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AUGUST 16, 1898: DeLisle Stewart at Harvard College Observatory’s Boyden Station in Arequipa, Peru, takes

photographs on which Saturn’s outer moon Phoebe is discovered, although the images of Phoebe were not
noticed until the following March by William Pickering. Phoebe was the first planetary moon to be discovered
via photography, and it and other small planetary moons are discussed in last week’s “Special Topics”
presentation.

AUGUST 16, 2009: A team of scientists led by Jamie Elsila of the Goddard Space Flight Center in Maryland

announces that they have detected the presence of the amino acid glycine in coma samples of Comet 81P/
Wild 2 that were returned to Earth by the Stardust mission 3½ years earlier. Glycine is utilized by life here on Earth,
and the presence of it and other organic substances in the solar system’s “small bodies” is discussed in this
week’s “Special Topics” presentation.

16 17 18 19 20 21 22
AUGUST

AUGUST 17, 1877: Asaph Hall at the U.S. Naval Observatory in Washington, D.C. discovers Mars’ larger, inner
moon, Phobos. Mars’ two moons, and the various small moons of the outer planets, are the subject of last
week’s “Special Topics” presentation.

AUGUST 17, 1989: In its monthly batch of Minor Planet Circulars (MPCs), the IAU’s Minor Planet Center issues

MPC 14938, which formally numbers asteroid (4151), later named “Alanhale.” I have used this asteroid as an
illustrative example throughout “Ice and Stone 2020” “Special Topics” presentations.
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AUGUST 18, 1877: The U.S. Naval Observatory in Washington, D.C., publicly announces the discoveries of Mars’
moons Phobos and Deimos by U.S.N.O. astronomer Asaph Hall.

AUGUST 18, 1976: The then-Soviet Union’s Luna 24 spacecraft successfully soft-lands in Mare Crisium on the lunar
surface. After collecting 170 grams of soil samples it lifted off the following day and successfully returned these
samples to Earth. Subsequent analysis of these samples produced the first evidence for the presence of water
on the moon’s surface. Lunar water is among the subjects covered in this week’s “Special Topics” presentation.

AUGUST 18, 1985: Japan’s Suisei mission is launched from the Uchinoura Space Center at the southern end of

the island of Kyushu. Suisei would be among the international armada of spacecraft that would encounter
Comet 1P/Halley the following March. The 1986 return of Comet Halley is a previous “Comet of the Week” and
the results from the various spacecraft missions are discussed in that Presentation.
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AUGUST 20, 2018: A team of scientists led by Shuai Li announces that NASA’s Moon Mineralogy Mapper aboard
India’s Chandrayaan-1 mission has confirmed the presence of water ice at both the moon’s North and South
Poles. Lunar water is among the subjects covered in this week’s “Special Topics” presentation.

AUGUST 20, 2022: NASA’s Psyche mission is expected to be launched, with its destination being the large

metallic main-belt asteroid (16) Psyche. Both the Psyche mission and its namesake destination are discussed in
previous “Special Topics” presentations.
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AUGUST 21, 1994: A team of astronomers led by Anita Cochran at the University of Texas utilizes the Hubble

Space Telescope to obtain a series of very deep images in an attempt to detect very faint objects in the Kuiper
Belt. Analysis of the images reveals the apparent presence of several dozen objects of about 28th magnitude,
suggesting that the population of the Kuiper Belt may be on the order of 100 million objects. The Kuiper Belt is
the subject of a future “Special Topics” presentation.

AUGUST 21, 2001: The Deep Ecliptic Survey at Cerro Tololo Inter-American Observatory in Chile discovers the
asteroid 2001 QR322, the first-known “Neptune Trojan” asteroid. Trojan asteroids are the subject of a future
“Special Topics” presentation.
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AUGUST 22, 1888: A bright meteor is observed over Sulaymaniyah in present-day Iraq. According to reports at
the time, meteorites fell “like rain” afterwards, killing one man and severely injuring another. The reports have
only recently been unearthed and are still being examined; this happened too late to be included in the
“Special Topics” presentation on meteorites, which included a discussion on deaths and injuries caused by
meteorite falls.

AUGUST 22, 2016: A bright fireball appears over the desert regions of South Australia. Studies of its trajectory

suggest that, prior to its entry into Earth’s atmosphere, it may have been a temporary “moon” of Earth. Such
objects are discussed in last week’s “Special Topics” presentation.

COVER IMAGE CREDIT:
Front and back cover: An artist’s concept depicting a view of comet Wild 2 as seen from NASA’s Stardust spacecraft
during its flyby of the comet on Jan. 2, 2004..
Courtesy NASA/JPL-Caltech
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special Topic: The “Building Blocks” of Life

Water geysers erupting off Saturn’s moon Enceladus, as imaged by the Cassini mission. Courtesy NASA.

The “Special Topics” presentation two weeks ago
discussed the possibility that signs of life might exist
within certain meteorites that have been found to
have come from Mars, although it did so partially
within the overall context of “are we alone?” Another
part of that discussion revolves around how life on
Earth – and, hopefully, elsewhere – got started in the
first place, and in keeping with the overall focus of
“Ice and Stone 2020” includes the roles that the “small
bodies” of the solar system played in that process.
An important caveat here is that, when we discuss
“life,” we are essentially restricted to “life as we know
it,” i.e., the life that we find here on Earth. It is certainly
conceivable that life with a completely different
structure and nature can and has formed elsewhere,
but in the absence of any information about that
we have little choice but to go with what we know.
The life we do know needs three things to exist and,
presumably, to form: energy, water, and organic
(i.e., carbon-containing) compounds. Most of the

energy would presumably come from sunlight, and
in particular – especially in stimulating the formation
of life – higher-energy forms of sunlight like ultraviolet
(which would have arrived at Earth’s surface in
relatively high quantities before the formation of the
ozone layer), although geothermal activity, tidal
forces, and decay of radioactive substances can also
play a part.
Water, not too surprisingly, is one of the most abundant
molecules in the universe, and it has been detected in
many environments all over the place, including within
large molecular clouds from which stars and planets
are forming (including within planet-forming disks
around young stars), and even within the atmospheres
of exoplanets. It has been found all over the solar
system, including, obviously, on Earth’s surface and
in its atmosphere; there is clear evidence that large
amounts of water once flowed on the surface of Mars
and there may still be quite a bit of subsurface water
in the form of ice. Water ice has been found in the

The moon’s South Pole (left) and North Pole (right) as imaged by NASA’s Moon Mineralogy Mapper aboard India’s
Chandrayaan-1 mission. The blue dots indicate deposits of water ice in permanently shadowed craters. Courtesy NASA.

atmospheres of the giant planets, in particular Uranus
and Neptune, and many of the moons of these worlds
are also made up significantly of water ice. Water
geysers have been found erupting off the surface
of Saturn’s moon Enceladus, and large worldwide
oceans of subsurface liquid water are believe to
lie under the surface of Jupiter’s moon Europa and
perhaps several other such bodies, including Pluto
and – based upon just-published analyses of data
from the Dawn mission – the largest main-belt asteroid,
Ceres.
As was covered in the “Special Topics” presentation
on Fred Whipple’s comet model, a significant
percentage of a comet’s nucleus is made up of
water ice, and indeed water has been detected
in comets for the past three decades. As comets
have impacted the various planets over the history
of the solar system they would have delivered water
to those bodies. Indeed, this appears to be the
most likely explanation for the presence of water
ice in what at face value appears to be among the
harshest environments for it: the surfaces of Mercury
and the moon. Radar observations of Mercury in
1991 suggested the presence of water ice in craters
near Mercury’s North Pole in 1991, a result which was
confirmed by NASA’s MESSENGER mission in 2012. The
presence of water on the moon was first suspected
in soil samples returned by the then-Soviet Union’s
Luna 24 mission in 1976 and the presence of ice in
the moon’s polar regions was strongly suspected in
radar experiments conducted by the joint NASA/U.S.
Defense Department Clementine mission in 1994.
These conclusions were strongly reinforced by NASA’s

Lunar Prospector mission in 1998 and the Lunar
CRater Observation and Sensing Satellite (LCROSS)
mission which deliberately impacted a crater near
the moon’s South Pole on October 9, 2009, and
completely confirmed by data taken by NASA’s Moon
Mineralogy Mapper aboard India’s Chandrayaan-1
mission later that same year and announced in 2018.
What appears to be happening on both worlds is
that the water in impacting comets is ejected from
the impact sites and transported – in the relatively
weak surface gravity – to permanently shadowed
craters in the polar regions. The temperatures in these
environments are very cold, and over the lifetime of
the solar system enough such impacts occur so that a
non-trivial amount of water can accumulate.
For quite some time it was generally assumed that
Earth had received its water primarily as a result of
impacts by comets throughout its history. However,
an analysis of the water content in several comets,
including 1P/Halley, Hyakutake C/1996 B2, and
Hale-Bopp C/1995 O1 – all previous “Comets of the
Week” – has revealed that the ratio of deuterium to
hydrogen atoms within their water is close to twice
what it is in Earth’s seawater. Indeed, results obtained
by ESA’s Rosetta mission indicate that the deuteriumto-hydrogen ratio in the water of Comet 67P/
Churyumov-Gerasimenko is three times that of Earth’s
seawater. Meanwhile, an examination of Comet 103P/
Hartley 2 – which was encountered by NASA’s EPOXI
mission in late 2010 at the same time that the comet
was passing close to Earth – by ESA’s infrared-sensitive
Herschel Space Observatory indicates that the
deuterium-to-hydrogen ratio in that comet is about

A water scene on Earth: from Cape Jervis, South Australia,
looking towards Kangaroo Island. Photo by Vickie Moseley.

The surface of Saturn’s moon Titan, imaged by ESA’s
Huygens lander on January 14, 2005. Tholins are believed to
be responsible for the orangish coloration of the surface and
atmosphere. Courtesy ESA/NASA/JPL/University of Arizona.

the same as that in Earth’s seawater. At the very least,
then, the overall picture is quite a bit more complex
than what had been commonly believed, and it
would seem that there were sources for Earth’s water
other than comets.
It is conceivable that the so-called “main belt
comets,” which are discussed in the forthcoming
“Special Topics” presentation on “active asteroids,”
could have supplied, at least in part, the early Earth
with its water. On the other hand, there are numerous
asteroids that also contain significant amounts of
water. The carbonaceous chondrite meteorites –
which are the subject of their own future “Special

Topics” presentation – contain non-trivial amounts of
water within their mineral structures, and it would then
follow that the parent asteroids of these objects do as
well. The large main-belt asteroid (24) Themis – roughly
200 km in diameter – is similar in composition to
carbonaceous chondrites, and infrared observations
obtained in 2009 indicate that its surface is almost
completely covered with water ice. Infrared-sensitive
observations have also detected emissions of water
vapor from the largest main-belt asteroid, (1) Ceres,
and just last year NASA’s OSIRIS-REx mission detected
the presence of hydrated (i.e., water-containing)
clays on the surface of the near-Earth asteroid
(101955) Bennu, and also detected eruptions of
surface material – possibly caused by sublimation
of water – on several occasions. (This mission is
discussed in more detail in a future “Special Topics”
presentation.) Whether or not this “asteroidal” water
helps clear up the picture as to where Earth’s water
originally came from remains to be seen.
Simple organic molecules have been detected
within comets for quite some time. More complex
organic molecules, including formaldehyde and
various long-chained polymers, were detected
in and around Comet 1P/Halley by ESA’s Giotto
mission when it passed by that object in March 1986.
Complex organic molecules like these have since
been detected in more recent comets, including
Comet Hale-Bopp in 1997, and recently by Rosetta
during the course of its examination of Comet 67P/
Churyumov-Gerasimenko; overall, Rosetta detected
16 different complex organic compounds, four of

which (including acetone) for the very first time
within a comet. Organic compounds have also been
found in various asteroids, including (24) Themis and
(1) Ceres, and also in various meteorites, especially
in the carbonaceous chondrites. The presence of
organic molecules known as “polycyclic aromatic
hydrocarbons,” or PAHs, in the Martian meteorite
ALH 84001 was one of the lines of evidence cited as
suggesting the presence of fossilized microbial life in
that object, as was discussed in the “Special Topics”
presentation two weeks ago.

Certainly among the more intriguing of the various
organic substances that have been detected in
astronomical bodies are amino acids, which are
utilized by life forms in the performance of basic
biological activities. Amino acids have been
detected within various carbonaceous chondrites,
with over 15 different types of them being found
within the Murchison meteorite, one of the most
famous and studied of these objects. (Murchison will
be discussed more thoroughly in the future “Special
Topics” presentation on carbonaceous chondrites.)
One of the simpler amino acids, glycine, has been
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Wild 2 – the Week 1 “Comet of the Week” – that
were returned to
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