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Although the mineral dawsonite NaAICO;(OH), is
not well known to geologists, dawsonite mineralization
is quite widely known and was documented, for exam-
ple, in the Carpathians, Kuznetsk Basin, Donets Basin,
Northern Caucasus, Caspian Sea area, Khibina, and
Colorado. The Lower Carboniferous deposits of the
Pripyat’ foredeep in Belarus (sandy-clayey rocks
with carbonate beds of the Visean stage filling the
El’sk depression) host the Zaozerskoe dawsonite
deposit [1]. The sandstones, siltstones, and mud-
stones of the coal-bearing Balakhonskaya Group
(Lower Permian—Upper Carboniferous) contain 2- to
35-m-thick tabular and lens-shaped bodies with aver-
age dawsonite contents of 10-15% [2]. The gravita-
tional and pore waters of these rocks are highly alka-
line (pH > 8-9), and the chemical formula of this
mineral itself suggests that it can be formed when
alkaline waters interact with aluminosilicate miner-
als of the water-hosting rocks and/or the products of
their weathering (up to gibbsite).

Proceeding from the thermodynamic analysis of the
conditions currently existing at sites with dawsonite
mineralization at the Berezovoyarskoe locality in the
Kuznetsk basin, Shvartsev [2] has arrived at the conclu-
sion that dawsonite is formed when the solution
becomes saturated with respect to calcite (the sodium
bicarbonate stage of the weathering of aluminosilicate
rocks), and dawsonite is an interaction product of the
aqueous solution (containing Na > 230 mg/l and having
pH > 7.8 and overall mineralization of >1 g/l) with alu-
minosilicate minerals. At the same time, it remains
uncertain whether modern alkaline waters at sites with
dawsonite mineralization can be formed owing to inter-
actions with dawsonite. Inasmuch as thermodynamics
does not shed light onto all intermediate stages of the
process of attaining equilibrium, the saturation of the
aqueous phase with respect to dawsonite is insufficient
to prove that dawsonite can crystallize from this aque-
ous solution. The equilibrium between dawsonite and
the aqueous solution can be approached from below
and above, particularly considering the fact that the
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composition points of the aqueous phase from sites
with dawsonite mineralization plot on both sides of the
equilibrium line (Fig. 1). This alternative was the start-
ing point for the discussion of the results of thermody-
namic analysis in [2]. Below I will attempt to elucidate
this problem.

Consider the chemical equilibrium between mineral
phases and an aqueous solution in the system Na,O—
Ca0O-SiO,-Al,0;—CO,-H,0  (table), in  which
NaAICO;(OH),(dawsonite) can be formed when
NaAlSi;Og(albite), NaALSi;0,,H,(mica), and
Na 33Al, 33515 ¢70,,Hy(montmorillonite) interact with a
CO,-bearing aqueous solution.

NaAlSi;Oq(albite) + H,O + CO,(gas)
= NaAICO;(OH),(dawsonite) + 3SiO,(quartz), (1)

K? — (PCOZ )—1 — 102.09; (PC02) — 10—2.09’

HCO3, mg/kg of H,O
1.0E + 06

1.0E + 05

Dawsonite

1.0E + 04 -
1.0E + 03|
1.0E + 02 Aqueos solution
1.0OE + 01
1.0E + Q0 L L 1 I I )
1.0E + 00 1.0E + 02 1.0E + 04 1.0E + 06
® ] x2

Na*, mg/kg of H,O

Fig. 1. Dawsonite—aqueous solution equilibrium, according
to (/) [1] and (2) [2].
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Gibbs free energy (J/mol, at 25°C) of minerals, gases, and aqueous species used to simulate equilibria in the system Na,O-

Ca0-8i0,-Al,05-CO,~H,0 [3-5]

OH- 157297
Ca® 552790
Na* 261881
CO,(gas) 394359
CO,(aq) 385974
HCO; 586940
CO; 527983
HAIO) ~869017
AlO, 831332
Si0,(aq) 833411
cr 131290

H,0 237144
CaCO;(calcite) -1129258
Al(OH);(gibbsite) —1155487
ALSi,00H,(kaolinite) ~3801800
NaAlSi;Og(albite) -3712020
CaALSi,Og(anorthite) 4007954
NaAl;Si;0,,H,(Na-mica) 5565228
NaAICO;(OH),(dawsonite) -1786024
Si0,(quartz) -856479
Na0.33A12.33Si3'67012H2 -5376367

Nayg 33Al, 33515 ¢;0,,H,(montmorillonite)
+ 0.33CO,(gas) +1.33H,0
= 0.33NaAlCO;(OH),(dawsonite)

+ Al,Si,04H,(kaolinite) + 1.67SiO,(quartz),
K5 = (PCO,) "3 =100, (PCO,) =10°?!,
NaAl;Si;0,,H,(mica) + 2H,0 + CO,(gas)
= NaAICO;(OH),(dawsonite)

+ AlL,Si,04H(kaolinite) + SiO,(quartz),
K3 = (Pco,) ' = 10183,

)

3)

(Pcoz) =108,

The equilibrium constants of reactions (1)—(3) are
inversely proportional to the partial pressure of CO,. It
follows from the equations of reactions (1)—(3) that
dawsonite can be formed when albite, mica, or mont-

logPcq,, bar

1r +Quartz

Dawsonite

_1 -
-2r Kaolinite
Na-Mica Albite
-3 ! ! ! |
5 6 7 8 9
log (Na*)/(H")

Fig. 2. Stability fields of various phase in the presence of
quartz [reactions (1) and (3)—(5)] at 25°C.
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morillonite are affected by an aqueous solution satu-
rated with respect to CO, at a partial pressure equal to
or more than 102! bar (for montmorillonite), 10-'%3 bar
(for mica), and 102% (for albite). Hence, dawsonite can
be produced if there is a stable CO, source that can
maintain a partial pressure of CO, equal to or higher
than these values. The molal (m) concentration of the
dissolved CO,(aq) = 1047 P (gas), bar, i.e., dawso-

nite can form at a concentration of CO,(aq) higher than,
respectively, 2400 mg/kg of H,O (for montmorillo-
nite), 22 mg/kg of H,O (for mica), and 12 mg/kg of
H,O (for albite). Waters with such concentrations of
dissolved CO»(aq) are not alkaline, and the conclusion
in [2] that dawsonite is formed by alkaline waters is not
universally applicable.

The boundaries of the stability fields of albite, mont-
morillonite, mica, kaolinite, and quartz are defined by

logPcq,, bar
1 —

\ +Quartz
0 -
—1+ Dawsonite
B kaolinite
3+ Montmorillonite-Na
Albite
—4 1 1 1 1
5 6 7 8 9
log(Na*)/(H")

Fig. 3. Stability field of montmorillonite [reactions (2), (6),
and (8)] at 25°C.
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reactions (4)—(7) and are shown in the logPco -
log(Na") /(H*) diagrams of Figs. 2—4.
3NaAlSi;Oq(albite) + 2H*
= NaAl;Si;0,,H,(mica) + 6SiO,(quartz) + 2Na*, (4)
KS = (NaH)/(H*)? = 101698, (Na*)/(H*) = 103%,
2NaAl;Si;0,,H,(mica) + 3H,0 + 2H*
)

(Na")/(H") = 1079,

= 3Al,S1,04H,(kaolinite) + 2Na™,
K2 = (Na*?/(H*)? = 10152
2.33NaAlSi;Og(albite) + 2H*
= Na, 33Al, 33515 4,0, H,(montmorillonite)
+ 3.32Si0,(quartz) + 2Na*, (6)
KS = (Na*)/(H*)? = 101658,
(Na")/(H*) = 108,
4.33NaAl;Si;0,,H,(mica)
+ 1.34Si0,(quartz) + 5.33H,0 + 4H*
= Nay 33Al, 33515 4,0 ,H,(montmorillonite) @)
+ 5.33A1,S1,04H (kaolinite) + 4Na*,

K7 = (Na)/(H")*=10*2%  (Na*)/(H*) = 107,
2Na 33Al, 33515 470, Hy(montmorillonite)
+ 2.33H,0 + 0.66H*

= 2.33Al,Si,04H,(kaolinite) (8)
+ 2.68S5i0,(quartz) + 0.66Na*,
KS = [(Na®)/(HH]066 = 10370 (Na*)/(H*) = 1056,

Dawsonite can be produced from kaolinite
Al,Si,OgH,, gibbsite AI(OH);, or anorthite CaAl,Si,Og
[Egs. (9)—(12)] only at their interaction with an aqueous
solution containing simultaneously Na and carbonic

acid components (CO, and HCOy).
Al,Si,04H,(kaolinite) + H,O + 2CO,(gas) + 2Na*
= 2NaAlICO;(OH),(dawsonite)

+ 2Si10,(quartz) + 2H*, )
K5 = [(H")/(Na*)*|(Pco,) > = 107110%
(Pco,) = 10°%/[(Na")/(H")],
GEOCHEMISTRY INTERNATIONAL  Vol. 44  No. 8
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logPCO2

Dawsonite

-3 Gibbsite

4L

-5 ] 1 1 |
5 6 7 8 9

log[Na*]/[H*]

Fig. 4. Gibbsite—dawsonite equilibrium [reaction (10)].

10gPCO2
2

Dawsonite

Anorthite

5 6 7 8 9
log[Na*]/[H*]

|
=)

Fig. 5. Anorthite—dawsonite equilibrium [reaction (12)].

Al(OH),(gibbsite) + Na* + CO,(gas)
= NaAlICO,(OH),(dawsonite) + H",

o + +yq-1 —4.50 (10)
Ky = [(Pco,)(Na")/(H)] =10 "7
(Peo,) = 10™7/[(Na")/(H")],
Al(OH),(gibbsite) + Na* + HCO;,
= NaAICO;(OH),(dawsonite) + H,O,
(11)

K° = [(Na®)(HCOy)] = 10*¥;
(Na*)(HCO3) = 1077,

The equilibrium constants (9)—(11) include [in
explicit form for Eqs. (9)—(10) and in implicit form for
Eq. (11)] the (Na*)/(H") ratio of activities in the aque-
ous solution and the partial pressure of CO,. Dawsonite
is formed in the equilibrium association mica + quartz +
montmorillonite + kaolinite [Eq. (7)] at Pco, =

10°32/10782 = 10729 bar. In the equilibrium association
montmorillonite + kaolinite + quartz [Eq. (7)], dawso-

nite is produced at Pcq, = 10°%%/10°0" = 10°2" bar (Fig. 3).
The partial pressure of CO, needed for the gibbsite—
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-3 Dawsonite
4L
Anorthite
-5k
6 ! ! ! |
-2 -1 0 1 2

log[Na*]/[Ca’*]*s

Fig. 6. Anorthite—dawsonite equilibrium [reaction (13)].

dawsonite transformation decreases with increasing
(Na*)/(H*) ratio of activities (Fig. 4).

Let us consider the origin of dawsonite by the reac-
tion of anorthite with a Na-bearing solution that is sat-
urated with respect to CaCOj5 (calcite) [Eq. (12)] and
undersaturated in it [Egs. (13)-(14)].

CaAl,Si,0O4(anorthite) + 2Na* + 3CO,(gas) + 3H,0
= 2NaAlCO;(OH),(dawsonite) + CaCO;(calcite)
+ 2510,(quartz) + 2H* (Fig. 5), (12)
K7, = [(H)H/(NaH)*(Pco, ) = 10727
(Pco,) = 10°7[(Na®)/(H")]?P,
CaAl,Si,0O4(anorthite) + 2Na* + 2CO,(gas) + 2H,0
2NaAlCO;(OH),(dawsonite)
+ 2Si0,(quartz) + Ca** (Fig. 6),
K7y = [(Ca*)/(Na*)*)(Pco, ) = 1075

(13)

(Peo,) = 10°7/[(Nat)/A(Ca™) 1,
2CaAl,Si,0g(anorthite) + 2H* + 2Na* + 2CO,(gas)
+ 3H,0 = 2NaAlCO;(OH),(dawsonite) + 2Ca**
+ 25i0,(quartz) + Al,Si,0O4H,(kaolinite), (14)
K3y = (Ca2ANa)(HO)(Peo, )T = 1057
[(H")/(Na")][(Na*)*/(Ca*H)](Pco,) = 10737,

According to the reaction
2NaAlSi;Og(albite) + Ca*
= CaAl,Si,Og(anorthite) + 4S10,(quartz) + 2Na*, (15)

K5 = (Nah/(Ca2*) = 10-33; (Na*)/4/(Ca’™) = 10715,

and, thus, the partial pressure of CO, needed to produce
dawsonite by replacing feldspars (Fig. 6) varies from
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Pco, = 10377/107168 = 1029 bar [Egs. (13) and (15)] to
Peo, = 10°70(10894)23 = 10749 bar [Egs. (4) and (12)].

Reactions forming dawsonite can also proceed in
solutions undersaturated ~ with  respect  to
Al,S1,04H(kaolinite) and Al(OH)(gibbsite)

Na"* + CO,(gas) + HAIO) + H,O
= NaAICO,(OH),(dawsonite) + H",

0 + T 4.14 (16)
K7 = [(Pco,)(HAIO)(Na")/(H")] = 1077,
(Pco,) = 107"/{(HAIO})[(Na")/(H")]},
Na" + HCO; + HAIO)
= NaAlCO;(OH),(dawsonite),
(17)

K, = [(Na*)(HCO3)(HAIOY)] " = 10",

—11.95

[(Na")(HCO3)] = 107""/(HAIOY).

The equations of reactions (16) and (17) demon-
strate the conditions under which dawsonite is formed
in aqueous solutions whose Al concentrations are not
high enough to precipitate kaolinite and gibbsite. Gibb-

site is stable when the molal concentration of HA]O(Z) is

higher than 10#%4, and kaolinite is stable in equilibrium
with gibbsite at a molal concentration of SiO,(aq) > 10786,
It is pertinent to remember that the molal concentration
of SiO,(aq) in an aqueous solution saturated with
respect to quartz is equal to 107+01,

Summarizing the results of our thermodynamic sim-
ulations, it should be mentioned that dawsonite can be
formed by reactions between aluminosilicate minerals
and Na-bearing aqueous solutions with a (Na*)/(H*)
ratio of activities of the order of 10° to 10°, at a partial pres-
sure of CO, of the order of 1072 or higher (Figs. 3-5). To
maintain the required values of the (Na*)/(H*) ratio of
activities (within the range of 10°-10°), it is sufficient
that the Na™ and H* activities vary concurrently. An
alkaline solution can have a relatively low activity of

Na* but a high activity of the HCO5 ion [Eq. (11)], and
dawsonite can be produced by neutral and weakly acid
solutions with high Na* activities (brines).

Dawsonite was found in Belarus in sandy—clayey
rocks that occur between salt domes and are in places
soaked in hydrocarbons. According to A.A. Makhnach,
“...the destruction of salt domes in the Carboniferous
could provide Cl- and Na-bearing aqueous solutions,
and oxidizing hydrocarbons could be a source of car-
bon dioxide. This is corroborated by the isotopic com-
position of dawsonite, whose oxygen is isotopically
heavy and carbon is isotopically light.” In the Kuznetsk
basin, dawsonite was identified in sandstone, siltstone,
and mudstone of the coal-bearing Balakhonskaya
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pH Eh
79 _ - 0.20
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7‘2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIO‘28

Decreasing water exchange rate

Equilibrium mineral assemblages

Anhydrite
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Calcite
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Gypsum
Halite
Microcline
Pyrite
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NaAICO;(OH),
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[9)]
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(000

54 ~0.10
Eh -0.12
. -0.16
Decreasing water exchange rate
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Microcline
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-0.20
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Decreasing water exchange rate
Equilibrium mineral assemblages

Graphite
Antigorite
Chlorite
Clinochlore
Dolomite
Gypsum _
uscovite
Pyrite
Quartz
Stilbite [

Talc
NaAICO;(OH),

Fig. 7. System silty sand + seawater (halite precipitation stage) at 25°C.
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Group [2]. I have no information on the oxygen and
carbon isotopic composition of dawsonite from the
Berezovoyarskoe occurrence. In principle, the coal
accompanying dawsonite mineralization can be a
source of carbon dioxide, because the equilibrium oxi-
dation of carbon by oxygen dissolved in water is shifted

toward CO,: Pco, = 107" m O,(aq).

In order to test A.A. Makhnach’s hypothesis, we
simulated the interaction of aqueous solutions of sea-
water composition (of the stage of halite precipitation)
with silty sandstone [6] and introduced dawsonite into
the list of possible minerals. The simulation results
indicate that dawsonite is formed when an aqueous
solution of CI-Na composition (seawater of the stage of
halite precipitation) filters through a silty sandstone
(Fig. 7) in a system either opened or closed with respect
to CO,. Thereby neither the starting nor the equilibrium
aqueous solutions are alkaline, which offers an alterna-
tive to Shvartsev’s conclusion [2].
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