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Learning Objectives

· Model chemical weathering

· Distinguish two weathering processes

· Associate soil with source weathering processes

Introduction

Any object which is exposed to weather - even rocks - changes after contact with rain, wind, and natural processes. When rock changes from its original composition through chemical, physical, and biological processes, it has been subjected to the weathering process. Unlike the physical and chemical alteration of rock through heat-inducing metamorphism, weathering disintegrates or alters rock in its original location. Often subtle, usually slow, weatherization sculpts rocks and builds new landforms while tearing down old ones. Weathering usually occurs at the Earth's surface where exposed rock meets the atmosphere. However, because water can penetrate the Earth's crust through cracks, fissures, and microscopic holes, weathering also can take place deep underground.
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Figure 1: Erosion, as seen here, is a form of weathering.
Chemical weathering affects almost all types of rocks, especially those with greater amounts of exposed surface area and rocks subjected to water. Rocks also usually disintegrate faster in warmer temperatures because heat triggers chemical reactions that break apart bonds holding rocks together. Basically, this is what chemical weathering does: it breaks the bonds holding the rocks together causing rocks to fall apart. Therefore, rocks in warm temperatures with a lot of rainfall weather more quickly than rock in cold polar regions.

In any type of chemical weathering, ions are removed or exchanged from minerals, resulting in either new minerals or destruction of minerals. Note the following examples of chemical weathering:

· Oxidation: Oxygen combines with rock minerals. Example: Iron, a common mineral in rocks, becomes red or rust colored when oxidized.

· Hydrolysis: Water combines with rock minerals. Example: A hydrogen or other ion found in water will exchange with another mineral ion. Silicate minerals in rocks, during the exchange, can turn into clay minerals.

· Dissolution: Water removes ions. Example: If a rock has the mineral halite, water will dissolve the halite.

· Carbonation: Carbon dioxide interacts with water and minerals and forms weak carbonic acid that dissolves rock, making pits and furrows or even sinkholes, caves, and caverns. Example: Rainwater with dissolved carbon dioxide from the atmosphere creates a weak carbonic acid, the most abundant natural acid on Earth, that wears on rock, particularly limestone. Fossil fuel burning fuels add nitrogen and sulfur into the atmosphere that strengthen the environmentally-damaging carbonic acids (acid rain).

Knowledge Check
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In any type of chemical weathering, what is removed or exchanged from minerals?
Physical Weathering

In physical (or mechanical) weathering, rock is broken into smaller pieces but doesn't change its chemical composition. For example, when rocks rub against each other traveling in a stream channel, the abrasion reduces the rock size. Exfoliation is another example of physical weathering causing minute cracking and peeling. Large sheets of loosened 
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Figure 2: Half-Dome in Yosemite National Park was formed from exfoliation.
shale or slate, for instance, can separate from a rock surface. This sheeting typically occurs with exposed igneous rock released from the pressure of being buried. Their minerals expand and pull apart causing the surface rock to separate from underlying rock. Freezing or frost wedging can force apart rock mass when water seeps into a rock's crevices and expands as it turns to ice. This physical weathering commonly happens in several freeze-thaw (contracting and expansion) cycles as the water pushes materials to areas of less resistance.

Up Close...

[image: image13.jpg]A frost quake, a geological phenomenon, also known as a cryoseism, is caused by a sudden rapid freezing of ground and bedrock, usually when temperatures go from above freezing to below zero. Moisture absorbed in rock and soil freezes and expands. This puts a great amount of stress on surrounding rock area. Eventually, the stress reaches a point where soil and rock crack, creating a loud explosive sound. It can leave cracks in the ground and even shake the ground surface. Usually frost quakes happen at night in extreme cold weather.
Knowledge Check
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What type of rock is likely to exfoliate?
Another weathering effect occurs through temperature change. Because rocks don't absorb heat well, minerals heat, expand, and then break off at the surface. Alternations between heating and cooling also strains the rock when rocks at Earth's surface expand when heated and contract when cooled. These cycles can cause rock to disintegrate or flake (spall).

Knowledge Check
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What is a spall?
Up Close...

[image: image14.jpg]The Devils Marbles in Australia resulted from chemical and mechanical weathering. Initially, cooling magma below the surface hardened into granite, and then was topped by sandstone. Lifted to the surface when the Earth's crust folded, the sandstone eroded, exposing the granite to the surface. By the time of exposure, the porous sandstone already had allowed percolating water to enter the gray granite. The water turned some minerals into clay, changed the surface color to red-brown, and caused cracks that broke the rock into square blocks. Exposure to water, wind, and temperature differentials caused the blocks to exfoliate on the edges where the sandstone is most exposed.
Salt, another physical weathering agent, can filter into the cracks and pores of rock as salt water, evaporate, and leave salt crystals behind. As the crystals grow, they then slowly break apart rocks. Other minerals can dissolve and may even expand in rock as they crystallize creating pressure that fractures rock. Often this weatherization is seen in mountains niches and steep riverbanks.

Living organisms also biologically disintegrate rock. Roots do their damage by extending into rock cracks, wedging, widening, and extending the cracks. Underground tunneling animals and above-ground trampling animals both wear down rock as do lichens (a combination of fungi and algae) that dissolve rock surface because of the acidic chemicals called chelates they secrete.

Knowledge Check
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Name two causes of biological disintegration.
Cave Formation

A cave is a natural opening or cavity within the Earth. Whether created by lava flow, carved by sea wave erosion, sandblasted by silt, or dissolved by solution, a cave can be a small space or a miles-long series of connecting passageways. Most commonly, caves are made of gypsum, dolomite, limestone, or other carbonate and sulfate rock. Rainwater absorbs carbon dioxides from the atmosphere, seeps into rock openings, and dissolves the mineral calcite with its carbonic acid solution. Over thousands of years, the acid carves enough space to result in our present-day caves.

Sometimes a collapsed area in the surface layer ground will appear slowly or instantaneously. When surface material sinks into an underground void, the area formed is called a sinkhole. The Earth has hundreds of millions of sinkholes. In fact, about 75 percent of the continental United States has the type of rock, including chalk, gypsum, dolomite (also known as dolostone), and limestone, that soaks up water, creates cavity networks, and fosters the rock collapse enabling sinkholes to appear. A natural part of erosion, sinkholes occur in easily dissolved rock often found in karsts — sponge-like bedrock full of water-dissolved holes, cracks, and crevices. The formation of sinkholes is facilitated by soil and vegetation that carry carbon dioxide. Water absorbs this carbon dioxide, forming carbonic acid that dissolves bedrock. The deepest sinkholes typically occur in the tropics, not only because plant life flourishes there, but also because humidity can increase corrosion.

Soil Composition and Transformation
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Figure 3: Lichen, a biological weathering agent, breaks down rocks to form soil.
A byproduct of both chemical and mechanical weatherization, soil, the loose surface of the crust, forms over thousands and even millions of years from eroding rock. Warmer temperatures and abundant water speed up soil creation, which is why humid locations tend to have deeper soil than cool, arid landscapes. Also influencing soil formation are plant and animal interaction as well as landscape position. Soil typically gets deeper quicker in flatter areas, but less so on steep slopes where erosion happens quicker than new soil production. Another soil determinant is the original rock or geologic deposit in which the soil formed. Although soil initially resembles its original rock, with time that relationship fades until it can be impossible to determine from what type of rock a soil originated.

Inorganic substances in soil account for about half of soil's total mass. These inorganic substances can consist of sand, silt and clay, or dirt (also known as sediment, debris, alluvium, detritus, or clasts). Most dirt is finely pulverized rock. The other half consists of open spaces, pores, that fill with air and water in varying amounts depending on the location and time of year.

During the weathering process, rock particles, minerals, air, water, and organic material combine to form distinct horizontal layers called horizons. Each horizon differentiates over time because of its interaction with the climate and its organic sources. A top layer of horizon, rich with organic layers of humus and topsoil, typically is above underlying rocky layers. Regolith is the layer above bedrock, which itself is the layer beneath all the other layers. Bedrock can extend a few miles deep or be evident on mountaintops, rocky coastlines, and other places as outcroppings exposed through natural processes such as erosion or tectonic uplift.

Soil Identification

[image: image11]
Figure 4: Munsell Color System
Soil scientists recognize more than 150 different soil colors. Most are shades of black, brown, red, gray, and white. To distinguish the exact color, a soil color code called the Munsell Color System can be used. It is based on hue (specific color), value (lightness and darkness), and chroma (color intensity). This system visually connects soil colors with natural environments, soil horizons, and mineral content. For example, Table 1 (further down the page) shows minerals associated with soil colors.

Red soil, for instance, gets its color from its iron content. A humid climate can cause the leaching of iron oxides into the soil. Iron can also vary in color, so it's possible that yellow or gray soil also may have originated from iron. A dark black soil? Black is an indicator of the decomposition of living organisms and organic matter possibly rich with nutrients.

Another way to analyze soil is by its pH, which is a measure of soil's acidity or alkalinity. For best plant growth and the ability of plants to draw soil nutrients, soil should have a pH level between 6.2 and 7.2 on a scale of 1 to 14. Numbers below 7 means the soil is acidic and above 7 is alkaline. By testing soil, you can determine pH and adjust the soil if necessary.

Besides color and pH, texture is another way to identify soil types. Rub soil between your fingers: that's an easy texture property test. Looking close at soil, too, you will see soil texture is made up of different sized particles. From smallest to largest, soil particle sizes are clay, silt, sand, and gravel. Structure and density also are physical differentiation properties.

Soil particles can be classified by origin, too:

· Lithogenic: Eroded from rocks

· Biogenic: Derived from hard parts of organisms

· Authigenic: Precipitated by chemical or biochemical reactions in the water

· Volcanogenic: Ejected particles from volcanoes

· Cosmogenic: Originated in outer space

Table 1: Mineral Properties

Mineral
Chemical Formula

Munsell

Color
Goethite
FeOOH
10 YR 8/6
Yellow
Goethite
FeOOH
7.5 YR 5/6
Dark Brown
Hematite
Fe2O3
5 R 3/6
Red
Hematite
Fe2O3
10 R 4/8
Red
Lepidocrocite
FeOOH
5 YR 6/8
Red-Yellow
Lepidocrocite
FeOOH
2.5 YR 4/6
Red
Ferrihydrite
Fe(OH)3
5 Y 5/1
Dark Red
Glauconite
(K,Na)(Fe3+,Al,Mg)2(Si,Al)4O10(OH)2
10 YR 2/1
Dark Gray
Iron Sulfide
FeS
10 YR 2/1
Black
Pyrite
FeS2
5 Y 6/4
Black (metallic)
Jarosite
K Fe3(OH)6(SO4)2
10 YR 2/1
Pale Yellow
Todorokite
MnO4
10 YR 2/1
Black
Humus
 

10 YR 8/2
Black
Calcite
CaCO3
10 YR 8/2
White
Dolomite
CaMg(CO3)2
10 YR 8/3
White
Gypsum
CaSO4 x 2(H2O)
10 YR 8/2
Very Pale Brown
Quartz
SiO2
10 YR 6/1
Light Gray
 

Click here to download and complete the Pre-Lab Assignment.

(Note: Please use Shapes tool in Word to draw images and the equation tool to enter equations)



Pre-Lab Questions

1. List at least three factors that can increase the rate of weathering in rocks.
2. Two internationally-renowned rock climbing areas have limestone rock. El Chorro is in mainland Spain, and has a dry climate with little precipitation. Tonsai is a beach on the coast of Thailand; here, the rock is constantly exposed to moist, salty air. Which of these climbing areas is known for having fragile rocks that can break and endanger climbers? Use you knowledge of weathering to explain this phenomenon.
3. What chemical weathering process is linked to the formation of sinkholes, caves, and caverns? Explain how.
4. What is contained in soil?
Experiment 1: Speleology: Understanding Cave Formation

Caves are found all over the world and contribute to a variety of biological and environmental phenomena. Caves are comprised of a variety of substances, but often contain limestone. In this experiment, you will view the effect of chemical weathering on limestone and apply that impact to caves on Earth.
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	Materials

100 mL of Acetic Acid (vinegar, an acid with a pH of 3), C2H4O2
(3) 250 mL Beakers
100 mL Carbonated Water
2 Chalk Pieces (made of limestone, a naturally occurring material), CaCO3
Permanent Marker
	 

Scale
3 Seashells
*Stopwatch
*100 mL Water, H20

*You Must Provide
	

	
	


Procedure

Part 1
1. Use the permanent marker to label the first beaker as "Water," the second beaker as “Carbonated Water,” and the final beaker "Vinegar." 

2. Pour 50 mL of each liquid into the corresponding labeled beaker. 

3. Use the scale to determine the mass of each beaker. Record the initial mass in Table 2. 

4. Break two pieces of chalk in half so that you have four pieces of chalk. 

5. Place one small piece of chalk in each beaker. Weigh and record the new mass of the beaker in Table 2. 

6. Determine the mass of each piece of chalk by subtracting the mass of the beaker from the mass of the beaker + chalk. Record your data in Table 2. 

7. Formulate a hypothesis to predict what will happen to the chalk in each cup. Record your hypothesis as the answer to Post-Lab Question 1. 

8. Add one piece of chalk to each beaker. Immediately begin timing the reaction. After one minute, evaluate the beakers and record your observations in Table 3. Continue to observe the beakers for five minutes, and record all observations in one minute intervals. 

9. Thirty minutes after adding chalk to each beaker, re-mass each beaker on the scale. Record the final mass values in Table 2. 

10. Calculate the change (Δ) in mass for each piece of chalk by subtracting the initial mass from the final mass. 

11. Calculate the percent change in the mass using the following formula:
       (Δm/mi ) 100 where Δm = change in mass and mi = initial beaker + chalk mass.

Record your percent change answers in Table 2. 

	Table 2: Part 1 Experiment Data

	Beaker
	Beaker Mass (g)
	Initial Beaker +
Chalk Mass (g)
	Chalk Mass (g)
	Final Beaker + Chalk Mass (g)
	Δ Mass (g)
	Δ Mass (%)

	Water
	 
	 
	 
	 
	 
	 

	Carbonated
Water
	 
	 
	 
	 
	 
	 

	Vinegar
	 
	 
	 
	 
	 
	 


	Table 3: Beaker + Chalk Observations

	Time (minutes)
	Water
	Carbonated Water
	Acetic Acid

	1
	 
	 
	 

	2
	 
	 
	 

	3
	 
	 
	 

	4
	 
	 
	 

	5
	 
	 
	 


Part 2
1. Rinse out the beakers used in Part 1. Pat them dry with a towel or allow them to air dry. 

2. Repeat Part 1, Steps 2 - 10. This time, use a seashell rather than a piece of chalk. Record your data and observations in Tables 4 and 5. Don’t forget to record a hypothesis stating what you predict will happen to the seashell when placed in each beaker; record this in Post-Lab Question 2. 

	Table 4: Part 2 Experiment Data

	Beaker
	Beaker Mass (g)
	Initial Beaker
Shell Mass (g)
	Shell Mass (g)
	Final Beaker +
Shell Mass (g)
	Δ Mass (g)
	Δ Mass (%)

	Water
	 
	 
	 
	 
	 
	 

	Carbonated
Water
	 
	 
	 
	 
	 
	 

	Vinegar
	 
	 
	 
	 
	 
	 


	Table 5: Beaker + Seashell Observations

	Time (minutes)
	Water
	Carbonated Water
	Acetic Acid

	1
	 
	 
	 

	2
	 
	 
	 

	3
	 
	 
	 

	4
	 
	 
	 

	5
	 
	 
	 


Post-Lab Questions
1. Record your hypotheses from Part 1, Step 7 here.
2. Record your hypotheses from Part 2 here.
3. Compare and contrast the reaction of chalk pieces in each of the lab liquids.
4. Based on this experiment, explain how a limestone cave forms. Incorporate the following terms in your description: chemical weathering, carbonic acid, calcite
5. How is the effect of a weak acid on a seashell and chalk related?
6. What environmental factors could affect rates of weathering where you live?
Experiment 2: Rocks into Soil

pH is a commonly measured factor in soil analysis and can reveal information about the organic and inorganic content of the soil. For example, high concentrations of aluminum and manganese can significantly lower a soil’s pH. Conversely, if a soil is rich in calcium or sodium carbonate minerals, it will be basic. In this activity, you will measure the pH of soil and observe chemical reactivity.
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	Materials

100 mL Acetic Acid (Vinegar), C2H4O2
(3) 250 mL Beakers
2 T. Calcium Bicarbonate (Baking Soda), NaHCO3
100 mL Graduated Cylinder
Permanent Marker
	 

200 mL Soil Sample

*100 mL Water, H20

*You Must Provide
	

	
	


Procedure

1. User the permanent marker to label each beaker as “Sample 1,” Sample 2,” or “Sample 3.” 

2. Transfer one-third (approximately 70 mL) of the soil sample into each beaker. 

3. Mix baking soda into Sample 1. Baking soda is a basic (alkaline) material. Observe the results, and consider what that means. For example, if the sample fizzes, is it likely to be acidic or basic? Record your observations and conclusions in Table 6. 

4. Use the 100 mL graduated cylinder to measure and pour 30 mL acetic acid to Sample 2. Observe and record your conclusion in Table 6. 

5. If you did not observe a visible reaction in Step 3, proceed by adding 30 mL water to the Sample 3. Observe the results, and consider what they mean. For example, what can you infer about the pH of the soil if neither sample displays a visible chemical reaction? Record all observations and conclusions in Table 6. 
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	Table 6: Soil + Acid and Water Observations

	Sample
	Observations

	1
(Soil + Baking Soda )
	 

	2
(Soil + Acid)
	 

	3
(Soil + Water)
	 


Post-Lab Questions

1. Acidic soil may require the addition of lime, and alkaline soil benefits from organic matter such as decomposed tree leaves. What would your soil require to be more pH balanced?
2. Extension activity: Local Cooperative Extension offices affiliated with land-grant universities often test soil samples for pH for free. Consider having one test your soil or obtaining a soil examination kit from a hardware store or gardening store. What type of results did they provide? Did the data surprise you? Explain your answer.
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