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INTRODUCTION.

The principal alternative sites which have been considered or suggested
are discussed from the points of view with which a geologist and vulcanologist
is primarily concerned - namely vulnerability to volcanic action , earthquakes,
and tidal waves, foundations, water supply and accessibility of material suitable
for road surfacing, aggregate etc.

The are-s considered are (1) Rabaul, (2) Nonga-Tavui, (3) Keravat-
Kabaira, (4) Vunakanau~Taliligap, (5) Kokopo~Rapopo. At all of these areas an
adequate extent of land suitable for building on exists. No consideration is
given here to the relative availability of the land i.e. as to whether it is
crown land; native owned or occupied by coconut plantationse

The positions of these five centres relative to the volcanoes Vulcan
and Matupi (Tavurvur) and to the principal line of weakness along which most
of the earthqualkes originate arc shown in the accompanying plan, which also
illustrates the effccts likely to be cxperienced at each in the event of further
volcanic outbreaks. The areas indicated as being subject to eruption damage
arc based on past experience in the 1937 and 1941~42 eruptions. The 1937
eruption is rcgarded as having cxhibitcd the probable maximum of severity. In
the first placc it is obvious from the distribution of volcanic products in the
Blanche Bay arca that it is thc most scrious cruption that has occurrcd for
hundrcds, probably thousands of ycars. Furthermorc, such an cruption is due to
a gradual building up of gas prcssurc over a very long period, the violence of
the ultimate eruption being roughly proportional to the pressurc built up, and
it is unlikely that greater pressurcs then thosc developed by 1937 could be
built up without forcing an outlet to the surfacc and consequently prccipitating
an cruption. Therc is no evidence that volcanic activity at Matupi has cver
rcached the violence of the 1937 outbreak at Vulecan and it is assumed that
eruptions at Matupi much more severe than those of 1937 and 1941-42 arc not
probable,

A difference in-the shapc of the areas affected by the eruptions of
cach of the volecanoes will bc noticed. Tpis is due largely to the greater
violence of the Vulean outburst, the volume of the material thrown out and the
number of active vents, so that the products were distributed over a wider arca;
and also to differcnces in the character of the cjected materials. That at
Vulcan contained a higher proportion of very fine light voleanic dust, where-—
as that {rom Matupi was gencrally coarser and heavier, hwrther irrcgularitios
in the distribution of the cjectaments are causcd by the effcect of the local
topography upon wind dircction.

The map illustrates only the condition during the two typical
scasons, and does not take into account other possible wind directions.
However, although wind observations at Lakunai acrodrome throughout the year
showed morc variations than arc generally rcalised, experience during cignt
months of the 1941 cruption - from Junc 1941 to January 1942 inclusive - showed
that thce path of the dustcloud from Matupi volcano docs not vary greatly from
those showm.

The "arcas of severe destruction" shown on the map are those in which
damage to property is severe or complete and from which all the population would
have to be cvacuated in time of cruption. In tho "Arcas of minor destruction"
the effeets of all but the most catastrophic type of cruption arc mainly of

"nuisance value" but considerable discomfort could bc causcd over long periods,
as oxpericnced in Rabaul during 1941, in addition to the effcet on the morale



of the population, particularly the women, of living in the path of an
erupting volcano. It should be understood that the boundarics of the arcas
shown arc only approximatc but they arc bascd on the best information
aveiloble from past expericnce,

Other factors to be considered in addition to the above arc the
blanketing of vegetation by continued deposition of volcanic dust, with
roesultont cxcessive run-off causing floods, silting up of drainecge channels
and stoppage of roads - as in Rabaul following the commencement of the wet
season after the 1937 eruption - and the corroding effects of volcanic gascs.
When the volcanoes are dormant the principal gases given off arc steom, carbon
dioxide and sulphurctted hydrogen. When an eruption is in progress, however,
the gascs contain sulphur dioxide, hyérochloric acid, fluorine, hydrofluoric
acid and other active corrosive agents, During 1941 galvanised iron, wire-
-nctting, gauze, containing zine or copper, and many other metals were atitogied,
msinly by the hydrochloric acid in the atmospherc. The result was that exten-—
sive roplaccments became necessary, and drinking water collected in tanks from
roofs became fouled with zinc chloride and unusablei

An exemination of the craters undertaken during the first weck of
Decenmbur 1946 showed that the voleanoes arc in a quiescent condition and that
a long period without eruption may normally be cxpected. No temperaturcs above
100 degrees contigrade were recorded, even in the bottom of Matupi crater, and
only sulphuretted hydrogen gas could be detected from the fumaroles, most of
which arc depositing crystalline sulphur. Conditions oround the foreshore
at Matupi, at Rabalanckaia and at Sulphur Creeck are essentinlly unchanged and
the very gredual diminution of signs of activity in and around Vulean which
has been toking place ever since 1937 has continued.

I have alwnys mointeined that whilce the Administrative establishment

cxisted nt Rpbaul, the dircet danger from volcenic cruptions was not sufficiently

great to justify the oxpensc of moving that cstablishment.  Neow, however, wheon
it is a matter of stnrting practically from zero, obvicusly the scnsible thing
to do is to re-csteblish the administrative contre at some placc not dircetly in
the path of possible outbursts. Furthermorc, climoticslly Robaul has little to
recommond it, as thce flat on which the town was formerly situated is cut off
by the surrounding ring of hills from most winds and consequently cxpericnces o
heat ond humidity considerably in cxcess of that felt at places in the area
outside this confining ridgc.

In the following sections the varicus aspects with which the geologist
is concerned arc ¢iscussed separatcly and the results arc presented at the end
in the form of a table.

VOLCANIC.,

Rabaul comes within the area of minor damage from both volcanocs, and
is uncomfortably close to the dangocr zone at Matupie In addition it is adjacent
to Rabalanckais and Sulphur Creck, and though the former is probebly extinct,
the small craters at the head of Sulphur Creek arce known to have crupted about
1850. Probably the worst featurc of Rabaulls position however, is the fact
that it lics directly in the path of the south-east wind from Matupi volcano,
and in the casc of a rcepetition of the 1941-42 crupticn, the inhabitants could
expect little respitc from volecnic dust showers during the greater part of the
ycare

, The Nonga-Tavui arca and the Vumkanau-Taliligap arca arc practically
outside the paths of volcanic effccts from any of the craters and the Keravat~
Xabairs arca is ontircly frec. The Kckopo-Rapopo arca is on the fringe of the
dust path from both Vulcon and Matupi during thc nerth-west scason, and could
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reecive deposits of volcanic dust from cither in the casc of an cruption
from December to March. However, it is 10 miles distant from the craters,
as compared to 3 miles for Rabaul and the effects would be correspondingly
lighter, and of shorter durationa

SEISMIC

The main line of weakness along which carthguakes originate runs
from Ataliklikun Bpy through a low-saddlc across the northeastern part of
Gazclle Poninsuls and continues in a south-casterly dircction toward the
south-west coast of Bougainville Island. This line has been well cstablished
by ficld mapping and by plotting the cpicentres of hundreds of earthqusles
determined from the scisuogreph records taken at Rabaul Obscrvotory during
1940 and 1941, The severe shock of Januery 1941 originated along this line
not for from Malabunga; a heavy carthquake on September 12th 1940 had its
cpicentre farther to the south-cast. Scgvere eathquakes felt in 1916, 1919,
1923, 1927, 1933, 1937, 1945 and 1946 also undoubtedly originated along. this
line, and that of 1916, the strongest kmown prior to 1941, almost certainly
hed its epicentre in the same arca as the 1941 shocki  Plotting of the
destructive results of these earthquekes shows that the maximun offects were
folt about ton miles on cither side of the epicentrel zone, with an elongation
of the arce of noximum effect along the dircection of the northwest-southeast
line of woaknoss. M greater distances the dfeets of the shock gradunlly
bocome less, Duriug the 1941 earthquakc practically every house within this
arca was displaced from its blocks and suffered extensive damage, Bursting
of water tanks, and brecaking of crockery, glasswarc and cven furniturc werc

_ common throughout the whole district,

It will be scen from the map that the Kevavat-Kabaira arca lics entirely
within the zone of moximum carthquake damege and hence it should not be con-
gidered as a possible sitce The Vunakanau-Taliligap arca is marginnl to it, and
Kokcpo=-Rapopo, Rabaul, and Nonga-Tavui progressively farther awaye

Rabaul has the =dditional advantoge that it is to some extent
blonkete?! off fron the effcets of carthquakes criginating along the nain
line of weakness by the decp trough of Blanche Boy. On the other hand Rabeul
is sufficiently close to the volennic centres to be seriously affccted by the
preliminary earthquokes of the voleanic type which precede a major cruption
such as occurred in 1937. These volennic shocks arc local in character and
their intensity dies away rapidly with incroased. distance. frem the volcanic
centrc, in contradistinction to the shocks of tectonic origin, whosc effccts
arc felt over very considerable arcas.

Closcly comectod with consideration of carthquake effccts is the
guestion of foundations., It is well lmown that a building erceted cn o

" foundation of unconsolidated alluvial moterial mey be nany times nore

susceptible o earthquake danage then onc built on solid rocke None of the
five centres being discussed is ideally situated in this respect. Igst of
the coasiol flats on the north-castern portion of Gezclle Peninsul~ have been
built up of pumice washed down off the hills after former cruptions, or croded
fron older punice laycrs by deeply incised streanse This alluvial natorial
consisting largely of pumice provides an unstable foundation, particularly at
Robaul, Keravat and Kokepoe  Vunakonau and Nonga arc underlain by rather
better consolidated material,

Wherever building is carricd out adequate precautions shcould be taken
to render the structurcs carthqusake-resistant.. The prineipal features of
construction to be obscerved arc firm foundations, adequate anchcring of the
buildings to the foundations, and suffidient reinforcing of structures by
cross-bracing to make the wholc into a solid non-yiclding unite The principles
ond practice of carthquake-proof constructicn arc well knovm to Mp.W.Z.MeGowan
Assistant Dircctor of Works, Taritory of Papun~New Guinca.



i

TIDAL WAVES.

Small tidal disturbances have beon recorded in the Blanche Bay
arca at various tines, but the only one of any importence was a wave 20 feet
high on 13th March 1888, which was caused by a violent volcanic cxplesicn
at Ritter Isl »¢, ncar thewstorn end of Nuw Britein. I4 is rlwoys possible
that scisnic scawaves iiight be causced by carthquokes criginoting at subnerine
cpicentres south or south-east of Rabaul and although the various sites arc
shiclded to some extent fron tidal waves approaching from these dircctions,
it is desirablc that the adninistrative centre should be located sone little
height above sea level if possible. This can be satisfactorily arranged at
Kokopo-Rapopo; Nonga~Tavui, and Vunokanau-Taliligep but would be difficult at
Rabaul or Keravats

WATER SUPPLY .

The Koravat-Kabaira and the Kokopc~Rapope arcns arc best served in
the natter of water supply, the former by Kyravat river, the latter by
Matanatava Creck.

Owing tco the porous and rclatively unconsolidated character of the
underlying formations construction of dans of any but the smallest dinmensions
would be ¢ifficult and of preccarious permancncy particularly in view of the
provalance of severce carthqunkes in the area. Foundation conditions arc
cspeeinlly unstable in the Kokopo-Rapopo arcas. Watcer storage would probably
be best effceted in rcinforced conercte tanks or ;cservoirs,

Snall springs exist in the other threc creas, especially around
Vunnkanau, snd army cxpericnece at Nananula has shiwn that such springs can
be utilised to provide water for considerable nunbers of nen. Sych supplics
could be augnented by catchnent oy storm weters in sinll donse.

All five arcns arc reasonably well scrved with roserves of under-
ground wator, provided norc intclligence is shown in its utilisation than hes
been the rule in the past. 4 present in Rabaul, for instance, where there
is an extremely porous substrotun of punice through which watcer flows practic~
ally uninpeded, water is drawn from scveral points quite closc to the shore
line, while the latrines for the Japonese prison carp, the native labour corr
pound, probably nost of Chinn-town and other native and seni-notive cstablish~
nents consist of holes or pits feeding into this porcus substratun. Movement
of fresh ground-water derived fron rains and soakage fron higher lovels is
scaward over the upper surface of the heavier seawater which socks in fron the
sca to sone distance inlrnd. Latrines and wells should be so arronged that the
latrines arc on the scaward side and no water should be uscd for donestic
purposcs which is drawn fron wells that could possibly be contarinatcde

Therc is a further advantage in drowing wontor some distance baeck
fron the beach in that the quality of the water inproves with distance inland,
Near the sca~front the loyer of fresh water resting upon the salt is relatively
thin and the quality of the watcer obtained depends upon the carc that is used
in topping ond drawing off watcr from this upper layer. If it is puaped heavily
salt or brackish watcer is drawn up from beleow. Fathor inland the ground water
is alncst entirely froshe

The porous layers under the surface at =211 five contres will all
carry good supplics of watcer. Conditinons at Kgravat-Kabaira, and Rgbaul
arc essentinlly similar, ond at Kopopo-Rapopo and Nonge~Tavui, wherc harder
less porous bods nay be of rore comon occurrence in the substreta. I have
no personal knmowledge of actual supplics of well or bore water in the Vunakanau
arce, but there is no doubt that adequate supplics can be obtrined,  Especial
carc would have to be given ot this contre to the placing of latrine pits and
borcs, if this nethod of sanitation werc to be cnplouyede



 AGCREGATE, ROAD METAL ETC.

Roads in the Rpbaul arca in the past have beon conmonly surfaced
with punmiccous noterial in various stages of weathoring, or with basaltic
scoria. The punice nakos a rcasonably good surface but is very susceptible
to washouts and very special attontion has to ve given to drainage. It
also is a prolific producer of very fine dust in dry weathor. The weakness

in the use of punicc is that it confains insufficient natural binding
naterial and to be an effcctive road surfacing it should be scicentifically
blended with the right anount of clayey naterial to produce a firm-setting
nixturce, Cloy binder is not plentiful in the immediatce vicinity of Kabaul
although supplics could probably be obtained along the North Coast, in the
Tona arca, ncar Kgravat and south of Kokocpo.

Older volcanic naterials exposed in some of the decper cuttings, as
on the Nonga road, which arc nore completcly weathered or consist of finer
heavier naterial, would nake a nore satisfactory surfacing .

The scoria that has beon used in Rabaul has practically no bonding
content at all, and is uscful only as a road covering, unless it is nixed
with o considcrablc proportion of binder, or uscd with bitumch. Sypplies
of basaltic naterials of varicus types arc cbtainable fron the old Rpbaul
Quarry sitc, or various other locations along the back of the Rabaul flats,
fron Malaguna to the South Daughters The R.A.A.F. is at present using
fragnontery weathcred basaltic naterial from the side of the nost casterly
snall crater at the head of Sulphur Creck, and finc red scoria fron the
botton of the western slopes of the South Daughters Sinmilar basaltic nater—
ials to thosc previously broken at the B.baul Quarry could be obtained along
the beach road to Kokopo fronm K-ravia to Raluana, and in the Toma arca, around
Mount Varzin, also, particularly the fragnentary types, ncar Tavui Point.
Good supplics of solid basalt suitable for aggregate, riprap, and bitumen road
surfacing are obtainsble in the Rspaul arca, at Keravia, and probably at
Mount Varzin.

The cliffs along the north-castern side of Kabaira Bay consist of
linestone, which could be used for road surfacing, and sinilar but rather softer
naterial is interbedded with volcanic beds in the neighbourheod of Tavui Pointe

ACCESSIBILITY.

Airficlds that are in use or have been used oxist at Reboul, Vunckanau,
Keravat and Roono, so that the only site not directly scrved is Nongoe
Agsuning satisfactory wharf fecilities could be proviced at Kokopo and Knbaira,
these two arcas and Rgbaul arc adjacent to wharf arcass Nonga-~Tevui is 5 niles
fron Toboi wharf ond 8 niles fron Lakunai airficld. Vunakanau is approxinately
10 idles fron the wharvos.

In ny opinion, the possibility that futurc cruptions nay close the
entrance to Rgbaul Harbour is so extromely verote that no pragtical con-
sideration nced be given to ite

CONCLUSION.

Of the five sites discussed, it may be taken that Babaul has been ruled
out on nccount of its proxinity to the volcanoes, and it has been included
nainly to provide a stondard for conparison.  The Kgravat-Kabaira arca should
dofinitcly be cxcluded from consideration becausc it is situated sco close to
the locus of epicontres of scvere earthquakess, Of the other threc sites, the
Nonge=Tavui arca has nost to cormend it cn the scorc of freedon frr a1 the cffcets
of volcanoos, carthquakes ond tidal waves, followed by Vunslanau-Taliligap and



Rokopo-Ranopo.  None of these three arcas, however, could be considered
untenable ~n the above grounds.

The five centres arce listed on Table 1 and the order of
prceference shown with regard tc susceptibility to the effects of volcanic
eruptions, carthquakes and tidal waves, and also with regard tc the other
foctors discussed, viz:~ Water Suply, Aggregate ond Road Mgtol,
Accessibility, and Clinatce.

N.H. FISHER.
Chicf Geologista
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TABLE 1,

ORDER (F . REFL...KCE OF THD FIVY ARE.S DISCUSSED

WITH REFERENCE TO THE fi..DINGS CONSIDERED IN THE REPORT.

"Forces of Naturc "YTILITIESY ¥
Freedon fron risk of danage .
fron B 1 GR.LND
Voleanoes Barthquekes  Tidel Total Wateor Lgeregate | LCCES S Cliretd Totaly - 0T L
! Waves . Supply Road Mat- Port ) rirfiold * i
ericls cte -4 —
{

RLB.UL 5 2 5 12 5 1 1 1 5 13 25
NCHG..~TAVUT 2 1 2 | 5 4 2 4 5 2l | 22
KER.VAT-K/BLTRA bl 5 4 10 1 5 3 4 4 117 27
VUK NAU-TLLIDIGLP | 3 4 1 8 3 3 5 2 1 14 22

. i
KOLOPO-TLPOP0 f 4 3 | 3 10 2 4 2 3 3 14 24

No reforcnec is made here to cost ond availability of land, supplies -f building materieals,

relztive suitability frcn town-planning vicw-point, ctc.
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