OIMS/9 Instructor’s Manual


CHAPTER 1
The Origin of the Ocean 
FIVE MAIN CONCEPTS
· Science is a systematic process of asking questions about the observable world by gathering and then analyzing information. 

· The universe’s observable mass consists mostly of hydrogen atoms.  The heavy elements we see around us were constructed in stars.  

· Earth is density stratified – that is, as Earth formed, gravity pulled the heaviest materials (iron, nickel) to its center as lighter minerals rose to the surface.  Earth’s first solid surface formed about 4.6 billion years ago.

· Life probably originated in the ocean shortly after it formed.

· Water, even liquid water, appears to be present in other places in our solar system.

MAIN HEADINGS

1.1 Earth is an Ocean World

1.2 Marine Scientists Use the Logic of Science to Study the Ocean

1.3 Stars form Seas 

Stars Formed Early in the History of the Universe

Stars and Planets Are Contained within Galaxies 

Stars Make Heavy Elements from Lighter Ones 

Solar Systems Form by Accretion 

1.4  Earth, Ocean, and Atmosphere Accumulated in Layers Sorted by Density     
1.5 Life Probably Originated in the Ocean  

1.6 What Will Be Earth’s Future?  

1.7 Are There Other Ocean Worlds?  
Our Solar System’s Outer Moons 

Mars 

Titan 

Extrasolar Planets 

Life and Oceans? 

CHAPTER IN PERSPECTIVE

In this chapter your students learned Earth is a water planet, possibly one of few in the galaxy. An ocean covering 71% of its surface has greatly influenced its rocky crust and atmosphere. The ocean dominates Earth, and the average depth of the ocean is about 4 ½ times the average height of the continents above sea level.  Life on Earth almost certainly evolved in the ocean; the cells of all life forms are still bathed in salty fluids.

We study our planet using the scientific method, a systematic process of asking and answering questions about the natural world. Marine science applies the scientific method to the ocean, the planet of which it is a part, and the living organisms dependent on the ocean.

Most of the atoms that make up Earth and its inhabitants were formed within stars. Stars form in the dusty spiral arms of galaxies and spend their lives changing hydrogen and helium to heavier elements. As they die, some stars eject these elements into space by cataclysmic explosions. The sun and the planets, including Earth, probably condensed from a cloud of dust and gas enriched by the recycled remnants of exploded stars. Earth formed by the accretion of cold particles about 4.6 billion years ago.

Heat from infalling debris and radioactive decay partially melted the planet, and density stratification occurred as heavy materials sank to its center and lighter materials migrated toward the surface. Our moon is thought to have been formed by debris ejected when a planetary body somewhat larger than Mars smashed into Earth.

The ocean formed later, as water vapor trapped in Earth’s outer layers escaped to the surface through volcanic activity during the planet’s youth. Comets may also have brought some water to Earth. Life originated in the ocean very soon after its formation —life and Earth have grown old together. We know of no other planet with a similar ocean, but water is abundant in interstellar clouds and other water planets are not impossible to imagine.
HOW HAS THIS CHAPTER CHANGED FOR THE NINTH EDITION?


New Chapter Opener showing exoplanet with ocean.  Illustrations from EOO/7 where updated.  Many new illustrations.  Subtle but extensive revision of the scientific method material in accordance with reviewer request and in line with the National Science Teachers’ Association guidelines on describing the “durable” nature of science (even though there is no absolute truth involved – elusive but crucial point), and the differences between theories and laws.  I think this is straightened out now – finally.  It may be going back for further review.  “Astronomy” material now truncated to EOO/7 level.  “Oceans Elsewhere” coverage reduced to EOO/7 level (at reviewer request).  

SUGGESTIONS FOR PRESENTING THE MATERIAL

Students show a powerful interest in origins.  I have yet to meet a class of freshmen or sophomores whose eyes didn't bulge at the concept of the "big bang" or who weren't impressed by hearing of the ancient and violent stellar synthesis of the heavy elements that make up most of their bodies.  It seems to me that we need to explain how the fabric of Earth and ocean arose before discussing these objects in detail.  To that end, I have included information on galaxies and stars, and have briefly discussed how our condensing solar nebula may have arisen.  Water and granite and skeletons had to begin somewhere! 


Also interesting is the evolution of Earth's atmosphere; there have been three:  The original atmosphere blown away by the ignition shock of the sun, the reducing atmosphere that outgassed from within the Earth, and the oxidizing atmosphere that has resulted from the work of autotrophs.


The nature of science is also discussed in this chapter.  It might be useful to discuss the amorphous nature of truth in science, and to emphasize that the scientific method depends on nature "playing fair" -- that is, on the assumption that physical processes will work identically in identical circumstances.  The public often interprets the apparent waffling of scientists a sign of weakness, but controversy points out the true strength of how scientists try to understand things.  The marine sciences are outlined in this section, and subdisciplines are noted.  This might be a good opportunity to share with your students some insights into your own specialty, the things that attracted you to it, and your views on the most interesting controversies within it.


The chapter ends with some speculations on the origin of life on Earth and elsewhere.  The last few years have been especially interesting for origin-of-life theorists.  A recent analysis suggests the early sun was rather weaker in energy output than now, and that the surface of the world ocean was frozen at the time of the origin of life.  Rather than at the cold surface, life may have arisen near the mid-ocean ridges with their warm and toasty vents.   The last few paragraphs deal with speculation on other ocean worlds.  Some of the Mars photos showing the effects of running water taken by Mars Curiosity robot are included.


And remember, it really should be OK to tell a few stories on that first class day.  Tell your students how you became interested in your life's work, what oceanic experiences have moved you most deeply, and of your hopes for the future.  Introduce yourself, tell about your research interests, ask a few questions about why your students ended up in an oceanography course (the best interdisciplinary science survey of all).  Talk about a research project you or your students are presently undertaking.  Enjoy yourself -- it's day one, and a new semester stretches optimistically ahead!

ANSWERS TO CONCEPT CHECKS

On page 3:

· There are few dependable natural oceanic divisions, only one great mass of water. The Pacific and Atlantic Oceans, the Mediterranean and other seas, so named for our convenience, are in reality only temporary features of a single world ocean.
· The average land elevation is only 840 meters, but the average ocean depth is 4½ times greater.

· There is much more water trapped within Earth's hot interior than there is in its ocean and atmosphere. 

On Page 6:

· The process of science cannot be applied to speculations that are not subject to test or observation. Science requires a logical approach to problem solving and a critical attitude about being shown rather than being told.

· As our observations become more accurate, so do our conclusions about the natural world. Theories may change as our knowledge and powers of observation change, so all scientific understanding is tentative. Because observation (and interpretation of observation) is never perfect, truth can never be absolute.

· Superstitions arise by happenstance.  Correlation does not assure causation – that is, just because one event coincidentally occurs with another event, one did not necessarily cause the other.

On Page 11:

· Time itself began with the big bang, so the concept of “before” is meaningless in discussing imagined events that preceded the big bang.
· Hydrogen appears to be the most abundant form of detectable matter in the universe.
· The condensation theory suggests that stars and planets accumulated from contracting, accreting clouds of galactic gas, dust, and debris. Material concentrated near its center became the protosun. Much of the outer material eventually became planets, the smaller bodies that orbit a star and do not shine by their own light.
· The life history and death of a star depend on its initial mass. After forming by accretion and spending a long life generating energy from hydrogen fusion, a sunlike star will swell to red giant stage and then slowly pulsate, incinerating its planets and throwing off concentric shells of light gas enriched with these heavy elements.
· Stars much more massive than the sun have shorter but more interesting lives, which sometimes end in a cataclysmic expansion called a supernova. The explosion lasts only about 30 seconds, but in that short time the nuclear forces holding apart individual atomic nuclei are overcome and atoms heavier than iron are formed. The gold of your rings, the mercury in a thermometer, and the uranium in nuclear power plants were all created during such a brief and stupendous flash.
On Page 14:

· Density stratification is layering by density—the heaviest material forms deeper layers, and the lighter material forms layers near the surface.
· Earth’s first surface is thought to have formed about 4.6 billion years ago, so we say Earth is 4.6 billion years old.  No credible evidence suggests Earth is between 6,000 and 10,000 years old.  Analysis of radioactive isotopes in Earth’s crust, and measurement of heat escaping from within Earth, confirm Earth’s age and origin.
· A planetary body somewhat larger than Mars smashed into the young Earth and broke apart. The metallic core fell into Earth’s core and joined with it, while the rocky mantle was ejected to form a ring of debris around Earth. The debris began condensing soon after to become our moon.
· Most of the ocean was in place about 4 billion years ago. The ocean is an ancient feature of Earth.
· Free oxygen was missing from Earth’s first atmosphere. It was added much later by plantlike organisms.
On Page 15a:

· The atoms and basic molecules that compose life are no different from the molecules in nonliving materials. As you’ll read in Chapter 13, a living thing is defined not by its composition but by its ability to manipulate energy. With the exception of hydrogen, all the atoms in living things were formed in stars.
· The oldest fossils yet found are between 3.4 billion and 3.5 billion years old. They are remnants of fairly complex bacteria-like organisms, indicating that life must have originated even earlier, probably only a few hundred million years after a stable ocean formed.
· No.  Indeed, free oxygen would have broken the complex organic molecules of even simple life-forms.  Much of the metabolism of modern organisms is dedicated to protecting those molecules from premature oxidation.
On Page 15b:

· The ultimate in recycling awaits.  Some of those long-lived atoms that have temporarily assembled to comprise your body will be thrown into space as the sun dies, perhaps to be re-accumulated into other structures in the distant reaches of time.
On Page 20:

· Water is present in our solar system mainly in the form of ice.  Comets are comprised of ice and bits of protoplanetary debris (they’ve been called “dirty snowballs”).  There appears to be ice deep in shaded craters near the poles of Earth’s moon.  Liquid water may (rarely) be present on Mars, but liquid water in significant quantity seems limited to our own clement planet.
· No.  We may have difficulty recognizing variant forms of life when we see them.  Ten-foot tall blue humanoids will almost certainly be exceptions!
ANSWERS TO “THINKING BEYOND THE FIGURE” QUESTIONS

Figure 1.2:  For land to emerge from the ocean dominating Earth’s surface, it must be supported from below and it must be relatively light in weight.  Chapter 3 discusses the juicy details, but for now, you’re free to speculate on what conditions within our planet could cause variations in mass and density.  Yes, volcanoes and earthquakes are involved.

Figure 1.4:  Could it be that the senior author is just growing older, and that male pattern baldness is merely a consequence of age, and independent of anything his barber is doing?  Probably!  Remember, correlation does not assure causation – that is, just because one event coincidentally occurs with another event, one did not necessarily cause the other.

Figure 1.5:  “Local group” is a delicious term, evocative of our true place in the universe.  We inhabit a water planet orbiting an average star in a typical spiral arm of an unspectacular galaxy, a member of a dozen or so galaxies (the “local group”) moving together in one direction.  And there are more galaxies than there are grains of sand on all the world’s beaches.  “Insignificant” describes us rather well.

Figure 1.8:  It seems to us that our story of the ocean needs to begin at the beginning. In this case, the “beginning” is just that – the origin of time and mass.  Earth and ocean are not made of hydrogen; most of the universe is.  Stars are a necessary part of the story.   

Figure 1.11:  Earth without a moon would be a different place.  Tides would be diminished (the sun also causes tides, but lunar gravity is the primary driver), so perhaps the evolution of life on land would have taken a different course due to a diminished transitional intertidal zone.  Also, some theorists suggest the moon has had a stabilizing effect on the orientation of earth's axis. Without the moon, they suggest, Earth’s north-south axis would vary to the point where the poles would sometimes be in our orbital plane.  And then there’s the issue of moonlight for bird navigation, romance, etc.

Figure 1.12:  Water molecules emerge from Earth’s interior to join the ocean at about the same rate that water escapes into space from the upper atmosphere.  The ocean’s volume is in near-equilibrium.  
Figure 1.15:  “Deep time” is an ancient concept that recently became well known through the writings of author John McPhee.
  We rarely experience the emotion of “deep time,” but occasionally it surfaces when we’re presented with images of the Grand Canyon, a rugged coastline, the Milky Way on a dark night, or high mountains.  I wrote “emotion” because the sense of deep time is just that – a feeling of profound regard for the unfathomable spans of time – inconceivable on a human scale – that building a planet requires.  
ANSWERS TO END-OF-CHAPTER QUESTIONS
1.  Why do we say there is one world ocean?  What about the Atlantic and Pacific oceans, or the Baltic and Mediterranean seas?

Traditionally, we have divided the ocean into artificial compartments called oceans and seas, using the boundaries of continents and imaginary lines such as the equator. In fact there are few dependable natural divisions, only one great mass of water. Because of the movement of continents and ocean floors (about which you’ll learn more in Chapter 3) the Pacific and Atlantic Oceans and the Mediterranean and Baltic Seas, so named for our convenience, are in reality only temporary features of a single world ocean. In this book we refer to the world ocean, or simply the ocean, as a single entity, with subtly different characteristics at different locations but with very few natural partitions. This view emphasizes the interdependence of ocean and land, life and water, atmospheric and oceanic circulation, and natural and man-made environments.

2.  Which is greater: the average depth of the ocean or the average elevation of the continents?


If Earth's contours were leveled to a smooth ball, the ocean would cover it to a depth of 2,686 meters (8,810 feet).  The volume of the world ocean is presently 11 times the volume of land above sea level -- average land elevation is only 840 meters (2,772 feet), but average ocean depth is 4½ times greater!  

3.  Can the scientific method be applied to speculations about the natural world that are not subject to test or observation?


Science is a systematic process of asking questions about the observable world, and testing the answers to those questions. The scientific method is the orderly process by which theories are verified or rejected.  It is based on the assumption that nature "plays fair" -- that the answers to our questions about nature are ultimately knowable as our powers of questioning and observing improve.  


By its very nature, the scientific method depends on the application of specific tests to bits and pieces of the natural world, and explaining, by virtue of these tests, how the natural world will react in a given situation.  Hypotheses and theories are devised to explain the outcomes.  The tests must be repeatable -- that is, other researches at other sites must be able to replicate the experiments (tests) with similar results.  If replication is impossible, or if other outcomes are observed, the hypotheses and theories are discarded and replaced with new ones.  Figure 1.4 shows the process.


Nothing is ever proven absolutely true by the scientific method.  Hypotheses and theories may change as our knowledge and powers of observation change; thus all scientific understanding is tentative.  The conclusions about the natural world that we reach by the process of science may not always be popular or immediately embraced, but if those conclusions consistently match observations, they may be considered true.  


Can these methods be applied to speculations about the natural world that are not subject to test or observation?  By definition, they cannot.  

4.  What are the major specialties within marine science?  


Marine science draws on several disciplines, integrating the fields of geology, physics, biology, chemistry, and engineering as they apply to the ocean and its surroundings.  
Marine geologists focus on questions such as the composition of the inner Earth, the mobility of the crust, and the characteristics of seafloor sediments.  Some of their work touches on areas of intense scientific and public concern including earthquake prediction and the distribution of valuable resources.  Physical oceanographers study and observe wave dynamics, currents, and ocean-atmosphere interaction.  Their predictions of long-term climate trends are becoming increasingly important as pollutants change Earth's atmosphere.  Climate specialists investigate the ocean’s role in Earth’s changing climate.  Their predictions of long-term climate trends are becoming increasingly important as pollutants change Earth’s atmosphere.Marine biologists work with the nature and distribution of marine organisms, the impact of oceanic and atmospheric pollutants on the organisms, the isolation of disease-fighting drugs from marine species, and the yields of fisheries.  Chemical oceanographers study the ocean's dissolved solids and gases, and the relationships of these components to the geology and biology of the ocean as a whole.   Marine engineers design and build oil platforms, ships, harbors, and other structures that enable us to use the ocean wisely.  Other marine specialists study weather forecasting, ways to increase the safety of navigation, methods to generate electricity, and much more.  Virtually all marine scientists specialize in one area of research, but they also must be familiar with related specialties and appreciate the linkages between them.  

5.  Where did Earth’s heavy elements come from?


From the deaths of ancient stars.

After a long and productive life, an average star converts a large percentage of its hydrogen to atoms as heavy as carbon or oxygen. When a medium-mass star begins to consume these heavier atoms, its energy output slowly rises and its body swells to a stage aptly named red giant by astronomers. The dying giant slowly pulsates, throwing off concentric shells of light gas enriched with these heavy elements. But most of the harvest of carbon and oxygen is forever trapped in the cooling ember at the star’s heart. 


The dying phase of a massive star is more interesting.  The end begins when its depleted core collapses in on itself. This rapid compression causes the star’s internal temperature to soar. When the infalling material can no longer be compressed, the energy of the inward fall is converted to cataclysmic expansion called a supernova. The explosive release of energy in a supernova is so sudden that the star is blown to bits, and its shattered mass is accelerated outward at nearly the speed of light. The explosion lasts only about 10 seconds, but in that short time the nuclear forces holding apart individual atomic nuclei are overcome—and atoms heavier than iron are formed. The gold of your rings, the mercury in a thermometer, and the uranium in nuclear power plants were all created during such a brief and stupendous flash. The atoms produced by a star through millions of years of orderly fusion, and the heavy atoms generated in a few moments of unimaginable chaos, are sprayed into space. 

Every chemical element heavier than hydrogen—most of the atoms that make up the planets, the oceans, and living creatures—was manufactured by the stars. 

6.  Where did Earth’s surface water come from?


Though most of Earth’s water was present in the solar nebula during the accretion phase, recent research suggests that a barrage of icy comets or asteroids from the outer reaches of the solar system colliding with Earth may also have contributed a portion of the accumulating mass of water, this ocean-to-be.

7.  Considering what must happen to form them, do you think ocean worlds are relatively abundant in the galaxy? Why or why not?


I wouldn't expect to encounter many.  


For starters, let's look at stars.  Most stars visible to us are members of multiple-star systems.  If the Earth were in orbit around a typical multiple-star system, we would be close to at least one of the host stars at certain places in our orbit, and too far away at others.  Also, not all stars -- in single or multiple systems -- are as stable and steady in energy output as our sun.  If we were in orbit around a star that grew hotter and cooler at intervals, our situation would be radically different than it is at the moment. 


Next, let's look at orbital characteristics.  Our Earth is in a nearly circular orbit at just the right distance from the sun to allow liquid water to exist over most of the surface through most of the year.  


Next, consider our planet's cargo of elements.  We picked these up during the accretion phase.  At our area of orbit there was an unusually large amount of water (or chemical materials that would led to the formation of water).


So, with a stable star, a pleasant circular orbit that is well placed, and suitable and abundant raw materials, we are a water planet.  This marvelous combination is probably not found in many places in the galaxy.

8.  Earth has had three distinct atmospheres.  Where did each one come from, and what were the major constituents and causes of each?


Earth’s first atmosphere formed during the accretion phase before our planet had a solid surface.  Methane and ammonia with some water vapor and carbon dioxide -- mixtures similar to those seen in the outer planets and swept from the solar nebula – were probably the most abundant gases.  Radiation from the energetic young sun stripped away our planet’s first atmosphere, but gases trapped inside the planet rose to the surface during the density stratification process to form a second atmosphere.  This process was aided by internal heating and by the impact of a planetary body somewhat larger than Mars.  Infalling comets may have contributed some water to the Earth during this phase.  This second atmosphere contained very little free oxygen.  The evolution of photosynthetic organisms – single celled autotrophs and green plants – slowly modified the second atmosphere into the third (and present) oxygen-rich mixture.

9.  How old is Earth?  When did life arise?   On what is that estimate based? How was the moon formed?

Earth's first hard surface is thought to have formed about 4.6 billion years ago.  This age estimate is derived from interlocking data obtained by many researchers using different sources.  One source is meteorites, chunks of rock and metal formed at about the same time as the sun and planets and out of the same cloud.  Many have fallen to Earth in recent times.  We know from signs of radiation within these objects how long it has been since they were formed.  That information, combined with the rate of radioactive decay of unstable atoms in meteorites, moon rocks, and in the oldest rocks on Earth, allows astronomers to make reasonably accurate estimates of how long ago these objects formed.  


How long ago might life have begun?  The oldest fossils yet found, from northwestern Australia, are between 3.4 and 3.5 billion years old.  They are remnants of fairly complex bacteria-like organisms, indicating that life must have originated even earlier, probably only a few hundred million years after a stable ocean formed. Evidence of an even more ancient beginning has been found in the form of carbonaceous residues in some of the oldest rocks on Earth, from Akilia Island near Greenland.  These 3.85 billion year old specks of carbon bear a chemical fingerprint that researchers feel could only have come from a living organism.  Life and Earth have grown old together; each has greatly influenced the other.

About 30 million years after its formation, a planetary body somewhat larger than Mars smashed into the young Earth and broke apart. The metallic core fell into Earth’s core and joined with it, while most of the rocky mantle was ejected to form a ring of debris around Earth. The debris began condensing soon after and became our moon.
10.  What is biosynthesis?  Where and when do researchers think it might have occurred on our planet?  Could it happen again this afternoon?


Biosynthesis is the term given to the early evolution of living organisms from the simple organic building blocks present on and in the early Earth.


The early steps in biosynthesis are still speculative. Planetary scientists suggest that the sun was faint in its youth. It put out so little heat that the ocean may have been frozen to a depth of around 300 meters (1,000 feet). The ice would have formed a blanket that kept most of the ocean fluid and relatively warm. Periodic fiery impacts by asteroids, comets, and meteor swarms could have thawed the ice, but between batterings it would have reformed. In 2002, chemists Jeffrey Bada and Antonio Lazcano suggested that organic material may have formed and then been trapped beneath the ice—protected from the atmosphere, which contained chemical compounds capable of shattering the complex molecules. The first self-sustaining – living – molecules might have arisen deep below the layers of surface ice, on clays or pyrite crystals at cool mineral-rich seeps on the ocean floor. The oldest fossils yet found, from northwestern Australia, are between 3.4 and 3.5 billion years old.  

A similar biosynthesis could not occur today.  Living things have changed the conditions in the ocean and atmosphere, and those changes are not consistent with any new origin of life.  For one thing, green plants have filled the atmosphere with oxygen, a compound that can disrupt any unprotected large molecule.  For another, some of this oxygen (as ozone) now blocks much of the ultraviolet radiation from reaching the surface of the ocean.  And finally, the many tiny organisms present today would gladly scavenge any large organic molecules as food.

11.  Marine biologists sometimes say that all life-forms on Earth, even desert lizards and alpine plants, are marine. Can you think why?

Did life form in these experiments described above? No. The compounds that formed are only building blocks of life. But the experiments do tell us something about the commonality and unity of life on Earth. The facts that these crucial compounds can be synthesized so easily and are present in virtually all living forms are probably not coincidental. Those compounds are “permitted” by physical laws and by the chemical composition of this planet. The experiment also underscores the special role of water in life processes. The fact that all life, from a jellyfish to a dusty desert weed, depends on saline water within its cells to dissolve and transport chemicals is certainly significant. It strongly suggests that simple, self-replicating—living—molecules arose somewhere in the early ocean. It also strongly suggests that all life on Earth is of common origin and ancestry.
12.  How do we know what happened so long ago?


Interlocking pieces of information reinforce each other.  For instance, the position of layers of rock atop other layers of rock, the progression of fossils they contain, the radiometric dating of these layers, the traces of cosmic radiation etched within them, the nature of the isotopes of oxygen contained in the rock grains, and other data points allow us to estimate the ages and histories of things we find.  Science being science, of course, alternate explanations are always welcome, but they must withstand scrutiny and be supported by data.  Simply believing Earth is young or old doesn’t work. 

13.  What is density stratification?  What does it have to do with the present structure of Earth?


Density is mass per unit of volume.  Early in its formation, the still-fluid Earth was sorted by density -- heavy elements and compounds were driven by gravity towards its center, lighter gases rose to the outside.  The resulting layers (strata) are arranged with the densest at and near the Earth's center, the least dense as the atmosphere.  The process of density stratification lasted perhaps 100 million years, and ended 4.6 billion years ago with the formation of Earth's first solid crust.  For a review, please see Figure 1.10.

14.  Do we know of the existence of other water planets?
[An extension of the answer to Question #7:]


Not directly.  Considerable excitement was generated in 2007 with the discovery of three planets orbiting a red dwarf star, Gliese 581.  These planets were found to be in the “habitable zone,” a distance from their star that would allow water in liquid form.  Further study has shown that Gliese 581c is likely to be subject to runaway greenhouse effect (see Chapter 18), and would harbor conditions similar to Venus in our solar system – too hot for life as we know it.  Still, experts estimate that one in five sun-like stars harbors planets.  They’re just too far away for us to see them.

As NASA’s James Webb Space Telescope enters service (expected in 2018), direct imaging of planets like those of the Gliese system might be possible.  We may be able to see the glint of oceans or clouds.  Imagine! 
� McPhee, John.  1981.  “Basin and Range.”  Farrar, Straus and Giroux.
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