Module 4: Crater Counting 	    							 5 points total
What to turn in:
· This Completed worksheet (this document, saved as YOURNAME_Module4.docx)
· Your powerpoint slide of the table and plot (saved as YOURNAME_Crater_Table&Plot.ppt)

Goals: 
· Learn about crater counting methods, assumptions, and complications.
· Add absolute time constraints to the Dark-Toned Floor unit and thus the stratigraphic column for Jezero crater.


Part 1: Counting Craters
Crater counting is the only method available for dating planetary surfaces remotely, and is the only data that we have available to us for characterizing the age of Jezero crater stratigraphy (at least, until Perseverance gets there on February 18, 2021!). Crater count statistics of small areas as well as when using smaller craters is susceptible to error due to resurfacing/erosion and the influence of secondary craters from larger impacts, so we will count all craters >100 m diameter within the area. More robust crater statistics of the Dark-Toned Floor unit (Shahrzad et al., 2019) are available to guide your own crater counting.

1. View the JMARS video tutorial for using the crater counting layer (~5 min video): https://jmars.mars.asu.edu/play-video?videoId=8. 

2. Open JMARS.

3. Add the CTX mosaic for Jezero crater (Add New Layer  Instrument  CTX  Mosaic  Jezero Mosaic (USGS)), and the Crater Counting Layer (Add New Layer  Home  Other  Crater Counting). 


4. Download the ‘Crater_Count_Area’ JMARS layer from Canvas in the Module 3 files folder, then load into JMARS. Ensure that this layer is above the Jezero CTX Mosaic but below the Crater Counting layer in the layer list so it is visible. You will count all craters resolvable in the CTX mosaic. Use the workflow outlined in Module 2b to bring in HiRISE imagery if necessary.

Zoom in and examine the CTX mosaic within the bounds of the crater count area. What is the approximate diameter (use the measurement tool) of the smallest crater that you can identify?



5. Open the Crater Counting layer by double-clicking on it in the layer list. To make things easier with counting in the small-scale area change the ‘New crater diameter (meters)’ to 100, then set the increment step size to 1 m (1 click of the mousewheel = 10 increments, so this will make the crater stamp change by 10 m as you count). Close the menu.

6. Return to the main window in JMARS and find any crater within the crater count area. With the crater count layer selected, right-click in the main window view, then select Crater Mode  Add Mode. Adjust the size of the crater count stamp (using the mousewheel or the +/- keys on your keyboard) to match the size of the crater, with the edge of the stamp aligned with the crater rim, mark the crater. 

7. Continue marking craters.

Describe the overall appearance of the craters.




Do the craters exhibit the same degree of degradation? Do certain sizes of craters have a consistent appearance? 



8. Continue counting until all craters all craters larger than ~100 m diameter within the crater counting area (should be ~100-150 craters in total). 

9. When finished marking craters, export the view of the crater count area with marked craters, don’t forget scale bar, to jpeg (File  capture to jpeg), and add to the space below:














10. Export your crater count data by opening the Crater Counting layer then selecting ‘Export CSV’ in the Craters tab. 

11. Measure the area of the Crater_Count_Area polygon, by opening the layer  Adjustments tab  Feature  Edit Columns. In the window that opens, name the new column (Area), then select ‘Enclosed Area’ in the Type dropdown, then select Add Column. Click Okay. Now in the Features pane, the Area column should be visible (in square km).

What is the area of this polygon? _______

12. Save your JMARS session.


Part 2: Crater Data Preparation and Plotting
Now that you’ve collected your crater count data, you’ll plot the data to try to determine the age of the Dark-Toned Fan unit. Plotted on their own, these counts are still only relative age dates, and reflect the size frequency distribution of the impactor population (e.g. asteroid belt). By calibrating Mars crater production rates with those measured for the Moon tied to radiogenic isotopic dating of lunar samples collected during the Apollo missions, absolute age dates can be determined through crater counting. 

1. Open the csv file for your crater count results. Each crater that you measured is listed in this spreadsheet along with its lat/lon, diameter (m) and any notes. 

2. To the side of your data, add the following column headers and bin upper and lower limits:

	Lower bin limit (m)
	Upper bin limit (m)
	Number of Craters
	Crater Density (# craters/km^2)
	Bin Midpoint (m)

	125
	149
	 
	 
	 

	149
	177
	 
	 
	 

	177
	210
	 
	 
	 

	210
	250
	 
	 
	 

	250
	297
	 
	 
	 

	297
	354
	 
	 
	 

	354
	420
	 
	 
	 

	420
	500
	 
	 
	 

	500
	595
	 
	 
	 

	595
	707
	 
	 
	 

	707
	841
	 
	 
	 

	841
	1000
	 
	 
	 

	1000
	1190
	 
	 
	 

	1190
	1410
	 
	 
	 

	1410
	1680
	 
	 
	 

	1680
	2000
	 
	 
	 




You will be using these bin widths (following the methods of Shahrzad et al., 2019) to calculate the crater density and to plot the crater statistics.

3. To populate the number of craters, either sort your data from smallest to largest craters, then manually count how many craters are in each bin, or automate the process by using Excel’s COUNTIFS function. 

4. Now divide each cell in the Number of craters column by the area of the crater count polygon (that you recorded in part 1). This will populate the Crater Density column (the number of craters of the specific crater diameter per area). 


5. Change the formatting for the Crater Density column to scientific to be consistent with the Mars crater count isochron diagram from Hartmann (2005). 

6. Now fill in the final column with the midpoint of each bin (e.g. 125-149 m bin midpoint = 137 m).

7. Resave the csv file to an Excel workbook so you don’t lose any data.

8. Fill in these values in the table of the ‘Crater_Table&Plot.ppt’ file.

9. In PowerPoint, plot each data point in the Mars crater count isochron plot by estimating the point position. Each data point should be plotted by the bin midpoint (m), and the crater density (# craters/km^2). Below is an example of plotting a point for a 2.5x10-1 crater density in a diameter bin with a 188 m midpoint.

[image: ]


10. Repeat until all of your points are plotted, then take a moment to analyze your results.

Do they all fall on or near a single isochron? 



Are there any outliers or deviations from the isochron? If so, what might account for them?





What is the age of the Dark-Toned Floor unit? What does this mean for the age of the other crater-fill units (e.g. Western Fan, Mottled Terrain) and the overall sequence of events at Jezero crater? 
















What possible sources of error might be influencing your results? (hint: the craters measured are small, and the area is small)
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