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Cal Echoes Lesson Plan
	2010



“A Week of Science at Sea Aboard the Research Vessel Melville.”

Day 2: Sampling the seafloor: Reading the messages in mud
Grade Level: 5- 8 
Authors: Benjamin P Neal, PhD Candidate, Scripps Institution of Oceanography, NSF GK-12 Fellow, and Jerry Ruiz, Dana Middle School, Point Loma, California. 

Lesson Summary: This lesson introduces students to some of the components of sediments and soil, to basic sediment analysis methods and how to extract some of the constituents, and to the recording and comparing of field data. 
This is the second lesson in a series of five lessons with accompanying videos, collectively entitled “A Week at Sea Aboard the Research Vessel Melville.” The video for today is called “Sampling the Seafloor” and can be found on YouTube at this link http://calechoes.wordpress.com/video/. This video is most appropriate, but not required, if watched before beginning the exercise, as it introduces the methods of collecting sediment samples, such as those used in the exercise described below. Following the video, solicit student questions, and then begin the exercise below. 

Additional supporting information from the original cruise in September 2010, such as the blog entries and student inquiries, can be found on the CalEchoes cruise website http://calechoes.ucsd.edu/.  For additional general information on the research and educational activities of the Scripps Institution of Oceanography, which sponsored this cruise, please see http://scripps.ucsd.edu/.  Much more complete supporting information specific to this lesson (on treating marine sediment samples and isolating and identifying foraminifera) can be found on the excellent website http://www.ucmp.berkeley.edu/fosrec/ . 

Lesson Duration: One hour. 

Learning Objectives:

· Students will understand that earth sediments are composed of different materials and can include biogenic substances (those coming from plants and animals, such as shells).
· Students will understand how this composition of sediments differs for oceanic and terrestrial environments. 
· Students will be able to measure and quantify some of these components of sediments. 
 Key vocabulary:  Deposition (the gravity-driven settlement of particles suspended in wind or water), 

terrigenous, (from the earth), biogenous (from living forms), foraminifera (a group of aquatic animals that leave small fossil shells), sand/silt/clay and loam (soil types), paleoecology (the reconstruction of animal and plant life on the planet in the past), and paleoclimatology (the reconstruction of weather and environmental conditions on the planet in the past).
Content Standards:
California State Science Content Standards: 

6th Grade: Focus on Earth Sciences: Section 2 - Shaping Earth’s Surface
· Students know rivers and streams are dynamic systems that erode, transport sediment, change course, and flood their banks in natural and recurring patterns.

· Students know beaches are dynamic systems in which the sand is supplied by rivers and moved along the coast by the action of waves.
National Science Education Standards
GRADE 5-8: CONTENT STANDARD B - PHYSICAL SCIENCES 

Properties and changes of properties of changes in matter:  Substances have characteristic proper-

ties, such as density, boiling point, and solubility, all of which are independent of the amount of the sample. A mixture of substances often can be separated into the original substances using one or more of these characteristic properties. 

Ocean Literacy Principles
Principle 1G: The ocean is connected to major lakes, watersheds and waterways because all major watersheds on Earth drain to the ocean. Rivers and streams transport nutrients, salts, sediments and pollutants from watersheds to estuaries and to the ocean.
Principle 2C: Erosion—the wearing away of rock, soil and other biotic and abiotic earth materials—occurs in coastal areas as wind, waves, and currents in rivers and the ocean move sediments.
[image: image1.png]Principle 2D: Sand consists of tiny bits of animals, plants, rocks and minerals. Most beach sand is eroded from land sources and carried to the coast by rivers, but sand is also eroded from coastal sources by surf. 

Teacher Instructions:
Background: 
Just as fields, beaches, and alpine mountains display a variety of soil types, the ocean floor is also be made up of a varying mix of sand, rock, remains of living organisms, and other material. These materials, when they are settled out from the water column above, are collectively called marine sediments. These marine sediments are the subject of much scientific inquiry, and are used to derive information about historical weather and climate, the life histories of organisms on short (seasonally, yearly, or over decades) or long (hundreds of years to millennia) time scales, and the formation histories of those basins themselves.  Shown at right is an example of a sediment core from the cruise, which covered the time of the exploration of America. This photo, and other cruise photos for classroom use, are available at https://picasaweb.google.com/CALEchoes  .  
We present below two possible lessons related to sediments, the first exploring the animal remains (shells) present in deep ocean sediments and the second sorting a variety of sediments by particle size. Both exercises share the theme of exploring what aquatic sediments can tell us about the prevalent conditions during their formation and what that can tell us about the environment and that time and place.  These two exercises are similar in subject, but differ in the sediment material used, and in the method of sorting. The first is for teachers who have access to actual sediment samples from the Cal Echoes 2010 cruise or access to other foraminifera-rich ocean sediments from any other source. The second is for teachers who are using soil or sediment samples they have collected themselves, which they will be analyzing for particle size fractionation. There may be microfossils present in these sediments as well, but the primary goal is not isolation of biogenic elements, but rather determination of the particle mixture that comprises the entirety of these samples.  These two exercises are dealt with separately below. 
Exercise 1: Isolation of foraminifera microfossils from ocean sediments

Introduction: Much of the time on the CalEchoes cruise was spent in obtaining intact, deep-water sediment mud cores from the middle of the Santa Barbara Basin, located west of Los Angles and south of Santa Barbara, in the Channel Islands. In this Basin, very fine sediment is deposited in relatively even layers, and it remains in intact layers due to low levels of animal bioturbation on the bottom. This is due to the very low levels of oxygen in deep waters of the Basin, which prevent the usual oceanic fauna from living in these sediments and mixing it. Thus the depositional layers remain like the rings of a tree, and sampling the seafloor here can be compared to coring a tree. These layers can be counted and dated in a process called biostratigraphy, allowing scientists to select and compare the sediments from particular time periods of interest. 
Different layers of the sediment also often contain different assemblages of fossil microfauna, in particular the remains of large numbers of small, shelled animals called foraminifera. There are many species of these single-celled organisms throughout the world, variously living on the ocean floor (benthic) or suspended in the water column (planktonic), and with some having external shells while others have tests (a term for an internal shell, also usually made of calcium carbonate, like a clam shell). Foraminifera are abundant enough to be an important part of the marine food chain, and their predators include marine snails, sand dollars and small fish. Fully-grown individuals can range in size from about 100 micrometers to perhaps 20 centimeters in length, although all the types we collected during the Cal Echoes cruise samples were microscopic and planktonic. Planktonic foraminifera live in the open ocean waters of the Basin well above the sediments and the anoxic layer of water and the bottom of the basin. However, when they die, they are heavier than water, and the shells sink into this anoxic bottom layer, and are thus preserved.
The actual concentration of foraminiferal shells in any given sediment depends largely upon the rate at which nonbiogenic (inorganic, i.e. sand and silt) sediments have accumulated. For instance, near the mouth of a major river the supply of eroded nonbiogenic sediment is so great that one might need to look extensively to find a single foramaniferan shell. However, in deep-sea sediments like the ones from the Santa Barbara Basin, which are generally removed from the source of terrestrial inputs, the sediments can be nearly wholly comprised of foraminiferal shells. Generally speaking, foraminiferal tests are scarce in near-shore sands, but are often abundant in silts and fine sands from deep offshore waters. They are thus common and are exceptionally well-preserved in the sediments of the Santa Barbara Basin, and the abundance of these animals has been used to derive a climate record of the past (a process known as paleoecology), in this case resulting in a record of ocean temperatures for the last century, which has been a period of significant human-caused environmental alteration. 
Sediment cores collected from this area of Southern California have revealed that the species makeup of foraminifera populations has changed significantly in response to a general warming trend that started in the early 1900s. As ocean temperatures increased, subtropical and tropical species of foraminifera became more abundant, and species that live in cooler waters have decreased, especially after the mid-1970s. It has also been shown that these changes are unlike anything seen during the previous 1,400 years, and thus it is believed that this is supporting evidence for global climate change stemming from human-caused factors, in particular the release of greenhouse gasses.  Foraminifera have also been used to map past distributions of tropical seas, locate ancient shorelines, and track global ocean temperature changes during the ice ages.
Extracting and viewing these microfossils can be a fun and exciting experience for both instructors and students, as many are generally unaware of marine microfossils at all, or the work of micropalaeontologists. These “messages from the mud” can open up a whole new world of inquiry, which can be adjusted to the appropriate grade and interest level. This exercise show students some basic ways to find the microfossils left by formainifera, some techniques to carefully extract them from sediment samples, and provides a hands-on introduction in how to translate these messages into important environmental data that informs up about changes in the world around us.
Materials:
· SEDIMENTS:  Sediments from the 2010 Cal Echoes cruise can be obtained in limited quantities and for a limited time from the Scripps Institution of Oceanography (please contact the author, Benjamin P. Neal, bpneal@ucsd.edu). These are very interesting mud samples, as they contain large numbers of oceanic foraminifera, but of course these deep-sea samples will not be available for an extended period of time or in large quantities. If other, local foraminifera-bearing sediments can be obtained from other sources, including other ocean research cruises, then these can be used for this exercise.  It is recognized by the authors that access to deep-ocean sediments is impractical, and so this exercise is presented primarily to illustrate the process of sediment analysis, and the second exercise in this series may prove to be more applicable to most classrooms.  However, some alternative ways to find foraminifera are also detailed below.
· SIEVE: Bronze or stainless steel No. 230 U. S. Standard Sieve (mesh opening size 63 microns), and No. 18 U.S. Standard Sieve (mesh opening size1-mm; for pre-sorting samples if badly contaminated with other debris). 
· MICROSCOPE OR HAND LENS. 
· MOUNTING SLIDES, FINE PAINTBRUSHES, AND SLIDE ADHESIVE. 
Procedure: 
Preparation of samples: 
The samples collected during the Cal Echoes cruise were preserved in damp form, frozen and returned to shore as whole as possible. Small samples of this can be obtained from the authors if you live close to the Scripps Institution of Oceanography (contact bpneal@ucsd.edu). However, if this is not possible, but if your school is near the ocean then you may be able to collect foraminifera shells from the surface of mud or sandflats exposed in estuaries or lagoons at low tide. Sandy beaches are not very good spots, as the sediment is generally large in size, and commonly anything smaller and lighter like forminiferal shells has been removed by wave action. You can, however, often find some shells of dead foraminiferans on beaches by looking for them concentrated in the troughs between ripple crests. One alternative exercise could be to collect samples from these environments and have students follow the procedures below to isolate any foraminifera present, following which you could even hypothesize about the environment they came from based on what species/shapes are present. This is more advanced than what is intended in this lesson, but would be a good addition. If you live inland, but in an area comprised of marine sediments, then you could possibly collect samples of sediment or rock containing foraminifera. This requires considerably more breaking and processing of the sediments. Please see this site for more information on how to extract foraminiferal shells from harder sediments http://www.ucmp.berkeley.edu/fosrec/Snyder&Huber.html . 
The overall goal is to isolate clean foraminiferal shells from the sediment. The first step is to dissolve the sediments as much as possible. With the soft, fine grained sediments collected on this cruise, soaking in fresh water is the first step. Distilled water is best., but tap water is fine Place a sediment sample with a volume of water roughly equal to double the volume of sample, and leave for a few hours. If more disagreggation is needed, try using a very small amount of diluted soft soap (such as Calgon) in the solution. This can be done in a large beaker or any other clean glass container that is available. Agitate the water gently, and be aware that the shells may bind to the soap and float, so do not pour off the top layer. 
Once the muds have been dispersed, the entire liquid sample should be gently washed through the No. 230 sieve. Slowly, and without rubbing, swirl the water/sediment mixture on the sieve, and wash it gently with a stream of water from a clean laboratory squeeze bottle. The sediments will pass through the sieve. These can be discarded, and the foraminifera will be retained on the sieve. The material that remains on the sieve will also include any sand-sized particles, including other organic debris, and remaining consolidated sediments (rocks). Rinse all this material well, and then place it carefully on filter paper, either in a funnel or a flat draining filter surface, and allow the sample to drain and air dry. Be sure to secure the sample away from any breezes or disruption, as the tests are very light when dry and can just blow off the paper. When dry, the grains should separate into single grains, and not adhere to one another. If they are sticking, some mud still remains and the soaking/sieving procedure should be repeated. When satisfactorily clean, the dried sample should be stored in a properly labeled vial until ready for microscopic examination.
Examination: 
Processed samples, if fully dried, can be stored indefinitely until examination. The sample is then sprinkled sparsely across a picking tray or slide or small glass dish and examined under a binocular microscope. Brass picking trays with a grid of rectanglar subdivisions, all of equal size, are typically used by professionals, but any slide can be effective. Any shallow plastic tray measuring a few inches per side will suffice. The surface of these picking trays are dull black (to minimize reflection) and the grid lines usually white; clear dishes will benefit from a piece of black construction paper or cardboard to fit in the bottom of the tray. This will provide a background that will not strain your eyes, and it provides a nice contrast to the foraminifera, which are typically white.

Any binocular microscope with the power to magnify 30 to 40 times will be adequate for the study of foraminifera. Scopes with better optics and magnifications up to 100 times are helpful, and overhead projection can bring this experience to the entire classroom.
Individual foraminiferal shells encountered while examining samples can be picked and mounted for permanent reference. A recessed slide with a black background is ideal, and can be coated with a water- soluble glue for attaching individual shells.  Any specimens desired from the picking tray can be lifted using the wetted tip of an artist's brush. Simply dip the tip of the brush in water, touch it to the specimen you desire to pick, and transfer the specimen to the glued slide. Using slides, you can build a reference collection of foraminifera to share with students.

Discussion: 

For primary school students, just isolating and viewing foraminiferal shells in sediments will be a significant exercise within the time allowed. If further time is available, drawing individual shells, comparison of these shells to a formainiferal guide, identifying pelagic (from the open ocean) vs. benthic (from the ocean bottom) species, and separating the shells into classes and recording abundance data can all be done with the same sample. For more information please see: http://www.ucmp.berkeley.edu/fosrec/Snyder&Huber.html
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Section 2: Size particle sorting for aquatic sediments. 

Materials:
· [image: image5.jpg]


SEDIMENTS:  Sediment samples for this exercise can be obtained from a number of sources, including beaches, streams, still water lakes and ponds, or even drainage ditches. Exploring the differences in composition of sediments from these varying sources is the primary object of the exercise, so use your imagination, and get your feet wet! In general, obtain enough sediment to fill ¼ to ½ of the volume of the settling vessels.  “Standards” of known mixes of sand/silt/clay can also be used to demonstrate settling rates and sediment classes. Common concrete sand, powdered craft clay, or pre-sieved sediments (from a stack of sieves) are all examples that can be used to demonstrate settlement of the three main classes of particles. 

· SEDIMENT SORTING VESSELS:  The best vessels will be entirely clear, sturdy, with parallel sides (not tapered), graduated, and will have a flat bottom without a central cone or other shaping that would distort the settling of even layers. One perfect solution would be a large glass graduated cylinder, but these are not only expensive but also a breakage risk. Good substitutes include tall, even-sided lemonade glasses with a graduated centimeter measure taped to the side, or common  screw-top lab jars with flat bottoms, or Voss brand bottled water containers, which are flat bottomed and have parallel sides. 

· STANDARD STAILLESS OR BRONZE SOIL SORTING SIEVES (shown at right). 

· MICROSCOPE OR HAND LENS (OPTIONAL): To be used for examining sizes and shapes of particles.
· MICROSCOPE MICROMETER (OPTIONAL).

· DATA SHEETS. Follow at bottom of lesson. 
Introduction: 

The grains and particles that make up any soil or sediment, including the seafloor sediments that we focus on in this lesson, can be classified by their size and often by their point of origin. In terms of origin, sediments can come from land (terrigenous), from living organisms (biogenous), from chemical reactions in the water column (hydrogenous), and sometimes even from outer space (cosmogenous).

Terrigenous sediments dominate the edges of the ocean basins, close to land where they originated, primarily from water-drives erosion.  These are the result of the weathering of rock, which is itself from many different sources. Hence the particles can be divided into source types as well as sizes, although we will only focus on size differences in this exercise. These size divisions can be simplified into three classes – sand, silt, and clay (in decreasing order of size). The exact definition of these terms varies slightly, but silt is always larger than clay but smaller than sand. Specifically, silt particles are ground rock pieces defined as ranging between 1⁄256 mm and 1⁄16 mm (3.9 to 62.5 μm). In actuality, silt is actually also chemically distinct from clay, as unlike clay, grains of silt are approximately the same size in all dimensions. Clays are different in that they are formed from thin plate-shaped particles held together by electrostatic forces, and thus have a cohesion that is a key structural component of earthenware pottery.  The sand-silt distinction (under the standard United Soil Classification System) is made at the 0.075 mm particle size (i.e. material passing through a standard #200 sieve).  Larger sand particles dominate on high-energy beaches, as the lighter particles are carried away.  
As you move deeper into the ocean basins, biogenous sediments begin to dominate, usually consisting of the remains or waste products of organisms, including those of microscopic phytoplankton and zooplankton. These can be fecal pellets, shells from foraminifera (described in Exercise 1 above), silica-based tests from diatoms (which makeup the sediments known as diatomaceous earth), or calcium carbonate-based deposits of coccolithophores, which make up the famous white chalk cliffs of Dover, in England.  Other biogenous particles in sediment or soil samples include organic material, such as tree leaves or other plant matter, which will generally float in the separation method given below. 
Understanding the makeup of any given sediment or soil sample is key to understanding the origin of that sediment, and can reveal how the forces affecting that formation have changed over time (the basis for paleoecology and paleoclimatology). It is also relevant for other sciences, including engineering (soils must be tested for stability for structures), and of course agriculture (drainage, fertility, and other characteristics depend on soil makeup). The exercise presented here is an introduction into soil analysis. 

Procedures: 

Today’s exercise is summarized in this paragraph, which can be put on the board or copied in notebooks: 
“Today’s topic – characterizing depositional sediments. The size of the grains in sediments or rock tell you about how those grains were created and deposited. Small grains, like clay and silt, can be picked up by running water and wind and deposited only when water or wind becomes still, like in a lake, bay, or an estuary. Larger grains are more difficult to transport and are left behind in rivers and on beaches when the silt and clay gets washed away.”

Sediment settlement jars, like we are using in this exercise, are models of this erosion and transport process, and are a simple way to separate sediment classes. Sediments are suspended in solution and as the water slows they are deposited in layers, just like they would be in sedimentary processes. Note that there is not a time component to this lesson like there is for Exercise 1 above, meaning that this exercise does not carry any implications for deriving paleoclimate. However, it is an instructional exercise about the processes that contribute to the sediment analysis described above, and can be thus related.  

Label the settlement containers with origin of the sediments, or with numbers if you are asking the students to use the information gathered to hypothesize about the place of origin of these sediments. Fill settlement containers abut 1/2 to 2/3 full of water, and then add the sediments that have been collected. Bottles should then be sealed, and shaken well for at least 15 seconds.  Place them back on the tables and allow them to settle out., which can take many hours it is recommended that this exercise is extended over two days, and that this mixing is the last activity of the day, and the jars left to be examined tomorrow. If this is the case, the suspension of the sediments can be preceded with the video about sampling sediments at sea, and a preliminary hands-on exploration of the sediments, which could include screening out separate samples of the same sediments. If using appropriately sized sieves, and weighing all material captures at each level, this will generate a parallel dataset of the sediment types that can be compared to the results from the sediment jars. A simpler way of doing a preliminary exercise is to have all students rub the sediment grains between their fingers and then record their predictions about how they will settle. Both of these exercises will provide good hypothesis for comparing to the final results. 
The next day, without disturbing the jars, measure the layers that have formed. Note that organic material will float, and gravel and sand will be at the bottom, with silt and clay forming an often mixed layer above. The water may also retain the color of silt/clay, indicating that settlement has not been completed. 

By either method (soil sieves and weighing or settlement jars and liner measurement of layers), have students record the data. If both methods are done, the ratios of one category to another can be compared as a method analysis. 
Particle shape and size: These parameters can be examined on a microscope with a standard micrometer slide, or by just having students observe differences.  In terms of effect on settlement, not that sharp edged or flat particles will settle more slowly that round smooth particles, and this can be seen in the differential deposition when the velocity of the medium in which the sediments are traveling slows down (such as is the case when water enters an ocean from a river, or when you stop shaking the settlement jar). Point out to students that sedimentary rock is formed by this process, of as particles settling to the bottom of oceans and lakes. Over millions of years, layers of sediments are covered by other particles and the layers are pressed down by the weight of the sediments and water above, and gradually, the sediments are hardened into sedimentary rock. This is one of the most important geological processes on earth, as nearly 75 percent of the land area of the Earth is covered with sedimentary rock. 
Instructional Strategies/5 E model:

ENGAGE -- Engage the students by having accessible soil types out on the table, and by not being afraid to let students get dirty. It will be difficult to engage some students in dirt, but it will be best if the exercise is not a surprise, so that students can dress appropriately. This lesson will also make the most sense if it follows on or precedes a field exploration of erosion or sedimentary geology. The exercise can be fun, but establishing a connection to the materials, and reducing the reluctance to get dirty will greatly assist the success. 

EXPLORE -- Allow the students to really get dirty, and take steps to preserve the classroom. This will eliminate restrictions to the procedure, and make the mood more enjoyable. If you are able to isolate foraminifera shells, allow plenty of time for the microscopic examination – this can be difficult for many younger students, and they may just not attempt to view the shells in the scope if pressed. 

EXPLAIN--Have each student group report their sediment layer measurement data out loud, and compare the results to the other groups. This is an opportunity to discuss methodological issues, and how that can affect interpretation. Write out and display the differences from each group, and (if appropriate to the age group) discuss the basic statistics of interpreting data (i.e. median, mean, standard error). 
ELABORATE – Dig deeper into the methodology and assess the issues. Explain how measurements can vary, and allow the students to bring up improvements and alterations that improve the exercise.  If microscopic equipment is available, drawing the particles or shells can be a valuable additional exercise. 
EVALUATION—There is not a correct answer in this exercise, which is primarily about noting physical differences in particle types. Thus the main evaluation can only be through comparison between groups. 

Supplementary materials: 

If you are in the San Diego area, and want to obtain foraminifera-bearing sediment, please contact the author, Benjamin P Neal, at bpneal@ucsd.edu.  These sediments will not be available for an extended period of time, but will be available through the 2011/2012 school year.

Data sheet with example entries (in red) follows. 

Sediment sorting exercise data sheet: 
	NAME/

TEAM
	SAMPLE #
	ORIGIN
	SIEVE # USED
	SOIL TYPE (BY SIEVE SIZE) 
	WEIGHT RETAINED
	% OF TOTAL SAMPLE 

	EXAMPLE 1
	A1
	OCEAN – SANTA ANA CHANNEL 
	O.75 mm 

#200
	SAND
	8.56 g
	85.6

	EXAMPLE 1
	A1
	OCEAN – SANTA ANA CHANNEL
	3.9 um

(ON 1 UM FILTER PAPER)
	SILT
	1.44 g
	14.4

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Foraminifera collected from  anoxic deep sea sediments. This is a Globigerina species. This was the most common taxa seen on the CalEchoes cruise in the Southern California Bight. These delicate shells are smaller than a grain of rice. 








Settlement vessel showing profiles of pond sediments. The organic materials at the top, and there are distinct layers of sand/gravel, and clay/silt. Differentiation of clay and silt categories  is not possible in this case. This settlement took 24 hours. 
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