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ABSTRACT

Robin, C., Eissen, J.-P. and Monzier, M., 1993. Giant tuff cone and 12-km-wide associated caldera at Ambrym Volcano
(Vanuatu, New Hebrides Arc). J. Volcanol. Geotherm. Res., 55: 225-238.

Ambrym, in the New Hebrides arc, has been considered as an effusive, basaltic volcano. The present paper discusses the
general structure of this edifice, which consists of a basal shield volcano topped by an exceptionally large tuff cone sur-
rounding a 12-km-wide summit caldera. Dacitic pyroclastic flow deposits are exposed in the lower part of the tuff series; °
they grade upward intp composite sequences of bedded surtseyan-type hyaloclastites, ash flow deposits, and fallout tephra
which are essentially basaltic in composition, in such a way that the tuff cone may be considered as mainly basaltic.

The relationship between the eruption of pyroclastics and the collapse event precludes a classical model of caldera for-
mation at a basaltic volcano in which “quiet’” subsidence (i.e. Kilauea type) is the dominant mechanism. Interpretation
of the tuff series implies intervention of external water and suggests both explosive and collapse mechanisms. A model of
caldera formation which assumes an enlargement of the ring fracture during a first plinian and dacitic, then essentially
hydrobasaltic eruption is proposed.

Introduction brides, is a 35x 50-km-wide basaltic volcano,
about 1800 m high relative to the nearby sea
bottom (Chase and Seekins, 1988) (Fig. 1).
The main cone is crowned by a circular, 12-
km-diameter caldera with a continuous scarp
a few tens of meters to 450 m high (Fig. 2).
Post-caldera volcanics, dominantly from the
Marum and the Benbow intra-caldera cones,
have partly filled the depression. Post-caldera
scoria cones and lava flows also occur outside

Ash flows of gas-rich differentiated material
emitted during major Plinian eruptions are
typically related to calderas at large explosive
volcanoes and to calderas of the Valles type,
whereas rapid drainage of basaltic lava flows
with subordinate tephra is responsible for
caldera subsidence in Hawaiian-type volcan-
oes. In addition, bedded hyaloclastites are

\f# commonly associated with craters and cald-  the caldera on the SlOPZ’S of the edifice, along
-i ' eras from seamounts, although the question of ~ fissures oriented N 105°E (Fig. 2).
‘2 genetic links between these structures and their Despite its association with 2 basaltic vol-
b cano, the Ambrym caldera has a size similar to

. formation remains unanswered (Batiza et al., R
o 1984). those of calderas related to large Plinian ig-

Ambrym (168°08'E; 16°15’S), the most nimbrite-forming eruptions. MacCall et al.
; (1970) stressed that transformation from pre-
caldera to post-caldera eruptivity at Ambrym

*Present address: Centre ORSTOM, BP 70, 29280 Plouz- 18 not marked by any unusual type of deposit
ané, France. or any clear break in the eruptive sequence.

voluminous active volcano in the New He-
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Fig. 1. Location of Ambrym (Vanuatu) in the New He-
brides island arc. The trench is represented by the shaded
zone.

These authors postulate that the caldera was

formed by quiet subsidence accompanied by
minor eruptions of scoria lapilli, i.e. following
the Hawaiian model. This is also implicit in the
stratigraphy proposed by Macfarlane (1976).
The discovery of dacitic ash-and-pumice
flow deposits on the lower flanks of the vol-
cano, and of a subsequent voluminous series
of mainly basaltic hyaloclastites which consti- -
tute an exceptionally large tuff cone around the
caldera, allowed us to reconsider the problem
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of the caldera formation. The present paper
emphasizes the complex association between
the caldera and this tuff cone. Since such a
structure is not explained by the mechanisms
of caldera formation generally proposed for

basaltic edifices, a tentative model based on the

interpretation of the tuff series is proposed.
Main volcanic sequences
Basal edifice

The oldest subaerial volcanics are ankaram-
itic lava flows and pyroclastic deposits ex-
posed in the northern part of the island. In the
main cone, pre-caldera lava flows crop out on
the south, northwest and east sides along the
seashore or very close to the coast (Quantin,
1978). They are commonly porphyritic, low
viscosity basalts (pahoehoe type), which con-
stitute a basal shield volcano with very gentle
slopes (2-3°).

The Ambrym Pyroclastic Series

A series of bedded tuffs (the Ambrym Pyr-
oclastic Series: APS, Fig. 3) overlies the basal
shield volcano and constitutes most of the vol-
ume of the truncated cone up to the caldera
rim. The importance of these tuffs in the vol-
canological development of the edifice was not
revealed by previous work. Numerous layers
have brown colours, which makes them easy to
distinguish from the overlying post-caldera
grey ash and lapilli fallout deposits. Deposits
of the APS have been observed as far as the
western end of the island, 15 km from the cald-
era margin. No interruption (erosional dis-
cordance or buried soil ) has been observed in
these pyroclastic deposits and despite exten-
sive erosion of the flanks of the cone, no lava
flows are included in this series. We also em-
phasize that the scarce lava flows exposed on
the upper slopes of the cone are post-caldera
basalts that have overflowed the caldera rim,
i.e. they are not interbedded with the pyroclas-
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Fig. 2. Topographic map of Ambrym island. In bold, the main volcanic features (caldera, cones, maars, fissures). Contour

interval, 100 m.

tic series. In addition, the only lava flow re-
lated to the caldera-forming event is a thick ba-
saltic andesite lava flow on the NW flank which
overlies the APS (see below). These field data
are corroborated by careful aerial observations
of the cone flanks.

Four sequences of pyroclastic deposits com-
prise the Ambrym Pyroclastic Series (I to IV,
Fig. 3). Since this paper deals with the struc-
ture of the volcano, only the main textural fea-

-tures and chemical characteristics, based on

microscopic and SEM observations, 64 ICP-ES
whole-rock analyses and 137 microprobe anal-
yses of vitric clasts, are reported here together
with the stratigraphy. Exhaustive study of the
APS is in progress and will be presented in an-
other paper. In the following section, the term

pyroclastic flow deposit is used for all flow de-
posits with less than 50% ash and with variable
contents of lapilli-sized dense juvenile clasts,
scoria and pumice, and xenoliths. The term ash
flow deposit is used only for fine deposits es-
sentially made of ash (at least 50%, commonly
more than 70%).

Sequence I. Locally, on the north coast, a ~ 60-
m-thick lower sequence of pyroclastic flow de-
posits (I, Fig. 3) fills topographic depressions
on the basal shield edifice. This sequence, dac-
itic in composition (column D, table 1), con-
sists mainly of six sub-horizontal indurated
massive units of coarse ash and medium
grained lapilli (~50%), pumice (~15%),
cauliflower bombs and glassy clasts (~15%),
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Fig. 3. Composite section of the Ambrym Pyroclastic Se-
ries (APS).

and abundant basaltic accidental clasts
(~20%). This sequence (Fig. 4A, B) also in-
cludes pumice-rich layers, surge deposits and
two massive block-rich layers, respectively 5—
6 and 4 m thick. An 8-10-m-thick sequence of
fallout ash layers bearing abundant accretion-
ary lapilli (Fig. 4C) occurs in the middle of the
section and indicates that two major pyroclas-
tic flow evenis occurred. Base surge deposits,
accretionary lapilli and poorly vesiculated
cauliflower bombs — interpreted as quenched
juvenile material (Fisher and Schmincke,
1984)— are evidence of phreatomagmatic
processes during the eruption of sequence I.

Sequence II. The deposits of sequence I grade
upward into a thick sequence of well-bedded,
sometimes well-sorted, laterally continuous
layers of vitric tuffs (sequence II, Figs. 3 and
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5A,B). The continuous beds are generally less
than 3 m thick (commonly 30 cm to 1 m) and
form thick deposits with intercalated lenses of
agglomerates, some in excess of 8§ m. Two
dominant facies occur: (a) thin and coarse ash
including quenched glass fragments-and accre-
tionary lapilli; and (b) agglomerates of vitric
clasts and shards in a granular sideromelane
matrix which also includes basaltic lithics from
the basement. The sideromelane matrix is
sometimes palagonitized and the vitric frag-
ments are commonly aligned parallel to the
beds. Typical shapes of the juvenile clasts are:

(1) Light-brown basaltic blocky or platy
fragments (0.5-5 mm in size; analysis G, Ta-
ble 1), aphyric and non-vesicular, with cracks
due to quenching (up to 20% of some beds).

(2) Dark-brown to opaque basaltic glass
fragments, with a low vesicularity (0to 10%),
which can represent the major part of the
matrix.

(3) Irregularly shaped, translucent basaltic
or basic andesitic vitric clasts which are mainly
incipiently or poorly vesicular (5 to 40 %) fol-
lowing the Houghton and Wilson classifica-
tion (1989) but show a broad vesicularity
range (up to 70 %). These clasts bear plagio-
clase and clinopyroxene phenocrysts, and make
up to 50 % of some beds as coarse ash or lapilli.

(4) Glassy andesitic to dacitic angular frag-
ments, also showing various degrees of vesicu-
larity. Different types of shapes occur in the
same sample; all the juvenile particles show
signs of shattering, induced by the interaction
with water,

Ash flow deposits are interbedded with these
deposits in the upper part of the sequence.
Dense vegetation, which covers the flanks of
the cone, makes an estimate of the total thick-
ness difficult; nevertheless, observations in
deep gullies suggest that this sequence is very
thick, at least 200 m if one considers the ele-
vation of the slopes and the dips. Continuous
exposures as thick as 50 m have been observed.

Sequence III. The following sequence (III, Fig,
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Fig. 4. (A) Indurated dacitic ash- and pumice flow deposits from the lower sequence of APS, north coast of Ambrym.

Note the 50-cm size bomb (vitric juvenile magma). (B) Vitric-clast-rich layer from the lower dacitic sequence.
(C) Fallout accretionary lapilli layer from middle part of sequence 1.



C.ROBINET AL.

4

ol (oG
Lm0t C




GIANT TUFF CONE AND CALDERA AT AMBRYM VOLCANO (VANUATU, NEW HEBRIDES ARC) 231

TABLE 1

Selected whole-rock analyses from Ambrym volcano (ICP-ES method; analyst Jo Cotten, Université de Bretagne Occidentale)

A B C D E

F G H I J K

Pre-caldera lava flows

Syn-caldera pyroclastic products (APS)

Post-caldera lava flows

AMB72 AMB32 AMB36 AMB60 CAMB39A AMB6012 AMB39 BAMB65 AMB20 AMB26 AMBS

8i0, 48.50 4930 5230 63.50  55.00 54.10 49.60  49.40 49.80 50.75  50.40
TiO, 0.80 0.68 0.98 0.54 0.77 0.79 0.90 0.78 0.85 0.96 0.93
Al,O4 1475 18.68 1645 14.75 15.82 16.42 15.80  17.60 15.94 1590 1590
Fe,O5 1070 1043  10.61 7.59 9.83 11.61 12.41 12.07 12.48 1290 12.54°
MnO 0.19 0.18 0.18 0.21 0.19 0.22 0.21 0.20 0.21 0.23 0.22
MgO 10.16 4.65 4.36 1.36 3.60 3.90 4.80 4.53 5.70 4.66 4.90
CaO 12,50 11.96 8.67 4.35 7.40 8.58 9.34  10.55 11.10 9.80  10.00
Na,O 2.06 2.37 3.22 4.37 3.29 3.15 2.78 2.40 2.52 2.80 2.74
KO 0.64 1.20 2.52 2.65 2.90 1.28 1.75 0.98 1.62 1.99 1.90
P05 0.19 0.23 0.42 0.1 0.28 0.25 0.32 0.22 0.30 0.35 0.34
LOI'1050°C —0.29 0.02 _—0.08 _0.54 1.53 ~0.03 2.29 0.70 -0.59 -—-041 —0.59
100.20  99.70 99.63 100.05 100.61 100.27 100.29  99.43 99.93 9993 99.28
Rb 11 19 48 51 54 24 31 19 28 35 34
Ba 418 287 480 725 522 390 358 151 342 407 393
Nb 1.00 1.35 3.40 3.75 4.50 1.95 2.70 1.60 2.35 2.30 2.60
La 4.2 7.7 12.8 15.8 13.5 8.3 10.3 7.8 9.2 11.0° 11.3
Sr 304 578 638 288 488 418 572 482 588 618 615
Nd 7.5 11.0 17.5 19.0 17.5 12.0 15.0 11.0 12.8 15.0 15.5
Zr 44 51 93 142 112 68 69 51 60 76 73
Eu 0.85 0.95 1.25 1.30 1.10 1.20 1.25 1.05 0.95 1.20 1.30
Dy 2.9 2.7 3.5 - 6.1 4.0 3.9 34 3.1 3.1 3.9 3.7
Y 16.0 16.0 21.0 41.0 24.0 23.5 20.5 18.5 17.0 22.0 21.0
Er 1.60 1.50 2.10 4.10 2.00 2.90 1.70 1.60 1.70 2.30 2.50
Yb 1.57 1.42 1.87 4.07 2.27 2.52 1.77 1.70 1.60 1.97 1.92
v ; 279 284 360 70 245 299 330 335 340 375 350
Cr 381 65 21 31 59 5 155 56 51 10 15
Co 49 36 32 12 29 32 41 35 45 41 40
Ni 101 27 34 17 20 13 100 38 35 24 28
Sc 43 32 24 17 23 29 29 31 32 30 32

A: ankaramitic basalt from the ancient edifice. B and C: two porphyritic basalts from the basal shield volcano. D to H: syn-caldera
pyroclastic products from the tuff cone; D: juvenile clast from the lower dacitic sequence; E, F, G: vitric clasts from the surtseyan-
like deposits (sequence IT); H: basaltic ash flow from sequence III. I, J, K: pre-historic basalt from the caldera floor (I), and

historic lava flows of 1914 (J) and 1988 (K).

3), 10-25 m thick, consists mainly of grey to
blueish ash flow deposits, almost free of xen-
oliths in beds a few meters thick. The highly to
extremely vesicular (60-90%) “dry” sidero-
melane droplets (Fig. 5C) and pumiceous lap-
illi are basaltic (analysis H, Table 1). Trans-
lucent ash particles show fragmentation after

cooling but no reworking after deposition;
other grains have a smooth appearance.

Sequence I'V. Sequence IV of the APS belongs
to the last volcanic events before the caldera
formation. On the south slope of the cone,
strombolian deposits, basaltic in composition,

Fig. 5. (A and B) Microphotographs of vitric clasts of the surtseyan-like beds (sequence II of the Ambrym Pyroclastic Series).
(A) Blocky clast in granular matrix with palagonite. (B) Poorly vesicular clast. (C) SEM photograph of highly vesicular sidero-
melane droplet (1 mm). From sequence I1I (basaltic ash flow deposits; analysis column H, Table 1).
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constitute this sequence. Their origin is the
Woosantapaliplip vent, located on the caldera
rim (Fig. 2). Here, the thickness of these de-
posits reaches 200 m.

On the north side of the cone, viscous lavas,
20-25 m thick, basaltic andesite in composi-
tion, overly the APS. They extruded on the
caldera edge and flowed downward as far as
Bogorfan Bay (location Fig. 2), forming a 2-
km-wide large lava tongue. Near the vent, part
of these flows remained in the caldera and have
been intersected by the collapse (Fig. 7).

Geochemistry of tuffs

Most juvenile clasts are aphyric. 137 micro-
probe analyses of juvenile glasses from the APS

35 T

~po3cZ

i~

o< —®H 3N

48 50 52 54 56 58 60 62 64 66 68 70

Si02%

Fig. 6. SiO, histogram of 137 microprobe analyses of vi-
tric clasts from the syn-caldera Ambrym Pyroclastic Se-
ries (APS). Class interval: 1%. As example, for
Si0,=150%, 32 analyses from 49.5 to 50.5.
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show compositions ranging from medium-K
calc-alkaline basalt to dacite. A histogram for
Si0O, content (Fig. 6) clearly shows 3 peaks at
50% SiO2 (basalts), 54% (basaltic andesites)
and 66% (dacites). Five whole-rock analyses
from these clasts are also reported Table 1
(columns D to H). Dacitic compositions are
restricted to products of sequence I, whereas
basalts and subordinated basaltic andesites
constitute the juvenile material of sequences II,
III and IV, i.e. the main volume of the APS de-
posits. A few juvenile clasts contain olivine
(Fo,_s2), calcic pyroxene and plagioclase
(bytownite).

Post-caldera volcanism

Within the caldera, the major vents occur
along fissures oriented N 105°E and appear as
scoria cones, maars and fissures that fed lava
flows from the lower flanks of the volcano.
Post-caldera activity, dominantly from the
Marum (1270 m) and Benbow (1160 m)
cones (Fig. 7), has infilled the depression and
is responsible for a gently eastward-sloping
caldera floor from 700 to 550 m of altitude.
Ambrym has had a large number of historical
eruptions, e.g., in 1888, 1894, 1913-14, 1929,
1937, 1942, 1952-53, etc (Fisher, 1957; Wil-
liams and Warden, 1964), the latest being in
1989 (Eissen et al., 1991). Episodic lava lakes
in the craters of Benbow and Marum drain out
as basaltic lava flows onto the caldera floor.
Magma in the conduit is also frequently ejected
as ash and scoria falls, which mantle the cald-
era and the west part of the volcano. Figure 7
shows the distribution of the main historic and
prehistoric lava flows as well as the presence in
the eastern part of the caldera of a recent maar
(Lewolembwi crater) surrounded by a 2-km-
wide tuff ring. Older coalescent structures of
the same type are infilled by the 1986 lava
flows. In September 1990, the main activity
was concentrated in the Mbwelesu, Niri
Mbwelesu and Niri Mbwelesu Taten craters.
Three analyses representative of the post-cald-
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Fig. 7. Sketch volcanologic map of the caldera. I=caldera scarp; 2=Bogorfan basaltic andesite viscous lava flow;
3=volcanic cones; 4=pre-historic and historic lava flows. (Drawing by J. Butscher)
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era basaltic activity are reported in Table 1 (see
also Robin et al., 1991).

Discussion
Structure of the volcano

The APS tuffs dip at similar angles (10-20°)
to the present upper slopes surrounding the
caldera, above a break of slope at about 6 km
away from the caldera rim (Fig. 8). Since the
dips of the underlying fluid lava flows are con-
stant (2-3°) , the APS thickens towards the
caldera, as observed on the southern flank,
along the track from Lalinda to the caldera
edge. In addition, no lava flows have been en-
countered in the caldera wall, the average slope

C.ROBIN ET AL

of which (~40°) is relatively low and does not
agree with a piston-like collapse caldera. Thus,
Ambrym differs from other oceanic volcanoes
whose slopes generally expose piles of lava
flows with minor interstratified tuffs (Mac-
donald et al, 1983; Peterson and Moore, 1987,
Walker, 1990). The structure of the edifice is
that of a shield lava volcano, overlain by an un-
commonly large tuff cone, the inner part of
which has subsided. Along the caldera fault, the
height of the buried pre-caldera edifice is prob-
ably 200 to 300 m, except on the northeastern
side where it is very low (about 100 m). This
suggests a thickness ranging from 200 to 450
m for the APS deposit near the caldera edge
(up to 600 m at Woosantapaliplip Peak) and a
volume between 60 and 80 km? (at least 20 km?
Dense Rock Equivalent).

_?"l: \ OLD VOLCANIC

EDIFICE

.

s, Partial

X7 collapse

' of the
v tuff cone

TC = Tuif Cone

C =Caldera

B = Benbow

M = Marum

W = Woosanta-
paliplip

Fig. 8. Sketch map of Ambrym and inferred cross-section (X-Y) showing the basal edifice (dark grey), the tuff cone
(white) and the post-caldera volcanics (light grey). Vertical exageration X 3.
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Age of the caldera

The caldera is morphologically well pre-
served (Figs. 2, 7). The perfect, nearly circu-
lar, ring structure is marked by a continuous
scarp a few tens of meters up to 450 m high in
two points, the Dalahum and Woosantaliplip
Peaks. As noted by MacCall et al. (1970), the
scarps are only mildly scalloped and gullied by
erosion, a noteworthy feature in this tropical
environment. This agrees with the young '“C
ages (less than 2,000 years) proposed by these
authors.

Relationship between the APS and the caldera
Jormation

The very fragile nature of the vesiculated
clasts and shards which compose the APS, the
sorting of the beds and the preservation of ac-
cretionary lapilli indicate that these deposits
are not reworked materials. The large volume
of the pyroclastic edifice does not agree with
the relatively small volume of a tuff cone
(Mertes, 1983), the central depression of
which would correspond to a simple crater en-
larged by explosive coring,

By the volume of basalt released, the pyro-
clastic event at the origin of the APS is drasti-
cally different from those which led to the de-
posit of tuffs associated with a caldera in other
large basaltic volcanoes, as the 1790 Keanaka-
koi ash member at Kilauea (Swanson and
Christiansen, 1973; MacPhie et al., 1990). The
eruption of the Keanakakoi tuff (0.1 km?)
produced only minor shape modification of the
Kilauea summit caldera. The 1886 eruption at
Tarawera led to basaltic Plinian deposits of
greater volume (Walker et al., 1984), but the
products were emitted along a linear fissure and
are not associated with a collapse. At Masaya
(Nicaragua), caldera collapse apparently
formed in response to large scale pyroclastic
eruptions of basaltic magma, including ignim-
brites and surges (Williams, 1983a,b; Bice,

19835). This caldera seems the only known ex-
ample which resembles, in terms of mecha-
nisms of producing Plinian basaltic eruptions,
the large tuff cone of Ambrym. Vertical conti-
nuity, volume, large extent and the range in
composition of the juvenile clasts are strong
arguments favouring the thesis that the APS
products erupted during a major pyroclastic
event related to the emptying of a chemically
zoned magmatic chamber, mainly basaltic in
composition.

Since the very early studies of the formation
of calderas, the respective roles of explosive
coring versus collapse have been debated (sce
Scandone, 1990, and McBirney, 1990 for re-
views of this subject). At Ambrym, the prob-
lem is even more complicated for three reasons:

(a) First, widely-dispersed plinian-like ba-
saltic deposits are rare, and basalts are gener-
ally considered unable to provoke large Pli-
nian eruptions. To lead to the emptying of a
basaltic reservoir, intervention of external
water is likely to occur at the roof of the magma
chamber.

(b) Second, the presence of a gigantic tuff
cone which exposes alternate ash flow deposits
and rhythmic deposits typical of maar and
surtseyan eruptions, as well as the large size of
the caldera imply a combination of both explo-
sive coring and collapse.

(¢) Third, although collapse probably began
when sequence I of the APS erupted (see be-
low the model proposed), products of se-
quences II to IV also are affected by subsid-
ence: To lead to the construction of sequence
I or to that of the Woosantapaliplip cone (se-
quence IV), the pyroclastic eruption at the or-
igin of the APS must have been an eruption the
duration of which lasted several months or
even years, and several subsidence stages
probably occurred. It is notable that the com-
posite lower sequence of dacitic ignimbrites
exposes an intermediate series of phreatomag-
matic fallout layers and, therefore, was emit-
ted during a lengthy event.
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Tentative model of caldera formation

The structure of the volcano, the distribu-
tion and volume of pyroclastics, and their re-
lationships with the ring structure show that
eruption of the APS is responsible for the cald-
era formation. Moreover, the interpretation of
successive sequences which constitute the APS
provide evidence relating to the timing of water
entrance into the magma system.

(1) Eruption of sequence I: earlier caldera
collapse

The volume of the dacitic pyroclastic flows
from sequence I cannot be estimated, due to
their unknown extent below sealevel. Based on
the thickness of deposits, they represent a ma-
jor plinian phase which probably occurred after
a long-lasting period of quiescence, allowing
magmatic differentiation. Their eruption led to
collapse in the summit area of the volcano. The
large percentage of accidental clasts from the
basal volcano incorporated in the coarse layers
(Fig. 3) is an argument in favour of collapse
of the roof into the magma reservoir and en-
largement of the vent during the eruption,

Energy released by expansion of magmatic
gases may have been sufficient to initiate the
eruption. Nevertheless, the lower dacitic pyr-
oclastic flow deposits from sequence I show
phreatomagmatic features, as evidenced by
water-induced fragmentation of glass, the ves-
icularity indices of which are low, and also the
broad vesicularity range. These deposits are
followed immediately by typical phreatomag-
matic deposits such as those shown in Figure
4C. Thus, magma/water interaction is impor-
tant even during the earliest stages of the
eruption.

The formation of a caldera subsequent to
eruption of sequence I does not preclude the
possibility of a pre-existing caldera of the Ki-
lauea type at the top of the shield volcano, and
a lake within such a structure could explain the
phreatomagmatic processes in this sequence.
Introduction of sea water into the flat edifice
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represents an alternative hypothesis to explain
magma/water interaction; this would be re-
lated to regional doming and fracturing follow-
ing uprise of a large magma body to shallow
depth and/or seismic events affecting the N
105°E fracture zone.

(2) Construction of the tuff cone as collapse
enlarges

The products of sequence II resemble those
erupted in Surtsey in 1960 (Thorarinsson et al.,
1964; Walker and Croasdale, 1972; Kokelaar,
1983, 1986). The thick ring of accumulated vi-
tric tuffs, with radial dips, and the textures of
the clasts, are consistent with a hydroclastic
origin. As juvenile clasts have moderate to high
vesicularity, we propose a phreatomagmatic
explosive mode of fragmentation for an al-
ready vesiculated erupting basaltic magma
(Cas and Wright, 1987; Cas et al., 1989). The
accretionary lapilli beds are also diagnostic of
a wet eruptive column of extremely disaggre-
gated material. It was at this stage of the erup-
tion that sea water probably entered the upper
levels of the magmatic reservoir.

Although the ash deposits of sequence I1I in-
clude noncarbonized plant fragments, the
flowage of these deposits and the surface fea-
tures of shards indicate pyroclastic origin and
an emplacement similar to that of ignimbrites.
The rounded surface of some of the ash results
from chipping and pitting during transport in
the flow. The high vesicularity of the frag-
ments results from decompression and expan-
sion of magmatic volatiles, and fast cooling of
the ash flows suggests interaction between
magma and external water. At this stage, ex-
plosive eruptions may have been catalyzed by
water, but to a lesser extent than in the preced-
ing sequence II.

During this second phase of the eruption,
both explosive coring and collapse processes
occur. Since surtseyan-like deposits are likely
to occur in a centered eruption, and as the sub-
sequent Woosantapaliplip deposits and Bogor-
fan Bay lava flows from sequence IV origi-
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nated near the ring fracture, an enlargement of
the collapse during eruption of sequences IT and
IIT may have occurred as the cone was growing
(Fig. 8). Temporal continuity in the eruption
is indicated by the grading from deposits of se-
quences I to II and then to III. Nevertheless, a
question which remains to be solved is the du-
ration of this phase. The eruption probably
lasted months or even a few years.

(3) Final phase: eruptive vents on the ring
fracture

Finally, the construction of the Woosanta-
paliplip strombolian cone and the eruption of
lavas which flowed towards Bogorfan Bay con-
firm a decreasing role of water. These forma-
tions are affected by the final collapse. Proba-
bly other vents opened when the caldera
enlarged, but are now buried by post-caldera
volcanics.

Thus, in terms of eruptive dynamics, the
interpretation of the APS deposits imply inter-
vention of external water and both explosive
and collapse mechanisms. The eruptive event
commences with eruption of the dacites from
sequence I and continues with the subsequent
basaltic eruptions after penetration of water
into the shallow chamber. This mechanism
leads to caldera collapse by evacuation of the
large, mainly basaltic chamber at shallow depth
below the volcano. This model, different from
those generally considered for both large con-
tinental and Hawaiian calderas, explains the
original structure of the Ambrym basaltic
complex, half-way between a large caldera and
an exceptionally large tuff cone.
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