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SUJH!ARY, --- 'l'Ile evidence beul'ing upon tlle rheology of tlle "t6i'
tonically significant layers" of the Earth (" tectonm\phere ") il! analyzed 
for the "short" time range (up to 4 Ilours), The evitlence is baseù upon 
seismic wave transmiflSion anll ÙamI)ing, alHl on laboratol'Y studies, Fol' 
small stl'esses, the tectollosphere re~pon(h; essontially elastically, 'Vith 
regard to damping of seismk waves, it is notod that, of tile rheological moùels 
available in the litel'ature, only some nonlinear (Iogarithmic crBeI)) meehani~m 
lloes nOL eontraùict the ùata. In aùdition, a strength limit is presellt; -..vllen 
it is exceeded, tlle matelial responds phenomcnologically in accol'ùanee with 
the Coulomb-:\lohr fradure theory, 

RussUNTO. - N el pre~ente lavoro si ana.J.izza quanto fin qui stuùiato in 
relazione alla reologia degli "strati tettoni('amente significativi" della Tel"l"a 
(tedonosfera) anche per una gamma lli intel'vaili brevi, doè fmo a 4 ore. Gli 
;;t1ll1i sUlltletti si basano sulla trasmissione e l'estinzione ùelle onde sismiche e su 
prove di lallOratorio, Alle piMole sollel'itazioni la tedonosfera risponde essen
l':ialmente in moùo elastico. Per quanto riguarùa l'estinzione llelle onùe 
sismiche si nota che, fra i moùelli re%giti llisponibili nella letteratura, sol
tanto (luah-lle lI1eceanismo non lineare (scorrimento logal'itmico) non con
traddice i llati esposti. Esiste, inoltre, UE limite ùi fOl'l':a; quando questo 
viene superato il materiale risIlOlHle tenomenolo(]tcalnl'1.l,e in conformità alla 
teoria lli fratturazione di Coulomll-Mohr. 

1. - INTRODUCTJON, 

The Wl'iter has reeently begnn a re-evaluation of the rheology of 
the teetonieally signifieant laycrs of thc Earth (l< tcetollosphere "). 
'J'hus far) the l< intermediate H [md the " long H time nmges have been 
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invei'!tiga.t.ed (31 .. 31). H is the aim of the present pfl.per to condnde 
this sel'ies or studie~ with au invei'!tigation of the tlwoloKY of the tec1.o
no~phere in the "shor1." 1.ime l'l"l.llgc. By" ~hort" are mefl.nt periCMl~ 
of ~l,rp,~s-cych',~ of the or'der of up to .t- houri'!. 

[t ha~ been well known far a long time that, in fl. tiri'!t approxinm
tion in the short time l"Hnge for i'ltrcsi'! c'yele~ who~e amplitude rema,ins 
bplow a critimllimit, the Barth behaves ela.stiea.Jly. fn thiH instauce, 
the eonditions descl'ibed by the wl'iter (:J.I) iu the origina.I papl'r on the 
1'llCology of the Eurth some 1~ ~'ear~ fl.go ha.vc not cha.nged. Jt rcmains 
t~) give a ,~umm;lr.\· of the mOi'lt recent data. on the elastic properties 
or the la.yers of the Barth in questiono 

1\Iueh new data., however, have lwen acenmula.ted reeentir on the 
"atterlllfl.tion range ", Le. on the range of stress frequeucies fl.IHI ampli
tudes whel"e encl"gy is dissipatcd a.nd rocks no longer behave pcrfcet.ly 
elastically. tiuch da.ta. a.re eommonly eXl)J'e~~I'(1 in termi'l of a "qua.li
ty" (1- factor in seismie wave transmi~sion and iu the free oH{'illa.
tions of the Barth. 'l'he new evidence will be reviewed. 

l!'infl.lly, when the streugth limit i~ exceeded, the pertinent laTers 
of the Earth exhibit the phenomenon of fracture. The latest iuforma
timi ou the ~ubject will be reviewe(l. 

'l'he main re~nlt of the prei'!ent study iH that thc imperfectiolU; of 
ela.sticity found in the damping or seismic waves and free oscilla,tionH 
poiut tOWHl'd the sa.me type of rheological logarithmie-ereep eqnfl.tion 
as hai'! been fonrHl in the iuterme(lifl.te and long time raugcs. Contrary 
to eadier {'oncepts, it a.ppea.rs now, therefore, tlmt the deviations (other 
than maeroscopic fractum) from ela.stieity of the "tl'etonosphere" 
corrcspond to loga.rithmie creep in fl.1l time rangcs, a.Jl(1 cannot be de
seribed by linea,r models. 

2. - 'l'1m li~LAS1'IC H"ANGE. 

A. l'hcuI·l!. 

[t ii'! well known that one needs two eonHtants in ordel' to describe 
the elastic properties of isotl'Opic ma,terials. AH the,~e eonHtfl.nt.~, oue 
ma.r, for iu,~tauce, tfl.ke Lame's constauts lì and fI- which a.re de[med by 
the equa.t.ion 

where 'I~ is the stress, a.nd Gi_ the strain-tensor. 'l'he qua.ntitr Il is 
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also nftcn ('aUcd "shear mo(lulus". I"nstead of the above two con
f\tants, others have been introtluce(1 as follo\\'s: Young's modulus E 

J! (:"U + '2fJ-) E = .---------. 
}, + Il ['2] 

l'oisson's rat.io m 

1/1.= 
i. 

'2 (). --;- fI') 
l3] 

a\l(1 the in{'ompreHsihilit.~r f,; (hulk mn(lulus) 

l'l 

.A.lly two of the ahnve-(lelìJ1[~d cOllStants may 1m llse(1 tu (Ies('ribe an 
isotropic elastic bo(l~r. For an aniflOtropic bn(ly, thc numlwr of requir
ed elastic constant.f\ is grcater; FO!' a mf\terial with no axes of symmc
try, this number is ::n. 

The elasticity of a material has t,he etTeet that \\·a·ves nmy he prop
agated through it. 'l'here ,H'P twn t~'pef\ of waves pOflsible, longitwlina.\ 
(P) antl tra·llSversc (8) waves. The conncctinns betwcen thc corrCf\
pOIHIing wave vclocit.ies Vr ami vs with the elaf\tic constants are 

1!r~ = (), --;- '!pl/'J l,ll 

[(il 

wlwre Il if\ the tlellHity of the materia!. As is seen, the wave velocity 
is not tleterminetl 80lely by the elastic constants, but also by the tlen
sity of the materia!. Tlms, a kno\\·ledge of Vr antl t's is not suIncient 
t,o (Iefluce ), ami !~ if the (Iemit~r is not known. 

B. La./IOI"a.toI'Jj 11iea.8uremelli.~ 

Labomtory measurements of the elastic comtants can be llerform
ed by various means. 'l'Ire incompresf\ibility of a rock :mmple can be 
meafnue(l (lirectly br compresf\ion t.est.~: more cOllunon, however, are 
ultrasonic measurements whereby the p ami {) wave velo('ities are 
fOUlHI. Since the densit,y nf a· rode sample ('an bc casily mcaf\luc(l, 
the elaf\tic cnnfltants can then be deduced from Eqs. [5] an(1 [H]. The 
latteI' method is also suitable for use at high confining pressures. Data· 
lor the highcst pressures are obtained by observations of shock waves 
produced by explosious. 

'l'he numlwr of investigations along thefle lincf\ is very large. 
Pertinent resultf\ have been collected by 'Wuerker (41) aut! more recently 
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by Bireh (7), The values of the ela.stic eOIl,~tant~ ,'ary oI conrse wùlel.r 
for varioUH r()('k.~, lmt are, for E all!l fI, genemlly of the order of 10".1012 

(IYlles/ern', the value oI E being Ior <tny one l'oek usuall,\' about double 
that oI fI' l'oisson's mtio in is commollIy arouJl(1 0.:2. 

(li almost gl'('at!']' impo]'tallf'e fo]' tectonOI)h.r~ical pluposes than 
(lirel't m(·asl1l'enl('nt.~ of t.he elastie constants oI rode sam}lles are indi· 
n;('t illferenecs regarrling the "tectonosphe]'e n that can be (hawn 
from sei~mologieai investigations. Here, t.he work of Bullell (") is of 
gl'eatest importanee. fil eS~ClH'e, from the seismie tmveI·time eurves 
one ('an obtain the wave veIoeitieg VI' and 1's as a function of depth, 
But of eourse, a.H is evident from Eqs. [5] and [H], t.his is not suffident 
to caiculate the dastie ponstant.s of the material in question, ina,~much 
as the aensity of t.hc material mmt al.~o be known. The latteI' ean onl.r 
he e,~timated from g'enel"al reIa,tions on com}l]'essibiIity of materials and 
hom the momellt of illCl'tia of the ]<jarth as a houn(lary eondition, 
1\Ioaern sa·tellite observations forcwl a reeent revi.~ùlll of the value of 
the moment of inertia" su that Bullen (IU) made ne\\' estinmtes of the 
elastie parameters of tl)e Earth in .I {WH, Tlle~e values are shol\'n here 
in 'l'able 1. 

]l, Relatiol/, 01 Elaslic Propcl'ticg to Pab1'ic a/ld COlllpoliit ioi/ 

ft is evident that t.he dastic propCl'ties of ]'ocks de}lenrl heavily on 
fabl"ic amI eomllOsition, part.ieulal"ly in the uI)}lcr regiom of the Barth. 

Let us note 1i]'St the problem of IabriC', lTere, it is to be mentioned 
pnTt,icularly tllat the porosity of tlle sj)(ldmen inHuenees the cla,~tie 

eOll,~t.ants, fn faet, 1.0 account p1'ope1'ly for tI\(' 1JOl'osity-e1Teet, it hM! 
to bp noterl that the porosity ehanges with pre~SUl"e. For s}lherieal 
jlOres, .11a('kenzie (~r,) founa theoreti('ally tlw following equation 

1 ~ 'I" + ;j r 1- m" ) ( 0) '1-' 
k" k 2 1- 2 m,,1- 0 

I; I 

whcre k is the ineompl'essibiLity, 1Iò Poisson's mtio.aJl(L 0 the porosit,Y, 
The sub~eript " rcfers to zero jlOrosity. For thc relationshi}l betwecn 
pressure p amI porosity 0 , Walsh (3B) gave the following relation for 
sphcrieal pores: 

:3 il-moli ° \ 
2 lio \1-2 1f~,,1 \.1- 0.1 . [81 
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. H'TER BU1,I,E:'J (l ' ). Th:"f'ITY l'' GiOI" •. ~THES~ V,\Ll:I-:~ IX )1!-:(LlllAil (10" 
l'YS};/C~["). 

Tleptl, (km) f)ell~itx Prc'~"IlI-H 
[n<'olll pre".~i . 

.ì!O(]lI!U;; hility 

:{;{ ::1.32 O.OOH J.I-J. 0.(12 

200 :L::llj O.O(i-J. 1.:13 0.7 I 

-J.OO :{.-J.I 0.132 1.5H O.S2 

noo -J..O l O.201j 2A7 1.27 

1000 -J..nH 0.3K:1 3.,;,; 1.87 

1400 -J.. !JI) Il.57 -J..H 2.1:1 

IK(lI) ;i. I 2 Il.77 -J..'n 2.::17 

2200 5.::1::1 O.HK 5.51 2.1j1) 

21j1)0 ';.:;-J. 1.20 1j.IH 2.K(I 

274141 ,;.,;H 1.21i n.3i'; 2.112 

2HH3 !!.Iil'> 1.37 IU7 3,0) 

2883 H.7!) 1.:{7 IjAII " 
3000 H.H7 IAH (UW 

3riOO 10.(iri 1.HII 1'>.5::1 

-J.OI)l) I I.l!) 2.4,; 11).2:3 

-J.51)1) l I .(iU 2.H-J. 1 I.(ifi 

-J.H1'>2 " .SH ::1.15 

1j371 12.22 3.i';i'; 

esing the ahove rf'lat,ions, Amlerson l't al. (4) l'uleulat-elL f,ablml of 
the poroi'lity,col'rl'c,tions t,hat have t{) be exped,f'cl in common minerali'!. 

Stu(Ues of other types of pores, notably elliptieal pores an(1 narro\\' 
cmcks have been l'eviewed hy \Valsh and Bra-ce ("IO) who caleulatBd t,Ile 
rebtioni'lhipi'l applieable for t,he calclllatÌon of efIecLive hnlk-elastic 
constants from fio knowledge or tlle rock properties fI.Iul the pl'f'vailing 
holes. Brace (a) also ma(le some t,heoretical calculations of t,he moduli 
of elastieity of poI~'cr.Ystalline aggregates from the cr.\'stalline fabric 
of sucll nmtcrials. A eomprehensive studr or this problem has also 
heen l'eported by Anderson and jiiebermann (3). ]!'or geOllynamic 
applications, sueh stu(lies give interesting means for a compari~on of 



the sei~micall,\' inIerrell elastie eonst,ants with the hYllot.he~ised com· 
posit,ion alHl t1ll'rmal state oI the " tectonosphe1'e ", 

1'ina11y, thc qu{'~jjon oI the eiIeet of eomllosition on the elastic 
const.ant,<; is also aI significance, With 1'egal'll to gcodynamir' qucstiom, 
it will he sullieient to mention tho~e investigations that hear npon the 
UppCl' mantle, In t.hi~ connection, it has heen noted by Kanamol'i anll 
l\Iizntani ( ~ I) t.hat increa8ing serpentinization of dunites and lwlogites 
1'cllUl'es the l'· wavl' velo('jty therein. Similarly, Chri~tensen (1') Ionnd 
that Y oung'~ m()(lnlu~, Iiame's constant~ and the hul!,: lll()(lulus oI 
periodotites and dunites decrease mpidly wit.h ~Cl'llentinazation, 

c\gain, this has a hearing upon the eXlllaua!ion of the various ob,I'n·t'fil/ 

lll'Oller1.ies of the tectono~phcre. 

3. - .\'rl'E:'\FA'l'IO:'\ ltA!\"(iE 

A. f-hmem.l TlIcor.'I 

In the ~hort time-range, t1w rlteology of the Bnrth l'an ]lriIllarily 
be invcstigated by mcans oI a study aI it~ wavc-t.ran~misf;ion propertieR, 
In this connection, it has heC'n oh8erved that sC'ismic waves a,re dnmJlct7. 

A dampp(l harmonie wave l'an he desl'l'i!)('d al' foIloW8, 

- .... -
.ii = A l,T, t,lexpilk x-w d [DJ 

where A is a (leerea.'!ing function of ,T (po~ition) and t (time), /O i~ the 
eil'cular frequeney, k the wave number-vector, 'l'he Iunction ~I(,c, t) 

depend~ 011 the damping-mechanism, i.e. 011 thC' rheology oI the mater
ia!' In svherical eht,'!t.ie wavcs (listnnce l' from KOlU'Ce) withont dump
ing, thc amplitude .11(1',1) decrea,'!cs, be('au~c oI the geometry, lilce l/I'. 
PhenomenoLogically, H. i8 often IounrI that A(I',t) can thcn be l'cJlre~en
ted as follows. 

where a is called attenuation constunt, Instead aI (L, O!le often in1.l'od
nces the quality factor f), defìned as fo11ows (~3): 

(I = w(2v (! [11] 

wherc v i,'! the phase velocity oI the wave. In a damped standing 
wave, the decay of the amplitude goes with the fact.or exp(- yt), where 

y = wj'1. f). [12J 
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III a llamped hanlloni(' elnstic wave, one has fUl't-ht'r 

wllPrp !I E is t.hc amount oI energy diRsillatecl IlPl' ('~'('Ic in a giw·n volnmp 
and E the peak elaHtic energy in that. volume. 

Ai> wit,h t.he funetion A (x', I), t.he behaviol' of (I (llarti{'ularl~- ai> a 
fUll('tion of frequpncy) is charlwt~jl"ist,i(' for t.he r1leology oI the mah'['ial 
in (]lwsiùJIl. 

B. 'l'hl' /)ala 

The most import.ant. l'esuli. of rcrent invei!t,igations on the damping 
oI ela8tie waves in the upper mantle an(1 crn~t of i.he Barth i8 that (I 
is frequeney-indellendent wit.h value~ in t.he upper mantle nl(18t.l~T ar
ound lOO-ilOO; tlw valucs ehange wit,h dellth. .\It.hough t.here are still 
some difliculties \dth i\()me of the int,erpl"Gtations of t,he available dat,a, 
t.he ahove Iact of IrellueIH'y-inllepenllcll('e of (I St'llmH fairly \n~ll psta
blished (sce Knopojl' ('0) or ,J;wkfwn and .Anllprson (l'') fol' a summa['Y) 
Ior periods fl'om those corresponding t.o seismi{' waves to t.hoHe 1'01"

l"esponding to the free oHcillationH oI the Bart.h. A similar Irequen('y
inllcpenllcncc of (/ has also lwen fOlln(l in lahomt,ory-experiments with 
rocks (2"). An.Y clGllul'iùms I"GgaJ"(1ing t,lw rhl'olog~- of thc tp('tonosphpJ"(j 
mUHt. take cogni%ance oI thi~ fact of (J-eOlU!taney. 

C. Nht%giraf !;np/icof-io/l,ç 

The mosi, eommonly a.'\SUl1md imllerfpctions of eh\8t,ieit,y are ll1ol1-
ifications of t.he elastieit.y cljlmtions b~- allding a viHcoRity t.el"m. Thi~ 

ca n, in fad, hl' donI' in t.wo wa~-~ so ai> to ~-ield eit.her a "Kelvin solid" 
or a " MaxwG!1 liquid " (au.a;). 

The damping of an elastic wave in 11 Kplvin-t,rpe of mMGl"ial can 
bI' ealeulated (2"). Une finlls, in aplll·oximat.ion, that. the abSOI1ltion 
coefiiriGnt y is pl'oportional to t.he Hquare oI the freque1H'~-; 

y = COIlHt, w2 [14] 

"Vith ElI. [12] t,his yieldH for (I 
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f) = P01L~t (r) . 

~\R i~ evident, none of t.lw aLove two linear modeb yi"hl.~ tlw ob
HPrvml fl"l'fllHlIlPy-itll[ejH'IHlenee of (I- KnopofT (23) ha~ ~hown that no 
(·(lInbinalion of )Iax.well and Kelvin pro]wrtief> (or: "(hu!hpot~" and 
"spl"ingH ") ("an give a fr{'qlll'nc~'-in(kW~IHlent 9. ft. is possihl" 1:0 
aehieve thi.~, h.\' meallS of linear mo<lel.~, onl.\' if higlwr t.ime-/1"rivativcs 
arp nf>('<l in llw stress-stmin I"elation allll if t·he malerial if> no longer 
homogeneous. A Heries of Hnch possibilities lta~ been /lisrussed by 
Caputo (12.13), 

"From f>imple maf"ro-I"heological model.~, a. eonHtant, () pali therefore 
onl~' he ohlainer1 b~' some SOl"t or nonlinear rlwologil"al "qna1iotl. Ruch 
a model iH the non-linear (logarit.lunip) cre,,]) mo/1eI, for which the 
(appl"Oximate) freqllelJ('~'-iIH1epeJl(lence or f) was <le/1uce/1 for the fil"Ht 
lime b~' Becker (,,) in Ht!5. fn eonneption \\'ith geolog~', the nottlinear 
logarithmic creep law iH IIHllall.\' g-iven in the form of ],omnitz (2)) 

" , . [1 + f{ lognat (1 + Hl)) 
.1 

[171 

\\"here [; is the strnin, To the stress, .lI a mOllulUf> of elast,ieìt.y (rig-i<lit;.\"). 
Usillg the above la\\" as a. gt.l"esg-strain I"elation cont,a.ining an explicit 
time dependence, and employing a principle of Hnperpo.~it, ion, ],o1l1llitz 
showed t.hat (J !Jl'eomes prnctieally freqlll'llcy-ilHlej)eIH1ent for tlH' 
ahove law alU1 thn.t 

[181 

Although the logarithmic law is, in eJIect, the integraI of a nonlineal" 
stre~R-st,rnin relatioll (30) so t.hat t,hl' valillit.y of the f>nperpo.~it,ioll prin
('iple if> f>OInewhn.t /1ollbt.fnl, the above ref.\lllt..~ can lIevert.he!"~f> he ta-kell 
aR an ilHlication of the prevailing COlHlitionfl . 

.'tIany Rpeelliatiom have been m:Hle reg:\I"Iling the micl"O.~copie 

nwelmniflmfl cn.nfling tlw confltancy or (ì (a.IH1 p>tllsillglogariLhmic creep). 
Orowan (au) ltaH given an able summary or the most current i/1eag on 
t,hl' sllbjeet, However, for a disc'nf>sion of t,hl' rnacl"O,~copir dwolorJ!/ 
of thc tectonoflphel'e, thifl ifl or little /lirect flignìficHlIce, 



A. P7liJl/olIlI'/wlofl.'l 

'Yhen we ronsùIei' the lliSl·ussiou thm far, we uote that it rl'fl'1"~ 

to stre.~ses that do not, caUS(i perlllauput. displa(>clllcuts iu the media ill 
questiou, I1owever, wl1('u a rertaiu st1'e.'\.'\-limit, (>olllll1ouly ralled 
streugt,h-limit, is exel'e(led, the ma,terial is defol'lneli permaIH'uUy, hl' 
it by adual fl'aetnrc or by (Ind,ile faiInre, 'l'hml it, i.'\ of importanec tu 
(lc,~cI'ibc, with regar(I to an ull!ler.'\twuling of the l'heoIog,v of the tect.o
nosphcre, what is known about thc str('ugh-limit of rock.'\ nlHl their 
faHm'p pat«'l'1ls. Some of Olll' knuwlt'dgt' hns ('ome fl'Olll hi~h-pI't'sflnre 

resefll'eh {liCe KH.tz e"} fol' a l'eeellt, fltat.e of-f,lte-)L1,t report,}, but lllO,~j 

illJpor/ant are those iufert'uce~ thnt can 1)(> (lra",n (lil'ectly fl'om 
natura I phenomena like the oceUl'reuce of carthquake~. 

'l'he mo~t ('onununl~' o!Jsel'vNl ]wl'manent,-type deforlllatioll of 
rocks in the Iahomtory in t.he short lime ntuge is sUllden {li bl'it.t.Ie"} 
fradUl'e. 'l'he physic,~ of fmd,ure i,~ to thifl (lay a some,,-hat iuvolvl'd 
alHl impCIfeetly ulHlel'sf,o()(1 (liseipline, a.'\ cYidenced, for inst.ance, by 
the seycn{ !)-volulllc tl'eati~c on thc ,~ubject l'llit.p(l by J,iebowit", {~}. 
negal'(lillg t,he fmcture of roeks, a shoI't lieseription P3) is worthy of 
uote. Of the more pheuomeuoiogical approaches to the sllbject, 
thc fractllrt' Nitel'iou of C'oulmnb-:Uohl' i,~ stilI most snt-isfactory. 
_.\ recent account of this criterion anli a hi.'\t,ol'ieal lli.'\clls.'\ion ha.'\ beeu 
givell hy Handin (l7). As is w(ilI known, :Mohi' stated that, in a triaxial 
.'\t,ress .'\tate, two glide plane.'\ fonTI when the yield stress is exeef'ded 
which eontaiu tlw intel'lllelliate pl'ÌncipaI stl'e.'\s llirediou aud whieh 
form similar ang"les ip';::-!5° with the maxill1l1m pl'e.'\sllre llil'ection. 'l'his 
el'itel'ion seems to tU, fahIy welI t,hl' ohseI'vcd phenomenoIogy of fault 
patterns {"}, ea,rthquakc foci {wlll'l'e "fault plaue sollltions" cau be 
iutel'preted in terms of 310hr glide-planes} and rock failure in the 
labora.tory [the uumbel' of papel'S ou this subject. is higion; a bl'ief 
review was given by Haulliu in j9U9 {H}]. Xegleetiug the efl'eet of 
the inteI'lllC(liate principal stress on rock failllre does not seell1 to be 
elltil'ely justified (ls, ~7), but the effect is certainIy minor. Further 
modifieatious of the 0olllomb·:Uohl' theol'y have been malie hy 'Val~h 



alld BJ'ace (~ ~ ) for ani.~otropie rock HIH! by Adlm (l) to al10w for t1w 
pxi,~t(m('p or 1Ilnne,~ of weakness, 

The :\lohl' erilerion is entirely plwnonll'lloIog"ieal. :\lany alt.empt,R 
I1n\'(' be('n madc to expIain it in lel'mR of haRic llhysi(':d principIcs, 
3Iost or these al tpmph stm-t in Rome way from the t,lwory of Urillith (l") 

who introducc(! thp i(!ea lhat, ,~mnll eI"acks are IH'csent in a ,~olid at alI 
lim1'S an(l that it, is t·he stl'(lS~ eoncentmtions at the ti]ls of lhcRC ('ra('k.~ 

whi('h I)('('ome (,l'il,l('nl in failllrc. '['hese vadons lheories are intpre,~t.jng" 

in their OWll righI" hut of Iitt.le impo1'1n[l('e for the lllHlel'standinl! of 
the l'heoloK\· of the tectonoslllwre, 'Ve refer UlC inh'reRtec\reallm lo a 
hihliogJ'ap11y b~· Hieclwr (')l). 

The abovc discussion refel's only to sheal' f:dlnre. In tensile fai
Im'p, the fracture sUl'face i,~ nonnal t,o llw maximum tpnsion (2B). 

c, 1Jw·till~ 1<'(l1ln/"('. 

Al hi~h eontining IH'essureR, rock ha~ he1'n fonnd t,o faii in a ductile 
fashion, Crac.kR are shJ\dy Jll'OIJal!atml and the proees~ ean be stOlll)('(l 
Ht any t,ime b~· rm[n('ing tlw ~tre~~e~. Ol'Owan (~~) ,~uggestp(l t11at the 
t,ransit,ion hom hrilt,le lo ductile frneture OCClll'S ",11en the hi('t.jOl! ael'OSS 
lhe fl'aclllre surface is a,~ great 01' I!l'eat1'r than the sheal' ~1,I'ength of 
the rock, '['he Jlhenomenon of t,nltl~it.ion from hriU.le t.o (!uctile failm'e 
\\'as f11l'Uwr inv(l~tigale<l by Hycrlee (11) who foun(l that t,he Or()\nm 
h'ypolhN;i~ i~ jm41ifie<l, In c\uC'tile failure, t,he nnf!;le \l'hich the ~lidinl! 
surfaees form with the ('omJlI'essionnl axis is dose lo :wo. 

li, COIIIIHI/"is(JI1 oi .7'h('()I'(!tical ]i'ail-lti'(! l'alll'i'/l.Nwith U/m!i'I'alio/l.8, 

'['Iw OCC'lll'l'enee of faull~ aIH! earthquakes iIHlicates that, faihl1'e-tYlle 
jll'OCeSses do oceur in the "ted,()1l0S11hel'e n, Obsel'ved fanlt, S.Ystmn~ 
can easiIy be eXJllained b~·refe]'{mce to t,lw :\Iohl'-CouIomb fraeture l,hC'ory 
as propose<llong ago in the welI-known theor.Y faulting by Anderson n. 
With eal'thqnake~, the pl'oblmn i,~ much more {lillieult, "}<'ault planI' 
~olulions" from 1il'st onsets of P-\I'aves aclmìt, an interlll'etat,ion il! tel'ms 
oi "frnctlll'e n surfaces at the fOCllS of a11 eal'thqllake, Imt il is dittiClll1, 
t,o m!visage bl'itt.le fl'aetlll'e as lwi11g able lo take pIace in inlerme(!iate 
a.JHl (leep-focus eal'thqunkcs (29), Nevel'theless, the Jlhenomenological 
H1lpea.nl-nce of eatltqllakes is t.hat, of a " shock" as fl'om a " hl'itUe " 
fl'ad,llm, 

Hrittle fradure certainly lits the behaviol' of l'Ocks in the labom
IOt',\' fOl' low c011tlni11g Jll'eSSl1l'es. Ho\\' mllch t,ltis hehaviol' is l'eleva11t 



\\"it,h l'Pg":ll'll to an Il1Hlel'Rblnding of tll1' rIH'olo"~.\· of 1:1[(' tpc·tono~phcr('. i,~ 

llIlc('r1:ain. 
'['hns, il. mnst. 1)(' assllmed t,hat, '<;]H]lien fnletl1l'c or some HOl't, (what

evcr thiH is phy,~ically) o('rm'S in t.he tectonosphel'c whencvel' tllI' 
sh'('ngth limit. is exeecliell. 'l'hl' lattc]' is det.el'lllincli h~' tlte :\lohr [me
tnl'c ('l'itcrion, notahly as cxpreHsed b~' i\lohr enveloppl's. l"or an 
.\ustralian salHlstone ,Jaefier (2U) fOl1nd (in bal'~). 

(J, = (il:.! --;- -l,O (J;l P!!] 

wherc a, i.<; the largest" anli Ga the smallest c'ompl'e~si"c Stl·l'S.~. 1<'01' a 
~oll1:h ,\h'ic'an ctuartzite, f 1

00k allil Iloligson (' ~ ) fOl1nd simihnly 

.\R a generai remark, it ran hl' saiù t.hat. the morI' ('OInpl'('~sible a 1'ork, 
thc' IO\Hl1' is its frartnre strengt,h (5). 

(lf gl'e:!!". intcl'l'st i~ t.llP sheal'ing" st.l'cngth or ]'()('ks at high confining" 
preR'<;l1l'e~. Hicrkcr :\1111 Seifcl't. (J") hayp m:H]p a pal't.i('nlarl~' notcwort.h.\· 
~pt of cletenninations of thc shearing sl.rcngths or llpper-m:tn1:!e mineml 
analogs; some of tlmil' l'('su]t.s al'c l'epl'odlH'ccl hel'e in 'l'able 2. 'l'h c.\" 
were ahle to reach about. !"iO kb conl1ning pI'PSSll1'P w!ti('h, depending
on the density la\\" C'hoRen, C'orrespollll.<; to somc l TU km c]pplh (d. 

'l'able 1). 

'l'aiole 2. 
l'RESSUI~I':S, AWl'm~ R11,;cKm~ ,1"'-]) S.]'.IFl'~"T (3.). Al.l. STI(I';~S YA],UI';~ 

1'\ "ll.<JJlAR~ (= IO' J>T"E/(12). 

,\ \'. j)l'e.~~. O!ivjllc EIlRtatitc Diopside j,ahnlllul'ite 

ii.ii 1.77 2.21 ::I.(.I:J 

!I.H 3.0:J ·1-.;,8 :1.2n 

1".2 1,.4:1 

19.:1 7.iil'! 7. i-l- 0.:12 O.:J:? 

24.8 7.fiO .'1.21 

30.:3 12.00 Hl.ll n.2:1 10.39 

:19.\1 J.l-. 1;, 11.38 12.:Jl'! 12.14 

49.7 15.17 14.nO 14.0:J I:J.]I' 

iiii.l 10.10 



322 A. 1.:. S<' II EIDEGGl\ 11 

.'I, - ('O"CLD;;lO" 

In conelusion, wc ma,\' summarize briefly the resnlts oi the present 
investigations oi the short·time behaviol' of the tectollosphere, 

For smalI stre,~ses, the tedonosphel'e·ma,tcrials bchave essentiall~' 
clfl.'JticaUy, with clastic ('(JIlstauts as givcn in Table J, Thel'e is, ho wc
ver, an cnel'gy·dissipation mcchanism active which, in macro·rheolo· 
gil'al terms, can be representell onlr by the assumption of the oceur· 
rellce of logarithmic creep. A Kelvin·trpc or Maxwell-type of energy 
dissipatimI contratlicts the obscrvetl behavior of (), lt may be notell 
that olle fimls thus the same type oi deviatiOlI from Iinear rheology as 
1! fl.'J been fountl in the intel'metliate and 10llg timc range~. In comparison 
witl! earliCi' illefl.~ ('-I), thi~ rcpl'cscllts a cOlIsitlcrable simplification, inas
mueh as the same rheological equation (the logal'ithmic ereep law) 
can acconnt for seismie damping, the seismic aftershock seqnenees, 
the uplift oi FennoscaIHlia antl many other pl!ellomena. 

Furthel'mol'e, when a certain stress limit i~ exceetlctl iractul'e-type 
phenomena occur. 'l'he exaet physieal explanation of seismic faulting 
is not yet entù'ely clear; howevcr, hemistically, the Coulomb·Mohl' 
theory yieltls an entirely allequate tlescription of the phenomena, The 
sheal'ing strengths woultl then be thought to eorrespond to those that 
h:we been measUl'ell in t1w labomtory (cf. 'l'able 2). 
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