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FIGURE 30.1

Astrobiology: The Road to Life in the Universe. In this fanciful montage produced by a NASA artist, we see one roadmap for 
discovering life in the universe. Learning more about the origin, evolution, and properties of life on Earth aids us in searching for 
evidence of life beyond our planet. Our neighbor world, Mars, had warmer, wetter conditions billions of years ago that might have 
helped life there begin. Farther out, Jupiter’s moon Europa represents the icy moons of the outer solar system. Beneath their shells of 
solid ice may lie vast oceans of liquid water that could support biology. Beyond our solar system are stars that host their own planets, 
some of which might be similar to Earth in the ability to support liquid water—and a thriving biosphere—at the planet’s surface.
Research is pushing actively in all these directions with the goal of proving a scientific answer to the question, “Are we alone?” 
(credit: modification of work by NASA)



FIGURE 30.2

Comet Hyakutake. This image was captured in 1996 by NASA photographer Bill 
Ingalls. Comet impacts can deliver both water and a variety of interesting chemicals, 
including some organic chemicals, to Earth. (credit: NASA/Bill Ingalls)



FIGURE 30.3

Young Human. Human beings have the 
intellect to wonder about their planet and 
what lies beyond it. Through them (and 
perhaps other intelligent life), the 
universe becomes aware of itself. (credit: 
Andrew Fraknoi)



FIGURE 30.4

Cloud of Gas and Dust. This cloud of gas and dust in the constellation of Scorpius is the sort of 
region where complex molecules are found. It is also the sort of cloud where new stars form 
from the reservoir of gas and dust in the cloud. Radiation from a group of hot stars (off the 
picture to the bottom left) called the Scorpius OB Association is “eating into” the cloud, sweeping 
it into an elongated shape and causing the reddish glow seen at its tip. (credit: Dr. Robert 
Gendler)



FIGURE 30.5

Stromatolites Preserve the Earliest Physical Representation of Life on Earth. In their reach for sunlight, the 
single-celled microbes formed mats that trapped sediments in the water above them. Such trapped sediments fell 
and formed layers on top of the mats. The microbes then climbed atop the sediment layers and trapped more 
sediment. What is found in the rock record are (a) the solidified, curved sedimentary layers that are signatures of 
biological activity. The earliest known stromatolite is 3.47 billion years old and is found in Western Australia. (b) This 
more recent example is in Lake Thetis, also in Western Australia. (credit a: modification of work by James St. John; 
credit b: modification of work by Ruth Ellison)



FIGURE 30.6

Chlorophyll Abundance. The abundance of chlorophyll (an indicator of photosynthetic 
bacteria and algae) varies by almost a thousand-fold across the ocean basins. That 
variation is almost entirely due to the availability of nitrogen—one of the major “biogenic 
elements” in forms that can be used by life. (credit: modification of work by NASA, 
Gene C. Feldman)



FIGURE 30.7

Grand Prismatic Spring in Yellowstone National Park. This hot spring, where water emerges from the bluish center at temperatures 
near the local boiling point (about 92 °C), supports a thriving array of microbial life. The green, yellow, and orange colors around the 
edges come from thick “mats” of photosynthetic bacteria. In fact, their coloration in part demonstrates their use of light energy—some 
wavelengths of incoming sunlight are selectively captured for energy; the rest are reflected back. Since it lacks the captured wavelengths, 
this light is now different in color than the sunlight that illuminates it. The blue part of the spring has temperatures too high to allow 
photosynthetic life (hence the lack of color except that supplied by water itself), but life is still present. Here, at nearly boiling 
temperatures, bacteria use the chemical energy supplied by the combination of hydrogen and other chemicals with oxygen. (credit:
modification of work by Domenico Salvagnin)



FIGURE 30.8

Hydrothermal Vent on the Sea Floor. 
What appears to be black smoke is 
actually superheated water filled with 
minerals of metal sulfide. Hydrothermal 
vent fluid can represent a rich source of 
chemical energy, and therefore a driver 
for the evolution of microorganisms that 
can tolerate high temperatures. Bacteria 
feeding on this chemical energy form the 
base of a food chain that can support 
thriving communities of animals—in this 
case, a dense patch of red and white 
tubeworms growing around the base of 
the vent. (credit: modification of work by 
the University of Washington; 
NOAA/OAR/OER)



FIGURE 30.9

Spain’s Rio Tinto. With a pH close to 2, Rio Tinto is literally a river of acid. Acid-loving 
microorganisms (acidophiles) not only thrive in these waters, their metabolic activities 
help generate the acid in the first place. The rusty red color that gives the river its name 
comes from high levels of iron dissolved in the waters.



FIGURE 30.10

Salt Ponds. The waters of an evaporative salt works near San Francisco are colored 
pink by thriving communities of photosynthetic organisms. These waters are about ten 
times as salty as seawater—enough for sodium chloride to begin to crystallize out—yet 
some organisms can survive and thrive in these conditions. (credit: modification of work 
by NASA)



FIGURE 30.11

Mudstone. Shown are the first holes drilled by NASA’s Curiosity Mars rover into a 
mudstone, with “fresh” drill-pilings around the holes. Notice the difference in color 
between the red ancient martian surface and the gray newly exposed rock powder that 
came from the drill holes. Each drill hole is about 0.6 inch (1.6 cm) in diameter. (credit: 
modification of work by NASA/JPL-Caltech/MSSS)



FIGURE 30.12

Jupiter’s Moons. The Galilean moons of Jupiter are shown to relative scale and arranged in order of their orbital 
distance from Jupiter. At far left, Io orbits closest to Jupiter and so experiences the strongest tidal heating by Jupiter’s 
massive gravity. This effect is so strong that Io is thought to be the most volcanically active body in our solar system. 
At far right, Callisto shows a surface scarred by billions of years’ worth of craters—an indication that the moon’s 
surface is old and that Callisto may be far less active than its sibling moons. Between these hot and cold extremes, 
Europa, second from left, orbits at a distance where Jupiter’s tidal heating may be “just right” to sustain a liquid water 
ocean beneath its icy crust. (credit: modification of work by NASA/JPL/DLR)



FIGURE 30.13

Jupiter’s Moon Europa, as Imaged by NASA’s Galileo Mission. The relative scarcity 
of craters on Europa suggests a surface that is “geologically young,” and the network of 
colored ridges and cracks suggests constant activity and motion. Galileo’s instruments 
also strongly suggested the presence of a massive ocean of salty liquid water beneath 
the icy crust. (credit: modification of work by NASA/JPL-Caltech/SETI Institute)



FIGURE 30.14

Image of Saturn’s Moon Enceladus from NASA’s Cassini Mission. The south polar 
region was found to have multiple plumes of ice and gas that, combined, are venting 
about 250 kilograms of material per second into space. Such features suggest that 
Enceladus, like Europa, has a sub-ice ocean. (credit: NASA/JPL/ SSI)



FIGURE 30.15

Image of Saturn’s Moon Titan from NASA’s Cassini Mission.

(a) The hazy orange glow comes from Titan’s thick atmosphere (the only one known among the moons of the solar system). That atmosphere is 
mostly nitrogen but also contains methane and potentially a variety of complex organic compounds. The bright spot near the top of the image is 
sunlight reflected from a very flat surface—almost certainly a liquid. We see this effect, called “glint,” when sunlight reflects off the surface of a lake 
or ocean.

(b) Cassini radar imagery shows what look very much like landforms and lakes on the surface of Titan. But the surface lakes and oceans of Titan are 
not water; they are probably made of liquid hydrocarbons like methane and ethane. (credit a: modification of work by NASA/JPL/University of 
Arizona/DLR; credit b: modification of work by NASA/JPL-Caltech/ASI)



FIGURE 30.16

Earth, as Seen by NASA’s Voyager 1. In this image, taken from 4 billion miles away, 
Earth appears as a “pale blue dot” representing less than a pixel’s worth of light. Would 
this light reveal Earth as a habitable and inhabited world? Our search for life on 
exoplanets will depend on an ability to extract information about life from the faint light 
of faraway worlds. (credit: modification of work by NASA/JPL-Caltech)



FIGURE 30.17

Spectrum of Light Transmitted through Earth’s Atmosphere. This graph shows wavelengths ranging 
from ultraviolet (far left) to infrared. The many downward “spikes” come from absorption of particular 
wavelengths by molecules in Earth’s atmosphere. Some of these compounds, like water and the 
combination oxygen/ozone and methane, might reveal Earth as both habitable and inhabited. We will have to 
rely on this sort of information to seek life on exoplanets, but our spectra will be of much poorer quality than 
this one, in part because we will receive so little light from the planet. (credit: modification of work by NASA)



FIGURE 30.18

Interstellar Messages.

(a) This is the image engraved on the plaques aboard the Pioneer 10 and 11 spacecraft. The human figures are drawn in proportion to the 
spacecraft, which is shown behind them. The Sun and planets in the solar system can be seen at the bottom, with the trajectory that the 
spacecraft followed. The lines and markings in the left center show the positions and pulse periods for a number of pulsars, which might help 
locate the spacecraft’s origins in space and time.

(b) Encoded onto a gold-coated copper disk, the Voyager record contains 118 photographs, 90 minutes of music from around the world, greetings 
in almost 60 languages, and other audio material. It is a summary of the sights and sounds of Earth. (credit a, b: modification of work by NASA)



FIGURE 30.19

Project Ozma and the Allen Telescope Array.

(a) This 25th anniversary photo shows some members of the Project Ozma team standing in front of the 85-foot radio telescope 
with which the 1960 search for extraterrestrial messages was performed. Frank Drake is in the back row, second from the right.

(b) The Allen Telescope Array in California is made up of 42 small antennas linked together. This system allows simultaneous 
observations of multiple sources with millions of separate frequency channels. (credit a: modification of work by NRAO; credit b: 
modification of work by Colby Gutierrez-Kraybill)



FIGURE 30.20

Jill Tarter (credit: Christian Schidlowski)



FIGURE 30.21

Drake Equation. A plaque at the National Radio Astronomy Observatory 
commemorates the conference where the equation was first discussed. (credit: 
NRAO/NSF/AUI)



FIGURE 30.22

Wide-Field Infrared Survey Explorer (WISE). Astronomers have used this infrared 
satellite to search for infrared signatures of enormous construction projects by very 
advanced civilizations, but their first survey did not reveal any. (credit: modification of 
work by NASA/JPL-Caltech)
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