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The Solar System. This illustration shows the eight planets and three of the five named dwarf planets in order of increasing distance 
from the Sun, although the distances between them are not to scale. The sizes of the bodies are shown relative to each other, and the colors 
are approximately natural. Image modified from NASA/JPL.
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Many factors affect the appearance, characteristics, and 
geology of a body in space. Size, composition, temperature, an 
atmosphere (or lack of it), and proximity to other bodies are 
just a few. Through images and data gathered by telescopes, 
satellites orbiting Earth, and spacecraft sent into deep space, 
it has become obvious that the other planets and their moons 
look very different from Earth, and there is a tremendous 
variety out there. There really is no place like home, at least 
not in our solar system. The four planets closest to the Sun 
are small and rocky compared to the outer four large gas giant 
planets, which have much thicker atmospheres. Some are very 
hot, and some are very cold. The two largest planets, Jupiter 
and Saturn, each have dozens of moons. The largest of these 
are a lot like small planets and are quite different from each 
other. 

Even though we have learned a tremendous amount in 
recent years, we have just begun to understand our solar 
system. Every new telescope and space mission returns 
unexpected images that raise additional questions. New data 
help us confirm some hypotheses, force us to change others, 
and prove some speculation dead wrong. We must continually 
re-evaluate and refine our ideas. 

Douglas Bland 

The surface of the planet we live on was created by geologic 
processes, resulting in mountains, valleys, plains, volcanoes, 
ocean basins, and every other landform around us. Geology 
affects the climate, concentrates energy and mineral resources 
in Earth’s crust, and impacts the beautiful landscapes outside 
the window. The surface of Earth is constantly changing due 
to the relentless effects of plate tectonics that move continents 
and create and destroy oceans. Through time, wind and 
water erode everything we see. But, Earth is only one of 
many worlds that revolve around the Sun, and countless 
planets circle other stars in our galaxy and beyond. Are the 
same geologic processes at work elsewhere? Do these planets 
look anything like Earth?

Our solar system has eight major planets. In order of 
increasing distance from the Sun, they are Mercury, Venus, 
Earth, Mars, Jupiter, Saturn, Uranus, and Neptune. We also 
know of five officially named dwarf planets: Pluto, Ceres, 
Eris, Makemake, and Haumea. More than a dozen other 
dwarf planets have been identified but not yet named or 
officially recognized. At last count, more than 170 moons 
are known to orbit these planets and dwarf planets, although 
some are still awaiting official confirmation of their discovery. 
New dwarf planets and moons are being discovered as space 
probes travel the solar system, and as we build more powerful 
telescopes that find smaller and more distant objects. There 
are also millions of asteroids, comets, and other bodies in the 
solar system. 

ExtratErrEstrial GEoloGy
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thE Formation oF thE 
solar systEm

About 4.5 billion years ago, a giant spinning disk of gas 
and dust coalesced to form the Sun, planets, and the rest 
of the solar system through a process called accretion. The 
four inner planets—Mercury, Venus, Earth, and Mars—are 
called the terrestrial planets. They are solid spheres of rock 
with metallic cores. They formed when gas, dust, and debris 
stuck together as the growing bodies swept them up as they 
revolved around the Sun. Because the inner planets formed 
close to the young Sun, their early atmospheres were stripped 
away by strong solar winds, leaving dense airless worlds. 
Gases spewed out in volcanic eruptions and material from 
comet impacts later formed atmospheres on all but Mercury.

The four planets farthest from the Sun, Jupiter, Saturn, 
Uranus, and Neptune, are much bigger than the terrestrial 
planets and are called gas giants. In this colder environment 
they accumulated rock, ice, and gases like hydrogen and 
helium during their formation, but unlike the inner planets, 
they were able to hold on to their atmospheres. They still 
have extremely thick atmospheres, and possibly no solid 
surface. Some models indicate that under its atmosphere 
Jupiter may have a liquid hydrogen mantle and a liquid/
solid core, with no definite boundary between the layers. 
There is even greater uncertainty about Uranus and Neptune. 
Therefore we know next to nothing about their surface 
geology, if it even exists. However, space probes have provided 
detailed images of the surfaces of many of their moons, and 
the geology is fascinating.

thE moon

Most scientists believe that soon after Earth formed, a 
Mars-sized body crashed into it, destroying the body and 
melting the outer layers of Earth. Some of the debris from 
the collision was blasted into space where it formed a 
ring orbiting the planet. The material in this ring quickly 
coalesced to form the Moon, although at that time it was 
only one-tenth as far from Earth as it is today. It would have 
appeared enormous in the night sky. 

You can look at the Moon with binoculars or a small 
telescope and see the major geologic features easily. Its surface 
is covered by heavily cratered, light-colored “highlands,” 
and large dark plains, called maria, which is plural for the 
Latin word mare, meaning “sea.” Ancient observers used this 
term because they thought these areas were oceans. Craters 
are one of the most dominant surface features in the solar 
system. They were formed by meteoroids (relatively small 
chunks of rock in space), asteroids, and comets crashing 
onto the surface at high speed. They range from dust size to 
many miles across, and have a variety of different mineral 
compositions. If you look closely at the Moon’s craters, 
you can see that they are characterized by bowl-shaped 

depressions with raised rims that are created during impact. 
Larger impacts will create a central peak formed from 
crushed material that rebounds from the initial impact. Even 
larger impacts may form several rings of raised material inside 
the outer rim. Material from the impact that is catapulted 
onto the surrounding landscape is called ejecta. Sometimes 
the ejecta patterns are complicated and give clues about the 
planet surface in which they are formed. For example, the 

Overlapping craters on the Moon are highlighted by the low angle of the 
Sun. The crater near the center of the image shows a well-developed 
central peak, stepped crater rim, and small craters on its floor. Photo 
courtesy of NASA/JPL.

This image of the full Moon shows dark areas, which are lava-filled 
impact basins. The bright areas are highlands covered with craters. The 
large crater with long rays of ejecta at the bottom of the image is Tycho. 
Photo courtesy of NASA/JPL.
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lunar crater Tycho (visible as the brightest crater near the 
bottom of the full moon) has ejecta that formed spectacular 
rays streaking out in all directions. 

Geologically, the Moon today is largely inactive. Because 
it is smaller than Earth, its interior has cooled and is solid. 
However, early in its history the enormous energy released 
from extremely large impacts melted the interior. Many of the 
large craters seen today were formed during a period called 
the “Late Heavy Bombardment,” which ended about 3.85 
billion years ago. During this period, an onslaught of large 
bodies crashed into all the worlds of the inner solar system, 
including the Moon. These bodies were composed of debris 
left over from the formation of the solar system.

The largest asteroids hit with such force that the Moon’s 
crust cracked, and liquid basaltic lava poured out, forming 
the maria. In some cases, the lava spilled out of the main cra-
ter into adjacent craters and other lowlands. The rate of cra-
tering dropped off dramatically at the end of the Late Heavy 
Bombardment, but impacts continue today at a low rate. 
Weathering on Earth is caused by wind and water, but with-
out an atmosphere, these processes are absent on the Moon. 

Even though it operates very slowly, weathering caused by 
impacts of meteoroids as small as dust has created a thin soil 
called lunar regolith. The high energy radiation from the Sun 
also blasts particles off the lunar surface, causing weathering. 
Evaluating how much a crater is degraded by these weather-
ing processes gives clues about its age. Eroded craters are 
older than those that appear fresh. 

In 2009 NASA’s LCROSS satellite was deliberately crashed 
into a crater wall near the Moon’s south pole that is in 
permanent shadow, and discovered frozen water. Elsewhere 
on the Moon, sunlight has evaporated all water from the 
surface. This discovery is important because future explorers 
may not need to bring water with them from Earth. This 
water could be used to make rocket fuel and provide a water 
supply for future astronauts living in a Moon colony, or on 
their way to Mars and beyond.

thE tErrEstrial PlanEts

mErcury

The closest planet to the Sun, Mercury, is also the smallest. 
With virtually no atmosphere to hold in heat, daytime tem-
peratures exceed 800° F, whereas the dark side drops to
 -280° F. In many ways, the cratered surface of Mercury 
resembles that of the highland areas of the Moon. The great 
Caloris Basin, about 960 miles wide, was formed by a gigan-
tic impact during the Late Heavy Bombardment. In spite of 
the heat from the nearby Sun, its interior has cooled and is 
now largely solid, even though the outer parts of its large iron 
core may remain molten. The surface crust shrank and buck-
led as it cooled, forming scarps (cliffs) as much as a mile high 
and hundreds of miles long that snake across the cratered 
landscape. Images recently returned from the spacecraft Mes-
senger show “pit craters” that seem to indicate large cavities 
beneath them, possibly indicating an extensive network of 
subsurface cavities. Mercury, too, seems to have significant 
amounts of frozen water hidden in the permanently shad-
owed craters near the poles. Comets are composed largely of 
ice and rock, and Mercury’s ice probably was deposited by 
comet impacts over the eons.

vEnus

Until relatively recently, many astronomers considered Venus 
to be Earth’s twin. It is the closest planet to Earth, and is 
almost exactly the same size. It has a dense atmosphere that 
forever hides the surface from Earth-based telescopes, so 
there was speculation that steamy jungles might cover the 
planet. In the past four decades, Russian and U.S. satellites 
have mapped the surface with cloud-penetrating radar, and 
some have landed on the surface. We now know that Venus 
is the hottest planet in the solar system due to a runaway 

The upper illustration shows an object from space striking the surface of 
a planet, gouging a hole and blasting ejecta upward. The bottom illustra-
tion shows the resulting crater, its fracture system, central peak, and 
ejecta field. Craters vary in size from smaller than the head of a pin to 
hundreds of miles across.
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greenhouse effect caused by the heat-trapping carbon dioxide 
and sulfur atmosphere. Surface temperatures exceed 900° F, 
which is hot enough to melt lead. There is no liquid water.

The planetary geology is also very different from Earth. 
Unlike the Moon and Mercury, there are relatively few cra-
ters on Venus. Virtually the entire surface is covered with a 
combination of highly deformed or crumpled terrain and a 
vast array of volcanic features. These include strangely shaped 
shield volcanoes of all sizes, pits, domes, calderas, and an 
enormous variety of fluid and viscous lava flows. The planet 
formed about 4.5 billion years ago, but almost all of these fea-
tures seem to be only about 500 million years old. The big-
gest mystery about the geology of Venus is what caused the 
entire planet to be resurfaced in a series of cataclysmic events 
over a relatively short period of time (geologically speaking), 
and why has it been quiet ever since? Some geophysicists 
speculate that Venus used to have active crustal plate tecton-
ics like Earth, but the plates have now fused and no longer 
move. Others speculate that as lava piled up on the crust, it 
became top-heavy and unstable, and overturned. More re-
search may eventually help us determine the answer.

mars

Perhaps more than any other planet, Mars has fascinated us 
through the centuries. Spacecraft, surface landers, and rovers 
from Earth have found no Martians so far, but they have 
revealed a red world with carbon dioxide polar ice caps that 
is occasionally shrouded in planet-wide dust storms. Mar-
tian geology has created some familiar types of landforms, 
although its greater distance from the Sun, thin atmosphere, 
and lack of liquid surface water make it much colder and 
drier than any place on Earth. Detailed images show impact 

craters scattered among certain features that can be formed 
only by liquid water such as dry river channels, water-carved 
valley networks, and sedimentary rocks and minerals that 
only could have been produced in water environments. Some 
regions even appear to be huge lake basins or areas that 
contained shallow seas. Scientists believe early Mars had a 
warmer climate with liquid surface water, but more than 
3 billion years ago the planet cooled and the surface water 
disappeared. In August 2008, the Phoenix lander scraped 
just below the surface near the northern polar cap and found 
frozen water, confirming that it still exists there, probably in 
large quantities.

NASA’s Mars Global Surveyor spacecraft, in orbit around Mars, took this 
image of a 2.5-mile wide section of Gorgonum crater. Dozens of deep 
channels may have been formed by water seeping from layered rock in 
the upper crater wall. The lack of erosion indicates these features are 
very young, perhaps continuing to form today. Photo courtesy of NASA/
JPL.

Mars’ Olympus Mons, the largest volcano in the solar system, is about 
the same size as the state of New Mexico. Image modified from NASA/
JPL.
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For about the past 3 billion years, the planet’s crust has 
been stable with no plate tectonic activity. Most of the rock 
on Mars is probably lava that flowed from many volcanoes. 
But there are large regions, such as the Meridiani Planum 
where the rover Opportunity landed, that are covered with 
layered sedimentary deposits. These formations may have 
been created by wind-blown materials, volcanic pyroclastics 
(material ejected during eruptions), sediments deposited by 
streams or lakes, material thrown out by meteorite impacts, 
or all of the above. Some of these rocks have been altered 
by highly acidic water, forming sulfur-rich deposits called 
sulfates. Olympus Mons is the solar system’s largest volcano 
(86,000 feet high and 350 miles across), and was active for 
much of the planet’s history. At 2,500 miles long and five 
times deeper than the Grand Canyon, Valles Marineris is 
the largest canyon in the solar system. It probably formed as 
a tectonic crack in Mars’ crust, and then grew as the planet 
cooled. 

thE moons oF thE Gas Giants

thE moons oF juPitEr

Jupiter’s four largest moons are known as the Galilean 
moons because in 1610 they were discovered by the famous 
astronomer Galileo Galilei. In order of increasing distance 
from Jupiter, they are Io, Europa, Ganymede, and Callisto. 
They range in size from similar to Earth’s moon to larger 
than the planet Mercury. The rest of Jupiter’s 59 known 
moons are small in comparison.

Io—Unlike other moons of the outer solar system, Io 
contains no ice. Io is close enough to Jupiter that tidal forces 
caused by Jupiter’s enormous gravitational pull have melted at 
least part of its interior. Io is the most volcanically active body 
in the solar system. Spacecraft have photographed volcanic 
eruptions hurling debris hundreds of miles into space. 
Volcanic orange, brown, and yellow sulfur and white sulfur 
dioxide deposits make it look like a pizza. Huge nonvolcanic 
mountains also exist, probably caused by buckling of Io’s 
crust under the tremendous weight of the continuous buildup 
of surface lava. The volcanoes are so active that they have 
erased evidence of impact craters that characterize most other 
moons.

Europa—Whereas Europa’s core is rocky, its outer layers are 
almost pure water. The surface is frozen, but tidal forces from 
Jupiter create enough internal heat that under this relatively 
thin icy crust scientists believe there may be an ocean of 
liquid water as much as a hundred miles deep. Evidence for 
this liquid ocean includes a complex network of fractures and 
ridges of all sizes on the surface of the ice, giving Europa the 
appearance of a giant ball of string. These cracks are probably 
caused by “tidal sloshing” of the ocean under the icy crust. 
Dark-reddish regions may be caused by upwelling of water 
carrying sulfur-rich salts or sulfuric acid that partly melts and 

stains the surface. Very few impact craters are seen, indicating 
the crust is geologically young (only a few tens of millions of 
years old), and is probably reworked continuously.

This natural color image of Jupiter’s moon Europa shows cracks in the 
icy crust where water from below may have created mineral deposits on 
the surface. The ocean beneath the ice may harbor life. Photo courtesy 
of NASA/JPL.

The surface of Jupiter’s moon Io is constantly being formed and 
reformed by lava flows. Many volcanoes are erupting continuously. Photo 
courtesy of NASA/JPL.
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DwarF PlanEts

The dwarf planets found to date fall in two categories. Ceres 
is the largest asteroid in a collection of millions of asteroids 
in a region called the asteroid belt located between the orbits 
of Mars and Jupiter. No spacecraft has visited Ceres, so we 
do not have clear images of its surface. About 600 miles 
in diameter, Ceres has a cratered surface and probably is 
composed of rock with some ice. 

The other four named dwarf planets in our solar system—
Pluto, Eris, Makemake, and Haumea—as well as all of the 
unnamed ones, are members of a very large group of bodies 
found beyond the orbit of Neptune in an area known as the 
Kuiper Belt. Pluto is the most well-known, but Eris is the 
largest known so far. Little is known about the geology of 
these “ice dwarf” worlds, but Pluto’s surface has polar caps 
and bright and dark areas of mostly frozen nitrogen. It also 
has a thin nitrogen atmosphere. We will know much more 
about Pluto when the New Horizons mission, launched in 
2006, reaches Pluto in 2015.

Ganymede and Callisto—Both of these moons are composed 
of roughly equal parts of ice and rock. Farther away from 
Jupiter, weaker tidal forces generate much less internal heat. 
Therefore, if any of the water is in liquid form, it is buried 
under hundreds of miles of ice. Ganymede has a system of 
ridges, grooves, and fractures less well developed than those 
of Europa, but even the youngest seem to be billions of 
years old, indicating tectonic activity ceased long ago. Both 
moons have many impact craters; in fact, Callisto is the most 
heavily cratered body in the solar system. Callisto’s surface 
shows no volcanoes, fractures, or other indications of internal 
activity, just an unbroken sea of overlapping craters that have 
accumulated since the moon’s birth.

thE moons oF saturn

Saturn has at least 60 moons identified to date, and there are 
likely many more yet undiscovered. It has six midsized moons 
between 250 and 1,000 miles in diameter, and one very large 
one, Titan, at 3,200 miles across. The midsized satellites 
consist of mostly frozen water, with varying amounts of rock. 
They show different degrees of tectonic activity in the form 
of surface deformation. Most of the tectonic activity is seen as 
cracks, fissures, and faults. They also show cratering caused 
primarily by comet impacts. 

Enceladus—Perhaps the most unusual midsized Saturnian 
moon is Enceladus. It is caught between the gravitational pull 
of Saturn and a larger outer moon, Dione. This causes sig-
nificant flexing of the interior, heating it enough that a liquid 
water ocean probably exists below an ice crust. The Cassini 
spacecraft photographed geysers of water vapor and ice crys-
tals erupting from a series of four large fissures, nicknamed 
“tiger stripes,” near the south pole. 

Titan—Titan is the second largest moon in the solar system, 
slightly larger in diameter than the planet Mercury. It is the 
only moon that has a significant atmosphere, made up mainly 
of nitrogen and methane. For years the surface remained 
hidden behind a golden haze caused by organic molecules in 
the upper atmosphere. The Huygens probe, released by the 
Cassini spacecraft, landed on Titan’s surface in 2005. It re-
vealed a surface that looks strikingly earthlike, with winding 
river valleys, eroded landscapes, and drainage systems. Radar 
imaging identified large lakes and small seas with complex 
coastlines. However, a surface temperature of -291° F indi-
cates that although the climatic processes may mirror those 
on Earth, the components must be very different. In fact, 
the land is composed mostly of frozen water, and the fluid 
responsible for carving the landscape and filling the lakes is a 
mixture of liquid methane and ethane that falls as rain.

Saturn’s giant moon Titan is the only place in the solar system besides 
Earth that has surface lakes with eroded shorelines. It is so cold that the 
lakes are made up of liquid natural gas (mostly methane) and the land is 
frozen water. Photo courtesy of NASA/JPL.
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BEyonD our solar systEm

Our Sun is only one of several hundred billion stars in the 
Milky Way galaxy, which is only one of billions of galaxies 
in the known universe. How many of these stars have planets 
surrounding them, and what kind of geology do they have? 
Only very recently has technology advanced enough to 
detect the first planets outside our solar system. The first 
confirmed extra-solar planet, or exoplanet, was discovered 
in 1992. As of 2010 the count well exceeds 400, including 
several multi-planet systems. Many exoplanets are large gas 
giants that orbit extremely close to their Suns (“hot Jupiters”), 
because these are the easiest to detect. Currently we know 
almost nothing about their geology, but this will change 
as better telescopes and spectroscopic detectors gather new 
information. If the diverse geology found in the worlds of 
our own solar system is any indication, lots of surprises await 
planetary scientists as they explore the far reaches of space. 

For morE inFormation

NASA’s Mission: Science Education Web site includes NASA 
spacecraft data for school science projects, real experiments 
with NASA scientists, links to science contests, information 
about college research programs, and an array of NASA 
images, animation, videos, and podcasts.
 http://missionscience.nasa.gov.

NASA’s image archives provide thousands of images of the 
solar system.
http://www.nasaimages.org/

Astronomy magazine has a comprehensive astronomy Web 
site that includes news, videos, blogs, podcasts, links for kids, 
newsletter, sky observing info, etc.
 http://www.astronomy.com.

NASA’s Space Place Web site is a fun site for kids to explore 
space online with NASA.  
http://spaceplace.nasa.gov/en/kids/

The Big Splat, or How Our Moon Came to Be by Dana 
Mackenzie, Wiley, 2003. This book describes the origin of 
Earth’s Moon.

The Pluto Files: The Rise and Fall of America’s Favorite Planet 
by Neil deGrasse Tyson, W. W. Norton and Co., 2009. This 
book provides a light-hearted look at the history of Pluto, 
recently demoted from planet to dwarf planet.
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Planets vs. dwarf planets 

In 2006 the International Astronomical Union defined 
a planet as a celestial body that: 1) is in orbit around 
the Sun, 2) has sufficient mass for its self-gravity to 
make it nearly round in shape, and 3) has cleared the 
neighborhood around its orbit of other celestial bodies. 

A dwarf planet is a celestial body that: 1) is in orbit 
around the Sun, 2) has sufficient mass for its self-gravity 
to make it nearly round in shape, 3) has not cleared the 
neighborhood around its orbit, and 4) is not a satellite 
(moon) of another planet or dwarf planet. Using these 
definitions, Pluto was downgraded from a planet to 
a dwarf planet in 2006. These definitions are highly 
controversial and the subject of continuing debate.
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classroom activity

imPact cratErs

The following activity involves creating and analyzing impact 
craters on the Moon. A simulated “lunar surface” is created 
using a base layer of flour, baking soda, corn meal, or dry 
sand covered with a dusting of a different colored material 
such as cocoa, tempera paint, or powdered drink mixes. 
Meteorite and comet impacts are simulated by dropping 
objects onto the strata. Measurements of the crater and rays 
are then made, recorded, and analyzed. 

This excerpt of the lesson on impact craters was reprinted courtesy 
of the Hawaii Space Grant Consortium, Hawaii Institute of 
Geophysics and Planetology, University of Hawaii, 1996.

Purpose: To determine the factors affecting the appearance of 
impact craters and ejecta.

Background: The circular features so obvious on the Moon’s 
surface are impact craters formed when impactors smashed 
into the surface. The explosion and excavation of materials at 
the impacted site created piles of rock (called ejecta) around 
the circular hole as well as bright streaks of target material 
(called rays) thrown for great distances.

Two basic methods that form craters in nature are: 1) 
impact of a projectile on the surface and 2) collapse of the 
top of a volcano creating a crater, termed caldera. By studying 
all types of craters on Earth and by creating impact craters 
in experimental laboratories, geologists concluded that the 
Moon’s craters are impact in origin. The factors affecting 
the appearance of impact craters and ejecta are the size and 

velocity of the impactor, and the geology of the target surface.
By recording the number, size, and extent of erosion of 
craters, lunar geologists can determine the ages of different 
surface units on the Moon and can piece together the 
geologic history. This technique works because older surfaces 
are exposed to impacting meteorites for a longer period of 
time than are younger surfaces. Impact craters are not unique 
to the Moon. They are found on all the terrestrial planets and 
on many moons of the outer planets.

Activity: In this activity, marbles or other spheres such as steel 
shot, ball bearings, or golf balls are used as impactors that 
students drop from a series of heights onto a prepared “lunar 
surface.” Using impactors of different mass dropped from the 
same height will allow students to study the relationship of 
mass of the impactor to crater size. Dropping impactors from 
different heights will allow students to study the relationship 
of velocity of the impactor to crater size.

To access the complete lesson including the teacher and 
student pages with instructions and data sheets, visit http://
lunar.arc.nasa.gov/education/activities/pdf/make_a.pdf. 



NEw mExIco bUREaU of GEoloGy & mINERal RESoURcES   lItE GEoloGy SPRING 2010        10

Across

 4.   Mother planet for Titan
 8.   Largest dwarf planet
 9.   Moon with ice geysers
11.  The interior of a planet 
15.  Collection of stars
17.  Most cratered body in the solar system
18.  Hottest planet
19.  Most volcanic body in the solar system

Down

 1.  Has 27 moons
 2.  Largest planet
 3.  Largest moon in the solar system
 4.  Closest star to Earth
 5.  Planet with the largest volcano in the solar system
 6.  Smallest planet
 7.  Tycho is one of these
 8.  Jupiter moon with a water ocean
10. Planet farthest from the Sun
12. Third rock from the Sun
13. Olympus Mons is one of these
14. Only dwarf planet known to have polar ice caps
16. Only moon with a substantial atmosphere
17.  Largest asteroid

1

2 3 4

5

6 7

8

9 10

11 12

13

14

15 16 17

18 19

cElEstial crossworD PuzzlE

The answers to the clues are found in the article Extraterrestrial Geology.
The solution to the puzzle is on page 21. 
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Like Europa, Saturn’s moon Enceladus is heated by the 
gravitational pull of its parent planet and neighboring moons. 
It, too, has a crust of frozen water covering a liquid water 
ocean. Geysers of water vapor and ice crystals spew from 
large fissures in the ice, indicating water must lurk close to 
the surface. Simple carbon compounds have been detected in 
fresh snow around the fissures.

Water is critical to life as we know it. However, some 
scientists believe a different liquid might be able to substitute 
for water. Saturn’s giant moon Titan has oceans of liquid 
methane on its surface and a nitrogen-rich atmosphere with 
abundant organic material. In theory, some form of life could 
develop here, but it would have a very different molecular 
structure than life on Earth. Chemical reaction rates decrease 
with temperature, so Titan’s frigid surface temperature of 
-291° F means chemical reactions, and therefore species 
evolution, might occur very slowly.

If there is intelligent life besides us on other planets or 
moons in our solar system, we would probably know it 
by now, at least if it possessed a technological civilization. 
However, there could be primitive life forms waiting to be 
discovered. Looking beyond to other star and planet systems, 
the possibilities seem endless. Considering that there are 
trillions of stars in the known universe, it is likely that huge 
numbers of planets around them have the basic components 
for life to develop, perhaps even intelligent life. There may 
be life forms similar to those on Earth, or more likely, far 
different than anything we can imagine. The enormous 
distances between stars present a huge problem in gathering 
information about distant star systems, and may forever 
prevent practical inter-stellar travel and interaction between 
civilizations. But, it is possible that technological advances 
may eventually bridge these gaps. However, we must be 
careful not to seed other worlds with microbes from Earth. 
We don’t want to discover life on another celestial body only 
to admit later that they were our own contaminants.

Human civilization has existed on Earth for less than 
one-tenth of one percent of the time since life began here. If 
intelligent life has developed on another planet on a similar 
time line, what are the chances that theirs and ours coincide? 
Many solar systems formed billions of years before ours, and 
others are just forming now. If we ever visit a planet that 
harbors life, its civilizations may have blossomed and died out 
billions of years ago, or won’t evolve for eons to come. Or, we 
might get lucky and have a very interesting conversation.

Douglas Bland

Scientists estimate that life began on Earth not more than 
a billion years after the formation of the solar system about 
4.5 billion years ago. The oldest fossils are 3.5 billion year-
old stromatolites from Australia, which are layers of bacteria, 
limestone, and sediment. On a geologic time scale, humans 
have been around for just the blink of an eye. Today almost 
every nook and cranny of our planet teems with an immense 
variety of life. So, have the conditions that allowed life to 
develop and grow on Earth been present elsewhere in our 
solar system and beyond? Is there life beyond Earth?

One definition of life is “a self-sustaining chemical system 
capable of Darwinian evolution.” This means that organisms 
can respond to changes in their environment by reproducing 
and passing on successful traits of well-adapted organisms 
to their offspring. The basic requirements for life as we 
know it here on Earth include water, energy, and organic 
molecules that carry information and construct organisms. 
Comets contain frozen water and organic molecules, and 
through continual bombardment, these ingredients have been 
delivered to all the planets and moons of the solar system. 
Energy is available throughout most of the solar system from 
the Sun, the interior heat of a body, radioactive decay, or 
created by the gravitational pull of nearby planets or moons. 
The key to the development of complex life forms, including 
intelligent life, may be maintaining these three necessities 
over a sustained period of time to allow evolution to take 
place. There are several places in the solar system that have 
or have had these three basic ingredients, but so far we have 
not discovered any forms of life beyond Earth. These places 
have not been explored yet in any detail, and scientists eagerly 
continue the search.

Mars was warmer in its early history and apparently 
had abundant liquid water. Simple life forms may have 
developed on Mars, but then the planet cooled and surface 
water disappeared. At that point, if life had not developed 
the ability to exist underground, it would have been 
extinguished. Landers and rovers have not found life on the 
surface, but the subsurface remains unknown. 

The best chance of finding life beyond Earth may be on 
Jupiter’s moon Europa. Although far from the heat of the 
Sun, tidal forces caused by Jupiter’s massive gravity create 
heat inside Europa. It has a crust of frozen water (estimated 
to be from a few miles to tens of miles thick) that overlies a 
deep sea of liquid water. The icy crust is recycled, and this 
process may carry oxygen and organic materials from the 
surface into the ocean beneath. It has even been suggested 
that there are submarine volcanoes that might foster colonies 
of life in the same way that deep-sea hydrothermal vents 
on Earth’s ocean floors host thriving ecosystems. All the 
ingredients for life seem to be there, but we will likely have to 
find unique methods of getting through the ice to find out.

is thErE liFE BEyonD Earth?
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Nelia Dunbar

Meteorites have been found in Antarctica since the time 
of earliest exploration. The first Antarctic meteorite was 
found in 1912 by a member of Douglas Mawson’s Australian 
expedition. Between then and the early 1960s more 
meteorites were found on the Antarctic ice sheet, but people 
thought these were found only because the small, black 
meteorites were easy to recognize against the background 
of ice and snow. However, in the early 1970s Japanese and 
U.S. researchers realized that unusually high concentrations 
of meteorites are found in some parts of Antarctica. These 
areas, called “blue ice fields,” are typically very windy, and 
have a distinctive, hard, rippled ice surface. This led to the 
realization that the ice sheet that covers most of the Antarctic 
continent acts as a conveyor belt to transport and concentrate 
meteorites, allowing easy collection by scientists. Since this 
realization, more than 25,000 Antarctica meteorites have 
been found, representing around 90 percent of all of the 
world’s known meteorites! Among the many interesting 
meteorites that have been collected in Antarctica are ones 
from the Moon, and from Mars.

How does the Antarctic meteorite conveyer belt work? 
In order to understand that, the first thing to understand is 
how the Antarctic ice sheet works. Snow falls on the surface 
of Antarctic ice sheets at a rate of around four inches per 
year. Over time, snow from a given year’s snowfall is buried 
by more falling snow, and is eventually compressed into ice. 
Ice, even in temperatures as cold as those seen in Antarctica, 
will flow slowly under the influence of gravity. So, over time, 
ice flows from the high interior of the continent outward 
toward the ocean. In some places, the outward flow of ice is 
topographically obstructed, say by a coastal mountain range. 
If this obstruction occurs in a windy area, wind blasting can 
ablate away the snow and ice and allow ice that has been 
deep in the ice sheet to be exposed at the surface. This deep 

ice is usually blue in color, hence the term “blue ice field.” 
The combination of ice flow and wind ablation means that 
new blue ice is constantly being exposed and stripped away 
in blue ice fields. Meteorites that fall all across the snowy 
surface of the Antarctic continent become incorporated 
into, and move with, the continental ice. However, when a 
meteorite comes up to the surface with ice at a blue ice field, 
it is not ablated away by the wind, but remains behind on 
the ice surface. As more meteorites are brought up, they too 
remain on the ice, leading to a concentration of meteorites 
in a small area. Because of this concentration mechanism, 
one famous blue ice field in Antarctica, called “Allan Hills,” 
has yielded more than 1,000 meteorites in an area not much 
larger than a square mile. The general lack of rocks on the 
Antarctic ice sheet also makes the meteorites very easy to 
find and collect. Another advantage is that the very cold 
temperatures in Antarctica prevent the meteorites from 
undergoing any chemical alteration or “weathering” before 
they are collected, making them particularly useful for 
scientific analysis. 

For more information about collecting Antarctic 
meteorites, see the following Web site and links therein:  
http://geology.cwru.edu/~ansmet/. 

For more educational information about meteorites and 
classroom exercises:
http://ares.jsc.nasa.gov/Education/astromaterials.htm. 

To see meteorites in New Mexico, the University of New 
Mexico houses the Institute of Meteoritics and the Meteorite 
Museum 
http://epswww.unm.edu/iom/home.html

For a virtual tour of the museum, see:  
http://epswww.unm.edu/meteoritemuseum/index.htm

The Mineral Museum at New Mexico Tech displays a 
collection of meteorites found by Dr. Robert Weber, a New 
Mexico Bureau of Geology researcher who found meteorites 
occasionally while doing field work throughout central New 
Mexico.

Ice conveyor belt in Antarctica

mEtEoritEs in antarctia
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In November 2009, an article about a physicist from Central 
Michigan University (Axel Mellinger) creating an image of 
the night sky from 3,000 photographs piqued my interest. 
This piece mentioned how the spread of artificial light forced 
Mellinger to travel to remote areas of South Africa, Texas, 
and the Huron–Manistee National Forest in Michigan to 
capture the images for his panoramic image of the night sky. 
Why did he have to travel to such remote areas? The use of 
artificial light in cities is a significant factor affecting observa-
tion of the stars and planets, limiting the detail that is seen 
in the night sky in many populated areas. It is estimated that 
two out of three people in the U.S. cannot see the Milky 
Way from their backyards because of light pollution. Night 
sky conditions affect not only our ability to view stars and 
planets. There is an ecological effect, as many species depend 
on the dark for parts of their life cycle. A National Geographic 
article from 2008 touches on the broader scope of the effects 
of light pollution on our world. http://ngm.nationalgeographic
.com/2008/11/light-pollution/klinkenborg-text.

Many observatories are located in what were at the time 
remote areas of the country in order to decrease the impact 
of light pollution associated with cities. However, as cities 
have grown these observatories have felt and are continuing 
to feel the effects. One would think the sparsely populated 
southwestern U.S. would not suffer from light pollution in 
the night sky, but this is not necessarily true. A Web page 
by the Arkansas Oklahoma Astronomical Society (AOAS) 
entitled “How Dark Is It, Really?” (http://www.aoas.org/
article.php?story=20090513145113673) has a link to an 
Artificial Night-Sky Brightness layer for Google Earth 
that the user can download and then zoom into locations 
throughout North America. The colors on this layer are 
tied to the Bortle Dark Sky Scale, a nine-level numeric scale 
measuring the night sky’s and star’s brightness at a location, 
with Class 1 areas having the least light pollution. The 
AOAS Web site has a link to the Bortle Dark-Sky Scale. As 
an example, the New Mexico Tech campus in Socorro has 
a yellow color on the map, which is a Class 4 on the scale. 

Class 4 indicates light pollution is visible in various directions 
over the horizon, but the Milky Way is still visible above the 
horizon but lacks the fine detail seen in a darker sky.

If we zoom to the Chaco Canyon area in northwest New 
Mexico, the Night-Sky Brightness layer is gray, representing 
Class 2 on the Bortle Scale with a value of a typical truly 
dark site. Part of the Chaco Culture National Historical Park 
at Chaco Canyon has a strong astronomy component in their 
interpretive programs, and the dark night sky is considered 
a natural resource at the park. The ancient Chacoan people 
were deeply aware of their surroundings and closely observed 
the night sky for seasonal changes, an integral part of their 
agrarian lifestyle and ceremonies. With the dark night sky at 
Chaco visitors today can see many of the constellations seen 
by the people that first inhabited this area. In 1993, the park 
designated the night sky as a critical natural resource and is 
trying to reduce light pollution from urban sources in the 
Southwest. At the visitor center, shields and motion sensors 
have been placed on lights, and some lighting has been 
removed entirely to protect the quality of the night sky for 
observation. 

Light pollution and its effect on Chaco Canyon are 
outlined on the Endangered Night Sky Darkness Project 
Web site: http://www.nps.gov/archive/chcu/stewardship.htm
Through astronomy Chaco Culture National Historical 

why can’t i sEE thE milky way?

Light pollution at Chaco Canyon. A panoramic view looking north-northwest. Image from the Chaco Observatory Web site http://www.astronomy.
org/chaco/mission/index.html

DiFFErEnt tyPEs oF liGhtinG aDD to liGht Pollution:

Sky glow—•  The dome of light seen above cities or 
places of business from the artificial lighting.

Glare—•  The light striking your eye directly from 
the source, this can be blinding and make it 
difficult to see objects.

Spillover—•  Light extending beyond a target 
area. This leads to excess light going beyond land 
ownership boundaries. 

Gretchen Hoffman

http://ngm.nationalgeographic.com/2008/11/light-pollution/klinkenborg-text
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Park has formed a strong relationship with the Albuquerque 
Astronomical Society (TAAS). The efforts of John Sefick, 
a TAAS member, were instrumental in establishing a 
permanent observatory completed at the visitor center in 
1998. The park has become a center for the public and 
serious amateur astronomers to observe the night sky and 
do research. The history of the park’s Night Sky program 
and goals are decribed on the Web site: http://www.nps.gov/
archive/chcu/nightskyprogram.htm. As part of the Night 
Sky initiative, the Chaco observatory has partnered with the 
University of New Mexico to quantitatively measure light 
pollution at the park. Procedures for measuring the night 
sky brightness are outlined on the “How We Measure the 
Night Sky Brightness” Web page for the park: http://www.
nps.gov/archive/chcu/measurement.htm. Panoramic views 
of light pollution surrounding Chaco Canyon can be seen at 
this Web site: http://www.astronomy.org/chaco/mission/pan.
html. In many of these panoramas you can see the sky glow of 
several populated areas, including Albuquerque, which is 92 
miles away from the park. 

What is being done to protect our night skies? On April 
3, 2009, Governor Richardson signed legislation giving the 
Night Sky Protection Act greater power by enacting fines 
for violations. A law passed in 2000 by the New Mexico 
legislature required most lighting to be aimed downward and 
have a shield to limit light to the night sky. However, there 
were no fines attached to the initial act. Many municipalities 
in New Mexico have their own regulations that require 
shielding on lights to direct light downward and reduce sky 
glow or restrict the use of certain types of lights. There can 
also be restrictions on use of light after a certain hour.

http://www.astronomy.org/chaco/mission/pan.html
http://www.astronomy.org/chaco/mission/pan.html
http://www.nps.gov/archive/chcu/nightskyprogram.htm
http://www.nps.gov/archive/chcu/measurement.htm
http://www.nps.gov/archive/chcu/measurement.htm
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minerals

Description:

wanteD for:

hiDeout:

last seen at large:

aliases:

The mineral is often found in cauliflower-like clumps of minute crystals. It can also be fibrous, granular, 
massive, in nodules, as encrustations, or as large, root-beer-brown, bladed crystals. Mohs Hardness: 2.5 to 3.5. 
Cleavage: one distinct. Optical properties: transparent to translucent with a vitreous to subadamantine luster 
or earthy. Color: ocher-yellow, yellow brown to clove brown. Streak is yellow and shiny. Chemical formula: 
KFe

3
(SO

4
)

2
(OH)

6
. The name originates from the locality where it was first described, Barranco del Jaroso, 

Sierra Almagrera, Spain.

Native Americans used jarosite as yellow body paint or for coloring petroglyphs and pictographs. Later it was 
used for yellow paint pigment. Now it is wanted for what it can tell us about the age and conditions when it 
formed. Jarosite requires water and oxygen for its formation, a very important consideration on Mars.

Jarosite is most commonly found where pyrite weathers at the surface, so it is commonly associated with ore 
deposits (supergene jarosite). It can form during the hydrothermal mineralization process (hot springs) where 
it is found late in the mineralization sequence (hypogene jarosite).

Jarosite is found across New Mexico, with the most notable localities mentioned here (counties in 
parentheses). The type locality for hydrothermal sour-gas jarosite is the Copiapo Jarosite mine near Bernal 
(Doña Ana). Exceptional examples of crystallized specimens include those from Hansonburg (Socorro) 
and most other galena-barite-fluorite deposits. Good examples of weathering-derived jarosite can be found 
associated with porphyry copper deposits like Chino and Tyrone (Grant). Jarosite colors the alteration scars in 
the Red River valley (Taos).

Jarosite has also been identified on Mars where its origin is currently unknown, but the subject of vigorous 
study, and represents one of the most important questions concerning the evolution of Mars’ atmosphere. The 
ability to date the mineral radiometrically will identify when liquid water and sufficient oxygen were available 
on Mars to form the mineral. 

Limonite.

JAROSITE

Jarosite crystal group from the 
Margaritas mine, Peña Blanca 
district, Chihuahua, Mexico. This 
locality contains perhaps the finest 
crystalline specimens found on 
the earth. This particular sample 
was radiometrically dated as 9.42 
± 0.11 Ma and is one of the old-
est jarosites ever dated. Largest 
crystal group is 1.5 cm across. 
NMBGMR Museum No. 15665, 
Gift of Philip C. Goodell.

New Mexico ' s  Most

WANTED
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ProFilE oF a nEw mExico Earth 
sciEncE tEachEr

Roger Kennedy is an earth science and chemistry teacher 
who retired in February 2010, after 41 years of high school 
and college teaching. He spent his last 13 years teaching in 
New Mexico at Estancia High School where he continues 
to serve as mentor for his former students. Roger remains 
active in the science education community with a special 
interest in planetary geology. He is a docent and out-reach 
educator at the New Mexico Museum of Natural History and 
Science (NMMNHS) and works on other planetary/space 
science programs and exhibits. Roger was recently elected as 
Secretary to the Executive Board for New Mexico Science 
Teachers Association (NMSTA), where he edits and produces 
the Spectrum electronic newsletter. In his spare time, Roger 
sings with the Santa Fe Symphony Orchestra Chorus.

GraDE lEvEl anD suBjEcts tauGht

Grade 8 through College • 

Planetary & Space Science, Earth Science, Chemistry, • 
Physics, Math, Honors, and Advanced Placement 
Courses 

Earth Science teacher Roger Kennedy with the Mars Rover exhibit at the 
New Mexico Museum of Natural History and Science. Roger’s planetary 
geology class from Estancia High School helped make the diorama 
(rocks and dirt) and assisted with the public during the opening month 
of the mission. He was a member of the Rover Model Builder Crew that 
made the rover at the museum. Roger also produced the slide show that 
supports the exhibit and will help museum scientists update the exhibit in 
approach of the 2011 mission.

EDucational BackGrounD

Associate in Science from Oregon State University• 
Bachelor of Education from Temple University• 
M.A. from Bowling Green University• 
Certificate of Advanced Graduate Studies from Temple • 
University

M.S. from West Chester University• 

ProFEssional achiEvEmEnts

NASA/JPL recognition pin and Mars Exploration • 
Rover Mission patches for Mars Outreach Education 
at the New Mexico Museum of Natural History & 
Science

Member of the museum’s Mars Rover Model Builder • 
crew

Teacher of the Year award from the Delaware County • 
Chapter of NAACP/HRC  

NMSTA board member• 

why is it imPortant For stuDEnts to 
lEarn aBout Earth sciEncE? 
 
Students need to appreciate the fact that they live on a very 
unique place in the universe. The processes that shape our 
lives are happening all around us. These processes can be 
observed, measured, and understood. This gives a context 
for our existence. The more students understand their role in 
these processes, the more they will be able to make positive 
contributions to society.

aDvicE or suGGEstions For othEr 
Earth sciEncE tEachErs

Continue to learn about the subject and topics that you 
teach. We are involved in a very dynamic and ever-changing 
field of study. We are relevant to their daily lives. Every kid 
at some time has picked up a rock or looked at the stars and 
wanted to know more about them. I think the main concept 
to consider every day is that they are the reason we come 
to work. I could not have endured more than 40 years of 
teaching young people without this focus.

throuGh thE hanD lEns
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FavoritE lEsson in Earth sciEncE

I can come up with the best ideas for lessons, but unless a 
“light bulb” goes on with the students, I have missed the 
mark. My favorite lessons are those in which the students are 
asking questions, volunteering ideas, and becoming actively 
involved in their achievement. The following lesson usually 
sparks interest. 

cratEr imaGE analysis activity

Background—NASA and European Space Agency (ESA) 
are producing a wealth of images and data from the surfaces 
of the Moon and Mars. Under current investigation is the 
concept of how Mars has changed over time. The northern 
hemisphere of Mars has a distinctly different appearance from 
the southern hemisphere. Students can analyze the images for 
crater number, size, distribution, angle, and texture, and draw 
conclusions from their data. They can compare the actual 
craters with the craters formed in the classroom activity 
described on page 9 of this issue of Lite Geology. Just as 
scientists are doing around the world, students gain a better 
understanding of the role of impactors. They also can gain a 
better understanding of the current hypotheses being formed 
regarding comparisons of Mars and Earth. Why are they so 
different today? Have similar events shaped Earth? Can these 
events happen again? At the end of this activity, I usually 
follow up with some scenes from educational or Hollywood 
disaster films. They develop a sense of connectedness that 
makes this type of lesson a teachable moment.

Procedure— Follow the instructions for Lesson 2, “Using 
Craters to Determine Relative Ages of Planetary Surfaces” 
that are found at: http://arizona.usgs.gov/Flagstaff/Outreach/
CenterEPO/craterintro_page.htm#Lesson2. 

Activity extension for advanced students— Explore images 
from the following Web sites: 

http://marsoweb.nas.nasa.gov/HiRISE/hirise_images/• 
http://hirise.lpl.arizona.edu/science_themes/impact.• 
php

http://www.esa.int/esa-mmg/mmg.• 
pl?mission=Mars+Express&keyword=+--
%3E+Keyword&idf=+--%3E+ID&Ic=on&subm3=GO

FavoritE wEB links anD rEsourcEs

NMS• TA Spectrum newsletter found at  
http://www.nmsta.org.

http://www.esa.int/esaSC/index.html • is the European 
Space Agency site.

http://astrogeology.usgs.gov/ • is the USGS site with 
many interesting ideas.

http://hirise.lpl.arizona.edu/ • and http://marsed.asu.
edu/ have crater images. 

FavoritE GEoloGic FEaturE in nEw 
mExico

Chaco Canyon, because it is the kind of blending of geology, 
archeoastronomy, and anthropology that makes New Mexico 
a very special place.
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Shari Kelley

The Albuquerque volcanic field is made up of fissure vents 
and five aligned basalt cinder cones that are only 156,000 
years old. The largest of the cones is Vulcan, named after 
the Roman god of fire. Eruptions of lava that shot fountains 
of ash, cinders, and bombs high into the air formed Vulcan. 
Blobs of hot lava emitted from vents on top and on the flanks 
of Vulcan cooled as they flew through the air; the partially 
molten blobs, called spatter, then landed on the side of the 
cone. If the spatter was hot enough, the lava blobs welded 
together and flowed, forming an “agglutinated” lava flow. 
If the spatter was cooler, the blobs welded slightly to form 
a hard crust in which individual blobs are still obvious. 
The ash, cinder, and spatter deposits, and the lava flows dip 
at angles as high as 55° away from the central vent on the 
eastern and southern side of Vulcan. The spatter material 
is thickest on the southeastern side of Vulcan, indicating 
that the wind was blowing from the northwest toward the 
southeast during the final stages of formation of this cone.

Vulcan is located seven miles west of downtown 
Albuquerque within Volcanoes Day Use Area of Petroglyph 
National Monument. This particular spot is at 35°08.491’N 
and 106°46.331’W. The UTM coordinates are 338600E and 
388995N (zone 13S, NAD27). For more information, see: 
http://geoinfo.nmt.edu/tour/federal/monuments/petroglyphs/
home.html. 

For an explanation of the volcanic rock types found at 
Vulcan Cone, see the following article in the 1999 New 
Mexico Geological Society Guidebook: 

Basaltic near-vent facies of Vulcan Cone, Albuquerque 
Volcanoes, New Mexico by G. A. Smith, P. S. Florence, A. 
D. Castrounis, M. Luongo, J. D. Moore, J. Throne, and K. 
Zelley, in Albuquerque Geology, edited by Frank J. Pazzaglia 
and Spencer G. Lucas, guidebook of the New Mexico 
Geological Society 50th field conference, 1999, pages 211–
219.

nEw mExico’s EnchantinG GEoloGy—alBuquErquE 
volcanoEs

A view from the top of Vulcan looking toward the northeast. Steeply 
dipping spatter deposits and “agglutinated” lava flows on the east side of 
Vulcan are in the foreground, Albuquerque is in the middle distance, and 
the Sandia Mountains are in the background. Photo by  Richard Kelley.
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short itEms oF intErEst to tEachErs anD thE PuBlic

thE minEral musEum on thE 
camPus oF nEw mExico tEch in 
socorro, nEw mExico

hours: 
 8 a.m. to 5 p.m., Monday through Friday
 10 a.m. to 3 p.m., Saturday and Sunday 
 Closed on New Mexico Tech holidays

The Mineral Museum is located in the Gold Building on 
the campus of New Mexico Tech in Socorro. The bureau’s 
mineralogical collection contains more than 16,000 
specimens of minerals from New Mexico, the United States, 
and around the world, along with mining artifacts and fossils. 
About 2,500 minerals are on display at a time. 

For teachers and other groups, we offer free tours of the 
museum. We like to show off our home state minerals, as well 
as give students an idea of how minerals end up in products 
we use every day. Museum staff can also identify rocks or 
minerals for visitors. Please call ahead to ensure someone will 
be available. For more information on the museum, please 
visit our Web site at: http://geoinfo.nmt.edu/museum/ 

Dr. Virgil Lueth 
Senior Mineralogist and Curator 
vwlueth@nmt.edu 
575-835-5140

Bob Eveleth 
Senior Mining Engineer and Associate Curator 
beveleth@gis.nmt.edu 
575-835-5325

to schEDulE a tour, contact:
Susie Welch 
Manager, Geologic Extension Service 
susie@nmt.edu 
575-835-5112

thE PuBlication salEs oFFicE at thE  
nEw mExico BurEau oF GEoloGy anD 
minEral rEsourcEs on thE camPus oF 
nEw mExico tEch 
Open 9 a.m. to 4 p.m. (closed for lunch from 12 to 1), 
Monday through Friday. 

Call 575-835-5490 for phone orders or information, or visit 
our Web site at: 
http://geoinfo.nmt.edu/publications/home.html

The Publication Sales Office has many resources for teachers, 
including publications on New Mexico’s geology, many 
meant for the amateur geologist and general public.  

We offer:
Topographic maps for the entire state of New Mexico • 
Geologic maps for selected areas of New Mexico• 
U.S. Forest Service maps• 

A 20% discount for teachers• 
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The book includes full color photographs, maps, 
illustrations, diagrams, tables, and a fold-out map of the 
drainage facilities in Albuquerque. Available for sale or online 
at:  http://geoinfo.nmt.edu/publications/decisionmakers/2009/
home.cfm

New Mexico Earth Matters, Summer 2009, The New Mexico 
Library of Subsurface Data by Ron Broadhead and Peter A. 
Scholle. This summer Earth Matters takes readers behind the 
scenes at the bureau to explore our subsurface data collection. 
Learn how and where core samples are collected, how they 
are stored, and why they are important. 

You can sign up for a free subscription to Earth Matters if 
you live in the state of New Mexico. Call 575-835-5302 or 
e-mail us at pubsofc@gis.nmt.edu. If you prefer to get your 
information online, all of our Earth Matters issues can be 
found on our Web page at:
http://geoinfo.nmt.edu/publications/periodicals/earthmatters  

Previous issues include many topics on New Mexico’s geol-
ogy including volcanoes, hydrology, caves, energy resources, 
climate change, earthquakes, geologic mapping, and more.

uPcominG EvEnts For tEachErs anD 
thE PuBlic

nEw mExico statE sciEncE anD  
EnGinEErinG Fair 
aPril 10, 2010  
1:30 P.m.–3:00 P.m. in workman 101
Parent/Sponsor Appreciation Reception hosted by NM 
Bureau of Geology and NMSTA with a special science 
presentation: Desert Reef, a film that explores the evidence 
of climate change found in the geologic record of Earth’s 
ancient past to gain new perspectives and insight into the 
future of our planet. There will be a special demonstration of 
underwater filming equipment.

rockin’ arounD nEw mExico  
july 7–9, 2010
Teachers in grades K-12 are invited to attend a three-day 
workshop in the Socorro area, which will include an overview 
of New Mexico earthquake hazards and school safety. Our 
three-day workshop begins with an introduction overview 
of local geology near the Rio Grande on both the east and 
west sides of the river. Then teachers will explore local field 
trip stops to study the sedimentology, stratigraphy and 
paleontology of the area. We will visit the Quebradas region 
of broken hills east of Socorro, where there are spectacular 
exposures of sedimentary rocks containing many fossil 
invertebrates. The sedimentary rock layers that form the hills 
and mesas are offset by numerous faults. The afternoon of the 

our nEwEst Books on GEoloGy 
incluDE: 
The Geology of Northern New Mexico’s 
Parks, Monuments, and Public Lands
published in May 2010, edited by L. Greer Price

Few places in the 
U.S. boast as rich a 
diversity of landscape 
and public lands 
as northern New 
Mexico. Here in 
one volume is an 
authoritative overview 
of the geology of these 
parks, monuments, 
and public lands, 
with information on 
the regional setting, 
the rock record, and 
the most prominent 
geologic features. 
The book includes 

chapters on nine national parks and monuments, seventeen 
state parks, and many of the most popular Bureau of Land 
Management and U.S. Forest Service units in this part of the 
state. Also included are chapters on two of our newer units, 
the Valles Caldera National Preserve and Kashe-Katuwe 
Tent Rocks National Monument. With nearly 300 full-
color geologic maps, graphics, and photographs, the book 
is a perfect introduction to the some of New Mexico’s most 
significant geologic landscapes. Includes 49 chapters in five 
parts:

Part I – The Colorado Plateau
Part II – The Jemez Mountains
Part III – The Rio Grande Rift
Part IV– The Southern Rocky Mountains
Part V – The Great Plains
380 pages, full color, 8” x 10” paperback/sewn binding, 
ISBN 978-1-883905-25-5, $24.95 (plus $5.50 shipping 
and handling and taxes where applicable), wholesale and 
educational discounts available.

Water, Natural Resources, and the Urban Landscape:  
The Albuquerque Region, edited by L. Greer Price, Douglas 
Bland, Peggy S. Johnson, and Sean D. Connell, Decision-
Makers Field Guide 2009. The 2009 field guide provides a 
broad overview of geologic and resource management issues 
related to the rapidly growing Albuquerque metropolitan 
area. The 23 papers, written for a general audience, discuss 
the most critical of these issues, including water supply 
strategies for the future, geologic hazards, saline waters and 
deep, non-potable aquifers, and flood control challenges. 
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first day includes a variety of activities to help teachers learn 
more about basic geologic skills. This includes tours of rock-
analysis laboratories, basic mineral and rock identification, 
map reading, gold panning, evolution of one group of 
microfossils (seen on field trip), and CO

2
 storage in response 

to climate change.

On the second morning’s field trip to Carthage, south of 
Socorro, participants will learn some mapping techniques 
on a faulted sedimentary outcrop and hunt for fossils. We 
will have a brief overview of the history of the Carthage 
coal mining district, including reclamation. The afternoon 
of the second day includes demonstrations of earthquake 
safety drills and other lessons from the FEMA-based Tremor 
Troop and Seismic Sleuths and a discussion of emergency 
preparedness measures that should be in place in the event of 
a damaging earthquake.

On the third morning’s trip, teachers will walk the Canyon 
Trail at the Bosque Del Apache to see some young faults 
and find out what geologists learn from these features. From 
an overlook point on the Canyon Trail, we will observe the 
faulted outcrops in which an important oreodont fossil was 
discovered in 2008.  Participants will gather rocks and fossils 
to add to their classroom collections; we will also provide 
them with basic mineral and rock kits. 

Graduate credit is available through the Masters of Science 
Teaching program at New Mexico Tech. Interested teachers 
can contact Susie Welch at susie@nmt.edu or 575-835-5112 
for information or to register.

Earth sciEncE wEEk  
octoBEr 10–16, 2010
Since October 1998, the American Geological Institute 
has organized this national and international event to help 
the public gain a better understanding and appreciation for 
the Earth Sciences and to encourage stewardship of Earth. 
This year’s Earth Science Week will celebrate the theme 
“Exploring Energy.” For information on participating, visit 
http://www.earthsciweek.org/. 

EDucational wEB rEsourcEs For 
PlanEtary GEoloGy

http://astrogeology.usgs.gov/Kids/Activities/
PlanetaryInfoSheets/

U.S. Geological Survey Web site provides helpful Information 
Sheets on the eight planets in addition to Pluto, Earth’s 
moon, and Saturn’s moon Titan. 
http://www.solarviews.com/eng/ico.htm

This site provides color models of the planets in the shape of 
a 20-sided Icosahedron to print out and assemble. Although 
the images are copyrighted, teachers are granted permission 
to distribute the models to students in the classroom. 
http://www.nasa.gov/pdf/137398main_FS-2005-10-055%20
Cuisine_1.pdf

Cosmic cuisine fact sheet that demonstrates the challenges 
of long term storage of food for the astronauts in space, 
including plans for extra-terrestrial farming. 
http://www.nasa.gov/pdf/71426main_FS-2002-10-079-JSC.pdf

The Space Food program is a NASA fact sheet that explains 
how astronauts living for extended periods of time in space 
get their nutrition. 
http://astrogeology.usgs.gov/Kids/

Kids can print planet globe models to construct, along with 
fun coloring sheets and puzzles on astrogeology. 
http://astrogeology.usgs.gov/Kids/
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solution to cElEstial crossworD 
PuzzlE

http://www.nasa.gov/pdf/137398main_FS-2005-10-055%20Cuisine_1.pdf
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