Part 2: Map and Stratigraphic Column construction
Your goal in this exercise will be to create a full geologic map and cross section of the Rover landing site using the satellite images you saved in part 1 and rock descriptions you will collect and create.
The Rover’s initial position was 137.441559°E -4.59134°N. The Rover took a traverse heading east, reaching point 137.44922°E -4.59135°N. I’m not 100% sure how accurate the Lat/Long locations are in JMARS, so that full traverse is available on this image, with waypoints marked by letters matching those below. Where it says points are “a few meters” apart, they may be right next to the same letter. 
[image: ]
Here is a topographic profile of that section.
[bookmark: _GoBack][image: ]
a.) As given, what is the vertical exaggeration of this profile? 

b.) Now, we are going to give you actual rocks to look at, and conduct a traverse following the Rover observations. When you come upon a new rock type, make that spot a waypoint, complete a full note section on the rock and give the rock unit a name. One example waypoint is marked, others should be obvious, but they are up to you to classify.
Your location 
The Rock itself (Igneous/Sed/Meta, mineralogy, grain size, color, weathering, outcrop style)
Any structural elements (Sed structures, fractures, strike/dip)
Interpretation of the rock unit
When you have completed your traverse, you will create a stratigraphic column using whatever program you choose (Powerpoint, Adobe Illustrator if available) and a geologic map of the area. The geologic map can be completed using JMARS, QGIS/ArcGIS, or printed and mapped by hand. To use JMARS to create an overlay map layer, add the “Custom Shape Layer” option under the Home list. When you right click on the image, you will have the option to create lines and polygons on this image, which you can then make partially transparent and save.
a.) Here is a mosaic image from the Rover’s landing site, the white spots were cleared by the rockets during landing. [image: On Mars | The Human Adventures in Space Exploration]
Consider this waypoint 1. Write notes on this spot and characterize this stop. Identify this as the HP unit. 
Here are close-up images of the examined rocks that are part of this unit.
[image: https://www.nasa.gov/sites/default/files/images/692092main_Grotzinger-1-pia16156-43_full.jpg]
[image: https://www.nasa.gov/sites/default/files/images/692149main_Williams-2pia16188-43_full.jpg]

b) This image was taken at point 137.447762°E, -4.593155°N. Would this be a separate unit? Why/why not? If so, conduct a field investigation of this rock. This image is 16 x 12 cm.[image: https://www.nasa.gov/sites/default/files/images/693113main_pia14762-MAHLI-BathurstInlet_Top1_full.jpg]
This image zooms in on the same outcrop, to finer scale (3.3 x 2.5 cm)
[image: https://upload.wikimedia.org/wikipedia/commons/a/a6/PIA14763-MarsCuriosityRover-BathurstInletRock-CloseUp.jpg]





This panorama was taken looking East from where you are standing at spot (b). What would be your plan for your next analyses?
[image: https://www.nasa.gov/sites/default/files/images/708545main_pia16453-43_full.jpg]

c.) You step forward a few meters to this rock. This image is about 90 centimeters across. Before you do anything else, how thick was the rock sequence from part (b)?
[image: https://www.nasa.gov/sites/default/files/images/713220main_pia16550_Shaler-Mastcam-whitebalanced_full.jpg]
Here are 2 more nearby rocks from this same unit, with images including scale bars.
[image: ]

d.) You continue your traverse up to the next blocky outcrop, visible in the previous panorama (center right). It may be visible on the highest resolution HiRISE imagery. It is located at 137.448441°E, -4.592918°N.
[image: C:\Users\balta\Downloads\pia17268-Fig1_Sol302_M100_WB-scalebars.jpg]
Here is a close-up view of this rock (The white point at the center represents a spot that was analyzed chemically using the ChemCam instrument). 
[image: ]
Before you move on, ask yourself, how does this rock relate to the surroundings? 
e.) You step past this spot a few meters onto the next rocks. Here is a photo, scale bar is 20 cm.:
[image: https://mars.nasa.gov/msl-raw-images/msss/00133/mcam/0133MR0008100000200866E01_DXXX.jpg]








Here is a hand-lens sized photo of this rock, the full image is ~4 cm across.
[image: https://www.jpl.nasa.gov/spaceimages/images/largesize/PIA16618_hires.jpg]













f): You proceed to the final point in the traverse. You step over this spot:
[image: ]










You take a few steps forward from that spot. Here is the view back in the direction you came from:
[image: ]











Here is an image of that rock (note: colors change slightly depending on whether the image is reprocessed to simulate seeing it with Earth’s atmosphere – the redder ones like this are how they appear on Mars)
[image: https://mars.nasa.gov/msl-raw-images/msss/00141/mcam/0141MR0008200570201153E01_DXXX.jpg]








Here are two Hand-Lens scale images of this rock after it was brushed off for a fresh surface, the scale of the circle is the same in each image. Use these to assist you in your description of this unit. 
[image: https://mars.nasa.gov/msl-raw-images/msss/00150/mhli/0150MH0001690010101421C00_DXXX.jpg]

[image: ]

Here is some of the additional information collected on the rocks at each site. First a data table of the bulk rock chemistry at several of the labeled sites. The part labeled “White” is the white material in the last spot.
	
	F
	F - White
	E
	
D
	C
	B

	SiO2
	46.9
	25.9
	45.6
	48.4
	46
	43.7

	TiO2
	0.91
	0.45
	1.12
	1.09
	0.96
	1.11

	Al2O3
	8.88
	5.13
	9.11
	11.93
	10.5
	7.9

	FeOT
	20.5
	11.9
	19.6
	16.31
	18.4
	21.9

	Cr2O3
	0.41
	0.19
	0.52
	0.32
	0.25
	0.41

	MnO
	0.28
	0.19
	0.32
	0.33
	0.45
	0.78

	MgO
	9.8
	5.87
	9.18
	5.09
	5.33
	8.6

	CaO
	5.4
	18.4
	6.45
	6.42
	6.06
	6.3

	Na2O
	3.04
	1.92
	2.58
	3.92
	4.02
	2.24

	K2O
	0.62
	0.25
	0.51
	1.79
	1.86
	2.18

	P2O5
	1.02
	0.72
	0.88
	0.6
	1.08
	0.83

	SO3
	0.89
	28
	2.88
	2.69
	4.05
	3.08

	Cl
	1.13
	0.97
	1.1
	0.83
	0.88
	0.74

	CaO/Al2O3
	0.61
	3.59
	0.71
	0.54
	0.58
	0.8

	SiO2/Al2O3
	5.28
	5.06
	5.01
	4.05
	4.37
	5.53

	Al2O3/TiO2
	9.76
	11.4
	8.13
	10.95
	10.95
	7.12

	FeOT/MgO
	2.09
	2.02
	2.14
	3.20
	3.45
	2.55

	FeOT/MnO
	73.2
	62.4
	61.3
	49.4
	40.8
	28.1

	K2O/Al2O3
	0.07
	0.049
	0.056
	0.15
	0.177
	0.276

	K2O/Na2O
	0.2
	0.13
	0.2
	0.45
	0.46
	0.97

	Cr
	2835
	1267
	3545
	N/A
	1686
	2775

	Ni
	694
	282
	320
	154
	364
	395




Finally, the mineralogy of 3 of these sites as measured by X-Ray Diffraction
	
	
	
	

	
	F
	F
	C

	Sanidine
	1.2
	1.6
	0.9

	Oligoclase
	-
	-
	-

	Andesine
	-
	-
	

	 Plagioclase
	22.4
	22.2
	29.8

	Olivine
	2.8
	0.9
	16.4

	Augite
	3.8
	4.1
	10.7

	Pigeonite
	5.6
	8
	10.1

	Enstatite
	3
	4.1
	-

	Magnetite
	3.8
	4.4
	1.5

	Ilmenite
	-
	0.5
	0.7

	Hematite
	0.6
	0.7
	0.8

	Pyrrhotite
	1
	1
	-

	Akaganeite
	1.1
	1.7
	-

	Anhydrite
	2.6
	0.8
	1.1

	Bassanite
	1
	0.7
	-

	Quartz
	0.4
	0.1
	-

	Halite
	0.1
	0.1
	-

	Pyrite
	0.3
	-
	-

	Kaolinite
	-
	-
	

	Smectite/Illite
	22
	18
	-

	Amorphous
	28
	31
	27


*Hint: These analyses have sample volumes. If you are trying to measure a small feature, you will measure the chemistry of that small feature and some of the surrounding rock, so use comparisons to figure out lithologies – what elements spike substantially from one analysis to the next? What minerals are present at much greater abundances in one rock compared to another?


Given this data, you have full information to evaluate rock types, to create a stratigraphic column, a cross section, and to create a detailed geologic map. Once you have conducted a traverse and identified the rock types, you can extend the contacts on your map based on other information, including the orbital imagery. You may alter the vertical exaggeration on your cross section, but note what scale you use. 
Include lithologic descriptions – write a paragraph describing the rock, such that someone else coming up to this rock could identify it based on your description. You may include details such as color, mineralogy, grain size, rounding, sorting, sedimentary structures, weathering, etc. You may use the bulk compositions and measured mineralogy to assist you in these descriptions, but do not include the raw percentages – instead use those to make an interpretation. For example, if these are sedimentary rocks, can you determine the source rock for some of the sediments? How have the rocks been altered? Can you identify any phases produced by alteration? How does the chemistry change from one outcrop to the next. Making scatter plots of the analyses may be useful in seeing which elements change notably from one rock to the next.
You have a challenge in your stratigraphy – some of the units show clear contacts, but some do not – could there be any unconformities in this sequence? Choose units and contacts that make geologic sense and create a map and cross section that outlines a hypothesis for the relationship between these units.

Items to turn in: 
1. Detailed Geologic Map
	-Units colored (we will determine a color scheme as a group)
	-Colors match those in stratigraphic column/legend
2. Stratigraphic column
	-Name Units 
	-Estimate Unit Thicknesses
	-Color/shade units to match colors on Map
	-Include weathering profile
	-Include lithologic description (~1 paragraph describing details of rocks)

3. Cross section – you have completed a traverse across these units, identify a cross section line that takes you across the units you have identified. Mark this line on your map with a black line labeled A-A’, going from west to East. Construct a cross section showing your interpretation of the stratigraphy and how they related in the field.
	-Show relationship between units vertically
	-Estimate Dips
	-Note any vertical exaggeration
	-Color
4. Notes on each waypoint (format as described above)
5. Field map showing traverse and marked waypoints, to match notes. 

Notes to instructors:
This file has been saved as a large file, with full-sized images. It was easiest to just put them in Word while preparing this document rapidly, but moving them to other folders could be done eventually. 

This lab has been prepared based on a published manuscript, Grotzinger et al. 2015
https://science.sciencemag.org/content/350/6257/aac7575.full

That file contains much of the answer key for this lab, including prepared strat columns and maps. However, I have notably left some small details out of the cross section, so it is possible to watch for people copying from the published descriptions. 
Note that, as discussed in the paper, there is no single right answer for the stratigraphy. It is unknown if the conglomerate unit unconformably overlies the sedimentary units or if the conglomerate unit has been eroded away to allow space for the sedimentary units, that contact was not observed. Furthermore, the outcrop at E may be a dike or other igneous rock and is such not necessarily a consistent layer. For this to be a high-level exercise, students should be instructed to create hypotheses about how these units fit together and test them as they go – relying on instructor input.


All images credit to NASA/JPL-Caltech/MSSS.
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