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1. 'f'\rc Grior,ocrc,rt, Ixtt;ulnrite'r'rox of tlrtt Xaurrr - lloynnrnwrs
ttssoaiutctL witlt thc Car,t-l'ouxt,rx ll,ttrrrteu,rril of A1n'il 18th,
1C00. lly lircur.rrr-r I)rrox Ornrr,ur, I.[;.S. (Iicarl Dcccrubcr
2ud,  190tJ . )

Tlu Cali forniarr ci l l 'bl( lual ie ot '  1906 w&s acconll ,nnicd by vcry
considerablc dispiacemcuts of thc ground along a grcat fir,ulbline,
which has becrr traccd fbr a distauco of tbout 200 rnilcs frorn its
southern oxtrcmitv to thc |oint rr'hcle it finally passes otrt unalcr thc
6ea. As scvcral stations of thc prirrcipa"l briaugulaliol lay rvithiu
the disturbed arct, thc Govertrtletrt of thc Urrit,cd Statos deciderl to
ropcat thc obscrvatious oscr this arc&. i lud detorrnirro \yi t l r  accurlc1.
tbe present positions of tlro poinbs previously firc(i, Tho rcsult oi'
t}is work has been issucd, rvith most conrmcndablc prorlptlress, as
an Appendixr to the llcporb of t.bc Cioast & Gcodctic Survey ior
1C07, und tho rcsults socnl of sueir iruportancc, fi'onl tLc light
throrvu oD thc naf,ulc of thc earlh-rnovcments rvhiclr gitvc risc tcr
this elrthqualic, that I hrvc thought it, dcsilable to rualic a dctailecl
studl' of lhem flom titc ;;cological poinl, of vior'.

' Ihc alca covel 'ed by tho obst rvatiorrs is rrot co-c.rtcrrsivc wil ,h, but;
coyersbhcmost impor lan tpar t  o f ,  tho  sc ismic  a rcn ;  ib  e . \ t cnds  f l ' ou
near flonterel', in the sonth, to I'oint ,\r'ena, in the rrorth, and
vithinthis arca al l  the points f ixcd by i ,ho tr iarrgulabion l 'hich rvas
carried out ab various t imcs bcts'celt  1851 aud 1591) rycrc asain
fired aftcr tirc cor[htlualiD of 1905.

lYhcn thc rosults caure to bc rvorl ior l  out, ib t :rs foutrr l  that
vherevcl tr iangulut iorr of crr l l ier t late than aborrt 1S{-rS rvas
connccted up lvibh tr iangulat ion of Lrtcl  datc, t i tc lrosit ions of '  t i re

t  'Tbc I lar t l r l lovclxelr ts  i l t  t l re Cr l i forni r r r  I inr l l rqrr ; rkc o[  ] [ )0( i '  by Jolrn
F. Ha1-ford, Inspccltrl of tico<lctic Wotl;. & A. L. Ilrithvirr. Cornprrter'] Coasl
& Geot lct ic  Surr iy .  \ \ 'us l r ington,  i90S. [ iepr i r r tcr l  in  t l rc  I lcpot l ,  o l  t l ie  Str to
I l r thquake Invcst iqat ion Conrt t t iss iot t .  Clrnr 'g ic I r rs l  i t r r t ion, \ \ rashiugtou,  1tOS.]
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lage 1.117, linc tJ frou Llrc Loi:, uflt'r 'gastcloputl,' nrltl ' rclcrrctl, to thc genus.'

}agc ll:ti, lirc 9 froru tlrc loir,./br ' pr'f irrg,' rcul ' prizittg.'

Iage i137,  l i r rc  l i l  f rorrr  thc top, . /or  '  r rggcr l '  i rar l  '  r t rggcd. '
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cornecting poirts did rot agrcc. o'iginally thc differerces werc
adjlstcd- as crrors- of obscrvatiorrs, but in }Icssrs. Hayford &
llaldrvin's report tho rnore rcasoDabrc conclusio' is aclopied that
thc discrcpa'cies are to be att.ibutccl to ilisplacements connected
rvith r thc cir,rthrpalic of lEGE.

. As ', conse(lucncc of this latcst claboratc discussio' of tbc data,
thc numcrous stations dcalb rvith fall irrto thrcc crasses: first. those
of rvhich thc shi{bings in 1868 and i. .l fJ0(i are both linorvn anrl can
bc scpara_tcd from cach other; sccordly, thosc i' rvhich the latter
but 'ot thc Ib'ncr arc dctermi'able ;- arrd thirdll,, thoso in which
!n9 !o.ia.] displaccmcnt corruectcd rr-ith t,hc crr.rhqrraiics of lg6g rnrl
1906 is krrorvrr, liut rrot hou, ntuch l,as due to cach scparatcly.

rn thc ricpo'L' the tlisi>lcceurcrrt o[ scvcra]. statiorrs^ irr thc third
class is split up, that produced i^ 1368 being infcrrcrl from bhs
l<'ow'- disl laccutents of othcr st. t io 's iu the same rcgion; tho
inethod is of tlo*bLf ul validity, rrnd r have lho'ght it salbr io 

"*.lud"fhc in{'crrcd.dis|lacernerrts 1'rorrr co'sidcration.!- \vith ihis omission,
thc data avai lal, , lc fol discnssiop arc givctr in t1c labular statemcnt
Irppcnrlcd to this-palcr(1r. 15), i ' rvhiCh thc stat, iorrs arc rc-arranged,
frorn thc origi'al list, i' fhci. ordcr of occurrcncc alone bhc f;lt-
l iuo frour so'th to north. Thc displaccments altrrt ' t i r i  to 1g6g,
and the total displac.rnc'ts, r'Lcre tlroso of 1g06 rvcro'ot scpurately
cletcr'mincd b1' dircct obscrration, arc also given, bub rvill onlv bs
rcforrcd to incidcntalll-, alterrtion bcirrg d&otcd primarily to" t$
movcmerrts of 190(i.

^Onc _morc cxplanation is ncccssarl ' .  fn i l re origirral rcport many
of thc i l isplaconreut-s aro clrrsscrl  as i loubtfui;  gouJral ly, t i i .  *.oot
that thc calculatccl displacc ncnt is so small ,  that ' i t  rnay fal l
withi' the limil,s of crro.s of obscrvctiorr, but irr a few cascs tho
doubt a'iscs frour bhc r.rcbthab eit,her thc rrumbcr or thc char.cter of
the obsorvations is rot s.ch as ailbrds iL satisfactor-r' check. r havc
includerl a'd .scd all Urosc lal)i'g n.ithi' thc lbriner catego.y, as
the fact thab onc st,;rtion rnovcd-.rcr.1- littlc, if at all, mav be as
important as that i l 'ot lrc '  rvas displaced a co.sidcrable dista'ce;
but Lavc crcludcd l i 'om thc disc'ssiorr al l  i l rosc of thc scco'd
catcgr-rry, rvlr ich arc dist irrgrr ishcd by a uir ' l i  of i rr tcrrogatiorr in tho
talxrlar statcrrrcnt.

.$ 9. 'l'uuring uorv to thc discussiorr o{' the clata, s,c rray dcal
rv i t l r  t l r c  d is l r la t . . rncr r ts  in  ruo  d is f iu r : t  r r r r_1 's :  c i t l r c r  cons i je r i r rc
thc calc' latct l  absolutc dislr laccnents,_ or. i r_,ol i ing nrc.cly to thi
rclativc displacerncnts rLs botrvccn neighbouring- station.s, Tbs
dcte.mi'atiou of the lbrmor of thesc dcpe'ds ou tho assumptiou

I r *sc tho ruurds co' rr cct ed rv i  t  l r ,  as i t  is by'o rDer's certain rhrt r lrov
took pl:rce a[ t . l rc l iurc of thc eirrtbqrrrrkc, lr l lboirgh t lrc.y trrry *r.-"Uf" ' i ' "
reg;rrrled as the rcsuli of I hc s;urrc earrsc rrs tlrrL whir.f, g:rvo iisc t""tt 

" ""rfiii.l,r .  190(i,  urove*cirts near thc-tarr l t- l i rc cerlainly oJcu*ed ,, t  t t ,"  i i r i ,u l i '1i  c
ca r t l r qu : l ko ;b r rL l l r c r r r e r s r r r cd t l i sp l acc r r r en t s t , l t h , : t r i go r ro r r r c t . r . i ca l s t r t i o ' sn rav
prr t ly  l ravc prccer let l  nrrr l  part ly  l , : .vc t r l lowct l  tbc c i r t l r r t tur l ic .  

. -  - ' - -  - " ' r
j  ' l l rc  i l rc l r rs iurr  ' l ' t l :csc r l r r r r  uorr ld r rot  in r ry rvay inval i t l r te,  brrL rather

tsupport ,  t l re corrc lusions iur i red at  lxr t l rcr  or  ;  t ) rc suppur l ,  , r "uo"t l i " l r . . ,  *oui ]
be nrore apparent than real.
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LTr r< lc r '  : l  l  r r r i les l ' I  to 5 ru i lcs.

urat thc basc frour rvhich thc triarrguration startoii was unartcred
by thc e.arthqualic; trre ratte' is indeficndenroflt, to. no co'ccivabh.
permissible altcration in thc rcugLh of the bast *""ia*"i* ,.,,i,matorial c\rngo in the appar.cnt rilativc novcmcnt .f 

"";gnfr",,ri"istatious. f shall thercfo* dcal frst- vith this, antl ;r;;;;ilJ, ;"itithc movemcnt of points lear tho fault-linc.
At tire cxtrcmo south, ir lumbcr. of siabious l-ying west of thelault Lrarc beo' rlislraccrl south-casLrvnrrrs by ihc combi'ccr cJrccteot Ltrc tnovcrncnLs ol '  I  S(jS ar r, l  I  I  )06, xn(l  i t  is probnblc that

rrart of this rnovemcnf tooli placc in corncxio' *ith tho 1906dist.rbarcc. ' l 'ho condit iorrs i i r  t , i r is ,  
"giori , ." ,  

f ,o,uou".,  ,oiuo*hoi
difi'ercnt' fron thosc far'rhcr no'LL : lbrl rrcrc tiie fa'rt-lino trcncrscastlards fron its gcneral course, uutl rnovement tlies out asa. sul'Iacc-phcDomertou. If, for fhc prcsont, wc cxclude thcsc
stations from colsidcration, ilrrcc fact"s slanil out: (1) Urat allstations to thc cast have rnovcrl south-easbrla.,l., oua all to the wcsthave movcd'orth-rvestrvards ; (2) that, the,o,ith_uo,.tc.lr, .frifiln,
rvas loss than thc norbb-*estcrl l l ; 'and (3) thab ,h; i ; ; ' r ; ; ;" , ; :
fault-linc havc rnovcrl lirrtlrcr ilr.rn thosc'nio." ,.,rrot".'I'licso facts a.o noticcd i' ffess.s, t!1yfo.d .t Baldlvin's 'eporb :acccrrli'g to thcir-figures, tirc averagc dislilaceruenb at 0.g mile from
tnc raulb-rrnc on the cestc'rr sidc * 'as 5.1 fect, at 2'6 milcs o.g feet.and at 4 nri lcs 1.C fcct; <.rrr tho tcst sido tf i .  ng.i . .r- ; i l ;^ i ;
ni lgs Q'7 fcct, ab 3.0 miles i .Si fcct.  , \s c rrumber ot.stat iorrs rverc
utilizcd i' olrtoini'g thcso -avo.agcs, .b wrrich thc disl,Lcemcni
att'ibutcd to rhc 1J)0(i cru't)rquarrc rvas trcducccl rry i,rfu;;,r*, 

'i;

rvill be dcsir.ablc to cxamirro tlic cvidcncc }.icltlcd b;,- 11,or" stations
at 'rvhiclr tLo 1u06 rlispiaecmc'ts *'crc clircctr.v dctcrmircd. .r.rrose
lorm t lrrcc-rrrr, tur.r. l  $-on|s: thc { i lst consists of Z st,rt ious ncar irnrlto thc south ol sa' l"r'ancisc,, trrc scoonrr of ri statiorrs n.". ro.t,Ross, and the thirti of l) stations in thc lroint Arcna rrcigirbourhood.
subdivicliug crch of thesc g'oups accordirrg to dircctio'ir tro- 

-tnu

llljll,ld 
rrgrin accolding to_iiistance, rvc iet thc lbllorvirrg r.csuli

rol '  statrorls ut : l  rhslarrcc oi ' i r  l r i lcs o1 lcss 1i9tn t |c lault_l irrc:_
'Ltuur,.,\t i  

Sr,rrnur:x.r ' slou:it;1 11,2 4tcrot/c tl ispht.ct)tc1ts of st.l io)ts
u.ithin 5 ;it i lcs,' l ' l t ic / iutit.

No. ot'

] iS1u t  
i o r r s .

Ireau ] Nn. <,r ] ot,,"n
I) isrui lco. sbifr.  I  Sr;* iun's. iDistaDce.l  Shi[t .
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Irom these figures it rvill bc secn that tho sLatemonts in Messrs.
Hayford. & Ialdwin's repori as to the greater movement near the
fault are borne out, although the figures are slightly difl'erent;
exclucling the stations on the wesL siilc of the faulb in the San
tr'rancisco group, the displacemcnt irr thc outer zono is from 20 to
00 per ccnt. Iess than in tho inncr, and thc dccrcasc is more rapid
on the eastern thnn on tho rvestern sidc. Moreovcr, these ilisplacc-
rnonts aro positivc; that is to say, thc stations ncar tho lault havo
not lagged. behincl, but have movcil lbrward in oppositc d.ircctions
to a grcater distance thau those farther arvay.

Tho incrcasc of displacourcnt was not, apparontly, carriecl righb
up to thc fu,ulb-line, ond thc shittiug along this scerns to havc becl
less than thc relativc displaconcnt of points at a libtle distance from
tho fault. The publislicd data clo nob admit of auy clircct comparison,
as Iilo do not posscss a scries of mcasurcmcDts at points situatcd
along or tr"o" io a straight linc at.right-anglcs to ihe run of thc
fault; but thc clisplacemcnts at the fault-linc, as meesulcal by
the offsct of interruptcd fences ancl roads, seem to havc bcen no
greate-r, anil somefimcs lcss, than thoso at a clistauce of a mile or so
away.-

?he diminished displacemcnt at tho fault-line is not difficult to
explain, aud may rcasonably be ascribcd to a frictional drag or
resistauce to movcment aloug this planc. 'l'he iucreasc iu displace-
meot as thc fault is nearcd, ancl until it is actuilly reached, is not
so easy to explain ; but, bcfore dcaling rvith this point, it rvill be 'rvell

to soe how far from thc faultline Dcrmarent clisrlacemonts cau be
recognizecl, and to determinc thc aica which has iufferetl pcrmanent
riistortion in conuerion rvith the earthquakc.

In tho Report it is assumed that the stations Mocho anil Mouut
Diabolo had sufferecl no displacemonts, and that the line joiuing
them could be acceptcd as a base-line of tbe triangulation irr
1906-07, bcing unalterecl in longth or directiou. 'I'hc obsorvations
shorv that there has bcen no apprcciablo chango in the azimuth of
the linejoining thcse trvo stations, aud thc authors ]rave most con-
cluoively shorvn that thc apparent displacemenL of other stations
cannot be explainecl by auy alteration in its lcngth; but they have
not shorvl that there was no charrgc in tho lcngth of tho acceptcil
base-liue, and it is Deccesary to corrsicler rvhether the displacement
of stations, which certainly tooli plrcc iu councxion with this
carthquake, may not have affected tho assumecl unaltered base.

In 1897, after thc great earthquakc in Assam, a part of the
primary triangulation in the clisturbed arca was reobservecl, ancl thc
result, as publishetl by the Great Trigonomebrical Surve5', indicaterl
an apparent enlargemcnt of the area rcsurveyeil. In this case, it
was possiblc to show that t,he line rvhich rvas talicn a6 an unaltcreal

I [The Il,epolt of tbc Statc Darthquake lnrestigation Corunission, receivecl siuco
thia papcr sas rcad, shorys that this was confincd to the iurmediate neigb-
bourhood of tbe fauit-liue. Fig. 15 on p. 64, fig.91 on p. 71, and fig. 38 on
P. l0l aro plrrns ,,1 dislucalcd I'irrccs rvhich slroiv clelrrll' :r th:rg or tlirriinisLed
il isplaccmerit  ruithin lJ0 I 'ect or less of 'rhc dislocrt ion.] '

\rol. 65.] or rnn crlrronNraN natrrrquutn or 1906. 7

base-linc, becausc it reducccl the apparcnt ilisplaccments to a
minimum, had ve ry probabll bcen shorbcncil I ; aud as this shortening
would have tho effect of incrcasins thc scalc of the survo'. anal of
making thc more distant statioris appcar to be farlhcr'iemoved
from each other and from the basc-liriq it becamc evidcnt tirat the
calculatccl ilisplaccmcnts 'werc irr all plobability maclc up of two
elements, (1) the rcal shift duc to thc cat'thrluakc, and (2) au
apparent shif t  duc to an albcrrLt iorr in lcngth of thc base-l inc. I t
vas not, hol'cver, possiblc to determinc thc scparatc anrounts duc
to each of these causcs.

On cxaurining l ;hc chart of t l ispluccmcnts in Cali folr i :r ,  thc samc
featurc is cvidcnt; as thut ' r4rich rvas obscrvcd irr Assarn; t l rat is
to s{ry, thcrc is, in spitc of in'cgulalities ancl crccptions, a gcneral
teudency to tlisplaccmont outwards, or orvat from thc basc-line,rvhich
suggcsts that this had bcen shortcncil. Ilor instancc, l.toint I'ilos, ab
tho southern limit of tlrc :l,rca, has bccn shifted about I6 or l fl lbet to
south-east by east; l iodega l{cad, ncar thc nolthcrn l inr i l , ,  has bccn
shil'tcd about 17 tlecl, to lorth bv rvcst. as the combined rcsult of tho
earth-movcments in I 863 and I U06. r\ largc prrt of thcse apparelt
displacements could bc cxpl:rincd, ol thc supposition that thc base-
liue has becn shorteucd by about ti fcet; but ib is uot suggcstcd that
shortening to this cxtcnt has tahcn placc, for a considera,bion of thc
apparent ilisplacemcnls of othcr s{.ations shows that thc altcration,
if auy, must have becn consiclcrably less than this.

Ior tho 1006 carthquahc the data arc, unforbunatcly, scantl  ncar
the limits of tho arca, ancl thc only real chccli which can bc appiicd
is the displacemcnt of Farallorr lighthousc by 5'8 fcct to north 62o
wcst, or at an angle of about 27o'rvith the gencral ilircction of the
fault-line. A shortening of the assumeil unaltercd base-line would
givo rise to an apparcnt rvcstcrly displaccment of Farallon by aboub
double as much as t,ire shortcuing of the basc-linc: if, l,hen, thc
rvholc of the wcsterly displacemcnt of l,'arallon is apparent, it involvcs
a shortening of the basc-l inc by about 1'3 fcet; and, i f  thc real
clisplacemcnt of Irarallon was parailol to thc fault-linc, it leaves itn
apparcnt rvcstcrly displaccment of 1'8 fcct to bc explainerl by a
contraction of '9 foot in thc length of thc basc-lirrc. Wo niay,
therefore, concludo that any alteration which tooh placc in the
distance between Mocho ancl }Iount Diabolo must havc bc'cn of thc

r Obsesserl by the knowledge that the earlh is losing hcat by radiation into
spacc, and tbc dccluction, Ly no nreans irrerit;ible, tbat it is tlrercforo contrncting,
geologists havo bccrr  loo l ) r 'onc lo legurd:r l l  s t rn ins in t l re crus[  of  t l rc  eartb as
neccssarily coupressionrl. arrr[ to ig'noro thc possibilit] tlrat llrgc arcirs may
possibly be subjcct to terisilc strains. In t.hs casc cf the Assam earl hquakc tbc
h1'pothesis of origin, which secmcd nrost probable to rnc, ahnosL necessitatecl a
shortening of tho line takon by thc rl'rigonornetrical Survc5' as an unalLercd blse ;
but, if Col. llarboo's suggcstion (' Beitliige z. Geophysik' rol. v, 100J, pp. 206-3(t)
be accepted, this rtecessity clisapperrrs, anrl Llrc expirnsion of tlrc aret rcsrrrrcyed
rnay be real. In Cnlilbrriia, thirie secu,s lr 

".".pe 
f.orn thc conclusion that tb-ere

hssbecnalcngtheningof thecoast- l inc;  thcr : idt ) rof theopcningof  l \ {ontcre.1 '
3ay hat increasccl 10 feeb and the length of thc )3ay of Siru l,'rarrcisco by aborrt
tho same arnount, ns tho corubircd rcsult of thc nrovcrnerrl,s connectcd with tiro
earthquakes c,f lE{i8 ald 190G.
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11ture of comprcssion, and coulil not liavc cxccedcd 1 foot at most.
Lnrs measure must be accepted ag a maximum valuo ; and although
we rna)' bc certain that tlic basc_linc was 'ot shordcncd 6t, ,rr"';
thatr a foot or so, it is by no mc&ns ccrtain ihat it rvas altcrctl to
this extc't, a'd ib is evidlut that thc brr.-lo" rva.s eithcr. outsidc,
:1 1?t 

frr from, the castern limit of thc permanerrtly distortcri
arct.r

I'o the rvcst*'ards, iL is im|ossiblc r,o sa1' ho*' far. this e-rtcndcrl
uuoer utc bcd of thc sca; liarallon lighthorrsc, at, .)B nriles from the
l"^r]! y-i: ccrtitinlf irrcludcri., for iirclor.t hcrly displaccmclt ;;;,;l
Dc cxlrtarrcd br.arry shortcnirrg of thc basel i i rc, airt l  I .Lrc luct thrl ,
Ine drspraccrncrrts ncar tho {aurt-r i ,c \rcrc grcater o'  thc.rvcst i l rerr
on lhe cast,-suggcsts i l rat lhc perruanently; l is i ;r tcd area cxtorded
rtrrLber to (:[rc *'est tban to the easl of thc fauli,li'c. Thc rvidth
of the alcr ovor. *'hich displacc,ncrrt of thc grouncl toc,k placo to agrcaber or lcss extenb may be put, roughl1,, as'rrot far from 30 milcs
to.the east and J0 nrilcs io thc rvcst,'or.', t"f"i r'iclth of abo't S0
miles, near the pai.allcl of San Francisco.

$ 3. 1\'c ma)'nov turn to tho ilterprctatiorr ofthc displaccments,
and are mct at tbe r.rutsct b1. thc apparently inc-rplica).,le r,"tu." oi
thc movements ncar thc faululine, -ou"h.ri.'rvhich opf""r. toinvolvc tlrr.sts in opposite dircctio's 

"t 
trlc rarnc tirnc and thc samcpte99. r\n crlrlilnllLion bas bccrr suggcstcd [o ilre by [,rof. ])crrr.-

rvhich accourrts for most of tho l.a"cis. ft o frfo.fl ;}";"ffi;;
material is.subjcctcd to a latcral distort iou o, indicotcaty-i i ro

i lTy 
outsidc tLe.square in f ig.3 (p. 9), i t  rvi l l  expcrien." a"u". i . ,or slresscs and strains rc?re.scrrtctl b1. ilrc arrorvs iniidc the squarc :

l:f T'. Jrarc a right-ha-'.c. .o,,1rlo, inalca.crL by ;i;; ;:;;i;i
unb.ol ieD arro\rs, l-ralarrced l5'  i r  )cf l- l r lnd cour, lo, inr i icart t l  b1. i l rr ;horizonta^l Arrorvs, a1d as thc rcsurtarrt, ur i't"".o two co.pres trrcsystcm of comprcssio.ar and tersire stresscs indicatcar rr1.tr."'rr-r,.ri

"11:*u. , 
Thrso coruprcssional ancl tcnsilo stresses, in combinalion

Xtt,..^"-i.,o "rll.r, lroduce a shcar irr tiro directions trIrlI and Nr\; and,
lr tncro be l\'earilress irr cithor of those dircctio's, a siidirrg fractur.c
nay,arisc, acconrpal iccl by movetncnts on oppositc siclcs i l  thcorrcct,tons of thc uubrol<cn 'r.l-ow.s, rrhilc, clscwirere, if tircrc is ,ot
wcakncss, or thc sllcsscs arc not gr.cat errorrgh t.o causc flactrrr.e_
thcrc rsi l l  l rc a strrr irr  Lut 'o nrovcmcrrt,  , ,r , ,1 !o ir :" h; ; ; ; f l i ; ;
produccd which rcscmblcs thc shif  t i rrg at ' thc san andrcas faurt. :

t,[Thc distributiou of isoseisurirs. as <rcte''iued b.y tlre ca]ifo.nia' r,artrrqr.a}^c I'vestig:rtiorr C'orurrrissi.<rn, shorrs tf,"t ff,ir, .i,aif," ,t.tu"i;;i;;;';i,

i:;.""1i;"J":,ll:I'"li^,liil,'i'I"i1'J,"',1*i,r':,,j;l; 'ii"'1-"J, Tlll;"li i;llf*tH;
ffi :J:: :xti #:ilii,'"? il: "t 

o i stu rbnn ce ii' ttio s'"' l::g'lll^ !l*,,ti;;
of l,'c lloc'o-Ito.,r,t D;*boloclio 

nntl about 20 nriles bo.ontl tlrc corrt.iuuatiorr

.2 
'I'o prerent'risu'derstandirrfl:i! -,ly'c well to state il:at I rrsc t'o rvor.ss t r n l n ,  s l . r ess ,  : r nd  s l r ca r  i n  t l t e i r  p l r l s i ca l  sense .  S ln*lirt ". ir," "rr;,;; ;ii";"-" .n11 figure, co'stiruri'g ,#;ilil:n:iT:i"il{

cule of o solir'l fr,rru-ihat crnditio' rrhich ii, 1, .r"r...',il*, ii.ee {.r.or' ths actiorr

\ ro l .65 . ]  o r . .T r r r )c_ \Lr r ro r tN l , \N  r j . \ r t l . r reu , r l i r io i . .1g06.  ( |

$ r\orv. it must be bornc in m-ind that thc a14rarenil1. complicated
.'"Tin ::'*ffii:i::: lI :i' T't ;; ll''' "' ii' I 

j"^"i
t h c ro. r, b;,;i;;ii. ;i;;, : ;. : li:t i;:il ll'..;i illff 

''jl 
*ilih."j

It ig, i),* D i u, l r u t t t sh o w i., r,.l r ou l i c,r u t t< l sl tcr r t, i t t y sl/.rssls.

,l:l,if,t *i,*rs;, 11 lrui;;i;|j i,;f,1g;i,.;.*
{;JitJn ;L i:ftJ ; ; I i ry l: t*lltl, l, *:,:f *#; lll;,, li
;.'fri{t{ii};ilir;ii;y,:,:::i;trr;;: *;:?l;ii*:;:, ii,::i ,;:,itiii,r,r,it:
;y"*":i:l;iiii #tl:,iii, rirul,; i, ilf i:i ilirl lxilirilll llt*tnfl
ilffijijl :lit;t;I,: t:tf,r.: ;,i:"i,1;;i l;,l u^l;l, ll,lt: iJJi :J;,1.T:ll;
*t*:, ;*: Ux, i* *.i,:,1+-iii$iit:il ;ill:l;ilrl
lxdi :'1i'{ii:[Tlrrtil: Xr j:t] :xti liil' : fi :.i:",1 i i,'l I n ; I I * llt



[ 1 0 ]

Figs. 4 & 5.-Tuo uiews o-f a nuclel, cottstruatcd to illustt"atc tlrc
tli*placenrcnts causetl by tlte Californian eartlrlualce of Ayril 18th,
1900.

Fig. 4.

I'ig. 5.

\rol. 65.1 Trnr cAr,rrrol>,NraN Jjaltrrreulxn orn 1906, 11

f::.l^lrt]lt ,closcly 
bur rvibhour atlhcsion, and capablc of distor_

pi*f "t*r tlx* ;*;::,:',';T'i *',m{ : ii{lffthe position -representecl by ?ig. a tl" iru*o

n,ii?#?*:1r'J"'.T::Ti;1"'il1""f;-*;"i:""1$'fl iT"J;f
saps ab r'csc c<i.'crs 

-b;rl"";,;,i* 
"ii,"1. 1l "as' ril: il,?llo'l lt;otl;

iH: i::xj "lil hr: m ; ::i: L J':: l:,li :* i:l{r ru: t :l'# l lthe block. On cit , l r t : , '  -sir lc oi t i rc rrrr.rrr l .rr i , i i . ,  L,u,, , t  is t  broi lr lcr.

Irl 5 t ll *t: ",'::l?',:fi , :.1 it I i li J:lilx, l;ll U it,l, I lf ll;left aud tho lo*'cr to trrc rigirl. ir i j . ' i  t"pt.rcrrts 'rr: blocri in:il1*,'J,::l'$Ti,:"Tff l:;,k';x;lllt'xkjl**ti#.,f ;in fig. J, no' forms a cont,iurLous t 
"ni 

u..o,r. ilrc biocl<, l.hilc thcrrhite liue in thc rnidclic of it rrus n..o-.J i,rlot oo. 'I'hcrc 
was rrorppreciablc mo'.mcrr{,  o1' thc.utc. orurs,f  

- tr , . ."  
t ,u,, ,1,.s bctr 'ccrr

ih"|iJ]'ffi,,'r"ffir|,i:',|',:"'' 
so that tt'" otg"^ oi: tl'c l'lacli ',';i;r'it"

u'";;,;;;;il;;;;;l'i,lilTl1i".":1"11:'J1ililiil:':jll:HliT";,sl
parison of thc tr'o vic*'s irl.sr.at"r t'rt" 

"r^truiii,r 
.,"hirl, tlrc 

"r,pii;;-t io',of s'earirg strcsscs t, t 'c brock 
"r; 

i i : i l ; i . ..o,r.orr.r:c positiv.displaccmcnts 
i1i oppositc tl i loctiorrs ,, lui,g ;"i i ,,u of ryclkness. Acom-pariso'of t lrc tu'o figu.es slro*'s i luLt, is , ."rsult of trrc artc.rt iorr

!:!.:iT#T,".',1il",i;l:ll;$;l',iti,il,if*;*".*';t jllii*::
${11,.,:i:,.il1t:yd':1il:i{l'_n::::l*4n::::lt-j'lJ*.$;
0,".."",.11'J',1,ff1';;i:.,".IJilli' ,t,X" lllt,,i'i,,,,i1,,'i,iti";;u:t l{Lri'i;esplariatiou rror illustllt

,-$ll::,-+ iI[: *tf : .,,ffi [*:: itr,tfr i *ifr
l:*fl1::r-u.surts I :rnd rinarri. thcj,"t;;;i;;; rrris iir.utr n.as not,,q"fi ,,!i; tiT:"1,.{,1 i,'i-,'"l n"i : :li T :;,1:,f ; :,lj, TJ,:*i::i iJ :l :nbolc ol '  lhc distnrbancc.,

,"jJi'i,'),tlll,:i;ll;:',j,il';i",?.1;;,1;i,:lllll;l;li)i:.r,j,i?f,r,,,,t rrraL *o,ris,,incr

ilq;:,;.,iltixtl,';i,'.,'.;;il:litiyilti j jil[ilit,ri:iTllniT".il;,;{i
illx'[;,ritiii':.11;1;,:;,i;'.!;11'Il*":iiili,il$i:u,i*;lli:xiff, iil'.""11i""i,?*1,",1,'i:?l':liJll:t;f i.:.l,ii:illi':"1,t,:lllJi),1::lf jiT*"ilff:X;
in thc '"e*so t lr . t  t ,c rrr;rsses *rbcterl  ,r .  , ' , , t ,- ." i" . i ' iJ ' i i ," ," or. igi .rr prsit io.li:li,l,,o: filill'ili'l,t;,,lt,]i,ii""l, ,,i,,,1i:llitl i,Jli :lr";r:ti,:ii,",j,.,fft,:
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$ 4. This corrclusion, so much at variancc rvith iclcas- prcvaletrt
at iho plcscnt timo, nccessitates a brief cxaminatiotr of the historl'
,rf our iinorvlcdee of thc conucxion bctvccn frulbs tuil calthqualics'

Tltc earlicst 1-rublishctl ilcscription of tho appcarancc of faulting
at the surface of tlrc carth at thc time of au carthqualic, contcrn-
poraneously rccognizcd as suclt, appeai-s to be iu tho account'

compiled by Sir Charles Lycll from thc narrativcs- of cyc--si6ottt"t,
of tic r\ert'Zealald earthilualic of Jannary 23rd, 1855 ' ; but in

this, anil for some timc subscquclrtly, the frrult-movcmcnt rvas

rcgardeil as a conscqrtcncc, not tlic cause, o1' thc eatthqualic. fit"
naiure of an carthqualic l'as itraccuratcly apprcciated-it might
rrlmost bc sa,id, rv[s- rvholly nrisunt]cl'slood-bcfolo thc publicatiotr
of that remarlinblc scrics-of rcscirrcbcs by rvhich lioberb Mallet

cslablishcd scismology as a scicttcol to him, utr earblrtlualie \vas-a

w&vc or scrics of 'rv|itlcs of clrstic comprcssiou, ltroPagltctl outrvtrcls

fronr.a focns or origitr of smrll sizc r.clitive to tho arca ovcr' 'rvhicJr

the shock rras tclt. A ilistnrbalrcc of this chtracter coultl not

trroducc fissurcs irr solid rocli, btt thc corurcxiol of earbhquirkcs with

i'aults a'd fracturcs \\irs 'ecogllizcd and rcgtrdcil as ihat of cffcct to

causc ; anil rvhcn the flino-Owari carthqualie of October 2E1'h, 1891'

rvas foutrrl bo ltasc becu accourpLLnicd by thc producliolr ab thc

surfacc of a faulb rnorc thau 60 milcs lorrg, rvitir a thl'ou' of

:10 fccb in places, it sccnrcd obYious that hcrc $as a s[{IicicnL ci[rso

{or the rrh-.nor}rrn,, l'hich accourparricrl it. \lorcovcr, t'hc ]ittorv-

lcdgc that rcgions rvhcrc clt'th,lualics alc most frcquent are also

r,.gion, of gtcit atril tcccrtt tcctonic changcs, gave riso to rr' habit of

coinecting"carbhq*alics *.itl-r ure *od.ctiorr of blr,o grci't st'r.cturll

features, irorc espcciillv rvitl t1c grcat {a.lts or flex*rcs rvhicl ctrr

bc rccoguized by^surfacc-obscrvati ins' ' I 'hc l \ssaur eartbqualio of

lEgT rias associatccl 5y 1ft.. La'l'ouchc'rvith thc grcat n.tjrnesli1l11l

f lexuro alortg thc souti icln ct lgc of t l to . \ssam rango ; -andin 1U0(i

tho san lrrancisco earthqualie was irnnrcdia{;cl1' r.r.scril-rcd, i.r1' rnot-o

LhaD one authority,to fr.csjt Drotcment along thc san Arrdrcas J'.'ult."

In thc forner caic, thc prophccv rras ttot borne out by subscqucttb

invcstigation; in thc latfcr tasc, it r.eccivcd an &||irlcnt 1u]filnrcnt,

rvhich loses valuc with a ful lcr co[sir lcrat ioD o1 t]rc lacts l iuo$'D rtt

rcgarcl to this alrd othcl ealthqnakes.

*.a r,," trr" *"-,0. 
-tt*",n^ 

rt". u"." i J"', . ;it. ;;;t;l'-t t-tt ;
siJernti 'u, I uhuit i lro inc^orrverricnc'0 rvlriclt tnigllt ariso l 'roln an tttetlpt to

t ;u i t  t le  t i rea ' ing  o f  t1e  rvor . r l  car tSqr rakc ,  w l r i c l r - . I  r rse  iu  i t s , r t l i na t ' y  sc t tsc

o,id tnt a io irclLiie sll thc ' lrcnonre'rr-coucer.ctl. 
'1' ltere sec'rs to be, lt<lrvevcr,

*  
" " " f  

, i .oO lb r  s l ' cc i r l  t c t l r l s  lo  bc  r tsc t l  rv l t c t t  i l "  i s  necuss l t ' y  to  r l i s t ingr r i s l r

be tsccr t  l l resc  Lr ro  lb rurs  o f  t ' r r t l rq r r r t l i c - t l i s l t r t ' b rL r rce :  fo r  t l l o  t r lo l t r l '  ( t tBp l rco-

11 isn1s  I  1v l 'e l rosc  to  r r t lap t  l l r t ' l c r l r 'po1 t r j lo r .  I  l te i t r t ' o t  t l i sp la r ' t "  r r l r i c l r '  l ' e . ing

on lv  use t i  fo r  (h^  t l i . l , l r i , ' rnc r tL  o f  l rcavr '  \ c ig l r l s -o r ' r r r i rsscs '  a l ) l )e i t l  s  i tP l ) ro l ) t r i , t t c

i t r  th is  cor rncr io t r ,  , r r r i l  f .o r "  i l ,  r r t '  o l r t i r i t t  t r r  o  c  l t  I  t '  r r  s  i  s  l i r r  t l )o  l csu l t .  l r r ( l '  l css

I t q i l i D r a t c l V b u t , c o r v , ' n i e u t l v .  I r u c l r l e n s r i s r i l  f r r r  L l t c t l i s t u r h r r t t c c  l r y  r r l r i c l r  i t

i r " , , i "a "a . i i . - -S i tu i t " r fv ,  fo r  l l r c  v ib ra to r '  lno 'c r rc I I t  I  s r rgAes l  o rc l rcs is  a l t t l

, ) r ; l r cse is ) r l ,  f to r r r  t l r -o  vc rb  r ip rdopar ,  I  t l i r t r r 'o  o r . t rcub le '  I
I lJull Soc. ccot. t."^n"c,"ri;j ' i;! ';i: .ii i (rsro) p. 601, anri 'I?r'i.ciples'

10lh er l .  vol .  i i  i  l865) Clrap.  xrr i i i .
! 'Nature ,' vol. lri (1Ef)71 p. '1'14.
3 '?opular Scicnce lloltlriy' -\ugtrst 1000, p. l0{'

Yol. 65.1 ot Trru c.\r, trronr-t-\N r,) ir l tTl lQu-rr iu ol '  1.906, 13

The grorvth of our ltuowlcilEc of carfhqurlics is making it
continuously ntore and molc cvidcnt thal,, rvhcthcr grcat or small,
tbcr bave iittlc or uo connexiorr rvit,h thc furlts l'liich rcach thc
surface of t.)rc carth. f,eaving ont of accourrt mirror carbhqualics, thc
origin of rvhich can seldom bc cictcrmincd .rvith snfficicnt alcu.racr to
counect thom, cvcu. !J posit iorr,  rvi th-thouqh t lrcl .  cnrr f i .cquoirt . ly
be shown to bc indcpelclcnt; of-an1. lirrornr stilface-faulCs, and
cousidering only gleab calthtlrrakos. n'c ]rirve 0ol. I{arboo's dcmon-
stration thlt the origin of thc l\Iino-Orvar.i earthrprlie rvas pr.c.,babh.
mucb morc cstensivc anri  conrpl icatcd lhan the f iul t  to rrhich i t  i i
commonll- asclibcd, and thc ccrtairrtS- tha[ thc .rlssam carflrqualio
sas neither solcly nor rnuinly t lrc i .csulL ol r lol .uurcnt alolg t , l rc
great structulal flcxurc whicii scparatcs thc clcvatcd *.ru o"f th.
-lssam llills frorn thc tlcplcsscti 

-arca 
of lLc IJlnrk \rtllcr'. Tho

Ffq* earthqurkc of 1905 \\.ir.s ur)cccouUraniccl by any surfacc-
faulting, or consl.ricuous chaugos c'f sur.Ilcc-lovel,- no1.- tloes its
origin seeru to havc bcctr drro to morcmcrrt along thc glcat bounclan--
fault  of thc I l imrlayas. I 'hc C:r l i t i rr .rr iarr c;rr. t l r t luai ic o1 lSUS rvls
unacco_mprnied b1- an1' surfacc-liuultirrg, orrd, so far rs can bc judged
from the disp).accnerrts o1'trigorrornclricll statious, rlas thc rcsuli of
a set of strains vcry di i fcrcut I ' rour that of ICOl;,  ard this againwas
eridontly far frorn bcirrg loct l izcrl  in i t .s origirr to t lrc disr,hccrucnt,s
along thc Sarr , \udlcrts t irrr l l .  ' f l rr .  

loc;r l  ccri t  r ' , - l  of sr,, l l l .  i ' iolcucc at
Santa I losl points to nrovomcni l lolg uu i ldclrcr idtnb f lar;trrre or
fault, a-nd-the same ln&y bc soid of thc cartlupuilic at Crrpe tr[cndo-
cino, rshich can orrll- bc attributr:d to a sublrarirrc cxtensliol of thc
San Andrtas faulb b1' posbulatirrg lu iltpobul_rl.l chorrgo irr ilrc
direction of tlre coursc ot' thlt fault.

Iiot only are thr: irlcgular.itios irr distributior, both of tho violcncc
of the ehock arrd of tho pcrmirncrrb displrr.ccurcnls, irrcxpl ior,blc i f
the origin of thc carthrluitlte is assuructl trr havc bccrr localizcd to :r
T'dg fi*sure ; but tho.y trc also clifticult, if lot irnpossibic, to account
for if wo supposc thc cartlfs cr.ust to huvo Lccu inrolvccl as a unitv
fo the strains trhich caused thc cnrthqualic. ?his ditliculty t"ri.
\ql.y disrppcu's if l'c adopt thc rrot 

-irnprobtblc 
h1'pothcsis thab

ttc onter 3u miics or so of roclis (l.hicli \\'c rrlc i,i i,hc habit ,rt
dc{uating the cr u s t  of thc ealth) irr  clLrt les irrr outcr. skin of 1f6iy-
pobobly yen- feu'-miles in tlticllrcss of rnor.e discontinuous aucl
.frrdured rock.
"1' Itis nob to bc sulrposed that thcre is a lrarcl and ftr.st boundrrr.
betseeo tbe rocks consti tut irrs rvhat I  l ravc cal led the outcr skir i .
gd th* lbrruins thc grcatr.r '  l rr l i .  of t l rc t l r icl incss of thc crusl.
To some extent thclc nmst bc rr.- difi'elcncc of comDositiou. f<_rr ilro
former consists largely of cl tst ic rocl is, cornposcd of t l ru products of
rea lher ing  ln r l  dc r r r r t l l r l i o r r ,  n  l r i l t ,  t l r c  la tL t ' r l  i s  mr r i r r l t -  cor r r l rus t , r l  o l '
sat ier which has nob bcerr cxposcd to thc uci. ion of rLi i  rrrcl iva,tet at
the surfacc of thc clr.th. A nror.e nratclial difiorcncc, hol,er-cr, is to
be lookctl for in the facb that thc surfircl,-l'6s,lis, br:irrg e_xirr,rscd to ir
msllerpressllrc. still l)l.csof\-c i. tho rulirr thrr cha.rctct'istics tjrat *-c
attachtosol idit .v;_ t 'hi lc at a grcatcr r lcpth the irrcLclsc of pr.cssnr.r,
ctus*t msttr'r, l-iric.h nrusb slili bc clllcd solid, fo tirl.;.c orr thc
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powor of chauging its form wirhout breach of continuity, rvhich rvc
spcak of as llol'and rcgarcl as thc mosb conspicuous charactcristic
of a fluid.

It is to thc outer sliin thab we must looli for tho oligiu of t'he
grcater part of thc dislurbanccs rvlrich wc cail cat'thquakcs, antl
usually to a sudderr f ielclirrg, ordinarily of the nal,urc of frtrcturc, to
straius sct up iu it, lrobably all local earthqualies originatc in
the outer sliirr; lhe strains rDa)' o\rc thcir origin to slo'rv movcmcnls
of thc undellyiug crust, but bhe tbtupt f ielcl irrg and sudd.crr
<lisplacements do nob dcscencl into it, artcl such carthquakcs, though
occasiorrally of grcat violcncc ueai thcit' origitr, tlro cltalactcrizcrl
b1' t l roi l  local izut iorr l t td Produco rto ir t t l rrcssion ott t l tc tuosb t lol icalc
instlumcrrts ut sruall tlistutrces outsidc thc seismic arca.

Irr thc casc of great ca,rtLqua'lics, lilic tho Caiilblnian ono of
1900, t ,hc surftce-disturbatrcc is sbi l l  thc irumcdiate rcsult  ol
flacbure aud yiolding of the outel sliirt, but tltcsc at'c thc rcsult arrtl
accompanimctrt of an abrupt yicltlirrg of tho unticllf ing crrrst. It
is difiicult to belicve that this yiclclirg catr l-rc prccisciy sirnilar to
thc lractures rvhich ruty bc atrrl arc prorluccd in thc surfacc-roclis;
but it is probably nnalogons itr thc scuse t}at thc ultiurato rcsul.t
is tho samc, and that thcrc is it sttdtlcn yiclciirrg and tlisplacomcnt
of adjoirriug rnasscs of mattcr relaLivc to cach other. On this
h1'lrothcsis s'c hlvc, in grcat eartltqualics, trvo closcly conncctcd aud
vii airtinci clistulbancc".s : tberc is lirst thc dislocaLion of thc outer
ikin, rvhich gives riso to the surfbce-shocli, anii sccondly thc ilcep-
scatcd displaccmcnt, or bathysoism, rvLich givcs r isc to thtr
rvavc-motion, rvhich, propagatcd to grcat distances, imprcsscs ibself
on suitablc instrumcnts all over thc l-orld ancl cortstitutes thc
tel cscistn, or rvorld-shal i ing carthqualic.

It is irossiblc that tho dorvnrvaril continuatiou of the San Andreas
fault ma1'pass dccp into or even righi; through thc crust of thc
earth, and have givclr risc to thc delicicncy in porver of t'csistanco
rvhich rcsultcil iu a suilclcn yiclding rtrrder stlairr anil so ploiluccd
thc Caiifornian cartlrtprnlic of 190[i. bub tlris is by no means
necessilrl. 'I'ho tlistribution and variaLiotr itr atnoutrt and dircc-
tion of thc surface-displaccmclts suggesL tltab tlrc yiclding of
tbc iuncr crust lbllol.cd moro or lcss closcly thc run of thc coasL
liuc, and that ihc strains iu the ontct sl'in wcl'c, consetlrtcntly,
grcctcr along this zone tirau clscvherc I but theltl is uo nccessity,
either in this zonc or farthcr arvay, for an cxact coinciilcucc botwcon
thc surfacc-clisplacclrcnts (u'hich must have bcon ilrfluettced, to a
largc cxtcut, in dircction aurf atnounb liy local irregularities in thc
porvcr of lcsistancc of the superficial roclis) and the movemcnbs which
afected tho crust as a rvholo.l

I [In thc rlcscription of thc surface-clisplacctnetrts, containctl in tLc Iieporb of
the State Dartlrqnikc Iuvestigation Colnrirission, it is shorvn thrtt rvlterc tie out-
crop of the Sln-.Andleas fmrlt is covered by alluvium, it frequcntly nranifests
i tseif '  ls a series of I 'racturcs trrangcil in 6cbelon ancl caclt individually rutrning
ob l ique lv  to  tLc  gcr re ra l  t l i recL ion  o t  lhe  I r r r in  l i ru l t .  r \ ccord ing  lo  t l rc  r i c r i
deue'lop.i, l irr tLc"prrpcr, tLc t 'clatiorr of lhe tl isplaccrnonts itt tho batb;rscisrn to
t l rc  Sa 'n  And lea* i ' i r l t  i "  ve ly  s i t r t i l i r t '  1o  t l r r r t  o f  thc  d isp laccrne t r ts  i long  t l rc
Ilult to tLe oblirlrrcly t l ispuscd sul'f i tce-l rrtcLttt ' t 's. l
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'l-hc sarr ll'rancisco c.rtlrrluako of 190(i is bci'g surrjcctecl to a'

i tvestig.t iorr luu.c coruplctr i  and cxhaustivc tLari  r i '1 grcut ca.th-
qurt ie has yct rcccivcd; tho rcporb, r 'hctr complctcd, rvi l l  bc a
documcnt 

.of thr: grcatcst inportaucc. arrd, urrtil it lays oU tlr"
S.r1tt: . ,  

u"to.9 y:,  arr;- -attcrnlrt  t  o fol lorv u1r l l rr :  subjcct would
D.c lul. l le: 1'ct tbrs rurrclr is ct. idcrrt ,  that thc grcat Iaul l  ryas lrot
the solc, r)or cyclr thc lrrirrcipul, causo of thc ca"rthq'alic, antl that
thc'rorernc't  alorrg ir  'u.as rnc.or; '  a' i rrcidc't  i^ t l rc { i ' r i l  .uptur.,
consequcnt. orr thc gro*th of a rvidcsP'cacl strai ' ,  distdbutcd ovei.
ar) arca of thc carth's cru# com|arablc iu rnagl i tur lc rvi th, ancl
possibly cqurl l ing or cxccrrding ir i  sizc, t l rc sc, i , i rrr ic :u.crr.  

' l f l r is

stralrr *as of thc rr. t ;rrr.o. i- i r , .slrclrr. ,  s-rrolr as rrr iglrt ,  l rr :  Irod'cct l  by a
shifti'g ruo.rc or.lcss lu.allcl rvit.h t,ho coartJiuc, .u,itl comprcssio'
tn a dircct io'  abo.t rr.r ' t , l r  arrd s.nt,rr a'd cxtcrsiorr i '  a dircct i .n
rbortt  cast a'd rvcst. I I ,rr- i t  * 'us Prrt luccrl  c.rr 'ot,  bo cstab]islrci l ,
aud morc tharr.ouc hl. lrol lcsis is tol:rblo I  but, hos,eve. p.o, loa"J,
otr_c thlng ls cloln', tlr:Lt the roLccs corrccLrrcd rnusl; havc bccn vcr'1,
difl'erent fror. thoso rvlrioh led Lo thc lbrr'iLtio. of thc surr -{nclrca"s
f:rult .  Tlrc carLlrq.al; .c, t l r t ' r t ' I i r*r,  r ' i*rr. t ,  l ro rcgirr.dctr as arr irrci t lc.t
ru t lre Sl 'owlh of t l rc l i r ,ul l ; ,  lor t l ro f 'ault  ts t i rc causc of the
earthqualic.

-{.r'r'rrx urr.
Lrsr op l)rsrl.lclrrn"-rs tssttrit:rtctl u.i/L 1fu (,lrti.l'orniun. tutt/tqnul;cs q/ 1S0g

aarl 1906, os dcttt.ninul it4 lhc II.,\. Cortsl ,1. (inlclit, L\lrr(! ar It)00 07.
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Drscussrox.

trIr. J. H. Cor,r,ixs said. that he l'as intcrcstcil to hcar the
Author's statcmcut that thclc hurl becu consiilcrable lateral dis.
ploccmcnt on either sidc of thc SrLn Arrdrcas l'ault. 'lhc facb tha.L

Yol. 65.] ot, '  Trru c.\Lrr.ouNr.\\  r trrrrrror,,rr ir i  oL, 1g0(j. 1 ;

ihe grcut ^rajoriiy of lorlc-displaosll1911is-iu corrrrvuil for i'sta'cc-
could bo accountcd lbr br a sirn| lc,dcsccnt of thc hanEing wall '
had lcd rnatry studerrts_of I 'a. l t- I ihcnorltcna i '  recc't  y"arr ' .o-c_
rvhat to undc.ratc t lrr :  i rupo.tarrco of l l re small  minor. i i ,y of cascs
whe.c latcral a.cl c 'e'  r 'otat io'ul urovcrncrrts rvcrc lostulatcri .'l'his obscrveil l'act irr (.laiiforni. rvrs .scful irr restori'g to so're
eritent tho old ancl bt'cxrdcr. idea of faulb-rnovcmcnt,.

Dr. J. W. l lv.,rNs I, l r .rrglr l ;  l l t l t ,  :r l l , l r ' rglr i , l r .  Jrcrrrrrr.rrcrrt  dcfor.r ' rr_
t ion ,  to  rvh ic l r  1 , l rc  Ar r t , l ro r .  g rLvc  I , l r c  .o luo  l roch lcus is .  a r rd  thc
fault ing were 1lo do.l l t  d'c ro i l  comrnorr ca.sc rvhich 'cmaincd to
be dete.r. i .cd, r.ct t , l rc ' i 'b.^t; .r t-  rrr.r ,cru.rrt  or. orchcsis (as thc
Autbor tc.rncd i t)  urust lrc rhc t l i l .ct,  t .csrr l l  of i l rc s'drlr :n urrnu u"
fractule of tho strata in f irnlt i rrs.

- l l l .  t ,  l ) .rnlorv, rcl i .rr . i rrg to thc lutcral r l isplaccnrcrrt  along a
dcfinitc l i rrc, d..rv t l , tcrrt iorr to t lro l iLct thaL, i tr  t 'an1, of thc tcid_
reins of r\orth-1\'cst l'orltshirc, thc sirlcs of thc vcius *,crc ofton
flutcd rrrt l  '  s l icl icnci l '  i rr  .  Lorizo'tal r . . t l rcr {rra. irr  a vcrt ical t l i r .cc-
t iou' ' l l rc 1i 'cqricnt occrf l 'c 'co of ca'thrlu. l ics *, i thirr or on tho
margirr o1' :Lrcas of volclrnic ;rct ivi t l - .st, ,nre, i  to t lrc sPoaltcr to suggcst,
somc corrrrcxion of thcsc trcnrors rvith igncous int iusiorrs.

Dr. Srtt ,rrt ,r Is sl i t l  thtt  l rc. i ,r j1;6,11 in thc t l iscussion on t lr is di l l iculb
subjcct l i th dif l idcncc, Lrrt  th.t  l ro lrrd bccn i ' tclcstcd irr hcarirre
a papct '  in rvhich shocl is s.cr.o lot ussumcd to Irar.c originatcl
necessal i ly iu fault-ruor-cnlorr.s. I Io corrsidcr.cr i  th.t  tb;rL thcor.y
had- bccn-p.usscd. too lr lr . t l ; -ct ' r l ,ai tr l l . i rr  sorrrc cascs l ,hc rvro'g
fault  hirr l  bccrr crcditcd rvith t lrc r, l l ' rct,  rvhi ic irr  othcr cascs faul6
which had no c-r isto'cc lrad bccrr i ,vcrrt ;cd for thc occasiorr.  Iro.c-
orer' uo account hacl bc,:' talicl of thc fact ilrat flrults belo'gccl to
trvo *-l-rolly dill'c'cnt cl*sscs.. -r\orrnal sli|-f,ults, rvrrich frcqrieutl;-
occurrcd in puirs irs 1r.o'glr-frr. l ts, r .es' l ted in arr cxl,arr. ion o't
the tract t)r. t  they t,ravelscd, cach fault  roprcscrrt ing a'Lol izori tal
gain p'oportionato to its har-le a'd th.o*.. 

-Upr-ar:dJof 
a ruilc hail

beerr gai.cd irr cc.tain 'cgions, *-hcre complctc lt'orvlcclgc of the
charactcr. of thc ftmlts lratl rcndclcd rncasirlcrucnl- possiile. Iui
ia other rcgio's ovcrt,hlust l i rults prcvai lcd, i trr t l  l rar l  rcsnltocl in
horizo't i t l  corrt 'acl, iorr.  No dist irr i t , io '  h;rtr  bccrr rnirdc Jrctrvcc,
thcse di l lo.cnL classcs. nor' ]rrrd lury rr)rsot bcc' assig,crr rvhy ouc
onl.\',.out oi a serics of closcll' rclatcd luults, shoulcl s.tltlcnlv display
actiritl'.- rt lacl becomc cust.mary to call in a'v fract'ic rviricir
happcnecl to bc convcnicntly si tuattd, *.h^tevcr. i is cha.actcr a,.cl
rrhatevcr its agg, to do tlubr- ls thc . origirurting flult.' nforeovcr,,
thc t.acirrg o1 l ,he isoscisrrr ic l incs ., 'ar ibunddir on esiclc'ce *,hicl i
was- not rvhoill' corrvirrcing. lIe *,ck:onrcd, ilrcrcfor.r:, thc alt;crnati'c
erpla'at iorr -of t l rc displ irccnrcnts obsclvable afbcr shocks, rvhich
had bccn so lucidl l-  advurrecd b1. t l rc Author..
. Prof. \\',rrrs quotcC {hc coiniidcuce of thc leicestcr lault rvith
the anticl inal fault  of ch.nrrrood lrorcst. Dr..  Daviso' infcrrci l  t ,hat
the hadc of tL.is fu.lt must havc shift,c<l fi.om onc siclc to thc oilrcr
aloug thc cou.sc of t l rc fault .  of thc char'rvood-rrortsb faults, t l rc
onl'r' o'c of rvhich thc hade rvould bc lilit,ly to shift .rrons its c,ll.r.

Q. J. G. S. No. 257. , l
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rvouklbe thc auticlinal farrlb, and not auy of thc sevclrrl ovcrbhrusts
rvbich run parallcl to it, and this rvas thc onc l'hich secmed to
corlespondrvith thc focal lilc o{ the Lciccster carthqualic.

Prof. Colu aslictl rvhcther thc rluthor'rvts ltreliarcd to locatc tho
origin of largo calthquakcs at a lar gt'catcr dcpbh irr tirc cmsL than
]Ialiet would bavc proposeri. It scolned possiblc thatrvhatrvcre callctl
l ines of wcal incss in thc carth's crust-,  r t lotrg l 'hicl t  movcutctt ts
of the surfaco mighb talic pllcc, r'oplescnlcd lincs of rvcalincss in thosc
irrucccssiblc rogiotts thut Dr. ,ltrplbrcr h:td cl,llctl thc u tr t o l g t tt tt tl.
Our surl'acc-movemenLs migLt thus, ls Arnpiclcr had urged, hlvc
no rclatiorr to l,hc characbcls or disposition of tLc tocli-tnasscs
visiblc to us, brtb ntighl,, ulrhappill' fol gcological lcirsouiltg, dopcutl
on bhosc of nrolc acl,ivc urasscs crrtircll' bcyolrd onr rcuch.

\Ir. J. 1,'. N. GnnuN said that it had bc,en shorvn that thc sug-
gesbed distr ibul iorr of st lcsscs Nas cornl)ctcnb to produco a displacc-
molb aloug thc linc of fault. Such a displaccncnt must ncccssurily
ploduce viblation, s'hich accourrbcd irr all)' cilsc for at lcasb parb
of the calthqualic, rvhich plrt uight be said to bc causcd by thc
fault. I{e enriuired *'hcbhcr tltcre l.as l,ny evitlcnce that rL purt of
thc elrtlrtrtrrkc rcmained rvhich coultl not thus bc a.ccountcd 1or.

The 1tev. ll, 0. Slrcrtt aslicd tlrc :\ul,hor rvhcthcl he had arrivcd
at any conclusion l.ith rcgard to thc origin of the forces that pro-
duccd a scrics of couplcs actiug horizontally il tltc carth's crusb
aud producirg appalcntly a ' f law' rat l tcr than a iault .

l I .  M.:\ tr ,otrcu, rofon' irrg to a sbi ly rvhich ho hatl  matlc iu
Crlifornia trvo yotrs befolc the eartlttlualic ol 1C00, said that,
although hc rvas unablc to invcstigabe thc naturc of thc ruitcr-
glund, hc had ncvcrbhelcss bccu imltrcsscd by sourc structural
features rvhich tallicrl vcry t ell lvith thc Author's ingelious cx-
nlannl iou of rccclb cvcuts. -A,ircady ab that t imo tho San,\nrlrcas
i'urlt, olnng rvhich consitlclablc dispiaocrncrtt rvls to talio lilacc brvcr

1'ears latcr, guto risc to unusurl fbuturcs in thc topoglaphy. Along
tbeb' cartht luc.ke-cnrcl ir '  cutt i l lg thc coastal rangcs obl i t lucly, there
\ycre series of low passcs, of clongatcd basins, some of rvhich had
rcvclscd slopcs or cvcll no oullcbs. 'l'hc rccerrb scism had throrvtt
lighb ol the goncsis of all tircse unslstcmatic topographiual
lbai;nrcs, rvhich night bc occountcd for by a trurrcation arrd a labcral
displacomcnt of thc drainagc-system.

'l'he second poiut that irnprcsscd thc spcalier r.as the cvidcuco
u{Iorrled by pblsioglaphy of the reccrt and possibil' prcserrt folna-
t ion of newer lblds o{f thc corst of Cali tomia. The cit l '  of los
Angcles $,as as much exposed to calthrluakes as San I,'rancisr:o.
On a line ruuning souLh-s<tutir-rvcst of los Angolcs rvas thc locliv
nromontory of Sin Pcdlo. formerlY urr island ttrd norv conncctcd
ivith thc nairr'larrd try a successi<-rn of elevatetl bcachcs. ?hc islarrrl
of Santa Catalina, 25 milcs olf San ledro, rvas & natrucly dissocicd
sicrra, thc suumit of rvlrich alono stoocl abovc thc tvatcrs of tho
?ncific ; subrnolged vallcys ancl shortrios prcsupposed a rccent sub-
sidcnce. Soruo 30 milcs to thc south-south rvest lay anothcr islarrd
(San Clomontc), crhibiting a bcrraceil profilc rvith raisccl beachcs,

Yol.  65.1 clr,l.ror.Nt.'rN n,utlleu.{rirr ol 1'J0[i. 10

It scemccl plobable t lrnb Sln Pcdlo colrospondccl to rn anticl inul
ssis in courso of '  f<-r lmatiou, Sunta Catal ina to i l  s;rrcl irrc, arrd
Slu Clcrnelto to rrrrol,hcl arr.bicl irru, l  l i r lgo.

h'csstrrcs glcat ctrough to pr.r lucu t lrcsc l i , I t l ings rnusb a,cl ab
right-angles to thc oricrrtaLion ol thcse isl l .r ,rrcls, that rvus, norLh-
nof[h-ci lstwal 'ds. \ \r l rorr st,r 'csses i l r :1, ing irr thirt  di lcct iorr cl)colur-
tclcd obl i t luol l '  t l ro gloat i i r ,ulL ranging 1r 'orn l 'oirrt  l !rcna to thc
l[oharc l)cscrt,  l ;hc-\:  nt l :rrr l l ly rrrrrst;  l r lvc l l  tcnrL:rrcy to bo lcl icvcd
bl an hol iz.orrLi i l  r l ispl lr :crucuL of Lhc pro.r irrruto I ip in a direct ir-,rr
as'try lrom thc acutc rrnslc of i trcir lcu.cc lblrucrl  b) ' thc dirccbion ol
tho st lcssr:s trxl  thc s(,r ' i l io ol '  t , l ro l :r ,rr l1;,  i rr  l l ro rvl f  i l l rrstrr i t ;ct l  by
thc Iul,hor's t l i lgtuls iLrul c.xpcl i l lcrr ls.

Itr'. L. II. Cootr; saitl thab -\[r. Oollins's suggcsbion, os to thc
possibi l ibl '  of ' lu:avcs' l i i r l inq bccn fornrod by a r.clabivo t l isplu,cc-
mcut of tho trvo l ' i r l ls alorrg bhoir st l i l icr,  dcsolvcd spccial attcntiol
irr  thc cascs rvhcrc thc rv:r l ls u,crc sl ic) icusiclod, l luborl,  and str iatcd
holizontal l l ' ,  as rvlrs ruosb usurl i rr  t i ro lctr l-  autl  ziuc-ruinos irr thc
l louutain l imcstouc of l , ' l iut,shi lc rLnd l)olb1'shirc accolding to his
(bltc spr:tLI icr 's) obsorvrLt iorrs, In thcso t l isbricLs, thc vcin-i issuros
)rarl  Inostly srnal l  ' thlorvs, '  rurd irr soruo irrstarrccs rnight possibl,v
Lc melcly culur.gerl  i , . , i rr ts iu rvhich tLo sidcs and l i l l ing had bcorr
'sl icl icrrsidcd bv .-cDcrr{cd to-tnd-1'ro ruovcrnor.r{,s-a vicrv rvl i ic}r
sceurcd itr co,',.onuuc, rvil;h t.iutL lrLrl bocn rr.r'ittcn by Sir. -\rcliibultl
Gci l t ic. ' f i rc cornurorr t l l rg:rt iurr t ,hrrt  thc l lut irrgs rrrr l  sbrir-rt ions of
sl icl icusidcs int l ic ir tr :r l  t l rc dirccLiorr of cl islocation l l rr l  not, so 1'al
.as hc l l rcrv, bccrr plovod: i t  sccruetl  a sulvir. l l  of bhc rcgreLtablo
practico of coir l idctrtLl '  put,Lirrg l i rrrviLrd plu,usiblo assrrrnptions as
plovcd lacts. Sirrcc, hou'evr-,t ' ,  tho prociso t,r igorrornctl icr l  survcy
iu Crrl i forni l  harl  t lotuorrst l i r l t ,r l  rrrovonrcrrb ol disloci lbiorr alorrg t lro
.sl l i l ic o1'tho l issulc, i t  ivas vor'-r,dcsi l lblo bo s,:r:u[ irr izc i [rcs,
Ir l intsl i i lc arrd Dclb; 'shi lo vcius ruolc closcly in this lcspect.

' \ t l ,cnt, iou lrad br:crr plcviousl l '  cul lccl to appalcnb st l iko-dislo,
'cl t ions in highlv disturl ,red ror: l is (: ls, 1br c.r.amplc, irr  Lhc Luyisitu
(ineiss), bub in such disl l icbs sorno :r l tclnlbivr- l  cxpianrrbiou rvi ls
netrly rlit'rr,ys possiblc, and gcologists tvould rloubtlcss bo gratcf'ul
to tho t l igonornctr ical survc)r)rs of Cali lblrr ia l ior 'plcscnl ing t lrcrn
'nith incoutror-crt iblc rI 'oof of suclr rnor-crrncnts.

' l 'hc centuly-old J. C. L. Nchruidt rulo, rvbich poslulu.tcr l  a clcscerrt
.of lho l i lnging rval l ,  alrpl iod, s'r  f i r f  us hc hrt l  bccrr al l ic bo tesb i t , ,
on the l ines f irst i rrcl ir :r t ;cd bv Lj lrr ist i :r ,rr Zirrrrnolurarrn, to tho glcat
bul l i  of hoavos in othor disbrici ;s rvi th rvl t ich hc,l , i ls acqulintcd.

The Pnnsrlrrx:r: romallicd irhrrt tho ,lLrthol tully lrhuittr:d thtLt
Iocul ealthrlual ics might arisc fronr tr:otorr ic dislocations, anrl  his
'crttchisiotrs r-rnlr,  aPlr l icr l  1,o gLoal, ryotl i l -slr tr . l i in( soisurs. Jlut, ,  r . lvurr
i f  i t  rvelo lbuud irrrpossiblc to t laoo thc Salr I , ' r 'urrcisco cl l t l r t luir l io
to a palbicLrhr linc of f'L'a,cburc, it b1' uo moarrs ftrllou'erl that tho
causo \yAS nob to bc fourrr l  in ir  srrt ldcn Lolcrrsc frorn I strtc ofstraiu.
Thc systcrn o.f folcc,s appl ied to bhc rnatcl iu. l  usccl irr  thc moLrlr l
rrould givo r- isc to a f i 'acbLrrc incl irrerl  ab -15" bo birc di lcrrbion of tho
sl i t  which rcprcscltcd thc San l i ' runcisco f i 'aetulo. ' I 'ho suir iccl
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lv&s ouc of cxtrcmc <1iflicult1' ; but the paper, if it did not affortl a
solution, hacl at lcast thc mcrit of raisirrg the quesbion.

Thc Auruon, in rcply, said that he rvas unable to form anv col-
clusion as to tlic manlct' in rvhich the stlesses l'cre produccd, or
as to their cxirct laturc. As rcgard.etl tltc connexion of faults 'rvith

carthqualies, it t'as uudcuiablo that thcy often dctcrrnirrcil a loca.l
incrcaso of violcrrcc of shocli, antl to this cxtcnt coulcl lro lcgir.rdctl
as thc cause of oartlrrlualics ; but thc conclrrsiotr to l'hich ho had Lrccrt
driveu rvas, thab although thc prcscnce of plc-existert fractrtrcs
might dot,clmirrc tirc localizatiorr and ilistributiorr of thc violcncc oI
thc shock, +"hc disburLrancc rvas rcally itrdcpcnilcrrb of thcm, autl that;
'thc posit,ion of carthqualic-origirrs antl thc lorccs to wl-rich thcy
'were duc l'erc iudcrcrrdcnb of the lcaclins structural fcaturcs of
the districb ancl of thc {orces and tooo.nr",it, Lt' rvhich thcsc wcre
proilucecl.
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2. Oit the lrossrl lr,.u,rrs o.f tlrc \Y.rr,u r.;nsrr.rr,.n airtl Ilruilvrr,r,rr Slnr us
of lla lilxl Co,rr,t r rrr,l. J31. Jt. d. Nrtl-r.:r,r, ,!r',nrrn, II.;1.,
I .L.S., Ir .G.S., 'J ir iui ty Cr-r l lcgc, O'arrrbl i t lgc ;  Unir-crsity
Dcuronstr ' :rLol irr  l i r l l robotunt ' .  (  l iutd \or-crnbr:r Jth, 190,3.)
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IlI. llho llorizol ijt
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I .  I l r r , " o t r l o l r o r .

f i  .{" thc plcscut t i rne, irnpol larrt  scl ies of coal-scams havo becn
:'i prorcd by mcaus of borings iu threc looalitics irr Sonth-Ilastcrrr l(eut.

-l,s apparcrrtly lhc lithological scrlrcucc, including the coal-sca,ms,
is quitc distinct in cach casc, \\'c rnrr]', as a tcmporary cxpcdieut
until the structurc of this concealcil coalficld can bcr demonstr.atr:d,
ilistinguish them as thc l)over, \Yalderslale, aud -1,'reclville Scries.- 

The Dolel iJcrics rvas thc fir'.st, discovclccl. Irr 1580, a bor.irrg
tras madc at thc sitc of thc proposcrl Channci 'l'urrncl on thc {blc-
shorc at Shaliespcrn'c Cliff, rathel nrolo tharr a milc 1,o tho rr.est of

i the Aduriralty lricr a.t Dor.cr'. Thc Coal-][easurcs \yclc r.cachccl in
. lE90, at a dcpth of l 100 fcr:t, and tlrc boring subsetlucntly pcuctlatcd

to a dePth of about 2270 fcct, passing throuslr t l r i r l .ccn scaurs of coal,
rar;iug fronr 1 to -1 lbet iu thiclirrcss. 'lho.l)ovcr Sclics is csscrrtially
a thin-corl sclics, aucl sandstotc-bccls irro comparativcly nurncrous.
For inany 1'cals past attcmpts brvc bccn mailc to sirrli shafts, aucl
to rrorli thc coals, on ol lcar 1.lur sitc of thc origina.l bolirrgs, by
the lienb Collicrics, Lirnited, but hitircrl;o l.ith srnall succcss owing
to difticulties in oorrnexiorr rvith tlrc inflorvine l'irtcr delivcd frorn
thc f lesozoic rocl is. ' I ' l rc fossi l  l ,LLrrts obtai icr l  l iorn thc oriqinir l

,bo.iuS throrrgh tho l)or-cr Sel ics ircrc t lcscribetl  l - ,y I ' rc, l .  Zci l lcr. ,
in 1E99. aud wil l  bc furthcr discusscd herc.

,.  Iu 190f, a r lc-rv company, thc l iclb 0o1,1 Conccssions, Liruitct l ,
.-with which scvcral dau3ht.cl compurrics ;rrrt l  slrrdiclLcs Iravc molo
:..receutl\- bccu associated. u'ls fblmed irr ordcr to search for coal
,; to the uorth of Dovcr. l lal ly in Jg0.i ,  r  bol irrg rvas bcguu ab
.,.Iltaldcrshare ?arli, about 6 milc's north-rvcst of l)over. Thc Coal-
-)feasures rrelc sbrucli at a clcpth ol 13f,r-1 fccb from thc surfacc,

,antl the bolc pcnctlatcd farthcl through somc I 260 fcct of thc

i .  r  i le i l lcr  (02).
j'dete of thc larcr'
l lps.

Nunrcr:rls in parenl,lrcscs :l( icr antiror.s' narlcs iur1icate thc
to  wh ich  lc lc ienco n ' i l l  bc  l i runc l  iu  thc  l l i b l iography ,  g  IV ,


