T HE GE oD YNAMICS PR OJE C T

CHARLES 1 DRAKE*‘k

~ RESUMEN?

‘Se presenta un. bosquejo hrstonco del desatrollo de las 1deas sobre dindmica de la tlerta, y -

sobre los procesos que ongman su constitucion exteno . Este desarrollo culmina con el =

Proyecto de Geodmarmca una ernpresa cientifica 1ntemaclonal auspiciada por los orgamsmos

‘ _mundiales especializados en el campo de la:‘geologla yila geoﬁsnca Se hace hincapié sobre Iasf'

‘ oportumdades de mvestxgacron en la regron de Mex1co, Centroamenca y el Caribe.

ABSTRACT

The hrstoncal development of the study of the dynamrcs of the earth and of the processes -
that produce its surface features, is outlined. This development leads up to the Geodynamics
Project, an 1ntemat10nal venture sponsored by the world scientific organizations in the field
of geology and geophysies. The opportumtxes for research in Mexico, Central Amenca and

: the Canbbea.n regmn are stressed
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“fThe Geodynamrcs Pro;ect was formally m‘aurg‘urated' by the

‘ Internatronal Council of Scientific Unions (ICSU) in 1970 at the

. 'urgmg of the lnternatronal Umon of Geodesy and Geophysrcs (IUGG) k
- and the lnternatronal Union of Geologrcal Scrences (IUGS). The

;,purpose of the PrOJect is to study the dynamlcs and the dynamlc

 history of the carth and the processes that produce its surface
 features. ICSU 1nv1ted member countrres to partrcrpate and some have

‘responded 1nclud1ng, of course our hosts at the frrst major geody— ‘

- namics symposrum held in conjunctron w1th the meetmgs of the
. eAmerrcan Assocratron for the . Advancement of Science in Mexrco

' ‘~C1ty Although the purpose of the project is screntrflc ~to determmeﬁ -

- how the earth functrons as a system— thepractrcal aspects are
obvrous partrcularly in regard to energy and mmeral resources and in
‘ predrctlon o1 perhaps even preventron of natural drsasters ‘

. _ The Geodynamrcs Pro;ect had its 1mmed1ate origins m the Upper .

. ‘Mantle Project (UMP) ably led by Professor NV, Beloussov during

whrch the group of 1deas that led to the plate tectomcs model of the .

| *fearth’s outer shell were developed It owes a debt to UMP, to the

. ‘Internatronal Geophysrcal Year and to other experrments in

‘fcooperatrve mternatronal science, but it owes its existence to 1deas;
- some good others ﬂawed some. 1nsp1red others outrageous- gener—‘

ated by mdrvrduals workmg alone or in small groups. The plate'

:"‘tectomcs model has a long and checkered hrstory and a pattern of
"Ldevelopment in some ways srmrlar to that of relatrvrty theory in

_ physics ‘where parallel lmes of development in mechamcs and electro-f

lmagnetrsm led to an mfyrng concept . ~ -
Some hke to thmk “hat Francrs Bacon (1620) was the frrst

'proponent of contmental drrft because of hrs speculatrons on the k

‘ "srmrlarrtres of coastlrnes of Afnca and South America. This is

. Jsomewhat hard to defend srnce he was comparmg the west coasts ofk

"‘was caused by smkmg of the Atlantrc Ocean basm One can also -

: _make cases for Carl Ludwrg erldenow Benjamm Franklm Alexander‘
 von Humboldt and others but 1t appears hkely that the frrst man




_did not consider a mechanrsm or

'*wrth suffrcrent conﬁdence m the 1dea of drrftrng contrnents tovp '

gpubhsh maps was A Smder (1858) “ ho showed the continents fist
in Juxtaposrtron and then in the1r present posrtrons (see Holmes, .-
1965 D 1197) His purpose was to explam the srmrlarrtres of | the}’ -

coal measures of Europe to those of North Amerrca and the -
"]uxtaposrtron of the coastlines on ;:the two sides of the Atlantlc H

cause of the contrnental move— -

“ments Baker (1911 1932) Went beyond the kmematrcs of the
system and speculated about the dynamrcs He suggested that tidal
forces caused by eccentrrcrtres in the orbits of the earth and Venus .

_ ripped the crust off the Pacific and followmg the idea of Georger .

o fDarwrn formed the moon from it The remammg protOCVntmentf" .

? broke up. the preces dnftedf‘“
‘foceans ‘were captured from the

art and the waters of the resultmg -

7ypothet1cal ‘planet .

 now. represented by the asterord Thrs wm\odel_drd not gam

accep tance

At about the same trrne F B VTaylor (l910) related the young:‘g' ‘ -
‘ mountam systems surroundmg the__Pacrﬁc to the opemng ot the

Atlantrc Because his emphas1s“w'i

on the splendors of Tertrary_‘

mountam burldrng, the magmtude o the proposed contmental move- .

. ments tends to be obscured His mechanrsm is a httle vague and;g . -
‘probably too weak. He 1nvokes tldal actron and hrnts ina later paper,&” ‘ .
(Taylor, 1928) that capture of the _moon dufm ~k‘Cretaceous trmekf"""‘

'\mrght have mcreased t1dal actron suffrcrently to cause the contments
‘,'to start shdmg around . - , r .

_ In January 1912 Alfred Wegener presented h1s 1deas at an annual .
- meetmg of the geologrcal society in Frankfort. This was subsequently* .
‘pubhshed in monograph form in 1915 (Wegener 1915) Wegener a
~ 'rmeteorologrst ‘made the ﬁrst detarled analy31s of contmental diift
_taking into account as much of the exrstrng mformatron from all .
7branches of science as he could He rejected the 1dea of permanence

of ocean basins and pointed out that the oceans were quahtatlvely,

different from the continents, with basic rather than acidic rocks -
,,berng dominant. He pictured a protocontrnent as breaking up at the .
_end of Paleozorc trme wrth the*fragments drrftmgf*’slowly to therr . '




. A Hormes in two papers. pubhshed in 1928 29 (Holmes, 1928,

. 1929) He pursued the idea that radroactmty wrthrn the earth
*‘fproduced the heat and the resultmg convection produced the drift.
His prcture of a 50- 100 km thick hthosphere berng moved about is
“_not too dlfferent from present 1deas and was an 1mprovement on

, iwhat Wegener was usually credrted as thrnkmg—contments plowmg ‘

- ‘through oceans

k Venmg MEIHBSZ ‘95 2), who mve f‘ed the submarme grav1ty pendu-,
qum apparatus also favored convectlon The. large negat1ve gravrty

‘anomahes he found assocrated wrth deep—sea trenches in the East
- Indres could not be explamed by the water depth alone and he

. gpconcluded that they must be due to down—bucklrng of the

(%3

crust
He s sometrmes taken to task on the grounds that the crust under
'~ sthe contments k'1 thrcker than th ) beneath the oceans _but careful

- ;rev1ew wﬂl reveal that hrs crust refers to what is termed “htho—~

~ With a slight ini

*f;sphere today, the upper SO kxlometers or so of the earth’s outer
€:she11 . . o ;

k Kuenen (1936) bullt a model o demonstrate th1s downbucklmg
‘ }“consrstmg of a crust of frmte strength over a ﬂLIld substratumw
k :depressron to locahze the deformatron ‘he was
ffable to produce a downbu‘ kle sunrlar to that proposed by Venmg “
- ‘,‘Memesz Usually it was. ‘smgle _downbuckle, but sometimes it
- sheared as buckhng proceeded and underthrustmg was. 1n1trated Hess
.(1938) supenmposed ‘Alpme mountarn structures on thrs downbuckle‘

and:'arcs and were the reason for

thelr exxstence Grrggs 1939) found some objectlons to the dynam—

' - ical srmrlarrty of the Kuenen model and suggested instead a convec- “ .
‘“ft1on model that did ;not requrre such a large drfference in apparent

. v1scosrty between the hthosphere and the underlymg substratum He

"‘tures of thls type underlay the: .



ranges. As the msrde cooled a dl shrank the alr
exterior would be too large to fit the shrunken mterrt)r hence it
. 'would become wnnkled like the sk
_ concept had many supporters and the physrcal arguments in favor of ‘k
_ contraction were well developed by Jeffreys (1952) who noted that .
_ “thermal contractron predrcts the correct order of magmtude of the
total crustal shortenlng mdrcated by mountam systems it alsoﬂ

. f,constructed a model Wrth whrch a downbuckle could be produced by‘ .

- ;rotatron of two small cranks in oppo ng drrectrons;j

~ Meanwhile, other 1deas about» the developmen ',of the earth’~
surface. features had sprung up.ngelgenburg (1933) suggested that
eparation of the contments was caused by-expansron of the. earth' _
His concept was not taken serrously ‘because it 1ncluded an ad hockr, ‘
‘ ypothesrs that the interior of the earth mcreased in mass as well as
. n volume a _concept repellent to most physicists. This defrcrency was
. corrected by JKE. Halm (1935) a South Afrrcan astronomer who k
'f‘approached the problem in the l1ght of current thoughts about the‘
§‘evolut10n of stars and the 1dea was .
. (1956), Heezen (1959), Carey (1958) and others Although there are - -
drfﬁcultres with the amount of expansron requrred to explam the ~~ .
_ apparent relative movements of the contments and with the rates at
» which it occurred the p0551b111ty of some. expansmn of “rth‘ earth‘
through ~geologic time cannot at thrs time be denied Ee de
~ E,Beaumont (1829) advanced the converse hypothesrs that the earth is r‘
hermally _contracting, to account for the folding, thrustmg and“ k
ound in the Alps and other mountamir"‘f’“" -
cool and solid

apparent crustal shortenmg

aexplarns the 1nterm1ttence of mountam formatron 1n time. .

of a dehydrated apple Thrs:‘gk‘ -

 Father Francois Placet (1668) prior of the Abbey of Bellosanne -

‘ near Rouen, France suggested that the separatlon of the contments\': -
1 1c';~ Was caused by smkmg, or subsrd-
ence, accompamed by the uplrft of the Amerrcas The concept of" ‘

on the two sides of the Atlanti

‘creatron of ocean ‘basins by vertrcalr\movements wassupported;_ by
Suess (1904) who viewed them as evidence of‘co’llaps‘e of the earth’s
_crust and by Haug (1907) who spoke of submerged continents. The

‘1dea has Dbeen further espoused by Beloussov (1968) who suggests aﬁ



. mechanism of basrfrcatlon to transform contmental crust mto oceans

‘ There is no question of the 1mportance of vertical movements and it
is drffrcult to explam the geologlcal features of contmental margins

and margmal seas such. as the Medrterranean w1thout 1nvok1ng somef

‘ ‘sort of oceanrzatlon process . - '

k Each of the above ideas. had its defenders and it was drffrcult to
choose among them on the basis of sohd data rather than emotion.

. ‘Holmes (1953) commented “I should confess that desprte appearances‘
- to the contrary, 1 have never succeeded in freemg myself from a
- naggrng pre}udlce agamst contmental drrft in my geological bones, so

- broad land bndges .

to speak I feel the hypothes1s to be a fantastrc one. But this is not

_ science. Whlle so many contradlctory vorces confuse Judgment oneé
- ‘cannot do better that commend Dunbars wrse drctum that ’it is
unsafe to reject, a pr10r1 elther contrnental drlft or foundermg of

9’,

Thj currently favf_ed plate tectomcs mode d1d not sprmg suddenly' o k

. emto promrnence but grew as a result of new data There have ‘been
~ many contrlbutrons but three in partlcular served to make the

- fkfrnodel acceptable toa majorrty of the earth sciences: community. The“

 exists a layer of"sma

' i[(1940) and pursued by

":frrst chronologrcally, was. the concept of the asthenosphere (Barrel
_1914; Fisher, 1889) that beneath a relatrvely strong hthosphere there ‘
: ;strength that permrts gradual _movements to‘_
approach a hydrostatrc ;equrlrbrlum ThlS was dlscussed by Daly
‘utenberg (1926 1953) in h1s mvestrgatlon

kk ”"kﬁkof a low-veloc1ty channel | n"the upper mantle. Bemoff (1955) noted
_the difference in the strain release characterrstrcs between shallow

. subjected to forces of crglobal scale

- Matthews 1 96‘3‘;:3 Vm -

‘ - (0-70 km) and deep (70 700 km) earthquake sequences and conclud—h

~ ed that they are tectomcaliy 1solated from each other. He also

‘suggested that the great earthquakes mlght form a single tectonic

is. decoupled to ‘SOme:;d‘egree “from “‘the mterror and that 1t 1s belng' .

‘rfrcatlon of the pa‘ n of magnetrc str1pes ‘
1 agnetrc reversals (Vine and
f1966); It had been known for some t1me .

The second Was the‘:lde




c(Rothe 1954) that selsmrcrty in the ocean basms was mostly rather "s‘ -
_ narrowly confined to the axis of the mid-ocean ridges. This indicated =~
_that tectonic processes were. most actrve there and the correlat1on of -

_ the magnetic. stripes wrth time led to the concept that new crust was‘f

_ being formed at the ndge axis and that the hthosphere was movrng .

away from these ax1s at rates of the order‘ of centlmeters per year.
k The third resulted from studles of dec
earthquakes had long been recog] ;'1zed

‘focus earthquakes Such L -
urner 1929 and thelr .

‘dlstnbutlon in a drppmg zone had been pornted out for Japan

'~(Wadat1 1935) and for the crrcum—Pac1f1c belt (Bemoff 1954)

~ Studies of the deep focus earthquakes in the Tonga-Kermadec region .

~ (Isacks Olrver and Sykes 1968) revealed that the properties of the
'rock material in the earthquake zone drpprng from the surface to
700 km were ‘more hke those of the hthosphere ‘than those of the
underlymg asthenosphere Thus it was reasonable to conclude that mn

f,the regions where deep focus earthquakes are found the hthosphere . k
_was being underthrust to depths at least as great as those to whrch -

_ earthquakes. occurred.

_ These basic observatrons led through the concept of Hess (1960)

- called sea-floor spreadrng by Dretz (l96l), and new global tectonrcs k

by Isacks et al (1968) to the commonly accepted term plate] .

tectonics (McKenz1e and Parker, 1967; Morgan 1968) On a global'
_ scale, plate tectonrcs consrders the earth’s outer shell as made up of a '

- small number of very large plates movrng relative to each other
- —convergmg in the deep earthquake zones, drvergmg along the world

t rrft system (Drake 1964) and shdrng along each other in areas of
_major transverse faultmg such as the San Andreas system of western

“,North America. The plates are of the order of 100 km in thickness .

- and whlle the major tectomc actrvrty occurs on their margins, their

_ interiors are not entirely quiescent, being subjected to Vertlcal -
' *'movements of conmderable magmtude and to volcanrsm ‘

Thrs basic model has brought new vrgor into the earth scrences'
since the observations from all parts of the field can be related to it.
It has great promlse not only in explaining the nature and hrstory of

. the earth and the processes thathave created its surface features,gbut_g




_in prov1d1ng the fundamental knowledge necessary for predrctmg or

kpreventmg natural dlsasters ‘and for the dlscovery and utilization of
~earth resources. Since the plate tectonics model is of global scale, full
- ,,understandmg requnes mternatronal cooperatron and mvestrgatrons of
the same magnrtude It is the purpose of the Geodynamlcs Pro;ect to
promote and encourage these act1v1t1es and to prov1de a communica-
_tion mechamsm through Wthh ideas and data can be exchanged To
date 52 countrres have announced their intention to participate in the
Geodynamrcs PrOJect Several have specrflc 1nvest1gatrons underway ‘
Some countries have not attempted to orgamze special new programs,
_but a number have 1nd1cated their 1ntentlon to undertake ambmous

- new efforts over a penod of six years

In conclusron and in recognltlon of the locale of the AAAS

, Symposrum to which this paper isa contnbutron it should be noted
that the opportumtlesfor significant geodynamrc research in Mexico,
~ Central America, the Cocos plate and the Caribbean are very great.
The history of this region is the key to the history of the opening of
~ the Atlantic Ocean and the separation of the continents around it.
Actlve subduction is taking place in part of the area, active diver-
r gence 1s occurrrng 1n other parts and major strrke—shp movements are
~found m several areas. Measurable vertical movements are found in
_many areas —both short and long term, and the processes that

‘ "\'produce economic concentratrons of mmerals are active. The geologl-
cal hlstory ‘of this region plaees defrmte constramts on the global
iiplate tectomcs model. There are many challengmg questrons whose '
answers can be found in th1s critical area and the contributions of
geoscientists from therregron can k‘extend far beyond its borders., .
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