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will come. For 2-cm marks, or larger, as in
Close’s recent 1987-97 portraits (see cover,
this issue) that distance is at least 2 m,
which most viewers cross as they approach.
Some forms of camouflage, like a tiger’s
stripes, may break up the animal’s shape on-
ly when seen from very near. Most percep-
tion textbooks show a spotted Dalmatian,
initially lost in a background of spotty shad-
ows, but which usually appears quickly and
never goes away (like Harmon’s description
of seeing Lincoln with small blocks) (10). I
find that the Dalmatian, like a block portrait,
does break up reliably into mere flat spots
when enlarged (or approached) to make the
spot spacing exceed 0.3°.

Testing a wide range of sizes revealed
that the division between seeing a block por-
trait as flat or solid occurs at a critical mark
size of 0.3° (which is independent of the
number of marks per face). This refutes the
size invariance of shape perception and Har-
mon and Julesz’s critical-band theory of the
block-portrait effect. It seems that the blocks
(or their edges) (//) compete with the face
to capture the visual shape-from-shading
process. The size and type of the marks de-
termine their power of attraction. This com-
petition is bottom-up, determined by the
stimulus, not top-down, controlled by the
observer. Close concedes that, painting at
arm’s length, even he cannot see the face un-
less he backs away (2).

One might suppose that Close was a
naive artist, obsessed by grids, who inno-
cently produced the coarsely gridded paint-
ings that we use here to reveal the size de-
pendence of shape perception. In fact, Close
has devoted his career to studying just that:
“The self portrait from 1967—68 is the first
portrait head that I painted. . . . The idea
was to make something that was so large
that it could not be readily seen as a whole
and force the viewer to scan the image in a
Brobdingnagian way, as if they were Gulliv-
er’s Lilliputians crawling over the surface of
the face, falling into a nostril and tripping
over a mustache hair” (2). He was more
thorough than his scientific colleagues; the
size of the marks in his block portraits in-
creased by 15% per year from 1973 (0.4
cm) to 1997 (9 cm). He made sure that exhi-
bitions of his work would convey the idea,
canceling a retrospective that could not pro-
vide long viewing distances. So credit
Chuck Close with discovering this size-de-
pendent breakdown of our ability to extract
shape from shading, well within the bounds
of our visual field and acuity.
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Hawaiian Plume Dynamics

John Lassiter

geologists” views about Earth’s interi-

or. The apparently fixed position of
the Hawaiian “hot spot” led to the theory
that deep-seated plumes of hot, buoyant
mantle were responsible for ocean island
volcanism at Hawaii and many other ocean
island chains (/). Chemical and isotopic dif-
ferences between ocean island basalts and
mid-ocean ridge basalts have long been used
by geochemists to constrain models of man-
tle convection and the chemical evolution of
Earth (2—4). In this issue, Blichert-Toft ef al.
(5) present evidence from hafnium isotopes
suggesting that ancient deep ocean (pelagic)
sediments are present in the source of some
Hawaiian lavas. Important in its own right,
this result also suggests that combined geo-
chemical and seismologic study of the
Hawaiian “plume” may help resolve one of
the most important and long-standing ques-
tions in earth science: whether convection of
Earth’s mantle is layered.

Evidence for layered mantle convection
comes primarily from geochemistry. Mass
balance appears to require that a substantial
portion of Earth’s mantle is less depleted in
elements concentrated in the continental
crust [such as large-ion lithophile (LIL) ele-
ments] than the highly depleted upper man-
tle sampled at mid-ocean ridges (2, 4). Rare
gas isotope distributions, especially for Ar
and He, also suggest that part of Earth’s
mantle retains a large fraction of its primor-
dial gas budget, as well as a large fraction of
the “°Ar produced by the decay of “K (3,

The Hawaiian Islands have long shaped
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4). To have preserved this reservoir for the
age of the Earth, the reservoir must re-
main convectively isolated from the upper
mantle, where the processes of crust forma-
tion at mid-ocean ridges and island arcs
have stripped a large fraction of the initial
rare gas and LIL elements. A reasonable lo-
cation for this gas- and LIL-rich reservoir is
therefore the lower mantle. The change in
mantle mineralogy that occurs at a depth of
660 km, indicated by a seismic discontinu-
ity, was long believed to act as a barrier to
convection, blocking transfer of cold down-
welling slabs or hot upwelling plumes. The
660-km discontinuity was therefore thought
to mark the boundary between a depleted
upper mantle and a more primitive lower
mantle (6, 7).

This model is not consistent with recent
seismic tomographic images, which are
widely interpreted as indicating that many
subducting slabs do not stop at the 660-km
discontinuity, but continue to descend deep
into Earth’s interior (8, 9). If a substantial
fraction of subducted slabs have penetrated
into the lower mantle for much of Earth his-
tory, significant long-lived chemical layer-
ing is difficult to preserve (/0). However,
seismic tomography can only provide a
snapshot of the current thermal structure of
the mantle. Earth has been slowly cooling
for the past 4.5 billion years, and there is no
a priori reason why mantle convection could
not have been layered for most of the geo-
logic past even if today such layering ap-
pears to have broken down (4).

The mounting evidence for ancient recy-
cled crust and sediments in the Hawaiian
plume suggests how seismologists and geo-
chemists can combine forces to constrain the
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Models of mantle convection. (Left) In a two-layer convection model, the 660-km discontinuity
serves as a barrier for convection. (Right) Alternatively, subduction of crustal material can reach
the lower mantle before being transported upward again in a plume.

mechanism of mantle convection, at present
and far back in Earth history. As discussed
by Blichert-Toft, et al. (§), hafnium and
neodymium isotopes are well correlated in
most oceanic basalts. But some Hawaiian
lavas have unusually radiogenic Hf isotopes
given their Nd isotopic composition. Similar
features are found in modern pelagic sedi-
ments, but not in most other types of crustal
or mantle rocks. Blichert-Toft et al. also
show that the lavas with the most unusual Hf
isotopes derive from a source with a much
higher Pb:Hf ratio than other Hawaiian lavas.
This higher ratio is characteristic of crustal-
derived sediments. These data strengthen
previous suggestions for a recycled compo-
nent in Hawaiian lavas (//-13). Blichert-
Toft et al. further suggest that the low
207Pb/204Pb values in the recycled sediment
compared with most modern sediments re-
quire that this sediment is ancient, perhaps as
old as 3 billion years. It is not clear how ro-
bust this age estimate is, although other esti-
mates using different assumptions or iso-
topic systems have also yielded ages greater
than 1 billion years (/3).

Depending on the depth at which the
Hawaiian plume originates, the presence of
old recycled crust in the plume suggests
two different models of mantle convection.
If the Hawaiian plume derives from the
660-km discontinuity, the presence of an-
cient recycled crust in the plume would
suggest that this region of the mantle has
acted as a slab “graveyard” for much of
Earth history. This would strengthen sug-
gestions that whole-mantle convection be-
gan recently (4). In contrast, if the Hawai-
ian plume derives from the core-mantle
boundary, the presence of ancient crust in
this plume would require such recycled
material to be present in the lower mantle.
This would in turn require that slabs pene-
trated the 660-km discontinuity at 1 to 3
billion years ago, much as they do today.

How can we determine the depth from
which the Hawaiian plume originates? Geo-
chemistry can provide only indirect evi-
dence. Brandon et al. (14) recently argued
that anomalous abundances of an osmium

isotope, '%Os, in some Hawaiian lavas re-
flect incorporation of a small quantity of
core material. Blichert-Toft ef al. argue that
the Hf-Nd isotope trend in Hawaiian lavas
precludes melting of depleted upper man-
tle. The lack of an upper-mantle signature

in Hawaiian basalts may indirectly suggest

that the Hawaiian plume originated at
greater depth.

Seismological studies can potentially
provide a stronger constraint on the Hawai-
ian plume’s depth of origin. Recent seismo-
logical studies have shown that the Iceland
plume extends through the upper/lower
mantle transition zone (/5) to the core/man-
tle boundary (/6), providing the most direct
evidence to date for some mantle plumes

deriving from the core/mantle boundary. No
comparable study has yet been performed
for Hawaii. An extensive array of ocean-bot-
tom seismometers will be necessary for de-
tecting a hot, narrow plume in the deep
mantle beneath Hawaii, if such a plume ex-
ists. Such a study, combined with the in-
creasingly robust evidence for ancient recy-
cled crust in the Hawaiian plume, may final-
ly answer the question whether mantle con-
vection is, or has been, substantially layered.
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PERSPECTIVES: PLANETARY SCIENCE & ASTRONOMY

Extrasolar Giant Planets and
Brown Dwarfs

Adam Burrows

stars in our galaxy did not extend

much below one-tenth of a solar mass
(Ms). An object of less than ~0.08 M can-
not sustain itself by thermonuclear burning
against the inevitable radiation losses from
its surface. Such substellar objects, nick-
named brown dwarfs, should thus radiate
and cool over eons of astronomical time like
hot coals plucked from a fire. These objects
were expected to resemble large, hot planets
such as Jupiter, but planetary scientists had
only been able to detect and study planets in
our solar system. That left a yawning gap be-
tween the mass of Jupiter (M), ~0.001 Mg
or 1 M, and that of small stellar objects with
~0.1 Mg, a gap of two orders of magnitude
in mass in the distribution of known objects.
Be they extrasolar planets formed in proto-

U ntil just 5 years ago, the census of
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stellar disks around bright and massive stars
or substellar-mass brown dwarfs formed di-
rectly by the same processes that give rise to
stars, they remained undetected, their exis-
tence in doubt, their importance debated,
their properties unknown.

This situation has changed dramatically
as recent surveys in the solar neighborhood,
in young stellar clusters, and around nearby
stars are turning up scores of giant planets
and brown dwarfs. The optical brightness of
stars like our sun makes it obvious that they
at least are prevalent in the galaxy, but in the
solar neighborhood, there may be more
brown dwarfs than sunlike stars (/). Substel-
lar objects are far less luminous and emit
the bulk of their luminosity in the infrared.
Direct photometric and spectroscopic mea-
surements of brown dwarfs—previously be-
yond the powers of technology—are now
writing a new chapter in stellar astronomy.
The brown dwarf Gliese 229B (2) was the
first in a series of discoveries. Since then,
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