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P.:~ngaea, reoo!'l!Hnx.'1ed Ol" a gl<lbe of pro!:lC>n1 Ear~h r~dltJS, occup e!\ a httlc I'AOre Lho n a hen\isphe re, 1hn 
remai nder being the EoP clflc Ocei!n Opeon ng of the Arctic. Atlantic, Indian. and Souttlem Oc ~n!i, ne.artv 
tk~ubLed tho ~Hes oj ?an1JII0;:1 II ence on i1 eon:!l•ant- rtld lu" Ear th th4) Pac:i fie wcmld have ooen reduood virtually to 
ZG ro his is no• liO. Instead. eacf1 ofthe c:ontinemal btoclc5 around tho Pac fie h;,:; l'teparated frunH1g; neighbours b'p' 
lar!JO ulloCunts in the direction oi 1he Paciltc per•meter. so tllat the P<Jci11c, far from reducing 1a rr'laar zero. h;1!: 
greatly i ll(;l eas.ed in a reu . Th s. 1s impo::~slble exc.cpt on an o;w;p"ndlng Eo rlh. 

Paliii.ICJ<mBQneti c mcu ~un~rnents :.how ihot ~til of the con11nen1s excep1 Antarctll'".i! have convt:rgP.d on the 
Arcti-c by scvor~tl rens ol dcgrnes si1'1C41 lhe Parmi<JII W h olly independent dtH~ from the Triassic Jurl"l!5~ic and 
C rv1JICeous give Lh4: sa me cone I us ion In rprogre$s.vely diminishing dogree. Yet throughout thi$ time tba Arctic h;,s 
bBon t~t• a rea of ew•on:sioii. This is tlb!:urd u niO$(); the 1Earlh has greaUy P-xpandod 

Sovt! ral other i mJQpt:nKlent sew ol data set ou1 herein lf'CQ l.Ure Earth txfJBn&ion. Atl tile cho r<Jcters. of Dr01Jon·· 
- heal flu11 . ... u lean ism, plu~.;mlcs, atti1 w.Jes of lhrtJ$1 !l. a n d l in~ tio ns, 1 nciricnee ol mo•~morp.h C5, d" stntlu 1 ion and 
incidence of ~4'i~a111clty. and ethers, f i1 0011er the ~p.a nslon model ol diapirie orogooo:;is Lhan the sulldwH.on 
mod.,t 

,;xpansion h<.rs bof!~n denied t!ifl lim its of IJ8lllsogmvit}'. palaeomllgnet.Ml cornpJiatiOf'ls. tlntl1he condition ol 
othcr p iMrr'lets. Many o• 1hese cntici::;ms ere QuiXOIIC- !Uitting u p a model. 1hen pro~lngto domollslllt, buHhn 
cr ticisms do n_ot apply to clle model twreln propo:w.d. Others tJtl! simplv inva lid . 

1hrough the nineteen - th • ••t.ics, • fvrlies 
and enr 1 y f.if't io s I b~ I i eved and taught , in the 
face of rejection and -ridlc•Jle, what is now 
t:i.lllecl plate t.~:ctonics, including the .swallow
ing flf' Lh o ocean f I a.ors at the trencht.·s (;!lee 
Amori cnn t;eophrsic.al Union corn:t-pondcnce of 
I9~3 reproduced in Carey, L976, pp.l0- !1) and 
the •;t.rip-by-strip atldi tion of nev oce<Jn n oor 
.f-rOJL the mantle at the mid-oce.tm .~idgos (~ee 
report of t.he 1956 cont i uental drJ ft. symposl um 
pp . 179- 191) . ~l)f confidence in my ur()CJinc 
m~t hod of rc!> Lurat.lon o.f C<Jrly Mesoz.oic. con
figur<d . l Ull!i .,.uts \'inrHc::ated by tl1e repeated 
confi rmat:l Oil or my orocl lllal rota L ons t.o.•hen 
e\•e 1· palacomiJ,guat.lc uoasur~o:•nents wer~: n.atle 
(Tnblt! I) . 

()uri il}! those )'1-!oitr-~ the po:; •; 'l hili ty of 
Jorge chang~~ of tho [ arLh ' s di~ter just had 
not. O.;' currcd t u me 1 o l though , s ~i•ul ;t t. ~d. b)' 
Wegener, exp ansion had. been fut•y davc1oped in 
t~ermany .as a bettor allernativc b)' t.indcm<Jnn 
(19 7.8), E-Ji geuborr. (1932 ) 1 and IKeindl {191110). 
but t ht: )' h ad been i enol:'ed in 41et"llany UJ d hero 
not: B\1 ll j l<l b le i n Cngl 'sh unti l I t • anslotc:d 
th~m t.,cnty ycOJrs ago. Nelthcr L(~Y.ener•s 19 19 
cdi tio" (includi"R aditor 1 s upaatod b~blio
~~;raph)'· tn 1966) nor 0\J roit (193&) montiou 
tht! . 

IJo•,.•e"~er, dur j n;:. 1:he ' for 1.: 1.es and e<J 1'1 y 
•f [tics. I hntl incre••~.ln~! c.liffi<·ulty i n e)(
tend •n~~ ass(':mb I)' of the con t.inent :s over the 
"hoi<.· n f l'::mgaca . I coulJ. lllil•,e s k o'tches, but 
I ""'OS ,.,()rkl n.& more ;ac-c.:uratcly f1;ln m:r• c ornem
pot·ari (!~. , and c; t c u lat•:cl hundr~:dc; of ob t1quc 

projections (b)' 1 OJl,ari thms i n those p re-compu
ter t:imc:s) t.o climi nat.e project tor. orl:'OT~, I 
tLI!lo LJUil t ;a ~0-inch-d 1 ameter hem i q.ph eric~ll 

table to a.atc h lOy elobe, <Jnd .aulded plastic 
film to fit both ;tccu:ratel;y (Carey 1 195Sb • 
1958, p.218-226). 1ne precis on only confirm
ed tho i pu<'~5ibilit;y oC assco.bl in!{ Pang.at!a 
'"i thout a ~ppe appoa r i ng on its pe riaet cr 
somcwhe~e, in t he forn of a 50° open sector 
e)!tending right to the centre. l:iveryone who 
h~~ since ~tteaptcd to reasserr~le Pang~e~ 
assumin~ Earth of constant radius hilS found 
s uch a gil}> n& scc i.Ot" (Figure 1). It h:u bc
comt! c on\o•ent 1 onal to fo 1 Low my 194 S ass ~ml 1 l y 
and leove the gape bet.,.,•~;:e,, Austrl)l i~ and 
Indochina. n . .<l.sumc it. Lo bo rcn l, and c;•ll it: 
Tcth)•s . :U.ecauso I be I ie"•ed t h e P.,apc i n tbis 
posit.lon to be an artefact. I ~riC'd other Joca-
1.. I ons for it j "''i t.h ev on more ohvious dis
juncts. But the Pungaean contlntJl ty of East 
Asi<J <l.ltt.1 Austrlll asia lfUS olll'ttestc<l by the LaTly 
G:tl"'t>rian ;11·-:haeocya t..hids; C£1!'1h1'ian tri lobi tcs 
of the Uad l.idli<J fauna. Ot' ckn.rician cephalo1•od.s 
a n d C.'l l yiii.Cn.ld trilobites, Llan<lo .. ~e:ry cor31s, 
lle\o•onio.ul Lrachiupods, CtLr'boniforou. (oramlni
fera, PcTII•ncaJ.•boniferous bh1 ~t.oias • tho ming 
ll n ..: of Goud~o-:ana and Cathaysia.~• floras in N~ 
GULne.a SI.DI.3 tr;, 'T'h ai land ancl Chi n.a , the 1 n te 
Trias•d c .\tmotir. faunas fro• Siberi a to NeT.4 
Zealand, ;"tnu the distribudun of T:ri<t .. .sic c.r -
ph i bi ans <u 'd rept · 1 e !i . 

Gradually this £1l1d other on0111a lies <.~CClllru
latcd lo convi n~.:.o mo ttwt the con:stant-radius 
model. which loo"s so g<:rod for a coup le o f eon
t.lncnt:-;. could not work for he ,4hole J~ lobe . 
• r<.htc<:ll (' . 1 • ~ l l I. . i " \uu~M.I'II 20;. , p.)~J ro•I"Jr ., l'oln" 

ul"'"' Bufhl .. 1 ~ ln•JI ··" IIIQ ...,...g-O»fllcnl j:nC: .. IIt ly .01 lh .. l l ... uJ 
A~ 1.-.. o.;..;lr~ o•Jrl n !) , .,. I'Qrwl e o . 
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Rctati<)fl5 pmdicf"cd tucTonicl211y, suosequently corif I1T110d l1t1ld901'-..:~gnat" i cal l y 
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s = sinistral rotation d • dext.rll) l'Dtntiop 



J roali•cd fut:tlly that the error Lay i n thl! 
foct that Ill)' spheric Ll tsb}t! matc h ed ':lY rafc:1·~ 
cncc t_!lobe Lnd that Ill)' projcctton U"'lcnbl)' ba~e 
had the c;amc 1 s.diu~, in:~ol.ead of a sm;• l ler 
r adiu:.; tlppropr-iate t.o the earli.t:T Earth, li._c 
tr)•ing to button 11 coat o1/e1' a fattened tJel l y. 
On 9 _,n;allcr glob'"' the Y,aping sector closed. 

TnE PAC I f I C PI\RAOO)( 

r; ~ure 1 snows th-ree 'a' Ct"S ions of Pang• Cll 

ttt the beginn i ng uf t h e g.1esoz.oic: lfc,gt: ncJ.· 1951, 

WCOFNI'R liJI' 

-'Jiglt ..... .ca.•• 

piO!,+<• .... 

F IGUFI£ I 
f\•,• ·~mh I l es o t f'FinqaQa by \·,'egene r ( 195 I I • 

Car~'( ( 1 1•1'5). {m(J Die z & Hoi dL!fl ( •9 10~ 
;')::;sum I ntl 1ha·f Ellrf h-rad I u•. has not changod, 
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Care) 1945, and Diet-z # llolden 197 0, o.ll 
ass wring cOJ'I<; tan t Earth ,•adi us , On each the 
h~:avy broken li1u! is a hcm:-.phcre (t.he clis
torted shape of t he Leai sphcre in egencr and 
to a le:~-s extent in D 1et.~ li LJo l den is an ;~rte
f:Lct of t h e .\1 toff pxojt~ction ust:d). In each 
a n a.<> t erisk mark~ the cent e of the bounding 
hcmi:.phe-re . Each has tho g<1p i ~~~ scctoT of 
noarlr .;,o 0 whic.h i s un.;t.\•oidabl t: "'it.h the con-
st:mt-radiu~ nssumption. ( l n Diet.<~. ~ Holden 
t h e y,apc look:5 "'' tder, but they state (p.49•L3) 
th .. t " Nel.f Cuinca, New Zea l <~1'd and southeast 
Asiu have been ollit L0<1 for c.;u togxaphic con 
venience••\; l n l\1egcncr the gap(• 1 ook.s narruwt:l', 
h n t he has :;1 •·etched s.ou • h Asio ~~a l inspast.ic
all)' to unilo hi• po.stulotc::rl l..emuri.ttn cO>apress -
ion. 

On ci'1c:h of t.hose a ·;!'oembllcs Pangaea (in
clu~,n~ its inhcr~nt gaping ~ector) ju~t spills 
over a hem sphere. Jlenco the ancestral 
Put:-lfic (cxclmhny, the gape) ust have been 
nearly a heuisphcre In area. Since t hen the 
area of "P:tnt!aen." htl'> nearly doubled through 
th~ .lOSertion bet~een it, parts Of the Arctic. 
At l ont i c.. Int.l.ian •• nd Southern Occ<J.n~. '11,is 
111oans tht~t ~the Pacif', c ~hcn1ld have beeri great-

1300£ 

I 

f lGlll~ 2 
m :.tr i buted (}X l l!lnS levi '!loe't~·e(lfl Ant arc I I Ci'l 

through Austt fll I a ~ Cit Ina equals t ~ f,l r•g l e 
•,ep~r~ II on be t ~ocn Ant;:,• c!t I co 11nd I ndio. 
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ly reduced in n•·ea to approach :t.e :.:o. R•.•t the 
Pacific., tm;luding its new l y-opened marginaL 
.sea~, i:> still not: rwch let;:; than a l~~;~ llli~Im~re. 
Th1 s i~ lnpossil>le unJess the Earth hM; gr<~at l )' 

expanded! llt s paradox can not be 1·elicvcd by 
adding d~at g~ping sector into t h e Pacific , 
claimtn~ that i t has been e; l oscd by subdue. I ion. 
bee•~u:;c <m the pt·ese rH: globe the da!>rttnce bct
,,.,.cr.m cont. i nent a 1 Aust.ral i a 3Jtd c; ont inont a l 
China is <ttlll 47° {about: what it "''a!l Ott the 
pl~te rcconstruct.ion), and i1 you nsist on 
lncl udi nP. t h c con torteu I ncloru:= •dan arcs arr d 
mcas1n'e only the ocenn typt! floors het L•·c<m 
Australia and Asia, lhese add up to 34° 
(Pi P,I..IN 2) . 1\no t h e'l' check i ~ to ID!!-;J •· u rc tho 
aluU\mt of netJ ocean crust lf.'h i ch has appe aT~~ 
hett.,•cen J\t1ttlrc t ica and Asia, "bien i!l 66• 
y,•h ethel" rnt;:asurad .., 1 n t·he r ndi an Oco ;l.n or via 
AustroJ.lia and Jndon~sia to Ch imt. 

·y Ht PP.C I f I C PER I t• I ER Pfi.RAOOX 

Th e Paci fl c is a rou_P,h I y circular U\:<:t•n -
the JWr>e so when •,o,~e renove tho Tethyan :;hoar 
uhi ch displaceJ ;'111 the southern I.J locks eo.st 
~ith respect to tno northern blocks (.see 
pp. i rr t.his vo lume) . Utich of the r.:Onlln-
onts which ria the P;lc' -r; c has moV•!d t~way fro11 
its rrelg.hbours dudng tho disper·sion of Pan lii;;'ltea 
(Figure :~). In Pangaoa ..:e11tral Mexico <•bu t ted 
north\<.•est Venezuela, hut i ~ now 2500 k.m f r om 
it .. lenglheninP. the Pacific rim by this Sl!Ount. 
Iu l'<mgaoa J\t~1.0J.r-ctica \\<rapped <H:ound Afr C11 .and 
nudged ~adnga.scar, and the movomont of its 
prcsont pu:!>ition Jenp,Lhened t.h o Paci fir: rim by 
3200 lc rn . In l'ar~g;se-a Antarctic.<t fl tted i nto tht: 
Great Austraf1an Bight~ Jis.persion to Lhe pres
ent con f.tgur<.Ltion ler~P.then~d. t.h e Pac.l fie rim b}' 
3SOO ktn. Blimin.aLi on of tho gapl •'g sector arte 
1act betw~on Australia and C.h nc.1 described 
:~.bov~: moans thtJt thi~ part of t he Pact ftc rim 
h as been extended I>>· .1800 km . A.ltop.ath..:r the 
Pacific rim ha~ increased by a li tt:le rnoro than 
one t h l rd ~ 'Nhich rm: iJ n:s that t he {I. .ted of t.he 
Paci fie has doubled . when aceoTdi ng to t h e 
plate tectOJli~;; t heory the <.Jrea of the Pacific 
....; h.ould lw vc ha 1 '\•ed l h'll"nugh retluc t I on by the 
c.o11b lucd area of the Arctic, 1\t 1 antic, Imli :m 
and Sou t horn Oceans. Th is 1 ~ trbsurd unless Lhc 
sur1ace of t ho Earth h<L~ gTcBtl}' expanded. 

It is fs.tuous for IJoo ley (this 'w'Dlr.,Jrrlt:) to 
:rrguo in c.1 w:les on azi L1h:ll cquit.li.st.;~nt pro
j oct.ions (or othe1" J)rojcctions) in illn effort 
lo ~~capo M.es~rvey 1 s ar~11ent. 1l1.c pel'i t.er 
of [)ooley• r: project ion (th o li.l rgost ct ll"cle of 
all) is :m fact a po•nt~ Using a g l obe the 
con~t:lnt-radius r!iP:)del required Pa ug;:1ea (inch.Jd
i 1'\g Lhc sector gapo) t:o be very closo to ;L 

grsat-~irnts (Figul'e I ) rmd t he comple cntaxy 
E.oPad fi c to be th-e Qthcr quasi-he i ~phere. 
Dul'i ng t h c d i. .spe rsl on , the cont. t nc.-n t a 1 b l o cl< s 
wlu ch 1onn ttt~ bordcrinf Tl"' huvc changed 
ll t.tle but. they have sep<l. r :wtcd frorn e;u;;h other 
enlaq:iug t he ri by about 35\ - i rnp lying ::1 

grea.t-l'!'ircle inen:.l.Lsing by 35~. ''hich i:s 
iDJlOt.$ib l e . 1 n Lhc oxpat1 !U.011 "odcl Pa1•~;ut;;1 

Ld t.h t.h•: !l,;llnc nrc [I os at present occupied mudt 
more h an a hemisphere of the sms.ller l":tdlu!!. 
Earth tho Eol'aci r t c he ng 1/IH)I nrnc h 1 e!i-s tltar• ' . 
~ hen•~ph cre. Since than all tho cont1nent~ 
of Pangaea hava dispersed. tho Pacific h as nlso 
Jnr.:reaso..l in area in nhnut the SlllllC proportion, 
50 tha1 i L~ ri 01 'It;,!> incre:--sed ttn~ards a gToat
circle on tho present-radius Earth. 

FIGURE 3 
The Pact f ic Perlll'lfltO"" paradox 

Tl.e u PIX' r t I g u r ft !:.hollfs the present- SeJJ ~t·a-
l on of formerly 00~1 iguou.s polnts arou 'd the 

Poe I t i c . In the lower diilgram the sl<e•,.o 
cHused by the ofhy~n sln l .st..-~1 ~huar 
prev I ouc;. y d•.l:.. c r i be a C carey 19 76 pp. 25cr-65 and 
t hl·. volume) h-ils been n:JJ'llOVad . The separn1lon 

L.re I weo n 1\u s.t ra I I a and Ch I na p roduc:.o t1 by t ne 
Nlnety-eas1" s lredr ilnd tho ~~gal - Sumla 
~plod orocl i nes pte'JIOu'!Piy described <C1:1ray 
1976 pp.106 ·1 1 and this ~olume) extended ih~ 
Pee if i c par l reter here by 3700 k . lllo 
perineter of the l'aclflc h.as lrrc toc:2:::;ad bv ., 
I lttle mo ro lhHn one third. 
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'fl·opical fossils and pal~eo'":"l~neUc ..lata 
pro..,e that the l'ormian equator cro:s:;cd Te.xas 
and Now York, ·~he pr-0sent equator crnc:ses 
B:r:l:.il. Hence ~'orth Am •\' tea is now soae 350 
nearer t..he no 1 th pole than it "''Us 11• the fermi n 
S lrnilarly Europe. n fos:si I and pa.lacomag,,etic 
c.., , clence indicate ll1at t he Pel"fti an equator wa ::, 
a few de~1.·ees south of France, 1he present 
t.o.quator i •' n central Africa. llc1\ce f.uropa is 
ntY,.. somo <lOa mwrt:t' the nnJ'th polo than it ua.s 
d uring t he Permian. Li kcwist: Slheria is ab<Jut 
20° ncnrc,. the north pole than its Permian posi 
c: on. So since the t•errl'ian the continent..s h avo 
conveq~od fro• three :;.Hie~ on the Arctic, ~.o.hlch 
con sc(_fuent Ly s hou ld have cont.r:a t~ ed by sooo 
5000 km. Did 1 t? Just tl ae opposi tc. During 
Ell i.:laat tillc the Arct1 c h(l...'l been oxtend1t'1~ 
rcgiOJ). opening the Arctic Ocean. This i:s lm· 
possible ~,.:ccpt on an expanding l~aJ~th . Data 
froD the Trln~~ic. Jurassic. and C~taceous 
Lleriods all f. ' tdoptmalmtl. .IJ givo the same eon
clu:s.lon , but in prog:re~o;1ve1y diminis h ing 
degree. t ndicating t hat the CXII<:In'\ ton has been 
p mr.rcssi ve. 

I 
1.80" 

-----~ 

I I GURE 4 
OvorshooT of reglonal Quatern~ry po l es 

beyond 1ho n•o~'ln I;> 4t e,~n~ry J)Oie (afte r ti.1l l san, 
19 101 . Open cl rcles ure 'th e centro ld c; of 
S.<:~mJ.l l I nq s ltes. and t he f II led ci rcle:l are t l aP. 
cor-res ()L>nd ng calcu I a l-e d po Jes . 
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P<llneomagnet I c inclin<J.ti on•· nvcrnged over 
thlluSands of years reproduce th~: <·orah~naJ)Or.Lry 
rotation pole. ~ilson (1970) and 1fatka11~ (1972) 
found that the Quaternary p:llaeopole ,.o det:er
mi. ne.J for .any r egion "'as a 11 t Le further a;,ay 
t h 3n the mean pa laeol'ol e Llctcrmincd fro• all 
of thea (Figure 4). Th i:> 1!'1 p rcci:;.el)' what the 
t!X:pansion 1110del pl"edicts. beC'.ausc the P.eoc.cn· 
t1'1C angle correspondln& to ~ ~ut"faco ldlurnt:tt.re 
gets Jlt'Of.l>essiv~ty Slll.<lllt! J' as the f.arth cxpnncls. 
~i.llson t; lo.k:Elninn)" (l97S.) oal5o found t hat t his 
l)alaeopole overshoot.:. lncTea~(o:· vith age (Figure 
5) , o, h ich agcdn is the ilretlictinn of a pro.:ress
ively expanding ~~rth. P~laeoll.agn~lacLans 1 
L-edtlod to ~heir com.t::mt-r;arll us cTeod. ~eelc to 
cxpl~in these ;'lJ\oraal i e~ by invok ng ad hoc 
depart UN! fro their centr:al dipole lllDdel, 
whereas these oveTshoots rt!aily only bring right 
1..1p to tne pr:esent dny the Arct tc par<~doJ~. just 
desc-r ibed fo1· the Pet·,ni an a.nd r.Lesoz.oic. o t 

Figure 5 the Pc t·rnian oveTshoot 'Yo'Ool1 1 tl be about. 
25"' CO'IIp.'l.red ""'i th 6 ° for the 'lie ogene • Y1 a for 
the P l ioccne, and l 11 ° for the I'! o is toce11~ . 
These figure:; ap,reo ~i t.h all o h~ a' empirid sms 
t hat the expansion Tate h~41 accelerated ,,ith 
t 1 Scrut..lny of .uch dat;a ~loba.lly :•hovs that. 
the ove~shoot$ a l so rccnr~ tho cxpnnsion ~sym
!"etl'Y (Teth )"3n shear and 1 he greater exp3.11Sion 
of Lht: southern n~ttlspherc ~ee Carey, 1976, 
p. 216-218). lfheTo sub··equent oxtcu:;. Oil has 
occurred betw~en ~he palaeo"av.nctic site and 
the p <.ll :1eopolc, orppl'opriate con•ections hitVe 
to be made. 

f'M<;Ig-• 7-'1} ,.., -

0 

FIQJRE 5 
I nc rec:~se w I th o:~gu of oVQ rs hoo-t u f JU.'I I flr~

~ l cs. The cenTroid of e~ch regional group tor 
e~ch ngc 1::. plo-tted ulth Its long l "udfl as 7.ero 
long itude . Tho n ~he polos for uAch opoch ~ro 
corbl ned stotlsTicoll~· l o ~H..,,J the epocta 
pal~opo le and the 95~ confi ck>net c l1' c l c "110"-'11 

CAf l or 1'\llr.on end McElhinny, l'l74l, 



THE I NO I A P.AHADOX 

tnd.ia h3<: close faun<a l and palucogcogri!ph
ic ~ i es ~.,oit.h Austrsll ••, Antarct ca, t.S.'lcliJgascar 

1 

b1" t Af:ric<a. Al'ab L:l. nnd al..u l(ith J n·an, 
Afghani ~l<m, Kaz,'lkhstan and Tibet {for rofC! r 
~nccs ~ee t.:a J'e)•, 1976, J, .435 et F:iUJ,) . J\uthors 
vaxtous l y laold so e of these. and saCJ' ficc:: 
others. 'lone can :-;atisfy thert all on const.:JJ~t: 
a'adius as•;o11bh~s, KinP. (1973

1 
p,85~J pa a•11>' 

· olved tho prohlcm by de l 'LChinl, I ran and 
Af'gh anistan from LsurasJ.a and hnldine Lhc•m 
aeai a1~ t I aldia antl r:ast Africa :south of t he wid" 
Tethys- But thi!! could no -s••tisfy t.lr.ycrhof:f fi, 
t.leyert•ofr (1972. pp. Z94.-.;1•>o) 1mo I n:;.ist that. 
India hlls nevt!-r been faT from Ch i na and 
Rus~la. 'lo quote theu: "lndli• has her:n part 
of Asia ~i ncc Pnoterozoic or earlier time. 
This ic: u. geo l oJ;iC fac L .. wh ich nuthinl:! t::en 
c h aJJgc::. '' l~nigmati c;llly Indin ' o.; bond~. to 
A.f'.-ica, ~; dAgasc;;u·. lmtarct I c.a, an 4l 1\ustra I l;t 
;lrc JUSt as unbreakable . Cra"'•fo1·d (1!)74) tried 
to solve tlle enigma In a simil;>r ,.,.a}' to King 
(ahoYc) by Jctacldng Tibet. ;)ud south China fro111 
1,; urasia. and pl:u;:e thon be1 we-en I ud i a ;:md 
a\ustral ia in GondiA"anal<•nd . Johal .ton (tt :;. \rol
ume) found it noce~~;ary to fer•·y Tilll!ll"' back ami 
fo ••th acrn~s t.h e :tllogod 'leth:ran gape to satl<·•
fy the alternating prOJCJ.• iLy dclMrads of 1\sia 
and J\ta :Hrali .n. ~ Although palaeogeography 
requ1red Malaysia to ha.,.e been closel)' t ied Lu 
Gond1tan:11 ;• nd 1 Mc.Elh.innr ~ t G l . ( 1974) con.-1 tided 
from their p.nlyco:aaenl.! ic data Lhnt Na l ot)'sia 
could not ht:l'tc boen part of tiond•\•analnnd , l~hat. 
they shou ld h ave c.oncludell from thel1· data wn~ 

hat r.l~lilysia could not h ilVc been p~rt of 
Gonun~analand if the pre:;cnt E.art; •-radius bo 
Q5S U 1Cd fol" tho pa~;t:., 

1l1e india p:trudox :resolves into one of 
to tal !';LJt·face :n.'ca. H. is impos!\ • blo c.o :.atis
fy the valid proximity dc::mamL'i of one • rl.s i stent 
neighbour l.f i thout 1-r:<'l'lin,g ot.' de blank. spaces 
betweon lrrd.ia and other:!! whose pl"O):imit}• dt.:!
mnnds arc: eq LJally co l()elline . On a sn.'lllcr 
Earth the u nwantod 5J>ACC vant~hcs (by the 
e I J.:sion of youn2!et· oceanic cn1st) :r.nd all p t·~·,;~
Lmit.y dc:aanof, <•ro satl5ficd. 
4 1- 1 c nt f .. J--t.~rt I .JL 

·-- ~ 

10 

rw,.. t hical OUtcrop 
oJ 7000 km 

FIGURE 6 
Lit'hosphBro lit~T~rder b lock~ ~urround 

ed by c"rcu~oonr inent'al sp acad i ng ai~p irs, 

repres.;nt 1"1 •B prfmary rupture of i'he lllhOIG 
miln I le r ight llo-r.~r I o 'the t l u i o;j C<"ln~ 
(compare Figure 10) , 

THE AFR I C/\ PAA/I.OOX 

l.iko :J 11 ~;on tine an~, Africa b su•·rounlled 
by its nce;.cn-floc,.. sproadinp, r1 f'1. zuno. sh3j)('d 

l ke an in fl a t.e d c ·• ric a tur~o: o"f Afri c. a , more 
than tKice it!! oa.o.'ll area. (Figure 6) _ .Nf.:!·...t crust. 
youngest. ar;. t he rift~ ages fr.om Qll:tLe.a:nary 
tt. rough Tcrt ia TY and Cret.1ceou s. Some••flerc 
\lithlt • Africa pl:tl(} t heory d~m9nds a s ink .... h 1ch 
h<ts S'11•al lo111et1 <111 area of crust li t hosphe-re 
groater tlaan tho whol~ of Africa. !to'here is it? 
S uc h J ~·51 does not exJ. s t ~ OJJ the c:on t:r:n."y. 
Lwt11errm tho Atlfin t.ic and I ndiEIII Ocean ri d~es is 
the great rift vmlley ~rstom of latitLarlinal 
extens.io~l. itself a nascent !:op.te<Hhng ridge_ 

To escape th1s ell eltllla plate ad\•oc:~tes opt 
fo'l' a •.~orse con t.ratl1 t..:Licm , by tl':t.Hsfcrring 
A f.-1" ~; ;a ':; subdue c. ion prob 1 em 1. u the Pacific 
t rcnchcs and 1 o Anta-rc t t ca . 111 e Pel'tJ-Ch J.lc 
t rancl~ t.h~n has to srmllm~· more t. h<1 n 1600 km 
of Afr lea 1 s sh:r.rc, plus mor~ than 1•100 k of 
South Alzcrica • s s hare, J"llus 3700 km f,·orn the 
south l'.aclf1c, llAUng 11 tota l of' 7000 kra of 
I · tho~.llherc u nderthrust be lot.. [.he Andes, most-
1 )I during thc 50 t>la since the Pal aeocene, 111 is 
WJdcrthrust h;s:.; to out~rop in a t. a'eaach ""'here 
the seclj menL ution tllarins th:~t tIme shows no 
oucurbam:c (Fi ~ure 7), llelm~ tho Andos which 
:;hoH·s axtens lun<I 1 opel rogenosis th rotJ~ttout tbut 

4 

sedimenr 

FIGrnt:: 7 
so•rre srJtct1ons of thP. Poru- Chil() rre nch aro emp1~ (o . g . ~t 28°S, raft Abovel, ot'•-er:.. ore fl l ,ed 
!fiFTh undisTurbed Tertiary sedimen1s (e.g. dt 37 S, a· lght abovel 1 .,·here , llccordl ng 'to 'the :> Uhdruct-
1 on hy pornes I s • The /000 km •.mde rth n.rs I crop!> ou 1 • 11/H r 5 7/1 _ (At 'tar S cho 1 1 F! t 4l.., 196 Sl . 



t.i (t;ac.z. 1~71). <111d Lht:H~ is <.L tuL•d 
absence of rhe accumul~tcJ scrapings ~f 7000 km 
of oceanic scdiDCnts, either in the trench 
(~orne of it is empt)'~) or on~horc. Ls thi :<1 

re.-~ 1 1y c .~edih I e '?' 

TI1c t\er ~de-c. trench ("•h ich would hn ... e to 
swallou 6000 km of oceanic lithosph.oro between 
Arrica a nd Australia, p I U!'> :2m1u k• 11 f 
Atn;Ll·alj;l. 1 !> a l lolrlen t in Lh~ Ti.l!;man Sea, pl 11:s 
5000 lea. fx·or• l..be !!ct::;t. Pacific riso back to the 
trenc.h ) lrould ha\•e had 1:0 :<111bduc t 13000 km of 
llLho~phere {o11e t.h inl ()f the circul'lfcn:n<~c of 
t he E~r lh) sl nce t h~ Jurss~ic, ~ost of it 
since t ho Palaeocene ! 1.'.1hera are t h e 13000 l .. m 
of oce.anic !tedlme •lt .!tc l'tlflings'? 1\lth 110 ili.Ssoc.
iatcd crmtinent to h ide thC1D lmdcr, e\•en that 
evasion is denioil (Schol l ~i Val l ier, thi~ 

\rolmne). 1\here ;11·~ the co l ossa l <• n.de:~. it i c 
\ rolca.noes in t he tiny Kcraaclec Isla nds result
J.nf. from the pracessins of so :11uch li thos.phere'i" 
I~ th1s re3lly credible? 

If Airica h as a di loama. 'n'or-sc bo.falls 
Anti.lreti c::t (HJ!~• •'e ~). alsu !;m·rovn.ted by t ts 
own per .iph~;:rt.~l gn.n• t h \\'h ich do rub le:s it.:; are<.~ 1 
p l us stationary Africa's .soutltern gTo•,...th bot.
wee ll the .'ltl antic and 1 nd ian t-rip I e poin ts. 
a ll of" 't4h~CJ•. fiC:C(>rding tQ :;.ubdu r;l,..ion Lhe-0 1")' 3 

hall to be sL\·a:Uo,.,•cd during the last hundred 
Wi witlt·in J1..'1tal'Ot:iaa , Loihel"e no sign or such, s 
:;.ubduction candiuate eJCi~ t.!l.. lhe o n ly Lret~ch 
i n the vidn I Ly is the small South Sandtrich 
tr-~11~11. vhidt i!i u r 1 ~lit Mtg l-eA to th~ 
An l,.iiTc tic ~p·o,. u. , and in any c as.c i t:s fu.nc. tion 
according to pLate theory is to subduct South 
A.t.l11ntic crust CIIS.t t.a. I!OtJYf,H' 1S}i1Jid, 

f IGI.A.E 8 
c I reum-.1\ni" a ret i ·cc :..pra.:~<d I r !:l d I .ap 1 1 !l. 

c~pla"te I y s ur round Ani ~:~rei i cn .. w 1 "ttl no 
subduct i o n zone "to sw ul I O'N the ne"n' I i tho
~phere grow-th (!>t1pplod) _ 

'" 

Surclr tht~ :;ubdnctio11 model has to be 
abandoned~ 

t.l'r" I H I CAL Ar-K. I E Jl: I CCI'' .ll.NS 

All a~roe that the floors of all exl~tin~ 

oc.ean s. :ne \' e r>' )"' flurl R • ~s t 1 )' 1 e s s L h<.lll 1 0 ).!It 
nld. ~one is a:; old as 200 Ma and C\"en -that is 
less th.11n 5\ of the Earth 1 s ago_ Coverage i s. 
nO'l• comp 1 e to enOlJP.h to li.n 0'1.' that r1fJ 1-';llilen:!u I c· 

ocean C I'1J~.t. .:x1!i.L:~o <:~n)'wht:n:. lt'hen: ;•rc the ohl 
oc:e:tn •· Y {i 1.1 c~ son ( l:h i:; \1 o 1 U'"l'~) c oncl udcd t hut 
t he~· nc•.·e:r c:t:istcd. Crook (this \'Olumc) points 
to the absen~e o1 oceanic-type sedimentatJ.on 
and facie~ P.enel.'al I )' hefo~re the Pnl :-L~o~ o ••·, 
~ah h:h h..: <Jdd:~o .;;4JII h i b~ eXillai ned by the absence 
of oceanic cmo'ironments. Scholl fi Val lien.· 
{this. volume) 1·epor t a. total alHI enc·e of tht: 
tn:e;J.p II.'; ::•edllnt:nl,.. ~. lllh i ~.:h !j.l101.1l d h<•o.,·e <.lc.cumulated 
J.n yu.st volumes in the marginal orogens if 
a n c.iont oceans had bcon subducteil_ P.rnhlet.on. 
Sduni ~: l ~ H ~;her· ( Lh i ~. vohu.e) ftM.H1>rl to the;T 
grct•t surprise thut Pl-otcrozoic polar-wander 
path s. inJic.ate that continents than bad the 
~ wne rol ;J t 1 •/e ··nd j <L L J>0:11 t. I an~ from t h c c~:nt Tc: 

of the Ca~th ~s th~y have 1ww. In other words, 
the oceans hilve Jlt~c. been opened t. llii'Ou~<:h t.l11: 
continent s sliding ••P•Lrt hor-i ~tmtnl l r. but tho 
continents have moved :straight. out radial ly, 
.,'l'it.h nev oceanic crust progrc.s~i ve:ly i n~ert~d 
be e. weer. t.hem. In deed tta is is j us t llh.a t Vo,r.e l 
fonnd when he fitt.ed th~ ~:ontiru.:n l ~ liJgethcr 
on a s1nall Jl.lohe insitlc a transparent outer 
globe of" the pre~ent £arth (this volune)- As 
he progres:>i\'ely cli•flillated t-he Oct:;mS , t.hr: 
c:ont:inents convorged as thoy 'Went back in 
.iliOn$! the .·.a~lius. , ::rmd fiL.tecl tosether on a 
globe little IJO~ than htt.l f 1.11e .1t I ze. encJos
lng it complct~ly. 

Nelt.her tho great .aesozoic ocean postulat
~:d beh~een Indi <• :IT!d 1\·: •.a ~ no•· the P.reat. 
Pa 1 aco:z.oic ocean postulated boe t .. ·een the 
Appalnehi.ans anu ~:.he American maritime pieduon"t 
evei· c xl s t.c d.. <.l~ d arnon1: tl':t ted previou~ l y in 
this vo 1 umc _ In the next section it .-i 11 ,1} .:w 
he ar~:ueu tll.at the several wiJe oceans invoked 
to ex&~Inin l'n laeo:oic. fauna l provinces never 
'exist c:d either. 

All th 1 !'l comri need me t h at the great 
oocesm:s as ~·.:: noL~· J( nm.• I..IHi!!ln be I oug e n 1 ;.' l.O t h.(!l 
lates.t stages of ~arth evolution. By contrast~ 
It ].n 1 e t.he('} II')' ::t.!i.sume.s th.a t t beor o uoro always 
gre:EJ t CK.eans j u::; t v:> 11()1'1, a ml Lh at tbe y I• avo 
a.ll l been subuuctod. Tl.\•o-t h irds. uf the l:<•.tl;h •s 
:su.tfilCC subdut:ted undet· the cunlinent<Il one
third i:n less t h .-n 5.% of' ~eolo,P.lca l tinre ~ 
And wi tn such. •·egiOJt<•l preclslofl lh~t no fri.•g 
R.Cnt of an}' of the: older occmnic crust :sun•ivcd 
an}"r.~here~ I~ t.h is really Cl.'edibJe'? 

FAL. IAL PRD't.' I EC I 1\l, I Sr; 

Fr~:m~ the boc ginning faunal disjuncts l'la'iC 
been extensive l r cited in ovidcnce for forracr 
cont 1 P.lll ty of' regions nolo' separate..] b)' Gee:m . 
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~tore recently I m;ompatible faunaL nppo:; 1 t om; 
have hoen cited as c\•idcnco of the ··ubduction 
of n -fnrmr~r ocean. Burrett irr 1lart1.cular (this 
volume and e:t~ J er- pn1re1·:.: there cited) h;B 
sought: J.nc rea~in~ a~,;~~Unt ey n spec.i fie identi
fications, r::atnbin~d wl t h c<trcful stlltisitical 
anal y.s.h nf hi '5 dat.a, to test t h e expan:!lion 

odol , speclfl~;J ll y i n the Early Palaeozoic. 
Rather th;1 11 n coherent Pangaea he ha<: •dentl~ 
fl~d ;s large nunbor o.f minor CO l l.im.:nts 'Nhich 
unite and separ:-; t.~ lilct! pe utations of a lla.L"n 
dlancc. con'\JStenL W.ll ll pl11'tc tectonics hur. ln 
consi.s.tenl ~it h Earth expansi on , 

The fal lacy lrl h ~ conc l uH.on l ies not in 
Burrett's method, but in his. concept. of' the 
E::nt h before expansion, in ~.o.•hiela h~ expects 
ft·ee faunal im:ercluttlf~e. \Ill tll Lhe major 
b<rrriers to mig r :all <>rr i n o~hcr t h an wlcle 
oceans, he!,,~ geograp hically osci II :tt t n g i :e:n
t:herru!\ c~o..• t. ting obliquely acros~ Hl()bl. l e belts. 

The Early Pro.ote ·r'l:t.vi•· lithosphcre reseru 
blcJ a soc:t.:u· footbilll. broad stable ept!lx ic 
b IJS ins sepo[lt' :r tc~d b)' scams and vo 1 t !\ ,..here 
internal pressures s t rove to et1tude. causing 
set••m cJ.ty, hir,h heal flu.x. vulc<m isJl an,J rift s; 
::.ome such 11e 1 t~ we1.·e- 1 i. t t l e more than n-1. ~l'0'.-.1 
pla~cau S"'t,!ll!.io between adj acent hll'! JlS. 5ome 
~,o,•e1•e 11 ke :rift valleys , pc t'h;Lp~ ~;ome DOro like 
t ht: Red Sea, "'' th t h ' ck cugcosyncli nal ~edt 
montatlon, lt1tcr to be extruded a..~ rVl.IJpes 
over the miogcos)rnclinal .flank.s :l, t he grani t
lz.ed co:rc rose beneath rhern ( Figure 9). The 
Wlltors of ~o~~ epeJ.ric basin s incarconne~ Led 
via th r'Ough-goins activo rifts, ot h("-rs :remained 
:hol.ated, and henc e ~nffered ,.,..ide strand fluc
tuation caus~ 1-.y clim;rt ic cycl os, 1.dt.h .s,ro11g 
ly rhy~ t lc sudimen taion (ch a:ractert&Lic of 
t ir e bfsnded-iron formations t.t nt.L il .... ~ociatcd sedi-
•ent:s) and intet'tnlt.tr:uL p t~edpit<~tion of g)'p~u•r 

and h a l ite cry:st.<tl:>, ~md rank grO'Nth q.f 
strormlt~rli tcs. The universal occurreru:::c of 
r. L. romatolit.es. . ,, ll•Ott!ro-.:o, c rocks of suit..ahl~ 
facies has lreerl Lilkcm by man y to imp I )' a unJ
-..·e~·s ;l l 1-'-rotc:rozoic ocean bet~,o,een t.he con ti-

~~~~ ... ~. ~~.a .... c=~=-~~~ 
1¥1>• n'C ... .. 

ISOTI Rt-AS SL'!KII'G 

Eorly 
Poeokoornif 
hn &ln 
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-
Ear l y Pro"teroz.of c passi YB bA::. I ns 

bO I'c.IGred b'l AC I ve d i ap i ric ~·r.~o II s or r If I s . 
fn ~~~er orogeni c diapl 1 ~ ~1 contln~nld
ooeaa lc • ithospher't! bound<lr les , this i nitial 
asyl'rlmatry cor- I I nues and I nt~~ n:.i f ies . 

nent~. llo-weoJer he pnnglohtl l eli ~L t• l hut: ion of 
strorat.r l u l ite:s. which the Rus.siun:> h<J't.'e de\tel 
opcJ for strstigraphic corre lation , was wind
borne. ~fuenovo:r a shore or an interior basin 
n: {.J·en 1 e d t.h r-orr ~h l ncreCJ ~lng de·. 1 ..:cc:1 1 l 0 11. t ho 
c.ynnoph:rte~• Rnrl biJc.tcria, ~hi.ch cono; t i tutr:: 
:stt·o·t:J I.olit. e!-1., be'I:'<J~ enc)·stcd illld cuuld be 
L,•ind bQrn~: rn; nr times around tho worhl unti 1 
the)' :s ct t 1 cd again in a !II Lit :tl) I e en\' i ranrnent 
t o seed a. no"' colou y, Dr P·l . R. r.'lal tcr , t h e 
wel J (qiO'hiJI authori t y on st:ronatolites has to-ld 
1TIC of ''a fanous example of tlt l ~: o.n e rn i11ent 
taxonomist, f. [) r•oueL. unce rc-exilmincd a 
cyanophyte spoc. rrten that had been stored in a 
dcssJ.c<.•tcd tru>unt in a herhari~ for eiP.h ty 
years . He adt)c r.l u.a t er. und 'll'i t h i.r a fe~ d11ys 
t h., cy:.w ophyLe h<Ld bee omc grcan and started 
gro'-4'ing agai n . 11 l)r 'Haltel' conr. n u ed: 
"C'y anoph)•te spa ci as, t;nO'hln onl,Y f .t'O h)' I1e:r-
'l.t.t. l 1 ne env I ll"nnmr:nts occur thou.s.nnds of kilo
metr~s apart, c. g. i n Shark Bay (L\'cs tern 
Australia) and on t.he :-Htb'kh;L.>~ of 1.he Pe t·si.t.m 
Gul f. Tilat i s. ··l}~r;i e:;. h<l\'D dJ.s;junct distri
b u ttOIL:!o . indicating t heir ability to s urvive 
lon n .d i stance transport , " The Ediacaran fau na 
(mainly e:ntdm· t ans, 1lle l"''Idern jellyfish a nd 
:seli-J'ens) , -which is no.,.,, kno't.'Tl to h;t\•e httd l:l 
glob9l 1·anBe before the Cambrian, ~,<,•auld also 
hrtve \>Pen L11~tl"lbu.t.etl e n c:.)':'loted by the 'hlind. 

Uurint-: t.he: lt~tc Prot erozoic a t hrough
going ettuatorial rift, beg1 nn i ng 1 ke t he grea t 
cqu<Jtorinl rift zone of Nars (Figu~ lS). had 
widened to form t l)e EoPacific.. By the earl y 
l'alneor.ol e .. thl~ Pacific rift had t urned 60° to 
t he c:ctrra t:or. a nd a n ell. equatorls.li rift 2.011e 

developed. to forll the Cal edonl9n-Appo.l.ilch1an
'l'a.sman geosynctl 11al belt . f.lany of the cpsiric 
ba . .:;1 n~ c.onnected di rectly wit h the Eol"'aci£lc 
(Cordilleran ) or CaleJ on1 ~n .tift. or to forll:s 
from th.1.mr. l~llt s t.rong cndelli s.m of faunas !.fa:; 
c.ha1'a.ctet• i stJ r: of the cpoiric seas. Tile ses
~.o,•.ay cu-nnectio n between two $ UCh bas! n , 
adjacent throup,.l t .:H::ver<.~l epochs, might be vcr)' 
lon~ :mc.l ecolog\C<.rlly dis.parat:e. 

Burrott 1 s f lndlrtgS ''"t;h.;Jt t.ne E"r ly 
Palaeozoic faunas arc strongly provinc i al" and 
ttwt .. the lmpri:sormcnt of fauna~ in i nd vi tlua.li 
cratons or sma l l groupg of c tilton i c: h lock~ con
tinued~' throu gh r.he uhol~ of the LO'WC'l' Pa l aeo 
JI.Oic. , ac:c.o~·d~ px~ciscl)' wit h my o:xpoctations oC 
t.h e e ll.pilHS l o n modo 1 . 

CONT I t\Et-JTAL GF~lW I TY fiNO' .. ALlES 

Doole)' (19 7 3 ~ 197 4 , n.ntl ttl• s vo L ume) has 
s oug)lt to den)' Earth e xp;•ns i on on fl!rgumont s 
froTD eontinenta I ~.I"tll'l.ity anomalies . He assl.l! ~s 
a moda l o.f a eont~nenta l cap ,,.hose curvature 
mm. t roe duce n~ t he Earth e xp::md :; . Of cou:t·s e 
thJ.::> would appl)• to every p<.~rt of th~ Earth • 'l 
surfs cc , not just r::on 1. , nen t.:; • Tho northlf'Cs t 
Pacific. for e~n lllc, a n area t hree tines t he 
a-ro.n of 1\U...'I.tr.alia (boundcJ on the 1.\'e!it hy the 
t la r l a nol arc , cast. on 10 •s to 180" • lh ence north
west to the Kuril es) wi h a lithosphere surely 



il!i :ioLfOrtP, as Austra.lia's. has been :;tabl(! foa• 
t.ho la:st hllnflred ml 11 ion )N~••r!i ,,.,.hen the mos L 
rapid a xpans ion h e:• s. occurred. 

oool~r·~ p~e ise is the er cathsdra state
ment t:hat ""a e en t inent, vhi ch d0oe.s :no 1. ch ange 
:tpprecia.bl y l11 area , ll.'auld tend to remain a 
docu:!d eap of :;.ma11~-.· Taulus of curvE!tul'e- than 
t he E<.~ rtln a:s a whole~ rmd wou1 ~l have to s i 11k 
:tJl.l p115h Q,J t~ ards on its mrng:ins n • L'.'oul d it ? 
'i~hat: farce wl'!ll.llcl elevat.o any ~rt o.P it above 
i r::~ ~\'it)' ~:~qui1 bdum l evel? Cert""ain l y net. 
fP'Iil"'w'i t)" , which Dooley agn:~ s h tha rc 1 r:vaToJ L 

opera.til'lc fnree . In fact , no psr't eVGr r~.,e!\ 

above its c.cm t. em[loraTy oqui li bri urn f'1 ~ur e 
(except t1n-ough some othe r· cause). Indeed, 
no pa~t gor:~ Into tangenti11 l compression (t.hc 
whoLe su.rface 1~. extending~) . All l)Oi nts Rove 
radiEJll)' outwards • alu""t)'~ anor-e o~ less in ."ldi
justmcllt ~'i th t.he geodetic figur-e. Continents, 
<Hld .alsO< ocemtl c U. tnos.pherc arc p<L t t.erned 
with poc l ygonal b~::;1!1S i1<11tl :S'NeU.s [Figure 10) . 
The bEJ ~Hl.S are pass i vc ; th~:r' <:U'e not caused by 
.;.Lepression , but by l.ag in rising. The swells 
<.are active, with baekJ!.i'"OUnd seismici t)' , hi&her 
heat f I ,_n, and faul ting. somert.iacs bccomlns: 
rift v<al l eys. They rise <~he ;ld of t.he lag_gJ. ng 
bs.s.i n s s. iul)_l 1 y b ec.aus e h ig.hcr te""]le rature and 
genet·al h.ori:l.mLtOl-1 ext.en sion caust!:s. flha!H! . 
ch.-nge to lass den~e p01-r~11naorphs compared w.t t h 
similar levels below the passive belts. 
l.; i~n: 11 :~oho·t~~s s.c.h ematically gF:~t reduction 
in c:onve xi ty without r:::b:t.'t'I,P.e in a~aa. l.llnd u i t.h
out ever fo-rming a domed o;.::3Il . !l;ach of thc~e 
second-orde a: pol:.-·gon.s un dergoes fu1tther adjust 
ment. on h igJler- order f'MI.c.1:ures (C~rey, 19 76 , 
pp.otZ-46) lmti l a li•it hi !.'ea.cheu where lo<a<ls 
a.re sustl'lined. Even t.hc first.- .:n•·der pol)lgon:;. 
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r lGURE ~ 1 

fiedlllct too of convex i-ty ~'l'i ·1 hout i ncrea5a i n 
area doss noT i~ l y r~sldual dom i ng. 

(Figure 6) t.ea'd towards a gross basin-and-rim 
pattern. for exa p1e the ,ll,ma.z.on basin with 
.Urs.i nage in,..ar ds awaJt froru thl! A 1..11.1.11 ti 1.: d ft 
c:oas. t, J\us tralia 1 s groat Artcs ian 811 s.J.n sl :so 
with draimage 1 rmar-tl:!l from. its -rift coBIS.t 6 and 
others. 

This 1 s to be expected o,.,•hcn t he tiJJI.C 
:scale of curv;a tur~ acljustaents are considered. 
EstiTiifltes of sub-crus.t11l uotlon<tl lli~cn'lo~tle.c;. 
raug.C! from 102 

t to 102 
J poises :l 1fhich imply a 

relaxation time of 1010 to 10 1 seconds, which 
moans that st. res s diff~reJ~ce s wou hi be e)!pe c tetl 
Lu ~els~ to lje in less than 5000 yc~r~. t.o Lte2 

ln 10.000 ye41r.c;., a~d 1t l in 20,000 years, so 
s Lre s.s di fft:l.·e 11ce 1-"0\J I d relax to less than onc
hundre dt:h. in 25 • 000 Yf:'lL r~. . 'rh t.!l l.s in acc:or.l 
~.<.•ith empiric11 l expcricm:.c of Lhe l~::. t•r;! l::H~i al 
uphft. of Fenno~ candia and Hudsons B.ay, tht: up
l ift of Ls].:e Bonnevi 11e. 3nd experience gang-r
at Ly. These movc:n.ent.:s <Ire flft.y t1 me~ ~ fast. 
(LS required for curvatu.rc adjustment to cx.pOLn 
sion. Hence ad)ustJneut ~o.ould be virtually co 
p let.e ~,,i thin 100, 000 yt:.u r:;. so fflr'" a::. other 
r heological thresholds permit . 

r IGURE 10 
The bas I n - <I nd-s•No I I p~t-ta:t rn dovo I opf. -th roushou-t con+ i ne n-ta I ;.,n d ocaD n i c I i -tno-r; ph are equel I y 1 and 
rep J"'(l"l ent-s second- ordor ., dj u si"rTEnt- doo,·n to the ;osth enos phe re • C:;mpare F I !1 u ro 5. 



CARF.Y 

1mu1t t.:.her1 is the ori!~iJ1 uf Ll1t= p,rw.·i t.y 
ano111al i c:, c.i ted by Doo I ey-, l·.•h I l"ll he sa)'S aro 
ccntrcJ on t h o "cu•' tinenln ) cap"? Jn the fl •·:-.1. 
pl iloC;L! h is nogativo ::molll3.1 le~. nrc not ceu t•·~d 
on the continen t,=:! Tn Doolcy•s Anst.ralailn 
examplo t:he "~g~ti\•c ano:mal}' L'l I he flank of 
a deep ~: tgmoidal troueh in the gcoill (Fi.r.tu·e 
1 Z). the axis of ~'''I ..:·• run~ from nea•· 1 'c 
north pole t.h n>L•gh ~iberia arrd lnd i ,1, anJ 
sou t h and ~ou th uas t throu£h th u I ndi 11 n Ocean 
tor.o~a.r•h t·lucq uarie I s Land. 1't i t:s deepest 
point just south of Ct!ylon it is lllOJ'c h;ln one 
tnmdrcd met:.l"'e~. lJ.~lo'tll the mean. J\ ~I mi leT 
trough not 4l"ite so inton:so rtm:-. from the 
Arct1c r•orth of Alaska !>.out h c'• st~.o,•nrds acl"t':.~. 
l..;ll n:;Jdor to it~ 'eep•~H po int in the l\aha11as. 
wltt!l'e it is f l ft:r rwtrc:; bolo"' t.lu.! me~m, thon 
.;Jcross the no 1·thcllst tip of nl"at i 1 to t h o South 
Sand~ich f··Iand.s. These clepr-.:•;:sions J.n the 
geoid I gnorc conti u.ant.s ;~rtrl oceans, nut t;orrc
latlng ,.,,ith etthe-rJ <•nd clearly have thoir 
nrigin in Lhe m<mtlC' . 

rt is na i ve to ;as~umu that broa<i ncgativo 
;ln.,m:~lios inili,;att: t•rcBs .standinp, bt.::low tha i r 
t:i.JUilibrill '· A froo-air _e1·av ty anomal)' l~ 
the d I rf'ecrenc.c botbe<!t l the obs.crveLI f!. l ol'l.'lly 
(corrected Lo •;e~a -lcvc:l b)• igno •· lng t.hc mnss 
<Jbove sea-level) and a thcore•tc~• l value of 
gl·av i t.y at t h at •nt l tude for an a.ssu:~~~ed 

fl g11£<1" of the l:.a r1 h. The best t.h eoreticnl 
f.tgurc is a Lin 1 ;uial spheroid aclj us ted to 
l oava l ht.. I eust stat istical n:~iduals fo ,. 
o a c h I :l t 1 tudo. but corn!tt01ll )' the mi d - l a L • ltde
corr~c lion is igno~cl. and t h e b eo;t fil uni-
:l~"tal o l lip~.oid is used . (So e figuros al l or~ 
some eqU;llOria l clliptic1 ty J or C\•on fo r i.hl.! 
s J.i~h t nor th-south :-t~·YllJQt.: t;r)', but t.he<:e urc
rnrely used, nor uould thoy be relev~nt in t h o 
tJre.s cnt con L~x l .) The fifur~ doe:; not .al Jow 
for con r.l ne-n ts ano ocean !1. J :HI' one uou l ~L 
oxpect: sonc .srstonJnt•c: aqoTWl}' ~ith r~:;pcct to 
oacb. In an I~05 l atically ba lanred Earth (3s 
di~~inct fi"''in hydrostatica l ly b ;•lanccd) such 
:ttlomal ios. would reflect tlle dcficicnciQS of 
t h o I"''fen:ncc fi,guro, 1101 regions s tant' 1 ng 
higher or l C»Jer t han t!qui librium. 

Apart. fn.1 such ru:tcfacrual anomaJ ie~, 
there are o varlet)" of othf"T possiblo c ;auscs 
of ~1.n-omalics co-r•'•.:! a Lion Ni t h cont t tHmts . 

fH3URE 12 
The Geord Caflt! r {dpp , t<:n~>. 

In t:hc expnns.jou o'llcl (a11rl t his is t ftc 
fiK)de J lloulo .. :r di~t:u ... <:cs) cun t i ncnts .l"t:ntain on 
the :-l ;J·,~~ undcvl)'ing mantl11 t hrou1!hou t geolo~i
n l ) time (311d do not .:; liJo ove ,. the mant 1 c as 
in the pl atc-tcctn•ll.CS modt!l). Benco one 
I•Oldd t~;q"Cct •4 [it-r:o:ri difforoncor. in t he 
111antle colu1 t belo11 t.:onti ncnt." Mid bclo,.,. 
oceans, r l ~ltl do...,•n to the core. Grav~t)' 
1•nomal los llVe~' ten:. of dOY.)'P.cs (or th()U:Silnds 
of ki I orretros) ~;crtai nl )• n~flc<:. t tJae <:~ntle , 
11hh:h is only 3000 llll thick. IJcn.s i t)• di ffol'
once·. in the mantle aT'\~ not allm\l'd for 111 t he 
re fe I"C m:e fi :s;:u1.·e i'l ncl lfoultl prnrlucc anonta 1 I e s 
not i11p I y n,g, dcpa rt u t>t: from equ i I 1 h n um . Abun
llant e\•tdcncc e.d!-it5 for .such llli.lfll le dif'fc-r
enc·~::;. For eo:wmplC!, tbc h~:<• t flu>:. th:t•ough the 
continent~ i::.; not ~ l ~ntficant l y tli ffenml frcm 
that. lhn:mgh the UC(:-llns. .1\!'. 1. •e continental 
J i thu'Ophero roc!.. " average :th<>l lt ten ti111e~ t.._e 
•·udJogcnic h uat generation of ocean i c IJ t.h(l
~;phorc rocxf., c l oarlt h~· sub-conthlt!l\Lal 
mant l o c.a1 110 l be t.lte ~.;uoo as sub- nt·e~.ni.c 
.n.:~.n tl.u. 

1\gain, ,..hen a cont.inont ri ft.s anrl separ
ates, mantle rise::t. betHcen by ~·bout thirt.)' 
kilu •·trcs. J f t h is happend cd instant:J•Ieous ly, 
nil tho t~vthcrms lo'('luld be ra i ~ed by this 
amount. and 1 eve I for levo t. Ll.! tcrntui·es 
l.o.'twld bu severo.] hundred rl<~greos hotto 1' f'<Lr 
down in. to t.hu m1mt I e. 1 L doosn 1 t hap pe n 
in.st..antancousl)'. hvt rather t.he risin g mantle 
l> l'tKe:ss. goes on l:Ont i nuo u r. lf .t•s t he oce;ln 
l'll'idcns. fiu1. t he rol.:.J..X.~tlon timo for t he 
excess hea t: is gaol ogical ly 1ong. This cont J· L 

huLe~ to t he anD-,alous equ~'lli I.)' of continental 
·Ln d oceanic he<tt flux lllentioncd above. The 
clevatod temperature n t any given leve l implies 
th~t Lth'l t.e ch::mge:) ~~ould b e :.Ja iftt..--d toJ.!.'Sl"d !; 
t-h.e lo..,•cr dens i tr forms t.hroughou t the column 
Thi.s would h~:! n.:flected in gra\rit:y 3nr;.n.alics, 
because t.ht! reference figuTe :ts~ un~s uniform 
lie n~ ll es at each 1 c'o·al. 

lienee if u ll st~·e.:;sos "-'ere l'el:~xed to 
gi\•e icle'tl i sost a .. 'l)', the centrt!~ of <ont:.ineut~ 
""'OUlJ nul neccssn.rll>· rise ;']~ Doul q· su.!n~e~t:s.. 
'I hey m:1y be in eel l• i 1 ibr1 lttn regiona 11 y. For 
t h i s ruason oce~•n floo r -: steadily sir~ k llS the 
excess hea~ belou the m gradual I )' dissipates, 
and no"'' I y- formed ot:c:a n f I oo ~ ·s ol re t 1(0 k i 1 o -
~ 1 rr.:::;. shoal e J' than those sev(.•ra 1 t:.ens of' 

n 1l l ion yean. older, be l cm lo(hich ntll~ rocks 
have all'ead)• rcve •·ted to their- dtmscr para
morph~. 

Dynamic t:quilibrtnm i s also a pn>bublo 
con.trihutor. 1\a.teT in a bath-tub h~s a l eve l 
s~u·f:~cc•. lfhan L:he plug h. p u lled. a uepre:;~iun 
forms abo't'e 1 h~ o u t J e t . The mass of tnt er to 
f i 1 J t:J, 1 :-. depress 1 on «JUal s t he sum of the 
vert ic;t l ~omponent:o; of tJH! \' i :.c;ous drar. of tho 
dt: ... cending water. If thll 11ator level 1:;. :main
tilincdJ t he d~prossion is sustained ln d}'Jlamic 
oquil iln~tun. If any circulation occurs in tlLo 
•n•tn~Ie . re!;ions of upwa1·cl flo .... · ""'ould ele'.•at:e 
t h e geoi d a nd those of dotnll•·arll f1 11\~ would 



def>rcss t.hc geoid. lh~t:.ause tile rc rcrcnt:l! 
~l)hcroi J ~ nko::. no act:ount of such di 1 ft.II'I.!I\<'L~· 
of. clcvatJ.on, thC)' hould shm.,. ;l'. t!r;tVJt)' ·mom
a~l.os, ~ven thou&h l hcy be In dyn;11nic equjlih
rulrl 1 h :ll e tho f1 mf con 1: i nucs • '[ hos c h"ho 
pl·Dpose lilnt.le r·ircu l ;.tion place t.:hei:.· dCY,.•niCanl 
f lu4o. hclolf' t:hc ·~ont~JH,flt... Uven if the only 
flo~o lt\L'I' C UJl'.-la r•d to [i 1 tht'! op ening rift:s, 
the: a.can f i 1!11 re 1 ou l d be be lou- Lhe n. s j ng 
mant 1 o .1 1'c ,,.. ond .abnv~ the stable (.Ont i ne 11 t~1 , 
which Wr~uld rocord negative ::u,orrr.alief'., ev1•n 
tlruugh th.cy i-l~n': in cqui 1 hJ·l 1u 1 , 

lloOll-')1' "i ":or;imple physical test 0 f' 1 :~ 1 r•t h 
expano;inn" baR • ..tn wl th :111 inpos~ lhle prcmi:;c•, 
an d was invalld even if th~t pr~mi sc woro 
a I I014ed. 

PALAEOGRA\'1 TY 

lixp;tn~ion from h.:1lf the present rad1us hn~ 
been criticised because tho implieJ surface 
~l':I.Vitr g h'OUld ha\'e Lecn Cou1· times its pres
ent \aluc. S t c~oa.-1 (1978 . 197tJ, <.~nd t h i •; 
volume) ha:s set limils t o palacogravity L<. h icb 
deu)' thJ.s. But tlr.i~ 3 1')!Unt~nt a~.~urnc~~. !:he -l.~·. 
of the Eil.i' l h 1 o h•Wt! been conSC>•nl . 

'n\corics of Eorth cxpaaasion fa ll into four 
c.ateP.ories: 

1. Lindemann {1927) , Lialm (193S), Kei ndl 
( 19<10) , LJD'cu (1956 , 1957), 1<-t·emp (this 
VU)UIII!!), t:U.d J'f~ufes· (th j :5 VUllrre) <I'' •' IIIIIC 

constant mu ,•;., nu<i <• ·~upcrdcnsc meta!;; tab lc 
i n ne r core 1\·hich. has ch an£:ed in phase with time 
to matter of .. noxmal" density. 

Z . Sh elcb (t.:.hb Vulw~), Dachille {t:htS 
yohnne). 'lntl o l hers reg«rd mct:cori tic accretion 
as significant. 

3, 01 rae: (Ill :~7 J, .lnrdnn (lfl.SS • 19C•·q, 
1\fancnko (, Sagito\• (1961) , Oi c.ke (196~) . 

Dearn l ey (196511 , ) !J(oSbJ 1966), Glo.ssho f (l!J6G),. 
urrd ncfi:tcn ( I ~73), who afisn11.e constant rma:% nnd 
dec 1 ining grd \' i l u t; i un~a l con:s tElJl t G . 

4. \';~ r·l:ov~kJ i ( 1899), IJI I genherj! {1!:133 , 1 9b~) , 

1\ort (1949). Kirj llo•; (1 9!)3) • Ncinan (196~ and 
t h is volu c), Blino\' (197 3 , 1977a , 1977b anJ 
th1~ vo l uuc), •''esson (1968, 1978). anll myse l f 
r 197G I 1978 , .tnd t.h l!i \'t>lumc} whu pn)(M) !'>t! th;'Jt. 
t.ho c aus e of cxpan-.ion i s cosmological , ami 
c.hat: the aass of t h e Earth. has 1.ncreaseJ a ith 
1. . "e . Tlli :-. ~~ t"'up doe~ not. den :r- d1t: pu !l ~ • b 11 1 t )' 
of con n buf n ~ ph ;r ·'e dmngc or dt>cl• n 1 ng r.~ 
but rcgnrd increa·:ing J'l£l.ss as t h e principo l 
c.lu::.e . 

StcH;1 a t ' :> ~ ·· al . l {' li lll io<; Vi.Jlul for the 
phaso-changc theories a n.J fo:r t hose dcpcnJ.1n g 
on diminishing gravitational constant but not 
for the th ird group ''ho assume incrcasin,.~ 1113 9., 

f rom cos~logico l causes . 

VOLUf-lE OF OCEA.'. ·o'ATER 

na • ler ti Stt•o,.,ar·t (this volurr.e) lra't'i! 
pnint.cd nul thaL .,.·ith climin·•t.ion of nll 
oce:ms so that the continents completolr 
l! n~:Jo:-.cd a srua l le:a· 1::11'th, illl l'Lmt.l a e 11 1:-. 
wnu) d he drm• ••c•d u n cle a• :II l.. m uf 1.-.atcr. 
In my 1110dcl (Carey, 197ll, p.l ""~1 , ; ~cq.) 
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t:h<.. •n•ho l c: of t he p1·csont .:ttaosph crc a nd hyul.·o
!'- plaere h3ve been o u tuassod fro11 the i rl te r·io I' 
~at an increasing rate dun n~ ~enl r)gical tilllC. 
l lot\'Ovor Bailey 4 Stct.-nrt roll<ll'd this as h.iP,h.ly 
iht~Hobable be~.:.awtc, the)' c lait111 , tne lftnh1 .sourt.:e 
••f rJc~~•tnic g<r ~e;:-; a ~ I hruu~h ('; h : .Ll bd I rre 
a:ag.1ntis , and in an)' ctl·:c thr- n(."'nd io; not 
just ater but brines. 

I ~;ugge~. t tlaat i11 rh:i·. buciP,e!l th~ r.cmtr1b 
lll.OII from calc-alk<rlinc \'Uh. ·an i sm can be 

j gnored as of minor iJnport<•ncc. In the cxpan
c;ion it is the 'r.'holc coll.l.1'm of atmosphere, 
h)•J rosphel"e, oc.ea n i c. litho~ l')hcre and \Jllde ,._ 
l )•t•tg mant lc ~.-.•h idt ha-. bct!li aclded :a l ·Ln 
<•cc:clcrating rate throuf;h gcolngic<~l t:i-.c. the 
volati l e acc1·ation must b o priu:anri l)' .at the 
grniA ang Tidge;; ;LnrJ a-1 f1. ~()fiL: '' . 11u~ f' ] ll i d:; 
emergin g through tho f loor of the Sea of 
Ga l .lleo in t:he llaad Soa rift an d tho Hetl Sea 
r l ft:<. ; L~ bri ll~':. lh·ort i ne , nc an'iont~n hy 
Bailoy & Ste...,•art a:s <• trrnbl•JIII l.s a (.Jroducl of 
tho Ocnil Sea h'h i ch ovcrsotura tcs the Lmrld 
ua:HiceY. . fjLe Lddasprear.l albitization of rift 
ba:>trlt:s doe:; not :su~ge:n. '"'Y J ; r.k of •-;rJdin AI. 

As the ocan.n Lo.'Dtors and the ocean floors 
buth hta.,.•e t he :>:ur.e or . .,, ln it s ~o he elCpect:cJ 
that ~her s hould be proJ ncerl 1 r<•'l- pwwu , .,.,.ith 
the volume of ocean water kccp j ng s t ep with th~ 
j!l'Ollth of ocean crust. 

Palaeomagne tism bas boon ~ho most useful 
loc> l di 1-<.:.0ifeJ·t:tl tla s cc n tLll'\" for t.ho eluc 1 dation 
of t he C\'Q 1 ut 1. on of tll e J:<r rt h . I re~; L:o; c>n the 
~ ~s unptio~;• ns t lHII t the gcu .:a gm; t;i..: f i •·1 d h Iiili be •.:n 
an axia l dipole s inc e q u..i.tc early times , and 
that t he ten s-of-t!.egr()CS movo:ments of t.h e 
lll;lgli~lj (.; j10le O\le r· t hou~allt1 '1 0 f ye:t l"S !>tatistlc
Dll )' reproduce the rDtirt i Dn po l e of' the t.ime. 
The palimpsest problo11 of overprinting by s~rong 
b J t. unstab l e rra.n.!nct 1 ~llt.ion s ha.s been larP.ely 
nverc:-ome. but tn~-)'C)Illl!' ·Lgc :J~·.lgnmt:fl t- ~ t.h rough 
remagnetizations durin~ rcct')"' l tt l li;;.;r t ion Gtn 
~ I I 1 Jt I S l t;:3(l, 

Hor...•cvcr , despi te 1t:s gn!iH ·achic:\•cmcnr,:;, 
palaeomagnetism remains a b lunt tool, incapable 
of s.harp n.n2ular p r ecision 1.\"J. t h in a :fm.,. degrees. 
It i.; eJ;c~llr:nt to •· pn-.vl n l! rotar i u" nf b locks 
rclati't'c to alljoccnt b loc~s (sec T~ble I} , for 
I.Lrge l at: i tud.~ c:ho.aal!~us (see th.e l\rctic po.:radox). 
f o. ,. 1 :H:r:.e 1 a. t 1 tude shifts ob liquc t.o 1 a ti tude 
l ine:s (:;ee the C;J l~ donl.a11 ::.hea t), n n r.l fo1· 
tasting claims for O)loning llt~d cln~ ing of 
ocean ~ (see the fo,l\t I a nt ic uyth 1 except lfhero 
Llw a ll ed;-::ed ntu'.t:l ~n t i::. mainly Inti tullinal. 
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All those !Ht~;ccsses i n'r•olvc rr.l<~ti voly la-rge 
angular differe11ce~ of l.atituJc or azimuth ., 
and p31 ; 1 comawH~1. i sm o t hcrt#i s c ro11Ulin5 a 
T'el atl.vuly hi uttt 'tool. Unfortunate t_.,· ..,omo 
lnbr·ed pr t::)t5 of palacomagneti sru upply it 
bclov it~: threshold of seo.sl t i vi ty to u.ea.."'lll i'"C 
pa.lacoradius by statistical 'lt:ltttcr, and c:.)!\.111' 

ex oa.Uu:dra t.o prove LhC! rcby that the r:arth has 
not e ll.pandcd . 

Eg)•ed ( 1960 J proposeJ two thods to 
DeaSUI>e J,••le~ooraclius, I he conmon-merldi ;tn 
ar111 t he llinimt•ITI~~;caLter methous. tJII lch • a l 
trhough thooreti ~;ally sound , fai 1 Lhrough the 
imp:reci~lOil of tho dnta, anr1 the cn..cJal d..ep .. rt · 
ure fx·om rcsli ty of the models . 

Two hL1ndrcd yenrs befol'e Christ, 
Era1:o!'>r;henes ea$uretl Uat! radiu_s of tht: l!.arth 
b)' observing th.;l t.hc noon surrm.er ~•nlstico Su11 
l(i:l5 rcflecte1l b<.~ck up a 11el l at. 5yrcnc as it 
pass eel d J re;;; t 1 )' overlLcacl, ~.therea:s a t.OitH~ r at 
hlexauclri.a cast n sl\:triOh' slanting 71] 0

• As 7~"" 
l:o onc-fift.lclh. of tho 360 .. cir.,;:urnft.·rence, the 
distan ce from S):rone to .1\le}l.;lf\dria (meas.u r~d by 
camel tr~vcl tirr~ at ~noo stadia) mu~t be onc
fJ.fL"eth of the Ei.n lh circumfcrenc~ . llenc.o t.he 
l':ldJ.us of the E..t.•rth aust. be 25/2-. x 10- stadia, 
or 116, 25tl \:m in modern measul'e, which 1~ "' thin 
15\ o£ t.he correct '!r'ttluc. or closel' l.h<m It. if 
an :lltc:rnative meaning of sta.d.icm is adopted. 

EJl)·ed • •: comnon-merld i ••n metho..l is 
identical ; the uifferente of palaeol:lh tude of 
two !'>l Le.:;, ""'i th roc~::. vf Lhe salle n?,e, on t ho 
same &rcat eire!~ (the pa l aeoner i dlan). give~ 
:1 fraction of t ho pslaeoe:ire:ultfcrcnce. Cox f, 
Doell (19tH) applied 1-i l·a..'l l.fi~ Lhenos 1 me l hod to 
Penrlan sites in Eu1·ope •md Sib eria l«lre than 
&U 0 ilpart, an•l found that. t.he anP,.l ll ~~r differ 
e,,ce in palaco1 :Lt.i t.u.dc was nor . .o:ignificantl ]' 
differenl from t he pres.ent ilngular P.Teat - circlc 
ill f ferenc c bot1oee 1'1 1 he s i 1: e s, an Ll h~ncc con
~.:lurled tha-t. th~ E-i!rth could tlOt. h<I\'C expat1tled 
s~gnificantly since the Pe rtll!illn . Houevcr, this 
concl~~ion was lnval d , because it is knaNn 
th:lt tho litho:;pherc bQt\\·oen t.he r.urtrpean anil 
Siberian sites ha.s extentletl b)' .about lOn by the 
opening of tho ties~ S i bc::rian sphenochia:;m (see 
(;..'l.rcy. 1958, pp.203-20•1, anLl J976 , pp.l8E.-l90). 
Ulis moan s 1 twt this sogsaent of tho mertd I an 
has incre~1..l-ilo!d by about om:-:;ixth since Lite 
Pcn~ian, ~.ot•h ich is about t h e o:xpans1.nn l lrl.ad 
previou~ ly sugzested ~incc the Pe nu~an. Far 
£ro111 de nying el'rw nsion, ColC 1'11 f:k,ell haLl 
virtual J y proved it, as lOu exceeds ~h e blunt
ness of t h e pala~om.agnetic: probe. 

~\ora recently Sc·hmidt lf Clark (1980) h ave 
re tu r-ncd to the co.n.n~1n- ri d.i an mothocl <1 nd re
arfirmcd 1 ts theOl"e- l iCBl val irlit)" (Wh1ch no
One hau dl5putecl) • Tho J I Fficul ty hws been to 
t'l nd s1. ccs of t h e same age, on one pa l aeonM:rid
ian, within sn unbroken b lock wh•ch has. not 
been exte11uerl. anu far enough apart t.o be 
beyond t h e a.ngul :1r uncertn1nty o£ the: palaeo 
.;_~g;noti(~ IIICthoil, This combination of res 

ts·<tint ~ has not lbeCJl n.et. E\•cn 11i tl1 the sl te •; 
95 ch as 30° a p ;trt in palacol•Ltitudc on a 
coherent h I ock u n tlrle same p.a lac-oncri J i .a.n ( i f 
.s~.tdt ~,;OlJld be found) i..hc difference cau~ed by 
e.x.p;•n .:aon is Olll)' of the s.ruoo orr:ler iJ :t the 
statistica l uitccrtainty of p~daeolati t u tle. 
Unlu."""I..en :~o~gJ~Cnts s:. •-e :lt.cr than JOn a~ 1.1JHikc ly 
{1nywherc. because t.h,•t is tho thh:knes~ of t]u~ 
nantlo 11hic.h determines t:.he scale of fragiDent
ation. 

The min i:aum-:.o;Cilttcr netnod rlet.~l"minos t ht:! 
po le p osition i plieu by ~a~h pair of sites o: 
the same ag~ on a sin~ l e block , and seeks the 
ml11hu,J;.T1 :scE~ttor of such poles 1dth s •wce.ssi\fe 
;l!Jsumptions o£ pa l acoradius. A:\ l he prcsonL 
radius gives l he lm .. ·e st ITiiiU.IIUID s c:a t tor , s •l!l
niflcan t; ~:;q,an:sion h as not occurred, 01' so they 
clal 

The diSt3nC~ Lo thO pala~OpO(C depends Or. 
the angle or convergence nf tllc pa l seomerldiars. 
of the t:wo :;i tcs. Tile first prob I em I:;. ho~,o,· 
dot!~ t h 'l s angle c:h.ange BoS tho s.u rf<u;e adj us t.s 
to t.he flatten1ng conve x:! ty . 'l'lurd ( 19G3}, whc 
first used Lhis met hod, udoptcd tho or~•ocentie 
or the sites as hi~ r.cntre for a (lllt.i<mal a:z.i
nrulh<!l equi distant JJrojec1:ion of 311 !>i tes. :mrl 
assumed that t he errors 1.-. angles who-reb)• 1nt.ro
d•Je:ed wcr.u 1 d not. be !~ rc:<J t • Van Hi l te~ (1516 7) 
:.ho.,.,•c:d w-ith tr1. Is t hat the T-e~ult. -w<Js very 
sonsitive to t he choice o-F projection cantr-e. 
an Ll pre f'e rl"c d to adopt t h c o rthocen t re of tho 
(;l)nl.incmt as projection centre, blll he did not. 
thereby escape the orrors . ~gth assUKOJ that 
radiaJ rifts would have to occur in t he can-
t J ~ ~ e 111. • Lto t.hc s urfa.ce convexity f I a t.l e ned. 
(This 1n fact i~ not the ~ay the continent or 
ocean litho-sphere adj w; t. '.) 

Unfortunately t he compu ter progriJIIUIKl 
adopted to proce!~ the dat.n ls blassed in 
favour of pa1r~ of site~ furthest out. 1nls l! 
necessary because •r1 i t:h sitos onLy a fctt~ degree; 
ap3l"l Lha: statist c<~i errors S'Htlrup the converg
ence iln gl as to the po 1 es a_nd produce a vide 
s CiH. tcr. But the 1.1.•i de :r p:tl r~ 11ro th.o!;e ht 
11hich the e J· J·t:.r:; intriJ)Sic to t.ho p roJec •on 
are .ere ate~ t , so 1:h e min iiiUll seat \.t!rr procedure 
favour:.; tlrlc lar~.::.; L arte ract.tt.al error-s. 

Again, ~~cross ttte a ngles of n plano tri
angle add up to 1130°. tho a ngles of a trianS£le 
on a f.tlhcro adcl tJp to s.CX!"1ething betii.' Bell 1 80"' 
ilnd 540° ac~ording to the ratio o f the size of 
the tTi3.Uf!le tO t h.e radius of the ::l[,alC~TC. 
Hence the ungles bet.u10en two m!o! .-idians paint.edo 
on t.he :mrfacc eactt point in~ t.o the pole wou hl 
get smB 11 er a.s the Earda cxrmnds, anll .s II. ill 
point to t.he nurc distant pole, tllll~ tending tr. 
continuOI.~!:>l)" cancel the ovi..len(;e that the L·nth 
is exp<tndin.g. 

~lap pro jet.: Lions are arbitra1·y, L!ih ether 
draJA·n on ll~ltCr or ac:l~pted not.lonally j n a coa
put.e:· programme. Correct :'ll"~a can be held b>' 
-~~ ~J<-rificing 9h a1)e (that •~ ang les); by sacri-



fie Lli~ •tr~.J:> om] J. i!lo l.<•nccs , an~ lc~ c;t.•n be beJel 
IOC'lll}' ( but not ovc•r l;.~r~e cll•.t.;tnccs}; an~lc!> 

from one point c. •n be heJJ ~Jobidly conscr\1 111~ 
areas at tht! •:orno ti ~, but on.y 1Jy ~eve·relr 
d ic:tor t.ing angles fr-om '1 11 othor jJol n t r, 1 and 
1 i thou t chan& i nx J'cldius. 

In t:b••1.rn:ng •,11d1 maps, ol" ll :;.i ng them 
notionall)', 1berc is freedom of cholcc. Bul in 
repr e r, e nt: l ng Eert h e xp<~ns ion there i ·• no c hoi co 
bul wh at the l:.artJa actually d 1cl! Earth did h ct· 
O',.,.n t h ing! /~11d JH:r Oh l\ t.kung did not fnl l n""' 
an)' of t.l1es•'! rcstrni n L•: for angles., ~••·•re. or 
area. The palaeo• agnetician~ a s umc that con
t: 111ents bclaavot.l tl1 ffcrcntly f r mn oceans. !kJt. 
tho liho l e I thl.)sphoro be h :lVed the same ~o.•;ty 

{P I!'.UI'"H 0) 1 except along t h e curt en' ly sproatl 
i nl: :nJgcs 1 thous~Ln<:f<; of lllo.tlel.res apart . ll1c• 
l ithosphere, ~~ont inontal :lrtd oceanic a J I lee, 
atlju~tt.d ~ .milarly. So in adJ.i ti on lo their 
er1'0r:; nt' tho goca.et.r1 cal artef.ac1 •; 1 tho 
minimum-scatt.e •· n~lhod ignores tho billlons of 
minute adJu~\ cnts on l'q::ional ruptures. and on 
sm:tllcr and sllaller ·:coles rif,ht. down to ord i n 
:-sr)' joints . f e:1..:h joint: yie l ded only one
thous andth of' •• dcgroo . t.h r: error cou l d be 10° 
in a klJ<:(llt!l1.'0~ As jo i nts are inherr:n tl>• sys
c.e.uat i c: 1n rcs~nse o a perva!> lv e ~tress 
f\~ld~ they aro of necessity oddit1ve. It re
calls the po••u ldr puzzle of the vanishln~: 
square (Figure 13). .Here arc two l'et t<lllgles, 
1 Z squares by 5 squ:trcs. Tr~mtgle A is dcal"ly 
the sane as tr l~nglc A 1 ; triangle B is c le:ll'ly 
tho srune: a:: n • , 7 square~. by 3i trisnp,: l e C is 
the same as I rianglo C 1

• 5 by 2. !Hoek I> is 
c letlrly the same a5 t hat blocJ, IJ'. "''J. th S 
~qtPtrcs on top and 2 bclo\1~ and b lock E, r11th 
2 squu·e~ on t op and 5 be iO\.\· is the saa1e ••s 
block. 1:'. Then lt hcro 4.loes square .. come f rorD1 
TI1e <•nswcr i s that. 1r:1angle J\ l·: l~• rgcr t h an 
triangle A 1 h}' the area of the black sq,un .·e . 
The tan~:ent of angle B s 2/S, vhich 1ft u nt 
quite t.li e S.<•JIIc ns the 1· ~Jng e n t of ang 1 e 0 ' 
"hich is 3/7 . nt~rc arc 12 ex l ra tiny bit.~ 
<•long the appa 1·ent hypotene1.1:se of A wh·1ch a.dd 
up to ~ L(tl a ··~ F • 

By i gnoring hIl l ions of ti 11)' 01djustments 
alonl!! h i J 1 I om; of joi n t <: , palaooaagnet It: i <ms 
pretettd l <> prove that tht: Earth ha~ 1\01. expam! -

1,..--' 
,..,... 

1-- ~~ ;--I -
A v - 8 r-

--v - 1--

o11 '(;-r-E o-..,. ~ I 

'" 
FIGUR£ 13 

Tt1e v<:~n i sh i ng squa re puz:.o I ~. 
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cd. 'I h ey ;ni n C'Orgc Ga)•loJ·d Si• p•:nn, lfarolJ 
.Jcffl'~)·:; 1 <•nd Ba:lcy hi Ill ..,. 1 hn;c of the 
p,n~at ncn in their f J t.! l rl:; 1 who ridiculed ~O•)
tinontal Jri ft un llrong reasoning, and lht·i r 
presri.u,e d e l ayed the acceptance of continuntal 
dri ·ft: for a whole gentH':Hion. 

P~LSEu EXPANSION 

Fve .·y face t of tectonic evolut i o n l ndi-
c ... Lt.!•• that tho rate of CX}>an::;ion ht~s increased 
~!Xponont ia l L )' w 1th t i 111e. Titc Tertiary l'e d mi 
)'iehl etl lt.dt:t: as nuc h new oceanic t.:ru:;.l <.IS tho 
r·le~uznic :Cra t hroe t ITIC S ;]'l long I the Pa laoo
~oic accretion wa~ tL J<'h I c:;~ ~Sil'in in s ti II 
longer ti1ae , ;ltlcl Proterotoic e~pansion 'ro'a"' 
HIJ IIor 1n t:O'T'parison. Thi!> l!xpo•le n tia l g rm .. •th 
nuvc 11as pulsed , and wt t.h d i l.n1shing pulse 
i nterval. I'll 1:, lArl ~;Ilion ~:; furthc1· tad 11 :• ted 
by hlJ!h e r f r e qucn<:)' r l .ytla~n::. exprc•; ·n~d by crclic 
~cn-lr:l/el rise am] fat L (\!ai l l'lt. <~1.. 1 1977). 
The cause of tho ~J' i noaq· pulsotion is pres umed 
to lio in '-••o1-1n ph)":)c,nl thrcs holt.l s uf defnnH• 
tion h e h av our . 

As I interpret: the I"C!<'.ord 1 such crc l c.!l m.;L)' 

reduce ot• eveJ ~·li:S.pcnd t he rata o f Cl(jl~tn::.ion. 
btl t clo not rev ~r~ e l. t . 1£m, ove i', ~cmt~ 11u t hor s J 

inc'l.udi:ns particulaT J y St~lnt·r in C01lga:ry and 
~ll lano,·sky in Moscow, lltterprct the plJ Lsa[ I IHI!) 

os campres. .. ion: 1 reversals intt: t·.rupt. tng t h,. 
general ~Ji.pi.Utsion. For aJ thOI.L!<!h I lw>· rccogni:z.c 
cxp:rnsio-n 1 tho} rogfu•J. i••lenu i l tent compression 
a.s necessary to exp l alr• fnlding gonerally , 
nuppes . r.h o Elen1 off :tone , and b Luo schHts. I ll 
contrast, 1 bel I eve that ovory linerunent. uf 
orogenes.• !<. ::~.s d irect 1)· consequenU nJ ()n t.<xpan
s lun and secondary a~ju::.tme n t to gravi t)• e qui 1-
i brium. 

' l1l~ p <Ittcr n of cxpan~ ion f a I lh f ully c:~ 
pr~l!o:,;ses the z.onation of t he l::tr t h . Because 
the Ea:rth cons.i~tf; o t ~ crystalJinc nantle 'll1me 
3000 hm th'ck ov~r a fluid coro, the Ftr~t 
result of expansion 1 ~ t he rupture of the who l e 
mane le illto poly)!OUu1 b l ocks of about t h\ s. s I tc 
(Fieure b). I f the mantle we~·c th i rtner. the 
pr1 fl):l f')' J,Ol)•gons .... ·oold be cor •·e~.ponri i ngl)' 
.;m,.llcr . Th e boun.J~r-1 e::. of these b locks go 
right do1m to the core. Cttr ren t exp a n sion 
occurs 111ai nlr at t he inter-block boundaries 
' b lo~ks 1 , l lOC ' pl<•tc:> •. because a pLate I :. 
l(l..rgc i n areon ~<lCTipYrod .dth ~hicknoss , Lfhercas 
these h J oc·k:s are about :h d e ep a.s tliL!Y arc 
t,o,•i4.le. 

Be~ause l.he .surfBcc h:l !lo to adju.st: 1.0 dJ.m-
nishing ct~r'l!>l t uro, the l ithosp here w:thin 

each IJloe~ breaks i nto st·cond-orcle r· po l)·gons 
(fiy.un:s 9 ancl W) 11ith pa.ssive h•,sins separ;lt 
ed b)' active nms. Th o sl ~ e of these securu'l 
order p ol)'P.OIIs i s dctora1 ned by the next :wnu -
t ion of t he r:<~TthJ c: h o dude nes s of J 1 t.h u•·phcre 
dmm to the )•icldi ng a!":th~·nosphore • a fe•rJ hun
di·ed I. i 1Qmetros. If t.hc i .sthenoslJhen:! were 
s h a l ln....-er 1 the!>e b;~ s i n-anJ-s,.,•e 11 polygons "'ould 
tu~ :s"1.allcr. ha·t;ncr adjustment continue~ rlo· ... ·n 
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tl,-CMJr.,h a hierarch)' of fnH:tures ult ii!L:ltely to 
ord.irt-<•ry joi •H ~ (carer. 197(). Jlp . .:l:Z-.:116}. 

'f11o orogenic be It!> are just <.•::; lllll('h part 
of t lu: Sn' iaaTy peri -coni..• ne ntal cxpan:siQn po 1 r 
gon :;~··:tcm .a~. LJ~e QCoan-spt'c~'"ll•'l£ ridges. 
Along botn, :wsthenol i ths rise right. I hrL"mgh the 
•rant Le (compare Figure~; 15 and Hi). The e:_;!'.en
t i oL 1 d I ffe l"£lnce bet .... •c eli an orogonic be 1 t ann :ul 
oce<mic; -s p l·~o::<Jrl • n¥,-riugc is th~ Ltl'Cliocnce of 
1 argc ... o lume:;. of ~u1ded tcrr ig,enCMJ o; sed i11ents in 
tho om.!, but not in the othor. Bcruft of j 1 :-. 
cn.m11Hed seuiment blanket, topographical <~nd. 
genphyd,· ;~ l pli"ufiles of the ltoc!kr t.fount:.ains are
virtually indlstlngld .sh ab lc from th~ p}·of lles 
u f the MiJ -.t\tlantic Ridge (see LongHell f. fll1nt, 
19~9. fi~.2-4). Tho profl l e!> of tho African 
1·ifts. tbe Red Sen. , and the C<-•t•l'lt•lk-New Cuincu. 

a nd -"ha u,k.y rises, i I Iu••tratc di ffel:'i ne dt:~rees 
of de\•clopmcnt of t: .. he same J iapirt4' !H·v•;~:5!i, 
~there the inc1·e~t~.1 ng volUJllo of lhe rleer inter
ior rc 1 i C\' e !'i • t .s d f by brea.k 1 Jig Lhr~:~ush to the 
surface (:see ll<>lmcsr 196!:; , f'lg.704 i and Carey. 
LY7~ . fi~.l.32). 1\bere th~~ East Pacific IUd1•e 

"' <:.onvcrges on the COCI:J.l Ranges of t.a I 1 rorJu.-
and begins tc •·ect1 i '>'C volwainou~. ::~d)me-ntary 
O'lo'erburden. it merges and eon t~ nuc s. as. an 
oro..-.:en . 'tlherc t Jle me-dl<m ridge of t:he no•'fll 
~est Indian Ocean continues up ~ . e Red Sea. it 
t!Y't!ntu-il.lly becomes an integril l pnn of t he 
~Liit.el:'raHe.an orQgonic cyctc.-1 , •.-,ohich of r:o1Jl'Se 

i nvo I ves cons id erah I t~ lllorth- s.oo t.h ex to .~s i oo 
bev.-,•ccl!l Africa ;l~ rl E.uropc. 

T)ae 11itiation of ('H irr.t~r)' stret chin,H in 
continental crust leads. first en "M~cJ..ing" 
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thinnin1~ of the continent wit11 the ~ur~iJc.: t)f 

the "'g,lal"' >Lnd tJ.e bottom of the 11S1al' con
\lt-rglng tth.t;tt-d~ ;,~e ,·o at soa.c fH·e k tlomatl'c:s 
be lou sca-le\•-cl. TI1u:;., a llhougl1 tllc. :;IIJ'f;~cc 
of th<:~ ''sial" :steadi l y goc!!'". dOL,n, tho boltnJO 
11f tlte ".Slal'' and the man l lc dtapn· helm .. · it 
:;tr;;Ld i 1 ~· rl ~;c~., a.s it continue-; t L> do through-
out orogcncs.1s. !!} the time the 10::;t;;t l "' ltas 
thinned to :;:.cro , the ill!;lf•t;lloDiit l t has alrcPdy 
,. i ~e11 :;onm tJti a·Lr ldlamctre.s. The c:o11t. i nuinE 
••nrl ;•c:~eler<~ting ;J·;~e••t. of the deep diapir 
t.hen begins to drh e out the new sediments, 
Y"eP.,Ul'!~i t.a~ lett, the J!t!O:l)'tac I i na 1 ,g~t t , "''h it:h th~n 
:<: pl't:!:l.d t~ 1 :u e t'a I I >' :1 t 1 lw ~·llrf~• r~.· ( F igu'l·c 14} . 
The hneiJlH:m~ und thrust surfaces arc ell in 
the- direction of tho lami t1fil' n~, inne1 zones 
ovel'-riding 't.heir flank inP. ne,P.hbollt'~. lTJO!';t 

~I,..C!Cj)l,:.' tleat· t he CL! IIl f"e , but bt"COIIIiJ ,g fl.;tt t<:r 
~nd fl~tter out~~rJs , as thinning n appes over
ride the miogcosyncline. 

lldii.Y· GLUI~t'IL TI:.CI 011 ICS 

'll1e 1nerll;J t' l"ld~~e Olo'!} .suhcluction para.Jigm 
has led to li)'Opic distortion 0cf thf; g.ros~.;. 1.~~--
1 otllc~ of t h e l:n.rth: 

B-C1uoff -zunL~~ ~•nd treJ~dLt!& <tl·e c.· t't·um
Pacific, which is the same BIS saring Lher i.l.re 
peri-Pan~aean (haTe "Pangaea" includes the 
in'tr<J-P<Jfl!:,:l~:lln r1 ft ot·e<HIS ) . 

Mit.l-ccoa.n. ridges aro a Pangaean pneno1110non. 
5p read I np, r idgo5 in t it e V~ci f 1 c :ue 11 at ni d
oce01nic. n~t. r.:Y'~II remotely so. 

SprcaJinc ridges are ~ircum-contincntal , 

L,iLh 3. tl·ipJc point cm·Ns.poncll nt: to each three 

t- l atRE 1~ 
~;pread i ng ridge is geneti ca I I y simi I <:~r t o 

orogen except for abse nce of ~d,ments. 
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continental blocks [Figure 6). 

l::u·th (both racific and Pangaea) has an 
en.st-'h'est. ll.S)'ImOOtry, the oa:st-facint coast!i (or 
UtC! f';H·. lf 1 L: u ,. l'.angae.a) have e.Jtteu!!.J ettia I rt:.ar-~ i 11 -
nl :;~as frum pole h> ]'Vl-.•; L''t..~"-l- F~tG1 rl.l! Gmt.:; C:;o 
ha\'c none. slanll arcs arc conca\•c cast (or 
rarclr f.Ollt.h) not "''est (ot• north). 1:ast As i :w 
\)J"Ugl.:!l 5 0\1 t'!Tt1J.I~I·; l C!'b i {I 4ll·.a ·rl :lo I ht: ()~~~Ill) , 

the Rod,y ~lountains a l so oYcrthrust cast. (<~-wo.y 

from the o-cean). 

Garth hPs norlh-·•0\•th ;J::;yruJwlr)', 'o'<t~•tl)' 
mm.'e ne ,, oceanic crust has uppci.!rod in the 
:~ottl..h4.!tll h ~lttl.:>phe 1'e than in the •lOJ'the••n. 
Conol1 ana continents ho .. ·~ di:r.::rcr:rc~rl 't'crr much 
more than those of l..aurasi.u The centre of 
Jll::t>: 1 mum ell s.pers i on is near the I· a I k • a 11 rl I~ 1 ; nd ~. 
>llfld the c:e t•lrc of I C•L ;1. di '•l~en i••n ·~ in ~;~:;t. 
Siberia (Carey, 1970). 

All continents have recorded increasingly 
non;.horly I.J.tlludcs JurinE the last :!UO Ma. 
{lt.nl:ca1Tti t"~a ;app<!'a n; tu he >Lrt ~.n:cpLI lllt, hut 
not roallr :so f~·oZJ a Falkl.:md dispersion centre. 

J\ 1 1 l.au ra~ i 3t~ con tJ ne-n t.!l. ha v.a ttx:n• ed ~.Jc ~ 1:. 

t-' 1 tI t r~.:: ~Jl€:(;. t: t n L1 t~ ,.. tiondl·. ili'lit 1 t.d ~hbuta·:; 
dL•r i ng the 1 n:;t ::wo ~Ia, 

~~~ t has no moaning cxcc~t in terns of ~1c 
l~m· l h' :. r'uLill.lf.nL. P.ltpans.lun i!'l .u~lll~rtiltll.: I}' 
S.S}'IIII'll£ltl'ic because of positivCJ! thermal feellback , 
h e netil t..hc l! 1 oha 1 n.s )'lll triC! L J'i e ~ . l~:x pn11 ~ Jon i ~. Lh<~ 

prime mover; rolr~t.tonnl in•·Tt'i ;a ,., the helm. 

EXPArlS l 01~ I t. TI-lE :.OU\R S Y~TCf' 

~leE lh.inny J Taf 1 Ul' fJ ~ te\'f'!ti::.OII (l97K) :ttl d 
T.a)'lOI' (this -..·olumcJ h.:r .. ·c st11ted thnt n4'1nr. of 
t.ht· olhec •· meml)(~rs of t.h o soln:r system shous ex
pansion. and that It i::~ Improbable that: t:h e 
Earth. should be unlqu(', Tf "''<~lid, thi-; ·argu-
~~n~ bauld ~lso deny plate tectonics bccau~e 
there b nu ~·UJ!~:est on of this in Ill\}' of the 
e ther bo-dies. Ho11ever, in t:ontr;:•:st to Tarl or, 
A. ~ . NlkJ.!liLin, und others, have interpreted 
:;.urf"an!' f"e at.u n:!i uf M;i.r-!1. • 'lit:nug ~ and !I.OJDC of 
t.he Jo\•ian sate l li t.es as cvidt--nce- of t heir G~lt
pans ion. I al c:; o ~ ee rnridencc of e.xp <m~; 1 un in 
a1.1 the plancL'ny boJies. 

Cl! J'L:.ainly '-''C ··;lmuld expect t h" :~~m.e 
ph'fo'Sical u~os to op{l l )' ltfllversally. I'"'·"~!Vel· 
a~· I ba\•e poi~lted out -cl:SCL\huru (19G::!b; 197(,, 
~p-90- 11 2) many ~1ysical proces~e~ nre no~ 
cont t nuous but lla'Jit!' t h resholds of ~ 1 ?.e, tliiC • 

pTc~:;tll'e, tempcr<Ltul"u, etc. , o,•here ctLLl t:l:! 
<hff~re.-.t boh~:n•ioL•1· occurs. Such rt1·c~: l.he 
fic}"nold!; • threshold bt:l''l-~t.c n laminar und l.u t·b-. 
u lent flt>W ; s Lceng th J gnveTJH IIJ~ the thrt' ~.;hn I d~. 
betL,·een c J·• s 1 c or rheid s t t';t l Jl a ntl fr a c. ture i 
t eu.parature thn:~ho Ids of melting. a 11d o~npo~.o
tion wltld t separate l'hy:;lcnJlr quJ.t(• d tfferunt 
behuviollr of the salfl(!' ::.uhstan~o; cnerg.)' 
thr-cshohh. fol' nuclcttT f11 ~iufl and fiss1on; 
t i 111e-si;:e thn••;hoJd for mt4gnctohydi'Ournncic 
ph~nomens. • the T;l )' I Ol' thrc sh o 1 d !i c: pa t';lt.i ng c. on-
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duc:tio1 ;lud con .. ·cct ive ]~eat transfer , and ~many 
other~ lmO"rm :uHl ur known. Even if evidt!ncc of 
exp~•nsion w:.. not dr:tcc tablo OH other pl !lnots, 
it crnJ id 1ot be arbitrarily as u• ~d that such, 
potentqally present, 14:t.'l nut- restricted b}· ~ · 
physical thre .. hold nr t he scale l'angt! of tem
perature, p n~ . :>l• re , s i z.c , or t iu,l!, nr i ndeod of 
ob so~'\' •H 1 on. (Roc all T)•chu llrahe 1 s pos I d v c 
rejec t ion of Copvrnlt:th ' s hcliocentrlci t)', 
hec:01use if r .• ' uo, Venus and Merc.ur)' Lttould sho"' 
phases :111d o;t.~'rs woulcl s.l.ow p••ri•l l ax, nota~ of 
which had b(..•cn observe.J hy ~m>• conpoote nt 
as t roalomcr • ) 

In tllt: m•ll universe 1110cle J I hta'>'C p rosont
cd (1978 ••n J in this voJwne) <.Lll mattc1 ~::•·oa :. 
at :1 r;at~ J oprmuing (probably xith l ;Lrge expon
ents) on concentration (pressure), tempera -
turt!1 ••nd t.imc. A-:; Jc:an!• (1928) h ·Ls pointed 
out, the centres of nebul ae appear l ike 
sineul ar point5 at "''ilic.h mat.ter is continuous
ly }lOUred '~ nto '"'r \lfl i vcr:o,t:!. lo1t:!tcori t.cs on 
the other hand shCJN no evidence of change 
throu~h fotll' IJi I I i on years. On t h e curve bot
ween these e&tro as lies the Earth aod t h o 
othP.r pl anets. From t hu t:l"'pi 1.· cu; o l h*' 
Barth ' s expansion history this curve is expon
ent in J - l i kc t he P. routh o £ t he Earth 1 s 
por••latluH - cOil:!- uf i t1111~r~.:e1ltib l e t:.towt h . hut 
as the rata ~ ncronscs it accelerates. Evidence 
iLs stron~ Lhai n IIH'l )o •· c:.n.tac.l j ~n occu rred .. a te 
fou•· h1 I l l Oil $•e:at<> .n~o 11e d•~p!!. folll)'r.l I ng il 

super-nova J ond when the "'dust'" l argo l )' settled 
there was nn P.arth about ha lf its present siz.o. 
·ntroup)L the t.hr~o:e bIll on l'recanhr I a r• ye:t•'" 

t'~pnnsion U"as slo"'. ill tho~ugh the processes 
L\'En-e identical ro now. As discussed earlieJ.· in 
rt.lit1.1ou to faunal rcala.<i tho initia l pOl)gunal 
;r1 ft 1ng gradually iten::.lfl eel unt i 1 the first 
global through-p.o1 n• rift. tho EoPac:ific, abou 
n bill ion )'ea1·:; <Jgo. Then increasing rate!; 
produc:eri j n time the Caloclontdes :J ild later 
"ita • 11 t:he Teth.}·s, but thf' IT•(h 1 t•apid e.x.p~nsion 
occurred in tho l ast 100 l'ltt. w· th "txi.rmm rate 
no""'· 

One would expect Vonu~ to be cutntmr.u.ble to 
Earth, and what ,.e "kit Oil.' of ;1 t fro rlldllr 
sun•cys .Joes not di:.>agrcc with t h is. Mars 
!!.hou l d h~: >t gooJ doal furthc •· h~Lc.:k ;l l vng 
13arth 's c~Lrnto, and I he grt:w l cc,untorial r i ft 
belt is uuch lik~ what I expect the Earth to 
ll.•V~ 1 ouked li o somo time in tho P~·ot.e•·.u:;:.ui c 
(Figure 16). Mercury 1 "ttll f urther biKk. 
an.J the polyf~Onal fr1.1c t urc systcra on t·1ercury 
(~1'.1.tu tousl:r J.ntcrproteJ by IJ.n.niel!lon (lg?:.) 
a.s compressional) roc.tl I ~ my d e l of t h e earl)• 
Archaean Earth. 'tlte outer great planets • 
.Jupiter, Saturn. Uranus , and 1\cptune are ve i l 
beyond Eart.h 's point on t.lli::~o l:. ,,.,.t:. Pt:rlmps 
the)' havo alreacly exp1orlcd but hnJ sufficient 
... e I f S!,'t'a\fi t.ilt Oil to fa l l togo t hor again, at 
IQ"-'cr d~n:oi tics. Jupit.o ,. ls :l l t'e:sdy mure !i t.ar
li lkc than planet-11 ke :tnd perhnp •; :.;hould be 
coup I ed with the Swl as a binary. 

It.:. should not be ::ts.su11ctl f:1'0f'l this. toor:lel 
tha"t all satcllit.e~ ·~Ill r•Togress along the 
sane curve. 11• i ·; ·•r be govorneu by init:ial 
_c;iz.e. 1t.e kind of speculative mode I I would 

FIG~[ 16 
Asyrmetr•t uf Mnr•. 

olat left, tho greilt equtdoriic:~ l rl f't Lona , wh i ch 1<: confined to ()ne quar lor of t he c l rc•unference. 
A't right, l ho asy,m!Jiry ot e)(pans l vn ~ In t1aat at'l. thf! 'Volcanoes .ore cotdlned to onl" hemisphe r e. 



cfln1.~111f1 l~l te to fit the fHfl tllrlt~ls rns cou ld be 
:o;omcth ir1g like Fip,UJ'e 17 J t>lot.tin g rate of 
c.~pan:sion .s.gain:st L.1rne, wi t h o:tpan:sion dri'\ten 
hy a flJf1L":t I)U of pre.s.:surc, temperature_. a11d 
Lim~ hu1 li11itcd by negative fee~~••ck unll::;.:; 
t.cnrinat ed by exp l os.ion. Tln:r· bodies like 
a.ete<Hi te:!'l '"'(11cJld be: represented by the b otl:.Oifl 

J1 rie J WJth expansion 1·ates .so low a.s L.u be un
obs cn·ab J e. r.r.aon ~.o ould be repre !i.en red by tho 
next I I ne where s.cerrce 1 r ~LI\Y ~;xp~~ ns.i on has been 
observed during I!!E!O I og, ~;:;~11 tilll.C. Th e thi 1-d 

lino cotrJt1 he Mercury 11.•here tile exp(lnsion no"tJ 
visih I e r~·•eT'bles t hat of f.!arl ~· Archaoan Earth. 
Next 1'-1<~tS s hows oxpan:sion :t"c:;.cnbl i ng early 
Pr"oteFCJ;;.oi c EarL.h- Tatsch ( 1972) .. 0Ve1iden 
( 197Z, 1973) :md Cuskover ( L975) argur.d for a 
p I anet .. v:.riously ca l led Aztc::x. , Aster or 
Phmeton 1 IA'hicb exploded to form t h e :lS l.e.rttid:s 
wi tb. lllUCil DS. t te r• 1 t'IS t a.nd !:.Ofiu~ C:oli.pl;u r ed by Sun 
anv Jupiter. Neptune could be t hg smal le5r 
pLtnet :mfficiontly llliJI:Ssi vc to -refor af~r its 
cxplosicn . Between Hars and Aster I:; E<1rt h 
~\'hiclt on the model 1rould event ut~ll>• e-xplode un
less. st::~hi lLtco by feedb;.u;l<: befor e that. even t.. 

A ruriou..'l. fi\c.t EJ.bout memhers of ~he so l ar 
system i.'l t.h~o!ir asymmetey uf figure and 
ohli.,ult)• to t h e ec l iptic.:.. Because o.f posit l vc 
feedln u.::k a ll c xpm1stml 1:; asynunctric (!!.ee 
Carey~ 19 76, p- 26 ~ 6! t: .seq . for a :Ful 1 di ~cuss
ion). ~1:lOI\ 1 S figure bulP,e:s tO~.,t<Jtds Earth . 
proh ;t.bl y in isostat ic equi libriuaJ al J of 1\l.~rs. • 
volcan iso i.s. on one hemisphere as is. t h e ~rrel'lt 
equatorial Tift; these asymmetries, and 
.Jupi t er 1 s G1.·r:a t Rod Spot , <Jnd t he axia I i nc. J1 n -
3lion.s. of a l l , are.., I s uggest. the direct o:;On
:sr::quencc of t heir exrlansicn. 

Tiaose 1\'\el sons 1a1l o dt: ny evidence c f 
c;.;pensio1 in Earrh I ~ companion ba-thes . hi.JVt: rmt 
t hei:r telescopes to the b I I ncl eyr:: ~ 

t- IGUR£ 17 
S)ecu I a I I on on different evo I uf I on .. H 'y 

paths of solar ~ata lrites accord i ng to size. 
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