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The elusive Cook volcano and other submarine forearc volcanoes in the Solomon
Islands
N.F. Exon 1 & R.w. Jo hnso n 2
Submarine volcanoes reported from the forearc region of the New
Georgia Group are anomalous ly close to the line of northeast wards
subduction of the Wood lark Basin. Kavachi is a basalt - andesite
volcano that rises nearly 1000 m above the sea floor south of
Vangunu. It is frequently active and sometimes builds subaerially.
A seamount 9 km northeast of Kavachi may also be a youthful
volcano. Kana Keoki volcano, southwest of Rendova, is andesite to
rhyo lite in composition. It has not been recorded in eruption, and
rises to within 700 m of sea level from a base at around 2500 m.
Activity ascribed to Cook submarine 'volcano' west of Rendova was
reported for 1963 - 4, and a shoal was reported to have been found

by leadline sounding, but no volcano was found by detailed
bathymetric surveys in 1979 and 1981. The activity probably consisted
largely of hydrothermal blow-outs from a sea-floor vent (or vents)
1300 m below sea level, rather than from a volcano. Another
submarine volcano has been reported to lie 25 km west of Kavachi,
and southeast of Tetepare, but no sign of it was seen on a bathymetric
profile run through this location. The New Georgia Group forearc
region is very poorly surveyed bathymetrically. A single swathe•
mapping sonar survey would show how many submarine volcanoes
are present in the region and where they are located, prior to further
sampling.

Introductio n

being potential sites for exhalative mineral deposit s. Some
of the volcanoes also have a potential for the generation of
hazardous tsunamis, and for this reason also warrant
investigation.

Five submarine volcanoes have been reported from the forearc
of the Solomon Islands (Fig. I): Kavachi volcano south of
Vangunu (Johnson & Tuni, in press), a seamount 9 km
northeast of Kavachi (Okrugin, 1985), Cook volcano postulated from activity sighted in 1963 (Grover, 1968), Kana
Keoki volcano (Taylor & Exon, in press), and a volcano shown
west of Kavachi on Admiralty Chart 3995. The evidence for
the existence of all five volcanoes and the nature of the better
known ones are discussed below. Our aim is to encourage
further sea-floor studies in the western Solomon Islands by
drawing attention to the results of three recent bathymetric
surveys of the area, two of which also used seismic reflection
profiling, and by querying the existence of 'Cook submarine
volcano' on the basis of results from two of the surveys (Exon,
1981; Okrugin, 1985). We define a submarine volcano as a
recognisably volcanic constructional feature on the sea floor;
a sea-floor vent without peripherally distributed volcanic
rocks would not, according to our definition, be a volcano.
The reported submarine volcanic centres are ail in or near
the narrow (less than about 50 km wide) forearc area between
the New Georgia Group of volcanic islands (part of the
Solomon island arc) and the northeastern margin of the
Wood lark Basin, an area of active sea-floor spreading (Taylor
& Exon, in press). T he Pliocene to Recent New Georgia
Group volcanoes are of arc-trench type, but a ll are less than
80 km from where subduction of the Woodlark Basin,
including its active ridge, is believed to be taking place
northeastwards beneath the New Georgia Group. In other
words, the 'arc-trench gap' in this area is considerably less
than the usual width of 100-150 km in other island arcs. The
submarine volcanoes are even closer to the presumed line of
subduction: Kavachi volcano, for example, is only 30 km away
(Fig.!).
Techniques for investigating the geology of submarine
volcanoes have improved in recent years, particularly through
the development of sea-floor scanning sonar systems, such
as SeaMARC II (Hussong & Fryer, 1983), and the use of
research submersibles such as Alvin. There is considerable
scope for future investigations of this type in the island-arc
and marginal-basin areas of the southwest Pacific, because
little is known about the sea-floor volcanoes, despite their
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Kavac hi volcano
Kavachi and Cook are both listed as submarine volcanoes
in the Catalogue oj the Active Volcanoes oj the World (Fisher,
1957), as well as in the Smithsonian Institution volcano data
file (Simkin & others, 1981). Kavachi is indisputably a volcano
(Johnson & Tuni, in press), but the identification of Cook
as such is equivocal.
Kavachi is a roughly conical, generally submarine mountain.
It has slopes up to 25 ° that rise from water depths of about
900 m in the north, and from considerably greater depths
in the southwest. A bathymetric map of Kavachi has been
prepared by Taylor (in press), using data from a May- June
1982 cruise by the R/V Kana Keoki and from the
January-February 1981 R/V Machias survey. However, the
crater area of Kavachi evidently changed its form between
the two cruises, possibly owing to slumping. The crater rim
in 1982 was a little less than 300 m below sea level, and had
an arcuate form open to the south, but was only 60 m deep
when sounded during the Machias cruise.
A 1979 cruise of R/V Vulcanolog (Okrugin, 1985) located
the active vent of Kavachi at 8°59.4 'S, 157 ° 59.3 'E and
identified three other seamounts in an east-northeast-trending
line north of Kavachi (Fig. 2). The largest of the three is the
one in the south-southwest, 7 km northwest of Kavachi, which
is capped by corals, whereas the east-northeastern seamount,
9 km northeast of Kavachi, appears to be a recently active
volcano (Okrugin, 1985). Both porphyritic and aphyric,
youthful, volcanic rocks have been dredged from the
northeastern seamount.
Kavachi has built up above sea level at least seven times since
1950, forming islands that existed for a few days up to several
weeks, before being removed by wave action, slumping, and
explosive activity. Its existence and volcanic activity were first
reported in late 1950 (Grover, 1955a,b), after which reports
came to light of activity in 1939 and 1942. Johnson & Tuni
(in press) have described reported eruptions between 1950 and
1982. Explosive activity is mostly in the form of dome-shaped
upheavals, fountains, and jets of sea water, which include
differing proportions of entrained rocks; shallow-water
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Figure I. Western Solomon Islands, showing reported locations (large filled triangles) of Cook, Kana Keoki, and Kavachi submarine volcanoes,
and an unnamed submarine volcano west of Kavachi located from Admiralty Chart 3995.

Small filled triangles represent volca nic cent res of the New Georgia Group.
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Figure 2. Isobath map of the Kavachi area produced from detailed survey by R/V Vu/can%g in 1979 (after Okrugin, 1985).

1450 km of data were used in this compilation; the average line spacing was 3 km, but was much less over Kavachi and the three seamounts to the north.

phreatomagmatic activity also takes place. Subaerial ash and
scoria eruptions have been reported, and subaerial lava flows
have formed on occasions. Dredge hauls obtained by the Kana
Keoki (RD 34 and 35) consist largely of tholeiitic basalt and
low-silica andesite including agglomerate (Johnson & others,
in press; cf. Okrugin, 1985).

Cook volcano
First reports
The commander of the survey vessel HMS Cook reported
an uncharted shoal and submar~ne disturbance on 14
December 1963, while his vessel was leaving the strait between
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provide some indication of shoals. At 2325 (local time) on
14 December 1963 the sentry tripped, and the ship was
stopped while soundings were taken with a hand lead, which
appeared to indicate shallow bottom . The ship was in
apparently shallow water for 35 minutes. The smell of sulphur
was strong and unmistakable, but 'no stones or dust were
seen'.

Rendova and the New Georgia Group islands (Grover, 1968).
The shoal was about 6.7 miles away from Munda Point, and
its position was fixed by radar at 8°24.9'S, 157°06 'E (Fig.
I; point A of Fig. 3). Grover (1968, p. 121), who had just left
the vessel, reported that the commander had 'discovered a
submarine volcano which was probably at the very
commencement of its "initial penetration" activity. It was
described as solfataric in nature ... Owing to darkness and
a time schedu le it was not possible to investigate the area
further on this occasion'. These brief remarks represent the
only published description known to us of the disturbance.
Grover's term 'initial penetration' means that he considered
the activity to represent the first volcanic eruption at that
site (J.e. Grover, personal communication, 1985), and the
term 'solfataric' meant that. the commander detected a
sulphuretted smell (R. Morris, personal communication,
1985). The depth of the summit of Cook volcano is given
as 36 m on Admiralty Chart 3995, Gl'Over (1968, p. 121)
continued: 'Some local residents of many years standing were
prepared to have their doubts about this submarine volcano
that had never before been observed by anyone travelling in
the area'.

Grover (\968) reported that on 3 January 1964,20 days after
the submarine disturbance, a strong shallow ('33 km ')
earthquake took place in the same vicinity; its epicentre was
later located by the United States Coast and Geodetic Survey
at 8.2 °S, 157.I° E. Grover took this event as 'forceful
confirmation' of the existence of a submarine volcano, which
he named 'Cook'. Seismologist e. Blot (quoted in Grover,
1968) added his support, maintaining that the earthquake
was one of a series in depth-time-distance relationship that
had led to the 'eruption' observed from on board the Cook.
Another submarine disturbance took place south of Vona
Vona and west of Rendova on 25 May 1964 (Grover, 1968,
pp. 121 - 3). Two young Solomon Islanders were travelling in
their outboard-powered dugout canoe from the Vona Vona
Lagoon eastward to Munda at about 1300 hours in calm seas
when they saw a large 'mountain of black water' with 'smoke'
issuing from its summit rise from the sea and fall back. They
heard no sound above the noise of their outboard, and
reported the dome-shaped mass of water to be 'as large as
an island' and the steam emission to rise 'very much higher'.
The islanders had described what mariners had reported when

Further light was shed on the HMS Cook sighting by a letter
from the British Hydrographic Office, sent to us in May 1985.
The present Hydrographer of the Navy, Rear Admiral R.
Morris, was navigator of HMS Cook in 1963 and remembers
the Cook volcano discovery well. All Cook's echo-sounders
had been destroyed in a grounding in Fiji, but a small acoustic
device - a 'submarine sentry' - had been streamed to
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Figure 3. Isobath map produced from detailed survey of R/ V Machias (Exon, 198 I) covering the reported locations of Cook submarine volcano.
Numbers such as 31.0011 represent GMT day and hour for radar fixes. Note two reported location s for Cook submarine volcano and lack of bathymetric
evidence for its existence.
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observing eruptions at Kavachi volcano to the east. Grover
(1968) calculated that 'as they were distant four or five miles,
sitting at water level, the eruption of water must have been
much greater than 100 feet in height'. This report could refer
to either, or neither, of locations A and B on Figure 3.
Grover also reported that 'Sea muddied with ejectamenta' was
seen by Frank Wickham during a launch crossing between
Munda and Rendova. Furthermore, on 11 and 12 June, Mr.
Kitchener Wheatley on Hombu Island, one of the coral islets
of the Munda Barrier Reef, twice heard distant thuds together
with a strong vibration of the atmosphere. On 13 June, Mr
Frank Wickham reported a sharp 2 second earth tremor from
Kenelo Plantation on Rendova, and the next day observed
'steam rising from the sea directly opposite Munda Bar'.
Grover reported further that large specimens of fresh floating
black pumice were subsequently found on the beach near
Munda. They lacked phenocrysts, and consisted entirely of
a brownish black isotropic glass, highly vesicular, with a
chilled exterior. No reports of eruptions were received after
13 June 1964.
Grover (1968, table on p. 121) placed the May 1964
disturbance at exactly the same position as the December 1963
'eruption', presumably by inference. However, separate
positions for the 1963 and 1964 locations are plotted on
Admiralty Chart 3995: one IS at the 1963 site (point A of
Fig. 3) located by the Cook; the other is 15 km to the east
(point B of Fig. 3). The information for the 1964 position
presumably derives from Mr Wickham's observation of the
disturbance 'directly off Munda Bar'.

Machias survey 1981
. A bathymetric survey of the area around the supposed Cook
submarine volcano was undertaken in 1981 by the Committee
for Coordination of Joint Prospecting for Mineral Resources
in South Pacific Offshore Areas (CCOP/ SOPAC), using R.V.
Machias, at the request of the Solomon Islands Geological
Division and as part of a research cruise designed to help
assess offshore mineral resources. The aim was to locate the
volcano and to sample it in search of hydrothermal minerals.
The following is an extract from the unpublished cruise report
by Exon (1981, pp. 4-5):
'Nine hours were spent in search for Cook Submarine
Volcano, using the location given by HMS Cook . . . as a
starting point. Altogether about 65 nautical miles of echo
sounding was carried out, on a grid averaging 1.5 miles in
spacing. This showed that the sea bed was very rough, with
little sediment cover. A profile was also run along the true
bearing of 241 ° from Munda Point quoted by HMS Cook
as defining the position of the volcano. The survey
concentrated on the area between the volcano's position as
reported by HMS Cook, and another position shown on
Admiralty Chart 3995 at roughly 8°24'S, 157°12.5'E. This
chart shows the water depth at the Cook volcano as 36 metres.
Our survey showed that water depths were generally between
1000 and 1500 metres near the charted position of the
volcano '. Thus, the inferred volcano would have to be at least
1000 m high; assuming its slopes were as steep as 30°, its
diameter would be 4 km at a water depth of 1200 m. A
volcano of this size could not have been missed by the survey.
A bathymetric map of the area surveyed by the Machias was
prepared by us (Fig. 3) in 1984. There is no indication of a
conspicuous submarine volcano in the survey area. The sea
bed appears to have formed by tectonic, erosional, and
sedimentological processes, rather than by volcanic
constructional processes. Slopes are generally about 5-10°,

much less steep than those at Kavachi. The main feature of
the map is a submarine canyon beginning in Blanche Channel
between Munda Point and Rendova, descending westward,
and passing just south of the HMS Cook location (point A).
Two bathymetric profiles from the Machias survey are shown
in Figure 4. Line 3 of the survey (Figs 3 & 4A) runs from
near Munda Point on the 241 ° bearing given by HMS Cook
to Point A, the point at which the Admiralty plotted the
location of Cook volcano. The apparent slope of the sea bed
west- southwestward along the line is about 5°; the true slope
to the south is perhaps 10° (Fig. 3). Clearly, there is no large
volcanic cone on the line.
Line 16 (Figs. 3 & 4B) cuts both Line 3 and the canyon axis
at right angles, about 5 km east of Point A. Again, the sea
bed falls steadily toward the canyon, and there is no sign of
a volcanic cone. The apparent slope of the sea bed on line
16 is about 5°, but the true average slope down from Vona
Vona is about 10°; that from Rendova is somewhat less.
The 1979 cruise of R/V Vulcanolog (Okrugin, 1985) included
a rather more detailed survey of the area around Cook
volcano, and a bathymetric map, very similar to that from
the Machias survey, was produced. This map, based on a one
mile grid, extends farther west than does Figure 3 and shows
that the submarine canyon does not extend beyond the 1400
m isobath. No evidence for a submarine cone is seen. Seismic
profiles were also obtained, and the upper part of the
sequence was described as consisting generally of an
'acoustically impenetrable, and structurally heterogeneous,
series of rocks' (Okrugin, 1985, page 3). Unconsolidated
sediments were confined to two small depressions on the slope
down to the canyon from Rendova. Geological sampling at
five sites in the survey area revealed that pumice is widespread .

Discussion
The evidence for the present-day existence of the elusive Cook
submarine volcano is poor. Reports of both the 1963 and 1964
disturbances are tantalisingly brief and do not correspond
to those of ash or pumice-bearing volcanic eruption plumes,
though they could represent ejections and doming of sea
water accompanying volcanic activity of phreatic origin. The
source of the 'fresh floating black pumice' on the beach near
Munda is uncertain. Kavachi had been active in January 1964,
when a red glow, believed to be incandescent lava, could be
seen at night (Grover 1968), so Kavachi might have been the
source of the pumice seen at Munda the following June.
However, Kavachi magmas are conspicuously porphyritic,
whereas the Munda pumice was 'distinguished by a complete
lack of phenocrysts' (Grover, 1968). The aphyric pumice need
not have originated from either Cook or Kavachi, but may
have come from some other as yet unknown source, for
example the seamount 9 km northeast of Kavachi or perhaps
even from outside the New Georgia Group area.
The evidence of a 36 m shoal gathered by HMS Cook and
shown on Chart 3995, is not as strong as it appears. Firstly,
hydrothermal venting was clearly taking place, as the smell
of sulphur was strong, and therefore a turbulent column of
gas and water, like that commonly present at Kavachi, was
probably present in the vicinity. This column could have
triggered the 'submarine sentry'. Secondly, associated
turbulence may have affected the leadline sounding, giving
an erroneous impression of shallow bottom. This possibility
is increased because the sailors on board Cook were not expert
at hand sounding (R. Morris, personal communication,
1985).
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The location of the 'shoal' could hardly lie outside the
Machias and Vulcanolog echo-sounding grids, because HMS
Cook fixed its position by radar. It is conceivable, but highly
unlikely, that a volcano did indeed rise 1200 m above the sea
floor in 1963, but had disappeared before the Vulcanolog
survey 16 years later, This would have needed a remarkable
combination of mass wasting of gravitationally unstable
slopes and undercutting by the canyon nearby,

steep-sided cone, which, like Kavachi, has slopes of about
25 °, One such profile is illustrated in Figure 5.
The southea~tern flank of the seamount was dredged (RD
33) by the Kana Keoki (Taylor & Exon, in press) and a large

600

Another point suggestive of Cook volcano never existing is
that nothing was reported until Cook's discovery in December
1963, It is most improbable that a large volcanic cone could
form so close to sea level and to nearby land without local
inhabitants having noticed volcanic activity. Indeed, even after
the sighting, during the six months when activity was noted,
there was no report of pyroclastic outbursts like those at
Kavachi, suggesting that activity was relatively subdued.
We are convinced that the activity relating to Cook 'volcano'
came from a deep-water vent or vents, largely in the form
of hydrothermal blowout of groundwater and sea-floor
sediments from a volcanically heated geothermal area.
Blowout in some instances may have been caused by release
of pressure during seismic activity,

Kana Keoki volcano
A seamount discovered southwest of Rendova Island during
the 1982 cruise of R/ V Kana Keoki (Taylor & Exon, in press)
rises to a summit at about 700 m, from the sea floor 2500 m
below sea level. It lies at 8°47'S and 156°43 'E on the east•
west-trending Ghizo Ridge, which may be a short segment
of the Woodlark Basin spreading axis (Taylor, in press). The
seamount is shown on several echo-sounder profiles as a
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haul of volcanic rocks was recovered from 1550-1250 m. The
rocks recovered from the slope are variably vesicular dark
glassy andesites and dacites, and those from the upper slope
are mostly gray pumice (Johnson & others, in press). Both
the bathymetric and petrological observations are a clear
indication that the seamount is a volcano, which mayor may
not be active at present.

Reported volcano west of Kavachi
A submarine volcano is shown on Admiralty Chart 3995 at
9 0 S, 157°48 'E, about 25 km west of Kavachi (FigJ). The
Machias 1981 survey (Exon, 1981) attempted to find the
volcano on an east-west line along 9 0 S. No bathymetric high
was found at the charted position, but one was found about
10 km to the west-northwest. An echo-sounder profile across
the high (Fig. 6) shows it to rise to within 700 m of the surface,
from a base at around 2500 m. The high is also seen on several
other profiles in the vicinity, which means it is probably part
of a southward-trending ridge originating on Tetepare, rather ,
than a volcano. Isobaths on the map of the Kavachi area
(Fig. 2) produced by Okrugin (1985), and extending as far
west as 157 °40'E, are consistent with this interpretation. The
slopes shown on the echo-sounder profile are less than 10°
- that is, much lower than at Kavachi.
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We have no evidence to corroborate the existence of the
volcano plotted west of Kavachi and southeast of Tetepare
on Admiralty Chart 3995 and in Figure 1. The high 10 km
west of the plotted location appears to be simply an offshore
extension of Tetepare.
This fascinating forearc region is clearly very imperfectly
surveyed. A single swathe-mapping sonar survey of the region
would resolve many of the problems regarding the number
and location of volcanoes, and provide ideal site information
for future sampling by surface vessels or submersibles*.
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There is eye-witness evidence of submarine disturbances at
the location of Cook 'volcano' in 1963 and 1964 (Grover,
1968), but the precise location of some of the disturbances
is uncertain. The disturbances consisted largely of ejections
and doming of seawater, and there is no clear evidence of
the ejection of volcanic rocks. There have been no further
reports of activity, and in 1979 and 1981 R/ V Vu/can%g
and R/ V Machias failed to locate any volcanic buildup
whatsoever in the area where the volcano was reported to have
been in 1963-64. The water depth in 1981 was more than 1300
m at the location provided by HMS Cook. Cook 'volcano'
was apparently only a deepwater vent or vents, meaning that
the 36 m water depth was erroneous. Alternatively, but very
improbably, there has been a vast amount of submarine mass
wasting since 1964.

Figure 6. Bathymetric profile from 1981 Machias survey, running
eastward along the 9 0 S parallel, near location of unnamed volcano
west of Kavachi volcano, shown in Figure 1.

Recorded o n Day 31 (G MT). Vertical exaggeratio n abo ut 15. Slopes do not
exceed lOa, and the rise 10 750 m appears 10 be part of a non-vo lcanic ridge
extending southward from Tetepare.
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co-chief scientist, Dr. Keith Crook (Australian National University) ,
has stated there was no sign of a volcano, its reported location being
covered by recent sediment. Several small westerly trending scarps
exist between the 'volcano' site and the ca nyon to the south, and one
of these may have been the site of the reported venting.
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