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Summary

Observations on natural mercury mineralizations provide controversial data about
the formation o —f mercury sulfides (cinnabar-metacinmabar) as both modifications can
exist in same genetical type of mineralization, which is characterised by enantiotropic
temperature range. Both cubice (metacinnabar) and trigonal (cinnabar) have been recorded
as first precipitations.

During the laboratory experiments sustems HgCl, — H,S — H,0 and HgNO,—H,S —
— H,0 have been studied in temperature range between 25° — 100 °C. Structural and mor-
phological deformations of cubie modification formed on 25 °C have been investigated in
temperatures between 50°— 300 °C.

The role of As, Sb, Tl trace elements in the formation of einnabar-metacinnabar have
also been studied.

These chemical, erystal-chemical investigations provide additional data to the genetic
interpriation of mercury deposits.

Introduction

Mercury depesits have generally simple mineralogical compesition,
mainly consisting of HgS — Hg —Sh,S, and few other associated elements.
The deposits are characterised by the dominance od S, Ca, Si (Fe, Mg) and
O elements, As, Shand C'u chalcophile elements, occasional concentrations
of Au, Ag. Bi, Pb, Zn.

The average concentration of mercury in the Earth’s crust is 0, 0X
ppm:

Vinogradov (1949, 1963) = 0,07 —0,083 ppm
Taylor (1964) = 0,08 ppm
The concentration is not affected by the acidity of ignecus rocks
(Turekian — Wedepohl 1961, Vinogradov, 1962 third
column: Ehmann — Lovering 1967):
ultrabasites = 0,01 -0.0X ppm (4 ppb)
basic = 0,09 ppm (7 ppb)
intermediate (syenite) = 0,0X ppm (4 ppb)
acid (granite) = 0,08 ppm (39 ppb)
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During the late crystalization phases, the amcunt of Hg in pegmatites
less than 0,0X ppm, increasing in kata-and mesothermalites and reaches
its peak at epithermal conditions. Volcanic exhalations generally have
significant mercury content.

The Hg concentrations is sedimentary environment:

@) shales 0,40 ppm
h) sandstones 0,03 ppm
) carobnates 0,04 —0,0X ppm
d) pelites 0,.X ppm

Usually high /gy concentration is recorded in the air above mercur
deposits. This fact isused as expleration teel. Organisms (algae, fishes)
show few tenth of y/kg Hy content.

The most impertant minerals of mercury are the o —f—y—HgS,
cinnabar and metacinnabar and the native mercury. Schwazite (HgS np
to 24 per cent Hg), livingstonite ((HgSh,S,), montroydite (Hg0), guadal-
cazzarite (HgZn) (S, Se), onophrite Hg(S, Se), coleradcite (HgTe), tieman-
nite (HgSe), kleinite Hg,N(C1.SO,)-nH,0, mesesite (Hg,NCl.H,0, ter-
linguaite (2HgO-Hg,Cl,), eglestonite (Hg,('1,0) are rare accesscries in
mercury deposits. The oxide-chlcrides are possible preducts of the vaper
phase.

There are several opinions abcut the fermaticn of cinnabar-metacin-
nabar:

— metacinnabar crystallises prier to cinnabar («HgS)

— metacinnabar and cinnabar are crystallising syngenetically

— formation of metacinnabar follews that of «HgS

— metacinnabar precipitates from solutions and is not an alteration
preduct of cinnabar

— metacinnabar has supergene origin.

In hot brines of Amadee Hot Spring, California, and Boui-
king Spring, Idaho, metacinnabar (SHgS) crystallises, subsequent
to cinnabar. There are examples fer reversed precipitation sequences too.
The formation of metacinnabar is prebably affected by temperature, and
probably, the pH conditicns and the chemical assemblage, however the
effects of there latter facter has not been experimentally proved yet. Near
the month of Amadee Hot Spring precipitations, of cinnabar, metacinna-
bar, in onter zones drops of native mercury has been chserved from the
alkaline hot brines. From hot brines at Sulphur Bank California, similar
phenomena have been recorded.

At Bouiling Spring (Valley County, Idaho) crystallisation
of Mn-rich metacinnabar have been described, at 7—8 m distance from the
mouth of the Spring. Cinnabar has formed near the mcuth, associated
with calomel, Hg-oxide-chloride, chalcedeny, quartz, montmerillenite,
alunite.
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Krauskopf (1951) has suggested a temperature range 80° — 250 °C'
at 30 at pressure for the formation of cinnabar. Dickson (1964) has
siven 100 —230 °C temperature at 30 at pressure. The solubility of HgS in
Na,S solution had first studued by Knox (1906), then Dickson
(1964), White et al (1967) at 3.5—-7.5 pH, 25°—200 °C temperatures,
4 —140 at pressures.

Based ow conclusicns about the HgS —H,0 —Na,S system, it seems
that alkalinity has favourable effect on the formation of HgS. The (SO,)%~
content of alkaline hot brines (Na,S0,)indicates that Na,S has an important
role in solubility and transpert of HeS. Based on

HgS+Na,S(,,) == NaHgS, reaction,

K is equal to -——2-2"2
(Na,S)HgS

hence Na,S increases the solubity of HgS. Whit increasing temperature
the solubity of silicates (e. g. quartz) is also increasing. This gives an ex-
planation for the relationship of HgS mineralization and silicecus enviren-
ment. The coefficients of solibility:

Cinnabar K'=10"2%(10-3%) (Schwarzenbach — Widmer)
Metacinnabar K = 10739(1073%) (Schwarzenbach — Widmer) The
solubility of HgS in the HgS,—Na,S,, system is increasing from 20 °C
to 100 °C, decreasing between 100°—150 °C, then gradually increasing.
At room temperature the solubility of metacinnabar is 30 per cent larger
than that of cinnabar. Until the inversion teperature for metacinnabar-
cinnabar (344 °C) is not reached 30 per cent of the crystalline phase is cin-
nabar.

The irreversibility of HgS,+Na,S,, = Na,HgS, system is highly
influenced by the CO, centent and oxygene saturation of the selution. This
phenomene plays inportant role in the formation of HgS and mercury de-
posits in carbonate environment (Algeria, New Idria — USA,
Ré6kahegy —Hungary)

In the HgS o+ 2H,S,,) = HgS(H,S)y(,,, system at 20 °C temperature

K =10-%2 cinnabar
K =10-43 metacinnabar

In the HgS + 8%~ = Hg?~ system Barnes (1976) suggested

K =10%957 = metacinnabar
K =10%9%48 — ¢cinnabar

These data indicate that fermation of deposits composed of Hg — HgS
are associated by alkaline +HgS2~ — hydrotermal solutions.

Dreyer (1940) concluded that most HgS deposits form at near-
surface conditions, on normal pressure. Dickson (1964) stated that
HgS mineralizations could form at low pressure (1 —30 at) and temperature

3 ANNALES — Sectio Geologicn — Tomus X X.
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100°—230 °C' from neutral — or slighthy alkaline solutions, because sta-
biliy ranges of Hg-complexes are determined by the above-mentioned
physico-chemical parameters.

5 pH = Hg(HS), less important in transport of Hy
6—-8 pH = Hg(HS) |
9 pH = HgS3~ | moest abundant Hg-complex

In sulfide-complexes mercury is linked to chains with 2 cr 4 coordina-
tion, these govern the development of chainstructures cf cinnabar cor
framework structure of metacinnabar ( Barnes et al. 1967. Fig. 1).
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Fig. 1. Co-ordinating ligands of the HgS ( Ba rnes ot al,)

As indicated by several Hg-chloride minerals, transfer of mercury
in chloride-complexes is also a pessibility. The stability of Hg-chlerides is
strongly temperature dependent, these minerals cecur rarely compared
to the HgS medifications, (Krauskopf 1951).

The equlibrium constants of Hg-chloride complexes:

He?+ +Cl (HeCl) 2K = ~ 1073
Hg?+ 4+ 4CI(HgCl2—:K = ~ 1016

Hydrothermal experiments
Labcratery experiments have been carried cut in liguid-vapor and
solid-liquid phase systems:

«) Synthesis of HgS monophase frem sclutions containing Hg* and
Hg?* ions at 25° —50° —75° — 100°C’ temperatures

1. (0.1 mol HgNOy, .+ H,S,
2. 0.1 mol HgCly,+ H,S(,
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b) Effects of As?*, Sh3*, T1* on the formation of HgS (by Hg:R ra-
tios of 100:1 and 1000:1):

. 0,1 mol HgCly(,) + AsCly+ H,S )
2 0.1 mol HgCl.,( q)+§l)CI +H,S(g)
3. 0.1 mol HgCly,,,+ TICI+H,S,

As, Sb, Tl have been chosen as “impurities”, because the stabilities of
their sulfide-complexes are similar to that of HgS, atomic radii are near
to that of Hg, and occur in epithermal ore deposit.

¢) HgS (=ﬁHgS-nmtu(innalm)+H O and SHgS )+ Na,S, systems
hetween 25, —300 °C'. HgS is synthetised from Htf(l, o+ H,h(uq, svstem
at 25 °C.

d ) Metacinnabar (JHgS) in solutions with compositicn
Hg:R = 100:1 between 50°—300 °C. (R = As®*, SLi3+, TI+).

Laboratory experiments are calculated with mecrcury iens migrating in
chloride-complexes, from wich HgS phases can he fcrmed irreversibly by
the effect of H,S —Na, S hydrotermal solutions.

Hg-ions in nitrate complexes have been investigated to study the effect of
synchronous or differentiated formaticn of 2 — and SHgS.

2(aq

1) 0.1 mol HgN Oy, — H,S,, systen

3laq) ~ (g)

The experiments have been carried cut from 0.1 mol mercury (I) nit-
rate solution with initial pH 2.3. The pH value of the solution have been
meadified during the reactions:

5°C 15 min 1.00 pH metacinnabar erystallites
60 min 0.84 pH metacinnabar crystallites

8 hours 0,85 pH cinnabar

20 hours 0.85 pH cinnabar

30 hours 0.85 pH cinnabar

50 °C 60 min  0.85 pH cinnabar
8 hours 0.85 pH cinnabar 4 Hg-drops

5°C 8 hours 1,19 pH gHgS = xHgS

°C 60 min 1.05 pH SHgS crystallites
4 hours 1.06 pH 3HgS crystallites
8 hours 1.21 pH gHgS —aHgS ?
12 hours 1.19 pH gHgS

100°C 10 min 1.01 pH —

60 min  1.00 pH SHgS crystallites
8 hours (?) 1.0 pH ,BH;zS>1H(r.

(2]
3)]

-1
(314

* The use of mercury (I)-nitrate is supported by two factors
@) very low solubility of Hg,Cl,,
L) anion effects on the formation of HgS modifications.
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These data indicate that acidity of solutions fermed within the same
time-intervals (8 hours) is larger for «HgS (pH 0.85) than for SHgS
and BHgS=>x«HgS(1.08 —1.21 pH). Different time intervals (15 min—
30 hours) have been used for cbservations of transitional and accessorial
phases during the experiments. It was found that fermation of stabile sulphi-
de phases is preceded by multi-phase precipitation of white or greyish-
white Hg-compounds: (HgNO,.-2H,0; NHg,0H-2H,0 and NHg,(NO,).
The advance of the process is marked by the increasing, appearance «f
black and brownis-red precipitation of HgS (Table 1.)

Table I.

Crystalline phascs of the Hg\Oa aq) —HL,f \rg)-s_vstcm
~ Colour of reaction | X
Temperature Time product Crystalline phases
i 7
256°C 15 min. | dark gray PHgS erystallites + Hg,, Hg,, Hg,, Hg.
25°C G0 min. | black ' AHgS + He,
25°C | 8 hours | reddish-brown ‘ al[g%--mn lxllllL Hg drops
25°C | 20 hours | brown | oHgS + Hg + -
25°C | 30 hours | reddish-brown ! al[gS* i
50°C | 60 min. | black and gray | aHgS, Hg,
50°C S hours | brown reddish brown aHgS + (—)
65°C S hours | dark-gray ; AHgS=aHgs +He + He,S,(NO,)
15°0¢ 60 min. | black lamellae, gray | fHgS + Hgg, Hg,
75°C “ 4 hours | gray AHgS + He,, ng Hg,S,(NO,)
75°C S hours ! gray, grayish white | fHgS, o —HgS(?)+HgNO,, Hg,
75°C" | 10 hours | black and gray pHgS + Hg,, Hg,
75°C | 12 hours | black BHgS:>aHgS + Hg,
100°C | 60 min. | gray, black PHgS crystallites + Hg,, Heg,, Hy,
100°C S hours | black, pale gray fHgS= oHgS + Hg, + Hg, -+ Hg,

| | 1‘

Hy, = HgNO,
Higj = HE(NOyy+2 H,0
Hgg = Hm.\o(\()‘)
lig; = NHey(OH)-2 H,0

In the Hg(NOy),,—H,S system the cubic fHgS had been formed
{irst at all temperatures ,a](mg whit HgNO,, HgNO, - 2H,0, Hg(NO,),-2H,0
and poessiblv Hg,S,(NO,). h)llmmw tho formation of Hg,S,(NO,) the
HgNO, bonds can split, Hg(HS), Hg(HQ)Z, HgS3~ complexes and finally
the poorly soluble HgS can form. No other final phases exist beside cinnabar
(xHgS). The solution exhibits the greatest acidity (0.85 pH).

Pure HgS phases have been obtained at 25°—350 °C temperature, 8
hours. At 75 °C in different time intervals (4 —8 hours) both gHgS and
»HgS+ ? had been formed, herefcre experiments have been repeated
at 65 °C (8 hours to obtain more exact data about BHgS = «HgS reac-
tion. These experiments indicated that in the HgNO,+ H,S system the
temperature interval for contemporaneous formation nf BHgS and xHgS
is 50°—65 °C:

g HgS ~aHgS —[ 8 HeS + o HgS >« HgS.
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The sulphur-content of the crystalline phases in the HgNO,—H,S
system is highly variable due to formation of mercury:

25 °C/[8 hours =+0.919%, Hg and
—5.65%, S

25 °C/20 hours = +3,28%, Hg(Hg — drops have been separated)
—20.51%, S(!)

50 °/8 hours =+3.74%, Hg (Hg-drops have been separated)
—30.449%, S(!)

Stochiometric ratios of HgS are shown in Table VI. Stochiometrie ratios
(Hg:S) could not be determined precisely due to formation of metallic Hy
and different I/g-nitrate complexes. (fHgS=aHgS phases formed during
reactions at 65° —75°—100 °C/8 hours have not heen analysed du to inade-
quate quantities of material obtained). .

The cy/a, cell parameters of «HgS formed at 25°—50 °C = 2.2891 —
—2.2945 A, at 75°—100° theses values change to 2.3015 and 2.3064 A
respectively, indicating that the cell become more elongated. The a, =
= 5.8682—5.8752 A of gHgS crystallites formed at 75 °C/60 min and
100 °C/60 min indicate less packed, while a, = 5.8466 —5.8597 A para-
meters obtained from ecperiments of 8 —12 hours duration show tightly
packed cells as compared indicating that the cell become more elongated.
The a, = 5.8682—5.8752 A of SHgS crystallites formed at 75 °C/60 min
and 100 °C/60 min indicate (Table 1T and Fig. 2).

Table 11
Chemical composition of the erystalline phases of the HgNOy ) + H,8,)-system
T Hg ’ 8
| o [
25°C | 73,63 —179,63%, 11,02 — 9,749,
5000 | 81,70 — 89,439, 9,77 — 9,609,
75°C 82,80 — 88,759, | 5,83 — 17,739%

100°C 71,13 - 78,8909 l 6,88 — 10,219

2) HgClyoq) —HyS(pps) system

The initial solution was 0.1 mol Hg (II) chloride with 4.1 pH, charac-
terised by the following thermedinamical parameters:

F° = —42.2 Kcal/mol Robert (1971)
I° = —50.53 Keal/mol Robert (1971)

In every case 500 ml solution have been used, reactions at 25°, 50°,
75°, 100 °C with durations of 8 hours- 45 min have been studied. During
the experiments acidity have significantly decreased with time and tem-
perature (pH = 0.70 —1.90).
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Fig. 2. cy/ing+ny data of the erystalline phases of the HgNOyqq) — H,S-systen.

25°C 60 min 2.35 pH
95 min 1.75 pH  SHgS crystallites
8 hours 0.84 pH  SHgS
50 °C 8 hours 0.82 pH  AHgS
75 °C 8 hours .80 pH  BHgS=x HgS
100 °C 45 min 1.90 pH
100 °C 8 hours 0,70 pH  BHgS>o HgS

During the reaction precipitation of white colour (z—yHgSS,(l)
have been formed first, followed by greyish and black preducts. At 257 —
50 °C metacinnabar, at 75°—100° AHgS+a«HgS phases (with pgHgS
dominance) precipitated, asscciated by the following accessories:

25°C 60 min gray % — pHe,S,Cl,
grevish white
25 °C —95 min a) greenish-grey fHgS crystallites and
b) pale-grev  a«—yHgS,Cl,
) grey
25 °C 8 hours black AHgS + yHg,S,Cl,
50 °C — 8 hours black AHgS + yHg,S,Cl,
75°C — 8 hours black SHgS + «HgS +

yHgSS,0l,
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100 °C' —45 min @) greenish grey
b) pale-grey  x—y Hg,S,Cl,’
¢) grey
100 °C  — 8 hours black A =aHgS + Hg,S,Cl,

The initial products ¢ f reactions in the HgCly ) —H,S,, system are
the o — and yHgS,Cl,. From the two the mcdification has larger stabi-
lity, however its presence in preducts of reactions at 75° — 100 °C was not
observed. Unlike in the Hg(I)-nitrate — H,S., -system, ABHgS with
sphalerite-type structure has been formed at 25° — 50°(" temperature. At
577—100 °C fHgS was the dominant preduct, but xHgS has also ben
recorded.

This indicates that in solution-vaper system the SHgS > xHgS
reaction takes place between 5(°-and 65 °C'. This has an implied explana-
tion for controversial observations in natural systems, regarding the
AHES and «HgS precipitation sequence, (in several cases the black pHgS,
in other cases the purple xHgS was recordedas first precipitation).

The formation of SHgS begin after the saturation of the solution
with respect to sulphur has reached 60 per cent. Below this value of sul-
phur-saturation yHg,S,Cl, have been produced.

The chemical composition of crystalline phases of the HgCly,p— HgS,
system (from expriments of 8 hours duration) are “richer” in Hg and S than
the the products of Hg (I)-nitl'ute—HZS(g)—system (Table IT1. and Fig. 3).

s : R :

he data obtained from the analyses indicate that the HgS formed
in the Hg(11)-chloride — H,S system depleted in cations (Hg). but all the
S-pesitions have been filled (?) (Table 1V and VI).

Table IIT.

Chemical composition of the crystalline phases
of the HgCly(qq) — H,S,)-system

To Hy S Cl ‘ H,0
25°C | 85,849 13,989, | 0,269, 0,009,
50°C | 84,799, ) 14,009, ' 0,159, 0,039,
75°C | 85,049, | 13,969, 0,41% | 0,079,

100°C | 84,569 ' 13,109, ‘ 2,199, ' 0,049,

The a, structural parameter of SHgS is decreasing with the rising
temperature. The c,/a, parameters of the zHgS have not calculated, as
only few d/A data has been obtained.

25°/8h : a, = 5.8610 A
50°/8h : a, = 5.8408 A
75°/8h : a, = 5.8011 A
100°/8h : a, = 5.7441 A
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Fig. 3. Chemicul compgsition of the
erystalline phases of the HgClyg) — H,S( 5y — system.

The decreasing cell-parameters of fHgS at 75° —100 °C' can be related

to the initial formation of «HgS structure.
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3. Baperiments for vecrystallization of gHgS formed at 25 “C' in the teinpera-
ture range between 25— 350°C
3.1. HyS,— H,0

The structural inversion of gHgS, which was formed in Hyg-chloride-
H,S system has characteristic features (pesthydrothermal effect structural
framework diagenesis).

The crystalline product, fermed at 25°C/8 hours has the following
composition:

Hg = 85.79%,
S = 14.00%,
1 0.269%,
H,O = 0,00%,

100,059,

wich is equal to
AHgS = 97.319
Hg S,.Cl, = 2.699

100.009,
phase-composition. The compesitional changes of this preduct in the 25° —
300°C temperatiire range are shown in Fig. 4. (30 dayvs at 25°C, 24 hours
at 50° —300°C)
The Hy content is decreasing with an average 1.77 per cent, while the S
content remains practically unchanged (4 0.019%). The four Hg-“maxi-
mum” and three /{g-"minimum” varies with the temperature:

Hy-“maximum”™ =a) 25° b) 75% ¢) 175°—200° d) 350°C
Hy-“minimum™ = ) 507 h) 100° —150°; ) 2507 —300°C.

The C1 content is reducing with an average of 0,09 per cent, with the
largest amount at 125° —150°C (=0,04%,, 85 per cent of Cl content) and
at 200°C. Approximately 40 per cent of total Cl content can be removed
without any sign of destruction. The pH factor of the solution have been
stabilized at 4.82 —3.9 between 25° —75°C, above temperature it has be-
come more acid at an average pH 2.24 (in the range of 2.10 —2.37).

The inversion of SHgS to cinnabar starts at 25 °C/30 days. Between
25 —=150°C the pHgS is still the dominant phase (fHgS=2xHgS), their
proportion shows an opposite change between 175°—250°C, and only
mono-phase «HgS have been observed at 300°—350° C (Fig. 5 and 6).

Using these results in the interpretation of mineral genesis it can be
concluded the fHgS (metacinnabar) wich have initially crystalised from
the hydrothermal solutions, can he altered to xHgS (cinnabar) at low
temperatures by the effect of pest-ore solutions. At higher temperatures
the rate of inversion in increasing, and from 175°C' the xHgS is the domi-
nant crystal-phase. We dont have data about the rate of inversion below
175°C (It is possible that SHgS —~2HgS precipitations in eocene Nummu-
lite-limestone at Rdékaliegy — Budapest can be explained with this pro-
CeSses ).
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Fig. 5. Phase relations of HgS + solution systems.

The upper line refers to the HgS¢s) —

H,0 system
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In the non-stochiometric compositions of the SHgS=>xHgS (at 25°—
150°C), the aHgS=pHgS (at 175°—250°C) and «xHgS (300°—360°C)
crystalline phases the following relationships have been observed (Table
V and VI).

a) BHgS=aHgS = —0.15-3.33Y, Hg-deficiency and + 0.94 +4.06%, S
h) «aHgS=p HgS = —0.89—2.889, Hg-deficiency and +0.65+1.16%, S
¢) o«HgS = —1.88—-3.52%, Hg-deficiency and +5.58 +1.529, S
Mean values

a) PHgS=aHgS = —2.46%, Hg+2.029%, S

b) xHgS=pfHgS = —2.379% Hy +0.84% S

c) «xHgS = —2.70% Hg +1,05%, S

It seems that «HgS is no the average more deficient in cations than JHgS
(However Barnes and Scott suggested the § HgS as S-deficient)

3.2. ]]gS(S) = A,V((/:_,_Ag(aq)

Literature data show that the best solvent for HgS is the aqueus solu-
tion of Na,S (Dickson 1964 Barnes - Romberger-Stem-
prok—1967). Solubility is related to the contrentration of Na,S, at
250°C and 1800 bar has a value of 30 g/1. Phase-alterations has not been
mentioned except that at temperatures below 344°C approximately 309,
xHgS was formed.

The experiments in the HgS ) — Na,S — H,0 system have been initiated
by the following problems:

@) the saturation of S-deficient pesition can take place diagenetically

b) if chlorine is removed the transitional reaction predict, yHg,S,Cl,
alters to HgS,

¢) what is the alteration temperature of complete inversion of fHgS
to «aHgS,

d) How the cell-parameters are changing during the SHgS - xHgS
alterations.

0.1 mol Na,S solution has been used for the expreriments with the
HgS(, —Na,S —H,0 system. Experiments have been carried out in Py-
rex-phials, in closed system. (The duration of experiments was 30 days
at 25°C, 24 hours at 50° —350°C).

The chemical composition of the initial SHgS ,, showed the following
variations during the phase alterations at 25° — 350°C (average values):

25°—-50°  =-1.51%, Hy, —0.22% S
75°—300° = —2.239%, Hg, —0.15%, S
850° =—1.54% Hy, —0.21% S

The following CI contents have been analysed:
150° —200°C = 0.20 —0.25°%, !

/0

25°—125°C = 0—0.10%, CI
250° —350°C = 0—0.15%, C1
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The pH of the solution showed slightly decreasing tendency:

25° —200°C = 9.86 —10.35
250° —300°C = 9.58 —8.24

The SHgS phase alterations in the HgS — Na,S —H,0 system indicate
that Na,S+ H,0O solution (pest-ore hydrothermal solution) accelerates the
formation of «HgS and at 100°—350° exlusively mono-phase cinnabar
structure is formed:

a) 25°-50°C = black, fHgS =aHgS + yHg,S,Cl,

b) 75°C = brownish-red «HgS > gHgS + yHg,S,(1,
¢) 100°=175°C = purple aHgS+NaHgCl,-2H,0

d) 200°—-350°C = purple «HgS + yHg,S,Cl,

(Table V., VI. and Fig 4.)
The non-stochiometric compositions of fHgS =aHgS:
xHgS = fHgS and oHgS:

25°— 50°C = fHgS>aHgS = —2.09—-2.359% Hg, 1.16 -1.52%, S
75°C = zHgS = pHgS = —1.53-2.23%, Hg, —0.65+4.9%, S

100° —350°C = xHgS

—2.26 —3.40% Hg, —0,07+1.52% S
Mean values:

25°— 50°C' = fHgS>aHgS S

—2.229 Hg—0.36Y

— 50°C = BHgS>xHgS = —2.229, Hy—0.36%, S
75°C = xHgS=>fHgS = —2.189, Hg+2.56%, S*
100°—350°C = xHgS = —2.98%, Hy—0.80% S

On the average xHgS shows larger /gy and smaller S deticiency than
AHgS, the Hg:S ratio of «HgS approximates the ideal 1:1 value better than
that of BHgS. The celle parameter for fHgS @, = 5.8521 +0.0007 A, is
unaffected by temperature changes. The ¢ /a, value of «HgS differs from
literature data (2.30 A) with —0.01 A (Fig. 6).

@) The results given by the experiments in the HgS—Na,S.,
system indicate that effects of H,S solutions promcte splitting of [HgS,]-
tetrahedra of fHgS and their chain like linear rearangement (cinnalar
structure). It also causes the alteration of accessorial yHg,S,Cl, phase to
xHgS by removing C'l. The non-stochiometric character of «HgS becames
smaller despite the number of unfilled S-positions being larger than of
JHgS.

b) The initially formed less stabile SHgS phase alters to cinnabar
quite easily, therefore « HgS is more abundant in nature. Coexisting o — /3
HgS indicates meta-phase transitional stage, which can explain the con-
troversial conclusions in previous studies about the phenomene that hoth
meta-cinnabar adn cinnabar have been observed as first precipitation.

* From data of 8— 24 — 30 hours experiments.
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4. Experiments with the formation of (Hy, ) S from HgCly,,+ R-chloride +
H,S and HyS g+ R-chloride system (R = As, Sb, Tl)

4.1. HgCly,y— AsCls — H,S,, (25°, 50°, 75°, 100°C)

a) Hy: As = 100:1
b) Hy: As = 1000 :1

HQCl 2009 = ASCly(sq) ~H;S o

100:1 //
/ 2
£
Hg 2 / &
84,0115,0 / 0,075
© — e O /07-.—-0
t14,0 /\\ !
/ ~
83,0413,0 // Hg 0,050
/.
12 (y .
\a
82,0411, 0,025

25°C ISO'C [75'C llOO’C

Hg
% o
82,0411,0 T oo, 0,010
As
o—————'o\
12,0 i NG e foo20
N
| \Hg
| e
83,0713.0 | 0,030
14,00—"=T°—.—, -0,040
| »
LN\e [
S
84,0115,0 Hg, \ &
16,0 ,
%S lfg
|2
‘8

HQCl z0q7 ASClyyq= HS
1000:1

Fig. T.Analysis data of HgCly .y — AsCly(gq)— H,S system
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The crystalline product both systems (100:1, 1000:1) is powder-like
black. The crystalline phase is SHgS, wich contained about 2 — 3 per cent
yHg,S,Cl, impurities. It seems that with rising temperature the Hy, As
and S exhibit little of any variation. Data of analyses are summarised in
Fig. 7. The largest differences were reccrded in Hg-content in the experi-
ments at 25°C and 100°C. The closest correlation of Hg- As-S have been
observed in the 1000 : 1 = Hg:As system (Fig. 7).

The average values of the analysis:

100:1 83.569%, Hy; 14.389, S, 0.032%, As
1000: 1 83.38%, Hg; 14.30% S;  0.0129, As
(pH of the solution: 0.64 —0.61)

The non-stochiometric distribution of Hg—S in crystalline phase is al-
mest unaffected by the As content (Table IV., and VI).

100:1 Hy = —3.11% 8 = +4.20% As = 0.03%
1000:1 Hg = —3.27% S = +3.64% As = 0.01%,
The largest Hy deficiency is in the 100:1 system at 106°C and in the 1000 : 1
system at 25°C, in fHgS phases. The SHgS cell-parameters are the smal-
lest in this system, (average values)

100:1 =327,5 ppm 4s, a, = 5.8396 A
1000:1 =122,5 ppm ds, «a, = 5.8415 A

The difference between Hg° =151 Aand As° =1.48 A is small, hence
substition does not necessarily cause change in the cell parameters. Howe-
ver, the larger difference between Hg* =1.10 A and As** = 0.58 A cau-
sed cell contraction at 100 —300 ppm As content.

The 100 : 1 system contains 327.5 ppm As, this explains the small ave-
rage a, values in SHgS. Fig 8. shows that @, values are smaller than lite-
rature data and among the experimental data the smallest values have been
obtained by no means in this system.

4.2 ]Igb'(s)-f- AS(I 3(aq) — ]()0 s |

The crystalised preducts of the HgS(s)—AsC’]3(aq) system can be grou-
ped in distinct temperature intervals. The mean values of analysis are
arranged according the increasing temperature (Fig. 9).

a) 25-150°C = SHgS

b) 175°C = BHgS>xHgS
¢) 200—-250°C = oHgS > pHgS
d) 300°C = «HgS

a) 25°—150°C = 84.089%, Hy, 14.08%, S, 20 ppm As
(pH = 1.56—1.67)

b) 175°C = 84.939%, Hy, 14.149%, S, 15 ppm 4s
(pH = 1.36)

4 ANNALES — Sectio Geologicn — Tomus XX,
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Fig. 8. Cell-parameters in Hg(‘lz(aq)-—.‘\s(.‘lsmq)—s_vslom

¢) 200—250°C = 84.26Y, Hg, 14.86% S, 12,5 ppm As

(pH = 1.36)
d) 300°C = 85.49Y, Hy, 14.339%, S, 10.0 ppm As
(I)H = 1.45)

With increasing temperature the crystalline phases which contain 97 —989%,
HgS show relative increase of HgS content and decreasing of As. The Hg-
deficiency is decreasing the S-surplus is increasing contemperaneously,

with the following average values in « HgS — fHgS phases:

a) 25°—150°C = —2.46Y9%, Hg, +4.61% S 20 ppm ds,

b) 176%0: =

¢) 200°—250°C

d) 300°C
(from Table V).

([l

—1.47%, Hg, +2.969% S 15 ppm ds,
—2.269%, Hg, +7.64% S 12.5 ppm As,
—0.829%, Hy, +3.849%, S 10.0 ppm As,
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Fig. 9. Analysis of HgS(g) — AsCly 40, s a function of T°

The crystalline product of reactions at 25°—150°C' is dominantly FHgS
with 1—2 per cent of yHgS,Cl, impurities. fHgS=xHgS has been fcr-
med at 175°C, xHgS=gHgS between 200°C and 250°C, pure aHgS at
300°C. From the pure phases, pHgS is an average more deficient in Hg—
than «HgS (Table VI).

The cell-dimensions of SHgS are probably effected by the s content.
The a, value of SHgS formed from solutions is smaller than those published
in literature. After recrystalisation of the HgS, — AsCly,, svstem fall cleser
to these data. The values are increasing on higher tempex atures:

100 : 1 (25°—100°C) = a, = 5.8396 A
1000 : 1 (25°—100°C) = a, = .).841.) A
(175°C) = a, = 5.8545 A

The cell of xHgS formed along with pHgS is more elongated than
the cjia, of that one formed as mono-phase.

BHgS >aHgS = cgla, = 2.2918 A
xHgS = pHeS = ¢ /a, = 2.2909 A

xHgS = 2.2885 A
Results are summarized in Fig. 10.
4.3. HgCly o) —SbCly oy — H,S(25° — 50° — 75° — 106°C )

a) Hy:Sb = 100:1
b) Hg:Sb =1000:1
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Fig. 10. Cell-parameters of crystalline-phases of HgS( g — AsCly(gq) system

The antimony is the most abundant element associated with mercury
mineralizations. Thus it seems reasonable to study the relationships of
Hg-sulphides and antimony. The differences of atomic and ionic radii cf
the two elements:

A =0.15 A (atomie radii)
A = 0.34 A (ionic radii)*

The metallic bonds of the two element might not cause considerable
change in the structural framework while with ionic linkage structural
distortions pessibly arise.

Black, isometric, nearly square- or diamond shaped crystallites have
been formed in the systems 100 : 1 and 1000 : 1 = Hg : Sb

100 : 1

25°C black pHgS pH =0.2
50°C black pHgS pH =0.2
75°C black pHgS pH =0.2
100°C black p=aHgS pH =0.2

* = 0,22 A at Whittaker — Muntus (1970)
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1000 - 1
25°C black SHgS pH =0.2
50°C black SHgS pH = 0.2
75°C black B=xHgS pH =0.2
100°C black f=aHgS pH =0.2

The monophase character of fHgS formed at 25°—50°C is typical
to the HgCly,,) —SbCly, — H,S system (Similar to the Hg(Cl, — H,S system).
From 75°C «HgS has also appeared, unlike with As. The amount of
yHg,S,Cl, phase was ordes smaller than in the HgCly,,) —AsCly,—H,S
system. The analysis of crystalline phases are shown in Fig. 11. ’fllis in-
dicates that there is close relationship between Sh—.S in both system and
among Hg—Sb— S in the 1000 : 1 = Hg : Sh system.

The Hg-deficiency of the crystalline phase is larger in the 100 :1
system than in the 1000 : 1 system. Significant variation in S content has
been observed (Fig. 11., Table IV). The average non-stochiometric com-
positions.

100 :1 = 82.62% Hyg; 14.71%, S; 0,77% Sb
1000 : 1 = 84.679%, Hg; 13.939%, S: 0.05%, Sh

with differences of

100:1 = —4.15%, Hg; +6.66% S
1000:1 = —1.47%, Hyg; +1.06%, S

The greatest Hg-deficiency has been resulted in 100 : 1 system at 25°C
and in 1000 : 1 system at 100°C. The S content in the 100 : 1 system has
varied lin the range of —0.07, 410,94 (Table IV., and VI).

The AHgS formed at 25°—100°C show cell dimensions nearly similar
to literature data (being smaller, differs only in the third decimal):

100:1 = 8HgS =a, = 5.8472 A = 7700 ppm Sb
1000: 1 = BHgS =a, = 5.8483 A = 500 ppm Sb

The deformational effect of antimony can not be proved here. The distri-
butions of cell parameters of fHgS follow similar trends both in system
(100 : 1 and 1000 : 1), and show minimum at 100°C. (Fig. 12.)

4.4 ]]gAQ(S) . Agb(/'lz )y 100 : 1

Mono-phase SHgS has formed at 25°—100°C, xHgS between 250° —
300°C, and mixed phases in 100°C —250°C temperature range.

a) 25-—100°C = fHgS*

b) 125—150°C = BHgS=>aHgS
¢) 175—200°C = xHgS > fHgS
d) 250 —300°C = xHgS

(aq

* Formation of «HgS in form of crystal nuclei has probably started at 50 °C, but its
presence is still uncertain at 75 °C.
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Fig. 11. Analysis data of HgCly(qq) —SbCly(gq) —H,S systems

1—29%, HgS,Cl, is permanently present. From 75°C Sb,S, was obser-
ved.

The Hg : Sb ratio in the composition of crystallized material showed
inverse relationships, antimony crystallises dominantly as separate phase
(Sb,S;), and its incorporation to the HgS structure is restricted.

The average of analysis results based in the distubution of 8- and xHgS
phases:

a) 25°-100°C = 85.14% Hy, 13.86% S, 2800 ppm Sb

b) 125°—-150°C = 83.95%, Hy, 13.89% S, 300 ppm Sh

¢) 175°—200°C = 85.749%, Hy, 13.839% S, 30 ppm Sb

d) 250°—300°C = 85.28% Hy, 13.85% S, 10 ppm Sb (Fig. 13.)
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Fig. 12. HgS cell-parameters
in the Hg(‘lz(aq) - Sb(‘l:‘(aq)— H.S systems

The HgS(,,—SbCly system shows the smallest Hg- and S deficiency. The
Hg : S ratio exhibits close relationship with stochiometric values (based on
data from Table V and VII).

a) 25°—100° = 0,76 Hy, +0.60 .S
b) 125°—150° = —2.61 Hy, +0,64 S
¢) 175°—200° = —0.53 Hy, +1.13 8
d) 200°—300° —1.00 Hy, —0.35 S

Above 200°C the HgS(,, 4 SbCly ) system is characterised by o HgS phases
having a special crystal-morphology. The average size of crystal grains
is 0.2—0.5 mm with maximum of 1.0 mm. The antimony catalyses the
inversion of fHgS to cinnabar signyficantly. At 300°C the rate of Sb im-
purity is only 10 ppm.

Il

I
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The a, parameter: of the metacinnabar (fHgS) phases form HgS,—
—SbCly,,) system averaging the following values:

a) 25°C—100°C =a, = 5.8457 A, 2800 ppm Sb

b) 125°C—150°C = a, = 5.8542 A, 200 ppm Sb
e) 175°C—200°C = a, = 5.8563 A, 30 ppm Sb
HgS (5= SBCI - 100:1
Hg
86,0 s 1000
O — Hg
&
£
&
85,01
500
300
840 T /5
/ \.Sb 100
o / \.
o = At )
N \
83,01 13.0 \». -
N = z S 7 3 : : s e
\23@ 50C | 75°C [ 1oocl 125°C l 150°C I 175¢C l 2oocl 250¢C [3ooc

Fig. 13. Analysis data of erystalline phases of HgS — Sl)Cla(aq) as a function of T°

It seems that «HgS contains less As and Sb than fHgS with sphalerite-
structure. The distributions of structural parameters of fHgS and «HgS
are summarized in Fig. 14.

4.5. HyClyggy—TICl o0y — HyS(25° — 50° — 75° — 100°C')

a) Hy: Tl = 100 :1
b) Hg:Tl =1000:1

Both mercury and thallium tends to cancentrate in epithermal deposits
but only few data had been published about their genetical, geo-chemical
relationship. For crystal-chemical reasons thallium has favourable charac-
teristics to be in close assotiation with mercury. There is only minute dif-
ference between the atomic radii:

Hy* =151 A, TP =1.60A 4 =0.09

|



55 J. KISS —A. ABDEL REHIM
HgS, SHCI, . 100:1
'L A HgS >3 HgS> HgS (HgS>HgS ’ > X HGS €
Q .
. 2
5,8600 y :
/ !
/ o
>/
/\\ / 4,1900
A /
/ e
5,8500- \\ // +4.1800
\ /
\\ /
\ ..ﬁ// : - Fa1700
& | =5
N 3/ ! ‘ 3
™ s/ |
\ D
5,8400 N ‘ 2.3014,1600
/ \ | S
: B a'é‘ﬂ‘*
. l \'\ S~ 2.2914.1500
r =
< = iy To /e
S ;
5.8300 ‘ i 2.2814,1400
I |
1 1 Il
777 3 5 . P 7 7 5 s S
25cﬁ 50°C ‘ 75¢C I vooc| |z£‘(.] 1socl '.wcl zoocJ 250c[300c
Fig. 14. Structural paramoters of phasos in HgS( ) —SbCly(q,) systems
The differences of ionic radii still permit isomorphous substitution:
Hgr+ =1.104A, Ti+ =1474A = 0,37 A*
The products of 100 :1 and 1000 : 1 systems are black isometric, nearly

square-sphaped grains and lamellae. At lar ger 7T'l-content (100:1) only
AHgS has been formed. In 1000: 1 = Hg : Tl svstem at 75° —100°C «HgS
has also appeared, similarly to the HgCl, —sz system

100 :1
25°C = black fHgS pH = 1.30
50°C black pHgS pH = 1.31
lo°(‘ black fHgS pH = 1.35
100°C = black SHgS pH = 1.25
1000 : 1
25°C =  black SHgS pH = 1.30
50°C =  black AHgS pH = 1.30
75°C =  black B=xHgS pH = 1.29
100°C =  black f>aHgS pH = 1.20

yHg,S,Cl, as associated phase has appeared only at 100°C in the 1000 : 1
system. In other cases only HgS has been crystallised. The chlorine content

A = 0.48 A at Whittaker — Muntus (1970)
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of the crystalline phases is averaging at 0.119, in few cases 0.059, or less
has been analysed. From all Hg-solution-vapor systems studied the HgS
phases of the HgCl2(a y— TICl(g, system showed the highest deficiency in
Hg and S, though Hg S ratio is more permanent in this system than in
ohters.

Maximum Hg-content has been recorded in sulphide phases at 75°C.
in both systems (100 : 1 and 1000 : 1).
The Hg : S ratio is the closest to stochiometric ratios in this case. Analyses
are summerised in Fig. 15

HaCL,5TIC! s HS

%% 100:1
HdlS
84,0115,0
S e

14,0 S~ |F

£

/g &
83,0713, o ,,o/ 0,20
\ / 0,10
82,011 \ 0,01

25°C so'c i75’c ]IOO‘C

82,0 Lo,01
0,02
0,03
0,04
8301 10,05
0,06
0,07

=

£

84,0 115,0 g

HgCl, ~TICI - HS
1000:1

Fig. 15. Analysis data of the phases
from HgClyqq) — TICl(4q) — H,S systems

The crystalline phases show Hy deficiency and S surplus with permanent
difference. (Table IV).
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The average of analysis data:

100 :1 = 83.24% Hg, 14.25%, S 800 ppm Tl
1000 : 1 = 25°— 50° = 82.80%, Hy, 14.12%, S, 460 ppm 7'
= 75°—1000° = 83.17%, Hy, 14.51%, S, 180 ppm 7'

wich is equal to:
100:1 = — 38.47% Hyg, +3.34%, S
1000 : 1 = 25°— 50°C = —3.99%, Hy+2.329% S
75 —1000°C = —3.02%, Hg+2.68%, S
deficiency and surplus.

The cell-parameter of fHgS phase is averagely larger than the litera-
ture data in the second decimal. As smallest a, values have been obtained
with As, the largest ones with 7', it is suggested that cell-deformaticn
effect of ionic radii 7> Sh = As, have been responsible for theses differen-
ces in case of ionic bonds:

100 :1 = BHgS = a, = 5.8627 A —800 ppm 71
1000 : 1 = SHgS =a, = 5.8506 A —460 ppm 7!
The variation of a, values is shown in Fig. 16.
4.6 11_(/S(aq)— TZC’Z(aq) — 100 : 1

During the experiments mixed g =« and x> g3 HgS phases have been
formed in wide temperature interval (150° —250°C'):

a) 25°—125°C = SHgS pH = 4.56 —2.56 (black)
b) 150°—200°C = fHgS=>« HgS pH = 2.65—2.52 (black)
c) 250°C = 2HgS=p Hth pH = 2.50 (brownish-red)
d) 300°—350°C = fHgS pH = 2.57—2.60 (purple).

With rising temperature the acidity of the solution is increasing, ﬁHg.
is converting to «HgS. The IHg-content of sulfide phases shows maximum
100° —150°C and minimum at 200°C. (Fig. 17).

The T content is gradually decreasing with temperature, while the
amount of S remains practically unchanged. (Table V and VI).
The average values of analysis data shown in Fig. 17.

a) 25°-125°C = 84.33%, Hy, 13.76%, S 400 ppm 7'
b) 150°—200°C = 84.559, Hg, 13.81%, S 200 ppm 7'
c) 250°C = 83.64%, Iy, 13.88%, S 70 ppm T
d) 300°—350°C = 84.01%, Hy, 13.95% S 100 ppm 7'

wich are equal to:

a) 25°—125°C = —2.16%, Hy —0.539% S
b) 150°—200°C = —1.91% Hy +0.04% S (*)
) 200°C = —1.91%, Hyg +0,04%, S (*)
d) 300°—-350°C = —2.55%, Hg +1.08%, S

* based on one analysis only
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HQCl 3 q— TICI (,y —H,S

” ,5,8723
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56,8400
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Fig. 16. Variation of cell-parameters
in HgClygg) — TIC 4q) — H.S

These data indicated as temperature was increasing (150°—200°),
the difference in Hy : § becoming smaller, then after «HgS hecame domi-
nant, the difference was again lary ger (Table V.).

The cell-parameters of ﬁHgS has been the largest among the systems
studied:

a) 25°-125°C =a, = 5.8646 A —400 ppm 7'/
h) 150°—200°C = a, = 5.8614 A —200 ppm 7'
c) 250°C = a, = 5.8613 A — 70 ppm T

|
I~
(=3

Il

With rising temperature the a, values are decreasing along with the 7
content.
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Fig. 17. Analysis data of crystalline phases of the HgS)— TIClgq) system
as o function of T°

The @, and ¢, parameters of oHgS are larger then literature data (= 2.91
A), and indicate sligt elongation in ¢, direction:

150°C —HgS. cola, = 2.305; 175°C = 2.298; 200°C = 2.295 A

250°C — HgS, ¢ la, = 2.292; 300°C = 2.287; 350°C = 2.286 A

The variations of fHgS and «HgS cell parameters are shown in Fig. 18.

5. Conclusions

The experiments have provided new explanations for the conditions
of formation of fHgS and «HgS and the crystal-chemical mechanism of
their conversion. The following problems had to be answered.

1. Why both modifications were usually formed in one paragenetical
sequence, and which is the primarily precipitated mercury-sulfide, fHgS
or «HgS.

2. Is the BHgS of shalerite-type structure the more metastabile
variety ?

3. Is there any possibility for conversion of cinnabar to metacinnabar
below the temperature of the inversion point (344°C).

4. Which of the crystal-chemical data are caracteristic for fHgS and
aHgS phases.
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Fig. 18. Metacinnabar and cinnabar cell-parameters in the HgS() —TICl 4)-system
as u {unction of 1°

Is there any role of the As, Sb, Tl impurities applied in the experi-
ments on the formation of AHgS and «HgS. Do they have any effect
on the cell-parameters ?

What are the preconditions of alteration of fHgS to «HgS at room
temperature. The aqueons media or the Na,S solution in wich gHgS has
higher solubility is the more favourable solvent for this alteration ?

This questions have been remained in most part unanswered in the
previons literature of Hg-sulphide mineralization.

@) Between 25° —75°C". The mercury, mobilized in form of complexes
by chloride the most abundant anion of hydrothermal solutions crystalli-
ses as fHgS of sphalerite-type structure. The coexistent crystallistion of
BHgS and xHgS in the temperature range of 75°—100°C indicates that
the formation of the more stable cinnabar-structure dies not begin at room
temperatures. In the 75° —100°C' experiments only fHgS had been produ-
ced in the first short intervals, i.e. 15—60 min. Only initial crystallites
of «HgS has developed in the 8-hours experiments, as ev idencenced by the
presence of the most intense 3.59 d/A line and 1.735 d/A doublet close to
the 1.764 d/A line of metacinnabar on the X-ray diffractograms.
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From mercury (I)-nitrate solutions however xHgS, cinnabar has been
formed at 25°—50°C, suggesting that the orbital character of the Hg/I/-
nitrate complex has governing effect on the development of structural
tvpe of mercury-sulfide.

In the experiments with HgNO,(,,,—H,S at 75°—100°C abrupt chan-
zes have been recorded in the propertion of mercury-sulfide polymorphs
(= PpHgS=aHgS). The test had been repeated at 65°C' and similar,
AHgS=aHgS ratio has been obtained. In nitrate-containing solution va-
por systems the inversion point can be pesitioned in 50 —65°C temperature
range, in which mixed phases, fHgS>aHgS are crystallising, after xHgS
was formed betwen 25° —50°C. In the case of nitrate-containing hydrother-
mal solutions the cinnabar and not the metacinnabar crystallises prima-
rily below 50°C.

b) The As®* ions in solution-vapor hydrothermal systems (at 25°-
—100°C) prevent formation of xHgS, while in cases of presence of Sh3+
and T'1* mone-phase SHgS has formed betwen 25°—50°C, and SHgS=
=aHgS polyphases at 75° —100°C, similarly to the HgCl, — H,S svstem.

¢) The experiments showed that the first crystallites, formed from
solution-vapor systems, have always, pHgS structure initially, then in
presence of nitrate ions, these rapidly (5—6 hours) alter to «HgS, wich
is stabile below 60°C. In case of excess chloride-content, metacinnabar is
formed below 50°C, above this temperature coexisting xHgS is also present.
JHgS : 2HgS ratio is 4 : 1.

d) Hg-depleted sulfide-phases are formed from solution-gas system,
which become structurally crdered in sclid-liquid (HgS+ metal-containing
solutions) systems. The Hy-deficiency is larger in phases of metacinnabar
structure, the /1y : S ratios show greater differences then in phases of cinna-
barstructure. In solid-phase — solution systems the /gy : S values are clo-
ser to the theoretical 1 : 1 ratio. This is most apparent for the cinnabar.

e) The recrystallisation of metacinnabar in solutions starts at room-
temperature (30 days), through transitional mixed phases («HgS = fHgS)
with cinnabar dominance at 175°C and to final mono-phase system at
300°C,

f) In the HgS-Na,S, system at 100°C mono-phase «HgS is pro-
duced. Its formation begins at room temperature.

¢) The metacinnabar to cinnabar alterations in Na,S are stimulated
by the presence of antimony (S0 ) ions. The alteration begins at 125°C.

h) In HgS. ) —SbCly,,) svstems large (few millimeters in size) crys-
tals have formed.

i) At our experimental conditions alteration of cinnabar to meta-
cinnabar has nof been recorded. In close system this alteration takes place
at 344°C. At present there are no observations for alteration of cinnabar
to metacinnabar during termometamorphosis.

JJ) Innatural environment for the primary formation of metacinnabar
chloridic hydrothermal solutions have been proved to be the most favorable
with 4s** content below 100°C, 7" content below 25°C, Sb** content
below 50°C. The metacinnabar to cinnabar alteration may take place by
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post-ore hydrothermal effects depending on temperature and ion-concen-
tration of the solution, and possibly follows one of these schematic proces-
ses:
L. HgS+ H,0
a) 25°-150°C = fHgS>axHgS
b) 175°—250°C = aHgS=> fHgS
c) 300°C = «HgS
II. HyS+ Na,S+ H,0
a) 25°— 50°C = BHgS>aHgS
b) 75°C = «HgS> BHgS
¢) 100°=350°C = xHgS
[1I.  HgS+ AsCly+ H,0
a) 25°—150°C = BHgS,

Il

b) 175°C = fHgS >«HgS
¢) 200°—250°C = aHgS = fHgS,
d) 300°C = xHgS

IV.  HgS+8bCl+ H,0

@) 25°—100°C = BHgS
b) 125°—150°C = BHgS > aHgS,
¢) 175°—200°C = «HgS > fHgS
d) 250°-300°C = xHgS

V. HgS+TiCl+ 1,0
a) 25°-125°C = BHgS,
b) 150°—200°C = BHgS>xHgS,

¢) 250°C = «HgS> HgS,
d) 300°—-350°C = «HgS.

5 ANNALES — Sectio Geologica — Tomus XX.
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PLATE 1

| = HgCl,+ H,0+ H,S—50°C
Aggregates of square-like crystal grains of Metacinnabar 120 .

9 = Metacinnabar + NayS -+ H,0 — 300°C
Sub hexaedrie, isometric grains of cinnabar with (0001) base plaines; 10,000x, electron-
icrograph.

3 Metacinnabar + As(I111)Cl+ H,0— 250°C.
Idiomorphic cinnabar with (0001), (hOkl), (Ohkl), and, {1010y forms; 20 000x. elec-
tronmicrograph.

4 = Metacinnabar + As(111)Cl-+ H,0 — 300°C
Idiomorphic ¢innabar with different proto- and deutero rombohedra and base-planes;
I'win-intergrowth. 3000 x; electronmicrograph.
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PLATE 2

5 =

6 =

f =

Metacinnabar + Sb(111)Cl+ H,0 — 300°C.

Idiomorphic cinnabar (0001), (1010) planes. 3000x; electronmicrograph.

Metacinnabar +Sb(111)Cl+ H,0 - 250°C.

Powder-preparatum. cinnabar erystals (=0,5 mm) with crystal-growth characteris-

tics; SO x.

Metacinnabar +Sh(111)Cl+ H,0 - 300°C.

Powder-praparatum. cinnabar erystals (=0,5 mm) with crystal-growth characteris-
tics; 80 x.
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