Exploring the Grand Canyon Using WILSIM-GC 

Introduction
The Web-based Interactive Landform Simulation Model – Grand Canyon (WILSIM-GC) is a computer simulation designed to help you understand and visualize the geologic processes that interacted to form the Grand Canyon over the past 6 million years. Landforms, such as mountains and valleys, are created by the interactions of several geologic processes, including plate tectonics, weathering, and erosion. These processes operate over long geologic time scales and thus it is virtually impossible to observe the evolution of most landforms during a human lifetime. Occasionally, a catastrophic event, such as a landslide, will dramatically alter the landscape in a very short period of time. Computer simulations, such as WILSIM-GC, make it easier to understand and visualize landform evolution by simulating these processes. Simulations also allow us to explore different scenarios by altering the physical variables that have (quite literally) shaped the Grand Canyon.

Learning Goals
When you have successfully completed this exercise, you will understand, and be able to describe in your own words, how each of the four model parameters – subsidence rate, rock erodibility, hard/soft contrast, and cliff retreat rate – affects the shape of the Grand Canyon and its development over time. You will also learn how to utilize WILSIM-GC as a tool to explore how erosional forces can shape landforms.

WILSIM-GC: Simulating the Development of the Grand Canyon
Using WILSIM-GC, you will be able to “watch” the formation and development of the Grand Canyon, with its 6-million-year history condensed into just a few moments. You will also be able to modify the erodibility of the canyon walls to see how different the Grand Canyon might have looked had it developed through different types of bedrock. You can even see how the canyon will look in the future as tributaries continue to wear back into the surrounding plateau over the next few million years. Figures 1 & 2, on the next page, show you what the simulation looks like prior to the formation of the canyon and after the canyon has formed (using the default settings, to mimic the shape of the Grand Canyon). 

Before you run the simulation (and begin exploring the effects of each of the parameters), it’s important to understand what each of the five parameters represent, geologically (excluding the visualization interval variable). The parameters you can change are the subsidence rate, cliff retreat rate, the rock erodibility factor, the hard/soft contrast factor and the simulation end time. Each of these variables are explained in detail, below. 

[image: ]
Figure 1: Before the simulation has run, using the default settings.

[image: ]
Figure 2: After the simulation has run, using the default settings.

WILSIM-GC models the Grand Wash fault and can be found on the westernmost part of the simulated topography. The Grand Wash fault is a normal fault system consisting of two separating blocks along the fault line with a hanging wall and a foot wall. The hanging wall in a normal fault system subsides and decreases in elevation relative to the foot wall as shown below.
[image: ]
The subsidence rate along Grand Wash Fault within the model determines the rate or speed at which the hanging wall subsides in relevance to foot wall.

The rock erodibility factor in WILSIM-GC controls the rate of erosion of rocks by fluvial channels (the Colorado River and its tributaries). Setting the rock erodibility factor in the simulation to 0.0001 kyr-1 generates erosion at a rate equal to one-tenth of a meter (0.1 m) per thousand years, for a fluvial channel with a slope of 0.1 (that’s 10% or 5.7 degrees) and a drainage area of 100 km2. For a given rock erodibility factor, the erosion rate increases with increasing slope and with the square root of the drainage area, since steeper slopes and larger drainage areas deliver more erosive force to the channel bed. What that means is this: when rock erodibility in the simulation is set to 0.0001 kyr-1, a stream channel that has a 5.7 degree slope and drains an area of 10 kilometer × 10 kilometer will erode 0.1 meter (10 cm) of rock over a period of 1,000 years. If you set the rock erodibility factor to 0.0005 kyr-1, instead, the same stream channel will erode 5 times as much material: 0.5 meter (50 cm) of rock, from the same surface area, over the same time period. Similarly, if you set it to 0.00001 kyr-1, it would erode 10 times less (one-tenth as much) material: 1 cm of rock, from the same surface area, over the same time period. So you can think of this variable as controlling how easily (and therefore how quickly) a volume of rock is eroded by the action of flowing water at the bottom of river channels. 

The hard/soft contrast is a dimensionless number that controls the relative erosion rate of strong and weak rocks. Simply put, a value of 5 means that the soft rock layers are 5 times more erodible than the hard rock layers in the simulation. The sequence of rock strata represented in WILSIM-GC is a simplified version of the stratigraphy present in Grand Canyon. The model has a strong layer located 400 m below the canyon rim, representing the Redwall Limestone. The greater hardness of the Redwall Limestone, relative to rocks above and below it, results in the largest single "step" in the cross-sectional shape of the simulated Grand Canyon. 

In addition to the rock erodibility and hard/soft contrast variable, we also need another parameter that controls how fast the hillslopes respond to river incision. When a river channel incises, rock walls are exposed that erode by a different set of processes than those in the river bottom. These hillslopes weather (rock breaks down into transportable material) and gravity carries the weathered material away in the river. The cliff retreat rate is the rate, or speed, at which cliffs wear back laterally. The cliffs adjacent to the Grand Canyon maintain a near-vertical form as they wear back. This is a common style of landform evolution in weathering-limited environments, where weathered rock is transported off a hillside almost as fast as it is weathered into transportable material. Weathering-limited conditions tend to occur in relatively arid climates such as that of the southwestern United States (including the region of the Grand Canyon). Research shows that the cliffs of the Redwall Limestone retreat at a rate of approximately 0.5 m kyr-1 (Cole and Mayer, 1982). That’s half a meter, or a little less than 20 inches, every thousand years. Obviously, this is not a process that we can watch as it happens, in the real world. But WILSIM-GC allows us to watch it happen, in an extremely sped-up fashion. 

The simulation end time variable determines the duration and stopping time of the simulation. The default model simulates the Grand Canyon beginning 6 million years in past and ending at the present era. WILSIM-GC possesses the ability to change the simulation end time value and extend the simulation up to 6 million years in the future holding erosional and weathering rates constant. This variable therefore, determines how long the landscape is influenced by erosional forces which are characterized by other parameters including the subsidence rate, rock erodibility, hard/soft contrast, and cliff retreat values.
In this module, we will walk you through the process of setting up and using WILSIM-GC for the first time. You’ll be able to run the simulation with the default values to see how the Grand Canyon developed over time. You can also reset the parameters to other values, to see how each of those factors affects the shape and the development of the Grand Canyon. Finally, you can adjust the end time to run simulations that model the Grand Canyon’s evolution into the future. 
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To open the simulation:
1. Install the latest version of Java on your computer. Follow the instructions on the Java website: http://www.java.com/en/download/help/download_options.xml.
2. Hold the ctrl key and click the following link or enter the URL in your browser:  http://babbage.cs.niu.edu/wilsimgc/wilsimgc.jnlp.
3. Click on the [image: ] box in the lower left corner of your screen.
4. When the WILSIM-GC window appears, you may want to maximize the window. The slider bars on the far right hand side of the window are what allow you to change the parameter values. To change the viewing geometry, slide the bars at the bottom and the right of the animation window. See the diagram below for reference. 
[image: ]
Investigating the effect of each model parameter, independently
Recall that the goal of this exercise is for you to understand how each of the four physical shaping parameters – subsidence rate, rock erodibility, hard/soft contrast, and cliff retreat rate – affect the shape of the Grand Canyon and its development over time. To begin, you’ll run the simulation with the default parameter values. These values have been chosen because they approximate the values of the geologic properties they are simulating, and the canyon that develops with these values is a reasonable simulation of the Grand Canyon. 
[bookmark: _GoBack]Scenario 1: Default Parameter Values
1. Click the Draw tab. Create a cross-section line across the canyon by clicking and dragging your cursor to form an arrow at the location shown below.
[image: ]
Click on the PARAMETERS tab and the cross-section will be shown as a semi-transparent plane. Since we are running a simulation with the default parameter values, click the Start button to run the simulation (once the Start button is clicked, the button changes to a Pause button). The simulation default values are also shown below.

Subsidence Rate Along Grand Wash Fault: 1.7 m/kyr
Rock Erodibility: 0.00015 kyr-1
Hard/Soft Contrast: 5
Cliff Retreat Rate: 0.5 m/kyr
Simulation End Time: 0 Myr (Present)
Visualization Interval: 6
	
[image: ]
2. To pause the simulation, click Pause; to continue simulation, click Continue (the button toggles between Pause and Continue upon clicking). 
3. To change the viewing geometry, slide the bars at the bottom and the right of the animation window to your desired position. 
[image: ]
Q1: As the triangular block west of the Grand Walsh Fault drops, what happens to the channel of Grant Canyon? What's the geomorphology term that describes this event? Explain why the new landform is related to the drop.






4. Click on the Cross Section tab in the upper right corner and use the cross-section graph to answer the following question. The cross-section graph displays the topographic changes along your cross-section line.
Q2: What is happening to the valley width as the landform evolves over time? Explain the possible causes of the change.






5. Click on the Profile tab in the upper right corner and use the profile graph to answer the following questions. The profile graph displays the topographic changes along the Colorado River (main canyon).
Q3: Where is the knickpoint in the profile at 4 Ma and 5 Ma? What's the approximate distance in km the knickpoint migrated upstream in 1 million years? How many cm/year is this? 







In the next two scenarios, you will experiment to learn about the effects of the rock erodibility variable on the canyon shape and its development. All other variables are left the same from Scenario 1, so that you can compare the scenarios easily.
Scenario 2(a): Bedrock is harder to erode 
(erodibility = 0.00005 kyr-1, other variables the same as Scenario 1)
1. Drag the bar next to Rock Erodibility downward or click the down arrow until the value reads 0.00005 kyr-1
2. Run a new simulation by clicking Reset and then Start (if you are currently running a simulation, click Pause, then Reset and Start to run a new simulation). Observe how the 3D landform compares with Scenario 1. 
3. After the simulation has finished, view the 3D topography and graphs in the Parameters, Cross Section, and Profile tabs to answer the following question. 
Q4: What effect does a decreased rock erodibility value have on the resulting landform? Write a brief summary of the differences in width, depth, and length of the main canyon and tributaries between this scenario and scenario 1.








Scenario 2(b): Bedrock is easier to erode 
(erodibility = 0.00025 kyr-1, other variables the same as Scenario 1)
1. Set the Rock Erodibility to a value of 0.00025 kyr-1.
2. Run a new simulation by clicking Reset and then Start. Observe how the 3D landform compare with Scenario 1.
3. After the simulation has finished, view the 3D topography and graphs in the Parameters, Cross Section, and Profile tabs to answer the following question.
Q5: What effect does an increased rock erodibility value have on the resulting landform? Write a brief summary describing how the rock erodibility parameter affects the width, depth, and length of the main canyon and the tributaries.





In the next two scenarios, you will experiment to learn about the effects of the hard/soft contrast variable on the canyon shape and its development. All other variables are left the same from Scenario 1, so that you can compare the scenarios easily.
Scenario 3(a): No difference (contrast) in hardness between rock layers 
(Hard/Soft Contrast = 1, other variables the same as Scenario 1)
1. Set the Rock Erodibility value to 0.00015.
2. Set the Hard/Soft Contrast to a value of 1.
3. Run a new simulation by clicking Reset and then Start. Observe how the 3D landform compares with Scenario 1.
4. After the simulation has finished, view the 3D topography and graphs in the Parameters, Cross Section, and Profile tabs to answer the following question. 
Q6: What effect does a hard/soft contrast value of 1 (i.e., when there is no difference in erodibility in rock layers) have on the resulting landform? Write a brief summary of the differences in width, depth, and length of the canyon the main canyon and the tributaries between this scenario and scenario 1.









Scenario 3(b): Bigger difference (contrast) in hardness between rock layers 
(Hard/Soft Contrast = 7, other variables the same as Scenario 1)
1. Set the Hard/Soft Contrast to a value of 7.
2. Run a new simulation by clicking Reset and then Start. Observe how the 3D landform compares with Scenario 1.
3. After the simulation has finished, view the 3D topography and graphs in the Parameters, Cross Section, and Profile tabs to answer the following question. 
Q7: What effect does a hard/soft contrast value of 7 (i.e., when there is a large difference in erodibility in rock layers) have on the resulting landform? Write a brief summary describing how the hard/soft contrast parameter affects the width, depth, and length of the main canyon and the tributaries.


In the next two scenarios, you will experiment to learn about the effects of the cliff retreat rate variable on the canyon shape and its development. All other variables are left the same from Scenario 1, so that you can compare the scenarios easily.
Scenario 4(a): Higher Cliff Retreat Rate 
(Cliff Retreat Rate = 1.0 m kyr-1, other variables the same as Scenario 1)
1. Set the Hard/Soft Contrast to the default value of value of 5.
2. Change the Cliff Retreat Rate to a value of 1.0 m kyr-1.
3. Run a new simulation by clicking Reset and then Start. Observe how the 3D landform compares with Scenario 1.
4. After the simulation has finished, view the 3D topography and graphs in the Parameters, Cross Section, and Profile tabs to answer the following question. 
Q8: What effect does a cliff retreat rate value of 1.0 m kyr-1 have on the resulting landform? Write a brief summary of the differences in width, depth, and length of the main canyon and the tributaries between this scenario and scenario 1.










Scenario 4(b): Lower Cliff Retreat Rate 
1. Change the Cliff Retreat Rate to a value of 0.25 m kyr-1.
2. Run a new simulation by clicking Reset and then Start. Observe how the 3D landform compares with Scenario 1.
3. After the simulation has finished, view the 3D topography and graphs in the Parameters, Cross Section, and Profile tabs to answer the following question. 
Q9: What effect does a cliff retreat rate value of 0.25 m kyr-1 have on the resulting landform? Write a brief summary describing how the cliff retreat rate affects the width, depth, and length of the main canyon and the tributaries.




In the next scenario, you will experiment to learn about the effects of the simulation end time variable on the canyon shape and its development.
Scenario 5: What will the Grand Canyon look like, 3 million years into the future? Note: Simulation End Time = 3 Myr in the future, Visualization Interval = 9.
1. Set the Cliff Retreat Rate variable to a value of 0.5 m/kyr.
2. Set the Simulation End Time to a value of 3 Myr in the future, the Visualization Interval to a value of 9.
3. Run a new simulation by clicking Reset and then Start. Observe how the 3D landform compares with Scenario 1.
Q10: What is the effect on the landform when the end time of the simulation is changed to 3 million years in the future (i.e., when the erosional processes are allowed to work longer)? Write a brief summary of the differences in width, depth, and length of the main canyon and the tributaries between this scenario and scenario 1.





In the last two scenario, you will experiment to learn about the effect of the subsidence rate variable on the canyon shape and its development.
Scenario 6(a): Lower Subsidence Rate Along Grand Wash Fault
1. Click on the Draw tab and create a cross-section line across the fault line by clicking and dragging your cursor to form an arrow at the location shown below.
[image: ]
2. Set the Simulation End Time to 0 Myr (Present) and the Visualization Interval to 6.
3. Set the Subsidence Rate to 1.3 m/kyr.
4. Run a new simulation by clicking Reset and then Start.
Q11: What effect does a subsidence rate value of 1.3 m/kyr have on the resulting landform? Write a brief summary describing how the subsidence rate along the Grand Wash Fault line affects the relief (difference in elevation between two points) between the hanging wall and the foot wall.





Scenario 6(b): Higher Subsidence Rate Along Grand Wash Fault
1. Set the Subsidence Rate to 2.1 m/kyr.
2. Run a new simulation by clicking Reset and then Start.
Q12: What effect does a subsidence rate value of 2.1 m/kyr have on the resulting landform? Write a brief summary describing how the subsidence rate along the Grand Wash Fault line affects the relief (difference in elevation between two points) between the hanging wall and the foot wall. Compare the resulting topography to Scenario 6(a).
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