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News

University of California, Berkeley: 13-Jun-2007 13:00 Eastern US Time

Martian seas 

There were once great oceans on Mars, say a team of scientists at the University of California, Berkeley.

A large plain at the planet's north pole looks very like an ocean basin, even from Earth. Images taken by the Viking spacecraft in the 1980s showed two possible ancient shorelines. Each of these was thousands of kilometres long, with features like those found in Earth's coastal regions. 

These dried-up shorelines, as they seemed to be, were name Arabia and Deuteronilus. Scientists estimated the dates when they were filled with water at between 2 and 4 billion years ago.

But then in the 1990s Mars Global Surveyor measured the surface of Mars to a resolution of 300 metres. They found that the shorelines vary in height by several kilometres (more than a mile). 

They rise and fall like waves, with several thousand kilometres from one peak to the next. 

Here on Earth the height of any shoreline is pretty much the same everywhere. So experts began to reject the notion that Mars once had oceans.

But the UC Berkeley scientists have now found an explanation for the undulating Martian shorelines. The north and south poles of Mars have moved by nearly 3,000 kilometres along its surface. This happened within the past 2 or 3 billion years. 

Spinning objects bulge at their equator. So this "true polar wander" could have caused the change in height of the shorelines that we now see on Mars, say the scientists.

"When the spin axis moves relative to the surface, the surface deforms," says study co-author Michael Manga. He is UC Berkeley professor of earth and planetary science. "That is recorded in the shoreline."

The paper will appear in this week's issue of Nature. The lead author is Taylor Perron, a former UC Berkeley graduate student, now a postdoctoral fellow at Harvard University.

Perron's calculations show that the response of Mars' elastic crust could create very large elevation differences for features like a shoreline. This is exactly what we see. The Arabia shoreline varies in elevation by about 2.5 kilometres. The Deuteronilus shoreline varies by about 0.7 kilometres.

"This is a beautiful result that Taylor got," says co-author Mark Richards. He is professor of earth and planetary science and dean of mathematical and physical sciences at UC Berkeley. 

"The mere fact that you can explain a good fraction of the information about the shorelines with such a simple model is just amazing. It's something I never would have guessed at the outset.

"This really confirms that there was an ocean on Mars."

So now the question is: What caused Mars' spin axis to move?

A spinning planet is most stable when its mass is farthest from its spin axis. So any shift of mass on the planet could cause the spin axis to move. This might be a shift of mass within the mantle. It could be a mass shift between the mantle and the crust to form a volcano. It could even be an addition of mass caused by a meteorite hitting the planet.

Richards has modelled polar wander in Earth's past. This was generated by the upwelling of hot mantle. Some scientists believe this shifted Earth's spin axis 800 million years ago, by 90 degrees, tipping the planet on its side.

The UC team calculates that on Mars an initial shift of 50 degrees from today's pole would have been enough to disrupt the Arabia shoreline. This is equal to about 3,000 kilometres on the surface. 

A shift of 20 degrees from today's pole, or 700 kilometres, would have changed the Deuteronilus shoreline.

Interestingly, today's pole and the two ancient poles lie in a line that is a constant distance from the planet's largest feature. This is the Tharsis rise, a huge bulge near the equator which contains Mars' most recent volcanic vent, Olympus Mons. 

Tharsis is the largest volcano in the solar system. It formed about 4 billion years ago, not long after Mars solidified. 

The positions in relation to each other of Tharsis and the path of the poles is exactly what scientists would expect if a mass had shifted that was smaller than the Tharsis rise. This is because the planet would then rotate so that the large mass of Tharsis stayed on the equator – as far away from the axis as possible.

"This alignment is unlikely to occur by coincidence," the team writes.

Manga has a hunch about the mass shift that led to the tilt of Mars' spin axis. If a flood of water had filled the Arabia ocean 3 billion years ago, to a depth of several kilometres, that might have been enough to shift it 50 degrees to the south. 

When the water disappeared, the pole could have shifted back again. Then it could have shifted again by 20 degrees during the flood that created the Deuteronilus shoreline.

The unknown source of water must have produced a flood greater than any seen on Earth, Manga says. Huge canyons have been cut in the flanks of the Tharsis rise. Where has the water gone? 

Well it might have evaporated. But there is another, more intriguing possibility. All that water might have sunk into underground dikes. These would be frozen near the surface. 

But they could be liquid below.

###

The study, whose co-authors include Jerry X. Mitrovica and Isamu Matsuyama, will appear in the June 14 issue of the British journal Nature. Mitrovica, who is with the Department of Physics at the University of Toronto in Ontario, Canada, and was a visiting Miller Professor at UC Berkeley, and Matsuyama, who is with the Department of Terrestrial Magnetism at the Carnegie Institution of Washington in Washington, D.C., have developed models for the effect of polar wander and internal dynamic processes on the surface deformation of Mars.

The work is part of UC Berkeley's BioMars project, funded by NASA's Astrobiology Institute (http://cips.berkeley.edu/biomars/). The research also was supported by UC Berkeley's Miller Institute for Basic Research in Science, the Natural Sciences and Engineering Research Council of Canada and the NASA Mars Data Analysis Program.
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Word bank
Pupils will not know some of the words used in the text. Meanings are given below, followed by an exercise in matching words and meanings. 

Teachers may choose to provide some or all of the meanings to help pupils read and understand the story. An approach that leads to better learning is to ask pupils to complete as much of Activity 1 as possible during their first encounter with the text.

By tackling this exercise and those that follow – which are known collectively as directed activities related to texts (DARTs) – pupils can engage with a piece of writing, and learn a great deal from it, even when many of its ideas and words are unfamiliar to them.


Word
Meaning

1
alignment
lining up

2
ancient
belonging to the distant past; very old

3
basin
a hollow rounded depression

4
billion
one thousand million

5
canyons
deep valleys usually with rivers running through them

6
coastal
of the seashore or the land close to it

7
co-author
person who has written something along with someone else

8
coincidence
the happening of similar things at the same time by chance

9
conference
a meeting at which many scientists present the results of their latest research

10
confirms
shows something is true

11
core
the inner part of a planet

12
crust
outer layer of a planet

13
deforms
puts out of shape

14
degrees
units for measuring angles; 90 degrees = 1 right angle

15
depression
sunken place or hollow on a surface

16
dikes
ditches that drain water from the land

17
disrupt
put into disorder

18
doctorate
highest kind of qualification given by a university

19
elastic
able to stretch easily then return to its size and shape

20
elevation
height above sea level

21
equator
imaginary line around a planet half-way between the poles

22
erupt
burst out

23
estimated
worked out using a rough calculation

24
evaporated
changed from liquid into vapour

25
features
noticeable parts

26
generated
brought into existence

27
initial
at the beginning

28
intriguing
very interesting, fascinating

29
journal
magazine in which experts report their work

30
lava
melted rock that flows from a volcano or vent

31
mantle
layer between a planet's core and its crust

32
mass
the amount of matter in a body

33
meteorite
dust or rock from space that hits a planet

34
modelled 
studied using equations on a computer to learn how something behaves

35
orbit
curved path followed by one body around another

36
outset
the beginning of something

37
paper
report written by scientists in a journal or given at a conference

38
planet
large body of rock or gas in orbit around a star or our sun

39
polar
of or about the poles

40
postdoctoral fellow
temporary job held by scientist who has a doctorate

41
recorded
stored in a way that lasts

42
reject
throw out

43
relative
compared with

44
research
careful study to find out facts or information

45
resolution
the shortest distance between two points that can be seen as separate

46
response
reaction

47
rotate
go round like a wheel 

48
shoreline
line along which a stretch of water meets the shore

49
solidified
became solid

50
spin axis
imaginary line through a planet or moon that joins the poles

51
stable
not likely to change suddenly

52
undulating
wavy

53
upwelling
upward movement of liquid

54
vapour
gas

55
vent
opening at the surface of a planet through which volcanic materials erupt or flow

56
volcanic
of a volcano

57
volcano
opening in a planet's crust through which lava, gas and ash are thrown out

Activity 1

Mixed-up meanings

Pupils should try to fill in the blanks in the final column with the words that match the meanings. The words needed are listed, but not necessarily in the right order, in the first column.

This exercise should not be tackled in isolation, but by a reader with access to the story itself: The contexts in which words are used provide powerful clues to their meanings.  


Word
Meaning
Word should be

1
alignment
line along which a stretch of water meets the shore


2
ancient
compared with


3
basin
upward movement of liquid


4
billion
person who has written something along with someone else


5
canyons
throw out


6
coastal
of the seashore or the land close to it


7
co-author
magazine in which experts report their work


8
coincidence
of a volcano


9
conference
belonging to the distant past; very old


10
confirms
melted rock that flows from a volcano or vent


11
core
of or about the poles


12
crust
the inner part of a planet


13
deforms
puts out of shape


14
degrees
report written by scientists in a journal or given at a conference


15
depression
wavy


16
dikes
outer layer of a planet


17
disrupt
ditches that drain water from the land


18
doctorate
brought into existence


19
elastic
reaction


20
elevation
sunken place or hollow on a surface


21
equator
gas


22
erupt
one thousand million


23
estimated
height above sea level


24
evaporated
curved path followed by one body around another


25
features
temporary job held by scientist who has a doctorate


26
generated
opening at the surface of a planet through which volcanic materials erupt or flow


27
initial
go round like a wheel 


28
intriguing
changed from liquid into vapour


29
journal
at the beginning


30
lava
opening in a planet's crust through which lava, gas and ash are thrown out


31
mantle
the happening of similar things at the same time by chance


32
mass
a meeting at which many scientists present the results of their latest research


33
meteorite
shows something is true


34
modelled 
put into disorder


35
orbit
burst out


36
outset
not likely to change suddenly


37
paper
careful study to find out facts or information


38
planet
able to stretch easily then return to its size and shape


39
polar
the amount of matter in a body


40
postdoctoral fellow
a hollow rounded depression


41
recorded
worked out using a rough calculation


42
reject
layer between a planet's core and its crust


43
relative
the shortest distance between two points that can be seen as separate


44
research
dust or rock from space that hits a planet


45
resolution
deep valleys usually with rivers running through them


46
response
became solid


47
rotate
imaginary line around a planet half-way between the poles


48
shoreline
units for measuring angles; 90 degrees = 1 right angle


49
solidified
noticeable parts


50
spin axis
the beginning of something


51
stable
lining up


52
undulating
large body of rock or gas in orbit around a star or our sun


53
upwelling
highest kind of qualification given by a university


54
vapour
very interesting, fascinating


55
vent
studied using equations on a computer to learn how something behaves


56
volcanic
stored in a way that lasts


57
volcano
imaginary line through a planet or moon that joins the poles


Activity 2

Comprehension 

1 What is the main conclusion of this latest research?

2 Whereabouts on Mars is the large plain that looks like an ocean basin?

3 Roughly how long are the two possible shorelines photographed by the Viking spacecraft in the 1980s

4 What names were they given?

5 How old were they estimated to be?

6 For a while the plains were thought to be the remains of ancient oceans. Then new images started coming in during the 1990s. Which spacecraft took these images?

7 What kind of information about the surface of Mars did these new images show in much more detail than the Viking images?

8 What did this new information about the surface of Mars show about the edges of the large plains?

9 Shorelines on Earth are pretty much at the same height. So there was no obvious reason for shorelines on Mars to vary in height by as much as several ----------.

10 Scientists therefore began to think these were not ancient ----------.

11 But now the UC scientists have found a way to explain how a shoreline could end up with some parts much ------- than others.

12 It is all about what happens when things spin. What happens to the surface of spinning objects near their equators?

13 But the large plain that looks like an ocean basin is nowhere near the equator nowadays. Where is it?

14 For the scientists' new idea to work the large plain must have been much closer to the equator in the past than it is now. In just a few words what makes the equator move? (The article actually talks about the spin axis moving. But if the spin axis moves the equator must move. This is because the equator is an imaginary line around the planet half-way between the ends of the spin axis.)

15 If you stick a lump of wet putty or plasticine onto a spinning ball its spin axis will shift. Exactly the same thing happens if a big rock hits a planet from space. A big rock from space is called a ---------.

16 The spin axis will also shift if big masses of stuff move around the planet – from the inside to the surface or from the surface to its insides. Give one example, which we also see on Earth, of material from inside a planet getting to its surface.

17 So the scientists' idea is that a big mass of something moved on Mars. This made the spin axis shift so that what looks like shoreline was closer to the ------- than it is now. 

18 Remember that the surface of a planet ------ near the equator. So parts of the shoreline closer to the equator would have ended up higher than other parts. 

19 This is the scientists' idea for explaining why the shoreline is nothing like as level as shorelines here on -----.

20 Manga thinks the moving mass that made the spin axis shift was a flood of water into the ocean. Does he have any evidence for this?

21 Why do you think the possibility that there is liquid water under the surface of Mars is described as intriguing?

22 How sure do you think we can be that things happened just as these scientists say?

23 Make a list of the actual observations that are mentioned in the story, as distinct from ideas, suggestions and the results of calculations.
24 Do you think there might be another explanation for these
Activity 3

Find the missing word
Pupils should try to fill in the blanks using clues from the rest of the sentence. When in doubt, the length of each blank indicates the length of the missing word. A complete list of words that belong in the blanks is provided at the end of the passage.

Martian seas 

There were once great oceans on Mars, ___ a team of scientists at the University of California, ________.

A large plain at the planet's north pole looks ____ like an ocean basin, even from Earth. Images taken __ the Viking spacecraft in the 1980s showed two possible _______ shorelines. Each of these was thousands of kilometres long, ____ features like those found in Earth's coastal regions. 

These ________ shorelines, as they seemed to be, were name Arabia ___ Deuteronilus. Scientists estimated the dates when they were filled ____ water at between 2 and 4 billion years ago.

But ____ in the 1990s Mars Global Surveyor measured the surface __ Mars to a resolution of 300 metres. They found ____ the shorelines vary in height by several kilometres (more ____ a mile). 

They rise and fall like waves, with _______ thousand kilometres from one peak to the next. 

Here __ Earth the height of any shoreline is pretty much ___ same everywhere. So experts began to reject the notion ____ Mars once had oceans.

But the UC Berkeley scientists have ___ found an explanation for the undulating Martian shorelines. The _____ and south poles of Mars have moved by nearly _,000 kilometres along its surface. This happened within the ____ 2 or 3 billion years. 

Spinning objects bulge at _____ equator. So this "true polar wander" could have caused ___ change in height of the shorelines that we now ___ on Mars, say the scientists.

"When the spin axis moves ________ to the surface, the surface deforms," says study co-author _______ Manga. He is UC Berkeley professor of earth and _________ science. "That is recorded in the shoreline."

The paper will ______ in this week's issue of Nature. The lead author __ Taylor Perron, a former UC Berkeley graduate student, now _ postdoctoral fellow at Harvard University.

Perron's calculations show that the ________ of Mars' elastic crust could create very large elevation ___________ for features like a shoreline. This is exactly what __ see. The Arabia shoreline varies in elevation by about _.5 kilometres. The Deuteronilus shoreline varies by about 0.7 __________.

"This is a beautiful result that Taylor got," says _________ Mark Richards. He is professor of earth and planetary _______ and dean of mathematical and physical sciences at UC ________. 

"The mere fact that you can explain a ____ fraction of the information about the shorelines with such _ simple model is just amazing. It's something I never _____ have guessed at the outset.

"This really confirms that there ___ an ocean on Mars."

So now the question is: What ______ Mars' spin axis to move?

A spinning planet is most ______ when its mass is farthest from its spin axis. __ any shift of mass on the planet could cause ___ spin axis to move. This might be a shift __ mass within the mantle. It could be a mass _____ between the mantle and the crust to form a _______. It could even be an addition of mass ______ by a meteorite hitting the planet.

Richards has modelled polar ______ in Earth's past. This was generated by the upwelling __ hot mantle. Some scientists believe this shifted Earth's spin ____ 800 million years ago, by 90 degrees, tipping the ______ on its side.

The UC team calculates that on Mars __ initial shift of 50 degrees from today's pole would ____ been enough to disrupt the Arabia shoreline. This is _____ to about 3,000 kilometres on the surface. 

A shift __ 20 degrees from today's pole, or 700 kilometres, would ____ changed the Deuteronilus shoreline.

Interestingly, today's pole and the two _______ poles lie in a line that is a constant ________ from the planet's largest feature. This is the Tharsis ____, a huge bulge near the equator which contains ______ most recent volcanic vent, Olympus Mons. 

Tharsis is the _______ volcano in the solar system. It formed about 4 _______ years ago, not long after Mars solidified. 

The positions __ relation to each other of Tharsis and the path __ the poles is exactly what scientists would expect if _ mass had shifted that was smaller than the Tharsis ____. This is because the planet would then rotate __ that the large mass of Tharsis stayed on the _______ - as far away from the axis as possible.

"This _________ is unlikely to occur by coincidence," the team writes.

Manga ___ a hunch about the mass shift that led to ___ tilt of Mars' spin axis. If a flood of _____ had filled the Arabia ocean 3 billion years ago, __ a depth of several kilometres, that might have been ______ to shift it 50 degrees to the south. 

When ___ water disappeared, the pole could have shifted back again. ____ it could have shifted again by 20 degrees during ___ flood that created the Deuteronilus shoreline.

The unknown source of _____ must have produced a flood greater than any seen __ Earth, Manga says. Huge canyons have been cut in ___ flanks of the Tharsis rise. Where has the water ____? 

Well it might have evaporated. But there is _______, more intriguing possibility. All that water might ____ sunk into underground dikes. These would be frozen near ___ surface. 

But they could be liquid below.

These are all the words that belong in the blanks:
2, 3, a, a, a, alignment, an, ancient, ancient, and, another, appear, axis, Berkeley, Berkeley, billion, by, caused, caused, co-author, differences, distance, dried-up, enough, equal, equator, gone, good, has, have, have, have, in, is, kilometres, largest, Mars', Michael, north, now, of, of, of, of, of, on, on, past, planet, planetary, relative, response, rise, rise, say, science, see, several, shift, So, so, stable, than, that, that, the, the, the, the, the, the, the, the, their, then, Then, to, very, volcano, wander, was, water, water, we, with, with, would

Answer Key:

Martian seas 

There were once great oceans on Mars, say a team of scientists at the University of California, Berkeley.

A large plain at the planet's north pole looks very like an ocean basin, even from Earth. Images taken by the Viking spacecraft in the 1980s showed two possible ancient shorelines. Each of these was thousands of kilometres long, with features like those found in Earth's coastal regions. 

These dried-up shorelines, as they seemed to be, were name Arabia and Deuteronilus. Scientists estimated the dates when they were filled with water at between 2 and 4 billion years ago.

But then in the 1990s Mars Global Surveyor measured the surface of Mars to a resolution of 300 metres. They found that the shorelines vary in height by several kilometres (more than a mile). 

They rise and fall like waves, with several thousand kilometres from one peak to the next. 

Here on Earth the height of any shoreline is pretty much the same everywhere. So experts began to reject the notion that Mars once had oceans.

But the UC Berkeley scientists have now found an explanation for the undulating Martian shorelines. The north and south poles of Mars have moved by nearly 3,000 kilometres along its surface. This happened within the past 2 or 3 billion years. 

Spinning objects bulge at their equator. So this "true polar wander" could have caused the change in height of the shorelines that we now see on Mars, say the scientists.

"When the spin axis moves relative to the surface, the surface deforms," says study co-author Michael Manga. He is UC Berkeley professor of earth and planetary science. "That is recorded in the shoreline."

The paper will appear in this week's issue of Nature. The lead author is Taylor Perron, a former UC Berkeley graduate student, now a postdoctoral fellow at Harvard University.

Perron's calculations show that the response of Mars' elastic crust could create very large elevation differences for features like a shoreline. This is exactly what we see. The Arabia shoreline varies in elevation by about 2.5 kilometres. The Deuteronilus shoreline varies by about 0.7 kilometres.

"This is a beautiful result that Taylor got," says co-author Mark Richards. He is professor of earth and planetary science and dean of mathematical and physical sciences at UC Berkeley. 

"The mere fact that you can explain a good fraction of the information about the shorelines with such a simple model is just amazing. It's something I never would have guessed at the outset.

"This really confirms that there was an ocean on Mars."

So now the question is: What caused Mars' spin axis to move?

A spinning planet is most stable when its mass is farthest from its spin axis. So any shift of mass on the planet could cause the spin axis to move. This might be a shift of mass within the mantle. It could be a mass shift between the mantle and the crust to form a volcano. It could even be an addition of mass caused by a meteorite hitting the planet.

Richards has modelled polar wander in Earth's past. This was generated by the upwelling of hot mantle. Some scientists believe this shifted Earth's spin axis 800 million years ago, by 90 degrees, tipping the planet on its side.

The UC team calculates that on Mars an initial shift of 50 degrees from today's pole would have been enough to disrupt the Arabia shoreline. This is equal to about 3,000 kilometres on the surface. 

A shift of 20 degrees from today's pole, or 700 kilometres, would have changed the Deuteronilus shoreline.

Interestingly, today's pole and the two ancient poles lie in a line that is a constant distance from the planet's largest feature. This is the Tharsis rise, a huge bulge near the equator which contains Mars' most recent volcanic vent, Olympus Mons. 

Tharsis is the largest volcano in the solar system. It formed about 4 billion years ago, not long after Mars solidified. 

The positions in relation to each other of Tharsis and the path of the poles is exactly what scientists would expect if a mass had shifted that was smaller than the Tharsis rise. This is because the planet would then rotate so that the large mass of Tharsis stayed on the equator - as far away from the axis as possible.

"This alignment is unlikely to occur by coincidence," the team writes.

Manga has a hunch about the mass shift that led to the tilt of Mars' spin axis. If a flood of water had filled the Arabia ocean 3 billion years ago, to a depth of several kilometres, that might have been enough to shift it 50 degrees to the south. 

When the water disappeared, the pole could have shifted back again. Then it could have shifted again by 20 degrees during the flood that created the Deuteronilus shoreline.

The unknown source of water must have produced a flood greater than any seen on Earth, Manga says. Huge canyons have been cut in the flanks of the Tharsis rise. Where has the water gone? 

Well it might have evaporated. But there is another, more intriguing possibility. All that water might have sunk into underground dikes. These would be frozen near the surface. 

But they could be liquid below.

Activity 4

What kind of statement?
Students should read the news story on page 1 about the latest scientific research, and highlight phrases or sentences according to the following key (or any other way of indicating the different types of statement that can be done with the resources in their pockets or in your classroom):

Existing knowledge

Aims/reasons for doing the research

Technology and methods

New findings or developments

Hypothesis

Prediction

Evidence
Issues, implications and applications

Normally no more than one phrase or sentence should be highlighted in each paragraph, unless the reader decides that a particular paragraph contains several really important ideas. 

Usually the decision will not be too difficult. But choosing between, say, hypotheses and new findings can sometimes be tricky. There isn’t always an obviously right or wrong answer, even to the scientists themselves. 

Pupils should be encouraged not to agonise too long over their choice of statement type, but to be prepared to give reasons for their decisions. 

Note: A hypothesis is a “tentative explanation that leads to predictions that can be tested by experiment or observation”.
Answer Key: (This is an illustrative set of choices. There are many others.)

Martian seas 

There were once great oceans on Mars, say a team of scientists at the University of California, Berkeley.

A large plain at the planet's north pole looks very like an ocean basin, even from Earth. Images taken by the Viking spacecraft in the 1980s showed two possible ancient shorelines. Each of these was thousands of kilometres long, with features like those found in Earth's coastal regions. 

These dried-up shorelines, as they seemed to be, were name Arabia and Deuteronilus. Scientists estimated the dates when they were filled with water at between 2 and 4 billion years ago.

But then in the 1990s Mars Global Surveyor measured the surface of Mars to a resolution of 300 metres. They found that the shorelines vary in height by several kilometres (more than a mile). 

They rise and fall like waves, with several thousand kilometres from one peak to the next. 

Here on Earth the height of any shoreline is pretty much the same everywhere. So experts began to reject the notion that Mars once had oceans.

But the UC Berkeley scientists have now found an explanation for the undulating Martian shorelines. The north and south poles of Mars have moved by nearly 3,000 kilometres along its surface. This happened within the past 2 or 3 billion years. 

Spinning objects bulge at their equator. So this "true polar wander" could have caused the change in height of the shorelines that we now see on Mars, say the scientists.

"When the spin axis moves relative to the surface, the surface deforms," says study co-author Michael Manga. He is UC Berkeley professor of earth and planetary science. "That is recorded in the shoreline."

The paper will appear in this week's issue of Nature. The lead author is Taylor Perron, a former UC Berkeley graduate student, now a postdoctoral fellow at Harvard University.

Perron's calculations show that the response of Mars' elastic crust could create very large elevation differences for features like a shoreline. This is exactly what we see. The Arabia shoreline varies in elevation by about 2.5 kilometres. The Deuteronilus shoreline varies by about 0.7 kilometres.
"This is a beautiful result that Taylor got," says co-author Mark Richards. He is professor of earth and planetary science and dean of mathematical and physical sciences at UC Berkeley. 

"The mere fact that you can explain a good fraction of the information about the shorelines with such a simple model is just amazing. It's something I never would have guessed at the outset.

"This really confirms that there was an ocean on Mars."
So now the question is: What caused Mars' spin axis to move?

A spinning planet is most stable when its mass is farthest from its spin axis. So any shift of mass on the planet could cause the spin axis to move. This might be a shift of mass within the mantle. It could be a mass shift between the mantle and the crust to form a volcano. It could even be an addition of mass caused by a meteorite hitting the planet.

Richards has modelled polar wander in Earth's past. This was generated by the upwelling of hot mantle. Some scientists believe this shifted Earth's spin axis 800 million years ago, by 90 degrees, tipping the planet on its side.

The UC team calculates that on Mars an initial shift of 50 degrees from today's pole would have been enough to disrupt the Arabia shoreline. This is equal to about 3,000 kilometres on the surface. 

A shift of 20 degrees from today's pole, or 700 kilometres, would have changed the Deuteronilus shoreline.

Interestingly, today's pole and the two ancient poles lie in a line that is a constant distance from the planet's largest feature. This is the Tharsis rise, a huge bulge near the equator which contains Mars' most recent volcanic vent, Olympus Mons. 

Tharsis is the largest volcano in the solar system. It formed about 4 billion years ago, not long after Mars solidified. 

The positions in relation to each other of Tharsis and the path of the poles is exactly what scientists would expect if a mass had shifted that was smaller than the Tharsis rise. This is because the planet would then rotate so that the large mass of Tharsis stayed on the equator – as far away from the axis as possible.

"This alignment is unlikely to occur by coincidence," the team writes.

Manga has a hunch about the mass shift that led to the tilt of Mars' spin axis. If a flood of water had filled the Arabia ocean 3 billion years ago, to a depth of several kilometres, that might have been enough to shift it 50 degrees to the south. 

When the water disappeared, the pole could have shifted back again. Then it could have shifted again by 20 degrees during the flood that created the Deuteronilus shoreline.
The unknown source of water must have produced a flood greater than any seen on Earth, Manga says. Huge canyons have been cut in the flanks of the Tharsis rise. Where has the water gone? 

Well it might have evaporated. But there is another, more intriguing possibility. All that water might have sunk into underground dikes. These would be frozen near the surface. 

But they could be liquid below.

Activity 5
Topic for discussion, research or pupil presentations

A simple demonstration of a spin axis shifting can be done with a football and a lump of something sticky, like wet mud or honey. If the football is set spinning on the floor with its axis straight up, and the sticky stuff dropped in the region of its “north pole” what happens next simulates how the spin axis of Mars has shifted, according to the UC scientists.

Two things to notice, the second not obvious from the story: 

1) The sticky stuff ends up going around the equator. 

2) It is not the spin axis that shifts, but the planet with respect to the axis. The orientation of the spin axis in space is fixed (apart from the effect of the small torque of the incoming mass), but the positions of the poles on the planet move.

Working in groups pupils should predict what will happen, do the experiment, then compare their predictions with what actually  happened. They should then try to explain what they see.

It takes a bit of teacher practice to get the spin rate and stickiness just right, so that big blobs of honey don’t go flying around the room - although this in itself is quite entertaining. 

A less messy approach would be to use the teaching aid movie on polar wander set up by Dave Stegman at Monash University: www.mcc.monash.edu.au/Main/DaveStegmanTruePolarWander

Teachers can find more activities, resources and lessons about Mars here: www.nasa.gov/lb/audience/foreducators/5-8/features/F_Exploring_Mars_Extra.html
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The 5-E model is designed to help kids construct their own understanding and then form questions to complete that understanding. Some teachers may find that some items do not lend themselves to the 5-E model, but I have found in my biology class that any subject can be taught with the 5-E model. Where most people turn from the 5-E model is because there
is less planning involved and less "classroom" confusion (students may at times be actively moving around the room and creating noise in class). They also feel more in control by being the leader of the classroom instead of being an active part of the learning experience. 

For myself, I find it exciting to develop lessons where I get to be creative and I can keep the creativity in my classroom. Personal opinion, but I think that as we move students through to graduation, we are being forced to take the creativity out of their learning experience. The 5-E lets me keep that creativity and excitement level in my class because I am actively involved in the learning. It also lets me use Multiple Intelligences to make learning the information relevant to each student. Sometimes, depending on how the students create their meaning, we are led down different paths than another group of students.


For those that like every class at the same point every day, this can be a hard item to deal with.

 

NSTA forum entry by teacher Bob Penrose (May 2007)

For more, see 5E model and constructivism: www.miamisci.org/ph/lpintro5e.html
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