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Stories in Sediment 

Grade Level: Elementary (Grades 1-5) 

Lesson Summary:  The Santa Barbara Basin is an anoxic basin in which biological material and minerals are deposited in distinct layers and 

preserved well over time. By taking sediment cores several meters deep, scientists can study the past biology, chemistry, and climate of the area. In 

this activity, students will explore how seafloor sedimentation occurs and how scientists use coring techniques to collect and study sediment. After a 

brief introduction to the Cal Echoes cruise, students will use their senses of smell, touch, hearing, and sight to explore the properties of deep sea mud 

including what it is made of, how it is collected, and what can be found in the mud (e.g. microfossils).  

Lesson Duration:  1-1.5  hours 

Learning Objectives: 

 Students will understand that “mud” is a type of sediment and differs from sand and gravel because of its fine grain size 

 Students will understand and be able to demonstrate that mud and other types of sediment can be made from living (once-living) sources 

such as animal shells as well as non-living sources such as rocks and minerals. 

 Students will be able to explain how sediment is deposited on the seafloor, what material is contained in the sediment, and how scientists 

collect sediment cores. 

 Students will understand that sediment is deposited on top of existing sediment, creating a series of layers that are younger at the top and 

get older with depth.  

 

Content Standards: 

 Ocean Literacy Principles 

  Essential Principle 1: The Earth has one big ocean with many features. 

  Essential Principle 2: The ocean and life in the ocean shape the features of earth. 

  Essential Principle 7: The ocean is largely unexplored. 

 

 National Science Education Standards 

  Earth and space science; Science and Technology 
 

 California Science Content Standards 

  Grades 1-5:  Earth Sciences; Investigation and Experimentation  

 

 

Author: Shelley Glenn Lee, Deputy Director of ScienceBridge at UC San Diego, sglenn@ucsd.edu 

Acknowledgements: Thank you to Highland Ranch Elementary students and teachers, especially Bonnie Sheldon’s First Grade Class, for their 

enthusiasm and involvement with the development of this lesson plan. Photos from Ms. Sheldon’s class can be found at calechoes.wordpress.com  

http://sciencebridge.ucsd.edu/
http://calechoes.wordpress.com/


Cal Echoes Lesson Plan 
2010 

 

2 Stories in Sediment 

 

TEACHER Instructions 

Background/Cal Echoes Connection 

Geologists, such as Dr. Richard Norris, from the Cal Echoes cruise were interested in recovering sediment from the Santa Barbara Basin in an 

attempt to collaborate with biologists and other geologists to better understand the unique ecosystem of the basin and the California Current. 

Because the basin is anoxic, the layers of sediment that are deposited on the seafloor are well preserved over time. These layers hold clues to 

the past and can tell the story of the biology, geology, chemistry, and climate of Santa Barbara dating back thousands of years.  

Coring Techniques 

A Box Core was used to sample the top layer of sediment, including the seafloor surface and its inhabitants. Box cores were taken from the 

anoxic zone as well as more oxygenated areas. In the anoxic zone, Mindi Summers and Greg Rouse were interested in the “bacterial mat”—an 

assemblage of organisms including filamentous bacteria that sustains itself through chemosynthesis. Organisms were collected and identified 

from the oxygenated area as well, to be used as a comparison. See photos of the sampling events and organisms found during the cruise in 

“photo albums” at http://calechoes.wordpress.com  or follow the embedded links. 

A Kasten Core was deployed to collect sediment as old as 300 AD. The Kasten Core took samples that are to be used by Bill Jones and Ben Fissler 

to study the past populations of sardines, anchovies and other commercially important fisheries. Microfossils, including forams, fish teeth, fish 

scales, and fish otoliths can be sifted and separated from the sediment to be examined by students and/or scientists (see Appendix A for sifting 

protocol).  Another UCSD researcher, Bob Naviaux, is interested in extracting and sequencing ancient DNA from the samples collected on the Cal 

Echoes cruise. A Piston Core was able to collect sediment that was 12,000 years old to be used in this ancient DNA study.  

This lesson incorporates several activities that demonstrate and engage students in concepts such as where ocean sediment comes from and 

what it’s made of, how it’s classified, how it is collected, and who studies it and why. 

Materials:  

 Copies of workbook (one per student, one example for each station 

 Pencils  (#2, one per student; Colored: enough for five or six students to use at coring station) 

 Deep sea mud collected from Cal Echoes cruise 

 Containers for small amounts of mud samples to be observed by small groups of students  

 Play-doh (at least 4 or 5 different colors), one set of colors for each class or lab group prepared in the Play-Doh containers, and 2 colors 

for teacher demo 

 Scotch-tape 

 Straws (clear), cut in half, one per student and one for teacher demo 

  Pictures of cores from Santa Barbara Basin (find in Cal Echoes Picasa web album, link available on calechoes.wordpress.com) 

 Small, clear containers with samples of gravel, sand, and mud 

 White vinegar in squirt bottle 

 Samples of sand—one made mostly of rocks/minerals, one made from broken shells 

 Small containers to test sand and vinegar 

 Wash tub with water to clean vinegar dishes between groups 

 Microscopes (one for every two students in group, ~3 ) 

 Slides or index cards for foram samples 

 Magnifying glasses (~3) 

 Foram samples 

 Plastic container with lid, filled with 15 Jolly Rancher candies 

 

http://picasaweb.google.com/118217559385835104179/BoxCore
http://picasaweb.google.com/118217559385835104179/BacterialMatAndAnimals
http://calechoes.wordpress.com/
http://picasaweb.google.com/118217559385835104179/KastenCore
http://picasaweb.google.com/118217559385835104179/JumboPistonCore
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Preparation: Set up four to five stations, each with a different activity. Prepare mud samples (one per group). Distribute workbooks evenly at 

each station (students will get their workbook at their first station and rotate with it).  Setup powerpoint to present photos from cruise. Prepare a 

clear container with water at front of room. Have brown and white play-doh, a straw, and green sprinkles (representing plankton) for 

demonstration.  Prepare group leaders with questions for mud exploration  

Instructional Strategies/5 E model: 

ENGAGE: Show students a bag of mud from the Cal Echoes cruise and explain that mud can tell a story. Show several pictures of cal-echoes 

cruise—explain the goal of the cruise, define “sediment” and “geologist”, show examples of box core (show organisms from surface, shells 

from deeper) and kasten core (show layers).   What is the material that makes up sediment? Where does it come from?  Let’s explore…  

EXPLORE: Break students into small groups. Provide a small amount of deep sea mud. Students should use their eyes, fingers, and nose to 

examine the mud. What do they notice about the smell (from gases in the mud), color (from minerals), texture (very fine). Where do they think it 

came from? What is it made of? Where else can we find mud? (see more questions in Appendix B)    

EXPLAIN: Have students share out their observations and discuss. Demonstrate the process of layering using play-doh. Ask for examples of 

sources of sediment (rivers, dead organisms, etc.). Demonstrate, using  a straw, how the coring process works. Describe which layer is “older” 

and which is “newer”. Show picture of layers from Cal Echoes Kasten Core. Introduce work stations and goals of each.  

ELABORATE: Break students into groups and have them rotate through work stations:  

Coring with Play-Doh: Students will look at photos of Cal Echoes Kasten Core and discuss what the layers are made of, where they came from, 

and how they were collected. Each student is given a straw to core their own play-doh sample.  Using their colored pencils, students will color the 

layers in the proper sequence in their workbooks. Students may tape their straw core sample into their workbooks.  

Microscopes and Microfossils: Using microscopes and magnifiying glasses, students observe microfossils such as forams and fish teeth that 

have been sifted out of the deep sea mud samples. Students will draw what they observe in their workbooks.  

Classifying Sediments:  Students will sort sediment samples by grain size (small to big) and determine which is classified as “mud,” which is 

“sand,” and which is “gravel.” Students will draw the relative sizes of grain sizes in their workbooks.  

Sources of Sediment: Students are presented with two samples of sand—one from non-living sources such as rocks, and another made from 

broken shells or coral skeletons (calcium carbonate). They will predict which sample came from living (once-living) sources. After their prediction, 

students will test their guess by adding white vinegar to each sample. Using their senses of sight and hearing, students will see bubbles and hear 

fizzing sounds from the sand composed of broken shells.  

EVALUATE: Bring students together and review each station. Solicit ideas about what mud is made of, what and how scientists study mud, and 

review what makes the mud from Santa Barbara Basin special. Optional: When reviewing “Classifying Sediments”, have students do the 

following: Using different colored Jolly Ranchers in a plastic container with lid, have students shake the box as if they are waves and the candy 

are rocks. After several students have shaken the container, begin to make observations about the size of candy pieces. Students will see that 

the “rocks” break down into “gravel”, then “sand” and finally mud-sized particles.  

 

Cal Echoes Website:  http://calechoes.ucsd.edu 

 

  

http://calechoes.ucsd.edu/
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Appendix A.  Sifting Protocol for Collecting Microfossils from Marine Mud, by Dr. Dick Norris, SIO, UC San Diego 

 

The idea: 

Marine mud consists of  clay and silt derived from land, siliceous microfossils like diatoms, calcareous microfossils like foraminifera and pteropods, and 

fish remains—mostly bones, teeth and scales.   Most of  the fossils are larger than clay, so we can separate the two by washing a mud sample through 

a fine mesh screen. In the following example you can increase the volume of  sediment, water and bleach used; for example you could soak an entire 

gallon Ziploc full of  mud in a bucket and then hand out blobs of  mud to the students for them to complete the washing process 

 

Materials 
1. Marine mud 

2. Household bleach 

3. Tap water 

4. Pantyhose or some other very fine mesh 

5. 4 inch (or larger) PVC pipe chopped into a piece ~2 inches long (Drain pipe works well for this) 

6. Hose clamp to fit the outside of the pipe 

7. As an alternative to #4-6, you could try re-usable coffee filters. 

8. Enthusiasm 

 

What to do: 
9. ~250 ml volume of mud either dry or wet: The volume used depends upon the % of mud versus clay and the number of fossils you want.  Santa 

Barbara basin sediment is about 5-10% microfossils; however many of these fossils are very small (~63-150 microns) with a much smaller percentage larger 

than 150 microns. The largest fossils are about 1 mm, so if you use a coarser mesh screen you will not get any fossils after washing. If you use dry sediment, 

soak it in tap water for ~10 minutes or until the sample is completely liquid without any hard, dry bits. You can use your fingers to break a dry sample into 

grape-sized chunks before adding the water to make the process of liquefying the sample a little faster. You can also gently mash up the sediment into a liquid 

with the tips of your fingers when the sediment is in the beaker with the water. As long as you do not apply a lot of pressure to the sediment, you will do 

minimal damage to the fossils. 

10. Add about 250 ml of water to liquefy the mud and breakup any clumps. 

11. Add about 25 ml of pure household bleach to the mud-water mixture. The sediment will change from greenish-gray or black to milk chocolate 

brown as the bleach reacts with the organic carbon in the sediment.  The bleach is needed to break down the slim coating around the tiny oval fecal pellets 

created by worms in the sediment.   Add more bleach as needed until the entire sample is milk chocolate brown. The sample will bubble and foam a little.  

When the sample has all changed color (about 3-5 minutes), you are ready for the next step.   Be careful with the bleach and with the mud-water-bleach 

mixture since it will eat holes in clothes, stain clothing, and make your skin slimy if you are in contact with it. Above all, keep it out of your eyes. 

12. Make your sieves by stretching a section of the pantyhose (without flaws) over one end of the section of pipe. You want the pantyhose 

to be fairly taught.  Secure the pantyhose to the pipe with a hose clamp and tighten the clamp securely around the pipe with a screwdriver.   

13. Pour perhaps 50 ml of water-bleach-mud solution into the open end of the sieve over a sink or a bucket. If you are at a sink, you and 

wash under a steady stream of water from the faucet.  However, if you are going to wash a lot of mud, you can plug up the sink drain so either wash into a 

bucket in the sink, or wash outside using a hose.  The water stream from the sink or hose should be on a moderate flow. If there is too much water (or it 

comes out too fast) you will quickly fill up the sieve and lose a lot of your fossils when the sieve overflows. If you have too little water, it will take a long time 

to wash away the mud. 

14. Do not be afraid to put a finger or two into the sieve and gently break up the bigger blobs of mud by pushing them through the panty 

hose. A light touch is needed here to avoid tearing the pantyhose or stretching it a lot. You will feel grit under the tip of your finger—the grit consists of the 

microfossils you are trying to save.  So don’t push too hard or you will damage them. 

15. When the mud is all gone there may still be a few black or green bits of wood or fish bones, but the majority of the sample is likely to consist of white 

foraminifera. The fish teeth, scales and bones will look light brown or yellowish and may look like little light yellow flakes. 

16. Place the sieve and washed fossils in the sun or a low temperature oven (no more than ~50°C) to dry.  You can dry off the bottom of the 

screen with paper towels to soak up some of the water and speed up the process. 

17. When the sample is dry (there are no water droplets on the sieve), use a fine brush (like a brush for water colors), to brush the washed material out of 

the screen into a petri dish or other small container for observation to look at with a Stereo microscope. 
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Appendix B.  Questions for Mud Exploration 

Hint: With younger students, make copies of these questions for the adult facilitators. For older students, designate a student leader within each 

group to ask questions during the exploration.  

 

  



Cal Echoes Lesson Plan 
2010 

 

6 Stories in Sediment 

 

Appendix C. Station Signs/Labels 

 For “Classifying Sediments” print labels for “Sand” “Gravel” and “Mud”, as well as “Small” “Medium” “Large” 

 For “Sources of Sediments” print labels for “Sample A” and “Sample B” 

For “Coring with Play-Doh” print photos of the labeled Kaston Core, available at: 

http://picasaweb.google.com/118217559385835104179/KastenCore# 

For “Microscopes and Microfossils” print several photos of organisms that were found living on/in the mud in the Santa Barbara Basin and 

that were found during the Cal Echoes cruise (several types of worms, filamentous bacteria, forams, etc.) 

 

Appendix D.  Student Workbook 

Download the Student Workbook PDF from the Lesson Plans page of the Cal Echoes Blog (calechoes.wordpress.com) 

Hint: Choose “ Booklet Printing” for correct formatting to produce a 5.5” x 8” student workbook. See attached pages in their full 8.5 x 11 format.  

  

http://picasaweb.google.com/118217559385835104179/KastenCore
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