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What is Science? Activity 
{ƻƳŜ ƻŦ ǘƘŜ ŎƻƴǘŜƴǘ ǿƛǘƘƛƴ Ƙŀǎ ōŜŜƴ ōƻǊǊƻǿŜŘ ŀƴŘ ƳƻŘƛŦƛŜŘ ŦǊƻƳ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ aǳǎŜǳƳ ƻŦ tŀƭŜƻƴǘƻƭƻƎȅ 
UNDERSTANDING SCIENCE WEBSITE: http://undsci.berkeley.edu/article/coreofscience_01. 
 
Å Science is a way of learning about the natural world ς what is in it, how it works, and how it formed.  
Å Science relies on testing ideas by making observations to find out whether expectations hold true.  
Å Accepted scientific ideas are subjected to rigorous testing. As new evidence is acquired and new perspectives emerge 

these ideas are revised.  
Å Science is a community endeavor with checks and balances for greater accuracy and understanding.  
 

Scientific Inquiry 
 
CURIOSITY ς A question arises about an event or situation: why and how does this happen?  
OBSERVATIONS, MEASUREMENTS ς We observe and measure: What is happening? Under what circumstances? Does there 
appear to be a dependable cause-and ςeffect relationship at work? 
HYPOTHESES ς We make educated guesses about what is causing what we are seeing. A good hypothesis can predict future 
occurrences under similar circumstances. Creativity plays a BIG role here, as we often have to think outside the box. It also 
helps greatly if we can bring our understandings in a diverse range of scientific disciplines. 
EXPERIMENTS ς We plan controlled experiments to prove or disprove potential cause-and-effect relationships. These tests 
can happen in nature or the lab and permit manipulating and controlling the conditions under which we make future 
observations. 
BEYOND THE HYPOTHESIS ς Patterns emerge. If one or more of the relationships hold and acceptance is widespread, the 
hypothesis becomes a theory or principle. 
 

 
Cartoon: © Gustrafo ς used with permission. 
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BEYOND THE SIMPLIFIED: 

¶ Scientists engage in many different activities in many different sequences. Scientific investigations often involve 
repeating the same steps many times to account for new information and ideas. 

¶ Science depends on interactions within the scientific community. Different parts of the process of science may be 
carried out by different people at different times. Society influences greatly the questions that are researched, and 
many of the results of scientific investigations become a highly influential part of human culture and civilization. 

¶ Science relies on creative people thinking outside the box! 

¶ Scientific conclusions are always revisable if warranted by the evidence. Scientific investigations are often ongoing, 
raising new questions even as old ones are answered. 

¶ The process of science is iterative. Science circles back on itself so that useful ideas are built upon and used to learn 
even more about the natural world. This often means that successive investigations of a topic lead back to the same 
question, but at deeper and deeper levels.  

¶ The process of science is not predetermined. Any point in the process leads to many possible next steps, and where 
that next step leads could be a surprise.  

¶ There are many routes into the process. Research problems and answers come from a variety of inspirations: 
serendipity (such as being hit on the head by the proverbial apple), concern over a practical problem (such as finding a 
new treatment for diabetes), a technological development (such as the launch of a more advanced telescope), or plain 
old poking around: tinkering, brainstorming, making new observations, chatting with colleagues about an idea, or 
reading. 

¶ Scientific testing is at the heart of the process. All ideas are tested with evidence from the natural world τ even if that 
means giving up a favorite hypothesis.  

¶ Ideas at the cutting edge of research may change rapidly. In researching new medical procedures or therapies or 
researching the development of life on earth ς making living cells from inorganic materials ς scientists test out many 
possible explanations trying to find the most accurate. 

¶ The scientific community helps ensure science's accuracy. Members of the scientific community (such as researchers, 
technicians, educators, and students) are especially important in generating ideas, scrutinizing ideas, and weighing the 
evidence for and against them. Through the action of this community, science self-corrects. Note: Authority is NOT a 
criterion. Just because a scientist has titles or degrees does not mean we must accept their ideas. We apply a healthy 
dose of skepticism to all. 

 

From Hypotheses to Theories and Principles 
 
The process of science works at multiple levels τ from the small scale (such as a comparison of the genes of three closely 
related North American butterfly species) to the large scale (such as half-century-long series of investigations of the idea 
that geographic isolation of a population can trigger speciation).  
 
HYPOTHESES are proposed explanations for a fairly narrow set of phenomena. These reasoned explanations are not 
guesses. When scientists formulate new hypotheses, they are usually based on prior experience, scientific background 
knowledge, preliminary observations, and logic. Example hypothesis: a particular butterfly evolved a particular trait to deal 
with its changing environment. 
 
LAWS OR SCIENTIFIC PRINCIPLES explain events in nature that occur with unvarying uniformity under identical conditions. 
These principles are arrived at by fact gathering and experimentation. They may have exceptions, and, like other scientific 
knowledge, may be modified or rejected based on new evidence and perspectives. 9ȄŀƳǇƭŜ ǇǊƛƴŎƛǇƭŜΥ DŜƻƭƻƎȅΩǎ ǇǊƛƴŎƛǇƭŜ ƻŦ 
superposition, which states that in an undeformed sequence of rock layers, each laid down through natural processes, the 
oldest layer is at the bottom.  
 
THEORIES are broad explanations for a wide range of phenomena. They are concise (generally don't have a long list of 
exceptions and special rules), coherent, systematic, predictive, and broadly applicable. Theories often integrate and 
generalize many hypotheses and usually are more involved and complicated than a law or principle, with many more areas 
of doubt and refinement possible. For example, the theory of natural selection broadly applies to all populations with some 
form of inheritance, variation, and differential reproductive success τ whether that population is composed of alpine 
butterflies, fruit flies on a tropical island, a new form of life discovered on Mars, or even bits in a computer's memory. This 
theory helps us understand a wide range of observations (from the rise of antibiotic-  
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resistant bacteria to the physical match 
between pollinators and their preferred 
flowers), makes predictions in new 
situations and has proven itself time and 
time again in thousands of experiments 
and observational studies.  
 
In common usage, the word theory means 
just a hunch, but in science, a theory is a 
powerful explanation for a broad set of 
observations. To be accepted by the 
scientific community, a theory must be 
strongly supported by many different lines 
of evidence. Biological evolution is a 
theory (it is a well-supported, widely 
accepted, and powerful explanation for 
the diversity of life on Earth). 
 
OVER-ARCHING THEORIES are particularly 
important and reflect broad 
understandings of a particular part of the 
natural world. Evolutionary theory, atomic 
theory, gravity, quantum theory, and plate 
tectonics are examples of this sort of over-
arching theory. These theories have been 
broadly supported by multiple lines of 
evidence and help frame our 
understanding of the world around us. 
These over-arching theories encompass 
many subordinate theories and 
hypotheses. Changes to those smaller 
theories and hypotheses reflect a 
refinement (not an overthrow) of the 
over-arching theory. Example over-arching 
theory: as we learn more about the 
dynamics of subducting plates in real 
subduction zones like Japan and Costa 
Rica, we refine the over-arching theory of 
Plate Tectonics to reflect that 
understanding. 
  
Applying Critical Thinking 
 
There are many places in our daily lives 
when we apply critical thinking and 
scientific inquiry to our decision making: 

 
UBC ς learningcommons.ubc.ca 

Creative Commons Attribution 4.0 International License. 

¶ Something we use stops working, and we try to figure out why so we can fix it. 

¶ We plan a major purchase, and we shop around, check reviews, and test it out first. 

¶ Someone tells us some potentially life-changing news item about our environment or our health or other 
important societal issue, and we research it and test it and reconsider it continually instead of relying on faith in 
our story teller. 
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Gathering Data: Observation versus Evaluation 
An important skill for scientists is to be able to distinguish between observations and evaluations. Scientists combine many 
and continuous observations of natural processes to come up with explanations for how these processes work. 
hōǎŜǊǾŀǘƛƻƴǎ ŎƭŜŀǊƭȅ ǎǘŀǘŜ άWǳǎǘ ǘƘŜ ŦŀŎǘǎΗέ 9ǾŀƭǳŀǘƛƻƴΣ ƛƴ ŎƻƴǘǊŀǎǘΣ ƛƴŎƭǳŘŜǎ ǎƻƳŜ kind of judgment or explanation of facts.  
Examples: LǘΩǎ Ƙƻǘ ƻǳǘǎƛŘŜΦ ό9Ǿŀƭǳŀǘƛƻƴύ                --                         LǘΩǎ умϲC ƻǳǘǎƛŘŜΦ όCŀŎǘύ 

LǘΩǎ умϲC ƻǳǘǎƛŘŜΣ ŀƴŘ ǘƘƛǎ ƛǎ ƘƻǘǘŜǊ ǘƘŀƴ ǘƘŜ ŀǾŜǊŀƎŜ Řŀƛƭȅ ǘŜƳǇŜǊŀǘǳǊŜ ŦƻǊ {ŀƴ CǊŀƴŎƛǎŎƻΦ όCŀŎǘύ 
LǘΩǎ умϲC ƻǳǘǎƛŘŜΣ ŀƴŘ ǘƘƛǎ ƘŜŀǘ ƛǎ ŎŀǳǎŜŘ ōȅ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ƛǘ ōŜƛƴƎ ǎǳƳƳŜǊ ǎŜŀǎƻƴ ŀƴŘ ǘƘŜǊŜ ōŜƛƴƎ ƴƻ 
clouds in the sky. (Evaluation) 

Exercise: CƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎǘŀǘŜƳŜƴǘǎΣ ƛƴŘƛŎŀǘŜ ǿƘŜǘƘŜǊ ƛǘΩǎ ŀƴ ƻōǎŜǊǾŀǘƛƻƴ ƻǊ ŀƴ ŜǾŀƭǳŀǘƛƻƴΦ  
If an evaluation, rewrite the sentence in such a way that it would be a true observation.  

1. The Arctic Ocean is shallow. CIRCLE: Observation | Evaluation 
Rewrite? 
 

 

2. Tuna are the fastest fish in the world, swimming at sustained speeds of 70 km/hr. CIRCLE: Observation | Evaluation 
Rewrite? 
 

 

3. The oceans impact world weather. CIRCLE: Observation | Evaluation 
Rewrite? 
 

 

4. The Dead Sea water tastes saltier than Pacific Ocean seawater. CIRCLE: Observation | Evaluation 
Rewrite? 
 

 

5. Debris from the Japanese tsunami has been found on beaches across the northern 
Pacific Ocean.  Rewrite? 
 

CIRCLE: Observation | Evaluation 

6. The water around Antarctica is cold. CIRCLE: Observation | Evaluation 
Rewrite? 
 

 

7. The sand at Ocean Beach is produced from cliff erosion. CIRCLE: Observation | Evaluation 
Rewrite? 
 

 

 

When scientists gather data, they have to define a clear method/process and document that process as well as the data. 
Only when data are gathered in a consistent way over long periods of time (or again, and again, and again), can we rely on 
the results. Some measurements must be taken directly. Others can be taken remotely. For example, satellites can 
accurately measure sea surface height. Some measurements happen by stationing an instrument in a single location ς it 
ŘƻŜǎƴΩǘ ƳƻǾŜΣ ōǳǘ ƛǘ ƳŜŀǎǳǊŜǎ ǘƘŜ ŎƘŀƴƎƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘ ŀǊƻǳƴŘ ƛǘΦ hǘƘŜǊ ƛƴǎǘǊǳƳŜnts in the oceans are designed to move 
through the water (remotely operated vehicles or submarines or autonomous underwater vehicles) ς measuring changing 
environments they travel through. Still other instruments are designed to drift with the water (drift buoys) ς measuring 
through GPS the transit paths of the water. 
 

Example ways data are collected in the sciences: Measurement type (circle) 

8. Measuring sea level as centimeters above a wharf piling mark 
(set as our 0 level) 

Stationary instrument (permanent or hand held) 
Drifting instrument 

Self- or remotely directed moving instrument 

9. Measuring salinity of water with depth by lowering a water 
bottle and take samples every meter 

Stationary instrument (permanent or hand held) 
Drifting instrument 

Self- or remotely directed moving instrument 

10. Measuring air temperature at the top of Twin Peaks every 
minute over a few years 

Stationary instrument (permanent or hand held) 
Drifting instrument 

Self- or remotely directed moving instrument 

11. Measuring speed and direction of ocean currents from a 
floating instrument not attached to seafloor. 

Stationary instrument (permanent or hand held) 
Drifting instrument 

Self- or remotely directed moving instrument 

12. Taking pictures of beach slopes and profiles at a single 
location daily for years 

Stationary instrument (permanent or hand held) 
Drifting instrument 

Self- or remotely directed moving instrument 

13. Towing a plankton net behind a boat. Stationary instrument (permanent or hand held) 
Drifting instrument 

Self- or remotely directed moving instrument 
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Evaluating or Analyzing Data & Formulating and Modifying Hypotheses 
Once we have gathered data of any kind ς observational or remotely or directly measured ς we start thinking about what it 
means. What does it tell us about the underlying truths of natural process and our human experience? We often find ways 
to display our data so that it makes those truths easier to see, including graphs, tables, lists, and illustrations. After we 
begin to formulate a hypothesis, what do we do next? We test it. We design experiments or projects that allow us to gather 
more data.  As new data are evaluated, we confirm or modify our hypothesis as needed. 
 

 
Generalized depth profile for temperature at the 
ŜǉǳŀǘƻǊ όŀǾŜǊŀƎŜŘ ƻǾŜǊ ǿƻǊƭŘΩǎ ƻŎŜŀƴǎύ with main 
graph components labelled (axes and data line)           

 
General variations of the concentrations of oxygen with depth in the 

ǿƻǊƭŘΩǎ ƻŎŜŀƴǎ at midlatitudes. 
 

14. Review figures above and record below observations about the data (patterns, values, and more). *HINT: start with 
captions, review axes (labels and direction of increase), then describe line/curve (using x-axis/y-axis terms). 

Left Figure Right Figure 

 
 
 
 
 
 

 
 

 
 
 
 

 



Page 9 

15. What questions, thoughts, hypotheses do you have after reviewing and thinking about these data? 

Left Figure Right Figure 

 
 
 
 
 
 
 
 
 
 
 

 
 

 

16. What are the limitations of these data? Are ǘƘŜǊŜ ƳƻǊŜ Řŀǘŀ ȅƻǳΩŘ ƭƛƪŜ ǘƻ ŎƻƭƭŜŎǘΚ  

Left Figure Right Figure 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

17. Notice there are some data in the two previous graphs that correlate ς meaning the trend of one line in the first graph 
(specifically the top of the trend) varies in the same direction over the same depth as data from the second graph. Locate 
and describe that correlation. (NOTE: 1000 m = 1 km)? 
 
 
 
 
 
 
 

18. LǘΩǎ ŜȄǘǊŜƳŜƭȅ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘƛŎŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜŎŀǳǎŜ ƛǘ ƳŜŀƴǎ ǘƘŜǊŜ might be a relationship between the two 
characteristics. It might be that one causes the other, or it might mean that the cause of one is also the cause of the other. 
Example: there is an overall correlation worldwide between surface water temperature and water pH (acidity). Warmer 
ǿŀǘŜǊǎ ŀǊŜ ƭŜǎǎ ŀŎƛŘƛŎΦ /ƻƭŘŜǊ ǿŀǘŜǊǎ ŀǊŜ ƳƻǊŜ ŀŎƛŘƛŎΦ Wǳǎǘ ōŜŎŀǳǎŜ ǘƘŜǎŜ ŎƻǊǊŜƭŀǘŜΣ ŘƻŜǎƴΩǘ ƳŜŀƴ ƻƴŜ ŎŀǳǎŜǎ ǘƘŜ ƻǘƘŜǊΦ We 
cannot draw the conclusion that water temperature creates its acidity. What is actually happening in this case is that 
acidity in the oceans is caused by how much carbon dioxide gas is held in the water. Warmer waters are less viscous and 
ŎŀƴΩǘ ƘƻƭŘ ŀǎ ƳǳŎƘ Ǝŀǎ ŀǎ ŎƻƭŘ ǿŀǘŜǊǎΦ 
/hww9[!¢Lhb ґ /!¦{!¢Lhb 
Look at the correlation described in the images above and indicate below what hypotheses you have about its causation. 
LǘΩǎ ƻƪŀȅ bh¢ ǘƻ ƪƴƻǿ ς just guess, and be creative. 
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Global earthquake epicenters from 1963 to 1998. NASA, DTAM project team - http://denali.gsfc.nasa.gov/dtam/seismic/ 

 

19. Review figure above and record below observations about the data ς patterns you see. 
 
 
 
 
 
 
 
 
 
 

20.  What questions, thoughts, hypotheses do you have after reviewing and thinking about these data? 
 
 
 
 
 
 
 
 
 
 

21. What are the limitations of these data? Are ǘƘŜǊŜ ƳƻǊŜ Řŀǘŀ ȅƻǳΩŘ ƭƛƪŜ ǘƻ ŎƻƭƭŜŎǘΚ  
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Weekly Reflection 
¢ŀƪŜ ŀ ƳƻƳŜƴǘ ǘƻ ǊŜŦƭŜŎǘ ƻƴ ȅƻǳǊ ŎƻƳŦƻǊǘ ƭŜǾŜƭ ŀƴŘ ƳŀǎǘŜǊȅ ƻŦ ǘƘŜ ǿŜŜƪΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ŘŜǎŎǊƛōŜ ŀƴ ŀŎǘƛƻƴ Ǉƭŀƴ ŦƻǊ Ƙƻǿ 
you will practice or improve on anything that challenged you. 

Weekly objective Self-assessment 
of mastery level 

Action plan for improvement 

Successfully accessing and navigating the 
course content and resources including the 
course workbook and textbook, CANVAS, and 
website. 

A | B | C | D | F  

Identifying multiple methods by which you can 
communicate with your fellow students and 
instructor. 

A | B | C | D | F  
 

Ensuring you have the right technology and 
sufficient time to complete class requirements. 

A | B | C | D | F  

Comparing and contrasting the basic elements 
and tools of scientific inquiry, especially 
observation vs. evaluation. 

A | B | C | D | F  

Describing and evaluating patterns in data and 
graphs and maps. 

A | B | C | D | F  

 

AHA! Moments 
²Ƙŀǘ ŎƻƴǘŜƴǘ ŦǊƻƳ ǘƘƛǎ ǿŜŜƪ ǊŜŀƭƭȅ ǊŜǎƻƴŀǘŜŘ ǿƛǘƘ ȅƻǳΣ ƘŜƭǇŜŘ ȅƻǳ ǳƴŘŜǊǎǘŀƴŘ ǎƻƳŜǘƘƛƴƎ ȅƻǳΩǾŜ ŀƭǿŀȅǎ ǿƻƴŘŜǊŜŘ ŀōƻǳǘΣ 
or made you think about the world with new eyes? 
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WATER PLANET 
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Time-progressive image of the Solar System formation through condensation from a nebula, increasing rotation into a disk, 

and planetary accretion from debris orbiting the sun. 
 

 
Solar winds blowing towards Earth and deflected by Earth's Magnetic Field. (NASA) 
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Graphical comparison of the major gas components of the 
atmospheres of Earth and its neighboring planets, showing CO2 
as the dominant gas on Mars and Venus, while only a minor 
component on Earth. 
 

 
 

/ƻƳǇƻǎƛǘƛƻƴ ƻŦ 9ŀǊǘƘΩǎ 
early atmosphere: 
In decreasing abundance 
CO2 (carbon dioxide) 
N2 (nitrogen) 
H2O (water vapor) 
CH4 (methane) 
NH3 (ammonia) 
CO (carbon monoxide) 
SO2 (sulfur dioxide) 
H2S (hydrogen sulfide) 
HCN (hydrogen cyanide) 

 
 

/ƻƳǇƻǎƛǘƛƻƴ ƻŦ 9ŀǊǘƘΩǎ 
current atmosphere: 
MAJOR 
78% N2 (nitrogen) 
21% O2 (oxygen) 
MINOR 
0-4% H2O (water) 
0.9% Ar (Argon) 
0.04% CO2 (carbon 
dioxide) 

 
 

Oxygen likely first began being produced through photosynthesis, about 2.5 Ga. It either combined with dissolved iron to 
produce iron oxide minerals (rust) that settled to the seafloor and were buried OR it bubbled out into the atmosphere and 
was immediately used up in oxidizing the atmospheric gases. By 2.3 Ga, most of the dissolved iron in the oceans had been 

removed, and oxygen ǿŀǎ ǎǘŀǊǘƛƴƎ ǘƻ ŀŎŎǳƳǳƭŀǘŜ ŀǘ ƭŜǾŜƭǎ ƻŦ м҈ ƻŦ ǘƻŘŀȅΩǎ hȄȅƎŜƴ ƭŜǾŜƭǎ ƛƴ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΦ We call this the 
Great Oxygenation Event. Oxygen in the atmosphere allowed for the first iron oxide minerals to form in surface rocks (above 

sea level). By about 700 Ma, the atmospheric gases were sufficiently oxidized, and oxygen began to accumulate in larger 
amounts in the atmosphere, bringing it to current day levels and allowing an ozone layer to form in the stratosphere. 
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Cross-section of Earth showing its layers (to scale, except for greatly exaggerated crust) 
Note: the MOHO is the name given to the boundary between the crust and the mantle. 

 

Layers Thickness Composition Density/State 

Crust: Oceanic  3-10 km Si, O, Fe, Mg, Al = Basalt 2.9 g/cc SOLID 
Crust: Continental 30-50 km Si, O, Al = Granite 2.7 g/cc SOLID 
Mantle 2900 km Mg, Fe, Si, O 4.5 g/cc SOLID 
Outer core 2200 km Fe, Ni (S, Si) 11 g/cc LIQUID 
Inner core 1300 km Fe, Ni (S, Si) 16 g/cc SOLID 

Overlaid layers: 

Lithosphere 100-200 km 100% Crust + Upper Mantle Rigid, solid, brittle: breaks into pieces: plates 
Asthenosphere 100-350 km Portion of mantle Plastic (flows), but solid 
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Brief History of Earth 
Notice that all these events are listed in reverse chronological order ς oldest at bottom of table, youngest at top. 

10-25 Ka Wisconsin ice age (most recent one; land bridges form and humans migrate from Asia into North America) 

100-300 Ka Homo Sapiens first appear. 

400 Ka San Francisco Bay forms. 

1.6 Ma Period of frequent ice ages begins and continues to today. 

2-4 Ma Ancient Hominids first appear. 

50-25 Ma San Andreas Fault forms as North American margin stops subducting. 

63 Ma Primates evolve. 

65 Ma Dinosaurs and other organisms go extinct making the way for the Age of Mammals. 

145 Ma First mammals, including platypus, shrews, and opossums.  

152 Ma First birds evolve from small, fast-running dinosaurs. 

230 Ma First dinosaurs, reptiles that distinguished themselves by standing upright on two legs.  

240 Ma First vertebrates to fly ς the Pterosaurs, dinosaur cousins. 

245 Ma The ƭŀǊƎŜǎǘ Ƴŀǎǎ ŜȄǘƛƴŎǘƛƻƴ ƛƴ 9ŀǊǘƘΩǎ ƘƛǎǘƻǊȅΦ hǾŜǊ тр҈ ƻŦ ŀƭƭ ƳŀǊƛƴŜ ƎǊƻǳǇǎ ŜƭƛƳƛƴŀǘŜŘΣ ƳŀƪƛƴƎ ǿŀȅ ŦƻǊ 
the Age of Dinosaurs 

~300 to 
200 Ma 

Pangaea, the most recent supercontinent, completes its formation around 300 Ma (possible 335 Ma), and 
then begins to break up around 200 (or 175 Ma) into two halves: Gondwanaland (Australia, India, Africa, S. 
American, and Antarctica) and Laurasia (N. America, Greenland, Europe, and Asia). 

350-290 Ma Giant Swamp Forests thrived in lowlands at the edges of rivers and seas (like today's Louisiana bayous). 
Tropical climates encouraged dense growth of ferns, tree ferns, and club-mosses. The buried material from 
these forests eventually became much of the wƻǊƭŘΩǎ ŎǳǊǊŜƴǘ Ŏƻŀƭ ǊŜǎƻǳǊŎŜǎΦ 

400 Ma First lungs. 

430 Ma First jawed fish. 

438 Ma First plants move onto land, followed within 10 million years by animals (aquatic scorpions and other 
arthropods).  

480 Ma Large continent known as Gondwanaland forms from the collision of Australia, India, Africa, South 
America, and Antarctica. 
Pacific PƭŀǘŜ ǎǳōŘǳŎǘǎ ǳƴŘŜǊ bƻǊǘƘ !ƳŜǊƛŎŀΩǎ ǿŜǎǘŜǊƴ ƳŀǊƎƛƴΦ ¢ƘŜ ǿŜǎǘŜǊƴ ƳŀǊƎƛƴ ƎǊƻǿǎ ǘƘǊƻǳƎƘ 
accretion of oceanic rocks and islands (terranes). 

520 Ma First vertebrates (cartilaginous fish with tails and fins). 

570 Ma First organisms with hard parts. Beginning of the Age of Trilobites. Also existing early on were brachiopods 
and ammonites. 

670 Ma First multicelled animals evolve: Ediacaran fauna, soft-bodied marine animals that get their food primarily 
from small algae. 

700 Ma Rodinia breaks up into pieces. 

1 Ga Sexual reproduction begins leading to an increase in the rate of evolution. Red Beds stop forming in large 
amounts and free oxygen begins to accumulate in the atmosphere. The atmosphere begins to evolve to 
ƻƴŜ ŎƭƻǎŜǊ ǘƻ ǘƻŘŀȅΩǎΥ ул҈ bƛǘǊƻƎŜƴΣ нл҈ hȄȅƎŜƴΦ 9ventually enough oxygen accumulates in the 
atmosphere that UV radiation interacted with it in the upper atmosphere to produce ozone, a gas that 
then acts ŀǎ ŀ ¦± ǎƘƛŜƭŘΣ ǇǊƻǘŜŎǘƛƴƎ ƭƛŦŜ ƻƴ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ  

1.2 Ga Rodinia, the oldest known supercontinent, ŦƻǊƳǎ ǘƘǊƻǳƎƘ Ŏƻƭƭƛǎƛƻƴ ƻŦ 9ŀǊǘƘΩǎ ǇƭŀǘŜǎΦ tƭŀǘŜ ¢ŜŎǘƻƴƛŎǎ Ƙŀǎ 
likely been active for billions of years. 

2.3 Ga Great Oxygenation Event: Red Beds form on land. These beds are land-based rust piles that take the place 
of the oceanic banded iron formations as free oxygen now leaves the oceans and enters the atmosphere. 
The Red Beds absorb most of the available oxygen. 

2.5 Ga Oxygenic photosynthesis. 6H2O + 6CO2 + sunlight = C6H12O6 (sugar) +6O2. 
 Ocean and atmospheric chemistry begins to change as O2 is added and CO2 removed.   
Largest deposit of Banded Iron Formations (BIFs)Φ 9ŀǊǘƘΩǎ ƻŎŜŀƴǎ ǿƻǳƭŘ ƘŀǾŜ ƘŀŘ ŀ ƭƻǘ ƻŦ ŘƛǎǎƻƭǾŜŘ ƛǊƻƴΣ 
due to the accumulation of hundreds of millions of years of rock weathering and underwater volcanic 
eruptions. Oxygenic photosynthesis produced sufficient oxygen gas to readily and quickly combine with 
the iron to form large deposits of rust. 

2.7 Ga Eukaryotes evolve: organisms with a nucleus.  
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3.7 Ga Earliest evidence of stromatolites: layered rock mounds formed in shallow oceans as mats of cyanobacteria 
dome upward to capture energy from sunlight to produce sugar through anoxygenic photosynthesis. Live 
in mucous layers to avoid UV-radiation damage to the sun.  

3.85 Ga Earliest evidence of microbial activity (carbon isotope ratios). This early life likely lived in the oceans where 
ǘƘŜȅ ǿŜǊŜ ƘƛŘŘŜƴ ŦǊƻƳ ǘƘŜ ǎǳƴΩǎ ǳƭǘǊŀǾƛƻƭŜǘ Ǌŀȅǎ όƴƻ ƻȊƻƴŜ ƭŀȅŜǊ ȅŜǘΣ ōŜŎŀǳǎŜ ƴƻ ƻȄȅƎŜƴ ƛƴ ǘƘŜ 
atmosphere). These early bacteria were known as prokaryotes: single celled organisms with no nucleus, 
otherwise known as bacteria. These early life forms were likely chemosynthetic, making food from energy 
derived from gases emitted at hydrothermal vents on the bottom of the seafloor. 

4.4 Ga 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ Ŏƻƻƭǎ ŜƴƻǳƎƘ ŦƻǊ ŀ ǎƻƭƛŘ ŎǊǳǎǘ ǘƻ ŦƻǊƳΦ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ όŀŎŎǳƳǳƭŀǘŜŘ ƎŀǎŜǎ ŦǊƻƳ 
volcanic outgassing and comets) contains (in decreasing order) carbon dioxide, nitrogen, water vapor, 
methane, ammonia, carbon monoxide, sulfur dioxide, hydrogen sulfide, and hydrogen cyanide. Because of 
the solid cooler surface conditions, much of the atmospheric water now rains down and fills in basins to 
form the first oceans.  

4.5 Ga A Mars-sized object crashes into Earth creating debris that ends up in orbit around the Earth, eventually 
coalescing through accretion to form the Moon. 

4.6 Ga As the solar disk cools down, orbiting material collides and clumps to form larger objects (accretion). 
Continued accretion led to larger bodies with higher gravity that swept up more material within their 
orbits and ultimately became planets. Not all the material got swept up in this process. A large belt of 
leftover rocky debris ς asteroids ς exists between Mars and Jupiter. A belt of leftover icy debris ς comets ς 
orbits in the outer solar system. 
At this point, the interior of the Earth is mostly molten from the heat of accretion. Density stratification 
occurs: dense material, like iron, sinks to form the core while less dense material rises to form the crust; 
the remainder becomes the mantle layer. All planets are hot from the accretion process. Volcanic activity 
and continual meteorite collisions dominate the surface. Gases from volcanoes and comets form an early, 
hot, toxic, atmosphere. 

5 Ga Debris from past supernovas is perturbed, likely by nearby star activity, and starts to clump together to 
form a new star ς a single hot, spinning mass of gas ς our proto Sun. The gas giants (Jupiter, Saturn, 
Neptune, and Uranus) began forming soon after the Sun started coalescing, through similar processes. 
Large clumps of H and He separately coalesced and contracted, increasing in density and attracting 
material to become gas giant protoplanets. They are not stars because they never grew big enough and 
hot enough for fusion to occur in their cores. Eventually the material in the proto Sun completely 
condenses, fusion starts, and our Sun forms. As the Sun spins, the surrounding matter flattens into a 
rotating disk and begins to condense into solids, liquids, and gases ς all very hot! It was too hot near the 
Sun for ices and many gases (like water, ammonia, and methane) to be stable, so condensates near the 
Sun consisted of iron oxides, aluminum oxides, and silicates ς high-density minerals stable at high 
temperatures. In the cooler outer solar system, all materials were stable and condensed alongside each 
other. Hence, the inner rocky planets formed from the accretion of rocky material, whereas the moons, 
comets, and gas giants of the outer solar system formed (or completed their formation) from the accretion 
of all materials.  

12.7-5 Ga Throughout most of the life of a star, deep in their cores, H nuclei are fused to produce He and energy. 
{ǘŀǊǎ άǎƘƛƴŜέ ōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜ ǊŀŘƛŀǘƛƴƎ ǘƘŜ ŜƴŜǊƎȅ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ǘƘƛs nuclear fusion. High-mass stars 
burn the hydrogen fuel in their core rapidly and are short livedτthe largest lasting only 10 million years. 
Low-mass stars burn their fuel slowlyτthe smallest lasting hundreds of billions of years. (Note: our Sun is 
medium sized and will last 10 billion years.) Once the H is nearly used up, He atoms begin to fuse, and the 
core temperature of the star rises dramatically. As temperatures rise higher, elements of successively 
higher massτlike carbon, nitrogen, and oxygenτare produced through fusion. Stars that are ten times 
ƳƻǊŜ ƳŀǎǎƛǾŜ ǘƘŀƴ ǘƘŜ {ǳƴ Ŏŀƴ ŎǊŜŀǘŜ ŜƭŜƳŜƴǘǎ ŀǎ ƘŜŀǾȅ ŀǎ ƛǊƻƴΦ 9ǾŜƴǘǳŀƭƭȅ ǘƘŜ ŜƴŜǊƎȅ ǇǊƻŘǳŎŜŘ ŎŀƴΩǘ ōŜ 
shed fast enough; a high-mass star explodes in a supernova event, ejecting much, if not all of its matter, 
and producing a supernova remnantΦ 9ƭŜƳŜƴǘǎ ǳǇ ǘƻ ǳǊŀƴƛǳƳ Ŏŀƴ ŦƻǊƳ ƛƴ ǘƘŜ ǎǳǇŜǊƴƻǾŀΩǎ ōƭŀǎǘ ǿŀǾŜǎΦ 
New stars eventually form from supernova remnants. Through repeated generations of star birth and 
death by supernova, these remnants can be enriched enough in heavy elements to form planets. (Based on 
the abundance of heavy elements in our solar system, our Sun is likely a third- or fourth-generation star.) 
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12.7 Ga The universe is no longer smooth and uniform. High-density regions of H and He gas generate gravitational 
fields ς the more mass, the more gravity. The more gravity, the more mass from surrounding areas is 
pulled in. Eventually localized regions condense under their own weight. Gravitational energy is converted 
into heat ς temperature rises. Once the size of this dense spinning sphere of gas is great enough, and its 
core temperature rises above 106 K, nuclear fusion begins ς primarily the fusion of H to produce He and 
energy. As this newly created energy radiates outward, a shining star is born. When billions of stars orbit a 
shared center of gravity, we call them a galaxy. There are hundreds of billions of galaxies in the observable 
Universe.  

13.7 Ga Big Bang: the universe is born in an instant in time and expands outwards from one infinitesimally small 
point. Original material = very high energy (hot) subatomic particles. Universe inflates and cools until 
protons, neutrons, and electrons form, and matter is governed by the laws of physics as we know them. 
380 m.y. later, the universe is 75% Hydrogen (H) and 25% Helium (He) gas.  

 *Age is when division begins: Ka = thousands of years old; Ma = millions of years old; Ga = billions of years old.  

You can find this timeline laid out in a walk along the four floors of the CCSF, Ocean Campus Science Building. It is 
supported by panels, posters, fossils, murals, and models. You can also find the entire exhibit transcribed and photographed 
online at http://www.ccsf.edu/TimeLife. 
 

 
Scaled timeline of the history of the Universe from 13.7 Ga to today. 

* Ma = millions of years old; Ga = billions of years old. 

http://www.ccsf.edu/TimeLife
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Cross section through the top layers of Earth, including the atmosphere,  

showing movement of water through various reservoirs as part of Earth's Hydrologic Cycle. 
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Transparent globe cut by latitude and longitude. Image from National Oceanographic Partnerships Program ς NOPP Drifters 

ς (after Charton, 1988) 

 
Image Source Unknown  
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Water Planet Chapter Worksheet 

1. The term used to describe the formation  
of the Universe from a single point is: 

2. Age of  
Universe? 

3. How do we know the age of the Universe? 
 
 

 

4. 9ŀǊǘƘΩǎ ŦƻǊƳŀǘƛƻƴΥ /Lw/[9 ![[ ¢I!¢ !tt[¸Υ 
Processes/Characteristics: Accretion | Collisions | Gravity pulled | Hot 
Materials: Gas | Comets | Asteroids 

5. Age of  
Earth? 

6. How do we know 
when Earth 
formed? 

 
 
 
 

 

7. Define density. 
Explain how objects 
of different density 
behave with each 
other when free to 
move in a liquid or 
gas. 

 

 

8. What behavior do all liquid 
 or plastic solids near a  
heat source exhibit? 

9. What drives the 
behavior? 

10. What major process 
ŦƻǊƳŜŘ 9ŀǊǘƘΩǎ 
layers? (Describe) 
When? 

 
 
 

 

11. Which ONE layer within  
the Earth is liquid? 

12. What does this liquid  
layer produce or lead to globally? 

13. Which ONE layer within  
the Earth is plastic? 

14. What does this plastic  
layer produce or lead to globally? 

15. Sources of water to the early atmosphere of Earth:   
CIRCLE ALL THAT APPLY: original nebula | comets | asteroids | volcanoes) 

16. When did these sources of water and other gases start  
collecting in the atmosphere (first atmosphere)? 

17. When did first oceans form? (time when planet  
cooled enough and water in atmosphere  
finally precipitated): 

18. When did life  
evolve on Earth? 

19. Which type of organism can turn energy into sugar? CIRCLE: AUTOTROPH | HETEROTROPH | BOTH 

20. Which type of organism can perform photosynthesis? CIRCLE: AUTOTROPH | HETEROTROPH | BOTH 

21. Which type of organism performs respiration? CIRCLE: AUTOTROPH | HETEROTROPH | BOTH 

22. What types of organisms first evolved 
that were able to perform photosynthesis? 

23. ²ƘŀǘΩǎ ǘƘŜ ŜǾƛŘŜƴŎŜ ŦƻǊ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ ƻȄȅƎŜƴƛŎ 
photosynthesis? 
 
 

 

24. When did the first oxygenic 
photosynthesizers evolve? 

25. When did early life first leave the  
oceans and move onto land? 
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26. Review table of planetary atmospheres in preceding figure pages.  
/ƻƳǇŀǊŜ 9ŀǊǘƘΩǎ ŜŀǊƭȅ ŀƴŘ ŎǳǊǊŜƴǘ ŀǘƳƻǎǇƘŜǊƛŎ ŎƻƳǇƻǎƛǘƛƻƴǎΦ 

²Ƙŀǘ ƳŀƧƻǊ ŎƘŀƴƎŜǎ ƻŎŎǳǊǊŜŘΚ ²ƘŀǘΩǎ ŘƛŦŦŜǊŜƴǘΚ (What 
appeared? What disappeared?) 

Why? For every appearance, explain why. For every 
disappearance, explain why. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

27. ²Ƙŀǘ ҈ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƛǎ  
covered by oceans?  

 

28. In the image to the right, 
label each ocean: Arctic | 
Atlantic | Indian | Pacific 

 
29. Which is the biggest ocean?  

CIRCLE: Arctic | Atlantic | 
Indian | Pacific 

 
30. Which is the smallest 

ocean?  
CIRCLE: Arctic | Atlantic | 
Indian | Pacific  

World Physical Map (CIA/Public Domain)  

31. Which is greater in magnitude?  Deepest spot on planet Tallest spot on planet 

(CIRCLE)    
VALUES IN METERS:                                                                                   

 
 

 

 
NAME:                                                                                                              

 
 

 

32. Which is greater in magnitude? 
(CIRCLE) 

Average elevation of continental 
crust 

Average depth of ocean crust 

 
VALUES IN METERS:                                                                                   

 
 

 

33. Which is the shallowest ocean? CIRCLE: Arctic | Atlantic | Indian | Pacific 

34. Which is the deepest ocean?       CIRCLE: Arctic | Atlantic | Indian | Pacific 

35. ²Ƙŀǘ ҈ ƻŦ 9ŀǊǘƘΩǎ ǿŀǘŜǊ ƛǎ ƘŜƭŘ ƛƴ ǘƘŜ 
oceans? 

 

36. What is the term used to describe the process whereby liquid water  
from the oceans turns into vapor that is transported into the atmosphere?  

 

37. What is the term used to describe the process whereby water vapor from the atmosphere 
turns back into liquid water that drops into the ocean?  

 

38. What major energy source  
drives the above transport? 

39. What is the residence time of  
an Ocan 1 student in this class? 

40. Where does water go when it leaves the oceans (SINKS)? CIRCLE: atmosphere | subduction zones |  
rivers | glaciers | sea ice | groundwater | ocean crust cracks | volcanoes 
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41. Where does the water in the oceans come from? (SOURCES)     CIRCLE: atmosphere | subduction zones | rivers | 
glaciers | sea ice | groundwater | ocean crust cracks | volcanoes 

42. How deep does sea level drop  
during an ice age? 

43. What is the name of the  
feature that marks this depth? 

 
Source unknown 

44. What is the latitude and longitude of the southern tip of 
Greenland relative to the equator and prime meridian? 

 
 

45. What is the latitude and longitude of southern tip of Africa 
relative to the equator and prime meridian? 

 

46. What is the latitude and longitude of the STAR relative to the 
equator and prime meridian? 

 

47. 45 W = Latitude | Longitude (Circle correct one) 48. 15 S = Latitude | Longitude (Circle correct one) 

49. Place an X on the map at above coordinates (45W and 15S). 

50. How does the International Date Line relate to 
the prime meridian? 

 
 
 
 
 

 

51. What is a nautical mile and how does it relate to a statute mile? (A knot?) 
 
 
 
 

 

52. ²ƘŀǘΩǎ ǿǊƻƴƎ ǿƛǘƘ ǘƘŜǎŜ ǾŀƭǳŜǎΚ 
100N and 300E 

 
 
 
 
 
 

 

53. 1 degree of longitude at 60 North is the (circle: same | more | less) than 1 degree of longitude at the equator 
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Photosynthesis, Chemosynthesis, Respiration, and Decomposition Activity 
 
All living organisms on our planet can be classified as autotrophs (organisms that make their own food/stored energy) or 
heterotrophs (organisms that must eat/ingest other organisms to meet their food/energy needs). Autotrophs make food 
(sugar, which is stored energy) through two different processes. The primary method (most efficient and prevalent) is 
photosynthesis. All photosynthetic organisms contain a pigment called chlorophyll. This pigment absorbs sunlight (the color 
is green, so all colors of sunlight are absorbed except green, which is reflected and is what we see). The chlorophyll absorbs 
the sunlight so that it can be present as an energy source during photosynthesis. For oxygenic photosynthesis, water and 
carbon dioxide molecules are combined using energy from the sunlight. A sugar molecule is produced from this 
combination, along with a waste gas, oxygen, which is released to the environment. Nonoxygenic photosynthesis uses light 
energy to combine molecules available in the environment to produce a sugar molecule, depositing minerals such as iron 
oxides or sulfides as byproducts (no oxygen gas). Chemosynthesis happens when there is no sunlight. Instead of using solar 
energy, these unique autotrophs capture the energy of gases, such as methane and hydrogen sulfide. This energy is used to 
combine molecules available in the environment to produce a sugar molecule, with byproducts such as sulfuric acid (no 
oxygen gas). 
 
IŜǘŜǊƻǘǊƻǇƘǎ ŎŀƴΩǘ ƳŀƪŜ ǘƘŜƛǊ ƻǿƴ ŦƻƻŘΦ ¢ƘŜȅ ƛƴƎŜǎǘ ƻǘƘŜǊ ƻǊƎŀƴƛǎƳǎ ŀƴŘ ǘŀƪŜ ǘƘŜ ǎǳƎŀǊǎ ƛƴ ǘƘƻǎŜ ƻǊƎŀƴƛǎƳǎ ŀƴŘ ōǳǊƴ 
them for energy. (Note: autotrophs must also burn their sugars to produce energy when they need it for growth, 
reproduction, and motion.) The burning of sugar to release its stored energy is called respiration. All organisms perform 
respiration when they need energy. During respiration, sugar is burned in the presence of oxygen, and water, carbon 
dioxide, and heat energy are produced.  
 
Dead organisms and organic matter (like fecal pellets and discarded exoskeletons) will, over time, decompose thanks to the 
efforts of bacteria and other organisms. This decomposition is effectively the same process as respiration in that the sugar 
in the organic material is ingested by the bacteria and broken down in the presence of oxygen to release its original 
components. 
 

OXYGENIC PHOTOSYNTHESIS RESPIRATION or DECOMPOSITION 
6 CO2 + 6H2h Ҍ [LDI¢ 9b9wD¸ Ҧ  /6H12O6 + 6 O2 

ŎŀǊōƻƴ ŘƛƻȄƛŘŜ Ҍ ǿŀǘŜǊ Ҍ ǎǳƴƭƛƎƘǘ Ҧ ǎǳƎŀǊ Ҍ ƻȄȅƎŜƴ 
 

C6H12O6 + 6 O2  Ҧ  6 CO2 + 6H2O + HEAT ENERGY  

ǎǳƎŀǊ Ҍ ƻȄȅƎŜƴ Ҧ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ Ҍ ǿŀǘŜǊ Ҍ ƘŜŀǘ 
 

CHEMOSYNTHESIS   6 CO2 + 6H2O + 3H2{ Ҧ  /6H12O6 + 3H2SO4       

        ŎŀǊōƻƴ ŘƛƻȄƛŘŜ Ҍ ǿŀǘŜǊ Ҍ ƘȅŘǊƻƎŜƴ ǎǳƭŦƛŘŜ Ҧ ǎǳƎŀǊ Ҍ ǎǳƭŦǳǊƛŎ ŀŎƛŘ 
 
Each of these processes uses up 

some ingredients and produces 

others. When an ingredient is 

used up or removed from the 

environment in order to make 

the process move forward, the 

process is called a SINK for the 

ingredient. Example: 

chemosynthesis is a SINK for 

hydrogen sulfide. When an 

ingredient is produced at the end 

of the process, the process is 

called a SOURCE for that 

ingredient. Example. 

Chemosynthesis is a SOURCE for 

sulfuric acid. 

Image used with permission: © hayes roberts 2016 
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1. Which process is a SOURCE for oxygen in the environment? 
CIRCLE: Atmospheric Diffusion | Chemosynthesis | Decomposition | Oxygenic Photosynthesis | Respiration 

2. Which process is a SOURCE for carbon dioxide in the environment? 
CIRCLE: Atmospheric Diffusion | Chemosynthesis | Decomposition | Oxygenic Photosynthesis | Respiration 

3. Which process is a SINK for oxygen in the environment? 
CIRCLE: Atmospheric Diffusion | Chemosynthesis | Decomposition | Oxygenic Photosynthesis | Respiration 

4. Which process is a SINK for carbon dioxide in the environment? 
CIRCLE: Atmospheric Diffusion | Chemosynthesis | Decomposition | Oxygenic Photosynthesis | Respiration 

5. Which organisms perform photosynthesis? Circle:  autotrophs | heterotrophs 

6. Why? 
 
 
 

7. Where does this process mostly occur in the oceans and why? 
 

 
 
 
 

8. Which organisms perform chemosynthesis? Circle:  autotrophs | heterotrophs 

9. Why? 
 
 
 

10. Where does this process mostly occur in the oceans and why? 
 

 
 
 
 

11. Which organisms perform respiration? Circle:  autotrophs | heterotrophs 

12. Why? 
 
 
 

13. Where does this process mostly occur in the oceans and why? 
 

 
 
 
 

14. Where does decomposition mostly occur in the oceans? How and why? 
 

 
 
 
 

15. Which process is used by organisms to convert environmentally available chemical energy (from energy gasses like CH4 
or H2S) to combine water and gases and produce sugar for storage?               

CIRCLE: Chemosynthesis | Decomposition | Photosynthesis | Respiration  

16. Which process sucks up energy (takes energy away from an environment)? 
CIRCLE: Chemosynthesis | Decomposition | Photosynthesis | Respiration 

17. Which process releases energy into the organisms or environment? 
CIRCLE: Chemosynthesis | Decomposition | Photosynthesis | Respiration 
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18. Turn the following image into a concept sketch/map that shows where all four processes (chemosynthesis, 
decomposition, photosynthesis, and respiration) are found in the oceans and how they relate. Use arrows to show the 
direction of flow of carbon dioxide (arrows point out of sources and into sinks). 
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19. Turn the following image into a concept sketch/map that shows all four processes (chemosynthesis, decomposition, 
photosynthesis, and respiration) and how they contribute to the oxygen cycle. Use arrows to show the direction of 
flow of oxygen (arrows point out of sources and into sinks). 
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20. Now look at the Oxygen and Carbon Dioxide depth profiles shown to the right. Referencing the sources and sinks 
listed below, provide an explanation for what you see. Use text and arrows and circles, whatever you need! 

¶ Atmospheric Diffusion  

¶ Decomposition 

¶ Oxygenic Photosynthesis 

¶ Respiration 
 
 
 
 
 
 
 

 
General variations of the concentrations of carbon dioxide and oxygen with depth in 

ǘƘŜ ǿƻǊƭŘΩǎ ƻŎŜŀƴǎΦ 
 
 
 
 
 
 
 
 
 



Page 30 

Weekly Reflection 
Take a moment to reflect on ȅƻǳǊ ŎƻƳŦƻǊǘ ƭŜǾŜƭ ŀƴŘ ƳŀǎǘŜǊȅ ƻŦ ǘƘŜ ǿŜŜƪΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ŘŜǎŎǊƛōŜ ŀƴ ŀŎǘƛƻƴ Ǉƭŀƴ ŦƻǊ Ƙƻǿ 
you will practice or improve on anything that challenged you. 

Weekly objective Self-assessment 
of mastery level 

Action plan for improvement 

Describe how Earth's oceans formed and 
evaluating the evidence that supports it. 

A | B | C | D | F  

Evaluate the role the oceans have played in 
the evolution of Earth's atmosphere and life. 

A | B | C | D | F  

Identify basic ocean geography and 
landforms and interpreting their formation. 

A | B | C | D | F  

Compare and contrast the various elements 
of the Hydrologic Cycle. 

A | B | C | D | F  

Use latitude and longitude to identify 
location on Earth's surface. 

A | B | C | D | F  

Compare and contrast scales for time.  
 

A | B | C | D | F  

 

AHA! Moments 
²Ƙŀǘ ŎƻƴǘŜƴǘ ŦǊƻƳ ǘƘƛǎ ǿŜŜƪ ǊŜŀƭƭȅ ǊŜǎƻƴŀǘŜŘ ǿƛǘƘ ȅƻǳΣ ƘŜƭǇŜŘ ȅƻǳ ǳƴŘŜǊǎǘŀƴŘ ǎƻƳŜǘƘƛƴƎ ȅƻǳΩǾŜ ŀƭǿŀȅǎ ǿƻƴŘŜǊŜŘ ŀōƻǳǘΣ 
or made you think about the world with new eyes? 
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PLATE TECTONICS 
 

 
  



Page 32 

 
Fossil evidence for continental drift since the time of during the time of Pangaea, about 250 Ma. USGS. 

 

 
Fossil and rock evidence of single polar ice cap during the time of Pangaea, about 250 Ma.  

Eliza Richardson Creative Commons BY-SA-NC-3.0. 
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Pangaea breakup. USGS. 
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Close-up view of the Earth layers involved in plate tectonics. The lithosphere contains ALL the crust plus the uppermost 
portion of the mantle; it is solid and breaks into pieces called plates, which then move around atop the underlying plastic 
mantle layer known as the asthenosphere. Convection of the hot plastic asthenosphere directs the motion of the plates 
above. The MOHO is the boundary between the crust and the mantle underneath. NOTE: The grey layer above has no name. 
 

 

 

/ƻƴǾŜŎǘƛƻƴ ƻŦ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜΣ ƛƴ 
asthenosphere and lower mantle. 
Also note the convection of the outer 
iron core. Note: the convection 
shown in the lower mantle is 
different from the rest because the 
material there is considered solid. 
The arrows represent the fact that 
lithospheric plates in subduction 
zones can descend all the way to the 
core-mantle boundary and that 
hotspot plumes can rise up from the 
core to the crust.  
Image from Kenneth R. Lang's book 
The Cambridge Guide to the Solar 
System, Second Edition 2011. 
 



Page 35 

 
 
 
 
 
 
 
 
 

 
 
 

 

 
DIVERGENT 

MOTION: Apart 
FEATURES: 
Oceanic ridges. 
Seafloor spreading. 
Melted mantle rock 
due to reduced 
overlying pressure. 
Rift valleys with 
volcanism, pillow 
basalts, 
hydrothermal vents, 
and hydrothermal 
circulation. 
Serpentinites form at 
depth in mantle 
rocks that are 
undergoing 
hydrothermal 
alteration. Transform 
faults (associated 
with transform plate 
boundaries) break up 
divergent boundaries 
into small sections 
offset from one 
another. 
WORLD EXAMPLES: 
Mid-Atlantic Ridge, 
Iceland. 
 

TRANSFORM 
MOTION: side by 
side 
FEATURES: 
Fracture zones (old 
transform faults, no 
longer active, 
because lithosphere 
on both sides are 
part of the same 
plate). Rough 
topography (cliffs 
where ridges offset. 
Oceanic ridges and 
spreading centers on 
both sides. 
WORLD EXAMPLES: 
California, Iceland 
 
 
 
 
 
Oblique view of 
seafloor spreading 
centers and 
transform 
boundaries. 
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CONVERGENT 
MOTION:  
Towards each other 
FEATURES: 
Continent-Ocean 
Subduction zones 
(ocean crust sinks 
back into mantle). 
Melted mantle rock 
due to addition of 
water, which drops 
the melting point of 
the underlying 
mantle. Volcanoes 
above subduction 
zone. Trenches on 
ocean floor where 
ocean crust begins 
subducting. 
Accretionary wedge 
mountains (made up 
of terranes: 
sediments, islands, 
crustal blocks) 
WORLD EXAMPLES: 
W. coast S. America 
Pacific Northwest 
 
Ocean-Ocean 
Subduction zones 
(ocean crust sinks 
back into mantle). 
Melted mantle rock 
due to addition of 
water, which drops 
the melting point of 
the underlying 
mantle. Volcanoes 
above subduction 
zone. Trenches on 
ocean floor where 
ocean crust begins 
subducting. 
Accretionary wedge 
mountains (made up 
of terranes: 
sediments, islands, 
crustal blocks) 
WORLD EXAMPLES: 
Japan, Philippines, 
Aleutian Islands 
 
Continent-Continent 
Fold and thrust 
mountains, 
thickened 
lithosphere. 
WORLD EXAMPLES: 
Himalayas (India) 
Alps (Europe) 
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At seafloor spreading centers, magmas form as mantle melts under the thinned crust (a drop in pressure causes melting). Magmas rise to the surface and erupt under water as 
pillow basalts. The vertical cracks that formed between the top of the magma chamber and the bottom of the seafloor to allow the basalt through will then solidify under the 
pillows and form basalt dikes. Both of these are spread aside to make room for the next series of pillow basalts and dikes, and as they spread away from the rift valley, they 
collect sediment on their top and beneath, the edges of the magma chambers cool slowly underground to form gabbro. Seawater will descend through the cracks formed from 
spreading, leach elements from the ocean crust, get heated by the magma chamber and rise back up in the center of the rift valleys producing hydrothermal vents made of 
chimneys of metal sulfides precipitated from the hot fluids as they exit the ground and enter the cold ocean (much like mineral deposits that form on the inside of plumbing 
pipes).  
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Map view showing plate boundaries along the western margin of North America, with subduction in northern California, 
Oregon, and Washington; seafloor spreading off the coast of this same area and in the Sea of Cortez; transform motion 
between northern California and Los Angeles. Image from USGS modified from This Dynamic Earth by Stoffer, 2006.  
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Cross-section through the western margin of North America in the region of the Pacific Northwest ς Washington, Oregon, 
and Northern California. Image from National Park Service 
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Terrane accretion. Image from Kenneth R. Lang's book  

The Cambridge Guide to the Solar System, Second Edition 2011. 
  

Terrane accretion along the western margin of North America. USGS. 
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Depiction of the formation of a particular type of deeply formed hotspot, from when it first rises from the base of the 
mantle, to when it breaks through the lithosphere with a massive eruption of flood basalts, to its continued eruption over 
time as plate tectonics moves the older volcanic structures away and new volcanoes form . 
 
 
 

 
Cross-section through Hawaiian Hotspot ς USGS. 
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9ŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŀƴŘ ǘƘŜ ǇǊƻǇƻǎŜŘ ǎƻǳǊŎŜΥ ŀ 
magnetic dynamo created by convection of liquid 
iron in the outer core. This convecting iron acts like a 
current moving in a loop and creates a magnet. 
Image from Smithsonian National Museum of 
Natural History 
 
  

 

 
 

Magnetic Anomalies. 
Image from Kenneth R. Lang's book The Cambridge Guide to the Solar System, Second Edition 2011. 
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Satellite image showing relief of India and surroundings. NOAA 
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PLATE BOUNDARY REFERENCE 

 
Global Plate Boundaries, USGS 

  



Page 45 
 

Plate Tectonics Chapter Worksheet 

1. OCEAN CRUST   CIRCLE most appropriate terms:  
NEW ROCKS FORMING 

OLDEST ROCKS ON PLANET 
NEVER OLDER THAN 200 Ma 

BASALT | GRANITE  
THICKNESS: 3-10 km | THICKNESS: 30-50 km  

DENSEST | LEAST DENSE | SUBDUCTS 

2. CONTINENTAL CRUST    CIRCLE appropriate terms:  
NEW ROCKS FORMING 

OLDEST ROCKS ON PLANET 
NEVER OLDER THAN 200 Ma 

BASALT | GRANITE  
THICKNESS: 3-10 km | THICKNESS: 30-50 km  

DENSEST | LEAST DENSE | SUBDUCTS  

3. CIRCLE: Which of the following natural processes would 
cause the lithosphere to rise isostatically? 

Basalt lava flows | Continental collision and accretion 
Deposition of sediment | Erosion of rock and sediment 

Glacial advance (more glaciers) | Glacial retreat 
Transform plate motion | Divergent plate motion 

4. CIRCLE: Which of the following natural processes would 
cause the lithosphere to sink isostatically? 

Basalt lava flows | Continental collision and accretion 
Deposition of sediment | Erosion of rock and sediment 

Glacial advance (more glaciers) | Glacial retreat 
Transform plate motion | Divergent plate motion 

5. Which of the following characteristics of a fluid that is free to move make it rise relative to the objects around it? 
CIRCLE ALL THAT APPLY: Density | Temperature | Salinity | Viscosity 

6. The Moho is the boundary  
between which two layers? 

7. How does the Moho relate to 
the asthenosphere, lithosphere? 

 

8. In what parts of the planet is the Moho deepest (closest 
to the center of the Earth)?  
CIRCLE: Mountains | Mid-Ocean Ridge | Coastal Plains 

9. In what parts of the planet is the Moho shallowest 
(furthest from the center of the Earth)?  
CIRCLE: Mountains | Mid-Ocean Ridge | Coastal Plains 

10. What happens to oceanic lithosphere over time, as it ages?  
(Be specific and thorough.) 

 
 
 
 

11. The continents are ~20 times older than the  
oldest ocean basins ς Why?  

 
 
 
 

12. What is a terrane? What are different types of terranes, and how do they contribute to the growth of continents? 
 

 
 
 
 

13. Stack the following layers found in ocean 
ƭƛǘƘƻǎǇƘŜǊŜ ǾŜǊǘƛŎŀƭƭȅ ŀǎ ǘƘŜȅΩŘ ōŜ ŦƻǳƴŘ ƛƴ 
a hole drilled through the ocean crust and 
describe how each is formed:  

 
 

BASALTIC DIKES | DEPLETED MANTLE (PERIDOTITE) | GABBRO | PILLOW BASALT | SEDIMENT 

14. Draw arrows in map-view boxes below to indicate directions of plate motion at these plate boundaries: (| is boundary) 

Divergent Transform Convergent (ocean-ocean) Convergent (ocean-cont) Convergent (cont-cont) 

|  |  |  |  |  
 

15. Which of the following plate boundaries produces earthquakes? CIRCLE ALL THAT APPLY:  
Convergent (Ocean-Ocean) | Convergent (Cont-Ocean) | Convergent (Cont-Cont) | Divergent | Transform 

16. Which of the following plate boundaries produces volcanism? CIRCLE ALL THAT APPLY:  
Convergent (Ocean-Ocean) | Convergent (Cont-Ocean) | Convergent (Cont-Cont) | Divergent | Transform 
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17. Which of the following plate boundaries produces a fracture zones?  
Convergent (Ocean-Ocean) | Convergent (Cont-Ocean) | Convergent (Cont-Cont) | Divergent | Transform 

18. Which of the following plate boundaries produces a mid-ocean ridge?  
Convergent (Ocean-Ocean) | Convergent (Cont-Ocean) | Convergent (Cont-Cont) | Divergent | Transform 

19. Which of the following plate boundaries produces mountains (of any size)?  
Convergent (Ocean-Ocean) | Convergent (Cont-Ocean) | Convergent (Cont-Cont) | Divergent | Transform 

20. Where does all new ocean crust form?  
CIRCLE: trenches | passive continental margins | abyssal plains |mid-ocean ridges | varies (no one place) 

21. ²Ƙŀǘ ƛǎ ǘƘŜ ŀƎŜ ƻŦ ǘƘŜ ƻƭŘŜǎǘ ƻŎŜŀƴ ŎǊǳǎǘ ŎǳǊǊŜƴǘƭȅ ŦƻǳƴŘ ƛƴ ǘƘŜ ǿƻǊƭŘΩǎ ƻŎŜŀƴǎΚ 
Where in general in ǘƘŜ ǿƻǊƭŘΩǎ ƻŎŜŀƴǎ ŀǊŜ ǘƘŜ ƻƭŘŜǎǘ ǊƻŎƪǎΚ  
CIRCLE: trenches | passive continental margins | abyssal plains |mid-ocean ridges | varies (no one place) 

22. What kind of plate boundary do we live  
on or near in San Francisco? 

23. Which of the following is true of hotspots? CIRCLE:   Can originate from as deep as core-mantle boundary |  
produce flood basalts and mass extinctions when first break through crust | can last over 200 million years |  
move with the plate | found in Iceland |found in Yellowstone | found in Hawaii 

24. If a 5-my-old island that formed at a hotspot is now 500 km northwest of the hotspot, how fast has the plate been 
moving since its formation? And what direction has the plate been moving?  
(Note: calculate as km/my then convert to cm/yr by dividing by 10.) 

 
 
 
 
 

25. Which of the following is true of 9ŀǊǘƘΩǎ aŀƎƴŜǘƛŎ CƛŜƭŘ? CIRCLE ALL THAT APPLY: Poles reverse |  
Poles wander | Strength changes with time | Has four poles | Attracts magnets | Direction fluctuates based on latitude 

26. If a 10-my-old pillow basalt is 1200 km west of the nearest seafloor spreading center, how fast has its plate been 
moving since its formation? And what direction has the plate been moving? 
(Note: calculate as km/my then convert to cm/yr by dividing by 10.) 

 
 
 
 
 

27. Which of the following is TRUE of paleomagnetism? CIRCLE: ancient record of magnetic pole locations| 
requires magnetic material to align and freeze in place in a rock | can form from magnetite crystals forming from lava | 
can form with magnetite grains settling on a beach and being buried | can be used to determine latitude of original rock | 
can be used to see the symmetry of seafloor spreading | can be studied only in rocks found on the seafloor |  
can be studied only in rocks found on land | can be studied in ALL rocks found anywhere 

28. Review the figure that shows the age of the ocean crust beneath ocean sediments: Which of the following was 
required to create this map? CIRCLE:   Magnetic signature of rocks on seafloor |  

Timeline of when 9ŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ field has switched polarities historically (gathered by land-based volcanic rock layers)| 
Sampling of individual rocks collected from the seafloor | Dating seafloor rock samples in a laboratory |  
Ships travelling back and forth across the sea surface dragging a magnetometer | Satellites 

29. Which types of chemical, physical, and biological processes occur at or under hydrothermal vents? CIRCLE: 
CHEMOSYNTHESIS | PHOTOSYNTHESIS | DISSOLUTION | PRECIPITATION | 

 CHALLENGING ECOSYSTEMS | ALTERED OCEAN CRUST | PILLOW BASALTS | EARTHQUAKES |  
HOT AND COLD WATERS MIXING | SUBDUCTION | SPREADING | TRANSFORM MOTION 

30. How hot is the water coming out of a  
hydrothermal vent? 

31. Where do the water and associated dissolved ions in a hydrothermal vent come from? 
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ISOCHRON Map (lines of a particular color represent equal lithosphere age ranges) For example. All areas in yellow are lithosphere from 40 to 50 million years old. NOAA 
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[ƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇǊƛƳŀǊȅ ŀŎǘƛǾŜ ǾƻƭŎŀƴƛŎ ŎŜƴǘŜǊǎΦ LƳŀƎŜ ŦǊƻƳ {ƳƛǘƘǎƻƴƛŀƴ Lƴǎǘƛǘǳǘƛƻƴ Dƭƻōŀƭ ±ƻƭŎŀƴƛǎƳ tǊƻƧŜŎǘ 

 

 
Earthquakes around the world color coded by depth (Image produced by NORSAR using USGS data. 

  


































































































































































































































































































































































