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i i D I ' I I H I S T P T 1  CEWm 3-OR THE W A U L  DISWCT. 

The principal al ternative s i t e s  which have been considered o r  suggested 
are discussed from the points of view with which a geologist and vulcanologist 
is primarily concezned - namely vulnerability to  volcanic action , earthquakes, 
and t i d a l  waves, foundations, water supply and accessibil i ty of material suitable 
f o r  road surfacing, aggregate etc. 

'he are-)s  considered are (1) Rabaul, (2)  Nonga-Tavui, ( 3 )  Keravat- 
Kahi ra ,  (4) Vunakanau-Tnliligap, (5)  Kolcopo-Izapopo. A t  a l l  of these areas an 

adequate extent of land suitable f o r  building on exis ts ,  10 consideration is 
given here t o  the re la t ive  avai labi l i ty  of the land i.e. as  to whether it  is 
crown land; native owned o r  occupied by coconut plantations. 

The positions of these f ive  centres re la t ive  to the volcanoes Vulcan 
and Natupi (~avurvur) and to  the principal l i n e  of wedmess along which most 
of the earthqualces originate arc shown i n  the accompanying plan, which also 
i l l u s t r a t e s  the effccts l ikely  to  bc experienced at  each i n  the event of fur ther  
volcanic outbreaks. T ' c  areas indicated as  being subject to eruption damage 
are  based on past experience i n  the 1937 and 1941-42 eruptions. The 1937 
eruption is regarded as  having exhibited the probable h u m  of severity, I n  
the f i r s t  placc i t  i s  obvious from the distr ibution of volcanic products i n  thc 
Blanche B,ay arca that  it i s  thc most scrious cruption that  has occurrcd fo r  
hundreds, probably thousands of years. Furthcrmorc, such an cruption is duo to 
a gradual building up of gas prcssurc ovcr a very long period, the violence of 
the ultimate eruption bcing roughly pro.prt ional  t o  the pressure bu i l t  up, and 
it i s  unlikely that grcatcr pressures t h m  thosc developed by 1937 could bc 
bu i l t  up without forcing an out le t  to the surface and consequently precipitating 
an cruption. Therc is no evidence t1u.t volcanic ac t iv i ty  a t  1ktupi has evcr 
reached tho violence of the 1937 outbreak a t  Vulcan it i s  assumed that  
eruptions a t  k t u p i  much more sevcre than thosc of 1937 m d  1941-42 arc not 
probable. 

A difference i n t h c  shapc of the 'areas affected by the eruptions of 
each of the volcanoes w i l l  bc noticed. 'Pl,is i s  due largely to the greater  
violence of thc Vulcan outburst, the volume of the material thrown out and tho 
number of active vents, so that  tho products were distr ibuted over a widcr area; 
and also to differences i n  thc chmactcr of the c jected materials. That a t  
Vulcan contained a higl~er  proportion of vcry f ine  l igh t  volcanic dust, where- 
as that  from k t u p i  was generally coaxser and heavier. Elurthcr irregularities 
i n  thc distr ibution of thc cjectaments are causcd by thc effcct  of tho loccd 
topography upon wind direction . 

Thc nap i l l u s t r a t e s  only thc condition during the two typical 
seasons, and does not tako in to  account othcr possiblc wind directions. 
Howevcr, j l thowh wind observations a t  L a d  aerodrome throughout thc ycm 
showed morc variations than arc generally rcalised,  expcriencc during ciglit 
months of the 1941 cruption - from Junc 1941 to J~nunry 1942 inclusive - showod 
that the path of thc dustcloud from k t u p i  vo lc~no  docs not v~ary greatly from 
those shown* 

Thc "arcas of sevcre destructionw shown on the map nrc those i n  which 
d~magc to propcrw i s  severe or  complotc and from which id1 tho poyulc?tion ~vould 

0 
havc to  be cvacuatcd i n  timc of eruption, I n  tho "Arcas of minor destruction" 
thc effccts  of a l l  but the most catastroj?hic type of cruption arc mainly of 
"nuisance value" but considcrablc discomfort could bc causcd ovcr long periods, - as  cxpericnccd i n  Rabnul during 1941, i n  addition to tho effect  on tllc morale 



of thc populotion, particul,?rly the womcn, of l iv ing i n  thc path of ,?n 

erupting volcmo. It should bc undcrstood that thc boundaries of thc a e a s  
silcTmi m c  only approximato but they arc based on thc bcst information 
avp.il~.ble from past experience. 

Othcr factors to be considered i n  o-ddition to tho above akc the 
b1;rnlccting of vcgctation by continued deposition of volccylic dust, with 
r c s u l t ~ n t  cxcessivc run-off causing floods, silting up of drainzgc chcumcla 
nnd stoppage of roads - 3.s i n  Rab~1,ul following the commcnccmcnt of the wet 
season cafter the 1937 eruption - ,and the corroding effects  of volcanic gases. 
Fhcn tho volcLmoes are dormant thc principal gmes given off ,arc. s t e m ,  ccrbon 
dioxide and sulphurctted hydrogcn, When an eruption is i n  progress, howevcr, 
thc gc?.scs contczin sulp1$c dioxide, hy6rochloric ncid, f luorinc, hydrof luoric 
,o.cid clnd other activc corrosivc 'agents, During 1941 gnlvmised iron, wire- 
-netting, gauze, contcining zinc or  coppcr, <and m,my other mctds  werc attL=cd, 
m:l.i>ly by the hydrochloric acid i n  thc ntmospherc, Thc rcsu l t  was that  extcn- 
sivc roplaccsments bccnmc necessary, and drinking watcr collecfcd i n  t,-ulks from 
roofs bocamc fouled with zinc chloride and unusable! 

An excmincltion of thc cratcra undertdccn during thc f i r s t  wcclc,of 
DeccrnbLr 1946 showed that  tho volc,mocs arc i n  n q&iesccnt condition cad that 
a long period without eruption ~7y ,normally Be cxpectcd. No tcnperaturos abovo 
100 degrees centigrade worc rocordcd, even i n  the bottom of Matupi crater ,  =and 
only sulphuretJied hydrogcn gas could be dctected from the f m m l c s ,  most of 
tihich are depositing crys tn l l ine  sulphur. Conditions mound thc f oreshoro 
a t  Phtupi, c.t &balan,zk,za ~ n d  a t  Sulpllw Crcok =are esscnti:~.lly unch:lngcd and 
tho vcry g r~?du~ . l  diminution of signs of ac t iv i ty  in 2nd mound Vulcrm ~rlxich 
has bccn tnking placc ever since 1937 has continued. 

I havc alw.?.ys mzinteined that  while thc Adminis t re t ivc  e s tablishuent 
cxistcd nt  Rnbc",ul, thc di rcct  danger from volcr l~ic  eruptions was not sufficiently 

p e n t  to just ify thc cxpensc of moving tb.t c s t ab l i shcn t .  Ni:?:, howevcr, whcn 
it i s  n mnttcr of skxting practically from zcro, obvicusly the scnsiblc thing 
to do is t o  rc-estc.blish thc ~ .dn in i s tmt ivc  ccntrc 2t somc placc not d i rect ly  i n  
thc pati1 of possiblc outbursts. k thc rmorc ,  c1imatic::lly Rc~baul has l i t t l c  to 
recormcnd it, as  tho f l a t  on which thc town was formerly s i h t c d  is cut off 
by thc surrounding r ing of h i l l s  from most winds Lmd consequently cxpcricnces .?. 

hcat ond humidity considerably i n  cxcess of tha t  f e l t  nt  places i n  the ~ v e a  
outside t h i s  confining ridgc . 

I n  the following sections thc various aspects with which thc geologist 
is  conccrncd m c  iiscussed sepmatoly' the r e su l t s  arc. prcscntcd a t  tho end 
i n  thc form of a tablor 

Rabaul comes within the ,area of minor dr?mgc from both volccmoes, 
is uncomfortably close to the d,ulgcr zone a t  14atupi. I n  addition i t  is adjnccnt 
to Rabnlcmkaia Sulphur Crock, ,and though the forner is prob,o.bly extinct ,  
thc small cra ters  a t  the hcad of Sulphur Creek m e  kncwn to have crupted about 
1850. Probably thc! worst feature of k b b ~ . u l l s  position howevcr, is the f a c t  
that  it l i c s  directly i n  the path of the souJih-east wind f m n  Mntupi volc~no,  

,$ and i n  thc case cf a repeti t ion of the 1941-42 crupticn, tho inhabitants could 
expect l i t t l c  respite from volc.znic dust showers during thc grentcr par t  of the 
yocar . 

The Nongs-T~,vui wea  ,and the V ~ l ~ ~ u - T C d i l i g e p  arc2 'arc praotically 
outside the paths of volcanic effects  from 'my of thc cra tcrs  and the K,ceravat- 
ICabcira, area i s  cnt i rc ly  froc. The ICc,l~cpo-~popo nrca is  on thc fr ingc of thc 

dust path f ron both Vulcm and Flatupi during thc ncrth-west season, i?nd could 
7' 



reccivc deposits of volconic dust from cither i n  thc cnsc of an cru-ptioa 
from Dece~'acr' to IJZzrch. I.Iorvcvc~-, it is 10 ri5lcs distant from thc cratersJ 
as compnred to 3 ni lcs  for  R , b d  'and the effects would bc correspondingly 
l ighter,  and 02 shorter duration. 

The m'ain l ine  of weakness dong  which ec?,rthquczkes originate rum 
from A@likl i lm through a low-saddlc across , thc iiortfieastcrn p'vt of 
Gazcllc Pcninsul~. and continues i n  a south-easterly clircction towzxd thc 
south-west coast of Boug,zinvillc IslL-d. This l ine  has bcen wcll cstablished 
by f i e ld  napping ,md by plotting the epiccntres of hundreds of earthquc?Jces 
determined from the scisuogr~~pll records t&cn nt Rabc?.ul Observatory during 
1940 and 1941. The severe shock of J2J1wry ,1941 originated along th i s  l ino 
not f m  fron Malr7,b~ngn; a hcavy cmthquakc on Scptenbcr 12th 1940 had i ts  
cpicentrc fmthcr  to the south-cast. Severe eathqualces f c l t  i n  1916, 1919, 
1923, 1927, 1933, 1937, 1945 md 1946 c?lso undoubtedly originated along, this 
l-inc, md that  of 1916, the strongest laown prior to  1941, almost certainly 
hcd i ts  opiccntrc i n  thc szac ,area as thc 1941 shocki Plotting of the 
destructivc rcsults  of theso earthqwIccs ~ 1 1 ~ ~ s  that the n~xinm effects were 
f c l t  abcut tcn n i lcs  on cithcr side of thc epiccntrs.1 zone, with an elongation 
of tllc arcn of r x x i n m  effect  zlong the direction of thc northwest-southcqst 
l ine of r.rcLdmcss. A@ grcstcr distmces thc e f ec t s  of thc shock gradually 
bccone less. D+rii;g thc 1941 earthqudcc practically every house within t l f ~ s  
ares was displ<:.ced fron i ts  blocks ,and suffcrcd cxtcnsive dmagc. Bursting 
of water t,uzlts, pad brcnlcing of crockery, glnsswarc and cvcn furniture were 
corn-~on throughout thc whole d i s t r ic t .  

It w i l l  b~ scen fron the piap tliat the I;~-i.avat-~baira aron l i e s  cnt i rc ly  
within thc zone of n,yxinm o,~thqunlse danc?.ge mcl hcncc i t  shculd not be con- 
sidered as a possible s i tc .  The Vun,.Lkcm~u-Taliligap arca is n ~ x g i ~ . l  to it, .?ad 
Kolapo-Rapopo , Rabaul , Nonga-Tavui progrcssivcly f arthcr away. 

%=bad has thc zdCition.1 ncl.vmtagc that  it  is  to sone extent 
bl.,~7?;eterl off fron tllc cffccts of carthquakcs crigimuting along the ncin 
l ine  of W C C ~ ~ S S  by thc dccp trough of B1,mclie B,?y. On thc other hon6- Fh.bcul 
i s  sufficiently close to the volc.nnic centrcs -b be seriously zffcctccl by the 
prelinin,vy e ~ r t h q ~ k c s  of the volcrvlic type which prcceclo a n2,jor cruption 
such as occurre:: i n  1937. These v o l c ~ n i c  shcclcs arc loccl i n  character =mcl 
their  intensity Lies ats;?y rzpidly wit11 incroaseci. ?Astmce. frcn the volcnnic 
centre, i n  contradistinction to tho shccl.;s of tectonic origin, tdlosc effccts 
are f c l t  ovcr very mns idcr~ble  nrcas. 

Closely connected with consiclcrntion of e,?rthqmke effccts i s  the 
question of foundations. It i s  well lmawn that  a builcling ercctcd cn ;7. 

founilction of unconsolidated al luvial  nztorinl m.y bc nc'qy t h e s  nore 
susccptiblc b sxrthqucakc clx~agc t l m  one bui l t  on solid rock. None of the 
f ivc  centrcs bcing discussec i s  ideally situcltcd in this respect. %st of 
thc coas$?.l f l a t s  on thc north-cnstcrn pertion of G a c l l c  Pcninsul? 113-ve bcon 
bui l t  up of y.nice waslzed doin off tho h i l l s  d t c r  fomcr cruptions, or cmded 
fron :jlclcr pur.~icc lcycrs by clecply incised strcm~s. Elis al luvial  natcricd 
consisting 1,wgcly of punicc provides an unstable fcunclntion, ' particularly a t  
&baul, Ihravnt mc? Ibkopo. Vun?J:,mau ~ncl Nonga ,arc unclcrlain by rathcr 
bettor ccnsolidntcd cnterial. 

Fnierovcr building i s  c ~ z r i c d  out adcqmtc prcc~.utions shculd bc t&cn 
to rcnCcr thc structures carthqu~kc-rcsistcznt.. Thc principal features of 
construction to  bc obscrvcd arc f i m  foundations, adequate ,anchoring of the 
buildings ta the fcunrlsticns, nncl  suffieient reinforcing of structures by 
cross-bracing t o  ndcc the wholc into n solid non-yiclcling unit. Thc principles 
md-  practice of carthqudcc-pmof constructicn arc well knotm to Mr,W.~.116%wan 
Assistmt Director of Worlcs, Tp r i to ry  of Pam-New Guinca. 



TIDAL liJ.liVES. --- 
Snnll tick1 dis turb~~iccs  lp"vr: bcon rccorclcc! in thc Blmchc Bay 

nrca a t  various tincs, but thc- only one of any hp'ort~ncc was a wavc 10 fcc t  
high on 13th >Larch 1888, which wcs cciusccl by a violcnt volcanic explosion 
nt  Rit ter  1x1. I-..:;, nc,v tlzc wstcrn encl of NP Bri . t :- . i~l .  I:: i n  r . l~nys possiblo 
that  soisrlic sc,wavcs i.:ight bc c,-,usccl by c,zrthqu,dccs srigin,?.ting a t  subn~xinc 
cpiccntres south or  south-east of Rzzbaul ,md although the various s i t c s  arc 
shicldcd to soilc cxtcnt fron t i c a l  waves approaching fron these clircctions, 
it  is  desirable t l i j t  the a c ? ~ ~ n i s t r a t i v e  centrc cliculc! bc locatcd sonc l i t t l c  
hciglit abovc sea lcvcl i f  possible. This can bc satisfactorily arrangccl a t  
I<olcopo-Rapo po , Nongcr-Tawxi., nnil Vun~k~wau-Ta.liligr?.p but woulcl bc d i f f icu l t  c? t  

b.baul or  Keravat. 

Thc Kgravat-Knbairs. ancl tlic K~kopc-Rnpopo arcris =arc bcst scrvcd i n  
thc. nnttcr of watcr supply, the f o m r  by E&ravat r ivcr,  the l a t t e r  by 
Wataw.tava Creck. 

Owing to the porous ~ncl rclativcly unconsoliCatccl character of tlie 
wnClcrlying fornations construction of $.PIIS of ,my but thc snallcst  clincnsions 
wov.ld. bc Zifficult  :ml- of prcc,arious pcmancncy particularly i n  view of thc 
prcvclmcc of scvcrc c~xthq~c1ces i n  the <lron. Founclntion conclitions arc 
cspccizlly uistablc i n  thc Kokopo-Fhpopo ~wc~.s .  Watcr storage would probzbly 
bc bcst cffcctcd i n  rcinforccc? concrctc t ,ds o r  rcscrvoirs* 

Sr.lnll springs exis t  in thc othcr thrcc ~"xc~s ,  cspecia,lly around 
Vunnk,?aau, qnd. czny cxpcricncc a t  N:?~lrululn has shbwn Ch?-t such springs c m  
be utiliscc!. to provicle watcr for  considerable nwibcrs of nen. Such supplics 
c~ulcl  bc augncntcc? by cntchrient ox ston? wo.tcrs i n  sl.:?.ll ?:.as. 

A 1 1  f ivc  axcr?s LWC rcnso~_n.bly wcll scrvcz with rcservcs of unclcr- 
grouncl watcr, pmviCcd norc ilitclligcncc i s  sliotm i n  its utilis,?tion th,m h?.s 
bccn thc rulc  i n  thc past. A; prcscnt in R~bzul, fo r  instmcc, trhcrc there 
i s  nn cxtrenely porous substmtm of puxicc thmugli which watcr flows practic- 
a l l y  uninpcc!.ecl, wcter i s  drawn fron scvcral points quite closc to thc sllorc 
liiie, ~ r h i l c  thi: lntrines for  thc Jap~nesc prison cix~.p, thc m.tivc lnbour COLF 

pound, probably i ~ o s t  cf Chin?,-town 2nd cithcr nntivc 'mcl scni-nctivc cstzblish- 
r-lcnts consist of liolcs or  p i t s  fcccling into t h i s  porous substmtwl. Movcr.lent 
of f resh grouncl-mtcr ecrivcr? f r m  rnins an6 so,&agc f m n  highcr lcvcls is 
scctr,arcl over thc uypcr surfncc zf Sic hcavicr se?.watcr which sodcs i n  f ro r~  thc 
sca to sorx clistmcc inl?nc!. L ~ ~ t r i n c s  wclls sho~ild bc so ,?rr:lmccl th.7.t the 
lnt r ines  ,?rc on thc sca~?,?rd side ,an(! 110 watcr should bc usccl fo r  cl.oncs'cic 
purposcs which is drawn f m n  wells that  a u l d  possibly bc contc7~.-inztc.d. 

Therc is a furthcr advLmtngc in dr,.wing wntor sor-le c?ist?ncc baolc 
fron thc bcnch i n  tlmt tho qu,.-lity of thc watcr i i-~~~rovcs wit11 dis tmcc inland. 
Near thc sea-front thc layer ?f frcsh wntcr rcs'cine; upon tlic s a l t  is rclntivcly 
thin ,and thc cp?,lity of thc water obtnincd dcpcncls uyon thc c ~ x c  thzt  is  usccl 
i n  tcpping .?nc!, drawing off watcr fron th i s  uTi3c.r l,.ycr. If it is pw-lpcc? hczvily 
s a l t  or  brackish watcr is drntrm up fwrl bclcw. F,&lzcr inl'md the grounc!- watcr 
i s  n h c s t  cntircly frosh. 

Thc porous 1,-yers under the surface a t  211 five ccntrcs w i l l  a l l  
c ~ x r y  goo6 su l~~> l i c s  of wntcr, Concliti~ns a t  Kgavat-Kab~ira, nnc! R d a u l  
m o  essentinlly sirrilr.r, ~ncl a t  ICopo~o-R~.popo cncl Nongc-Tad, ~rhcrc harclcr 

' 

l css  porous bcds n,V bc of norc com.lon occurrcncc i n  thc substrcta. I 2xve 
no pcrson~.l lrnowlcclgc of actw7.1 s ~ p l i c s  of well or  bore vatcr i n  thc VunC.7kcmau 
i..rcz, but thcrc i s  no doubt that  a d ~ c i ~ t c  supplics c:m bc obt?.inccl. Espccial 

- c,vc wculc! havc 'a be gLbcn 3t this ccntrc to thc placing of la t r inc  p i t s  B ~ ? L  

bores, i f  this r;cthotTL of snnitntion wcrc to bc crqloycd. 



. . AGC-FBGATE ROAD I E T U  ETC o 

Roads i n  the Rc7baul area i n  thc past 1is.v~ bccn cor.u.lonly su~faced 
with pwxi.ccous :~?.tcrial i n  various stagcs of wcnthoriw, o r  with basalt ic 
scoria. Thc pmicc nrikcs n reasonably goo? surface but i s  vcry susceptible 
to washouts cmd very spccial attention has to Sc given to c'irainagc. It 
also is  a prol i f ic  l~mcluccr of very fine dust in dry weather. Thc ~~reakness 
i n  the use of ;3w,icc is that it cont,uns insufficient natural binCing 

nater ia l  cml to be rn effective ma6 surfacing i t  shoul~'~ bc sc i cn t i f i c~d ly  
blcndcd with tlm right x.launt of clayey natcrial  to produce a firm-setting 

ni::tuc, Clzy bincer is  not plentiful i n  the ir;ll:..ec!inte vicinity of Kabaul 
although supplies mulcl probably bc obt?incd along thc North Co~,st, i n  the 
T O L ~  ,wca, near &pavat onc? south of KokOpe 

Older volcmic natcrials exposed in sone of thc dccpcr cuttings, as 
on the Nonga road, which arc nore coi.lplctcly wcathcrccl o r  consist cf f incr  
hcavier natcrial ,  woulcl nc&c a narc satisfactory surfacing l 

Thc scoria that  has bccn used i n  Rabaul has practically no bonding 
content a t  al l ,  mcl i s  useful only as a rm,cl covering, unless it is nixed 
with n considcrablc proportion of binclcr, or  usccl with bituneh. Supplies 
of b~1s,dtic m t ~ r i r d ~  ef vLaricus Wges me i;bt,ainablc fron thc old Rabaul 
Q w r y  s i tc ,  or  various o thcr locations along the' back of thc Rabaul f la t s ,  
f m n  FL4aguna to tho South DOOu&tcre The R,A .A.F. is a t  present using 
fragnontary wc.sthcrcc1 basalt ic rmtcrial frors. the siclc of thc nost ecstcrly 
s r ~ a l l  cratcr a t  the heacl of Sull>liw Creek;, and finc red scoria fron the 
botton of tho western slopcs of thc South Dc?.ughtcrr Sinilcw basclt ic n a t e ~  
i a l s  to  thosc lxreviously brokcn a t  the Gitbaul Caycarry could bc obtnincd along 
the bcach road to Kokop fron K-;ravia to Raluma, md i n  the Tonq ~ v c n ,  m u n d  
llount V,arzin, ,dso, pcarti c u l ~ x l y  thc frapcnt,uy types, ncar T a d  Point-. 
Good supplics cf solid basalt suitable fo r  aggregate, riprap, and bibmen macl 
surfacing  are obtainable i n  tho &+ad. ,area, nt Ikravic?, ant?. probably a t  
l l~un t  Va;rzinr 

The c l i f f s  along thc north-eastern sidc of Icabaira Bay consist of 
linestone, which could bc used f o r  roacl surfacing, 'and s in i l ,~  but rathcr sof tcr  
natcrinl  i s  intcrbcdcled with volcLvlic bocls i n  thc ncighbourhaod of T a d  Point. 

ACCESSIBILITY. 

Airfields tii2.t arc  i n  use gr havc bccn used exis t  a t  R-?di?,ul, VLE:?~?~IU,  
Kcr::vat zncl R.;;;cjm, so thct the only s i t c  not '.irectly scrved is Nongh 
Assu r .~n~  sat isfactom wharf f c c i l i t i e s  mulcl bc :x.%vi..ed a t  KO~CIIX mane! Ihbairn, 
these two arcas cult? Rabaul are adjaccnt to wb.rf 2rcasi Nonga-Ta-d is 5 ni les  
fron Toboi ~EK-irf 3ncl 8 r.ri.lcs fron Ld-i M i c l c l .  V d w a u  is approldnctcly 
10 ililcs fmn the whmos. 

In  ny opinion, tkc possibil i ty that  fu ture  eruptions ncay close thc 
cntranco to Rabaul Harbour is  so oxtrc~~oly: rcxoto that  no pradticcd con- 
sideration nocd bc givcn to it, 

CONCLUSION 

Of thc fivc s i tos  discussecl, i t  ray bc tdccn that hbclul has bccn ruled 
out on nccount of i t s  proximity to thc vclc~nocs,  and it has bccn inclucled 
rninly to proviclc a stcnddCvG fox corlj?,=is~n. Tllc I@ravat-1Cabnira 'wca shoulc! 
clcfinitcly bc cxcluclcd fror.1 wnsicleration bccausc it i s  situated so closc to 
the locus of epiccntrcs of sovcre earthqudcs, Of thco thcr  three xitcs, the 
Nongz-Tad ,wca hrw rmst to conxncl i t  on the scorc of freedon frr n tho offccts 
of volcmocs , e nrthquL?cs mcl t i da l  k~avcs , followccl by V u n ? J r c m a u - l a p  mcl 



I b k ~ l ~ o - ~ , p p o .  Xonc of thcso tkiec nrcas, l~owevcr, could bc cansiderod 
untcnablc ?n t31c above grounc?s, 

The f ive  centres 'me 1-istcd on Table 1 <2nc! the ordcr of 
prcfercnce shown with r c g m l  tr: susceptibil i ty to tlic ef fccts  of volcmic 
eruptions, cexthq~~Ikes ~1ac': t i da l  waves, and also with r e g a d  to tho othcr 
fc.ctors discussed, viz:- Water Sul)ply, i i~ .pcgntc  cad. Road Met;.l.l, 
.!!ccessibility, saC Clit~atc. 

N.H. FISHEX. 
Chief Gcolo,c6st, 
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!JITE RBFEE3JCE TO THE &&OINGS CBIDERED IK 'I'HE REPORT. - 
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"Forces of N~turcl' I i i ~ T I L I T I E S n  * 

I Freedor f r o r ~  r i sk  of dxage ! 1 G S L N D  

* ND refcrcncc is  cade here t o  cost a v & l ~ b i l i t y  of l a L ,  supplies :f b u i l ~ ~ i n g  r;,.tericls, 
re lz t ivc  su i tab i l i ty  frcn town-planning vicw--mint, ctc. 
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