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Sor.rn eightcen months ago, lh'. 11. D. Oldham showed to this Societv
a model dcsigncd to expltin the mechanism of thoearth-moyemenft
at thc time of the Californian errthqnakc of 1g06 in the neighbour-
hood of tho San lndr.'easlault.' lbough of great valuo in assisting
us to realize the nature of the changes which then took place. it
does not give promirrouce to fho time-clement so as to inclicate tho
succession of events that led up to the earthquake shock; and. it is to
illustrate this aspcct of the question tha[ I have bad the model
constrictecl ryhich forms thc sulijcct of tlre prescnt pnpcr.

It will be convelient for rno, in thc first place.lo dcscribo suc-
cinct ly, from nry own st irndpoint. the stnges into which the condit ions
that precedo an earthquako rnay be divided.

I shalt on the prescntoccasion prrt on one eido earbhquakes which
ere in the naturo of landslips, as well as thoso rvhicli arc thc im-
mediatc rcsult  of tho cxlr losivc action of the gasos in igneous
magmas, although therc arc aubhors who attribute to both of these
modcs of origin agreater importance and a moro frcqucnt occur-
rcncc than ir usually accorded to l,hcrn.

- The. typical earthquakc, then, including grcot earthqualies l ike
tha t  o f  190( i ,  i s ,  in  my be i ie f ,  the  u t t imate  resu l t  o f  the
s l o w  r e l a t i y e  r n o v e m e n t ,  o f  g r e a t  m r s s e s  o f  t h o  e a r t h t s
c r u s t ,  o x t , c r r d i n g  i n  m o s b  c t s e B  f a r  b c v o n i l  t h c  a r o a
immedia tc ly  a f fcc tod  b1 '  thc  shoc l i .  Th is 'd i f f c re r r t ia l  c ree l r
may be in a horizontal,  or in a vert ical,  or irr  any intermediate
directiorr. Ae . it proc-eetls, -the intcrvening trlct is subjocted to
stresse$ rcsulting in ilistortion or strain, so that c frans.rierse line
rvhich was originally straight becomes currecl, \yhen ilre stress
cxceeds anywherc the limit of strength of thc roclis, fracture will
occur. This will reiievo the stress, ancl if thc atljoining portions of
the rocli have not lost thcir original elasticibyihrough-long sub-
.jcction to tho stless, they rvill srring bac)r nncl rcsume thcir ibrmcr
relat ion to tho mass with whiclt  thcy st i l l  remain conrrcc(;erl , t

This motion of rcletse alpcars to bo i<lontical with thc molar
t l isplaccmcnL or'  ' rrrochlcusir;  '  of Mr..  Oldhanr. l t  rvi l l  obviouslv bo
grcatest near bho faulb (crcept so far aa it, is n{i'ecteil by fliclion
between tllq moving portions of thc rocli on oppositc siilcs), and
graclually dirninish, as lvas tho casc in thc eirthquahe above
mentionerl, as the distance from the fault iucreasee.

Under the accelerating force of the elasticitv of the rock the
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2 I,hnvo ossunerl in nly desc.r.iplions tlnt lbere is only ono fraciure, ancl
thnt the nlovenrents aro c'crywhero lrr*llcl to it. In pi,octice tbers will in
most cases bo smaller seconrlary fractuies,cspccially nenr ti:e surface, each with
ite local rnovements of releasc. rI'Iro grent. length- of ths San ,(ndreas ltault
slrows, horvever, thot it is not of tL is seconrlarylharacter.
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movemenb rvill procoetl rvibh increirsing velociby, unbil it meets wibh
an obstacle or bho posit ion of equi l ibr ium is passed. fn the former
case ib rvill bo brought, to a standstill with a sudden jar made up
of numcrous short-ncriod vibrations. In the latter it will either
conbinue with diminishing velocit5', until it is arresteal by an obstacle
in tho manncr alreailydcscribed ; or, rvhrrt iJrprobably a rare occur-
ronco, the .swing will be prolonged. until the accnmulation of negrtive
accoleration clue to the elasticity of the rock exactlt' cancels tho
velocity at the position of equilibrium. fn either event it will
roturn to this position, about rvhich it will srving to and fro until
it comes to resi uncler the influence of friction, w:hieh rvill of courao
profouudly affoct all the movements that have been clescribed.

I t  i s .  I  b e l i e v o .  t h o  s h o r t - n e r i o d  v i b r a t i o n s  d u e  t o  t h e
x u d d o n  c h o c k  o f  t h e  f a u l t - m o v e m e n l  w h o n  a n  o b S t a c l e
i s  e n c o u n t e r e d ,  w h i c h  c o n s t i t u t e  t h c  e a r b h q u a k e , p r o -
p e r l y  s o  c a l l e d ,  a n d  n r e  t h c  c a t s e  o f  i t s  d o e t r u c t i v o
action. The fracture rvhich init iates the morement doubtless
Bives rise to minor vibrabions, and the same is the case rvith the
friction betwcen the rocks as they brush past each other. To
tho latter action must also be attribubetl tho graCing or rumbling
sounals rvhich are often described as heraldirrg a violenb shock.

Thore still remoins" to bo consideretl the cuostion of tho lonc-
periori vibrations rvhich form the more impoitant portion of l;ie
rccords of ilistant earthrltakes, lnd are scprrated from tbo Bhort.er
ribrations that precede them by thcir inability to traverso the
highly-conpressed dcepcr portions of the carth's intorior. They
may very well bc attributed to the backwatd and forward. srving
of the severed roclis aboub their position of equilibrium, although
it is possible that ir sornc coses they may represcnt bcats due to thc
intert'erence of vibrations of shorter period.

The strength o{ the earbhquake will evidontly tlepend lnrgoly
on ths degreo in rvhich the rock has reta,ined its elasf,icitv. If
tho ereep 

-be 
ver.y slow, thc rocl( moy be able to nrljust itself to

tho now conditions, antl thcro will be no fractrtre and no shock.
A similar rosult may ensue, if the rocl<s are tt a high tcrnpcrt(;urc
or un(ler grolb presslrrc. If, on tho other lrrnd, tltoy arc nrore
or lcss iucohercnt, thcv rvill posscss no clnstieity, arrtl fracltrrc moy
occur wiLLout a shock onsuirrg. In bhc some manner movomcnt'
miry occur withort shock along a prc-cxisting t'arrlt, tho sidos
of rvhich do not aclhere to each othcr. In thosc cases, howover, the
movomonb wiII probably bo of the s&mc slow character as that of
the main lock-mssseB on each eitle of the flult.

'lhc modcl rvhich I hrvc deeigned to illustrate those principles
hm lrccn constructed by my ccmsin, llr, Froderic J. Bahewell,
electricrl and mec.hanical engineer, to whom I arn much indebteil
for his ingcnuiby and resourco in overcoming the ilifficulties thot
rrrescnted themsclrcs.- 

It consists of trso vertical rectangular frames (.fi & l, in the photo-
gruphs-f igs. l ,  ?, & 3, p. 3aS) {nounter. l  side byutd"roJ,l  common
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Iig. 2.-Conf uil1'atio?r qfter slou, relntit,e n:rol,etncttt, immediutelu,

[The interruptecl ]ine is nol' snpposed tri be r.lritrvn rrs a straiglrt line.]
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support.  Tbat orr the left  ( .{) is calrable ol being rnoved upwerds'
by the action of a scrcw. Tbc other on thc righi (1f,) cen move a
short distance to the lcft. 'I'o each of these 1'rames i number of
steel strips are attacheal at ons encl. These are coverecl with a
t,hin llcxiblc siik mcmbranc, which sharcs thcir moyements. The
fleo entls of the stecl strips attached to erch framo ale pivotetl in a
movable vcrtical rod. The trvo rods ?'r, r", one fbr each fromo, are at
lirst closelv conncctecl by an interlacing loop of string, so thab a
continuots surface is obtaincil which comprises botb. memblaneo,
as shorvn in fig. 1 (p. 3a8). It roprescnts the rvhole region bdfore
t,he commcncemcnt of thc creeD. Tt is scon to be traversed by
continrrorrs horizorrtal straight incs as well ns by an interruptcil

. curved line, the mcaning of rvhich rvill appear immetliately.
, The scrcw is now turned so that the.frame.f. moves upwarcls
into the posiLion shorvn in fig. 2, rvhen tho lines rvhich rvere formerly
straight and horizoutal become curvetl in a sigmoid mannor, the
curvature being rcvcrseil .rvhere they travorse tho verbical rods.
lfhis position rcpresents the conditions after thc slow crcep has

oprogresscil until 
'tbe 

limit of tho strength of thc rocks has been just
reached, so that fraetnre is on thc point of taking place. The
intcrrupted lind, now strctches straight across, horizontally, from
side to sicle, It may represent straight roads or fences transversc
to the fault maile in the pcliod immedirtely preccding the earth-
quakc.

The 'fracture' is effecteil by cutting thc string. This releases
the two rods, which at once fly apart, ,'r up\yards and r, downwards,
Shortly atter they have passed thc position of crlrrilibrium thoy are
brought to a stop by the collision of t\\'o metallic masses attnche<l
to them. rvhich arc thrown into rapirl vibrat,ion ancl sound. the
correspondinpS notcs. J.s t,hcl' are not quito in unison, distinct
beats aro heord. It the same time, the rods swing back and vibrntc
rvith a comparatively slow period about the positionof equilibrium.
The model fi.nally comes to rest in the position shown in fig. 3,
whore the intermpted line which was straight in fig. 2 has bceome
curyed in fig. 3, rcsembling verl'closely the lines drawn as a resuh
of the geodetic observations talien since tho Californian cilrthqunlie.'1
.,r\t thJeame timo, thc ends of the lincs are seer! to bc turneil bnck
lly the frictiorr bcbt'een thc trvo side.s of thc lissurc.

If the model is to bc considercd as o roprcsontation of tho courso
o1' evcnts iu conncxion rvith thc Cnlifornian carthqurlia, l,ho slorv
motion of the left-hand framo expresses :r grnrlual crccp of thc borl
of the Pocific to the north-west rclativcll' to thc North rtmoricnrr
continent,giving l ise.toarcgion of etrain in tho ncighbourhootl
of the coasb-lino, vhich incrcases until fracturc oecurs in tho Snn
Anclreas Feult.

I Nonrcly, uprvartls in thc plrotoglrl,h. Tlre rnotlcl rvorlis bcst, hon-cvcr,
whon the frRmes ue ltorizontal.

340

bcfot'e .fradtrt'e un,l ea rthqturl,.t

I ig. :3.- C onf o u ttt { i ott a.l' / t r t u r th q u ul,. e..

'z  R.  D.Oldbnrn,  Quart .  Journ.  Geol .  Soc.  ro l .  lxv (1900) I ig.  2,  p.4.
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Such a movement may be exDlaineal \vithout difficultv. on the
hypotlrcsis that the eart,h as a ;holc is sulrjcct to porveriul ta.u-
gentiul compression. 'l'lris vie'rv has, it is true, beetr cirlled in
rlucstion, on thc glounrl that contract,ion of tho earth's ilterior due
to cooling is irrsuliicielt to account fol tho folding and overt.hmsts
rvhich cau bc shorvn to have taken rrlace. It must be reurernbered.
Itolcver, t l rat t , l rc i l l te.r ior rnust also diminish in volumc e* r.  result
<-rf volcarric eruptiorrs and loss of lvatcr anrl oLl-rcr matcrials from
sprilgs of intra-tclluric origin. Ab thc same time, the crust is
nlrvays oxpariiling in consequencc of the gradual hydration of its
cr1'sttllinc ro.clis, rvhich probabll' corrstituto b1' fal thc grcrtcr
poltiol of its mass, bv rvater both of iutra-tclluric ancl of atnro-
spheric origin.' Nob olly <ioes this take place in tho grcat tracts
of the fundameutal gneiss. but every intrusivc boss or dykc must
exercise expansivc action as its alterabiou procecds.z

'lhe Paci{ic coust of NorLh Amcrica corrstitutcs a line of u eaknr:ss
connocted rvith the foldirrg thab govc risc to tho coastal lar)ges.
Jn the extreme north of the Pacific, in the leighbourhood of the
Aleutian Islands, this changes from a south-east and north-
vcst to an east-andl-west directiou. fn North Amcrica, on tlrc
other hand, there is no trausverse-that is to say, east-arrd-
rvest- l iue of vcal iness in thc north, but to tho southrvard
rve havc one stletchi.rg through the Antilics and lloxico. Similur
relations prcvail on the Asiatic sicle. Accordingly, ns t.be crust
adjusts itself bv folding and thrusts rvhere it is rvgakest, a nortL-
ward movement of the bccl of the North lacific relatively to both
North America dnil Asia mat be cxpectcd to talie place. This is,
in fact, what occurs, for a rclalive movemcrrt to the nortir can bo
sbown td have takeu p)ace uot only on tire wcst siclc of bhe great
Californian fault in 1906, but also on the east--side of the 'rvell-

liuo'wrr Neotalc faulb iu Juptn at tho tirnc of the gr:clrt carthquak<;
o f  1 8 9 1 .

This gradual r)orbhward moyeuent, of thc North Paciiic rclativciy
to the contincnts on either sidc must be accomprnied by interrse
folding and thrusting in the neighbourhood of thc Aleutian Islands;
and inimcdiately to the souLh of these is one of the most active
earthqualie-tracts of which we hove an1' linolvledgc. At thc samc
timo, thc lincs of wealiness on the bordcrs of the continents must bo
affected to some cxtent in a similarmanuer. lt is true that iu thc
caso of tho earthquakc of 1900 the movemeut vas mainly longi-
tudinal parallel to the coast, but tirerc were notlvalting indications
of a r:ertain smounb of'overthrusting of tbe continental over th<r
nratinc area.

. 
I It-ie probable t,bnt,pneunratoJytic action in'gcnet'al usunlly causes exlian-

sion: for insnnce, in the conversion of a granite into a grersen.
: I neeil not eay tlta,b there ore other causes, such as tidal action nnd cbangee

in rock-temperoture, shich ruay in places be responeiblo for variations
of tangential pressure or the local occurrcnce of conilitions of tension, antl
tbe latter undoubtedl.y tlso appcar in tlre coulse of the developrlent of great
flexures in ths earth's orust.
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I havo not attemptcd in the model bo illustrate moYemont
of moro thal.onc descriptiorr at the same time' Tho eame model

Dray, howcvcr, be employed to illusblate an earthquake connected
wiih a faulb in rvhich bhe vertical movemenb is the morc important,
ryhether it bo an incitlent of thc folding duc to thc comprossion of

tho earth's crust, or of tbo rise of moutltain-ranges as a result of

the removal of matcrial from thcir summits"and slopcs ancl its ac-

cumulation orr tho at l joinirrg plnins or sca-bccl.
Wc arc tokl that, ifter thc earthqu.akc of 1899, the shorc-lirre of

Chilo rvas found to bc raised. This probably reprosents a risc by'

its on'rr clrsticity of tlrc tract rtrrclcr stiain on tbc llndrvarcl sido of

thc furlt \vllolr- r'cloirsod by f ilcturc. 'I'lro tctnporary rvibhdlt'rval
of thc sea, rvhich so often accompatries an earbhqualie otr thab coast,

hag beon attribubecl to a deprcssion of the sea-bottom. This may

represent tho corresponding movcment ilr the conbrary direction on
tire oLher-scarvarcl-side of thc lault,

There is anrithcr r)oint of soIrrc imt)oltaucc rvhich is illustrated by

the modcl. lYhcri thc lett-hund fi'uruc .[ is noved upwards by

msans of bhc screrr, bhe strips of sboel are nob only bent but arc

subjcctcd to tcrrsionrl fblcc, so thnt ib rvould bc impossible t-o iieop

thivcrtical lods togcthcr if ib rverc rrot for tire latoral ploy allorved
to the rightJrand ti'ame./,, rvhich Pcrmits of its approximating.to
thc othci, In Nat,urc, thc distortiorr giving risc to sucb a tetrsilo
forcc is not so marlied ; lbr the gradual movcmelrt of one portion

of thc earth's cntst rclativell' to thc othcr is nsually small' com-
parecl 'rvith thc width of tho tracb of ground betweotr them that

iufi'ers clefornration : but it mttst havc 
-atr 

importarlb influcnce in

dctermirrilg thc occurrcncc of fracture in a lcgiou of strain' as

roc'lis offer but I'eeble resistance to tcnsion. In areas where the

carth's crust is in a statc of tcusion alld normal foulting occurs'
thc tentloncy bo flrcburc rvill bo grcatcr *rld faults lllore numorous'
On tho otirer hantl, in rcgions charactct'ized bt' reverscd faults

whelc tangential cornpressiolr is pesent, this rvill pla)' the samo
part as tlie movcmcnb of thc right-hanrl _ framc, and teud- to

iiminish the teuderrcy to fracturc, so thrb ib rvill only be whcn

movcmelrts are vory corrsidcrirblc or takc placc rrith coml>arative
rapidity that faults will rcsult: iIr otber cases they will bc re-

pliced 
- 
by folds. 'Ihc samc region ntty, of coursc, be at one

iime affected by compressiou arrd at another by tension'
On these principles it is easl' to ttndc'rstattd vhy nouDal faults

shoulil be more frcquenb thnn rcvelsed fiults, despite tlte facb that
rvo have overy reason to belicve that conclitions involving pressuro

more comrnouly plcrail than thosc I'csulting in tousion.

Drscussrolr.

Mr. R. D. Ornulu saitl thai the moclel was certainly very in-

st,ructive, so far as it reproiluced the cfl'ccbs observed after the

Californian earthqualic; but, n'ith regaral to the cause of tho earth-
quake so little vai knorvn, ancl the impossibilitl'of reproilucing the
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conditiono iu Naturc was 80- obvious, that r:o model coulcl corlvevinformation or pro...c 

, a'ything- 
-;ih;;,,til'nia 

"a"pt.i 
,i,]raillustratcd a theirv -ticn wor'gr".*if/1."1*tecl, but which thospeaker himself hai found reason to abandon'fbr the supposition.thot great earbhquakes are as & rule duc to the sualdcn dovolopmentof strain, or rvhat might bo *ra"iy 

-a...r;;;;""""";ilrffi;:

rather than the suddchielicf by.fraciuro ot:-o.to*ty ur.o.^utorln*straitr..- This, borrevor, di. not"aflbct the uec oi if," iril".;" ."iias a-n illustrntion of fte aoror*uito *ni.h *"y be the result of auearthquako.
-Tho Aurrron said that h9 ivas strongly opposed to ilre viorvs of thsschool of sois''oloEists. Lo wl,icL, U". Ofifio"'iirait ..._.d,;;;r;i;;;o^lr...,11|r^.:r"*,.wh"othoughrrh"r;i,9;r.ell"-Jri'hquok.rrcprescnred

:y:T,-".::_"1 _rqneous, matmial iu the earth,s c.urt 1^irriorrgouo. l rusDrucDEversuchc,  to-use tbc oxprcssive pbrasc of  nrr inca) .Such carthq_uakeg as lvere liuown to be due tu;;l*;;;ffil;
actio_n were local iu characbor, and had little effect on distant seismo_
gt^lqh.. frnportant oarthquakes fiko the Califoroiur, .u.ilrqouf. of1906, as rvell as tho major:ity of tho smaller ,lirio.U"o.ur, 

":pp";Jto bc closely relatcd to liries of tu.t*i.- ri""kou.*, _ra'ii- *",reasonablo to suppose that they wuru in"id.,rt. of tl.'ruoaj;_;;;
of the earth's c.irit, wt,ich. i^ 

"i.,";t;;;;;..al"g, ru""gh more activeirr aome periods than in o[bers-
He rvould like to add thot-a suddcn explosior of an imprisoneilm'gm& could only occur_in thc neighbouriood of tu" su.ficu.---i i

:.":..1{_",i.T i:atly 
i m possi bt 

" " 
;;; rf, ; ;".rr,# "r 

a grear rhickn essor Buperlncumbent strata.
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I.  Ixrnolucronv.

':fnr r-cgion popularly dcnoninatecl 'South Africu' is. usually.con-

sitlercil"as 
"it*ai"g 

f.om Lhe Capo to the Zambczi 'R'iver, and- the

lattcr is also tho lividingJine bctrvcen Norbhct''' ancl Southern

llhodcsia. The South African area is macle up principally of sedi-

montary rocks, rvhich include an uubrolicn stratiglaphical scquoncc

from the basc of the Devouian up to tho Jr.rrassic Sysbem' - Ilvon ab

the Capc, horvevcr, inlicrs of oldcr roclis arc cxltoscil, which cannot,

,. pnlio"totogical cvidcuce is lackiug, -bt: ascribeil rvibh cortainty

to iny particilal pcriotl. 'Ihese ' Plc-Cape' roclis become incroas-

ilgly"iipoltant as^ thc 'I'ransvaal boldor ii approachetl;- and iu the

uoitl.tJputt of thab provi'cc we linil, develqlod along the-clenutletl

uri* of a^ grcat auticiinc, those ancicub straia of the 'Transvaal

System' rvf,ich includc Lhc golil-bcarini4 'barriiet''
"'I.heso okl rocke havc bccn subdiviiletl into a numbcr of separate

groups, cach of gleat thicknesg aucl- all probably of Archrean age'

in"}: rtitt prcslent a comparctivcly non rrtl sedimentary faeies

lro\/ever, ^o,l it i. only in places, bo'alds the- uorth, that wo finil

areas of crystallinc schists, associatcd,- as- usual. s'ith hugo granito

masscs. I-' f.ct, it is o'ly near t5e llholcsiau borcle.* bhat we onter

upon thab great region of metamorphic schists which appears ̂ to
o6.upy mosf, of tho"central portion of ths ,\frican continenb' So

limitoil is the distribution of uualtcrcd strabified roclis over the

greatcr part of fiis ursu that llr. J. A. Chalmcrs & Dr' F' H' Ilatch'

in publishing the firsb brief rcfcrcnccs to tho geology of Rhodesia,t

couid only iecord, after a by no mcans insignificant amount of

trovel, thau scclimente are 'saicl to occur.' 
'I'lre 

Present rvritcr, rvith

moro exbenilecl opportunitics of investigation, hg's been led -to
comparo tbe se<limcnts with tho dlift-deposits of Ingland,2 antl bhc

I Geol. I lng. dec. iv, vol.  i i  (1805) p. 195.
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