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Context

During the course of research on Tertiary extensional basins in the central Basin and Range my students and I have often thought that it would be very helpful to know where quartzite clasts, which are fairly abundant in Tertiary conglomerates, were derived from.  However, one quartzite clast often looks just like the next quartzite clast.  In dealing with this problem we’ve thought it would be very helpful if you could somehow definitively ascertain where the clasts came from and to be able to rely upon something other than just their visual appearance.
Because quartzite’s by their very nature are silica rich, XRF analyses can’t provide the trace element analyses that other researchers have suggested are useful for provenance studies in quartz-rich units/clasts.  Previous research has suggested that microprobe trace element geochemistry and cathodoluminescene are useful in determining provenance in these situations.  Even though microprobe analyses can be costly, we are allowed to run a certain number of analyses for course work and we can charge back the costs of the machine time to the department.
This project was conducted as a pilot study in order to determine whether this method would provide the desired provenance results.

Information for the project
Each UNLV student selected one of the following stratigraphic units: Aztec Sandstone, Eureka Quartzite, Tapeats Sandstone, Zabriski Quartzite, Wood Canyon Formation, and Stirling Formation.

Each UNLV student collected three quartzite (or quartz-rich sandstones) from their unit: one at the base, one midway through the unit, and one at the top of the section.

Each sample was analyzed using UNLV’s microprobe in 10 different spots (all on individual grains, not on cement or matrix material).

However, because of labeling problems and sample mix-ups, most units are represented by fewer than 3 sets of data.

The quartzite clasts of unknown origin are from the Tertiary Rainbow Gardens Conglomerate; just two clasts were analyzed from it.

The associated spreadsheet has individual worksheets with labeled tabs and they contain the data for each of the 6 units (Aztec, Eureka, etc.), plus the data for the clasts of unknown origin (Rainbow Gardens).


Samples in the spreadsheet utilize the following abbreviations for the sample names:  AZ = Aztec, EQ = Eureka Quartzite, TS = Tapeats Sandstone, ZQ = Zabriski Quartzite, WC = Wood Canyon Formation, ST = Stirling Quartzite, and RG = Rainbow Gardens.
Directions
Task #1 (during lab, first week).

a. Each student (or a group of students depending on class size) should select one of the six main formations (i.e., not the Rainbow Gardens).

b. Have your instructor show you how to conduct a literature search using Georef, Scopus, or whatever method you have available at your institution.

c. Locate 8-10 references that are most relevant to your stratigraphic unit and develop a bibliography that is formatted in GSA Bulletin style (instructions and examples can be found at the bottom of the following GSA web site http://rock.geosociety.org/pubs/geoguid5.htm.  Turn in your bibliography within one week.

Task #2 (done outside of scheduled class time).

a. During the second week of class, meet with your instructor and select 2-3 of the key references from your bibliography to read.  Also read the Goetze and Lewis (1994) paper entitled “Distribution of REE and trace elements in size and mineral fractions of high-purity quartz sands” in Chemical Geology.  
b. After reading Goetze and Lewsi (1994) and the key literature for your stratigraphic unit, ask your instructor for a good example of a paper whose format you can follow, and then write an Introduction and Geologic Background for your project and turn them in within two weeks.
Task #3 (done as soon as your instructor returns them)

a. Revise Introduction and Geologic Backgrounds as needed.
Task #4 (this would be done during the 7th week of class)

a. Go on field trips to collect samples – collect quartzite samples from the top, middle and base of your units.  Take digital photos of field areas to include on poster as needed.  Label all samples carefully.

Task #5 (this would be done during the 8th week of class)

a. First 2/3 of lab = Use water cooled rock saw to cut billets.  These should be the same size as a standard thin-section but they are cut thicker than a standard thin-section.  Glue the billets to standard thin-section glass slides then polish the exposed rock surface using a lap and fine grit.  Turn in samples to Microprobe technician.
b. Last 1/3 of lab = Complete Adobe Illustrator tutorial.

Task #6 (done outside of scheduled class time).

a. Write a Methods section for your paper and hand in during Week 9 lab.

Task #7 (done outside of scheduled class time).

a. Do revisions of Methods section as needed.

Task #8 (done during week 12 lab)

a. Open the Excel spreadsheet with microprobe data and find the data set for your samples.  Each sample will have data for ten spots that were analyzed and be listed in the table in the following manner.  For example, the first Rainbow Gardens sample will have ten data sets listed as RG-1 1 (the first spot analyzed on sample RG-1) through RG-1 10 (the 10th spot analyzed on sample RG-1).
b. Evaluate your data in the following ways: Weight percent totals for each spot analysis should total between 98-102%.  Eliminate all spot analyses that are outside that range.

c. Convert the weight percent data into parts per million (ppm).  First sum the atomic mass of each trace element oxide by adding the mass of all components. As an example, the atomic mass of Sm2O3 is equal to the mass of Sm times 2 plus the mass of O times 3; e.g., (150.36*2)+(15.9994*3)=348.72.  Next divide the weight percent result value by the atomic mass sum that you just calculated; e.g., the result of the Sm2O3 analysis for RG-1 4 is 0.031 so divide 0.031 by 348.72.  Next you must multiply your result by the number of cations in the oxide: for the Th, Co, Ba oxides you multiply by 1, whereas for Sm, Nd, Eu, and Sc you must multiply by 2 (since there are two atoms in each oxide). Finally multiply all values by 10,000 to convert them to ppm.  As a test of your calculations you should have the following ppm values for sample EQ-1 7: Sm2O3 = 206ppm, ThO2 = 590 ppm, CoO = 104 ppm, Nd2O3 = 677 ppm, BaO = 121 ppm, Eu2O3 = 0 ppm, and Sc2O3 = 79 ppm.
d. Calculate a mean for each of the trace element oxides using all ppm values for a given stratigraphic unit (e.g., if your unit has 2 or 3 different samples go ahead and calculate one mean using all valid data points). 

e. Now plot a line graph using the trace element mean values (do not use the SiO2 values as that will drown out everything else). 

f. Once you have plotted your graph compare your results with your peers.  Make sure that your y-axis has the same maximum values so that you are comparing curve shapes that are at the same scale. 

g. Next process each of the Rainbow Gardens data in the same way and compare your units plot to the Rainbow Gardens plots.
Questions/Tasks to be answered in Lab 
1. Answer the following questions:


Are there significant differences between the mean values for the six different units?


Which stratigraphic unit has the most similar shaped plot when compared to the Rainbow Gardens data?

2. Using whatever statistical software you prefer, perform a cluster analyses using the ppm mean values.


Based on the cluster analysis which stratigraphic unit(s) most closely match(es) the Rainbow Gardens clasts?


Two samples (the Tapeats and Zabriski) are of the same age and share certain similarities in the field though they are separated geographically - how do they relate to each other on the cluster analysis?

3. Uncertainty calculations and detection limits vary but generally ppm values <100 are questionable.  Given the above statement regarding uncertainties, are the results valid?
4. Look at the cathodoluminescence data for all samples.  How much variability is there between samples from the same stratigraphic unit?  Do geochemically similar samples look similar or not?  

Task #9

a. Make a poster for your project: include a title, author list, author affiliation, Abstract, Introduction, Geological Background, Methods (bullet points from the Intro, Background, and Methods you wrote earlier this semester), Results, Interpretation, Summary, and References (use key refs from the Bibliography you developed earlier in the semester).  Including things like field location photos, your cluster analysis dendrogram, a couple of the cathodoluminescence images, etc. will make your poster more visually appealing.
Task #10

a. Using Powerpoint, build a GSA style talk (i.e. about 12 minutes long with about 3 minutes for Q&A).  Your talk should explain what you did and found with regards to your stratigraphic unit, and how the results compared to the results of the analyses for clasts from the Rainbow Gardens.  Practice your talk and then give it during the final lab section.
