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SUMMARY 

Two c l a s s e s  of vo lcan ic  rocks  can be d i s t ingu i shed  with r e s p e c t  to 
p e t r o c h e m i s t r y ,  namely  oceanic  and cont inenta l  c l a s s e s .  Lavas  of i s land 
a r c s  belong to the cont inenta l  type.  Lavas  of oceanic  r i d g e s  a r e  c lose  not 
to the oceanic ,  but to the cont inenta l  type.  

On p e t r o c h e m i c a l  and geophys i ca l  b a s e s  the author  has  drawn the 
fol lowing conc lus ions :  

(1) the loci  of vo lcano  feeding l ie  beyond the l im i t s  of the e a r t h ' s  
c r u s t  - in the upper  man t l e .  

(2) the compos i t i on  of the upper  man t l e  under  cont inents ,  oceans ,  
i s l and  a r c s  and oceanic  r i dges  is somewha t  d i f fe ren t .  

(3) the r o l e  of a s s i m i l a t i o n  on the p a s s a g e  of m a g m a  to the s u r f a c e  is 
v e r y  l im i t ed  as  a ru l e .  

A c c o r d i n g  to these  conc lus ions ,  v o l c a n i s m  may be c o n s i d e r e d  as a 
c e r t a i n  i nd i ca to r  of the compos i t i on  and s ta te  of the upper  man t l e  m a t t e r .  
A s c h e m e  for  the evolu t ion  of v o l c a n i s m  is sugges t ed  on this  ba s i s  (as a 
r e f l e c t i o n  of the evolu t ion  of the upper  man t l e )  which is  in an a g r e e m e n t  
with geo log ica l  and geophys ica l  fac t s .  

INTRODUCTION 

Two classes of volcanic rocks 

The author h~is submitted his report "Petrochemical characteristics 
of volcanism in connection with the types of earth's crust" (Gorshkov, 1962) 
to the preceding session (10th) of the Pacific Science Congress. The con- 
cepts of that report were also discussed in the other papers (Gorshkov, 
1961a,b, 1962, 1963, 1965). All the work was based on the petrochemical 
calculations according to A.N. Zavaritsky's system (Zavaritsky, 1954). 
This very convenient system allows the results of a great number of cal- 
culations to be considered simultaneously. However, Zavaritsky's system 

1paper presented at the l l t h  Pacific Science Congress, Tokyo, 1966 

Tectonophysics, 8 (1969) 213--221 213 



2 0 0  

% 

o g 
Z 

10( 

~ 8 

7 

8 ( Y ~  ,. 6 

'~ ~ 4  
5 

5 ! 
, I  
AII 

i ~  o~rr 

i . ,  i i i i 
700 8 0 0  9 0 0  Si02 1000 1100 1 O0 

~-~9 

Fig.l  Graph of the relations Na20 ÷ K20/SiO2 in some lavas. 1 = is- 
land arcs; II = continental lavas; I I I =  oceanic lavas; IV  = East-Pacific Ridge. 
i = Nasu zone (Japanl; 2 = east Kamchatka; 3 = middle Kamchatka Ridge; 
4 = alkaline lavas of east Asia; 5 = Uyun Kholdonga volcanoes; 6 = Marquesas 
Islands; 7 = Hawaiian Islands; 8 = Cook's Islands; 9 = Easter Island. 

is not commonly known outside the Soviet Union, and the author's conclu- 
sions based upon it d() not seem to have been completely understandable. 

In this report an attempt will be made to elucidate, on the simplest 
basis, the problems that have been concerned earlier,  this bas4s requiring 
practically no calculations. 

In the previous papers the author has stated that there are two classes 
of volcanic  rocks :  the oceanic  and .continental  ones,  with the ma in  d i s t inc t ion  
be tween them cons i s t i ng  in the r a t e  of the a lka l in i ty  i n c r e a s e  in the cou r se  
of the i r  d i f fe ren t ia t ion .  T h e r e f o r e ,  the d i s c u s s i o n  of the change in total  a l -  
ka l in i ty  with the change in ac idi ty  wil l  be suf f ic ien t  for this s impl i f i ed  
va r i an t .  Atomic  weights  of p o t a s s i u m  and sodium being di f ferent ,  it is  m o r e  
convenien t  to d i s cus s  m o l e c u l a r  quan t i t i e s  r a t h e r  than the weight p e r c e n -  
tage. 

Fig.1 r e p r e s e n t s  a graph of the r e l a t i ons  N a 2 0 ,  K20 /S iO 2 (in mo l e -  
cu l a r  quan t i t i e s )  for some i s l ands  a r c s ,  con t inen ta l  and oceanic  lavas .  It 
can be r ead i ly  seen  that c o n s i d e r a b l e  pa r t s  of the va r i a t i ona l  l ines  of 
K + Na/SiO 2 a r e  r e c t i l i n e a r ,  and that the s t r a igh t  l ines  for va r i ous  i s l and  
a r c s  and i n t r a c o n t i n e n t a l  vo lcanoes  a r e  m o r e  or l e s s  p a r a l l e l  to one ano ther  
and dif f ferent  in i nc l ina t ion  f rom those for i n t r a o c e a n i c  i s l ands ,  which in 
the i r  turn ,  a r e  m o r e  or l e s s  p a r a l l e l  to each other  (excluding E a s t e r  Is land) .  
It is this  c i r c u m s t a n c e  that made  the author  c l a im that the lavas  of i n t r a -  
oceanic  and i n t r a c o n t i n e n t a l  vo lcanoes  cons t i tu te  two d i f fe rent  c l a s s e s  of 
rocks .  

214 Tectonophysics, 8 (1969) 213-221 



DATA 

Petrochemical  character is t ic  of  lavas of  oceanic ridges 

Petrochemical differences of some islands associated with the system 
of mid-oceanic ridges are of great interest and, from the author's point of 
view, of high importance. Unfortunately, the scarce analytical data for most 
of these islands are dated from the very beginning of our century, when the 
accuracy of chemical analyses was not too high. The author's conclusions 
are, therefore, of a tentative character. 

Lavas of the islands situated directly on the axes of oceanic ridges 
belong to the continental alkaline (Easter Island, see Fig.l) or cale-alkaline 
(Iceland) type rather than to the oceanic one. A few analyses which also 
refer to the continental class available for Saint Paul Island (Indian Ocean). 

Lavas of the islands situated 100-200 km apart from the axes of ridges 
are to a certain degree intermediate in composition between the oceanic 
and continental ones. (It is evidenced by somewhat obsolete analyses, and 
new data can modify this notion). Among these are, for instance, the lavas 
of the Azores with a variational curve passing between the continental and 
oceanic directions. 

Volcanoes of the islands which are still more remote from the axes 
of mid-oceanic ridges, such as Tristan da Cunha (for new analyses, see 
Baker et al., 1964), erupt purely oceanic lavas. 

Thus, on crossing an oceanic ridge, one seems to encounter a gradual 
transition from the lavas of an oceanic class to the continental lavas or, 
anyhow, to the lavas close to the latter. Crossing an ocean-continent bound- 
ary or an island arc, one finds an abrupt change in one type of rocks by 
another. Such an abrupt "jump" can be seen, for example, when going 

• f r o m  Guada lupe  I s l a n d  t h r o u g h  the  C e d r o s  T r e n c h  to the  c o a s t  of the  C a l i -  
f o r n i a n  P e n i n s u l a ,  

Geophysical s t ruc ture  of  Island arcs and oceanic ridges 

The fundamental difference in structure and thickness of the earth's 
crust of oceans and continents is now well known. The consolidated crust 
of oceans is 5-8 km thick and consists of a single layer; thickness of the 
continental crust averages 35 km, the crust being two-layered. 

In both cases, at the crust/mantle boundary seismic velocities change 
sharply, with a "jump", from 6.7-7.0 to 8.1-8.2 km/sec. Further down, 
these velocities increase monotonously, but at a certain depth in the upper 
parts of the mantle there is a rather thick layer with seismic velocities 
decreased again to 7.3-7.5 km/sec (Gutenberg, 1954). This so-called 
"Gutenberg's layer" of decreased velocities begins at the depth of about 
60 km under oceans and about 120 km under continents, extending downward 
to the depth of 200 km. 

Existence of the Gutenberg's layer can, in all probability, be explained 
in the following way: at proper depths the temperature of material meeting 
nearly coincides with the real temperatures, that is material being in a 
state close to the melting point ("asthenospheric layer" ). 
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The difference in thickness and position of the asthenospheric layer 
under oceans and continents shows that these two structures differ in struc- 
ture of the crust and in structure of upper mantle. This difference extends 
to the depth of no less than 400 km 03orman et al., 1960). 

Another effect has been recently recognized in the areas of some is- 
land arcs. Thus, in the area of the Kurile island arc, the velocity of the 
longi tudinal  s e i s m i c  waves  f rom the base  of the c r u s t  (about 20 km)  to the 
depth of 70-80 km is  l e s s  than n o r m a l  and amounts  to 7.7 k m / s e c .  The 
wave  guide or G u t e n b e r g ' s  l a y e r  in the upper  mant le  is e i t he r  absent  or 
e x p r e s s e d  r a t h e r  ind i s t inc ly ,  but at the depths of 60~110 km,  and e s p e c i a l l y  
of 80-90 km,  the abso rp t ion  of the t r a n s v e r s e  s e i s m i c  waves  i n c r e a s e s  
s t rong ly  (Fedotov ,  1965). 

D e c r e a s e d  v e l o c i t i e s  a r e  r e c o g n i z e d  in the man t l e  not only in the 
K u r i l e  I s lands ,  but a l so  in Japan  (Usami  et a l . ,  1958; Matuzawa et al . ,  1960; 
Mikumo et a l . ,  1961), in the Aleut ian  I s lands ,  in w e s t e r n  Canada (Hodgson, 
1963), in the vo lcan ic  r eg ions  of the w e s t e r n  U.S.A. (Be rg  et al . ,  1960; 
P a k i s e r ;  1963), in the a r e a  of the Tonga  I s lands ,  in New Zea land  (Eiby,  
1958), in the a r e a  of New Guinea and the Solomon Is lands .  T h e r e  can be 
l i t t l e  doubt that a l l  the " P a c i f i c  r ing  or f i r e "  is  c h a r a c t e r i z e d  by d e c r e a s e d  
v e l o c i t i e s  of the m a t e r i a l  in the upper  mant le .  

E v e r y w h e r e  in those  r e g i o n s ,  the man t l e  subs tance  i m m e d i a t e l y  below 
the Mohorovi~ id  d i scont inu i ty  is d i s t ingu i shed  by the v e l o c i t i e s  of 7.5-7.8 
k m / s e c  and by a somewha t  d e c r e a s e d  dens i ty .  Such a s ta te  of the mant le  
extends  downwards  at l e a s t  ove r  a d i s t ance  of 100 km,  the wave guide or 
G u t e n b e r g ' s  zone being absent .  The  zone of d e c r e a s e d  v e l o c i t i e s  of the 
man t l e  co inc ides  v e r y  d i s t inc t ly  with the zone of r e c e n t  vo lcan ic  ac t iv i ty  
and does  not depend on the na tu re  of the e a r t h ' s  c ru s t .  

A somewha t  s i m i l a r  pa t t e rn  can be o b s e r v e d  in the a r e a s  of m i d - o c e -  
anic  r i d g e s ,  w h e r e  a l a y e r  with r e l a t i v e l y  low s e i s m i c  v e l o c i t i e s  has  been 
d i s c o v e r e d  to occur  below the Mohorovi~id  d iscont inu i ty .  T h i s  fact  has 
been r e c o g n i z e d  for  the f i r s t  t i m e  in the N o r t h e r n  At lan t ic  (Ewing and 
Ewing,  1959) and then c o n f i r m e d  in o ther  p a r t s  of the M id -A t l an t i c  Ridge  
as wel l  as  in the P a c i f i c  and Indian Oceans .  T h e r e  is no doubt that the pe-  
c u l i a r  s t r u c t u r e  of the e a r t h ' s  c r u s t  and upper  mant le  is c h a r a c t e r i s t i c  of 
the whole s y s t e m  of m i d - o c e a n i c  r i dges .  T h i c k n e s s  of the e a r t h ' s  c r u s t  is 
somewha t  r educed  t he r e  as c o m p a r e d  with an ocean,  amount ing  to 3.7 km. 
S e i s m i c  v e l o c i t i e s  in the c r u s t  and s u b c r u s t a l  pa r t s  of the man t l e  a r e  a l so  
below n o r m a l ,  be ing  5.8 and 7.3 k m / s e c  r e s p e c t i v e l y .  

An i n c r e a s e d  conduct ive  heat  flow is  a c h a r a c t e r i s t i c  of the a r e a s  of 
i s l and  a r c s  and oceanic  r i d g e s ,  the l a t t e r  be ing  p a r t i c u l a r l y  m a r k e d  by 
this  ef fect ,  n u m e r o u s  m e a s u r e m e n t s  have  shown that a value of heat  flow 
within the n a r r o w  zone d i r e c t l y  ad jacen t  to the r idge  axes  is 6-7 t i m e s  
m o r e  than an a v e r a g e  one (which is r a t h e r  un i fo rm a l l  through the e a r t h ' s  
su r f ace ) .  Such m e a s u r e m e n t s  and eva lua t ions  a r e  r a t h e r  r a r e  within the 
a r e g s  of i s land  a r c s ,  but an a p p r o x i m a t e l y  double value  of heat  flow is a l so  
r e c o g n i z e d  t h e r e .  

Thus ,  i s land  a r c s  and m i d - o c e a n i c  r i d g e s  have a number  of spec i f i c  
f e a t u r e s ,  which make  these  two main  vo lcan ic  s t r u c t u r e s  somewha t  c lose  
to each other .  Howeve r ,  the two s t r u c t u r e s  by no means  a r e  iden t ica l .  F i r s t  
of al l ,  t he i r  vo l can ic i ty  is  r a t h e r  s i m i l a r  but not ident ica l .  Lavas  of the calc  
a lka l ine  type a lone erupt  in the a r e a s  of i s l and  a r c s ,  w h e r e a s  the a lka l ine  
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v a r i e t i e s  s eem to p r e v a i l  within oceanic  r idges ,  though the c a l c - a l k a l i n e  
lavas  a l so  occur  the re .  

Heat flow in the a r e a s  of i s l and  a r c s  does not apparen t ly  amount  to 
such high va lues  as a r e  c h a r a c t e r i s t i c  of oceanic  r idges .  

The ve loc i t i e s  in the s u b c r u s t a l  l aye r  of the man t l e  have d e c r e a s e d  
va lues  for both s t r u c t u r e s  but this  l ayer  is cons ide rab ly  th inne r  under  oce- 
anic  r idges  as  ev idenced  by the g r a v i m e t r i c  data (Talwani  et a l . ,  1965). 
These  d e c r e a s e d  ve loc i t i e s  a r e  be l i eved  to be caused  by the pecu l i a r  
" mix ing"  of the c r u s t  and man t l e  s u b s t a n c e s  (Cook, 1962). But the t e r m  
" m a n t l e - c r u s t  m ix"  does not seem sa t i s f ac to ry  to the author .  It is conce iv-  
able  that the d e c r e a s e d  ve loc i t i e s  re f l ec t  a pecu l i a r  " s t r a ined"  phys ico-  
chemica l  s ta te  of the upper  mant le ,  d i f fe ren t  f rom that of the " ine r t "  
man t l e  of other  a r e a s .  

Reve r t i ng  to the c h a r a c t e r i s t i c s  of geophysica l  f ields,  the sharp  dif-  
f e rence  in the na tu re  of s e i s m i c i t y  of i s l and  a r c s  and oceanic  r idges  should 
be noted. In the a r e a s  of i s land  a r c s ,  ea r thquakes  become deeper  in the di -  
r ec t ion  f rom an ocean to a cont inent ,  the s t r onge s t  and deepes t  (to 700 km) 
ea r thquakes  be ing  loca l ized  benea th  the cont inent .  The a r e a s  of oceanic  
r idges  a r e  s e i s m i c a l l y  ac t ive  too, (unlike the n o n - s e i s m i c  pa r t s  of an ocean 
floor),  but the i r  s e i s m i c i t y  is  weaker  than that of i s l and  a r c s ,  and the depth 
of ea r thquakes  does not exceed 60 km. 

The d i s t r i bu t i on  of g rav i ty  anoma l i e s  (in Bouguer  reduc t ion)  is  a lso  
quit~e d i f ferent .  A weakly p ronounced  s y m m e t r i c a l  m i n i m u m  of pos i t ive  
a n o m a l i e s  can be obse rved  above oceanic  r idges ,  the a n o m a l i e s  va ry ing  
f rom ÷400--4450 mgal  above an open ocean to +150-+200mgal  above a r idge.  
A m o r e  compl ica ted  pa t t e rn  is  c h a r a c t e r i s t i c  of i s l and  a r c s .  The Bouguer  
a n o m a l i e s  d e c r e a s e  sharp ly  and rapid ly  f rom ocean to an i s l and  a r c  and 
may become  negat ive  above a deep t rench .  Near  P u e r t o  Rico, a gi 'adient  
of a n o m a l i e s  exceeding 500 mgal  can be obse rved  over a d i s t ance  of 100 km. 
Minor  pos i t ive  and negat ive  anoma l i e s  a r e  obse rved  between a deep t r ench  
and an i s l and  a r c ,  the a n o m a l i e s  above a cont inent  approach ing  ze ro  
(~- 50 mgal) .  

It can be seen  f rom the cons ide ra t i on  of vo l can i sm,  s t r u c t u r e  of the 
e a r t h ' s  c r u s t  and upper  man t l e ,  and geophysica l  field c h a r a c t e r i s t i c s  that 
t he re  is m o r e  s i m i l a r i t y  and l e s s  d i f fe rence  between oceanic r idges  and 
i s l and  a r c s  than be tween these  s t r u c t u r e s ,  on the one hand, and oceanic  
and con t inen ta l  p l a t fo rms ,  on the other.  

Evident ly ,  the p r o c e s s e s  o c c u r r i n g  in the upper  mant le  both under  
~sland a r c s  and oceanic  r idges  a re  somewhat  s i m i l a r ,  though far  f rom being 
ident ica l .  

DISCUSSION 

Volca~lism and the upper  man t l e  

The concept of a predominant role of contamination and assimilation 
has until recently unconditionally prevailed in volcanology. Several years 
ago, the author began to develop an idea of direct connection of volcanic 
activity with the upper parts of the mantle and slight effect of the crust on 
the petrochemical characteristics of volcanism. 
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Some geologis t s  and vo lcano log i s t s  object  to such a viewpoint .  The 
s u p p o r t e r s  of a s s i m i l a t i o n  and con tamina t ion  for the o r ig in  of lava  d ive r s i t y  
men t ion  the c a l c - a l k a l i n e  lavas  of i s l and  a r c s  as an example  of h y b r i d i z a -  
t ion. Let  us cons ide r  f rom this  point  of view the K u r i l - K a m c h a t k a  Arc  which 
is  the bes t  i nves t iga ted  as  a r e s u l t  of I n t e r n a t i o n a l  GeophYSical Year  work. 

T h i c k n e s s  and s t r u c t u r e  of the e a r t h ' s  c r u s t  a re  r a t h e r  he te rogeneous  
the re .  The typical ly  con t inen ta l  c r u s t  of Kamcha tka  and nor th  K u r i l e s  is r e -  
p laced  by the suboceanic  c r u s t  in c en t r a l  K u r i l e s ,  where  in the a r e a  of 
S i m u s h i r  I s l and  the oceanic  c ru s t  comes  c lose ly  nea r  to an i s l and  a rc  
Ga ipe r in  a n d  Kosminskaya ,  1964). The s o - c a l l e d  subcon t inen ta l  c rus t  ap-  
p e a r s  f a r t h e r  southward.  However ,  in spi te  of such sharp  d i f f e rences  in 
s t r u c t u r e  of the c rus t ,  a l l  the volcanic  rocks ,  with no except ions ,  be long to  
the s a m e  p e t r o c h e m i c a l  type (Gorshkov,  1960% Not only basa l t ,  but a lso  
dac i t i c  pumice  of Kamcha tka  and the cen t r a l  and sou the rn  K u r i l e s  a r e a  of 
s i m i l a r  chemica l  and m i n e r a l  compos i t ion ,  though there  a r e  no p o s s i b i l i t i e s  
of a s s i m i l a t i o n  of acid m a t e r i a l  in this  pa r t  of the Kur i l e  I s l ands .  S i m i l a r  
r e l a t i o n s h i p s  exis t  in the w e s t e r n  pa r t  of the Aleu t ian  I s lands ,  while some 
i s l ands ,  such as M a r i a n n a  and Tonga,  a r e  s i tua ted  d i rec t ly  on the oceanic 
c rus t ,  and this  c i r c u m s t a n c e  by no m e a n s  in f luences  the i r  be longing  to the 
" c r i m i n a l "  c a l c - a l k a l i n e  type under  these  condi t ions .  

The na tu re  of volcanic  ac t iv i ty  and cons t i tu t iona l  c h a r a c t e r i s t i c s  of 
the upper  man t l e  r e m a i n  to be s i m i l a r  for a l l  the volcanic  a r c s .  

If not at f i r s t  g lance ,  then a f te r  ca re fu l  cons ide ra t ion ,  it can be es -  
t ab l i shed  that vo l can i sm  c h a r a c t e r i s t i c s  of other  l a rge  uni ts ,  such as  oceans ,  
con t inen ta l  p l a t fo rms ,  and oceanic  r idges ,  a r e  a l so  independent  of the c rus t .  

E v e r y w h e r e ,  with ve ry  few except ions ,  vo l c a n i sm  is a " t h r o u g h - c r u s t -  
al" p r o c e s s .  Eve rywhe re ,  the s o u r c e s  of the feeding of vo lcanoes  a re  lo-  
ca l i zed  beyong the l im i t s  of the E a r t h ' s  c rus t ,  in the upper  man t l e .  The  com-  
pos i t ion  of vo lcan ic  l a v a s  does not depend upon the compos i t ion  of the rocks  
of the e a r t h ' s  c rus t ;  in other  words ,  the i m p o r t a n c e  of a s s i m i l a t i o n  and con-  
t a m i n a t i o n  is neg l ib le  on the upward path of the magma .  The lava d ive r s i t y  
is caused  by the m a g m a  i t s e l f  and p r o c e s s e s  o c c u r r i n g  the re in .  Thus ,  vol-  
canic  rocks  may be cons ide red  as a de r iva t ive  f rom the subs t ance  of the 
upper  man t l e .  In other  words ,  vo l can i sm  is a kind of ind ica to r  of the com-  
pos i t ion  and s ta te  of the s u b c r u s t a l  pa r t s  of the man t l e .  

Scheme of  volcanic evolution and development  of  the earth 's  crust  

At p r e s e n t  it is pe rhaps  p r e m a t u r e  to draw some concre te  conc lus ions  
about compos i t ion  and p r o c e s s e s  in the man t l e  p roceed ing  f rom volcanic  
phenomena .  The e luc idated  connec t ions  a r e  of a t o o - g e n e r a l  c h a r a c t e r ,  and 
fu r the r  i nves t i ga t i ons  could affect some i m p o r t a n t  pos tu la t ions  to a c o n s i d e r -  
able  extent .  

In gene ra l ,  it can be sa id  that at p r e s e n t  oceanic  vo l c a n i sm  can be 
c o n s i d e r e d  as in i t i a l ,  with a source  in the a s t h e n o s p h e r e  at a depth of about 
60 km. A r e l a t i ve ly  shallow o c c u r r e n c e  of the a s thenosphe r i c  l aye r  gives 
r i s e  to a wide deve lopment  of s u b m a r i n e  volcanic  ac t iv i ty  on oceanic  p la t -  
fo rms .  

In c e r t a i n  cases  (the cause  of which is  s t i l l  not c lear} deep-sea ted  dif-  
f e r en t i a t i on  of the man t l e  subs t ance  s t a r t s .  T h e r e  a r e  two h r a n c h e s  of this  
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p r o c e s s  which evolves  a f te r  the zone - fu s ion  type. When the uppe r mos t  pa r t s  
of the man t l e  a r e  involved in the p r o c e s s ,  the c r u s t  is not be ing e s sen t i a l l y  
r eworked ,  and the s t r u c t u r e s  o r ig ina t ing  in such a case  a re  of the oceanic  
r idge  type. The a s t h e n o s p h e r i c  l ayer  in the upper  pa r t s  of the man t l e  appea r s  
to be d i s tu rbed  and the subs t ance  of lowered  dens i ty  and d e c r e a s e d  s e i s m i c  
ve loc i t i e s  " f loa t s"  upwards  d i rec t ly  to the Mohorov i t id  d i scont inu i ty .  S imul -  
t aneous ly ,  the heat flow i n c r e a s e s  cons ide rab ly .  

When g r e a t e r  depths a r e  involved in the d i f fe ren t ia t ion  p r o c e s s ,  the 
s t r u c t u r e s  of an i s l and  a rc  type a r e  o r ig ina t ing ,  the s t r u c t u r e  of the c r u s t  
be ing subsequen t ly  r eworked  f rom the oceanic  type into the cont inenta l  one. 
An i n t r a m a n t l e  a s t h e n o s p h e r i c  l aye r  (or G u t e n b e r g ' s  l aye r )  is  d i s tu rbed ,  and 
the subs t ance  with d e c r e a s e d  s e i s m i c  ve loc i t i e s  "floats" upwards  to the 
Mohorovi~id d i scon t inu i ty .  But in this  case ,  the subs tance  "f loats"  upwards  
f rom the g r e a t e r  depths.  

The na tu re  of v o l c a n i s m  changes  sharp ly  f rom the oceanic  to the con-  
t inen ta l  calc-alkaline, this processes going on much faster than the rebuild- 
ing of the crust and as a result of it a new island arc may originate directly 
on the oceanic crust. Calc-alkaline lavas go on generating during all the 
time of deep-seated differentiation. As a rule, the crust is being thoroughly 
rebuilt at the same time. Gradually dying out, the differentiation process 
apparently, may continue, after the crust rebuilding has been completed. 
Anyhow, lavas often retain their calc-alkaline character within the young 
mountain systems, also. When the phase of the calc-alkaline volcanism is 
completed, the layer of the "activized" subcrustal mantle disappears, and 
the upper boundary of asthenosphere "sinks" to the depth of about 120 km, 
which is characteristic of the continental platform environment. The sour- 
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Fig.2.  Hypothet ica l  p rof i le  a c r o s s  d i f fe rent  volcanic  a r e a s .  ! = cont i -  
nen ta l  volcanoes ;  H = i s l and  a rc s ;  HI = oceanic  volcanoes ;  I V  = m i d - o c e a n i c  
r idges .  I = "g ran i t e "  layer ;  2 = "basal t"  l ayer ;  3 = s u b c r u s t a l  pa r t s  of 
mant le ;  4 = a s thenosphe re  l aye r  ( G u t e n b e r g ' s  zone), 5 subas thenosphe re  
layer ;  6 = zones  of m a g m a  gene ra t i on  and volcanic  ch imneys .  
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ces  of cont inen ta l  v o l c a n i s m  l ie  much d e e p e r  than  under  the o c e a n s ,  hence  
m a n i f e s t a t i o n s  of cont inen ta l  v o l c a n i s m  a r e  g e n e r a l l y  w eake r .  

Judg ing  by the g radua l  change in space  f r o m  c a l c - a l k a l i n e  l avas  to 
a lka l ine  cont inen ta l  ones,  the s u b c r u s t a l  a s t h e n o s p h e r i c  l a y e r  of i s land  
a r c s  may g radua l ly  turn  into the i n t r a m a n t l e  cont inen ta l  a s t h e n o s p h e r e .  
On the ocean s ide ,  the sha rp  boundary be twee~ d i f f e ren t  types  of a s theno-  
s p h e r e  co inc ides  with the focal  p lane  (Fig.2) .  

F r o m  a p e t r o c h e m i c a l  point  of v iew t h e r e  is l i t t l e  doubt that  the c o m -  
pos i t ion  of the s u b c r u s t a l  p a r t s  of the man t l e  under  the oceans ,  cont inents ,  
i s l and  a r c s ,  and ocean ic  r i d g e s  have  to be d i f fe ren t .  

The  concept  of d i r e c t  r e l a t i o n  ~)f v o l c a n i s m  to the upper  mant le ,  and 
of i ts  " t h r o u g h - c r u s t a l "  na tu re  of v o l c a n i s m  may be be l i ved  to be v e r y  
p r o m i s i n g .  The  study of~volcanism may s e r v e  as one of the m o s t  power fu l  
i n s t r u m e n t s  to l e a r n  about the e a r t h ' s  depths.  
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