TEACHER BACKGROUND

Unit 1 - Where Did All That Water Come From? - The Hydrologic Cycle

Water, Water Everywhere
Key Concepts
1. The water on the earth started out as
water bound in rocks.
2. The water on the earth is as old as the
earth and has been “recycled” many times.

Background
Fundamental to the oceans is water. Without water there would be no
oceans. There would also be no life as we know it. Students often find it
difficult to believe that the oceans could have originated as rainfall. The process
only makes sense in relation to geologic time, inches of rainfall per year for
millions of years can produce a significant amount of water.
The water that fell as rain started out as water bound in molten rocks.
Unlike today, the rain did not come largely from the evaporation of already
liquid surface water. The molten materials that formed the earth had different
densities and behaved in different ways. Liquid iron, nickel, and other heavy
elements sank toward the center to form the core which, except for a small
solid central portion, remains liquid today. Lighter materials such as
aluminum, sodium, silicon, and potassium floated upward forming earth's
upper mantle and rigid crust. Among those lighter materials were large
quantities of water. The water had been locked in the minerals as hydrogen
and oxygen, but as the earth warmed and partially melted, the water was
released and carried to the surface as water vapor mixed with other gases. As
the surface of the earth cooled, the water vapor condensed to drop the rain that
formed the oceans.
While the volume of the oceans seems immense, by comparison with the
total volume of Earth it is quite finite. Recognizing that the volume of the global
ocean is approximately 0.1% of the volume of the earth and that the ocean is
critical to life on Earth, it is apparent that both natural and human-caused
processes can have a very real and pronounced affect on the ocean
environment.
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Materials
Activity 1 - Let It Steam
For each group of 3 or 4 students:
• 250 ml or 400 ml Griffin beaker
• soil
• water
• petri dish (top or bottom) or watch glass
• pot holder or beaker tongs
• goggles or safety glasses
• hot plate

Activity 2: “How the Ocean Got Its Water” comic strip
for each student:
• “scrambled comic strip frames” activity sheets
(a continuation of “How the Earth Got Its
Layers” comic strip)
• scissors
• glue stick
• 8 1/2" x 11" paper to mount the comic strip
• colored pencils, water colors, or crayons (optional, or
assigned as homework)

Teaching Hints
“Water, Water, Everywhere” provides an activity which furnishes your
students with some current thoughts regarding the origin of the water in the
oceans.
Duplicate the activity pages. One set is recommended per student. This
activity is best accomplished in groups of three or four students. The group size
is dependent upon the materials available, the number of hot plates usually
being the limiting factor. Caution your students that hot glass looks the same
as cold glass. Be aware of hot plate use and as you circulate through the
classroom watch for potentially dangerous situations. Bringing the soil
mixtures to a boil slowly reduces the chances that the mixture will “hump” as
large gas bubbles rise to the surface. Encourage a reverence for the earth and
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provide a waste jar for the soil/water mixture. Do not encourage your students
to promote “erosion” by throwing the soil out. Plan to allow time for a
discussion of the procedure and to provide answers to the questions in the
“Analysis and Interpretation” section.
Activity 2, “How the Ocean Got Its Water” comic strip, is a continuation of
“How the Earth Got Its Layers” comic strip from the preceding activity.
The activity involves students in unscrambling and sequencing a series of
comic strip frames. While supplying each student with a set of comic strip
frames, have students continue to work in their groups of 3 or 4 students.

Key Words
atmosphere - the gaseous envelope surrounding the earth (or other celestial
body) and retained by the body’s gravitational field
boiling point - the temperature at which a liquid boils
condensation - the process of reducing a gas or vapor to a liquid
core - innermost part; in this case, of the earth
crust - outermost solid layer of the earth
evaporating - converting or changing from a liquid to a vapor
mantle - the layer of the earth between the core and the crust
molten - made liquid by heat, melted
steam - the mist of cooling water vapor; vapor phase of water
water vapor - water diffused as a gas in the atmosphere, especially at a
temperature below the boiling point

Extensions
1. Help your students form a realistic idea of the actual “finiteness” of the
ocean. Bring in a standard 10" basketball. Tell students the basketball
represents the Earth and that they are to scale the volume of the oceans on
such a “basketball-sized Earth.” Provide them with the information that the
volume of the global ocean is approximately 0.1 of 1% of the volume of the
Earth and that the volume of a sphere (like the basketball) can be
determined from the equation V= 4/3 _ r3 where V is the volume and r is the
radius of the sphere. After the calculations are made, have a volunteer put
the appropriate amount of water into a small glass beaker. Place the beaker
next to the basketball Earth. Discuss that the ocean, which is critical to life
on Earth, is really only a very thin layer and that both natural and humancaused processes can affect the ocean environment.
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The thinness of the ocean layer can also be appreciated from the following:
The maximum “thickness” (depth) of the ocean is about 7 miles (11,000 meters)
while the diameter of Earth is about 8,000 miles (13,000 kilometers or
13,000,000 meters). Using these figures, the depth of ocean covering the
“basketball-sized Earth” would be about 0.01 inch!

Answer Key
1. Answers will vary with the observations. In general, the water begins to move
through the soil/water mixture as the mixture heats. Eventually the water
will begin to boil and vapor is formed. The surface of the soil is agitated by
the heating.
2. a. While the answer depends upon experimental observations, moisture is
generally seen on the top of the container (as “fog”) and droplets are often
seen on the sides as well.
b. Answers will vary, but most of your students will think that the liquid is
water. The question calls for an opinion, as such there is no “right”
answer.
c. Answers will vary in direct proportion to the creativity of your class. The
most obvious way to test if the substance is water is to taste it. This is
also the most dangerous way (as you should point out to your students).
Other suggestions might include, feeding the water to a plant (or a
relative!), a chemical analysis of the compound (perhaps by electrolysis),
and/or checking the properties of the compound against those of water
(e.g. specific gravity).
3. The gas most likely released from the beaker model is water vapor. Students
will not be able to see the water vapor; water vapor is invisible. They may
see steam. They should be instructed that steam is actually small particles
of liquid water suspended in the air. Your students must rely on past
experience for the answer to this question since no information is provided
about the other gases.
4. The gases condensed on the cool petri dish cover. When the beaker was
removed from the heat, the droplets continue to coalesce and eventually fall.
5. While the answers may vary depending upon the observations, the “rain”
generally falls from the cover or down the sides.
6. If the earth's surface was hotter than 100°C, any rain that fell would
immediately be vaporized and form water vapor. The water vapor would rise,
form new clouds, condense, and rain again.
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7. a. After the surface of the earth cooled below 100°C, any rain which fell
would stay on the surface (at least for a while). This question logically
leads into a discussion of the water cycle.
b. Lakes, seas, and oceans formed in the depressions and low points of the
newly cooled crust.
8. This question provides a review and summary for the activity. The water in
the oceans came from gases driven off of the earth’s surface. The water vapor
in these gases condensed in the atmosphere, fell as rain and was reevaporated. This cyclic process occurring over millions of years helped cool
the surface to a temperature below the boiling point of water. Rain which fell
after that time could remain as liquid water to fill oceans and seas.
9. Before the depressions could form, the surface of the earth had to cool to the
freezing point of rock.
10. We would expect that today, as in the past, areas of volcanic activity add
would be adding new gases and water to the atmosphere. In fact, although
some scientists have devoted their careers to finding “new” water, none has
been found. It appears that today's water, was yesterday's water and the
day before that's water, back some 4 billion years worth of yesterdays.
Activity 2: “How the Ocean Got Its Water”
1. As the earth warmed, the molten rocks moved; some sank toward the earth's
center, others floated toward the surface.
2. The source of the water that formed the first clouds was water vapor
liberated from the rising molten rocks. This phenomenon is termed
“outgassing”.
3. This question is intentionally ambiguous. The ultimate source of the water
that forms our clouds today is the same as that from which the first clouds
arose (i.e., water vapor liberated from the rising molten rocks). Some of your
students may know from previous studies of the water cycle that the
immediate source of the water that forms most of our clouds today is the
ocean.
4. Once again, this question is intentionally redundant. The source of the
water that filled the oceans was the outgassing of water vapor liberated from
molten rocks.
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Water, Water Everywhere - comic strip
The correct order of the comic strip frames is shown below:
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Water, Water Everywhere

Over 70% of the earth’s surface is covered by water. Life as we know it
depends upon water. Where did the water in the oceans originate? Perhaps our
new-found knowledge of the earth’s geologic history might give us some
answers. We know that the earth has a core of very hot molten rock and a
mantle of cooler (but still hot) molten rock. A thin, solid layer called the crust
covers the surface. Before the crust formed, the entire earth was a sphere of
molten rock and burning gases. In the following activity you will create a model
of the primitive earth and discover from where the water in the seas may have
come.
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Materials:
Activity 1 - Let It Steam
• 250 ml or 400 ml Griffin beaker
• soil
• water
• petri dish (top or bottom) or watch glass
• pot holder or beaker tongs
• goggles or safety glasses
• hot plate
Procedure:
1. Obtain a beaker and add soil until it is one-third full.
2. Mix the soil as you add water until you have a thick soup-like substance.
Keep the beaker sides (inside and out) as clean as possible.
3. Use a petri dish half to cover the beaker opening.
4. Obtain and wear goggles or safety glasses. Place the beaker on a hot plate
and heat gradually for five to ten minutes until the mixture boils.
5. As the mixture boils, use the space below to note your observations about
the appearance of the:
a. soil

b. the petri dish

c. the beaker sides
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6. After the mixture has boiled for about a minute, use a pot holder to take it
off the heat and let it cool. As it cools, note your observations about the
appearance of the:
a. soil

b. the petri dish

c. the beaker sides

7. Use your observations to answer the questions in the “Analysis and
Interpretation” section.

8. After the beaker has cooled sufficiently, clean up your equipment and
work area.

Analysis and Interpretation
1. What happened to the soil mixture as you heated the beaker?
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2. a. After heating, what do you observe on the sides and the top of the
container?

b. What do you think the substance you see is?

c. How might you prove or disprove the hypothesis (your “guess”) you stated
in part b.?

3. When the earth was cooling from its molten condition it also gave off gases.
Our study of active volcanoes today makes scientists believe the earth gave
off the following gases:
carbon monoxide (CO)
carbon dioxide (C02 )
ammonia (NH3 )
methane (natural gas) (CH4 )
water vapor (H2 0)
Which one of these gases was most likely released from your model
beaker earth?

68

Water, Water Everywhere
FOR SEA—Institute of Marine Science ©2001 J. A. Kolb

Unit 1 - Where Did All That Water Come From? - The Hydrologic Cycle

4. As the gases rose from the surface, they began to cool. What happened to
the gases from your model earth when they came in contact with the cool
petri dish cover?

5. On the ancient earth, the cooling water vapor began to condense and form
clouds. The condensation fell as rain to the still hot surface of the earth.
Where did the “rain” occur in your model?

6. Water boils at 100° C (212° F ). When the earth’s surface was hotter than
100° C, what happened to any rain that fell?

7. The process of raining, evaporating, raining, evaporating, etc. continued for
millions of years. The earth was gradually cooled to below the boiling point of
water.
a. After the surface cooled to below 100°C, what happened to the rain
which fell?
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b. What formed in the depressions and low points of the newly cooled crust?

8. Where, then, did the water in the oceans come from?

9. Before the water could fill the depressions, the depressions had to form.
What had to happen to the surface of the earth before the depressions could
form?

10. Where are new gases and water for the oceans being added to the
atmosphere today?
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