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Mr'. . I .  l ' .  N. ( inl ir , ts s:r ir l  thl t  t l ro palrt ' r '  l . :rs of q.t .cut vi t luo to
t)r.sc irrtc 'cstcrl  i rr  thc, A' 'ch:r ' :rr  PLLtci.  of A1] ' iclr .  

-  
r{e eslrccial lv

rvi, lcorrtcr l  t l rc i tp| l ic:rt iou ()f  i r  nc\\- '  rrrr-, t l rorl  of vcr. i tr . i rrq t lre Ar.chrcrLir
srtcccssion. wlr i lo t l rcte \ \ ' i ls sr)ruc res0l)r lr l iur(fL'  t t i  t l rc l l rLl ibur.ton
(Ol r r t r l : r )  l r c l t s ,  rLs : r l s ,  t ' t l r .  s i r r r i l : r r .o ( .c . r . l . r . l r ccs  i r r  I r r t l i l r ,  ln t l
l , ' iulantl ,  t i rc I i l<t 'ncss \\ ' i ts l)()t  rvcl l  rrulr. l r t , t l ,  sinct, Irc untlelstootl  t lurt
ol igoclu,sc rv:rs uot lrr irr lrrrr irrr.rrt  i rr  t l rc biot i tc-qrreisses, s, lr iclr ,
urr l ike the I lrr , l ibultorr ol igocl rsc-grr l isscs irrt lur lct l  into rrnrlrhibol i tc
antl  l i tnestonc, \r ierLr nln(,c() l l l l ) iu) i .-* l  Ir .1'  fr . i rrqcs crf neIhei irrr:-  r tnrl
othcrr l l<rr l i -s.-vcnites. Ou t lr t i rr thcr.hrirrr l ,  in \Vest Afr l ica al l  t l rcsc,
lrhcnorncni l  l 'urc x- 'pl ixlucr 'r l ,  nntl  i t  sc'crnetl  thtt  thc ,, \n, ln,an of
Afr ic*, rs of otbc' i -o.t int. ts, 'P'r 'scrrtcr l  tr ' .  t l ist irrct t .r ,Pcs ,f  rr* in
gr: lni t ic iutmsion. I  Ic rrotcrl  thc st l tenrcrrt  t lui t  l l telct i lLr 'o11crr()qs
setl i tnc' l ts onl.y .ccurL'url  orr t l :c cr:rst,  lnr l  lorn:rr l icr l  t l r ;Lt lr l tc.r,orl
algi l laccous stxl irnc'ts st 'erncrl  to occur. clr i t . l l r .orr t l rr : .rr tc. t ,clgcs of
the platclrr,  i rs on t l tr  GrLl colst irntL rrcur'( ' l . rrdrrk.ro, l i 'orn ivhich
Llttcr lo.crr l i t .y : t  bi t  of q:rr.rrot-k.yrtnitc-sclr ist l ra, l  

'bct,rr 
sirerr to

11i1n.. 'lhc pr.pr'r' \\'us ir)) irrrpor.t:rnt r.outr.ilntiorr, trot 
'only 

to
Afl ' ican, bnt rLIso to qcrrntr l .  gcolog.\ ' .

' I 'he AuT rron tharr l tct l  t l rc l i 'ol lor ls f i rr .  their.  l i i rrr l  r .c 'ccution of
his papcr, f t l ld cxprLrsscrl  l r is grlr t i tur l tr  for.t l rc c,rrrrpl[ i11j11tr11'1,
lclntl l ' l fs lnft(Lu,

In rcpl.v to I)r'. l,lvurs hc srid tlult lrti hatl lrecn crrrcful llot to
colr imit hirnsclf  to th. hvPotlrosis l)ut folu'rr lr l  in oxPlnnrrt ion of t l rc
origlin of thc qnci.ssc,s antl thcir foliatiorr. Iu tlrc^ pn,lrol itself rn
nltelnntivc h.ypothcsis -not irrr.olvius t l tr ,  in. icct ion 

- 
of gr.nnitc-

mrgrnft i rr to pr.e-cxist ing sr: lr ists-u,rrs outl i rcd. but rrci t l i i l  v iov
rv;rs suggestorl  as 

' l roing 
rrrot 'c t l r ln I  possi lr i l i t . r ' l 'ol th.y of r l iscnssion.

I,lven if thc biotitc-erc,isst,s *'cr.c c.rn|osit., ihc'r.r: coirkl bc no tloulrt
thlt  t l rc.v 'rvcle 

1,r 'c, lotrr ir l rrrt l l  r , f  qr ' ;rr i i t ic or. iqirr.  I t  u. l* rrcct,ssrr\ ' ,
I to* 'cvcr, to lr 'coqrr iz.t .  [r . :rrrk)1 t l rat,  thr, l ,rr ,Llt l rrrs irrr.olvetl  u,cr., ,  sl i l l
flr,f rorrr bcin g cr>rrrPlctel.y stjlr,ctl.

Ansrr.cl ing Mr'.  Glcon, t l rc Author. sair l  thrt,  cxccpt irr  the'hor.n-
blcncl ic r 'ocks, ol ir locl i lsc 1l 'ns subort l i rratc to olthr,clrr ir 'or. rrr ier.ocl ine
in the gneisscs. It rvas of intclest to uoticc tlrrtt in the banclcd
val'ictics oli!.roclase \yirs rn abunr'lrnt rrrine'r'lil in the nlclanoclltic
(biotite-r'ich) Lands anrl str.t,:rl<s, rvlrcrclrs it n,as no rnor.c tharr an
ti,ccessoly in thc l:ucocllrtic or felsic portious of the loclis.

part 2] ynnrr'r.ros rrr rrrFj rRE(?LrENcr oF n.{,nrtreu.{.Kns. gg

i]. ,1 Sr,r,sox,\L \ '-.rrrri.rro x in tlte I,,rtneunxcr- qf l),r,rt,r lrquer.ins.
Ilv l ircrr,r.tro Drxov Olnrr,trr, l.. l l .S., Ir.G.S. (l leatl l,.eb-
ruirlv Gtlr, 101S.)

[Pr,e,r:r XII.]

Wrrnx i lvestiga_tirre'  thc aftelsl tocks of thc sreaf Tntl ian cart lr-
q.rlic of 1917, I f.rr.rl thrt thc rntio of slrocr<s oecu'.ing tl*ri'g
thc da.y h*lf of thc trve'tv-fbur. lrours, bet*.ecn 6 ,,.rnr. ancl"6. r.lr.l
to t l rose occ.r 'r ' i rrq du' ing the nis' l r t  l ralf ,  rr . :rs sorne*, lr . t  g.eate.
thtn. thc qcnt'r':rl itvcl'lge dur.ing the sumrtrer. rnonths, rvhen the
srrn is in nor'th dcclinl{,iorr, lncl-sornes,lrirt lcss rluring'tfr, .ri,l,rt.,.
r 'orrtbn-, * lrcn t lrc sur is so.th -of t l i t '  eqrr i l t ' r . .  r \s this r.el:r t io.
rt ' i ts forurr. l  lot orr lv irr  thc rvlrole l t ,cor, l ,  brrt  :r lso in t lre nat,ur,:r l
l rroul)s of olrst 'r ' r ' l t t iorrs, i t  st 'orncr ' l  Pr.ohirblc t lrat t l rc var. i :r t iorr rr. :rs
rt rc'irl orc, *rrtl .ot f.rtrritous ; .i'itil., tlre f.let that tJrc ,;.;;.i
of the Shillonsl .sci-snrosFaPir, 

.rvlren tabull,tetl lx, lunar. ti*;;l,i
scftsor)s' g.'rrc il sirnilut virliirtion suggestctL tlrrt ihc a,r.lr, ,uo, ,.rnt
cl irnatie. brrt  in sourc l .av counectei l  rvi th t lrc t iant . i" . ,*r. . . .*t ' ' ' ,1,
ll.y tlrc attnLction of thc sirn unrl thc rnoon.l .

At a l . te. date r 'rnrlc:r i l rr ;ur.t ion (*,rr ieh h.s rrot been pub-
I i s l re t l  r r r r t i l , , r ro rv )  n l : , \ { i l r rc ' s  * r t i r l rque, r f  . l i t |u res , ,e : r r lhqu : r i res , !
: i l r f i  agai l)  r .r11111 ' ,  srnrr l :rr  r t ' lat iorr betrvoerr the 'at io of 

-r}rr.  
to

uiglrt  slrorr l ts irr  the trvo hrh'os of l l rc 1.uu,; arrt l  rsirui lal  i" fr , i i ; ;*
ol ' i l t t '  t 'oc.t ' r ls l i 'olrr :r  rrrrrrr lrr ,r 'of olrser. i ' : t to1it ,s,; t  rnostl l ,  ; , '1,t"rr, , , , iu,, i
of rnrl  covcring . Ir tc. |cr. iod t lr i rn l \{ i l 'c.s e,rt ,r logrie, 

"; , i i ;  ; ; . , : ;the slrnc rosult.
Itccc'tl.r'- thcrc' Irirs appcrr.cd rur rbstr.act tul'rlutio' of trvc't''1'ears'r'cco_xls-of obselvntlons, cu'r'ied on by the fhliln r.i;"];;i;;l

scrvi( ' ( ' ,  ulr iclr  t ,rr :r lr l<,s_the srrLjcct to be rnor.c cnrrr1., lctt , l1, . i , l i ; ; i
t l tatt .  r t 'n-s Possihl, ,  * ' i th t l ro ' ior.c l i rrr i ted 

"n,t 
; ,r ,1l"r i ." i  ; ; ; ; ; ;

prcviou-slr' :rvrililrle.l In_ tlris, once rnoli, tlrc retltivoti g;;;;;;
freqrter,rc-r '  of c:rr. t l rqrurl ies r lrr l i t rg thr, rht '  in srrr lprcr antl  tSc"nielrt
l l )  \ \ ' l l ) tel '  ls sl lotvl l  l rr .  r  tabulrt t iorr oI t l rc trvo l1;1ly1,s of t l re yJar.
anrl..thc. corn-plctc.esi of the rcco'cl enables . irrrtil.;i;;; #'i;;
applrc<l,  Ir i rserI orr t l rc cousi<leylt ion that, i f  t \e o[scryetl  'ar iut ion
is not .ccidcntr l  l rut drrc to sorrc ca.sc, .rvhether ct irr-,at i" 'n.
Ph1'sic*))r- drrre'derrt on t lre vrr. i :r . t ion 

_irr i l rc |osif i"" 
"f  

i i , ; '* ; ,  ; ;
sho.ltl bc g.e.tcr'-:rt tlre lrciglrt of eacrr.oarou th^', tlr. o;;r.o;';i
the *'hole of .eirch half-veri 'Ihe mo'ths .f'.r"o ;r;;i-ir,l"'$;:
tholcft ' t 'e, t :r l<t ' tr  i rs re_prcscnti l la 11if lsl11rncr .o,. ,a;Uorr, 

"nA' i i i l
l l l ' l ' l , l : .1* ' l  

,11,. 
i l , l -  

: t ' ,1 niqht fr .r .qrre'e1. slrorvcd ,, ,  , l i re,.ge'cc l .rorn
Lr )e :Lvr ' r ' : rge  or  i l )0  ) ' ( , r ' i n  i l ro  s : r r r rc  t l i ' ec t ion  as  t l ra t  o f  t l r c  senson
rs n 'u'holc, l ,rr t  g'cl te. ir  ar 'ourrt.  sirni lar lr ' ,  f l re rnonths oi '

I  Mcm. Geol. Snrv. Ind. vol.  xrxv, pt.  2 (1C03) pp. 117_45.3 Scismol. Journ. Jopan, rol. iv (lS'95).
r Publ. Earthq. Invest. Committee, N;. g, 1902.a Roll .  Soc. Seismol.I tal.  vol.  u (1916) pp.9_31.
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100 ul.. lr, D. or.lru,tlt oN r su,rsoli,l.r, \-,\nrJrloN [vol. Ixxiv,

'Decenrbel aud Jauualy, as leplesenting ruidrvinter conditiols,
sirorvcrl a lalgel e*crsr c,f night ihocks thir,n the general uur*g" of
the rvinter half-year'.

I'he lctual ligures aud ratios rcferred to above ale set forth in
detail iu tabulal skr,teurent No. I (p. 101), ancl in this ctch gloulr
of lurlf-.yeally rt,tios of fi'cqucnc.y urly bc-tllicu as,r ringl,: Jverrt.
hr any ctivision of the yeur into trvo halvcs thc ratio of day to night
shoclis 'rvould very iurprobably be cxactly thc s:une as for the rvhole :
the aettral divergence is irr no case gleiltcl than uriglrt teasouabiy
bc e.xpucted if tho valiltion s'ole purel;'foltuitous, u,utl the oddi
tl'o ovcrr tlurt the varirrtiou rvoultl be in eithol dilcction. No
r:ouclusiorr cln, thclcfor'o, bc rh'trvu fi'onr :rny onc gloup tahen
sr:p:lrlte l.y ; but tho plob.r,bility tlurt tho vu'iation rvoukl be in
tlrc saurc tlirection iu circh of the thrce gl'oups is only one-eiglrth.
Siruilarl.y, thc trvo cxtrerues in thc lhlian lecorcl uray be taken as
independeut ovents ; iu cach cirse, if ucl.:ly rccidcnttl, the valittiorr
ruight. rvith trqual plobr.,l-rility, bc such rrs to urukc thc r.atio either
gruutel ol lcss tlurn the &lellrgo of thc rvholc of crch hrlf-year', but
the plobability of their being in botir clses grcoter is oirl.y one-
qurrrtor', reduciug the plobability of tho rvholc ser.ics tirlling'in thc
older. actually found to one thilty-socond. fn othel rvoids, the
odds arc 31 to 1 that tho variatious alc rrot accidental but tlue to
solle cornlnoll cause, anil, if thc lunar Lrbulatiorr of the Shillone
seisruoglaph c:ul be ncceptecl ils :r,uothct' cve nt, the oddi
bucome 63 to 1.

tr'r'orn thcse considcrations it may safely be lu,id dorvrr. as r,
geueral principle that earthrlualics ale llther ruole fi'equunt duling
the day iu sumruel and less freqncnt in wintel than the grnera-l
:lvolirgcs, rvith anopposite variation in fi'crrlur:ncy du'ing the night;
ancl that this rclttiou lua)r be expcctetl 'lvhclever. thc r.ecortl is
sutlicicntly coruplcte, covols a sullicicutly long peliocl, and contains
rrot loss tlnn about 1000 septlate shocl<s. 'lhis last ploviso is
necessary, for', uith so_il.'e-gular tr lhr:,uornr:noll as al) ealtlquahe, a
good averilgc cau only be obtaiucd u'hcle a suHicierrtli large
nuurber: of sepat'rrte l'ccords is tlcalt rvith. Dxperience luri shorin
thu.t 400 is u,bout the lorvcst lirnit rvhi<rh can' bc safely used. a
Iirrgcr nuurber is buttcr; but thc in'e'gularitics becorue "so 

gr.eat,
rvhen thc nurnbcl in cach scpal?rte gloup deult s'ith ftlls l,elou' -100,
that sm'.rll virliations ccirse to be tracr:uble.

'I'he cxtent of thc Italinn lecord rnakes it possible to calry the
investigatiou firrther', by consideliuq, scpuratcly, each of the"trvo-
hour. peliods iu rvhich the recold is trr,bulatctl. 'l'his has been done
in tabullr stnteurcnt No. 2 (p. 102). flour rvhich it rvill bc secu thaf
the relatiou be,trvecn rla.r' and niglrt shocks rvhich wus found in thc
case of the half-da.vs is also rnet rvith in each of the trvo-hour periods
of each half. A sirnilal tabulation of the Japanese catalogue gavc
t.csults in substantial agreetuent rvith the Italian, rvith ilrcgularaities
for the l)eliods betrveen 2 and 6 a.rr. and 4 to 6 r.rr.; the Japan
recor.d, horvever, is much less homogeneous than the Italian, foi;9f
the total nulnber of shocks recolded, more thiln three-fifths are

I

, . . , , . r  r - ) l
P e L u  L ) tN ' f  t t  D l rn l . : r l t r l tNcY oI  t i , \ l tT l l ( )u, \ I i t :s .  101

aftcr-sirocl is of thc l l ino-Onali  ealtLrlunl ic of Octobcr !Sth, 1891,
tnt l  of t l icsc thlee r lutrtcls f l l l  in thc rvirrtel lur l f-1'car ' .  As l ,  r 'osult ,
t l te l tr : l l t r  r tuurLrcL of slrocl is iu thc tu'o-lrotr l  uel iot ls of tLc sutnnrer
lul l f- .veit l  is orl . t ' ! ;-r5, u rruruL,:r rnuch t,ol111'r '11 to give r goocl
ir .vcl irgc, s' i th t 'hc lcsult  t l rat thc ulu' \ ' ()  of f let luuncy slrorvs 14r'elt
i l lcgrr l i t l i t r ' .  ' l l l r is t :ould bc olrvi ir tcd b.r '  e rr lrr lgiurt the {r 'orr|s b; '  i t ,
scl ics of ovcl l :rp1>irg pcl iot ls; brrt  t l re nrrrt lrot l  socrus lcss logit irul, tc
t lr ln t luLt o{ sinrplr- crr lulqirrg thc pel iods to t lr lec houls otr:h, b.\ '
rvhiclr i r ,  sct ios of rrrrnrlrcr 's close to t lrc nirr iruurn iuhnissiblo is
obti l i rrct l .  ' l l re lcstr l t  of t l r is tabul l t ion is givr:rr in st i t tcrucrrt No. l l
(1 r .  102) ,  iLn t l  t lL is  ;Lu , l  t l r c  l tu l i r t t r  l c ron l  r t t c  

" lu r rv t r  
g lu ,ph ic r r l l y  in

t lr t '  uo,:<.rrnpiur.r ' i t rrr t l iar- lr ' : r .rn (I '1. X11).
Arr cxlrt t iulrt . ion of thesc crn'r 'cs shorvs t lurt t l rc viu' i i r t ion in

ft'crluoncr- is rlistlibtterl s1'urrrretlieirll.i' rvith lorlrnl to tLo time
of ruel idirr,n l) i rssit !{ l :  of thc srrrr,  but oplxrsitcl .r .  i rr  elch hl, l l -yeu.r ' .
l rr  othcl rvot ' t ls, i t  is lclr leserrted, I . trr  c:Lch soitsor), b.y a cuLve of
l ld- lrour'  pel iot l ,  u' i t l r  i ts ruirxiruuru irnt l  rrr iuirrrurn, at t l rc t i r i tes of
rrrcl i t l i ln pussuge, sul.rcl irnposcrl  ou t lrr :  gerrcl ir l  culve of val i t t ion
irr f t 'cquctrc.1.--this supi:r ' intposctl  crrt 'vo lrcing sirni lal '  i rr  cach iral{-
t 'eirt ' .  btt t  s ' i t l r  t l rcrrr;rr iunrtu of orto lr ir l f  coincit lcut in t imo u' i th tht:
ininirrnrrrr of l l rc othcr ' .  As t lre vrLl iut iorr iu t l re sravitnt ioul l
sbrcsses sr:t  u1i lr .y t l rrr srrrr fol lorvs pleciscl l ' t l re su,ruc-c,xrlsc, i t  is
Iot. t tr t tr iLtrrt t l  to srrplrr.rsc thlLt i ,he ttvo rrr ir . \-  bc corrrrcctet l  i ls c: l . t tsc
;utr l  t , l l t 'ct ,  t tr t l  t i rc srtqgcsl iorr obl i l i rrs sorrte suplrolt  l rorl  t l to lurt: t l

J .  l ) , t r  . r s r r  N r ( ; I r  l t r l l i r J u D s c t  o r ,  l l r r t t r c J u . r x r s .
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l c co r t l s  r v l r i c l r  l r : t r [  bce r r  p l cv i o t r s l v  r r v : r i l i l l r l c ,  i t  r r r u ; ' nc ' t  b r :  s ' i t hou t ,
inte lcs l ,  to lxr i r r t  out  t lut t  thc obsct 'vct i  f ler luonc. t -  is  c losel .y l l )pfoxi -
r rut tcd b.v t l rc  fo l t r ruLr

N :75 i - r ' 5 i - L l 1 !  s i r r .  ( l +61045 ' )+12 : l  s i n . ( : l / +1 .1o ) .  ( l )

u ' l rc le N tept 'eseuts t l re t r r rutLct  of  s iurc l is  occt t l l i t t r l  i r r  u, r ry pcl iot l
of  ts 'o l r ru ls '  leugt l r .  i tnd l ,  the t i rnc of  thc n i r ld lc of  the t rvo l rouls,
lcc l runct l  f ror t r  rn ic l t t iq l r t .  ' fh is  

f r r r r r r r r l : r  r rur l '  bc r rorc corrverr ierr t l ; '

1>ut  in t l ro fo l r r r

I i : 1 . ( t * ' : lS  . . i n .  ( 1  +610 . t 5 ' ) * . l J  s i r r .  ( 91 f  l . t o ) ,  ( 2 )

l ' l rcr t  l i  t 'c t t t t 's t ' t t ts  t l rc  t ' : r l io  o l .  thc r tc t rur . l  to l l rc  t r rcrru r t t t t r t l . ler  of
s l r oc l<s  i r r : r  t u ' o - l r ou r ' 1x . r ' i , , r l ,  r u r t l  i ' r ' o r r r  t l r i . s  u ' c  ge t  l l r o  t t ' u c
I r i t l n rou ie  f t c r l t t r t t c t .  I  r t s

l " : l ' t t - f  ' : l l i  s i n .  ( / f  { i 1 ' )  l 5 ' ) + ' f . 1  s i r r .  ( 9 /  +1 lo ) .  ( 3 )

I r r  o t he t ' t t ' t t t t l s ,  l e  l t i L v r  u  t l i r r l na l  l r c l i o t l  r v i t l r  l r  I u i t x i n r r r t n  n t
l l r . 5 i l r r r .  a f t e l  t r r i r l r r i r a l r t  l r r t l  i r  l u i n i nuu l l  t uc l vc  hou l s  l i l t c r ' ,
col r rb inu( l  rv i t l r  r  senr i t l i r t l rn l  l re l iot l  l r lv inq untx imt t t  !h.  i i2ur .
t f te l  rn i r l l ig l r t  : r r r t l  r r r iddu. l ' ,  r r r rd t t r i r r inn s ix l rours l i r ter ' .  ' I 'he

sctni t l iu ln i t l  l r t l i tx l  tn lu '  be ur t t t rcctet l  s ' i t l r  thc g l l ,v i t l l t , iouiL l  s t lesscs
set  up l r l  t l r r :  srr t r ,  i f  t l rc  c:u l t 'e l l t iorr  is ,  i rs  i t  s lurul t l  bc,  rv i th t l rc
l u t c  o f  c l l t t t ge ,  r r o t  l i t l r  t l t e : r o t r u l l  l r t t u ru t r t ,  o f  t l r c  s t l c ss .  ' l l l u r

d i t r l t r l , l  l )0f i (x I  is  lcss t ' r rs l  to r :xpl i r i r r  ;  thc lc is  r ro l l rpat 'ent  con-
r r cx i r i r r  r v i t l r  t l r c  t l i s t l i b r r t i o r r  o f  1 , l r c  g r ' : r v i t i r t i o r r : r l  . s t r c . s . scs ,  l l o f  \ v i t l r
t l r c  r t i t r l u i t l  l u l i i l t i o r r  i r r  t . l u r  l r c i q l r L  o f  t l r c  b i r l o rne t , e r ' ;  t he l c  i s
so t ) ) o : t l ) l ) i u ' r , ' l t t  connc . r i o t r  r v i t l r  t l r r , r l i r r t ' r r r r l  r ' : r l i l l t i on  i l  t r r l l i e l a -
t r r le,  l . r t t t  i t  is  t l i l l ic t r l t  to scc l ros ' t l r is  cort lc l  af l 'cr : t  thc f le,1r teut . r 'of
er l l t l r t l r tu l ies.  

' l l l re l : rs t  n:rnrot l  scenrs to h i rvr . l  t  lcal  l )c f io( l ic i t .v ,  for '
c i tc l t  of  1, l ro t lo dct ' ; t t Ics g ives : r  fot  r r ru lu c lose l l '  col les l r t - r t rc l in{  to
t l r i r t  of  t l rc  rv l ro lc l rc l iot l .  r l r r t l  t l re v i l t i l t , io l  in  f l r t luonc; 'e iun)ot ,  l )c
at t l ibLr tcr l ,  i t t  :un ' : tp l r t 'c t r iu l r le r lcgrctr ,  to vt l iu t i t rn i r r  t l re l rc l fcct iorr
o l : thc rccolr l ,  LrY fcc l r lc  s l rocl is  l rc i r rg lec,r l t l r : t l  l t t  sonrc t i r r rcs of  t l rc
t l u . y ,  i r . t r t l  l r i L ss i r r . g r r t r no t i ec r l  : r t  o t l r c l s .  l l l r i s  i s  s l r o r v r r  l 5 ' t l r c  su l r u -
nt to t t r l rLt lat iot t  o1 's lurol is  of  ovcr '  \ ro of  t l rc  l {crr , t l l i  sc i r lc .  th l , t  is .
s l roe l is  of  sr tc l r  a t l t ,g lce of  v io lerrcc t lur t  1,hct '  coukl  uot  l ) i rss l ln-
r rot icct l  iu l ( l  u l l r t :eor( ic t l ,  l t t  l ' lu t tevcl  l rorr l  uf  t l re r l lL .1 '  u l  u iuLl ,  they
t t t ighb occut ' ,  in  i t  corur t r ' t -  rv l re lc t l re uLrselv l t iou of  et l t l r t lu lkcs
is so rvcl l  org ' tn izc( l  i rs  i r r  I t l l -v .  ' lh is  ta l ru l i t l iorr  g ivcs an l ra l r r ronic
f lerpeuc.r 'of

F :1 ' 0+ ' fS  s i u .  (C f  t i l o  1 ,5 ' ) + ' t Z  s i r r .  ( l l 1  - f .  19o ) ,  ( . 1 )

u ' l r ic l r  does not ,  t l i lTel  r r ru, te l i t l l l  f ldrr r  ( l i ) .
' l lho sc: tsorr i r l  v i r l i r i t iorr  iu { r 'e,1ucrrc.v derLI t  iv i th i r r  t l rc  p: lper

involr .es t l rc  i r r t lot luct ion o{  lL {oul t l r  tc l r r r  rv l r ic l r  ru iL l ics thc
ru,1>pr lcrx i t ru l tc  lc l r leserr tat iorr  r , f  t ' l r t :  t l iu l r ra l  l rc l iodic i t , . r ' in  e lch
half .yeur'

! ':1'0*'28-"' ' '?'3l""i,Lll.tr1,li: ' (: '+11"). 
(5)

llours.

l-rqr,

0 -3  |  l0 i j r i  |  378
3 -6  I  l ( ) l { i  I  365
{ i - 9  t } ; ;  i  ; J l } ( i
{ } - 1 , . ,  I  { ) l ( i l  ; t 5 ;

l ' l -  15 i  lp  11,  +9;

7 0 8  l l r l r'oli
't)9

571'  |  
.111 l '0r  |  .8e

: : , :  I  1 1  r u !  J  
_ 6 b

o ,  r  I  
' B l }  . l ) 3  . 8 7o7 l  I  
' l J l )  

i  
' 1 )J

( i : t  t  l .o l  I  l . l  l
1)92 Jt( i  i  i ,7( i

l(,71) 1 :15;t 7:JG it z r t  f 'O i  I  ' 11 :J

8J  l .  1 .9  r  i  l . l ;I:t i ; ..1..1!
- . ] . - ] - - l - +

Tot r l$ . . .1  8 l l8  I  l l o50  I  i . ) . ; ! )  ;  r r r r  I  a { t r r
' fu t r l s  

. . l  x ; t l x  3 ( r i1 )  i J . ; ! ,  s  U( ,  s . ( i { t  k . rn  I- -  - -' __,-l:]

'u;
' 88

l ' l o

t*bul ' t iorr , f  thc, slr i l lo 'g se.isrr irgr. i tplr,  i l rouglr t l rc .u'rbe' ot
slr.cks dcult rvi th i ,  t l r is,ci tsr: is. tur-*r, i i r l l  t ,  giv, i t  r i ruch.r"" iqr;
-L'o' tho |r 'cscut this r 'ust rc'raiu ir ,  r .er.u suu!.t ,st io,;  nl l  t l ,ut l , ; ; ,
bt: irsseltcrl'is tlutt, u'hatcver. rrirr. lrL. il,c i,.iual r.,itiu of ,iri.,,-iu
rr iglrt  slurcl is irr  arrr '  -dist ' ict .r ,r i . l  aur- 1x:r. i ' r l ,  i t  rr i i t t  t  . , ' . ,rhr..g.cir, te'  i rr  su'rrucr ' .  :rrrt l  . i r t l rc '  less ir ,  r i  i r i te r. .  t l r :rn t lru , , , , . ; , . , ;g;,^; i
t l te rvhole yeerl l rr t l  pr:r. ior l .

. ,  Iu t l is.1-ra;rt :r '  no tt torrrpt has l l :cn rrr:rr le to i lppl; ,  the rrrct|ocl
t-rf lurltnouic rLutlrsis l-recausc t|e a1r1ilic:1bilit1, t<r .,,rtt,quut," t',o
,!og,l:y sr'.rDs (loubtful, fo. r'c.so" wlrich c,rirnot be ttiicusreJ i'
detai]. As, h,rvever'. sonrethi,g.of the lii.cl sec'rs e-xPecte,d, a'cl :rs
t l rc , r t * l i r r r r ' cco 'd ,  b ; '  re ' *sur  o f  i t s  t .o r r r l r r r - ' te r rc "s : r r r t [  o l ' t l r c  l i r c l
t l rut tho pulrurI cove'ud ir  rrcar ' . lV coirruide't  rvi t l r  t l rr :  ]urrar.r:r .cle
of 11) ye.r 's, is less rr.suiterl  to t lr is rrrethotl  , [  t .cat,rronl i i ;" ;1i l ;

' 80  i  ' t l l

I  C .  D i r v i s o t r .  P l r i l , ' l ' r r r n s .  I t , r 1 .  S u r ' .  v u l .  c l r x x i v  ( 1 8 9 J )  1 r ,  l l l l .



10f  tu r .  r r .  l r .  oLDr t , r r t  oN - \  s t i l so \ . r r ,  i ' , \ t r i , t ' f r ( ) \  l v , , l .  )x . r i r ' ,

the negativc sign of the toutth tcrru bciug usccl for' thc sunrtncr',
tld the positive for tlrc rviutcr', half of the .ycar'.'lhe Ja2irnesc lecord, tleated similall;', gives thc fot'tnula

F:1 '0 r - '10  s i l .  ( tg107o 15)+ '04  s i r r .  (2 t f  130o) ,  (d )

rvir ich, cotrrpulcd rvith (3), shou's urnpl i tut l :s of about ouc-thi l t i
of thosc in thc Itrrliuu lecold, zrutl eiruehs rvhich pleccclc uridnislhb
br- lh.9ru. lurd .l h. 20nr. r'cspectivcl.y. 'l'lrc luclnirrg rrrrtl iuter'plotrr-
tiou of this dilTelcncc bcirrg at plcicrrl, rrndcl invcs'tig:r,tiou, firther'
rcfclcucc to it urust be tlcfr:r'r'ecl.]

UXPLANATION O.b' PLAT!, XII.

J)irrgrarn illuslrltirrg tho diurrral urd scrsorral frotltcloy of ourbhrlrrirkes
in Italy autl Japal.

Dtscussrox.

Dr. J. \Y. ltrr',lxs congrat,ulatod tlre Authol ol thc cleauress of
his extrosition of the iul,ricrte lclirtiorrs s'itL rvhich his cc'nrumnicu.-
tion tllalt. IIo sccrucd to hu'e cstrblishorl sttistirctolily thc lcrrlit.y
r-rf tlie diuln:r,l antl selsouill vlrliati<xrs in e:rlthclual<c flctlucncy for
'rvhich irc cr>nteutletl, l,lci tLcil rclrtiorr to thc tliurnal inequalit.l' ot
the solirr tirtcs iu tlrc r:albh's clust. ()rrc rriltulilllv oolDt)irlecl thcsc
lcsults \vith the yonrluhrur obsclv.ations lrr' llccliil lrt irotsclnnr il
a, chuubcl cxcn\,;rtc(l tt trrolc th:i?r SCI fcct bclorv thc sulf:rce of tlrt
gtouutl. 'l'lrese iurlicatccl vuriatious in the confonrration <-rf thc
cirftlr's crusl,, rvhich, lilie thosc irr llre fletlucric'\'of cin'th(1ualies,
tnust bc drre to stre.sses o{ rr, rrelitrclic chirractcr. lfhe diru'uti
vir"r'iatiol is, horvevcr', attlibutcd t'o clur,rrgcs of tcurpcllltul'c, pal'th
because it is too largc in corupalison rr.ith thr: senridir-rnral aurl
lunirl rilriilliols to lcplcsont, thc cliulnll titlal inequalitl', arul paltlv
bccluse it is glcatcst in suuuuel l,url lcusb irr l'iutcr'. lt is tli$icull
to unclclstand horv thc valiations iu tetulrclttulc rvlrich nulill\'occul
irr t l re outcl t i  or 8 irrclrus t-, f  t l rc calt lr ' i  crrrst arrt l  lurvc r,r ' :xl t icrul lv
ceastld to exist lt al dcpth of 2 Icct could hlvc such a lr:sult; btit
there is no other' l<norvu cuusc tlrat ciru bc suggosted, cxcopb the
Iight plessurc of the sun's ratliatiou, anrl tlurT"orll' rr',,,o,r;rr, ,u
75,00U tons fbl thc rvhole hernisphclc exposcd to suulight. Thc
diurnal valiiLtion irt ciu'thqulke flcrpcncy dcsclibed by the Author'
cannot be duc to thc drily chtnges of tenrpcrirtule, fol it is lcast
iu surnrnct rvhen these ale Elottest.

By perrnissiorr of the l'rcsidcnt, Dr. Ilvans tlrcn lr:td the follorv-
ing extracts flonr a, lettel by Mr. l{,r"tor,,o ,fr::l.rnlrDrs, .rvlio hacl
scslr tho abstr':rct, but rvas plcvel)te(l frorn btritrg pl'esoDt at tho
tliscussiort :-

the dynarnicll cxpluratiorr of thesc obsorvatiorrs is likcly to bc somewhat
diflicult. Thc diurlnl clt'ect (pcriod 24 hours) uriS;ht arise, cithcr from the
diurnal bodily tide, or frorn hoating. 'Iho formcr is rathcr srnall. depending
orr thc irrclirutiorr of tho Equator to the ecliptic, rud should blrc oppositc
signs iu rvintcr ond sunrmer at l,he same plauc, and in the Northern and
Southorn Hemisphorcs rt tbs same tirne. Itr amplitudo is only obout p

prrt, 2l I N 1'lr l, r,'.tt ri(l u lin- Ll r' or lr.\ ri 'f ll (ltr,\ K l,:3. 105

qtrartcr of lhat of t[e so]nr scrlidiururl tidc, bub this lrrrs u uotle irr latitudcs
I

* sin-l 7|- not ftr frolr Italy anrl hparr. Frour the fact that thc

dilferonco botrvocn rlay lnrl niglrt persists throughout thc ycor without
charrge of sign. only of :urtyrliLutltr, I should conjocttrre that tbc oxplirtrntion
is ptrtly thcrmtl tnrl partly tidrl, tlthough I rdmit that I do not knorv horv
icating oould prorluce tny effcct at such dcpths, unloss it coultl pcnetrate in
solnc \vey down thc ihult-1rlurcs. It is vcry dilficult, for irrstarrcc, to cxcludc
thc dircct effect of tho srrrlirco in fiIrdirrg tcurperuturcs in borings.

If tho diurnrl bodily tide is ituportorrt in Japrur, tlren the soli* sctnidiurtul
tide should producc a fu grcatcr effcct nt the Equator rurd in high latitudcs,
ruttl tLc lnrror scuritliurnal tirlc t grorrtcr orro still ; tlro rctiou of tho two
togctlrcr rvould 61ivc t sttorrg fortrriglrtly torrrr. 'lhc rbscucc of thcso rvould
indicatc that tlio cltect is ruostly thermal.

l\{r'. ]V. I I. Iloo't'tr suqscstetl tlurt tlre lNulth's teurqrcrattu'e,
rv l r ich inc ler i lsers i rborr t  Io l , ' t l r r ' .  Pcr '50 fcet  of  dolr t l r ,  rv ts duc sole l l .
to thr :  f l ic t ior)  sct  u l )  b.1 '  t l rc  rvor ' l i  of  tho surr  i ln t l  nrouu in bcndirrg
the liil lth's outcl sul'f:rr:c, altl thlt thc l,trniPelatut'c plobtbly attains
t mtxinnun at il croutpat'u,tivclv srrulll tlc|th. 'l 'his is srrppoltecl br'
thc high tenrpci'iltulcs fourrd irr boliug thc Sinrplrlr 

'I 'urrucl, 'rvhcn

boiline rvittcl rr'ls lnot \vitlr sevorill tlu>rrslu<l fect iibove se.a-lcr,el.
Mourii,tins, of coru'se, stautling illrovc thc gcur:r'll lcvcl, lle paltir:u-
la l l l 'subjcct  to t idr l  r rct ion.  Al l  u 'o l l r  is  d iss\ratcd rs hcnt ,  aud,
rv l tcr t  tho t 'oc l t - terrpel t tu lcs:r t ta i r r  i l  c t ' r t l in  l i r r r i t ,  t l r r :  r 'oc l is
t ru l .1 '  l ru so rvoi l l ie t rer l  : ts  to g ivc \ \ ' i l .J , :  r rs thc Atr t l ro l  of  thc papor '
sugr.test.s, tlrc tontlerrcy rvorrltl bc to gilc rvl;'at, tirnes of nulxituutn
cffolt of tidc-ploduciui{ 1r.gcnts.

' l lhc Aur l r tn,  r 'cpl .y iue,  s i r , i r l  thrr t  l rc  l ' ls  b. \ ' r ro rncarrs sut is{ iet l
t lu l t  thc lar i t t iorrs in f lc t lucncv s 'c lc lcr l lh '  couso( l r rc l rccs of  lhe
ln'pothcsis ou rvhich thr:r luLd lrecn d!,cussctl. All thlt coultl be
sititl rvts tltir"t thcr tcsrrlts \vL'rrr (luitc cotrcoltlirnt irurl in lrglcemcrrt
rv i th thc suplrosi t iorr  t l r r r t  t l rc  t i< l l , l  s t lesses sct  up i r .v  t l tc  surr  ryct 'c
rrr.rl, u'itlroul cffcct olr thc flcrrlrrcrrc.v of e:r.r'tlrrlutlics. S,rme of the
rcsults rrclc of intelrst ilrirl r-lluc al)in't flrr)r tlre truth or othcnyise
of  t l rc  I rypot l resis,  rvhic l r  r ras bci lg tcs lot l  l , r  a t t iscussiou of  thc
sl rocl is  by l turar  ls  \ \ 'c l l  1Is sol l t '  t i tuc.
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