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~U,\DL\.I\Y. - The ayailable evidence hearing- npon the rheologieal 
h<'imvior of the tertonically sig-lIificant layers of the Earth (" tedonosphere Hl 
in tlll' long ( > J 0011 years) time range is analy7.("l. The phenomena [rom 
whieh Ilata were gleaned are iHostatie uplift. and sillking, t.he 1I0llhyllro~tatic 

llulge, the theoretil'al behavior of rucks al. high temperature awl pressure. 
alul the stabiliiy or mount.ains. 'l'he main re8ult of the stlllly is that fhe 
eommollly assumed viscous 1l101Iel for the rheologÌ('al hehayior of the te('Ìo­
nOf\phere does, in fad, not fit the evillmwe; the latteI' illdieateH IO[juril,hmic, 
not ViHeOllS en;ep, In addition, there is prohallly a low st.rength ihrc.shol,l 
of J(f dynes!('m2 presento This rheological behavior is veQ'- 8imilar to thai 
of the tect.onosphere iII the intermediate t.ime rang-e. 

RIASSU~'l·O. - Vengono anali7.7.at.e le prove di~ponibili nel campo ,leI 
eomportamellto teologico Ilegli strati t.ett.onicamente signifit'ativi Ilella Terra 
(" t.eetonosphere "), riferite a IUllghe ~c:'lIlellze, (oltre i mille anni). l fellO­
meni Ilai quali Hono stati prelevati Ilei llati sono i so1!('yamenti e gli 
ahhaHsamenti isostatici, il gonfiamento non idrostatico, il comportamento 
teoril~o l!elle rocce ali alte temperature e pref\sioni, e la st.allilit.il ,Ielle lllon· 
tagne. Il ri~ultato prillCÌpale cui giunge lo st.udio il che il lllOdelio visco~o, 

normallllellte a,lottato per il comportamento reologÌco della teetollosfera, 
l!OlI eollima I~on le prove le Iluali indicano scorrimenti IOlJari/.lnici. non viscosi. 
Pro hahilmente, yi è presente anche una Hoglia di forza minima Ili 1 O~ dine/elll~ . 

Questo comportament.o teologico rassomiglia molto a quello mani[estat.o 
Ilalla t.edonosfera neg-li illtervalli Ili t.empo medi. 

(*) Institut filI' Geophysik, '1'ee]lllische Hoehsehule, Karlsj)latz 13. 
A-10-l-O \YIEN, Austria. 
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1. - I~TRODlj(,'TIO!'\. 

It is \rdl known that the time-seale oi geoloj..,rjeal phcnomena 
re:u'hes [rom fn[(·tion~ of a seeontl to hlUlIlretls of million~ o[ ycarl". Rc· 
garding thc rhcologieal IJrOpertic~ o[ the tet·tonic-ally signitkant laycrs 
(('rust and uppcr mantlei "teetonosphere"), it waH pl'Oposed b~' the 
writm' (3") to split this vn~t time 1'Hnge into three, tel'med "~hOl·t" 
(up to -l hOlll'S), intermetliate (4 hOlll'l> to 1.'l,OOO years) antllong (longcr 
than 15,000 yenrH). In enr·h of these time ranges, the l'heologip,al 
response o[ the Earth to aJlJllietl stresses alJpearptl to bc ver}" dill'erent. 
'rhe then available evidenee on this rhcologi('all'esponse was reviewed 
by this writer some fonrteen years ago (38). 

Ret'cntl}', the writer (41) has bcgun to re·evaluatc the available 
evideme bearing upon the rheology of the Earth, starting with the 
" intprlllptliate" time range, 'rhe present paper ('ontilllWS this re­
evaluation, ('Oll('ernlllg itself with the l' long" time \'angc. 

'rhe largest body of data bearing' upon the rheologienl belwviol' 
of the teetonosphere is provided by seeulnr vertienl motiom of tlw 
Barth'f\ eru~t. 'rhe tlata on sueh verti(~al motions have nwently becn 
eolleeìed by (';'oIJWani antl Sehcidegger (21). 'rhe most important of 
the~e data are eOllneeted 'with postglaeial isostatie rer·overy. 'rhe end 
of the Inst iee age is now usually put at nround 11,000 years ago, 
but it eulminated a,bout 18,000 years ago ('"). 'rlms, a,eeo!'(ling to our 
terminology, gla,eial reeovery would lmrely cnter into the" long" time 
rH.llgp. However, tlw na,tural division point beÌ"weell "long" H.Ild 
"intermetlia,te" t ime nl,ngps f\houltl IJl'oba,bly be put f'.!o~er to .1000 
yea.rs, ina.smueh a,~ there are typical" intermctliate" phenomelU~ whoHe 
eha,nwteristie times ,~re of the order of days l'md yet~rs (0halHUer wobble, 
seismir~ aftershoek sequenees, ete.), amI then there is a. time-mnge 
gap until one ('onws to the " seeular" phenomena, sup,h a.s Hlow tee· 
tonie motionf\. 'rhe" na,tll ral" (ra.tlwr tlmn logarithmie) tli\'ision o[ 
the geologieal time ra,nges would there[ore be: Short, up to a homs; 
intermediate, 4 hours to 1000 years; long, longel' tha,n 1000 ~'e:H~. 

\Vc slla,1l a tllwre to tll is terminology in the present IJa lJer. 
fn addition to isostatir" gladal recovery, there may be loading­

llnloatling features of origin other than glar·ial, slleh ns tlw loading of 
hmd by watel' when a lake if\ formetl or by the po,~itioning of gU'yots. 
'rhe nonllytlrostatie bulge of thc Barth, (·ommonly bclieved to be due 
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to a liela.'" in acljUHtment. of t.he shalle of the Bal'th t.o t.he ehanging 
rat.e of l'otat.ion, l'epre~ent.s a load on a rathel' large s('a[e, 

At.tempt.s have also heen m:ule to dedu{'e the long-t.erm rheology 
of t.he te(·t.onokphel'e rl'Om other th:m vel't.ieal mot.ion data, ThUH, t.he 
re('ent.ly post.u[ated p[at.e-motion h~'pothesis of ('l'usta[ bloeks haH heen 
used for this pm'pose, IIowevel', H, seems too ead,\" to IiGdll('e reliahly 
t.he me('hanieal propel't.ie~ of t.he Eart.h hom slH'h a hypothesiH, 

.'\ furt.hel' at.tempt. is due to a theOl'etù'al discuHsion of t.IlP 1'l1C0[01,']' 
of roeks at. high temperaturt!k anli lll'l'swres in t.he long time rangl', 
Slll'li as might pl'evail in t.lte tel·t.onoHplll!re, hased upon ,~ulid st.ate 
physics. f;l\('h attempt)\ are t.ied up with estimateH or the t.l'mpel'atlll'e 
:lIld pl'CHHUl'e in the Eal'th's interior, whit'h int.rOlhH'es a measures or 
\l1l('el'taillt.y, 

'l'he [ay-ollt of the palICl' \rill he t.hat. ali the posHible rh('ologil'a[ 
modGls suggcst.erl fol' thc long-t.cl'm lwhaviOl' of the t.wtonosphel'e 
will he diH('UHHed in individuai <·ltapt.el'lI; in e:l<'h of tlll!se ('halltel's the 
cliveJ"~e availah[p ohHervational materia I will be pl'eHented, Sinl'e t.he 
[attel' i.~ mostly based llpon obscrvations of verti('nl lallll-motions, an 
initial Hel'tion will cleal wit.lt t.lte time-analysis of .~lldl mot.iom, befOl'e 
the nbove-mpntionpd rheo[ogi('al 1ll0l1els are studiccl. 

It will be seen t.hat t.he cvidenl'e is overwhelming that. Home t.ype 
of nOHlineal' (HlH'h as logal'ithlllie) el'eep is t.lte dominant liltenonwnon 
in the tedOllO)\phere. 'l'he generally lll'OpOHCll viseous hehavior is 
obviated by the shape of t.he post.gl:l1'ial rehollnd eurves. 

2. J<}m'l!llC.\1. nATA, 

:\s not.ed, llloSt of Olll' kllowledge of the 10ng-toCI'm 1'lwology (,omes 
from measul'ement.<; or t.lte eontemporal'y :\1lcl l'el'ent rate~ of vert.i('a[ 
mot.ions. Herein, one undel'stands ull(ler " ('ontemporaI'Y" thc rates 
obkerveli ovpr the last HO year.~ or so (usllally by making l'epeat.ed 
prcI'ise levclling . ..,), :md U1ulel' "reeent." the rates dedueed from geo-
1ll0l'phi('nl ('hnnges o'leJ' the la,~t. 100-;'500 yerLrS 01' so. A wol'ld-wilie 
pil'ture of t.he pre.~ently known rat.ek has been reeently lll't!sented by 
Gopwalli antI Sdleicleggel' (21), 

An int.el'ckt.ing ext.ension of t.he sturly of present motions is the 
~tU(ly or pasto vel'tieal motions. It. iii, or ('oUl'se, vcry clilJil'lllt. t.o do 
t.his on a geologkal s('ale, llllt at.t.empt.s to ('onstl'w't uplift. ra te-cUl'ves 
for t.lte times sin('e t.lte enli of t.lte last i(~e-age have been reporteli. 
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These are lJa.sed on radioearboll (latingfl of stl'andlinel;; (·orre(·,tion~ 

have to be made for the eu~tatie ('hanges oI the sen-Ieve!. 
TllUfI, S('hofìeld (-1.1) presented upliIt ('Ul'ves Ior the FennosenHlIinn 

and Cmwdian Shield.~, .~hown here in Fig. 1. 
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Fig. 1- l'ustglm'ial uplift (·Ill'VIl.~; afte\' ~khofilll(l ("'). 

)11u'h of t1w rn('(llLt ('vi(lenee on uplift eurve.~ has been SUlllmarimd 
by . .i\.ndrewfI (U). Of parti('ular illternst is t1w form of these uplift 
{·urves. Tlm!;, empirieally, fleveral equa,tions Iwve beell postulatnd to 
describe uplift. The first possibility is an exponentia.J "de('ay". 

[11 

where W is the " remaining llillift ", that is tlw amollnt of Uillift thnt 
has to be a('eomplished at time t after deglaeiatioll to a,ttaill ('omplete 
isostati(' equilibrium, and lo: n "deeay ('onstnnt" for whi('h AlldrewfI (3) 

gives values betwecm 0.:l4 allli 0.n6 (mean O.4n) if W is mensured in 
meterfl and I in millennia. Tlw ('onsta,nt C relll'eflellts the total Uillift 
at a .~ite from the time of deg"ia,dation. \Vriting equation [1] in terlllS 
of 1l11lift ~l('eomplishe(l, U, one obtain~ 

u = C-IV = C (l-o-~I) . [21 
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Andl'{lws (3) Iloted thHt the uplift equation [IJ does not nct'cssarily 
tit the obscrvational data ali too well; thcrc i8 a markcd det'rease in l.­
lI8 time proeecds. In fa('t, thi8 indi('ates that the exponential fOl'm 
of [IJ is perhaps a poor approxilllation of the obsel'ved fH('t.~. Thus, 
Waleott (47) sllgg{l.~wd tlwt the uplift might in al·tuality be givcn b.,' 
the SUIll of two exponentilll.~ and p08tulated 

[3J 

1"01' CanadiHn eonditiom, \Vakott lound 

(', 150 m 

C. ../-50 m 

1.-, l millenninm-1 

k2 0.02 millenia-1 

BceHuse of the 1)001' fit of the uplift data with Eq. [lJ, Andrewl! (3) 

abandoned the hypothesix of an cxponential dee:],,)' altogethcr and 
8ngge.~ted li 10gHrithllli(, equHtion instead: 

U=a+rlnt. ['J 

In tel'ms of rate.~, El}. [4] yieldx upon diffel'entiation 

dU l' 
=u = ,It [5[ 

Andrcws (3) found a mlH'h better agreement of equation [4J with natural 
data than of equation [IJ. ILe ('I) made latel' a ,~pedtìl' ('omparison 01 
thc two equations for 58 uplift ('lU'ves and found that the cxponential 
depelldenee gives ('onsistently pl'esent-day uplift. rates that are too low 
in ('omparison with obsel'vations, whel'eas the 10gHJ'ithmi('. depen­
den('e gives ('orreet values. 

l'~quation [../-], being logal'ithmk, is evi(lent!y not valid for t ~ O. 
'rllUS, a eutoff mnst be applicd ncar t_o. 'l'his l'an easily be done 
by modifying [clJ to l'ead 

u a + r In (I + 1) . l6J 
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Regl!l"!ling the e(lm!tants r and a in equation[4J, Anclre\\"f!{') fOlUtli 
wme intel"e~ting relationshil)s. From a eomparif!on or :lI uplift rates 
he llecltH"ecl by Il least squares proeednre 

- Il = 5.6 r + lO meters 

(U in metel"f!, t in .years), and tllUf!, Uf!illg [4J, ami f!etting t 
one fiIHlf! 

A + lO 
1.3 

1000, 

whcre Li if! the Ulilift in meters 
~'ears oi clegllH'iation. A (lirect 
data givcf! Il similar result, viz. 

that oel'lLlTed llming" the IÌrst IOOO 
corrclation analysif! or observational 

A - f) . 8 r _ _ 
l.O:l 

In allproximation, r is thuf! simply equal to the u]Jlift. .ti that 
oeemred durinf! the first t,llOUSHIHl yea.rs. 

'l'hus, there is a stnlllg indiention thnt t,he form [.rl is the best, 
fitting rC]Jl'cselltation of the observat,ional evidence, :md t,lwt t,he 
cxponcntial fl"Om [lJ if! aetllally eontnHlietcll by the data. 

JI1 addition to the above exponential and logarithmie clependences, 
a simJlle 11Owm' law has all'Io been .'mggested 

[iJ 

In thif! ease, one fiJl(lf! rrom a statistieal evaillation of observational 
materia l (.1) 

fJ ~ 0.5. 

~\ny disell~sion of the rheologicnl response of t,he teetonosphere 
to isostatie ~tresses will Iwve to :l(··COlUlt, for the above empirieal 
evillell(~.e. 

3. - TUE A\'AILAJlLE ltIIEOLOGICAL MODEI,.':!. 

II tIle data mentioned in the rnt,rocluetion nre to be int,erpret,ecl 
in tel1TlS of the rheology or the te(·tollosJlhere, it is neeesf!ary to set 
up hyputhetieal mcehanieal modcls oi the phenomenn. in questiono 



~aturally, the~e modds Hre built np fl'om bHsi(' rlwoIogi('nl el('­
mcnt~, emhodying fe:lturc~ of V1S(,OUS, ela~t.i(· 01' ide:dly pb~ti(' 111:1-

terials. In a(ldition, one might t.hink or the pos~ihilit.y that. loga­
rithmie neep, pha~c ('hallge, or H breakillg threshold might o(·(·m·. The 
possibIe rheologi('Hl equations (leS('I'ibjng fluph phf'nomena were dis­
(',u:1scd rC('ently by t,he writC'r (-11) in ('olllleetion with Uw intcrmcdiatp­
timc rheology oI thc Eal'th. The ba~i(' phY:-li(':d pOHsibiIities, of ('our~c, 
are the ~ame in ali timc ranges. 

Tlw spc{'ifw models t.hat. C'an bc ('omtru('t.eri Ior the intcrprctatioll 
of the long-tcrm rlwology or thc tcetonosphel'e will he dj;;('us~erl one 
by onc belo\\'. 

1. - YlSCOUS )lODEl,. 

Thc most. (',ommon vicw of t.he rheolog-jeal propcl-ties or Uw "te('­
tono~phere " in t,he "long" t.ime r:mge is that thc latter exh.ihit~ thc 
beh:niOl' of a viseoelafltie (:-'laxII"ell) matet'iHl. Sot onIy ha~ tlu:1 l)('en 
postulated wit.h rcg-ard tu t.hc intel'pl'pht,jon Ot post.glaeial rebollJl(l. 
but nIso lI"ith regard t.o t.he expbmation of gIohal Vh.te movements ("), 
poh1r wHll(lering [('~) p<bg. :3H5], H.nd the nonhydrofltati(' hllIgc of the 
Ea,lth (33). 

Thc eu.~tomary '\·ay of (le(luC'ing vis('oflity vnIue~ for the model­
\'iSl'ons materia l l'epresent,jng the t.edonospherc is baflcd on iflofltati(· 
uplift. :md sinkillg oh~crvationfl. In gelleral t€rms, thiH ('Hn be done 
H.~ follow~. 

T,et. a blo('k of mate1'Ìnl ((',ontinent, (·l'lISt.) 1l0Ht UpOJl n Ylseons 
fluili (sulmtI'Htum). If thc weight oI thc hlo('k ifl exactly cquallcd 
by thc wcight oI t.he dispi:J('ed flui(i (AJ'('himedes' prindple), '\·e IlHve 
an equi1ibrium sit,natioll. If in su(·h an Nl1uIilJ1'ilUn sitnation, ma­
teria! is takell all"ay (mclt.ing iee) or ml(INI (Iilling or a reservoir ,\·ith 
watcr) on top, thc equilib1'Ìnm iH (lestl'Oypd :mli a new ClPlilihrium 
~ituation must. be found. II wc (lmlOte thc \'cl'ti('al dcviation Irom thc 
equilil)1'ium sihl<ltion by ,r, then t.hc rcstoring fon'e /<' is pl'opor­
tionnI to J' 

p - k.r 

wlwre k i:1 some eonst.HJlt.. 
Thc rC~lstnll('e H t,o rCfltoration, in a vi~('ous materia I, i~ propol'· 

tiollnl to t.he veIo('ity x and the viseosity 1), yiz. 
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whcrc (J is a ('ou:-;taut, KO that tlw cquntion or motion rca(l:-; 

where m is the mnss of thc hlo('k, 
If onc assumes that thc l'cstol'ing motion is highly (lampc(l, so 

that thc a('('eleration tel'm ('a n bc ncgle('h~(l, tlm solution of thc abovc 
(liITcrcutial equation is 

wht\1'c /( _ "le. This :-;hows thnt the eqnilibriulll l'ositioll will bc 
nm(']wd b;'T an expollential tiuw iunetion. 

'l'hc ('onnc(,tion bctwccn thc vis('osit.\' ami thc "relaxation timc" 
of thc uplift {or sinking', as thc (·asc mny be) (lata (lel'clHls on thc spc­
dUe model thnt is adoptc(l. One oi the most rigOl"ous (lis('ussions oi 
this l'roblem has Imcn givcn by Haskcll (23, :~) assuming n homogencolls 
" liquid" in whi<'il a pic(·c of (TuSt is l'ising 01' sinking. Applying 
the gcncral Haskcll thcol'y to a ('ylill(ll'Ì(.al ("I"ustal bloc-k (ra(lim l/b), 

onc obtnins fol' thc vilwosity ", 

l) _ _ !J Il 'l' r 

2 b ,In 
[!}a] 

whcrc 'l', i,", thc relaxation time oi tlm exponcntial in [Hl, [! the (lcnsity 
or thc flilid amI (J thc gravity a('('elcl'ation [d. C.g'. S('hei(lcgger (39), 

}) . 3.J-9]. Jf n ]·c(·tangular blo('k is uscd imtcn(l (si(les I, m), Olle oh· 
taillS [d. e.g. J-leiskancn &. \"ening :Meinesll (' .I ), p. 364] 

wherc 

_'1Y T, 
"2 7r f 

1 {In 

f (l2 + m2)112 

[9b] 

[n cithcr ('ase, ir onc apl'lics the nbove fOl'mulas to the uplift oi 
Fennos('andia ('i', -==-- 5000 yeal'H: llh = j50 km), onc obtains visco· 
sities oi the {mIeI' oi 

rl ~ 1()2. Poisc . 
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A simill~1' l~pplil'l~tion oI the a bove Iorllluh~~ to tile ob~erved rise 
of the ImHi al'onnd Pleistoeene Ijl~ke Bonneville in L'ta h ('-1.1') ~'ieldH 

l ~ vi~cosity oI the ol'(lcr of 

Il .1 ()~1 Poise 

Le, an ordcr or lllagnitnde less than Irom the postglal'Ìal rise of 
l<'ennoH(·andia. 

The submergen('e oI guyots ('"l") l'aIl be l'onsiderNI a.s the cxal't, 
opposite of the postgll ~('ial ri~e oi bndj they a l'I' aSsulllrd to he voln' lli(' 
el'uptiom:\ whil·h sink suhsl'qllently unti] isost<òti(' equilibl'imll is l'(,lwlll'd. 
llepending on the ~inking mte~ a.ssullled, one obtains for thc Ol'(lt'l' of 
nmgnitude oi the vis('osity 

'il ~ lO~~ to J W< Poi~e 

with the 10\\'('1' value hom Saito (J'), tlle Iligher one Irom i-ìl'lwideggel' 
[(.w) l). :H5J, 

j\ ~illlilar analy.~is of rebollnd pro('esses in linea l' and tel'l'cstl'ial 
meteor ('ratel'S by J)anes (17) yielded the l'esult that the visl'osity li 
would have to hc even nlll('h higher, 

One thm sees that the lowest visl'osity value is requil'l'll by Iea­
tures of the .~ize of Ilake Bonneyil!e. Fol' hoth, ~Illallel' (('l"atel'~, 

guyots) and la l'gel' (Fcnnosl'andia) features, the requirell vis('osity 
inrl'eases. 

!-!oweycl', it sltOuld be notell that tile ml)(lelllp,m wllil'il the above 
vi,<;('o~ity ('ail·ulation.~ are hm",d, cnvi~age~ a, l!.o/nogrlll'(ms Yis(·ou.~ hody 
for tlle pertinent- tel'tonil'ally a('tive layel'.~ or tlle J<jartil. This is 
evident.ly an oversilllplifieation, 

rt may be expel'ted that a /a.IJtI"l'r/ \'is('osity-model may exhibit 
featul'es w/lÌI'h lllar explain the obsCl'Ved vis('osity value~ as a fnnl·tion 
of thc size (" wavelength") of the isostatil'allr l'ehounding features(~1.~l), 

The simplest Inyel'-assmnption is the hypothesis that jm:\t belo\\" 
the ('l'UHt, thel'e exists <ò low-visl'osity layel'. ThllH, Takeul'ili and 
I-Ia~egawa (~~) Illade some ea\('ulatio!lH oI i:-;o~tatil' rebound in a vis­
('OUS layer oI finite thil'kne~~ amI sho\\'ed that the dis('l'epalll'y in 
yis('osity y;dlle~ al'ising Irom taking a hOlllogeneous, infinitely do\\'n­
\\'al'(l extending visl'ous suhst:lIl1'e, as a model, l'an thel'Chy illlleed 
be rel'onl'iled, The idea oI layerH \\'ith dilTel'ent vis('osities was also 
elahorated hy Al't~'ushkov (5, . ) allli by Anderson ~md O'Donnell (I), 
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Caleulatiouf! of t.he ref!nlt in if!of!tatil' :ulju.~t.ment. :u;.~uming a 
variable vif!l'osity in the t.cl·tonosphere lwve alf!o heen m:ule by Danes(1S), 
Imt. his deppmlell('eH (exponent.ial amllinear) with dept.h are too simplc 
t.o have lllU(']\ l'l'Hl'tÌl'al sif{uifi(·<llu·e. 

The layered-vis('ouH model or iHoHtat.i(· l'f·hOlllld ('an hl' llla(le even 
more realistk by af!.~llmill.g' a thin ela.~tie layer on top. The etTe(·tH 
oi some slu·h modeL~ were (·al(·lllated hy ),!eCollnell (32) who a1'l'ived 
at pOKtnlating' a ViHI'OKit.y (list.rihntion iu the I~arth af! Hhowu here 
in Figure ~. 

Fi).\". 2 - \'iHI'OHit,y di"tl'ihutiOll ill thC' 
l':al'th oht.aill"(! hy aH~lImiJl:; a vi.~(·OUH 
model o r t.he t.1'I·tollosllht'n'. Aft,,!" 
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Attelllptii have heen llla(le to ('01'l'elate t.he ('rnlital motiOllf! olr 
t.he HideH or uplifting or Hinkiug bl()('ks, haliccl on vil!('osity modelH. 
Thuli, B1'Oel'ker ( ~ ) ('omputetl t.he deformation or t.he shOl"eline of 
progl:u·ial lakef! (':IUf!e(l b~' the elll'Vature or the uplifte(l land-portiou. 
Alternatively, KmliK and UHhakov (2~) eaknlatetl the free snrfaee or a 
Vili('OUH fluid near a Hllhsitling soli(l material. It lihoultl he noted, 
however, tlUlt f!nl'h l'al(·nlat.ionf! may yield a qualitative agreelllent 
wit.h oblierved phenomena, but do noto help mw·h with regard to an 
ellleitlation of the rheolo/"rj('a,l hehavior or the tedonosphere. 

The (lata ohtainetl rrom an analYHiH or the non-hydrost.atie bnlge 
or the l~al'th seem tu eGnlirm the viscosity (lif!trihut.ion with depth, 
obt.aiul\(l above. AI'('o1'{ling to J\nderson al\.ll O'Uonnell (1) the uon-
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equilibrium bulgn iK due to the C'hangillg raUl of rotntiOll whic'h rc­
quires H, mantlc viflc:oflity of 1 O~'I Poi.~e. Similarl,\' high vahLcfl were 
obtained by.\II'i(enzie (:1_1). 'l'hese value~ ('an be explained b~' noting 
that tlw non·hydrofltntic· bulge of the Earth is a feature whif'h is of 
cven mudl largel' extl'nt thall the onefl pnn'--iou~lr (liKc'usflnd, thufI 
being affec'ted hy the vifll'osit,v of the drcpclJ t layerfl or the mantle. 
'l'lw generai NIIL)'fle of the viS('osity-depth C'Ul'yn ifl thufI c'oll!irmed. 

'rhe postulate or a l'llcologic'ally vi.~c'oul; behavior or the " te('to­
llosplwre ,. ha s Si:''lliti('am'e with !'ega1'(l to tlw possihilit~· of exisb'Jl('e 
of sUl'h plwnol1l1'na as global p late moycmcntfl (2'), ('onvel't ion ('Il!'­
rl'llts ("I) a IH1 pola!' waJulerillg [(~ ' ) p. ~!i;) IL}. In tUl'n, 'lis('osity 
va.luefl c'nn be dedu('ed for tlw tectono,~plll're frOlli a study of tlll'se 
phenomena, '1'hus, ( 'ra.mel' (13) obtained, on thi fl hlb.'lil;, vi,~C'OKity vahLCfl 
t.1mt WC1'e dose to those l'akulated f!'Om po~tgla.('ial uplift. IIowever, 
the Yery existellf'e of these phenomena is too hypothetit'al to get 'lisl'o­
sitr va hwfl tha t woult1 lw a t a.1I !'l'lia hle. 

Attcmptfl haye becn made to ju.~tif'y tlw aflflumption of a 'lis('ous 
rheologil'al hehayior of the tedonoflphere not onl~' hom a phenomeno­
logif'al-ohseryational stmulpoint, hut also from l'ollKidemtiollS of ,~olid­
fltate theol'~·. Ac'c'()J'llingly, it ifl UK\wll~' aSfl11Ined that thl' \'isc'osity 
is duc to lliJIusion c'reep wh.it'll appears ma(')'osc'opic'ally as 'lisc'om 
belllniol', 'l'he YiSeoHity 1/ is thell estimated fl'om tlw XalJa!'ro ("';)­
lImring (2';) eqnation 

'IJ=A 
I·'r/z 

u:l-n; [IO] 

where.:1 ifl a ('onl;tant (about 1/30), k is Boltzm~mn'fI ('onstant, '1.' the 
ahsolute tempemtul'e, (! 1m atomi c' lattif'c llimension, l the gmin Kizn, 
D the f'oeffic' ient of flnlf-d.ilruflion, R the aetj'lation elwrg',\' for self­
dilruflion and H the gas c'onsbmt.. IJpOll thc aho'lc theory, estimatl'K 
or the ,isc'osity in the mantle ufling l'easonable yalneK fol' the pam­
meul!'s, lunre lwen malIe h~r Zharkoy (50), (;cJl'(lon (""), and ::'Ild\enzie (~'I). 
Zharkov (~") found an inc'l'eIUhl,\' low vifl('o.~ity (lUH -1017 Poise); the 
main reatUl'e or all f'alc'ulationfl ifl an inc'l'ease of 'liKf'O,~itr with depth. 
l'()]lfirnlillg qualitativcly the thllling's from llpliit data. 

In c'olwluflion or OUJ' diflc'uflflion of thc 'lisl'ous mClI11'1 for thc rheo­
!og',Y of the ul('tono,~Jlhc!'e, one ('an thus fla." that thifl mollel qualibl­
t ivl'ly fit~ some oi the ohserved data, ir n low-Yisc'osity lH~'l'r i.~ aS,~lUllCa 

in the ILJlJlC)' malltle. 
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l [(H\'ever, it ~hould bc notc(l thaL viseo~it.Y aI\\'ay~ yielcl~ expo­
nential l'eb~xaLion paLtern~j tlwse do Bot seem to be bornc out by the 
uplifL (~·llrn;8 discll~secl in Sec.:3. Furthermore, there are theoretic,t,l 
,~s Lhe mantle i,o a."~ltmed to (',onsi~t or) is not vis('ons (a ). 'l'hns, the 
treM,mcllt or the l'heologi(,al helmvior a.H "vis('ons" is proh~1bl.y not 
jm!tified. 'l'he reason Lhat partly ~,~tisbl,,(·tory J'(,~uILs were ohL~~ine(l by 
its u~e lie~ in tlm fad Lha t many (l1Ol1-lilH~n.r~) type~ of l'claxation e~m 
be ,~pproxilllatl'd b.\" a "]J~euclo "-vi~('o~ity, u~inj.{ some lietitious 
vu.lne for "~I. 

'l'Ile tlmory of i~o~ta~y doe~ ,~cem to aecount for man.\' or thc 
observed vcrtieal clispIaeements on the B:lrth'~ ('l'ust. I-Iowevel', it 
may he tlwt the n11al eqnilihl'inm ('onfiguration is 110t eutirely dehlr­
mined hy buoYaJl('Y fo]'('e~, but that t,hcre i~ li rcsidual elIe('t due Lo 
ela~Li(' IW11cling or the Barth'i'! <Tust. Thm, the nnal equilibrillm clc­
formatiml of the Barth'.') ('l1lSt un<ler a .')urhwe load may be eonsidel'ed 
HS the equilibrium ('(mfigul':ltio11 of a l{)lu}B(l el:tsti(~ lliate 011 top of a 
vi.')(·ous llnid Iwlow. Thc "tectono,~phel'c" would thu~ ('omii'!t of tlw 
eIa~ti<' Cl'Ustal plate plm! the finid below to a ('el'tain (le]lth. 

'1'llis Illodcl hai'! been ui'!ec} to Call'lliate hypothctical ('onfignraLioni'! 
of thc Earth'i'! Cl'UHt under various type.') of londs fol' a long time. 
A re('ent summal'Y of '\'ork of thii'! Lype has beml given, I~.!I. by 
\Vakott. (4B). '1':lhles of thc (lcformation or an Earth lllO(lcl ai'! (li~('ll.~~ed 

here nndcr ~lll'ra('c Iouc}s luwe been given by Caputo ("). 
For Hll elndclHtion of the rlwology of the "teetonosphere ", the 

l'evel'se problem is of int~,rc~t: ,,'lmt are thc e1a.~Li(~ e011i'!t.anLs LhaL 
(~·an Iw i11fBrlwl from an analysii'! 01 c}erormationi'!! 

Thii'! problem hai'! bee11 att:u'ked hy \Va!('ott (~B). A('eoI'{Ungly, the 
rjlumtit;-,' that (,:m he (lctcrmincd i~ the flexul'aIrigi(liLy J) 

l~ (l-r1~) 
[11J 

'\'here JiJ is Yonng's modu!us, '1' the thicknei'!s :\11c} cr Poiswn's rHtio or 
tlm platc. Bcyond tlm edge of :m area! IO:ld, the elastostatie e(Jlwtions 
for :l horil:ont.al e!ai'!tie plHte lwvc i'!olut.ion~ ('ontaining termi'! of the 
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type ('-X!,t ro~ (X/Il) whidl indi('ate a di\mpetl hanlloni(' wave with 
wavelength ). - ~ JW with 

u' 
1]1 Y 

where f}! ifl the denflity of the fluitl hdow the elastie platc allll tI the 
gravity aeeeleration. The ljuantity (l is ealled " Hexural paramctcr ": 
it lws the (~imension of a Iength_ 

Using appropriate solutiollfl of the cla~tostatic equation,~, it i~ 

IlOsflible tu ohtain valuefl for D by a C'omlJ:trison with ohHervations, 
'Yakott C'S) obtailletl values varying from fi X lO '~ to 9 xl0'" Xewton­
metres (l Newton-metre = 101 dYlle·em). This is evidently qllite a 
range; the individuai values do uot ('orrclate wcll with ('rll,~tal thieknes.~, 
ete, One must therefore I"ondude, as admitted also by 'VaIl'ott ( 4~), 

that the elasti(' model is too sim]!le and that rclaxation effeetfl ('or­
respondiug to some other rheologi('al behavior of thc whoh< teetono­
slll!ere are of Ilaramollnt importa m'e, 

Blastie model~ of the teetonosphere of an even morc ext.rcmc 
kiml have also been proIlOsed: The whole te('touosphere ha~ been 
takcn as purely elaflti(, (20). nfllll~lly, thc ~hort-tenn vi~llle,~ for the 
rigidity imd Poisson'~ ratio are taken in this ('a.~e. 

Beeallflc of the IlI'ovcn relaxational l'imra('ter of llplift and siukiug 
phenomena, any purely 01' even mainly clafltie model of the Iong-term 
!'heologieal hehaviol' of the tertollosphere would seem to be inappro, 
]lI"ia te. 

6_ - H:ELVL',"TYl'E i\rODELS, 

The elastico model~ disC'llsfletl in the Iast seetion ean bc improved 
flomewhat if an elaflti(~ afterefl'eet is introdur'cd to iwrouut for the 
obflerved rclaxation phenomcna. If this idea is applied to the illter­
prctatioll of ghwial rebound data e") the mental pieture ifl that clasti!! 
aftcrworking (not deli~yed llUo;\'"imey) sUIlplies the gmdlml rea.djmtment, 
Of (~ourse, the attainment or eljuilibrillm wOllld again he in ILII expo­
nentil~1 fonn, with the Si~me reh\Xi~tion time (prolmbly fillOO yea.rs) as 

tlmt for the vis('ous mOlle!. This, a.ga.ill, doc~ uot i~gree with the 
flhalJe of the uplift ('urve.~, 

There is ilO ('onfiI'IIlatioll of a Kelvill-tYJle 1l10tld hom ~olid ~tHte 
thcory either, inasmueh a~ materialfl at high temperatures and l'l'es-
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"~lIl"e"~ t.cn(I to nppruximat.e a ViSPOllH 01' ("l'eep-type belmviul' l'ather 
tlmn an elast.ie une. 

7" - PJ,,u.,TTC CRF>F>l' MonRJ,. 

Sluw motium; i;eelll to be a dUll"a("tel"isti(" fentun, of t,he long­
term rheologi('al hehaviur of tlw "tc<'t-OllU,~phel"e ". fn this instaJH'e, 
it. wUllld n}J}Jeal' that. some "~Ul't. of vis("ou"~ model would des("1"ibe t.he 
ohsel'vt'd fa(ts most appl"op1"intel,v" IIowever, ai; not,('d on VariOllf! 
])]"eViOllS imtan("cs in t.hif! papel", obje("tionf! again,~t. ViS('UlUl lllodclf! 
have been l"aif!cd on varioll"~ u("("a~ions. rrhll"~, in onier tu retain t.he 
fllow-mution nspeet or vis("uu"~ lllOdels WiUlOUt hnvillg to be tipd to 
linenl" viseosity, OlW might think of ,~Ollle othm" forlll of "el"eCp". 

::\lost of t,he arg"lLllwllt.f! nmcil/sl ViH("OIlR and fvr ~oll1e uther form 
or erec}J adtl(l("ed lH'ret.orul'e in the litel'nture are hase!! 011 ("onsidel"­
ntiuns of t.he mole("ular hehaviOl" of polY("l".Yst,alline solids, of whi("h 
the lower ("I"USt ami U]lper lllantle are pl'e"~umnbly ("Olll}Jofled, undcr 
the preflf!ul"t' amI t.empcrat.urc ('unditiuns t.hat are aSfIIlmed tu prevail 
in thc "t.ct't.oIlUsphere ". 

A l'e("ent sUlmuary of these I"on"~iderations has heml given hy 
Wem"tmnn ("li') who presentcd t.he t.hl'urctit'lll re"~ult"f! in thc rOrlll of 
ealc:ulatiun"~ of "ellc("t.ive" vi.~(·oHities with depth: Fol' a given stl";lin 
rate, it. is uf eourse obvious t.ha.t, even a non linea l" 1"Ileologial eqnation 
("n n be ehal"ad,el"izml by an "elle(,t.ive' (or" pse(l(lu "-) vif!("oflit.y. 
'l'hefle at.telll}Jtfl at de(hLl"ing thc rhcolug-iral behaviul' or the t.cetuno­
sphel'e fl"Olll mierus('o}Jie eonsi(Ierat,il)l1s are very pertinent, but, they 
are unfortunat.ely affeetml by ali the un("crtaint,ies in 0\11" knowllllige 
of t.he ("olll])()sit.ion amI uf the ("undit.ions in the Eal'th's interiol'. lIJol'e 

t,han qualit.ative indi('at,ioll"~ or t.he rheologieal behaviol' or t1w Earth's 
int.cl'ior ("an therefure nut be cX}Jeeted fl'om them. 

::\hwh more hopeftù is the dil"ed, ohservat.ion uf tlw l"eflpOnSe of 
t,he " ted,Olwsphere" to ("hanges of fltl'eSS, an(I in this in,~tmwc, 

SellOlie)rl'"~ (H) lJOfltghl('ial uplift. ('lll"ve"~ (see Fig. 1) ])l"ovide an im­
portant due. 

'Ve have not,cd in SCI". 2 or thi.~ paper that. t.he i.~o"~t,ntie l'ebullnd 
is not, exponent.inl, bnt. lognl'it.hmi(' (d. 1<]q" ")" 'l'his ('an be explainml 
by int,l"od(\("ing a 1"lwologi('al model whi('h exhibit.~ lugarit.ll1uie ('l'ee}J 

re('OVel"y, rathcr tlwn ex.punent.inl ereep l'eeovel'y" '!'his type or he­
havior has heen found in many mnt,cl'inls long ago by Awlrade (~ ); it, 



is ('ommon fol' t,llc bhot'n,tOl'Y l'e,~pOllse or l'Of'].;~ to stl'ei!S-<'lllmgcs (4~) 

amI has l'erently also been postlll:~tp(l h~- the Wl'itpl' (H) as the l'h('olo­
gipal hehM-iOl' of t.he t.eetollosphpl'e in t.hpintrwIHedi!lte tiHW l'ange. 
H t.llllS :\]J]Je:wi! that thi~ lypp of lH.'jmYiol' i~ aho ('lJ:wa.('tt'ri~li(' of 
the Rn"rth in the lONg time mngc. 

'l'llll~) it. i,~ dem' tlwt a log:\1'ithmi('nlly ('T(~ejlillg mutel'iul ('ould 
,~atif;fa('tol'ily deS('l'ihc t.lw ghLt'ial 1'ehoU1Hl ('lll'Yes. K1Wh a Jllatm-i:ll 
has t.he foliowing Htnlin (e) tùn(' (t) mlat.ion 

, In (II - bI) [13] 

where 1) is a vis('osity, f3 a ('l'ecp f:wt.()I', 'l.'he qualltit.ies (l amI b :tl'e 
('Ollst.ant,. In t.el'lns of strPSH a :\1\(1 stnlin f., t.hc abov(~ 1'heologi('al 
equation (4~) lws t,he Iollo\\"illg fOl'ln: 

[H] 

UJJfOl'tUll:\tely, it is not posRihle in a SiUljlle fashiOll to (ledl!l'e 
t,IJC valnes of 'II :llld fJ in the hnsil' l'heologi('al equation hom (lata oh­
tnine<l [rom lJOHtglaeial lljllift ('Il1'YeH nt this t,ime. lt does njlpe:\l', 
ltoweve1', t.lwt, n log:\rithmi(' ('['eCjl mode! is t.he olll~, OJJE' Ul:lt doci! 
not ('ontl'adi(,t t.lte lljllift. <lnta. 

8, - ' l'ilE LO)(G-'I'EHÌI[ R1'In,I\GTH 011 THT<; TECl'ONOSl'lIlW.E, 

~\n evell ('Il1'SOl'Y illSjwdion of thc E:l1't.h indi('at.c,~ tlwt. ('['P1\1I 
beltaviol' ('annof. IHJf!i!ihly he t.lte whole ('h:\l'lll'tel' 01 t,hc long-tel'lll 
hehavior of tlte "tef'tmlOsphel'c )'. The fa('t. t.hat. II101111tuillS, t,lte llon ­
hyd1'OHt.atù, hllige alill gl'avity nllomalieH exist" indi('ateH that. t.he['p 
Hm}' be :\ strcngth-t.lll'c,~hol(l. Of ('oul',~e, it 1n:1~' be t.hat, some 01' ali 
of tltese feat.ul'es :\l'e the expl'cs,~ion of a dynami(' Htpa(ly ~t.ut.p 1'at.ltel' 
t.lwn of :\ stati(' eflnilil)1'ium; iJJ thnt ('ase the Hf.['enf:,>ih of the E:l1't.h 
might in fa (t he vel'y lo\\", Scvcl,t.he1ess, value,~ fol' the IOllg-tel'm 
~tl'ellgth of tlte teC"tmlOsphel'e lurve been dc(llwcd f['OIll all of t.hesl' 
fe:\tul'es, 

'l'U1'nillg fil'~t to t,lte inform:\tion t,lwt ('an he de(IIWC(1 fl'om mOlln­
tain n\llgc,~, we not.e that hOIll ~implp stability ('OllHi(leJ':ltion~ Olle 
oht.ains for t,hc shc:l1'ing st,['ength 

o = .~ x ] OB dylleH/('m~ 
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ThiR ('ume.<; out of the W{'II·klloWIl .~tability formula of 1'el'wghi (4G) 

H N [15] 

fol' a mOllllt of height Il (·,OllRiRt.ing of a material of tlenRity '!. N iH 
a st.abilit.)' flwt.or tlept'Jldinj,;' on tlte "Iope l\llgle. .For a slope anglc of 
abollt 45°, one haR N ~ ii. Choo"ing fol' the othel' vnriablef\ h = H km 
(l'oughl~' tlte hpight of :\lt. Kvere~t), l.! = 3 g/(~mJ, Ij = !l,sOjse("2, yieldf\ 
the aboVll quotpd vahw for O. 'l'his tletlndiou af\.~nmeR, o[ (~our~e, 

tltat 1ll0\Ult:lin~ :Ire statico antl nut tlYllami('-Rtead,v stnte phenomena. 
Killlilar v:lhws for O are obtnined if tlte non-h:vdl'ostatie bulge 

of the Bnrt.h iR intel1Jl'eted as a ~tati(·, (and uot H~ a l:tg-exhibiting 
tran"ipnt ('l'N'p) pll{'UOmellolt. ::\Innk and )Iel)onaltl [Co), TI. 2.1'1] ubtnin 

The f\ame ordel' ur magnitude, viz. 

o = 3 X t08 dynef!/cm2 

waR obtained by ,Jefrreys [(" ~ ), p. :t0!J [LJ fotO t.he tec:tonof!phel'e beluw 
50 klll (leptlt (np to O ~ 1.;) x 1 09 fOI' the regiOli :t\1Ove 50 km tlepth) 
fl'Om an nnalysi~ of t.lte efret't, of j,;'ravit-.y anolllalie.<; of lnrge llUl'izontal 
exteut. 

Again a Rimilal' value (O < :t X 1()8 dynes/('lll~) h:lf\ :m npper 
limit- o[ the "hear stt'ength amI was ohtnilletl h.y Bl'lllW et. al (9) by 
notillg tlte absellre of a heat llow anomnly gl'eatel' than nbout 0.3 e:ll 
see-1 ('m'~ on tlw i'lan .\ntlreaR Fault. 

l'erusing datn on the g1'l\'vity fieltl of tlw I~arth that Itave been 
obtnilH'd fl'Olll satellite me:lf!II1·cmtmt.<;, C'nTtUtu (l') nlTived at an illl­
Tlrovpd stl·t'nj,;'th vnllLC on this baRi" of 

Tlw (~oll.~idC1"at.ion o[ rotationnl feat.ul'es of the ]·jal'tlt, othel' than 
tlte non h.Ytll'Ostati(~ blùge al"o leads to stl'ength valnes [(3o) p. 28o.J. 
TllUH, Hn ]<jal'th withont st.rength wOiùd be ('olllpietely nnf!table 
with regal'tl t.o T10Iar wa.JHIel'ing. The faet- tllHt the pl'Csent nOl'th 
polp tlupf! not. move townnlf! the pole of t.he (~ontinent.-ocHlm 



:O;,\':o;tem, if a:O;kumed duc to f>t.reugth prOjw1'1illf>. leadf> to a lowcl' 
lilllit o[ 0, viz, 

Simihl1' sb'ength Ynllle,~ wl're oht,ailH'd by CIUlllWl'Y (12) wht'n {'stim­
at.illg thc st.rc:o;scs that arc released iu au l'nrthqunlw. assumiug t.hat. 
the lattei' (,Ol']'e~p()]ul.~ nmghly to the ,~tl'l'n!!Lh-thl'esholtl o[ tlw matt'ria!. 
Uellerally. Iw lilllli! 

The lowe~t stl'ength vahw,~ are imli('att'd [rom i,~o,~t.atk reùo(!]u! 
dat.a. The mel'C [ad that l't'bound rlur~ seem to 0('('111', }lut.i! nll llppt'r 
lilllit on the st.l'ength of the "t{whmosphere ", 'l'hu,~, ('l'ittenden ('") 
find,~ llIaxilllally 

'l'his low value ('Ollle~ frOlli t.he obsel'vation that the Bal'th ~'ieldi! 

to i('e suda('e loads t.hat. ('a Il ùe ('nl('ulnt{'d. 
Tu klllllllUll'y, one finds that vahwk o[ the ~hcal'ing ktl't'llj.:"Lh () [01' 

the "teC'toHo~phere" haye heell e~t,illlHtcd a:o; het\\'ecu !O' t,o IO~ 

d,'·lle~/(,1ll2, ..\. l't'('oll('iliation between Uw varioui! valllci! ('an onl,\' be 
a('hicn'd i[ WllW o[ the tlLcorctieal models, ulloll whieh the ('a!eula1'iollS 
WCI'C bas{'d, are rejcd,ed. 'l'hus it is quite ('oJl('eivahle thnL Jl('it.lwl' 
llIouut.aini! lIOi' thc hulge of tlw Earth are f>tati(' cquiliùl'iulll [catlll'e~, 
ùut rathcl' d,,·namie steady-:o;tate ()]' even tnm,~ient featurCH tllHt. are 
dYllamirnlly HUppol't,ed. 

'l'hc uplift dat.a llIelltiolled in the earlicl' pal't o[ thif> }lapl'l' han' 
alf>o !weu iutel'l>l'lltcd in krlll.~ o[ an l'ntil'el~- ditl'cl'ent type or "rheo­
logy". 'l'IIIIS, Bl'oe('kel' (7) e,~t.illlat{l\l thc ('out.riùnLioll t,o laud-mho\llul 
that. lI1ight he ('alt.~(\(l hy load-indllC'cd plta:o;e ehallges in the material 
or thc "tC('tolloHphel'c", He fOUlul thnt the ('olltrihnt.ioll of pha~e 
t.r:lllsit.i()]L~ would jlrolmhly llot ùc thc dOlllilUlllt lllCl'lullli.~IlI ill ghll'ial 
l'ebOllnd, On the otlLel' Iwnd, 1IIagllit..,k.,· :lIld Kala,~hllikova (30) daim 



l.hat. t.he hypot.hesis of a "lllwHe-t,l'ullsit,iollal" orig-in of ','etti('al lllO­
\·elllent..~ of t.he !')al'th'H l'rllst is jnstitie4L 

Cllfot't,ullute[y, ('all'n[ation~ 01' this t-rpe an' f,ip41 np wit,h t,he 
nat1ll'C of t.1JC:'I!ohorodeic di,<><,ont.innit.y and of ot,lwr (li~wolltil\llit.iefl in 
thc Batt.h. Jt. ifl a fa ('t t.hat vel'~' [ittle iH n'ully known about. t.he 0('­
('llIT(ml'e of flU<'l\ phase (·hallgcs in~i(lc t.he Eat'th, awl Uwrefore phafle 
trulL~it,ioll m4Hlel.~ of t,he l'!wo!ogy of thc teetOlulflphet'e Ill'C [llghly 
Sl)(~('llia ti ve. 

Furtherlllorc, what. i~ of int.cl'est. ill a mel'hani('aI ('(Jllrext. i~ OlÙY 
the overall rheolog-it'a 1 hehaviol' of t.he t,e!'tonoflphere. The <j lleHtioll 
of \\"hethet' U\is behayiol' is (i1w t~) phase t.1'anHit.ioIlS or 4111e t,o HOllle 
ot.ht'r prO('e.~H is 1l(·tllal1y of ver,\' lit.t.le llhenolllcno[ogi(·al Si,l!;Itilil'iuu'e, 
Tlw jllfltifi(·at.ion or rejet't.ion of llha,~t'·t,rallsitioll lllodcls, t.hel'efot'c, 
doefl noto anC(·t. thc me(']wni('ul ]'(\,mltfl ·whi('h we have ad(lueed in thc 

eat'liet' ,~C('t.iOIlH of this papcr. 

lO, - ('O:,\CLDHOi\, 

In (·ow'hl.~ion, it, lllay bc well t.o snllllllat'i;w tlle lllaiu reflultH of 

thc pt't'H(\llt flt.ndy. 
TIll' rheologieal lllo(lels of 1m)' merit, t.hat. wnre invcst.i!!at.ed at'c 

ha~l'd nllon ViS(·OHit.y, e[asti(, Ilnxurl', clasti(' aft.e],\\"ol'king, [ogal'it,hllli(~ 

('reep au(1 tlw i41ca of a Ht.t'cngt.h-t.hl'eHhol(1. 'l' he phenolllcna Irolll 
whil'll data wet'e gle:lllt'([ are iwstati4' uplift amI sinking, the llOn­
hydrostati(' hulge, t·lle t,heornti('aI beha\'ior oi J'()('ks at, high t~'mpera­
tUl'e alU[ prPHHlll'n (" flolid-st.at.e t.heory") :md the Et,a bi[if,y of lllollnt.aiu,o, 
'[' hc rnHuIt.s at'e HUlllmarized ili Til1,le J. 'l'llCre Ilrc ot.llCr phcnolllcnil, 
likc t.hc 111ilh' lllot,iollH of (·rust.aI blo('kH, ami Ot.hCI' lllode[s, like t,he 
philse-dwllg8 theol'y; 1l0WCVet' t.he,\' ilt'e not illdndcd iu '['ub[e I be('anflc 
Ilot, euough informilt.ion eilU bc (lc(hu'ed hom t,IWlll. 

The Illain t'esult of t.he Htndy ifl, thllS, t.hat t.he ('Ollllll(lllly assume(1 
vbeons modcl for /.Iw rheologil'al behaviOl' oi t.he tedmiOsplwre 
in fad" lIot agl'ce wit.h t.he obscrve(1 POHt.glal'ial uplift. (·ut'ves, 
lilUel' indi('at.e {ogarithmic, Ilot, ViH('OllS, "('recp". 

'l'llere is pmbably a low st.l'ellgth-thl'e~hold ill t,he tndmiOspliere. 
Uowevcr, onc obt.ain~ ('ontli('t.illg yalnefl frOlli llplift., hulge and mOIUl­
t,ain·~tilbi1it,y (la t,a. '[' he (liH('rnjHllu'y ('a n be t'emoved if t,he [ower 

\'alne (O = 1(1" ('gfl) ifl arlopted, :mtl it, is aK.~\lllle(l that the motllitain· 
stability al\(I tlle bn[gc arc (lyllalllic, not. ,~t,ilti(· plleuomeua, 



Table r - LO:>;(;·TEIOr RHEOL01;Y 01' THE TECTO:SOSPHERE. 

____ PhellOlllellOIl 

)[('lle:-------
l~o~tatic lijllift Bulge 

\Ti"eOIl~ "llh8tall~I' Teelollo~pllet'e musI be la,yeTel!. P08~ihlt, 

Poor nt wilh ujllift {')HI'I'.« '/ = I (l"' ('g~ 

Elastie flexure 

Kelvill 

Il = lO"' to IO" C).!,"" 

Poor 
f) = 5xlO" ~ OxIO'-' q,:-8 

Poor fit witlt lIplift {'IlI'ves. 
1]/,1 ~ 5000 ~'ears 

Log-aritlllllie creel' G()(l(L 
Fplift {,Ul"yes fiL 

Possihle 
o 

POH8ihlt, 
Il = 10"{'gs 

Soliti ~tate tlwor,\T 

Poor 
(pol~'('ri8tnllilll' ~Ilhstall('l's ,lo 
l\ot qllite hel,n ve in tlti" fa~hioll) 

1) ;::; lO" - lO" 
illeren~illg- \Vith (lepUI. 

Poor 

Go,,,I, Fit~ p,'e,liete,1 lwltaviol' 
or l'ol,Vl'Q'stallilll' sllh~t<lJ(("'~. 

~t.ahility 

or lIloullt.aills 

Po,;sihle 
0= JxlO'cg-s 
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It ii-; \HH"tlty or not.e tlwt the llhovc-(ledw'ccl rheologi(·al beh:lNiol' 
(lf the Lc('t,o!io,'>phem in the /OIl!J tinte l'ange i,,, vc]',)' flimilnr to that. 
fOluHI in theinlr')'lIurlirlk bme range hy thc writer (a). Thc rcecnt 
cvi(lcnec) thcrcfot"c, (l(w:-; no longcr beHr ont <lo (li(']wtmuy het,ween 
intel'nw(liatll awl long tinte l'angeli. 
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