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Master of All Trades

by Tim Cole, Editor
When you think of space sciences, you tend to 
think of spacecraft and telescopes. Movies such
as Contact and The Dish come to mind. It all 
seems very esoteric and high-tech. Geology has a 
different aura to it. The movie image of
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geologists is of slightly grungy tough men (and a 
few tough, but still attractive, women!) in the
bush, whacking on rocks with a cool-looking 
hammer.
The funny thing is, as soon as space sciences pull 
back into the solar system and become planetary
sciences, the a lot of the science turns into 
geology. Virtually all the images beamed back
from Mars are of geological features. Once you
start looking into the rocky planets, it doesn't 
take long before you get into geology. The gas
giants might be in the province of physical 
chemists, but their moons fall right back into a
geologist's skill set.
For a planetary exploration supporter like me,
that's a bit of a problem. I'm much more
comfortable with orbital mechanics and
spacecraft. My education covers some of the
chemistry and physics, but so much of the
science coming back from spacecraft is
geological stuff. The first time I cracked open a
technical book on Mars, I descended into a
strange new world of yardangs, graben, ergs,
eolian structures — just to pick some of the
more poetic sounding words. All very daunting
stuff, but I was fascinated, so I set out to learn
some basics. It didn't take long before I
discovered how much more there was to learn.
When Simon Hanmer proposed his lecture series 
on planetary geology, I figured it was a terrific
opportunity. It's been a great learning experience
to see planetology through the eyes of a
professional geologist.
It never quite occurred to me that it might have 
been a learning experience for Simon, until I was
chatting with him after a meeting. It turns out 
that planetary geology was new to him, too. He's
way ahead of me, of course; he knows the
geological background that I'm struggling with. 
Even so, Simon's learning with the rest of us. It
really shouldn't have been a revelation, now that 
I think of it.
Here's to a new year filled with more teaching, 
more learning, more intellectual
cross-pollination. Great fun, isn't it?
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Cover Illustration: The Solar Nebula

Illustration provided by Simon Hanmer

The cover illustration depicts the early solar 
nebula, at the point where planetesimals are
beginning to form. Close to the Sun, volatiles are 
driven off, encouraging the development of
rocky planets. In the colder outer regions, gas
giants can form.
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Meteorites and the Early Solar 
System

by Simon Hanmer, NRCan (Geological Survey of Canada)

Meteorites are essentially rocks from space that 
fall to Earth. The very small ones burn up in the
atmosphere, leaving light trails we call meteors, 
or "shooting stars", but the larger ones that make
it to the Earth's surface are called meteorites. 
Meteoriticists are particularly interested in what 
the meteorites are made of, which types they
represent, and where they fit into the meteorite
classification. They have developed an incredibly 
complex classification system for meteorites that
is extremely difficult to remember, so most of us 
fall back on the simple division into meteorites
made of iron, those made of stone and those
made of mixtures of the two (stony irons). 
Geologically, this translates into the inner and
outer parts of rocky planets such as the Earth, 
Venus or Mars.

Planetary Structure
A planet like the Earth is 
made like an egg: there's a
thin shell we call the crust, 
an inner yolk we call the
core, and a whole load of 
egg white we call the mantle. 
Earth's crust is made of two 
kinds of rocks: the
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continents we live on are 
made of granite, which is full
of silica, while the ocean 
floors are made of basalt,
which has less silica and 
more iron and magnesium.
Both of these rock types 
would be called stones by 
meteoriticists. Although we 
like to think of Earth as the
"typical" planet, it's not.
Mars and Venus also have 
crusts, but they are almost
entirely made of basalt, 
which explains why there

are no granitic meteorites. Apart from the 
composition of their crusts, the other rocky
planets are more or less made like the Earth, 
with cores and mantles. But why and how, and
what does all this have to do with meteorites?

Chondrites

Geologically, meteorites are divided into two 
major populations: chondrites and the rest:
achondrites. Chondrite is a very bizarre concept. 
All of the planets from Mercury to Uranus
formed by accretion from a disk of dust and gas
that surrounded the early Sun, called the Solar 
Nebula. Because of the temperature gradient in
the nebula, hotter nearer the Sun and cooler 
further out, the inner part of the Solar Nebula
quickly lost most of its hydrogen (H) and helium 
(He) gases before any planets had formed.
However, apart from that, the left-over stuff had
the same chemical composition as the Sun and 
this is what went into the initial mix to make the
rocky planets, including the Earth. This 
primitive, pre-planetary composition of the
nebula is what chondritic meteorites are made of.
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Asteroids

The process of making 
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planets out of a nebula of 
dust and gas involves bits
of dust accreting sticking
together to make larger 
grains of stuff, that then
stick together to make 
larger lumps, until you've 
got a body large enough 
that it can exert
gravitational attraction and 
pull other lumps of stuff 
towards itself. On the way
to becoming a large 
enough body to call a 
planet, this process of
accretion will make bodies 
of intermediate size that 
we call asteroids. Most 
asteroids inhabit a 
doughnut shaped volume 
of space between the
orbits of Mars and Jupiter 
called the Main Asteroid 
Belt. According to the 
Titius-Bode rule, the
planetary orbits occur at 
predictable periodic 
distances from the Sun and
there should have been a 
planet between Mars and 
Jupiter. Instead, we find 
the Main Asteroid Belt.
How do we know that 
these asteroids represent a 
planet that never formed,
rather than a planet that 
disintegrated? Principally, 
because of their chemical
composition!
However, we need to go 
back and look at 
meteorites before we can 
explain that one.

Chondrites … again

The name chondrite, from 
the Greek word for seed, 
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was inspired by what you 
see when you look closely
at some chondritic 
meteorites, especially 
under the microscope.
Chondrules are small, 
round beads (0.5mm to
1cm), commonly set in a 
matrix of very fine black
material. Chondrites have 
the same chemical 
composition as the Sun 
(minus H and He), and
therefore they have the 
same chemical 
composition as the 
primitive Solar Nebula
before the planets had 
formed from it. Hence, 
that primitive chemical 
composition is called
chondritic. However, 
some meteorites with 
chondritic chemical
composition do not 
contain these round 
chondrule structures. Why 
not?
Geologically, when you 
look at chondrules under 
the microscope, there are
several kinds, but the 
important thing is that all 
of the microscopic 
features look like things
we see in volcanic lavas on 
Earth; and lavas cool 
quickly. These include
crystals of minerals 
(olivine and pyroxene) 
with lots of holes filled
with glass, or the same 
minerals that have
crystallized as radiating 
needles (like sheaves of 
wheat). These textures tell 
planetary geologists that 
chondrules are
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Chondrule
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balls of melt that were chilled very quickly 
(quenched), before well-formed crystals could
form.
Think about this for a moment. How do you 
produce small balls of molten lava and then
suddenly freeze them in a Solar Nebula? Frankly,
no-one's sure. For example, one idea involves
sweeping interplanetary dust-balls close to the
Sun where they would melt in the hot inner 
nebula, and then throwing them out rapidly into
colder parts of the nebula where they chill.
However, the distances involved are huge, and 
the speeds are limited, so it's unclear how the
cooling could occur quickly enough. Another
idea involves flash melting due to sudden 
temperature increase produced by fluctuations in
the Sun's magnetic field. This at least has the 
advantage that the temperature could vary
extremely quickly. Whatever, the debate 
continues, but melting of dust-balls and their
rapid cooling has to be part of the story,
however it is accomplished.
So, what about chondrites with no chondrules? 
They are the product of the accretion of primeval
dust that inhabited the outer parts of the Solar
Nebula where things were simply too cold for 
melting to occur hence, chondritic composition
without the chondrules! It also turns out that the
chondritic meteorites with no chondrules have 
lots of carbon and contain minerals with lots of
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water bonded into the crystal structure (clays 
and serpentinite). Again, the presence of all that
water (up to 22% by weight) is evidence for an 
origin well removed from the hot Sun.
So, what does all this have to do with asteroids 
and planets? Apart from meteorites that fall from
time to time, there are no rocks of chondritic
chemical composition anywhere on any of the 
rocky planets or Earth's Moon, and no rocks that
contain the chondrule structure. This is because 
all the chondritic material that originally accreted
to make the planets has melted; heavy stuff has
sunk to the centers of the planets, and light stuff 
rose to the outsides. Technically speaking the
planets have differentiated such that no one piece 
of rock has chondritic composition anymore, and
the chondrule structure has been destroyed. In
other words, rocky planets are made of
achondrite materials. From a geological 
perspective, the presence or absence of 
differentiation could represent the criterion for
defining a planet. However, some asteroids such
as Vesta also appear to have differentiated into 
core, mantle and crust. How does all this help
interpret the asteroid belt? A lot of asteroids in 
the asteroid belt have a chondritic chemical
composition, which means that they cannot be 
part of a differentiated planet that then broke up,
otherwise they would not be chondritic.

Microscopic Needle Structure in a Chondrule
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The Ottawa 
Centre 
Supernova 
Counter
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Ottawa Centre Vice-President Debra Tigner 
discovered her first supernova, bringing the total
for Tim Puckett's supernova search team to 59. 
Ottawa Centre has four supernova hunters on
Tim Puckett's team. The discovery breakdown
(in alphabetical order) is:

• Lou Cox: 2

• Doug George: 9

• Ajai Sehgal: 6

• Debra Tigner: 1

Debra provided the "before and after" images of 

the host galaxy, UGC 2984, a 16th magnitude 
galaxy in Taurus. Comparing the two images 
gives a dramatic sense of the awesome energies
unleashed by the supernova.
Congratulations, Debra! Keep on hunting!

UGC 2984, 
visible near the 
center of the 
frame

Supernova 
SN2002jz 
outshines
UGC 2984

Supernova SN2002jz IN UGC 2984

T. Puckett, Mountain Town, GA; and D.
Tigner, Kanata, Ontario, report the
discovery of an apparent supernova (mag
15.9) on an unfiltered CCD frame (limiting
mag 18.8) taken with the Puckett
Observatory 0.35-m automated supernova
patrol telescope on Dec. 23.27 UT.  The
candidate is located at R.A. = 4h13m12s.52,
Decl. = +13d25'07".3 (equinox 2000.0),
which is 1".9 west and 4".2 south of the
center of UGC 2984.
(Extract from IAU Circular 8037, released 
24 December 2002)
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Enlightened By The Dark

By Diane K. Fisher, NASA/JPL

On the clearest of nights, I may see a dozen stars 
from my suburban backyard near Los Angeles.
Unfortunately, my studies of space and 
astronomy have been confined to books and the
pictures taken by others. Seldom have I
experienced for myself a truly dark, clear, 
moonless sky.
One of those rare times was a summer camping
trip in Bryce Canyon, Utah. I lay on my sleeping
bag in an open area away from trees. I saw
millions of stars (so it seemed) and the cloud of
the Milky Way streaking across the sky. Nothing
of planet Earth was in my view. It was then I
glimpsed my true situation in the universe, a
speck of dust clinging to a tiny stone hurtling
through the darkness of a cold, infinite universe.
I was awestruck by the beauty of the stars and
the darkness — and terrified!
In the light of day and a more "down-to-Earth" 
state of mind, I wondered: With around 100
billion galaxies out there, why is it still so dark 
out there?

Until the 20th century, astronomers thought the 
universe was infinite. They were perplexed
though, because in an infinite universe, no matter 
where you look in the night sky, you should see
a star. Stars should overlap each other and the
sky should be blazing with light and hot as the 
sun. This problem became known as "Olber's
Paradox."
Astronomers now realize that the universe is not
infinite. A finite universe — that is, a universe of
limited size — even one with trillions of stars,
just wouldn't have enough stars to light up all of
space.
Although a finite universe is enough to explain 
the darkness, the expansion of the universe also
contributes. As light travels from a distant galaxy 
to us, the space through which the light is
traveling is expanding. Therefore, the amount of
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energy reaching us dwindles all the time, thus 
causing the color of the radiation to be
"redshifted." (The wavelength is stretched out 
due to cosmic expansion.) The more distant the
galaxy, the more redshifted the light. The largest
redshift astronomers have measured comes from 
radiation that was emitted when the Universe
was only 300,000 years old. This radiation has 
taken over 12 billion years to reach us and
although it began as infrared radiation, it is now 
seen as the microwave background radiation.
GALEX (Galaxy Evolution Explorer) is a NASA 
space telescope that will survey the universe,
including galaxies with redshifts that indicate 
their light has
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been traveling for up to 10 billion years (or 80% 
of the history of the universe).
Read about GALEX at www.galex.caltech.edu. 
For budding astronomers, print out The Space
Place New Millennium Program calendar at
spaceplace.nasa.gov/calendar.htm to identify 
great sky watching opportunities.

Image Courtesy NASA/JPL

The GALEX (Galaxy Evolution Explorer) mission will do a broad survey of
galaxies in various stages of evolution and identify interesting objects for
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further study by the Hubble Space Telescope.

Diane K. Fisher is the developer and writer for The Space Place web site.

This article was provided by the Jet Propulsion Laboratory, California 
Institute of Technology, under a contract with the National Aeronautics and
Space Administration
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SMARTscope Open House for 
CRC

by Al Seaman

The Pett Observatory of the SMARTscope 
project has been covered at several stages in past
presentations at the monthly meetings of the 
RASC, and also in AstroNotes. At the moment, 
building construction is complete and the major
pieces of equipment (including a Paramount ME 
precision robotic mount, and Meade 16 inch
SCT OTA) are installed. Integration and test of 
the auxiliaries (electronic focuser, AP-7p CCD
camera, filter wheels, finder CCD camera,
software, etc.) is in progress.
As a way of thanking CRC (the Communications 
Research Centre) for their assistance with this
project, we invited the Senior Management of 
CRC, and other CRC staff interested in the
project to an Open House and Star Party on
December 17. CRC made important 
contributions in the form of a secure site with
minimum light pollution, access to the Internet 
including a microwave link to connect the
observatory to the CRC Internet hub, electrical 
service, and assistance with excavation and
backfilling during the construction phase.
Members of the Friends of CRC were also 
invited to the events. The Friends contributed
some of their lab space for some of our early 
equipment assembly and test operations, and
helped facilitate other site arrangements.
The day started with my brief status report to the 
weekly CRC Management Committee meeting.
They were quite interested in our progress to 
date and pleased that we were near to the
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operational stage. Following the meeting, around
11:30 am, Gerry Turcotte, the CRC President, 
and a number of the senior managers arrived at
the observatory. With assistance from Tim Cole,
we provided the group with demonstrations of 
computer control of the dome and telescope, the
BreezeNet microwave link, and explanation of
CCD imaging. There was a lively discussion of
our plans and priorities for operation, and the
equipment capabilities. There was a lot of 
enthusiasm amongst our managerial visitors, who
offered congratulations for having achieved such 
a state-of-the-art facility solely with donations
and voluntary efforts, and they wished us
continued success.
Hugh Pett joined Tim and myself in hosting the
general Open House for CRC staff and Friends 
of CRC from 1:30 to 4:00 pm. We had a steady 
stream of visitors over this period. The hosts
were busy with explanations and demonstrations
all afternoon, usually with groups in both the 
observatory (Cold Room) and the Warm Room.
Late in the afternoon, a few visitors were able to
see a nice view of the rising moon through the 
telescope.
Early in the day, CRC's WISELAB (Wireless 
Inter-networking Systems Experimentation
Laboratory), who provided us with the 
microwave link, set up
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their mobile laboratory in the 
observatory parking lot. The computer
terminal inside was connected as a 
second remote terminal on our hub 
station, located on the roof of the CRC
main laboratory. Throughout the 
morning and afternoon Open Houses,
Simon Perras of the WISELAB ran a 
demonstration of how effective it is to
run a high speed Internet connection 
over such a link. The demonstration
material used was the SMARTscope 
section of the RASC - Ottawa Centre
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web site, which also helped to tell our 
story.

The weather on the 17th co-operated 
nicely, and we were able to follow the
open house with the planned star party 
on the same evening. This timing of the
evening event was in part dictated by 
the fact that the Observatory was now 
at a stage suitable for visual
observation, but within a short time it 
will be instrumented for CCD imaging
only, and conversion back to visual use 
will not be trivial. In addition to CRC
staff and Friends of CRC members, the 
SMARTscope team and any others 
who had helped with the observatory
construction were also invited to the 
evening event.
To provide extra viewing opportunities 
for visitors, Richard Taylor, Mike Earl,

Photo courtesy Richard Taylor

Orion rises behind the Pett Observatory while visitors enjoy
the view through telescopes in the parking area.
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Gary Boyle, and Tim Cole brought their own 
telescopes. We had a good, steady turnout from
just before the planned opening at 7:00 pm to 
well past the scheduled 9:00 pm close. CRC
security staff were stationed at strategic
locations along the road to guide visitors to the 
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observatory, and everyone made it in and out
safely.
Naturally, Saturn and the near-full Moon were 
popular requests from visitors, and we usually
had at least one of the additional telescopes 
aimed at each. The main Observatory telescope
switched periodically between the Moon, Saturn
and a few of the brighter DSOs. Unfortunately,
the seeing wasn't good, and the sky was bright
from the Moon, so the big telescope was not 
able to show its full potential. The Warm Room
was a popular attraction, usually packed to its
limited capacity. Thawing visitors had the chance
to see images captured with the ST-237A finder 
CCD camera, and get an explanation of the
computer control system. The star party turned
out well, with a lot of interest and many of the
usual expressions of awe and appreciation.
Now that initial operation has been celebrated, 
it's back to equipment integration and testing for
the SMARTscope Team. Broader publicity and 
exposure will follow as we become fully
operational in the planned remote mode over the
Internet.

Photo courtesy Richard Taylor

A young visitor enjoys the view through the Pett Observatory's 16-inch 
SCT.
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SMARTscope Update

by Tim Cole and the SMARTscope Team
A lot has happened with the 
SMARTscope project in the 
last few months. Our long
awaited Paramount arrived in 
late fall, and we mounted our 
Meade 16-inch SCT shortly
afterward. On 07 December, 
we installed the Optec TCF-S
focuser and the control box for 
the ST-237A CCD camera 
we're using for a secondary
imaging camera. The next clear 
night, Doug George helped us 
(okay, he did most of it!) do the
preliminary polar alignment of 
the Paramount and model the
telescope/mount dynamics. 
Later the same night, we also 
tried out our secondary camera,
equipped with a 28mm Pentax 
camera lens borrowed from a
team member's camera bag. It 
gave us a chance to discover 
just how much we had to learn
about using MaxIm DL and 
CCD imaging, but we did get a
decent shot of the Pleiades for 
our efforts.
Of course, typical early 
commissioning problems have
come up that's exactly why you
need a commissioning process.
Some problems have been 
solved, while a few more are
being worked on. During the 
Yuletide break, communicating
with vendors has been tricky, 
but that should improve in the 
new year.
With filter wheels and filter sets 
on order, all but minor bits and 
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pieces are either on hand or
ordered. The building itself is 
proving to be in fine shape. 
Heat is properly segregated the
Warm Room is pleasant while 
the Cold Room lives up to its
name. After the first winter 
storm deposited a small 
snowdrift on the Cold Room
floor, Chris Teron tracked 
down the problem. The next
winter storm proved his 
solution worked as expected.
As a final note, the observatory 
now has an official name. The 
Pett Observatory is named
honor of the primary 
benefactors, Hugh Pett and his
father Bradley. A plaque in the
Warm Room will honor the 
many other volunteers and 
donors.

Photo courtesy Tim Cole and the SMARTscope 
Team

M 45, imaged with the ST-237 secondary CCD 
camera with a 28mm lens. The image has been 
calibrated with MaxIm DL and cropped, but
otherwise unprocessed.
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