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Dear Merlin,

I often hear about all the trash
that is floating in space. I know
much of it is from the Inter-

national Space Station. Will it
eventually just disintegrate,
or will something have to be
sent to space to collect it?

Carol Brown
Gatesville, Texas

Someday, perhaps visi-
tors to Earth orbit will
see work crews wearing
reflective vests atop their
spacesuits collecting trash
from the orbital highways
and byways. And maybe
they'll have signs similar
to those that adorn many
terrestrial highways: The
next 5,000 miles kept litter-
free by the Spacely Sprockets
Company.

Until then, unfortunate-
ly, space trash (or space junk,
as it's more often called) is a
growing problem. The world
is launching thousands of
new satellites into space every
year, clogging the spaceways
with a lot of traffic. Debris
from their booster rockets
sometimes accompanies
them, and sometimes pieces of
the satellites themselves break
away. Although such pieces
can be tiny-as little as a fleck
of paint-a collision with one
could damage or even destroy
a spacecraft.

Today, some satellite opera-
tors intentionally command
old or dying craft to reenter

the atmosphere, with many other agencies that operate
of them aimed at a "space- the station keep a close eye
craft graveyard" in a wide, on any space junk that might
uninhabited region of the approach ISS. In November
Pacific Ocean. Most satellites, 2021, for example, they de-
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though, will remain in space
until their orbits naturally
decay and they plunge into
the atmosphere.

Space agencies are ponder-
ing plans for capturing and
de-orbiting dead spacecraft
and snagging bits of debris,
but nothing has been ap-
proved.

Incidentally, the Interna-
tional Space Station (ISS)
generates little space junk.
Any debris that hits the sta-
tion could endanger the lives
of its astronauts, so most of
its trash is placed in reentry
vehicles that burn up in the
atmosphere. NASA and the

layed a planned spacewalk
after Russia destroyed a sat-
ellite, scattering hundreds of
pieces of debris across low-
Earth orbit.

So for now, at least, there's
not much anyone can do to
clear the space lanes of the
increasing mounds of trash.

Dear Merlin,
It looks to me like most ce-

lestial systems are organized
roughly into one plane. Our
moon revolves around Earth in
one plane, the revolutions of the
planets in our solar system are
roughly in one plane, and spiral
galaxies are roughly one plane.
Is this observation accurate? If
so, why?

Stephen Harty
Irvington, New York

It's the law. The laws of
gravity and angular momen-
tum squeeze and flatten the
clouds of gas and dust that
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give birth to star systems and
spiral galaxies, creating disks
that rotate in a single plane
(roughly).

In the case of a star sys-
tem (including the solar sys-
tem), it starts as a big, widely
spread blob. The cloud isn't
evenly spread out, though, so
as it starts to collapse (per-
haps thanks to the gravita-
tional nudge of a passing
star or the shockwave from
a supernova), it initially falls
inward more in one direction
than in the others. That pulls
material into a relatively flat
disk, which spins faster as it
contracts, like an ice skater
twirling faster as it pulls in
its arms. The spin helps keep
material from moving away
from the disk.

Most of the gas and dust
settles in the center, forming
the star. Material in the disk
around the star fragments,
with some of the material
coalescing to form chunks of
ice, rock, and metal, which in
turn merge to make planets.

Over time, though, the
plane can grow "bumpy."
Friction with material in the
leftover disk, gravitational in-
teractions among the planets,
and other effects can tilt the
orbits of the planets. In ex-
treme cases, in fact, planets
may be pushed into orbits that
are far outside the plane, and
even perpendicular to it-an
effect seen in several other
planetary systems.

Spiral galaxies work in a
similar way. They appear to
form from the mergers of
smaller galaxies, which have
irregular shapes. The grav-
ity of the merging galaxies
causes them to collapse, ro-
tate, and flatten out, forming
a spiral galaxy.



Cosmic
Snowflakes

Galaxies-'island universes' of millions or billions of stars-assume many
beautiful shapes, made all the more impressive by close encounters

alaxies are like snow-

flakes: Every one is beau-

tiful, and no two are alike.

Some galaxies are delicate

spirals, spinning through the universe

like cosmic whirlpools. Others look
like hazy footballs and are home to a
trillion stars or more. Still others have

no distinct shape at all; blobs, stream-
ers, and filaments of stars and gas can

resemble puffs of cotton candy blow-
ing in the wind or giant spiders catch-

ing insects in messy webs.

Although millions of light-years separate most galax-
ies from each other, the galaxies themselves are so large
that they frequently caress, sideswipe, or plow into each
other, with spectacular results, as shown in the following
pages. They can resemble pairs of dragons locked in mortal
combat, tadpoles swimming upstream, spears ramming into

fluffy targets, waves rippling across a cosmic pond, or many
other fantastic shapes.

As galaxies interact, their gravity can pull out streamers
of stars that can stretch for hundreds of thousands of light-
years. Clouds of gas and dust can ram together, squeezing
them and causing them to give birth to thousands or even
millions of new stars. Some of the stars are massive, so they
shine especially hot and bright. They burn out quickly,
though, and explode as supernovas, which can briefly out-
shine the entire galaxy.

Giant galaxies frequently consume smaller ones. In fact,
all the large galaxies in the modern universe probably
reached their present proportions through mergers with
smaller galaxies. That includes our home galaxy, the Milky
Way, which has pulled in many galaxies during its lifetime,
and is digesting one or more today.

Mergers between larger galaxies create galactic monsters.
The largest elliptical galaxies, for example, are the result of
mergers between two or more large spirals. And the Milky
Way appears destined to join that list. It is on track to
collide with a galactic neighbor, the Andromeda Galaxy
(M31)-the closest giant galaxy to our own-in several
billion years. Another nearby galaxy, M33, may join the
action. For billions of years, as the galaxies settle in to their
nondescript elliptical form, they may sculpt shapes that
resemble those of many other interacting galaxies. They
won't look exactly like any of them, however. After all, like
snowflakes, no two galaxies are just alike.

By Kristen Pope
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n a Na on: Lby Alan MacRobert

Springing a New Season: Lion,, Twins, and Crow

M arch and April bring the transition from the
brilliant stars and constellations of winter

to the more sedate lights of spring. Regulus, the
brightest star of Leo, springs high across the night,
followed by Spica, the leading light of Virgo. The
planets remain in the early morning sky, with three
of them congregating in early April.

MARCH 1-15
Do you have an open sky

view to the south? This mat-
ters for amateur astronomers.
Most of the constellations
you can see from our lati-
tudes reach their peak heights
there, showing at their best in
the darkest sky.

This especially matters for
telescope users. The higher you
look, the less air you're
looking through and the
sharper the seeing.

February was Orion's
month to be king of
the south after dusk.
Now we find him step-
ping westward past the
meridian, and his dog
Canis Major comes into
its peak showing. These
constellation-by-con-
stellation replacements
run all night and all
year, but this one is espe-
cially notable with two
such dramatic figures.

The highlight of
Canis Major is, of
course, Sirius, the brightest
star in the night sky, which
now is smack on the meridian
(straight above the point due
south) shortly after dark.

Procyon, the bright light
of Canis Minor, shines to the
upper left of Sirius. With or-
ange Betelgeuse in Orion's
shoulder, Sirius and Procyon
form the bright equilateral

10 MARCH/APRIL 2022

Winter Triangle.
Shortly after the end of twi-

light-14 minutes after Sirius
crosses the meridian, to be
exact-the Winter Triangle
balances precisely on its Sirius

point (if we define balance by
when the top of the triangle is
perfectly level).

Watch for this to happen
sometime around 8 p.m. in

the first half of March, de-
pending on your date and on
how far east or west you live
in your time zone. But no mat-
ter where you live, the Win-
ter Triangle turns level every
day 14 minutes after Sirius
crosses due south-whether
in the evening as now, at mid-
night around New Year's, at
the break of dawn in October,

or at midday in the Dog Days
of summer.

As for bright planets, they
are nowhere to be found these
evenings. But look toward
the east in early dawn! Venus
blazes low in the east-south-
east as the brilliant Morning
Star. Faint little Mars, less
than a hundredth as bright,
glimmers to its lower right by
about three finger-widths at
arm's length. Binoculars help
with Mars if the sky is grow-
ing bright.

Far to their lower left, Mer-

cury and Saturn come up
even as the sky grows bright-
er. On the morning of March
2, try catching Mercury and
Saturn in conjunction just

0.7 degrees apart. Mercury is
the brighter one; look for Sat-
urn just to its upper left. You'll
definitely need binoculars by
the time they're in good view.

MARCH 16-31
As winter turns to spring

(the equinox comes on March
20 this year), evening dark-
ness finds Orion walking

down toward the southwest
with his three-star belt more
or less horizontal.

Back when fall turned to
winter, Orion's Belt was verti-
cal in the southeast. The great
line of celestial landmarks
that Orion's Belt points to has
rotated accordingly. Sirius
now sears the night to the left
of Orion's Belt; orange Aldeb-
aran shines farther to Orion's
right, and the Pleiades cluster
is to the right of Aldebaran
(and a bit lower).

High above Orion, the star-
ry stick figures of the Gem-
ini twins-they're holding
hands-are finally turning
to stand vertical. Their heads,
Pollux and slightly fainter

Castor, look down from
near the zenith. Canis
Major, wearing Sirius
on his chest like a dog-
tag, still trots upward.
Later in the night and
later in the season, the
dog turns more hori-
zontal as he sinks to-
ward the southwestern
horizon.

All of those are tradi-
tionally "winter" con-
stellations, at least if
you watch the sky in
the evening. But now,

Z
Look high in the east-

southeast for Leo, the
springtime lion. He's

walking upward, toward the
right. Under heavy light pol-
lution, all you may see of
him are his first-magnitude
forefoot, Regulus; his back-of-
the-neck star, Algieba, a little
fainter and less than a fist at
arm's length to the upper left
of Regulus; and his tail-tip,
Denebola, two fists to their
lower left.



High in the northeast, the
Big Dipper still stands on its
handle, but now it's starting to
tilt leftward. Follow the curve
of the handle way down and
around to the lower right and,
barring the awkwardly placed
tree, building, or streetlight,
there's Arcturus, the Spring
Star, making its way up to
shine all spring, summer, and

into the fall.
In early dawn now, we're

having a bunch-up of three
planets: brilliant Venus low in
the east-southeast, faint Mars
a few degrees to its lower right
or right, and Saturn moving
toward them day by day from
the lower left. By March's end,
Saturn will be right between
Venus and Mars.

APRIL 1-15
Early April finds the cres-

cent Moon working its way up
through the spring twilight in
the west. On April 4, the slim
waxing crescent poses crypti-
cally with the Pleiades. It's to
the upper right of Aldebaran
on the 5th, between the Taurus
horn-tip stars on the 6th, and it
crosses Gemini on the 7th, 8th,
and 9th. By then, the Moon has
filled out to first quarter.

Arcturus has rapidly gained
height in the east. As evening
advances, look three fists to
the lower right of Arcturus
for Spica, which is exactly one
magnitude fainter.

To the right of Spica by half
that distance rests Corvus, the
crow, another signature of
spring. Corvus is a distinctive
quadrilateral of four stars. In

i1I

The Shower
Lyrids

Peak
Night of April 21

Notes
The Lyrids are modest, with around
one or two dozen meteors per hour
at best. The gibbous Moon rises
about 3 a.m., so after that its light
will overpower all but the brightest
meteors.

deep darkness you can make
out fainter stars that complete
a stick-figure crow-like pat-
tern. The crow is standing in
profile, eyeing sparkly Spica
as if to steal it. The ancients
who dreamed up most of our
constellations were surely fa-
miliar with the fascination
crows have for sparkly things.
And why is that? My wife
the animal-behavior biolo-
gist suggests it's because, in
nature, sparkly often means
water, sometimes a scarce
commodity for creatures to
seek out.

Like Spica with Corvus,
Arcturus also has a small but
distinctive constellation fairly
close by. Once Arcturus is well
up, look to its lower left by a
little more than the distance
separating Spica from Corvus
for Corona Borealis, the semi-
circular northern crown. It's
dimmer than Corvus, with
only one moderately bright
star: Alphecca or Gemma, the
2nd-magnitude crown jewel.
To see the whole little tiara

you need a good, dark sky.
The dawn planet dance

continues: Venus is dropping
a little lower, while on the
mornings of April 4 and 5,
Mercury and Saturn pass
barely one-half degree apart.
They are almost equal in
brightness, but Mars is redder.
Thereafter, the three separate
to form a lengthening line.

APRIL 16-30
The high western twilight

showcases the great Arch of
Spring.

Start with Pollux and Cas-
tor, which are high in the sky,
due west, and line up parallel
to the horizon. They're about
three finger-widths at arm's
length apart. To their lower left
is Procyon, the arch's
left end. Farther to A[I
their lower right are
second-magnitude
Menkalinan and
then brilliant Capel-
la, magnitude zero,
marking the arch's
right end. The Arch -
of Spring is part of
the even larger Win-
ter Hexagon, much of
which has sunk from sight.

Arcturus and Spica are
climbing higher in the east
and southeast, respectively.
While Arcturus shines pale
ginger-ale color, Spica is a
pale blue-white. In fact, Spica
(once it rises high into thin
air) is one of the bluest stars
in the sky. Binoculars show
star tints better than the un-
aided eye, especially if you
defocus a bit so stars become

disks rather than tiny, overex-
posed points.

Sadly, though, the range of
star colors is limited. Almost
all stars are very pale, mean-
ing the colors are mixed with
a lot of white. On the orange
and red end-the least-hot
stars-the colors are stron-
gest. An example is Betelgeuse,
Orion's shoulder, still in view
right after dusk. Look for it
under the Arch of Spring, far
below Pollux and Castor.

But no matter how hot a
star becomes, it can never ap-
pear much bluer than pale
Spica. That would not be the
case if our vision extended
into the ultraviolet, where the
real action happens for the
hottest stars. But limited as

we are to longer wavelengths,
a super-hot object stays the
same pale blue-white to our
eyes even if its temperature
rises from more than 50,000
degrees Fahrenheit (30,000
C), which is hardly more than
Spica, to 100,000 degrees or
a million or more.

Alan MacRobert is a senior
editor of Sky & Telescope
magazine.
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Road Show Transports Visitors to the Moon
Anew =raveling 

exhibition 
that

chroni:les the early American
mannEd space program will open

ir April in downtown Miami.
Space Adventure will display more

than 300 artifacts frim the Mercury,
Gemini, and Apollo projects, which carried
astronauts to Earth oriit and on to the
Moon in the 1960s anc early '70s. Items
will include computers and consoles from
the Mission Control Canter in Houston,
spacesuits worn by the astronauts, and
equipment that was carried to the Moon,
including cameras. Displays also will in-
c ude mock-ups of the lunar module,
which carried six pairs of astronauts to

14 MARCH/APRIL 2022

the lunar surface, and the lunar rover,
which fer-ied three ol those teams many
miles across the Moon. Many of the arti-
facts will be displayed in special rooms,
including a moc<-up con-rol roam and a
lunar-departure room.

Severcl videc presentations and mary
high-resclution photogrcphs will chroni-
cle the early missions, while virtual
reality aid other displays are designed
to augment the visitor's understanding
of early ;pace travel.

Space Adventure will tour several
other Anerican cities after the Miami
run, beginning with Atlanta sometime
this fall.

www.spaceadventure.us



Destruction and creation among the starsIn Supernova, astrophysicist Or

Graur describes the history and

physics of some of the most power-

ful explosions in the universe.

A supernova is the destruction of a

star-either a supergiant star at the

end of its normal lifetime, or a stellar

"corpse" that has stolen gas from a

companion.
Graur, a senior lecturer at the UK's

University of Portsmouth Institute of

Cosmology and Gravitation, notes that

supernovas that appeared in 1006,

1054, 1181, 1572,
and 1604 helped
dispel the notion

that the universe

was an immutable

celestial sphere.
Instead, it's con-

stantly changing,
although it takes

big telescopes on

the ground and in

space to see most of

the changes. Today,
those instruments

reveal new super-

nova explosions

every night, in gal-

axies far beyond our

own.
The book is

sprinkled with fun

facts. For example,

a supernova emits
more light in its first
month than all of the

in its host galaxy combined. And every

second, about 70 stars explode as su-

pernovas somewhere in the universe

(who knew?).

Supernovas and their progenitor

stars also play key roles in the chemis-

try of the universe. They create many

of the elements heavier than hydrogen

and helium, the lightest and simplest

elements, and disperse them into space,

where they can be incorporated into

new stars, planets, and perhaps living

organisms.
The author asserts that we owe

our existence to supernovae (without

them, there would be no calcium for

our bones or iron for our blood, for ex-

ample). Yet a supernova may eventual-

ly be the death of us. One likely caused

a mass extinction of marine life about

2.6 million years ago. Graur notes that

we shouldn't worry too much, though.
given the vastness of space, how close

-4

a supernova would

have to be, and the

SOA million- to billion-
year timescales of

the Sun's motion

and life cycles of

the stars it encoun-
ters. A simulation

of the Sun's future
orbit and the evolu-
tion of the stars it

will pass suggest we
probably are safe for
millions of years.

Scientists use su-

pernovae to study
other astrophysical

phenomena, mea-

sure distances and

the expansion of
the universe, calcu-
late its age, and to
help answer other

burning questions.
Those answers may come more quickly

with the next generation of telescopes,

such as the Giant Magellan Telescope

and the Rubin Observatory Legacy Sur-

vey of Space and Time (LSST). The

largest astronomical survey ever at-

tempted, LSST is expected to discover
hundreds of supernovas every night-

revealing many more secrets of these

powerful stellar deaths.

Melissa Gaskill

Supernova explosions create colorful shells that
can glow for tens of thousands of years. From tcp:
Tycho's Supernova, seen in 1572, showed that ne
universe can change; the center of this supernova
remnant may contain a black hole; Supernova
1987a, in a companion galaxy to the Milky Way,
was the brightest supernova visible from Earth
in four centuries; an X-ray image of Cassiopeia.
shows expanding shells of gas and dust.
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Going Bright

Supernova
By Or Graur
MIT Press; 240 pages, $16.95
mitpress.mit.edu/books/

supernova

billions of stars
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MANY OF THE
GEMSTONES THAT

ADORN THE NECKS AND
FINGERS OF PEOPLE AROUND
THE WORLD MAY HAVE BEEN

FORGED FAR BEYOND PLANET
EARTH, OR BV THE IMPACTS OF



ome truths about the cosmos are literally gems-like

the ones that sparkle in a jewelry display cabinet.

That's because a host of rare and precious stones that

n breathtaking necklaces and exquisite rings have

ing astronomical stories to tell. The stories are

aout art as a planet, its travels through the Milky Way Galaxy,

and about places beyond our world. Some of the jewels that bring

us these tales were carried here from outside Earth, while others

were created here by objects from space,

The kinds of gems that scientists study in these pursuits may not

always twinkle, like the ones from Cartier or Harry Winston. Nor

are they set in gold. Yet the cosmic jewelry case is a dazzling one.

PERIDOTS: REVEALING HOW
PLANETS ARE PRN

An Argentine farmer in the Pata-
gonian village of Esquel unearthed a
1,500-pound (2,500-kg) meteorite,
which bears that town's name, while
digging an irrigation ditch in the 1950s.
Today, a section of the meteorite on
display at the American Museum of
Natural History in New York reveals a
kind of stained glass window of trans-
lucent green mineral, suspended in an
intricate web of iron.

"What we have here is a small frag-
ment of another world," says Denton
Ebel, the museum's curator of meteorites.
The shiny, olive-green mineral trapped
within the iron is olivine, which contains
magnesium and iron. The most transpar-
ent bits of it contain higher proportions
of magnesium, which, to a gemologist,
would make these pieces of gem quality.
Such stones are known as peridots.

Peridots have been mined from natu-
rally occurring terrestrial deposits since
ancient times. Cleopatra's crown is said
to have held some, and jewelry made
from Earth-mined peridots remains popu-
lar today-it is the birthstone for August.

The much rarer extraterrestrial kind
arrive inside meteorites known as pal-
lasites, which are made of rock and iron.
"Meteorites are broken pieces of celestial
bodies," Ebel says. Iron meteorites derive
from a body's metallic core, while stony
ones come from the rocky mantle or
crust. "Rare stony-irons show attributes
of both mantle and core," Ebel says.

Those are the same layers we would

see if we could slice into our own planet.
Meteorites such as the Esquel date to the
chaotic period when planetary bodies
were still worlds in formation, massing
together and breaking apart. As a result,
they contain materials from different
parent bodies. "What we're seeing here
dates to very early in the solar system,

planets scattered the resulting debris
into space. That makes these gems glis-
tening evidence of the frenetic ways in
which planets are (or aren't) born.

OPALS:! R WAS) HR UFE N MARS?
Beside many other wonders of the cos-

mos on display at London's Natural His-
tory Museum in South Kensington sits a
chunk of the famed Nakhla meteorite.
In 1911, a small asteroid exploded in the
skies above the Egyptian settlement of
El Nakhla el Bahariya (hence the mete-
orite's name). Many fragments slammed
into the ground, and, at least in legend,
one of them struck and killed a dog.
"That story is well-known, but may not
be true," says Martin Lee of the School
of Geographical and Earth Sciences at
the University of Glasgow.

Lee is using this space rock to help
answer an age-old question: Was there
ever life on Mars?

Detailed analysis of tiny bubbles inside
the meteorite fragments revealed that
their gases matched the chemistry of
the Martian atmosphere, suggesting the

oD

m}

f'4

Ar

;.

making these meteorites, and everything
inside them, clues to the histories of
these early planetary bodies," says Ebel.
"For example, how quickly did these
planetesimals begin to [separate into
layers]? And how quickly did they cool?"

On Earth, peridot occurs at a greater
depth than almost any gem except
diamond, reaching the surface through
volcanoes or the motions of Earth's
crust. Yet for alien peridots like the
ones in the Esquel meteorite, the pro-
cess of liberation would have been
more extreme, occurring when mas-
sive collisions between newly forming

slice of the Esquel meteorite shows pen/a0t
n yLs5i a l ogethe; by rn and a ckl

original rock came from Mars. It formed
about 1.3 billion years ago, when molten
rock cooled and hardened. It was blasted
into space about 11 million years ago,
when a larger asteroid slammed into
Mars, then circled the Sun until it col-
lided with Earth.

Nakhla contains microscopic fire opals.
Earthly versions of this gem, flashing
brilliant sparks of red and orange, often
adorn rings (western outlaw Butch Cas-
sidy wore one). But for extraterrestrial
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life, what's most important is that opals
are water gems. They were produced as
dissolved sand leached through rock.

Fully formed gems still contain traces
of the water that made them-up to
30 percent by weight. "It's a very thin,
grainy brown film," Lee says of the de-
posits within the 1.7-gram sample of
Nakhla his team studied with a trans-
mission electron microscope. "In it, we
could see thin spheres of silicon, oxygen,
and water, which is opal"-the first such
gems ever found in a visitor from space.

"On Earth, opals form around hy-
drothermal vents and hot springs, like
the Old Faithful geyser in Yellowstone
Park," says Lee. Today, such locations

ly.) "However, finding opals does suggest
a mechanism by which earlier life could
have been preserved," Lee says.

A couple of decades ago, NASA re-
searchers conducted detailed analyses
of Nakhla fragments from the British
Museum and London's Natural History
Museum. As with other Mars meteorites
they analyzed, the scientists discovered
tiny structures that resembled fossilized
bacteria, along with traces of chemical el-
ements like those produced by bacteria in
terrestrial rocks. They also found amino
acids, which are the chemical building
blocks of life. Most scientists, howev-
er, say it's likely that the life-suggesting
chemistry was contamination from Earth.

na 50,000 years ago, gouging the almost
mile-wide impact crater.

From how long ago and how far away
had these gems come? A surprising an-
swer comes from the 220-pound (100-
kg) Murchison meteorite, which holds
microscopic moissanites as well. At an
estimated seven billion years old, they
may be about 2.5 billion years older than
Earth and the rest of the solar system-
the oldest objects on planet Earth.

Analysis reveals an origin outside the
solar system, from around carbon-rich
stars that are entering their final stages
of life. That origin makes moissanite a
glimpse into the path that stars like our
Sun eventually follow, and earning this

s'ff

contain rich ecosystems of microscopic
life, and similar features billions of years
ago could have been where life on Earth
began. In fact, terrestrial opals occasion-
ally contain fossils and other evidence
of biological activity. Might opals from
another planet have done likewise, and
tell this tale as well?

Nakhla's opals provide clues. "The
evidence of water we see here flowed on
Mars when a large impactor struck the
planet and melted crustal ice, bringing
water to the surface," Lee says. "Such an
impact would produce enough heat to
last for thousands of years. Water flowed,
and opals formed. This occurred about
600 million years ago. Of course, it isn't
likely there would have been life on
Mars to preserve that recently." (Current
estimates place the most favorable pe-
riod for Martian life several billion years
ago, when the planet was much warmer
and liquid surface water still flowed free-

The orbiting Mars Reconnaissance
Orbiter has detected ancient opal fields
on the Red Planet itself. "If Martian
microbes once existed," Lee says, "this
could be where they might have arisen,
and where fossil microbes might remain
preserved." That suggests that the search
for opals can guide the search for evi-
dence of ancient life on Mars.

MOISSANITES: OLDER THAN EARTH
When Nobel laureate Henri Mois-

san discovered chips of an unusual rock
around Arizona's Meteor Crater, in 1893,
he thought he'd found diamonds. In-
stead, he'd discovered a new mineral,
which today bears his name: moissanite.
Although it's chemically different, jag-
ged, crystalline moissanite is quite dia-
mond-like. And it's also among the hard-
est substances on Earth-or off it. Chips
were scattered across the landscape when
their parent asteroid slammed into Arizo-

From left:A l&/h u re iIun/a,i' maibit

Meteor Crater in Arizona, where moissanites
were discovered; the remnant of a supernova,
an exploded star like that those that might
have forged carbonados; the giant carbonado
scheduled for auction in February.

gem the nickname "stardust."
At the end of a Sun-like star's life, its

core has been converted to carbon and
oxygen. As the star dies, it expels some
of this material, along with other ele-
ments created during its long lifetime,
into space. Atoms and molecules link
together to form solid grains of dust.
That can include moissanites, which
consist of carbon and silicon. Strong
winds from the dying star push these
grains out into the surrounding galaxy,
where they may someday be incorpo-
rated into new stars or planets, or the
rocky debris left over from planet for-
mation. In this case, that included the
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asteroid that formed Meteor Crater and

the smaller Murchison meteorite.

MOL AVITES: INSTANT EMS
Some cosmic jewels are born right

here on Earth: worldly materials trans-

formed by otherworldly events. They

are pieces of glass forged when a large
space rock slammed into Earth or ex-

ploded near the surface. Such an im-

pact melts rock, dirt, and especially

sand, blasting molten blobs high into

the sky. As they descend, their passage

through the atmosphere sculpts them

into teardrops, cones, balls, or other

aerodynamic shapes. As they cool and

harden, they form natural glass, known

struck today's eastern Germany, goug-

ing the Nbrdlinger Ries impact crater

(which served as a training site for

Apollo 14 astronauts, who were headed

for a similar crater on the Moon). The

impact blasted molten rock up to 280

miles (450 km) away, across the mod-

ern-day Czech Republic (moldavites are

named for Moldau, a Czech river where

the first samples were found), as well as

Germany and Austria.

Moldavites, which are olive green or

brownish green, exhibit the bubbles and

flow markings of glass that was churned

as it cooled. Once parts of the Bavarian

countryside, these amorphous chunks

now seem like pieces of an alien world.

"It's terrestrial rock that's been melt-

ed and reformed," Corrigan says. "In

some moldavites, you can see how their

shapes formed as the still-molten globs

were spinning in the air. ... Moldavites

are considered 'mineraloids' because
they lack a mineral's crystal structure."

They cooled so rapidly that they didn't

have time to form the organized struc-

ture of crystals. That makes each gem

a snapshot in time, recording a brief,
cataclysmic Earth event.

The European strewn field yields

a seemingly endless supply of these

stones-at least 275 tons of them so far.

Higher quality moldavites, which are

more translucent than run-of-the-mill

samples and display an interior pattern

that looks like a fern, have been popu-

lar gemstones for centuries (early wear-

ers considered moldavite a good-luck

charm), and every piece derives from

this same cosmic episode. What a differ-

ence a few seconds can make.

as tektites, tinted yellow, green, brown,
or other colors by the minerals present

in the rocks and dirt from which they

formed.
Perhaps the most famous tektite is a

yellow scarab adorning a pectoral worn

by Egypt's young King Tutankhamun.

It was carved from a piece of Libyan

Desert Glass, which formed about 29

million years ago.

Most tektites are distributed across

large areas, known as strewn fields. Each

field contains the remnants of a single

impact, and its tektites are named for

the region in which they're found. Large

strewnfields cover parts of Africa, North

America, central Europe, and Australia

and surrounding regions of Asia.
The European tektites are known

as moldavites, says Research Geolo-

gist Cari Corrigan of the Smithsonian's
National Museum of Natural History.
About 15 million years ago, an asteroid

In January, Sotheby's announced the

pending auction in Dubai of an extraor-

dinary stone: a black diamond weighing

555.55 carats. Expected sale price: $6.8

million. Possible source: an exploding

star.
The diamond is a carbonado. The

name is Portuguese for charcoal, con-
veyed because this gem is extremely

dark. If that sounds contradictory, these

chips are undiamond-like in other ways

as well. For example, they are never
found in the types of rocks or in the lo-
cations where traditional diamonds are
mined. Harder than typical diamonds,

they find common industrial uses; car-

bonado drill bits were used to construct

the Panama Canal, for example.

It's possible that carbonados (or at

least some of them) were produced as

other diamonds were, under the ex-

treme heat and pressure found deep

below Earth's surface. But some scien-

tists have suggested a cosmic origin.

Carbonados could have formed in an

asteroid impact. The impact heated and

squeezed the rock below it, fusing car-

bon and other substances (forming im-

purities that account for the dark color).

An idea that's gained ground in recent

years, however, says the diamonds came

from a dying star about 3.8 billion years

ago. Shockwaves from a supernova, for

example, could have compressed bits of

carbon created inside the star to form

solid chunks of diamond. Some of the

diamonds coalesced to form an asteroid,

which rammed into Earth perhaps bil-

lions of years later, spewing chips across

a wide area. The idea is supported by

chemical and mineral analyses of the

carbonados. Some contain osbornite,
a mineral found only in meteorites, for

example, and ratios of different types of

carbon and nitrogen atoms suggest an

origin off Earth as well.

One of the largest cut and faceted

carbonados, the Spirit of Grisogono,

measures a staggering 312 carats-about

seven times the Hope Diamond. Surely

a gem, no matter its origin.

Engineer and science writer Nick D'Alto

is a frequent contributor to StarDate.
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Gems from Space
geology.com/gemstones/gems-from-space

Peridot
www.gia.edu/peridot

Opals on Mars
www.nhm.ac.uk/discover/news/2015/july/opals-on-mars-

could-hold-record-ancient-life.html

Moldavite
www.gemsociety.org/article/moldavite-jewelry-and-gemstone-
information

Carbonados
www.pbs.org/wgbh/nova/diamond/sky.html
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Flipping the Switches
Engineers prepare Webb; other explorers take flight; Moon mission is nigh

ith James
Webb Space
Telescope 's

(JWST) giant
mirror and sunshield deployed
and the spacecraft on station,
engineers are beginning the
tedious process of aligning its
mirror segments and switch-
ing on its instruments. The
process is expected to be com-
pleted about six months after
JWST's Christmas Day launch,
allowing the largest, most

complicated, and most expen-
sive space telescope in history
to begin studying the universe.

The telescope is designed to
discover how the first stars and
galaxies took shape. It also will
examine exoplanets, revealing
details about their atmospheres
and their suitability for life;
probe the evolution of stars and
galaxies; and study the bodies
in our own solar system.

JWST reached its observing
location on January 24. It is
orbiting a point in space al-
most one million miles (1.5
million km) behind Earth as
seen from the Sun. Known as

L2, it will offer a wide view of
the universe and help keep the
telescope's infrared detectors
cooled to hundreds of degrees
below zero.

The 6.5-meter (21.3-foot)
primary mirror consists of 18
hexagonal segments, which
must be aligned with a precision
of less than a millionth of an
inch-a process that is expected
to take weeks to complete.

ALREADY AT WORK
A much smaller space telescope
began its scientific mission on
January 11-a three-week look
at Cassiopeia A, the remnant of
an exploded star.

Imaging X-ray Polarimetry
Explorer (IXPE) was launched
December 9. It consists of three
identical X-ray telescopes. X-
rays are produced by some of
the most powerful objects and
phenomena in the universe.
IXPE's targets include the stel-
lar corpses known as pulsars,
disks of hot gas around black
holes, and the glowing remains
of supernovas. It has 33 sched-
uled targets for its first year of

operations, plus five weeks of
open time to examine objects
that flare into view, such as

supernovas and gamma-ray
bursts.

A SLIGHT HICCUP
Another explorer, Lucy, faced
a slightly rockier start to its
mission. Two days after its
October 16 launch, engineers
discovered that one of its elec-
tricity-generating solar panels
did not fully deploy. It was pro-
ducing less than full power,
but enough to support the
mission-flying past several

Trojan asteroids, which share
an orbit with Jupiter, the larg-
est planet in the solar system.
It will fly past Earth twice to

gain gravitational boosts, and
swing past an asteroid in the
main belt, between Mars and

Jupiter, before its first Trojan
encounter, in 2027.

ALMOST READY
As NASA breathed a small
sigh of relief over the success-
ful launch and deployment
of JWST, it began holding its

breath for its next multi-billion-
dollar launch: Artemis 1, the
first test flight of its giant new
Moon rocket and the spacecraft
that will ferry astronauts to
lunar orbit. A launch rehearsal
was scheduled for late Febru-

ary, with launch to follow no
earlier than late March.

Space Launch System (SLS)
is the most powerful Ameri-
can rocket since the Saturn

V, which carried Apollo astro-
nauts to the Moon. It will be

topped by the Orion spacecraft,
although it won't carry a crew
on this flight. During its 23-day
flight it's scheduled to orbit the

Moon, then return to Earth.
SLS also will carry about 10

cubesats-suitcase-sized space-
craft that will scatter through
the inner solar system to study
the Moon, asteroids, the Sun,
and other targets. If the first
Artemis flight succeeds, the sec-
ond will send astronauts into
lunar orbit no earlier than late

2023, while the third will land
the first people on the Moon
since the final Apollo mission,
in 1972. DB
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dozens oii iogue PianetS
Roam Through the Milky WayRecent survey discovered be-

tween 70 and 170 free-float-

ing planets, which wander

through space without a par-
ent star, nearly doubling the number of

known "rogue" planets. The newly dis-

covered worlds reside in the LUpper Scor-

pius OB association, a stellar nursery
that is about 420 light-years from Earth.

The new planets are only a few mil-

lion years old, so they are still hot

enough to glow at infrared wavelengths.

That makes them directly detectable by
sensitive cameras on large telescopes.
Researchers used tens of thousands of

observations, along with about 20 years

or archival data front observatories on

:he ground and in space, to measure

motions, colors, and brightnesses of

-ens of millions of sources to identify

:he planets.
The discovery alsc sheds light on the

origin of free-floating planets. They

could have formed from the collapse of

clouds of gas and dust tha- were too

small to form stars, or they could have

been kicked out of their original star sys-

tems by gravitational encounters with

other planets. If the later theory is cor-

rect, the researchers say there could be

evenmore free-floating planets out there,
including many the size of Earth. MG

FeelingthePullAll life on Earth experiences the

tides created by the gravitation-
al pull of the Sun and Moon, ac-

cording to a study published in Journal
of Experimental Botany.

The study, by researchers at the
University of Campinas in Brazil and
the University of Bristol in England,
included an extensive review of the
literature and an analysis of the data
from previously published studies on
the swimming activity of small shell-less
crustaceans known as isopods, the re-
productive cycles in coral, and growth
modulation in sunflower seedlings. The
researchers also conducted their own
investigations on the latter.

Researchers found that, in the ab-
sence of other environmental influenc-
es, such as daylight or temperature, or-
ganisms arrange their cyclical behavior
around local tides. For example, when
crustaceans are removed from their
natural habitats they continue to follow
cycles that match the timing of lunar
and solar tides back at their home sites.

Other studies have found that hu-
mans kept in the dark tend to establish
a cyclical fluctuation lasting 24.4 to
24.8 hours, in harmony with the lunar
cycle. This schedule affects sleep and
wakefulness, meal times, and other
metabolic functions. MG

Watching the Death of a Supernova

team of astronomers 
imaged in real time

the last 130 days of : red supergiant !tar,
whose life ended with a titanic explosion

known as a supernova. It was the first time that
astronomers had seen the build-up to a supernova
blast in such detail.

Based on earlier )bservations, red supergiants,
which are many t mes the size and mass of the Sun,
were thought to be relativEly quiet before their
deaths. The radiation detected in this star's final
day, however, suggests that at least some of them
undergo significant internal changes that result in
the ejection of go; shortly before they collapse.

The University of Hawaii Institute for Astronomy
Pan-STARRS first detected the doomed star in the

summer of 2020, in the galaxy NGC 3751, which
is about 120 million light-years from Earth. The
star exploded in the fall. The team used the W.M.
Keck Observatory in Hawaii to capture the powerful
flash, known as supernova 2020tlf, and continued
to monitor it after the explosion. Pre-explosion
observations showed that the star was surrounded
by a dense cloud of gas and dust, suggesting that it
expelled a great deal of material initsfinal months.

The star was 10 times more massive than the
Sun. At the end of its life, it could no longer produce
nuclear reactions in its core. The core collapsed to
form a neutron star. The layers around the core fell
inward, then rebounded, blasting into space and
creating the supernova. MG
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Fountain of Youth
for Milky Way's Heart

'Heavy metal' cuts ages of stars
in galaxy's largest cluster

Supernove Blasts
Give Birth to Nearby StarsAnew study says that all of t-e young stars near the Sun

share common "parents": supernovas that created a vast
and expanding bubble in space. Known as the Local Bub-

ble, it's a thousand light-years wide Tie Sun is zipping through
it, and currently sits right at the middle. Astronomers have known
about the bubble for decades, bu- -his is the first study to link all
nearby star formation with its expa'-sion.

Astronomers obtained precise locate ons of young stars within
a few hundred light-years of Earth from Gaia, a space telescope
that is mapping more than one a Ilion stars in ,1e Milky Way
Galaxy. They then used data visiclization sof-ware to plot the
locations of the stars. "We find that, n the present cay, almost
every single nearby young star |las on the surface of the Local
Bubble," said Catherine Zucker cr the Space Telescooe Science
Institute during a January press conference hosted by the Ameri-
can Astronomical Society.

The bubble began forming ao:u- 14 million years ago,
when a star exploded as a superrova. The shockwave, along
with those of at least 14 more explosions, cleared ot a vast
cavity in the surrounding interstellar material. "As this bubble
expands, it sweeps up clouds of gas and dust cn its surface
sort of like a snowplow can sweep up snow," Zucker said. As
the material piles up, some of it cellcpses to form new stars,
including the ones measured by Gaia.

Our solar system entered the Local Bubble ab:'ut f ve million
years ago, according to the study. That agrees with earlier stud-
ies that found a radioactive form ol ircn produced by supernovas
in five-million-year-old ocean sediments, suggesting they fell to
Earth as the solar system entered t-e bubble.

Today, the solar system is near t'-e :enter of the bubble. It will
remain inside the bubble, which is continuing to expand, for
several million years longer. DB

The heart of the
Milky Way is on a

youth kick. A re-
cent study found

that a giant star cluster at
the center of the galaxy is
only about half as old as sug-
gested by earlier research.
"We found that the center of

our galaxy may be surpris-

ingly younger than people
expected," said Zhuo Chen,
a member of the research
team at UCLA, during a Jan-
uary press conference.

The new work measured
the chemical abundances of

many of the stars in the clus-
ter, which is the largest in the
entire galaxy. Astronomers
found that most of the stars
in the cluster contain large
proportions of "metals"-

anything heavier than hydro-

gen and helium, the lightest

and simplest elements.
Metals affect a star's bright-

ness, which is one of the
factors used to calculate its

age. Earlier studies assumed
all the stars in the cluster
had the same proportions of
these elements as the Sun,
which resulted in a cluster

age of about 7.1 billion years.
Incorporating the new mea-
surements lowered the age to
about four billion years, with
some stars as young as one
billion years.

The new age estimate
should help astronomers
better understand how the
cluster's formation relates
to the supermassive black
hole at the center of the gal-
axy, and the evolution of the

galactic bulge, which sur-
rounds the cluster and black

hole, Chen said. DB
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Hubble Space
scope view of the

Milky Way's crowded heart.
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JS LIVE ONLII

Id Observatory has begun a seri

in events on ouiuae. vve are o

tours via telescope from our Fra

Center, as well as live Moon tour

Ana orner program. gee the site bez

ule of upcomin g events an links to wa

r recorae d ones.

rldobservatory. org/visitors/ºivestreai

RESOURCES

gas put together lots of resourc

oy om home. The list c u es act

ind students, plus free «o s, mod(
s for everyo
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