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ABSTRACT

This Record describes a geophysical survey between Rapindik
and Matupi volcano near Rabaul, New Guinea, made at the request of
the Commonwealth Department of Works, to assist in the investigation
for possible hydrothermal power production in a "hot" volcanic area.
The survey disclosed three major shear zones and some small shears or
faults. These are partly covered by young basalt lava flows, which
possibly act as a retaining cap for steam permeating the shear zones.

Higher ground temperatures are recorded at shear zones
because steam from lower levels is deflected sideways to the shear
zones by the basalt cap. The most favourable locality to test the
occurrence of steam is on the basalt cap, near a "hot" place of the
shear zone, where the drill can be diverted into the shear zone at any
desired depth.



1. INTRODUCTION

Power for the township of Rabaul is at present supplied by
diesel-driven generators, but the high cost and the increasing demand
have prompted investigations of the relative merits of hydro-electric
and geothermal power,

A preliminary investigation of the geothermal potentialities
of an area near Rabaul was made at the request of the Australian
Commonwealth Department of Works by F.E. Studt, of the Geophysics
Division of the New Zealand Department of Scientific and Industrial
Research, and AX.L. Fooks, of the New Zealand Ministry of Works
(Studt, 1961). (A preliminary version of this report was available
before the geophysical work described here was started). In the report
on their investigation, it was recommended that geophysical surveys be
undertaken to provide subsurface information and to help in the
selection of sites for test drilling.

Following this, the Bureau of Mineral Resources was requested
by the Commonwealth Department of Works to make a geophysical survey of
the area. The Bureau agreed to this, and a party was sent to Rabaul,
comprising W.A. Wiebenga, Senior Geophysicist, and E.J. Polak, party
leader, with seismic equipment, resistivity meter, magnetometer, and
thermometers. The Commonwealth Department of Works provided a surveyor,
two foremen, native assistants, gelignite, and vehicles for transport.
The field work lasted from 8th September until 7th October 1960.

The area selected for investigation is covered by basaltic lava
flows and tuff, stretching from Rabalanaika crater southward to the sea,
between Rapindik and Mc.tupi volcano. In the area there are several "hot"
regions, and in the bordering sea there are several hot water springs.

The Rabaul Vulcanological Observatory is 16,377 ft from
Station A3 (Plate 1). At the observatory, recordings were made of
seismic waves generated by some of the larger shots, for investigation of
the upper crustal layers in the area and to help determine local
corrections to times of earthquake recordings. The results of this will
be reported elsewhere.

Studt (o . cit.) suggested that geophysical surveys using
temperature, resistivity, magnetic, and seismic methods might be used to
determine the size of the field and the distribution of hot water at the
water table, to locate zones of up-flow of hot water, and to locate areas
where there is a suitable cap-rock. However, the aims of the geophysical
investigation were kept flexible as it was believed that the type of
information that might be obtained would become apparent as the survey
progressed.

2, GEOLOGY

The following geological notes, taken from Studt (op.cit.)
are included to give a better appreciation of the problem and to
facilitate the interpretation of the geophysical results.
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Blanche Bay (Plate 1), is the centre of an elongated caldera )

measuring about 9 miles by 6 miles, open to the sea to the south-east.
Rabaul is situated on a narrow strip of land within the northern
caldera wall. Within the caldera walls on the eastern and western
sides are two volcanoes ) Matupi and Vulcan ) which erupted simultaneously
in 1878 and in 1937. Matupi erupted also in 1941 and 1942 ) but now
emits only small quantities of steam and gas. Rabalanaika is a young
crater on the eastern side of the caldera, but there is no record of it
having erupted.

The material that was ejected from the older volcanoes is
composed mainly of basalt lava and tuff ) but the proportion of pyro -
elastic material has increased with time and the later eruptions of
Matupi and Vulcan covered the northern half of the caldera with
a great thickness of pumice. Near Rabalanaika, the height and the
steepness of the caldera wall suggest very recent subsidence; the
pumice is not exposed, and basalt flows from Rabalanaika Crater crop out
and cover the older volcanic deposits. A basalt flow is clearly visible
on aerial photographs of the survey area; as will be seen later, its
presence is also clearly marked on the magnetic profiles.

Many hot springs occur between high and low water-level along
the Matupi-Rapindik shore; in many places bubbling and upwelling hot
water can be seen, and the sand and sea water may be uncomfortably hot
for human beings. There are no hot water springs more than a few feet
above low water-level.

The distribution of the hot springs strongly suggests that
close to the eastern caldera wall the hot water rises to the water-table
and then percolates seawards. If so, the source of hot water must be
in the zone of very recent subsidence near Rabalanaika. Steam that
emerges from patches of ground in this zone may mark fractures permeable
to hot water; on the other hand, they may be no more than local conduits
through which steam from hot water at the water-table escapes to the
surface.

3. METHODS

Seismic method

Seismic methods of exploration depend on the contrast in the
velocity of elastic waves through different rock formations. Seismic
phenomena obey physical laws comparable with optical phenomena, in that
they involve energy propagated in waves ) and these waves are reflected
and refracted at interfacel

A

The seismic refraction method was used in the present survey.
In this method an explosive charge is detonated and measurements are
made of the minimum time taken for the seismic energy to reach a series
of geophones. Generally, the charge and geophones are set up in a
straight line ) with the geophones equally spaced, but this arrangement
may be varied to suit a particular survey. From the data obtained by
timing the first arrival of seismic energy ) a "time-distance" curve is
obtained. The reciprocal of the slope of the time-distance curve is the
seismic velocity of the medium.^For field work and calculations "the
method of differences" was used (Heiland, 1946 ) p. 548). A shot is
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fired at A (see Fig. 1) and the travel times are recorded at B and C.
The shot is then fired at C and the travel times are recorded at A and
B. The depth (d) to the interface vertically below B, is calculated
from the formula :-

V2 Vi

d =^2^2 I (TAB 4. TCB TAO)(V2 - V1 ) 2

    

or d =^F(Vi, V2 ). ( TAB TCB TAG) """'" *

where V1 = velocity in upper layer in ft/sec.

  

^

V2 =
^

"^lower

TAB = travel time of refracted wave from A to B

^

TCB =
^It^II^II^II^It^I!

^
C to B

^

TAO =
^It^It^II^If^ft

^
" A to C

F (V1 1 V2 ) in (la) is easily computed with the aid of a nomogram.

The chief properties that affect the seismic velocities of
rocks are porosity, degree of saturation of pores with liquid (water),
fracturing, weatheringt and degree of consolidation or cementation. Close
to the surface, hydrostatic and unilateral stresses in rocks are small
enough to be disregarded as influencing factors. It follows that the
seismic velocity is a useful indicator of rock type : the lower seismic
velocity range is generally characteristic of weathered, sheared, or
unconsolidated rocks.

With the seismic method, shear zones are usually recognised by
two effects:

(a) structural effects; e.g. subsurface gullies formed by
more advanced weathering on shear zones.

(b) lower seismic velocities, in both near-surface and
deeper layers.

Fig. 2 represents diagrammatically a type of time-distance
curve frequently recorded on the seismic traverses in the investigated
area near Rabaul. There are two refractors with seismic velocities V 1
and V2 1 PQUR is a shear zone with velocity V o and V <V1

With a shot at Shot-point 1, the normal P-waves in r8fractor V 2 do not
continue to the right hand side because the contrast in sonic resistance
between Vo and V9 iS too large, and the shear zone acts as a barrier.
However, point S acts as a secondary radiation source. Similarly, if
the shot is fired at Shot-point 2, point T acts as a secondary radiation
source. The corresponding time-distance curves show a characteristic
upward curvature.^This phenomenon is an example of diffraction.



During the investigation, no valuable information was
obtained about the deeper refractors, despite the special efforts made.
Most probably this was caused by:

(a)low-velocity refractors located between high-velocity
refractors; this would occur, for instance, if layers
of pyroclastic material (tuff) were situated between
layers of lava.

(b)large, deep shear zones, which may have formed during
the subsidence of the caldera.

The seismic equipment used on this survey consisted of an
S.I.E. refraction seismograph and T.I.C. 20-cis geophones.

Resistivity method

Differences in the structure and composition of rocks produce
variations in the electrical resistivity. Hard Don-porous and
unweathered rocks generally have a high resistivity. Resistivity
traversing is often used to detect near-vertical rock discontinuities
(in engineering geophysics ) more specifically, shear zones or faults).
These are commonly characterised by high porosity and saline solutions,
with the result that they have low apparent resistivity. However, some
of the shear zones in the Rabaul area act as vents for steam and hot
gases; because of this, these shear zones are marked by high instead of
low apparent resistivities.

In resistivity traversing, current is supplied to the ground
with two outer electrodes, and potential is measured between two inner
electrodes. The electrodes are equally spaced and in line. The ratio of
potential to current multiplied by 27 times the distance between
electrodes is called the "apparent" resistivity. The depth penetration of
the current is roughly equal to the electrode spacing; i.e., the
measurements are chiefly affected by the properties of rocks between the
surface and this depth. To take a series of readings, the arrangement as
a whole is shifted along the traverse.

Magnetic method

Vertical magnetic intensities were measuredpwith a Watts
variometerp along traverses A and B, nearly perpendicular to the magnetic
meridian. Variations in vertical magnetic intensity from place to place
are caused by variations in magnetic susceptibility, which is directly
related to the magnetite content of the rocks. In the surveyed area, the
most recent basaltic lava flows are delineated as zones with higher
vertical magnetic intensity.

Temnerature measurements

Although not originally planned, temperature measurements were
made on Traverses A and B to aid the general interpretation. It was
expected that the more permeable zones, probably shear zones ) would be
marked by higher ground temperatures caused by rising steam.

The temperature measurements were relatively crude; holes one
to two feet deep were dug in the ground, and a thermometer was read after
resting in the hole for five minutes.
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4. RESULTS

The results are shown in cross-section on Plates 2,37 and 4
and in plan on Plate 1.

The youngest basalt lava flows, which can be seen on the
aerial photographs, are clearly represented on the magnetic profiles as
higher values of vertical magnetic intensity (between B6 amd B29, B45 and

' B69, A51 and A73).

The shear or fault zones as shown on the plates are indicated
mainly by seismic evidence, but to a minor extent by resistivity
evidence. It may be that some of the individual shears and faults should
be grouped together to form major shear zones, as for instance in the
area B45 to 63 and A39 to 55 (Plate 1). Three major shear zones stand
out clearly: betweenB29 to 36 and A24 to 29; between B45 to 50 and
A39 to 45; and between B69 to 75 and A.74 to 80. The last is associated
with an abrupt lowering in level of the deepest refractor.

The zones of warm and hot ground temperature seem to coincide
partly with the shear zones, as expected. Their locations mark the more
permeable zones in the volcanic sediments.

The configuration shown by Plate 1 suggests that the younger
basalt lava flaws partly cover the shear zones. It is possible that
the basalt flows act as a retaining cap for steam that permeates the
underlying shear zones. At places where the shear zones are exposed,
higher ground temperatures were recorded because steam from lower
levels is deflected sidamvs by the basalt cap before it reaches the
ground surface.

5. CONCLUSIONS 

If it is desired to test by drilling the occurrence of steam
in the shear zones, the best drilling location would probably be on the
young basalt lava flows (basalt cap) just outside the shear zones but
close to the hot places. The drill then could be diverted into the
shear zone at any desired depth, say at 400 ft. Thus the most favourable
drilling site would be in the zone bounded by B45, D20, A55, and A50.

Another possibility is that the basalt layer acts as a
retaining cap for steam or hot water in a permeable horizontal layer
underneath the basalt. A drilling target based on this idea could be
favourably located near A60.
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