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MAGMATISM AND METALLOGENY OF THE MAJOR STRUCTURES 
OF THE EARTH'S CRUST 

(Fig. 1, Tab. 1) 

A b s t r a c t : Metallogenic evolution of the Earth, differently from 
previous experiments in this field, has been studied according to major 
structures of the Earth's Crust. Accordingly, two contrasting types have 
been distinguished. The first one- geosynclinlal-folded type- demonstnates 
the accretion of the continental crust, whereas the second type- tecto-
nic-magmatic activization- suggests different stages of destruction of 
the sialic layer. Metallogeny of these' two trends of the Earth's Crust 
development is diverse, more productive ore miimenalizlatioin being related 
to the juvenile magmatism accompaning riftogenic processes. 

P c 3 io M e: McTa.:i.norcHnqecKa;i SBOJIIOUHH 3CMJIH, B OTjnmiie OT npcíibi.iy-
luiix onbiTOB B STOM nanpaB.ieiinii. paccMorpcna no iviaBiibiM CTpyKrypaM 
3eMiioň Kopu. B KaliecTBc TaKOBbix Bbi;iejienbi ÄBa KOHTpacTHbix Tiina. nepBbiii 
H3 mix, reociiHK.iiina.nbHo-CK.ia/uiaTbiíi, anaMiMiycT aivKpeunio KOHTHHeHTajibHoň 
Kopu, Tor/ia i<ai< uľopoň — TenTOHO-MarMaTimecKon aKTHBH3au,HH — ipiiKcii-
pycT pa3Hbie CTBÄHII ÄecTpyKumi cHa.Ti-mecKoii O6OJIOHKH. MeTa.Moremisi, 
conpoBO>KjaiomaH ^sa npoTHBOnojiojKHbix HanpaBjíeHHH pasBimiíi 3eMH0íi 
Kopu pa3.Tnlina, npir-ieM 6ojiee npoÄVKTHBHafl pyanaíi MHHepajiH3au,im CBA3ana 
c lOBCHH.ibHUM MarMaTi13.wo.v1, conpoBOJKflaiomiiM piKpToreiiHMc npoueccbi. 

Evolution of ore formation in geological history of t h e Earth, is analysed 
in limited n u m b e r of works by S. D. T u r o v s k i i, D. V. R u n d k v i s t, V. 
S. D o m a r e v, V. S. S i n i t s i n , V. I. S m i r n o v , D. I. G o r j e v s k i i, 
V. N. K o z a r e n k o , A. I. T u ga r in o v, F. S. T u r n e r , R. E. F o l i n s b i , 
R. V. H u t c h i s o n . The metallogenic analysis is carried out following t h e 
major stages of evolution of the Ear th ' s Crust. Some a u t h o r s (D. L G o r j e v-
s k i i, V. N. K o z a r e n k o ) accept as main metallogenic l andmarks t h e 
stages by S h t i l l e (1964)- Deuterogene, Protogene, Neogene, others consider 
as such the main boundaries of t h e regional reconstructions of t h e structural 
pa t te rn of the Ear th ' s Crust (T v a 1 c h r e 1 i d z e, F o l i n s b i ) . In his recent 
work dedicated to t h e problem S m i r n o v (1982) distinguishes 6 metallogenic 
periods (lunar, nuclear, protogeosynclinal, intrageosynclinal, geosynclinal, rifto­
genic) and 11 stages n a m e d after tectonic cycles from t h e Greenlandian up to 
Alpine. The age limits of t h e successive stages progressively shorten from 
1200 m.a. for the oldest ones up to 100 m.a. for t h e youngest. 

Metallogenic analysis carried out by the mentioned authors on global scale 
leads to the unanimous couclusion that composition of magmatic rocks and 
of related ore deposits becomes more and more complicated and number of ore 
formations encreases wi th t ime. T v a l c h r e l i d z e (1970) distinguished „time-
-trough" ore formations traced from t h e most encient epochs till t h e Alpine t ime 
without any essential changes, and " typomorphic" ore formations characterizing 
metallogeny of certain periods of t h e Ear th development. 

*Acad. G. T v a l c h r e l i d z e , Geological Institute of Academy of Sciences of 
Georgian SSR, Z. Rukhadze 1, 380093 Tbilisi. 
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The present short review deals wi th the results of a new experiment in the 
field of global metallogeny, which is based on different principles. The metal­
logenic analysis is carried out for major structures, formed due to contrasting 
processes, tha t caused heterogenous s t ructure of the Crust and diversity of 
geodynamic environments during individual stages of its transformation. The 
author ( T v a l c h r e l i d z e , 1982) distinguishes two major types of processes 
working in opposite directions. One of them is responsible for growth of the con­
t inental crust and the other produces the oceanic one. The former is a constructi­
ve process leading to development of the thick continental block of the Ear th 
characterized by complex composition and structure. The latter, in contrast, 
has a destructive na ture and leads to disruption of the sialic shell and formation 
of oceanic crust, that is pr imit ive in composition and structure. Growth of the 
"grani te-metamorphic" layer is a result of long polycyclic and at the same 
t ime irreversible development. 

These two contrasting t rends of t h e Ear th ' s Crust formation occur simulta­
neously complicating and prolonging successive, irreversible development of the 
rigid frame of the Earth 's surface. At the same time, certain periods are cha­
racterized by predominance of either processes st imulated by global compres­
sion or extention of the planet. Such pulsing of the Ear th is indicated by 
several authors (M i 1 a n o v s k i i, 1980; K h a i n, 1979; K a z a r i n o v , 1979). 
Occuring periodically on different scales, it conditions cyclic character of Earth 's 
development- al ternation of stages of folding, metamorphism and granitization 
(compresion) with the stages of break up and dismembering of continents and 
formation of oceanic basins. 

Diverse geological structures are material manifestation of these two opposed 
processes in the Ear th Crust. The t rend leading to development of continental 
crust is expressed by geosynclinal process. The lat ter is studied in great detail 
in its tectonic, lithologic, petrologic and metallogenic aspects. The t ime span 
exceeding 100 years separates us famous works by D. H a l 1 and D. D a n a , fo­
unders of the theory of geosynclines. During this long period, the theory 
was strictly formulated, complemented precised and generally acknowledged, 
but finally grew somewhat outdated, as indicated by recent heavy critisism. 

Without going into details of the problem, tha t requires a special conside­
ration, the following assumptions of geosynclinal theory seem to be acceptable 
and quite applicable to metallogenic analysis: 1. formation of continental crust 
by geosynclinal process, 2. existense of geosynclinal zones of different types. 
3. polycyclic and mult is tage geosynclinal development, 4. division of the tecto­
nic cycle into two main geosynclinal and orogenic stages, the lat ter leading 
to development of the sialic layer from primitive oceanic crust, 5. an intense 
activity of juvenile basaltoid magma during geosynclinal stage and of palin-
genetic granitoid magma-dur ing the orogenic one. 6. a successive increase of 
consolidation grade of the Ear th Crust wi th development of polycyclic geosyn­
clinal process. 

Ore content of the geosynclinal and orogenic stages of tectonic cycles is dif­
ferent. During the form en the deposits of copper, lead and zinc of pyrite 
group, skarn-copper and magneti te deposits, veined quartz-polymetallic and 
auriferous copper-porphyric ores and some others belonging to the basaltoid 
line are formed. 

The orogenic stage is characterized by deposits of granitoid line related 
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to orogenic magmat ism and metamorphism. Such are formations of rare-metal 
pegmatites, greisen and apogranitic deposits of molibdenum, beryll ium and 
uranium; quartz-sulphide veined mineralization with copper, lead, zinc, some­
times stanniferous is manifested on comparatively smaller scale. 

Ore content of separate sectors of geosynclinal systems has been studied 
rather completely by many authors, hence the scheme of evolution of the 
metallogeny can be considered as proved by numerous examples (Ore con­
t e n t . . . , 1981). The systematics of ore-bearing structures, which has a great 
prognostic importance, in some cases still remains controversial. In fact, basing 
on manifestation of diverse pyrite deposits on early stage of development 
of eugeosynclinal zones, the author limited the subdivision of these zones to 
five varieties- ophiolitic, pr imary eugeosyncline of Urals type, secondary ones-
of Lesser Caucasian and Ore-bearing Altai types, slate-geosynclines of Ram-
melsberg type ( T v a l c h r e l i d z e , 1978). The first of these types of ore provin­
ces, with magmatic deposits of chromite and chalcopyrite of Cyprus type la ter 
on was excluded from geosynclinal (island arc) s tructures and assigned to 
oceanic r i f e . As i t t u rns out, t he secondary oceanic na tu re is also' charac­
teristic of the earlier stages of development of slate-geosynclines (mictogeo-
synclines), where mineralization associates with undifferentiated tholeiitic 
basalts, as it is in ophiolitic zones ( T v a l c h r e l i d z e , 1982). 

Tectonic-magmatic activization is opposite to the geosynclinal development 
by direction of its processes resulting in destruction of continental crust and for­
mation of new oceanic crust. This mult istage process lasts for a long t ime 
span and is manifested by formation of various geological structures such 
as arch-block uplifts and troughs:, rift s t ructures of different nature , t rappe 
fields, some parts of platform cover and oceanic rifts. The above structures 
can not be considered as belonging to a successive line, representing separate 
stages of a single process; they correspond to directed succession of defkiite 
geodynamic environments. At the same time distinct varieties of these structu­
res characterize the definite periods of the Earth 's Crust development. The 
typomorphic ore formation are related to such structures. 

The author has carried out the global analysis of metallogenic evolution 
basing on the above defined s t ructures of the Earth 's Crust. In present short 
review this analysis can be presented only in form of t h e summarizing sche­
matic table, offered here for discussion (Tab. 1). Eartly Precambrian, Early 
and Middle Proterozoic, Riphean and Phanerozoic are t aken for t h e main 
periods of development of the Earth 's Crust as far as they turned out to be 
most convenient for metallogenic analysis. A more detailed subdivision of the 
periods of ore formation seems still somewhat conventional since it is difficult 
to prove the global scale of manifestation of distinct tectonic cycles as well 
as to date precisely their age limits. 

Data given in the table are specified by diagram (Fig. 1). Both the table 
and the diagram con-tain wide information on ore content of the Ear th ' s Crust 
with several conclusions tha t may follow. Among these, the conclusions casting 
new light on the metallogenic evolution of the Ear th from the most ancient 
periods of its development, as well as on the character of ore content of the 
major types of crusital structures are considered below. 

First of all, as it follow from the diagram, quanti ty of ore formations 
constantly encreases in time, being the direct function of irreversible compli-
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cation of composition of the Earth's Crust and of a suc­
cessive increase of its thickness. 

Some ore formations are formed only in certain periods 
of Earth's Crust development. These are predominantly 
gold-uranium-bearing conglomerates and ferruginous 
quartzites. The first one is restricted to Early Protero­
zoic protoplatform cover of South Africa, Brasil and 
Canada. Deposition of these detrital rocks starts in proto-
aulacogene structures (Dominion, Reef and Transvaal se­
ttle grabens covering relatively vast territory (Vitvater-
ries) and later on they are spread beyond the limits of 
the grabens covering relatively vast territory (Vitvater — 
srand and overlying younger series). 

All the large deposits of ferruginous quartzites are of 
Early Proterozoic age. They are restricted to terrigenous 
deposits infilling trenches of protoaulocogenic structures. 
Sedimentation is preceded by eruption of alkaline basalts. 
Ferruginous quartzites occur in Archean volcanic-sedi­
mentary deposits of Kursk magnetic anomaly, Krivoi 
Rog, Western Greenland and other countries: however, 
they never form large and rich ore accumulations of 
Krivoi Rog or Suerior type. 

To typomorphic formations are attributed several ore 
formations characteristic of Phanerozoic, such as cop­
per-pyrite deposits of Cyprus type, first appearing in 
Cambrian ophiolites of Newfoundland; copper-porphyric 
deposits— the oldest belonging to Cambrian of Kazakh­
stan (Boschekul); copper-molybdenum formation un­
known from rocks older than Paleozoic; mercury deposits 
known in Hercynian period but characteristic predomi­
nantly of Alpine metallogenic epoch. Stratiform, lead-
zinc deposits in carbonate rooks (Gorevskoe, Kongo) are 
first manifested in Late Riphean; cupreous sandstones 
and schists (Udokan), as well as pyrite-polymetallic mic-
togeosynclinal formations (Broken-Hill, Mount-Iza)- in 
Middle Proterozoic. Pyrite-polymetallic deposits of Ku-
roko type (Ore-bearing Altai) are not known in deposits 
older than Ordovician (New-Braunswik), they are wi­
dest developed in Devonian (Ore-bearing Altai Lisar). 

Typical "persistent" ore formations, passing without 
visible changes through geological time from the oldest 
metallogenic epochs, are copper-zinc-pyrite ore formation 
of primary eugeosynclines (the oldest deposits of Canada-
3 milliard years old) and chromite formation of ultrabasic 
rocks (the oldest deposits of South Africa and Western 
Greenland are more than 3 milliard years old). Titano-
magnetitic formation traced from Early Proterozoic also 
can be attributed to "persistent" ore formations. Carbo-
natitic formation of peralkaline and basic magmatic 
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Fig. 1. Scheme of metallogenic evolution of different type geological structures of the 
Earth's Crust. 

Explanations: Main endogenic ore formations (figures on the dilagram). 1-chromitic, 
2-platinium, 3-titanoniagnetiťic, 4-copper-inickel, 5-carbofniatitic (apatite-nepheline, 
titanium-niobium, phlogopite), 6-kimberlitic, diamond-bearing, 7-ferruginous quart-
zite, 8-skiam-miagnetite, 9-stratiform and veined gold-sulphide, 10-gold-uranium 
bearing conglomerates, 11-volcanogenic silver-selenium-tellurium, 12-copper-zinc-
-pyrite, 13-pyrite-polymetallic, 14-oopper-pyrite, 15-pyrite-gold-barite-polymetallic, 16-
-native copper, 17-cuprous sandstones and schists, 18-copper-porphyric, 19-copper-
-molybdenum, 20-iStratit'orm lead-zinc in carbonate rockis, 21-riare-metial pegmatites, 
22-silicate cassiterite-tungsten, 23-sulphide-cassiterite-tungsten, 24-five-element, 25-
-skarn-copper, 26-skarn-scheelite-molybdenum, 27-skarn polymetallic, 28-veined and 
stcckwork quartz-motybdenitic, 29-striatiform scheelitic, 30-mercury, 31-refilgar-orpi-
ment, 32-ferberite-antimonite, 33-barite-fluorite, 34-Iceland spar, 35-ferrugiinous-
-miainganic (Parapedi formation). 

provinces is first manifested in Middle Proterozoic (Palbara), and is randomly 
distributed ever after occuring as central type massives. 

Geological history of the Earth is marked by irregularity of manifestation 
of ore formations. Several most productive periods can be distinguished, when 
important deposits of various metals have been formed almost simultaneously 
in different parts of the globe. To such productive periods belongs the Archean. 
Its metallogeny turns out to be quite expressive contrary t o t h e tradit ional 
point of view (K a z a n s k i i, 1981). In particular, deposits of Nor th American 
protoplatform, Western Greenland, Western Australia and some in South 
Africa count 3 milliard years and more. 
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Gold, copper, nickel, chromium, pla t inium and t i tanium deposits, unique in 
scale, were formed in Early Proterozoic (Great Dike, Bushveld, Badberg). They 
are the largest in the World. Proterozoic is marked by formation of very large 
deposits of copper, lead and zinc of copper schist and pyr i te types. A consider­
able decrease of intensity of ore formation is observed in Riphean. S m i r n o v 
(1982) defines the period within t h e limits of 1300—1000 m.a. and relates it to 
Algoman consolidation by S h t i l l e (1964) and formation of stable continental 
block of Megogea characterized by subdued endogenic activity. 

In Phanerozoic the Hercynian metallogenic epoch seems to be espacially 
productive, when geosynclinal development and corresponding deposits of ba-
saltoid (predominantly pyr i te and skarn) as well as granitoid (greisen- ra re-
-metal) profile flourished. In Mesozoic-Cenozoic period the structures result ing 
from tectonic-magmatic activization (arch-block and rift structures) become 
most important . They contain tin, tungsten molybdenum, copper, nickel, lead, 
zinc, p la t inum and diamond deposits. 

An analysis of bank of data on global metallogeny leads to one more im­
por tan t conclusion- on the much higher productivity of structures, resulting 
from process of tectonic-magmatic activization, in comparison wi th the geosyn­
clinal ones. In fact, though deposits of chromium, t i tanium, copper, nickel, lead, 
zinc, p la t inium and gold, related to basaltoid magmat ism of various riftogenic 
structures, a re comparatively rare, still they contain largest ore reserves of 
worldwide significance, whereas geosynclinal deposits though ra the r numerous 
are of limited resources. It is to be mentioned that ore formations synchronous 
to the initial stages of subsidence, marked by destruction of continental crust, 
are a t t r ibuted here to rift type, whereas their fur ther history seems to follow 
geosynclinal t rend. 

The widely accepted concept relating endogenic ore mineralization to the 
most acid members of successively differentiated melts of magma chambers 
requires revision. In fact, we can indicate numerous examples of ore deposits 
related to undifferentiated itholeiite basalts (pyrite deposits of Filizchai types) 
as well as examples of a higher productivity of ultrabasic magmatic melts, in 
comparison to tha t of subsequent acid members (e.g. Buschveld complex). 

The author wholly realizes the necessity of fur ther s tudy of several essential 
aspects of ore content of geological structures. The ra ther limited knowledge 
on rift s tructures belongs to their number . M i 1 a n o v s k i i's wel l-known works 
(1980) im this field are mat always sufficient for working out rift systematics 
for metallogenic purposes. Some additional data on character of magmat i sm 
and mineralization of aulacogenes and rifts are required. 

Petrochemical aspects of ore content of magmat ic rocks also need closer 
examination. Works by M a r a k u s h e v (1979), as well ajs1 recent works by 
B o g a t i k o v wi th ccnaiithors (1983) deal wi th effects of l iquation and diffe­
rentiat ion on the process of ore formation. In fu ture these should be correlated 
wi th details of geodyniamic environments. There exist some other unsolved 
problems of modern theoretical metallogeny, bu t i t is impossible t o review 
them in the present short paper . 

In conclusion, it should be mentioned, tha t recent paleotectonic reconstruc­
tions, should be reinforced by magmatic and metallogenic characteristics of 
diverse geological structures. These additional data often happen to be keys 
to solution of problems of vertical extension, regional distribution, duration 
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of developments, time of formation of geological structures, to say nothing 
of economic effect of such an approach. 
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