Part 3: Characterizing units at multiple scales, working in groups

In this exercise, you will work with a group of your colleagues to map an area, using data collected at multiple scales. These tactics are very important for a field geologist as when mapping sedimentary units, you can often recognize features exist at one scale, such as an aerial photograph or satellite image, but you will need to refine your rock descriptions and unit boundaries more precisely when you are able to see them in person. 

Furthermore, geoscientists rarely work on their own in the field, both for safety and efficiency. If you have 2-3 people on a task that you need to complete, particularly one at high resolution, extra sets of eyes can serve as an important double-check and can make things move faster.

First, for this exercise, break yourselves into groups of 2-3. Several groups will be mapping the same areas, all of them have similar difficulties and similar image qualities. Make sure no one is left behind. Each group must then pick/be assigned one of the following locations: Darwin, Cooperstown, or Kimberley (named for locations on Earth by the Rover team).

Open JMars. Following the instructions in Part 1, move to the “Yellowknife” labeled crater inside Gale Crater. Put the point Yellowknife at the upper right corner of your JMARS window, and set your zoom for 8192. Add the HiRISE full stamp layer, and make sure to “Set Lon/Lat to bounds of view” before you advance. Move the HiRISE layer to the top of your menu, just below the Nomenclature layer. Then, open the HiRISE options by right clicking on the full stamp layer, click the “Rendered” tab and check the “Render Selections only” box, and then go to the Outlines tab. You are now going to manually select 4 HiRISE images that cover the area of interest. Those images are: PSP_009505_1755, PSP_010573_1755, ESP_018854_1755, and PSP_009149_1750. Select each of them (holding down control or the apple key to make multiple selections), then right click and tell the system to render the selected HiRISE full stamps. While we will only work on 2 of these images, the other 2 may be useful for context in the surrounding areas.

Instructor note – may need to have students zoom in and out to get proper frames to load according to test by a TA.

Site Darwin is located at 137.427 E x -4.611 N and is seen in this frame at a zoom of 131072.

[image: C:\Users\balta\Documents\JMARS\Darwin.jpg]

Site Cooperstown is located at 137.413 E x -4.624 N and is seen in this frame at a zoom of 131072.

[image: C:\Users\balta\Documents\JMARS\Cooperstown.jpg]

Site Kimberley is located at 137.400 E x -4.639 N and is seen in this frame at a zoom of 131072.
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This step is not required, but it can be done if you have a preference for something other than JMARS. Once you have reached the correct area in JMARS, you can use the option in the File menu to “Export at higher resolution” to download a full resolution JPEG image of this area, which could then be loaded into another software package such as QGIS. Alternatively, if you would like to download the raw image files and work in another software package other than JMARS, here are the links: 
https://hirise.lpl.arizona.edu/PSP_010573_1755
https://hirise.lpl.arizona.edu/ESP_018854_1755

-You would likely need to download the full (200 mb!) JPEG2000 file to be able to see them at the full resolution you could see in JMars, but it can be done as I just did it. Web browsers or photo editing software including Apple Preview, Adobe Illustrator can open those files, but Microsoft Office programs such as Word or Powerpoint cannot. Here are instructions for finding software that could view them
https://hirise.lpl.arizona.edu/jp2.php 

Step 1 of this assignment:
Working with your group, use the orbital imagery to create a geologic map of the area shown in your selected image above. Break the area into these 3 units:
Smooth (Hummocky)
Rugged
Striated

-This step will not require extremely detailed mapping, in fact one of these 3 sections is almost entirely rough terrain and Striated terrain only appears on 1 of them. Make your best estimates based on the orbital imagery; if an area is smooth, call it smooth. If done in JMARS, treat the software as though it is GIS and create partially transparent polygons over the HiRISE image to show your map. Can be done in other software as well, using exported images or the full HiRISE image linked above. If the software is working well, this step should take no more than 20-30 minutes for your group, and may take much less. You will have to figure out how to divide up the workload.

Step 2 of this assignment: 
Each of these areas has a multi-image, large panorama available. It was captured by the Rover at the position marked by the blue dot on each of the images above, aimed towards the center of the frame. Using these high-resolution panoramas, you can classify the rocks exposed in the surface at far higher resolution than seen in your previous maps. 

At the Darwin outcrop, each of the scalebars is 5 meters. The smallest scalebar looks smaller because it is farther away, all show the same distance.

At the Cooperstown outcrop, each of the scalebars is 1 meter.

At the Kimberley outcrop, the closer 2 scalebars are each 2 meters, while the farthest-away scalebar is 4 meters.

Use the classification scheme on the next page to identify 9 units:
Undifferentiated (Mixed) sand and conglomerate
Conglomerate 
Sand 
Platy Sandstone
Vuggy Sandstone
Dark Float (loose rocks sitting on the surface, cannot see what is beneath)
Recessive Sandstone
Bedded Sandstone
Undifferentiated (mixed) sand and float

On each of the large images, create shapefiles (partially transparent) that cover each of the selected units and thus “Map” them out on the panorama. This could be done in Google Slides, Microsoft Powerpoint or in any other image processing utility, possibly including QGIS. 

Come up with a color scheme and a legend for your image, including unit descriptions. You should divide up the workload amongst your group members; one person could do one section of the image or identify specific units.  If this was done in Google Slides, you could have more than 1 person working on the same image at once. Alternatively, you could do this work stepwise, where one person does a section, sends the file to the next person, and they continue the work. By the end, you should have all the visible rocks in your frame classified, up to the point on the horizon where you can no longer make out the identity of the rocks. 
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Part 3:
Now, you have characterized these rocks from the surface, and you have viewed them at a distance from orbit. Your final task is to take the units you just recognized on the ground and create a new, updated surface map, using the HiRISE imagery as a background. In other words, re-do step 1, based on your new surface map and units. Estimate contact positions based on features you can recognize – the small mounds and slopes make excellent tie points as they can be recognized in both images. You may also want to remind yourself how to use the “profile” tool from JMARS day 1, as that could help you identify any of the areas where you see clear slopes and topography. Again, you will work with your group, so consider how best to divide up the work at this step. It may be possible for one of you to be working on part 2 and the other to work on part 3 simultaneously, once you have an initial characterization of the units on the ground.

Your group’s score will be graded together, so working together as a team is important. For your group, you should turn in:

1. Your initial orbital map.
2. Your ground panorama (can reduce resolution if you want once you have finished working).
3. Legend with rock descriptions and color scheme matching that used in #2. Include any symbols used on the map.
4. Final orbital map.



NOTES TO INSTRUCTORS:
This work re-creates tasks done in a paper by Stack-Morgan et al. (2016), panoramas assembled by Dr. Stack-Morgan as well. It takes a few steps to make things simpler (i.e. not breaking out how units dip), but uses the same overall units and structure. Thus, that paper can be used as a key to this work. That paper is available here:
http://web.gps.caltech.edu/~grotz/ewExternalFiles/grotzinger_image-based_mapping_2016.pdf

While introducing this unit, this may be an excellent place to talk about the utility of field sketches and evaluating the position of rocks and position of contacts at a distance. Adding in dashed lines to maps to indicate estimated contact positions could be an excellent skill to practice here, and thus this can assist with characterizing uncertainty. 

It would be possible to add additional work if wanted, including attempting a cross section or stratigraphic column, but I left those out as they were done in JMARS task 2. 
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Fig. 5. Representative examples of bedrock lithologies and surficial deposits observed in the M-100 rover mosaics of the (a-c) Darwin, (d-f) Cooperstown, and (g-i) Kimberley
waypoints. Scale bar=50cm. Darwin: (a) undifferentiated sandstone and conglomerate, (b) conglomerate, (c) sand. Cooperstown: (d) platy sandstone, (e) vuggy sandstone,
(f) dark float consisting of boulders and cobbles. Kimberley: (g) south-dipping resistant and recessive sandstones, (h) bedded sandstone, (i) undifferentiated sand and float.
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