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JUMIMARY

This report deals with the activity of Tuluman
Volcano from September, 1955 until March, 1957, and is a
continuation of Report No, 33 (Burecu of Mineral Resources,
Goology and Geophysics, Canberra) which covercd activity of
Cones Nose. 1 to 6 from Junc, 1953 until August, 1955. The
only major eruption/céuring the later period occurrcd betwecen
November, 1956 and Fcbruary, 1957; 1t wes from & ncw source
callcd Conc No. 7. Some wminor activity was reportcd between
September, 1955 and November, 1956.

The cruption of Conc No. 7 showed strong rcsponsc
to luni-solar influencc. It differcd from previous oruptions
et other contres in thet the coffusive phasc prcdominatcd over
the cxplosive phase when the cone was sub-aerial. A large
island formed from outpourings of lava from two main vents
called Craters A and B. Some submarine flows occurrcd from
vents south and south-west of Crater A before Crater B formed,

The only movements rccorded on the shock recorder
during the period of observations (28th Novomber - 5th Dccember
1956) wcre thosc obtained when the rccorder was stationcd
on the island of Cones 2 nnd 4; they resulted from cxplosions
at Cone 7 and a mud eruption at Conc L.

A map of the Tuluman Islands has becn preparcd
from survecys conducted on 3rd and 4th December. Other figurcs
included in this rcport arc phctographs and maps of the islands
and of the activity until the cnd of Fcbruary. 1957. At that
time only & small remnont of the original island of Conc 3
end & large composite island of Cones 2, L and 7 existcds The
latter formed during an uplift betwcen 31st January and 8th
Pebruary, 1957; the moximum risc of about 15 fect occurrcd
along thc southcrn and westcrn sides of the island of Concs
2 ond L. A breach formcd across the island during thc samo
pCI‘iOd-

The nomenclaturc suggcstéd in Rcport No. 33 is
rovicwed and pcriods of activity arc attributed to cones
as follows:

Conec 1: Junc=-July 1953, October-Novcribor 1954, May-Junc
: and ?220th September 1955.

Conc 2: November 1953 = February 1954, July 1954, February
1955, Junc 1955. ,

Conc 3: 2April 1954, July 1954.

Conc L: Pebruary, July-August, October, November 1955,
November-December 1956,

Cone 5: Februcry-March 1955,
Cone 6: (Submarine) March-May 1955.

Cone 7: 2 Scptember, 2 October 1955, Wovember 1956-
J nuary 1957.

The source =nd trend of activity since May
1955 arc revicwed after o short discussion on the probability
of gas motivating cruptions of Tuluman Voleono sincc 1953..
Prior to November 1956 cruptions can be divided into 4 periods
when activity commencecd ot Cone 1 ond migrated to the south-
wost; the periods deecrcasc from 44 months in 1953=H4 to 3
months in 1955, The cruption from November 1956 to Jenuary
41957 showod o similar migration from north~cast to south-



west but comucenced south=wost of Conc 41 cnd occurrcd over 2
shorter distence. This is possibly indicative of decrcasc

in volume of gos in the parcent mogme body. The uplift in
early February 1957 can be explcincd by assuming mogmatic
pressures insufficient to breach existing consolidated cones
to the surface but enough to cousc uplift of overlying deposits
allowing mogmd to expand into the cavity formed and thus
attoln equilibrium. The idea of diminution in gas volume is-
supported by the fact that the effusive phase predominated
over the explosive phase when Cone 7 became sub-oerial. Also,
ma jor cruptions between June 1953 and May 1955 were never more
than 5 months apart; the only major eruption since May 1955
occurred after an intervel of 18 months,

Some results of microscopic and chemical .
analyses of rocks from Cones 3, L, &nd 5 are included in this
report. The rocks are more acid in composition than
previously thought. This may have been due to the accumulation
of gas between eruptions causing differentiation within the
magme columne.

I. INTRODUCTTION

Best (195.) proposed that the submarine volcano,
in the St. Andrew Strait, which became active in June, 1953
and subseqguently built islands above sea level should be
named Tuluman. The writer (41955b) proposed Tuluman Islands
for islands formed by the volcanic activity and numberod the
cones in the chronological order of their first activity.
Fisher (1957) adopted the name Tuluman Volcano and the numbers
applied to the cones by the writer (1955b).

Rosults of the investigations of ecruptions betweccen
Junc 1953 and August 1955 were combined to form Report No. 33
of the Bureau of Mineral Resources, Goology and Geopkysics,
Canberra. Dctails of activity from Scptember, 1955 until
11th Dccember, 1956 were included in a prceliminary report on
the cruption of Cone No. 7 which commonced in November, 1956
(Reynolds, 1957). The information contained in the
preliminary report is incorporated in this report together
with photographs and maps to give a complete account of events
and rcsults of investigations betwecen Scptember, 1955 and
March, 1957.

The writer visited the Tuluman Islands arca
between 28th November :nd 5th December, 1956, to observe the
eruption of Conc No. 7. During this period the remnants

. of the islands of Gones Nose. 2 and 4 ond Cone No. 3 were

surveyed using chain and compass. Subseguent lnspcctions
were made from aircraft on 12th January andé 8th Icbruary,
1967, Other deteils of activity between September, 1955
and Mzrch, 1957, werc supplied by tho officers in charge of
the Sub-District Cfficce on Baluan Island, 3 to L4 miles south
of Tuluman Volcanoe

II. ACTIVITY, SEPTEMBER, 1955 = MARCH, 1957.

1, Activity arranged in chronological order:

1955' Soptember 20 Smell vapour clouds werc noticed rising
intermittently from the vicinity of
Cone Noe 1.

Septomber 26-28 Submarine activity from approximately
500 yards cast of Uomme No. Z2e



Figurc 1. Activity at Cone 7 during the aericl inspoction
of 28th Novcuber, 1956. Thec island of Concs 2 and 4 is in the
forcground and the small rcmnant island of Conc 3 1ls to the
upper lefts The densely woeded southern tip of Lou Island
is in the background. Photograph tcken from southe

Figurc 2. November 29th. "Jet—-like cjections of steam
and dust accompanicd by loud roars...." The jet shown oceurred
at about 1110 howrs from the north-west side of Cone 7. Dust
and vapour werc forced to cbout LOO feet above sea level at
an ongle of about 30° from verticale Islond of Cone 3
silhouctted in right forcground; island of Cones 2 and L at

backe.
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Rencwed activity; surfoce monifesto-
tions sprcad over aroca centred about
300 yards cast of Cone 2.

Spasmodic mud oruptions and strong
vapour cmission from vent ncear
western rim of Conc L (rocord not
complcte).

Natives reported minor activity from
Cone L.

Slight increase in vapour; natives
recported that whilec in the vieinity

of the volcano they felt shocks similar
to submarine explosions of dynamite.

Tuluman cruptcd; time and site of
eruption not knowne

Pilot of aircraft saw slight steam
emission from sea north of Cone 2,
(site of Cone 7 eruption?).

Pilot flow over area again; vapour
cloud had increased in volume and rose
to boight of from 200 to 300 feet
above sea level.

Vapour clouds rising to 2,000 feet
above sea level 2t intervals of
about 5 minutes.

Oteady oemission of steam gnd gas

from & small cone-shaped island

which had built up to about 410 feet
above sea level. A cumulcus cloud
had formed ubove the vapour and
extended upwards to & height of about
7,000 fecte The colour of the vapour
column up to about 1,000 feet varied
from orangc to brick red; this

colour developecd from the moin centrol
vente A subsidiary amount of white
vapour was added to the column by
steam formed ot scveral places around
the outer rim of the islandes The
island was 300 yards north of the
east end of the island of Cones 2 and
L; it wos called Cone No., 7. Figure
1 shows the activity on this date,

At 0500 hours, while travelling from
Lorengau to Momote the District
Commissioner of Manus District noticed
that the column of vapour rosc to an
cstimated height of 20,000 feect. By
0700 hours, howcver, a wind had
developod from the south-cast, and

the vapour cloud was cumulous and did
not ascend higher than about 5,000
foet. The first explosive activity
was witnessed 2t 0730 hours from

north of Lou Island; o separatc column
of vapour rosc vertically from what
appearcd to be a source Jjust



Figure 3. November 29th, 1130 hours. Explosion from
Cone 7. ©Small vapour streams con be secn rising from thermal
arcas in the central and north-castern parts of the island
of Cones 2 and L. Photograph taken from north-west.
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December 1
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"west of the main cumulous banke. At
0750 hours there was another explosion,
followed by freguent spasmodic
explosions during the rest of the
morning. Jet-like ejections of steam
and dust accompanied by loud roars,
similar to those noticed during
previous eruptions, also occurred at
spasmodic intervals. They 1asted for
periods of up to 10 minutes' &uration,
and were often directed at angles of
as much as L5° to the vertical, thus
giving a fountain-like appouranco to
the ejection. Figure 2 is a photo-
graph of & jet-like ejection. There
was & mud eruption from the submarine
vent Jjust west of the western margin
of Cone L4 at 1033 hours; the ejected
material, which appeared to bc dark
grey to black mud, was forced to 2
height of about 100 feet above sea-
level. Another explosion from Conec L
occurrcd at 2100 hours. The frequency
of explosions from Cone 7 diminished
during the afternoon and nighte.
Explosive activity of Cone 7 is shown
in Figure 3. An unugual feature of
the activity witnessed ot night was
that apart from tho rcd glow of the
dome, there was an incandoscent glow
at the surface of the sea. The glow
was continuous and rcmained in the same
arca ncar the western margin of the
island,

The main activity of Conc 7 was the
continuous cmission of orangc ond
white colourcd vapour. Submarine
activity commenced at a position mid-
way between Cones 7 ond 2 during the
morning, and. blocks of lava appearcd
at the surface at half-hourly
intervals, Most of the explosions
witnessed during the doy werc from
this sourcec. There was onc cxplosion
at 1230 hours from Conc L. Thc thermal
arca south of Baun village on Lou
Island was inspected during the
afternoon; temperatures and conditions
were the same as reported in Junc and
Auvgust, 1955. Tho qu1mum temperature
rccorded was 101°C ¢t the western cnd
of the swomp lakc.

There was continuous emission of

vapour from Cone 7; the only cxplosions
witnessed were one from Cone 7 ot

0955 hours, oand from Cone L4 at 0915
and 1210 hours. No further submorine
activity oceurrcd.

No explosivo activity was witnesscd;
there was an apparent increase in
volume of vapour during the afternoon
but this may have been duc to grecter



Docomber 3

December L

December 5
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condensation owing to tho squall
which developed from tho south-west
at that timo.

Explosive activity at Zone 7 commenced
at about 1100 hours and continued
intermittently throughout day and
nighte The most active period was
between 1530 and 1730 hours, when
there werc at loast 8 cxplosions a
Jonc 7 ond onc at 1605 hours from
Yone 4. Beforec and after this period
explosions occurred at intecrvols of
about one hour. The photographs,
Fi%ures Iy end 5, were taken on this
date. :

There was continuous vapour cmission
from Cone 7 and occosional cxplosions;
@one 4 orupted mud at 1125 and 1205
hours.

Apart from vapour cmission thore was
no other activity during the morning.
After o strong explosion at 1350

hours and othcr cxplosions of less
intensity during the next hour, it

was noticed that o change has occurrcd
in the pattern of cctivity. The first
indication was that the island had
built up to an almost pecrfect inverted
cone, the apex of which was about 4O
to 50 feet above sca-level.

~Thé basal portion of the cono to a

height of about 20 fect was light grey
in colour and composed of lava flows
and somc large blocks cjoctced during
cxplosionse The two most reccent

lava flows werec on the north-cast and
north-west sides (noted during a closc
inspcction at 1530 hours)e The flow
on thc north-wecst side was overhanging
& vertical drop to the soa. It was
also noticcd during the closc inspoc—
tion that a largec bomb rolling down
the side of thc conc had imprcssed o
shallow guttecr in the surface of the
molten lave; this bomb was at that
time perched about 5 fect above sca
level at the bottom end of tho gutter.

The upper part of the cone was brown
to red in colour and appeared to be
scoriaccous. Steam and ges were being
emitted, often with grcat force, from
vents and fissures in the ccntral part;
a large volumc of finely comminutecd
orange~brown matcrial was also cmlittod
from this sourcc.

The next explosion at 1550 hours was
more violent than precceding explosions;
the upper part of the cone (an
estimatcd volumc of 2,000 cubic yards),



Figure L. December 3rd, between 1202 and 41207 hours.
Dust clouds from explosions of Cone 7 (taken from west side
of northern part of island of Cones 2 2nd L4). These
explosions caused displacements of the trace on the shock
recorder (see Figure 10).

The map accompanying this rceport was prepared
from chain and compass surveys on December 3rd and Lth; this
photograph also shows the two northernmost of the small faults
mapped on the island of Conces 2 and L.

Figure 5. Dccember 3rd, about 1215 hourse Photograph
taken from costern holf of northern part of island of Sones
2 and L showing summit of Cone 7 cnd northernmost of fault
scarps referrcd to in Figurc L.
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and prchably ¢ L-rge volume of
underlying material was disintegrated
and ejecteds The District Commissioner,
who had his back turned to the ocone

at the time of the explosion experienced
sharp pain in his ears.

Immediately after the explosion, only
the light grey basal portion of the
cone remained above sea-level. During
the next five minutes red-hot lava

in a solid state was forced upwards
and reformed the cone as it existed
prior to the explosion. The upward
movement was accompanied by jet-like
emissions of steam, gas and orangec-
brown dust. The scoriaceous appoarance
and brown to ochre red colour of the
surface formed gradually after upward
movement had ceased. The cycle.
deseriped is illustrated in Figurc 6,

The pattern of activity descriiwd
above continued until wmidnight, when
observations were discontinued. There
werce explosions at 1614, 1710-15 (L),
1800, 1810 (small), 1850 (small?, 1905,
2018, 2125, 2220 (esmall), 2233, 2300
hourse The lava plug forced up after
the 1614 explosion contained large
angular accessory blocks which were
stalned dark grcen. As the lava cooled
the outecr edges of thc stain appeared
tc fade to a pale yecllow colour. A
large crack appearcd on the western
side of thc domec after the 1710-1715
explosions; it extended from the top
of the dome (plug) almost down to sea-—
level and gradually expanded over a
period of about 20 minutes. At the
same time it was noticed that the lava
flows seen at 1530 hours had fractured
and slipped down to sca-level and that
cither the eastern side had been
dreached and filled by the plug or
material from the plug had overflowed
the rim of the crater. Becausc of

the apparent solid condition of the
plug when it appcarcd, the fracture
and slippage of the lava flows, and
the fact that stcam being formed at
sga-level on the castern side did

not not vary in volumc, the first of
the two clternative suggestions is more
likely correct. Thc jet-like cmission
of vapour was scen very well at night,
particularly after the 2125 cxplosion;
on this occasion rcd-hot particlecs werec
cjected to ovor 100 feet above the
vent, and the accompanying roar was so
loud that conversation was practically
lmpossible within onc-half a milc of
the island. Generally the jets forced
through vents on the top of the daoue,
causing lava in thc vicinity to glow
morc brightly (the glow changed from



(c)

Figure 6:

(a)
Cycle of activity on 5th December, 1956.

Eag Plug removed by explosion:

b) Basal, crater portion of island (close-up photo
from north-west);

(e) Upward movement of lava plug accompanied by jet—lilke
emissions of steam, gas and orange-brown dust;

(d) Plug filling crater. (Photos (a), (¢) snd (d) from west).

Photos by Mr. J.H.Kemsley, Master of Administration Trawlecr,
e "Bros',
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red to orange in colour); flame from
the vents reached on the average 20
fect above the vent.

During obscrvations from the leceward
side of the volecano, 1t was possiblc

to obtain somoc indications of the

gaseous cmanations., The only obvious
smell in the vapour was sweet and
somewhat nauscating; it was probably
similar to the smell of burning toar
noticed by Best during his investigations
of lava flows on Uone Uoe 3 in 41954.

A slight smcll of sulphur could be
detected accumpanying this gas.

Audible cxplosions at 0655, 0834, 084k,
0951, 0959, 1055, 1222, 1933, 2012,
2025, 2028 hours. (N.B. Strong wind
during afternoon, and no explosions
werc heard at Baluan Island).

Explosions heard &t 0003, 1115, 1226,
1737, 1739, 1932 hours; probably some
explosions not hcard due to wind.

Onc cxplosion heard at 0828 hours.

The wind was not as strong, and
cxplosions were heard at 0555, 0852
and 1631 hours; the volume of rcd
material being cmitted incrcased.

Mild explosions at 0900, 1836, 2050
ond 2143 hours. Glow from crater secn
at Baluan Islond for first time in
current period of activity.

Mild explosion at 1149 hours; decrcase
in explosive activity and inerease in
cmission of vapour and finely
comminuted red material.

Activity did not change between 11th
and 20th.

Tuluman volcono visited by Assistant
Digtrict Officer from Baluan Island.
Solidified lava flows secen south and
south-oust of @one 7; they appeared
to have originated below sea level,
but obscervations were hampercd by
clouds of watcr vapour rising from
the cdgos of the rock masscse

Another inspcection conducted. Lava
had filled thoe arca betwecn Gone 7 and
the northern cdge of the castcrn cnd
of the island of Gones 2 and 4. It
was flowing to the north-west from 2
ncw crater, about 12 fect in diamcter,
just north of the junction of island
and lave masse Tho average height of
the lave islend was 20 fect above sca
level; the rim of the crater was about
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(a) showing laova flows from Crater B, Cone 7, near island
of Cones 2 and L; island of Cone 3 in foreground;
photo from north-west;

(b) lava flows photographed from north-north-cast.

Figure 7: The Tuluman Islands at the time of the
aerial inspcection on January 12th, 1957.
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Figure 8: Acrial photograph of island of Concs 2 and
L, from the west on Janucry 12th, 1957.
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50 fect higher. The volume of vapour
was not as great as during activisy

of Cone 7 in carly December, 1956; the
vapour cloud carriecd no dust, &nd suelt
like battery ccid. There had becn
spasmodic mild cxplosions until 30th
Dccember, 1956 (source of activity not
glven). Sea water hod entered the
original crater of Cone 7 and vapour
was drifting from it. The termperature
of water between the new island and

the remnont island of Cone 3 was 10°F.,
higher than normal.

Jonuary 2 - 9 Observer cbsent; intermittent explosions,
including 3 on 8th, reported by native
people.

January 411 Lava flow continued and island built

up in parts almost to same height as
island of Cones 2 and L (about 100
feet above sea level). Height of
lova fronts were 20 to 30 feet above
sca level. Vopour ecmission was

unchangecd.

January 12 Acrial inspcction conductcd; photographs,
Figs. 7 cnd 8 werc takene

Janucry 14 Small explosion at 1u22.hours.

Jonuary 21 Explosions ot 1800, 1850, 1950, 2100,

2110, 2415 hours.

January 22, 23 Explosions at 0845, 1315, 22nd, and
then frequently until about 1500
hours, 23rd.

January 2l (1505 hours). Explosions during
preceding 24 hours less frequent.

January 25 Five explosions in afternoon.

January 26 Thirty-six explosions counted during
day; stronger than above.

January 28 - Explosions ceased.

January 31 Tuluman volcano inspected; average

height of lava island had increased
to about two-thirds height of island
of Cones 2 and 4 (i.e. about 60 feet
above sea level), but area was only
slightly greater than when last
inspeected. Vapour output was less.
The castern side of the island of
Cones 2 and 4 appeared to have risen
2 or 3 feet, and although the tide was
high, waves were breaking offshore to
the north-wost and south-west of the
island.

February 7 No activity, other than fumcrolic,
witnessed since January 31.

February 8 Photographs taken during the acrial
inspection on this day show that the
island of Cones 2 and L4 had been
breachecd - scc Figurc 9. '
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Figure 9: k&
The Tuluman Islands at the time of aerial inspectien
on Februery 8th, 1957.

(2) from north-north-west;

(b) from west showing breach in island of Cones 2 and l;

sl

(¢c) TIrom south-—east
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February 26 Both islands appeared to have risen, in
parts up to 15 fecet, during the preceding
fortnight.

February 28 Another inspcction of the islands showed

that the most pronounced rises (15 feet)
hcd occurrcd on southern and western
sides of island of cones 2 and L; the
island was breached in an cast-west
dircetion. Gas cbullition was occurring
in an area about 20 yards in diameter

at the western entrance to the brcach,
and alsc in the brcach itself. It was
noticecd that the lava mass was Jjoined to
the islond of Cones 2 and L. (A rough
sketeh showing estimated increases in
height and other detail was included in
the report from Baluon Island; Figure 13
is a slightly modified copy).

March 13-23 No significant changes seen. "Tulumen
cxamined p.m. 18th - little if any risc
since excminoation late February. Small
radial and concentric fissures apparcntly
formed within lest fortnight around No.
L4 cone. Several rocks near high water
mork 18th painted white for future
reference.

2, Luni-solar Influence:

From the beginning of November 1956 until carly
February 1957, activity of Tulumen Volcano appearcd to be strongest
when both sun and moon were at, or very near, their southernmost
declinations; on two occasions sun and moon werc in conjunction.
The activity at these times was as follows:

(2) minor eruption on 7th November

(b) oactivity of Qone 7 became stronger on 27th November;
strongest cexplosive periods werc on 29th November,
3rd and 5th.Dccember

(¢) 1lava scen flowing from ncw cratcr 2nd January

(a)- the climax of cxplosive activity which commecnced on
21st Januory occurred on 26th, when intensity was
grcater, and thirty-six explosions werec counted.

The coincidence of these cvents with periods when
strong tidal stresscs were operoative suggests that response to
luni-solar influence was ceven greater than during previous
eruptions of Tuluman Volcano.

3. Remarks.

Importont facts thot émorge from the study of the
activity and above discussion are

(1) the small island formed by thc summit of Gonc 7 was
composed mainly of lava flows; '

(2) cxplosive ejocte consisted of large fragments with very
little dust;
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(3) during periods of explosive activity, intervels _
between explosions were longer than during eruptions
ot other centres in 1954~55;

(4) the effusive phase continued above sea level; lava
from a cerater noticed on 2nd January, 1957 south
of thec original crater of Conc 7 formed o large island
whieéh was subsequently joined to the island of Cones
2 ond 4. With the excoeption of Cone 5, the effusive phase
In previous eruptions continucd only until the summit
of cones reached sea level; small flows occurred above
sea level at Cone 5 possibiy "due to a premature upsurge
of the magma from the conduit as & result of luni-solar
influence", (Reynolds and Best, 1957);

(5) +the south-western side of the island of Cones 2 and 4
rose 15 fcet between the end of January and 26th
February, 1957;

(6) rcsponse to luni-Solar influencc was very strong.

’ When these facts were examined at the end of
February, two conflicting ideas ecumerged -

(a) the volumec and pressurc of gas accumulation for
' recent acctivity was less than for previous
eruptions and Tuluman Voleono was rceturning
to the dormant statc;

(b) Dbecause of an uplift of the island, & strong
eruption was imminant. (During the six woecks
beforc the strong explosive activity of Cones
2 and L in Fcebruary 1955, the summit of Cono.
2 was uplifted 15 foct)e. :

© In view of this volcano's past responsc to tidal
forces from luni-solar influcnce and the fact that strong
comprecssive forces would be acting in those latitudes for mid-
March, the writcr fclt justified in predieting an cruption for
mid-Morch in his Fecbruary monthly rcport. Although the naturc
of rccent activity indicated that the cruption might not be as
strong as in 1955, thc prcecautions were taken of scnding a
shock recordecr to Baluaon Island, and when 1t was reported that
the Manus District trawler M.V. "Eros" was unscrvicecable, of
recommending that another Administrotion trawler be made
availeble until repairs of the "Eros" were complctcd.

No further activity of Tuluman Volcano was reported
before the writer left New Guinea on April 2nd, 1957, however,
and the phenomenon of the uplift of the island of Cones 2 and
L4, remains to bec explained. .

L. Scismic Activity:

As on previous occasions of volconic activity in
this area, no carthquakes werc felt preceding or during the
eruption. A shock recorder was operated, undomped, from 29th
November until 3rd December ot the southern end of Lou Island
(one mile north of the voleano). It was placed ot o height
of about 20 fect above sea level on-a flat bed of rocks which
were set in & coarsc—-grained pumice deposit. On 3rd December,
the rocorder wes moved to the island of Cone L4 and placed
about LOO yords west of Conc 7 and 350 yards north of the active
vont of Cone L4; the positlon is given on the accompanying mepe

The only movements shown wore those reccorded at
the timcs of cxplosions between 1135 and 1625 hours on 3rd
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December; thesc were the oast-west components of ground
vibration. Movements resulting from activity at Cone 7 were
of short duration ond thc maximum displacement was 2 mm.
Explosions at 1605 hours at the active vent of Conc L caused a

geries of movoments for 2% minutes; the maximum amplitude was
MM

Becausc of the windy conditions and lack of shelter
on the island of Cones 2 and L, the smokcd paper reoord was
smudged, and some recorded movements were partly obliterated.
The speed of drum rotation (5 to 5% mm. per minute) is very slow,
and tracc displacements are Jjammed together, For this reason, -
and because the focli of movemcnts were very close, it is
impossible to identify accurately changes of period and tho
commencement of phases. The directions of initial movements
arc likewise difficult to determino.

Actual movements recorded were reproduced for
Figure 10 by sketching the imagoe formed using a binocular
microscope and camera lucida attachment - magnification about
20 - and then reducing, by measurcment, to give a magnification
of about 5.

Since the preparation of the prelininary rceport
(Reynolds, 1957) an alternative explonation has been suggosted
for the fact that only primary (longitudinal) waves of oxplosions
from Comnc 7 appcar to have becen recorded: transversc waveos from
Conc 7 cxplosions would be vibrating in a north-south direction,
and would thoreforc give minimum displaccmoent to tho pendulum
mass which was oricnted to show maximum movements in the cast-
- west plane.

This is more logical than ecxplanations offercd in
the preliminary report, and the first conclusion reached therein
has been modifiecd:

(1) Both longitudinal ond transverse waves werc probably
generated by explosions from Conos 7 and 4, but
longitudinal waves were the main cause of tracc
displacement for cxplosions from Cone 7; transverse
waves from explosions of Cone 4 ccousedthe large

displacements between 1605 and 1608 hours.

Although the shock recordecr was oricented to show
‘maximum displacement for transverse waves from Cone L4 cxplosions,
further explanation is nceded to account for the comparatively
large movements from explosions of only very small intensity
~compared with Conc 7 outbursts. This is possibly provided by
the comparison of explosive activity from ocach cone.

As IExplosions of Cone 7 were from a crater above sea level,
and most energy was dissipatcd in an upward direction;
ground waves would have been dispersed from the summit
as follows -

(a) 1longitudinal waves by both sea water and submarino
connections to other land masses

(b) transversc waves by submorine land conncctions only.

. Be Bxplosions of Conc 4 probably resultcd from gas
accumulation beneath a shallow submarine vent plugged by
volcanic debris. Comparcd with cxplosions from Conc 7, &
grcator proportion of cnergy from Conc L cxplosions would be
dispersed as ground waves because of the resistancc offerocd
by wator above thc vent to an upward outburst. The island of
Cone L4 and its submarine cxtensions embrace this vent and
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transverse waves would be transmitted directly to ite

Conclusions: (2) and (3) of the preliminary
report have also been changed on the basis of the above
discussion:

(2) The proportion of energy of explosions dispersed
as ground waves from Cone 7 was probably much less

than from Cone L. because of the different environments
of the vents.

(3) Ground waves from the vent of Cone L passed directly
to the shock recorder stationed on that island;
longitudinal waves from Cone 7

(a) trgvelled through solid, liquid, solid media,
an

(b) were followed by transverse waves from the
solid lava cone to unconsolidatecd scdiments
by submarinec paths.

IITI. THE TULUMAN ISLANDS

| The map accompanying this report was preparcd
from a chain and compass survey completed on 3rd Dccember,
1956; the remnant island of Cone 3 was surveyed on Lth December
and a large scale map is included as Figure 11 to show structure
in grecater detaile Figurc 12 shows the islanés formed as at
25th Morch, 1955, the positions roported for subscquent minor
activity, and the outlines of the islands as at 3rd Deccmber,
1956 and 8th February, 1957. A modification of thec skotch,
prcparcd by Assistant District Officor W. G. Murdoch, of tho
island of Cones 2 and L4 and thc adjoining lava mass as at
28th Fcbruary is includcd as Figurc 13.

1« Cong No. 3. Only small rcmnants of the island mapped in
March 1955 remaincd in Dcccmber 1956. .The unconsolidated
portion of thc crcter rim was almost cntirely croded away oand
the island was composed of lava coverced by a loyer of pumice
‘dust onc foot thicke Thc lave marked the oustorn side of the
crater, and the island was horse-shoc shaped. The island had
a width of 20 yards and was about 100 yards long in & north-
south direction; the maximum height cbove sea level was about
40 feect. Determination of the strikes of small folds around
the margin of the island indicated that the vent from which
lava was extrudecd in July 1954 was at the cecastern cend of the
crater built up by subsequent explosive activity. The island
of Cone 3 is well shown in photographs, Figurcs 1, 2 and 7e.

. The scdimentary deposit of pumice and sand which
extended for zbout 800 yards north of the northern crater rim
in March 1955 had been croded away, cxcept for a small
clongated portion of the northern end. This had been loft
as an island joined by a shallow submarine bar to thc north
to another small island formecd subscgucent to March, 1955 by
deposition on the reef at thec southern end of Lou Island.
Those islands werc mapped and are included in the section
"Tslands formed as at 3.12.56" in Figure 12; they can also
be seen in Figure 1 betwecn the arca of brown-stained water
north of Cone 3 and the southern tip of Lou Island.

: The only activity noticed in the viecinity of
thosc islands was an arca of submarine gas cbullition about
100 yards west of the cratcr; owing to the effervesccnce,
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the sca above the cective arco appeared groecn in contrast to
the dark blue of thc surrounding seac. The temperature of the
water above the arca was 32°C,

2. Cones Nose. 2 and 4. The western half of this island as
mapped in March, 1955 and the island of Cone 5 which joined it
to the south had been washced away by Decomber, 1956; the sastern
half of the island, formed mainly by Cone 2, was almost the
same as in March, 1955. The crater of Cone No. 2 had not .
altercd and was still thermally active at the castern cnd. A
stecp-sided crater into which water had entered by infiltration
had formed south-west of Cone No. 2 crater; this was circular
in outline and about 70 yards in diameter. It is well shown in
Figs. 1 and 9c. No cxplosive activity has becn seen from this
crater which was probably formed by subsidence in this area in
May-Jdune, 1955. There was also subsidence at that time on the
north side of Cone No. 2 and south of the main vent of Cone No.
L. The northern zone which was submarine was still thermally
active in Deccmber, 1956. The western portions of the crater of
Conc No. 4 and of the depresscd zone to the south had been
removed by crosion and only thc stecp-sided castern rim of the
subsided zone remained; a small lava peninsula marked the
northern side of this rime. The focus of activity of Cone No,

L, shifted to the south after the February, 1955 eruption, and
subsequent activity in the form of mud eruptions cmanated from
the zonc of subsidence. During October, 1955 the sea gained
access to the crater formed ond erosion of the western half

of the island procecdecd rapidly therecafter. Mud eruptions in
November and December, 1956 werc from the south crater which
was then submarine; submarine gos cbullition occurrcd in areas:
from 50 to 100 yards west-north-west and about 200 yards south-
WGSte

On 41st Docomber, tomperaturcs of 102°C wore
measured in o very active thermal point at the base of the
gastern rim of the subsided zonc., When visited again two days
later, therc werc fissures through this point, and activity
appearcd more vigorous with boiling water being ejected to a
height of about one foot above the base of the fissures; the
moximum temperaturc, however, was still 102°C, Small londslides
around the rim had accompanicd the fissuring, and ground in the
vicinity of the lava peninsula had become much hotter, according
to native polic® assistants who walked over the arca in bare
feet during both visits,

Thermal activity in other parts of the island
was concentrated along the numerous fissures which had
developeds. The main fissures and faults shown by Assistant
District Officer E.G. Hicks in the sketch which he prepared in
August, 1955 still existed. There were dlso numerous small
cracks parallel to the major fractures which cxtended for
distances of up to 200 yards across the island in directions of
from north to north-cast towards south to south-west. Other
fractures were developed around the remnont of the crater rim
of Cone No. L. Small amounts of sulphur had becn deposited on
the surface of the ccentre of the island near the eastern rim
of Cone No. 4 crater. :

The western part of the island of Cones 2 and L4
showed 1ittle altecration between 3rd December, 1956 (when it
was mapped) and 12th January, 1957 (when Figurc 8 was taken) «
It was further croded by 12th January, and small lagoons had
formed on each side of the small lava peninsula. Figuro & also
shows thermal points, fissures and faults and the arca of sulphur
deposition near the contral sunkon portion of the islands
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3« Cone Noe 7. The small island formcd by the summit of Cone
Noe 7 on 27th or 28th November, 1956 was built up by lava flows;
it was subscquently obscured by lava flows from the vent to the
south in January 1957. The size of the island was greatest
(about 50 yards in diometcr) in early Deccmbeor; it consisted of
a crater whose rim was about 20 fect above sec level, and a
central dome which built the island's height to betwecen LO anad
50 feet above sea level,

Submarine lave flows midway between Cones 7 and
2 on 30th November, 1956 and south of Cone 7 (some time betwcen
10th and 21st Docember? probably originated from apophyses off
the main conduit of Conc 7. This migration of focus of activity
concluded with lava extrusion ond minor cxplosive activity from
a crater about 100 yards north of Cone 2 in January, 1957. The
island which formed and joined the islaond of Concs 2 and 4L is
illustrated in Figurcs 7 and 9; the skcteh of the Tuluman Islands
as at 8th February, 1957, Figurec 12, was prepared from thesc
photographs. The height of the lava island rcached about 60 fect
by 31st January; the cratcr rim was apparcently about 40 fect
highecr,.

L. Island of Concs Nos., 2, L and 7. Although lava flows from
the south crater of Conc 7 moved along the north edge of the
island of Conc 2 during activity in ecarly January, 1957, the
recsultant island of Conce 7 did not unite with the island of
Cones 2 and L4 until 2 later upward movement of the cones occurred.
A morc prccisc outline of activity between 12th January and 8th
Februory thon thot given in reports from Baluon Island has been
obtained from observotions made during acriel inspectionse A
study of reports rcceived and of Figurcs 7 and 9 (photographs
taken during the acrial inspections) show that the main foaturcs
of the activity werc as follows:

(a) the ceastern edge of the northern part of the island of
Cones 2 and L4 was Joined to the lava flows of Cone 7
between 12th Joanuvary and 8th February

(b) closc inspcetion of the island of Cones 2, 4 and 7 on
31st January rcvealecd that the eastern part had risen 2
or 3 feet, and therc was also cvidence that north-western
and south-western parts had been slightly uplifted

(¢) Jjudging by the extensive littoral deposits exposed around
the western part of the island on 8th February, there
had becen further uplift. (This statement is also based
on the fact that strong scas from the north-wcst, which
had prcviously caused much crosion in this section of the
island, werc still evident ot the time of observations).

(a) +the islancd of Concs 2 and L4 had beon breached bectween
31st January and 8th February. '

The obscrver on Baluan Island reported on 26th
Pebruary that the island of Cones 2 and 4 and the adjoining
lava flows had riscen, in parts 15 fect, during the previous
fortnight. Hc visitcd the island 2 days later and preparcd o
rough sketch, o modificd copy of which is included in this
recport as Figurc 13, showing cstimatcd increascs of height
above sca level, grcatest on southern ond western sides, and the
breach across the island. The rcport sont after this visit
contained the observer's first rcefercncc to the breache This
fuet probably indicates that the island had not been closcly
inspected since Jonuary 31st, and that the uplift could have ocecu
occurrcd unobscrved carlicer than was estimated in the report
of 26th Fcbruary. On this assumption and the evidonce of
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Figure 9, the writer considers that upward movement of the
southern and western ends of the island was grcatcst between
the end of January and 8th February, and most likely coincided
with thc formation of the brcach. The apparent merging above
sca level of the island of Cones 2 and 4 with lava mass, somo
time between 12th January and 8th February, also probably
resulted from the uplift, and occurrcd at the same time. (The
obscrver did not report that the-island and lava had joincd
until after his visit on 28th February -~ they were oither not
joined above sca lovel, or thce Join was not obvious on

31st January).

Figurc 13 shows that the breach ("trench") had
oxtended (?) across the lava mass by 28th February. The report,
however, only states: "A sea-filled bay running east and west
has opened on a line through the side of No. 4 Cone and extending
eastwards from it to the rock of Noe. 7 Cone (lava mass) which
now joins the ash of No. 4 Cone. Steam obscuring much of the
~area from exact observations.'" Fissures shown in Figure 13
were marlked as "cracks parallel to the trench" in the original
sketch map. Dasterly oxtension of the breach, thercfore, has
probably occurred through the active vents shown in Figures
7-9, and may have resultcd from withdrawal of magma from
beneath the volcano.

IV. REVIEW O NOMENCLATURE

; The system of numbering cones in the chronological
order of their first pericd of activity was usod as a means of
reference to the numcrous active centrcs of Tuluman Volcano
for thc period June 1953-May 1955. Its application, however,
was difficult becausc the first activity of most cones was
submarine, and accurate positions of the surface manifestations
were not often determined. Six cones were finally recognised,
and thosc were formed as follows:

Cone No. 1 (Submarine):

First active in June 1953. The position given by Mr.
Landman, officer in charge of thc Sub-District Officc,
Baluan Island, was "approximately four miles north of
Baluan in dircction most southcrly point Lou Island".
This was accopted by Best (1954) and the writer (1955a)
as the site of activity in November, 1953 and July, 1954
when two islands, regarded as craters of the one
structure, woere f ormed. During the investigation of
submarine activity east of these islands in October 1954,
~local native people told the writer that the focus of
activity on this occasion was the same as that in June,
1953. This suggestion was not accepted until subsequently
verified by the Agricultural Officer of the Manus District,
who had taken rough bearings from Lou Island of activity
in both June, 1953 and October, 1954, The writer (195?b)
thercfore placed the position of Cone Nos 1 (submarine) in
the position of submarine activity in October, 1954. The
latter was determined fairly accuratcly by taking compass
bearings from ncearby islands of the surface activity.

Cone Noe. 2:

Pirst active Novembor, 1953 - Fcbruary, 1954 (?). Small
lava island formed July 41954. Explosive phase February,

1955, "The position of the surface activity of submarine
vulcanism in November, 1953 was determined by an officer
of the M.V. "Bulolo" and was c¢lose to that determined

by Best (1954) for -'"Bast Crater" (Cone No, 2), and this
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lsland is therefore given precedence (over Cono No. 3
or "West Crater") in thc order of numbering." (Reynolds,

1955b).
Conc No, 3:

Explosive phase coincident with lava extrusion at Cone
No. 2 in July, 1954. Possibly precceded by submarine

vulcanism in April, 1954, but no p051t10n was rccorded
for this activity.

Cone No., L:

Explosive phasc coincident with that of Cone No. 2 in
February, 1955 - no preceding submarinc activity known.

Cone No., 5:

First active February, 1955; submarinc phase commenccd at
the same timc as coxplosive aot1v1ty of Cones 2 and L.
Islond formed later. Active until March, 1955,

Conc No. 6 (submarinc):

Commenced March, 1955 and continucd until May, 1955 - did
not rcach sca lcvel.

After activity at Cone 6 had finished on about 9th
May, 1955, therc were poriods of minor activity from various
sources, only some of which could bc attributed to cones alrcady
numbcrcd. Bricfly, thesc werc as follows -

1955 May 16 - Junc 26 Submarinoe lava cxtrusion proccedcd the
appearance of summit of a now cono
above sca levele Minor oxplosions
occurrcd beforc activity cesascd, and
islond subsided below sca level. The
position was estimated by Assistant
District Officer E.G.Hiocks to be from
100 to 200 yords east-north-cast of
thoe eastern tip of the island of
Cones 2 and L4, and ncar thc original
1953 eruption.

Junc 5 - 26 Spasmodic mud cruptions, Cone 2.
An increasc in temperatures and extent
of activity in Lou Islond thermal
arca also noticed ot this time.

July 21 - Aug. 2 Spasmodic mud eruptions, Cone L.
Septcecmber 20 Small vapour clouds noticed rising
intermittently from vieinity Cone 1.
Sept. 26 - 28 Submarine activity from approximatcly
500 yards cast of Cone 2.
October 3 - 7 Submarine activity 300 yards cast
- .of Cone 2.
October 15 - 28 Spasmodic mud eruptions, Cone L.
.November 7 - 25 Minor activity, Cone l.
1956 'March 29, 30 Submarine detonations and increase in

vapour from volcano (reported by
natives).
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More intense activity as from November 1956
is also summarised:

Nove 8 - Dec. 10 Lava extrusion and explosive activity,

Cone 7. ©Small lava island formed.
Nove 29 - Dec. 5 Occasional mud eruptions from Cone l4.
Nove 30 Submarine lava extrusion between

Cones 7 and 2.

Dec. 10 and 21 (some Lava flows ocecurred from an unknown
time between) submarine source south of Cone 7.

1957 January 2 - 11 Sub-aerial lava flows from second
crater of Cone 7 (about 4100 yards
north of crater of Cone 2).

January 2 - 9 Intermittent explosions from second
erater,

Jan. 14, 21 - 28 Explosive activity from second crater.

Jan. 31 - Feb. 8 Uplif't of southern and western sides

of island of Cones 2 and L and brcach
formed through island.

The locations - given in reports for activity in
1955 after 9th May are plotted on thc map of the islands as at
25th March, 1955, Figure 12. Ccntrcs of activity in 1956 and
1957 arce shown in the other two scetions of Figure 12,

' The activity, May 416 - Junc 26, 1955, was attributed
(Reynolds, 1955b) to Conc 1 on the basis of positions given

by Mr. Hicks and the fact that the position of Cone 1 had becn
dctermined on only the surfocc manifcstation of its previous
submarince activity. ©Since then photographs token by Mr. G. A.
Taylor (Vulcanologist, Rabaul) during an acerial inspcction of
Tuluman on 20th Junc, 1955 havce become available; they show that
the suwmmit of the active conc at that timo was very close to the
position estimatcd for Conc 1. Further minor activity occurred
near Conc 1 on 20th Scptember, 1955.

Minor activity in the pcriods September 26-28,
October 3-7, 1955, may have originated from the source of the
cruption of Cone 7. The appoarcnce of the summit of Cone 7
above sea level in late November, 1956, was not preceded by
cxplosive activity or any manifestation of submarine activity.
The summit was thercfore either upliftcd or built up by lava
flows from a source very close to the surfacc of the sea. This
in turi implios th % .+ ¢ .1e had been formed in this location by
submarine activity before November, 1956. In order to relate
minor submarine activity in September, October, 1955 with the
formation of Cone 7 the following information would be necessary:

b dircction and rate of water movement

& depth of point of extrusion of lava
c ratc of ascent of lava blocks

This information is not available. Howover, somc
ovidencc for a rclationship cxists:

(1) A submarinc conc oxistcd at tho position of Cono 7
boforc its cruption in November 1956;



(2) the only submarino activity recported which has not
becn attributod to concs was that in September, October,
1955; further, no major activity oceurred between that
time and Novomber, 1956 (thc submarinc detonations in
March, 1956 apparently showed no surface manifostation);

(3) the position recported for surface manifestation of
submarine activity in October, 1955 was slightly nearer
Cone 7's position than that reported for September, 1955
- 1f lava was from thc same source and water movement
the same during both periods a growing submarine cone
could be suggestcd.

The-roview of nomenclature is concluded with a
summary of the positions and activities of cones which can be:
used for futurc refercnce :-—

1. Thc position of Cone 1 as shown in existing maps is fairly
accurate according to photographs token during an aerial
inspection on 20th June, 1955. Activity occurrecd in June -
July, 1953, Octobecr - November, 1954, May - June, 1955 and
20th September, 1955(2).

2. Cones 2 to 5 were built up to form islands and were mapped.
Eruptions (including minor activity) oceurred as follows:

Cone 2 ~ November, 1953 - Fcbruary, 1954; July, 1954;
February, 1955, dJunc 1955; |

Cone 3 - April, 1954 (?), July 1954

Conec L - Fcbruary, July-August, October, Novombor, 1955,
November-December, 1956;

Cone 5 < February - March, 1955.

_ No scparate identification has been given to
cerntres of minor activity on, or adjoining, the island of
Gones 2 and 4. These centres have been referrced to either
Conc 2 or Conc 4 on the basis of their proximity to the
craters of those concse.

3« Cone 6 (submarine) was plotted as accurately as possible
from its surface manifestotionse It was active from March
until May, 1955.

L, The position of Cone 7 was mapped in December, 1956.
Sources of submarine activity midway between Cones 7 and
2 on 30th November, 1956, and south of Cone 7 (some time
between December 10th and 241st) were identified as activity
of Cone 7. Migration of focus of activity concluded with
lava flows and ecxplosive activity from ¢ crater about 100
yards north of the crater of Cone 2 in January, 1957. The
lava mass which was formed ond joined to the island of Cones
2 and L is tentatively called the island of Cone 7. The
original crater (November, Deccember, 1956) and the ncw_crater
(Jonuary, 1957) arc classificd A ond B respectively. When
the islands werc last observed by the writer, crater A could
not be recogniscd among the morc recent lavea flows. Crater
B is possibly above the sitc of mud oruptions in June, 1955
which worc referrcd to Conc 2. (The mud cruptions followecd
fissuring and subsidence in this area; it was still |
thormally active in December, 1956 and migration of the
focus of activity of Cone 7 into this unstable area would
have been comparatively casy).
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Activity of Cone 7 - Septcmber 26 - 28, October 3 — 7, 1955(2);
November, 1956 - January, 1957.

V. REVIEW OF ACTIVITY

The original suggcstions on the mechanism of
activity were madc by the writer (1955b) after exomining
activity botwcen June, 1953 and May, 1955; a brief summary of
the conclusions rcachecd is included in the preliminary report
(pp. 1, 2, Records 1957/15), and further conclusions bascd on
subsequent activity were given on pp. 9 and 10. Some of the
latter conclusions have becen amended in this report.

1e Origin of the moagmo and source of thermodynomic cnergy.

The gencral description of the mechanism of the
activity given by the writer (1955b) still appears to be
basicelly corrcct., No mention, however, is made in the section
"Origin of the Magma" that Tuluman Volcano became active at
a time when there was genceral rcactivation of volcenoes in
the Bismarck Archipclago arc; viz. Bam Island 1954~55, Manam
Island 1956-57, Long Island 41953-55, Langila 1954-55; in castern
Papua, Mt. Lomington 1951-52; and at Bagana 1953, in Bougain-
ville. Taylor (1955a) states that this volcanic activity
"ils oxplainable on the grounds of widespread regional stress
conditions-which arc manifest in an increcasc in the frequeney
of tectonic carthguakes." BSuch stress conditions have
probably rcsulted in crustal or sub-crustal recadjustments which

- (2) eaused rclecasc of pressurc in the magmatic chambers
of volcanoes and wllowed lava, previously in solid
state under high pressurc, to become fluid,

(b) “allowed incursion of abyssal mogma into the roots of
volcanocs;

(c) opencd pre-cxisting channels allowing abyssal gas to
ascent and accumulatc in magma bodiss;

or, by some other means, caused lava to become mobile. In most
cases of recent volcanic activity in the Bismarck Archipelago,
gas seems to be the main source of energy. Whether this was
released from solution by process (a) of above or supplied from
abyssal sources is not known., One fact, however, which probably
precludes a process of large magma movement is the fact that
recent volcanic activity in the Bismarck Archipelago has not
been preceded by volcanic earthquakes.

Examination of the submarine and subaerial phases
of wvulcanism at Tuluman from 1953 to 1955 showed the important
part played by gas in motivating the eruptions. Significant
facts were:

(1) the spasmodic, at times periodic, nature of
’ submarine activity,

(2) the development of the explosive phase when cones
become subaerial,.

(3) the.cessation of major activity from. subacrial cones:
: after the explosive phasc had finished.

'(u) renewed activity occurrcd only at submarine conese.

The facts (3) and (4) were also advanced in
evidence that most cones were distinct unitse
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2. Source of activity since May, 1955.

It was mentioned in the summary and conclusions
of Records 1955/95 (Reynolds, 1955b) that if activity between
Jgne, 1953 and July, 1955 were divided into three intervals,
viz. June, 1953 - Scptember, 1954, October, 1954 - May, 1955,
and May, 1955 - July, 1955, a movement of focus to the south-
west from Conse 1 occurred in cach periods Minor activity from
September until November, 1955 also showed this trend if the
position for activity on 20th Scptember (near Conc 1) is
correct and the cruptions of Scptcmber 26-28, October 3-7
originatcd from Conc 7 (submarinc); this activity was followecd
by mud cruptions to thc south-west from Conc 4 in October
and November,

The focus of activity migratcd to the south-west
from crater A of Conc 7 during thc major cruption, Novcmber,
1956 - January, 1957. In this period, however, the activity
commcnecd south-west of Conc 1 and closcr to Conc 2. This
implics that thc parcnt magma body was not as extensive and
thet, if gas accumulation couscd mobility of the lava as
prcviously suggcestced, its volumic was less than for previous
eruptions. Owing to thc fact that mud cruptions occurrcd from
Conc L during thc Conc 7 cruption ond that thormel activity
on the north sidc of Conc 2 pcrsisted from May, 1955 until
Doccmber, 1956, thc mein sourcc of activity was possibly below
Conc 2 or in that vicinity.

A furthcr migration of focus to the south-west in
February, 1957, may have been recsponsible for the uplift of the
southcrn and western sides of the island of Concs 2 and L.
Although subsidiary to thc cffusive phasc, @ pceriod of minor
cxplosive activity concludcd activity of Conc 7. Aftcr the
cxplosive phasc, thc conduit and its branches would have been
scalcd by solid love in the some menncr s for other subacrial
concs. Attcmptcd migration of the focus of activity to tho
south-west as morc gas accumulatcd was probably impceded by
cxisting concs with closcd conduits. Precssurc deveclopcd by the
gas accumulation was apporcntly not strong cnough to mobiliso
o largce volumc of magm ond form ¢ ncw breoch, It was, howecver,
possibly grcat onough to cousc uplift of overlying deposits
-and 2llow magme to cxpand into the cavity formed and thus
obtain cquilibrium.

3« Trend of Vulcanism since Moy 1955,

The writcr (1957) has implicd previously that the
trend of vulcanism since 10th May, 1955 is toward the dormant
stoto:

(a) thc minor activity of Concs 2 and L4 in 1955 was
rcgarded ©s rcprcscenting o decadent phasc

(b) &clthough cctivity from Cone 7 in November, Deccmber,
1956 was rcgardcd as o major cruption, intensity was
lcss than in other major cruptive periods in 41954-55.
The two possiblc cxplanations for this wecrc:

" (1) thc cruption was triggerecd prematurcly by
luni-solar influcncc, &nd

(2) owing to thc rclecasc of large amounts of gas
dw ing cruptions sincc 1953, thc cncrgy derived
from this sourcc is now almost cxpircd, and
activity in the arca is declining."

The activity in November, Docember, 1956 was
difforcnt from that during precvious cruptions in the following

rcspocts:—
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(1) initial lava flows formed a comparatively steep-sided
island

(2) they occurred after the island built up above sea level

(3) during the explosive phase, the intervals between
explosions were longer

(4) cjeotinintswere of large dimensions, and there was
very little dust

(5) lava plugs (or domes) were forced up into the erater
between explosionse.

These facts suggest a viscous magma, and that
the gas concentration in the magma was less. The activity was
probably triggered by luni-solar influence before sufficient
gas had accumulated to form a fluid, less viscous magma of
the typc which was extruded in January, 1957. 'Although the
latter was morc fluid, thc fact that it flowed above sca level
also indicatecs that the volume of gas was much lcss than for
previous cruptions, and did not dovelop pressurcs sufficient
for oxplosive activity and comminution of lava into dust by
rapid expansion of thc gas.

The main evidence for declinc in vulcanism since
May, 1955 can bc summed up as follows:

(1) major eruptions from subacrial cones in 1954-55 werc
most strongly cxplosive; howecver, aftcr violent
explosive activity from Cones 2, L4 and 5 in February
and March, 1955, there was a prolonged period of
submarine lava cxtrusion from Conec until about 9th
Mey; in 1956~57 the cffusive phase was predominant.

(2) the centrcs of activity during eruptions between 1953
and 1956 were widely scparutcd; in 1956 the magme body
apparcntly bccame localiscd under Conc 2, and activity
has becn confined to @ smaller arca.

(3) major eruptions, including thosec from Cone 1 (submarino),
bectween Junc, 1953 and May, 1955, werc ncver more than
5 months apart; thc only major ceruption since May, 1955
commencecd in November, 1956, 418 months laotcr.

VI. PETROLOGY

Appendix I contains descriptions of volcanic
rocks from Concs 3, 4 and 5 of Tuluman Volcano, from pyroclastic
deposits on Lou Island and of a specimen of fumarole deposits
from Boluan Islande. The specimen from Conc 3 was token from
the lave flow at sca lecvel and thot from Conc 4 was from a
large bomb on thc surfacc of the island. The first of the
Conc 5 rocks described was from cjecta of the last ecxplosive
phasc in March, 1955; the othcr was collectecd from o flow at
seca lcvel on the south-west side of the island. Bascd on their
glassy naturc and their R.I. of 1.505 all specimens have becn
classed as rhyolitic.

- Two specimens of volcanic glass (Laboratory Nos.
57/39, LO) from Cones 3 and L4 were submitted for chemical
analysis; the results of analyscs by S. Baker (Burcau of
Mineral Resources, Canberra) arce listed in Table I hereunder:
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TABLE I
Cone 3 Cone L4
Silicon (81i0,) 68¢67% 67.92%
Aluminium (AIp03) 14..07% © 14.16%
Iron (Fo203) 3499% L. 80%
Magnesium (Mg0) 0.91% 0. 65%
Calcium (CaO0) 14 85% 1.80%
Sodium (Na,0) _ 6. 40% 8. 3L5%
Potassium (Kp0) 34 04% 117%
Titanium (Ti02) 0+ 30% , 0« 50%
Magnesium (MnO) 0.16% 0410%

Water (105°C) 0. 008% 0.,002%
Loss on ignition (800°C) 0.20% 0+35%
99.60% 99.79%

The norms of these glasses were determinced by
the method given by Washington (1917). The glass from Cone 3
was determined as Class I (II), Order L, Rang 1, Sub-Rang L.
Rocks with similar composition listed in this group, with
reference numbers, were as follows:

No. 22 Augite Andesite P«153
No. 244 Dacitec Porphyry Pe153
No. 30 Biotite Andesite (pe.155
No. 43 Syenite Porphyry (p.157

_ The glass from Cone 4 was classified as Class
(1) 11, Order 4(5), Rang 1, Sub-Rang (4)5. This group contained
only two analysos, neither of which was similar to that of
the Cone 4 glass. Pyroxene Gronitite, No. 26, in the group
Class I(II), Order 4", Rang 1(2), Sub-Rang L(5) had & similar
analysis but the norm was different. The main difference in the
analyses of glosses from Cones 3 and 4 is the increase in soda
et the cexpcnse of potash in the gloss from Cone L .this difference
resulted in the glass from Cone 4 being classificd in a difforent
group to that from Conc 3. Because of the similar mode of
occurrence, the glass of Cone 4 might beé better regarded as a
soda-rich equivalent of the glass of Cone 3, The analysis of
dust from Conc 5 given in Reynolds (1955b) shows o similar high
silica content (69.41%) but o greater amount of limc (l4.86%)
than contained in the glosscs %1.80 to 1.85%). This suggoests
that the amount of lime plagioclasce in the norm of ;umice from
Cone 5 would bc greater than in the norms of glasscs from Concs
3 and 4; thc free quartz, howcver, would be the same or greater
in the Conc 5 pumicece.

The highly vesiculated, dark-coloured lavas and
dense, black glasses formcd by Tuluman Volcano wore previously
considered basic in compceition. This was suggested by their
appearance and the fact that flows were of the pahochoe type.
Both chemical and microscopic analyses, however, have shown that
rocks from this volcano arc mainly acide The samples submitted
for anclysis were typical of the rocks which occurred on the
islands of Cones 3 and L. Although some werc deposited during
the explosive phasc, they were obviously formed during the
effusive phase or, in the casc of bread-crust bombs, composed
of lava from the same magma zone. This zone was the upper,
highly vesiculated portion of the magma column. Gas has been
suggested as the source of cncrgy for cruptions of Tulumon
Volcano. The risc aond accumulation of gas in the magma column
between cruptions probably caused pronounced diffcrentiation
within the column; this would account for thc composition of
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the rocks discusscd above. Therc is some evidence that the
composition of the magma lower in the column was morc basic.
The sample from the lava flow on Conc 3 contained a small cognate
Xcnolith of more crystallince rocke Microscopic analysis
revealed it to be basaltic andesite with crystals of diopside
(scc Appendix II).

The only rocks from the old St. Andrew Strait
caldera which have becen excminced by microscopc were collectcd
from the thick pumice deposits on Lou Islande A samploe from
these rocks is classificd as trachytc in Appendix I. Tho lave
flows on the parasitic conc which forms Baluan Island have becn
classificd macroscopically as basalts. In view of the w»esults
of analyscs givon, samples of these rocks should be analysed
to obtain proper identification. To complote the story of
poetrology, analysces of samples from the lava island formcd by
Conc 7 arc also necossary. If a rcduction in the volumc of
gas for thc eruption of Conc 7 was rcsponsible for the cffusive
phasc prcdominating over the cxplosive phasc, thc magma was
probably lcss differentiated; onalysis of samples may, therefore,
give a botter idea of the composition of the parent mogma of
Tuluman Volcano.
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APPENDIX T

The following is a report by J. Kerry Lovering on
rocks from Tuluman Volcano. '

Tuluman Volcano.

Cone No., 3.

The handspecimen is a black pumioceous rock.

The rook consists mainly cf fawn-coloured glass
which has an R.I. of 1.,505. 1In this glass are microlites of
feldspar. Subparallel arrangement of microlites and of elongated
vesicles is noted.

The ‘lava is probably rhyadlitic in composition.

Cone No. L. (March 1955).

The handspecimen is very unusual. It consists
mainly of very porous rock made up of fine fibres of glassy
material. Through this material is a layer with a uniform
thickness of one eighth inch, and consisting of black glasse
This layer is folded irregularly.

Under the microscope, the fibrous glassy material
ls seen to consist of numerous microlites in very pale grey
glass with an R.I. of 1.505. The numerous vesicles which make
up 50 per cent of the volume of the rock, arc rounded.

The glass layer consists mainly of microlitcs
tightly packed in a sub-parallel fashion. Glass is interstitial.
A few larger microlites arc feldspathic and the fine microlites
are probably also feldspathic,

The lava is ogain rhyolitic.

Cone Noe. 5.

The handspecimen is black ond pumiceous,

The rock consists of brown glass with an R.I.
of 1.505. The vesicles arc rounded.

The lava is rhyolitic according to R.I. of the
glass..

Conc Noe BHe

The black pumiceous handspccimen has a striking
schistose appearance. On cne surface the rock appcars to have
slickensides, in which casc the clongetion of vesicles is
understandable.

The thin scetion also has clongatcd vesiclese. The
rock consists mainly of fawn gleoss with on R.I. of 1.505.
Throughout thc glass, incipicnt crystallisation has resulted
in anisotropic blebs. Microlitcs arc also prescnt in the
rockas .

.The lava is rhyolitic.
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Baluan Island, Thermal arca.

: Part of the handspecimen is a white, friable and
porous rock with & fan-shoped appearance. At the base of this
white rock is a light grecy part whosc contact with the whito
has a botryoidal outline; this is followed by o light brown
vitreous part.

In thin scetion the vitreous part is secen to
consist entirely of opol with an R.I. slightly less than 1.455.
Cracks in the opal arc fan-sheped. At the botryoidal cdge are
accumulctions of fine-grained clay. The white part of the rock
consists of opal and o little clay.

Lou Islaond.

This grey, compact and homogencous specimen is
older lava from this region.

A distinct laycring of microlitos and phcnocrysts

- 1s noted in thin sections. Phenocrysts of oligoclase and

magnetite are rare in this rock which consists mainly of felds-
oathic microlites in o very fine-graincd groundmass with
interstitial glasse. Light-coloured patches in the rock consist
of accumulations of feldspathic moterial with a low R.I.

This may be potash feldspar.

The lova is trachytic.

—— - St Gt e s

. | According to curves drown by George, quoted by
Turner, Williams and Gilbert in "Pctrogrophy", an R.I. of
1.505 corresponds to 70 per cent SiO, in the glass.

Report dated 30th July, 1957.
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APPENDIX TIT

TNCLUSION IN LAVA FROM TULUMAN VOLCANO
 CONE NO. 3

, The inclusion is a black dense ond very fine-
grained rock. One small crystcl embedded in this rock
was examined by W.M.B.Roberts by X-Ray techniques ond
Tound to bec diopside. '

A thin section of the rock revealed that it is
basaltic andesite. It is composed of microlites of zoned
labradorite, gronules of diopside which occasionally have
rims of pigeonite, and gronules of magnetite in a light
brown glass whosc refractive index is less than Conada
balsam, but greater thon the gloass of the lavas from
Tulumon volcanoe.

J. Kerry Lovering
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