
GEOLOGICKY ZBORNÍK — GEOLOGICA CARPATHICA, 36, 3, BRATISLAVA, JUNE 1985. 
Pp. 337—346 

D I M I T R I Y VASILIEVICH R U N D Q U I S T * — YURIY V L A D I M I R O V I C H M A R I N * * — 
M A R I A ORLOVA*** 

EVOLUTIONAL IGNEOUS GROUPS AND SERIES AND ASSOCIATED 
RARE-METAL MINERALIZATION 

(Figs. 4) 

A b s t r a c t : Metal logenic analys i s of t h e USSR t e r r i t o r y provides evi­
dence t h a t v i r t u a l minera l iza t ion of m a g m a t i c format ion is cons iderab ly 
d e t e r m i n e d by different evolut ional groups a n d series t h e y belong to . The 
following evolut ional groups of m a g r n a t i s m h a v e been recognized for 
r a r e - m e t a l m i n e r a l i z a t i o n : 2 g rani to id — ,,the long o n e " — gabbro-dior i te 
— g r a n o d i o r i t e ; g ranosyeni te — g r a n i t e — alaski te — a lka l ine g r a n i t e (W, 
Mo, Bi, Nb, Zr, TR and others) a n d " t h e short o n e " — dior i te — granodio­
r i te ( t rondhjemite) — grani te — leucograndte (Sn, W, Ta, Cs, Li a n d o t h e r s ) ; 
and 3 a lka l ine — a l k a l i n e - u l t r a m a f i c (Cr, Pt , Fe, Ti, Al, Zr, Nb, TR, Ba 
and o t h e r s ) ; a lka l ine-maf ic (Fe, Ti, Al, Cu, Zr, Nb, TR, and o t h e r s ) ; and 
alkal ine-sal ic (Al, Zr, Nb, TR, Rb, Sr, Ba, P b , F and others) . M a x i m u m 
of r a r e - m e t a l m i n e r a l i z a t i o n associated grani to id suites is re la ted to oro-
genic a n d act ivat ion zones, i s land arc, a n d t h a t of a lka l ine rocks — to 
rift zones. T h e r e a r e t h e following major epochs of endogenic r a r e - m e t a l 
m i n e r a l i z a t i o n in t h e U S S R : D J - J , , T, J 3—Kj w i t h i n t h e rift zones w i t h 
a lka l ine m a g r n a t i s m ; a n d PRj/PR 2 , D 2 _ 3 , C 3 —P 1 ; K 2 — P t — w i t h i n t h e oro-
genic and act ivat ion zones w i t h grani to id magrnat i sm. T h e groups are 
divided into 13 series. T h e following 3 t r e n d s are recognized for g r a n i ­
toid g r o u p s : n o r m a l a lkal inity, h igher a lka l in i ty and w i t h a n t i d r o m i c ter­
m i n a t i o n . T h e series in a lka l ine groups are revea led by sodic a n d potassic 
special izat ion of a lkal ini ty . T h e groups and series of m a g m a t i c format ion 
a r e c o m p l e m e n t a r y associated w i t h m e t a s o m a t i c ore-bear ing format ions . 
All revealed series are associated w i t h t h e cer ta in g roup of r a r e - m e t a l s 
and t h e y are very different in t h e scale of deve lopment for t h e s a m e 
t y p e of o r e formation, w h i c h somet imes has t h e s imilar set of r a r e - m e t a l s . 
Prognost ic meta l logenic invest igat ions are based on t h e reveal regu lar i t ie s 
a n d prov ide t h e subsequent detai l ing of t h e te r r i tory . It leads to t h e 
recogni t ion of m o r e local p o t e n t i a l o re-bear ing regions and t o t h e deter­
m i n a t i o n of the i r m i n e r a l i z a t i o n (Fig. 5). 

Pe3K)Me: MeTannoreHHiecKHH aHann3 ieppHTopnn CCCP CBHueTeJibCTByeT o TOM, 
HTO peaubHan pyflOHOCHOCTb MarMaTHiecKHX (j)opMauHii B 3HaHHTejibHoň Mepe onpe-
flejIHeTCH npHHaflJte>KHOCTbK) HX K pa3JIHHHbIM SBOnfOUHOHHblM pHflaM H CepHHM. 
npHMeHHTenbHO K peflKOMeTajibHOMy opyaeHenHio OKa3anocb BOSMOJKHBIM B I W -
jiHTb 5 3BOJiK>uHOHHbix punoB MarMaTH3Ma: 2 rpaHHTOHflHbix — ,,fljiHHHbiH" ra6-
6po-flHopHT — rpaHOflHopuT; rpaHOCHenHT — rpamtT — ajwcKHT — mejioiHorpa-
HHTOBMH (W, Mo, Bi, Nb, Zr, TR H np.) H „KOpOTKHÍÍ" flHOpHT — rpaHOflHOpHT 
(TpoHflbeMHT) — rpaHHT — jieňKorpaHHTOBbifl (Sn, W, Ta, Cs, Li H up.) u 3 menon-
Hbix — mejiOHHO-yjibTpaMa(j)HHecKHH (Cr, Pt, Fe, Ti, A!, Zr, Nb, TR H ap.); me-
jioiHO-Ma<i>HHecKHÍí (Fe, Ti, Al, Cu, Zr, Nb, TR H np.) H menoHHO-caiwiecKHH (Al, 
Zr, Nb, TR, Rb, Ba, Pb, F H np.). MaKCHMyivi peflKOMeTanbiiofl MHHepanH3auHH, 
CBH3aHHoB c rpaHHTOHflnHMH pwaMH, npwxoAHTCH Ha ocTpoBOflyjKHbie, oporeHHbie 
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H aKTHBioauHOHnue, a co mejiOHHUMH — na pH(j)ToreHHbie 30Hbi. ,n,ji5i CCCP na-
MenaioTca cJienyioLUHe Ba>Kneíunne snoxn sHfloremioro peflKOMeTaJTbHoro pyao-
o6pa30BanHH: B pmlrroreHHbix 30Hax co inejionHbiM MarMairoMOM — D ^ o , T, 
J,—Kí, B opOreHHUX H aKTHBH3auHOHHbIX C rpaHHTOHAHbIM MarMaTH3MOM — 
PR1/PR2, D 2 _ 3 , C 3 —Pí, K 2 —Pí. PHflbi noflpa3flensiioTCíi Ha 13 cepníí: B rpaHHTOHfl-
Hbix paAax pa3nnnaioT no TpH Bapnama cepnií — HoprnaJibHon n noBbímcHHOít 
mejlOMHOCTH H C aHTHflpOMHblM 3aBepffleHHeM, B mejIOMHblX CepHH BbmejIHKDTCH 
no Na HJiH K cneunajin3auHn menoHHOCTH. P a n u H cepmi MarMaTHHecKHií ctiopiviaunň 
KOMnneMeiiTapHO flononumoTCH MeTacoMaTHnecKHMH, KaK npaBHJio, pyaoHOCnbíMH 
t[)opMauH5iMn. Bce BbiflcneHHbie cepHH cneuHanH3HpoBaHbi B OTHomeHHH onpefle-
jienHoň rpynnbi peaKHX ínerajinoB H pe3KO OTjiHnaioTCH MacinTaôaMH pa3BHTHH 
oflHOTHnubix pyflHbix cjraptviauníí, HepeflKO co cxonHbíM HaôopoM peflKwx MeiannoB. 
HaBbismnenHbix 3aKonoMepnocTHx 6a3npyK)TC!i nporno3HO-MeTajTjioreHHMecKHeHccji-
AOBamw, xofl KOTopux npeaycMaTpHBaeT nocjieaoBaTejibHyio aeTajnnauHK) Tepptt-
Topnň c BbinejieHHeM Bee 6oJiee jiOKajibHbix nepcneKTHBHbix nnoinaaeií c yTOHHe-
HHeM HX pyflOHOCHOCTH. 

T h e p u r p o s e of t h e a r t i c l e is t o d e m o n s t r a t e a g r e a t i n f o r m a t i v e v a l u e for 
s c i e n c e a n d p r a c t i c a l i m p o r t a n c e of t h e r e c o g n i t i o n , a p a r t f r o m i g n e o u s a s s e m ­
b l a g e s ( m a g m a t i c f o r m a t i o n ) t h e i r e v o l u t i o n a l g r o u p s a n d s e r i e s a n d a s s o c i a t e d 
r a r e - m e t a l i n d u s t r i a l m i n e r a l i z a t i o n . A n e v o l u t i o n a l g r o u p is d e f i n e d as a c o n ­
s i s t e n t s u c c e s s i o n of m a g m a t i c f o r m a t i o n s e m e r g i n g i n t h e c o u r s e of u n i d i r e c ­
t i o n a l d e v e l o p m e n t of l a r g e o r ů s t a l b l o c k s . A s e r i e s is a v a r i e t y of e v o l u t i o n a l 
g r o u p s w h i c h s h o w c o m p o s i t i o n a l v a r i a t i o n s of r o c k s c o n s t i t u t i n g i n d i v i d u a l 
a s s e m b l a g e s , m a i n l y a t t h e t e r m i n a l d e v e l o p m e n t s t a g e s ( B e s k i n , 1979; 
I z o k h , 1978; M a g m a t i c f o r m a t i o n . . ., 1979; M a r i n , 1983; M i n e r a l i z a t i o n 
a n d . . ., e d i t o r R u n d q u i s t ) . H e r e w e m e a n t h e w e l l - k n o w n b a s i c B a e r s 
l a w of c l a s s i f i c a t i o n , i.e. t h e d e v e l o p m e n t of a n o b j e c t p r o c e e d s i n s u c h a w a y 
t h a t f e a t u r e s of t y p e a r i s e o r i g i n a l l y , t h e n s u c c e s s i v e l y t h o s e of c lass, g e n u s , 
s p e c i e s a n d i n d i v i d u u m . 

T h e r e c o g n i t i o n of g r o u p a n d s e r i e s is b a s e d o n t h e d a t a o b t a i n e d i n c o m ­
p i l i n g m e t a l l o g e n i c m a p s a n d m a p s of m a g m a t i c f o r m a t i o n of t h e U S S R ( M a g ­
m a t i c f o r m a t i o n . . . , 1979; O r l o v a , 1982; M i n e r a l i z a t i o n a n d . . . , e d i t o r 
R u n d q u i s t ) . 

T h e f o l l o w i n g p r o b l e m s r e l e v a n t t o e n d o g e n i c r a r e - m e t a l o r e s w e r e to b e 
r e s o l v e d : 

1. What m i n i m u m n u m b e r of evolutional groups a n d series reflect the var iety 
of types of rare-meta l mineral izat ion? 

2. What is the n a t u r e of magmat ic evolution in te rms of different evolutional 
schemes? 

3. How the recognized groups a n d series can be used in prospecting, survey? 
Now we would like to present our main conclusions. 
1. The m a p of structural-metallogemic zones in the USSR show 21 types of 

zones connected with intrus ive magmat i sm (Mineralization and . . ., editor 
R u n d q u i s t), including 11 zones wi th rare-meta l mineral ization. It is to be 
noted, t h a t m a x i m u m of rare-meta l mineral izat ion associated wi th granitoid 
suites is re lated to orogenic a n d activat ion zones (partly island arc. late geo-
synclinal ones) and that of alkal ine rocks — to rift zones. The following 
major epochs of endogenic rare-metal mineral izat ion can be outl ined in the 
USSR (Fig. 1): Di_ 2 , T, J 3 — K t wi thin the rift zones wi th alkal ine m a g m a t i s m ; 
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PRi/PR.2, D2_3, Ca—P|, K2—Pi — within the orogenic and activation zones 
with granitoid magmat ism. Phanerozoic magmat i sm was largely t rea ted by the 
authors , who show most prominent age difference in granitoid and alkaline 
suites and their distr ibution in time. 

2. Vir tual mineral izat ion of magma-
tic formations is considerably deter­
mined by different evolutional groups 
and series they belong to. 5 evolutional 
groups (Pig. 2) — 3 alkal ine (III—V) 
and 2 granitoid (I—II) and 13 series 
which differ in the initial members , 
evolutional t rends, extent of occurren­
ce, degree of completeness, have been 
recognized for rare-metal mineral iza-
ion. The evolutional groups a re shown 
on the B o w e n' s t e rna ry diagram 
that (Fig. 2) is very convenient for 
such evolutional considerations, since 
it permi ts 3 major igneous t rends 
with t ime to be clearly displayed: 
increasing acidity (Q), alkal ini ty (L) 
and basicity (M); mafic rocks located 
in the centre of t r iangle (u) are par­
ticularly impor tan t in the analysis of 
evolutionary t rends . 

Rare-metal mineralization of the 
above groups bears some features of 
both magmatic and post-magmatic 
origin. Metasomatic complexes asso­
ciated with the ores (skarns, greisens, 
feldspaltholiths, fenites) form, in tu rn , 
the groups succeeding the igneous and 
complementary to them series (Fig. 
2b). 

It is to be emphasized tha t the re­
vealed groups are but parts , mairitly 
terminalting fragments of more exten­
sive series evolving over large t ime-
-spans, e. g. of major petrochemical series — tholeiitic, calc-alkaline (basalt-an-
desite-rhyolitic) and alkaline (basalt-trachyte-andesiite) t reated in works of A. 
M i a s h i r o , A. A. M a r a k u s h e v , O. A. B o g a t i k o v and others (B o-
g art i k o v , 1980; M a r a k u s h e v , 1979; Mineralization a n d . . . , editor 
R u n d q u i s t). 

3. The localization of alkaline magmat i sm in zones of transection of long-
-lived magma-control l ing s t ructures Is its distinct feature. It usually results 
in the formation of a single complicated zonal body or volcano-intrusive unit. 
Rare-metal-REE deposits associated with groups of alkaline suites are cha­
racteristic of riftogenic s tructures, extent of distr ibution of each group and 
related mineralization being different in fold areas and platforms (Magmatic 

I 

Fig. 1. Intensity of granitoid and alkaline 
magmatism and associated rare-metal 

mineralization in the USSR. 
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Fig. 2. Major evolutional groups (I-V) of magmatism (a) and complementary meta-
somatic (b) associated rare-metal mineralization, plotted B o w e n ' s diagram. 

Explanations: a — dunites, it — pyroxenites, v — gabbro, S — diorite, r — granite, 
i' u — alkaline mafic, S a — alkaline ultramafic, a — alaskites, Ľ y - alkaline granite, 
Gr — greisen, Turm-Chl — tourmaline chloritic metasomatites, Scr — skarns, Fp -
feldspatholiths. Fin — fenites, Ca — carbonatites. 
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formation... , 1979; O r l o v a , 1982). A complete evolutional groups (series) 
of magmatic formations for epi-cratonic rifts can be shown as follows: basalt-
-dolerite —> trachybasalt —*• alkaline-mafic •—> alkaline-ultramafic —> al­
kaline-salic suites —> alkaline lamprophyres and kimberlites. A shorter series 
is more common for epi-orogenic rifts: alkaline gaibbroids, alkaline basalitoids 
and basaltoids of normal series —> nepheline, calciliite-nepheline and alkaline 
syenites —> alkaline granites •—*• alkaline lamprophyres. Rare-metal mine­
ralization is related only to alkaline suites, so authors consider but fragments 
of complete evolutional groups. The following 3 groups are recognized: alka­
line-ultramafic (III), alkaline-irMic (IV) and alkaline-salic (V) which differ 
in evolutional "advance" towards the enrichment in more acid and alkaline 
varieties and in ever-reducing development of the earlier ones. Fig. 3 shows 
the regions of distribution of different alkaline groups and series and typical 
associated mineralization. 

Two variants in alkaline-ultramafic evolutional group are revealed: sodic 
(alkaline complexes in north Siberia-P—T; D2_3 in Karelia—Kola region etc.); 
and potassic (Ct — in north Kazakhstan, J—Kx in the Aldan etc.). REE-rare-
-metal (REE, Nb, Ta, Zr etc.) deposits of camaphorite-carbonatite type and 
Nb-Ti (perovskite) in massifs of Na-series are associated with intrusive and 
volcano-intrusive rocks of Na- and K-series. Alkaline-mafic evolutional group 
exhibits also sodic and potassic variants. The former is represented by alkaline 
complexes: PR2 — in Karelia—Kola region, D2^3 — in Sanguilen etc., the latter 
are: J:i—K, in the Aldan, P ; — in North Tien Shan etc. Rare-metal (Nb, Ta, 
Zr) deposits and occurrence of carbonatitic and pegmatitic types are associated 
with the masifs of Na-series, while Rb, Sr, Zr, Nb, Ba deposits are related to 
K-series. In alkaline-salic group of foiditic suites three variants can be outlined: 
those of sodic, agpaite nepheline syenites (type of Khibiny and Lovozero, D3), 
potassic (Synnyr, D:)—C), and K-Na, miaskitic (the Urals, P[). Ores associated 
with Na-series include Nb, Ta, Zr, REE, those of K-series are characterized 
by rare-metal-REE (Nb, Zr, REE, etc.) mineralization. 

Magmatism of alkaline-ultramafic and alkaline-salic groups is virtually con­
nected only with epi-platformic rafting. Alkaline-mafic group (potassic variant) 
is linked to epicratonic and epi-orogenic rifting, that of sodic type occurs 
within both platforms and fold areas. Within the latter, orogenesis is often 
followed directly by rifting which can coincide in time with the activation. 
The majority of intrusives of alkaline-salic group of potassic type are asso­
ciated with rifting in fold areas, the remainder — in platformic areas. Alkaline-
-salic group of K-Na type is known only in fold areas and close in time to 
the orogenic or activation stages. 

All the three alkaline groups share common features of petrogenetic develop­
ment, consistent distribution patterns, and the related similar ore formations: 
rare-metal-REE-carbonatite; rare-metal-albitite; rare-metal-fenite and others 
connected with the same type of trace elements and REE. Neverthless, each 
group distinctly differs in its initial members, unidirectional trend and evo­
lutionary range, petrochemical features, PT conditions of the formation and 
local emplacement environment. This resulted in successive decrease in magma-
tic deposits proper among ore formations: from alkaline-ultramafic to alkaline-
-salic group, and in increase of deposits and occurrences of pneumatolithic-
-hydrothermal and hydrothermal in the same trend, in progressive decrease 
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of sddero-(and partly)-chalcophdle elements asnd the increase of REE, ra re 
alkalies and Ba. 

4. Evolutional groups of granitoid suites a re of special metallogenic interest . 
We do not intend to give a comprehensive account of evolutional series in 
Phanerozodc terrains, but just to emphasize the possibility of the recognition 

< 

Fig. 3. Scheme of zones of alkaline and granitoid magmatism and associated minerali­
zation on the USSR territory. 

Explanations: 1—6 — zones of alkaline magmatism; 1—3 — boundaries of zones with 
different petrochemical and geochemical specialization: 1 — sodic, nepheline-apatite 
— rare-metal (Nb. Zr, TRce and others); 2 — potassic calcilite-fluorite — rare-metal 
(Nb, Zr, Rb, TRce and others); 3 — potassic-sodic, apatite-nepheline — rare-metal (Nb. 
Zr, Rb, TRce and others); 4—6 — formational and mineragenic specialization of zones: 
4 — alkaline-ultra-mafic (Fe, Ti, Cr, phlogopite); 5a — alkaline-mafic (alumina, apatite. 
Ba, Sr), 5b — alkaline-mafic combined with alkahne-urtramafic; 6 — alkaline-salic 
(alumina, apatite); 7—8 — major zones of development of granitoids from different 
groups: 7 — group I with dominant Mo-W mineralization; 8 — group II with dominant 
Sn-W mineralization; 9—11 — tectonic structure; 9 — platforms: 10 — shields, 11 — 
fold areas. 

The following zones and ages of alkaline complexes are shown by figures: 1 — 
Sebliavr-Gremiachinskaya, PR,, D; 2 — Kola (Kovdor-Khibiny-Salmagar, O-D,, D3); 
3 — Yelet-Ozerskaya, PR,; 4 — Onega-Kandalaksha, V, O, D 2 - 3 ; 5 — Zimneberezhnaya, 
V; 6 — Volynskaya (Chukotsko-Volskaya), R<— V, D:1; 7 — Priazovskaya. D,— C t: 8 — 
Prypyatsko-Donetskaya, D,_;;—Cj ; 9 — Chetlasskaya. R,— V; 10 — Ajaro-Trialetskaya. 
K: 11 — Pambakskaya. 12 — Talyshskaya, P; 13 — Niazepetrovskaya, D; 14 — 
Ilmensko - Vyshnegorskaya, Pi; 15 — Borsuksaiskayia, C3—P,; 16 — Kokchetavskaya 
(Krasnomayskaya), £ ? ; 17 — Ishimskaya, D2_3; 18 — Northen-Talasskaya, Pj ; 19 — 
Eastern Kirghizian, D,_::, C:l—P,; 20 — Kokshaalskaya, C ; 21 — Turkestano-Zarda-
lekskaya, P , - T ; 22 - East Pamirian, N; 23 - Kuznetsk-Alatauskaya, D,-C, : 24 — Ka-
menskaya, P—T; 25 — Gulinsko-Kughdinskaya. T|; 26 — Bor-Uriakh-Yssaiskaya, T,; 
27 — Kuanamsko-Ujinskaya, D2-3 , J—K; 28 — North-Oleniokskaya, MZ; 29 — South-
-Oleniokskaya. MZ; 30 — Alakitsko-Daldinskaya, PZ,: 31 — Batuobinsko-Markhins-
kaya, PZ,: 32 — Chadobetskaya. T,: 33 — Yeinisei-Angarskaya. PZ,; 36 — Urikskaya, 
D,; 37 - Sanguilenskaya, O, D2_:), P ; 33 - North Baikalian, D,—C,, P,—T; 39 -
Synnyrian, D3—C,; 40 — Baikal-Barghuzinskaya, PR.,, D,_, ; 41 — Salenghino-Vishims-
kaya, T - J ; 42 — Jidinskaya, J; 43 - Oliokmo-Charskaya. J : ;-K,; 44 — Central Alda-
niffn. J;.—K,; 45 — Arbarastakhskaya, R,—V; 46 — Enaghli-Chadskaya, R,,—V, J,—K : 
47 - West-Sette-Dabanskaya, S, D2_3; 48 - South Sikhote-Alinskaya, MZ; 49 — North 
Sikhote-Alinskaya. N; 50 — West Sakhalinian, N; 51 — West Kamchatskaya, N; 52 
— East-Kolymian, P; 53 — Anadyrskaya, N; 54 — East-Chukotskaya, K,. 

The numbers in circles show the followiing zones: 1 — Priladozhskaya, PR|-2—R: 
2 - North Caucasus, PZ,, KZ; 3 - Meghrinskaya, K,—P; 4 - North Urals, PZ;~5 -
East Urals. PZ; 6 - Cis-Urals, PZ,; 7 - Central Kazakhstan, PZ,; 8 - Pribalkhaskaya, 
PZ:i: 9 - Maykulskaya, PZ, -PZ. ; 10 - Cis-Iliyskaya, PZ, -PZ. ; 11 - Soukul-Sarijan-
skaya, PZ:i: 12 - Central Tien Shan, PZ3; 13 - South Tien Shan, PZ; 14 - North 
Pamirs, K2—P; 16 - Kalba-Narymskaya, PZ,; 15 — South Pamirs, J,—K,; 17 — Moun­
tain Altai. PZ.,-PZ : l; 18; 19 - East Sayan, PZ , -PZ, ; 20 - North Baikal, PR2,—R; 
West Cis-Baikal, PZ : l-MZ; 22; 23 - Central Cis-Baikal, PZ,—MZ; 24 - East Cis-Baikal. 
PZ3-MZ; 25 - Yenisei, PR2; 26 _ Taimyrskaya, PR,, PZ,; 27 - Polousnensko-Kolym-
skaya, J3—K,; K2—P; 28 - Chukotskaya, K,—P; 29 - Oloiskaya. K , - P ; 30 - Omsuk-
chanskaya, K,—P; 31 — Upper-Kolymian, J3—K,; 32 — Kariakskaya, P—N; 33:34:35— 
— Prloknotskaya, J:l—K,; 36 — Sette-Dabanskaya, R, K—P; 37 Bureinskaya, PZ. K—P: 
38 - Umaltinskaya, PZ, MZ; 40 - Amurskaya, J—K,, K,—P; 39 - Komsomolskaya, 
K , -P ; 41 - West Sikhote-Alin, K - P ; 42 - Primorskaya, K , - P ; 43 - Hankaiskaya, 
PŽ, MZ. 
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of to major, up to a point, polar groups of intrusive associations. Group 1 is 
represented by gabbrodiorite-granodiorite, granosyenite, syenite-granite-alas-
kite-alkaline granite suites of intrusive rocks exhibiting agpaite trend and 
rather common (sometimes extensive) earlier mafic members. Group 2 is re-
la tivly short, falling into diorite-granodiorite, trondhjemite-granite-leucogra-
nite range and showing plumasite trend, mafic members are virtually absent. 
It is to be noted that the same "traditional" granitoid suites may be located 
at two branches — in 1st and 2nd series, and characterized by different 
mineralization; group 1 and 2 can be tentatively called Mo-W and Sn-W. 
respectively. 

Due to great metallogenic importance of the above groups the analysis of 
their distribution pattern in the USSR was made. Fig. 3 shows the zones of 
long group of granitoids (oblique hatching) with mineralization of Mo-W group, 
well-exampled by reference regions — Central Kazakhstan, the Urals, West 
Transbaikal and that of Sn-W group (crossing hatching) — by the Verk­
hoyansk—Kolyma, East Transbaikal, Kalba—Narun regions. Wide distribution 
of S^granites with high (>708) initial crustal 87Sr/8(iSr ratios within the 
stanniferous provinces, and predominantly I-granites which iow (< 706) 
hybrid mantle-crustal 87Sr/8CSr values have been reported in numerous publi­
cations. Sn-short group of associations is an evolutional branch of magmatism 
showing a relatively slight mantle-crustal mass transfer, being occurred at the 
terminal stages of the group emergence, whereas the series is a mantle-crustal 
evolutional branch with rather intense mantle-crustal mass transfer. The blocks 
with Sn-W group of formation are characterized by a kind of destructive 
development, i. e. by a repeated reworking of the crust lacking considerable 
thickening, whereas the development of the Mo-blocks exhibits a constructive 
pattern with successive growth of continental crust due to dominant produc­
tion of I-granites in these zones. In this case the granitoids suites as though 
terminate the long lasting volcanism of island arc-type. 

A specific evolution pattern of later members permits three trends, i. e. 
normal alkalinity, higher alkalinity and with antidromic termination to be 
revealed in the two evolutional granitoid groups (B e s k i n, 1979; M a r i n , 
1983; Mineralization and . . ., ed. R u n d q u i s t). The evolutional series of 
higher alkalinity and those with antidromic termination show the most contrast 
types of ore-bearing formations. The following succession of mineralization is 
established for the Mo-blocks: Fe-Cu skarn —> Cu porphyry —> Cu-Mo 
porphyry —> Mo-W skarn-greisen and Mo-W quartz^vein-greisen. Then Mo-W 
stookwerk beresite followed by Au, Mo, Au-Sb argillisite mineralization took 
place with the antidromic trend and with increasing role of dykes. When 
magmatism exhibits increasing alkalinity trend a passage to Mo-W stockwerk 
humbeite and then to feldspatholithic deposits with Mo, Nib complex rare-
-metal mineralization occurred. 

The Sn-blocks show a different succession of mineralization: rare-metal —> 
Sn-bearing pegmatites —> W-Sn. Sn skarn —> rare-metal greisen and vein 
deposits with W, Sn. The subsequent antidromic trend resulted in the wide 
distribution of Sn-tourrnaline-chlorite and then in Sn-Pb-Zn and Sb-Hg argil­
lisite deposits. As alkalinity increased, the series was being completed by the 
formation of rare-metal feldspatholithic, "apogranitic" deposits or rare-metal 
(Li, Cs, etc.) pegmatites. 
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Now we shall drop the analysis of the evolutional groups and t u r n to appli­
cation the revealed pat terns to prospecting metallogenic investigations. The 
latter consists in a successive detailed study of areas in order to reveal more 
and more local perspective domains with thei r mineral izat ion being precised. 

Pb,Zn Tj.Nb REE Cu,Pb 
Sb RM Cs Nb RM Au 

Fig. 4. Classification chart of granitoids and associated mineralization (see context). 

Fig. 4 shows a s u m m a r y of the subdivision of the granitoid magmat i sm zone. 
At is can be seen, t h e y first of all, fall into two major types (y{ a n d yu) 
corresponding to the long a n d short evolutional groups respectively. The gra­
nitoid zones of the first type are usually characterized by higher crustal thick­
ness, extensive magnetic (x s 500^) granitoids with low (< 706) mantle-crustal 
w Sr/ 8 , i Sr values (mainly, I-granites). The further detailization of perspective 
areas wi thin t h e zones recognized is based on the determinat ion of a granitoid 
series type, i. e. normal (yN) or higher alkalinity (yĽ) or wi th ant idromic ter­
minat ion (yA). Prospect ing more local potent ia l ore^bearing regions requires 
a degree of completeness (p) (with late subalkal ine or a lkal ine rare-metal 
granites of extensive dykes and minor intrusions ranging in composition) or 
incompleteness (yH) of each granitoid series to be taken into account. The 
subsequent analysis to reveal prospecting ore fields a n d deposits is based on 
detailed studies of the granitoid massifs, defining a magmatic formation they 
belong to, character of apical surface, level of erosion, intensi ty of petrographic 
ore-forming processes, etc. (B e s k i n ,1979; I z o k h, 1978; Magmatic for­
mation . . . , 1979; M a r i n , 1983). 
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Thus, the possible answer to the beginning of the article is tha t major 
industr ial ra re-meta l mineral izat ion in the USSR is connected wi th ore-bearing 
granitoid and alkaline suites which are integral par ts of 5 evolutional groups 
and 13 series. The revealed evolutional groups and series are of great practical 
importance, since v i r tua l mineral izat ion of magmata c formations is not 
only a function of their composition but it depends largely on a certain evo­
lutional group or series they belong to. 

One of main tasks in fur ther ra re-meta l mineral izat ion studies is a more 
detailed investigation of palaeotectonic environments , geodynamics, predeter -
minat ing the emergence of the outlined groups and series. 
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