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V A L E N T I N P O K A L O V * 

ENDOGENIC MOLYBDENUM CONCENTRATIONS IN THE 
EVOLUTIONARY 

HISTORY OF THE CONTINENTAL CRUST 

A b s t r a c t : I n t h e E a r t h ' s c r u s t t h e r e a r e m o l y b d e n u m c o n c e n t r a t i o n s of 
v a r i o u s i m p o r t a n c e i n c o n n e c t i o n w i t h d i f f e r e n t g e o t e c t o n i c s e t t i n g . T h e y 
o c c u r i n i s l a n d a r c s , f o l d e d b e l t s a n d e p i p l a t f o r m o r o g e n y a r e a s . M o l y b ­
d e n u m a b u n d a n c e (g/it) i n m a g m a t i c r o c k s i n c r e a s e s g r a d u a l l y f r o m u l -
t r a b a s i t e s (0.2) t o b a s i t e s (0.3—0.4), i n t e r m e d i a t e a n d h y b r i d r o c k s ( 0 . 8 — 
1.3) a n d g r a n i t e s ( 1 . 0 — 1 . 4 ) ; a s g r a n i t i c - m e t a m o r p h i c l a y e r of t h e E a r t h ' s 
c r u s t d e v e l o p s , i t s m o l y b d e n u m c o n c e n t r a t i o n s i n c r e a s e . T h e s o u r c e of 
m o l y b d e n u m is b e l i e v e d t o b e c r u s t a l f o r t h e e c o n o m i c c o p p e r - m o l y b ­
d e n u m , m o l y b d e n u m a n d t u n g s t e n - m o l y b d e n u m d e p o s i t s g e n e t i c a l l y r e ­
l a t e d t o h y b r i d a n d f e l s i c m a g m a , b u t it is c o n s i d e r e d t o b e s u b c r u s t a l 
f o r t h e i n s u f f i c i e n t m o l y b d e n u m c o n c e n t r a t i o n s i n c o p p e r d e p o s i t s of 
i s l a n d a r c s a n d c a r b o n a t e s . 

P e 3 K) M e: B 3eMnoii Kope B CBÍI.III C pa3HbiMH reoTeKTommecKHMH o ó c r a -
HOBK'aMH II Mair.\taTH3MOM H3X0ÄHTCH pa3'HWC 110 CBOCMy 3HaleHHK) KOHUeH-
Tpaunii MO.iHÔÄeHa. O H I I Bcrpe ia ioTcn B ocTpoBiibix a y r a x , CK.'ia/maTbix nosi-
cax ii oó.nacTHx snmuianpqpMei iHoi i oporeHim. Coacp>Kamie MOjiHÓ^ena ( T / T ) 
B MarMaTiľ-iecKiix nopo/iax saKOHOMepHo H a p a c T a e r o r yjibTpa6a3HT0B (0,2) 
K 6a3HTaM ( 0 , 3 — 0 , 4 ) , cpeAHHM H rnôpHÄHbiM nopo/iani (0,8—1,3) H r p a m i -
raM (l,Qj—1,4); no ľ.iepc pa3BiiTiiH rpaHHTHO-MeTaMopcpimecKoro c.iosi 3CMHOÍÍ 
KOpbl B Heťí VBC'IIIIIIBaiOTCfl KOHUeHTpaUHH MO.lHÓflCIla; IICTOtfHlIK MO.IIiÓÄeHa 
npoMbiiu.neHHbix MecTopo/KfieiiHH MejiHO-MOJinó/ieHOBOH, MOJiHÔ/ieHOBOÍí n BO.II>-
tpfíaM-MOJiHCÄeiHOBoií c|)opMamiii, rene'riľ-iecKii CBH3aniibix c irn6pnÄHbiMH n 
KHCJibiMH MarMaMH — ripeHMyinecTBt'HHo oiiajiimecKaa Kopa, a nesnaiHTcvibHbix 
npOHB.'ICHI]"'! B MeÄHblX MCCTOpO>K/ieHHHX OCTpOBHblX /l y T 1! KapÓOHaTlITOB - • 
Ma'IITIlilHblíi. 

I n t h e E a r t h ' s c r u s t t h e r e a r e m o l y b d e n u m c o n c e n t r a t i o n s of v a r i o u s i m p o r ­
t a n c e i n c o n n e c t i o n w i t h d i f f e r e n t g e o t e c t o n i c s e t t i n g . T h e y o c c u r i n i s l a n d 
a r c s , f o l d e d b e l t s a n d e p i p l a t f o r m o r o g e n y a r e a s (U o K a JI o B, 1 9 7 2 ; 1 9 7 7 ) . 

P r e s e n t i s l a n d a r c s ( A l e u t i a n , B o n i n s k a y a , M a r i a n a s , T h e W e s t e r n M e l a ­
n e s i a , t h e S o l o m o n I s l a n d s , t h e N e w H e b r i d e s , F i j i a n d o t h e r s ) d e v e l o p o n 
t h e o c e a n i c c r u s t f r o m E o c e n e a n d t h e y a r e a r e a of e x t r e m e l y s e i s m i c a c t i v i t y . 
A c c o r d i n g t o M u r a t o v ( 1 9 7 5 ) a n d o t h e r s t h e g r a n i t i c - m e t a m o r p h i c l a y e r 
i s g e n e r a t e d of t h e d e p t h w i t h i n t h e i s l a n d a r c s d u r i n g t h e u p r i n s g of g e o -
a n t i c l i n e . 

B a s a l t i c v o l c a n i s m m a n i f e s t e d o n t h e e a r l y s t a g e of i s l a n d a r c s a n d a n d e s i t e 
w i t h c o m a g m a t i c p l u t o n s of d i o r i t e m a i n l y r e v e a l e d l a t e r . S t r e a k y - i m p r e g ­
n a t e d a n d r a r e s k a r n c o p p e r d e p o s i t s w i t h a c c e s s o r y g o l d , s i l v e r , m a g n e t i t e 
a n d h i g h c o n t e n t s t i t a n i u m ( r u t i l e ) a r e c o n n e c t e d s p a t i a l l y a n d g e n e t i c a l l y 
w i t h t h e p l u t o n s . O r e r e s e r v e s i n d e p o s i t s a r e e s t i m a t e d d o z e n s a n d h u n d r e d s 
m l n . t o n s a n d c o p p e r c o n t e n t i s 0.5 %> a n d m o r e ; m o l y b d e n u m c o n t e n t i s t h e 
f i r s t t h o u s a n d t h of a p e r c e n t . 
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variations of s t ront ium and neodymium isotopic ratio in the island arcs mag­
matic rocks including ore-productive diorites that these rocks were of a mantle 
origin. The average 87Sr/s(1Sr rat io in andesite and diorite plutons did not 
exceed 0.7037. Therefore in source of copper and all associated ore components 
including molybdenum is the upper mant le . 

Folded belts, in which copper-molybdenum deposits (porphyry, skarn and 
other types) are widely spread, were formed as a result of geosynclines' deve­
lopment. Cordilleras, Andes, Medi terranean Sea, Ural-Mongolian, Atlantic in 
Europe and America, Tasmanian and other belts are related to them. 

Geosynclines' evolution lead to the creation of grani t ic-metamorphic (sialic) 
layer of the Earth 's crust, which distinguishes continental crust from the oceanic 
one. Age of copper-molybdenum deposits strictly coincides the epigeosynclinal 
orogeny in all above-mentioned folded belts. By tha t t ime sialic layer has alre­
ady been formed to a considerable extent and essentially influenced on magma-
tism. 

As a rule, copper-molybdenum deposits occur in eugeosyncline within geoanti-
clinal uplift mainly, wi th which development connects the formation of large 
masses of granitoids of hybrid na ture . Deposits also occur in sites of joints 
of folded belts of different age, in relic geoanticlines and stable blocks of median 
mass type. Rarely ra ther as an exception, for example, in the North-American 
Cordilleras copper molybdenum deposits occur in miogeosyncline. 

Location of deposits is determined by spatial relation and Consanguinity with 
trachyandesite formation and its comagmatic batholi te of varied composition, 
composed by monzonites, syenites, granosynenites, granodiorites, diorites and 
granites. As a whole this complex of volcanic and plutonic ore-productive 
rocks in comparison wi th the same of island arcs, is characterized by obvious 
hyperalkalini ty and more distribution of acid rocks. More than 50 % of proved 
commercial copper reserves are in copper-molybdenum deposits of folded belts. 
Molybdenum is an accessory component (ratio copper/molybdenum in ores 
varies from 10 : 1 to 50 : 1). Proved molybdenum reserves in these deposits are 
about 30 % of its total world reserves. The average copper content in the 
pr imary ores varies from 0.2—0.3 °/o to 1.0—2.0 °/o, molybdenum from 0.005% 
to 0.04—0.06 %. Sometimes in small deposits it reaches 0.2—0.3 °/o. Gold and 
silver are often simultaneously extracted from ores, but in contrast to island arc 
deposits their contents are considerably less. Magneti te is of no practical inte­
rest. High contents of t i tanium in ores are seldom or are not found at all. 
" S r / ^ S r rat io in rocks, formed plutons of mixed composition in the Cordilleras 
of North America (batholites of Sierra Nevada, Coastal Ridge, Santo-Rito, the 
British Colombia) in Medi ter ranean belt (deposit Bakirkey, Turkey) vary 
within 0.7043—0.7250 ( T a y l o r , 1981; T a y 1 o r — F r y e r, 1983; T a y l o r -
S i l v e r , 1978). Many explorers come to a conclusion about mixing mant le 
and crustal melting while forming plutons of mixed composition and also rocks 
of t rachy-andesi te formation. Values <S180 in pluton rocks in the Cordilleras 
( T a y l o r — F r y e r, 1983) and the South of Krasnoyarsk Terr i tory (U.S.S.R.) 
testify to it; these values are +9.0 up to + 1 2 . 0 % . With decrease of rock basi­
city from early magmat ic phase to later ones á180 value regularly increases that 
obviously testifies to the increasing role of sialic material in melt from early 
magmatic phases to later ones. Thus, hybrid, mixed magma of ra ther high 
alkalinity is the source of copper-molybdenum mineralization. 
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Epiplatform orogeny areas, where molybdenum and molybdenum with 
tungsten and bismuthi te deposits occur can be divided into two types: 1) areas 
of large basin of extrageosynclinal origin (for example, the Eastern Asian 
type) with volcanites of trachyandesite-l ipari te formation and plutons of subal-
kaline-biotite and amphibole-biotite granites, granodiorites and granosyenites; 
2) areas of less contrasting tectonic movements with trachylipari te formation 
and plutons of subalkaline leucocratic granites. 

Mongolo-Okhotsk belt in Mesozoic, the Western Zabaikalye in the Upper 
Paleozoic, the eastern branch of the Rocky Mountains (U.S.A.) in Laramide, 
some regions of Korean-Chinese platform in Janshan are related to the first 
type. Here magmat ism and mineralization manifestated after estabilization of 
platform where continental crust has been already formed and during the epigeo-
synclinal orogeny tectonic movements are less contrasting. Deposits localized in 
uplifts, divided basins and in the frame of the latter. In ores of molybdenum 
deposits copper is practically absent, though in some deposits it is advisable 
to extract it from ore as by-product. There is tungsten in small concentrations, 
tha t can be extracted from some deposits. Molybdenum reserves in stockwork 
reach 1 mln. t. Molybdenum content is up to 0.25 %> (Genderson, U.S.A.). 

Mesozoic igneous rocks of t rachyandesi te formation in Mongolo—Okhotsk belt 
are rich in light lanthanoids. Stable europium minimum in them can be caused 
by the mechanism of mixing the abyssal alkali-basaltic magma with acid melts 
of crustal origin. About the same mechanism of forming magmas testify high 
<5180 ( + 9.0—• +10.0 °/o) values in the Upper Paleozoic granitoids of the Western 
Zabaikalye and initial ratio of s t ront ium isotopes in mother pluton of Questa 
(U.S.A.), equal 0.7069. Predominance of granodiorites, granosyenites, biotite and 
amphibole-biotite granites in felsic ore-bearing plutons suggest of prevalent role 
of sialic crustal melts in ore-productive magma. 

The second type of epiplatform orogeny areas wi th tungsten-molybdenum 
deposits one should relate Early Caledonides of the Western Zabaikalye in 
Mesozoic, Caledonides and Hercynides of Central Kazakhs tan and the South 
Urals in the Upper Permian, some areas in Mongolia in Mesozoic, some areas 
in the South-American platform in Paleozoic, Tasmania folded belt in the 
Upper Paleozoic of Australia. 

The tectonic movements were less tense and contrasting during the period 
of the epiplatform orogeny in areas of the second type than in areas of the 
first type. Large superpositioned basins are usually absent here. Both volcanism 
and intrusive magmatism are presented by exceptionally acid subalkaline 
formations, formed from melts of sialic par t of the Earth 's crust. 

Spatially deposits are closely related to apical par ts of hypabyssal plutons, 
composed by leucocratic granites. Ores are complex and contain molybdenum, 
tungsten, bismuth, sometines accessory beryllium, rarely tin. Copper is practically 
absent. Deposits of stockwork and skarn type are very large and molybdenum 
content is up to 0.1 and W 0 3 is up to 0.3 °/o 

Besides molybdenum mineralization of types in question on the platforms 
and in framed areas of completed folding occurrences a molybdenum are known 
in connection wi th carbonatites and in association with rare elements, copper 
and iron. Carbonatites are related to alkaline ultrabasites, which intrusion 
often preceded rifting. Ratios s7Sr/H,iSr in carbonatite massives of Grenvil 
province vary from 0.7020 to 0.7040, average 0.7034 + 0.0003. Within an error 
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this figure is identical to average 87Sr/8cSr ratio in oceanic basalts (0.7037), 
i. e. the source of molybdenum in this case is mant le as in island arc deposit. 

Thus, short review of molybdenum concentration in the Earth 's crust show 
the direct connection between geotectonic settings, kind of magmat ism and the 
mat te r (elemental) ore composition. The copper deposits abundant in gold and 
silver and wi th minor amount of molybdenum (not exceeding O.OOn °/o) are 
formed at the early geosynclinal stage (present island arcs) in the state of 
incipient grani t ic-metamorphic layer, when magmat ism is mostly associated 
wi th melt ing and differentiation of mant le (andesite sequences and its diorite 
comagmates). Magneti te and t i tanium minerals are also present in these 
deposits. Large complex molybdenum-copper deposits (the average Mo content 
— 0.02—0.04 °/o) are formed during the epigeosynclinal orogeny within the 
crust wi th developed grani t ic-metamorphic layer in association wi th hybrid 
magmatism in which mant le and crust melts (plutons of mixed composition) 
play an important role. Monometallic high grade deposits (up to 0.2—0.3°/oMo) 
wi th essential reserves are formed during epigeosynclinal orogeny within conti­
nental crust when crustal melts of moderately felsic granites dominate, but 
large complex tungsten-molybdenum deposits associate wi th leucocratic granites ' 
development. The alkaline ultrabasites (subcrustal melts) and carbonates asso­
ciated wi th the riftogenesis appear to have insufficient molybdenum concentra­
tions. Molybdenum abundance (g/t) in magmatic rocks increases gradually from 
ultrabasites (0.2) to basites (0.3—0.4), intermediate and hybrid rocks (0.8—1.3) 
and granites (1.0—1.4); as grani t ic-metamorphic layer of the Ear th 's crust 
develops, its molybdenum concentrations increase. The source of molybdenum 
of commercial deposits genetically related to hybrid and acid magma is mainly 
sialic crust, but it is considered to be mant le for the insufficient molybdenum 
concentrations in copper deposits of island arc and carbonatites. 

Magma generated molybdenum deposits contains plenty of silica and is 
characterised by high alkalinity. Obviously, in this connection kalispathization 
and silicification of host rocks, contained mineralization are widely spread in 
molybdenum deposits. Exper imental studies showed high solubility of molybde­
num in aquatic alkali-siliceous solutions (I s u k — C a r m a n , 1981). Such 
solutions can be derived from magma of above-mentioned composition, ex­
tracted and carried molybdenum enough for forming large deposits. 
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