
l p l )o i l t t l t ) ( rn t  , , f  cor t tn t i r r - . io t )e t ' s  N l t l . l to l ' i zcd  to  t l t l i e  t rc t io l  in  cnse-c  o f
lnp loper  oxp lo i t r r t . io r r  o f  p r r r l re r '1 , i cs ,  o l '  un l .easo lab le  o l  p roh ib i { , i r  o

,rontl i t ions imposerl_ )r_1. l1111rlq1yng1.s for I 'osalt ics and rvx1,le11-cs ; (2) t ,1r,r
l ) fo \ r i s io t t  a t t r l  o r l tn jn is t l r t io r r  o t  u  f r r r r , l  fo l  t [e  p r r r .posc  o f  ln t ' l c r ia i r ing
, x 1 ' e t  i r t r e r :  l , r l  r t ' , r t  l i .

i J inco  S i l  L io r ro l  l ' l r i l l i y rs  l ' ro t t :  h is  lepor t  u r  I ruper . ia l  t r { inera l
l iesou lccs  I l r r rear r  lns  b r rc r r  so t  l l l .  l t  l r l r s  l t cen  dos igned as  a l
l rnpc l ia l  l i n l<  he t rvccr r  l J r t r  r . csPr :c t i r r r  I l i ues  r r .n t l  l l i nera l  1 )cpar tn re t r ts
r i ' the  sc l f -goveI 'n i r ts  l )o r r r in io r rs ,  I r r r l ia ,  a r r r i  t | r :  Un i te t l  i ( ipgdorn ,
' ln t l  i t s  cons t i tu t io r r  rvor r l , l  r ro t  : l I l )p rn ' t , '  l r - r 'm i t  o f  i t s  bc ing  a l tacrhec l
, ,r  rr l l incs I)c1xn1:rucnt of 1;hc Urri tct l  Ti. iugdont. ' l ' i rc Snrcat is,
u'c rrrrr lcrsttrrt l ,  nl lont1v rrL rvor. l i  orr i ts intelnal ot.ganization.
l1 ;  - i s  r r t t  In rpe l ia l  bor ly  to  bc  i l r co lpo t 'a te t l  by  Rovu i  Cha l te r
rn ( le r  t l r c  l l ' cs i rk : r rcy  o f  t l r c  T ,o r .d  I t les i t . len t  o f  t l re  Cor rnc i l ,
rv i th  rL  gore ln ing  ho t l -v  cor ta in ing  r .cprcsen l ,u t i ves  appo in ted  by  thc
' .o i f -govern ing  J )onr i r r io rs ,  l ld i l ,  r r r : r l  t J r r :  Un i f ,e r l  l ( ing t iom.  a  j  we l l
; rs  cc l t r r in  l ,ec i rn ic i r l  rner r  apqro in l ,c r l  l r r -  l , l i e  l l i n is ie l  o f  ] t ccons t r . r rc t ion
i :o  t ' c l r rcscr r t  t l r c  ln i r r t ' r ' a l ,  rn in ' ina ,  un t i  mota l  indns t l i t , s  gener .a l l v ,
{n t}rtr  col lect ion of strrt ist ic,,r l  infor.mrt ion i t ,  n' i1l  rvolk thi.orrclr the
l l ines  l )epar tn ren ts  o f  a l i  pa l ts  o f  t l r c  l l 'mp i r .e ,  inc l r rd ing  tho  Un i ted
i l i ingdo'r_, antl  as lr '  I  nrp.r ' iu1l,y c,r.rst i t . tcr l  i rorly i ts r.clat ions to a
1 lome Mi .es  l ) .pa ' t rnent  s l ro*1d  bc  o f  s im i l ' '  na iu rc  to  t l rose  o f  t r ro
, ,e l  f  -gover l ing  l )o rn i r r ions .

Fronr  rvhat  l rns  b t r . r r  s : r i r l ,  l r , rw .er .c r ' ,  i t  mr rs t  l rc  c lear  t l r . t  i t  rvou i t l
)r tr  t  grcrt arlvantage for. t l re r l ispatch of irnport,ant busirress teiat ing
1,o  thc  rn in ing  indr rs t r . r 'o f  th is  cor rn t r . t ' t .o  b r i r rg  r rn r lc l  one o f f i c i r i i
J road thc  func t ions  pc l fo ln rc , l  l , r '  s , r  rnar iy , l i lToren t  govern ing  bor l ies .
V l re t l ro '  r rn  i r r r l c lcnr lon t  l [ i r r i s t l y  s i ro r r l t l  bc  fo rmet l  o r ' to  rvhat
.xist ing l)cpertnrcn t of Stai e l l  tr [ ines 1)eptrf ,nrcnt slrorr]d bc attacherl
i r re  ques t ions  o f  conrpara t i r ' , . l v  rn inor  i r r rpor 'L rnco .  I l r r t  i f  a  Min is t ry
1o t leal I ' i t }  Conrmt'rcc anrl  Tndustlv n,ele to be formcrl this wouli l
, ,bv io t rsJy  l>e  t l i c  p roPe l  hont , f , r ' ; r  l )opr r r . tmnr r t  , , f  l l i nes  and t r ' I inc ra ls ,
. l ,rrst as in France th<: Con,sri l  qr i t t i t .al  des l [ ines is a clepar.b'rcnt of t l re
,lfinist.t'e det trtraut: ptfil,tlcs.

I S [ ) .  0 ! , l l t , t , i t i , , - l l ' l t c  ]  t r ln , , io r  oJ  l lLc  Eat , l l t .

IV . - - ' l ' r r r , :  I i r r r , ;n ron  or  1 ' r r rN l ! rn l r r .

i i y  I i .  D .  ( l ,L r ) r ra l ,  F . I l .S . ,  l l .G .S.
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t l i l t .  thcrc rrns tuuch to bc said aguirrst 1; lr is vicn',  1'ot ' ,  I . l rott11lr
ml tJ rcnr l t i cs  i s  t l te  conr t  o f  appea l ,  i t  c r r r r  o r t l y  dcc i r le  o r r  t l t c  l l . t ,1 .s
placetl  befot 'e i t  by ihe scielces of obsclrat io)1, Arld so t i tc t l isr;rtssi,r tr
Beems frof i tublv plcf lced bv a statcmelt of the leading facts rvhjcir
bave beet r  co) loc tc r l ,  and t l rose  conc lns io r )s  rv l r i c l t  a lc  so  r l i r cc l , l y
deriverl  i ioru t irem as to irave almost thc vrr l i<1ity of obsclv:r l , i , t t .

The f ir 'st,  antl  st i l l  one of the nrost ir trportarrt ,  of i  tLcso obscrvtt iotts
is  t l ra t  t l r c  te r r rpe lu tn l r r  l ' i ses  rcgr r ln l l y  to  t i re  g rc : r t , rs1 ;  r l cp t , l r  l c t
penctr i te( l .  into tLe errt l ,  the rt te of iucteasc bcing orr t l ro rrvcragc
abrrut 10 0. fol evelv 95 ru. of depth; w() also hnorv t l trL ' . t1, r lopl lrs
f ron  s 'h ich  ro le ln io  emDt ions  takc  n i rcc  t l te  tcmnera . t tu 'c  I r ) : r r l rcs  : t f
leasb 1000o C.  So long-as  the  r reb i i la r  hypot ;he i i s  h< , l r l  r rn , l i s ) , r r t t t l
svay, i t  rvus natnlal.  to suppose that the incre:rse of tcrnpclt trn'e s' ls
cont i l l l rous  to  t l re  eent le  o f  t |e  cur t } ,  a rd ,  a8  lo r rg  ago aB 17! . ) ; i , r  1sc
l ind I lenjanrirr Iranl<l in int l icat ing t}c rrcccssatv cotol l try frorn l ,his,
that belorv a certain t lcpt lr  t l re lr l tet ' ial ,  of rvhich l ,he ctr '1lr is
cori lpose(I,  rurrsru nece ssnri l l  be ir i  a rnoltcn, i lnd, : [ t  a st i l l  grelr l ;r :r
r lepth, be convclted into n gascous, con(l i t ior, an lr lpothcois vcly
eimilar to that nssocia.tcd iu recent t imer with the namc of Alrherr ir ts.

' I 'he fun<' larncntal assunrption on which this dcdirot ion is basctl  l ra.s
been sappeti  b'J t l re r l iscovery t lrat tht:  r ' i r t l iutn contcnt of thrl  outel
lavels of the eart lr  is anrpl5' suffcient to rrcoortnt I 'ol  tho rvhole of thc
teurperatrrte glat l icnt observed in ids rrrperl icial por' l iol ,  arrr i ,  ot)rer
considertt ions being ignoled, the hypot 'hcsis rvhicJr hirs becn sul ionsly
proposerl,  tbat the inrermost palts of thc cart lr  rnay hc irrtensely
cold, al lproriching thu absolrrtc zcLo te nlpcnf,rrre of spucc, ls l  por, l ; i l ; lc
or)e, \ \ 'e lravc lLlso t lrc r lenrottstt 'a.t iotr that t l re earth ts a rvhole is
sonretlr ing l i l<e trvice as l igi t l  as r1l equl l l -sizcrl  globc oi sol id grtrr i tc,
wh ich  prec lu< les  t l re  assr rn rp t ion  t }n t  t l r c  in fe r io l  c rn  b<r  i r  : r  { l r r id  o t '
gdseous contl i t iorr in any ordinary sclsc of the rvorr l ,  but hr:r 'c u'c
nrtst al low for t l re r:{L'ct of prossule. Whcn i t  is rcrnernberct l  i ,Lut
at a r lep[]r of brrt  - i  knr.,  ol a]rout 9] lni les, thc J)l 'ossrrtc is a. l lclrr lv
greatel t l rrrr t i re clnsj l i rg st l 'engtlr  of t l rc st longost l i l lovlr t 'ocl(,  :rr){I
tba t  a t  the  cent rc  i t  i s  abor r t  t l r rce  t l tonsanr l  t in rcg  rs  g rca t  as  th is ,  i t
besomes el i t lent thab lhe propert ies of nrattel ma)'  l )c vcly grcrr l . ly
lnodif ied and that t l re telnts used to dcscl ibe thc t lrrcc st:rtcs. ls we
know thenr undel '  Eul ' iuce condit ior)s, nra)/ nocd to bc uscrl  i rr  a vcry
esoteric sense when transferred to thc intcriol of the o:rrt l r .  For'1, lrc
preser)t al l  thrt ne€(l be said is that matcrial,  rvlr ich cnrr bc slou'n to
be froru ts- ice to six t imes as r igicl  as strong granitc, cal oniv bc
dcscribcri  as i l r i i r l  ot '  gas in a vcr.v Picl<tvickinn sorsc ol '1. lrc worri ,
an t l  i t  i s  poss ib l r  t  n )e le  l cc i ( le r ) t  th t t  tbc  t l r rcc fo l r l  r l i v j s io r r  o f  t . l r c
intel ior ' ,  outl inerl  bv I lenjamin I lranhl in, conrcs Bo rrcar t l rai;  rvlr ich
I plopose to shory is the deduction to bc dlt l 'n lronr i , l rc plcsont
s ta tc  o f  knowle t lge .

Ta l i i r tg  t l rc  o r r te r ' la re rs  o f  the  ea l t l r  f i r ' s t ,  rvc  l in r l  1 , l r r r { ,  1 . l rc  locks
which  a lc  ex l toser i  a t  the  su l facc  co l l s ls t  in  p l l t  o f  r r r : r l c l i : t l  u ' l r i c l r
lras been t l is integlatet l  bv thc ploccsses of surfacc dcnrrdn{ion, 1,r 'arrs-
portet l ,  depositcd, ancl rcsol idif icd, nnd par' l . ly of rool< rvlr ich )ras rrot

I  T rans .  Amer .  Ph i l .  Soc . ,  i i i ,  pp .  1 -5 ,  1793.
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1|i ' ing fho r:rhoi luct iorr Lo rr ( ir ,oplrysicir, l  Discrrssiorr olgnnizecl b.r 1con5rit tec
of the rr i t ish.Assor: ir t i . i r  f<' i  t l rc Arl 'anconrcn{ of scie'ce, r ind held in t ,hc
rooms of t l te l loyrr, l  Astrolornical Society on November 19, 1919,

1|o[/] l  l iN f lcceivt,r l  t l re invit :r t ion to open this discussion nry f irst
I  Y  fec l ing  \ ras  { ) f  r i i f f i r l c r rce ,  fo r ,  thc  in te l io r .o f  t } rc  car t } r  be ins

r rcccssr r i ' i l v  iu rccess i l r l t  to  t i i r .e , r t  o l>se lva t . ion ,  the  so l r r t ion  o f  the
l ; r 'ob lcnrs  oonnecte( l  l ' i t l r  i t  l ras  p l i r rc ipa l l y  l rcer r  le f t  to  rna thonra t ica l
Jcsear ( ) l l ,  an( l  t l ) i s  n l tb^1 ,  r 'e t ) l i r i r )  t l r c  l l r r l l  eor r r t  o f  aDl lex l .  fn  thesc
c i lonnrs tances  i t  sccrucr l  vc lg ing  ou  p lesnml ) t l lousn; -ss  to  a i ld ress  rn
lud . io r lc ( )_cons is t ing  so  l rug . . , . ) . y  o f  n ra l l rcmat ic icns  in  inaugura t ion  o f
; r  d is r : r rss ion  or r  the  i r r tc l i< r l  o f  t l r c  ea l th .  ,Seconc l  tLoue l l i t s  showed
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yct urrt lolgone these plocesses, but is thoroughly cooled arrt l  sol iel  iu
cvery sense of the rvord. ' I 'o t l re glcatest depbh yet reachecl t l te
locks alc of thie type, ani l  i t  evidenbly conti trues lol sotue distance
bclorv thc depths rvhich can be reachecl by direct observatiou ol bv
irrnrrcdiatc deduction, ' I 'his outermost polt ion of the earl,h, in which
thc plrysical concl i t ion is sirni lar to that of the surface rocks, is
conrrlorJ. l '  krrown iu goology as thc clt ist,  a uarlrc rvhich ol igirratecl
in t lrc days whert t l re cat 'bl t  rvas supposetl  to cottsist of a t lol ten
irrtcl ior trrd rn outcr sol id clust, autl  i ras sulvived that supposit ion
1'ol rvrLnt of a botter ' ,  and. aftel al l  the word docs not necessitate
r l lui t l  i rr terior; a loaf of bread, fol instanoe, l tas a clust, though the
intol iol  should bc sol id. Ab the prcsent t lay thc tctnt mearrs no
norc than the outer layers in ' lvhich cornposit ion and cousti tut ion
Lavc rrot unrlclgoue anv gleat change, as opposecl to the rnolc deepl.v
soatcd rrrrrtorial,  rvhich di l lc ls on one ol both of these clraraclorist ios.
' l l r t ;  t l r i c ]< r ress  o f  tL is  ou te l  c rus t  h ts  beeu es t i r r ra tcd  by  v l l io r rs
nrethotls, thc irrclease oI tcrupelature, the I lressure under thich
cortairr rniut: lals rnust ]ravc beeu forructl ,  the strerrgth oI tLc clust as
iudioutr:d by tho arronral ics of gravity, and sonre ot l ters, al l  of which
aglcc in putt ing t irc lor,vcr l imit at aboub 50l im., ol sorue 130 miles,
we l l  u r r r lo r  o r rc -hundredt i r  o f  t i ro  rad ius  o f  t t re  ear th .

In t lrr :  out;cl  rcgiotrs of the clust geological investigatiolr has
s)rorr.rt  t l rat rnt.rvcurorrts oI t l isplacernertt  l t i rve tokcrr plucc ott a ln'ge
sr: lr lc. Ovcr rvidths of soruc hundlct ls of l i i ioruotr '"s locl<s l t i r .ve beert
corrr;rr<rsscd to t lre cxtcut of ole-thi l t l  t<-r oue-lralf  ot '  lcss of their
origirrul t ;xtcnsion, as is slrou'n by t ire fokls into rvhich ol iginal ly
hol izontal strata have bocn t lrrorvn. Iu othel cases cleau-cut,
gontly sloping, or hol izolrtal f lactures l tave been rccogtt izecl,  arrd,
alorrg t lrcse fractules, displacerncnts ] tave takcn placc to thc extent,
rvcl) estubl ished, of ovcr '  00 km. and irr solDo cases possibly of '  ovel
i louLlo this, ol fronr -]o to to oI t l re ci lcurulelerrce of the crl t l r .
. [n ot, lLcr ' | l . rccs tht 'r 'c is evit lcnoe oI extetrsiorr,  ruuc]r Icss capi lble of
nrctsuLcrncnt that t l rc conrpression, l ,hioh, though plobair ly srrrLrl lel
orr t l ro g'hole than the cornplessiotr,  mav be corupulable in anrount.
1)isplar:onrcnts irr avclt ical dircct ion lrave also becu well  dcternrirrcd,
aloug r lc{ iucd sur.taccs of fracture the t l isplacerrrcnt oI opposite sides
ti l l  Iaults has becn cstabl islc<l up to aborrt 5 )trn.,  arrd possiblv 1;o half
irs rrrrrch again, aud, as lcgalt ls places less t lrur a corrp)c of drglces
zr1;art,  srrclr as thc clcsts of thc If inrala] ' f ts or Atrr lcs cornp:r lcr l  n' i th
t lrc plains at their foot, or thc ruountains of Jtrpau witL the bottorn
of t l rc l l 'uscalola dcc1l, the vcrt ical t l isplnccments rnav bc as nuch
lus l5 l trn.

' l ' l r t '  r ,r tusc of thesr; Elcat cartL novcmerrts is sl i l l  ur uusolved
ploblorn of goophysios. At onc t imc thcv rvelc geuclal ly att l ibuted
to uoruplcssion of the uult lr 's crust through contlact ion duc to gladual
coo l i l11 ,  an t l  thc  no t io r r  i s  by  uo  rnca t is  ex t iuc t ,  b r r t  the  c r r l ious ly
Iocrl  disLl ibutir- irr  of the cornplossiorr is agninst t l r is iutelpletal ion, uo
lcss thau thc fact t lat thc amount is lr t lgclv in excess of auy corr-
tract iorr pcrrnissible ou this hypothesis, arrd besicles rve have the
cqrralJy wcl l-cstabl ishetl  facts that regions of very corrsiderable
cxtctt t  show signs of tcnsion and expansion of thei l  cl imensiols.
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Espec i r i l l v  in  the  caso o f  t l r c  g lca t  th l r re t - f t r r l l s  i s  cx1 , )u t r ; r1 , r , t t
d i l l i cu l i ;  t ) re  appca la l l ccs  a l ' c  s t tc l r  us  suggcs t  t  s i r r rp lc  { r ' i t c tu lo  : , r t t l
d isp lacoruent  bv  co tnprcss io t r  t l t to  to  a l rp lo i rch  to  cuc l r  o thcr  o I  l ] r r :
l i n r i t s  o f  t }e  l cg io l  t l l ' cc te r l ,  J r r r t  i t  cur r  , , t s i l v  1 - re  s l r r - rwt t  t l r r r t ;  l l r r r
th t 'us ts  i in r , r l t  e t l  in  th is  ex l r la 'n1 . io r r  iu  r :  rnany  t i r r rcs  14r 'ca tc t '  1 ,1 r l t r
those r i ' h ic l r  cor t l t l  1 . rc  t tunsr r r i t t . c t l  l r y  t l ro  r r ta te l ia i  o l  rv l t i c l r  l l r , :
b ioc l i s  u le  c r . r r r rposed.  ' lLe  l i r r r r l  ex l i luna t io r r  r lus t  l ' a i t  r rn t i l  i1 ,  , rL r r
be trertct ' l  b1' onc rv]ro is iLt i , l ro slLrnr: t i r lc l i r l lv coi j-r  iscnt oI l l )o
geo log i r :n I  l csLr l t s  a t r t l  o l  t l r c  p l r l , s i r , r l  p l i r rc ip lcs  iuvo lvcc l ,  p to i r r l r l r '
a lso  t i l l  a  f r r t ' l Le l  r i rh 'a r rco  is  r r ra t l c  in  o r r l  l i r ro rv lcdgc  o f  t l ro  1 t l r . y r , r , ' : r l
p lope l t ies  o f  t l r c  r r rn , t t l i l l  r r r r t l c r ' cor r i i i t i o r rs  s r rch  as  ex is t ,  cvou rL t ,  i l r c
co tnpr t  u t i ve lv  s rua l l  t l cp t ) rs  i r rvc ' Ivcd .

Lear i r rg  t l r i s  ques t ion  as i t l c ,  i t ,  i s  r : l cu  t la t  cx te r rs ivc  t l i s l r l r ' , ,1 , -
uer r ts  i rave  ta l ien  p lacc  i r r  t l r ' :  o r r te r rnos t  l l ye rs  o . t  t l r c  on l ; l , ,  : , r r r l
t l resc  a lo  p t 'esunaL lv  t r rker r  r rp ,  r ross i l ; l f  iu  r t  sor r ro rv l ra t  t l i l l c r '  r r t
fo r r i r ,  l r r  t i r c  lo r re i  l r ry t rs ,  b r r t  i r r  a r ry  o lsc  ) l r :e iess i t l to  t i ra t ,  l r t : l ' ,n '
the  r ig i t l  an i l  so l id  c t t t s t ,  r r t rs t  corue  ruu l ,c t i lL l  rv l r i c l r  po .qsossos  s r , i ro
o f  the  prope l t ies  a t t l ibu ter l  to  r l  l l u i t i ,  though ro t  I teccssat ' i l y  t r r , , t ' c r
t }au  the  po t re l  o f  chang ing  i i : ,  {o l ru  s ' l r c t i  expcrse t l  to  s t tessr r ,  . t
suff icierl l  masnitucle rtrt l  of lorrg ctrough r lurat icrrr.  ' l ' l r is has b, r ' rL
recognizr:cl  fol sornc t iurc, arrt l  \ ' , ,ci  tv{Jle colrtorrt  to accept t}rc gt, t t l r l l
conc lus ion  rv i thout  g iv i r rg  i t  i r  r )an le ,  b r r t  th is  t locs  r ro t  s l r t i  r l v
' .Americarr t)rorrgl i t ,  uncl 1'r 'olossor'  .1 .  l lal lel l  l t :rs rtot orr ly iutt t-r, l rr , , ,1l
the  narue as theuc . rsp i re le  fu l  t l r c  lug io r t  o1 '  t r t i r . te l ia l  eo l rpa t i t l  i r , ' l y
rveak  as  aga i r rs t  l )e r ' r r rano l ] t  s t l css ,  i ru t  i rus  g ivc r r  i r  t ru l ru l i , ' a I
es t i lna tc  o f  t i r i s  s 'e i i i i ress  o l  s t i ' c : r rg t l r .  Aocord ing  to  i r i r r r  i  l r c
materinl at t l -re n'cai icst I)rf t  of 1hc lsl lrclosplrore lctclrcr l  by ir is
investigatiott ,  placcti  nt 400 klr.  i ' r 'c 'nr t l re sutfacc, is about , , ' . ;  of
that of massise sulfacc loc);s, orrcl of thc crl t lcl  ol a capar:. i t ,y oI
sus ta in ing  s t ress  d i i fe rcuces  o I  lLLor r t  1 ,0001b.  l )c l  sq ,  i r r .  u ' , i l r
e x t r e n e  p e r m i - . s i b l e  l i u r i t s  t , I  l t ) 0  l ; : i l  5 . 0 0 0  l b .  p e l  s r l .  i r r "  A L  l l r i s
depth  t l re  cor ic lus i , ;us  t l r i i r r r r  1 r 'onr  J r i s  r r ru t i ro t l  o f  t l cdr ic t ion  l ; cc r ,n rc
d is t inc t i y  t loub l "1 \ . r1 ,  Lu t ,  r r t  t l r c  l c - ' s r l  t io l r t . l r  o I  50  k r r r . ,  1 ; ) rc  s t lo r r l r  L l r
i s  on ly  abou i  s ix  t in res  t l ra l  r l r ro t r :1L  ur r r l  r i l  l 00  l i r r r .  aLouL l lou l  L i r , ,es
this ai i ,roun+,. '

' l ' . he  na tu le  o f  t l re  t i l l s i t io t i  f  i : ' i i r  t , l r c  so l id  c t r rs t ,  oL  l i l hor ;1 ,L ,  r ' t - , ,
to  the  unr le r '1 f ing  as t i r r : t rosJ 'berc  i s  o i ' i l r ie lcs t ,  t r r t l  o i r  i t  1 ,u 'o  l i r rc l  o t
reason ing  cau bu  b l i . rug l r t  t i ' ' i r r : r rL .  l i l s t ,  s ' c  l ravc  1 ' r ' , . ,1 'u , r ro r ' l J l r l r ' ,  i l ' s
c a l c u l a r i o n s ,  a c c o l i l i r : g  t , r  r r l r i c l r  l l r r ;  l c l i r r u r r c t t t  s t , t r ' r r g t i ,  l r c L \ r ' ,  r  r r ' ) , t
dep ths  o f  20  and J0  k i l t .  r ' t i r r i , r i i i l s  t , . r  r i lo r i t  io t t r  to  l i vc  t , i r r rcs  l i r :L l  , , I
g rau i tc ,  a t td  a t  r  r ie i ' l t l r  o I  i t t  i i n r .  t i ,  o r r i v  onc- r l r t i r l t t r r ' ,  s l rowi r rq
a  y c l ' \ -  r a p i d  t l i r r r i t r r r t i o t r  o f ' r , t t , r r r g , t h  n t  t l t l i t J r s  l - r c J o r v  i l 0 l < t r r . : , t r t i
t  to le lu i r l l  abnrp t  t l l t r s i l io l t  f  lo r r  t l r c  l l  t rs t  1 ,o  l l r c  r r l t l c r  i . - r  r rs
mate l i l l .  ' l l i e  o t l r r . r  i i re  o f  t  t i r sor i i t rg ' ,  r l t ' 1 ,c r t t1s  o t t  l l ro  1 r11s111,1 ,11  i , r ,11
o f  r c f l c c t i o n  o i  e r l t i i q u a l ; e  l l i ' c s .  l t  j r  l r o \ r '  t r i t ' 1 t y  r v c l l  1 . . { ' 1 1 ; i j ; , r , r , r i
t l , t t  l o n q  d i s t t n c e  l e c o t i i s ,  r l ] r r ; r  c l l r r L  1 , 1 1 , , r 1 g 1 r ,  s l r o l '  l l r o  a l t ' j r ' ; ' l  i ' i , t ,
o r r l r  o i l  r v t l e s  r r l r i t ' l r  l r a r e  t l r r v c l l , , , l  i l r , r r i  1 l i , , . r l i g i r r  b v  ' r .  i l i r , r r . 1 , 1 r  i r ,
b r t t  o f  " the ls  l  l r j ch  l ra lo  l ) ( , r - ,1  1 ( , i [oc t i ] t i  t1 ,  o l  r r t  u l  t ] re  s ru ' Iac r .  l r r
t l t c .  u ra therur r t i c l l  t t t ' a t r r r t ' r i t  o i  t i r , - , se  lu r rs  i t  i s  r roccss iu 'y  to  a rs r r ' r rc
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a spherical bod.y witL a t ieffnite outcr surface, frorn whioh lef loc[ ion
tuhes place, ani l  i t  was not uunatural to regard this as t lLc outer
sulfar,:e of tho ealth, but tLere are sorlrc verv reul di l f icult ies irr fhc'
rvay of this intelpi 'etat ion. Just tLirty ) 'eors ago Dr' .  C. G. I(tott
shorvetl t tlrrt, iri the heterogeneous material ol rvhich tlre outer
luyers of the oarth are composed, simple condelsational alcl  dis-
tort ional tvaves could rrot bc t lansnrit ter l ,  as eaclr r.ould undergo
a bleahing up into trvo torms at every passrge f lom rocir of one kinrl
to that of another I  tcn years . later Pr' ,-rfessor M. l .  l iudzki f  ulther
shorycd 2 thab only n very smali  plopolbion of l<uorvn rocks possessed
those ehat 'acters of elast ici ty rvhicir vould euable thenr to transrnit
unalterei l  the two simpie forms of elast ic waves, and the lecolds of
seismoglaphs show that the tnorernent of the rvBye palt icle at t l re
srr l face is of a vcry complicated rature, having no lelat ion to the
sirrrplc novements rcquired by the thcory of lel lect ion, For these
l 'eusons i t  seems probable tLat t le ref lect ion, of which wc f ind
evit lence in long distalrce records, t loes rot taire place at, but a short
distance below, the suLface, and i t  is natural to placc i t  at the l i ruit
' lvhere the more lLcterogelloous rooks of the outer Iayer pass into
the more honrogeueous rrraterial of the cenLlal cole-in olher worcls,
at the lower l imits qf the crust or at about 30 l in. belou'the r-rrrter
sulface. Protcssor Barrt i l l 's f igules suggest t i rat t i re l inr i t  is plobably
sufEcierrt ly dcf irret l  to give r ise to lel lecl iorr,  arrr l  t l rc fact that the
rr:f let:Led wavt:s are not ahvays equaily conspicuous is iu corrsorrance
rvith t tre r&tr lcl  assurnptiou that the Iowet I inr i t  of thc crust nray be
rrrolc shrLlply defined irr eotre places t lrarr ir  others, an assunrption
rvlr ich is strengtheuetl  by fact that these lef lected waves at 'e
cspocial ly corrspicuous wlrcre the point of ref lect iou l ies undor the
grt: :r t  nexus of rnouutaitrs fornriug the I 'auri l  l ) lateau and thc t ' I loof

of '  the \Vr.rr ' I t l  " .  Ib is rrot unnatul ir l  to suppose thab this rcsion,
urr ir luc a.s rcgalt ls sul lace leatures, shr-,uld be equal).y singulal in thc
clrtract,cr of thr: rrrrder su.*face of the ci 'ust, t ld so give r ise tr-r t [c
lrolc tharr trsuai prorniuence ,rf  Llre lcf le ctet l  rvi lr- t js, ulhelc iucielcnce
t rLkcs  p lucc  urdc l  t l r i s  tcg io l r .

l rcrr t l io r 'ost of the interior of tLe oalbl l  we are Pl irrcipal ly
r lepondent ou thc results obtained by the ruotlcrn dovelopment oI
se isrnology. When it  was recognizei l  that the Iong r l istance reoords
of greal; ctt ' tLr luakes rept 'cseltod the arr ival oI rnass ryar' , , 's ryhiclt' l rLr l  

t l tvol lod thlough tho ealbh i t  must have occuLrcrl  to ruole thal
one wo lkc l ' tha t  thcy  rvou l l  g ive  i r r [o l rna t ion  rega l t l ing  the
r:orrst i tut iot of thc nrtr, tcl ial  tr i lvclsed by t ire rvave potLs, Lub
I  know o f  no  pr rb l i s l rcd  rvo t lc  p rcv ious  to  I  pnpcr  by  n r j ' se l f ,  r ' cad
bofore the Geological So,r icty in lrebluary, 1906, on the "Cousti tubiorL
of t l ic lrr tel iot of the l lart lL us revealcd by Ialthrlnakes ",3 tcr
rvhich, t loubtless, f  ou'o tho honour of having been invibed to address

1'ou to-dny, arrcl iu trcatiug the subject the ruost convcnient ooulse
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wil l  be to out l ine thc posi t iorr  a$ thore preserr tecl ,  ar t i l  t i rc  tuot l i f ica '

t ions rv i r ich l iave beetr  i l t lo t lLroe d )ry subsoquct t t  ' tvol l i .  I r r  1905

theLe rvere t rvc lve r :a l t l rqrurkes oI  rvhich di rect  aut i  l tccurato

l i no r v l edge  vas  a l a i l ub l e  < r I - t l r e  p l r r c t ' u r r t l  t i t ne  o f  o r i g i n ,  l r r r t l  two  o f

l 'h ich the placo rv ls L i r totvt r ,  l ; t r t  tLc t i rue I lLd to be i r r fc , ' t 'c t l  . t lo lu

r l is ta l t  recorr ls .  
' fabrr iat , i r jc  

l i ro lccoi ' t ls  c i f  these c lL l lhr l r ta l ,os,  i t  rvas

forLnt l  that  the i r t te l t -a l ;  tahen toy t i re J i rsb al t l  secotr t l  |Lasos to
re rLch  b l c  p i uoe  c r f  l c co t t l  i t r r l c r , s " , l  r ' " gu l , t l l 1 - r r p  t o  l r  t l i s t a r t ce  o f
rubout 120o f rotu thc ol is in. .  ' I 'he l r te of  t ran." ib i t tc tc i rsot l  ntote
rapid lv at  f i r 's t ,  less lnpi t i lv  lat t r r ' ,  r rncl  shorvr :d that  t l rc  , lcepcr the
r, r r lve I rat l l  pcnetraLet l  t l re gre l r tcr  Ioci l l I le  the latc of  i t  l r r ts t r t iss iou,

rrh ich l reaut  t )u i t  the t tavc pat i rs lvc le ct t tvet l  n ' i th r r  r :or tvexi ty

t o \ r n l ' d s  t he  ce r r t l e  o l  t l r e  ea l t b .  Up  t o  120o  t i r c r c  n ' as  t t o  i r t cach  i t r

the legulal i ty  of  the t i rue cuLt 'c ,  i t t t t l  lhe rat io botwoct t  t l rc  lato of l

propagat iou of  t i re cout ler isat igr i t t l  a l t l  c i i 's tor t iot t l l  \ t 'ayc, '  Ierrra ined

r r r uoh  t he  san ro l  bo lou t l  l l J0o  t i i s t ancc  an  i l r egu )a r i t v  r r l i l , e r t l ' c t l ,  t he

f i r s t  phase ,  o r  co l u r r c l l r j ou r t : n t ,  wus  app rec ia l - r l 5 ' t i o l a5 ' e ,1 ,  a l d  t - i 19

s{ icond l ) i rase cornplete l r -  c l isappcalet l ,  or l ly  at  : rborr t  l ' l0o t l id

sornet l l i t )g I 'eappedl  s b ic i r  r t 'as t 'ecordct l  ls  st lcot t t l  l l r r rsr ' ,  but  must

r , i t he . -  be  d i s t i r r c t  f l o r r r  1hc  sc r : o l r l  l l hasc  a t  l essc l  t l i s t l t t cos r  o l  bc

t iu iayed bl  aborr . . :  te l r  t r r i r t r r les i r r  i ts  arr ival .  .L loru 1, l r t ' ;c  l lacts i t

r vus  c r . r t t c i u , l c r l  t i r l r t  t i r o  c i t t t . i t ,  t l o r v r t  t , o  t Lc  t i cp th  I e l t ' : ] r . t l  b1 ' r vave

pa t l r s  en re r3 i r r g  t t .  120o ,  o t ' t o  a  l i t t l c  n ro ro  t ha r t  h rL l f ' 1 , l r o  r ad ius

i neasu le r l  f r o r r r  t , ] r e  s t . r r f acc .  \ \ ' l s  eo r rposed  o [ ' t r r r t c l i t r l  r ' t pab le  o f

t t l n s ru i t t i ng  t hc  t u  o  p l i i r r l t l  f i u l r t s  o f  r r a re  l r t o t i o l l r  : r  t l r l  l , l t i r l ,  do r vu

to  t h i s  t l ep i ; l r  t l - r t ' r c  l  r r s  l o  i r r d i c . t t i i , t t  o I  a r t v  c l r a t t ge  o I  r : o l , , l i L j o t t ,  t l t e

i t t c rease  i n  e l as t i c i t r - ,  i n t l i c i r t e t l  J ; r '  t l r o  i t t c l c l t s i t r g  I ' a1 . c  o l '  1 , , ' op t r ga t i o t t ,
l - r e i ng  no  r r o re  t l t r t t r  t r r i q l r t  b i :  i r l t l i l r t r i ; c c l  t o  t , ) r o  j l r c t t ' : t , ' '  r i  l t l o$s t t r t )
, r n t l  con rp ress io r r  r . r I  t ' l ' r :  r r r a t t ' t  j r L l  ,  , l . i c l o t r t l  t l r i s  t l t r 1 i t l r  1 , l r c r ' r  i s  r r '  r ' ap i d

t r . L rns i t i o i r  t o  l i  r r r i L t i ' i  i u l .  g . l r i i , l r  r j l p l  o l r ' l \ -  t r t r l sm i l ,  l l r c  r , r r , l c r r s rL l , i on i l l .

r r s ves  l t  t  so l t t ( r \ r i i r . i i  r , - : t i t i c c t l  t r r t t : ,  l t t t t l  i s  c i { ' l r t l r  i i ' t ' 1 , 1 r : r b ) c  o l

t l ansn r i t t i r r  q  t ) r l  d i r t o l t i o r r l l  \ \ ' l r  \  c s ,  o l  l , t  i t r i s t t t i t s  1  i r ,  I r r  l  i L l r  u

re i l uc t i ou  t r r  a l ; 1 t t . t .  l , : r l i l  t l r i :  t - t ' l L - i t ' i t 1  a ' , t 1 i r r r : r . l  i t t  1 , l r o  l , ; " ' r - r ' p rL l ' L s  o f

t i r e  o u t e t '  s L e l l :  r r t  t i t l L l  l . i t r t t r  i 1 .  u l r s  i t t t l , o s s i b l e  t o  t l , , r ' r ' 1 , '  l r t l t n ' c c r t

t l l e  t n ' o  a l t e l na l i l o s  r t  i r i L r l r  t l c r ' t ' ) r , r 1 l i  I t ' c s r : t t 1 . e i l ,  r v i t l r  s ' " r t t '  l c i r u i l t g

tcirvarcls th e Ior'rrt r: r'.
I n  dea l i r r r ;  , , v i l l t  s i t i r s c t l t r c r t b  t . l o l o i o I t t t c r r t s  i t  r l i l l  i r t :  ' . r " r r r  c t t i c t t t  t o

t ake  i I e  t t vo  pu r t s  t - , f  l l t e J  l i l r r r :  t : l t i t ' c ,  a t l t l  o f  t l t r :  r ' t : s r t l l  i ' r : i  l i l r l t ' s  o f

t he  ea r l l t ' s  i n i e l i o l  s cp r r t l t t ' l r - .  I l cg i r r t r i ng  r v i t " l r  t l r c  t , r l i '  t '  shc l l  t hc

l i l s t  r vo l h  t c  l ) o  i i o t i i ) c ( i  i s  t i r c  , , t t c t r  c l t t o t c t i  pn | c l  i ' i  l ' t ' o f csso r

\Y ieche l t ,  s ' L i c l r : r l i p ca t c r j  i r i ' l l i ( ) ; . t  r r l r c l c  t ) r c  s t r b j c r r l ,  i  '  1 l ' e r r t uc l .  i n

i r  IDo re  e l a .bo l r t e i i ' '  nL t ' , t l r e r t i a l i c l l  J l o t ' r l ,  i r t t t l  i r l l l , t l l t r l c , l  t o  i l  i s  t l ,

t le ta i led c l i : -cussiou'oI  t i te l t :cot ' t1s 1,r '  ] i .  Z i ippl i lz ,  t \c  r r i ( | '1 .  i r r r l )o l t l t l t

p l l t  o f  r r i r i c i r ,  f l o rn  t l r c  p l cseu t  ' l i o i n t  o f  l i c r r ' ,  i s  [ l i r ;  r l i s r : r t s s i ou  o f

t he  dep th  l enche t l  ) r v  t ) r e  r r l r r - r '  l r a t l r ' .  l i o l  t l r ose  o l r r ug i r r g  r r p  t o

o distance ol  about {at  thc t ' leplh t 'caclrecl  bv tLc t rvo t t , ' r ' r :  1at} t -s is

r ibout  the salue,  au( l  inorease s t ' lL l i id lv  r t  i i l 's t ,  f ' l re l  l "ss lapi t l ly ;

f r on i .  450  t o  abou t  70 i ,  r ' r ' l r c t ' e  t l r c  dep th  l c t c i t { ; d  i s  r t L , ' t r t  1 , i I 00  t o

l , 500 l i r nL . ,  t he r c  i s  ve r v  l i t t l e  i t t c t t t ase ,  b ' . t t ;  t  cons i r l c ra l , ' o  i l i f t c ren r : c
1888.

r  "  Uebel  Erdbebeunel len " :  G0i t inseu Nac]-r r icLIcr t ,  iL ] t )7.
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in t i rc depth reached by the two forms of waves; beyond thrt
distance the depth reachecl increases again, and gradually becourcs
rnorc eoual {or the two forrns of ' ryave rrrot iotr t i l l  t}re l inr i t  of aborrt
l20o is leached. Iu detaiL these lesults irave beel modif ied by later
ryorl i  ancl rnole exact and. nunelous determinations of tLre t ime
inlclvals, rvlr ioh ?rofessol H. H. l furner'  has, rvi thirr the last three
yoals, forrud to require consit lerable cou'ections ; i t  is also
a fact t l rat the n'raUrernatical methods wcre not altogctlrel
soutrd, atd t lui te recelt lv the ploblem has becn tacl<led aucrv bv
Dr. C. G. I(nott.r  I Ic informs me that hc ]ras succeedcd iu solving
thc iutegrals in au unccprivocal manner, no lougel neediug tLe usc
of l trv rssuruptiotts, as l tad previously been used bv ir irnself arrd by
l l 'ofessol Wiechert.  &om this he lras computetl  ani l  plotted t irc
rvlve prths for virt ' ious distances, which show that tLose cmergi lg at
I ' r 'orn 45o to t ibout 75o are crowdcd together in thcir deepest- lving
parts, in a zone lying just outside about onc-quarter of the radius
f lorn the su.r ' . tacc, or at a depth of 1,300 to 1,500 l im. The
flattening of the wavc paths i l  this legion shorvs. that t l re incrcase
in latc of plopagation sulfers a chocl<, and in the case of rvavcs
ornerging ut 73" the lorver paLt of the p.r lh is actual ly conc.lve
tolvalds the certt te, i .nt l icat ing a tonpolaly t loclelsc iu the rate of
t lavel.2

The coincidelce of these results malie i t  apparent t l r l t  a cirange of
some kird takcs place in the neigirborr lhoocl of 1,400krn., or rathcr
less than a r lualLel of the radius, frorn thc srr l face, but i t  is erlual ly
clcar that i t  is not a ch.&ngc of statc, for both hcre arrd at grcater
t icpt lrs thc t lyo folnrs of siurplc rnass waves coutinuo to be propagated
:rt about the sirnrn rclat ive tates as js delrtnr- le11 by t iroory. ' lhe

chatrgc irrdioatet l  is rather of chernicrl  coruposit iorL than ofl  physical
cotrst i tut ion, and in discussirrg this i t  is necessary to har)r back.

' I 'holc is a corrsit lerable body of cvit lcnce, prirroipal ly ast lonomical,
tLough" part ly also geological,  rvhich goes to shorv that the central.
polt iou of the e&t' th is conrposed of metai,  pl irrcipal ly i lol ,  surrountlct l
by a shcath of stony rnateri t l .  Iu part this dedLrct ior-r is reacherl
Irortr spcctloscopic aualysis of thc sun and stars, in palt  froru the
cornposit ion of meteorites, rvir ich, whethel regaldetl  as the f lagtrreuts
oI olt ler wollds, or as the matel ial f lom w)richlvorl t ls ale br.r i lb trp,
rnav be rcgarded as fai l  samples of thc cornposit ion of <.rur ealt lr ,  arrt l
i rr  prl l t  f lorn cel lair i  gcological observations l 'hich int l icate that deep
t lo l ' r r  i t t  t l r c  c l i l t l  rn rsses  o f  rnc t l l l i o  i lo r r  u lc  assoc i lL tc t l  rv i th  t l re

I i\,lol, yct, pul"rlishrrtl in lul) ; foi'r',1 ribstllci sce Noltn'e , Noverrbor'21, 1918,
p. 2;t9.

' ln tl-ris connexion it is noteworthy that just & yerir ago Dr. G. W. Walker
lntrounccd his conclusion that mnny oI the earthqualies which give rise to
long disi,ance rccords criginate at al.rout this depth (J3rit. Assoc. Iiep., 1917).
'lllte conclnsion cannot bc regartletl as lull.y establishetl, and thele alc sjolrle
diliioull,ies in thc rvty o{ its tcceptance, but it is an important rncl interesting
srtggcstion, rvhich nrust receive serious consicler-atiou, rvith thc reservation that
lhc origin is not of the ea"rtlrtlual<e,ploper but oI thc bathyseism, of rvhich the
sutlace qua,ke, rvhich is felt anrl tlocs damage, is a secoudary result (see Quari.
Journ .  Geo l .  Soc . ,  l xv ,  p .  11 ,  1909) .
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s touy  ma t t e r  o f  t ho  o r r t c r  l a1  e l s .  
' l ' l r i s  

hvpo thos i s  r yas  r r l t l c r ua t i -
ca l l y  i nves t i ga ted  b1 .  l } o l c sso r  S .  \Y i ecLe l t  i r r  1897 , r  l ho  f ound
t l rat ,  rv i t ) r in lerur iss i l - , ls  val i l r t rons,  t l t r> cart l r  r r r ig i r t  bc l r , , :u l r lot l  as
con rpose r l  o l  a  cen t , r ' l l  co l e  o f  t i ens i l y  abou t  8  a r r t l  a r r  ou l0 r  s l l c l t h
r-r t  t lcrrs i t l , '  about  3,  tLe t l iurc ls ion of  t l rc  corc bci r lg 1! . r ,nr  rLbont
t ' l t t ' e c -quu l t e l s  t o  l c ss  t l r a r r  l o r r r . - f i f  t l r s  t - r t  t l r o  r . a t l i r r s - r r l '  l  l r c  ea r . t h ,
accol 'c l ing to t l rc  tc t r rn l  t icrrs i t ios at loptr :c l ,  and that  srrc l r  arr  carth
wou ld  sa t i s l ' t ' t h c  l i l ow l  e , , r r i l i t i ous  , i  r r , " u , r  t i e r r s i t l . ,  r r s  , , vo l l  as  o f
l r t c coss io r t  au t l  r r u r t u l i o l .  ( ) l  t l r c  l l r l t c r .  I  c {u r  o l l o r  r ) ( )  r ) p i r r i o l r .  o l
c r i t i c i s ru ;  t l r c  f o l r r r c l  i s  easy  o f  l e r i l i cu t i o l ,  t he  t l ens i t i t ' s  r L l o  : r bou t
r i qh t ,  f o l ' t J r c  s i o r r v  oas i r l l  r , r , , l  t l r u  r r r r i l l y  i t . on  co ro ,  a ) l o r v i r r g  f o l  t he
c l f ec t s  o f  p r cssu rc  a l ) d  ( ) o r i l l i r c s . s i o r r ,  so  t L l t  t ho  h1 ' po t l r t ; r . i s  r r u r v  be
accep te t l  as  t L t  l cas t  t  l r oss i b l c  oue ,  an t l  i t  i s  l o t cno r . t , l n . t l r a t  t he
l im i t  - o f  . t l t e  t u , c r  p ru ' t s  o f  1 , l r e  oa rbL  l i c  j r r s i ;  t v l r r ' Le  t l r t ,  t : ' r l Lh ,1u i r , ke
l eco f c l c  i r r d i c l i t c  u  ohu r rL .e  i r r  cou rp< rs i t i o t r ,  uuacco l l r pa r , i c , i  l , y  cLn lge
in  s t a te ,  o f  t he  n r t t e l i r . r i  o f  r v l r i o l i  t hc  ca r t h  i s  oon r l r osc t l .

' l 'hele 
lenrains tLe cerr l r r r l  pul t  oI  t I r :  t :u l th,  pcrret la l t , r i  i ry  I 'ave

l tat i rs  erncrgin; ' ;  l . rcvorr t l  M' '  l lour  t i re r : l t iccrr t re.  l  r r  I  { } ( } ( i  i t  rvas
s t i l l  doL rb t f u l  x l i e t he l  t l r c  so - c t l l cd  seco r r t l  p l r ase  u t  t hcs i :  r i i s t a r r ces
lep t ' esen te r l  t l r c  : nuc l r  t l u )ayc r l  t l i s t , , r ' t i o r r r l  , " a l cs ,  t r a . ,  e i i i ng .  bv  a
r l i rect  pat l - r ,  ot '  wr. is  of  rL t i i l lc lorr t  c l r r r i  rLcbcr. .  f r r  l t rof i :s-*or .  \ \ t ie  choi t ts
pape r ' ,  a l r ea l l y ' r o f e r red  t o ,  i i r o  s l r r u ' i ug  t l ou ' r r  o f  t h r ' r ' . r t c  o1 '
t r ausu r i s s i o i r .  t b  t l ep ths  be lo r v  r L  l i t t l r :  r no l e  t l ; au  l r a l f  l h c  r . ; i t l i r r s ,  .wns

recogn i zec l ,  l l u t  t he  se t : o r r r l  i ; 1 ru - so  r v r t s  t r c cep te r l  w i t hou l  r l r r c sb ion  as
t ' cp resen t i r r g  t Le  s r i r r r o  l r hcno ruc lon  i r s  a t  t l i s t ance  s  o f  l  t ) ( )  r r r r r l  l o ss ,
an r l  t h i s  ] r as  l c l r u i . c , l  t l r e  i r r t t , r . .P r : t r r t i o r r  r coo l t c r l  by  1 , l r c  { i i i t L i ngu r
- . c l t oc l ,  t r p  t o  i . he  l ; r t esb  pL r l r l i c r r t i ou  r v l t i ch  h t r s  l o rLc l r c r l  r r s .  I r r
t h i s  cou r r t l v  t l r c  t r ' , : u11  o . [  t l r o rLg l r i .  l u r s  boc t r  d i ] I e r . cn t ;  l i r c  l i r s t
I )otewt)r th) '  l r l t , l rn l l l i  l  l is  t  l ro r le i i r , , r rs l , r ' r t io l r  l i . r '  l ) r ' .  t i .  \ ' i  .  \ \ r i r l l ie l
t l r a t  r vha t  r r as  r eco l r l c r i  r s  t l r t ' s c r . o r r , i  p l r r so  u t  t l r r . so  g l r r r t ,  r l i s t i t r r oos
s lnch lon i zc r l  u ' i t l r  t i r t :  t i r r r c  uL  u .  l r i c l r  u  uvcs  l e l l c c t . e t l  t t ,  o r  r r cu ' ,  t l r c
s t l t f c c c o i  t i r c  e t r l , i r  w o r r l r l  r o ; i c l r  t . l r , ' P J r i r : o  o f  t . { l c r ; n i , ' r  r i r r l  t l r i s  s r : r : r D s
s t i l i t h e n r , . r s i p l r - r i ; u l r i o i r r r c r ' l r l c t r r t , i o r r .  J , r i t e l , v f l o i e s s r i l  l [ .  l l . ' f  r u . r r c l
i r l r s  a i t a c l i c t I  t . ] t t ' s u t r e  l l i o ] , 1 c : t r  r r r ( i ,  i n  t l r c  l l r t . e s t  l c l ) ( ) r t s  o f  t , h t :
n r i t i s l i  - { s s c ' c i a t i o n  a r r i i  i h c  S l r i t l c  l l r r l l r , t i r i s ,  l r l r - q  s } r u r r t r ,  l i _ r  , l i r L i s { , i r , , i l
r i r eL i r o t l s ,  t hn t  t . i r e  s r i - c l l l c r i  seco r r i l  1 ; l r r r s c  r r t  r l i s l l r l c r : s  l r ,  r ' l r r d  t h t r
l i r r i i t  o f  i ! 0 ' '  t n u s b  l r e  t r  i l i l l c l o r r b  l r l r t ' : r o r r r l r r , . r r r  I l o r r r  t l t o  s l r  r , l r r l  1 . l ) 1 i 1 s 1 ,
a t  l c s s e r  t l i s t a l c e s .  ) l c l L r r r r  i r i i c ,  i r l  r r r r  c r r t i l t , l . i ' t l i l l ' u l e r r l  1 , . ' l l r ,  . [  l i r L r l
; i r r s e l f  a t ' r i , c t l  i t 1 ,  l r  . i r r t j l a t ' ( j o r ) ( j i t r : i o l t :  t l r c  r r r r r r r i r r i r t i , : r  . l  l t , c o l t l s
o f  i t t s t t ' u r n c r r i , r  , r i ' i l r .  t r l r r  1 r , n r : r i r l i l  r r s i : r l  i r r  l 1 ; r r l r - .  l ' l r i , , l ,  g i r o  l l r L .
seCon t l  l t hasc  i r )  i Ln  , r t : r t l I ) i i r , r r i L l i . r '  r , l c l u i t '  l t i l r r ' l ; t , , i  i r r t r l  r ,  r r , , i , i c r r r . r t r s ;
iDanne r ,  s l t r r r r ed  t i r r l ;  i i r r t  so . c l r i l t ' , )  s cc ( r l l ( j  l ) l r i l s s  l l l .  , , ' r ' . 1 '  l o r r g .
d i s t a u c e s  \ \ ' i r s  o f  a  t l i l l c l e l i t  t J ' l , , , , , l 1 p g o 1 l r t ' t ,  r r n r l : r  l ' , , , r '  \ ( - , i l l s  i t q o
I  r v t s  a b i e  t r )  Q x i u l r i n o  s ( ) n l c  c , f  t l r t  r . c u l r l s  o f  t l r c  ( i u l i l z i r r  i r r . r l , r . r r r r r c l r t
l u t  I s kda len r r r i r ,  l ' l r i r , ) r  q l Lv r  j l r s t  t l r o  s l n r r r  l t s r r l 1 , .  ' - [ ' l  

o  L r ' 1 r i r : l l
seco t t r l  p l t l s c . ,  u ' ) r u r  r r  r . i l  t i e  v r : ) u Iu r l  ,  . i r c , r r s  : L  r l i s l  i r r , , l  { r onn r r  r r r , u r r c } r 1 , ,
l t  we l l - t u r t l i i r : r 1  t t r i x i r r r r i r n  l r n (1  i r  i r r i ! ,  r ' r r l r i r i  i l _ r ' i r r g  r , r r t  I  i r  i  . .  i r r  l t c t ,

1 , ' a t en t l l '  t l t e  I ' e co l t i  o i '  l L  - . i r g l c  i { t ' ( ) l l J )  o i  r . , ' , r ve  s  o l l  o l t c  c l l , r . r i , t c l  l r r r t l

t  G ; ; l t i t : ' 1 ,  ' t  - \ i i t ' / r ;  i < . / r r r  r r .  i ! i g 7 .  p p .  ! 2 1  1 i i .
!  - l / , : r l r '  ; i  , ) - c i r 7 / r . l { r d r i .  1 1 . r 1 ; 1 .
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26 R. D, Oldlmnt-'f ' lte ltr,terior of tlte Eurtlt.

{ 'olrn. At loug t l istances, on the contt 'ar '5.,  t l tc cotnntencetnetrt  is
rnore graduti l ;  there is ro well-nurt 'hecl maximurn, but two or tnore
succecding eacir other, and the rccot 'cl  bears the iurpress of being due
to t l ie successive atr ival.  of more t l tan ottc group of wates, just the
lr l)peararrco, in f irct,  which rvoukl bc alt icipatet l  l \ 'om Dr'.  Walker's
ir i terplctat ion. Tahing al l  this iuto consit lelat ion i t  is not possible
to accepb thc supposetl  secorrd pltaso at distartces beyolcl 120o as
being identicaL ir i  character u' i th the featule which is so rvel l  marked
at lessel distances, and in these very long t l ist irnce records nothing
can be rocognized l 'hich may be identi f iet l  as the atr ival of
condelsationa' l  tvaves travcl l i lg by a direct path f lom the ol igin;
i f  present they ale rnuch reducetl  in inteusity and delayed in arr ivai.
l : Ience rve nlry concludc that the rvave paths l 'hich penetrate deeper
t lran thc outer l i ruits of a central nucleus, extenrl iug to sometlr ing
lcss than half the radius of the earth fron t lre centre, encoutrter
a nraterial ' rvhich is t levoid. of r igkl i ty eveu tgainst st lesses of only
a felv seconds' clulat ion.

A similal couclusion seems to have been reachecl by Mr, Harolt l
Jr: l t lovs, i f  I  uuclerstand hiru aright, as t]re resrr l t  of a rnathelnatical
invcstigation of the viscosity of the earth,r based on t idal
t lefolrnatiorr autl  . the nel iodic val iat iou of lat i tude, so that we

*l: l:::r:l,t;rel--v 
ind.epentlent lines oi lesearch lerdins to the

'I 'o su.ru uD. \ve have {ountl  that the intol ior of t l re eat ' th is divideti
into three i{ ist inct rcgions, characterizcd by cl i f ielences in the
physical condit iou. of the matcrial.  i [ 'hey are :-- 

i .  Att outel clu;t ,  of nrntter t 'hiclr is sol id i l  eYery sense usually
oLt;achini;  to t ire vorcl.  I ts thicl iness is conrpalat ivelv iusigui l icant,
bcirrs l i t t le rnotc t l ton half a huutl tcr l th of thc lr i t l i r .rs. At i ts lorvcr
l imib this nassos rnpicl lY inttr

2. A sl iel l  oI aborrt"half  to thloe-f i f t l ts of t l tc rtrdit ts in clopth,
consist ine of ntatter to rvhicl i  ueithct ' the telru sol id l ' rr ' l lui t l  can bc
applied r i ' i thorrt introducing a connotatiotr rvhich is conttadictory to
sorue of i ts propclbics, for while lr ighly I ' ig; id as against stresses oI
sholt i l ruatlon, ol 'oven of clurat ion tteasuLecl by Yeat's, i t  is capal.r le
of int lcf ini te yielt l ing to stresses of snral l  att toult  i f  of scculal duration,
At i ts L-rrvcl l imit this prlsses soruelyhat rapit l l l ' ,  but Inore gradually
than at thc outcr l imit,  into

3. r!  central nucleus consist ing oI rrratber'  havi lrg I i t t le or no
rigicl i ty, even against stresses t i f  rcry sirort t lLr lat ion' I fcre t l te
rnatelial may be described as fluicl, rvhether litluid ol gas, without
int loclrrcing ony contraCictot 'y counotation.

In corul iosit i 'on, as r l ist incf from consti tut ior, the earth appears to
consist of two parts; a central polt ion mainlv metal l ic and principnl ly
irort,  extetrding to somewhere betweeu three-rl t tal ters aucl four- l i f ths
of the radius, aud an outer envelope cornposed of stony material.

Geological ly, we have a twoiold cl ivisiou, into the outer crust
comyrosecl of rnaterial more or less sirnilar', in cornposition aud.

L. .b'.,Sp tt ( l t - iYr.; l r:s o ) t -(L nr n Lo i t, ; l  ( r 2 7

cous t i tu t io l ,  to  tLe  sn l l ' i roc  toc l i s  I ' i t ,h  s 'h ic lL  v .c  iu 'e  ec( t r , l i n tc r l ,  and
ar t  inue l  co le  l ' h ich  t . l i { [ c ls  iu  o l ro  o r  l i i - r th  r , f  t lLc , i '  , r l ru r .ac t t rs .
!Jrvrnol.ogicai ly i ,he rrolr l  1'g,;r:ologvtt shorrl t l  apply t ' t1rr 'Ll l .y to thc
s tudy  o t .bo th  theso leg ions ,  i r r r l ; ,  fo r  cor t le r r iouoc  :u r , I  l l our  tho
l im i ta t iou  o f  tho  i rL t l i v i r lu i r l  i rn ru i r r r  n r i ld ,  ib  i s  r rs rLLr l l , v , ro r r l ino t l  to
t ire probieurs plescnte, l  bv t lre: r 'o0l is conrposi lg thc l  rrrsl ,  whi i t :
thosc  o f  thc  deepet  leg io ls  l ie  o r r ts i r l r :  i t , s  scopc ,

Such,  b l ie i l , y ,  a re  t l re  cor rc l r rs io r rs  r r l r i ch  i r ruv  be  r l l i L rv r r  f lo ru  t l i c
sc ie t rces  o f  tencs t l i l l  o i rsc lva t io l .  ' 1 ' l re  s ta . te r r re l t .  I  L  rLos . .  i s  in -
corup le te  and iu rpe l f 'e r : t ;  sorue  a t  j r : iLsb  o I  t le  couc l r r - ' i u r rs  w i l l
t lor-rbt less be trar.ersotl  rLurl  r 'egalt lcr l  as irrcorupatiblc l ' i t , l r  t l rc rcsults
o l . l ta i r red  f rom o the l  l i r res  c f  l csor r l i t l r ,  b r r t  i r r  the i r  rna i r r  f ca tu res  o l
i l re tLreefolt l  t . [ i r i" ic,u c,[  1rIvsiorLl coudil , ion anrl t ]re trvol ir l r l  r l iv isiorr
o i ' c Ieu ica l  cor lpos i t io r r  they  soer r r  to  rno  so  rvc l l  founr l , , t l  tha t  thc
burdeu o f  p roo f  

- I ies  
r - i tL  tLc ,s , ,  rv l r , ,  r ru r r l t l  t r .aver .s t : ,  r , r l l ro r '  lhan

rvith those rvbo iLre 1're pa.r 'et l  to acce pt, theru.

\t.--No lLrs rix t\lrrro,rlrlsl.

I l - v  L .  F .  S |e r r r .  I l .Sc . ,  F . ( i .S .

/ f  lHE  t r . r l t uu ' i ng  uo tes  , r , , . "  , , u , , , , , i , , , d ,  f r ; r '  t ) Lo  rnos l ;  p l l t .  so r r { )  yoa r r s

I  ag< r ,  LL r l  t l r e i r '  l r i r L l i , : LL t i ou  i r r  t ) r c  l r Lesc r r t  f o l r u  s r i g r l c sbe r l  i t s c l t
t o  t he  i r l i t e l  o r r  t l r *  pc l r r s : LL  ( t l r r r i r r g  l L  s i r o l L  ' ( l c i r vo "  l ' r o ru  ac t i ve
se rv i ce )  o f  a  r r L r i r r b i : r ' o i ' r ' c ce r rL  p i u ) { . r f s  o i l  . r ! n ru ro r r i l t : s ,  1 ' r ' i l c i pa l l y
P ro fesso l  S r r i r r ne l t on  u l l t i  , 1 .  l l .  ' l l l uo rnu r r ' s  s t  r r i v  o l  t he
"  1 [ o l p h o l o g r  t r t i t l  L ) c r ' : l o ' r t r r e  r t t  o l  l , l r e l  { r r r r r r o r r i t u  l { c l ' l r r r r r  " .  L  ' 1 ' ] , c

u a i r r p u ' t o t  t i r a r i l r r r t i l l i i , l c r , , t t i l  i o  t ) i u r l r : r ' c i o i ; u r c l t , , , i  l r , ; s e p t t t r u ,
i i i r r s b r r i t e d  b r  s t t c r ' e ' . i , t  " . r l r ' , u l  . t , c t i o t t s " ,  l u r r l  i t  i r  ,  l l i r r r i : r l  t l r a t
r v i t e r e  s u t t i L a l  t l e t e i . : 1 i r n c t  t . , i 1 , 1 1 e l  i r , :  r v o L i i e t l  o t r t ; ,  " s t . p 1 , r i ; c u t i o r r s "
l ' i l l .  t o  so r ) r c  ox t c r r t  se  r ' \ ' o  As  l i  s l r l r s t . i t u t c .  ' l ho  r i  r  i ' c l  i r i . r s  l r o
i n l e n t i i . r n  o f  t l i , r c i r s : i r t r l  t . i r r l  r r s t : f  i r i r r c s s  o [  "  s c 1 r t l L 1  s , ' r i  , , i r r s  ) ' ;  b u t
suDr / . j  o f  t i r e  sug ;gcs t i o t t ' ;  1 i r r t  f o l u ' u r ' , 1 ,  r r r t c l  eo r r c l r r s i o r r s  r L l  i  i v c r l  a t ,  by
t J re  au t i r o t s ,  as  r r c l l .  i IS  c l i t i : r i l i  u l ) i r ) j , ) ns ,  r v l r i c i r  1 , h t : v  i r l , r l r r  l ' r ' o r r r  o t l r e r
n ' , r l ke r s  r . r t t  A r r i r t i o t r i L i : s .  i u l ' j [ c  L : i i i i t l r L i  r j , { a l r r i l l i l l , i o r ] .  f ,  r i r , .  i r r  t , l r < :
p l ' e se l t t  pa ] ) c r ' ,  o t i r 0 r ' ) r : r , r r l .  u ' o l l i  l r r  t l r r :  r i r u r ' | l r u l cg l -  l n r ,  i r i r l s i o l o *y
o f  t L e  - \ n r r r r o r t i t , r  s t , r , t i i n r  l u l ( l  s u r L u r ' o - l i r t e .  r r o t  l u l  c r r r l , o , , i ,  t l  i t r  L c x t -
books ,  i s  u , so  i nc l r r , i e , l ,  { r r ' 1  ; i i l r t ( :  l  l r j  \ \  r i f L ' t  ' . . i , 1 . , 1 r " : i  1  ,  r , r l ,  f o l  \ v r r n l
op in i ons  t i r : i l  l i i i t r r  i r r  t nu l v  t s . l r r l i r r l s  1 r ' o r r r  t i r o  ' ,  i ,  ' r  s  r , l l  b c i l ; h
t ex tbooks  an , i  o t i r c ; .  a . r l . 1 r i . r ' s ,  i l  i .  ) r o l i c r l  t l r L r t  l he  l ) : r l ' { ' i  r u r J ' l ) r ovc
o i  gene ra l  i r r t e l es t .

' ,1 ' t t r  .Fr , t r rv. r l r r  ] l r r . r ; r . ;  o l  t ' l I r i  Si ; l ' r 'u , r r .
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