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H . Be.wHoa . M. KaHa3upcKu, A . KyHoa - ct>op.l!GI.{UOH.HaR cyw,Hocmb u ¢u3UI\O-Xll.AtLI'tecnue yc!I06ufl 
n6pa.1ooa11uR .Atemaco.Mamu moo o CnaxuedcKo.u pyaHo.u noAe. <I> a uH a.rt bHa 51 np HHa;l.rte)f(HOCTb MeracoMarn­
TOBbiX JOH KHCJJOTHoro Bblll..\e.rtatJI!BaHilH B CnaxueecKOM PYJlHOM no.rte onpeJle,leHa Ha OCHOBalll!ll reop1111 
MeT3COM3TI!4eCKOH 30H3JibHOCTH nyTeM ll[lOBe)leHHH napareHeTII'leCKOrO 3H3JIII33 110 30H3M. n ocrpoeH ­
H351 e)lHHa51 MeTaCOMaTII4eCK351 KOJIOHK3 YK33biBaeT Ha ll[li1Ha )lJJC)f(HOCTb IICCJJe)lOBaHHbiX fiO[lO;( K <jlop­
MaUHII BTO[lii4HbiX KBapU!! TOB. nopOJlbl 11p011HJIHTOB0f0 Tlllla, KOTOpbie p3 3Mell..\eHbl B Bll l(e opeOJJOB 
OKOJIO BTOp114HbiX KBapUHTOB, He OTHOC51TC51 K npOilHJIHTOBOH <jlopMallllll , a 51!lJI5110TC51 BHeWHIIMII 30· 
llaMH <jlopMaUIIH BTOpl!'IHbiX KBapUHTOB . 

<!>11 3HK0-XIIMII4eCKHH aHaJIH3 MHHepaJJbHbiX napareHeJI!COB C06CTBeHHO BTOp114HbiX KB3[llli!TO!l 
paCCMaTpi!BaeT paBHOBeCHble COOTHOWefiHH KBapua, aJlY HHTa, )lll.acnopa, Jli!KI!Ta II cep11U.HT3, K3K II 
KBapua, aJJyHJJTa, Jll!acnopa. cepllU.I!Ta llllllpO<jJI!Jli!Ta B 3aBI!CIIMOCTII OT .'I.BY X IIHTeHCIIBHbiX 

XHMII'leCKIIX noreHul!aJJOB K +' H20 II pH cpe)lbl M1111 epaJJoo6pa30B311115!. 

Ha ocHoeaHIIIl JJI!TeparypubJX JlaiiHbiX pa6oTbr, repMO!\Itl!aMII'!ecKI! e pac'leTbr) 
onpeJlCJJeHbi <jJIIJIIKO-XIIMII'ICCKI!e ycJJOBIIR o6pa3oBa 111151 sro p11'1Hblx KBapt(IITOB B Cnax Hellc KoM py,'\H oM 
HOJle. 

Abstract. Metaso matic facies in the zones of acid leaching of the Spahi evo ore field are defin ed 
in terms of the theory of metasomatic zonality by paragenetic analyses of each zone. The int egral 
met aso mati c column derived identi fies the metasomatites as belonging to the secondary quartzite 
for m ation. The propylitic type of rocks f orming aur eoles around th e secondary quartzites prop er 
do not belong to the propyl i te f or mat ion but are the outer zones of the secondary quartzite f or rna t ion. 

The phy sico-chemical analysis o f mineral par ag eneses in the secondary quartzites proper deter­
mines the equil ibri a of coexi sting quartz, alunite, diaspore, dickite and sericit e and o f coex i sting 
quartz, alunite, diaspore sericite and pyrophyl!ite as dependent on two of th!:' intensive paramet e r s, 

namely the chemical potentials of K+ and and pH o f the mineral- forming environment. 

Th e physi co-chemical conditions of formati on of secondary quartzites in the Spahievo ore field 
are characterized using experimental and thermodynamic data r!:'ported in the I i terature. 

Introduction 
In referring the hydrothermally altered Tertiary volcanics in the Spahievo ore field 
to the formati ons of secondary quartzites and propylites and in defining their facies 
characteristics P a .no HoB a (1972, 1973, 1975) and K y HoB (1987) have relied 
primari ly on minera logical-petrological concepts . Thi s s tudy is an attempt at a for­
mational-facies cha racterization of metasomatites from the zones of acid leaching 
in the Spa hievo ore field based on an integral metasomatic column, physico-chemical 
analyses of mineral parageneses in the sepa rate zones, and ana lysis of the thermody-
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Fig. I. Geological map of the Spahievo ore- field (P a .n. o H o a a, 1973, 
supplrmented by K y 11 o a, 1987) 
I- adu\arization zones; 2- dyke rocks; 3- rhyolites; 4- monoquar­
tzites; 5- diaspore quartzites; 6- alunite quartzites; 7- dickite 
quartzites; 8- quartz-sericite rocks; 9 -propyl i tes; 10 - monzonites; 
11 -latites; 12- caldera fracture; 13- faults 

na mic behaviour of components and the reactions between parageneses at the zone 
boundaries. Such a physico-chemical approach contributes to a deeper understanding 
of mdasomatic products and to updating their formational classification in accordance 
with modern systematics ()K a p 1-1 I< o B & 0 Me .11 h 5I He H I< o, 1978; >K a p 11 I< o 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 
fcrm the outer zone CJround the secondary quartzites ·with transitional quartz-sericite 
rocks*. All metasomatic products are spatially related due to a common genetic pro­
cess cf hydrothermal alteration. lts acid stage has produced an integral metasomatic 
column. According toP a~ o HoB a (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 1 muscovite type of mica (after 0 Me JT b H 11 c H K o 
et a1., 1982, l1d = 0,005 A). 
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Metasomatic facies 

Fi g. 2 illustra tes the metaso mati c zo nal sequence in the Spahi evo ore field, t he t hermo­
dyna mi c behav iour of co mponents and the quan t ita t ive changes \\·hich res ult ed in 
the for ma ti on of the zones of acid leaching showing a dis t inct tr end towa rds mcno­
qua rt z .roc ks. Mi gra ti ona l a bil it ies and ther modynamic mobilities of components are 
see n to correlate, iron bei ng the single except io n. It migra tes acrcss t he boundary bet­
wee n zones 3 a nd 4 but remains inert until the end of monoq uar t zit e for m<dion. 

Che mi ca l a nalyses of host latit es and of metasoma t ic roc ks are gi\'en in Tab le I . 
Reca lcu lat ed a nalyses (Ta bl e 2) shO\\" t hr rel a t ive amounts of mineral constituen ts 
in t he secondary quart zites proper. 

Tab I e 

Chemical composition, spectjic density and volume, and porosity of metasomatites f rom the Spahievo 
ore field 

Components 
Wdght , % 

latil e (0) 2 3 I 4 I 5 6 7 8 

SiO, 54,7·1 56,65 53,6 1 54,83 57,·10 62,66 53,67 68,.34 95,56 
rio; 1,03 0,80 0.77 1.00 0,83 0,95 0,72 1.23 0,18 
Al 20 3 18,1 5 16.68 16,60 17,38 18, 11 22,85 16.92 22,07 0,78 
Fe~03 4,46 5 ,60 2,73 4,98 1,73 0,74 0.64 0,95 0.-18 
FeO 2,76 1,80 2,98 1,97 0,29 0,84 
MnO 0,15 0,14 0.32 0.16 0,05 
MgO 3,95 2,49 2.37 3.60 0.50 0,0 1 0,! 5 0,65 
CaO 5,66 4,00 5.41 2,52 0,87 1,10 1,57 1,28 0,3 1 
Na20 2,99 3,75 2,86 4,03 0, 12 0.16 0,38 0,10 0,03 
K20 3,38 4.70 5.40 5,16 5 ,64 0,35 2,88 0. 12 0,08 
P20 s 0, 44 0,60 0.33 0,58 0,73 0,35 1,52 0,58 0,02 
H2o - 0,38 0,35 0.71 0,08 1,29 0, 99 0. 18 0,08 0.10 
H. O + 1,91 2.00 2,90 3,88 3,86 10,04 5,40 5,20 0,52 
C02 0.60 3,00 
so3 15,87 
FeS2 0,06 0.08 8.79 
Total 100,00 100.16 100.05 100,25 99.92 100.20 99,90 100,24 99,85 
Specific density 2.77 2.74 2,70 2,71 2 ,87 2.64 2,71 2.79 
Specific volume 2,69 2,64 2,58 2,46 2 ,64 2.05 2,40 2 .17 2,5 8 
Porosity, % 2.89 2.65 4,44 9,01 8,01 21 ,2 1 12,40 22,22 

Analyses : latile an d Nos 1-7 (P a 11. o HoB a, 1973); No 8 (A. f{ y II 0 B, 1987). 
Numbers o f analyses correspond Lo lhe zone numbers in Fig. 2. 

Tab I e 2 

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

Secondary quartzites 
Quantities o f mineral constituents 

Di Alu Die I Ser I Q I Ru I Ap* Py** Total 

Monoquart zites (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 0,8 1,7 8,8 94 .4 

Numbers of analyses , given in brackets, correspond to those in Tab le I. 
• Apatite has been found in the alunite and sericite qua rtzites. Th e total P20 :, con tents have been 

allot ted to spa lite although sporadic wavellite an d other phosprates have also been observed in the 
secondary quartzites. 

*''' Pyrite has been analyzed in the sericite quartzites only . 
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Fig. 2. Zonal sequence of metasomati tes, thermodynamic behav iour and q uan· 
ti tal i ve vari ations of components 



The hydrothermall y altered rocks from the zones of acid leaching in the Spahi evo 
ore fi eld show a very grea t var iet y of inner bimineral zones whi ch co mbine pa irs of 
the t ypomorphic minerals includi ng quartz and alumina minera ls represented by se­
ricit e* , di ck ite, alunite a nd di as pore (pyrite and rutil e are also to be fou nd) . Simil ar 
phenomena have been report ed by VIs a 11 o B ( 1974) accordi ng to whom a single mass if 
of the secondary quart zite for mat ion often shows several bi mineral zones in a la teral 
sequence towards the centre occupied by a quartz-alunite core (Gush<,ai and Aktash 
in Middle Asia, the depos it s in the 'orthern Balkha5h area, Ma r ysva le in USA, Mat­
sukana in J a pan, etc.). 

Bes ides the va ri et y of biminera l parageneses, the prese nce of an ep irlote-bea ri ng 
zone I is another typical feature of the secondary quartzite column in the Spa hievo 
ore field which di stingui shes it from the class ical columns of thi s forma ti on (K o p­
)1{ 11 H c K H i.J, 1955; VIs a H o s, 1974; >K a p H K o s, 1982) . A li kely exp lanation 
is the differe nce beh\·een the original rocks. The t yp ica l columns of the formati on have 
been derived by the above authors for rocks of graniti c compos ition whereas the Spa ­
hi evo meta so matit es are deve loped in intermediate rocks. 

Since zonality \'ari es depending on the specific geolcg ical-structural and ph ys ico­
chemi ca l environment involved in the process of acid leaching, th ere is no universa l 
sequence valid for all secondary quartzit e depos its. H a K o B H 11 K (1968) has deri ved 
nine facies of the secondary quartzite formation adding that no exa mpl es are known 
of all facies being present in a single body of the formati on. Therefore, that a uthor 
has tri ed to derive a general zonality suggesting that it may be reconstructed by a na ­
lyzi ng the rela t ionships betwee n the maj or minerals and by comparing the four specia l 
zonal se quu:ces dui ved by him : 

kaolinit e sulphur or dia spore 
I. Sericite - --.alunite- with zunvite or 

or dickite monoquarh 
dickite or 

I I. Sericite--. --. alunite- dia spore - corundum--. monoquar tz 
pyrophyll ite 

III. Sericite__, andalusit e __,. corundum- monoquartz 
zunyite 

IV. Sericite- pyrophyllite- diaspore __,. a ndalusite-corundum 
andal usite 

H a K o s H H K (1954) has noti ced the relationship between secondary quartz­
ites and propylites. According to him, propylitization occur s not only separately but 
is almos t always associated with secondary quartzites forming their outermost and 
widest zone bl ending into the original acid rocks and C'Jns isting of chl orite, epidote, 
albit e, sericite and so me carbonates and pyrite. On the bas is of the paragenetic, more 
or less equilibrium zonal asse mblages , tha t author has defined the major mineral fa­
cies in the complex of propyl it es, each facies corresponding to a separa te zone in the 
column. He has defined (1968) the sericite facies of the prop ylite formation as a n inter­
mediate facies between prop yl ites and secondar y quartzit es , i. e. as belonging to the 
one or the other as the case ma y be . Moreover , he has suggested that after the stage 
of prop yliti c altera tion, due to the increased ac idit y of solutions, the seri ci te faci es 
is repl aced by pyrophyllite, di ckit e a nd alunite faci es, and propylit es pass over t o 
the secondary quartzite forma ti on. 

* The fol lowing abbreviations of minera l names are used in th e text, tables and fi gur es: Ab­
albite, Alu- a lunite, Amph - hornblende, Ap- apatite , Bi - bi otit e. Cal- calcite, Chi­
chlorite, Di - dia spore, Die- di ckit e, Ep - epidote, Ksp - pota ssium feldspar , Mt- mag netite, 
PI- plagioclase , Px- pyroxene, Py- pyrite, Pyr - pyrophyllit e, Q - quartz, Ru- ru tile, 
San - sa nidine, Ser- sericite . 
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The \\-crk. of )K a p 11 K o B (1956, 1959, 1968) are of principal importance in de­
fining the concep t of " metasomatic facie". His definition of the term describes it as 
an associa ti on of rocks formed in various zo nes of an integral metasomatic column 
as the res ult of so luti on action during a given stage of the hydrothermal cycle at de­
fi ni te tem perature. depth, composition of original rocks, mobilities and activities 
of component.. In terms of the directly ob erYed faci es characteri tics (mi neral compo­
_ition and zona lity of metasoma ti c columns), the metaso mati c fa cies isa n a ociation 
of metaso matic rocks cons istina of regular combinations of mineral parageneses in 
a n integral m ta so matic column . The variety of meta so matites ()K a pH 1< o B, 1982) 
i · mainl v due to the yari etv of fa cies environments of their formation, and recon-­
structi ng tho e enYironmen( forms a ba is for understanding the processes of meta­
soma tit e formati on and a. :.ociated ore depos ition. 

The zonali t y derived in the Spahievo ore field ( ericite-dickite-aluni te-dia­
spore-monoq uartz zones) repre ents the general success ion of zones in the first two 
st: quences of Hat< o B H 11 k (1968) which are most common in nature . Minor deviations 
lquartz for ming a separate monoquartz zone outside the di as pore zone in equence 
I, and the a b ence of a rorundu m zone in e(juence I I) in the Spahievo secondary quart­
zites can be <iccounted for bv the loca l environmental differences . Therefore, the ana­
lys is of mineral parageneses' and the formational characterization of Spahi evo meta­
so matites are not only an att empt a t local genetic interpretations but al so a t deri vi ng 
more genera I concl us ion concerning the for rna tion of secondar y quartzites. 

The ideali zed version of the metasomatic column in Spahievo (Fig. 3) is ba sed 
on the fo ll owing: 

At the boundary between zones 3 and 4 (Fig. 2), MgO, Nap and K~O pa ss into 
perfectly mobil e state along ,...-ith the decomposition of chlorite, albite and sanidine . 
The idealized column (Fig . 3) haws the differential mobilit y order of these compo­
nents and the corre ponding equence of decomposition of the a bove mineral s. Evi­
dence of chlor ite being decompo ed before albite has been reported by P a .D. o HoB a 
11 973): albit e coexisting with sericite and quartz appea rs at the transition betwee n 
the seri ci te-qua rtz a nd the sericite-chlorite-albite rocl<s. The coexistence of potassium 
fe ld. par in zones 3 and 4 of the idea lized column is inferred from the presence of the 
po tassium-bearing sericit e in the zone cl oser to the interior and from the absence of 
sod ium minerals indicating that odium pa sed earlier than pota ium into perfectl y 
mobile sta te. 

The zo na lit y is complica ted by a subzonalit y in zone 5. Pota ss ium pas ing into 
perfect! y mobile sta te produces quartz-sericite rocks in zone 5a , which defines the 
roc k column a bel onging to the serici te facies ofthe seconclar y quartzite formation, 
a fac ies for med due to the increased activity of pota ss ium and it immobilization in 
t ypomorphi c sericite. With the decreasing pota sium activ it y, sericite is replaced by 
di ckite (a t ypo morphic mineral of the dickite facies of secondary quartzites) charac­
t eri sti c of lower temperature conditions of secondar y quartzite formation . 

The zone of qua rt z-a) unite paragenesis (zone 6, Fig. 2) is not part of the integra l 
metasomatic column (Fig. 3) because alunite quartzites are formed at increa ed acti­
Yitit:s of potassium and sulphate ion and characterize a different faci es environment. 
I ncreased acidit y of solutions and aluminum passi ng into perfectly mobile s tate pro­
duce monoqua rt zi tes regarded as inner zones of the respective facies. 

The integral metasomatic 2olumn deri ved demonstrates that the rocks of its va­
rious zones (Fig. 3) belong to a single metasomatic facies as defined by )K a p H K o B 

(1956 , 1968, 1982) . This is al so the principal difference between thi s work and the ear­
li er intnpreta ti ons (P a A o 11 o B a, 1973; K y 11 o B, 1987) which refer the rocks 
of each zone to a sepa ra te facies ignoring the paragenetic and more or less pquilibrium 
a_semblages of their main minera ls, in agrPement with the ideas of H a K o B H H K 

(1954). The metasoma tit es formerl y referred to the prop ylite formation (epidote-chl o­
rit e-a I bi tc fac ies, ser ici tc-ca I ci te- chl or ite-a I bite facies, serici te-chl or i te-a I bite faci es, 
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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, a! unite 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 
potential s of the perfectly mobile components K+, H+ (pH), SO~- and Hp which 
determine the variety of final metasomatic products . 

Physico-chemical analysis of mineral p<lrageneses 
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 secondar y quartzites (K a w K a 1"1, 1972) . Therefore, the chemical potentials 
of H +, K+, SO~- and H 20 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, r a B p H­

K oF a (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 n e ·r p a 4 e H 1< o (1974) does not account for the relationships between alunite 
and coexisting pyrophyllite and oiaspore, nor does it stucly 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 par agenetic analysis (after K o p M H H c K H 1"1, I 957) 
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 Ti0 2 are independent (K o p M H H c K H 1"1, 
1957} inert components - they are constituents of the independent minerals pyrite 
and rutile . 

In the paragendic analysis, we have used the theoretical formulas of minerals, 
as follows: quartz (SiO:~). alunite (KA1 3 (S04L(OH)s), diaspore (AlOOH), dickite 
(Al,(OH)~Si~010) and sericite ( KA1 3Si 30 10(0HL). 

The system is of the follov.•ing bulk composition: K 20-A1 20:J-Si0 2-H:~O-S0:1 . 
During the metasomatic formation of secondary quartzites, K20, Hp and S03 are 
perfectly mobile components of the system. A1 :~0 3 and Si0 2 are virtual inert compo­
nents which permits to reduce the thermodynamic state diagram to a straight I ine 
segment with AI and Si as end points . The phase rule defines the system as a multi­
system: n =-= k; + 2- r =-- l . 

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 mi~erals, all diagrams have been 
constructed by combining into a single multisystem the mineral assemblages which 
lack das pore and quartz; the two mutually incompatible minerals can be separately 
in eq uilibrium 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; 

-~ repl aceme nt of sericite by dickite quartzites is favoured by lower K + potentials 
(Fig. 4a, b) , increa sed acidity of solutions (Fig. 4b, c), and lower temperatures (Fig. 4d); 

- the formation of alunite quartzites in place of dickite ones is caused by still 
more acidified solutions due to increa sedS0 - 2

4 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 ri sing acidity from sericite towards a! unit£> quartzites, 
the K + chemical potential varit>s from higher values during sericite formation to lower 
ones during dickite formation and again to high values during alunite for mation. It 
is the combined action of these two key para meters 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 ri sing temperature. 

In the Spahievo propylites and secondary quartzites, P a .zt o HoB a (1972, 1973) 
has described a vertical zonal sequence analogous to the lateral zonality. Downwards 
follow monoquartzites, diaspore, alunite, sericite quartzites and propylite type of 
rocks . 

In the Bryastovo section, the secondary quartzite vertical zonality is so mewhat 
complicated as reported by K y HoB (1987) who describes sericite-pyrophyllite quart­
zites with alunite and diaspore at a depth of 320m in the Ramadanska Chuka loca lity . 
The sa me area, around the lrindzhiiski Peak and the Aida mountain shelter near the 
Surnitsa intrusion, is most abundant in the higher-temperature assemblages containing 
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pyrophyll ite 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-ccpper-pyrite deposits in Central Kazakhstan (K a 10 noB & K a 11 noB, 
1970). 

Since pyrop hyllite 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 & Hem I e y, 1967 , quoted after Hem I e y 
et al., 1969), it is of definite interest to perform a paragenetic analysis (Fig. 5) of the 
association found between this mineral and sericite, dia s pore, a! unite 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 out! ine the fields of a! unite and sericite quartzites and of the 

pyruphyllite-bearing quartzites which makes it poss ible to follow the sequence of re­
placements of mineral parageneses as dependent on major intensive para meters and 
to qualitatively characterize the conditions of formation of pyrophyllite-bearing quar­
tzites; 

-a t increased chemical potentials of K+ (Fig. 5a, 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 physico-chemical analysis of mineral assemblages is only a qua litative 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 (Hem-

1 e y, 1959) whereas belov.· it the stable phase is kaolinite; 
- the most favourable temperature interval for alunite formation is 200-300°C 

(K a tu "a A, 1970); 
- a! unite and diaspore form together in the temperature interval 300-400 uC 

(K a LII "a 11, 1970); 
- diaspore and kaolinite coexist below 340°C (/K a p 11 1\ o B et al., 1972) whereas 

diaspore and pyrophyllite coexist above this temperature; 
- pyrophyllite decompcses at a bout 29o ·~c producing kaolinite and quartz (>K a­

p H K 0 B, 1982) ; 
- kaolinite is stable at 290 ± l0°C, and pyrophyllite is stable in the interval bet­

ween 290 ± 10°C and 410 ± 5°C (3 a p a A c K H A et al., 1981); 
- in silica-saturated systems at PH,o = IOOO bars, the upper limit of kaolinite 

stability with respect to pyrophyllite is about 310°C (Reed & Hem I e y, 1967, 
quoted after Hem I e y et al., 1969) ; 

- at about 1000 bars, sericite passes into kaolinite belo\V 370°C, and into pyro­
phyllite above 370cC (Hem I e y & Jones, 1964), the decreasing K+ chemical 
potential and increasing acidity being also believed responsible for the latter transition. 

In his hydrothermal experiments on a lunite synthesis, K a w K a A (1970) has 
studied the effects of three major parameters of alunite formation : temperature, pH 
and AJ3+ concentration. At T = 300°C, pH = 4 and 0,3 M AJ3+ in the Al(OHL solution, 
the experiments have yielded alunite. Under the same conditions, diaspore instead 
of a) unite ha s been synthesized from 0,6 M AJ3+ solutions. This result outlines the 

* The ana ly sis has been made for the conditions used to analyze the other secon dary quartzite 
facies as described above. Pyrophyllite en ters the analysis with its theoretical composition, 
AI 2 (0H) 2Si 40 10 . 
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physico-chemical conditions of the al unit e--.dia spore trans ition as well as the envi­
ronmental factors lea ding to the development of di aspore quartzites a fter alunite ones. 

According to K awl< a i1 (1972). the di ssolved aluminum concentrati on decreases 
strongly a t low aci diti es because of the fcrma tion of aluminum hydrox ides, and thi s 
hinders a lunite formation . The rap id ri se of temperature res ults in the formation of 
aluminum hydroxi des in add iti on to alunite . Thi s indicates the conditions under \\hich 
<~ I unit e quartziifs are replace d by di aspore quartzites consisting of the non-equilib­
rium dia spore + quartz assemblage formed because of the abrupt change in the physico­
chemical conditions of metasomatic mineral formati on. 

Exper iments on feldspar a lterati on in H 2SO~ solutions (K a uJ l< a ?i, 1972) show 
t hat alunite and kaolinite coexist a t pH ...c- 3,0- 4,0. At lower acidity (p H>4,0), a lu­
nite is repl aced by diaspore. Ex periments, modelling alunitization of an ori gi nal vol­
canic rock of ancles iti c com pos iti on in H 2SO, + K 2SO~ soluti ons , have produced meta­
so matic columns of inner alunite and transi ti cna l ka oli ni te zones . . Moreover, it has 
been demonstra ted that alunit e and kaolinite coex ist a t pH of 3,7 . At hi gher pH, a] u­
niti za ti on is replaced by kaol initi za ti on. This implies that a] unit e quartzites are for­
med at pH<3.0 and l<aolinit e quartzites a t pH >4,0 which makes it possible to set 
an (approxima te) sca le an d th us t o ca librate the fi elds of those two t ypes of quartzites 
on the paragenetic diagrams. 

ln expuiments modelling diffusional meta so matic columns of granite and di or ite 
argi lli za ti on and alunitizati on in 0,5 n HCI solutions at T o:=280cC and p = 65 kglcm 2

, 

4 e pH o p y K et al. (1970) have observed columns of 5 zones including monoquartz, 
kaolinite and hydrom ica zones, a zo ne of slight hydrati on and unaltered rock . Trea t­
ment of the rocks with 0,3 n H 2SO~ ha s res ulted in an a] unitization zone directly pre­
ceding the kaolinite one. Kaolinite has been found in the outer part of the a] unite zone 
whi ch is evidence of the equilibrium coexistence of the two minerals at T = 280°C. 

H a 6 o K o (1963) has reported the foll owing aci dit y va lues for the mineral-for­
ming env ironment in areas of active volcanism: monoquartzite zone pH ~.:: !; sericite 
quartzite zone pH '-'- 6; and zone of propylitized rocks pH '~' 6-8*. 

The thermodynam ic ca lcula ti ons of n as .nos (1970) concerning the acidity­
alkalinity regime during secondar y quartzite formatiors have given the foll owing 
pH valuEs**: monoquartzzone - below 2.0; di aspore zone - 3,1-4,7; alunite zone -
0,3-5,3; dickite zone - 1,8-3,5; and seri ci te zone - 2,4-4,4**. The sa me author has 
a lso derived theoreti ca ll y tha t secondary quar tzit es form in zones of increased oxygen 
partial pressure (Po .. > IQ- 58, 14 ). 

The values of p.H and temperatur e which existed during the rock formation in 
the separate mineral facies of the Spahievo alunite-bearing seconda ry quartzit es ca n 
be estima ted by interpreting the above ex perimental data an d ther modynamic ca lcu­
la ti ons which ref lect rea sonably well the local co nditi ons as defin ed by the analysis 
?f minera l parageneses revea ling the relative contributions of the major mineral-form­
mg parameters to facies development (Table 3). 

Against the genera l background of decrea sing acid it y and tempera tur e from the 
inner towards the outer secondar y quar tzite zones ( monoq uartzi tes - sericite quart­
zit es), the table shows a loca l rise of pH in the formational environment of dia spore 
qua rt zi tes and a tempera t ure ri se in the seric it e-pyrop hyllit e facies (present in the 
vertical zona l se quence on] y). 

The zoms of acid leaching derived indicate that the process involves soluti ons 
of variable pH and concentra t ions of acid anions and potassium ca tions. The interac­
ti on between these solutions and the original latit es releases into di ssolved state the 
more mobi le mineral components of a! kal ine cha racter (Mg, Na, K) with subseq uent 

* pH has bern measured in ~amples of i nterstit ial solut ions under standard conditions. 
** The pH limits of formation of typomorphic minerals in the separate zones have been ca lcu ­

lated for temperaturEs of 25 and 250c'C. 
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Table 3 

Physico-chemical parameters of secondary quartzite formation in the Spahievo ore field 

Mineral-formin g parJmelers 
s~cond a ry quartzit es 

pH roc J.l K+ J.lso - 2 
4 

Monoquarlzites 2.0 ? 
Diaspore quart zites 4.0 300 
Alunite quartzites 3,0 280-390 +++ +++ 
Dickite quartzites 3,0-4,0 300 
Sericite-pyrophyllite quart zi tes with 

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

meta so matic repl acemen t of minerals and for mation of zones wit h a typical se quence 
of mineral parageneses corresponding to the s ta bi t ity fields of t ypomorphi c minerals 
and to the fi elds of stab le (equilibrium) mineral assemblages. 

Conclusion 

The deta iled minera log ica l-petrologica l s tudi es of meta so matit es fro m the zones of 
acid leaching in the Spahi evo ore field and the ana lysis of mineral parageneses show 
the co mbined presence both of prop ylite t ype of metaso matites a nd of proper seconda ry 
quartzites in a n integral metasoma ti c colum n. In agree ment with the defi nition of 
metasoma ti c fac ies g iven by II\ a p 11 K o u (1956, 1968), the propylite t ype of meta ­
so matites is rega rded as an outer zone of the secondar y quartzite format ion. It does 
not belong to the genet ic t ype of th e so-ca ll ed "propyl it es proper" (P y c 11 11 o s, 1972) 
but to specific zones of the secondar y qua rt zite facies. We interpr et its formation as 
a t ypical example of converging phenomena and, on the basis of the formati onal­
geneti c approach, we refer these metasoma tites with their mineral asse mblages t ypical 
of propylit es to the formati on of secondar y quartzites. 

Parall el wi th that, it should be noted that propyl itization is character is ti c of 
metaso matic bodies devel oped in volcanic and su bvolcanic bodies of intermedi a te 
and basic co mpos iti on whereas minera l parageneses t ypical of seconda ry quartzi tes 
are common in the acid rocks (H a K o s H 11 K, I968). In Bulgaria , bodi es produced 
by intense aci d leaching , manifes ting mineral asse mblages typical of secondary quartz­
it es , occur in rocks of intermediate to bas ic com pos it ion, too. Of all secondar y quartzite 
bodi es found in Bul ga ria, onl y those in the St oma novo loca l ity have deve loped a ft er 
rh yolit es (V e I in o v et a l ., I972) . 

In the Spahievo ore di strict, the secondar y quartzit es proper and the propyl ite 
t ype of meta so ma tites are associa ted in space and by genes is, being formed over one 
and the sa me substra te of latite rocks. P a .n. o H o s a (1973) has rega rded them as 
coeval hydrothermally altered volcanics associa ted wi th fumarole-solfatari c processes 
during the Priabonian volcanism . These processes have produ ced a stricti y obeyed 
sequence of faci es put toge ther by the a uthor in a common l ist including propyli tes, 
secondary quartzites and a trans itional seri cite-quart z facies (P a .n. o 11 o B a, l972). 

A spatial-geneti c relati ons hip between propy l iti zed rocks and secondary quart­
zites has been observed not only in Tertiary but a lso in Upper Cretaceous hydrother­
mall y altered volca nics(V e I in o v & Kana z i r s k i, 1990) v.:hi ch suggests t hat the 
phenomenon is of more general occurrence a nd merits approbative verifica t ion in other 
areas with zones of acid leaching. 

Translated bt; / . Vesselinot• 
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