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Abstract

Rabau] tide gauge records from 1968 through 1985 give the amount
Of vertical movement in the northern part of Rabaul Caldera.
Monthly mean sea level data were compared with other regional
lide gauge stations to remove large scale oceanographic effects.
© large vertical movements (> 0.3 cm/yr) were noted in this
Portion of the caldera. The results of sea level measurements at
°_lher points around the caldera, from 1981 through 1983 are con-
Sistent with the 1 to 10 cm of uplift observed on Matupit Island
Tom optical leveling surveys. There was relatively little vertical
Movement (~ 0.1 cm/yr) in the Vulcan area.

Intl‘oducti(m

Rabaul Caldera, at the northeastern end of New Brit-
din Jsland, Papua New Guinea, is the eastern-most
Volcano of the Bismarck Volcanic Arc (Fig. 1). The
Volcanoes of New Britain Island are associated with
the current subduction of the Solomon Sea plate be-
eath the Bismarck Sea Plate along the New Britain

Iench. Rabaul has a geologic history of major ig-
Nimbrite eruptions [1,2] and a historical record of smail
© moderate eruptions from sites within the caldera
3,4). The most recent eruptive period occurred from
1937 1 1943.

.Since. 1971 there has been an increase in the seis-
Micity and ground deformation within the caldera. The
Most dramatic seismic activity occurred from late 1983
Ul mid 1984 during which time hundreds of earth-
Quakes were often recorded daily [5]. Also, large
&round tilts and substantial changes in ground ele-
Vation were measured (up to 8 cm/month of uplift),
"dicating localized inflations at two points within the
Caldera [6]. From late 1983 measurements from a net-

work of stations gave a reasonable coverage of the
ground deformation. However, before this time the
measurements were not as extensive and patterns of
deformation within the caldera were not as clear.

To estimate the absolute magnitude and detailed time
sequence of vertical ground movement before late
1983, we have analyzed two sets of sea level mea-
surements to see how points near the shore have
changed with respect to sea level. The first set of data
is from the Rabaul tide gauge which has been oper-
ating reliably since 1966 (Fig.2). The second set of
data consists of sea level measurements that were read
at weekly to monthly intervals from mid 1981 to mid
1983 from “tidesticks” located at various points around
the caldera.

The Rabaul tide gauge data show that the vertical
movements on the northern edge of the caldera have
been relatively small from 1968 through 1985. Using
the Rabaul tide gauge as a stable reference point, the
tidestick data show that there was significant uplift
near Matupit Island and relatively little uplift near
the Vulcan volcanic cone from mid 1981 to mid 1983

(Fig. 2).

Rabaul Tide Gauge

Since 1966 there has been almost continuous record-
ing of the sea level at the Rabaul main wharf on a
Stevens A35 analog recorder. The wharf is located at
the northern edge of the caldera (Fig. 2) about 6 to 8
km from the areas of uplift [6]. Unfortunately, be-
cause the responsibility for maintaining the tide gauge
changed hands several times, there were considerable
losses of data, particularly from 1971 through 1973.
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Figure 1. Map showing the location of Rabaul and other volcan-
oes in the Solomon Sea region of Papua New Guinea.

Flinders University of South Australia digitized avail-
able records from 1966 through 1974 and computed
the monthly averages of sea level height (SLH) for
this period. In 1974 an additional tide guage, a Ste-
vens M7000 digital recorder, was installed and ref-
erenced to the same datum level by the University of
Hawaii. The monthly averages of SLH from 1974
through 1977 were calculated by Flinders University
for the analog records and the University of Hawaii
for the digital records. Generally, the values for the
monthly averages differed by less than 0.16 c¢cm. In
this study, we have used the values produced by the
University of Hawalii for the time period from 1974
through 1985 because of the continuity of the data.
The values for the monthly average SLH from the
Rabaul tide gauge are shown in Figure 3 along with
similar data from Honiara (Solomon Islands) and
Anewa Bay (Bougainville Island) which were also
produced by the University of Hawaii. Anewa Bay
and Honiara are 450 km and 1080 km, respectively,
southeast of Rabaul. There are large fluctuations in
the SLH (10 to 20 cm) which correlate between the
three stations. These fluctuations are presumably due
to large scale ocean flows | 7). If we assume that these
large scale oceanographic effects occur simulta-
neously (when using a time increment of one month)
at all the stations and with the same amplitude, they
can be eliminated by subtracting the record of one
station from the record of a nearby station. Figure 4
shows the resultant traces of subtracting the Honiara
record from the Rabaul record (Rab-Hon) and sub-
tracting the Anewa Bay record from the Rabaul rec-
ord (Rab-Ane). Since Anewa Bay was operating only
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Figure 2. Map of Rabaul Caldera presenting the locations of the
uplift sources and the Rabaul tide gauge.

between 1968 and 1977 and Honiara was not opef~
ating before 1975, neither the Rab-Ane nor the Rab-
Hon record covers the entire period from 1968 through
1985. To produce one trace covering the entire du-
ration we have combined the two traces of Figure 4-
Assuming that the only difference between the two
traces is a difference in baselines (i.e., there are n¢
systematic sea level changes occuring at Anewa Bay
or Honiara), we combined the two traces by con
straining the baselines to be the same during the pe”
riod from 1975 through 1977 when there are data from
both sources. This was done by the following pro-
cedure:

1. Calculating an average value for the two trace®
for the period from 1975 through 1977.

2. Calculating the difference between the averag®
value and each of the two trace values for each pO“‘t
during the period from 1975 through 1977.
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Figure 3, Monthly mean sea level values recorded at Rabaul and two stations in the Solomon Islands.
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Figure 4. Differences of sea level measurements between Rabaul and Honiara, and between Rabaul and Anewa Bay.

3. Taking the mean of the values obtained in #2
and using that as the offset to correct the baselines for
the two traces. The resultant monthly mean SLH rec-
Ord for 1968 through 1985 is shown in Figure 5.

The data from 1982 through 1984 was recorded
dllrmg a very strong El Nino [8]. During this period
there were large fluctuations of sea level that moved
Over the region and simple subtraction of the records
does not remove the effect. This portion of the data
Was not used in our analysis. There was another El
Nino identified in 1976 {91, but during this period the
Correlation of the large fluctuations in SLH is still quite
800d between the stations and its effect can be elim-
mfited in the station subtraction process. A third E]

no in 1972 [10] does not affect our study because
We have little data from that time period.

In Figure 5 the monthly average SLH is stable within
%out 4 ¢m for the period from 1974 through 1985,

excluding the time of the El Nino. If one fits a least-
squares straight line to the SLH data for this time pe-
riod, the change comes out to be an apparent drop in
sea level of 0.11 cm/yr. Assuming uncorrelated er-
rors, the 95% confidence limits are * 0.27 cm/yr for
the slope. Before 1974 the data appear more scattered
and are not as complete, but fitting a straight line to
the entire period from 1968 through 1985, again in-
dicates a drop in sea level of 0.11 cm/yr with 95%
confidence limits of = 0.21 cm/yr. Even though the
data are more scattered in this case. the longer time
period reduces the error in estimating the magnitude
of any long-term trend.

Within the uncertainties of the data it is difficult to
determine if there is significance in the slight changes
that are observed, If there is a real change, it may be
due to vertical movements at Rabaul, vertical move-
ments in the Solomon Islands and Bougainville, geo-
graphical variations in the sea level changes. or a
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F'g‘"'e 5. The data of Figure 4 combined to a common bascline. This plot shows the changes in sea level at Rabaul from 1968 to 1985

Wi
Ith the regional oceanographic effects removed.
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combination of these factors. However, it is con-
cluded that any changes that may have been recorded
by the Rabaul tide gauge are less than a few mm per
year.

The relative stability of the monthly averaged SLH
is interpreted to reflect the stability of the ground el-
evation at the northern edge of the caldera. Estab-
lishing this reference point is important for three rea-
sons:

1. The results of the tidestick data described in the
next section are based on the assumption that the Ra-
baul tide gauge is an acceptable reference point.

2. The reference point of the level line which be-
gan in 1973 is located in this area. Previously, it was
unclear if this point was far enough away from the
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areas of uplift to be considered a stable benchmark.
From this analysis, it appears that the area in which
the benchmark is located has been stable to within 2
few cm from 1973 through 1985.

3. The stability of the ground at the Rabaul main
wharf suggests that the areas of uplift identified within
the caldera are local features and that there has not
been a large caldera-wide uplift during this period.

Tidestick Data

Sea level measurements were made at various points
around the caldera by simply noting the water level
on graduated rods (secured to stable) positioned im-
mediately offshore. These measurements were made
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Figure 6. Reduced tidestick data for five stations around the caldera.
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at weekly to monthly intervals over the time period
from mid 1981 to mid 1983. On calm days the ac-
Curacy of the readings was within 0.5 cm, however,
When the water was rougher the uncertainty of the
T®adings could be much larger, 5 to 10 cm. There
Were originally 11 tidesticks but some of these sta-
tions were apparently located on unstable sites or were
Ph}fSically disturbed, since the measured water levels
Varied greatly and had large offsets. The five sites
Shown in Figure 6 were judged to be stable sites which
®mained undisturbed on the basis of the consistency
of the readings.

To remove the periodic effects due to the lunar and
Solar tides, the sea level measurements were refer-
enced to the tide gauge at the Rabaul main wharf. The
Values plotted in Figure 6 are the measurements from
the Rabaul tide gauge minus the measurements read
At the tidesticks. These values represent the change in
el_evation of the tidestick site with respect to sea level.

Ince there was a considerable amount of scatter from
Point to point, a 9-point running mean was applied to
the data. The result of this filtering is that we are
l°0king at only the longer period components (> 2
mPMhs) in the data. The zero levels of the plots in

lgure 6 are arbitrarily set to the value of the first
Teading,

——
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A comparison of the tidestick data on Matupit Is-
land and the elevation change of nearby points mea-
sured by optical leveling is shown in Figure 7. The
leveling was done in May to April 1981, May 1982,
and May to June 1983 (benchmark 16 was established
in 1982 so there is no reading for 1981). The leveling
was referenced to the point marked BM 21 in Figure
7. Note that there is a reasonably good correlation
between the elevation changes obtained from the two
different methods. A comparison of the tidestick data
at NVUL and leveling data from a nearby benchmark
in July 1981, September 1982 and July 1983 also shows
consistent results. The similarity of the results from
the tidestick measurements and the leveling gives us
confidence that the tidestick results are reliable esti-
mates of the ground deformation, within a few cm.

The data from Matupit Island show approximately
the same uplift as the leveling data but with more time
resolution. For example, the tidestick data appear to
show an increase in the uplift rate in late 1982, which
cannot be resolved from the annual leveling measure-
ments. In contrast to the Matupit Island region, the
tidestick data from around Vulcan show only a small
amount of uplift. During 1983 and 1984 there was
substantial ground deformation in this area as evi-
denced by the large tilts recorded [6], but from 1981
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to 1983 the elevation change measured on the tide-
sticks and a nearby leveling benchmark were small.
Fitting a least-squares line to the data gives a slope
of 0.09 = 0.10 em/yr for EVUL and 0.13 x 0.07
cm/yr for NVUL, where the uncertainities are the 95%
confidence limits. These small uplift rates may be re-
flecting inflation of the magma body near Vulcan al-
though the changes are not well resolved.

Conclusions

Examination of 18 years of data from the Rabaul tide
gauge in the northern part of the caldera shows that
there has been relatively little vertical movement in
that area, less than a few mm per year. The stability
of this reference point is important for several of the
crustal deformation measurements used to monitor ac-
tivity throughout the caldera. The relative stability of
this point also indicates that there has not been a large
caldera-wide uplift in the period 1968 through 1985,

The tidestick data recorded from mid 1981 to mid
1983 show uplift occuring in the Matupit Island area,
a result that was previously recognized from leveling
data. During the same period, the tidestick data show
that there was only a small amount of uplift (~ 1 mm/
yr) occurring in the Vuilcan area.
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