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OCEANIZATION - GEOTHERM /-U. I\~ODELS 

R.D . SCIIUILiNG I
) 

Tectonics , llIetaJ1lorphism and volcanism are gen
erally endothermic processes and, as a consequence, 
the location of the energy-source which drives these 
processes is relevant. It ca n be shown rather easily, 
that the aJ1lount of energy produced by radioactive 
decay of U, Th and K is grea ter than the energy 
needed for the above-mentioned processes, :lJ1d there 
is therefore no need to look for other sources of 
energy. In other words , the amount of hea t consumed 
e.g. by tectonics is lost in the noise level of the 
variation of the terres trial heat-flow . We inay turn the 
argument around , and say that it is probably the 
variation in the lateral distribution of the (radiogenic) 
heat sources, which determines the loca tion and tim

ing of tectonic phenomena. 
By simple calculations it can be shown that the 

temperature under the continents should be higher 
than under the oceans, if a state of thermal equili
brium were reached. Geophysical obse rvations, how
ever, on the average depth of the asthenosphere under 
the continents (--> 160 km) and under the oceans 
(~80 km) show that this is not the case at the 
present time. We must be at present in a state of 
th ermal di sequilibrium , and the mantle under the 
con tinen ts is presum ab ly hea ting up , while under the 
oceans it is cooling down. This shoul d cve ntu~lIy lead 
to a reversal of the slope of the upper su rface of the 
as then osphere. 

The whole system, as it moves towards thermal 
equilibriulll, becomes gravitationally ullstable, and a 
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new cycle of continent::il drift will start. A very :Ip· 
prOXilll8te calculation shows that the periodicit y I' f 
this phenomenon will be of tlte order 01' a fc\'/ 11111 ,· 
drecl million yea l·s. The pulse of the earth secms to be' 
caused by the fact that tlt e radioactive eleJ1lent s :tr ·: 

very unevenly distributed in the lithosphere, and it " 
this geochemical contrast between ocea nic and Cl1l i' 
tincntal crust wh ich causes and perpetuates tite tcetll· 
nic mobility of the crust. 

Apart from the mega tectonic processes witiel, 11 ~ 

the present view are caused by the difference II. 

heat-production betwee n continents and OC (' :II1' 
there is also an interesting class of tec tonic pitl' l1 p· 
11lena of smaller size . It has been shown that in the 
Mediterranean, for example, there are several OC C:il :· 

type basins which !TIust have been land-masses in [h 
not too distant past, This di sappea rance of conti ih'll· 
tal crust, and the forma tion of new ocean-lype ba:'IIl \ 
has bee n referred to as " mediterranean oce:ll1i z:l ti ,;Il · 
It looks as if there is some relation to the alpilli 
oroge nic chain , although these phenomena post d,!''
the main alpine folding. The accompanying " Fu r 

shows in a very schema tic way the main elel l1 CIII ' , ' 
the alpine fold belt in the Mediterranean arca , allll l' 
locat ion of somc of tliese " holes". Some Iwvc al rc·,I\.· 
bee n fill eel with a tlii ck se ries o f lale-M iocc ll l' t 

Reccn t sedimen ts, whereas another "hole" (11 
Cyclades) is still in an ea rly stage o f fOrlmti ol 1. Ffi'" 
a glance a[ thi s sche matic picture, one ge ts l/t r " 
pression that these holes arc located .in th()~;c 1'1.1, 
where tli ere is a sharp curve in the alpine (/1:1111 

model which explains [he formati on of the li pl,·; 
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,., 11 :I ~ t.he ir preferred loca tion in the arcu,il e parts of 
I !'tllJ chain, wOlJld be the most plausible, 

lil e thermal conseqlJences of a thi ckening of the 
, lI lst, dlle to folding of sediments can be calculated. 
111 (' temperature at ti le base of a continenl al crust of 
to 1;i11 tilickness will be approximately 200°C higher 

ill.11I at the base of a crust of 30 km thi ckn ess, if 
:h"f'lml equilibriulll is attained. One of the conse
jl lc nccs of su ch a temperature increase for a column 

,)f 100 kill thickness is an expansion of the column 
:,\' slightly more than 3 km and , if erosion removes 
:I;is ex cess height tlie combined effects of isostasy 
jllli erosion will result in a total erosion of about 
:0 ~111. The til11e ~sc ale of the process will be of the 
t'lder of a few tens of lllillion years, and th erefore 
:hennal effects will no t be significeJIlt at a depth of 
:!lure than 100 km . 

What is described here, is essentially the thermal 
,kl'e lopm ent under a straight mountain ch ai n. In an 
j[C l1 :1 te fold belt the sitlJation will be different. At 
!lie concave side of a cu rved fold belt, the Itea.ting, 
"r!'ec ts of both segments of the arc will affec t the 
'.llne column, and thus tend to reinforce ea ch other. 
. \t tlte convex side the situation is reverse d, and the 
Jll dcrl ying columll will be less hea ted than under a 
,tr:light fold belt , because th e same am ount of heat is 
~, c rc di ss ipated over a large r area. 

Tlt ese effects togeth er will cause the formation of , 
J titermal "blister" at the concave side of the arc, and 
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a more pron oun ced fore-d eep at the convex side. 
Titere will be strong erosion 1'1'0111 the thermal hli ster, 
as well as th e formation of gravity slid es from the 
center of the uplift into the fore-d eep, There will 
come a time that erosion an d tec tonic denudation 
h<Jve proceeded to the stage that heating changes into 
cooling, and the uplift into subsidence, Jf erosion has 
been fa sl and thorough, a large portion of the crust 
may have di sappeared in the mean time , and the cru st 
may have becoille so thin as to re semble 3n ocean
type crust. The fa ct that erosion does not stop at the 
time that the cru st has regained its normal thickn ess 
is due to th e fa c t th a t thermal effec ts are transmitted 
, lower than pressure effects. Once the heat sources 
have been eroded away, the process does not stop 
immediately because the temperature in deeper parl s 
of the underlying mantle may still be rising. 

It is therefore not surprising that th e foundering 
stages of such thermal blisters in the convex sides of 
arcuate fold-belts are often accompanied by volca
nism, the decompression by erosion, and the simul
taneou s heating of the deeper portion s of the column 
both favourin g the formation of sili ca te melts . 

As a con clusion we may say: the cause of tectonics 
is in the crust, not in the mantle , This statement 
holds for continental drift and pl a te tectonics (mega
tec tonics) as well as for basin formation and uplift 
(mesotecton ics). 

fig, 1 
Schem a ti c outline of the alpine fold -bellS in the ~'fedil e r

ran ean a rea. The direc tion of main overthrust movement has 
been indica ted by arro ws. 

Area s of Mediterranean occanization are :IS follows: 

A - Sea of Alboran 
T - TYI'I:hcnian Sea 
Po - Po basin 
Pa - Pannonian ba sin 
Cy - Cyclad c Area 

The indicat ed areas arc 10l'ated in the concave sidc or an 
arl'Ua te part or the alpine fold-b el t. 
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