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THERMODYNAMIC MODELLING
OF THE CINNABAR AND METACINNABAR COEXISTENCE
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Polymorphic transitions between cinnabar and metacinnabar have been studied using nu-
merical physicochemical modelling of mineralization in the GEM-Selektor software package
(GEMS3). System components were selected with the simulation of medium- and low-tem-
perature hydrothermal conditions; in the reaction, solutions were taken with salinity of 8, 16, 20
and 40 wt. % NaCl eq. The buffer equilibrium of oxidizing-reducing conditions was maintained
with H,S—-H,SO,. The pressure was changed from 100 to 1 000 bar. The temperature interval of
estimation of mineral equilibrium states was 225-525 °C. Increasing pressure promotes the
metacinnabar formation. The stability field of existence of metacinnabar expands at higher val-
ues of pressure, and the change in salinity of solutions does not affect the conditions of polymor-
phic transformation.

Key words: cinnabar, metacinnabar, thermodynamic modelling.

The laws of the geochemical reactions course remain vague in many cases, even in the
presence of a large number of empirical data. From the standpoint of understanding the details
of any geological phenomenon, the physicochemical modelling of natural processes of mineral
formation remains acute. The phenomena of polymorphism and polymorphic transitions be-
tween the various phases of a single chemical composition are of a particular interest. In our
work, we use the method of numerical physicochemical modelling of mineralization in the
GEM-Selektor (GEMS3) modelling package [3, 4].

The object of our study was a hydrothermal system in which sulphides are formed, with
polymorphic transformation of cinnabar into metacinnabar.

Cinnabar, a lower-temperature a-HgS polymorph, has a chain structure. High-temperature
B-HgS polymorph — metacinnabar — has a structure of sphalerite type. The thermodynamic
characteristics of the transition of cinnabar—metacinnabar have been investigated in [1]. The
laboratory investigations concerning the cinnabar and metacinnabar solubility have been per-
formed in [2]. The thermodynamic data in the system Hg—Zn—(Fe)-S of zincous metacinnabar
in the mercury deposit at Levigliani (Apuane Alps, northern Tuscany) are brought in [5]. In
our investigation, we are keen to find out particular features of the polymorphic process in the
concrete conditions of the hydrothermal system.

Thermodynamic calculations of the equilibrium involving minerals, gas mixtures and
aqueous solutions are essential to understanding processes relevant to hydrothermal ore-
forming systems. We are employing GEMS3 software package based on the Gibbs energy
minimization (GEM) technique, which makes it possible to model thermodynamically non-
ideal multi-component-multiphase systems that include dilute to concentrated aqueous solu-
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tions, mineral solid solutions, supercritical fluids, gases, silicate and metal melts, and sorption
phases [3, 4]. The program package is equipped with powerful and highly accurate GEM-
algorithms, allowing for simultaneous calculation of multiple stable phases. The kind and
amount of solids as well as the speciation of the dissolved species precipitated are calculated.

The initial composition of the simulated system is shown in the Table; the composition of
the simulated system is calculated in relation to 1 kg of water. The components of the system
were selected with the simulation of medium- and low-temperature hydrothermal conditions.
The solutions with salinity of 8, 16, 20 and 40 wt. % NaCl eq. took part in the reaction. The
buffer equilibrium of the oxidation—reduction conditions was maintained using H,S—H,SO,
pair of components. The pressure was changed from 100 up to 1 000 bars. The temperature
interval of estimation of mineral equilibrium states varied between 225 and 525 °C.

Briefly characterizing the results of the simulation, it should be noted that metacinnabar is
formed only at elevated pressure values which agrees well with [2]. At a pressure of 100 bars
in the temperature range of 225-300 °C only cinnabar is deposited (Fig. 1). So as far other
component species — FeS and CuS (see Table) — exist in the initial system, it is worthy to ex-
pect that other sulphide phases will coexist with Hg phases. So in this case only pyrite accom-
panied to cinnabar (see Fig. 1).
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Fig. 1. The results of numerical physicochemical modelling.
Polymorphic transformation of cinnabar to metacinnabar does not take place in this temperature interval
and at the pressure of 100 bars.

Component composition of the modelling system

Reactants Quantity, g
FeS 50
CuS 50
HgS 50
H,S 1
H,S04 1
H,0 1000
F6203 1
FeOOH 1
NaCl 80 (160, 320, 400)

Metacinnabar formation took place at the 200 bar pressure, and it began at 363 °C point
temperature up to 401 °C (Fig. 2). So the transition of the cinnabar to the metacinnabar occurs
at 363 °C. The temperature range of stability of metacinnabar at this pressure was 363—
401 °C. Acid-base alteration during the process is shown on the second vertical axis (see
Fig. 2, a). It demonstrates that cinnabar existed strictly in the more acid conditions than
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metacinnabar. At temperatures above 400 °C precipitated mercury instead of Hg sulphides. An
oxidation—reduction potential line is reflection symmetrical to the pH-line (see Fig. 2, ). In all
modelling variants there is a symmetrical placement of pe-lines to pH-lines. So we decided to
limit its figures and show it changes only in Fig. 2, b. As oppose to previous modelling results
in this case not only pyrite but bornite and chalcopyrite were precipitated, and these sulphides
continue to coexist in the next experiments at higher pressure with the mercury phases
(Fig. 3). Changes in pH are correlated with the transition of bornite—chalcopyrite: bornite is
formed in acidic conditions, and chalcopyrite — in alkaline. The acidity—alkalinity changes do
not reflect in polymorphic transformations of the cinnabar and metacinnabar.
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Fig. 2. Results of numerical physicochemical modelling of the polymorphic transformation
cinnabar-metacinnabar depending on the temperature at a pressure of 200 bars.
Diagram a has additional vertical axis “pH”, diagram b — axis “pe”.

When the pressure value reaches 300 bars, the transition point of the cinnabar into the
metacinnabar is shifted to a temperature of 367 °C (see Fig. 3, a). The metacinnabar existence
interval, in this case, is limited to temperature between 367 and 425 °C. The same sulphides
(pyrite, bornite, chalcopyrite) coexist with mercury’s mineral phases, but their stability fields
are shifted to higher temperature and margin’s shapes are somewhat changed.

An increase in pressure up to 1 000 bar influenced the process in the same way: the transi-
tion point of cinnabar to metacinnabar was 385 °C, and the temperature interval of stability of
the metacinnabar expanded even more, namely 385-500 °C (see Fig. 3, b). Above these tem-
peratures, the metacinnabar decomposes with the release of native mercury.
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Fig. 3. Results of numerical physicochemical modelling of the polymorphic transformation
cinnabar—metacinnabar depending on the temperature at a pressure of 300 (a) and 1 000 (b) bars.

The gradual change in salinity (see Table) in no way affected the change in the tempera-
ture intervals of mineral phase coexistence. The pH-value changes in the same way during
these processes: at higher temperature it grew constantly (see Fig. 2-4). An exception is the
first case, when only one stable phase of cinnabar was precipitated (see Fig. 1). Minerals
forming succession changes constantly with growing temperature and pressure: from cinnabar
to metacinnabar and mercury.

Consequently, an increased pressure contributes the formation of metacinnabar. This logi-
cally follows from the need to reorient the links of cinnabar chain crystalline structure to a
more dense crystalline structure of metacinnabar. The stability field of metacinnabar existence
expands at higher pressure values, and the solutions salinity changes do not affect the condi-
tions of polymorphic transformation.
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TEPMOJINHAMIYHE MOJAEJIIOBAHHSA CINIBICHYBAHHSA
KIHOBAPI TA METALIUHABAPUTY
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3a 0MOMOro 4YUCIOBOro (hi3MKO-XiMiYHOTO MOJICNIOBAHHS MiHEpaJOyTBOPEHHS B IIPO-
rpamuomy naketri GEM-Selektor (GEMS3) nocunimkeno momxiMopdHi mepexou Mix KiHOBap’1o
Ta MeTaiHabapuToM. KOMIOHEHTH cucTeMH MifiOpaHo AJs iMiTalil cepenHbo- it HU3BbKOTEeM-
MepaTypHUX T1IpOTEPMANbHUX YMOB. Y peakiii Opalii y4acTh PO3YHHH 3 COJNOHICTIO 8, 16, 20 Ta
40 mac. % NaCl-exs. bydepHy piBHOBary OKHCHIOBAJIbHO-BiTHOBIIIOBAIBHUX YMOB IiITPHMYBa-
mm 3a gonomororo H,S—H,SO,. Tuck 3mintoBanu Big 100 no 1 000 Gap. TemmnepatypHuii iHTEp-
BaJI OLIHKK MiHEPAJILHOTO PIBHOBAXXHOTO cTaHy — 225-525 °C. OCKUIBKH B CHCTEMI € He JIUIIe
Hg, Fe ta S, a # Cu, To mepeTBOpeHHs KiHOBap—MeTalnHA0APUT CYIPOBOKYBAIIICS OCAKEH-
HSIM HIPHUTY, XaJbKOMIPHUTY i GopHiTy. 3MiHa nmokasHuka pH KopenboBaHa mepexofoM OOpHIT—
XaJBKOMIPUT: OOPHIT yTBOPIOETHCS 32 KUCIHMX YMOB, XaJbKOMIPUT — 3a JIy)KHUX. Ha monimopd-
HUX TEPETBOPEHHSX CyNb(INiB PTYTi Bapialii KMCIOTHOCTI—ITy)KHOCTI HE MO3HAYMINCS. 3MiHH
OKHCHO-BIZTHOBHOTO TOTeHLiany (ikcoBaHi THUM, LIO XaIbKOMIPHT CTAaOIIbHUIA 3a BiIHOBIIO-
BaJIHUX YMOB, a OOPHIT — 3a O1JIbII OKHCHIOBAJIbHUX.

Sxuro 3a P = 100 6ap y TemneparypHomy inrepsaii 225-300 °C BigkianaeTbes TINBKU KiHO-
Bap, To Bxke 3a 200 6ap y Touni 363 °C BinOyBaeThCcs mepexin KiHoBapi y MeTannHabapur. 3a Ta-
KOTO THUCKY TeMIIEpaTypHHUII MPOMIKOK cTabiapHOCTI MeTannHabapuTy ctaHOBUTH 363—401 °C.
Sxmo 3HaueHHs THCKY csrae 300 Oap, To mepexin KiHoBap—MeTalmHa0apUT 3MIITY€ThCS 10 TOY-
kxu 367 °C, a iHTepBan iCHyBaHHS METalWHA0APUTY oOMexeHuH 3HaueHHsIMH 367425 °C; Bin-
noBinHO, 3a P = 1 000 6ap nepexin BigOyBaerscs 3a 385 °C, a TeMmepaTypHUi iHTepBaJl CcTa-
OinpHOCTI MeTanuHabapuTy crae me mmpmmit — 385-500 °C. 3a BUIMX 3Ha4YeHb TEMIEpaTypu
MeTaluHabapuT PO3KIIAAETHCS 3 BUIICHHSIM CaMOPOIHOT PTYTI.

OTKe, YTBOPEHHIO METalMHA0apUTy CHPHSE IMiJABUIICHHS THCKY. Lle joriuHo BHIUIMBaE 3
HEeoOXITHOCTI MepeopieHTallil 3B’ A3KiB JIAHIFOXKKOBOI CTPYKTYPH KIHOBApi y IMUIBHILLY CTPYKTY-
py Metauunabaputy. Iloae crabGinbHOCTI iCHYBaHHS METaMHAOAPUTY PO3LIMPIOETHCS 32 BHILIKX
3Ha4YeHb TUCKY, a 3MiHa COJIOHOCTI PO3YHMHIB HE BIUTMBAE HA YMOBH IOJIMOP(GHHUX MEPETBOPEHb.

Kniouogi crosa: kiHoBap, MeTallMHA0APUT, TEPMOANHAMIYHE MOJICITIOBAHHSI.
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