
Have the nature and pattern of continents and ocean 
basins been essentially the same since the origin of the 
earth - or are they constantly undergoin 

A S O M E W H ~ F  C~GDE but useful a t~a log?  of man'& 
span of time or, earth has been offered b) Sir  James 
Jeans. He pointed out thai if we took the height of the 
Woolworth Building as  representative of the total age of 
the earth (born,= 2-I/:\ billions of years ) ,  the period of 
man's occupancy here could be represented by the thick- 
ness of a nickel placed upon the top of the building. 
Obviously we've come late to the party. Our  limited 
impressions a re  probably highly tainted. and our data 
of the past extremely fragmentary. 

Even in our  short tenure on the earth. however, we 
a r e  able  to watch rivers, wind. and ice erode segments 
of the continents and carry the detritus to the sea. where 
sediments a re  frrmed.  Volcanoes a re  born. flourish. and 
die: a n d  earthquake5 and  related crustal movements sits;- 
gest some ways ii, which mountains may grow. We may 
infer readily thai the present is a key to much in the 
past. and use thih concept as  a philosophical hasis i t i  

ous geologic reconstructions. 
It  is apparent,  however, that these sequences of irregn- 

lar  but somew ha1 repetitive events cannot he extrapolated 
backward forever. Some gross processes and resulting 
features are  bound to seem more or  less unique to our  
short-lived earthly point of view. For  example, to an 
earthling, the origin of our  solar system. and of the earth. 
was a cataclysmic sort of thing. But even in this instance. 
though the labor may have been awful, the period of 
birth seems to have been extremely short in term- of the 
earth's after life. 

Are there features of the earth ii'-elf -formed in the 

many tens o r  liundieds o r  millions of !ears after it-, hirtli 
which a r e  unique. o r  -'pecial. in their origin? V e q  

pos-,ibly l m a ~ i ' - . c  of the time and scale factor. or perhap- 
because the material record is so frÂ£i";nentan -'iich fea- 
t ~ - ,  would not he perceived readily. 

We may confine our  speculations to the crust of the 
earth. which is most readily examined. and in the earth. 
a s  well a s  in pies is nor th  inspection. Actually ihe 
upper crust in the continental areas is about the 01111 
part  of the earth subject to detailed geolugical o1,serva- 
tion and study. k rom geological data ~e can leadily 
infer earth feature' in some place-, to a depth of a t  least 
several kilometer-'. and possibly locally to 10 kilometers. 
(kophysical  data  a r t  invaluable in filling out our  infor- 
mation of the deeper parts of the cru-t. 

The  earth'. crust is frequently thought of in term5 of 
its response to deformation-that is. in terms of it. 
strciigth. StrengtlnMsc. geophysicists find that at depths 
of about 80 kilometers in the earth there i-, a marked 
change in the strength of the material. although 11rol)- 
dbly no change in composition. At this depth the resist- 
ance to plastic flow is presumably less than 1,/100 of 
thai near the surface. Thih susceptihilih of the loner  
crust to p l a ~ t i ~  flow has special significance in conjunc- 
tion with any movements of parts o r  all  of the crust. 
relative to the earth's interior. 

Let us first. houever. think of a crust in terms of com- 
position. o r  lock twos .  S o  considered. \\p find that the 
crust under contitients is quite different from that under 
oceanic ha'-.iits. The general relations of ~ontir iental  lo 



Vertical section through eaith's crust shows iiifm ̂ d 
c o m p o ~ i t i o m  of continental and  oceanic segment's. 

oÃ§ar i i  segntmt* Ã§ the earth's crust. as  inferred from 
geological and geophysical data. a re  shown in the dia- 
grain above. 

These data  indicate unet~uivocally that in the conti- 
nental area? the patchy deposits of sedimentary rock- 
a re  undeilain 1)) granitic rock (cal led siiil because of 
the prepoiiderance of silica. alumina and a lka l i s ) .  The 
+ial layer uiidt- the continent3 averages perhaps 10 kilo- 
nieters in thirkne-i?. Intere?tingly eiiough. the sial thins 
o terminates iibruptly at the continental niatgins and is 
very thin o r  absent in the oceanic basins. 

Helow this granitic zone of the continents the velocities 
of elastic w a ~ c s  (ear thquake shock waves) suggest a 
/one of basall- possibly grading downward into olivine 
Lasalt with a total thicki-iet.s of 20 to 25 kilometel-. 

Variations in the earth's crust 
r 7 I his +o-calld sirna also thins abruptly in (he oceanic 

Lasin\ There i t  is apparently 5 to 8 kilometer- thick. 
and i-i overlain only by ])atchy sedimenis and perhap- 
1)) minor sial ind basaltic lava flovvs. 

The  base ot ihr basaltic layer o r  sima in l)olh conti- 
nental and oceani( area+ is  marked by a sharp  discon- 
tinuity in Nave telocities ( t h e  to-called Mohorovicic di-- 
+ontiiiuity 1 .  This discoritinuity i +  arbitraril! taken 'I+ 

th t4 )ase  of tlie conipositionally unique n'nd o r  crust of 

ilw earth. 
Immediately belovt, we may infer that there is material 

~ e s u m a h h  kindred to the olivine rich rock dunite. and 
it ib in this interred dunitic rock. some 80 kilometer? 
below the s u r t a c ~ ,  that tlie marked change in resistanre 
to plastic flow is found. 

O n  the whole it is reasonable to think of the crucial 
ind-se-' compuAnt; the contirient. a-i lighter. thicker 
lod ies  of di~l i i i r t ive sial buoyed u p  above the h e a ~ i e i  
sinidtic ocean lioois. 

Along the belts of great mountain ranges such as  the 
Sierra Nevada. 01 the Alps, the sial and/or  +ima a re  
e-pecially thickoied. These and most other major  moun- 
tain chain" setm to have roots extending don tiward and 
dt presiing the 'dTohorovicic discontitiuity . 

r , h e  question may be asked. have these lighter. up- 
Â¥ildndin continental mabses uf the crust persisted througli 
geologic time. c-sentially unique in form. in geogiaphir 

distribution a d  > t ruc turc  a\ contra-ted with ocean 
l~asins-  or h a \ e  there I w n  ai'ioiis modifirations in the 
space aml chwirtt ' i  of the  major cnistal fpature-- ol the 
globe? An u i i e t f ~ ~ i w r a l  a n s w e ~  to this question in;*! he 
a long \\a! oft 

Hut let'? ierv l~iieflt e x p h n e  tlic piwiibilities tliat the-t" 
( oiitiiiental txia--e. inap ha\ e led a -li~iiiew hat nomadic 
life on earth not a t  a l l  settled or  quiescent. 

Southern Califortiia re--itieiits need no assurance that 
(he boundary iirea between this rontinent and the Pacific 
is in a stair of unrest. On the map l~elovv. Dr. Gutenberg 
has plotted the epicenters of numerous earthquakes 
many of which are  clearly coiiceutrated along and  di- 
I ectl) d-+oriated i v  i t h  the ind jor faults in l.alilornia. 
Relative rnotion-i of opposite blocks ot tlie crusl along 
the San 4ndivas faul t  alone are  believed to total 25 
miles. The same motion pattern dppear'- to exist on 
man) othei ~ i ihpara l le l  faults of t h i ~  a rea ;  much of the 
di+placernent i. horizontal. wiih the west side of carh 
fault n i o v i n p u o r t h ~ e s t .  relative to t he east hide. 

Had our  earlie1 politicians k n o v ~ r ~  about these faults 
and their moven1cr1t patterns, they wouldn't have had to 
argue ~ i t h  Mexico about boundarie-.. We can just settle 
down and  \\ail. and in a few geologic periods tnucli of 
Mexico w i l l   lit^ within the latitude, of the I . S. A. 

True. these motion? are  not large in  terms of the fare 
of the earth- but they represent movements in  a minute 
part of the cru-i. in only a minute fraction of yeologic 
time. 

Major v e r t i n l  o?rilIations of the continent.-i a re  f orce- 
ful ly  di-iplaveil b-\ their present relief. 01niuusly. if no 
major elevation of continents relat i \e  to oceans took 
place. erosion \$.auld ha \e  reduced all  part* of the earth's 
crust to a featiiteless plane in a short spare of geologic 
lime. Maritw fossil.-, impressed the ancients with the 
fact that the floor- of +hallow st's, had lii'ei~ rlevated to 
the tops of riiot~til<iiiis. 



The pattetn, aiiii history of such continental oncillii- 
tions a re  in tlieniselves peculiai and interesting We 
find on each continent two general typt"' of areas shown 
on the right. One is commonly called a shield area o r  
stable shield since the geologic evidence indicates that 
it has been remaikabl! stable, relative to sea level. since 
the (Cambrian period- o r  fo r  about the last 500 million 
years. These shield areas a re  bordered by so-called shelf 
seas and geoi! iiclinal belts which a re  elongate zones 
along which traiisgrehi-ions of seas have occurred repeat- 
pdly since Cambrian time. The  geosynclinal bclt-i a re  
major sites of deposition of sedimenis in thew last 500 
million years. The history of these geosyncline- in that 
of lineaments on the earth alone; which the crust has 
been appreciably depressed. filled with great p~ii-nis of 
sediments. and then coiistricted and elevated into the 
great mountain (ha ins  of the world. 

Curiously enough. the features of the stable shield 
show that prior to tlie Cambrian period. these now-stable 
shield areas had histories comparable to the present 
areas of shelf -eak and geeo~ynclirial belt,. Consequently 
we know of no continental area that ha5 remained stable 
and quiescent throughout geologic time. 

Studies of the crudely cyclical evolution of down- 
warped segments of the crust into mountain r a n g e ~  offer 
perhaps the most conclusive evidence of appieciable 

The world in  Mcicutor'f, projrvtioii. s / tou i i~g  the distri- 
hiitiot~ o f  c o t z ~ i i ~ ~ ~ t ~ t a l  sim'ld a r~us i  which liar(> r t ~ r r ~ i r ~ ~ d  
stable rcliilii r to wn I n  el (litritlg lust 500 million years. 

lateral a? well a-. vertical movement of at leas1 large see- 
irienti of continental blocks. Almost invariably the domi- 
nant features alone the mountain helts of the world niig- 
ge5t constriction and lateral migration a- isell as e l e ~ a -  
[ion of the earth's crust. 

The  various geological and  geo1)liy-iic~il data derived 
a1on";uch mountain belts suggest the f o l l o \ ~ i n v e -  
quence. as  sho\vri on the left. 

1. Successhe dovvmvarpingiof at least the sial or 
granitic part i ~ f  the crust actually in \ome examples the 
Ma1 and unfier l~ing4ja ' - .a l t ic  l a le i  may l)otIi act as  a 
unit in this do~i-nvarpiiig. Tliis is the geosyrirlinal ytage. 
with detritus from adjacent continental highs contribut- 
iiig -edimerits to the trough. 

2. Vi'ith iucieascd dov\nhuckling aiid constriction of 
the crust the soft sediments and coniinonh imbricate 
slices of the gianitic sial art' forced upward and laterall! 
to form a positive mountain belt. This is accompanied 
by a downward depression or  huckl ingvf  [he sial into 
the earth and  bv profound plastic flow in the siiljcrustal 
layers. 

The setpence outlined hrielb above. and sho\\n in dia- 
grammatic form. left. fits most known mountain ranges 
of the ivorlcl. A classic example is the Alpine HimaIa!aii 
type of mountain belt, which 5tretches from at least 
Gibraltar e a ~ t \ \ ~ i r r i  through the northern Mediterranean 
into Asia as  the Hirnalajan Rangc. 

Most of the m t a t  island arcs of the world -the Japa-  
nese island arc. Java. the Philippines. Formosa. and the 
West Indies appear  to represent intermediate -Â¥tep 111 

what may be a s ~ m e w h a t  analogou- uropenie cycle. 
If we con-iidei a m  one of the great mountain chains 

on the cinst of the earth we do fmd ample evidence of 
crustal shorteninp of appreciable dimensions. Foi exarn- 
pie. in the Alpine Himala) an belt geological featuies 
seem to indicate that the Eurasian continental segment 
on the north and the African-Indian segments on  the 
youth have mo\ed relatively much closer togethei. ( e l -  

Schematic block diagram5 represent stages in the /zypo- tainly in the vicinity of the Alps a hoxi7ontal constriction 
thetical e~.o~iitzorr of a mountain belt from a wosynclirie 
i n  tlte earth's crust. 200 miles or murh more is possible. if not' probable. 



Map fihows distribution of SPILTH/ mountain ruugo 
formed during the upper Paleoioic Era of ritrt/>'s history. 

In view of the great freq11enc) of "urh oroge11ic cycles 
in the crust thioughout geologic time, the diiiount of 
lateral migration of parts or all of the continental blorks 
may be very %reat. We rna} ask, have the cr11stal n1c)tion. 
in these oroger~ic cycles l ~ e n  localized or ~iiken such 
directions as to ( w ~ c e l  out each other: or do the iiumer- 
ou- orogenic hi It-,  of the world represent e\ideuce ol 
crustal rrumpling as the continental blocks have migrated 
rather exter1sively in sonle i\stematic way over a vield- 
ing substratun~ Y 

The fact is that we are too short on good data to pro- 
vide an unequivocal answer. (hai111y s0111e oroge~li(, 
patterns do s u g y - i ~  a rommoii direciion sense tor conii- 
iiental hliding and close genetic relationships 11etvveeri 
now widely separated roiitinents. In the diagram above. 
for example, are plotted several of the inouiitaiti belts 
of Car1)oiiiferou-i dud Permian ape. which rria! be of pi>-- 
sible kinship. The d i a ~ a m  beside it is a reconstinotion 
of a possible initial relationship between these mountain 
belts. Their many similar features suggest that during 
their evolution these ranges were contiguous units. To 
make them so, we have moved Vorth and South America 
into the army of Europe and Africa on the diagram. 

The willinguess of some geophysicists and geologists 
to consider such extensive travels of some of our conti- 
nental masses i-i not prompted b! data from urogenic 
belts alone. 

For example, ihe projection of the world on the right 
show. the distiil)iitiori of glacial ilepo-its of tlie ( A T -  

Loniferou-, period -iome 250 million year. ago. One 
striking thing about these glacial dcpo-ii[s is that some 
of them lie within 25 degree-, of the equator, in areas 
cleartj not eltvatecl at the time of glaciation, We do not 
k n u ~ v  the source of (lie ice bul if  it i-, near the equator. a 
remarkable tllange in the neai-equatorial rlirnate- is 
necessaq. \ l tmiati \es are. of course. to Jennie a quite 
distant -iource area foi the ire. One expedient is to 
postulate migration of the continents relative to the Pole. 
into their pua.ent position after the (.at boniferous 
glaciation. 

More than a fe\\ ~ o r k e r s  have been --~rnek I)! the ja(-t 



great snow fields and ice sheet*-. 
There a re  o t h t ~  data which may he explained ii\ ihp 

assumption of continental displacements. For  example. 
i t  we plot fo r  a m  period in geologic time the distrihu- 
tion of certain closely related l o 4  orgaiii-'iii;-. n r  of 
seine quite di . - t l iw~ne t lpes  of sedimentarj locks. pat- 
terns enierpe uhieh dlso suggest a hypothe+i+ 0 1  (ont i -  
dental displacement o r  scattering from a mole i onimoti 

point . , I h p  critical piohlcrn is lit tour.'-t' to acquire rehahlc 
data on earth teatures and cliinates at -.uccesshc p o -  

logical dates, .niri the11 lo see i f  these art3 rim.'-istent v i t h  
I path o r  paths of continental drift. 

This has been attempted 173 several rourawous  \lurk- 
t r s .  One of tho earliest and best kiiiiwii atlpinpts at such 
reroristruction. madt41 i )  tin' geophyGcist \Vcgener. is 
-how 11 on tlic righi" 

Wegener's hypothesi 

\X egeiier postulated a single large graintir clustci f rom 
whir11 'Vorth Yinerica, South Ainerira, \ntan*tica. and 
'Yuktralia scce(led in  about Korene time I let's sa\ ,iO mi l -  

lion Fears ago- o n h  \estcrrlav m g t ~ i l o p v  ' l ime). His- 
t~wically speaking. the - C ~ I - ~ ~ - I C I I B  ~ i ~ o \ e ~ n e n t ~  \ I N  we* i b  

quite an old nuv. 
Wegeriei's hypothesis pot into p i a \ r  t rouhi t~s 111 laigc 

part lierausc he employed .I\ a cause ot d n t t  the tidal 
f o r c ~ s -  which swrn < p i l e  inadequate to movedlage ~ g -  
ments ot' sial. 01 sial am! sima, ricioss .t plasticall\ 
J i e l d i i i ~ u h c r u s t ~  

Subsequenilv rnaiiy iriodihcatiutis of \^ egenpr'6 tn - 
pothesii, of roiitinental drift  have lieen proposed. (Tiiten 
here ha5 nfl'ercd the suggestion that the rontim-nts Hmwd 
apart  in tile manner shown in  the draw irig l)elii\t. (ruiwi- 

I f  or111 niiip'i d m  irig A W C C C A A ~ I  c s t u y s  in tin' m~gra t ron .  
Ã§ contini*ttts f rom a coimnoii nucleus, as postulated bj  
If ea;en<'r 

A problem for all the sciences 

( I t a f i t  I \  t h e  p ~ i p s a l s  a re  highly t-pecnlatne. To 
i l ~ ~ a l  with t l ic~n in a serious \\'a'\ demands a compre- 
hensmkknowledpt  of the his tor^ o i  the earth and 1t+ 

nhaititaiit'-. Thih ~ ~ d n  be had onl\ with d thorough 
mappiiiz of [ l i t '  t a re  of the earth art({ a stu(l\ of geo- 
l o c a l  features a n d  lo-il-- of' all  ayes. In addition, of 
(ouise.  the prultlen1-i require the attention of all  braneh- 
s i f  t plnsicdi. chemical. biological. a5tri.i- 
i ioit~ic~ii.  diid nwtlieniatical. if they die to lie solved. 

't'o thc geologist and peophysiciht they a re  prohlenik 
nt ( ~ ) i r ~ p e l l i n p  intmest. Inasmuch a s  a l l  of us mwt  live 
heit, uritil death. 01 until space travel is accomplished. 
these proMems h a \ e  a coninion interest. There is un-  
douhtedh heie  to be answered a questioii as  fascinating 
i s  am i n  dll  -cicin'tx. 


