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[bookmark: _GoBack]Appendix 4a - Annotated User Guide for Total Inversion Scripts

This appendix is designed to explain the use of the Total Inversion (TI) MATLAB code. In order to perform TI the following scripts must be placed in the working directory (all files are formatted for easy copy-and-paste input into MATLAB):
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- totalinvmain.m
- l1matrixprint.m
- fxkevl.m
- fkfind.m

The procedural steps are very similar to CLS (Appendix 3), with the exception of constructing a variance input file.  This variance allows for the end member compositions to vary, which is more geologically and analytically reasonable.  In essence, and using SiO2 as an example, this allows one to specify a rhyolitic end member to be SiO2 = 75.1 ± 0.5 weight %, instead of being precisely 75.1 with an implied ± 0.0.  The variance should be presented as the same units as the element concentration in the end-member composition. To set-up the input file for MATLAB, the analytical uncertainty is also needed. 

Below is a detailed, step-by-step outline of what is needed to perform TI using the  MATLAB scripts included in this paper. Many of these steps are identical to those described in Appendix 3a and are included here for completeness.

1) Create data input file (example provided below)
· In an Excel worksheet create a data file containing a column that numbers each sample (e.g., in chronological order if so desired) followed by the concentration data from your samples. Do not label these columns.
· In order to input your data into MATLAB, copy and paste this data file into a MATLAB (*.m), file in the MATLAB working directory. When naming this file it is useful to denote that it is the input file (e.g., “nazca_TI_input.m”). The total inversion program will divide these values by 1000 for ease of data manipulation.
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2) 
Create end-member input file in Excel.
· [image: ]Create a separate worksheet in the Excel workbook that contains end-members and their respective compositions. Divide the end-member compositions by1000 to make the units the same as the data. 

· Copy and paste ONLY the end-member concentrations (no end-member names and no element names) from the Excel file into a MATLAB (*.m) file (e.g., “nazca_TI_EM.m”) in the working directory, as shown below.

[image: nazca EM comp m]

3) Create label file.

· Copy and paste element symbols only; into a MATLAB (*.m) file in the working directory (e.g., “nazca_TI_label.m”), as shown below. Note that the element symbols are transposed (in a column, even though the end-members are in rows.)


[image: ]
4) Create a variance file in Excel.
· The variance input file should be set-up as a single vectorized matrix (with one number per line).  An example is provided below. The length of this matrix is (m + n + (m x n)), where m is the number of elements and n is the number of end-members. The first m items are the analytical precision of each element, and the next n items are the variance of the abundance of each end member.  The last m x n items are the standard deviations of each end member grouped by element (i.e., the standard deviation of each end member of the first element, then the standard deviation of each end member for the second element, and so on). We suggest 1-sigma as a good starting point, but the user may tailor these as desired.  Regardless, the variances must be in the same units as the data. Since we are working in ppm/1000 units for the nazca plate data then the units of variance are (ppm/1000)2 (this value is squared as it is formally a covariance as per Tarantola and Valette, 1982, p. 225).
· [image: ]Copy and paste the variances into a MATLAB (*.m) file (e.g., “nazca_TI_var.m”) in the working directory, as shown below.

It is extremely important to properly assign the variance for each element in each end-member. Keep in mind that the larger variability that is selected, the smaller the residual will be, which does not necessary imply a more robust model. The aim should be to keep the variance as small as possible, while still capturing the true variability of the end-member concentration.

5) In MATLAB:
· Open the correct working directory. This should contain all the necessary TI scripts as well as the data and label files.
· At the command prompt, type totalinvmain (without the .m extension)
· Follow onscreen instructions to read in files. Make sure that each file entered contains the .m extension.

6) Working with the output file:
· Once the MATLAB calculation is complete (a new prompt appears), open the output file and copy the contents. Paste the output into an Excel worksheet, select column A in Excel and in the data menu select “text to column” select “Delimited,” then “Space.”

[image: ] 

· After the output file is open in Excel, copy and paste the entire worksheet into the summary file worksheet as a separate, “output” worksheet. Each sample is identified in order (1, 2, 3…). The user will need to highlight each of the relative fractions and paste them into a separate worksheet, as separate columns.

7) Calculating Relative Contributions.
· Create a “Summary” worksheet with the data divided by 1000, and calculate the sum (input sum). In the below example this would be the sum of columns B through I. 
· Copy the relative fractions into this worksheet. Calculate the sum of fractions generated by the TI (e.g., columns L through P in the below example) and multiply by 1000 (output sum).
· Next, calculate the residual fraction, by subtracting the input sum from the output sum (in this case subtract column J from column Q).
· [image: TI rel sum]Finally, calculate the relative contribution of each end-member by multiplying each end-member’s output fraction by 1000, dividing by the output sum and multiplying by 100. The relative contribution is based on the output sum, as we assume that there is some variability that is unexplained by the elements in the dataset. This can be re-evaluated based on the user’s needs.
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