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will come. For 2-cm inarl<s. or larger, as in 
Close's recent 1987-97 portraits (see coler, 
this issue) that distance is at least 2 111. 

which most viewers cross as they approach. 
Some forms of camouflage, like a tiger's 
sh-ipes, may break up the animal's shape on- 
ly when seen from lery near. Most percep- 
tion textbooks show a spotted Dalmatian, 
initially lost in a background of spotty shad- 
ows, but \vhicl~ usually appears quickly and 
never goes away (like Haimon's description 
of seeing Lincolil with m a l l  blocl<s) (10). I 
find that the Dalmatian, like a block poi-trait, 
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 lllalk 
size of 0.3" (which is independent of the 
nu~nber of inarks 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 blocl<s 
(or their edges) (11) compete with the face 
to capture the visual shape-from-shadii~g 
process. The size and type of the marl<s de- 
termine their power of attraction. This conl- 
petition is bottom-up, determined by the 
stin~ulus, not top-down, controlled by the 
obsewer. Close concedes that, painting at 
aim's length, even he cannot see the face un- 
less he backs away (2). 

One might suppose that Close was a 
nai've 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 se~portmitfioi72 1967-68 is the jifirst 

portwit head that I yairzted . . . The idea 
wa,r. to 17zake sonzething that Itus ,yo large 
that it co~lld not be ~eadilj) seen as n whole 
ilnd force flze \,ielver. to scar1 Ae inzcrge in u 
B~obr(l'ngrzagiaiz 15.a~; as ifthej. were Gc/lliv- 
erk Lilliyz/tiaizs cm~vli t~g over the sz/r$ice of 
the jilce, jtilling illto a nostril and tripyiug 
over u i~ic/~rache hair" (2). He was nlore 
thorough than his scientific colleagues; the 
size of the marl<s 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 \vorl< \\~ould convey the idea, 
canceling a retrospective that could not pro- 
vide long viewing distailces. So credit 
Chuck Close with discovering this size-de- 
pendent breal<do\vn of our ability to extract 
shape from shading, well within the boullds 
of our visual field and acuity. 
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Hawaiian Plume Dynamics 
John Lassiter 

T 
he Hawaiian Islailds have long shaped 
geologists' views about Earthh iilteri- 
or. The apparently fixed positioil of 

the Hawaiian "hot spot" led to the theory 
that deep-seated plumes of hot, buoyant 
nlailtle were responsible for ocean island 
volcanism at Hawaii and many other ocean 
island chains (1). Cl~emical and isotopic dif- 
ferences between ocean island basalts and 
mid-ocean ridge basalts have long been used 
bv geochenlists to cons&ain models of man- , "  
tle coi~vection and the chemical evolution of 
Earth (2-4). In this issue, Blichei-t-Toft e f  cil. 
( 5 )  present evidence fsom hafnmm isotopes 
suggesting that ancient deep ocean (pelagic) 
sedi~nents are present in the source of soine 
Hawaiian lwas. Iinportant ill its own right; 
this result also suggests that colnbiiled geo- 
chemical and seislnologic study of  the 
Hawaiian "plume" may help resolve one of 
the illost inlpoltant and long-standing ques- 
tions in earth science: \vl~etl~er convection of 
Earth's nlantle is lavered. 

Evidence for layered ~uantle convection 
comes primarily from geochemistry. Mass 
balance appears to require that a substantial 
portion of Earth's inailtle is less depleted in 
elelnents concentrated in the continental 
crust [such as large-ion litl~opl~ile (LIL) ele- 
ments] than the l~igl~ly depleted upper man- 
tle sa~npled 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 priinor- 
dial gas budget, as well as a large fraction of 
the '"Ar produced by the decay of -"'K (3, 

4). To have preserved this reservoir for the 
age of the Earth, the reservoir inust re- 
main convectively isolated from the upper 
mantle, \vl~ere the processes of crust forrna- 
tion at mid-ocean ridges and island arcs 
have stripped a large fraction of the initial 
rare gas and LIL elements. A reasoilable lo- 
cation for this gas- and LIL-rich reservoir is 
therefore the lower mantle. The change in 
mantle inineralogy that occurs at a depth of 
660 lun, indicated by a seismic discontinu- 
ity, was long believed to act as a barrier to 
convection; bloclting transfer of cold down- 
welling slabs or hot upwelling plumes. The 
660-1111 discontinuity was therefore thought 
to marl< the boundary between a depleted 
upper inantle and a nlore primitive lower 
inantle (6, 7). 

This inode1 is not consistent with recent 
seismic tomographic images, which are 
widely interpreted as indicating that mai1y 
subducting slabs do not stop at the 660-lull 
discontinuity, but continue to descend deep 
into Earth's interior (8, 9). If a substailtial 
fraction of subducted slabs have penetrated 
into the lower mantle for much of Earth his- 
tory, significant long-lived cheinical layer- 
ing is difficult to preserve (10).  However; 
seisinic tomography can oilly provide a 
snapshot of the current thel-lnal structure of 
the mailtle. 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 inouiltill, evidence for ancient recv- 
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