SCIENTIFIC CORRESPONDENCE

Atlantic lava lakes and hot vents

SIR — Submarine lava lakes were first
observed on intermediate- to fast-spread-
ing ridges on the Galapagos ridge' and on
the East Pacific Rise®. They are the result
of rapid eruption of very hot and fluid
lava. There is a good correlation between
high effusion rate, hot fluid lava, lava lakes
and high spreading rate. Typical lava lake
structures, such as lava pillars and col-
lapsed roofs, have not been reported from
slow-spreading ridges, although localized
sheet flows accumulating in topographic
lows® were described on the AMAR seg-
ment of the Mid-Atlantic Ridge at 36° 27’
N. We report here the discovery of two
extensive lava lakes on the Mid-Atlantic
Ridge and their possible implication for
the magmatic and hydrothermal circula-
tion beneath slow-spreading ridges.
During the DIVAL diving cruise (1994)
with the submersible Nautile on the Mid-
Atlantic Ridge near the Azores hotspot,
two lava lakes were discovered at the cen-
tral topographic high of the Lucky Strike
(37° 17.5' N) and Menez Gwen segments
(37° 50" N) (see figure). At Lucky Strike,

the lava lake is 300 m in diameter and lies at
the bottom of a 1-km-diameter caldera.
Several generations of very fresh lava form
superimposed roofs and pillars several
metres high. At Menez Gwen the lava lake
measures 0.4 X 1.4 km and is centred in a
6x2-km axial graben covered with very
recent pillow and lobate flows. A 200-m-
high volcano covered with extremely fresh
pillows is at the northern end of the graben.

The discovery of lava lakes at the
central topographic highs of the segments
(see figure) is consistent with the idea that
a thick crust and shallow brittle-ductile
transition zone characterize the middles of
segments, whereas a thin crust and deep
brittle—ductile transition zone are present
near segment discontinuities’. Lucky
Strike, the largest (1 km?) hydrothermal
vent field on the Mid-Atlantic Ridge, is a
ring encircling the lava lake within the
caldera. At Menez Gwen the hydro-
thermal field lies in the graben, near the
top of the new volcano with the most
recent lava, 1 km north of the lava lake.
The association of a topographic high,
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Location of the two hydrothermal sites in the Azores domain of the Mid-Atlantic Ridge. Both sites
are at the volcanic topographic high in the central part of the segment, where we have seen
fresh lava flows and lava lakes. The Lucky Strike hydrothermal field encircles the lava lake,
whereas the Menez Gwen field is apparently controlled by the most recent central volcano, about
1 km north of the lava lake. Fresh lava at the topographic high indicates a high magmatic bud-
get, which in turn is compatible with a hot central domain (possibly a shallow magma chamber)
controlling focused three-dimensional hydrothermal convective cells. Vertical exaggeration, 5.
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hydrothermal field and lava lake suggests
that the rapid localized effusion rate need-
ed to create a lava lake is favoured by close
proximity to the top of a shallow axial
magma chamber. Thus, we speculate that a
shallow magma-lens reflector and seismic
low-velocity zone may exist beneath these
two sites at the along-axis highs.

Compared with lava lakes on fast-
spreading ridges, those on slow-spreading
ridges are smaller, presumably reflecting a
more localized magma chamber. We pro-
pose that lava lakes mark on the sea floor
the position of the hottest domain and the
shallowest part of the magma chamber,
suggesting that this heat source has the
morphology of a blow torch centred on the
topographic high of the segment.

Elsewhere on the Mid-Atlantic Ridge,
outside the area of influence of the
Azores hotspot, the TAG and Snake Pit
hydrothermal deposits (at 26° and 23° N,
respectively) are not associated with lava
lakes. They are, however, located at or
near the topographic highs of ridge
segments. Thus, as with Lucky Strike and
Menez Gwen, their location is controlled
by the hottest domain (with high mag-
matic budget) along the ridge.

The sulphide deposits around the lake
can be considered as the trace of the upper
part of the hydrothermal convective cells.
At Lucky Strike their annular distribution
suggests that major upwelling cells are
radially distributed, and their exits are con-
trolled by the high-permeability margins of
the lava lake and the collapsed caldera.
This suggests that, unlike the unstable two-
dimensional convective systems on fast-
spreading ridges, slow-spreading ridges
with high magmatic budget (near a
hotspot) are dominated by more stable
three-dimensional convection centred on
the volcanic topographic high. This is more
compatible with the formation of very large
sulphide deposits related to the succession
of several hydrothermal episodes at the
same location. This is also consistent with
the model of two-dimensional passive
upwelling under fast-spreading ridges and
three-dimensional ~ (diapiric)  mantle
upwelling under slow-spreading ridges’.
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