series of dramatic images stole
A the show at a Washington, D.C.,

press briefing two months ago:
portraits of a terrain marked by volcanic
domes and web-like fractures; stereo
views that render towering mountains
and long, sinuous channels in three di-
mensions; maps that depict with unprec-
edented clarity a planet-wide view of
occasional craters and splotchy lava
flows.

Photographs of Earth? Guess again.
These images, unveiled by NASA on Oct.
29, provide the highest-resolution map
ever made of Venus, the planet often
called Earth’s twin because of its sim-
ilarity in mass and size. Indeed, the
images constitute the sharpest global
view of any planet in the solar system.

Magellan, a U.S. spacecraft launched in
May 1989, has pierced the cloudy Ve-
nusian atmosphere with radar to probe
the surface below. The thousands of im-
ages it has sent back since September
1990 record features as small as 100
meters across — roughly the length of a
football field. Scientists have now pieced
together those images, which cover about
80 percent of the planet, to construct the
first global view of Venus.

“We probably have a better global map
of Venus now than we have of Earth,” says
Magellan project scientist R. Stephen
Saunders of the Jet Propulsion Labora-
tory (JPL) in Pasadena, Calif. He notes
that no map of Earth has completely
traced the hidden ridges and other topog-
raphy beneath the oceans. Adds NASA’s
Wesley T. Huntress Jr.: “We've sent mis-
sions to Venus since 1962. But in all that
time, we've never seen what the planet
really looked like.”

Astronomers and geologists have only
begun to puzzle over the wealth of infor-
mation from Magellan’s first 3,000 orbits
around the planet. (NASA hopes to con-
tinue Magellan’s mapping, which in-
cludes information about Venus' gravita-
tional field, through 1995.) But the global
maps already mark a turning point in our
knowledge of Venus.
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Resurfacing redux

The maps have heated up an ongoing
debate about how and when the relatively
blemish-free face of Venus took on its
youthful appearance. Magellan data indi-
cate that volcanic eruptions must have
resurfaced the planet, since Venus has
relatively few craters or other pockmarks
created by asteroid impacts (SN: 5/4/91,
p.280).

In fact, although asteroids sporadically
bombard all planets, Magellan’s maps
reveal that Venus’ surface averages only
about two craters wider than 2 kilometers
within every million square kilometers,
says Gerald G. Schaber of the U.S. Geolog-
ical Survey in Flagstaff, Ariz. In compari-
son, the moon’s surface has an average
crater density 1000 times higher. The
relatively few craters on Venus suggest
that the planet got a facelift about 500
million years ago, erasing all previous
craters.

Several members of the Magellan team
suspect the planetary makeover oc-
curred during a time when volcanoes
erupted virtually everywhere on the Ve-
nusian surface, belching thick lava that
repaved the planet over a period of about
100 million years.

But other researchers analyzing the
Magellan images believe they can explain
the planet’s youthful looks without re-
sorting to such a catastrophic upheaval.
Geologist James W. Head of Brown Uni-
versity in Providence, R.I., and his col-
leagues argue that the volcanism that
transformed the face of Venus occurred
gradually. Various regions may have ex-
perienced upheavals at different times,
he suggests, until enough lava had
spewed out to bury most ancient craters.

Head has now taken that notion a step
farther. At the annual meeting of the
American Astronomical Society’s Divi-
sion for Planetary Sciences, held last
month in Palo Alto, Calif., he proposed
that large-scale volcanic activity on Ve-
nus has proceeded intermittently for the
last 2 billion years. Moreover, he sug-
gested that the rate of volcanic activity

roughly matches the rate at which aster-
oids hit the planet, thereby burying old
craters about as fast as new ones form.
Like a movie star that never seems to age,
Venus may have maintained its youthful
facade — a surface that seems no more
than a few hundred million years old —for
about half of the solar system’s 4.5-
billion-year history, he asserted.

Head notes that the gentle rate of
surface eruptions he envisions — enough
to generate 1 cubic kilometer of new
volcanic deposits a year — roughly
matches the rate at which new surface
forms on Earth. In fact, the forces govern-
ing serial eruptions on Venus, as well as
their intensity, may have much in com-
mon with a key type of volcanism on our
planet, he says.

Earth’s hard, outer shell, known as the
lithosphere, consists of more than a
dozen small and large “plates” that move
about the globe. Most eruptions occur
when a gap opens between two plates,
allowing molten rock from Earth’s inte-
rior torise to the surface. The most recent
Magellan images, like those beamed to
Earth earlier in the year, continue to
indicate that Venus at present has no such
system of interconnecting plates.

However, surface upheavals on Earth
also develop when a heat source deep
within the mantle propels a plume of
material through a plate to crack open the
surface. One such “hot spot” formed the
volcanic Hawaiian islands; others have
generated submerged seamounts.

Venus' interior seems to vent its heat
through a similar process, Head says.
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He estimates that
the rate at which
hot spot activity
on Earth generates
new volcanic de-
posits “pretty much approximates the
rate we think we see on Venus.”

Nonetheless, Head’s theory may have
difficulty explaining recent observations.
If large-scale surface eruptions indeed
occur intermittently, then Magellan
should have detected a substantial num-
ber of craters partially covered with lava,
Schaber reasons. Such craters would rep-
resent a missing link: surface blemishes
captured before another lava flow ob-
literates them.

But to date, Magellan has found no
evidence of such a gradual resurfacing.
Nearly all craters look remarkably pris-
tine, Schaber says. Lava has flooded or
partly covered only 4 percent of the
nearly 830 craters Magellan has re-
corded, he reported at last month’s plane-
tary science meeting. Moreover, spo-
radic, localized volcanism cannot easily
account for the remarkably uniform dis-
tribution of craters over the face of Venus,
Schaber contends.

Head agrees that a close examination
of Venusian craters should help re-
searchers decide between the two styles
of volcanism. It remains unclear, he adds,
whether the small percentage of lava-
covered craters found by Magellan con-
tradicts his model of intermittent vol-
canism. “We haven’t done the detailed
calculations to suggest how many craters
should be modified given a certain level
of volcanism,” says Head. “I figure we'’re
at a point where each of us has a legiti-
mate interpretation. I'm convinced that
as we look at [the craters] in more detail,
there are going to be different stages of
degradation.”
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Memories of an old Earth

Venus' youthful looks intrigue astrono-
mers. At the same time, several surface
features on the planet resemble Earth as
it may have appeared several billion
years ago, Magellan researchers note.
During that ancient terrestrial period,
known as the Archaean era, Earth’s crust
had not yet divided into distinct plates
and life forms were extremely primitive.

Some land forms near the Venusian
equator hint that the planet’s crust has
the potential to eventually form tectonic
plates, says Ellen R. Stofan, Magellan
deputy project scientist at JPL. For in-
stance, some surface areas show signs of
horizontal motion that might resemble
rift zones, regions where plates separate,
while others bear some similarity to
subduction zones, places where one plate
dives beneath another.

“We dont know if Venus is [tempo-
rarily] stuck in a stage of pre-plate-
tectonics or if the crust might be too weak
to break up into rigid plates like those on
Earth,” she says. Stofan notes that the
surface temperature on Venus — around
470°C — may render its surface akin to
Silly Putty over millions of years, making
it difficult for rigid plates to form — or for
such structures as mountains to hold
their shape against the relentless tug of
gravity.

Indeed, says Stofan, several mountains
on Venus shows signs of slumping due to
surface gravity. Magellan’s images of
large cracks or troughs in mountain
ranges suggest that such elevated areas
are “literally trying to rip themselves
apart so they can flatten out,” she says.
On the other hand, the long-term sur-
vival of Maxwell Montes, Venus’ largest
known mountain, indicates that rising

plumes of material from the interior may
counterbalance the downward pull of
gravity, keeping some high-altitude areas
intact.

“Venus is providing a test of almost
everything we assume about [geological
processes] on Earth,” Stofan says.

Where’s the action?

Unlike a television camera, a radar
detector can't record steam plumes, the
blur of flying rocks or other real-time
indications of an active volcano. But
researchers can search for signs of recent
activity on Venus by comparing images of
the same region taken months apart, or
by examining the relative radar bright-
ness of a group of similar landforms.

However, with the flood of Magellan
data only partly analyzed and the inher-
ent difficulty in comparing radar maps
taken at different viewing angles, scien-
tists can make mistakes. Twice now, re-
searchers have announced the likely dis-
covery of very recent geologic activity on
Venus, only to retract their statements a
month or two later.

In August, scientists at JPL spotted a
mismatch between a pair of radar photo-
graphs, taken eight months apart, depict-
ing an equatorial highland called Aphro-
dite Terra. A bright line in a November
1990 picture, thought to be a fracture,
seemed to have evolved into a bright,
rocky patch in the later image. At a
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hastily called press conference, the re-
searchers reported that the differences
between the two images indicated the
region had suffered a landslide in the
intervening eight months (SN: 9/7/91,
p.149). But members of the JPL team later
admitted they had erred: Distortions in
the radar maps — due to differing viewing
angles — had fooled them into thinking a
landslide had occurred (SN: 10/26/91,
p.269).

At the Oct. 29 press briefing, re-
searchers announced a far more dramatic
finding. New images of Maat Mons, one of
the largest volcanoes detected on Venus,
suggested that the 8-kilometer-high
structure had spewed lava within the
past 10 years — and might still be active.
Scientists based their speculation on
radar pictures of the volcano, which rises
higher than Mt. Everest. Maat Mons’ peak
appears dark in radar images, even
though all other known volcanoes on the
planet appear bright, notes planetary
scientist John A. Wood of the Smithso-
nian Astrophysical Observatory in Cam-
bridge, Mass.

He and other researchers agree that
the dark regions indicate that Maat Mons
is a youngster among Venusian volca-
noes; unlike older structures, its lava
hasn’t had time to chemically mix with
the thick atmosphere to form metal-rich
minerals that reflect radar beams well.
But just how long does it take for lava on
Venus to react with the atmosphere?

In October, Wood said he believed such
chemical mixing could occur in a matter
of years. If true, this would suggest that
Maat Mons erupted within the past dec-
ade. He based his tentative dating on the
planet’s hot temperatures and two chemi-
cal studies: measurements of sulfur diox-
ide in the Venusian atmosphere — an
indicator of volcanic activity — made in
1982 by the Pioneer-Venus spacecraft,
and soil surface analyses by Venera 15 and
16, two Soviet craft that landed on the
planet in 1984.

Wood told SciENCE NEws that he has
altered his thinking since the briefing and
now agrees with several other scientists
that weathering on Venus occurs far more
slowly. As a result, he has drastically
revised his estimate: Maat Mons may
have last erupted a few million years ago.

Even so, he notes, Maat Mons remains
the youngest volcano known on Venus.

Craters and their secrets

Compared with the pockmarked faces
worn by Mars and the moon, only a
smattering of craters dimple the surface
of Venus. Besides helping to fix an age for
the planet’s youthful appearance, the
diverse features of the 830 or so craters
mapped by Magellan offer insights into
the Venusian atmosphere, Schaber says.

While the majority of features on Venus
appear geologically young and un-
scarred, fractures crisscross one-third of
the observed craters, which range from 2
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to 275 kilometers in diameter. All of the
most severely fractured craters and some
of the more moderately fractured ones lie
in highly disrupted, upland terrains, such
as Aphrodite Terra and Beta Regio in the
equatorial highlands.

This concentration of fracturing sug-
gests that eruptions may continue to
occur within these rugged regions,
Schaber says. Molten rock seems to have
squirted out of many of the craters — in
some places, carving out channels that
wind through as much as 500 kilometers
of nearly flat terrain. Such lava-like flows
apparently resulted from rock that
melted when an asteroid slammed into
the Venusian surface, Schaber says. The
force with which an asteroid hits the
surface creates fierce winds that may
exceed the speed of sound on Venus,
about 500 meters per second. Such gusts
may spread out flows, accelerating chan-
nel formation.

Most of the widest craters, presumably
formed by the most massive asteroids,
display bigger flows. Craters created by
asteroids that hit at a glancing angle also
tend to have larger flows, possibly be-
cause these lopsided impacts produce a
bigger deposit of molten material in the
direction the asteroid was traveling,
Schaber says.

The few craters less than 35 kilometers
in diameter, and the complete absence of
craters less than 2 kilometers across, tell
yet another story, says Schaber. This
scarcity of small craters suggests that
tens of thousands of small asteroids burn
upinthehot, dense Venusian atmosphere
before they can strike the surface. At the
planetary science meeting, Schaber spec-
ulated that dark blotches on the surface —
sometimes surrounded by bright frac-
tures — represent regions above which
small asteroids have disintegrated. The
dying asteroids create shock waves in the
dense atmosphere, pulverizing surface
rock into a fine dust. The dust reflects
radar poorly, possibly accounting for the
dark splotches, Schaber theorizes. The
blast may also fracture surrounding
areas, he notes.

Patterns of volcanism
Many volcanic features on Venus range
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in diameter from 100 to 500 kilometers
and.display a wide diversity of shapes.
These include domes, mountains, high-
land plateaus, web-like fractures — even
areas shaped like giant ticks.

To Head and his colleagues, the web-
like fractures suggest that Venus contains
large underground reservoirs of magma,
or molten rock. As the magma solidifies
and contracts, the surface above may
crack in web-like patterns.

More than half the 1,400 volcanic clus-
ters imaged by Magellan concentrate in a
roughly circular region about 10,000 kilo-
meters across, centered on the equator.
This area, which covers about 20 percent
of the planet, may indicate where hot
spots congregate, Head says.

While it's tempting to think that the
volcanic domes share an origin similar to
those on Earth, the hotter temperatures
and 90-fold higher atmospheric pressure
on Venus suggest an alternate explana-
tion, Head says.

Geologists believe that volcanic domes
found near Taos, N.M., in the Mojave
Desert and at other terrestrial locales
formed when thick, silica- and aluminum-
rich magmas rose to the surface. Possess-
ing a consistency more like toothpaste
than water, this hot rock tends to build
domes once it cracks the surface, rather
than spreading out into thin sheets.

On Venus, however, more primitive
magmas — with a more fluid consistency
— might sometimes evolve into domes,
Head says. Under certain conditions, he
theorizes, Venus' higher atmospheric
pressure keeps gases dissolved within
magma deposits. Upon reaching the sur-
face, the gases bubble out of the molten
material, leaving behind a viscous lava
capable of forming domes.

This notion, like others about Venus’
landforms, remains speculative. But with
a global map of Venus only months old,
perhaps that’s to be expected.

“Keep in mind that in the last year
we've looked at something that has the
surface area of Earth, whereas humans
have explored terrestrial features for
thousands of years,” Head says. The new
data from Venus, he observes, may well
yield a trove of discoveries to challenge
scientists for decades to come. O
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