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Fig. 1. Geological map of the Spahievo ore- field (Pa 1o noBa, 1973,

supplemented by Ky 1 o B, 1987)

I — adularization zones; 2 — dyke rocks; 3 — rhyolites; 4 — monoquar-
tzites; 5§ — diaspore quartzites; 6 — alunite quartzites; 7 — dickite

quarizites; 8 — quartz-sericite rocks; 9 —propylites; /0 — monzonites;
11 — latites; 12 — caldera fracture; 13 — faults

namic behaviour of components and the reactions between parageneses at the zone
boundaries. Such a physico-chemical approach contributes to a deeper understanding
of metasomatic products and to updating their formational classification in accordance
with modern systematics OKapunxos &OmMeabsinenko, 1978, )Kap i ko B,
1982).

In all sections of the Spahievo ore field (Fig. 1), the hydrothermally altered rocks
show fault-associated lateral and vertical zonality with propylites being invariably
present in the metasomatic sequence together with secondary quartzites. Propylites
ferm the outer zone around the secondary quartzites with transitional quartz-sericite
rocks*. All metasomatic products are spatially related due to a common genetic pro-
cess cf hydrothermal alteration. Its acid stage has produced an integral metasomatic
column. According to Pa g o nosa (1975), “the minerals of outer zones are replaced
by minerals of the inner zones, a process typical of expanding metasomatic columns
produced by a single surge of hydrothermal fluids.”

* Sericite is a collective term for the 2M, muscovite type of mica (after OM enbssH e H KO
et al., 1982, Ad=0,005 A).
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Metasomatic facies

Fig. 2 illustrates the metasomatic zonal sequence in the Spahievo ore field, the ther mo-
dynamic behaviour of components and the quantitative changes which resulted in
the formation of the zones of acid leaching showing a distinct trend towards mcno-
quartz rocks. Migrational abilities and thermodynamic mabilities of components are
seen to correlate, iron being the single exception. It migrates acrcss the boundary bet-
ween zones 3 and 4 but remains inert until the end of monoquartzite formation.

Chemical analyses of host latites and of metasomatic rocks are given in Table 1.
Recalculated analyses (Table 2) show the relative amounis of mineral constituents
in the secondary quartzites proper.

Table 1

Chemical composition, specific density and volume, and porosity of metasomatites from the Spahievo
ore field

Weight, 9,
Components s , T
latite @ | 1 | 2 | 3 | 4 | 5 6 | 7 | 8
Si0, 54,71 56,65 5361 54,83 57,10 62,66 5367 6834 9556
TiO, 1,03 08 077 1,00 0,83 0,95 0,72 1,23 0,48
ALO, 18,15 16,68 16,60 17,38 18,11 2285 16.92 22,07 0,78
Fe,0, 4,46 560 2,73 4,98 1,73 0,74 0,64 095 048
FeO 2,76 180 298 1,97 — — — 029 084
MnO 0,15 0,14 032 016 0,05 — — — —
MgO 3,95 249 237 360 050 0,01 0,5 — 0,65
Ca0 5,66 400 541 252 087 LI0 1,57 1,28 0,31
Na,O 2,99 3,75 2,86 4,03 0,12 016 0,38 0,10 0,03
K,O 3,38 470 540 516 564 035 2,88 0,12 0,08
P,0; 0,44 060 033 058 0,73 035 1,52 0,58 0,02
H,0™ 0,38 035 071 008 1,29 099 0,18 0,08 0,10
H,0+ 1,91 200 29 38 38 1004 540 520 0,52
CO, — 060 3,00 - - - — — —
SO4 — — = — = — 15,87 — =
FeS, = = 0, 008 879 — — = =
Total 100,00 100,16 100,05 100,25 99,92 100,20 99,90 100,24 99,85
Specific density 2,77 274 270 2,71 2,87 264 2,71 2,79 N
Specific volume 2,69 264 258 246 2,64 2,05 2,40 2,17 258
Porosity, %, 2,89 265 444 901 801 21,21 12,40 = 22,22 LS

Analyses : latite and Nos 1-7 (PaxonoBa, 1973); No 8 (A. Kyuos, 1987).
Numbers of analyses correspond to the zone numbers in Fig. 2.
Table 2

Quantities of mineral constituents of the secondary quartzites proper derived by recalculation of ana-
lytical data

Quantities of mineral constituents

Secondary quartzites

Di | Alu | Die | Ser | Q | Ru | Ap* | Py** Total
Monoquartzites (8) — — — — 95,6 0,5 — — 96,1
Diaspore quartzites (7) 26,0 — — — 68,3 1,2 1,4 — 96,9
Alunite quartzites (6) — 41,1 — — 53,7 0,7 3,6 — 99,4
Dickite quartzites (5) — - 57,8 — 35.8 1,0 1,0 — 95,6
Sericite quartzites (4) — - — 47,1 36,0 0, 1.7 8,8 94,4

Numbers of analyses, given in brackets, correspond to those in Table 1.

« Apatite has been found in the alunite and sericite quartzites. The total P,O; contents have been
allotted to spatite although sporadic wavellite and other phosphates have also been observed in the
secondary quartzites.



52

Original rocks Z o n e s
Latites Outer—propilaite-like rocks Inner — secondary quartzites proper
0 1] 2 3 4 5 6 7 8
PL Ab | Ab Ab
San Cht | Cht Cht
Px Sen 1 San San
Amph Ep | Ser Ser Ser Dic Alu Di
Bi |l
Mt Ru | Ru Ru Ru Ru Ru Ru Ru
Ap Q 1 Q Q a Q Q Q Q
Py 1 Py Py Py Py Py Py Py
T
e | SN L sio, Si0, Si0; Sio, | Sioz Si0, | Si0;
= Fe0 { FeO FeO FeO FeO fe0 FeO FeO
(= Al203 | Al203 Al;03 Al203 Al,03 Al203 Al203
Z inert Mg0 | MgO Mg0
ol virtual Na,0 1 Nap0 Na,0
al K0 1 K0 K20
€ Ca0 : Ca0
1 passing into Ca0 Mg0 Al;03
perfectly NaO
mobile state K0

Quantitative varitions of components
o

=100~

Fig. 2. Zonal sequence of metasomatites, thermodynamic behaviour
titative variations of components

and quan-



The hydrothermally altered rocks from the zones of acid leaching in the Spahievo
ore field show a very great variety of inner bimineral zones which combine pairs of
the typomorphic minerals including quartz and alumina minerals represented by se-
ricite*, dickite, alunite and diaspcre (pyrite and rutile are also to be found). Similar
phenomena have been reported by Y 8 a 11 0 B (1974) according to whom a single massif
of the secondary quartzite formation often shows several bimineral zones in a lateral
sequence towards the centre occupied by a quartz-alunite core (Gushsai and Aktash
in Middle Asia, the deposits in the Northern Balkhash area, Marysvale in USA, Mat-
sukana in Japan, etc.).

Besides the variety of bimineral parageneses, the presence of an epidote-bearing
zone | is another typical feature of the secondary quartzite column in the Spahievo
ore field which distinguishes it from the classical columns of this formation (K o p-
KHHCKHI, 1955; Wpawnos, 1974; )Kapukos, 1982). A likely explanation
is the difference between the original rocks. The typical columns of the formation have
been derived by the above authers for rocks of granitic composition whereas the Spa-
hievo metasomatites are developed in intermediate rocks.

Since zonality varies depending on the specific geolcgical-structural and physico-
chemical environment involved in the prccess of acid leaching, there is no universal
sequence valid for all secondary quartzite depesits. H a k o B Hnk (1968) has derived
nine facies of the secondary quartzite formation adding that no examples are known
of all facies being present in a single body of the formation. Therefore, that author
has tried to derive a general zonality suggesting that it may be reconstructed by ana-
lvzing the relationships between the major minerals and by comparing the four special
zonal sequences derived by him:

kaolinite sulphur or diaspore
I. Sericite — —alunite — with zunyite or
or dickite monoquartz
dickite or
I1. Sericite — — alunite — diaspore — corundum — monoquartz

pyrophyllite

II1. Sericite — andalusite — corundum — monoquartz

zunyite
IV. Sericite — pyrophyllite — diaspore =~ — andalusite-cocrundum

andalusite

Haxosunuk (1954) has noticed the relationship between secondary quartz-

ites and propylites. According to him, propylitization occurs not only separately but
is almost always associated with secondary quartzites forming their outermost and
widest zone blending into the original acid rocks and consisting of chlorite, epidote,
albite, sericite and some carbonates and pyrite. On the basis of the paragenetic, more
or less equilibrium zonal assemblages, that author has defined the major mineral fa-
cies in the complex of propylites, each facies corresponding to a separate zone in the
column. He has defined (1968) the sericite facies of the propylite formation as an inter-
mediate facies between propylites and secondary quartzites, i. e. as belonging to the
one or the other as the case may be. Moreover, he has suggested that after the stage
of propylitic alteration, due to the increased acidity of solutions, the sericite facies
is replaced by pyrophyllite, dickite and alunite facies, and propylites pass over to
the secondary quartzite formation.

* The following abbreviations of mineral names are used in the text, tables and figures: Ab —
albite, Alu— alunite, Amph — hornblende, Ap — apatite, Bi — biotite, Cal — calcite, Chl —
chlorite, Di — diaspore, Dic — dickite, Ep — epidote, Ksp — potassium feldspar, Mt — magnetite,
Pl — plagioclase, Px — pyroxene, Py — pyrite, Pyr — pyrophyllite, Q — quartz, Ru —rutile,
San — sanidine, Ser — sericite.
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The werks of XK a p u k 0B (1956, 1959, 1968) are of principal importance in de-
fining the cencept of “metasomatic facies”. His definition of the term describes it as
an association of rocks formed in various zones of an integral metasomatic column
as the result of solution action during a given stage of the hydrothermal cycle at de-
finite temperature, depth, composition of original rocks, mobilities and activities
ol components. In terms of the directly observed facies characteristics (mineral compo-
sition and zonality of metasomatic columns), the metasomatic faciesisan association
of metasomatic rocks consisting of regular combinations of mineral parageneses in
an integral metasomatic column. The variety of metasomatites (K a p n x o B, 1982)
is mainly due to the variety of facies environments of their formation, and recon--
structing those environments forms a basis for understanding the processes of meta-
somatlite formation and associated ore deposition.

The zonality derived in the Spahievo ore field (sericite—dickite-salunite—dia-
spere—monoquartz zones) represents the general succession of zones in the first two
sequences of H a x o B k(1968) which are most common in nature. Minor deviations
(quartz forming a separate monoquartz zone outside the diaspore zone in sequence
I, and the absence of a corundum zone in sequence 11) in the Spahievo secondary quart-
zites can be accounted for by the local environmental differences. Therefore, the ana-
lysis of mineral parageneses and the formational characterization of Spahievo meta-
somatites are not only an attempt at local genetic interpretations but also at deriving
more general conclusions concerning the formation of secondary quartzites.

The idealized version of the metasomatic column in Spahievo (Fig. 3) is based
on the following:

At the boundary between zones 3 and 4 (Fig. 2), MgO, Na,O and K,O pass into
perfectly mobile state along with the decomposition of chlorite, albite and sanidine.
The idealized column (Fig. 3) shows the differential mobility order of these compo-
nents and the corresponding sequence of decomposition of the above minerals. Evi-
dence of chlorite being decomposed before albite has been reported by Panonosga
(1973): albite coexisting with sericite and quartz appears at the transition between
the sericite-quartz and the sericite-chlorite-albite rocks. The coexistence of potassium
feldspar in zones 3 and 4 of the idealized column is inferred fromthe presence of the
potassium-bearing sericile in the zone closer to the interior and from the absence of
sodium minerals indicating that sodium passed earlier than potassium into perfectly
mobile state.

The zonality is complicated by a subzonality in zone 5. Potassium passing into
perfectly mobile state produces quartz-sericite rocks in zone 5a, which defines the
rock column as belonging to the sericite facies of the secondary quartzite formation,
a facies formed due to the increased activity of potassium and its immobilization in
tvpomorphic sericite. With the decreasing potassium activity, sericite is replaced by
dickite (a typomorphic mineral of the dickite facies of secondary quartzites) charac-
teristic of lower temperature conditions of secondary quartzite formation.

The zone of quartz-alunite paragenesis (zone 6, Fig. 2) is not part of the integral
metasomatic column (Fig. 3) because alunite quartzites are formed at increased acti-
vities of potassium and sulphate ions and characterize a different facies environment.
Increased acidity of solutions and aluminum passing into perfectly mobile state pro-
duce monoquartzites regarded as inner zones of the respective facies.

The integral metasomatic column derived demonstrates that the rocks of its va-
rious zones (Fig. 3) belong to a single metasomatic facies as defined by )KapukoB
(1956, 1968, 1982). This is also the principal difference between this work and the ear-
lier interpretations (Panowosa, 1973; Ky nos, 1987) which refer the rocks
of each zone to a separate facies ignoring the paragenetic and more or less equilibrium
assemblages of their main minerals, in agreement with the ideas of Ha koB H HK
(1954). The metasomatites formerly referred to the propylite formation (epidote-chlo-
rite-albite facies, sericite-calcite-chlorite-albite facies, sericite-chlorite-albite facics,
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chlorite-sericite-carbonate facies) should be regarded as outer zones of the secondary
quartzite formation (Fig. 3).

The occurrence of sericite, dickite, alunite and diaspore as typomorphic minerals
in the separate facies of secondary quartzites is the result of the differences between
the physico-chemical conditions of their formation and first of all between the chemical
potentials of the perfectly mobile components K+, H+ (pH), SOf- and H,0 which

determine the variety of final metasomatic products.

Physico-chemical analysis of mineral parageneses
in the secondary quartzites proper

Sulphate solutions, temperature, acidity and introduced potassium are the major fac-
tors controlling the hydrothermal alteration of rocks during the formation of alunite-
bearing secondary quartzites (K a w k a i, 1972). Therefore, the chemical potentials
of H*, K+, SO2- and H,O are key parameters responsible for the formation of one

or another typomorphic mineral paragenesis. Their combined effect on the equilibria
in the natural systems under study is not yet fully understood. For instance, I'" a B p u-
K o ra (1968) has studied mineral parageneses in secondary quartzites as dependent
on the chemical potentials of sulphuric acid and water without inquiring into the
effects of the potassium chemical potential and pH. The paragenetic analysis published
by ITerpawuenxo (1974) does not account for the relationships between alunite
and coexisting pyrephyllite and diaspore, nor does it study the effects of the sulphuric
acid chemical potential on alunite-bearing parageneses, etc.

For finding the effects of the major physicochemical factors responsible for the
equilibria and thus for the formation of mineral parageneses in the Spahievo secon-
dary quartzites, we have made paragenetic analysis (after Kopxuuckuii, 1957)
of mineral parageneses typical of the various facies present.

Pyrite and rutile may occur in all parageneses having no effect on their variety.
In secondary quartzites proper, FeO and TiO, are independent (Ko p x u nckwu i,
19517) i??rt components — they are constituents of the independent minerals pyrite
and rutile.

In the paragenetic analysis, we have used the theoretical formulas of minerals,
as follows: quartz (SiO,), alunite (KAI1,(SO,),(OH)e), diaspore (AIOOH), dickite
(Al ,(OH)Si,0,,) and sericite (KAI,Si;0,,(OH),).

The system is of the following bulk composition: K,0—Al,0,—SiO,—H ,0—S0,.
During the metasomatic formation of secondary quartzites, K,O, H,O and SO, are
perfectly mobile components of the system. Al,O, and SiO, are virtual inert compo-
nents which permits to reduce the thermodynamic state diagram to a straight line
segment with Al and Si as end points. The phase rule defines the system as a multi-
svstem: n=—=k;+2—r=—1. )

Figure 4 shows the paragenetic diagrams of the mineral paragenesis under study
with two of the perfectly mobile components as independent variables. The following
conclusions can be drawn:

— quartz and diaspore being non-equilibrium mirerals, all diagrams have been
constructed by combining into a single multisystem the mineral assemblages which
lack daspore and quartz; the two mutually incompatible minerals can be separately
in equilibrium with sericite, dickite and alunite;

— the fields of alunite, dickite and sericite quartzites with the boundary reactions
between constituent minerals are distinctly outlined on the diagrams;

— replacement of sericite by dickite quartzites is favoured by lower K+ potentials
(Fig. 4a, b), increased acidity of solutions (Fig. 4b, ¢), and lower temperatures (Fig. 4d);

— the formation of alunite quartzites in place of dickite ones is caused by still
more acidified solutions due to increased SO-2, potential and a new rise of K+ activity
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in solutions. Other conditions being equal, the lower chemical potential of water, i. e.
the higher temperature, favours alunite formation.

Against the background of rising acidity from sericite towards alunite quartzites,
the K+ chemical potential varies from higher values during sericite formation to lower
ones during dickite formation and again to high values during alunite formation. It
is the combined action of these two key parameters defining the behaviour of K+ and
pH that determines the sequence of replacement of mineral parageneses in secondary
quartzite facies. At equal values of the main intensive parameters, i. e. pH and K+
potential, the dickite—alunite transition reflects rising temperature.

In the Spahievo propylites and secondary quartzites, Pa n o nosa (1972, 1973)
has described a vertical zonal sequence analogous to the lateral zonality. Downwards
folll?w monoquartzites, diaspore, alunite, sericite quartzites and propylite type of
rocks.

In the Bryastovo section, the secondary quartzite vertical zonality is somewhat
complicated as reported by K y n o B (1987) who describes sericite-pyrophyllite quart-
zites with alunite and diaspore at a depth of 320 m in the Ramadanska Chuka locality.
The same area, around the Irindzhiiski Peak and the Aida mountain shelter near the
Surnitsa intrusion, is most abundant in the higher-temperature assemblages containing
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pyrophyllite and diaspore. Another example of a close spatial and temporal associa-
tion between pyrophyllite-bearing varieties of secondary quartzites and metasoma-
tites of the sericite facies has been reported from the ore field of the Akbastau and Kus-
murun gold-copper-pyrite depesits in Central Kazakhsian (Katonos & Kauno s,
1970).

Since pyrophyllite is a typomorphic mineral for the pyrophyllite facies of the
seccndary quartzite formation and indicates a higher temperature environment as com-
pared to dickite quartzites (Reed &Hemley, 1967, quoted after Hemley
et al., 1969), it is of definite interest to perform a paragenetic analysis (Fig. 5) of the
asscciation found between this mineral and sericite, diaspore, alunite and quartz*.

The main conclusions drawn from the diagrams in Fig. 5 are as follows:

— quartz and diaspore do not form a stable mineral paragenesis;

— the diagrams outline the fields of alunite and sericite quartzites and of the
pyrophyllite-bearing quartzites which makes it possible to follow the sequence of re-
placements of mineral parageneses as dependent on major intensive parameters and
to qualitatively characterize the conditions of formation of pyrophyllite-bearing quar-
tzites;

— at increased chemical potentials of K+ (Fig. ba, b), the pyrophyllite-bearing
parageneses pass into the parageneses characteristic of the sericite quartzites.

Quantitative characterization of the main mineral-forming factors based on expe-
rimental and thermodynamic data.

The physnco -chemical analysis of mineral assemblages is only a qualitative me-
thod which gives no quantitative characterization of the intensive properties of
equilibrium systems (temperature, chemical potentials of perfectly mobile compo-
nents, etc.). The latter can be evaluated by means of experimental data and thermo-
dynamic calculations.

Experimental studies on secondary quartzites show that:

— alunite and pyrophyllite may coexist at a temperature of about 300°C (H e m-
1 ey, 1959) whereas below it the stable phase is kaolinite;

— the most favourable temperature interval for alunite formation is 200-300°C
(Kawxa i, 1970);

— alunite and diaspore form together in the temperature interval 300-400°C
(Kauwka 1, 1970);

— diaspore and kaolinite coexist below 340°C (K a p u x 0 B et al., 1972) whereas
diaspore and pyrophyllite coexist above this temperature;

— pyrophyllite decompcses at about 290°C producing kaolinite and quartz ()K a-
p H Ko B, 1982);

— kaolinite is stable at 290 4-10°C, and pyrophyllite is stable in the interval bet-
ween 290410°C and 41045°C (3apainckuin et al.,, 1981);

— in silica-saturated systems at Pp,o--1000 bars, the upper limit of kaolinite
stability with respect to pyvrophyllite is about 310°C (Reed &Heml ey, 1967,
quoted after Hemley et al., 1969);

— at about 1000 bars, ser1c1te passes into kaolinite below 370°C, and into pyro-
phyllite above 370°C (Hemley &Jones, 1964), the decreasmg K+ chemical
potential and increasing acidity being also believed responsible for the latter transition.

In his hydrothermal experiments on alunite synthesis, Ka mx ai# (1970) has
studied the effects of three major parameters of alunite formation: temperature, pH
and Al*+ concentration. At T=300°C, pH=4 and 0,3 M Al*+ in the Al(OH), solution,
the experiments have yielded alunite. Under the same conditions, diaspore instead
of alunite has been synthesized from 0,6 M Al*+ solutions. This result outlines the

* The analysis has been made for the conditions used to analyze the other secondary quartzite
facies as described above. Pyrophyllite enters the analysis with its theoretical composition,
Al (OH),Si,0,,.
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physico-chemical conditions of the alunite-»diaspore transition as well as the envi-
ronmental facters leading to the development of diaspere quartzites after alunite ones.

According to Ka w k a it (1972), the dissolved aluminum concentration decreases
strongly at low acidities because of the fcrmation of aluminum hydroxides, and this
hinders alunite formation. The rapid rise of temperature results in the formation of
aluminum hydroxides in addition to alunite. This indicates the conditions under which
alunite quartzites are replaced by diaspore quartzites consisting of the non-equilib-
rium diaspore--quartz assemblage formed because of the abrupt change in the physico-
chemical conditions of metasomatic mineral formation.

Experiments on feldspar alteration in H,SO, solutions (K a w k a i, 1972) show
that alunite and kaolinite coexist at pH=3,0—4,0. At lower acidity (pH>4,0), alu-
nite is replaced by diaspore. Experiments, modelling alunitization of an criginal vol-
canic rock of andesitic composition in H,SO,--K,SO, solutions, have produced meta-
somatic columns of inner alunite and transiticnal kaolinite zones. Mcreover, it has
been demcnstrated that alunite and kaolinite coexist at pH of 3,7. At higher pH, alu-
nitization is replaced by kaolinitization. This implies that alunite quartzites are for-
med at pH<3,0 and kaclinite quartzites at pH>4,0 which makes it possible to set
an (approximate) scale and thus to calibrate the fields of those two types of quartzites
on the paragenetic diagrams.

In experiments modelling diffusional metasomatic columns of granite and diorite
argillization and alunitization in 0,5 n HCI solutions at T--280°C and p=65 kg/cm?,
Hepunopyk etal. (1970) have observed columns of 5 zones including monoquartz,
kaolinite and hydromica zones, a zone of slight hydration and unaltered rock. Treat-
ment of the rocks with 0,3 n H,SO, has resulted in an alunitization zone directly pre-
ceding the kaolinite one. Kaolinite has been found in the outer part of the alunite zone
which is evidence of the equilibrium coexistence of the two minerals at T—280°C.

Ha 60 ko (1963) has reported the following acidity values for the mineral-for-
ming environment in areas of active volcanism: monoquartzite zone pH==1; sericite
quartzite zone pH- 6; and zone of propylitized rocks pH - 6-8*.

The thermodynamic calculations of ITa B.aoB (1970) concerning the acidity-
alkalinity regime during secondary quartzite formatiors have given the following
pH values**: monoquartz zone — below 2,0; diaspore zone — 3,1-4,7; alunite zone —
0,3-5,3; dickite zone — 1,8-3,5; and sericite zone — 2,4-4,4**. The same author has
also derived theoretically that secondary quartzites form in zones of increased oxygen
partial pressure (Po,>>10-5%14),

The values of pH and temperature which existed during the rock formation in
the separate mineral facies of the Spahievo alunite-bearing secondary quartzites can
be estimated by interpreting the above experimental data and thermodynamic calcu-
lations which reflect reasonably well the local conditions as defined by the analysis
of mineral parageneses revealing the relative contributions of the major mineral-form-
ing parameters to facies development (Table 3).

Against the general background of decreasing acidity and temperature from the
inner towards the outer secondary quartzite zones (monoquartzites — sericite quart-
zites), the table shows a local rise of pH in the formational environment of diaspore
quartzites and a temperature rise in the sericite-pyrophyllite facies (present in the
vertical zonal sequence only).

The zones of acid leaching derived indicate that the process involves solutions
of variable pH and concentrations of acid anions and potassium cations. The interac-
tion between these solutions and the original latites releases into dissolved state the
more mobile mineral components of alkaline character (Mg, Na, K) with subsequent

* pH has been measured in samples of interstitial solutions under standard conditions.

** The pH limits of formation of typomorphic minerals in the separate zones have been calcu-
lated for temperatures of 25 and 250°C.
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Table 3
Physico-chemical parameters of secondary quartzite formation in the Spahievo ore field

Mineral-forming parameters

Secondary quartzites |

pH i ' M4 i #5072

Monoquarlzites 2,0 ? —
Diaspore quartzites 4,0 300 — —
Alunite quartzites 3,0 280—390 +++ +++
Dickite quartzites 3.0—4,0 300 — —
Sericite-pyrophyllite quartzites with

diaspore 3,0—4,0 300—360 -+ -
Sericite quartzites 4,0 ? ++ —

metasomatic replacement of minerals and formation of zones with a typical sequence
of mineral parageneses corresponding to the stability fields of typomorphic minerals
and to the fields of stable (equilibrium) mineral assemblages.

Conclusion

The detailed mineralogical-petrological studies of metasomatites from the zones of
acid leaching in the Spahievo ore [ield and the analysis of mineral parageneses show
the combined presence both of propylite type of metasomatites and of proper secondary
quartzites in an integral metasomatic column. In agreement with the definition of
metasomatic facies given by X a p u k o8 (1956, 1968), the propylite type of meta-
somatites is regarded as an outer zone of the secondary quartzite formation. It does
not belong to the genetic type of the so-called “propylites proper” (P v ¢ n 1o B, 1972)
but to specific zones of the secondary quartzite facies. We interpret its formation as
a typical example of converging phenomena and, on the basis of the formational-
genetic approach, we refer these metasomatites with their mineral assemblages typical
of propylites to the formation of secondary quartzites.

Parallel with that, it should be noted that propylitization is characteristic of
metasomatic bodies developed in volcanic and subvolcanic bodies of intermediate
and basic composition whereas mineral parageneses typical of secondary quartzites
are common in the acid rocks (Ha k o B 1 1 k, 1968). In Bulgaria, bodies produced
by intense acid leaching, manifesting mineral assemblages typical of secondary quartz-
ites, occur inrocks of intermediate to basic composition, too. Of all secondary quartzite
bodies found in Bulgaria, only those in the Stomanovo locality have developed after
rhyolites (Velinov et al.,, 1972).

In the Spahievo ore district, the secondary quartzites proper and the propylite
type of metasomatites are associated in space and by genesis, being formed over one
and the same substrate of latite rocks. Pa gonoBa (1973) has regarded them as
coeval hydrothermally altered volcanics associated with fumarole-solfataric processes
during the Priabonian volcanism. These processes have produced a strictly obeyed
sequence of facies put together by the author in a common list including propylites,
secondary quartzites and a transitional sericite-quartz facies (Pa nonoBa,l972).

A spatial-genetic relationship between propylitized rocks and secondary quart-
zites has been observed not only in Tertiary but also in Upper Cretaceous hydrother-
mally altered volcanics(Velinov & Kanazirski, 1990) which suggests that the
phenomenon is of more general occurrence and merits approbative verification in other
areas with zones of acid leaching.

Translated by 1. Vesselinov
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