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ALEXANDER GEORGEVICH TVALCHRELIDZE*

PETROLOGIC MECHANISMS OF ORIGINATION OF PYRITE-BEARING
HYDROTHERMAL SYSTEMS

(Figs. 4, Tabs. 3,)

Abstract: The petrologic laspects of the connection of base metal mas-
sive sulphide deposits with volecanic formations are considered. It is shown
that the main cause of pyrite-bearing systems origination is the removal
of fluid phases from basaltic melts, differentiating during ascending mi-
gration, In different geotectonic environment such a differentation pro-
ceeds differently, resulting in different mechanisms of fluid phase removal
from primary magmas. Irrespective of concrete petrologic mechanisms of
origination the postmagmatic pyrite-bearing hydrothermal systems would
be characterized by sodium chloride trend and acid composition.

Peszwsme: B nacrosuefl crarbe paccMaTPHBAIOTCH [ETPOJIOTHUECKHE aCHEKTHI
CBA3bL MPOCTBIX METAIOB KPYIHBIX CYJIb(HAHBIX MeCTOPOMKIeHHH H BYJKaHH-
yeckux (opmaunii. OrMeuaercst, uto raaBHoil npuyHHOil 00pasoBaHua CHCTEM
COlEPKALLHX MHPHT ARIACTCA yiaajenune KuAkHX (az or dazaibToBRIX pacnia-
BoB Au(depeHUHPOBEHHBIX BO BpeMsl Bocxonaueii murpaumn. B paswoii reo-
TEKTOHHYECKOIT cpefe Takas AnddepeHunallna npoHcXoAHT 0O0-pasHOMY H ee
Pe3VALTATOM SIBJSIOTCH pashble MeXaHuiMmul ViadeHus wikoil dassl oT nep-
BHUHBIX MarM. Hesapucumo 0T KOHKPETHBIX NeTPOJOrHUECKHX MeXaHH3MOB
oﬁpa:!cmalmm MOCTMArMATHYECKHE THAPOTCPMAALULIE CHCTCMbL coaepmauine
MHPHT DYAYT XapaKTepH30BaHBI TeHACHILHEN XJ0PHCTOro HaTpHs I KHCJOTHBIM
COCTABOM,

Introduction

Three ideas on the genesis of pyrite-bearing hydrothermal systems could be
considered. The new poplar conreption suggests as a source of ore-forming so-
lutions sea-waters heated at a depth by ascending plumes of tholeiitic magmas
(Heaton — Sheppard, 1977; Spoomner, 1980). Such waters, however,
are commonly mixed with the magmatic ones (Hatori—Sakai, 1979; Graf,
1977; Humphis — Thompson, 1976). Fig. 1 represents all known avai-
lable data on hydrogen and oxygen isotopes in fluid inclusions of different py-
ritic deposits. It is clearly shown that all fluids contain a mixture of jouvenile
waters.

Quite different theory was forwarded by a number of Soviet geologists
(Korzhimnsky, 1976; Kutijev — Sharapov, 1979; Naboko, 1974;
Ovchinnikov, 1973) which suggested that the origin of volcanic hydro-
thermal systems is related to intratelluric (transmagmatic) fluids, participating
in the dynamics of surface waters. However, this process of the mantle dega-
zation, or “the Earth’s deep breathe” (Vernadsky), explaining very well
a genesis of many endogenic deposits, is anable to describe a range of petrolo-
gic problems of base metal sulphides, for instance, peculiarities of petro-
chemistry of pyrite bearing volcanic series.

*Dr. A. G. Tvalchrelidze, Caucasian Institute of Mineral Resources, Pa-
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The third scientific trend developed from the good old times (Lindgren,
1919), implies the magmatic source of ore-bearing fluids. But the connection
between ores and magmatic ores is often very simplified resulting in conside-
rable errors. So, Brunch (1976), Colly (1976) and a number of other geo-
logistsconsider porphyry copper deposits as roots of base metal sulphides.
These ideas were severaly criticized by Sillitoe (1980), which have correctly
noted quite different petrologic properties of pyritebearing and “porphy-
ry-bearing” primary magmas.

Fig. 1. Hydrogen and oxygen isotope
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Ore-bearing criteria of magmatic affinities

Due to Soviet geologists investigations (Smirnov, Dzotsenidze, and
Kotlyar, 1974; Borodayevskaya et al, 1974; Tvalchrelidze,
1981; Frolova et al, 1974) it was determined a close connection of base
metal massive sulphide deposits with their hosted volcanic complexes. In these
publications the eugeosyncline spilite-keratophire volcanism is divided into
weakly differentiated basalt-andesite-basalt formation and pyrite-bearing bi-
modal basalt-rhyolite and basalt-andesite-dacide-rhyolite formations. Recent ma-
terials on pyritic deposits formation types indicate, however, that, not all types
of base metal sulphides are related to differentiated volcanic complexes (Tab.
1). Cyprus-type and Fylys-chai-type deposits, for instance, lie at the top of un-
differentiated tholeiiting feasure lavas.

In the other words, as the relation of base metal sulphide mineralization to
basaltoid magmatism is proved by a vast number of geologic facts, there would
exist petrologic criteria which should distinguish ore-bearing basaltoid affini-
ties from “ore free” series of the same composition. And such reguliarities
should be contrast in differentiated and undifferentiated magmatic formations.
Taking a priori into account these theoretic thesis we have tried to summarize
the petrologic data on pyrite-bearing volcanic complexes of the Caucasus (Tabs.
2 and 3).

The differentiated basaltoid pyrite-bearing formations originate in primary
and secondary eugeosyncline belts. The first one have tholeiitic trend and are
characterized by bimodal differentiation, the latter ones belong to calc-alkaline
series with antidrome or homodrome differentiation types.

Despite ol these base petrologic differences, the ore-bearing formations of
considered type are characterized (Tabs. 2 and 3) by a range of common pe-
trologic features, They are as follows:
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Table 1
Systematics of base metal massive sulphide deposits
‘ Type of g
‘ deposits Cyprus-type ‘ Urals-type |. Kuroko-type Fylyz-chaitype
I |
| Composition ‘ Cu-pyritic ‘ Cu-Zn-pyri- pyrite-barite- ‘ pyrite-poly-
[ I | tic polymetallic I metallic
| | [ T
| Pb:Zn:Cu | 1:10:50 | 2:10:25 1:3:1 ‘ 0.3:9:1
Geotecto- | ophiolitic | primary secondary | slaty
| tectonic belts | eugeosyncline | eugeosyncline | eugeosyncline
position ’ belts belts | belts ,
| — — . I 1
Compositi- | pillow | rhyolites rhyolites slates .
| tion of I lavas rhyodacites [
| ore-bearing | .
| rocks .
| S a
Ore-bear- | tholeiitic basalt-rhyo- ‘ basalt-andesite- | tholeiitic
ring vol- | litic, basalt- | dacite-rhyolitic
| canic for- | andesite homodrome
| mations l | dacide-rhyo- ’ and antidrome
litic |
homodrome |
Examples deposits of deposits of | Miocene deposits | Fylyz-chai,
Troodos co- the Southerm | of Japan; depo- | Great Caucasus;
mplex, Cyp- Urals, of sits of Ore Altai, | Rammelsberg
rus; of York Northern New Brunswick. | and Meggen,
Harbour and | Caucasus; West Germany;
Betts Cove Rio Tinto, Sullivan, British
complexes, Spain. | Columbia; Mt
Newfoundl- [ Isa, H.Y.C,,
and; Ergani Australia.
Maden, Tur-
key

1. The saturation by SiO, of basalt mambers results in the disappearance in
their mineral composition of the normative olivine (forsterite and fayalite).
2. Basalts and andesites are characterized by Mg and Fe verzus Ca high con-

tents expressed by the reduction of normative wollastonite. This reguliarity is
known as the anartosite tendency of maphic magmas differentiation and is
apparent in all ore-bearing affinities, as it was suggested recently (M arak u-
shev, 1980).

3. Pyrite-bearing magmatic affinities are characterized also by reduced
alkalinity of acid members.

It is well-known that the alkalies accumulation in acid derivates is the main
feature of the basaltoid magmas development (Wyllie, 1979). The Fig. 2
represents evolution trends of tholeiitic, calc-alkaline and andesitic affinities
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Table 2
Average chemical composition of ore-bearing volcanics in the Caucasus

| ' T

| Oxides 1 2 3 i 4 ‘ 5 6 7 ||
Si0, 51.52 72.99 51.96 ‘ 57.86 74.16 48.04 55.00 :
TiO, 0.71 0.23 0.57 0.43 i 0.19 _{]A73 | 0.69 |
AlyOy 14.68 12.40 16,68_ 15.38 _12.08 | 19.85 | 16.70 |

- | |

Fe,0, 472 1.62 V 3.64 3.45 ‘ 1.89 | 6.01 ‘ 444 -1
FeO i 6.35 2.08 6.47 _M 5.85 1.02 !—3.; { 349
MnO | 019 | o000 o 0.0 008 \ 0.22 ‘_0—2;__‘
CaO 5.35 . 1.57 | 4.86 2.84 : 1.70 | 8,93_i_ 4.50 ‘
MgO 6.45 -I-.gz. 5.84 3.96 i 0.83 4,32 | 3.17
Na,O 3.58 0.43 3.02 0.82 ‘ 291 i 2,76 l 4.85 il
K.,O 3.29 ‘ 0.80 | 1.30 1.85 : 0.86 0.83 | 1.81 !
Oxides 8 | 9 10 |12 13| 1
S5i0, 61.42 66.73 T0.71 75.70 E 49.97 ] 60.64 : TL.76

| TiO, 0.76 0.38 0.31 —0;1’_ 1.22 - 0.54 0.35
ALO; | 1549 | 1585 13.89 ‘;153— 15.47 16.92—i 13.18
F.,0, 3.50 1| 217 2.27 1.46 2.30 1.61 1.04

.' FeO 2,18 1.38 I 0.84 | 1.29 8.06 517 221 _!

| MnO 0.12 0.06 0.12 0.04 0.20 0.14 0.07 l
CaO 3.63 2.19 1.74 1.00 T7.45 3.29 2.03 ‘I
‘Meo 252 189 | 1.20 1.22 6.58 264 | 142 i
Na.O __ 4 16_ 3.75 | 4.14 3.'?2_ . 3.65 4.33 ‘| 4.54 i
K-_,D. i_ ;1 L 090 1.30 i 115 0.86 1.03 ! 116 |

Note: 1—2 - basalts-rhyolitic formation of the Urupe district: 1 - basalts, 2 - rhyolites,

3—5 - basalt-andesite-(dacite)-rhyolitic homodrome formation of the Alaverdi district:
3 - basalts, 4 - andesites, 5 - rhyolites; 6—11 - basalt-andesite-dacite-rhyolitic anti-
drome formation of the Madneuli district: 6 - basalts, 7 - andesito-basalts, 8 - ande-
sito-dacites, 9 - dacites, 10 - rhyodacites, 11 - rhyolites; 12—14 - volcamics of the
Great Caucasus Southern Slope: 12 - tholeiitic formation, 13 - andesites and dacites
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Continuation of Tab. 2

95

Oxides ! 15 I 16 { 17 ‘ 18 19 20 21
1
Sio, | 4994 | 5083 4816 | 498 | 5010 | 7205 | 6358
TiO, 151 | (208 201 252 1.02 0.35 0.64
| ALO, 1725 | 1407 1831 | 1409 | 1551 | 1250 | 16.67
Fe,0; 2.01 288 424 | 306 | 424 175 2.24
FeO 6.90 9.06 5.9 8.61 6.87 2.93 3.00
MnO 0.17 018 0.6 0.16 0.10 0.01 0.11
Ca0 1186 | 1442 879 | 1041 743 158 553
MgO 7.28 i 634 487 | 852 | 605 134 | 212
Na,O 276 223 405 | 215 3.35 4.93 3.98
| K,0 0.16 082 169 | 038 0.57 0.61 1.40
| Oxides 22 | 23 |
Si0, 1208 | 1457
TiO, 0.37 0.17
ALO;, 1383 | 12.58
F,0, 086 | 1.30
FeO o 1.67 _1_02_;
| MnO | oom 0.05 ;
Ca0 1.33 0.61
MgO 052 | o1
Na.,O 3.08 413
| K0 546 413

14 - rhyolites; 15 - oceanic tholeiites (Engel — Celeste — Engel, 1965); 16 - tho
leiites (Nockolds, 1954); 17 - alkaline tholeiites of East Pacific Rise (Engel — Ce-
leste— Engel, 1965); 18 - Hawaiian tholeiites (M ¢c Donald — Katzura, 1964);
19—20 - average basalt-rhyolitic formation: 19 - basalts, 20 - rhyolites; 21—23 - ave-
rage composition (Nockolds, 1934) of: 21 - dacites, 22 - calc-alkaline rhyolites,
23 - alkaline rhyolites.
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Table 3
Normative mineral composition of ore-bearing volcanics
Minerals j 1 2 3 I 4 l 5 [s ‘_7 8 |
Q. 5.58 41.50 9.31 | 30.27 ‘ 5237 | 4.02| 613 |17.24
c — 3.46 2.45 673 | 632 | — | — | 285
or 2.78 5.56 7.79 1143 | 3339 | 556 1057  12.24 ‘
| ab 30.41 27.79 2516 | 734 | 2464 |23.59 4039 3513
ne — —_ == | = —_ — I = | = I
| an | 2253 695 | 21.69 1418 | — 3334 1596 i15.30 I
CaSiO; I 139 — — — — | 153 046 | — |
MgSiO, 16.06 452 12.04 9.84 271 (1064 | 783 | 632
FeSiO; 6.99 2.24 8.18 7.39 — 053 | 343 | —
Mg;SiO; — o 2 —_ | — [ = =
FeySiO, = = i = _ = [ =] =
ap 034 03¢ | 101 s || = 0.67 | 1.01 | 1.68
| mt I 6.71 2.32 5.32 487 ‘ 278 | 8.80 | 5.09 | 5.09
| il ‘ 1.36 0.45 106 |_ 076 | 045 | 1.36 136 0.15
| Minerals 9 10 11 12 13 14 | 15 | 16 |
Q 3363 | 3838 | 4450 | — | 1754 (3477 — | 350
c 4.89 2.55 2.65 - 326 | 092 — | —
or 612 8.35 7.23 1.67 668 | 668 | 100 1500
ab 3198 | 3513 | 3146 | 3093 | 3670 | 38.80 | 23.59 18.92
ne S — _— ] o -_— _— . -
an 10.01 8.07 418 | 2503 | 1446 | 946 |3393 2591 |
CaSiO; | & = e | a8 | — | — 1022|1032
MgSiO, s 3.01 3.01 15.56 652 | 1.00 | 1354 | 1583
FeSiO, — - 0.79 10.81 752 | 290 | 699 |11.22
Mg,SiO; — asy s 0.70 - i | G|
Fe,Si0, — = et 0.41 — — | ggs | —
ap 034 034 | 034 0.67 0.67 | 034 | 034 051
‘mt 3.47 2.85 2.08 3.24 232 | 1.39 | 278 | 4.20
i1 2.32 0.61 0.61 2.28 106 | 061! 288 | 3.80
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Continuation of Tab. 3

Minerals 17 18 19 20 21 22 23 |
= 12.54 348 | 3586 | 1960 | 2900 | 3110
= = — 1.53 =5 — —

or 102 2.23 3.34 3.34 830 | 2950 27,80

ab 2779 | 1782 | 2726 | 3985 | 3410 | 2571 35.10

ne 3.69 —_ —_ f— = — _

8 2462 | 2781 | 2615 | 2331 | 2642 6.42 2.00

CaSiO; 685 | 952 312 | — 1.30 071 | 042 i

MgSiO; 482 | 2118 | 1505 331 5.30 0.92 0.30

FeSiO; 1.45 9.50 165 | 343 2.81 4.10 f 061

Mg,SiO; 5.06 — o M f i i _

Fe,SiO; 122 | — - | = | - — —

ap 034 | 034 067 | 034 0.32 0.20 0.20 |

mt | o2 | 440 | 602 | 255 | 330 | 140 | 190 |

il ! 5.46 4.70 1.97 —_0.61 1.21 : 1.80 0.30

Note: analysis numbers are the same that those of the Tab. 2.

(a) as well as that of ore-bearing formations. The diagram shows the bend of
the evolution curves of ore-bearing formations from andesites.

Thus, the origination of hydrothermal systems is connected with the mecha-
nism of deep-seated petrogenesis. As such mechanism is quite different during
bimodal, homodrome, and antidrome magmatic evolution, the origination pro-
cesses of pyrite-bearing systems would differ from each other.

Tholeiite bimodal series

Numerous investigation (Marakushewv, 1976; Pertchuk, 1973) indi-
cate that tholeiitic basalts are smelted at moderate depth (40—60 km). This
process is considered as a result of the interaction of transmagmatic fluids with
the ultramaphic upper mantle. The moderate depth of tholeiitic smelts results
in the sodium trend of magmas due to the well-known low of alkalies distribu-
tion between solid and melt phases. A high fluid pressure (4—6 kbar) results in
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the uplift of magmas toward the Earth crust, where intermediate (after Fed o-
t o v) magmatic hearths are to be formed.

Many investigators consider that the evolution of tholeiites is due to the
crystallization differentiation, but such a mechanism is very difficult to be ima-
ginated for the bimodal stratification of melts. In this connection Mar a k u-
shev (1976), (Marakushev — Yakovleva, 1975) has suggested an
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Fig. 2. Evolution trends of magmatics associations main types (a) and ore-bearing
formations (b).

Ore-bearing formations: 1 — of Urupe district, 2 — of Alaverdi district, 3 — of

Madneuli district; main volcanic series: 4 — tholeiitic (Engel, Celeste, and

Engel, 1965), 5 — calc-alkaline (Kuno, 1966), 6 — andesitic (Ostroumova,

1978); post-ore voleanic formations: 7 — of Alaverdi district, 8 — Madneuli district.

idea on the liquation mature of such stratification as a result of fluid melt in-
teraction. Such a process can be proved by some petrologic facts. Fig. 3 shows,
for instance, a tendency of Fe accumulation verzus Mg in basic and acid mem-
bers of the bimodal basalt-rhyolite formation of the Urupe district (Northern
Caucasus). It could be seen a splitting of the evolution trend in maphic rocks at
the lowest level of of acid voleanics (la and 1b curves). Hence, before the smel-
ling of rhyolitic magmas a basic reconstruction of crystallization conditions took
place, due to liquid immicibility. It could be noted, by the way, that the same
method was used by Marakushev (1980) when he suggested a liquation
ol ultrabasic magma during the formation of the Great Dyke.

The thermodynamics of fluids isolation from the crystallizing melt is con-
sidered in many contributions. Zharikov (1979) suggests that the compo-
sition of a fluid phase equilibric with a melt depends on their basic-acid inter-



ORIGINATION OF PYRITE-BEARING SYSTEMS 99

action. In common (Marakushev — Yakovlewva, 1975), as F, cha-
racterized by well-expressed affinity with K, do not distribute in fluid phase,
the accumulation of K verzus Na takes place in the melt, whereas Cl verzus
I' does migrate in the fluid.

Thus, a fluid phase isolated from a melt would characterized, on the one hand,
by acid reaction, and by sodium chloride composition - on the other.

%
Y}
o

I
|
|
| 1
|
|
|
|

Fe,03+ FeO
- Fez.DivFeO +Mg0

F

|
|
I
|
|
i
|
I
|
1
|
1

|
f
I
|
L

A M

Fig. 3. Variations of bulk Fe contens in
ascending section of the basalt-rhyolite
formation in the Urupe district.
Explanations: a — maphic rocks, b —
interbedding of maphic and acid rocks,
¢ — acid rocks. Evolution trends: 1 — of
maphic rocks, II — of acid rocks.

Fig. 4, AFM diagram for lower pillow-
-lavas of ore-bearing ophiolitic comple-
xes.

Explanations: 1 — Troodos complex,
Cyprus (Coleman, 1979); 2 — York
Harbour complex, Newfoundland (Du-
ke, Hutchinson, 1974).

In basalt-rhyolite ore-bearing melts the removal of the fluid phase proceeds
any differently, directly in the intermediate chamber. If such a fluid phase should
be an energetic base of pyritebearing hydrothermal systems, then would ori-
ginate long before the formation of the central type volcanic constractions. On
the other hand, as the petrodynamics under volcanos entirely differs from a vol-
canic process (Kutijev — Sharapov, 1979), the final crystallization
ol residual melt and corresponding generation of the fluid phase may terminate
many hundred thousands vears after the active volcanism. Thus, in our opinion,
may be formed long-living hydrothermal systems.

Homodrome and antidrome calc-alkaline series

The described mechanism of a liquid differentiation couldn’t be used for ho-
modrome [ormations, intrusive equivalents of which are crystallized according
the Bowen’s range. The formation of such series is commonly explaned by
a subsequent hibridism of the Earth crust by astenospheric basaltic magmas
(Frolova etal, 1974). So, Marakushev (1976) suggested that during the
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development of island arcs the volcanics differentiation degree was gradually
chainging. First of all against the background of the oceanic crust initiation
the undifferentiated tholeiitic volecanism took place. Subsequently, when the
sialic crust originated the central type stratovolcanoes and their intermediate
magmatic hearthes were formed. In these chambers the deep-seated calc-alkaline
basalts under went differentiation resulting in the formation of andesitic rocks.

This general sketch of island arc volcanism requires some corrections when
concret volcanic formations are under discussion, because does not explain vol-
canics rythmical altermation in the ascending section of geosyncline sequences.
It must be noted, by the way, that only basaltic members of differentiated for-
mations could be regarded as “pure” astenospheric magmas, whereas their dif-
ferentiation is related to concret stratovolcanoes. Then it may be thought that
basalts differentiation character is due to the petrodynamics in the volcanic con-
struction roots (Kutijev — Sharapov, 1979) and first of all - to the vital
activity of volcanic hearts. If such a process could be imaginated after Fedotov
(1980) as self-regulated system, then the production of consequently more acid
rocks must be related to the partial melting of hast rocks the uplift of these pa-
lingenic magmas resulting in the formation of homodrome series.

During the discontinuance of volcanic activity the reduce of an endogenic
energetic flow must result in the “drainage” of the intermediate chamber.

The opposit situation is presented in antidrome formations, typical for many
Kuroko-type deposits (Ore Altai, New Brunswick, Bulgarian Srednegorjé). In
such districts, connected with peripherial parts of tention zones, must be pro-
vided no conditions for active reduction of the sialic crust during the geosynclinal
process, the magmatic events being thus related to the crustal matter. So, vol-
canism in these regions is initially connected with large stratovolcanoes, often
having “multiroot” systems. Relatively stable tectonic environment results in
stable petrogenesis proceeding during many million years under the conditions
of a constant heat flow. After Fedotov (1980) the magmatic chambers rea-
ching optimum dementions remain its quasistationar state and do not alter heat
and mass transfer. In such conditions magmas gravitation-crystallization diffe-
rentiation is active resulting in the formation of two or several zones, the aci-
dity of which being gradially increased from the chamber centre towards its
periphery. The removal of external and then of central melt portions produces
antidrome volcanic formations.

In described homodrome and antidrome formations base metal massive sul-
phide deposits seem to be connected with acid voleanics. So, hydrothermal sys-
tems of corresponding deposits originated after the formation of basic rocks in
homodrome series and before its smelting in antidrome affinities. The above
mentioned petrochemical data on ore-bearing formations must be considered
just from this point of view. In the other words the formation of rocks of mo-
deraite acidity is the general event for the genesis of pyrite-bearing hydrother-
mal systems.

It is interesting to mote that after the Fedotov's model just the produc-
tions of andesitic rocks outline the turning-point of the intermediate hearthes
development. In homodrome formations these rocks are formed in the case of
chamber grows under the influence of a heat flow. while in antidrome sequ-
ences such lavas indicate the decrease of a heat flow and the chamber reduce.
The origination of hydrothermal systems expressed by magmas retrograde bo-
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iling takes place during unstable conditions when fluid-melt equilibria are bro-
ken. It must be outlined in addition that irrespective to the concret petrologic
mechanism of the fluid phase isolation, it always would be enriched by Cl and
Na, because the alkalies distribution low is common in all cases.

Undifferentiated tholeiites of ophiolite and slaty belts

Thick feasure eruptions of pyrite-bearing ophiolite pillow-lavas without any
differentiation signs (Fig. 4) are rather petrologically like tholeiites of ocean
median ridges being formed in the same geodynamic environment (Coleman,
1979). Roughly the analogic features are characteristic of basaltic rocks in slaty
sequences.

It was mentioned above that tholeiite magmas are smelted at a depth about
40—60 km as a result of fluid-magmatic differentiation of the mantle matter.
Petrologic data (Coleman, 1979) suggest a quick uplift of tholeiitic melts
in ophiolitic zones, producing no conditions not only for melt-rock interaction,
but for deep-seated isolation of the fluid phase too. The volatile removal seem
to take place at a subvolcanic level as a result of magma retrograde boiling. It
is interesting to outline that the initial crust state in ophiolitic zones and the
absence of ramified voleanic roots prevent the endogenic petrogenesis
and limit the energetic “feeding” of volcanoes by a single mantle plume.

Approximatly the same situation is presented in slaty sequences where the
connection of feasure tholeiitic lavas with sialic crust tention zones are proved
by a lot of geologic data (Adamia, Buadze — Shavishwvili, 1977).
The tholeiitic melt here undergoes a complex ascending way in deep-seated faults
through the destructing continental crust, but does mot form intermediate he-
arthes and chambers; that is proved by the absence of a tendency of magma
differentiation. Therefore a fluid phase of the melt is able to remove only at
the subvolcanic level. Such subsurface brines have nothing in commom wih
ore-bearing solutions and result in only autometasomatic alteration of tholeiitic
lavas with initial signs of its pyritization. Therefore, the generation of hydro-
thermal systems is related directly to the process of liquid differentiation of
the upper mantle during magma smelting. This process results in reduction of
basalts alkalinity and of their potassium content, which is less then in oceanic
tholeiites (Tab. 2).

Conclusions

Above mentoined petrologic data on the relation of pyrite-bering solutions
to the magmatism implicate heterogenous conditions of hydrothermal systems
generation due to different geological processes. In all cases, however, the ener-
getical and material base of hydrothermal systems is presented by a magmatic
hearth.

It is necessary to note that irrespective to concret petrologic mechanism fluids
removed from magmas would be enriched in Cl and Na and have acid reaction
due to the universal low of alkalies partition. The removal of fluid phase from
the ore-bearing melt proceeds repeatedly, but only those fluid flows, which
were formed at a depth (exept Cyprus type deposits) at the lowest levels
adjoined an intermediate ore main magmatic hearth, are able to manifest as
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ore-forming pyrite-bearing systems. From this point of view an uneven evo-
lution trend ore-bearing complexes can be explained, because such magmas
during smelling of andesites or the liquation process have lost their volatiles
and became unable to accumulate alkalies in acid members.

During consequent evolution primary magmatic fluids underwent a long evo-
lutional way mixing with waters of quite different genesis and requiring the
corresponding composition of oxygen and hydrogen isotopy.
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