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A b s t r a c t : A u t h o r s d e t e r m i n e d c o n t e n t s of 19 e l e m e n t s f r o m m e t a -
m o r p h i c s e r i e s a n d f r o m 10 m a g m a t i c f o r m a t i o n s of d i f f e r e n t a g e a t t h e 
G r e a t C a u c a s u s . T h e d a t a o b t a i n e d l e a d t o c o n c l u s i o n t h a t c o n t e n t s a n d 
a c c u m u l a t i o n c o e f f i c i e n t s ( K M ) of c e r t a i n e l e m e n t s i n q u a r t z f r o m t h e 
r o c k s of p o l y p h a s e p l u t o n s c a n b e u s e d a s o r e p o t e n t i a l i n d i c a t o r s ; q u a r t z 
i n h e r i t s g e o c h e m i c a l f e a t u r e s of t h e h o s t r o c k s ; c o n s i d e r a b l y i n c r e a s e d 
W c o n t e n t s i n q u a r t z f r o m t h e r o c k s of a l l i n v e s t i g a t e d f o r m a t i o n s i n 
c o m b i n a t i o n w i t h t h e d a t a o n a s s o c i a t e d w i t h c e r t a i n f o r m a t i o n s W - o r e 
m i n e r a l i z a t i o n p e r m i t s t o d i s t i n g u i s h C a u c a s u s o r o g e n i c b e l t a s a p o t e n ­
t i a l l y W - b e a r i n g p r o v i n c e . 

P e 3 lo M e : H a OCHOBSHMM onpeflencHii í i coflepjKaHMii 19 3 J I C M C H T O B B KBap-
Uax H3 MCTaMOpCpHMeCKMX 06pa30BaHMM M nOpOfl 10 pa3HOB03paCTHt>IX Mar-
MaTMHecKMX cbopMauiiH Boj ibu ioro KaBi<a3a ycTaHOBueno, M T O : cOÄcp>i<anii5i 
ii K03ctxbiin,neHTbi naKonjicHMH ( K H ) pafla S J I C M C H T O B B KBapijax M3 n o p o # , 
c j i a r a i o m i i x MHorocpa3Hwc MHTpy3HBH, MoryT Mcnojib30BaTbc>i fljiji o n ě m ™ 
IIX nOTCHUMaJIbHOH pyflOHOCHOCTM; KBapUM HaCJieflyiOT reOXMMMHCCKMe o c o -
OeHHOCTH MaTepMHCKMX nOpOfl; pC3K0 nOBblĽUeHHblC COflCp>KaHM5I W B KBap-
iiax M3 nopof l Bcex paccMOTpennbix c p o p M a q n ů B cc-ieTam-m c flamibíMM 
O CBSI3H C HHMH W OpyflHeHMfl n03BOJIHJIM OTHeCTM KaBKa3CKyK) CKJiafl^aTyiO 
oBjíacTb K MHCJiy noTeHur-iajibHO BOJibcbpaMOHOCHbix MCTaJuioreHH^iecKiix n p o -
BMHqMM. 

Introduction 

C a r r y i n g o u t g e o c h e m i c a l s t u d y of q u a r t z ( e v a l u a t i n g N b . T a , T h , Hf, W . 

Sn, M o , Z n . C u , N i , Co. Sc. Be, Li, R b , Cs, K, N a , F e , c o n t e n t s ) f r o m t h e 

P r e - P a l a e o z o i c r o c k s ( A f a n a s ' y e v e t a l . , 1971) of m e t a m o r p h i c c o r e of t h e 

G r e a t C a u c a s u s a n t i c l y n o r i u m a n d m a g m a t i c f o r m a t i o n s , m a k i n g u p d i f f e r e n t 

a g e ( P r o t e r o z o i c ? — P l i o c e n e — Q u a t e r n a r y ) ser ies , w h i c h m a n i f e s t t h e r e p l a c e m e n t 

of g e o d y n a m i k ; r e g i m e s w i t h i n v a r i o u s s t r u c t u r a l - f o r m a t i o n a l z o n e s c o m p o s i n g 

t h e C a u c a s i a n p o l y c y c l i c m o v i n g a r e a d u r i n g i t s e v o l u t i o n , t h e a u t h o r s p u t 

f o r w a r d t h e f o l l o w i n g t a s k s : 

1. To c h a r a c t e r i z e q u a r t z f r o m t h e r o o k s of t h e s t u d i e d f o r m a t i o n s b y m e a n s 

of c o n t e n t s of t h e a b o v e m e n t i o n e d e l e m e n t s t o f i n d o u t if t h e r e i s a n y g e o c h e ­

m i c a l s p e c i a l i z a t i o n of q u a r t z f r o m t h e r o c k s , w h i c h c h a r a c t e r i z e c o n c r e t e e v o l u -

* Dr. A. G. G u r b a n o v. L. F. K a r t a s h o v a, E. A. K o r i n a, I n s t i t u t e of 
Geology of Ore Deposits. P e t r o g r a p h y , Minera logy a n d G e o c h e m i s t r y of A c a d e m y 
of Sciences U.S.S.R.. S t a r o m o n e t n y per. 35, 109017 Moscow, Ž-17. 

** T. T. L y a k h o v i t c h , I n s t i t u t e of Mineralogy, G e o c h e m i s t r y and Crystal lo-
chemis t ry of R a r e Elements . Sadovnicheskaya nab. 71. 113127 Moscow. 
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tionary stages (geoisyncline. inversion, orogeny) of Caucasian moving area within 
the Baikalian(?), Caledonian, Hercynian and Alpine tectono-magmatie cycles. 

2. To clear up if the quartz inheri ts geochemical properties of host-rocks. 
3. To define whether there are any regularities in the change of ore and 

rare elements' contents under transformation (i.e. regional metamorphism and 
anatectic melting processes) of mica schists and gneisses into the rocks of gra-
nite-migmatite formation. 

4. To find out tendencies in the change of contents of a number of ore and 
rare e lements in quartz from the rocks corresponding to the successive phases 
of certain formations' intrusion. 

5. To investigate the possibilities of use of the data on the contents of a number 
of elements in quartz and their accumulation coefficiencies in order to define 
potentially rare-metal and ore-ibearing formations. 

Basing on these tasks we have sampled eleven magmatic and metamorphic 
formations. Taking into account the fact that these formations belong to diffe­
rent structural-formational zones (SFZ). the authors considered it necessary 
to give breaf geological-petrographic and metallogenic characteristics of SFZ 
within which the investigated formations are developed. Each of the investigated 
formations was given a number depending" on its age (1 — the most ancient, 
XI — the youngest) despite of its location within a certain SFZ. 

Petrologic-geological characteristics of formations 

Evolution of magmat ism within the Great Caucasus and manifestation of ore 
mineralization are connected with the evolution of large structural-formation 
zones (SFZ). From the north to the south the following zones have been singled 
aut (by A f a n a s i e v et al., 1971): Bechasynskaya, Peredovoy, the Main Ridge 
and the Southern slope. Evolutionary history and structure of these SFZ differ, 
and they are bordered by really existing faults or weakened zones. The present 
day block structure of the Great Caucasus is characterized by a composition 
of long-living weakened sublati tudinal deep-formed zones and submeridional 
ones (K h a i n , 1961: C u r b a n o v et al., 1978). 

Bechasynskaya SFZ has two layer s tructure. Its basement is composed by 
highly dislocated Precambrian and Early Proterozoic metamorphic schists and 
gneisses, among which para- and orthorocks interrupted by Variscan late oro-
genic granitoids are defined. The zone is similar to the SFZ of the Main Ridge 
as far as the degree of granitoid magmatism manifestation is concerned. The 
rocks of basement are outcropped only in the valleys of large rivers. 

The s t ructure of sedimentary cover if compared to the one of the basement 
is comparatively simple, it is composed by non-dislocated Lower Jurassic sand-
-clay, spatially by coal-bearing and terrigenous-volcanogenic molassa formation 
of Middle—Upper Carboniferous and Permian age. Beginning with the Middle 
Carboniferous the Bechasynskaya SFZ is undergoing the subplatform stage of 
evolution. 

Within the above SFZ quar tz from the following rock formations has been 
analyzed (see Tab. 1). 
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Within the Peredovoy SFZ all the evolutionary stages of the Variscan geosyn-
cline are well manifested from the initial stage (Ordovician—Silluria.n) up to 
orogeny (Middle Carboniferous—Permian). Each of the stages is characterized 
by certain magmatic formations. The SFZ is characterized by ultrabasic intru­
sions, early geosyncline basalt plagiorhyolite Devonian association. Late Pa­
laeozoic thin andesitic covers, d a cites, lypari tes and their tuffs of erogenic 
stage. The zone has chalcopyrite mineralization of the Devonian age and Lower 
Carboniferous magneti te metallization. Cupreous sandstones and tiny gold pla­
cers formed in the Upper Palaeozoic (C h e r n i t s i n et al.. 1971). 

Within the above SFZ quar tz from the following formations has been ana­
lysed (see Tab. 1). 

SFZ of the Main Ridge acquired anticlynorial s t ructure in Hercinian t ime 
while the SFZ of the Peredovoy Ridge adjacing to it in the north turned to 
be a grab en synclinorium. In i ts residual basins volcanogenic-terrigenous mo-
lassas were accumulated in Permian—Carboniferous (P—C>_:.) time. It is sup­
posed that in Carboniferous—Permian and Permian the Main Ridge anticlyne 
underwent intensive upward movements accompanied by postkinematic—early 
orogenic granodiori te-granite intrusions what is confirmed by radiological data 
(G u r b a n o v et al., 1984). Forming of SFZ was participated by intensively 
dislocated metamorphic formations of Precambrian (?) age. belonging to am-
phibolite and epidote-amphiboli te middle-depth metamorphic facies as well as 
to anatectic autochthonous grainite-migrnatites and in terrupted by granitoids 
of early orogenic stage. These rooks are covered by the Late Carboniferous 
Permian and Lower Jurassic transgressive non-dislocated deposits. 

The SFZ is characterised by a certain tendency to heridity, expressed by 
the fact that dur ing all the evolutionary epochs it presented the area of maxi­
mal generation of granit ic magmas while significant bodies of basic magmatic 
rooks are absent. According to the data of V. B. C h e r n i t s i n (C h e r n i ts i n 
al.. 1971) typomorphic metals for SFZ for Hercynian tectonomagmatic cycle 
are the following: As, Mo, W, Ta, Nb: for early Alpian cycle — As. Mo. W 
etc.: for the late Alpian — Mo, W. Bi, Sn etc. wha t also proves the existance 
of metallogenic heridity for this zone. 

The choice of quartz to solve the above tasks is based upon the fact, that 
quartz, if compared to other rock-forming minerals in completely crystalline 
magmatic rocks appears as a rule, at the late phase of melt crystallization, evo­
lution of which results in outflow of fluids, ore bearing ones among them. 
That is why we supposed, tha t the analyzed quar tz might carry information 
about geochemical particularit ies of granitoids as well as about the contents 
of a member of ore and rare elements in the residual melt, which hakes part 
in the formation of hydrothermal and hydrothermal-metasomatic mineraliza­
tion. 

Simultaneously with the quartz from "ore-free" granites, the quartz from 
different-age granitoids and pegmatites with which spatially or genetically W. 
Mo, Pb-Zn and rare metal mineralization is associated was analyzed to check 
the supposition. To obtain the correct data we used the quartz only from the 
rocks, that as the petrographic data proved had not undergone the influence 
of different superimposed processes. 

Moreover in order to promote additional conrol. by means of EPR (electron-
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paramagnet ic resonance) method wi th the help of Bruker EK 200D SRC spec­
t rometer under T = 18—22 °C and liquid nitrogene we studied a stable para­
magnetic center AL-CT (replacement of Al by Si in silica-oxygene te t rahedrum 
vvitih localization of non-coupled electron at a neighbouring atom of oxygen) 
we also investigated quar tz from the rocks of the magmatic formations under 
the study and from a number of hydrothermal deposits. As a result" we found 
out that the average contents of Al-CT centers in quartz from grani te is equal 
to 20 arbi t rary units, what makes it sharply different from hyd roth enmal quartz 
as the quartz from ore bearing veins contains 10 arbi trary units of this cen­
ter, and quartz from ore-free veins — 7 a.u. Therefore, hydrothermal quartz 
was not present in the studied samples. 

It is worth stating, that within the recent 30 years quartz from quartz-vein 
formations, froim pegmatites and more seldom, from granites has being stu­
died in order to prove the genetic relation of endogenous mineralization and 
mag.mati.sm, to decode the t empera ture conditions of melt crystallization as 
well as those of regional metamorphisim, to find out vertical t empera ture zo­
ning on the example of a number of hydrothermal deposits. 

The works of the initial period (late 50ties) gave the data on contents of 
petrogenic elements Na, K, Al, Mg, Fe and volatiles — CI, F, SO,,, CO., in quartz 
(E r m a k o v, 1957) ,a less amount of works was devoted to' the study of con­
tents of ore and rare elements in quartz from diorites, grancdiori tes and gra­
nites. Geochemical l i tera ture presents data on quanti tat ive definition of Li. 
B. U. Be. Sn. Mo, Ta, Nbi, and P'b in quartz from piegmatites and 'more iseldom 
from granites ( T a u s s o n et al.. 1956; Z e m s k a y a et al.. 1984: D e n n e d . 
1967: K u r o d a — S a n d e l l , 1954). Works of S t a v r o v (S t a v r o v, 1961: 
S t a v r o v et al., 1975) devoted to the contents of some ore and rare elements 
in quartz from pegmatites and granitoids allowed him to put forward the me­
thod of "quar tzmetry" aimed at establishing the potential ore-bearing proper­
ties of intrusions and hydro thermal veins. 

Valuable data en the contents of a number of elements in quartz from dif­
ferent-age grancdiorites are given in the works of L y a k h o v i t c h (L y a k-
h o v i t c h. 1972, 1983). The calculated average contents of elements-admixtu­
res in quartz from granitoids of the U.S.S.R. and the ahanges in the contents 
of a number of elements in quartz from granitoids making up polyphase mas­
sifs are shown. There is a clear tendency to maximal accumulation of ele­
ments-admixtures in the late differentiates, what on his opinion, is one of 
the features characterizing ore-bearing potential of granitoids. 

Moreover, the recent studies show the possibility to use data on isomorphic 
admixtures (Al, Ti. etc.) in quartz to decode the crystallization conditions of 
granitoid melt (M a n u i 1 o v a et al., 1983; D e n n e r, 1967). A lot of works 
(M a n u i l o v a et al., 1983 etc.) is devoted to typornorphism of spectroscopic 
properties of quartz according to EPR data. The work of Z e m s k a y a ( Z e m ­
s k a y a — L y a p u n o v. 1984) is devoted to typochemical particularities of 
quartz from granitic pegmatites. 

Method of sampling and preparation of samples 

In order to> get sufficient material on rock-forming and accessory minerals, 
the samples were chipped from the 100 m- net. Depending on the size of the 

http://mag.mati.sm
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rook grains and the degree of homogeneity, the net was either shrinked or 
stretched. Altogether, from the rocks of 11 formations under s tudy 146 mi­
neralogie samples weighing 20—30 kg each have been taken, but. unfortuna­
tely, at the present stage of work not all the formations have been illustrated 
by a n u m b e r of samples sufficient for statistic processing. 

The samples were crushed and by means of flotation 99—100" o pure mono-
mineral quartz was singled out. To minimize quartz agregation with other mi­
nerals for fur ther investigations it has been singled out from fraction 0.25 mm. 
than it was crushed to 0.075 mm and reflotated. Attrit ion of quartz has been 
done in agath mills. 

Analytical methods of study 

To define the contents of elements in quartz its monoimineral fractions were 
analysed qualitatively a number of methods wi th the following sensibility 
(ppm): neutron-act ivat ion — Th = 0.008; Hf. Cs = 0.06; Co = 0.05: Ta.Sc = 0.01; 
atomic-absorbtion (Varian — 875, Perkin Elmer — 403) — Ni = 4.0: Mn = 1 . 0 : 
Zn, Cu = 0.1; Li = 0.3; Ba, Sr, F e = 1 0 . 0 ; quanti tat ive-spectral — Sn, Cu. 
W = 3.0: Nb = 2.0: Mo. Be = 1.0: flame photometry — Li = 0.5: Rb = 5.0: K. 
Na = 50.0. 

Tab. 2 gives average contents of elements in quar tz from the studied forma­
tions calculated on the basis of 1250 cases. Average contents of rare and ore 
elements in quartz from the rocks corresponding successive phases of in t ru­
sion for four formations are given in Tab. 3. 

During the following discussions of the results of the studies we took into ac­
count the fact that the main factors defining the contents of microelements in 
quartz are : concentration of elements in the mineral forming media: acidity-
-alkalinity of the media; ra te of the melt crystallization and its tempera ture 
( L a z a r e n i k o et al.. 1974). While analyzing the contents of ore and rare ele­
ments we were aware of the fact that elements present in quartz may occur 
in various forms: 
— isomorphic form, replacing atinyion Si' | ! (0.39 A°), experimental studies 
(Z e m s k a y a et al.. 1984) proved isomorphic entry into quartz for Al. Ti. Ge. 
Ga. Li. W. P. only: 
— in the form of absorbed atoms, concentrating on the facets and defects of 
a mineral ; 
— in form of non-structured (colloidal) admixtures : 
— as a part of gas-liquid inclusions, usually present in quartz in different 
quantities. 

The most frequent are two forms of the entry of rare and ore elements: 
isomorphic (dispersed) and mineral (concentrated). 

Isomorphic entry of a n u m b e r of elements into quar tz grid may occur accor­
ding to the scheme: Si/l+ - Al:!+ + R+ where R+ are ions of alkali metals. It is 
stated that univalent metals ' inons are located in hollow channals of the frame­
work along (0001) and their presence is reflected by a() parameter of quartz. 

The mineral form of rare and ore elements is provided for by the presence 
of their own minerals in quartz. To detect the presence of micro- and gas-in­
clusions they have been studied in the scanning electron microscope Geol ISM— 
—T—20 and with the help of X-ray analyser Geol IXA—50A. As a result, mi-
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Fig. la. Microinclusions of apatite in quartz, enlarged 350X> 

Fig. lb. Microinclusions of feldspar in quartz, enlarged 350X-
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croinclusioms of apatite, zircon, magnet i te and feldspar (Fig. lb) have been 
found. In apatite inclusions contents of Ce and Nd achieve 0.01 %. 

Despite of such a variety of forms of entry of r a re and ore elements into 
quartz, we suppose, tha t their contents should reflect the geochemical particu­
larities of the final stages of melt crystallization, simultaneous to quartz crys­
tallization. 

To compare average contents of r a re and ore elements in quartz and the 
rocks from which they extracted, we have analyzed 1472 rock samples. Ele­
ments contents in the rocks were defined by E. A. K o r i n a in the laboratory 
of sprectral analysis of IGEM of the U.S.S.R. Ac. Sci. with the help of com­
plete semiquanti tat ive spectral analysis in powder samples by means of eva­
poration from the channel of the electrod of DC coal arc wi th a cathodic-
anodic exciter. 

Elements' contents were defined 'with the following sensibility (ppm): Nb, 
S c = 1 0 ; Sn = 7—8; Zn = 20—30: Cu = 4—6 ; Ni, Co = 7—9 : Be = 0.8—0.9. 
Average contents of a number of elements in a number of rocks under the 
study is given in Tab. 5. 

Ore and rare elements in quartz from the rocks 
of the studied formations 

Tab. 2 gives contents of 19 elements in quartz from each of the rock formations 
of the Great Caucasus. The same table shows average contents of the same ele­
ments in quartz from the granitoids of the U.S.S.R. ( L y a k h o v i t c h , 1986). 

Comparison of average contents of rare and ore elements in quar tz from in­
trusive granites of the U.S.S.R. and from magmatic formation rocks of the 
Great Caucasus shows that the la t ter are characterized by lower contents of 
majority of elements. Higher contents of some elements are exclusive, such 
as Nb — 1.1—2.5 t imes; Be — 1.1—10.7 t imes; Rb — 1.1—9.1 times and espe­
cially W — 4.8—15.1 times and Hf — 1.1—18.4 times. 

One can notice certain tendencies in the change of the contents of a number 
of elements in the quartz from the rooks of magmatic formations, which mani­
fest the alterations of geodynamic regime in the evolution of polycyclic Cauca­
sian moving area from the Baikalian (?) up to the Late Post-Alpine tectono-
magmatic cycle. 

Comparison of contents of the elements under consideration in the quartz 
Írom the rocks of the la te geosyncline formations V and IX which reflect cy-
clicity in the evolution of the Caucasian moving area reveals a certain tenden­
cy. It is, tha t for the quar tz from the more ancient (Midd.Ie Palaeozoic) gabbro-
-diorite-plagiogranite formation V the most characteristic are the higher con­
tents of Nb. Be, — 2 t imes; Hf, W —2.7 t imes; Sc, Co —1.4 ; Rb — 8 . 6 : Cs — 4.4 
times and lower contents of Ta, Th, and Li, if compared to< their contents in the 
quartz from the rocks of the Middle—Late Jurassic gabbro-grani te formation 
IX. 

In the course of evolution there was an increase of the average value of 
K Rb ratio in the quartz from the rocks of these formations. So, in the quartz 
from formation V it is equal to 770. while in the quar tz from the rocks of for­
mation IX — to 1099. 
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Comparison of values of the contents of rare and ore elements in quartz from 
the rocks of formations II. VI. VII. VIII. X. XI which manifest the beginning of 
orogeny in the evolution of the Caucasian polycyclic moving area during the 
Baikalian (?). Hercynian, Alpine cycles revealed the following tendencies: 
— in quartz from the rooks of orogenic formations contents of W, Sn. Mo are 
higher and contents of Co and Sc are lower if compared to such from the rocks 
of the late geosyncline formation. Moreover, the quartz of orogenic formations 
is characterized by lower (325—543) values of K/Rb ratio, than those from the 
rocks of the late geosyncline formations (770—1099). 
— in quartz from the rocks formed during the Baikalian (?) tectono-magmalic 
cycle maximal contents (ppm) of Nb = 10.0 and higher contents of Co = 0.18: 
Be = 2.0 were stated. 
— comparative analysis of contents of a number of elements in quartz from the 
rocks of early orogenic (VII) and late orogenic (VIII) granodiori te-grani te for­
mations, which appeared at the final stage of the Hercynian tectono-magmatic 
cycle made it evident that guartz from the latter is characterized by maximal 
contents (ppm) of W = 31.7: Mo = 1.6 and Cu = 2.2 while that of formation 
VII — by higher contents of Nb = 9.1 and Sn = 2.9. 
— in quartz from the rocks of sub-alkaline and alkaline granites formation 
(X) which appeared in Alpine tectono-magmatic cycle we observed maximal 
(ppm) contents of Ta = 0.74; Th = 3.9; Hf = 12.9; Sn = 3.9; Be = 2 . 4 : Rb = 
= 35.4; Cs = 0.48. 

To reveal tendencies in the change of contents of elements in the quartz 
from the rocks formed in the process of long-term melt differentiation, corres­
ponding results of investigation of quartz from the rocks of successive phases 
of intrusions for four formations — V, VII. VIII .and X aire shown in Tab. 3. 

Prior to the consideration of the results it is wor thy emphasizing that conclu­
sions made on the basis of Tab. 3 have prel iminary character, as the number 
of analyzed quartz samples is not sufficient for statistic t reatment . Anyhow, 
there are certain tendencies in the change of contents of some elements in the 
quartz from the rocks corresponding to successive (from the early to the late) 
phases of the intrusion for the above formations. 

Quartz from the rocks presenting successive dfferentiates of formation V 
has the following particulari t ies in the behaviour of a number of elements: 
— contents of Ta. Mo and Sn remain practically constant, quartz from the 
rocks of the initial phase of intrusion (quartz gabbros) has higher, if compared 
to the quar tz from the rocks of other phases, contents of Hf — 2.0—5.6 t imes: 
Co — 4 t imes: Gs — 1.6—2.2 t imes: 
— for quartz of the late phases of intrusion (granodiorites) maximal contents 
(ppm) of T h = 1 . 8 7 : W = 40; Sn = 3.0; Sc = 0.6 have been established; 
— in quar tz from the rocks presenting the final differentiation products (pla-
giogranites) there is only a t iny accumulation of Be. 

For quartz from the rocks presenting successive differentiates of formation 
VII the following tendencies in the contents of a number of elements have 
been established: 
— contents of Ta and Ni practically do not change; 
— quartz from the rocks of the initial phase of intrusion (granodiorites) is rich, 
if compared to the quartz of all t h e successive phases, in W and Co. while quartz 
from the rocks of the late phase (alaskites, pegmatites) is rich only in Sc and Rb; 
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— in quartz from the rocks, corresponding to successive phases of intrusion 
(from the initial to the final) as a whole, there is a tendency to increase of 
the contans of Nb. Th. Hf. Sn. Mo, Sc, Li. Zn. Rb. and to decrease of the con­
tents of W. Co: 
— maximal contents (ppm) of Sn = 3.0; Zm = 1.9; Be = 1 . 2 ; Cs = 0.34 have 
been established in quartz from biotite granites (the second phase of intrusion) 
while Th = 3.3; Hf = 4.02 and Li = 5.1 in quartz from two-mica granites (the 
third phase of intrusion). 

In contents of a number of elements from the rocks corresponding to succes­
sive differentiates of formation VIII there are the falloving tendencies: 
— in quartz from granodiorites (the initial phase of intrusion) there are ma­
ximal contents of (ppm): Ta = 0.04; Zn = 7.2: Co = 0 . 2 ; Cu = 3.2; Li =0 .9 
while in quartz from biotite granites (the second phase of intrusion) W = 40.0; 
Mo = 2.0 and Rb = 5.3; 
— in course of granodiori te melt differentiation, the quartz from the rocks of 
final members has the higher contents of W, Mo, Rb, Cs and lower contents 
of Ta. Hf, Sn. Zn, Sc, Co, Cu, Li. 

Considering the contents of ore and rare elements in quartz from the rocks 
corresponding to the successive phases of orogenic formation (X) — sub-alka-
iine and alkaline granites revealed the following tendencies: 
— in quartz from the rocks of successive phases of intrusion (from early 
up to the late ones) there is the growth of contents of Ta, Th, Hf, Sn. Be, 
Rb, Cs; 
— in quartz from hornblende granites (the first phase of intrusion) the maxi­
mal contents of Li = 11.0 (ppm) has been established; 
— in quartz from alkaline granites (the final phase of intrusion) the maximal 
contents (ppm) of Ta = 1.4; Th = 4.9; Hi = 26.6; Sn = 8.0; Be = 5.0; Rb = 65.6; 
Cs = 0.76 and minimal contents of Nb = 5.0 have been established if compa­
red with those in quartz from the rocks of the above formations V. VII. VIII. 

To find out the possibility to use the contents and values of accumulation co­
efficient (KM) of ore and rare elements in quartz from the rocks of the investi­
gated formations for evaluation of the probably ore-bearing properties of con­
crete formations, we took samples from the rocks with which the ore minera­
lization is connected spatially or genetically (C h e r n i t z i n et al., 1979). 

For example, wi th biotite granites (second phase of intrusion) formation (VII), 
Pb-Zn. Be and Sn mineralization is associated; in the quartz of these granites 
maximal for all the intrusive phases contents (ppm) of Zn = 1.9; Be = 1.2; 
Sn = 3.0 have been established. Ta-Nb, Pb-Zn, W-Mo and Li mineralization is 
associated with two-mica granites (the third phase of intrusion). Higher con­
tents of Nb = 9.4: Th = 3 . 3 ; W = 25.0: Zn = 1.4 and Li = 5.1; Hf = 4.02 (ppm) 
have been established in the quartz from these rocks if compared to the rocks 
of other phases of intrusion. 

With granodiorites (first phase of intrusions) of formation VIII Pb—Zn and Cu 
mineralization are associated. Quartz from these rocks contains maximal 
amounts of Zn = 7.2 and Cu = 3.2 (ppm). Granites (second phase of intrusion) 
are associated with Mo, W and Ba mineralizations, quartz from these rocks 
contains maximal for this formation amounts of Mo = 2.0 and W = 40.0. 

Quartz from the rocks of early orogenic sub-alkaline-alkaline granitic forma­
tion (X) proved to be the most informative. For instance, W, Mo, Co minerál i -
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zations are associated wi th pegmatoid granites (second phase of intrusion): 
quartz of these rocks contains maximal for this formation amounts (ppm) of 
W = 30.0; Co = 0.28; and Mo = 0.8. Rare metal and rare ear th mineralizations 
are associated with alkaline aegirine-riebeckite granites (third phase of in t ru­
sion), quartz from these rocks contains maximal values of Ta = 1.4; Th = 4.9: 
Hf = 26.6; Sn = 8.0: Be = 5 . 0 ; Rb = 65.5; Cs = 0.76 (ppm). 

The above data on th ree formations (VII, VIII and X) shows the direct de-
pendanoe between certain-metal ore-bearing properties of polyphase intrusi-
ves and the content values of t h e said elements in the quartz from the rocks of 
these formations. 

Moreover one more important part iculari ty is wor th ment ioning: in grani­
toids corresponding to t h e concrete phases of intrusion of the three investiga­
ted formations, in quar tz for which there are high contents of Pb. Zn. Ta. Nb, 
Cu, W, Mo, Sn accessory minerals of the mentioned elements have been found 
( G u r b a n o v — C a m b e l et al., 1984). 

This fact, on the opinion of L y a k h o v i t c h ( L y a k h o v i t c h . 1983) also 
witnesses for ore-bearing potential of granitoids, corresponding to concrete in­
trusive phases of the above formations. It should be born in mind that majority 
of samples from the rock formations V, VII, VIII, X has been taken also from 
the massifs, having poly-phase s tructure due to a high differentiation rate of 
melts. A number of scientists consider ( L y a k h o v i t c h , 1983; T a u s s o n et 
al., 1956: K u r o d a. 1954) th is to be one of the good signs for formation of po­
tential ly ore-bearing intrusions, as often we observe accumulations (up to consi­
derable contents) of rare and ore elements in late differentiates. 

To reflect th is peculiarity in the behaviour of a n u m b e r of e lements we use 
an accumulation coefficient KH. The value KH reflects such an impor tant de­
tail ( L y a k h o v i t c h , 1983) as prevailing dispersion of elements in crystal 
grids of minerals from the rocks of early crystallization stages (KH < 1). or their 
detachment and accumulation in the minerals of the rocks of the late stages of 
granitoid intrusives evolution (K,, > 1). 

Values KH of ore elements in quartz of granitoid polyphase intrusives are 
shown in Tab. 4 for four formations. As one can see if compared with the 
quar tz f r em the rook of the 1st phase of intrusion, there is the most considerable 
contents growth of KH W in the quartz from granitoids of 2nd and especially 
3rd phases of intrusion for formations V, VIII and X; Mo — in the quar tz from 
granitoids of 2nd phase of intrusion of formations V, VII and VIII; Sn — in 
quartz from granitoids of the 3rd phase of intrusion of formations V and VII 
and especially X ; Zn and Cu — in quartz from granitoids of the 2nd and 3rd 
phases of intrusion of formation VII respectively. 

Analysis of KH allows to come to the following suppositions on the ore-ge­
nerat ing ability for a number of rock elements, corresponding to the successive 
phases of intrusion of four formations (Tab. 4): 

— gabbro-diori te-plagiogranite formation V: 
quartz diorite may be potentially W and in a minor degree Mo bear ing: 
granodiorites m a y be potentially W and in minor degree Sn bear ing; 

— granodiori te-granite early erogenic forimation VII : 
biotite grani tes — potentially Zn, Cu, in a minor degree Mo and Sn ore-bearing; 
two-mica granites possess considerable ore-generat ing ability for Zn. Cu, in 
a minor degree — Mo, Sn and W; 
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— granodiorite-granite late-orogenic formation VIII: 
granites — potentially W and Mo ore-bearing; 

— formation of orogenic sub-alkaline and alkaline grani tes X: 
pegmatoid granites — potentially W 'and in a minor degree Sn and Mo ore-bea­
ring ; 

— alkaline granites — potentially Sn and in a minor degree W and Mo bea-

T a b l e 4 
Accumulation coefficient Kn values for some ore elements in quartz from granitoids 

of different phases of intrusion of a number of magmatic formations 

Format ion , 
age 

V. Gabbro-d ior i te -p lag io-
gran i te la te geosyncl ine 
D , - C , 

VIII . Granod io r i t e -g ran i t e 
l a te orogenic 
C, - P , 

VIII . Granod io r i t e -g ra ­
ni te la te orogenic 
P 

X. Orogenic, of suba lka l i -
ne and a lka l ine grani tes 
K, 

In t rus ion 
phase 

2 

3 

2 

3 

2 

2 

3 

W 

3.8 

5.0 

0.8 

1.1 

1.5 

4.0 

1.1 

Mo 

1.3 

1.0 

1.4 

1.3 

1.4 

1.0 

1.0 

K H 

Sn 

1.0 

1.5 

1.5 

1.4 

0.8 

1.5 

4.0 

Z n 

3.0 

2.0 

0.3 

Cu 

4.0 

3.0 

0.4 

It should be mentioned that the above suppositions on ore-bearing potential 
go in good accordance with the geological data we have at our disposal ( C h e r-
n i t z i m et al., 1971) on the relat ion be tween the1 corresponding ore mineraliza­
tion with the rocks of tlhe .above specified magmatic formations (V, VII, VIII). 

Great importance is given to the data on the changes of contents of ore and 
rare elements in quartz, which t ake place under anatectic melting of mica 
schists and gneisses (formation III) in the process of regional Variscan (?) or 
more ancient metamorphism under the conditions of amphibol/ite and epidot-am-
phibolite middle-depth facias and formation, a t the i r expence, of the rocks of 
granite-migmati te formations (IV) (G u r b a n o v et al., 1984; von P l a t e n , 
1967). 

We stated that under this process the contents of Nb, Hf and Sn in the 
quartz from the rooks of these formations do not change. Anyhow, in the 
quartz from the rocks of grani te-migmati te formation we observed the growth 
of contents (Tab. 2) of Ta — in 4 t imes; Th — 3 t imes; Cs — 3.8 t imes; Rb — 
5.6 times and an insignii'ficant increase of contents of Co — in 1.1 t imes and 
W — by 1.4 ppm what can be explained by the additional supply of the mat te r 
taking place under metamorphic conditions. Simultaneously, in quartz from the 
cocks of granite-migmati te formation takes place insignificant (if compared 
with that in mica schists and gneisses) decrease of contents of Sn, Zn, Sc, Ni, 
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Cu, Li what, probably happens due to carry out of material during regional 
metamorphism. 

Taking into account the wide spread of granite-migmati te rooks of formation 
(IV) among the s tructures of the crystalline core of the Great Caucasus accumu­
lations of Ta. Th and W present a certain interest as, under favourable conditi­
ons, an ore body might be formed, 

Comparison of average contents of rare and ore elements in the rocks of 
different formations (Tab. 5) with their contents in quar tz from the rocks of 
the same formations (Tab. 2) has been of a great interest. A curious tendency 
was revealed: quartz, no mat ter how simple its composition might seam, inhe­
rits geoehemical particularit ies of a parent rock. 

So. higher, if compared with granitoids of other formations, contents of Sn 
and Be in alkaline and sub-alkaline granites (formation X) are reflected by 
the higher contents of the said elements in quartz from the rocks of the same 
formation; high contents of Mo in the rocks of granodiori te-granite late oro-
genic formations (VIII) and Sc in formations III, V and VI is inheri ted by quartz 
from the rooks. For such elements as Cu, Zn, Ni. Li this dependance has not 
been established, as we did not distinguish them in the rocks of a number 
of formations. 

Conclusions 

Analysis of data on average contents of ore and rare elements in quartz 
from the rocks different age (from the Middle Riphean? up to Pliocene—Quar­
tern ary) magmatic formations and metamorphic series, developed in three 
structural-formational zones (Bechasynskaya, Peredovoy and the Main Ridge) 
of the Great Caucasus allowed to come to the following conclusions: 

1. Quartz from the orogenic formations rocks (II, VI. VTI. VIII, X. XI) are 
characterized, in general, by a higher (if compared with those from the rocks 
of the late orogenic formations V and IX) contents of W, Sn. Mo and relat i­
vely lower contents of Co and Sc. 
Quartz from the rocks of orogenic formations are characterized by lower (325— 
—543) values of K Rb ratio if compared wi th analogous ratio in quartz from 
the rocks of the late geosyncline formations (770—1099). 

2. Basing on the example of the late geosyncline gabbro-diori te-plagiogranite 
(V). early orogenic granodiori te-granite (VII), late-orogenic granodiori te-grani te 
(VIII) formations and a formation of sub-alkaline and alkaline granites (X) it 
has been stated, that in the quartz from the rocks corresponding to the succes­
sive phases of intrusion of these formations, at final stages of magmatic activity, 
concentration of some rare and ore elements takes place. For example, quartz 
from the rocks of formation V is rich in Th. W. Sn. Be, Sc: quartz from for­
mation VII — in Nb. Th, Hf, Mo. Sc, Li. Rb: from formation VIII — W, Mo, 
Rb. Cs: and from the rocks of formation X — in Ta Th, Hf. SIT. Be. Rb, Cs. 

3. It is shown that contents and values of accumulation coefficients KH of 
ore and rare elements in quartz from the rocks composing polyphase intrusives 
may be used for evaluation of potential ore-bearing properties of the rocks. 

4. It is stated that quartz inherits geoehemical properties of the parent rock. 
5. It is shown that during the process of metamorphic transformation of the 

rooks (formation III — mica schists and gneisses) of the crystalline core of the 
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Great Caucasus into the granite^migmatite formation IV in quartz from the 
rocks of formation IV the contents of Ta increases 4 t imes; Th — 3 t imes; Rb — 
5.6 t imes; C s — 3 . 8 t imes and W — by 1.4 ppm. Simultaneously the contents 
of Mo decreases 1.2 t imes; Zn, Co, Li — 1.3 t imes; Cu — 1.6 t imes; Sc — 1.5 
times. 

6. While comparing the average W contents in quartz from the granitoids 
of the U.S.S.R. and tha t of metamorphic series and 10 different age magmatic 
formations, developed in three s t ructural-formational zones (Bechasynskaya. Pe-
redovoy and t h e Maim Ridgla) of the Great Caucasus we have established that 
W contents increases sharply (4.8—15.1 times). This fact, together wi th multiple 
data on association of W imiineralization ( C h e r n i t z i n et al.. 1971) with diffe­
rent age (from the Middle-Riphean ? up to Pliocene—Quarternary) rocks of 
magmat ic formations presents a certain interest for metallogenic modelling. 
Higher contents of W (30 ppm) in quar tz from the most ancient metamorphic 
rocks of the crystalline core of the Great Caucasus also presents some interest 
as, in the caurse of evolution of the Caucasian moving area during Baikalian 
(?), Caledonian, Hercynian and Alpine tectono-magmatic cycles from the rocks 
which had been already rich in W and had been forming sialic crust of the mo­
ving area, granitoids had been melted out inheri t ing richness in W. Combination 
of the above factors allowed us to put forward a supposition that the Cauca­
sian moving area might be refered to W-bearing provinces. 
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