NSTA 2006: From Creeks to the Classroom
Overview

1. Ecology Box – Lesson #3 Soil Analysis (soil separation test)

2. Watersheds Box – Sediment Study Project (creek sediment and erosion patterns)

3. Geology Box – Lesson #3 Layers Upon Layers (forming sediment layers in a cup)

4. Geology Box – Caldecott Tunnel Field Trip (rock layers that tell a story)

Detailed background information, lesson plans, assessments and more can be found for each of the above activities at www.MyScienceBox.org. 

Ecology Box – Lesson #3 Soil Analysis

In this quick activity, we compare different types of soil and discover the major “ingredients” of soil. We will conduct a soil separation test to determine the relative proportion of clay, silt, sand, gravel and organic material. 

Materials:

· Ziplock bags filled with each of the major soil “ingredients”: clay, silt, sand, gravel, and organic material to show students

· clear 15 ml tubes with lids, glass or plastic

· plastic spoons 

· rulers

· several different types of soil (The more different the texture and composition of the soils, the better. For example, try soil from the school yard, store-bought potting soil, a clay soil, a sandy soil, rich garden soil, soil from an abandoned lot, etc.) 

· a small jar of alum (Note: alum is relatively non-toxic – it is used for pickling food – but students should be warned not to put it in their mouths and should wash their hands after handling it)

· water

Procedure:

1. Fill a tube with 4 cm of soil/sediment.

2. Add a pea-sized amount of alum.

3. Fill the remainder of your container almost to the top with water.

4. Cap the tube.

5. Hold the cap down and shake vigorously for 10 seconds.

6. Set the tube down for 10 minutes. The longer you wait, the more defined the layers become.
What’s going on:

The “ingredients” of each soil should separate into discernable layers. It draws on the principle of a density column where the largest, most dense particles (in this case sand or gravel) settle first. Smaller particles such as silt and clay settle on top. To help distinguish between different particles, sand has clearly defined grains, silt has barely visible grains, and clay should appear as a uniform layer without grains. Organic matter will generally float on top of the water layer.

You can quantify the relative amounts of each particle as a percentage of the total:

______________Height of a given layer______________

(Total height of the contents – Height of the water layer)

Watersheds Box – Sediment Study Project

In this culminating project, students go out into the field and test their theories about erosion and sedimentation at a local creek. How are sediments distributed along the creek? Does it vary by location (the source, mid-stream, and the mouth)? Does it vary by the velocity of the current? Different classes can collect information for the different study areas. At a study site, they will draw maps, measure the velocity of the current, and collect sediment samples from the creek bed. These samples are analyzed back in the classroom for the relative amounts of each sediment type. Finally, students stand back and examine their data to try to make sense of the sediments they find. 

Materials:

· map of a local creek, preferably a topographic map that also shows your school

· all materials for the soil separation test
· a method to measure the velocity of the water current (my students marked off a 4 meter length along the bank, tossed a leaf or twig into the current, measured how long it took for their object to travel 4 meters, then calculated the velocity in meters/second)
Procedure:

1. 
Choose several publicly accessible areas of the creek at different points along its length.

2. Take students to visit each study area. I took each of my 3 classes to a different place along the creek.

3. Have groups of students measure the velocity of the current and collect a sediment sample from their study site. I had my students measure any additional variables that might affect sediment deposition; thus, they drew a map of their study site showing any obstructions and recorded the width and depth of the channel.

4. Bring the sediment samples back to the classroom and conduct the soil separation test described previously.

5. Have each group summarize their own data.

6. As a class summarize the data for each part of the creek. 

7. Look for patterns that might explain differences in the sediments found at each site.

What’s going on:

In this project, students grapple with the notion that science is rarely as simple as the textbooks. Usually, in a river, stream or creek bed, a fast-flowing midstream section will have lots of gravel and larger rocks and the mouth will have lots of silt and clay as the current slows. Usually, the riverbed at source will have whatever type of soil the surrounding hillsides are made of. However, in real life, things are rarely so simple. There are culverts that direct creeks underground, man-made concrete channels, and dams. There are polluters, dogs and gardeners to contend with, all of whom affect the types of sediments one will find in any given spot in an urban creek. 

The beauty of this project is that the ability of fast-moving water to carry more sediment of larger sizes is so robust that irrespective of the other variations, if there is sediment at all to be observed, it will almost certainly follow this trend. Most importantly, students are able to look for patterns in real world data and consolidating everything they have learned about watersheds and erosion. Surprises come from changing students’ expectations of what a creek looks like at different places and from discovering the variability of data, even at a single study site.

Geology Box – Lesson #3 Layers Upon Layers (sediment layers in a cup)

The study of rock layers, or stratigraphy, is a natural way to introduce students to the fundamental principles of geology and to lead into the idea of geologic time. In this lesson, students are introduced to Nicolas Steno’s 3 major laws of stratigraphy: the law of original horizontality, the law of superposition, and the law of lateral continuity. Students also add their observations of sediment sorting from previous lessons to generate a fourth “law” concerning depositional environment – that tiny grains in mudstone were most likely deposited in very still water like a lake or delta while large gravel in conglomerate was most likely deposited in fast moving rivers and streams. While this activity has students depositing sediments in clear plastic cups, it is recommended that the teacher simultaneously conduct the activity using a squeeze box like the one described by Eric Muller (http://www.exo.net/~emuller/activities/). In this way, when the student activity concludes, the teacher can take the activity further to show how layers can become folded and faulted by Earth forces.

Materials:

· clear, plastic, 16 oz or 20 oz party cups

· at least 6 different, dry “sediments” of different grain sizes and colors: playground sand, beach sand, groundcover rocks, diatomaceous earth, aquarium gravel, powdered clay, garden soil, school-yard soil, etc. The activity transforms readily into an art project if you can find “pretty” sediments: colored aquarium gravels, colored sand, etc.

· plastic spoons

· water

· optional: Squeeze box

Procedure:

1. Fill your cup a little less than 1/2 full with water. 

2. Carefully, gently, and slowly sprinkle 2 spoonfuls of sediment over the surface of the water. 

3. Pick a new sediment and add a second layer of 2 spoonfuls on top of the first. 

4. Add a third layer. 

5. Place a pencil below the edge of your cup, being careful not to let the contents spill. Add a final layer to the tilted cup. 

What’s going on:

In this activity, students layer sediments on top of one another as they learn about the basic principles of stratigraphy as laid out by Nicolas Steno. The key to the activity is to allow time for each layer to settle completely before adding additional layers on top. Thus, in the classroom, I alternate between adding a layer and writing down each of Steno’s laws. Another key is to slowly sprinkle sediments evenly across the surface of the water. If you dump them too quickly, the lower layers will be disturbed.

1. The law of original horizontality states that when sediments are deposited, they settle in flat, horizontal layers. 

2. The law of superposition states that in an undisturbed series of rock layers, the youngest layers are on the top and the oldest layers are on the bottom. 

3. The law of lateral continuity, states that when a sediment layer is laid down, it will extend in all directions until it runs our of material or hits a wall. 

Geology Box – Caldecott Tunnel Field Trip

Roadcuts that expose sedimentary rock layers are very common and provide fantastic opportunities for students to apply their knowledge of the rock cycle and basic principles of stratigraphy. For our investigations, I brought my students to the Caldecott Tunnel. There they were able to investigate the local geology and piece together the geologic history of their own backyard. The east side of the tunnel has an easily accessed road cut that displays a gorgeous example of a contact between older sedimentary rock layers and a more recent volcanic layer. The whole thing has been folded and faulted by the actions of the Hayward Fault, and thus the layers are no longer horizontal but at a sharp diagonal. 

Materials:

· A rock cut showing clearly defined sedimentary rock layers (or photographs)

· Rulers

· Hand lenses

Procedure:

1. Go visit a rock cut. 

2. Study the rock layers there.

3. Piece together the geologic history of the region from the individual rock layers and their sequencing according to the principles of stratigraphy.

What’s going on:

The road cut on the east side of the Caldecott Tunnel provides a fantastic example of stratigraphy that students can use to assemble the geologic history of the East Bay Area using their own observations and basic knowledge of geology. The first thing you notice are clear rock layers at a steep diagonal. Clearly, something happened to turn the originally flat layers, according to the law of original horizontality, on their sides. The second thing you notice are two distinct rock types. As you look at the north face of the road cut, to the upper right are indistinct layers of dark brown rocks while to the lower left are much more clearly delineated grey-green rock layers of an entirely different origin. 

The dark brown rocks are a volcanic basalt, part of what geologists call the Moraga Volcanics. Their hardness and uniform, microscopic crystallization pattern give these rocks away as igneous rocks. The basalt layers are clear evidence that this area was once peppered with active volcanoes. On the other hand, the grey-green rocks are clearly not volcanic. They form easily identifiable layers, alternating between chunky conglomerates, crumbly mudstone, and rough sandstone, collectively known as the Orinda Formation. These are clearly sedimentary rocks, formed from sediments deposited and then compacted into rock. These are the remnants of an ancient river that once flowed through the area. 

Thus, the East Bay was at one time a great river valley with a river coursing through it. Then there was a burst of volcanic activity, flooding the river valley, not with water and transported sediments, but with magma. Sometime after the period of volcanoes, the Hayward fault came into existence, causing the Berkeley hills to be pushed upward and the rock layers here to become folded and tilted out of their original, flat orientation. The rock layers were pushed skyward by tectonic forces, lifting them into the cliffs that tower above the roadside today. 

A MyScienceBox Lesson Plan by Irene Salter (http://www.mysciencebox.org). This work is licensed under the Creative Commons Attribution-NonCommercial License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc/2.5/ or send a letter to Creative Commons, 559 Nathan Abbott Way, Stanford, California 94305, USA.


