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Abiotic synthesis of both ribose and bases is 
problematic, and linking the two into nu- 
cleotides is more difficult still (18). Increas- 
ing acceptance of an RNA world has actually 
stimulated research into plausible models for 
a pre-RNA world (I). Could translation have 
arisen even before RNA? Ribozyme relics ar- 
gue against such a model: If translation 
evolved in a pre-RNA biospheie, why would 
the subsequent evolution of RNA introduce 
functional RNA components into preexisting 
(proteinaceous) ribosomes? 

Finally, if proteins evolved in an RNA 
world, then this informs theories about the 
fixation of the canonical genetic code. 
RNA templates are significantly more er- 
ror-prone (in terms of point mutation) than 

their DNA equivalents (5). An RNA-world 
origin for the genetic code thus adds sig- 
nificance to the finding that the arrange- 
ment of canonical codon assignments ap- 
pears to minimize the phenotypic impact 
of errors (19). 
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Mapping Mantle Melting 
Roger Buck 

ost of the volume of Earth, or any 
of the terrestrial planets, is a man- 
tle made of silicate. Yet we see lit- 

tle of it at the surface because early in 
Earth's evolution a crust of lower density 
material floated to the top of the mantle. 
Present-day partial melting and differenti- 
ation of the mantle mostly occur in the up- 
welling region below mid-ocean ridges. 
On page 7?2 of this issue, Evans et al.-(I) 
present results from the last phase of a ma- 
jor collaborative experiment to pull back 
the veil obscuring our view of this crucial 
geophysical process. 

In the picture provided by plate tecton- 
ics, ridges are now seen as primary sites of 
mantle upwelling, whereas subduction 
zones are centers of downward flow. We 
know more about the downwelling regions 
because earthquakes occur within the brit- 
tle subducting plates and the seismic activ- 
ity allows us to track the plate position. At 
the same time, seismic velocities are very 
different in the cold plates and the hotter 
mantle through which they plunge. Our 
view of the region of upwelling is not so 
clear; no deep seismicity marks the up- 
welling of hot weak mantle, and lateral 
temperature gradients there are small. 

Whereas - 100-km-thick plates move 
down at subduction zones, the region of 
upwelling and pressure release melting un- 
der ridges could be as much as a thousand 
kilometers wide according to simple "pas- 
sive" models of mantle flow driven by 
plate motion. The crust produced by that 
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subridge melting forms essentially at the 
ridge axis (2), implying either that melt 
generated by wide upwelling has to flow 
toward the ridge axis or that the mantle 
flow itself is focused under the axis. One 
of the primary goals of the recent MELT 
( ~ a n t l e  ~lectroma~net ic  and Tomogra- 
phy) Experiment was to see if a region of 
partial melting could be detected and if so 
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1998 (3). The two methods should indicate 
different things about melt in the mantle. 
Seismic velocities depend on melt volume 
and on the aspect ratio of melt inclusions. 
The electromagnetic experiments measure 
conductivity and are sensitive to how in- 
terconnected pockets of melt are, as well 
as to the water abundance in mantle min- 
erals. The deployment of one of the mag- 
netometers used in the experiment is 
shown in the figure. 

Both the seismic and the electromag- 
netic experiments indicate the presence of 
a small amount (perhaps less than a few 

Data from the deep. Magnetometer being deployed in the 
area of the MELT Experiment from the research vessel Thomp- 
son showing Rob Evans (of Woods Hole Oceanographic Institu- 
tion) on the Left and Helmut Moeller (of Scripps Institution of 
Oceanography). 

to map the size of that region. This in- 
volved the largest deployment of ocean 
bottom instruments for the purpose of an- 
swering geological questions. It was cen- 
tered on the fastest spreading and straight- 
est part of the global mid-ocean ridge sys- 
tem-the East Pacific Rise around 17"s. 

Evans et al. (I) report results from the 
MELT Experiment involving interpreta- 
tion of electromagnetic measurements. 
The new results build on what was learned 
from the earlier seismic part of the experi- 
ment, presented in a series of articles in 

percent) of melt over a re- 
gion several hundred kilo- 
meters wide and more than 
100 km deep under the 
ridge. The inferred region 
of partial melt is very 
asymmetric, extending 
much farther to the west 
than to the east, under this 
roughly north-south-ori- 
ented ridge. The seismic 
low-velocity region ex- 
tends more than a hundred 
kilometers to the east of 
the ridge with a gradual 
change to higher veloci- 
ties. In contrast, the elec- 
tromagnetic results show a 
sharper transition between 

a very conductive, inferred melt-rich re- 
gion to the west and less conductive re- 
gions to the east of the ridge axis. The 
conductivity transition occurs at the 
spreading axis. 

The MELT results preclude even mod- 
erate focusing of upwelling as predicted 
by some "dynamic" mantle flow models 
(4). They imply that melting-related densi- $ 
ty changes do not drive substantial mantle 2 
upwelling and that most flow is "passive" $ 
or driven by plate motion. Dynamic flow, g 
driven by buoyancy, may be insignificant 5 
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because melt flows out of the mantle too 
fast to build up lateral variations in melt 
concentration and so density. Alternatively, 
the viscosity of the shallow mantle may be 
so high as to slow dynamic flow. 

The asymmetry in the pattern of  in- 
ferred partially molten mantle may be re- 
lated to asymmetric spreading of the ridge 
(3). The Pacific Plate on the west side of 
the ridge is moving about twice as fast to 
the west, in the hot-spot reference frame, 
as the Nazca Plate is moving to the east. 
The mantle to the west appears to be hotter 
than the mantle to the east, based on the 
slower rate of subsidence of the ocean 
floor with age on the west side of  the 
ridge. The combination of  asymmetric 
spreading and lateral variations in mantle 
thermal structure may mean that most up- 
welling and melting take place on the west 
side of the ridge. 

The more sharply defined lateral varia- 
tion observed in conductivities compared 
with the variation in seismic velocities 
may reflect the fact that electromagnetic 
and seismic methods measure different 

things. Evans et u l .  ( I )  note that as melt 
gets out from the mantle, the melt fraction 
may drop below the point at which the 
melt pockets are interconnected. There 
may be enough melt in the mantle to the 
east of the ridge to lower the seismic ve- 
locities but not enough to affect the con- 
ductivity. Geodynamic models treating 
melt f ract ions retained in mantle  up- 
welling below an asymmetrically spread- 
ing ridge are now being carried out by sev- 
eral groups. 

The results reported by Evans rt al. will 
spark much effort to refine and test com- 
peting models for lateral flow of melt to- 
ward the ridge axis (5) .  Studies of slices of 
oceanic crust and mantle pushed up on land 
and exposed in complexes called ophiolites 
are drawing more attention from people in- 
terested in understanding how melt gets out 
of the mantle. There is encouraging im- 
provement in petrologic and geochemical 
methods for estimating how fast melt flows 
through the solid mantle matrix and how 
fast that matrix moves up. 

An interesting offshoot problem in- 
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From Gamma-Ray Bursts 
to Supernovae 

Jan van Paradijs 

amma-ray bursts (GRBs) ( I )  are en- 
ergetic astronomical events that last 
from tens of milliseconds to tens of 

minutes, with energies of up to 1 million 
electron volts. During the peaks of the 
brightest events, their flux is similar to that 
of the brightest stars that are visible to the 
naked eye. First observed in 1967, GRBs 
have been the focus of the recent Burst and 

wavelength afterglows of GRBs (5). The 
ability to measure these afterglows was 
the direct consequence of the rapid avail- 
ability of accurate GRB positions, mea- 
sured with the wide-field camera on the 
Italian-Dutch satellite BeppoSAX. Many 
afterglows were found in faint host galax- 
ies. and redshift determinations (which re- 
flect the expansion of the universe) unam- 

volves the origin of axial highs along fast 
spreading mid-ocean ridges such as the 
part of the East Pacific Rise where the ex- 
periment was conducted. One can argue 
that these narrow highs, which look like a 
fairly continuous dorsal fin along thou- 
sands of kilometers of ridge axis, are the 
longest topographic feature on our planet 
for which the basic mechanism of forma- 
tion is disputed. The first models for this 
feature involved a deep root of low-densi- 
ty, probably melt-rich region below the ax- 
is. The MELT Experiment does not show 
the existence of such a root so other expla- 
nations are now being sought (6). 
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biguously established that the distance 
scale is cosmological (that is, GRBs come 
from very far away in space and time) (6). 

GRBs are by far the most luminous 
photon emitters in the known universe, 
with peak luminosities of up to several 
los2 ergls (that is, lOI9 solar luminosities). 
Their optical afterglows are also extraor- 
dinarily luminous. For instance, at its red- 
shift of 0.835, the peak magnitude of the 
optical afterglow of GRB970508 corre- 
sponds to an optical luminosity about two 
orders of magnitude higher than that of a 
luminous type Ia supernova, one of the 
brightest extra-solar system objects in the 
sky. Even brighter was GRB990123, the 
onlv GRB for which optical emission was 
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