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CONTENTS OF RARE AND ORE ELEMENTS IN QUARTZ FROM
DIFFERENT AGE MAGMATIC FORMATIONS AND METAMORPHIC
SERIES OF THE GREAT CAUCASUS

(Fig. 1, Tabs. 5)

Abstract: Authors determined contents of 19 elements from meta-
morphic series and from 10 magmalic formations of different age at the
Great Caucasus. The data obtained lead to conclusion that contents and
accumulation coefficients (Kp) of certain elements in quartz from the
rocks of polyphase plutons can be used as ore potential indicators: quartz
inherits geochemical features of the host rocks; considerably increased
W contents in quartz from the rocks of all investigated formations in
combination with the data on associated with certain formations W-ore
mineralization permits to distinguish Caucasus orogenic belt as a poten-
tially W-bearing province.

Pezwme : Ha oCHOBAHMM ONPEIEIICHUA COAEPMaHMIT 19 3JIEMCHTOR B KBAD-
nax n3 meramopdgpryeckux o0pazosaniil 1 nopojk 10 PasHOBO3PACTHLIX Mar-
marmueckux popmaniiit Boneimoro Kaskasa YCTAHOBICHO, HTO: COACPIKAHMS
I Koa(ppuumenTsl HakotieHus (Ky) pajga 2/1eMEeHTOB B KBapLax M3 IOPOJ,
CAArAOMMX MHOrO(PA3HLIE MHTPY3UBL, MOTYT MCIOAL3OBATHECA JUJISL OLCHKH
HX MOTCHUMAIBHON PYJOHOCHOCTH; KBAPULI HACIEAVIOT FEOXHUMHYECKIC OCO-
OEHHOCTH MATCPUHCKIX MOPOJ; PC3KO MOBBILUCHHBIC cojfep:anus W B Ksap-
1AX M3 HOPOJ BCEX PACCMOTPCHHBIX (hopMalMit B COUETAHMIL C JAHHBIMK
0 cBA3M ¢ mwmn W OpYAHEHMS NO3BOMIIM OTHECTH KaBKA3CKYI0 CKIAAYATYIO
0GMACTE K UMCHY MOTCHIHANBHO BOMB(PPAMOHOCHBIX MCTAJUIONCHMYECKHX 1IPO-
BIHTLHIT.

Introduction

Carrying out geochemical study of quartz (evaluating Nb, Ta, Th, HI, W,
Sn, Mo, Zn, Cu, Ni, Co. Sec. Be, Li, Rb, Cs, K, Na, Fe, contents) from the
Pre-Palaeozoic rocks (Alanas yev et al. 1971) of metamorphic core of the
Creat Caucasus anticlynorium and magmatic formations. making up different
age (Proterozoic?—Pliocene—Quaternary) series, which manifest the replacement
of geodynamic regimes within various structural-formational zones composing
the Caucasian polycyclic moving area during its evolution, the authors put
[orward the [ollowing tasks:

1. To characterize quartz from the rocks of the studied formations by means
ol contents of the above mentioned elements to find out if there is any geoche-
mical specialization of quartz from the rocks, which characterize concrete evolu-

*Dr. A, G. Gurbanov, L. F,. Kartashova, E. A, Korina, Institute of
Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry of Academy
ol Sciences U.S.S.R., Staromonetny per. 35, 109017 Moscow, Z-17.

¥ T, T. Lvakhovitch, Institute of Mineralogy, Geochemistry and Crystallo-
chemistry of Rare Elements. Sadovnicheskava nab. 71, 113127 Moscow.
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tionary stages (geosyncline, inversion. orogeny) of Caucasian moving area within
the Baikalian(?). Caledonian, Hercynian and Alpine tectono-magmatic cycles.

2. To clear up if the quartz inherits gzochemical 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 eru-
nite-migmatite formation,.

4. To find out tendencies in the change of contents of a number of ore and
rare elements in quartz [rom the rocks corresponding to the successive phaszs
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 coelficiencies in order to daline
potentially rare-metal and ore-bearing formations.

Basing on thesz tasks we have samplad eleven magmatic and metamorphic
formaticas. Taking into account the fact that these formations belong to diffe-
rent structural-formational zones (SFZ), the authors considered it necessary
io give brzal geological-petrographic and metallogenic charvacteristics of SFZ
within which the investigated formations are developad. Each of the investigatad
formations was given a number depending on its age (I — the most ancient,
XI — th= youngest) despite of its location within a certain SFZ.

Petrologic-geological characteristics of formations

Evolution of magmatism 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 zcnes have been singled
aut (by Afanasiev et al, 1971): Bechasynskaya, Peredovoy. the Main Ridge
and the Southern slope. Evolutionary history and structure of thes=2 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 sublatitudinal deep-formed zones and submeridional
ones (Khain, 1961: Gurbanov etal., 1978).

Bechasynskaya SFZ has two layer structure. Its basement is composed by
highly dislocated Przcambrian and Early Proterozoic matamorphic 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 tha Main Ridge
as far as the degrez ol granitoid magmatism manifestation is concarnad. The
rocks of basement are outeroppad oaly in the valleys of large rivers.

The structure of sedimentary cover if compared to the onz of the basement
is comparatively simple, it is composzed 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 quartz from the following rock formations has bzen
analyzed (se2 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—Sillurian) up to
orogeny (Middle Carboniferous—Permian). Each of the stages is characterized
by certain magmatic fermations. The SFZ is characterized by ultrabasic intru-
sions., early gecsyncline basalt plagiorhyolite Devenian association, Late Pa-
laeozoic thin andesitic covers. dacites, lyparites and their tuffs of crogenic
stage. The zene has chaleopyrite mineralization of the Devenian age and Lower
Carboniferous magnetite metallization. Cupreous sandstones and tiny gold pla-
cers formed in the Upper Palaeozoic (Chernitsin et al, 1971).

Within the above SFZ quartz from the following formaticns has been ana-
lysed (see Tab. 1).

SFZ of the Main Ridge acquired anticlynorial structure in Hercinian time
while the SFZ cof the Peredovoy Ridge adjacing to it in the north turned to
be a graben synclinorium. In its 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 granodiorite-granite intrusions what is confirmed by radiclogical data
(Gurbanov et al, 1984). Forming of SFZ was participated by intensively
dislocated metamorphic formations of Precambrian (7) age. belonging to am-
phibolite and epidote-amphibolite middle-depth metamorphic facies as well as
to anatectic autochthenous granite-migmatites and interrupted by granitoids
of early crogenic stage. These rocks 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 during all the evolutionary epochs it presented the area of maxi-
mal generation of granific magmas while significant bodies of basic magmatic
rocks are absent., According to the data of V. B. Chernitsin (Chernitsin
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
ete.: for the late Alpian — Mo, W, Bi, Sn ete. what also proves the existance
of metallogenit heridity for this zone.

The cheice of quartz to solve the above tasks is based upon the lact, that
quartz, if compared to other rock-forming minerals in completely crystalline
magmatic rocks appears as a rule, at the late phase of melt crystallizaticn, evo-
lution of which results in outflow of fluids, ore bearing cnes amcng them.
That is why we supposed. that the analyzed quartz might carry information
about geochemical particularities of graniteids as well as about the contents
of a member of ore and rare elements in the residual melt, which hakes part
in the [ormatien of hydrothermal and hydrothermal-metasomatic mineraliza-
tion.

Simultaneously with the quartz from “ore-free” granites. the quartz from
dilfferent-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 (electren-
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paramagnetic resonance) method with the help of Bruker EK 200D SRC spec-
trometer under T = 18—22°C and liquid nitrogene we studied a stable para-
magnetic center AL-O" (replacement of Al by Si in silica-oxygene tetrahedrum
with lcealizaticn of nen-coupled electren al a neighbouring atem of oxygen)
we also investigated quartz from the rocks of the magmatic formaticns under
the study and from a number of hydrothermal deposits. As a result we found
out that the average contents of Al-O7 centers in quarkz from granite is iequal
to 20 arbitrary units, what makes it sharply different [rom hydrothermal guartz
as the quartz [rom ore kbearing veins contains 10 arbitrary units of this cen-
ter. and quartz from cre-free veins — 7 a.u. Therefore, hydrothermal quartz
was not prezzat in the studied samples.

It is worth stating. that within the recent 30 years quartz from quartz-vein
formations. from pegmatites and more seldem, from granites has being stu-
died in order to prove the genetic relation of endogenous mineralization and
magmatism, to decode the temperature conditions of melt crystallization as
well as those of regional metamorphism, to find out vertical temperaturs zo-
ning cn the example of a number of hydrothermal depesits.

The works of the initial period (late 50ties) gave the data on contents of
petrogenic elements Na, K, Al, Mg. Fe and volatiles — Cl, F, 8O,. CO, in quartz
(Ermakov, 1957) a less amount of works was devoted to the study of con-
tents of ore and rare elements in quartz from diorites, grancdicrites and gra-
nites. Geochemical literature presents data on quantitative definitien of Li.
B. U. Be. Sn. Mo. Ta. Nb, and Pb in quartz from pegmatites and 'more seldom
from granites (Taussomn et al., 1956: Zemskaya et al.. 1984: Denned.
1967; Kuroda—Sandell, 1954). Works of Stavrov (Stavrov, 1961;
Stavrov et al., 1975) devoted to the contents of some ore and rare elements
in quartz from pegmatites and graniteids allowed him to put forward the me-
thod of “quartzmetry”™ aimed at establishing the potential ore-bearing proper-
ties of intrusicns and hydrothermal veins.

Valuable data cn the cocntents of a number of elements in quartz from dif-
ferent-age grancdiorites are given in the works of Lyakhoviteh (Lyak-
hoviteh. 1972, 1983). The calculated average contents of elements-admixtu-
res in quartz [rem graniteids of the U.S.S.R. and the changes in the contents
of a numkter 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 granitcids.

Moreover, the recent studies show the possibility to use dala on isomorphic
admixtures (Al, Ti, ete) in quartz to decode the crystallization conditions of
granitcid melt (Manuilova et al, 1983: Denner, 1967). A lot of works
(Manuilova et al, 1983 ete) is devoled to typomorphism of spectroscopic
preperties of quartz according to EPR data. The work of Zemskaya (Zem-
skaya—Lyapunov, 1984) is devoted to typochemical particularities of
quartz [rom granitic pegmalites.

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
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rock grains and the degree of hoemcegeneity, the net was either shrinked or
stretched. Altogether, from the rocks of 11 formations under study 146 mi-
neralogic 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 number of samples sulficient for statistic processing.

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

Analytical methods of study

To define the contents of elements in quartz its moncemineral fractions were
analysed qualitatively a number of methods with the following sensibility
(ppm): neutron-activation — 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, Fe = 10.0; quantitative-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 quartz from the studied forma-
tions calculated on the basis of 1250 cases. Average centents of rare and ore
elemznts in quartz from the rocks corresponding successive phases of intru-
sion fer four formaticns are given in Tab. 3.

During the following discussions of the results of the studies we tcok into ac-
count the fact that the main factors defining the centents of micreelements in
quartz are: concentration of elements in the mineral forming media: acidity-
-alkalinity of the media: rate of the melt crystallization and its temperature
(Lazarenko 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 varicus forms:

— isomorphic form, replacing atinyion Si'" (0.39 A®), experimental studies
(Zemskaya etal.1984) proved isomorphic entry into quartz for Al Ti, Ge.
Ga. Li, W, P, only:

— in the form of absorbed atoms. concentrating en the facets and defects of
a mineral:

— in form of non-structured (ceclloidal) 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).

Iseomerphic entry of a number of elements into quartz grid may occur accor-
ding to the scheme: Si%' -~ 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 aleng (0001) and their presence is reflected by e, parameter of quartz.

The mineral form eof rare and ore elements is provided for by the prasence
of their own minerals in quartz. To detect the presence of micro- and gas-in-
clusicns they have been studied in the scanning electren micrescops Geol ISM—
—T—20 and with the help of X-ray analvser Geol IXA—50A. As a result mi-
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Fig. 1a. Microinclusions of apatite in quartz, enlarged 350>

Fig. 1b. Microinclusions of feldspar in quartz, enlarged 350><.
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croinclusions of apatite, zircon. magnetite and feldspar (Fig. 1b) have been
found. In apatite inclusions contents of Ce and Nd achieve 0.01 /.

Despite of such a variety of forms of entry of rare and ore elements into
quartz, we suppose, that 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 rare and ore elements in quarlz and the
rocks from which they extracted, we have analyzed 1472 rock samples. Ele-
ments contents in the rocks were defined by E. A. Korina in the laboratory
ol sprectral analysis of IGEM of the U.S.S.R. Ac. Sci. with the help of com-
plete semiquantitative spectral analysis in powder samples by means of eva-
poration from the channel of the electrod of DC coal arc with a cathodic-
anodic exciter.

Elements’ contents were defined with the following sensibility (ppm): Nb,
Sc=10; Sn=17T—8; Zn = 20—30; Cu=4—6; Ni, Co=T7—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 rarve elements in quartz from the rocks
of the studied formations

Tab. 2 gives contents of 19 elements in quartz from each of the rock [ormations
of the Great Caucasus. The same table shows average contents of the same ele-
ments in quartz from the granitoids of the US.SR. (Lyakhovitch, 1986).

Comparison of average contents of rare and ore elements in quartz {from in-
trusive granites of the U.S.S.R. and from magmatic formaticn rocks of the
Great Caucasus shows that the latter are characterized by lower contents of
majority of elements. Higher contents of some elements are exclusive, such
as Nb — 1.1—2.5 times; Be — 1.1—10.7 times; 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
ol elements in the quartz from the rocks of magmatic formations, which mani-
fest the alterations of geodynamic regime in the evolution of polycyclic Cauea-
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
[rom the rocks of the late geosyncline formations V and IX which reflect cy-
clicity in the evolution of the Caucasian moving area reveals a certain tenden-
ey, It is, that for the quartz from the more ancient (Middle Palaeozoic) gabbro-
-diorite-plagiogranite formation V the most characteristic are the higher con-
tents of Nb, Be, — 2 times; Hf, W — 2.7 times; 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-granite formation
1X.

In the course of evolution there was an increase of the average value ol
K Rb ratio in the quartz from the rocks of these formations. So, in the quartz
frem formation V it is equal to 770. while in the quartz from the rocks of for-
mation IX — to 1099.
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Comparison of values of the contents of rare and ore clemants in quartz from
the rocks of [ormations 11, VI, VII. VIII, X, XI which manifest the beginning of
orogeny in the evolution of the Caucasian polycyclic moving area during the
Baikalian (?). Hercynian, Alpinz cycles revealed the following tendencies:

— in quartz from the rocks 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 characterizad by lower (325—543) values of K/Rb ratio. than those [rom the
rocks of the latz 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) granodiorite-granite for-
mations, which appeared at the final stage of the Hercynian tzctono-magmatic
cvele 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 formaticn
(X) which appeared in Alpine tectono-magmatic cycle wa observad maximal
(ppm) contents of Ta = 0.74; Th = 3.9; Hf =12.9; Sn=3.9: Be =24: Rb=
= 35.4: Cs = 0.48.

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

Prior to the consideration of the results it is worthy emphasizing that conclu-
sions made on the basis of Tab. 3 have preliminary character. as the number
of analyzed quartz samples is not sufficient for statistic treatment. 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 particularities in the bzhaviour of a number of elements:

— coatents of Ta, Mo and Sn remain practically constant, quartz from thz
rocks of the initial phase of intrusion (quartz gabbros) has higher, if comparad
to the quartz from the rocks of other phases, contents of Hf — 2.0—5.6 times:
Co —4 times: Cs — 1.6—2.2 times;

— for quartz of the late phasss of intrusion (granodiorites) maximal contents
(ppm) of Th=187: W=40: Sn=3.0; Sc= 0.6 have been established:
— in quartz from the rocks presenting the final differentiation products (pla-
giogranites) there is only a tiny 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 the successive phases, in W and Co, while quartz
from the rocks of the late phasea (alaskites, pegmatites) is rich only in Sc and Rb:
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— in quartz from the rocks, corresponding to successive phaszs of intrusion
(from the initial to the final) as a whole, there is a tendency to increase of
the contens of Nb, Th, Hf. Sn, Mo, Sc, Li, Zn, Rb. and to dzcrease ol the con-
t-nts of W. Co:

— maximal contents (ppm) of Sn=3.0; Zn=19; Be=12; Cs = 0.34 have
besn eslablished in quartz from biotite granites (the second phasz of intrusion)
while Th = 3.3: Hf =4.02 and Li = 5.1 in quartz from two-mica granites (the
third phas2 of intrusion).

In contents of a number of elements from the rocks corresponding to succes-
sive differentiates of formation VIII there are the folloving tendencies:

— in quartz from granodiorites (the initial phasz of intrusicn) there ars ma-
ximal contents of (ppm): Ta=0.04; Zn=172: Co=0.2; Cu=3.2: Li=09
while in quartz [rom biotite granites (the second phasz of intrusion) W = 40.0;
Mo = 2.0 and Rb = 5.3;

— in course of granodiorite melt differentiation, the quartz from the rocks of
[inal membears has the higher contents of W, Mo, Rb, Cs and lower coatznts
af Ta. Hf: Si, Zn. Se; Co, Cu, Li

Considering the contents of ore and rare elements in quartz from the rocks
correspending to the successive phases of orogenic formation (X) — sub-alka-
linz and alkaline granites revealed tha following tendencias:

— 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 quarlz from hornblends granites (the first phase ol intrusion) the maxi-
mal contzats of Li = 11.0 (ppm) has bzen =stablished;

— in quartz [rom alkaline granites (the final phase of intrusion) the maxinal
contents (ppm) of Ta = 1.4: Th =4.9: Hf = 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-
s[ficient (I;)) of ore and rare elements in quartz from the roz's 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 orz minera-
lization is connected spatially or genetically (Chernitzin et al, 1979).

For example, with biotite granites (second phase of intrusion) formation (VII).
’o-Zn, Be and Sn mineralization is associated; in the quartz of these granites
maximal for all the intrusive phaszs contents (ppm) of Zn=19; 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 phasz of intrusion). Higher con-
tonts of Nb=94; Th =3.3;: W =25.0: Zn = 14 and Li = 5.1; Hf ="4.02 (ppm)
have been established in the quartz from these rocks if compared to the rocks
of other phaszs 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 minerali-
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zations are associated with 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 earth mineralizations
are associated with alkaline aegirine-riebeckite granites (third phase ol intru-
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 = (.76 (ppm).

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

Morveover one more important particularity is worth mentioning: in grani-
toids corresponding to the concrete phases of intrusion of the three investiga-
ted formations, in quartz for which there are high contents of Pb, Zn. Ta, Nb,
Cu, W, Mo, Sn accessory minerals of the mentioned elements have been found
(Gurbanov—Cambel et al., 1984).

This fact, on the opinion of Lyakhovitch (Lyakhovitch, 1983) also
witnesses for ore-bearing potential of granitoids, corresponding to concrete in-
frusive 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 structure due to a high differentiation rate of
melts. A number of scientists consider (Lyakhovitch, 1983: Tausson et
al., 1956: Kuroda, 1954) this to be one of the geod signs for formation of po-
tentially ore-bearing intrusions, as often we observe accumulations (up to consi-
derable contents) of rare and ore elements in late differentiates.

To reflect this peculiarity in the behaviour of a number of elements we use
an accumulation coefficient K,;. The value K, reflects such an important de-
tail (Lyakhovit ch, 1983) as prevailing dispersion of elements in crystal
grids of minerals from the rocks of early crystallization stages (K, < 1), or their
detachment and accumulation in the minerals of the rocks of the late stages of
granitoid intrusives evolution (K;; > 1).

Values Ky of ore elements in quartz of granitoid polyphase intrusives are
shown in Tab. 4 for four fermations. As cne can see if compared with the
quartz frem the rock of the 1st phase of intrusicn, there is the most considerable
contents growth of K;; W in the quartz from granitoids of 2nd and especially
3rd phases of intrusicn for formations V, VIII and X; Mo — in the quartz 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 granitecids of the 2nd and 3rd
phases of intrusion of formation VII respectively.

Analysis of K;; allows to come to the following suppositions on the ore-ge-
nerating ability for a number of rock elements, corresponding to the successive
phases of intrusicn of four formations (Tab. 4):

— gabbro-diorite-plagiogranite formation V:

Jquartz diorite may be potentially W and in a minor degree Mo bearing:
granodiorites may be potentially W and in minor degree Sn bearing:

— granodiorite-granite early orogenic formation VII:
biotite granites — potentially Zn, Cu, in a minor degree Mo and Sn ore-bearing:
two-mica granites possess considerable ore-generating ability for Zn. Cu. in
a1 minor degree — Mo, Sn and W;
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— grancdiorite-granite late-orogenic formation VIII:
granites — potentially W and Mo ore-bearing:

— formation of orogenic sub-alkaline and alkaline granites 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-
ring.

Table 4
Accumulation coefficient K;; values for some ore elements in quartz from granitoids
of different phases of intrusion of a number of magmatic formations

Formation, Intrusion Ku

- hs —

8¢ phase W Mo Sn Zn Cu
V. Gabbro-diorite-plagio- 2 3.8 1.3 1.0
granile late geosyncline
D, —C, 3 5.0 1.0 1.5
VIII. Granodiorite-granite 2 0.8 1.4 1.5 3.0 4.0
late orogenic
c,—P 3 1.1 1.3 1.4 2.0 3.0
VIII. Granodiorite-gra-
nite late orogenic
P 2 1.5 1.4 0.8 0.3 0.4
X. Orogenic, of subalkali- 2 4.0 1.0 1.5
ne and alkaline granites
K. 3 1.1 1.0 4.0

It sheuld be menticned that the above suppositions on ore-bearing potential
go in goed accordance with the geological data we have at our disposal (C h e r-
nitzim et al. 1971) on the relation between the corresponding ore mineraliza-
tion with the rocks of the 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 take 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 amphibolite and epidot-am-
phibolite middle-depth [acies and [ormation, at their expence, of the rocks of
granite-migmatite formations (IV) (Gurbanowv et al, 1984: von Platen,
1967).

We staled that under this process the contents of Nb, Hf and Sn in the
quartz from the rocks ol these [ormations do not change. Anyhow, in the
quartz from the rocks ol granite-migmatite formation we observed the growth
of contents (Tab. 2) of Ta—in 4 times; Th — 3 times; Cs — 3.8 times; Rb —
3.6 times and an insignilficant increase of contents of Co —in 1.1 times and
W — by 1.4 ppm what can be explained by the additional supply of the matter
taking place under metamorphic conditions. Simultaneously, in quartz from the
rocks of granite-migmatite formation takes place insignificant (il compared
with that in mica schists and gneisses) decrease of contents of Sn, Zn, Se, 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-migmatite rocks of [ormation
(IV) among the structures 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 eiements in the rocks ol
different formations (Tab. 5) with their contents in quartz from the rocks of
the same formaticns (Tab. 2) has been of a great interest. A curious tendency
was revealed: quartz, no matter how simple its composition might seam, inhe-
rits gzochemical particularities of a parent rock.

So. higher, il 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 {rom the rocks of the same
formation; high contents of Mo in the rocks of granodiorite-granite late oro-
genic formations (VIII) and Sc in formations III. V and VI is inherited by quartz
(rom the rocks. For such elements as Cu, Zn, Ni. Li this dependance has not
bezn established. as we did not distinguish them in the rocks of a number
of formations.

Conclusions

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

1. Quartz from the orogenic fecrmations rocks (II, VI. VII, 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 relati-
vely lower cantents ol Co and Sc.

Quartz [rom the rocks of orogenic formations are characterized by lower (325—
—>543) values of K Rb ratio if compared with analogous ratio in quartz from
the rocks of the late geosyncline formations (770—1099).

2. Basing on the example of the late geosyncline gabbro-diorite-plagiogranite
(V). early orogenic granodiorite-granite (VII), late-orogenic granodiorite-granite
(VIII) formaticns and a formatien of sub-alkaline and alkaline granites (X) it
has been stated. that in the quartz [rom the rocks correspending 1o the succes-
sive phases of intrusion of these formations, at final stages of magmatic activity,
cencentration of some rare and cre elements takes place. For example, quartz
[rem the rocks of formation V is rich in Th, W. Sn. Be. Sc: quartz {rom for-
matien VII — in Nb. Th. HI. Mo. Se¢, Li. Rb: from formation VIII — W, Mo.
Rb. Cs: and from the rocks of formation X — in Ta Th, Hf, Sn. Be, Rb, Cs.

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

4. Tt is stated that quartz inherits gecchemical properties of the parent rock.

5. It is shown that during the process of metamorphic transformation of the
roaks (formation TIT — mica schists and gneisses) of the crystalline core of the
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Great Caucasus into the granite-migmatite formation IV in quartz [rom the
rocks of formation IV the contents of Ta increases 4 times; Th — 3 times: Rb —
5.6 times; Cs — 3.8 times and W —by 1.4 ppm. Simultaneously the contents
of Mo decreases 1.2 times: Zn, Co, Li — 1.3 times; Cu—1.6 times; Sc— 1.5
times.

6. While comparing the average W contents in quartz from the granitoids
of the U.S.S.R. and that of metamorphic series and 10 different age magmatic
formations, developed in three structural-formational zones (Bechasynskaya, Pe-
redovoy and the Main Ridge) of the Great Caucasus wiz have established that
W contents increases sharply (4.8—15.1 times). This fact, together with multiple
data on association of W mineralization (Chernitzin et al.. 1971) with diffe-
rent age (from the Middle-Riphean ? up to Pliocene—Quarternary) rocks of
magmatic formations presents a certain interest for metallogenic modelling.
Higher contents of W (30 ppm) in quartz 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 inheriting 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.

REFERENCES

AFANAS'YEV, G. D, — BORSUK, A. M. — KONDAKOV, L. A, 1971: The true
magmatic associations of the Northern Caucases. Izv. Akad. Nauk SSSR, Ser. geol.
(Moscow), 7, pp. 3—2T.

AFANASYEV, G. D. — GURBANOV, A. G., 1974: Mesozoic—Cenozoic subalkaline
intrusive magmatism of the axial portion of the Main Caucasian range as in the
Kardyvach Magmatic Focus (Northwestern Caucasus). Izv. Akad. Nauk SSSR.
Ser, geol. (Moscow), 1, pp. 19—45.

BORSUK, A. M., 1979: Mesozoic and Cenozoic magmatic formations of the Great
Caucasus. Nauka, Moscow, 298 pp.

VINOGRADOV, A. P., 1962: Average contents of chemical elements in the main types
of magmatic rocks of the Earth’'s crust. Geokhimia (Moscow), 7, pp. 555—571.

GURBANOV, A. G. — ZEMBATOV, S. S., 1978: Submeridional weak zones and their
role in the localization of polyvmetalic mineralization in the north Osetia. Izv. Akad.
Nauk SSSR, Ser. geol. (Moscow), 5, pp. 106—120.

GURBANOV, A. G. — CAMBEL, B. — MACEK, J., 1984: Comparative analysis of
the Variscan granitoids of the Great Caucasus and Western Carpathians. Geol.
Zbor.Geol, carpath. (Bratislava), 31, 1, pp. 61—90.

ERMAKOV, N. P., 1957: Significance of mineral inclusions research for the ore-
-formation theory and study of mineral-forming media. Vol. of ALL-Union scientif.-
-research inst. of optic min. raw mat., 1, 2, pp. 9—29.

ZEMSKAYA, I. P. — LYAPUNOV, S. M., 1984: Typochemical properties of quartz
from granitic pegmatites. In: Typochemics of minerals of granitic pegmatites.
IMGRE, Moscow, pp. 46—54.

LAZARENKO, E. K, — PAVLISHIN, N. V., 1974: Tyvpomorphic properties of quartz.
In: Quartz typomorphism in Ukraine. Naukova Dumka, pp. 3—11.

LYAKHOVITCH, V. V., 1972: Rare elements in granitoid rock forming minerals.
Nedra, Moscow, 199 pp.

LYAKHOVITCH, V. V., 1983: Ore-generating property factors of granitoids. Nauka.
Moscow, 254 pp.

LYAKHOVITCH, T. T., 1986: Quartz typochemistry in granitoids. Summary of the
dissertation for the degree of a candidate of geol. sci., Moscow, 16 pp.



RARE AND ORE ELEMENTS IN QUARTZ 407

MANUILOVA, M. M. — DANILEVITCH, A. M. — KIRIKOV, A, L., 1983: Structural
alluminium admixture in quartz as an indicator of granitoid formation conditions.
Sov. Geol. (Moscow), T, pp. 7TT—8T7.

STAVROV, O. D.. 1961: Data on the rare elements contents in quartz. Geokhimia
(Moscow), 7, pp. 508—514.

STAVROV, O. D. — ZOZULYA, T. A, 1975: K Rb ratio in quartz [rom the tin-ore
deposits — indicator of their relation to the magmatic origin. Geokhimia (Moscow),
7. pp. 1043—1048.

TAUSSON, L. V. — KRAVCHENKQ, L, A. 1956: Peculiarities of the Pb and Zn
distribution in the minerals of Caledonian granitoids of Susamyr Batholith (Central
Tien-Shan). Geokhimia (Moscow), 1, pp. 81—89.

VON PLATEN, 1967: The anatexsis experimental study and genesis of migmatites.
In: The nature of metamorphism. Mir, Moscow, pp. 211—226.

KHAIN, B. E., 1968: Tectonic zoning. In: Geology of the USSR. Nedra, Moscow,
IX, pp. 566—572.

CHERNITZIN, V. B. — ANDRUSHCHUK, V. L. — RUBTSOV, N. F., 1971: Metallo-
genetic zones of Central and North-Western Caucasus. Nedra, Moscow, 207 pp.

DENNEN, W. H., 1967: Trace elements in quartz as indicators of Provenance. Geol.
Soc. Amer. Bull, (New York), 78, 1. pp. 125—130.

KURODA, P. K., 1954: Geochemistry ol molvhdenum. Geochim. cosmochim, Acta
(London), 6, 1. pp. 35—63.

Manuscript received June 19, 1986.



