Ge 116

Lab project Week 3: Electron Microprobe, pt. 1 (Machine orientation, Standards, Points)

Report due Tuesday January 29, 2019.

This exercise is a combination of learning to use the instrument and actually analyzing your sample. Many steps are things to do rather than questions to answer. Products that should be turned in are shown in boldface.

A. Background reading

The following URL’s are required reading for new probe users:

http://www.gps.caltech.edu/facilities/analytical/microprobe/OPERATION_DIGEST.pdf
(really, just chapter 4, 6, 7, 8, 10, and 12 … other functions are usually done for you or we use different software for them)
http://web.gps.caltech.edu/facilities/analytical/microprobe/probe for epma_quick start.pdf
(this is the software we actually use for most of our quantitative analysis)

B. Sample prep and machine loading

Your sample will need a thicker carbon coat than for SEM work. This should already have been done for you.

You should load the 1” round section of your sample along with at least the main standards block and the standards blocks for olivines, pyroxenes and amphiboles. Make yourself a stage map on paper before you insert the shuttle into the machine. If you have the morning session, please also load the unknown for the afternoon session.
Do a sample exchange procedure and load the shuttle into the probe.

B. Setup, standardization, peaking

We will operate at 15 keV accelerating potential and 20 nA beam current with a point beam. We may see some damage to feldspars with these settings, but we’ll live with that. Drive to benitoite (whose cathodoluminescence makes it ideal for this purpose) and get your optical and electron views in common focus.

Using Probe-for-Windows software, build (or load) an analytical protocol for the “Big 10” elements Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, P (and O as an unanalyzed element). Use 30 s on peak counting times. Ensure that all elements are configured for MAN background correction. Locate and verify the position and identity of at least one standard for each analyzed element. We will not use “quick standards”, so that we will be able to get MAN background data and also be able to compare the effects of using different Si standards on the final results. But if you do in the future use “quick standards”, the standardizing process will go twice as fast.
Locate peak positions and collect the standard data, at least 3 points on each standard. Note that the location where you did peak search may be spoiled and won’t give a good standard analysis.
Examine the relative standard deviation of your standard points. Ensure that for the elements selected on each standard, the RSD on counts/sec/nA are all better than 1%, ideally better than 0.5%. It is unusual to see these reported in the literature, but one really ought to report this, so please do.

Verify your standardization by collecting unknown data in single-point mode on at least one anhydrous secondary standard. Take 5 points and assess whether the accepted value is within the resulting distribution for all elements. How good are your totals?

C. Unknowns

The Big 10 element set up is suitable for most silicates, including feldspars, pyroxenes, amphiboles, titanite, prehnite, etc., and some oxides (those where you know the valence in advance). Program enough points to fill the remaining time in your lab session. You can do this by manually driving around and visualizing each point on the backscatter and optical images, or you can grab a backscatter image and plot your points on the image. This latter method makes it much easier to reconstruct what you did and remember what the points mean; however, if you capture the image at <200X then the point locations will not be very accurate. Try to cover all the major minerals you tentatively identified by SEM. Try to distribute the points so that you can say something about both intra-grain and inter-grain homogeneity of the major phases.
Export your data to an excel spreadsheet and group the data into minerals. Check data quality by looking at analytical totals, and decide if you have any clearly hydrous phases. Assess homogeneity, within and between grains, of each mineral that you have multiple points on. 
Use the mineral stoichiometry to confirm or replace mineral identifications made from EDS analyses.

We will come back next week and try a specialized setup, for example for apatite (need Cl and F), magnetite (need O), sulfides (if you have any), zircon (if you have any), etc.  We may also do some X-ray mapping next week, though this is less important than it used to be now that the SEM mapping capability is so good.
