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THE HAWKE'S BAY EARTHQUAKE OF
3rd FEBRUARY, 1931.

The Hon. E. A. Raxsowm,
Acting Minister for Scientific and Industrial Research,
Wellington.
I have the honour to submit herewith special Bulletin on the
Hawke’s Bay earthquake of 3rd February, 1931.

This report 1s intended mainly to give an account of the scientific
investigations made of the earthquake phenomena, and to deal specially
with its geological and seismological aspects. These matters were accorded
special investigations by officers of the Geological Survey, Dominion Observa-
tory, and Lands and Survey Department. Officers of the Public Works
Department conducted a survey of the damage done to buildings and to
engineering structures, and a condensed account of their findings has been
included.

In order, however, to place together, within the compass of one
publication, the events which occurred on this occasion, there has been
included in this report a brief description of the Hawke’s Bay District
and a summarized account of the events occurring during and shortly after
the main shock of 3rd February. Conditions in Napier, being representative
of the most acute characteristics of the earthquake, have, in consequence,
been given most prominence in this account. Limitations of space have
precluded detailed descriptions of the nature and effects of the shock in
every district of Hawke's Bay, and 1t 1s well to stress that this portion
of the report 1s intended to serve merely as a summary of the tragic events
of February, 1931, and makes no pretence of giving attention to that wealth
of incident which 1s naturally of much interest to those concerned with
particular localities.

The following account of the Hawke’s Bay earthquake represents the
joint efforts of a number of investigators whose names are indicated in the
respective sections which they themselves have written.

The chief lesson of the earthquake 1s forcibly illustrated by contrasting
figures 2 and 4 on pages 9 and 10, which indicate that though the earthquake
was of such severity as to wreck completely many buildings, there were
others which withstood the shocks almost without any damage. It is
therefore obviously possible to construct at no great additional cost buildings
which will withstand very severe earthquakes, provided due consideration
1s given to design and care exercised in workmanship.

Had the buildings of Napier and Hastings been constructed on lines
similar to that illustrated 1n fig. 2, the loss of life resulting from the earth-
quake would have been reduced to a very small figure, and the damage to
- property would have been comparatively slight.

- E. MARSDEN, Secretary.
1—Bulletin. |
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THE HAWKE’S BAY EARTHQUAKE.

GENERAL DESCRIPTION.

By F. R. CarvacHAN, Department of Scientific and Industrial Research.

INTRODUCTION.

TrHoueH New Zealand has a reputation as a country of earthquakes, until
recently i1t could readily be pointed out that these had not been of such
a nature as to cause serious loss of life or property. Karthquakes more or
less severe in the past, such as those of Wellington in 1848 and 1855, and
of Cheviot in 1901, had occurred at a time when, or in a locality where, the
chances of serious damage were small. HKven the Buller earthquake of
1929 affected a district which was for the most part sparsely populated.
The loss of some seventeen lives on this occasion, however, shook the belief,
long held, that New Zealand, though a country of frequent tremors, was
not one of disastrous earthquakes. The position was made decidedly
worse, when, shortly before 11 o’clock on the morning of the 3rd February,
1931, almost the whole Dominion felt a shock, the centre of which was
in the vicinity of Napier and Hastings, and whose destructive effects ranged
from Gisborne in the north to Waipukurau in the south, a distance of
some 140 miles. The whole of the province of Hawke’s Bay was severely
shaken, and, unfortunately, the earthquake occurred with the greatest
severity in the vicinity of Napier and Hastings, where the population was
most dense, and the number of buildings and public structures greatest.
The loss of life (approximately 260 killed) and property® was on a scale
without parallel in New Zealand, and constitutes the greatest disaster
which has affected the Dominion since its foundation.

Hawke’s Bay Province lies along the middle portion of the east coast of
the North Island, and 1s geographically associated on the north with Poverty
Bay, which extends from Mahia Peninsula to Hast Cape. The northern
portion of the Hawke’s Bay Province i1s deeply indented by the wide
semi-circular sweep of Hawke Bay, a comparatively shallow portion of
the Pacific Ocean, with a depth not exceeding 50 fathoms. The offshore
slope 1s fairly steep along the whole of the coast-line, depths of over 100
fathoms being reached at approximately ten to fifteen miles from the shore
except in Hawke Bay.

The province for the most part consists of gently undulating to ridgy
slopes, lying between the backbone mountain chain of the North Island
and the sea, a distance of some thirty to forty miles. In the south the
Ruahine Range extends north-eastwards to a point almost due west of
Napier, where 1t merges into the general broader highland region, which
comprises the Kaweka, Kaimanawa, and Ahimanawa Ranges, and their
numerous offshoots. Farther north, the Huiarau Ranges continue the
main line of the highland region, and north-west of Gisborne a gap occurs,
separating this range from the Raukumara, which extends in a general
north-easterly line towards East Cape. In the southern portion of the
province the contours run generally parallel to the line of the main range and to
the coast. A series of low ridges, parallel to the east coast, causes the principal
drainage on this part of the province to flow south to the Manawatu from
about Ormondville, and north into Hawke Bay in the wvicinity of Napier.

* While it is impossible to give even an approximate figure of the loss of property
sustained, some £2,500,000 was paid by the Government and by insurance companies
in respect of damage done. There is no doubt that the total losses must be greatly in
excess of this sum.

1%
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within a distance of about ten miles give an outlet to drammage from
southern Hawke’s Bay. the eastern slopes of the Ruahines, and the south-
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Frg. 1.—Locality map of the North Island showing areas affected by the Hawke's Bay
earthquake.

eastern part of the Kaweka hitrhlandé

Plains, and these, together with the land adjacent to the rivers, form an area
of very highly productive country

They have formed the Heretaunga

Although subject to flood, this
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area constitutes one of the most fertile portions of New Zealand, and is
closely settled ; mixed farming, pastoral farming, and fruit-growing figure
prominently i the rural industries of this district. The downs to the east,
and the hilly offshoots of the Ruahines, are admirably adapted for sheep,
the density of the flocks being high.

While the area to the south and west of Napier possesses a generally
easy contour rising gradually to the main range, that farther to the
north-west, and running from Tangoilo almost to Wairoa, 1s comprised of
sharp ridges, ending in chffs on the coast of Hawke Bay up to 1,200 ft. in
height. These ridges continue westward, and merge in the central high-
land area. The main drainage of this district i1s carried by the Mohaka
River, but a series of lesser streams enter Hawke Bay at a number of
points. North of Mohaka the valley and basin of the Wairoa give another
patch of easier contoured land, which is farmed more intensively than that
immediately to the south. Between Wairoa and Gisborne the land is much
broken into ridges, and the fertile flats at Poverty Bay in the viecimity of
Gisborne give place, on the north, to the offshoots of the Raukumara
Ranges, between which lie a succession of steep-sided valleys, extending
almost to East Cape.

The drainage of the eastern slopes of the Ruahine Ranges 1s effected by
the Tukituki River and 1ts numerous tributaries, which junction in the
neighbourhood of Waipawa and Waipukurau. From Waipawa this river,
deflected by the coastal watershed, which extends southwards from Cape
Kidnappers, flows north-east, entering the sea near Clive.

Napier (fig. 6) is situated on a peninsula, the northern extremity of which
1s called Scinde Island, a limestone hill, whose northern and eastern
sides are precipitous. Though at one time an island in the strict sense
of the term, Scinde Island i1s now connected with the mainland by a
tongue of land built up by the combined action of the Tutaekur: River
and the sea. Approach from the flat land 1s comparatively easy. The
whole of Scinde Island is occupied by the larger residences of Napier and
by public institutions and reserves. The winding Tutaekur: River borders
the town on the west, and flows in a channel generally to the west of
what a former course did, the old channel being reclaimed, and the land now
built upon. The main business portion of Napier was located on the flat
land 1mmediately to the south of Scinde Island, particularly on the
seaward side of this area. Farther south extended a large residential
area, gradually narrowing to an isthmus near the site of the Napier
Boys’ High School. Southwards from Scinde Island, on the seaward side,
runs the Marine Parade, facing a magnificent sweep of ocean beach
extending as far as the mouth of the Ngaruroro River. The Tutaekuri
River flows into the Inner Harbour, a shallow expanse of water representing
the last portion of the enclosed unreclaimed sea, behind Scinde Island.
On the seaward side of the Inner Harbour a long spit extends southwards
from Petane to the western extremity of Scinde Island, broken at 1ts junction
therewith by a channel, through which the waters of the Tutaekur: and the
lesser streams entering the Inner Harbour reach the sea. The suburb of
West Shore is located at the southern end of this shingle-spit. On the seaward
side of this channel 1s Port Ahuriri, located on the triangular-shaped area
of reclaimed land north-west of Scinde Island. The Port of Napier 1s an
open roadstead, which provides for the overseas shipping of Hawke’s Bay.
On the extreme north-east point of Scinde Island a breakwater has been
constructed to accommodate vessels of deep draught. Through the channel

A small-scale map of New Zealand appears on p. 116.
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vessels of shallow draught (up to 15ft.) could proceed to the more
sheltered Inner Harbour. Considerable portions of the Inner Harbour to
the south and west of Port Ahuriri have been reclaimed and stores built
thereon. KFrom the south-west corner of Scinde Island a causeway and
bridge (the West Shore Bridge) connects Napier with northern parts of
Hawke’s Bay, thus avoiding a long detour round the Inner Harbour.

Hastings lies on a plain twelve miles south of Napier, and 18 level
throughout, the streets being laid out on the rectangular system.
Throughout the alluvial plain, water can bhe secured from “artesian wells
sunk through the surface soil into the shingly substrata, and both Napier
and Has‘nngb depended for their water-supply on these wells.

The chief towns in the affected area and their respective populations
at the time of the earthquake were :—

Napier .. o 16,025 Waipawa i - 1 180
Taradale .. R et [ ) Waipukurau = 1,895
Hastings .. .. 10,850 Wairoa .. .. 2,435
Havelock North .. 1,060 Gisborne e
The populations of the counties immediately affected, were as follows :—
Cook o .. 20,460 Waipawa .. 4,640
Wairoa .. MOS0 Waipukurau .. 2,885
Hawke's Bay .. 44,125 Patangata .. 2,730

OCCURRENCE OF THE KARTHQUAKE.

Without any warning at 10.47 a.m. (10.17 a.m. N.Z.M.T.) New Zealand
summer-time, on the morning of the 3rd February, 1931, the main shock
occurred, bemg most severely felt in the area surroundmg Napier and
Hastmf_rs It has been asserted that, in one or two instances where
building operations requiring precise leve]ling were In progress, the fact
that structures in which care had been taken to ensure correct levels were
found to be out of alignment gave some evidence that tilting had preceded
the actual earthquake. It is difficult, however, to substantiate completely
these claims.

The evidence of the actual nature of the first shock has been gleaned
from those who experienced and noted its nature. There was not, throughout
the whole of the Hawke's Bay District, any station equipped to give an
instrumental record of the earthquake. The consensus of opinion is that
there were two shocks of very different characteristics, occurring within
a brief interval of some thirty seconds of one another. The first shock
developed rapidly in intensity, had a distinctly uplifting motion associated
with violent and confused swaying. Then followed a pause of about half
a minute, till the second shock occurred, with a motion resembling a sharp
bump downwards. Records of the total duration of these two shakes vary
considerably, but that taken by the wireless operator aboard the m.v.
“Taranaki’ in the roadstead, who was actually facing a clock, seems the
best authenticated available. This officer stated that the tremors con-
tinued for two and a half minutes from the time of the first noticeable
shock. The earthquake was felt throughout New Zealand, with the exception
of the northern portion of the Auckland Peninsula and Otacro At Napier
it was followed by a period of quiet, but before long further tremors
commenced and continued almost without interruption for some days. At
its height, the shock was of such severity that it was difficult to remain
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standing erect, but owing probably to some peculiarity in the inherent
nature of the movement there are few instances reported where people
were thrown to the ground, despite the violence of the tremors.

DESCRIPTION OF THE EARTHQUAKE.
Napzer.

On Sunday, 1st February, an unusually heavy swell was breaking along
the foreshore at Napier and scattering spray across the Marine Parade,
although there was an entire absence of wind during the day. By Monday
this swell had ceased, and Tuesday morning throughout Hawke’s Bay
dawned bright, warm, and sunny, with light variable breezes. For some
months previously less than the average amount of rain had fallen, and
the whole of the Hawke’s Bay District was experiencing the mild drought
conditions of midsummer. A soaking rain would have been generally
welcome. In these circumstances, the weather on the morning of Tuesday,
3rd February, appeared sultry, still, and slightly oppressive.

In Napier and Hastings the normal quiet conditions of a week-day
morning found numbers of country and suburban people engaged in business
in shops and offices. Many were passing along the veranda - covered
footpaths, examining the window displays on their way to other business
premises. Just outside the kerbing many cars were parked, while their
owners were engaged in business in the nearby premises. The main
business and shopping area of Napier is located in the north-east corner
of the level land, facing the sea-coast on the east, and is abutted by the
approaches to the Bluff Hill section of Scinde Island on the north. The
Marine Parade, fringed with a line of stately Norfolk Pines, runs along the
sea-front. From it at the Band Rotunda Herschel Street branches oft at
a sharp angle towards the hill. Hastings Street, running parallel, leads into
Shakespeare Road, which continues over the hill to Port Ahuriri. Farther
to the west Dalton Street runs in a similar northerly direction. At right
angles to these streets are four business streets, Browning, Tennyson,
Emerson, and Dickens Streets. Within this group of streets lay the main
business portion of Napier. The streets were bordered by buildings, for
the most part two stories high, though some were extended to three. As
in the case of most growing New Zealand towns, the buildings in the business
area showed in their structure the rapid evolution which had proceeded
since the town was founded some sixty or seventy years previously. Those
erected in recent years were of permanent materials, brick, stone, concrete,
or ferro-concrete, while those erected earlier were, for the most part, of
wooden structure. In some of these latter, attempts had been made to
bring their general appearance more up to date by the erection of fronts
in concrete or brick, the wooden portion of the building at the rear being
left intact.

Suddenly, without any apparent warning, the earth began to sway, the
oscillations increasing rapidly in severity. Eyewitnesses saw buildings
sway to an alarming extent, telegraph-poles leaned over at critical angles,
cracks and fissures appeared both in the walls of buildings and on the surface
of the streets. Insecure parapets and chimneys collapsed. Veranda-posts
became bent, while it became difficult to stand erect owing to the intensity
of the swaying motion of the earth. Control of motor-cars was a matter
of great difficulty owing to the peculiar nature of the earth-movement.
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Inside buildings everything was thrown into the utmost confusion: goods
fell from shelves, furnishings either collapsed or shd into unusual positions ;
plaster fell from ceilings ; pillars and girders collapsed, bringing the upper
floors down on to those beneath.

Every one inside, dazed with terror at the suddenness of the catastrophe,
made for the streets over the piles of debris which blocked their way.
Unfortunately some were already trapped, blocked, pinioned, or stunned,
and unable to make this dash for safety. Many had just reached the
footpath or the street when the second downward bump came, and
this shock brought down in great confusion, and with a sickening roar,
buildings already fractured by the violent swaying they had just experienced.
This entombed, erushed, or maimed many just as they were about to reach
the comparative safety of the street. Verandas collapsed under the weight
of falling debris, which splayed out into the streets, crushing motor-cars
and other vehicles standing by the kerb. Huge masses of masonry from
the facades and parapets hurtled into the middle of the business streets
mentioned above, which became almost impassable. From the falling
masonry a strange deep roar arose, the crashing timbers, the splintering of
glass amidst an atmosphere choked with thick elouds of dust, produced
an effect which defies description. When to such scenes are added the
cries of agony of those pinned beneath the wreckage or rushing wounded,
bleeding, and covered with dust, the whole scene becomes a hideous
nightmare. Such were the first sights witnessed in Napier immediately
after the great first earthquake shock on the morning of the 3rd February.

There followed immediately a death-like hush, interrupted only by the
cries of the afflicted and intensified by the occasional creak of straining iron
and timber or the trickle of crumbling masonry.

So appalling and sudden was the actual incidence of the earthquake
that 1t left the people dazed and stunned. The scenes that met their
eyes were beyond belief. It was incomprehensible that what was a splendid
town but half an hour previously should be thus suddenly converted to a
heap of debris over which lay a thick pall of dust. All had been through
a few moments of terrific nervous strain. Those who escaped regarded
their escape as miraculous, and they shuddered when they thought of those
who were not so fortunate and who now lay beneath the heaps of debris.
Once the first dazed feeling was over, thoughts turned to relations and
friends. Those in the town sought their families in the residential area.
Those at home rushed to town to know the fate of their relations and
friends in the destroyed business area. The work of rescue began promptly,
and the injured were eagerly sought for and extricated wherever possible
from the mass of fallen debris. No semblance of a panic occurred, and
once the first dazed feelings passed, all endeavours were devoted to the
work of rescue. It 1s extremely difficult for any one who has not experienced
a severe earthquake to realize the sickening nervous shock it produces, and
therefore it is still more difficult to appreciate at its true value the high
quality of the rescue work done by a populace affected with the degree of
nervous tension which those few minutes of the actual earthquake had
inflicted upon them,

By 11 o’clock an aerial view of Napier would have shown debris
blocking Browning, Tennyson, Emerson, and Hastings Streets, while the
Marine Parade and Dickens Street were also considerably littered. In
this area buildings in all stages of collapse were seen.. Some were but a
heap of bricks and mortar. Others were twisted, fissured, and canted into
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fantastic shapes. There were some few still completely intact except for a
few cracks. The second shock apparently had the effect of throwing many
of the outer walls of two-storied buildings outwards, leaving the interior
walls to hold up the remainder of the building, and exposing to the street-
view the interiors of the upper rooms. In many cases the roofs, once the
supporting walls gave way, crashed and ** pancaked ”” over the street or on
top of the heap of debris. The quality of the building more or less decided
its fate in the earthquake. Where the construction was on sound lines
even the terrific strains to which buildings were subjected did not cause
their collapse. ~There was a number of buildings soundly constructed of
ferro-concrete which showed no ill effects of the earthquake beyond slight
cracks. Others, where the construction was faulty, were reduced to ruins.

F1a. 2.—Dalgety’s Building, Napier. An example of a well-constructed building which
withstood the effects of the earthquake without damage. This view was taken
some days after the shock.

The whole town bore the appearance of having been subjected to a
severe artillery attack for some days, and many of the buildings, of which
portions still remained erect, constituted a continued source of danger owing
to their cracked and fissured walls. While the shocks continued these
buildings were in imminent danger of collapse.

Outside the business area of Napier considerable damage occurred in some
of the larger public buildings. The Hospital, situated on the western slopes
of Scinde Island, was, unfortunately, the scene of one of the major
tragedies of the earthquake, in that the three-storied Nurses’ Home collapsed
completely, entombing the night staff which was then asleep. Many of
the wards at the Hospital were also so fractured by the movement that
they had to be abandoned. The Park Island Home for the Aged, situated
on the foothills to the west of Napier, collapsed in part and entombed a
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number of the inmates. At the Technical College, an old two-storied brick
building, the pupils had just assembled after the morning interval. The
building collapsed, and was responsible for a heavy death roll among the
scholars and staff, though, fortunately, the brief interval between the two
main shocks permitted numbers of the pupils to reach positions of safety.
It must be regarded as a fortunate circumstance in connection with the
other school buildings that at the time of the occurrence of the earth-
quake most of the pupils were out of doors at the morning recess, otherwise
the death roll of scholars might have been much heavier.

In private houses, which were mostly of wooden construction, the
damage was confined to the chimneys, the water-supply, and drainage
services. In most private houses in Napier the chimneys were of brick,
and these collapsed either completely or else broke off where the brickwork
emerged from the roof. The movement of the ground was such as to fracture
most of the underground pipe systems, and consequently both the water-
supply and the sewerage system were put out of commission. Instances
occurred where houses were moved from their foundations by the violence
of the shock. Among the larger houses situated on the hill the damage
was relatively greater than those in Napier South. This damage was
especially marked in two-story houses where the upper story was con-
structed of different material from the lower. In many of these cases the
top story collapsed, the roof * pancaking” and lying at an astonishing
angle either on the lower story or flat on the ground. Residences on the
Bluff portion of Scinde Island were, in a number of cases, tilted and brought
perilously near the new cliffs formed by the splaying down of the outer
limestone face of the Bluff.

Many houses on the hill canted badly, and, generally speaking, fractures
of timbers, window-panes, and roofs were exceedingly common. It was
fortunate that in the private houses, on account of the warm weather and
the hour of the day, there were probably very few fires alight either in grates
or in ranges. Had there been fires in use for cooking the midday meal,
or had the earthquake occurred in colder weather, then there is no doubt
that the violence of the shake would have either thrown lighted material
into the rooms, or flames would have found their way through the cracked
brickwork to the wooden fabric of the houses, thereby causing widespread
conflagration among private homes.

Nevertheless, the damage done to private houses was such as to render
them practically uninhabitable for the time being, and people who had been
through the experiences of the shake were disinclined to return to their
dwellings, preferring to remain out of doors, camped in their gardens, in
open spaces, or on the sea-front along the Marine Parade. Consequently,
as the day wore on towards evening, and the shocks continued, people dragged
articles of furniture from the buildings into the open, and there tended to
the injured and wounded, and generally transferred their mode of living from
indoors to the open.

Following the main shock, the sea was noticed to recede along the whole
length of the Marine Parade, leaving a considerable additional width of
beach above water. This movement was the occasion for much alarm, it
being feared that it might possibly be a prelude to a tidal wave.* Conse-
quently, many resorted to the slopes of Scinde Island Hill, but, fortunately,
the tidal wave did not materialize, and it was found afterwards that the
recession of the sea was occasioned by the fact that the land in that vicinity

* «“Tidal wave” heré is not used with its strict meaning, but refers to the sea wave
produced by an earthquake.
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had been raised from 3 ft. to 8 ft. by the seismic disturbance. Although
there was every reason for tlie fears at the time that an earthquake sea
wave would be the result of such shock, yet there i1s no record of the
Napier earthquake having produced any marked tidal wave around the
shores of New Zealand.

The seaward face of Scinde Island, known as the Bluff Hill, 1s comprised
of steep limestone cliffs, at the base of which 1s the Marine Parade and the
Breakwater Road. The effect of the earthquake was to bring down vast
quantities of the cliffs on all the steeper portions along this road, so that 1t was
very effectively blocked by the material which splayed out towards the sea.
Similar slips were apparent all round the margin of Scinde Island and along
the roads traversing it, wherever these passed through cuttings.

In the cemetery, also located on the western portion of Scinde Island,
much damage was done to tombstones and the parapets surrounding graves.

(enerally speaking, over the whole of Napier, both on the flat and on the
hill, the surface of the ground suffered severely from wrenching, and numerous
fissures opened as the result of this violent action. The most pronounced
effects of this fissuring on the flat were evident along the original bed of the
Tutaekur: River, which formerly flowed in an arc almost through the centre
of that portion of Napier town situated on the flat ground.

Fires.

As 1s unfortunately the case in all great earthquakes, outbreaks of fire
followed rapidly. Within three minutes of the first big quake the first
outbreak of fire occurred in a chemist’s shop in Emerson street. This out-
break fortunately was confined to this shop, and did not spread to adjoining
premises.  Almost simultaneously, outbreaks occurred in two other
chemist’s shops situated in Hastings Street, one of which was located in
the Masonic Hotel block. The fire brigade a,ttempted to deal with all these
outbreaks, but the pressure ot water rapidly diminished, so that their efforts,
which at first appeared hopetul, were rendered futile.

The conditions for the spread of the flames were very favourable, because,
although 1t was early observed that all the fires appeared to be on the east
side of Hastings Street, and therefore that the westerly wind would only, at
most, cause the block of buildings between that street and the sea front to
be burnt out, unfortunately, within less than an hour after the earthquake,
the direction of the wind changed completely round, so that the fresh easterly
breeze made not only the work of the brigade much more difficult, but
threatened the larger area of ruined business premises on the western side
of Hastings Street. Water was first drawn from the baths on the Marine
Parade, but as these were situated too far from the fires for the hose available,
an attempt was made to obtain a supply by pumping from the sea farther
down the Parade. The suction hose, however, became blocked with shingle,
and the attempt bad to be abandoned. The only supply then remaining
available to the brigade was one from a well, situated in the vicinity of Clive
Square, into which sea-water percolated through the substrata of shingle.
Even while the ordinary town mains supplied from reservoirs which were
located at Thompson and Cameron Roads and in Dalton Street furnished a
certain amount of water in the earlier fire-fighting, after the first few minutes
the pressure available was so small that all the water had to to be passed
through the fire pumps.

With the wind continuing as a fresh breeze from the east, the fire con-
tinued to spread in a westerly direction during the whole of the afternoon.
and reached all the collapsed business premises and public buildings between
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F1c. 5.—CGeneral view of Napier taken from the Bluff Hill. The upper view shows the town as 1t appeared hefore the earthquake and the lower
photo was taken from approximately the same position on the day following.
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Tennyson Street and the lower slopes of the hill.  The four blocks between
Emerson and Tennyson Streets were completely gutted as far as Clive Square,
with the exception of a few buildings which were saved by the use of water

from the well referred to above.
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At dusk on Tuesday the direction of the wind changed to the south, and
it appeared as though the progress of the fire to the south was checked.
Later on, however, during the night, the wind changed again to the north,
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and the fire continued to spread southwards in the earthquake-destroyed
blocks between Emerson and Dickens Streets, with the result that these
two blocks were almost completely devastated also. By Wednesday
morning the spread of the fires had almost ceased, and 1t is estimated that
over 10 acres of the business portion of the town was completely gutted.
Included in this area were buildings which had withstood the effects of the
earthquake fairly well, only to be destroyed, later on, by fire.

When Wednesday morning dawned, the main business portion of
Napier was therefore an earthquake and fire pile of wreckage. Fires still
smouldered in many places over this desolation, and 1t was difficult to
oguess how many unfortunate people, entombed beneath the debris, met
their death from the advancing flames. (Fig. 5.)

The accompanying map indicates the portions of Napier which® were
wrecked by the earthquake, and destroyed by fire, and it will be observed
that the fire reached almost all buildings which had been seriously damaged
by the earthquake.

Port Ahuriri.

On the north-western edge of Scinde Island the land slopes fairly
steeply down to Battery Road. From Battery Road out to the channel
providing the entrance to Inner Harbour extends an area of land which
18 partly reclaimed. At the apex of this triangle and along its western
side stand the business premises and stores of Port Ahuriri, and between
these and Battery Road are the residences of the Port. On the shore
facing the Inner Harbour is a wharf, and nearby the railway-station.
The H.M.S. * Veronica ' had been berthed at Port Ahuriri wharf shortly
before the earthquake, and the elevation of the sea-bottom which occurred
caused this vessel to rest on the mud at low water after the earthquake.

On the wharf at Port Ahuriri the shake appeared as a terrific upthrust
from beneath, vessels at the whart appearing to rise to the level of the
wharf planking. In the movement of the ground, the piles, wharf
decking, and fillings became twisted, bent, and fissured to an extraordinary
extent. = Shortly after the mamn shake the water from the Inner
Harbour began to pour out from the channel into Hawke Bay. Fire
started in the top story of the Robjohns Hmdmarsh building in the
warehouse business section, which lay between the ** Iron Pot,” a dock
facing the channel, and the sea. In this area all the wholesale warehouses,
wool-stores, and post-office caught fire, and the strong westerly wind on
Wednesday morning assisted the fire to complete the destruction of these
premises.

An observer at Port Ahuriri recorded fifty-five shocks from 8 p.m. on
Tuesday evening to 5 a.m. on Wednesday morning.

The fire at the Port, though covering a lesser area than in Napier,
continued to blaze for a longer period, and the whole of the business
portion of the Port was practically destroyed. The Inner Harbour,
opposite Port Ahuriri, having been emptied of 1ts water within a few
hours after the occurrence of the maimm shock, remamed elevated, and
large quantities of fish were entrapped in the shallow pools which dotted
its surface. In the deeper portions, nearer the channels, lessening of the
depth of the water was noted. The bridge spanning a portion of the
Inner Harbour, and leading to the West Shore, suffered considerably, one of
its spans collapsing, thus cutting off road communications northwards from
Napier. The causeway on either side of this bridge was fissured and cracked
to an astonishing extent, rendering it totally impassable for vehicular tratfhic.
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The Earthquake at Sea.

The Napier Harbour 1s an open roadstead, and at the time of
the earthquake the m.v. ** Taranaki” and the s.s. ™ Northumberland ™
were lying about three miles offshore, awaiting cargo. Aboard these
vessels no warning rumbles of any kind were noticed, but the whole of
the frames of the ships quivered and continued to do so as though
something serious had happened to the engines. The derricks and the
rigging vibrated vehemently. The quivering motion was followed by
two or three sharp bumps as though the vessels had actually struck
the sea-floor heavily, and the jolting action was suflicient to throw
members of the forecastle crew out of their bunks. The shore gangs had
just come aboard to commence work when the earthquake occurred.
There was an immediate rush on deck, but uncanny as were the feelings
of those aboard the vessels, the sight which met their eyes in the direction
of the shore was more awe-inspiring. Those portions of Napier which
were within view were seen to be collapsing amidst clouds of dust.
All round the shore, as far as the eye could see, from Cape Kidnappers
to the south-east, past the Bluff Hill, and along the chiffs bordering the
west margin of Hawke Bay, clouds of dust were seen to arise, while those
who were observing the breakwater were of the opinion that they saw
it undulating, while 1t fissured and cracked. To some of the watchers
it appeared that the whole of Napier seemed to elevate itself, then to
subside, and to become obscure in a pall of dust, which, when 1t cleared,
revealed a stricken town.

Soundings were immediately taken under the two vessels, and i1t was
found that in both cases considerable shoaling had taken place, and in
one case it was assumed that the floor of the ocean had risen some 18 ft.
Immediately the vessels raised anchors and headed out of the muddy
water, which appeared all round them, to deeper water farther out to sea.

The s.s. “ Waipiata,” arriving in the Napier roadstead, also reported
shoaling outside the harbour limits. Later on in the day the view of
the stricken district from the ships at sea became even more tragic.
With the spread of the fires vast volumes of smoke rose up and formed
huge cauliflower-headed cumulus clouds over Napier and Port Ahuriri,
while inland a similar smoke pillar could be seen in the direction of
Hastings. Throughout the day the vessels, though anchored still farther
. from the shore, were able to feel, from time to time, the quivers of the
succeeding shocks.

Hastings.

In Hastings the circumstances of the earthquake were very similar
to those in Napier. The business portion of Hastings was less confined
than that of Napier. Nevertheless, scarcely a building i this portion of
the town escaped damage. The main business street, Heretaunga Street,
immediately after the first severe shock, became frmgred with buﬂdlngs
in all stages of destruction, in accordance with their varied capacity to
withstand the severe jolting shocks which afflicted the whole area. The
earthquake in Hastings was stated to have a motion which could be
described as a corkscrew twist. (Fig. 7.)

The damage throughout the town was much on the same lines as
that which occurred in Napier, only on a slightly lesser scale. In Heretaunga
Street, Roach’s, one of the largest drapers’ shops, completely collapsed,
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and buried within its ruins many of the employees behind the counters
and a number of customers. The Public Library also collapsed, and
entombed many people perusing newspapers in the reading-room. It was
common to see numbers of buildings, whose outer walls had completely
collapsed, exposing the interiors of all rooms facing the streets. The streets
themselves were littered with huge masses of debris, dislodged from parapets
and walls, the tangled mass of electric light and telephone wires intermingled
with a large portion of those buildings whose collapse had been complete.

Motor-cars standing by the kerb were, in many cases, crushed, and in
sorme instances loss of life occurred to those seated in them.

The tower of the post-office crashed on to the road, while the Grand Hotel,
the largest building in Hastings, collapsed almost completely. Only those

Fia. 7.—Street scene in Hastings after the earthquake.

comparatively few buildings which were solidly constructed of ferro-concrete
withstood the shocks without serious damage. In the private residences
all chimneys were down, and the sewerage and water-main systems suffered
serious dislocation. Fissures opened in the streets, and were conspicuous
wherever fillings or embankments had been made.

Asin Napier, fire followed rapidly in the wake of the earthquake, but owing
to the fact that a better water-supply was available this was kept in much
better control, and the three or four threatening outbreaks which occurred
were fairly well kept in check. However, a very considerable block was
gutted on the corner of Heretaunga Street and Karamu Road, and also two

other blocks facing each other across King Street, and bordering Heretaunga
Street.

The accompanying map of Hastings indicates the business area which
suffered destruction, and also the areas gutted by fire. (Fig. 8.)
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Country Districts.

Outside of Napier and Hastings considerable damage was done in all
of the smaller towns throughout southern Hawke’s Bay, really serious
damage occurring as far south as Waipukurau, a distance of some forty-five
miles by road from Napier. At Greenmeadows, a few miles south of Napier,
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a Roman Catholic Seminary was partly wrecked, the chapel being destroyed,
with the loss of nine lives. The rural character of the district in this vicinity
made the visible damage less apparent, but examination of the actual
damage, led to the conclusion that the nature of the movement here
was of an exceptionally severe character. Taradale, in close proximity
to Greenmeadows, was considerably wrecked, and loss of life occurred. At
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Pakipaki, south of Hastings, and at Whakatu and Tomoana the freezing-
works were seriously damaged and put out of commission. At Havelock
North a good deal of damage to residences was experienced and school
buildings in the district were partly wrecked by falling chimneys. The
Maor1 Boys’ College at Te Aute had one of its wings demolished. Waipawa
and Waipukurau suffered from collapse of shop-fronts and the destruction
of all domestic chimneys, while between Waipukurau and Napier, road and
rail communications suffered through the earth fissuring and slumping,
and were rendered unsafe. Farther south the damage from the earthquake
orew less, but even at Woodville, seventy-five miles from Napier, the shocks
were serious enough to bring down numbers of chimneys and to produce
cracks in brickwork.

To the north of Napier, on the area of rough country facing Hawke Bay,
the country suffered from considerable ﬁqmnnw and from sllps From the
cliffs abutting the sea-coast vast slips poured down into the sea from
slides of up to 1,200 ft. The slopes of ridges throughout the whole area
showed a large amount of fissuring, and @hps occurred 1in numerous places.

The results of the severe shake were sufficient to block the roads, which
wind tortuously over this difficult country, bridges being destroyed and
cuttings filled up. In the case of bridges and of the viaducts along the
railway-line then in the course of construction, 1t was found that though the
structural portions of the bridges withstood the strain the approaches
for the most part had collapsed. Numerous blockages occurred i the
rivers traversing this region, but, owing to the long spell of dry weather,
the amount of water they were carrying was small, and the stoppage was
not productive of any serious consequences. The period of drought was also
responsible for the occurrence of clouds of dust, which rose up from the
fissures, cracks, and slides, and was ejected into the air with each succeeding
shake during the whole period of the tremors, so that in the comparatively
calm conditions prevailing inland subsequent to the earthquake the land-
scape remained enveloped in a thin pall of dust.

Farmhouses throughout this area all suffered from fallen chimneys and
from displacement of furnishings within the rooms.

In the vicinity of Mohaka the effects of the earthquake were felt with
particular severity. During the actual earthquake it was impossible to
remain standing erect, and the ground is alleged to have remained quivering
for about half an hour. This movement was at Mohaka associated with
considerable booming noises, but it 1s not clear whether these were associated
with the extensive ships which occurred in this vicinity or whether they were
truly tectonic sounds. In the township of Mohaka the hotel was destroyed
by fire, and a number of residences in the vicinity were also wrecked or
burnt.

The Waikare and the Mohaka Rivers were blocked 1 places by extensive
shps, and near the mouth of the latter river extensive slipping occurred
along the chliffs of the coast-line. It 1s estimated that some 200 acres of
Maclvor's sheep-station fissured and shpped into the sea, and for a time
the traces of these slips jutted for some half a mile seawards. The slips in
the beds of the rivers in places formed fairly extensive lakes.

Within the area of Hawke's Bay seriously affected by the earthquake
four freezing-works were almost entirely destroyed. North of Napier the
earthquake had caused serious dislocation of machinery and buildings at
the Wairoa Freezing-works, which were subsequently destroyed by fire.
South of Napier large freezing-works were 1n full swing at Pakipaki, Whakatu
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and Tomoana. Of these, that at Pakipaki suffered worst, and was reduced
to ruins. Those at Whakatu and Tomoana, though seriously injured, were
not beyond repair, so that they were reopened a few months later, and were
able to deal with the stock coming forward towards the end of the season.
Tt was estimated. however, that the damage done to these freezing-works
meant a loss of at least £1,000,000 to the district. In order to deal with
the stock awaiting slaughter it was arranged to rail these to the freezing-
works in the Manawatu and Wairarapa districts.

Wairoa.

In the town of Wairoa the severity of the earthquake was such that
it was impossible to stand, and people fled from the shops facing the
Parade, and rushed across the street, where they clung to the fence abutting
the river, during the period of the shock.

In Wairoa it was found that wooden buildings withstood the severity
of the shock fairly well, and, with the exception of those which were on
piles, showed little signs of collapse. Some buildings abutting on the river,
used as stores, developed a rather bad lean. Along the main street
buildings with concrete walls and fronts showed severe cracking, while the
brickwork had, in many cases, collapsed. All chimneys in the town were
destroyed, and the roads in the vicinity fissured.

At the freezing-works the brick chimney collapsed, and the alignment of
the main buildings was seriously interfered with, while the works were
completely put out of action through the wrenching which the machinery
and fittings had endured. Shortly afterwards, fire broke out at the works
and they were completely destroyed. The dairy factory was also seriously
damaged, and as both were at this time in full swing, and had large supplies
of produce in cool store, the damage to stock and the disorganization
occasioned by the earthquake were exceedingly severe.

Power-lines were brought down throughout the district, but the poles
generally remained standing.

The fronts of many buildings facing the Marine Parade collapsed, the
post-office tower crashed, and the wall of the upper story of the post-office
fell outwards into the street. Two fatalities occurred in the town, but
neither of these took place in the streets. The traffic bridge spanning the
river was pinched and bent by the first shock, and subsequent tremors
rendered the bridge completely impassable.

Glisborne.

The serious effects of the Hawke’s Bay earthquake were felt as far north as
Gisborne, where, at 10.47 a.m. on the 3rd February, the first severe shock
took place. Its intensity was sufficiently alarming to induce the whole
population to resort quickly to the open. This shock was estimated to
last for a period of two minutes, and further tremors continued until
11 a.m. During the afternoon tremors occurred at irregular intervals,
the third most severe shock occurring at 12.28 a.m. on Wednesday
morning, followed by another at 2.15 a.m. Fortunately, the shocks were
not of sufficient intensity to be generally destructive to buildings, and in
Gisborne and its neighbourhood there were no losses of life or personal
injuries arising directly from the earthquake.

A number of brick and concrete walls collapsed ; chimneys were brought
down; and many parapets on the facades of buildings, giving way,
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crashed on to or through the adjoining roofs. The failure of walls of
buildings whose roof-span was large, was noticeable, several garages suffering
in this respect.

Hydro - electric power from Lake Waikaremoana was cut off instan-
taneously with the onset of the first severe shake, and chimneys in the
country districts, at Matawai, Motu, and elsewhere, were brought down.

The intensity of the shock varied considerably in the country districts
in the Gishorne vicinity. In some cases, at Patutahi, for example, it was
impossible during the earthquake to remain standing erect, while other
localities escaped with much less severity.

In the Gisborne district there were two pronounced manifestations of
the results of the earth-movements caused by the main shock and the
aftershocks of the earthquake. At Hangaroa, on the occasion of the main
shock of the 3rd February, there was a pronounced blowout from a mud
spring, a large outpourmg of semi-liquid material temporarily blocking a
stream. On the 17th February a portion of a boulderbank located  in
Sponge Bay, to the east of Gishorne, was raised some 7 ft. Both these
phenomena have been critically examined by Mr. 8. W. Strong, A.0.8.M.,
and his reports appear on pages 7678 of this issue. It was reported
that at Muriwai Beach mud-pools opened shortly after the earthquake.

Some days after the occurrence an estimate was made which showed
that some one thousand chimneys were in need of repairs, and that the
total damage incurred in Gisborne and its suburbs would be at least £12,000
to £15.000, of which over £4,000 was accounted for by damage other than of
a structural nature.

REscuE MEASURES.

The first effect of the shock which struck the densely populated
portions of Hawke’s Bay was to throw everything into confusion, and
to stun the populace to such an extent that for some little time rational
action was almost out of question. It is difficult for any one who has not
experienced a major cataclysm of nature, such as this, to realize what a
shock it produces upon the human mind, and what a paralyzing result it has
upon human action. Nevertheless, no panic occurred, and though people
were stunned and dazed, they were soon to realize that a disaster of the
first magnitude had occurred, and that there was a call for extraordinary
efforts on behalf of those unfortunate enough to be injured by the occurrence.
Each and every one who was capable of so doing, sought out his friends
amid the wreckage of buildings and streets. Others, fearful that the whole
of the occurrence was not over, fled from the tottering buildings to the
comparative safety of the open spaces; but, in the quiet which succeeded
the main convulsions, the work of rescue proceeded rapidly, and the
unfortunate wounded and maimed wherever possible were extricated from
the fearful heaps of shattered debris. At Napier undamaged motor-cars were
commandeered for the transport of such to the Hospital, but, unfortunately,
only to be confronted at the very entrance by the crumbled mass of the
Nurses” Home, and to learn that the Hospital had been destroyed. With
surprising rapidity. however, the doctors of Napier took matters in hand,
and temporary dressing-stations were established in the open spaces of the
Clive Square, Nelson Park, Napier Park Reserves, in the Gardens, and at
Awatoto. Here the wounded were attended to in the open as they were
brought in from the town, and all day long rescuers toiled amid the debris,
often beaten back by the advancing flames, while doctors and nurses worked
unceasingly to alleviate the injuries of the afflicted. - ’
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Officers from the *° Veronica ’ and members of the erews of the vessels
in the harbour came ashore and undertook the work of collecting what
medical supplies were available from the destroyed buildings in the town,
and conveying them to the dressing-stations. These men, together with
citizens of Napier, also collected supplies of food, clothing, and shelter for
the camps which were to be established in the open spaces, or in uninjured
buildings. All day long on this fateful Tuesday the work of rescue proceeded
without any organization in both Hastings and Napier. As far as possible
each fended for himself, and all participated in some activity of the general
scheme of uncoordinated rescue in progress. In the emergency this was
obviously the best that could have been done; the spirit of helpfulness
prevailed, and nothing untoward happened to disgrace the wonderful spirit
of the afflicted people, each member of which was striving his utmost to
help those less fortunate than himself, and to alleviate the serious difficulties
of the situation.

There was so much to be done, and such was the confusion amid the
wreckage of large buildings over which fires were rapidly spreading, while
the earth still quivered with frequent shocks, that 1t was difficult to know
what should be done first. The first confidence was, however, restored
to the people in Napier by the appearance in the streets of bluejackets
from the H.M.S. ¢ Veronica,” who reached the town by 1.30 p.m. These
men were assisted by officers and men from the * Taranaki™ and the
“ Northumberland,” and as, unlike the people of the stricken area, they
had not experienced the full terrors of the calamity, and were not restricted
in their activities by ties of injured kindred, their presence produced a
sobering effect upon the nerves of the distracted populace. In the universal
attempt made to escape from the catastrophe, and to ascertain the fate
of friends, the whole population became considerably mixed up, and the
anxiety resulting therefrom caused considerable confusion, which intensified
the distraction generally prevalent.

The men of the Navy associated themselves rapidly with the police and
the fire brigade in their rescue efforts amid the buildings still crumbling
and threatened by flames. Members of the crews of all the vessels acted
as stretcher-bearers, and made preparations for the dressing-stations.

OUuTSIDE ASSISTANCE.

As soon as the news of the disaster became known in Auckland and
Wellington active measures were taken to provide relief. Motor cars and
lorries were made freely available to convey doctors, nurses, provisions,
and medical supplies at the earliest possible moment into the devastated
area. The Health Department and the Defence Department in Wellington
combined to secure doctors, nurses, tents, camp-gear, bread, meat, and
other provisions, together with medical supplies, so that a tramm was
despatched from Wellington at 7.30 p.m. on the evening of the 3rd, and
proceeded as far as Waipukurau, where arrangements had been made
locally for some forty lorries to convey these supplies to Napier, where
they arrived at dawn on Wednesday. This train conveyed some five
hundred bell tents, 12,680 blankets, and two large cooking-stoves, and
many other supplies for Napier.

As the result of wireless communication between the ** Veronica ° and
the New Zealand Naval Squadron at Devonport, Auckland, arrangements
were speedily made in that city to equip the H.M.S. * Dunedin ” and

2
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“ Diomede ” with provisions, medical supplies, camp-gear, together with
an X-ray apparatus, for conveyance to the scene of the disaster. Aboard
these vessels there also proceeded some fifteen doctors and eleven nurses.
At 2.30 p.m. on the 3rd February, only three and a half hours after the
actual occurrence of the earthquake, both vessels departed for Napier under
full steam, a speed of twenty-four knots being maintained most of the way,
and this resulted in Napier being reached at 8.30 a.m. on the following day.
On the way down the coast wireless communication was maintained with
the *“ Veronica * at Napier, and preliminary organization worked out aboard
the two vessels, while the ovens of both had been busily engaged in baking
as much bread as possible for distribution ashore on arrival.

Once the serious nature of the disaster was realized, offers of practical
assistance poured in from all parts of New Zealand. Those districts im-
mediately adjacent to the stricken area rapidly despatched medical
assistance, hospital supplies, food, and clothing. Arrangements were
rapidly made for the reception of the injured and for those rendered homeless
by the disaster. Waipukurau, Waipawa, Dannevirke, Woodville, Palmer-
ston North, and all the towns of the Manawatu, Wanganui, Taranaki, and
Wairarapa districts which were adjacent to the stricken area threw open
their doors to those afflicted, and poured generous supplies of food and
clothing into the district by motor-vehicies.

During the days immediately succeeding the disaster the greatest
efforts were made to rush assistance into the Hawke's Bay District and
to receive refugees from the afflicted towns. Until the railway was
repaired and communications were improved, all this effort had to be
carried out by motor transport along the road leading south towards
Wellington and Palmerston North, although a considerable amount of
assistance was also rendered by aeroplane, the whole fleet of planes
available in the various districts being commissioned for this purpose.

Outside assistance continued to pour in for some days and weeks after
the original shock, but tapered off as rehabilitation measures were put
into effect, and the district rapidly approached normal.

ErrEcT oF EARTHQUAKE ON COMMUNICATIONS AND PUBLIC SERVICES.
Roads.

The earthquake cut all road communications between Napier and
Hastings and the remainder of New Zealand, with the exception of that
running south towards Wellington. This road was, however, seriously
damaged in many places, the principal nature of the damaﬁe being fissuring
wherever embankments had been made across hollows or swamps, and
destruction of approaches to bridges and culverts. The damage so done
was, however, fairly easily repaired, but nevertheless, for a day or two after
the 3rd February, negotiation of the road by any sort of vehicle had to be
done carefully, and transport was, in consequence, considerably slowed up.

The roads northward of Napier to Wairoa and Gisborne became
blocked by slips in the cuttings, of which there were a considerable
number, and also by the failure of bridges and approaches thereto.
At Wairoa the bridge over the river was badly wrecked in the first
shake, but became worse by the action of subsequent tremors. The
roads between Wairoa and Gishorne were less affected. Westward from
Wairoa the newly formed road towards Rotorua was rendered impassable
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in a few places, while that from Napier to Taupo also became blocked,
but the extent of the ships in this instance was not very serious, and 1t was
possible for vehicular traffic to use the road within two or three days of the
main shake.

Westward of Napier in the wvicinity of Rissington and the upper
reaches of the Ngaruroro River the roads were badly damaged for a
certain distance, but at a distance of from thirty to thirty-five miles
towards the Main Trunk railway this damage was much less i evidence.
The general road system in the Hawke's Bay flat country was more or less
affected, but not seriously enough to prevent ready movement of traffic
within the area.

Railways.

The railway-line from the south was workable as far as Kopua
Viaduect, which is located north of Ormondville, but between that point
and Hastings it. was badly damaged, the rails being bent and
twisted in many parts, embankments having slumped, bridge approaches
having been destroyed, and the bridges themselves fractured. Wherever
the railway traversed swampy ground the rails were badly bent, so that
no traffic was possible.

Between Hastings and Napier the damage was not so extensive. On
the railway-line north of Napier, across the West Shore Bridge, and
northwards, and also to Port Ahurirl, a good deal of fracturing took place,
the nature of the damage being similar to that seen farther south.

Shipping.

The location of Napier 1s somewhat unfavourable for rapid sea
communication with other New Zealand ports, and. further, the fact that
it was feared that alterations had taken place in the harbour and
roadstead depths had the effect of making shipping reluctant to approach
the port. In consequence, with the exception of several vessels of the
Navy, and others in the vicinity in connection with the collection ot
refrigerated cargo, little use was made of the sea communications with
the stricken area.

Telegraphs.

Telegraphic communication was cut off north of Waipukurau, and all
lines radiating from Napier, Wairoa, and Gisborne westward were dislocated.
The movement of the earthquake was particularly destructive to
telegraph-poles, which canted over at alarming angles and in many cases
collapsed altogether. Automatic machinery used in connection with the
telephone system, was, owing to the severity of the shake in Post and
Telegraph offices, put badly out of alignment, and rendered useless.
Short circuits were exceedingly common, and in many places the
wires between the poles became twisted 1nto ropes by the oscillatory
movement induced by the tremors. Telegraphic communication was
cut off within the area between Dannevirke in the south and Gisborne
in the north by the first shock, so that 1t was impossible either to get
news from or to the earthquake region, or to communicate by telephone
or telegraph between points within the district. The telegraph-lines
radiating westwards from Hawke’s Bay were also put out of commission.
It was therefore 1impossible to communicate between the stricken area
of Hawke’s Bay and the remainder of New Zealand for probably
twenty-four hours other than by means of radio. In consequence, the
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papers published on the evening of the 3rd February throughout New
Zealand contained little news that a disaster of first-rate magnitude had
occurred, but the radio messages received from the “° Northumberland,”
“ Taranaki,” and the *° Veronica =~ gave the briefest indication that the
position was extremely serious. Owing to the difficulty of access between
the vessels and the shore it was only natural, however, that the scope of
such messages as were sent out was extremely restricted. A certain amount
of other information concerning the disaster was, however, also available
from those who had left the area and whose experiences and information
was transmitted through the telegraph-ottice at Waipukurau.

Electric Light and Power.

The earthquake also put out of commission the electric-power
reticulation of Hawke’s Bay, which radiated from Waikaremoana and
from Mangahao Power-stations. The interruption of the electric ecircuit
was simultaneous with the occurrence of the earthquake. On the
Waikaremoana main line a large tower, some forty miles north of Napier.
at Pibanui, came down, completely cutting off the power-supply with
the substation at Taradale. The Taradale Station was badly wrecked,
three large 20-ton transformers being displaced from their concrete bases.
Fortunately, no damage was done at either the Waikaremoana or the
Mangahao Power-stations, although at both the earthquake was of sufficient
severity to bring down all the chimneys in the two settlements. The
sudden cessation of the supply of electric power to Napier and to
Hastings fortunately had the effect of putting electricity out of the
question as being the cause of the subsequent fires ; nor did the presence
of live wires constitute a danger in the subsequent rescue work. On the
other hand, the absence of electric power, and especially of electric hight,
rendered the subsequent work of rehabilitation and the general organization,
especlally by night, somewhat difficult.

As a result of this damage, it will be seen that one of the serious
problems which arose immediately after the earthquake was the absence
of adequate communications to facilitate rescue and reconstruction work.
The use of the radio service from the vessels in the Napier vieinity, as
hag been pointed out, possessed distinct limitations. Nevertheless, it
was exceedingly valuable im making arrangements regarding the first
steps of the rescue programme. Later, an amateur transmitter (2GH)
was established in Napier, and this maintained communication with two
Wellington amateur stations, 2GK and 2BI, and for a time the Post and
Telegraph Department was dependent upon this means of communication
with the stricken area.

In addition, the aeroplane services available at Wellington were pressed
imto use, and for some days made regular trips from Wellington to
Hastings and Napier, carrying hospital supplies and telegrams.

EMERGENCY ORGANIZATION.

Naper.

It became apparent early that it would be necessary to establish some
organization to deal with the conduct of affairs. The circumstances of
the disaster in Napier prevented the constituted authorities from func-
tioning, and so at 7.30 a.m. on the 4th February, the morning after the
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earthquake, a meeting of citizens was held at the police-station to set up
an emergency committee. By this time a number of executive officers
had arrived from Wellington and elsewhere, so that both a nucleus for an
executive was at hand and knowledge of what outside assistance was
forthcoming was available.

Consequently, on the morning after the earthquake, the first meeting
of an Emergency Committee was held at the police-station, and was
attended by local officials, members of the Government, and Government
officials. At this time considerable assistance and supplies from both
Auckland and Wellington were almost on the point of arrival by sea and by
land at Napier. This committee set up subcommittees to deal with sani-
tation and water-supply, construction, demolition and safety of buildings,
food-distribution, shelter, communications, hospitals, transport, and traflic
control. These subcommittees dealt with the details of their specified
tasks, and their efforts were reported to and co-ordinated by the Napier
Relief Executive Committee.

The Sanitation and Water Committee dealt with the provision of an
adequate water-supply for drinking and washing purposes. Owing to the
fact that the reservoirs had been wrecked, and the reticulation had been
destroyed, safe supplies of drinking-water were not readily available, and
in order to avoid risks arising from outbreak of disease it was essential
that steps be taken to control what water was being used. Fortunately,
there were in existence a number of artesian wells which were not destroyed
by the earthquake, and from these the residents were furnished with supplies
of water at specified points. Nevertheless, as an additional precaution, and
acting on the advice of the Health Department, arrangements were made to
chlorinate all water in use, a plant for the purpose having been secured
from Auckland.

This committee also took over the management of sanitation. In this
instance, also, the underground pipes of the sanitary system had been
put out of action by the earthquake, and any attempt at its use would
render the outbreak of epidemic disease highly probable. Owing to the
control which was placed over the water-supply and sanitary services,
Napier was spared the outbreak of disease which, owing to the warm
conditions of late summer which then prevailed, might have occurred. The
committee made arrangements for a rapid investigation of the complete
position in regard to sewage and to water-supply. From almost every
other town in New Zealand the services of engineers and workmen were
immediately made available, and so efficiently was the matter handled that
by the 11th February drainage and water repairs had been sufficiently
advanced to permit of attention being devoted to buildings themselves.
From this date an inspection of residences and buildings commenced, and
repairs proceeded apace, each house being certificated as fit for habitation
once inspection showed that both drainage and water-supply were satis-
factory.

By the middle of March the water and drainage supply to 75 per cent.
of the residences of Napier had been replaced.

A Construction, Demolition, and Safety of Buildings Committee operated
under the control of the Public Works Engineers, and concerned itself with
the pulling-down of those buildings which constituted a danger to rescue
and relief work. In this work ready assistance was provided by the officers
and crew of the Navy vessels in port.
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The condition of the streets littered with debris from the buildings which
had been destroyed by the earthquake or the fire rendered transport diffi-
cult, and consequently there was much to be done in order to clear away
this rubbish so that the main streets would again become passable.

The Food-distribution Committee undertook the distribution of supplies
of food from specified points in the town., The main depot was set up in
the Railway Goods-shed in charge of the Salvation Army, and six distribution
depots were set up in the various public-school buildings throughout the
towns of Napier, Taradale, Port Ahuriri, and West Shore.

A Shelter Committee dealt with the provision of tents and bedding to
those rendered homeless by the disaster. This committee worked in close
association with the military party, which had arrived from Wellington with
the supplies of tents and bedding on the morning following the earthquake.
A headquarters camp was thereupon established at Nelson Park, where
large numbers of tents were erected, arrangements being made for meals,
water-supply, and sanitation.

A Communications Committee was set up, first, to effect urgent repairs
to the roads surrounding Napier, and, secondly, to organize communication
with outside districts. This organization functioned largely in association
with the County Engineer and the Public Works Department, whose staffs
immediately undertook the most necessary work in this connection.

Under the direction of the Superintendent of the Napier Hospital and
the Director-General of Health, a committee was established to deal with
all matters connected with the treatment of the injured and the wounded,
and to maintain regular hospital services. The police and the Navy under-
took the control of traffic and general patrol duty, both of which were found
necessary on account of the inflow of people and vehicles from outside
districts, and the necessity for keeping roads sufficiently clear of traffic in
order that the work of rescue and rehabilitation might be facilitated.

As soon as the “ Diomede " and ““ Dunedin ”* had arrived from Auckland
on the morning of Wednesday, the 4th February, a meeting of the
Earthquake Relief Committee was held aboard the H.M.S. ** Veronica,”
when the programme for the future organization was again discussed and
considered. In order to bring about co-ordinated efforts it was decided to
establish an Executive Committee, comprising the following :—

A Minister of the Crown (Hon. R. Masters, Chairman).

Commissioner of Police (Mr. W. G. Wohlmann).

Officer Commanding New Zealand Squadron (Commodore Geoffrey
Blake, R.N.).

His Worship the Mayor of Napier (Mr. J. Vigor Brown).

The Chairman of the Hospital Board (Mr. C. O. Morse).

The Member of Parliament for Napier (Mr. W. E. Barnard, M.P.).

Secretary, Mr. R. Girling-Butcher.

On the Tth February this committee was reorganized so that its
personnel for the future period of its existence was as follows :—
Mr. C. O. Morse, Chairman of Hawke’s Bay Hospital Board (Chairman).
Mr. W. E. Barnard, Member of Parliament for Napier.
M:r. J. Vigor-Brown, Mayor of Napier.
Mr. W. Harvey, Chairman, Hawke’s Bay Electric-power Board.
Mr. J. C. Bryant.
Mr. R. Girling-Butcher, Department of Internal Affairs (Secretary).
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This executive throughout a period of five weeks functioned as the
responsible body organizing practically the whole of the activities of rescue
and rehabilitation in the Napier area. It met regularly each day at its
permanent headquarters to consider many matters which arose as time
went on. In view of the fact that the banking and money organization of
Napier had been put completely out of commission, this committee had also
to function as a credit organization. It dealt with the requests from the
various subcommittees which have already been enumerated, co-ordinated
their. activities, maintained a contact, as far as was possible, with all the
activities in progress in the Napier area and with those assisting in the
work in other portions of the Dominion. However, it was not until the
6th February that this body received its proper constitution as a sub-
committee of the Napier Borough Council. This course was adopted by
resolution at the first meeting of the Council held after the occurrence of the
earthquake.

One of the first actions of the executive was to give consideration to the
recommendations made by the medical authorities that steps should be
taken to evacuate women and children from Napier, this course being advised
in order to avoid the risk of a possible outbreak of disease.

Consequently, an Accommodation and Evacuation Committee, consisting
mainly of Red Cross workers, acting in conjunction with the Railway and
Defence personnel, was established, with headquarters at Nelson Park.
It was decided that all evacuations should be made through the Nelson
Park camp, as rail and road transport became available. These were In
short supply for some time, and, in consequence, no publicity was given to
the recommendation of the medical authorities, so that the work of evacua-
tion could be carried out at a rate within the compass of the transport
facilities available.

In the days immediately following the earthquake a few persons were
taken from the district aboard the s.s. ** Ruapehu ”” to Wellington and others
went by sea to Gisborne and Auckland.

Evacuation was greatly assisted by offers made by towns outside the
stricken area to succour the homeless and injured. Palmerston North, for
example, had offered to help five thousand women and children. Further,
all supplies of petrol available in the area were commandeered for the use
of motor-vehicles assisting in the evacuation and other essential services of
the various committees of the executive. By the 5th February the organiza-
tion established by the executive was functioning fully, and a review of
the situation on that day showed that marked progress had been made in
every direction. Already it had been possible to evacuate some 980 women
and children to Palmerston North and to the Wairarapa. By the 7th
February over five thousand refugees had been evacuated. This com-
mittee also made provision for meals for workers engaged on restoration
work, and for those residents who, for various reasons, were unable to cook
their own meals. Meals were provided for some seven hundred to eight
hundred persons daily at Nelson Park, and some one thousand five hundred
at Hastings Street School. In addition, a number of smaller communal
kitchens were established at Port Ahuriri and at various points in the
residential area of Napier. These were mainly controlled by the Defence
personnel, whose experience in camp control was invaluable.

Power-line restoration had been carried sufficiently far to enable a supply
to be available for urgent needs on the 5th February.
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The work of the Executive Committee was considerably hampered
through the difficulty of communicating decisions, directions, and instructions
to a populace which no longer had any fixed address, and in which the usual
means of providing news were destroyed. As the days wore on, however, this
difficulty gradually grew less, as the telephone and telegraph services were
repaired, and it became possible again to publish news bulletins, the first
of which was issued by a temporary press established by the Daily Telegraph.
These news bulletins were issued to convey instructions to the people as they
assembled for meals, and at other points of assembly throughout the towns.

The Commissioner of Police made arrangements for the burial of the dead
after identification. Bodies were taken to the Courthouse, which was
temporarily converted into a mortuary, and endeavours were made to
identify all before burial. A first general inquest of the dead was held
at the Courthouse on the afternoon of the 4th February, and all those who
were identified were buried in a common grave, with a joint religious ceremony.
Subsequently, arrangements were made to bury those unidentified, after
detailed descriptions had been made of each body.

Hospitals.

All the wards at the Napier Hospital on the hill were damaged to such an
extent as to render them unsafe, and the uninjured members of the nursing
staff, immediately following the disastrous shock, set to work to rescue the
patients from the damaged buildings. This work was done without any
semblance of panic, and the patients were removed to the open in the
Hospital-grounds. An emergency dressing-station was established promptly
in the Botanical Gardens alongside the Hospital. Here operating-tables
were set up and functioned throughout the day. At other points throughout
the town, such as Nelson Park, McLean Park, and Clive Square, temporary
dressing-stations were also set up to deal with the large number of injured.

Meanwhile arrangements were being made to take possession of the
Napier Racecourse at Greenmeadows, four miles away, to establish a main
dressing-station, which later became a temporary hospital for the whole
district. As soon as the racecourse was available, staff, mattresses,
blankets, &c., were despatched from the hospital, and steps were taken
to move all the patients. Operating-tables and equipment were set up
in an improvised theatre, so that by early afternoon four operating-tables
were available. The medical staff, nurses, and their assistants worked
continuously for long hours alleviating the suffering of the injured, and
under somewhat primitive conditions performed most difficult tasks in a
manner which added lustre to the standard of their profession and to the
traditions of the race.

On the racecourse, numbers of marquees were erected to accommodate
patients after their wounds and injuries had been dressed. ~Food and water
supplies were also arranged so that the work of attending to the wounded
proceeded all day and late into the night, lights for the operating-room being
provided by improvised acetylene burners and the headlights of motor-cars.

At the same time evacuation commenced, and a number of patients were
sent by road to Dannevirke and Palmerston North. During the afternoon
and night of the 3rd February and all day on the 4th February doctors and
nurses continued to arrive from all quarters. It was found impossible to
utilize the services of all those who offered to help.

In order to facilitate dealing with seriously injured cases a clearing-station
was established at Waipukurau. Those dressing-stations which were



50 Tae N.Z. JOURNAL OF SCIENCE AND TECHNOLOGY. [JuLy

established throughout the town of Napier were afterwards maintained for
general medical treatment of the population until the regular medical service
again was functioning properly.

In Hastings an emergency station had been established by the local
doctors in the buildings of the Hastings Racecourse, and, assisted by nurses
from private hospitals, chemists, and others, hospital facilities were function-
ing within three hours after the earthquake, operations being performed as
carefully as they would have been in a regularly appointed hospital, and all
patients receiving the best possible attention in every way.

In addition to the main hospitals established on the racecourses at Hastings
and Napier respectively, there were several other similar hospitals esta-
blished by local doctors to meet the emergency. As soon as the railway
service was restored removal of patients by road was abandoned and the
speedier method of the railway reverted to. Officials and staff of the Health
Department arriving from Wellmgton took charge of the inspectional
services 1n connection with sanitation and pubhc health generally, and
greatly facilitated the furnishing of supplies to the hospitals which had been
established.

Hastings.

The less serious effects of the earthquake and fire at Hastings enabled
reorganization to be commenced more rapidly than at Napier. Within
two hours the Citizens Committee had been formed, and a head-
quarters set up at the Drill-hall, which ultimately became the distributing
centre for food, camping-gear, and genera] supplies. At the Central School
the Red Cross depot was established, and the main theatre was used as a
grocery-store.

Hospitals were established at the Red Cross and in the Y.M.C.A. buildings,
while the water-supply to the town, which had been interrupted by the
fracture of pipes at the Havelock bridge crossing, was restored by the
following day.

The course of the rescue organization was on very similar lines to that
followed at Napier. At first all endeavours were made to rescue those
who had been entombed in the collapsed buildings, and from beneath the
debris which had fallen in the streets. In Hastings the general collapse of
buildings was not so severe as at Napier, there being, instead, certain
buildings—e.g., Roach’s drapery store, the Public Library, the Grand Hotel,
and the post-office, where the collapse had been fairly extensive, and,
particularly in the first-named building, the loss of life considerable. The
remaining portions of the town, while suffering considerable damage, did
not suffer to the same extent as the business area, and the damage in
Hastings was far from being as serious as that at Napier.

In Hastings the earthquake was not followed by the extensive fires
which occurred at Napier, so that ample supplies of food and clothing were
immediately available. The destruction of buildings, however, resulted
in the exposure of their valuable contents, and in order to protect these it
was necessary to establish a system of guards and patrols over the business
area, and to arrange for removal of the stocks of goods or their protection
against damage from the weather.

RESTORATION.
Rarlways.
As soon as 1t was found that rail communication was impossible beyond

Ormondville repair gangs were immediately rushed into the district from
Palmerston North and Wellington, and by the afternoon of the 5th February



1933.] CALLAGHAN.—HAWEKE'S BAy KARTHQUAKE. 31

the train service to Hastings was restored. On the same afternoon the first
train left Hastings carrying mails and passengers to Wellington. On the
following day the service was restored to Napier, and, although the utmost
precautions were necessary at first, and compelled slow speeds, nevertheless
damage to the track was rapidly repaired, and within a week of the
earthquake the restoration could be regarded as almost complete. In view
of the numerous breakages which did occur on the line between Waipukurau
and Hastings the speed with which the repairs were effected constituted
a highly meritorious feat on the part of the Railway Department, and
the great advantages that rail communications afforded at the time
contributed more than anything else to the alleviation of suffering and
the rapid restoration of the damaged areas. It can readily be realized
that once the train service was restored evacuation was possible at a
more rapid rate, while outside assistance could be rendered much more
readily.
Post and Telegraphs.

When it was evident that the lines north of Waipukurau were out
of commission, repair gangs were despatched from Wellington on the 3rd
February, and reached Hastings on the 4th. The first circuit repaired in
the devastated area was that running from Wairoa through Gisborne to
Auckland. In Napier, the post-office building being destroyed in the
subsequent fire, post-office business was transferred temporarily to the
railway-station, and the telegraph office to Hastings Street School on the
4th February. In Hastings arrangements were made for temporary
facilities at the railway-station, and in a shed in Aubyn Street.

On the 4th February, at 1.35 a.m., the first telegraphic connection between
Hastings and the south was arranged, and twelve hours later a similar
connection was made to Napier. Improvements were rapidly effected so
that later in the day a quadruplex circuit was in operation as far as Hastings,
and two wires were available to Napier in the evening. As was naturally
to be expected, there was a great rush on the part of the populace to
despatch telegrams to their friends in other parts of New Zealand, and
likewise inward telegrams practically from all parts of the world began to
flow in, seeking information in regard to residents in the devastated area.
This first rush was handled by aeroplane services between the area and towns
to the south as far as Wellington, and by motor transmission to the post-
offices at Waipawa, Waipukurau, and Dannevirke, where the staffs were
strengthened by transfers from Napier in order to cope with the large
amount of work. An aeroplane service between Auckland, Gisborne, and
Hastings, and between Hastings and Wellington was maintained regularly
between the 4th and 9th February, and by this means also telegraphie
communication with the outside world was maintained.

The first mails outward from Napier were despatched on the 4th February
+o Waipukurau by motor-lorry. On the same day mail communication

as also arranged from Napier, via Rissington, to Taupo, mail-cars reaching
1e latter place at 2.45 p.m. Outward mails from Gisborne were sent
vverland, via Rotorua, and on the following day Wairoa effected mail
connection with Rotorua, via the recently opened Lake Waikaremoana
route.

On the 5th February telegraphic communication was established with
Auckland via Taupo, the first contact being effected at 11.50 a.m., and
by 5 p.m. a duplex set was in operation in this circuit.

The greatest difficulty was experienced with the delivery of inward
telegrams, because those to whom they were addressed were difficult
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to locate. @ Any messenger service would be incapable of locating
previous residents, who had been scattered by the calamity, and in
many cases had left the two towns for other parts of the Dominion.
Inward mail connection was greatly facilitated by the re-establishment
of the train service at Hastings at 2 p.m. on the 5th February. This
train left Hastings on the same day at 4.30, carrying mails and passengers
to Wellington. On the 6th Februarv the Napier post and telegraph
facilities were brought together in the Hastings Street School, and
remained in this location until the former post-office was rehabilitated.
Similarly, in Hastings post-office facilities were subsequently consolidated

in the Oddfellows’ Hall.
Electric Power.

On the day following the earthquake an inspection of all electric-power
lines under the control of the Hawke’s Bay Power Board was commenced.
It was found that the main feeder-lines erected with steel poles and
towers had suffered very little damage, and that for the most part the
worst damage was due to poles which had been canted over out of
alignment. As a safeguarding measure, during the inspection every house
was disconnected at the power-pole in order to avoid the possible risk
of fire outbreaks.

By Wednesday evening repairs were sufficiently far advanced to make
power available from the Mangahao Station for service in connection with
the Napier sewage and drainage system. Despite the fact that the
operations of the repair workers were hindered through the stores of the
Power Board having been destroyed by fire, this rapid provision of power
was a distinctly creditable achievement.

Power from Waikaremoana was restored within six days of the
earthquake, the work of restoration being greatly facilitated by generous
assistance received from Power Boards im neighbouring unaffected areas.
By the 6th February it was possible to supply power and light to the
hospitals at the Hastings Racecourse and at the Greenmeadows Racecourse,
both of which were serving as the main hospitals for the respective towns.

On the Tth February power was restored to the principal dairying areas,
where its use was essential in connection with milking-machines, and about
the same time it was also made available to the principal freezing-works
at Whakatu, Tomoana, and Pakipaki.

Within a month after the earthquake power was available throughout
the whole of the area south of Napier, and to some one thousand five
hundred houses, whose reticulation had been passed as satisfactory by the

Inspectors.
Gas.

The gas-mains in both Hastings and Napier were considerably damaged
by the earthquake, and though it was possible to restore the Hastings mains
within a week, it was almost two months before the repairs of the Napier
mains were completed.

GENERAL.

Owing to the influx of visitors to Napier and Hastings immediately
after the earthquake it was found necessary to place a check upon those
arriving from the south, and consequently within two or three days of the
earthquake no one was permitted to enter the affected area unless
provided with the necessary written authority. Considerable difficulty
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was experienced 1n dealing with inquiries which were received con-
cerning the welfare of residents of the district, because no census of
the people had been taken immediately after the shock. Many had
drifted away from the towns by private conveyances, and of these
no tally had been kept. Consequently, a great deal of trouble and
anxiety was caused through there being no means of tracing such people.*

One of the results of the earthquaLe was the destruction of records,
title-deeds, plans, &c., which caused most difficult problems to arise In
connection with the rehal)ilitation work. The fact, too, that a large number
of buildings were not covered by insurance risk led to a dearth of
finance necessary to expedite the work of restoration. Furthermore, owing
to the fact that the whole Dominion was at the time feeling acutely the
onset of the economic depression, there was little available finance which
might be devoted to the promotion of this work.

In the restoration efforts in connection with dwellinghouses, occupation
of which had been forbidden pending certain repairs being effected, 1t was
decided that one chimmney in each dwelling should be repaired, and the
water and sewage systems connected up before permission was given for
their reoccupation. The reason for such action was the liability of danger
of fires occurring through defective chimneys, and of sickness arising from
defective water-supply and drainage.

A fortunate circumstance of this disaster was the fact that both before
and for some time afterwards fine weather prevailed throughout the district.
This enabled people to remain out of doors and in conditions of much
oreater comfort than would have been the case had the weather been wet
or stormy. In consequence, the conditions of general health were good,
and the only danger that threatened was that arising from absence of
means to deal with sewage and the consequent troubles which arise from
a dense population in an area whose drainage system was completely out
of action. The elevation of the Inner Harbour at Napier had also been
the means of entrapping numbers of fish on the mud-flats, and fearing
this as a source of pestilence, steps were taken to dispose of the dead fish.

The continuation of the tremors naturally induced people to remain out
of doors, and under the fine conditions this caused no hardship. In view
of the damage which had occurred to chimneys in private residences, this
was fortunate. Had any attempt been made to light fires within these
buildings there was the greatest likelihood that many private residences
would have been burnt down at the very time when there was no
water-supply available. As a matter of fact, some time after the earthquake,
the advent of a chilly evening, which drove people indoors, was marked by
a number of sporadic fires in private houses in both Hastings and Napier.

It has already been mentioned that the flat country surr oundmg Hastings
and extending towards Napier is liable to flood from the rivers which
traverse it, and whose courses are at present retained within stop-banks.
The effect of the earthquake on these banks was to cause them to slump and
to become extensively fissured. Therefore, had heavy rain followed closely
after the earthquake, there 1s no doubt that the waters of these rivers would
have caused very extensive flooding throughout this area. Fortunately
this did not occur, the weather remaining ﬁne for a sufficiently long period
to enable repairs to be effected in this respect and only on one occasion was
some slight concern felt, when the collapse of a bank in the vicinity of
Hastings caused a temporary damming-up of water in one of the streams.
This obstacle, however, was removed hx the engineers from the warships
at Napier.

* The Radio Broadcasting stations rendered valuable service in this connection by
assisting in the location of missing relations and friends.

2—Bulletin.
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PERMANENT REHABILITATION.

Early in March, when it was plain that the immediate emergency steps
necessitated by the earthquake had been completed, the work of the Napier
Citizens Relief Committee was brought to a conclusion, the executive was
disbanded, and on the 11th March the affairs of the town were handed over
to two Commissioners appointed by the Government, Mr. J. S. Barton,
Stipendiary Magistrate, and Mr. L. B. Campbell, AM.I.C.E., of the Public
Works Department. These Commissioners functioned in place of a Borough
Council, and worked in close association with three other bodies, two of
which were statutorily constituted as the result of legislation passed during
the following sessions of Parliament.

In April, 1931, the Hawke’s Bay Earthquake Act (21 Geo. V, 1931, No. 6)
was passed. This Act contained two main provisions. In the first place the
Hawke’s Bay Adjustment Court was set up to facilitate adjustment of pre-
earthquake liabilities. The Court consisted of three members, the President
and two nominated members, and was granted wide powers to deal with
any matters brought before it. Under the provisions of the Act debtors and
creditors were required to come to a settlement either through adjudication
by the Court or by private arrangement. The terms of these settlements had
to be confirmed by the Court before any assistance was granted to applcants
from the funds at the disposal of the Rehabilitation Committee. The
same statute set apart the sum of £1,250,000 to provide financial assistance
for persons who had suffered loss or damage through the earthquake, while
a further £250,000 was made available to local authorities for the restoration
of public services. These funds were dealt with by the Hawke’s Bay
Rehabilitation Committee, which was set up under the chmrm&nshlp of
the Napier Commissioner, Mr. J. S. Barton. This committee considered
applications received from those whose business premises had been destroyed
or wrecked by the earthquake, and made grants in accordance with what
seemed proper and fit in each case.

In November, 1931, the Hawke’s Bay Karthquake Relief Funds Act
(22 Geo. V, 1931, No. 29) was passed to make provision for the control and
administration of the relief funds which had been contributed throughout
New Zealand, and received through generous and much appreciated do-
nations from overseas. These gifts had constituted a fund of £396,000 for
distribution among those afflicted by the earthquake. The Act established
a Relief Committee to administer the fund, which was under the immediate
executive control of the Public Trustee. The fund was devoted to—

(1) The maintenance of victims of the earthquake ;

(2) The provision of food and clothing ;

(3) The provision of hospital and medical expenses ;

(4) Essential repairs to dwellings up to an amount not exceeding £100

for each dwelling ; and

(5) Donations for those injured or incapacitated through the earthquake.

A review made at the end of 1932 showed that this fund had been

disbursed as follows :— £
Food, clothing, medical attention, and accommodation .98 000
Assistance for repairs to 8,500 dwelllngs A : .. 241,000
Permanent provision for persons injured or for dependants of
injured ! k. £, R & .. 47,000
Grants for personal losses e o 8,000
Assistance to elderly persons unemployed as result of the
earthquake .. s e = e s 2,000

£393,000
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The Hawke’s Bay Rehabilitation Committee made grants for the
restoration of businesses totalling £840,000, and to local bodies £250,000, by

the same date. It 1s now possible to give some 1dea of what the cost of the
Hawke’s Bay earthquake was to the State :—

£
Immediate assistance and restoration of public services % 55,000
Rehabilitation grants to businesses P 5 .. 840,000
Rehabilitation grants to local bodies L bis .. 250,000
Public buildings 'h 5 o A .. 200,000
Railway lines . . i = 29 el 0 35,000
Roads and bridges D A - A = 84,000
Surveys and maps . 72,000
Assistance from Unemployment Fund for work on roads
sewerage, shop-fronts, and removal of debris .. .. 100,000
Other costs .. e > 3 o i 184080
£1,770,000

The Commissioners, undertaking their task with zeal, thoughtfulness,
and a generous perspective, were determined to take steps such as would
enable a much-improved town to rise from the ruins of the business area of
Napier. They were assisted in their work by the Napier Reconstruction
Committee, whose membership of thirteen was drawn from the leading
citizens of the town. Consequently, a new Napier was designed on improved
lines of town-planning. The main thoroughfares were widened, corners
splayed back, attention given to service lanes behind blocks of business
premises, and to improving the amenities of the Marine Parade.

While the main portions of the town were still in ruins it became
necessary to provide for the ordinary business requirements of the town.
Temporary premises constructed of wood and corrugated iron had been
erected in Clive Square, and these were designed to serve until permanent
premises had been erected in the ruined and burnt-out portions of the town.
Building commenced eleven days after the earthquake, when the first permit
was issued ; and up till January, 1933, some £883,806 had been spent upon
the erection of new business premises and public buildings in Napier.

Owing to the fact that survey plans, title-deeds, and “other documentary
evidence relating to properties had been destroyed in the Lands and Deeds
Office at Napier, difficulties were experienced once reconstruction measures
were commenced. Furthermore, the new planning designed by the Com-
missioners gave rise to claims for compensation and counterclaims for
betterment, but such was the success attending the mutual discussions of
these problems that over 90 per cent. of the claims were satisfactorily settled,
and at a cost of some £30,000 paid by way of compensation a large amount
of improvement was effected in the general layout of the town.

A summary of what had been done towards rehabilitation by January,
1933, indicated that some 251 miles of new sewerage drains had been
constructed, 2,473 service drains relaid, and five new pumping-stations
built.

In connection with the water-supply, a new pumping-station had been
built, and a reservoir capable of holding 1,300,000 gallons had been
erected. Additional artesian bores capable of supplying 4,000,000 gallons
daily had been put down, while repairs had been effected to thirty-five
miles of water-mains and some two thousand service connections. To

%
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Fia. 9.—Views of part of the business area of Napier showing the town as it appeared
after the earthquake and fire, and the appearance of the same area two years
later.
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deal with storm-water problems a new pumping-station had beei con-
structed and six miles of drains laid. In the streets eight miles of new
kerbing and channelling had been constructed, a number of narrow streets
widened, and useful service lanes provided to afford improved access to the
rear portions of business premises. All electric-power and telephone wires
were placed underground, and some 12,000 yards of high- and low-tension
underground power cables had been laid. v

Five hundred and eighty-six permits had been issued for new buildings,
which were constructed under the careful supervision of inspectors who
carried out numerous tests to ensure that concrete of appropriate strength
was being used. In order to meet the demands of traffic in the busy town,
eighty-seven of the street corners were rounded. In consequence, the
new Napier will possess a business area comprised of buildings of plainer
and more substantial design than previously, while the street-improvements
will also add considerably to the general appearance of the whole town (fig. 9).

At Port Ahuriri reconstruction also went on apace after the earthquake,
and up till January, 1933, £122,857 had been spent on new buildings, £69,000
of which was used for the erection of wool-stores.

In Hastings the civic administration continued to function after the
earthquake. Measures were speedily taken for the restoration of all build-
ings and the repair of damage done. It was necessary in some instances
to vacate those premises which were seriously damaged, and in consequence
a number of temporary buildings were erected to provide for immediate
requirements. In all 190 permits were issued for buildings of this nature,
and some £30,000 expended on their construction. Within two years 422
permits were issued for permanent structures estimated to cost in all
£339,538, and of this sum probably £70,000 was used to replace wooden
buildings by others constructed of permanent materials. In Havelock
North building permits covering an expenditure of £21,266 were issued
during the two years immediately following the earthquake.

The work of restoration was somewhat handicapped in its initial stages
by the lack of funds to proceed with the re-erection or repairs of buildings.
Although various insurance offices held policies totalling some £5,000,000
throughout the earthquake affected area, and these companies estimated
that the total damage amounted to some £2,500,000, very few of the policies
included cover for earthquake risk. Consequently, the amount actually paid
out by insurance companies in respect to earthquake damage done in
Hawke’s Bay was approximately £250,000, or not more than 10 per cent.
of the total losses covered by some form of insurance.

DeatH ROLL DUE TO THE HKARTHQUAKE.

The number of fatalities which are known to have occurred during the
Hawke’s Bay earthquake totalled 256, but, as it was extremely difficult to
arrive at a precise number owing to various factors which are obvious in
a calamity of such a character, there is a possibility that some deaths were
not recorded, although in view of the careful inquiries that were made it
is not likely that the unrecorded deaths would exceed ten at most.

The Napier fatalities totalled 161, Hastings 93, and Wairoa 2; and of
these all but 28 were identified before burial. No record was kept as to
where the greatest proportion of fatalities occurred, but one may
conjecture that over 60 per cent. lost their lives on the footpaths where
they were overwhelmed by falling masonry, or were entrapped while
attempting to escape from the collapsing buildings. Of the remainder,
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the greater portion would be those entrapped within buildings, such as at
the Nurses’ Home (8), Park Island Home (10), Technical College (10),
Roach’s Drapery Store (17), and the Greenmeadows Seminary (9).
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[E GEOLOGICAL ASPECTS OF THE HAWKE’S
BAY EARTHQUAKES.

By J. HexpersoN, Director New Zealand Geological Survey.*

INTRODUCTION.

IN order to explain the significance of the Hawke's Bay earthquake 1t
has been found necessary to outline the physiography and geology of
part of the district, and to show its relation to the great earthfold forming
the eastern part of the North Island and constituting the true border of the
South Pacific basin. The sequence of the formations and the geological
structure of the district are briefly described, and are compared with those
of adjoining regions.

A destructive earthquake, apart from its spectacular effects on man-
made structures, usually manifests itself most strikingly in ships and slumps
from ecliffs and steep slopes, and in subsidences and fissuring in poorly
consolidated ground. These phenomena are obvious throughout the district.

—

* Mr. M. Ongley, who was at Ti-tree Point at the time, reached Hastings about
twelve hours after the earthquake. Dr. P. Marshall, Mr. Grange, and the writer joined
him a few days later. The party was in the district about ten days, and one or other
visited most points of interest between Wairoa and Waipukurau. As many roads were
blocked and accommodation hard to obtain further exploration was postponed. Mr.
Ongley returned a month later and during three weeks was able to map the Poukawa
shears and to visit the Te Hoe and most of the slips along the coast. A year later
Mr. H. E. Fyfe mapped the area about the Heretaunga Plain. The data thus obtained,
together with those of other observers, especially Alexander McKay, Henry Hill, and
E. O. Macpherson, have been used in this compilation. Dr. J. Marwick drew the
illuminating block-diagram of the Hawke’s Bay District, as well as the figures from
Link’s paper, and Mr. G. E. Harris prepared the maps and sections.
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The uplift of the coast at Napier and northward indicates deep-seated move-
ment, and the fissures and ridges in the downs 1immediately south of the
Heretaunga Plain mark where the earth-fractures reach the surface. The
course of the fracture-zone northward and the movements that took place
along 1t are indicated by changes in the heights of points levelled, prior to
the earthquake, along the raillway and on the closely settled Heretaunga
Plain. There is decided resemblance between the probable fractures and
those produced in artificial sediments deformed in a particular way.

The following pages deal in more detail with the main points mentioned
in this introduction.

Tae NEw ZEALAND — TonNgA RIDGE.

New Zealand is at the southern end of a sub-oceanic ridge that extends
in a nearly straight line for 1,600 miles south-west from Tonga. Close along
the south-east side of the ridge is a trench, narrow and profound when
compared with the wide flat ocean-floor on either side. This trench includes
the Tonga and Kermadec deeps, the bottoms of both being more than
30,000 ft. below sea-level. North-west from the ridge, all of which 1s less
than 6,000 ft. from the surface of the ocean and much of 1t less than
3,000 ft., the sea-floor to New Guinea and Australia is nowhere 15,000 ft.
deep, and a great deal of it is much less. In plan and profile the sub-
oceanic platform, the ridge, and the trench so closely resemble the parts
of a large asymmetrical earth-fold that most geologists have no hesitation
in so regarding the whole structure : the trench constitutes the fore deep ;
its western wall forms the east wing of the asymmetrical anticline; and
the ridge and sloping sea-floor beyond, the crest and back slope. Since
mountain growth finds expression in earth-movements and volcanoes, the
frequent strong earthquakes along the western side of the trench and the
volcanic islands of the Tonga and Kermadec archipelagoes on the ridge
support the view that a mountain range is here in course of formation. The
Kermadec Deep ends some two hundred miles north-east of East Cape where
there are soundings of over 25,000 ft., but is continued as a shallower trench
of about about 10,000 ft., extending along the east coast of the North Island
to opposite Cook Strait. Whether this shallowing depression stretches farther
south-west is unknown. One hundred and thirty miles east of Otago there
are two soundings of about 5,500 ft. directly in line with it and east of
much shallower water, but for three hundred miles northward the crucial
area has not been sounded, and most writers extend the New Zealand
shelf to the Chatham Islands. Undoubtedly, however, the South Island and
the structural axis through the eastern part of the North Island contmue
the Tonga Ridge; and the Taupo-Rotorua volcanic zone is in alignment
with the active and dormant vents of the Kermadec and Tonga groups.

The mountains of New Zealand consist for the most part of strong steeply
dipping greywackes and argillites, which were closely folded during the
late Jurassic or early Cretaceous times. The late Cretaceous and most of
the Tertiary were periods of relative crustal quiescence and base-levelling,
so that in the middle Pliocene that part of the New Zealand area that was
not shallow sea-floor formed land of low relief. The present mountains
rose during the middle Pliocene. They are of the thick-shelled type,
characterized by open gentle folding, moderate crustal shortening, and strong
uplift. Great faults developed during the uplift and disrupted the crust
into numerous earth-blocks which are not only differentially elevated, but
also warped and tilted in diverse ways. Cotton aptly describes New
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Zealand ‘¢ as a concourse of earth-blocks of varying size and shape, in places
compressed ; the highest blocks lying in the north-east and south-west
axis of the land masses; so that the whole structure may be termed a
geanticline.” (The Structure and later Geological History of New Zealand :
Geol. Mag., Decade 6, Vol. 3, pp. 319-20; 1916.)

Though now greatly eroded, especially in their higher parts, there
remains in most regions enough of the Tertiary cover or of the gently
undulating surface on which it was deposited to show the tilts of the
upraised blocks, and to allow of an approximate measurement of the
relative movements. The weak Tertiary beds of the higher blocks are not
folded or at most gently warped, but in depressed areas where they
abut against the strong older rocks forming the lower parts of the upraised
blocks their folding shows that tangential pressure has decidedly shortened
the crust. So far as 18 known the major faults of the Pliocene mountain-
building movements dip steeply and in the dozen instances in which the
actual fracture-zone has been observed the dip is toward the upraised block.
Most of the blocks are tilted away from the faults, but some elevated masses
have nearly horizontal surfaces. The ramp theory of Bailey Willis seems
best to explain the known facts, and in this account is used as a working
hypothesis. This theory, which is a development of the highland structure
theory of Peach and Horne, postulates that the upper brittle layers of the
earth’s crust, when subjected to powerful compressive forces acting hori-
zontally at some distance below the surface, rupture along shear planes
that turn upward to the surface, following the curve of greatest stress.
The earth-block is thrust upward and forward and at the same time rotates
on its curved base so that the surface of the earth-block 1s tilted away
from the outcrop of the fault. Mathematicians long ago worked out the
mechanics and courses of strain curves in homogeneous brittle substances
under pressure and, according to the ramp theory, the shear planes of the
earth-crust are strain curves that extend through the zone of fracture to
the zone of flow.

OuTLINE oF Grorocy oF THE EAST (CoasT OF THE NORTH ISLAND.

Nearly the whole of the Raukumara Peninsula has been geologically
surveyed in detail during the last twenty-five years, but, except for the
geological reconnaissances carried out many years earlier and mapping,
not vet available, undertaken within recent years by oil companies, the
only detailed work south of Hawke Bay is the section the Geological
Survey, during the last two seasons, carried across country from Cape
Turnagain to Manawatu Gorge. Enough, however, is known of the geology
of the whole Kast Coast region to show that the structure and geological

sequence 1s similar throughout.

The oldest rocks are strongly folded greywackes, argillites, indurated
mudstones, and conglomerates that are of great thickness, and range in
age from the late Paleeozoic to the early Mesozoic or later. Hast of the
mountains Tertiary and younger deposits form most of the land, though
the underlying rocks outcrop at many points, chiefly along faults. Trias-
Jura rocks are thus exposed over small areas and in the southern part of
the region only. At all known contacts the younger beds rest with decided
unconformity on the Trias-Jura rocks, and these, from their jointing, their
hardness, and dark colour, are readily distinguished even in hand specimens.
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Rocks of young Cretaceous age, consisting of conglomerates, sandstones,
mudstones of several colours, greensands, and limestones, the whole sequence
several thousands of feet thick, outerop at many points. North of Gisborne
the beds adjoin the Trias-Jura rocks of the main range and in places form
mountains. They probably underlie the whole of the area covered with
Tertiary strata in this part of the East Coast region, for, wherever the
contact 1s exposed, the Tertiaries rest on them. From Waikaremoana south,
Cretaceous rocks do not outerop at or near the base of the mountain axis,
though south of Hawke Bay they cover considerable elongated strips along
the north-north-east—striking faults that traverse the eastern part of the
region. Tertiary beds in this part rest on the Trias-Jura in places as much
as sixteen miles east from the mountain base, though four miles farther
east a thick sequence of Cretaceous i1s exposed. This rapid decrease in
thickness 1s probably due to the extensive erosion following an early Tertiary
deformation that crushed and crumpled the Cretaceous strata of most parts
of New Zealand.

The Tertiary beds of the Kast Coast region are very thick, in all over
40,000 ft., and since the great bulk of them were laid down in shallow water
the sea-bottom probably sank progressively as the land supplying the
sediments rose. This applies chiefly to the Miocene and early Pliocene,
for beds of Eocene and Oligocene age are not well represented. The Wheao
beds outcropping along the eastern base of the high lands for fifty miles
north-east from Waikaremoana and the Weber beds in the southern half
of the region belong to the older part of the Tertiary sequence. The younger
Tertiary strata, which overlie unconformably, in descending order, are :—

(Petane Series up to 5,000 ft. thick.
Pliocene< Te Aute Series up to 10,000 ft. thick.
. Ormond Series up to 5,000 ft. thick.

(Opoit1 Series up to 4,000 ft. thick.

Miocene < Mapiri Series up to 12,000 ft. thick.
Tutamoe Series up to 5,500 ft. thick.

| Ihungia Series up to 3.500 ft. thick.

The rocks of these series consist of conglomerates, sandstones, mudstones,
limestones, and subaqueous volcanic tuffs; arenaceous mudstones and
argillaceous sandstones greatly predominate. Angular unconformities in
some localities separate the different sets of beds, but in general the strata
lie parallel. They are not as a whole greatly disturbed, though folded at
some points and strongly faulted at others.

The older Tertiary beds lie unconformably on the Cretaceous ; the
younger Tertiary in turn overlie them unconformably ; and there are several
erosional breaks, usually disconformities, separating the younger strata into
series.

GEOLOGICAL STRUCTURE OF THE KEAstT CoasT OF THE NORTH ISLAND.

The great geanticline, the crest and eastern flank of which form the
eastern part of the North Island, is decidedly asymmetrical in cross-section.
The highest part, forming the mountain axis, lies to the west ; east of the
highlands i1s a depressed strip ; and east of this, except at the depression of
Hawke Bay, upland country extends to the coast. This general regularity
of structure, combined with the straightness of the main axis of elevation
and the uniformity of the crest in height, suggest that the deforming pressure
was applied fairly evenly. But decided structural differences along the
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earth-fold show that there were loci of more intense pressure and that in
adjacent sections the pressure was relieved in somewhat different ways.
The geanticline, in fact, may be divided into a number of sections, which
from north to south are the Raukumara, Huwarau-Kaweka and Ruahine-
Tararua sections, the names being those of the highlands forming the crest
of the mountain axis in each section.

Raukumara Section.—The Raukumara section extends along the main
axis of elevation from near the divide between the Waioeka and Wairoa
river systems north-east to the end of the Raukumara Peninsula. Near
East Cape and Cape Runaway a series of east-west fractures, transverse
to the general course of the geanticline, 1s probably in some way connected
with the great difference in elevation between the southern land-forming
part of the ridge and its submerged northward part. The Taitai Over-
thrust, which C. W. Washburne first recognized, dominates the structure
of the Raukumara section. Rocks of Jurassic age have been thrust on a
front of sixty miles or more east and south for a distance of at least twenty
miles over Cretaceous strata. (M. Ongley: Taitai Overthrust, Raukumara
Peninsula, N.Z. Jour. Sci. & Tech., Vol. 11, pp. 376-82 ; 1930.) A wide
syncline, floored with Tertiary strata, lies south-east of the highlands, and
farther south-east are two anticlinal ridges with a syncline between. The
anticlines in plan are convex to the south-east. As 1s common in weak
surface strata subjected to pressure, they are very broken and irregular ;
in parts folding has relieved the pressure, and in parts, and far more generally,
faulting.

Huwiarau-Kaweka Section.—The Huiarau-Kaweka section (Plates I, II,
and III) of the New Zealand geanticline extends along the highlands between
the heads of the Hangaroa, a branch of the Wairoa, and the Taruarau, a
branch of the Ngaruroro, and from Poverty Bay to south of Cape Kidnappers
along the coast. A series of strong upthrust faults separate the highlands,
which consist of closely folded Trias-Jura rocks, from the lower country to
the east, in this section formed predominantly of Miocene and younger
strata. These beds are folded into a great syncline thirty to forty miles
across, and extending parallel with the highlands for a hundred miles or
more. In parts (west of Waikaremoana and Puketiritiri) Miocene strata
are upturned against the upthrust greywackes, and in parts (Napier-Taupo
Road) the bounding faults of the higher blocks have old rocks on both
sides and the Tertiary strata overlap unconformably on the greywackes
and dip gently south-east (Haroto). On the south-east side of the high-
lands, from north of Waikaremoana to Kuripapanga, a strip of country
twenty miles wide shows long parallel ridges formed from the harder layers
of the Tertiary sequence, and having steep scarps on their north-west sides
and gentle dip-slopes on the south-east. Hawke Bay covers a large down-
warped portion of the eastern half of the syncline, but north and south of
1t, parts of the eastern wing are above sea-level. North of the bay the
west-dipping narrower east limb of the syncline turns over and forms the
Mangapahi Anticline, of which the course is along the watershed between
the Wairoa basin and the valleys of the Te Arai and Nuhaka Rivers (see
map, p. 7, N.Z.G.S., 24th Ann. Rep., 1930, and section 1, Plate II). The
main valley of the Wairoa 1s south along the trough of the great Wairoa
Syncline and those of the other streams mentioned, respectively north and
south along the parallel Nuhaka Syncline. East of the Nuhaka Syncline
18 the Morere Anticline, and east of that a fault-zone along which in parts
the underlying Cretaceous rocks are exposed.
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South of Hawke Bay the east wing of the great syncline, here about
the same width as on the north side of the bay, extends to the strong
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PraTe I.—Map of the Hawke’s Bay District.

fault striking north-east along the lower valley of the Tukituki Raiver.
Cretaceous and older Tertiary strata, on which rests the Pliocene Te Aute
Limestone, are exposed at several points along this fault.
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In the Wairoa Valley there are two weak anticlines, a little to the west
of the trough of the main syncline. They are shghtly oblique to the
central axis, have a shallow syncline between them, and overlap echelon
fashion for a few miles. The southern is about sixteen miles long. The
northern strikes north-east and north for about ten miles, then turns east
and continues east past Hangaroa Village site, in which directien 1t grades

HAWKE BAY

level J M 1932

e G

_ - =

Prate I1I.—Block Diagram of Napier District.

into the well-marked fault-zone of the outer anticlinal fold of the Rau-
kumara section of the New Zealand geanticline. The east-west portion of

the Hangaroa Anticline and the fault-zone continuing the structure have
been traced for over twenty miles. .
The small anticlines that pucker the trough of the Wairoa Syncline
die out southward before reaching Hawke Bay. South of the bay the
gravels, sands, and silts of the Heretaunga Plain smother about a hundred
square miles of low-lying and denuded Pliocene strata. In this region
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the strata west to Patoka, sixteen miles from the coast, dip about 5° to
the south-east. The Ngaruroro, from Maraekakaho to Fernhill, a distance
of eight miles, 1s 1n a gentle synclinal fold which continues north for
another six miles to Puketapu, and even reaches the shore of the Ahuriri
Lagoon (Plates II (section 2), IlI, and V). Between the Ngaruroro and
the Tukituki, a distance of twelve miles, the beds dip in general gently
north-west, though there are a few minor warps. Thus the strata along
the crest of the Raukawa Hills lie flat, and north and west of Lake
Poukawa even form a gentle asymmetrical anticline. East of this the
upper Awanui flows 1n a shallow syncline to the east wing of which
belong the north-west dip-slopes of the hills running south-west from
Pakipaki. South-east of the Poukawa Valley an anticline trends south
from Pakipaki for several miles along the Kaokaoroa Hills, and immediately
to the east the head of the Waikaha Stream is in a parallel syncline. A
fracture-zone striking north-east seems to control a large part of the lower
course of the Tukituki. Near Kauranaki Hill a mile-wide strip of crushed
Cretaceous and older Tertiary rocks 1s exposed, but the Pliocene rocks
forming the higher ground on either side of the Tukituki Valley are but
little disturbed, and the fault i1s obscured northward. Possibly post-
Pliocene movements along this fault were not important in this locality.
Fast of the Tukituki the later Tertiary beds have a general eastward dlp
to the coast, where crushed and trleatl}* cisturbed Cretaceous rocks again
appear along the Pourerere Fault.

The Napier-Taihape Road crosses at Kuripapanga by the pronounced
sag 1n the mountain axis between the Kaweka and Ruahine Ranges.
Here remnants of the Pliocene sedimentary sheet extend nearly across
the highlands. A narrow broken anticline of Tertiary beds with a core
of greywacke occurs at the eastern edge of the mountains and northward
1s probably continued as the Birch Hills, a range of greywacke rocks
separated from the base of the Kaweka Mountains by the narrow valley
carved, probably along a fault-zone, by the head of the Tutaekuri and the
Makahu, a branch of the Mohaka. According to H. Hill (On the Geology
of the Country between Napier and Puketiritiri, Trans. N.Z. Inst., Vol. 32,
pp. 183-8; 1900), these hills consist of shattered and shaken Mesozoic
rocks, on their east side separated from a cuesta of Tertiary limestone by
a fracture-zone. South of Kuripapanga the Wakarara Range, as McKay
(Report on the Country between Masterton and Napier : Rep. Geol. Explor.
during 1876-77, pp. 78-79; 1877) pointed out long ago, consists of an
anticline of Tertiary strata with a core of ancient rocks. Farther south
young Tertiary or later deposits extend to the steep east-facing scarp of
the Ruahine Mountains.

Ruahine-Tararua Section.— At the Manawatu Gorge there is another
very well-marked sag in the mountain axis, separating the Ruahine and
Tararua Ranges. Just north of the gorge young Tertiary rocks extend
across the range in an unbroken but asymmetrical anticline: north and
south the steep east wing of this fold grades into the great upthrust faults
along the eastern bases of the Ruahine and Tararua Mountains.

As 1n other parts of the North Island portion of the geanticline, a
depression lies east of the main highlands, and this is unbroken except
where crossed by the oblique ridge of greywacke between Masterton and
Eketahuna. The width of the depression throughout is fairly regular and
about half that of the Wairoa Syncline farther north. Except near the
Manawatu Gorge, where they have been largely removed, the Pleistocene
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and younger gravels of the Ruataniwha and Wairarapa Plains conceal
the structure of the young Tertiary beds of its floor. The depression at
the Manawatu Gorge i1s a syncline so asymmetrical as to approach a fault-
angle depression, the type of structure that probably persists immediately
east of the highlands throughout the whole length of this section of the
geanticline (section 3, Plate 1I). West-facing dip-slopes of young Tertiary
rocks rise from the eastern edge of the gravel-covered lowlands, and
these gently dipping strata extend without known structural break from
Hawke Bay to within a few miles of Palliser Bay. Several streams cut
across them and in different parts they form the Raukawa, Turiri, Puketoi,
Waewaepa, and Maungarak: hills. In many localities, and probably every-
where, east of these extensive dip-slopes, there 1s a zone of disturbed beds
faulted and strongly folded. Thence to the coast the country i1s made up
of sub-parallel discontinuous ridges and depressions; the ridges formed
of crushed and crumpled Cretaceous and, in parts, older rocks, and the
depressions floored with much less disturbed Tertiary strata flexed into
shallow synclines.

Comparison of Sections.—The main differences that distinguish the
several sections of the geanticline may be briefly stated. In the Rauku-
mara section the old Mesozolic rocks are thrust over Cretaceous and possibly
over Miocene strata. The middle Pliocene beds are absent. The old
Pliocene, Miocene, and early Tertiary are thick and overlie thick Cretaceous
beds which probably extend from the coast to the mountains. In the
Huiarau-Kaweka section the old Pliocene and Miocene series are very
thick, overlap on the old Mesozoics to the west, and, except for the
insignificant inliers of early Tertiary and Cretaceous rocks near the coast,
cover all the lowlands. Middle Pliocene strata occur in the trough of the
great syncline. In the Ruahine-Tararua section the very thick middle
Pliocene rocks abut against the old rocks along upthrust faults at the base
of the mountains on the west, and to the east rest on denuded Miocene,
Cretaceous, and early Mesozoic rocks. Thick Cretaceous rocks are well
exposed 1n the eastern part of the area, though remnants of the once-thick
Miocene sheet cover many square miles of country.

Detailled maps of the low country south of Hawke Bay are not available,
though McKay carried out a reconnaissance survey of the area many years
ago, so how the change from Wairoa Syncline to a fault-angle depression
about half as wide occurs 1s not accurately known. The change 1s not on
the east side. There the fault or fault-zone along the lower valley of the
Tukituki, which forms the east boundary of the southern part of the
Wairoa Svncline, maintains 1ts general south-west course for many miles
and the west-facing dip-slopes of the Te Aute Limestone of the east wing
of the syncline continue without known break and without marked change
in dip as the dip-slopes on the east side of the fault-angle depression
occupied by the Ruataniwha and Wairarapa lowlands. The narrowing of
the depression seems to be due to the imcurving of the highlands on its
west side. The Ruahine Range 1s distinctly arcuate in plan and its scarp
advances gradually about twenty miles south-east beyond the general
course of the Hularau-Kaweka highlands. This narrowing of the depressed
belt in front of the mountains is marked by the short abrupt anticlines at
Kuripapanga and Wakarara.

The crustal movements that caused the Napiler earthquake and its
aftershocks seem to have been confined to the Huarau-Kaweka section
of the geanticlinal ridge and the tremors originating in adjacent sections
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during 1931 were few and of little intensity. As already stated, this section
is separated from the Raukumara section adjoining on the north by a
decided change in direction of the structure lines. Between the Huwarau-
Kaweka and the Ruahine-Tararua sections the change in structure-direction
is marked along the main axis of elevation: but in the lower country to
the east, though here the folding becomes more acute and the faults stronger,
there is no change in the tvpe of structure or in its course. As will be
shown below, the surface manifestations of movement along deep-seated
fractures occur at the northern end of faults in the eastern part of the
syncline east of the mountains. Movement along this zone from Hatuma
north to Hawke Bay must have occurred within geologically recent time,
for the effects of such movement still influence the drainage ; but crustal
adjustments during 1931, as traceable on the surface and as indicated by
seismographs, occurred from Te Aute northward in what may fairly be
considered the Huiarau-Kaweka section. The bulk of the shocks originated
beneath the floor or near the shore of Hawke Bay—that is, in the trough
and on the eastern wing of the Wairoa Syncline.

SURFACE EFFECTS OF THE EARTHQUAKES.

Among the superficial effects of a severe earthquake none takes a more
prominent place than the fissures i alluvium and recently formed ground.
Wherever such ground 1s unsupported, standing at the angle of repose for
the material and the existing conditions, earthquakes open fissures and bring
about slips and slumps. Thus fissures opened at many points along the
river channels, especially where these crossed the Heretaunga Fiats, and
were particularly noticeable along the Tutaekur: near Napier, where roads
were split, water and sewer pipes ruptured, and houses displaced. In some
parts the ground moved toward the channel as much as 12 ft. in a few
chains. In places where the river had been diverted, the debris filling the
former channel packed more tightly and its surface sank. From such
packing the.old course of the Tutaekur1 may be readily traced through
Napier, and near the boys™ college, where the channel was more recently
straightened, the filling sank two or three feet.

The West Shore Causeway built across the Ahuriri mud-flats was greatly
damaged. It was formed largely of sand and mud taken from the mud-
flat, covered with several feet of limestone rubble, and faced on both sides
with limestone blocks. It carried a road and railway, the roadway being
a feot of concrete surfaced with an inch or so of asphalt. Ferro-concrete
girders resting on ferro-concrete piles carry the roadway across a wide tidal
channel. The causeway split and collapsed for many chains (Plate 1V, b) ;
in parts 1t spread, bulging out the stone facing, and in parts it sank, ridging
up the adjoining mud-flat. The unconsolidated mud slumped into the tidal
channel, displacing the pile-groups at either end, and at the south end forcing
the top of one pile group from beneath one end of a girder (Plate 1V, ¢).

In parts cliffs of flat-lying Tertiary sandstone and mudstone form the
shore of Hawke Bay and 1n parts beaches of shingle and sand that in some
places enclose lagoons, swamps, and river-built plains. At several points,
all of them near the mouths of streams, the beaches are ridged and furrowed,
probably by adjustments i the softer and less compact mud underlying
the masses of sand and gravel on the surface (see p. 82 of this Journal).

During and after the earthquake large quantities of water, sand, and
mud 1ssued from fissures in the alluvial flats. The origin of these sand
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vents 1s to be sought 1n the water-saturated layers at different depths below
the surface. These water-bearing layers are the source of the artesian
supplies so abundant in the Heretaunga Plain. They are tapped on Wairoa
flats, and their presence at Mohaka mouth, at Tangoio, and Petane, where

Prate 1V.—(a) Timber-yard, Napier. The standing piles of lumber extend
a little west of north ; those at right angles collapsed.

PrAaTe IV.—(b) West Shore Causeway, Napier. The embankment spread
laterally.

sand vents also occurred, may reasonably be inferred. As was to be expected,
the earthquake choked some artesian wells, broke the pipes of others, and
in places so altered the underground circulation that water ceased to flow.
At Mangateretere a farmer, endeavouring to get a well to flow again,
found that a crowbar lowered 80 ft. below the surface was on withdrawal

too hot to hold.
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““ At the time of a large earthquake 1t 1s extremely probable that there
is a general disturbance in the lines of circulation of subterranean waters
and gases throughout the shaken area. By these disturbances new waters
may be brought to the surface, two or more lines of circulation may be
united, and the flow of a spring or supply of a well be augmented. Fissures,
through which waters reached the surface, may be closed, wells may
become dry, or springs may cease to flow, hot springs may have their
temperature lowered by additions of cold water from another source and
in a similar manner waters may be altered in mineralization ™ (J. Milne :
Earthquakes and other Earth Movements, 5th ed., 1903, pp. 158-59).

That earthquake waves in passing from one rock to another of different
density and elasticity are reflected and refracted 1s well known, and on this
account the soil-mantle and weathered layers near the surface tend to be
separated from the underlying rock. Again, the surface earthquake waves

Prate IV.—(¢) West Shore bridge, Napier. The mud-bank to the right
of the channel slumped and forced a group of piles from under the
end of the span.

are most severe on ridges and hilltops, and at many such localities the soil
layer was detached from the underlying rock and, hard and compact after
long continued dry weather, either broken into clods or thrown into
irregular ridges and furrows. On slopes the loosened soil-mantle crept or
slid downward, and where a water-carrying stratum outcropped on hill-slopes
slips were notably more numerous and larger.

Soil-creeps grade into slips involving the underlying unweathered rocks,
and these range in size into vast slumps containing many millions of cubic
vards. In general, slips were most numerous and largest near or along
the coast where for long stretches the sea is actively cutting back the
land, and high cliffs and steep slopes occur (see pp. 86-90). Notable
slips some distance from the coast are those at Taradale and in the valley
of the Te Hoe. At the former locality flat-lying compact gravels, sands,
and pumice beds slumped to the flood plain of the Tutaekuri, ridging up
the recent gravels at the toe of the slip. The Te Hoe, a large branch
of the Mohaka from the Hwumarau Mountains, has entrenched part of its
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lower course 600 tt. to 800 ft. in thick massive Tertiary sandstones that
lie nearly flat. Large rock-falls from the canon walls now block the
stream, and a lake, three miles long, 500 acres in area, and about 100 ft.
above the former stream-bed, has formed. The barrier, which consists in
great part of large blocks of sandstone, is unlikely to be quickly cut away.

SURFACE INDICATIONS OF DEEP-SEATED FRACTURES.

A series of ridges, rents, and cracks extending for miles along the
Poukawa and Awanui Valleys is of far greater geological interest and
structural significance than the phenomena mentioned above. They are
interpreted as the surface indications of movement on deep-seated fractures

(Plate V).

Poukawa Shears—Thick massive layers of Te Aute Limestone, dipping
north-west from 15° to 20°, extend along the Poukawa Valley for ten

e ! . . ! . e e e R e SR IR L L L e R

Prate VI.—(a) Pressure ridge on flat ground a few chains east of main
road 70 chains north-east from turn-off to Poukawa Railway-station.
This small ridge shows an overthrust grading to a fold.

miles or more from Pakipaki, a point on the Heretaunga Plain four miles
south-west from Hastings. On the north-west side of the valley are steep
escarpments and on the south-east a dip-slope of limestone. Tributaries
from this dip-slope have cut strike valleys along parts of their courses, so
that on this side there is a series of rather irregular dip-slopes of different
sizes. The Poukawa Valley is continued south-west in the same general
line over a low saddle as the valley the railway follows to Waipawa and
Waipukurau. In the Poukawa and southward there are lakes and swamps,
now in whole or in part drained, along the bottom of the depression.

The ridges, rents, and cracks (Plate VI, a, b, and ¢) already referred to
extend continuously along the Poukawa Valley for about six miles north-east
from Lake Poukawa. The ridges are obviously due to the shortening of the
surface, and resemble the pressure ridges formed at the toe of a surface
slump. Like them also they usually occur at the foot of a slope, but their
continuity in a general direction for miles, and the fact that in most places
no gaping cracks occur higher up the slope, show that they are not mere
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surface slips. The ridges usually rise 3 ft. or 4 ft. and in places 6 ft. to
8 ft. above the general surface. At some points the main ridge branches,
and at others there are two or three sub-parallel ridges. Occasionally the
tough dry turf is folded into broken recumbent folds or masses of turt
override the ground in front for several feet. In general, these folds and
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Prate VI.—(b) Pressure ridge, Poukawa Valley, 60 chains north-east of
Poukawa Railway-station.
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Prate VI.—(c) East—west part of fracture, Poukawa Valley.

overthrusts indicate a movement of the country on the west side of the
fracture relatively toward the east, and, as judged from the slackening of
wires where fences cross, this movement is measurable in feet rather than
in inches. The ground immediately west of the fracture is nearly every-
where much more disturbed than that east of it and, in general for a few
yards from the fracture, the surface bulges and is seamed with gaping cracks
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as 1f the ground beneath had swollen and stretched the turf (Plate VIII, b),
facts suggesting that the substrata are fragmented and occupy more space
than formerly. In some localities the swelling seems much greater and
extends back for several chains, the surface being strongly ridged and

PraTe VIIL.—(a) Road cast side of railway, two and a half miles north-east
of Poukawa Railway-station. The displacement is between 6 ft. and 7 ft.

Prate VII.—(b) Flood plain, Poukawa Stream, 120 chains north-east of
Poukawa Railway-station. The area to the right of the pressure

ridge is 18 in. higher than that to the left.

stepped (Plate VIII, ¢). At one point this swelling seems to go back for
90 chains, the wires of a fence across this area being very tight though the
surface cracks observed were few and small.

The fracture has a general north-east course mostly near and on the
west side of Poukawa Stream for three and a half miles from the swamps
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bordering the lake. It then turns nearly due east, the surface over several
square chains at this locality being strongly and irregularly ridged and
broken. It maintains an east—west course for about a mile, crosses the
stream, displaces the raillway and road horizontally between 6 ft. and 7 ft.

ety

T

.

Ly

= s
o

S

nE

a

£

Sl

AR
e
i, s O s
Sl
1 -
e

PLATE VII.—(¢) Awanui fracture, 120 chains west of Pakipaki. The step-up
or ** terrace 7’ is 15 ft.; to the right two steps are shown; to the left
the step-up grades to a warp (see Plate VIII (a)).

PraTe VIIL.—(@) Awanui fracture, 120 chains west of Pakipaki. The step-
- up grades to a warp.

(Plate VII, a), and passes over the low hills of the dip-slope to the strike
valley of Sutro Creek, a small tributary of the Poukawa. Here it again
resumes a north-east course, and follows the base of the limestone scarp
on the west side of the valley, dying out in about a mile in the valley of
the next small stream to the north. In the valley of Sutro Creek, as in
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the Poukawa, ridges, folds, and swellings mark the fracture, but along the
east—-west part of its course cracks and gaping fissures are decidedly more
common than pressure ridges. These are more or less parallel with the
general course of the fracture, but there are important groups of fissures

B — o

PratE VIIL.—(b) Pressure ridge, Awanui Valley, 20 chains south of
Mr. N. Campbell’s house. The hill-slope beside the ridge is swollen
and shows tension cracks.

Prate VIII.—(¢) Swollen and subsided ground west of pressure ridge,
Poukawa Valley, 140 chains north-east of Poukawa Railway-station.

that, parallel among themselves, follow the fracture en echelon obliquely
transverse to it. These fissures strike south-east, whereas the dislocation
as a whole strikes east, and, as the ground on the north side has moved
eastward relatively to that on the south, the fissures gape and the strips
of turf between, compressed lengthwise by one component of the horizontal
movement, are confusedly folded and overthrust (Plate VI, ¢).
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The course of the major part of the fracture along the scarp side of two
strike valleys suggests that movement occurred along weak layers between
the thick beds of strong limestone ; the east—west part of the fracture 1s
then the outcrop of a rupture plane connecting these bedding planes. The
country west of the fracture moved east in respect to the country to the
east and along the strike valleys tended to override it. There 1s evidence
of decided horizontal movement along the east—west part of the fracture,
but none of overthrusting. The direction of horizontal movement appears
to have been almost due east, and 1ts amount, as the offsetting of the road
shows, about 6 ft. Here there was no change im level detectable on
casual observation. The eastward movement along the south-east-striking
parts of the fracture is difficult to estimate, owing to the swelling of the
oround west of the fracture and the distribution of the movement near
the surface. No oblique roads or fences cross it where the movement is
strong, but at the head of Sutro Creek where the fracture is dying out a
fence 1s displaced about 2 ft. Several fences cross nearly at right angles,
but the slackening of the wires at the fracture is compensated in part by
tightening over the swelling behind it, and all that i1s possible to state is
that the fence has been shortened by a few feet. In places the turf is over-
thrust as much as 4 ft., but this amount, owing to stretching over adjacent
swelling, 1s probably less than the total horizontal movement. The vertical
component of the movement is also difficult to determine from observations
in the field. The fracture along the strike valleys follows the foot of low
hills. At one point, about two miles north of Poukawa Railway-station,
the fracture crosses a part of the flood plain of the Poukawa that forms a
small projection into the hills and here the main flat east of the pressure
ridge 1s about 18 in. lower than the small area of the same flat west of it
(Plate VII, b). At another point immediately above the gorge of Sutro
Creek the surface of a swampy flat west of the line of disturbance is now
3 ft. higher than that east of it. The ground here was shortened and a 1} in.
pipe carrying water to paddocks below the gorge was forced up through
the soil for some 20 ft., and formed an arch 3 ft. high. If the horizontal
movement be taken as 6 ft. and the vertical movement 18 in., the dip of
the fracture along the strike valleys is about 1 in 4 and this corresponds
well with the observed dip of the strata, which as stated ranges from 15°
to 20°, and suggests that the movement is here along bedding-planes.

The map (Plate V) shows the course of the fractures in the Poukawa
Valley. The main series extends north-east from the swamps bordering
Lake Poukawa for three miles, and then turns east. Over a mile away
across the wide swamps that here floor the valley, north-east from the
turn and directly in line with the main series a few pressure ridges indicate
that movement occurred in this direction along the same or an adjacent
bedding-plane.

On the east side of the highroad and from a point half a mile north of
the turn-off to Poukawa Railway-station a shear parallel with the main
shear outcrops on flat ground for over half a mile. The pressure ridges
are low and the displacements small (Plate VI, a).

In addition to the principal cross-break there are indications of another
on the south side of the road half a mile south-east from the station. Here
a series of short echeloned tears in the turf displaces a fence about 8 in.
horizontally ; there 1s no apparent vertical movement.

In another locality half a mile south of the northern end of the Sutro
fracture near the crest of Kaokaoroa ridge a series of turf-rents suggests
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the presence of a dislocation across the strike of the beds. Here the
course of the short individual rents 1s nearly north and south, and the whole
echeloned series strikes north-west.

Awanur Shears.—In the head of Awanui Valley, parallel with and about
a mile north-west from the Poukawa shear, another important series of
pressure ridges extends north-east from near Mr. H. M. Campbell’s home-
stead for about a mile and three-quarters. The shear then turns north
and continues along the edge of the hills for a like distance. The pressure
ridges of the southern half of this fracture-trace closely resemble those of
the Poukawa Valley, except that they do not so uniformly face mm one
direction. No definite evidence of the amount of movement was obtained
in this part of the shear, but the ridges, rents, and overridings of the turt
are of the same order of magnitude as those of the Poukawa. The few
outcrops show that the strata here dip generally south-east or north-west ;
the beds in fact though on the north-west-dipping wing of the great
syncline are gently flexed to form a structural terrace or synclinal warp.
The majority of the pressure ridges indicate that the ground on the west
side of the fracture 1s overriding that on the east, though a notable number
indicate a directly opposite movement. Possibly a pressure-induced deep-
seated shear i1s here distributed along the weaker beds and the direction of
movement at any point depends on the dip of the beds; the tendency 1s
for movement to occur in the direction of least resistance—that 18, up the
bedding-planes.  Along the Poukawa, where the beds have constant
north-west dips, the pressure ridges all show overthrust from that
direction.

The change in the course of the Awanui line of disturbance may not,
as 1t does in the Poukawa Valley, indicate a break across the strata, for
the fracture may well be along a low-dipping bedding-plane that nearly
follows the contour of hills, the bases of which are now buried beneath the
unconsolidated sands and gravels of the Heretaunga flats. Northward,
through an increasing thickness of loose deposits, the surface expression
of the fracture changes from asymmetrical pressure ridges to elongated
gentle swellings of the ground, gashed in places with longitudinal gaping
cracks which expose the pumiceous gravels up to a depth of 12ft. or
more. These embankments or terraces tend to have a more symmetrical
cross-section than the pressure ridges.

The pronounced north-west-striking surface crack at the northern end
of this line of dislocation downthrows the ground to the north-east, the
maximum drop being 32 in. Some fences crossing nearly at right angles
are offset about 3ft. 9in., the ground on the south-west side being
displaced relatively toward the south-east. Southward the deep-seated
fracture is expressed as a gentle ridge, the turf on which is unbroken. This
ridge crosses a road which, though formerly straight, 1s now a little out
of line (Plate V). About 20 chains south of this road the ridge-swelling
of the ground merges into a decided pressure ridge, which shows upthrow
of the west block to a maximum of 15 ft. (Plate VII, ¢, and Plate VIII, a).
Still farther south there are no surface rents, though the ground 1s ridged
up. The changes in the profile of two drains across the ridge are given
in the text figures, which also show that the ground on the west side of the
ridge 1s now 6 ft. to 10 ft. higher than that on the east side. Since the
earthquake, storm-waters have so deepened the drains in the loose debris
of the flats that the channels now cross the ridge at a very gentle grade.
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To sum up the observations, along the three and a half miles of the
Awanul shear the majority of the pressure ridges and the displacements
of fences, roads, and drains indicate clearly that the block west of the
fracture moved south-east relatively to that on the east of it, and that
the western block tended to override the eastern. Even more closely
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Sections along drains across abrupt warp in surface, 60 chains north-north-east from
Mr. N. Campbell’s house.

than 1n the Poukawa Valley the shear-outcrop follows the foot of low hills
or 18 1n the flats close to them. It is difficult to estimate the amount of the
movement. The displacements differ considerably from place to place,
probably because modified by the loose debris of the flats or the thick
soll-mantle at the foot of the hills. On the whole, the movement seems
to be quite as great as that along the Poukawa shear.
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north from Lake Poukawa about a chain of the road sank between steps
from 4 in. to 8 in. high (Plate IX, @). These cracks extend half a mile south-
ward, in which direction there are in places numerous subparallel fissures.
Northward the cracks have rather irregular courses, though for nearly a mile

PraTte IX.—(b) The same tension crack on the other side of the road. The
crack was traced beyond the quarry.

Prate IX.—(¢) Tension cracks 60 chains west of Mr. N. Campbell’s house,
Awanui Valley. - The area between the cracks is depressed 12 in. to 18 in.

maintaining a fairly constant general direction (Plate IX, b). In places
but one crack was noted, and the last trace of the line is near the top of
the ridge between Poukawa and Awanui streams. Everywhere the fissures
are tension cracks, none shows horizontal displacement along its length,
and there are no pressure ridges. Where two or more subparallel cracks
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Bridge Pa Shear.—Rather-less than a mile north of the northern end
of the line of dislocation described above a series of low pressure-ridges,
swellings, and surface cracks extends north-east for a mile from Turamoe
Homestead to the Maori settlement of Bridge Pa. These lie a few chains
east of the foot of the low hills that here run far out into the plain. They
may directly continue the last-described dislocation, but there are no rents,
ridges, or perceptible swellings of the surface to connect them, and a
gentle warp would be undetectable without data from precise levellings.
Toward their south-western end, where the pressure ridges give place to
ridges gashed with gaping cracks, a fence is displaced about 9 in. horizontally,
the ground on the north-west side of the line of pressure ridges having
overriden that on the south-east. No difference in level was perceptible.

Directly in line with this series, four miles to the south-west, a number
of open cracks, extending 100 chains or more without noticeable horizontal
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PrATE IX.—(a) Tension crack, east side of main road, 120 chains north-east
of turn-off to Poukawa Railway-station. The step is 6 in.

displacement of the ground, suggest the continuation of the same earth-
fracture. The course of such a fracture would be parallel with the strike
of the beds, which in this locality dip north-west at about 5°. The
movement of the Bridge Pa part of the fracture was probably along a
bedding-plane, but there is no data to determine the amount which, as
judged from the size of the pressure ridges and the gaping cracks of the
elongated swellings of the ground, must have been several feet.

Tension Cracks.—The stretching of the surface for many yards and even
chains at the back or north-west side of the Poukawa and Sutro shears
has already been mentioned. Over and near the shear this stretching
may be attributed to the greater volume of the shattered substrata.
Friction would also retard the movement of the rock along the shear while
the rock farther from it advanced, the strata then tending to fold with
accompanying fissuring. It 1s, however, doubtful if this satisfactorily
explains an extensive line of tension cracks that runs in a nearly north
direction for well over a mile between the Poukawa and Awanui shears.
About three miles from where the main road diverges from the raillway
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occur the intervening ground is generally depressed. A single gaping
fissure into which wedges of rock from either side had settled would
satisfactorily account for the phenomena.

Similar irregular tension fissures extend half a mile or more along a small
branch that enters the Awanui from the west near the southern end of the
shear along the head of that stream. These are possibly due to incipient
slumping of the hillside, but northward, though not continuous with them,
are two groups of tension cracks which cannot be so explained. The first
and less important lie a little to the right of the general line, and the
second, though on the line, have courses oblique to i1t. The first group
consists of small open fissures in the limestone of a quarry about half a
mile south of Mr. N. Campbell’s house (Plate XI, ). These cracks strike
a little west of north. The second group consists of three strong sub-
parallel fissures some 30 chains west and north-west of Mr. Campbell’s
house. Their general course is north-north-east, but at the northern end of
each the strike swings to the north. The most westerly, which 1s fully
60 chains long, downthrows the ground to the east of 1t from 12 in. to
20in. The others, each about half as long as the main fissure, and east of
its southern half, downthrow the ground to their west from 8 1in. to 12 1p.
(Plate 1X, ¢).

The whole series ot tension fissures forms a single discontinuous zone
striking due north and about four miles long.

The shears as a whole form an echeloned series that has a general
northerly course. As will be shown below, a large area east of the shears
and of their north-eastern extension across the flats is depressed, whereas
a large area west is elevated, and, though instrumental data, except along
the railway, is not available close to or across the shear-zone, this belt of
fracture probably marks the step-up from the depressed to the elevated
area. The series of tenmsion cracks then probably indicates a down-warp
along the edge of the upraised area.

(CHANGES IN THE LEVEL OF THE GROUND.

After the earthquake the lifting of the land in respect to the sea was at
once noticed at Napier, and this uplift, though found to extend northward
for many miles along the shore, could not ke traced southward. Away
from the coast, in places where there are no pressure ridges, fault steps,
or perceptible slopes, changes in level can be detected only by determining
the heights of stations and bench-marks, the levels of which had been
ascertained prior to the earthquake.

The Public Works Department and New Zealand Railways have re-
levelled the railway from Wairoa in the north to Opapa, twenty-eight miles
south of Napier, a total distance of nearly one hundred miles, and have
connected the readings to the new mean sea-level as given by tide-gauges
at Napier and Waikokopu. This work, of course, yields but a single line
of levels through the district. Luckily other series of determinations are
also available. The Heretaunga Plain, built up by the Tutaekuri, Ngaruroro,
and Tukituki Rivers, is low-lying and subject to floods. The Hawke's
Bay Rivers Board have constructed stop-banks for miles along the lower
channels of these streams, and in the course of this work carried out
extensive levelling and established bench-marks along the levees and else-
where. The results of a relevelling are shown on the map, together with
the changes in height along the railway from Napier to Poukawa. In
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addition, the engineers of the Napier Borough have relevelled many of the
streets of that town. There are, of course, considerable areas of the flats
over which the change in height is unknown, and from the data available
only rcugh generalizations are possible (Plate V).

Heretaunga Plain.—A study of the changes in level of the Heretaunga
flats at once shows that their northern part has been uplifted relatively
to 1ts former position and the southern part depressed. The line or narrow
zone of no change runs south-west from a point on the shore over a
mile south of Napier. Three groups of bench-marks show the changes
in level transverse to this line. The first group, just south of Napier, has
little value, the second is along or near the Ngaruroro, and the third along
the road from Hastings to Fern Hill. The sections (text figure) in which
the old levels are used as a datum, show that the smoothed curves produced
by the uplift and the amount of the uplift are similar in these three localities
and suggest that the movement along the neutral line was uniform for at
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least nine miles. It should be noted that no change of level is perceptible
on the ground, the pronounced irregularity of the sections being due to
the great exaggeration of the vertical scale. There are enough bench-
marks to allow of the second section being extended north-west along the
Tutaekur1 for seven miles from the line of no change and south-east across
the flats to the lower Tukituki for a like distance. This section indicates
that the country north-west of the neutral line was elevated as a whole
and that south-east of it depressed as a whole. |

The up-slope connecting the depressed and elevated areas is considered
to be the surface indication of a movement in the rock floor below the
unconsolidated deposits of the Heretaunga Plain. The thickness of these
fluviatile, fluvio-marine, and marine gravels, sands, and silts, accumulated
in a sheltered indentation of the coast, the depressed sea-invaded lower
valley of the old Ngaruroro river system, is not definitely known. Henry
Hill (The Artesian-water Basins of the Heretaunga Plain, Hawke’s Bay,
Trans. N.Z. Inst., Vol. 37, pp. 431-44; 1905) gives the depths of many
artesian bores at different points on the flats. Most of them were drilled
to the first water-bearing stratum only, some, however, are deeper. One
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at Hastings, five or six miles from the base of the hills to the west, shows
that the young deposits are there at least 529 ft. thick ; another on the
West Shore Spit was still in uncemented sands and muds 380 ft. below the
surface (R. W. Holmes: Notes on an Artesian Trial Bore, Westshore,
Napier. Trans. N.Z. Inst., Vol. 49, pp. 509-12; 1917). The line of no
change, which 1s roughly parallel with the western edge of the plain and about
three miles from 1t, is thus probably separated from the rock-fracture it
overlies by some 200 ft. to 300 ft. of loose material which has so masked the
fault-step that the uplift is detectable on the surface by instrumental
measurements only. The effect of only a few feet of gravel on the surface
expression of a displacement in the rocks below was well shown after the
Murchison earthquake of the 17th June, 1929. A clean-cut fracture in
granite with 14 ft. vertical displacement on the north side of the Buller
River, on the south side is represented by a perceptible but by no means
an abrupt slope in the gravel terraces (see figs. 1 and 2 in H. E. Fyfe:
Movement on White Creek Fault. N.Z. Jour. Sci. & Tech., Vol. 9, pp.
192-97 ; 1929). Experience on coalfields proves that subsidences beneath
sands, silts, &c., especially if they contain water, extend Ilaterally far
beyond the edges of the collapsed cavities ; at Napier the after-shocks, which
continued for months, would tend to cause unconsolidated waterlogged
debris to stabilize at a very low angle. Probably the creep extended right
to the edge of the hills; certainly the relevelling shows increasing uplift
from the line of no change to the western edge of the plain, beyond which
the uplift tends to decrease. It may be that this rise reflects a gentle
anticlinal warp in the rocks below, at the back of and parallel with the
fracture, such as occurred at Murchison. But at Napier the crest of this
warp, as shown by the profiles, is three miles from the line of no change,
at Murchison it was but 25 chains, and this, together with its position at
the edge of the hills, suggests that the creep of the surface beds was more
important than anticlinal warping in the rocks below.

The gentle irregularities on the surface of the plain on both sides of the
line of no change, some of which are so exaggerated in the profile and which
are possibly due to the mere passage of earthquake waves, may also be caused
by the incipient slumping of the sands and silts of the uplifted area checked
against the inert mass of the same deposits on the depressed area. Slumping,
even 1f so restrained, would tend to open gaping fissures near the edge of
the flats and parallel with the general course of the base of the hills, and the
open cracks on the west side of the Taradale Road 20 chains north-east
from the Tutaekur: Bridge and 10 chains from the foot of the hills may have
been so formed. On the other hand, the displacement under the plain in
addition to a vertical component must have a horizontal component similar
to, and probably greater than, that of the Poukawa and Awanui shears,
and this, even if it amount to a few feet only, would probably suffice to
prevent the opening of slump fissures. Such a horizontal movement on
the fracture would tend also to increase the irregularities on the surface
above it.

Obviously creep of the surface beds, horizontal displacement along the
fracture, and the distribution of the shearing-force through a broad zone
of uncemented debris must cause the surface line of no change to lie east of
the fracture in the rocks under the plain ; but this probably does not affect
seriously its position as shown on the maps, especially as the scanty data
indicate the position of the line of no change rather than definitely mark
1ts course.
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Levels, so far as available, show that the whole of the Heretaunga Plain
south-east of the line of no change has sunk. Disregarding isolated levels,
which are possibly affected by incipient though imperceptible slumping, the
greatest depression is shown by the consistently low levels along the old bed
of the Ngaruroro near Havelock North. This group of levels proves
depression ranging from 2 ft. to 3 ft. over a north-east-striking strip of
country four miles long. The low area continues north-east along the
lower Tukituki where numerous bench-marks along the west bank are from
12 in. to 18 in. lower than formerly. The land has subsided a little less on
the east bank, and west, towards the Ngaruroro, the ground 1s also not so
depressed. Thus a strip of country extending at least nine miles south-
west from the mouth of the Tukituki to past Havelock North has subsided
a little more than other relevelled areas of the Heretaunga Plain. Three
miles south-west is the area along the lower Poukawa already referred to as
being about 2 ft. lower than formerly.

The line of no change is parallel with the Poukawa and Sutro shears,
with the unconcealed part of the Awanui shear, with the Bridge Pa dis-
turbance, and with the regional strike of the strata. The evidence shows
rather definitely that the Sutro, Poukawa, and Awanui shears are along
belding-planes and the dislocation in the rocks below the Heretaunga
flats is probably along one or other of the fractures, most probably on that
along the Awanui, for the amount of off-set is not great, if the lowness of
the dip of the strata, the thickness of the loose deposits, and the probability
that the shear in the rocks is not vertically below the line of no change,
are considered. The Havelock North depression may indicate that there
is another shear in the rocks under the flats, possibly along weak beds
overlying the downward extension of the layers of strong limestone of the

dip-slopes of the Kohinurakau Hills.

Upraised Area. — The extent of uplifted country is considerable.
North along Hawke Bay the raising of the shore is obvious as far as
Arapawanui Stream, sixteen miles north of Napier. There the uplift 1s
about 8 ft. At Moeangiangi Stream, about three miles farther north, the
uplift is decidedly less, and at the mouth of the Waikare, six miles farther
on, no movement was detected. Thus the uplift along the coast extends at
least twenty miles north from Napier. South-west from the city the farthest
bench-mark along the Ngaruroro is seventeen miles away, and the uphft
at that point about 4 ft. Though the relatively higher position of the
oground north-west of the Poukawa and Awanui fractures does not prove
absolute uplift of the area west of the fracture-group, it suggests that the
uplift along the Ngaruroro Valley continues farther south. The instru-
mental observations along the railway southward from Pakipaki give some
support to this. For more than a mile south-west from that station the
railway, which is on the south-east side of the projected extension of the
Poukawa fracture, is now rather more than 2 ft. lower than formerly. South
of this low part the levels gradually rise and from two and a half to three
and a half miles from the station the ground is from 6 in. to 10 in. above
its pre-earthquake level. Here the railway is on or near the northern
end of the Poukawa fracture, which is probably grading into an anticlinal
warp, as pressure-induced fractures commonly do. The observations
however, are insufficient to prove that the country north-west of the fracture
is higher than formerly, since the uplift here recorded may be confined to a
relatively narrow anticlinal warp.
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Southward the railway is on the south-east side of the shear and about
20 chains from its surface trace. For two miles the railway is depressed
to an amount ranging from 5 in. to 191in. There 1s then a small up-warp
40 chains north of Poukawa Railway-station and this may indicate the
position of the north-western end of the cross-break observed half a mile
south-east of the station. It may here be noted that the cross-break
connecting the Poukawa and Sutro shears which crosses the railway two
and a half miles north-west of Poukawa Railway-station, though 1t dis-
placed the line some 6 ft., did not affect the levels. West from Poukawa
Station the railway crosses the southern end of the main shear, which is
here marked by minor surface fissures and by a gentle up-warp that hifts
the line for about a mile to an amount ranging up to 6 in. Beyond this,
the railway continues along the north-west side of the valley for some miles.
Levels available for four miles show minor irregularities, but there seems to
be no general change in elevation along this part.

The fracture or fracture-zone under the loose deposits of Heretaunga
Plain may reasonably be inferred to extend north-east on the floor of
Hawke Bay to north of Arapawanui.  To this locality from Lake Poukawa
1s about forty miles, and the length of the dislocation is comparable with the
great fissure opened along the Awatere Valley (sixty miles) in 1848 and that
along the foot of the Rimutaka Mountains (ninety miles) in 1855.

The longitudinal axis of the moved block with little doubt is approximately
parallel with the general course of the fracture. Near Napier the block
is more than six miles wide and inland from Arapawanui uplift extends
to the railway nine miles from the coast. The uplifted area was raised
unequally, and so far as known the greatest upward movement was near
its south-eastern edge. KEach of the three sections transverse to the line
of no change across Heretaunga Plain shows the greatest uplift about three
miles from the neutral line. ~North-west from this crest the uplift diminishes,
and along the Tutaekuri section decreases gradually from 5-08 ft. to 3-26 {it.
in 3-25 miles—that is, at 6-7 in. per mile. If this rate is maintained the
ground will not have changed in level at a point about six miles farther
north-west—that is, two miles west of Rissington. Eleven miles north-
east from the Tutaekuri line of levels the railway up the lower Esk provides
another section nearly at right angles to the length of the block, which here
also 1s raised and tilted gently north-west.

Napier—-Waikokopu Railway Relevellings.—Plate X shows the results
of relevelling after the earthquake of the railway formation from Westshore
to Waikokopu, a distance of ninety-four miles. In the graph the pre-
earthquake levels are taken as the datum and the changes in level, the first
series of relevelling carried out between June and October, 1931, and the
second series in March and April, 1932, are plotted on an exaggerated
vertical scale. For ten miles or more the railway is on the poorly con-
solidated deposits of the spit separating the Ahuriri Lagoon from Hawke
Bay, on the narrow coastal plain north of Petane, and on the flood
plain and low terraces of the lower Esk. The irregularities on the curve
of this section are probably due to the visible or invisible slumping of these
loose accumulations.

From Riverlea, near the mouth of the Esk, to Waipunga Railway-
station the line has an east—west course nearly directly transverse to the
long axis of the raised block. The uplift at Riverlea was probably between
6 ft. and 7 ft. ; at Waipunga, seven and a half miles distant, it was 2 ft. 6 1n.
—that is, the uplift decreases westward at between 6 in. and 7 in. per mile.

3—Bulletin.
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a rate corresponding well with that along the Tutaekuri section. From
Waipunga to Waikoau the railway runs nearly north—that is, obliquely
down the slope of the block—for eight miles, and the down grade is less than
21in. per mile. For the next eleven miles, to Matahoura Viaduect, the
railway extends north-east subparallel with the long axis of the block,
and though there is gentle warping, no general change in grade occurs.
The facts detailed above follow naturally if the upraised block has been
raised along a north-north-east-striking fracture and tilted west.

As already stated, the uplift on the coast begins to diminish north of
Arapawanui, and this decrease is rec