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- INTRODUCTION

Owing to ground unrest in the Rotorua,
- jupo, voleanic region of New Zealand, survey
sork by various geophysical methods has been
mpered. A constant high seismic noise level

. encountered for most of the region. It was
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slow-motion tape seismograph of the Rotorua, Taupo
continuous high seismic noise and low

s were found in conjunction with acquifers.

dominant, fre-

decided to record this phenomenon. The in-
strument chosen was a continuous direct-re~
cording tape seismograph and Willmore seis-
mometer, which was deseribed by Dibble
[1964]. The method of measurement and the
final plotting on maps were devised by the
author as the survey progressed, and the total
amplitude from 1 to 20 cps was plotted and

iNow at Instituto de Geofisica, Torre de | h .
soncing, Ciudad Universitaria, Mexico. Also a contoured, The dominant continuous frequency
_usultant to Geotech, Dallas, Texas. in the same frequency range is deseribed below.
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Fig. 1.

Over-all total noise amplitude from 1 to 20 cps rela
Recording stations covering the Taupo volcanic region ar
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Precautions were taken to ensure that any

sudden increases in ground noise would be
known and could be calculated for.

Discussion or REsuurs

Recordings made during 1966 are indicated
by dots on Figure 1. This map also shows that
the over-all contours of relative total ground-
noise amplitudes, which are derived from the
continuous frequency bands 1-20 cps, are
logarithmic in. scale and do not include man-
made noise, winds, ocean microseisms, or other
periodic surface seismic noise. The exclusion
of noises is simple, because they are readily
spotted during the frequency analysis process
and because periods free of these spurious noises
occur during the night.

On the amplitude basis in Figure 1, it is
easy to see areas of noise and quiet and to find
areas that require more detailed survey. The
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Broadlands area was surveved with appr
mately 914.4 meters station separation. From
this survey, maps (Figures 2 and 3) were pre.
pared. Figure 2 shows fairly well defined hlgh-
noise areas, and Figure 3 shows the frequgnq
distribution over the same area. It will
noticed how the lower-frequency dominant eg
tinuous noise moves up in frequeney - awa
from the high-noise source. :

A further interesting survey with bo
running was made using the same survey
tions in the Broadland area. The records
this survey are plotted in Figures 4 and
As one would expect, the total noise in the
mediate area of the bore increased, as did’
dominant frequency. The hitherto high-no
area of 6.5 increased ounly slightly, howev:
and the seismic noise from the bore decreas
more rapidly toward this point. The dominan
frequency pattern emerged around the be
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Fig. 2. Over-all total noise amplitude from 1 to 20 cps. The recording stations are shown
by the open -circles, and the bores are shown by the solid squares. Bores 1 and 2 closed in the

Broadlands geothermal area during the survey.
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GEOTHERMAL NOISE AMPLITUDE AND FREQUENCY SPECTRA
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same conditions as Figure 2.

1 at higher frequency; it emerged from the
ate area with increasing frequency away

é “m the noise source.

In the Maroa region, which is a fairly young
Jeanic center (Figure 6) with no obvious
rface activity, a high seismic noise pattern
< present, but no frequency analysis has yet
5 -en made for this region.
The Waiotapu Thompson area shows an in-
“resting noise pattern (Figure 7): small and
little more complex. The frequency spectrum
0t shown) is quite complex, but the 2-cps
“quency does emerge in the high-noise avea.
wious surface activity occurs where the
res are. These bores are not, however, good
oducers, so that the aquifer system is per-
4ps located where the high noise, low fre-
Rncy appears.

Fig. 3. First dominant frequency from 1 to 10 cps. The recording stations are shown by
the open circles, and the bores are shown by the closed squares. These contours apply to the

CoNCLUSIONS

The seismic-noise pattern of a geothermal
region is probably a useful method for deter-
mining an underground steam-producing aqui-
fer because the water contact with heat ap-
pears to produce a useful seismic noise pattern
that can be plotted to determine the possible
extent of an aquifer. In Figure § the emer-
gence of 2 c¢ps as the dominant frequency is
probably due to the attenuation of the higher
ferquencies. As the travel paths improve, the
higher frequencies become the dominant ones.
The direction of the aquifer depends on the
rate of emergence of the higher frequencies,
as does the size of the aquifer. The mechanism
in Figure 8 suggests water supported by gas
vapor, as in the Liedenfrost effect. This con-
dition could account for the 2-cps emission,
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Fig. 5. Firs
Fig. 4. Over-all total noise amplitude from 1 to 20 eps relative to a predetermined level.
Recording stations are shown by the open circles, and bores are shown by the closed squares.
Bore 2 was producing steam. Bore 1 closed in the Broadlands geothermal area during survey.
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914.4 meters

)

Fig. 6. Over-all total noise afnplitude from 1 to 20 cps relative to predetermined level.
Recording stations are shown by the open circles in the Moroa Geothermal region.
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Fig. 7. Over-all total noise amplitude from 1 to

85 86 g7 20 cps relative to a predetermined level. Record-’
] T ing stations are shown by the open circles in the
Thompson-Waiotapu geothermal region. The bores
are shown by the closed squares.

GEOTHERMAL NOISE AMPLITUDE AND FREQUEXNCY SPECTRA

with water in contact with lower heat around
the perimeter giving the higher-frequeney
dominances. The cooling and regeneration of
© Recorder station heat source will give rise to many other fre-
’ quencies. I think that a multiple noise gener-
ator is necessary beeause of the many discrete
narrow-band frequency dominances recorded
at one time, though all frequency dominances
are low in the center of a good aquifer system.
Therefore, high-noise and low-frequency domi-
nance indicates a good aquifer.
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Fig. 8. Proposed model of geothermal groundnoise source indicating zone of high-frequency
attenuation.







