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SUMMARY

A comprehensive analysis has been made of seismic activity
in the Territory of Papua & New Guinea. The activity is very high,
comprising five .to ten percent of the world's total earthquake
occurrences. Earthquakes potentially large enough to cause considerable
damage occur within the Territory at an average rate of about ten
per annum.

Data on the distribution and frequency of occurrence of
earthquakes have been used to zone the Territory according to probable
maximum intensities of shaking during periods of 100, 50, and 25 yeare.

Seismic activity during the last 50 years is found to exhibit
a periodic variation. Evidence suggests that general trends of seismic
activity in some parts of the Territory, as well as in the area as a
whole, may be predictable because of this feature. In 1963 the whole
region is apparently strained to an extent not surpassed in the last
30, possibly 50, years; the next four or five years may therefore be a
period of relatively high seismic activity.

Comment is made on the desirability of earthquake engineering
investigations in certain circumstances. Emphasis is placed on the
need for care in the selection of construction sites in relation to
local geology, if seismic effects are to be minimised.

The need for more seismographs and seismoscopes is mentioned.
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1. INTRODUCTION 

The purpose of this r.eport is to assess known facts about the 
seismicity, or degree of earthquake activity, in various parts of the 
Territory of Papua & New Guinea. 

The Territory, consisting of the Australian Territory of 
Papua and the, United Nations Tr1.l.st Territory of New Guinea, is situated 
between the equator and latitude 120 S from the meridians 141 0 to 1600E. 
It covers almost one million square miles, of which about one-fifth 
is land area (Plate 1). The population of almost two million is more 
than 98 percent indigenous. 

Partly because of the highly mountainous and verJ rugged 
nature of the terrain, with its consequent effect on comrm.U1ications and 
transport, the rate of economic and cultural development has until 
recent years been relatively·slow·.··However, all phases of deve.lo.pment are 
now increasing rapidly, resulting in a marked exprulsion in the size of 
established towns, an increase in the number of civil engineering 
projects, and the establishmen·t; of secondary industries on a small scale. 

Papua & New Guinea is situated in the circum-Pacific belt 
of earthquake activity (Plate 2), and is one of the most active seismic 
areas of the world. It has been estimated that between five and ten 
percent of the total number of earthquakes occurring in the world are 
located within or near the borders of the Territory (Gutenberg & Richter, 
1954,p.22). Earthquakes ranging up to high magnitudes are frequently 
felt in New Guinea and some parts of Papua. This activity, then, is an 
ever-present potential cause of damage .to constructicns of various kinds; 
it is therefore desirable that its nature be understood by as many as 
possible • 

The seismic data which have accumulated over the last 50 years 
are the only available material from which the pattern and degree of 
future seismic activity may be estimated. As sevaral major' 
constructional projects are being planned for the Territory, it seems 
that an assessment of future seismic activity would be of particular 
value. 

It is intended that these data will provide general baclcgror .. nd 
information to authorities engaged in design and construction of 
buildings a~d engineering projects in the Territory, and also other 
authorities interested in : (a) risk of damage by earthquakes to 
construction of various kinds, and (b) safety precautions that must be 
taken to minimise these risks. It is hoped that the list of references 
on specific subjects given in Appendix 1 will be of use to those seeking 
specialised information. 

It is generally appreciated that the time of occurrence of 
individual earthquakes canrlot be predicted, dospite the efforts of 
seismologists for many years. Although the possibility of being able to 
predict earthquakes in the foreseeable future is regarded as remote by 
the most eminent of those who have commented on the matter (~ .. !.g:. 
Richter, 1958, ch. 4), there is general agreement that before this 
a~.m can be achieved, increased knowledge of the causes and precise, 
nature of earthqu.akes is required. It is hoped that the data in this 
Record will be useful for 8.J1y such studies. 

Appendix 3 is included for the benefit of those unfruniliar 
with the terminology and general practices of seismology. 
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2. SEISMOLOGY IN THE TERRITORY 

Seismological recording is generally undertaken for one 
or more of five purposes: 

(a) To ascertain the degree of earthquake activity (seismicity) 
in a given region and the extent of any areas subject to damage. 

(b) To determine the effect of earthquakes on structures of different 
types, and so provide information for aseismic design purposes. 

(c) For vulcanological prediction purposes. 

(d) To determine the local physical characteristics of the Earth's 
crust. 

(e) To contribute to world-wide research programmes. 

Discussion will be related to (a) and (b) as the remaining 
three pOints are outside the scope of this Record. 

At present there are only two routine seismological stations 
in Papua & New Guinea: Rabaul Vulcanological Observatory was 
established in 1939 to provide data of type (c) and to a lesser extent 
(e); Port Horesby Geophysical Observatory began operating in 1958 
chiefly for the purpose of providing data of type (e), but data from 
both observatories are now important for purpose (a) • 

Both stations have recently been re-equipped with new, more­
sensitive ihstruments as part of a world-wide seismological 
standardisation programme. 

Studies of type (a) require data such as epicentre, depth, and 
magnitude of' both small and large earthquakes. Earthqualces cannot be 
located accurately by less than three observing stations suitably 
placed with respect to the earthquake epicentre; thus many more' than 
three should operate in a region the size of the Territory if its 
seismic activity is to be effectively analysed. 

Prior to 1958 there existed detailed instrumental information 
of.only the largest earthquakes that occurred. Seismic data on the 
small and moderate earthquakes, which occur more frequently, can even 
now be evaluated only very approximately - such events are recorded 
within a limited radius and often by less than three stations. Thus 
an assessment of past seismic activity must be based entirely on data 
concerning earthquakes large enough to have been recorded at 
distant observatories • 

The revised building code for the Territo~Jr (1963), does not 
stipulate special requirements for areas where seismic activity, 
ruld hence the probability of structural damage, is higher. In 1961 
the Commonwealth Department of Works adopted the practice which 
applied the recommended lateral force requirements of the Structural 
Engineers Association of California to construction in the Trust 
Territory of New Guinea (not Papua). 
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This Record provides a firmer basis for deciding region.9 
where special regulations are necessary. However, these would no·t; 
replace the need for special on-site investigations for costly 
structures erected in highly seislllC areas, particularly those on 
which the degree of public dependence is high. The Californian 
recommendations cited above clearly state that in other area~ the 
coefficients might require revision. 

Specific investigations in the Territory for engineering 
reasons would : 

(a) test the value of Californian aseislnic design regulations, and 

(b) enable more specific measures to be enacted where ne~essary. 

Two primary requirements that must be satisfied before 
compiling aseismic design data relating to particular events, or events 
in a specified area, a~e : (a) location of earthquakes, and (b) record 
of ground acceleration for a particular earthquake. The former can be 
computed only from routine seismological station reccrdings; it has 
already been shown that there are too few stations currently in operation. 
The latter data can be satisfactorily provided only by accelerometers, 
of which there are none in the Territory at present. 

The value of data that could be provided by earth~take 
engineering investigations might well justify the moderate cost of 
installing the required equipment in selected areas of the Territory. 

3. DISTRIBUTION OF EARTHQUAKES IN THE TER.c~ITORY 

The broad tectonic features of the region have been briefly 
discussed by Gutenberg and Richter (1954,p'" 50) who differentiata 
three structurally different regions: (a) principal Grou9s of the 
Solomon Islands, (b) Bismarck Islands arc, including Ne,1" B;:oi tain and 
New Ireland, end (c) the region of Central New Guinea. 

This Record is concerned primarily wi'tih describing the 
regional seismicity as it affects areas under development and tru~es the 
form of an analysis of the magnitude, frequency, 8..VJ.d energy release 
associated with large earthquakes. 

Plate 3 illustrates the positions of the epi0entres of all 
earthquakes of magnitude 6 or greater that ha,re occurred since 1906, 
according to av·ailable records (See Table 1, Columns 1-5). 

As the latitudes and longitudes of most epicentres prior to 
1945 and those from 1956 to June 1960 are quoted to the nea~est degree 
or half degree, the distribution of epicr.mtres on Plate .3 in many places 
shows an artificial alignment along meridians or parallels. The 
accu~acy of epicentres listed depends on the quality and quantity of 
data ayailable in each case. Although the accuracy was not us good fur 
some of the earlier shocks as for more recent ones, the erroJ:'s do not 
affect the general regional distribution of epicentres presel;.ted by 
Plate 3. 
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On statistical grounds it is felt that an assessment of the 
general seismicity should be based on shocks of Inagnitude 6 or 
greater because lists of shocks of smaller magnitude are very 
incomplete. Nevertheless it should bebome in mind that small 
earthquakes occur in fat' greater numbers than the larger shocks 
considered here; thoUgh they are rarely a cause of excessive damage, 
they do contribute to the ,seismicity. It is possible that in a few 
isolated areas the general picture of the seismicity presented by 
Plate 3 may be somewhat incomplete. This would be so in an area where 
no shocks of magnitude 6 or over have yet occurred but where shocks 
of lesser magnitude have been reported. An example of this is the 
islands near the south-eastern tip of Papua; only one shock of 
magnitude greater than 6 has been plotted in this area, but it is known 
that smaller shocks have frequently occurred there c.uring the last 
few years. 

An idea of the relative frequency of occurrence of shocks 
of different magnitude is given by the following equation which roughly 
represents world-wide frequency of occurrence: 

10g10 N = A bU 

where N '" number of shocks of magnitude M or greater 
per year. 

For this equation Richter (1958, p.359) gives the values: 

A = 8.2 (approx.) b = 1.0 

i.e. the world 8.S a whole has an annual average of one earthquake of 
magnitude 8 or greater, ten of magnitude 7 or greater, etc. 

Statistics giving relative frequency of shocks of small and 
large magnitudes in the Territory have been compiled only from Port 
Moresby Observatory records for the ,period August 1958-April 1960; 
these are presented in Table 2 and Plate 4. Because of the low 
sensi tivi ty of the Wood-·Anderson seismographs, from which magnitude 
determinations have been made, not all shocks of magnitude below 5 
occurring throughout the Terri tory wOl1ld be record,ad in Port filoresby, 
which is up to 9 or 10 degrees from the region of epicentres near 
Bougainville, New Irel@ld, end the Sepik District. Therefore the 
trend of the (log n) : 1:1 curve is unreliable for valu9s of :t:I les3 
than 5. 

It will be noted from Plate 4 that the frequency of occurrer..ca 
of Terri tory earthquakes follovTs the world-wide trend for I?hocks . 
M = 5 or greater. Considering that the data on Territory earthquakes 
listed in Table 2 cover less than two years' observations, it is 
surpriSing that they indicate such a smooth frequency distri.bution Rnd. 
conform so closely to the estimate of five to ten parcent of ;vorld 
occurrences given by Gutenberg and Hichter. Assuming Ri8hters (1938) 
values for the (log ) : M equation, this implies that the Te::..~ri tory 
of Pa:9ua & New Guin~a has an ann'u.al average of just less than one 
earthquake of magnitude 7 or greater, ten of magnitude 6 or greater, 
one hundred and magnitude 5 or greater, ~~~. 
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It will be seen (Plate 3) that large earthquakes have 
occurred over almost the whole of the land area of the Territory of 
Papua & NevI Guinea with the possible exception of Hanus Island, the 
Western Highlands District, and the southern part of the Norobe District~ 
These areas, however, have sOI!letimes felt severe .effects of larger ' 
earth(J.uakes in adjoining areas; Modified· Mercalli intensities in the 
range IV to VII vrere reported from the l1estern Highlartds and l'.Iorobe 
Districts on 19th Novemher 1959. It would therefore be safe to assume 
that no part of the Territory of New Guinea is free from risk of 
damaging vibrations caused by earthquakes. New Britain and Bougaiavill.e 
particularly are very Hable to strong shocks. 

In an unpublished sununary of New Guinea seismicityFr O'Leary, 
formerly chief of the Riverview College Obserlatory, has recorded 
frequent instru1ces when intensities of VII-VIII on the old Rossi-Forel 
scale were felt. 

A feature evident from Plate 3 is the occurl~ence of earthqual .. ;:es 
at depths between 70 and 300 kIn in mainland New Guinea from the south­
eastern Sepik District to the lIadang and lJastern Highlands Districts. 
Generally it is fOUlld that deep earthquakes are felt over a lauch wider 
area than shallower ones of the same size. J!'or example the earthquake 
on 19th November 1959 in Table 1 was felt over almost the whole of 
mainland New Guinea. Therefore, although these o.eep earth(J.ual:es have 
occurred less frequently than the shallow ones in New Britain and 
Bougainville, they could cause damage over a wider area. However, for 
shocks of equal magnitude, epicentral intensities will generally become 
less as focal depth increases • 

Plates 5-7 illustrate earthquake frequency pe:c square degree 
per century computed according to the method outlined in Appendix 2. 
The contour lines clearly illustrate that parts of New Britain, 
New Ireland, &1d Bougainville have experienced more shocks than any oth8r 
area in the Territory. 

In Appendix 4 8..,'1. analysis is made of the rate of occurrence 
(per centu.ry) of earthquakes of varying size by cOillpar~ng Territory 
statistics with wOl~ld-w:Lde statistics, both of which are listed in 
Gutenberg and Ihchter ('i954, pp.16-22). 'I1i1is suggests a rate of 115 
shocks per century of m£i{,"l1.i b.lde 7 or STeater, and. more· than 1000 shocks 
of ma.sni tude 6.0-6.9. 1'he nLunbers used are st ati sti cally small 
(especially those for large shocks) and the conclusions reached express 
only a probability; nevertheless, the expected centu~J totals appear 
reasonable. Some confirmation of their apparent reliability is given 
by an integration of the areas enclosed by contours of Platas 5 and 6, 
from which century rates of occurrence are dil'octly calcula.ted. These 
figures are derived from activity 1930-1959, ~. a different period 
from those used by Gutenberg and Richter. 

u Plate 6 

(M 7.0) 

Area (square .degrees) 

Average earthCJ.uake 
frequency per centuxy 

Total earthquakes per 
century calculated from 133 
above figures 

Total earthquruces per century 115 
derived in Appendix 4 

7.5 

59.5 

5 

~la:t.£.5. 

(E 6.0) 

10.8 

15 

1'12 

955 or 
1155+ 

5·4 1.8 

30 50 
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Agreement for larger shocks (magnitude 7.0 or greater) is excelle~t. 
Considerably less, but still fair, agreement results from the 
comparison of corresponding data for shocks of magnitude 6.0 or 
greater; the discrepancy amounts to something over 400 shocks per 
century. Two factors would contribute to this: 

(a) Gutenberg and Richter's statistical data for shocks of magnitude 
6.0-6.9 were derived from the period 1932-June 1935, for which 
they felt their records were most complete. Reference to Plates 13 
and 18 will show that, for the Territory, this was a period of 
higher than average activity. Therefore, wh~n extrapolated for a 
century, such data are bound to indicate a higher rat~ of oc~uxren0e 
than the true average. This over-estimate is probably of the order 
of 130 shocks per century, deduced in the following manner: J~ 
Strain release per century (at rate 1932-1935.5): 5270 units of ergs8 
.1010 
Strain release per century (" "1930 .. 1962) : 4150 units 

Difference: 1120 units 
In the period 1930-1962, 58 shocks of magnitude 7.0 or greater, 
and 169 shocks of IJagnitude 6.0-6.9 are listed. These contributed 
861 and 536 uni'ts respectively to the total strain of 1397 units. 
Thus the proportion of strain difference of 1120 units estimated 
above, contributed by shocks of magnitude 6.0-6.9 would be 

11gQ~.21 
1397 "" 421 units 

and the number of shocks producing this may, on this basis, be 
expected to be 

.4.21 x 1M 
523 "" 130 shocks 

(b) It is almost oertain that not all shocks of magnitude 6.0-6.9 
(particularly in the range 6.0-6.5) that occurred between 1930 
and 1962 have been listed. This may be especially true between 
1940 and 1946 when the proportion of major earthquakes to smal:!.er 
ones seem.s abnormally high. One could speculate therafore that 
the estimate of 712 ahocks (magnitude 6.0 or greater) per century 
from Plate 5 may be J\iOO low by at least 100, pl~obably 20() shocks. 

It is concluded therefore that earthquruces of Richter magnitude 
6.0 or greater probably occur at an avert3,ge ra-~e of about 900-1000 pe:::­
century .. L~.9··JO per annum - within the borders of the Territory. 
Of these, about one shock per anmun could be described as a major earth­
quake. 

4. AN A~m'lfPT TO J2.,ELINEATE SEISMIC REGIONS OR ZCNES 

In order to express ear·~hquake risk, seismic regions have be,:,n 
mapped both in the Soviet Union and in the United states (Richter, 19;9). 

In this Record risk is defined in terms of the maximum level of 
potentially damaging ground motion that a particular location can expect 
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in a specified number of years. Plates 8-10 indicate areas within 
which various maximum degrees of shaking (intensities, Modified filercalli 
scale, 1956 version) may be anticipated during time intervals 100, 50, 
and 25 years. The sections of this scale relevant to the present 
discussion are (Richter, 1958, p.137): 

'Intensity VI: 

Felt by all.~ Many frightened and rUn outdoors. Persons walk 
unsteadily. Windows, dishes, glassware broken. KnickY_~acks, 

books, etc., off shelves. Pictures off walls. bllrniture 
moved orcrverturned. Weru{ plaster and masonry D (see note 
following) cracked. Trees, bushes shaken. 

Intensity VII: 

Difficult to stand. Noticed by drivers of motor cars. 
Hanging objects quiver. Furniture broken. Damage to me.sonry :0, 
including cracks. Weak chimneys broken at roof line. Fall 
of plaster, loose bricks, stones, tiles, cornices. Some cracks 
in masonry C. Waves on ponds; water turbid. with mud. Small 
slides and caving in along sand or gravel barucs. Large bells 
ring. Concrete irrigation ditches damaged. 

Intensity VIII: 

Steering of motor cars affected. Damage to masonry C; pBJ:,tial 
collapse. Some damage to masonry B; none to masonry A. Fall 
of stucco and some masonry walls. Twisting, fall of chimneys, 
factory stacks, monuments, towers, elevated tanks.' Frame 
houses moved on foundations if not bolted down; loose panel 
walls thrown out. Decayed piling broken off. Branches bl·ol:.:en 
from trees. Changes in flow or temperature of springs and 
wells. Cracks in wet ground and on steep slopes. 

Intensity IX: 

General panic. Masonry D destroyed; masonry C heavily da.;n8.gef..~ 

sometimes with complete collapse; masonry B seriously dem8eed. 
(General damage to foundations?). Frame structures if not 
bolted, shifted off foundations. Frames cracked. Serious d@me~e 
to reservoirs. Underground pipes broken. Conspicuous cracks 
in ground. In alluviated areas sand and mud. ejected, earthqlA.8lw 
fountains, sand craters. 

]ntensity X: 

Most masonry and frame structures destroyed with their 
foundations. Some well-built wooden structures and bridges 
destroyed. Serious damage to dams, dikes, emba.n..lcnents. I'8Xc;e 
landslides. Water thrown on banks of canals , rivers, lalws, 
etc. Sru1d and mud shifted horizontally on beaches and flat 
land. Rails bent slightly.' 

which refer to : 

'l'ilaso!!!y_.!: Good workma..'"lship, mortar and design; reinforced~ 
especially laterally, and bound together using steel, concrete, 
etc.; designed to resist lateral forces. 

M!lsonry B: Good workmanship and r.lortar; reinforced but 
not designed to resist lateral forces. 
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lilasonry C: Ordinary workmanship and mortar; no extr6ille 
weaknesses like failing to tie in at corners, but neither 
reinforced nor designed against horizontal forces. 

Masonry D: Weak materials, such as adobe; poor mortar; 
low standards of workmanship; weak horizontally'. 

The following kinds of data m~ be used as a basis for 
defining zones of differing seismic risk as described above: 

(a) Reported felt intensities over a long period of time. 

(b) Detailed geologicai data. 

(c) Earthquake statistics, both frequency and magnitude, provided 
the ntunbers involved are sufficiently great. 

Felt intensities 

Uacroseismic reports of many of the large earthquakes that have 
occurred in the last 60 years are available but unfortunately there are 
only a few individual reports in each case. This can be attributed to 
the sparsely populated country and cOffilllunication difficulties, which 
make the reliable operation of any reporting system a major problem. 
Unfortunately, too, the method of reporting which has been in use does 
not allow the resulting data to be reliably assessed for these purposes. 
It is most desirable that observers report felt effects rather than their 
own individual estimates of intensity. In the latter case there is very 
strong possibility tha.t repo:&.·ts of a single shock will be inconsistent 
with each other and that reports from time to time at the same location 
will lack consi3tency. Detailed comment on this question has been made 
by Richter (1950, p.141) and others. In the circumstances, available 
reports of intensities felt throughout the Territory must be regarded as 
insufficient, both qualitatively and quantitatively, to provide a bads 
for zoning purposes. 

In the foreseeable future the number and disposition of 
potential observers is unlikely to increase sufficiently to permit the 
establishment of a comprehensive intensity-reporting network. A more 
objective approach would be to make use of simple mechanical seismoscop~s 
as intensity indicators (~:.J~ ... the USCGS seismoscope; see Appendix 1, 
items 0 and 9). Their low initial cost and simple method of recording 
make them ideal instruments for operation by completely untrained 
observers. Such instruments would serve a double purpose in providing 
engineering data. 

Geological data 

Intensities of shaking are very dependent on the geological 
characteristics of the site in question, and any form of seismic 
zoning must therefore take account of these factors. For e~m.mple, it is 
generally accepted that at a given distance from an'epicentre, the 
worst shru~ing will probably be experienced on unconsolidated sediments 
(~. Duke & Leeds, 1959). Richter (1959) considers the allocation of 
different intensities largely on the basis of geological foundation is 
quite a practical procedure in some circumstances and has based his 
micro-regionalisation of California on detailed geological maps. 
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Existing geological maps of the Territory are not detailed 
enough to enable this type of information to be uniformly and generally 
used as a controlling factor in the construction of any seismic zoning 
maps. At best, areas that include Quaternal'y sediments can be roughly 
designated as localities which for a given distance from an epicentre, 
are probably subject to more intense shaking than other areas. 

Earthquake statistics 

Therefore the most reliable (and complete) data on which any 
assessment of seismic risk can at present be based in the Territory are 
earthquake magnitude statistics. These can be used to express risk in 
terms of either ground acceleration or intensity, together with 
frequency of occurrence. Both of these parameters are subject to 
substantial qualification when used for this purpose, as they are 
dependent on local geology and earthquake energy radiation characteris­
tics. Haximum values of acceleration are not as useful now as formerly, 
in view of the recent and more realistic approach to the solution of 
aseismic design problems - viz: to use dynamic rather than static methods. 
On the other hand the concept of intensity, although defined on a 
generaliy broad and subjective scale, is more familiar to the layman, is 
a useful qualitative measure for this purpose, and consequently has been 
adopted to express seismic risk here. Horeover, expected intensities 
in a given locality can be compared with past reports. Plates 8-10 
can therefore be described as intensity zone diagrams. 

Earthquake statistics refer not to the history of every point 
in an area but to the occurrence, at determinable points, of events of 
a certain intensity. To express the risk of earthquake damage at every 
point in the neighbouring region, some. assumption must be made about the 
area affected by the earthquake. For the purpose of this Record, the 
assumption is made that the epicentral intensity applied to all points 
in the square degree centred on the epicentre. Assumed lower 
intensities at more distant points are ignored. In other words, the 
average number of times that a given point will experience a certain 
intensi ty . is equal to the average number of times an earthquake with 
that epicentral intensity occurs in an area of one square degree (about 
12,000 sq.km) centred on the same point during the specified period. 
This assumption is discussed in Appendix 5. 

Therefore the contours of Plates 8-10 can also be interpreted 
as showing for every point the intensity that will be experienced on an 
average once during the specified period of time. The three maps 
illustrate the changing probability of values of intensity for three 
different intervals of time. 

In Plates 8-10 therefore the Territory is subdivided by 
contours into areas of 'expected highest intensities' within specified 
periods of time. These lines indicate highest (i.e. in the region of 
"bhe epicentre) values of intensity from the largest earthquakes that 
occur, on the average, once during the time interval considered. It is 
assumed that an earthquake of this intensity will occur at J.east once 
in the areas between each contour line under consideration and the 
next-'hig-hest' line. The m.s.thematical probability that one earthquake 
producing the intensity indicated by the contour lines will occur in a 
given square degree during the time interval concerned is 63 percent. 
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- Subdivisions of the intensity zone maps (Plates 8-10) are 
purely statistical boundaries determined from a superimposition of 
corresponding contours of equal frequency, from Plates 5-7. The 
shaded portions designate areas within which earthquakes of the maximum 
intensities indicated can be expected to occur at least once per square 
degree during the period indicated, based on frequency of occurrence 
during the last 50 years. 

. Magnitudes have been assigned equivalent epicentral intensities 
(I ) that should empirically represent maximunl intensities 
ono, average' ground. Acceierations could be chosen with equal validity, 
but would probably imply a riumerical accuracy that is not present. The 
equation used is: 

M = 1 + 21 /3 (Gutenberg & Richter, 1956) o 

which represents nominal 'average' b'Tound conditions in California. 

It will be seen that expected maximum intensities range from 
VI to X. The subdivision from IX to X is largely of academic interest, 
as 'to the engineer, designing for possible IX is already enough of a 
probiem; the added risk of X or over makes little practical difference.' 
(Richter, 1,959). 

For large areas of the TerritorY, where intensities above VIII 
are indicated, little or no significant increase in iiltensity would be 
wotth specifying on geological grounds. However, some increase in 
expected maximum intensities, where these are indicated as VI, would 
definitely be warranted in alluvial areas; each proposai for construction 
in these regions should be given special individual consideration. 

Reported cases of M.M. intensity VI or gTeater are ploUed in 
Plate 11. These cover the period 1916-1937, a single earthquake in 
1941 (Fisher, 1944), and the period 1954-1962. Although incomplete, 
the reports do permit some comparison to be made between observed 
inte~sities and the intensity zone maps. Agreement is good, but this of 
course is not conclusive justification of the maps or the method. The 
single questionable event is a reported intensity of R.F. IX (M.:M. VIII) 
at Kerema in 1931. This is in agreement with the 100-year map and in 
view of the probable alluvial foundations is not at variance with the 
25- and 50-year maps. In fact it 'serves very well to illustrate the 
care necessary when proposing construction on such growld. Details of 
the basis of this report are not available, but it is doubtful whether 
it represents more than a single estimate rather than a careful 
assessment of many reports in a single area. 

5. STRAIN ACCIDimLATION AND RELEASE 

A useful method of diagrammatically representing the amount 
of strain released by an earthquake has been devised by Benioff. By 
first assuming a relation between magnitude and energy release, Benioff 
computed a "strain rebound increment' proportional to the square root 
of the amount of energy theoretically released by each shock. The 
prqcedure (see Appendix 2) is dependent on a number of assumptions but it 
has been used in various ways by Benioff, Ritsema, and others to 
demonstrate the accumulation and distribution of strain release over a 
period of time in several regions of the world, and as an aid in 
describing the seismicity of a given area. 
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Contours of strain rebound displacement factor per square 
degree are superimposed on a map (Plate 12). This is a quantity 
proportional to the total strain release integrated over all earthquakes 
in an area, divided by the area in square degrees. Also not absolute 
quantities - owing to the fact that the constant C involved in the 
conversion of energy to strain rebound (see Appendix 2) is unknown -
the values form a valid basis for comparison of affected areas with 
each other, subject of course to acceptance of the basic assumptions 
referred to above.' 

The general similarity in the shape of the contours in both 
Plates 5 and 12 is evident and illustrates that those areas with a high 
frequency of shocks experience the largest strain release. This is to be 
expected if the period of time considered is sufficient to smooth those ' 
anomalies produced by a single earthquake large ellough to intensify 
considerably the strain rebound values of an area while contributing only 
a small increase to the frequency factor. Examples are the shocks of 
30th April 1939, 1(}~oS 15&~_oE, Magnitude 8, and to a lesser degree 
20th September 1935, ~OS 141ioE, Magnitude 7.9. Thus erroneous 
conclusions could be drawn from strain rebound charts if assessments of 
the seismic activity of any given area are made in this fashion using 
too few events. 

It has been demonstrated by Benioff and others that the rate of 
strain release in certain large areas is more or less constant over long 
periods of time. Data on earthquake magnitudes have been available only 
since the start of the century, i.e. over the last 60 years, but this, 
period may represent only a small fraction of the time interval required 
to assess reliably the morphology of regional tectonic stress patterns'. 
Mountain building is an extremely slow process and its growth rate can 
possibly be expected to bear some relation to the' degree of concomitant 
seismic activity. Consequently, patterns of seismic activity may not be 
truly significant indicators of future conditions until they can be 
observed over extremely long time intervals. 

The progressive total of strain ,release has been charted for the 
whole Territory and for a number of areas of limited extent (Plates'13-17 
and Table 1, Col. 7-11). For Plate 13 the geographical borders of the ' 
Territory have been taken as arbitrary limits, and progressive annual' 
totals only have been plotted, rather than each individual earthquake. 

The restricted areas (Plates 14-17) were chosen to cover the 
main centres of development and to serve as random samples fo~ assessing 
the consistency of seismic activity in small areas within the main zone 
of activity. 

Plate 13 indicates a marked change after 1930; there is little 
doubt that this is a conseq~ence of the paucity of seismological data 
relating to events before then. The following conclusions' are therefore 
drawn from data for 1930-1962. 

Plate 13 

The mean rate of 8-Grain release is reasonably steady but points 
of maximum release of strain (peakS) and of maximum accumulation of stra.in 
(troughs) can be discerned. Vilien these sets of points are joined' the two 
lines aa' and bb' are seen to be roughly parallel, suggesting that the 
limits of strain accumulation and strain relaxation are fairly constant. 
The progressive accumulation and release of strain seem to exhibit a 
periodic tendency but the significance to be attached now to this 
observation is open to question, as .data for a longer duration are requi~ed 
to verify its reality. 
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The inference to be drawn from Plate 13 of course is that the 
region is now strained to its limit and that if the periodic tendency 
mentioned above is real, the next four or five years (1963-1967) will 
be a period of higher-than-average activity during which the strain 
released may total twice to three times the amount released by large 
earthquakes during the last five years. 

Plates 14-17 

The extent to which the average rate of strain release in 
limited areas is a reliable indicator of future activity has. not been 
greatly studied. Benioff (1955) sucessfully predicted the nature 
of future activity within a small 'seismically isolated' area of a few 
square degrees in the Indian Ocean, but the author is not aware of any 
such studies made within areas of high seismicity. 

The following areas (of arbitrary extent, see Plate 3) were 
chosen for study: 

Region A: Bougainville area 

Region B: Northern New Britain 
Southern New Ireland 

Region C: r.1adang a.nd Morobe 
Administrative 
Districts 

Region D: Sepik Administrative 
District 

,.. .Lat. 

" 

" 

II 

5"i-7i
os 

3?z-5k
os 

1 ~o 
0/2-72 S 

Long. 

" 

" 

0 
154-156 E 

151-}-153?z°E 

1 44-~~-1 48
0
E 

o 
141-144 E 

Each region has general tectonic characteristics that distinguish it 
from the others. 

Region A This consists entirely of· portion of the Solomons Islands, 
suggested by Gutenberg and Richter (1954, p.50) as comprising 'an arcuate 
structure of the Pacific type'. In this case the 'plane' of earthquake 
foci dips very steeply and, in fact, may be taken as vertical. 
Earthquakes in this region may be related to a single major tectoni;:­
feature • 

. Region B This region is at. the junction of the Solomons arc and the 
'Anomalous arc of the Bi smarok Islands' (lli£. p. 50) ; two or more maj or 
tectonic features may therefore be related to the occurrence of major 
earthquakes. 

Region C This forms part of the Bismarck Islands ~'c but consists of 
~~ area in which intermediate-depth shocks are predominant. 

Region D This area includes fewer epicentres throl the other three -
mostly of shallow. earthquakes. The tectonic relation \rith ~egion C 
earthquakes is nQt clear. 

Plates 14-16 exhibit apparent changes in the· pattern of activity? 
tV10 during 1939-1941 and the third about 1946. On either side of this 
brealc, in each case it is possible to draw two parallel lines 
representing the level of strain relaxation and strain accumulation 
respectively - similar to the corresponding propert;y of Plate 13. 
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Further, it is possible to detect; in each of the three 
sequences, similar trends to correspond with most features of the 
fluctuations of strain release inferred from the pattern of activity 
for the whole Territory (Plate 13). These are illustrated in Plate 18. 

Plate 18 

Corresponding diagrams of strain fluctuation are set out on a 
common time scale in order to COlnpare trends in strain, region by 
region. They are derived from Plates 13-16 and Table 1 (Col. 7-11), an~ 
the rates of strain accumulation were assessed from each graph on the 
assumption that the rate of strain release corresponds to the rate of 
strain accumulation. These are indicated on Plates 13-16 together with 
the period for which each rate applied. Strain accumulation is 
represented on each plot of Plate 18 as a line sloping up~ard to the 
right between earthg.uakes, which are indicated as vertical liiles at the 
time of occurrence tgraphs for regions A, B, and C refer). 

TPNG. For convenience, strain relaxation is plotted in annual 
inc~nts (Le. the total strain release for each year derived from 
Table 1, Col:-?). Details of individual shocks would have confused 
the diagram without affecting the overall pattern of strain fluctuation." 

Region A~ Plate 14 indicates that strain was released - and, by 
hypothesis, acc~~ulated - at different rates during the periods 1930-39 
and 1948-62. Further, no strain release apparently occurred during 
1940-47. The rates adopted for 1930-39 and 1948-62 are indicated as 
A1-A2 and A3-A4 on Plate 14. These were determined solely by 
inspection; no attempt was made to fit the data to a regression curve, 
for two reasons: (a) precision of the rate of strain release is not, 
required, and (b) the degrea of precision (or imprecision) associated with 
m%C'l'J1i tude determine,tions, and therefore increments of st:cE-.in, does not 
warrant accurate nw~erical treatment for this purpose. 

It is difficult to concede that no earthquake above magnitude 
6 occurred in Region A from 1940-47 (A2-A3). Doubtless some events were 
unrecorded at Pacific stations during hostilities in the Pacific 
(1942-45), but any very large events should have been recorded throughout 
the world. It can only be suggested that statistics for t~is period 
are probably incomplete for reasons unkLown. Strain during 1940-47 was 
therefore presumed to accwnulate at the average rate 1930.,'1960 as 
indicated on Plate 14 m1d, again, obtained by inspection. 

This has resulted in a considerable change in level of the 
graph for Region A, which could be tal.;:en to indi;::ate a highly-str8.inecl 
condition since 1948 and hrmce the likelihood of a very lar6e earthquake 
or series of large earthquaJ..ces. It is important to note that this is 
not necessarily or even probably so; if in f~ct no strain accumulated 
in Region A during 1940-47, or if strain release occurred but we are 
not aware of it, then the difference in level on the Region A diagram 
on Plate 18 would not be real. 

Region B, The diagram was compiled in a similar manner: Hgain using 
two different rates of strain accumulation for the periods 1930-46 and 
1946-62 (B" -B2 and B2-B3, Plate 15). It is of intere3t to note that .10 
prolonged period of apparent inactivity occurred in this region. 
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He gion° C. A similar procedure was followed to that used for 
Region A. An apparently inactive period is again evident and the 
follo\ving Orates of straih accwnulation were inferred from Plate 16 
and are indicated thereon: 

1930-38 (C1 to C2). By insp~ction Plate 16, C1-C2 

1938-46 (C2 to C3). Average rate 1930-1962, Plate 16 by inspection. 

1946-62 (C3 to C4) • By inspection Plate 16 ( sarne rate as 1938-46) 

Similar remarks regarding changes in level at 1946, as were 
made for Region A, apply in the case of Region C. 

Thus, strain fluctuation is compared, region by region, on 
Plate 18. It is important to state clearly that the aim has been to 
compare general trends of strain fluctuation rather than absolute 
changes in level - the latter cannot be reliably inferred from the 
diagrams presented and will not be discussed. However, correlation of 
trends between the graphs for TPNG and Regions B and C is particularly 
strong (corresponding peaks are indicated). Features of the graph for 
Region A subsequent to 1941 also closely correspond with the remaining 
graphs; but prior to 1940, reverse correlation is indicated. 

A feature to note is that the vertical scale for regions 
A, B, and C is only 20 percent of that for the TPNG graph. 

It is suggested that there is sufficient simil~ity to imply 
a distinct correlation between activity confined to some small regions 
and the activity throughout the whole Territory, suggesting that 
influences which produce or control the tectonic stress ever the whole 
area act concordantly throughout the Territory. If so, the general 
trends of Plates 13-18 may accurately indicate the pattern of activity 
in Regions A, B, and C, each of which may therefore expect increas'3<l 
activity in the next four or five years. 

This apparent concordance of activity suggests the existence 
of a resultant single controlling influence or r stress-.proc;.I1.cing 
mechanism' for sej.smic activity throughout the Territory at least. 
It is interesting to note in this respect Benioff's inference concerninog 
the possibility of the existence of a 'world mechanism' (Benioff, 1955). 

For Region D, however, the data indicate quite a different 
pattern of activity from that exhibited within llegions A, 11, and C; 
the rate of strain accwnulation could not be assessed. Part of the 
explanation may be that there were fewer earthquaJ.~es in Region D (half 
those in Region C), and the data may be inadequate to permH o:ny 
worthwhile conclusions. 

In an attempt to see by how much the activity during the 
five years (1963-67) is likely to exceed the average rate of activity 
as discussed in Chapter 3, two estimates can be compared (these are 
based on an assumption that strain corresponding to 350 ~1its, inferred 
by inspection of Plate 13, will be released in this period): 

(a) Considering the total number of events occurring since 1930 
it may be expected, proportionately, that more thAn 50 shocks 
above magnitude 6 will occur in this five-year period. This 
estimate is almost certainly low, as statistics are incomplete 
for the period 1930-1960. 
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(b) Assuming the .rule1 that the number of earthqua.1ces exceeding 
magnitude 6 is 1 A':}· times the number exceeding magnitude &}, 
and 10 times the nUmber exceedin;3. magnitude 7, etc. (yid~ 
Chapter 3), the following frequency distribution is determined: 

,. 
"Magnitude 7· }~ 2 7 6 

Number 3 or 4 11 35 65 

hl. a total of 115~· This slightly exceeds the average rate 
of occurrence determined in Chapter 3 and is considered more 
reliable than the figure of 50+ determined above. 

6. GROUND ACCELBHA'nOU 

Ground acceleration is important because it can be used to 
compute the stresses in fixed structures; therefore it is the basis of 
all earthquake-resista.;.'lt design. Accelerations of the ordGr of 0.5g 
or greater can be expected in the ep:lcentral regions of major earthquakes. 
Acceleration will become smaller with increasing d:lstance from the 
epicentre but the relation between these two factors is complicated to a 
high degree by the local geology. 

Although some early building codes specified that structures 
be ~uilt to withstand certain maximum ground accelerations, expressed as 
a fraction of g, on the asst'.IDption that these structures \7ere rigid, 
methods of estimating actual strains and displacements produced in 
structures by earthquake ground motion have been developed in recent 
years, and modern building regulations in seismic areas are based on 
such information. For the de~ired calculation of these structural 
responses, ground acceleration as a function of time must be directly 
recorded. In certain cases, values of g higher than those e::cperienced 
on the ground can be induced in parts of some structuxes bec~~se of the 
elastic characteristics of the structure and the time history of the 
ground acceleration. The behaviour of structures is described by 
diagrams, knovm as :t'esponse spectrum. cRc-ves, which indicate hOVl the 
distance and size (m8{,.rrJ.itude) of earthquakes affect certain classes of 
structures. 

Accelerations arc best measured by seismographs of special 
design known as accelerometers. These recorders are usually triggered 
by the initial movement of a shock and record for a pre·.set time. 
According to Hudson (1963) the only rneasurements of ground acceleration 
produced by destructive earthquakes have been made in the United States 
and the degree to which resulting conclusions apply in other seismic 
areas has not yet been determined. Moreover it is significant that no 
such records have yet been made in .the epicentral region of a destructiv~ 
earthquake. 

It may be some tiii1e before such information can be recorded in 
Papua & New Guinea, although early action to effect this would be 
highly desirable. Ueanwhile two alternatives are possible: 
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(a) rJru1Y countries which have earthquake engineering problems 
are currently proceeding on the general asswllption that 
seismic design specifications conipiled from data dGrived 
from earthquakes in California are valid for their own areas, 
until accelerometer recording'G can be made. 'l'his procedure 
is probably a fairly safe one for constructions of moderate cost! 
Bu.-ilding codes in seismic areas !ll'e so designed that structures : 
will survive the more frequent moderate ground motions without 
damage but in the rarer event of very strong ground motion, 
damage would be tolerated ~rovided no danger to life was 
anticipated (Housner, 1959). This is a cO!iipromise approach, 
but is taken partly because it isimpossibie to' specify the 
precise extent of.the effGct of aJ1y future ground motion on 
structures and partly because the cost of incorpoI'ating extreme 
safety factors in buildings is high. 

In the absence of any reliable acceleration data or,appropriate 
building regulations, Richter (1958, p.645) points out that a 
simple 'rule of thwnb :9rovision against lateral accelerations' 
of some specified value 'has repeatedly demonstrated its 
practical efficiency'. Such provisions although arbitrary could 
be usefully applied particularly in the case of simple rigid 
structures. 

As mentioned in Chapter 4 above, the intensity zone 
di~1al!ls (Plate 4) could equally vlell have been desigl:.ated 
acceleration zone diagrams, but data expresGed in this way could 
be subject to overinterpretatiQl1. However, acceleration data 
derived from magni t'.lie statistics are pr·obably gO:Jd enough to 
serve as a basis for approximate lateral force provi::;ions. Th8se 
therefore would be, that for areas designated r:Iercalli Intensity 
less than VIII in Plate 8 a lateral acceleration of 0.1g be 
used, and for other areas 0.2g. On unfavourable ground these 
could be arbitrarily increased to 0.25 and 0.3g respecti:.i.7ely. 

It is worth noting that locations on lli~consolidated grOID1d 
C8-11 expect to be more severely shal{:en than those on solid basement. 
Richter (1958, p.3B4) pOints out that in a given area where earthqu~-;:eB 
are general, the geological nature of the site can often have a 
greater bearing on felt inte;u;i ty than the distance from the cpicentre. 
This point would have par.'·c.i.cular application to areas of tl:e Territory 
where earthquakes occur frequently. The fact th:lt eartl.1quakes are 
common will mean that, sooner or later, many locations are Going to 
experience heavy shaJ:ing. The effects of this can be rr.inimised, in some 
cases very considerably, by a critical exarein8,tion and careful 
selection of sHe. 

7. CONCLUSIONS 

The most significant features of the seismicity of the 
Territory have been analysed. The frequency of occurrence of shocks 
and rate of energy release (or a factor related to it) are considered 
fundamental parameters to be included in any quantitative description 
of the degree of earthquake act i vi ty in a given area. 
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This is the most comprehensive attempt 86 far inade to 
describe the comparative degree to which various areas in the Territory 
are subjected to the effects of earthquru<es and it is deduced that the 
areas around the northern end of New Britain, southern end of New 
Ireland, and southern half of Bougainville are the most severely 
affected. The Hadang-Ramu Valley region is subject to slightly less 
activity. It is concluded that seismic activity in the five-year 
period beginning 1963 will be more in'Gense, throughout the :I'erri tory 
and in the above three regions, than it has been during the last five 
years. 

Seismic activity in the Territory of Papua & New Guinea is 
high by any standards. Its full implications may not receive adequate 
recognition because of the scattered nat~ce of settlement. However, 
with increasing development and construction it will become more 
desirable for authorities to be aware of the level of seismicity in the 
region. Further, a fuller understanding, by the public, of the general 
nature of earthquake OCCU1'renC0 may help to reduce public alarm during 
any series of felt earth~uru~es. 

Construction anywhere in the Territory should be specially 
designed if seismic daruage is to be minimised. Special attention is 
directed to those areas of Hew Guinea designated fLE. Intensity VIII 
and greater on Plates 8-10. 

In areas of high seismicity the use of unsuitable building 
materials and construction methods~ chosen for economic reasons at the 
expense of structural quality, should not be contemplated without due, 
regard to possible consequ.ences. The disastrous result of the Agadir 
earthquake in Norocco (29th February 1960) is one of many excellent 
examples of the c.lamage that can be caused by a moderate earthquake 
under these circumstances (Tillotson, 1960; Rothe, 1960). l':Iagni tude 
estimates for this earthquake range between ~~ and &i. Such widespread 
damage and high intensity are usually associated only with earthquakes 

I 

of higher magnitude. 

The importance of siting ,construction on consolidated 
geological foundations where possible should. also be recognised. If 
unconsolidated foundations cannot be aVOided, due allowance for the 
increased intensity of vibrations should be made. The degree to which 
damage at Agadir was accentuated by un sui table geological fou.:..'ldatiolls 
in certain areas cannot be clearly analysed, owing to a combination 
of circumstances. HoweveJ:, it should be noted that there are areas 
in the Territory where the surface geology, especially alluvial beds, 
is of a kind generally considered to be subject to larger-arupli tude 
motion than consolidated foundations. Increased risk of damage in such 
areas shoulrl be recognised (Duke & Leeds, 1963). 

The general adoption, throughout the Territory, of a builuing 
code especially compiled for a seismic region, such as California, 
would be an excellent step to take in view of the impracticability 
of directly surveying earthquake engineering data evcrywl~ere in the 
Territory. Specialised surveys for costly projects shoul<l be considered? 
however. 

Although the system adopted for reporting felt intensities of 
earthquakes throughout the Territory would be difficult to improve 
without considerable reorganisation and additional anal;y-tical effort, 
some attention to this question is warranted? such information 
provides valuable data for assessing relative seismic hazard. 
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The data provided so far are inadequate to permit finn conclusions to be 
to be drawn. Therefore, and in view of the difficulty' of obtaining 
a reliably-consistent geographical coverage of reporting stations, 

, consideration should be given to the installation of a large number 
" of seismoscopes (as mentioned under 'Felt Intensities', Chapter 4). 

This would provide an inexpensive means of assessing the contribution 
of local geology to the seismic hazard in different areas, would 
eliminate human-observer inconsistencies, and would provide valuable 
engineering data. The total cost of providing and installing 100 of 
these instruments would be of the order of £3000 and their operating 
cost would be negligible. Such instruments are being used in increasing 
numbers in many cOlmtries that have a seismic risk "Problem. 

. The present number of seismograph station,s - inadequate to 
provide basic inst~~ental data on local earthquru(es - could also be 
increased with little difficulty and at moderate cost. The two very 
well-equipped stations at Port Moresby and. Rabaul would provide the 

,basis for such a network comprising 10 to 15 stations. Recent 
developments in compact, inexpensive, but highly sensitive visual­
recording seismographs have increased the operational reliability of this 
type of equipment and eliminated the need for costly instrument housing. 
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APPENDIX 1 

SELECTED BIBLIOGRAPHY ON ENGllrEERING Al."iD CONSTRUCTION 

PROBWiIS CAUSED BY EARTHQUAKES 

1. 'Bibliography of Engineering Seismology' 
by Edward P. Hollis, published by the Earth~uake Engineering 
Research Institute 1958. 

An excellent source of reference to publications on the 
following : 

Design and construction in seismic regions; relating to 
buildings,. towers, bridges, tunnels, earthwork, dams, 
harbours. 

Fire protection and insurance problems. 

Building codes. 

Seismometry and dynamics of structures and soils. 

2. 'The Earth~uake Engineering Research Institute' - 1960. 

3. 'World Conference on Earth~uake Engineering - 1956' 
Earth~uake Engineering Research Institute. 

4. 'Earth~uake Engineering - Seminar, 1959' 
University of Roorkee, Ultar Pradesh, India. 

5. Earth~uakes - Construction Inspection. 
Earth~uake Engineering Research Institute 1959. 

6 • Earth~uake and fire. 
Earth~uake Engineering Research Institute 1958. 

7. Measurement of ground motion of destructive earth~uakes; 
D.E. Hudson, Bull_. seism. Soc. Amer. 53, 419-437 (1963). 

8. A simplified instrument for recording strong-motion earth~uakes; 
Vi .K. Cloud and D.E. Hudson. Bull. seism. Soc. Arller. 51, 
159-17 4( 1961 ) • 

9. The C.I.T. Mark II electric analog-type response spectrum analyser 
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APPENDIX 2 

CALCULATION OF EARTHQUAKE FREQUENCY FACTOR AND STRAIN REBOUND INCREMENT 

Frequency factor 

A number is assigned to each unit of equal area to represent 
the number of shocks that have occurred in that area in a given time. 
Over the range of latitude of interest (0-100 ) the areas of each square 
degree may be regarded as being sufficiently nearly equal to be used for 
this purpose. Frequency factors for each square degree were computed for 
the period 1930-1959. This period was chosen as it affords a reasonably: 
long period of time, over which the regional picture of seismic activity' 
might be expected to be representative. It was also thought desirable 
to eliminate the years 1906-1930, during which details of many earthquak~s 
of magnitude less than 7 are probably missing. The frequency of shocks ;. 
has been plotted in this way: 

(a) If the epicentre is placed within the boundary of a 
square degree a frequency number 4 is assigned to that 
square. 

(b) If the epicentre is located on a boundary, .2 is assigned to 
the squares on either side. 

(c) If the epicentre is located at the intersection of two 
boundaries, 1 is assigned to each of the four squares 
adjoining. 

(d) The frequency factor for each square degree is "I;he sum of 
the numbers assigned to it divided by four and extrapolated 
for a given period. These have been plotted and roughly 
contoured in Plates 5-7 to show lines of equal frequency 
factor per square degree per century. 

Strain rebound increment 

This quantity was first proposed as a means of assessing the 
degree of seismic activity in a given area or region by Benioff (1951). 
It is defined as the square root of the calculated energy released by an 
earthquake in the f£rm of seismic waves, multiplied by a constant with 
dimensions (energy)2. 

Under the assumption that, before the occurrence of an 
earthquake, the average strain in an area is S, then the stored 
potential energy may be represented by the equa~ion 

E .., t k S2 

where k is a constant depending on the coefficient of elasticity and 
the volume of rock mass under strain. 

It can be assumed that a proportion (p) of this stored energy 
will be released in the form of seismic waves at the instant of 
occurrence of the shock (~V). 

, 2 
Ew::s-~kPS 
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Further, assuming that the strain in the region is reduced 
to zero by the earthquake, th~ displacement ~that takes place (presumably 
along a fa.ult) can then be held ·to be proportional to S; M. S ~ 1m 
where D is the displacement. 

Transposing we find 

D '" C ~1t where C = (2/kP/Z/K 

Several expressions for calculating RV for the assigned 
Richter magnitude of an earthquake have been de~eloped from time to 
time. The one used here is 

. log Evv "" 11.4 + 1. 5N (Richter, 1958, p.366) 

Ne~lecting the constant factors involved, a strain rebound 
increment ~~ is computed for each shock. The Sunl of such factors for 
a number of shocks in a given area can of course only be used for 
comparison purposes within each area covered by the analysis and not 
taken as an absolute quantity. The increment relating to each shock is 
assigned to the square degree in which the shock occurs (or to 
adjoining squares by dividing by 2 or 4 as the case may be, in similar 
fashion to the way in which the frequencies were plotted). 

\1hile the above procedure is necessarily dependent on the 
acceptance of a number of assumptions, it nevertheless is considered· 
to be a valid approximate representation of the comparative movements 
resulting from earthquakes within the area considered. The chief 
assumptions made are : 

(a) That the constant k is uniform throughout the region under 
consideration. 

(b) The fraction of total stored energy released by an earthquake 
in the form of seismic waves is the same for each earthqu~{e 
considered. 

(c) The radiation of energy in the form of seismic waves is equal 
in all directions - it is necessary to accept this before 
using M. 

(d) The release of strained energy takes place at one time and 
not in the form of a series of multiple shocks occurring very 
close together. 

(e) That the equation log Eyy '" 11.4 + 1.5M adequately represents 
the relation between magnitude and energy throughout the region. 
In the absence of any evidence to the contrary, this asswnption 
seems reasonable. However, the correctness of the equation 
itself as a quantitative expression may well be queried if only 
because the definition of a uniform scale for deriving M has 
not yet been adequately achieved. 
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APPENDIX 3 

SOME COMMENTS ON BASIC PRINCIPLES AND TERMINOLOGY OF SEISr/IOLOGY 

Earthquakes occur spasmodically in the upper mantle and the 
crust, or exterior portion of the Earth, when strains accumulated in the 
rock masses beneath the Earth's surface are released along lines of 
weakness. It is well known that earthquakes are most frequent in well­
defined belts, which are zones of potential weakness or instability in 
the Earth's outer regions. The Territory of Papua & New Guinea lies on 
a zone of prolific seismic activity. 

No earthquake is known to have occurred at a depth exceeding 
about 450 miles, and by far the greater number of shocks originate at a 
depth of less than about 60 miles, which includes the Earth's crustal 
l~ers. The depth of an earthquake has considerable bearing on the 
intensity with which that earthq~ake is felt at the Earth's surface. 

The amount of energy released by earthquakes varies over a 
large range. As an indication of the energy released at an earthquaket's 
focus (hypocentre, or point of origin), there can be assigned to each 
quake a magnitude according to some arbitrarily-defined scale. The most 
commonly-used scale is the Richter scale. On this scale, the smallest! 
earthquakes felt would have magnitude about 2 - the largest, magnitude· 
8.5 to 8.8. A hundredfold increase in energy released at the focus 
corresponds roughly to a step of 1 up the Richter scale. 

tl~owing the magnitude of an earthquake, it is possible to 
estimate how far away from the e icentre (or point of the Earth's 
surface, vertically above the focus its tremors will be felt. This gives 
a 'radius of Derceptibility', defining an area beyond which the intensity 
of the tremors at theZarth's surface can be expected to be too small to 
be felt. The radius of perceptibility is greater for deep shocks than 
for shallow ones. Therefore, damage from a large deep quake could 
reasonably be expected to occur over a wider area than that from a shallow 
one of equal maconi tude , although damage near the epicentre of the shallow 
may be greater. It should also be appreciated'that local geology plays 
an important part in determining the area over which earthquake effects 
are felt. 

A scale has been devised to enable observers to assess the 
intensity with which an earthquake has been felt at anyone point. This 
scale does not represent any physical measurement; it is a simple 
gauge of the extent to which the earthqu~~e was felt. The Modified 
Mercalli Scale of Intensity has 12 grades, deSignated by Roman numerals. 
Most people are familiar with the use of this scale, sometimes quoted 
for earthquake 'strengths'. Intensity I means that shaking was generally 
not perceptible to people; V means that it was felt by nearly 
everybody, with some dishes, windows, ~. broken and unstable objects 
overturned; VI that it was felt by all, with some instances of fallen 
plaster or damaged chimneys - this grade is regarded as the lower 
limit of damage~ Damage is total for intensity XII • 

It is obvious that any attempt to establish a relation between 
magnitude and intensity is complicated by such things as distance from 
the epicentre, depth, and geolOgical structure. A high intensity does 
not necessarily signify the occurrence of a very large earthquake. 
However, some idea of the relation can be gained from the fact that the 
lower limit of damage (~. intensity VI) could be expected close to the 
epicentre of any earthquake having a magnitude of 5 to 5~ and occurring 
at a shallow depth, or a hundred or more miles from a major earthquake 
(magnitude higher than 7). 
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-The focus of a shall~ earthquru~e lies less than 45 miles 
below the Earth's surface; that of an intermediate-depth quake, 
between 45 and 200 miles below the surface; and that of a ~eep 
quake, more than 200 miles below the surface. 
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APPENDIX 4 

A QUASI-STATISTICAL ANALYStS OF TERRITORY SEISMICITY 

The analysis is based on the numerical proportion of 
earthquakes in the region, to those in the whole world. It is assumed 
that such a proportion is constant over a long period of time. This 
assumption is not without some foundation, and the method has been used 
for similar analyses of seismicity in other regions. However, the 
conclusions drawn should not be accepted without the reader being 
mindful of the large number of variables involved in the occurrence of 
seismic phenomena. 

Three classes of earthquake have been used as data. The 
classification is made on the basis of magnitude. Only shocks of 
Richter magnitude 6.0 and greater are involved. 

Class 

Magnitude 

a 

73 0.1. 
"4 - 0"2 

b c 

7.0 - 7.7 6.0 - 6.9 

The most complete summary of earthquakes throughout the 
world, from 1904-1952 is contained in the book 'Seismicity of the Earth' 
by Gutenberg and Richter (1954). From this summary, statistics have 
been derived for the following periods, for which Gutenberg and Richter 
believe their record to be most complete: 

1904-1945 for class a, 

1922-1945 for class b, and 

1932-June 1935 for class c shocks. 

Including all shocks in the above categories, the following 
totals are given for the specified periods: 

Classes a + b 

596 538 

Class c 

except intermediate & d~ep 
M 6-Gi (ce) 

448 

From the data for the Territory, statistics have been derived 
for earthquakes satisfying the same ,onditions as those used for the 
world totals. The numbers of earthquakes of each class, occurring 
in the Terri'cory, are summarised below: 

Class a Class b Class c 

6 29 37 33 
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These represent 'the following percentages of the world 
totals: 

Classes a + b Class c 

From data in 'Seismicity of the Earth' (pp.16-22) an 
estimate can be made of the annual rate of occurrence of 'earthquakes 
throughout the world~ Shocks of all depths are included together. 
The estimates for a century are: 

Class a Class b 

270 1680 

Class c 

c e 

1 5, 000+ 11,400 

Application of the percentages tabled above gfves' expected 
century totals for the Territory, thus : 

Class a + b' 

. 115 

~. 1155+ shocks of magnitude 6.0 or greater 

Class c" 

c' e 

840 

955 shocks of magnitude 6.0 or greater, except intermed:late.' 
and deep shocks of magnitude 6-Gi. 
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APPENDIX 5 

EARTHQUAKE MAGNITUDE. EPICENTRAL INTENSITY, AND AREA FEVr 

Quantitative empirical treatment of the relation between 
magnitude, intensity, focal depth, and radius of perceptibility has bee~ 
attempted by investigators, principally in USA, USSR, and Japan; f2..!1ll. . 
Gutenberg and Richter (1942, 1956); Shebalin (1956). The :possible • 
errors of applying conclusions reached in these (and other) studies to ' 
locations in regions of differing characteristics must be clearly stated, 
and are stressed by some authors. This would seem even more important ~n 
areas where seismiCity and geology are known to be different - as is 
likely in the Territory of Papua & New Guinea. 

Earthquake frequencies in the Territory have been discussed in 
this Record in terms of the number occurring per square degree per 

'century. From this, seismic risk is described by the maximum value 
(10 ) of intensity that accompanies an earthquake that occurs, on the , 
average, at least once per square degree per century (Chapter 4). Little 
sound empirical evidence is available for the implied assumption that 
the epicentral intensity 10 (or an intensity within 1 Modified Mercalli 
Unit, 10 - 1, an acceptable 'observational error') is felt over an area 
of the order of one square degree, 12,000 sq.km. 

Only Fisher (1944) has published isoseismals of a Territory 
earthquake, and one example is clearly inadequate to support any general 
conclusions regarding the areas over which different intensities are 
felt. Although such areas will vary widely with change in focal depth 
and local geology, most interest centres around earthquakas at a 
'normal' shallow depth; these result in highest value of 10 , and 
therefore the highest risk of damage is associated with them. From 
Fisher's lone example the area affected by R.F. intensities VIII and 
IX was approximately 7000 sq.km. 

As far as can be gauged from recent data, most shallow shocks 
in the Territory seem to have a mean focal depth of between 30 and 40 km, 
say 35 km - see the last few depth entries of Table 1, where values were 
determined by the USCGS computer. Similar limited evidence is provided 
by Brooks (1962). Of a random sample of 185 shocks, alliost 50 percent 
occurred at a mean focal depth of 65 km or less. 

For illustrative purposes only, the result of 7000 sq.km 
estimated from Fisher',s paper can be compared with others, ~J5 .• by using 
equations (12) and (13) (Gutenberg & Richter, 1942) and the equation :; 
10 = 1.~~ - 3.5 log h + 3 (Shebalin, 1956) and thus we may investigate 
in general terms the effect of changing focal depth, from say 20 to 50:km, 
on area affected. (No suggestion is thereby made that these equations 
should be indiscriminately applied to Territory statistics to force :i 

numerical results that would not otherwise be available. Supporting ( 
empirical information is first required). It should be noted that this 
procedure ignores effects of practical significance, ~. as caused by' 
non-uniform surface geology. 

Example: Magni tude 7 earthquake 

Notation: Gutenberg & Richter (1942) 

Definition: Area perceptible to earthquake = .~r2; where 
r is the distance from the epicentre to the 
outer limit of M.M. intensity II zone; this 
isoseismal corresponds to intensity I-II, 
i.e. intensity '~~'. 
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h Io R Maximum. A:BI~roximate area susceEtible 
isoseismal radii to intensi tie.§. ~ 

MM 
for zones 

km units km 'VItI VII VIII 'vIi' VII VIII 

kIn sq.km 
20 IX 355 61 29* 11,700 2700*-

35 VIII 420 51* 8000*-

50 'VIlt' 500 75* 17,500*-

* Corresponding to I - 1 
0 

Thus a change in focal depth from 20 to 50 km results in a 
lower epicentral intensity by 1i units but an increase in area 
perceptible to Io - 1 by a factor of 6. In the above example, the area 
affected by intensity VIi increased by 50 percent. Thus a deeper shock 
can affect a larger area than a shallow-focus shock, although the 
epicentral area will be more severely shaken in the latter case. 

An examination of isoseismals drawn by Fisher suggests a focal 
depth of perhaps 30-40 km for the New Britain earthquake studied by him. 
The area of 7000 sq.km estimated to have been affected by intensities 
R.F. VIII+ seems reasonable therefore, and not inconsistent with figures 
tabled above. (M.Nl. VII-IX corresponds roughly with R.F. VIII-IX). 

Therefore, from such meagre Territory data as are available, 
and considering other empirical results, principally from Californian 
earthquakes, one might reasonably expect the area over which I - 1 
intensity is felt in the Territory to be 6000-12,000 sq.km. 0 

The assumption as to area affected is in practice limited to 
either one square degree or at least, one half square degree. This is 
due to the inaccuracy, often ± 1 degree or more, of the epicentral 
co-ordinates (Plate 3). The choice of one half square degree as the unit 
area would not be unreasonable, but having regard to possible average 
focal depth in the Territory is thought to be too small for use as a 
basis for zone diagram~. Alternatively one square degree is probably 
on the large side but its use incorporates an arbitrary' safety factor.' 

The effect of having overestimated this area would be that 
designated areas of Plates 8-10 are probably larger than they wou~d be 
otherwise - a not-undesirable fault in diagrams of this kind. Moreover 
the effect of all earthquruces farther than about 65 km (radius of a 
circle of 12,000 sq.km area) from the epicentre has been neglected. 
In practice, this would probably have a compensating effect. Therefore, 
in the absence of more specific observational data from the Territory, 
the diagrams of Plates 8-10 are based on the assumption that intensity 
I - 1 is felt over an area of the order of 12,000 sq.km. o 





TABLE 2 

FREQUENCY OF OCCURRENCE OF EARTHQUAKES; . 

COMPARISON BETWEEN VALUES FOR WHOLE WORLD AND TERRITORY OF PAPUA & 

. NEW GUINEA 

I 

Number per ¢ Number per 

Magnitude Armum * Number M 'Armum TPNG 
n/N (whole World) Recorded for TPNG. IvI 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Aug. 1958 - % 
N log N Apr. 1960 n log n 

. 
n·6x1O 8 8.2 

1 ,,6x1 07. 7.2 

1 • 6x1 0 6 6.2 

1.6x105 5.2 785 449 2.65 

1.6x104 4.2 587 
, 
335 2.52 

n.6X103 3.2 197 . 113 2.05 7' 

n.6x10 2 2.2 22 13 1 .11 8 

n.6x10 1.2 2 1.1 0.04 7 

n·6 0.2 

* Based on log N = A ~ bM where A ~ 8.2 b = 1.0 (Richter, . 
1958, p.359) 

¢ Recorded at Port Moresby only. Assumed near-surface focus. 

Magnitudes estim.ated from maximum amplitudes on Wood-Anderson 
seismograph. 

, 
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