solubility of Nb2O5
increases strongly, and at an HF concentration of 1.0m
and higher, the content of niobium becomes higher
than that for pyrochlore. The equilibrium content of
niobium in 2mHF + 0.5mHCl solution reaches signif-
icant values (n × 10–1m), which are quite sufficient for
real mass transport of niobium by hydrothermal solu-
tions [9]. According to the data of X-ray phase analysis
of solid products, the dissolution of pyrochlore in
2mHF + 0.5mHCl solution occurs incongruently with
the formation of a new phase of the Na2Nb4O11 com-
position.

During experiments on the solubility of tantalum
oxide [12] and tantalite [11] in mixed solutions
(mHF + 0.5mHCl) (Fig. 1b), it was found, that, at low
fluoride concentrations (0.01mHF + 0.5mHCl), the
equilibrium contents of tantalum for tantalum oxide
and tantalite are close to each other and amount to
10–6.5m. However, with increasing HF concentration,
the Ta content for Ta2O5 increases sharply and reaches
10–2m in the 2mHF + 0.5mHCl solution, which is
higher compared to tantalite by four orders of magni-
tude. It was shown that, at 550°С and 100 MPa, tanta-
lum oxide has a clearly pronounced positive depen-
dence of solubility on the F concentration in f luo-
ride–chloride solutions (mHF + 0.5mHCl), close to
linear in logarithmic units.

The equilibrium Ta content practically does not
change with increasing HF concentration, remaining
DOKLADY EARTH SCIENCES  Vol. 505  Part 1  2022
at a low level of 10–6m upon dissolution of tantalite in
fluoride–chloride f luids at 550°С and 100 MPa. It is
established that, similarly to pyrochlore, tantalite dis-
solves incongruently in high-temperature f luids of
complex composition (mHF + 0.5mHCl) with the for-
mation of new phases. This may be explained by the
presence of Mn and Fe in tantalite, which form easily
soluble complexes with the Cl ion. The contents of Mn
and Fe in mixed (mHF + 0.5mHCl) solutions are
much higher than for tantalum [9]. Thus, the equilib-
rium content of Mn in 0.01mHF + 0.5mHCl is 3.93 ×
10–3, while the content of Fe is 7.70 × 10–4m. The
manganese content at 550°С and 100 MPa in the area
of high HF concentrations is n × 10–2m, while the
Fe content almost does not change.

A comparative analysis of experimental data on the
study of the concentration dependence of the equilib-
rium contents of niobium and tantalum upon dissolu-
tion of niobium and tantalum oxides, pyrochlore and
tantalite in f luoride [16, 17], chloride [8], and mixed
fluoride–chloride solutions was performed. It was shown
(Figs. 2a, 2b) that at Т = 550°С and P = 100 MPa, the
addition of the Cl ion to f luoride solutions reduces the
solubility of niobium and tantalum upon dissolution
of Nb2O5 and Ta2O5 by ~1–1.5 orders of magnitude.
The trends in the concentration dependence of the
solubility of Nb2O5 and Ta2O5 on the concentration of
the F ion in f luoride–chloride solutions occupy an
intermediate position between the trends in the solu-
bility of oxides in pure f luoride and chloride solutions.
However, at high contents of the F ion in solutions
(1mHF + 0.5mHCl) and (2mHF + 0.5mHCl), the
equilibrium contents of Nb and Ta upon dissolution of
oxides in f luoride and mixed solutions become com-
parable and reach 10–1 and 10–2 mol/kg H2O, respec-
tively.

Comparison of the data on the study of the concen-
tration dependences of the solubility of pyrochlore
and tantalite in HF, HCl, and mHF + 0.5mHCl solu-
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Table 1. Experimental data on the solubility of pyrochlore, tantalite, and oxides of tantalum and niobium in mHF +
0.5mHCl fluids

Starting 
material

Starting solution, 
mol/kg H2O Nb, mol/kg Na, mol/kg Ca, mol/kg Ta, mol/kg Mn, mol/kg Fe, mol/kg

T = 550°C, P = 100 MPa, Co–CoO buffer

Pyrochlore 0.01mHF + 0.5mHCl 1.66E–04 6.21E–02 2.73E–02
0.1mHF + 0.5mHCl 1.55E–03 1.43E–01 4.80E–02
0.5mHF + 0.5mHCl 1.78E–03 2.93E–01 2.75E–02

1mHF + 0.5mHCl 2.54E–03 2.97E–01 2.07E–02
2mHF + 0.5mHCl 1.33E–02 2.94E–01 1.02E–02

Tantalite 0.01mHF + 0.5mHCl 3.77E–05 1.44E–07 7.74E–03 3.94E–03
0.1mHF + 0.5mHCl 7.10E–05 4.42E–07 2.04E–02 1.73E–02
0.5mHF + 0.5mHCl 1.52E–04 7.18E–07 1.26E–02 1.22E–02

1mHF + 0.5mHCl 1.83E–05 2.76E–07 6.53E–03 2.51E–04
2mHF + 0.5mHCl 4.06E–04 9.45E–07 7.90E–03 1.04E–02

Ta2O5 0.01mHF + 0.5mHCl 2.98E–07
0.1mHF + 0.5mHCl 1.11E–05
0.5mHF + 0.5mHCl 4.03E–04

1mHF + 0.5mHCl 2.84E–03
2mHF + 0.5mHCl 9.93E–03

Nb2O5 0.01mHF + 0.5mHCl 8.61E–06
0.1mHF + 0.5mHCl 2.64E–04
0.5mHF + 0.5mHCl 6.44E–04

1mHF + 0.5mHCl 6.10E–03
2mHF + 0.5mHCl 5.60E–02

T = 500°C, P = 100 MPa, Co–CoO buffer

Pyrochlore 0.01mHF + 0.5mHCl 2.46E–04 0.154 0.093
0.1mHF + 0.5mHCl 1.83E–04 0.119 0.0895
0.5mHF + 0.5mHCl 2.14E–03 0.286 0.0542

1mHF + 0.5mHCl 4.16E–03 0.267 0.0217
2mHF + 0.5mHCl 3.24E–02 0.436 0.0025

Tantalite 0.01mHF + 0.5mHCl 2.26E–06 8.84E–08 0.113 7.23E–03
0.1mHF + 0.5mHCl 5.70E–06 3.92E–07 0.115 5.50E–03

1mHF + 0.5mHCl 2.32E–04 4.14E–04 0.126 1.65E–02
2mHF + 0.5mHCl 3.79E–03 8.27E–03 0.185 6.05E–03

0.5mHF + 0.5mHCl 2.26E–05 1.38E–06 7.26E–02 3.94E–03

Ta2O5 0.01mHF + 0.5mHCl 1.60E–07
0.1mHF + 0.5mHCl 6.08E–06
0.5mHF + 0.5mHCl 2.80E–04

1mHF + 0.5mHCl 2.00E–03
2mHF + 0.5mHCl 4.00E–03

Nb2O5 0.01mHF + 0.5mHCl 8.07E–06
0.1mHF + 0.5mHCl 8.93E–05
0.5mHF + 0.5mHCl 6.73E–04

1mHF + 0.5mHCl 1.32E–02
2mHF + 0.5mHCl 3.90E–02
DOKLADY EARTH SCIENCES  Vol. 505  Part 1  2022
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T = 400°C, P = 100 MPa, Co–CoO buffer

Pyrochlore 0.01mHF + 0.5mHCl 2.05E–05 0.108 7.59E–02
0.1mHF + 0.5mHCl 2.26E–05 0.142 8.18E–02

1mHF + 0.5mHCl 6.12E–03 0.201 2.37E–02
2mHF + 0.5mHCl 2.52E–02 0.351 4.14E–04

Tantalite 0.01mHF + 0.5mHCl 1.51E–07 2.21E–09 3.93E–03 7.70E–04
0.1mHF + 0.5mHCl 2.15E–07 9.39E–09 6.21E–03 7.41E–04

1mHF + 0.5mHCl 1.06E–04 1.44E–04 8.46E–03 7.25E–04
2mHF + 0.5mHCl 3.69E–04 9.06E–04 1.08E–02 6.41E–04

Ta2O5 0.01mHF + 0.5mHCl 9.35E–08
0.1mHF + 0.5mHCl 1.22E–05
0.5mHF + 0.5mHCl 2.03E–04

1mHF + 0.5mHCl 3.00E–03
2mHF + 0.5mHCl 1.50E–02

Nb2O5 0.01mHF + 0.5mHCl 7.64E–06
0.1mHF + 0.5mHCl 8.93E–05
0.5mHF + 0.5mHCl 1.03E–03

1mHF + 0.5mHCl 6.08E–03
2mHF + 0.5mHCl 4.78E–02

T = 300°C, P = 100 MPa, Co–CoO buffer

Pyrochlore 0.01mHF + 0.5mHCl 3.60E–06 0.196 0.108
0.1mHF + 0.5mHCl 6.67E–06 0.229 7.41E–02
0.5mHF + 0.5mHCl 1.16E–05 0.366 1.55E–02

1mHF + 0.5mHCl 4.61E–03 0.4405 8.76E–04
2mHF + 0.5mHCl 3.39E–02 0.394 2.99E–03

Tantalite 0.01mHF + 0.5mHCl 9.90E–06 1.33E–07 1.85E–02 1.42E–03
0.1mHF + 0.5mHCl 1.11E–04 2.54E–07 4.09E–02 1.97E–03
0.5mHF + 0.5mHCl 3.35E–04 3.45E–04 3.70E–02 2.33E–03

1mHF + 0.5mHCl 4.74E–03 5.23E–03 4.19E–02 1.67E–03

Ta2O5 0.01mHF + 0.5mHCl <OE
0.1mHF + 0.5mHCl 2.43E–06
0.5mHF + 0.5mHCl 2.63E–04

1mHF + 0.5mHCl 5.24E–03
2mHF + 0.5mHCl 4.97E–02

Nb2O5 0.01mHF + 0.5mHCl 5.71E–06
0.1mHF + 0.5mHCl 1.79E–06
0.5mHF + 0.5mHCl 1.44E–03

1mHF + 0.5mHCl 1.30E–02
2mHF + 0.5mHCl 7.41E–02

Starting 
material

Starting solution, 
mol/kg H2O Nb, mol/kg Na, mol/kg Ca, mol/kg Ta, mol/kg Mn, mol/kg Fe, mol/kg

Table 1. (Contd.)
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Fig. 2. Concentration dependences of the content of niobium and tantalum in HF, HCl, and HF + 0.5mHCl fluids (a) upon dis-
solution of Nb2O5 and (b) upon dissolution of Ta2O5 (Т = 550°С, Р = 100 MPa, Co–CoO buffer). 
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Fig. 3. Concentration dependences of the content of niobium and tantalum in HF, HCl, and mHF + 0.5mHCl fluids (a) upon
dissolution of pyrochlore and (b) upon dissolution of tantalite (Т = 300°С, Р = 100 MPa, Co–CoO buffer). 
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tions at Т = 300°С and Р = 100 MPa (Figs. 3a, 3b)
shows that, at low concentrations of the initial solutions
(0.01mHF, 0.01mHCl, and 0.01mHF + 0.5mHCl), the
equilibrium contents of niobium are practically the
same and are n × 10–5 mol/kg Н2О. However, with an
increasing concentration of the initial solutions, the
Nb content in HF solutions increases sharply and
becomes higher than that in mixed (mHF + 0.5mHCl)
and HCl solutions by two orders of magnitude (Fig. 3a).
A similar pattern is typical of tantalum as well: the Ta
content upon dissolution of tantalite in HF solutions is
higher than that in chloride and mixed (mHF +
0.5mHCl) solutions by several orders of magnitude
(Fig. 3b).

The temperature dependences of the equilibrium
contents of niobium and tantalum upon dissolution of
Nb2O5, Ta2O5, pyrochlore, and tantalite in mHF +
0.5mHCl solutions are shown in Figs. 4a and 4b. The
experimental studies did not reveal clearly expressed
unambiguous dependences of the effect of tempera-
ture on the solubility of Nb and Ta compounds in
DO
solutions (mHF + 0.5mHCl) of different concentra-
tions. It has been established that when Nb2O5 was dis-
solved in (0.1m +0.5mHCl) solutions with a low HF
concentration at 300°C and 100 MPa, the equilibrium
content of niobium is 1.5 orders of magnitude higher
than that of pyrochlore and 3.5 orders of magnitude
higher than that of tantalite and is n × 10–4m (Fig. 4a).
A change in temperature does not affect the solubility
of niobium oxide in (0.1mHF + 0.5mHCl) solutions
significantly, while a positive temperature dependence
is observed for pyrochlore and tantalite. At 550°С and
100 MPa, the content of niobium for pyrochlore
increases by one order of magnitude and amounts to
n × 10–3m. The equilibrium content of niobium for
tantalite is n × 10–5m.

The solubility of niobium oxide increases by 1.5
orders of magnitude and amounts to n × 10–5 in solu-
tions with a high content of the F ion (1mHF +
0.5mHCl) (Fig. 4b), which is almost identical to the
content of niobium upon the dissolution of pyrochlore
at the same parameters [9]. An increase in tempera-
KLADY EARTH SCIENCES  Vol. 505  Part 1  2022



EXPERIMENTAL STUDY OF THE SOLUBILITY OF NATURAL TANTALITE 437

Fig. 4. Temperature dependence of the equilibrium content of niobium upon dissolution of Nb2O5, pyrochlore, and tantalite in
mHF + 0.5mHCl fluids (Co–CoO buffer) (a) in 0.1mHF + 0.5mHCl and (b) 1mHF + 0.5mHCl.
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ture has no noticeable effect on the change in the sol-
ubility of pyrochlore and niobium oxide. An inverse
temperature dependence of solubility is registered for
tantalite. At 300°С and 100 MPa, the equilibrium con-
tent of niobium is n × 10–3m; at 550°С, it is n × 10–5m.

Analysis of the experimental data obtained in a
study of the temperature dependences of the equilib-
rium tantalum concentrations upon dissolution of
Ta2O5 and tantalite in 0.1m HF + 0.5mHCl and
1mHF + 0.5mHCl fluids showed this solution; the
content of tantalum is n × 10–5m upon dissolution of
Ta2O5 in 0.1mHF + 0.5mHCl. Moreover, the tempera-
ture had little effect on the solubility of tantalum
oxide. The tantalum content was practically the same
and amounted to n × 10–6.5m upon dissolution of tan-
talite in 0.1mHF + 0.5mHCl solution at 300, 500, and
550°С and 100 MPa, which is lower by 1.5 orders of
magnitude than that for Ta2O5. The equilibrium con-
tent of tantalum is minimal (n × 10–8m) at 400°С,
which is associated with the formation of a solid phase
with the composition of Mn2TaO3 in the solution. At
high concentrations of the F ion in 1mHF + 0.5mHCl
solutions, the equilibrium content of Ta increases
sharply and at 550°С and 100 MPa reaches n × 10–2.5m
upon dissolution of Ta2O5, which is higher than that
for tantalite by four orders of magnitude. The tem-
perature dependence of the solubility of tantalum
oxide in 1mHF + 0.5mHCl solutions is almost absent.
At the same time, an increase in temperature leads to
a sharp decrease in the equilibrium content of tanta-
lum from n × 10–2m at 300°С to n × 10–6.5m at 550°С
and 100 MPa upon dissolution of tantalite in concen-
trated 1mHF + 0.5mHCl fluoride–chloride solutions.

CONCLUSIONS

Based on the foregoing, we may conclude that of
fundamental importance for understanding the gene-
sis of tantalum and niobium deposits is the experimen-
tally established fact that only f luorine-bearing solu-
DOKLADY EARTH SCIENCES  Vol. 505  Part 1  2022
tions, with an insignificant role of chloride solutions,
favor the hydrothermal transport of Ta and Nb with
the contents necessary to form commercial concentra-
tions.

Based on the data obtained in this study, it is possi-
ble to propose geochemical models for the transport
and precipitation of Ta and Nb in natural conditions
and to specify the physicochemical parameters of ore-
bearing f luids, such as the temperatures, pressures,
brine composition, and the concentrations of rare ele-
ments in the f luid.
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