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[bookmark: _GoBack]Appendix 3a - Annotated User Guide for Constrained Least Squares Scripts

This appendix is designed to explain the use of the constrained least squares (CLS) MATLAB code. In order to perform CLS in MATLAB, 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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- solvel2mainm.m
- l1matrixprint.m
- matrixprint.m

As an overview, in order for the system of linear equations to remain over-determined, the number of variables (in this case, chemical elements) must be more than the number of end-members. The results are strongly dependent on the selected fixed end-member compositions of the end-members. Aside from a priori knowledge, the robustness of the model can be assessed by:

1. Relative contributions summing to 100%. The difference between the summation of relative contributions and 100% is the statistical residual. Since most analytical errors are within 5% of the various measured values, a robust statistical model should have residuals <5%, assuming all end-members are accounted for. However, in some cases, the statistical residual may be >5%, suggesting that the model may be missing an end-member and/or the compositions of the end-members used as inputs are inaccurate for the situation at hand.  There is important scientific information that can be gained from this information.  For example, if the residuals are quite low in an older portion of a stratigraphic sequence, but become progressively larger up-section (as time passes), then perhaps this is indicating that the sources to the sediments are changing with time.

2. Coefficient of determination.  This is the best-fit statistic (that is, r2 x 100) for each element in the model. This value represents how well the model explains the variability of each given element.  If the model is the result of a perfect mix of the end members, each element’s value would be 100%.


Below is a detailed, step-by-step outline of what is needed to perform CLS using the  MATLAB scripts included in this paper:

1) Create a Summary File (example provided below):
· In an Excel worksheet, construct a summary data file  of sample numbers (e.g., in chronological order if so desired) followed by the labels and the concentration data from your samples. 
· Create another column that sums the concentrations used in the model. This column is used to determine a normalization factor for the data with the goal of having the input sum be less than 1. 
· Example: In the dataset shown below, the sum of each sample ranges between 100,000 and 1,000,000, so the concentration data in each column for each sample will be divided by 1,000,000. 
[image: 1M input]


·  Create a separate Excel worksheet in the workbook that contains the end-members and their respective compositions. Normalize the end-member compositions to the same value as the original dataset. Make sure the concentration for each element is in the same unit as the data.
[image: 1M EM]

2) Create data input file.

· In order to input the data into MATLAB, copy and paste ONLY the sample number and concentration data (no sample names and no element names) into a MATLAB file (e.g., “nazca_CLS_input.m”) in the working directory.

[image: 1M input m]















3) 
Create the end-member input file.
· Copy and paste ONLY the end-member concentrations (no end-member names and no element names) into a MATLAB (*.m) file (e.g., “nazca_CLS_EM.m”) in the MATLAB working directory.
[image: 1M EM m]










4) Create label file.

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

[image: ]

Prior to analysis, check the following:
· Same units between data input and end-member concentrations. 
· The number of elements (variables) is at least one more than the number of end-member (so the problem is over-determined). 
· The end-member input file contains the normalized individual end-member concentrations that sum to 1,000 (or 1,000,000).

5) Open MATLAB:
· Open the correct working directory. This should contain all the necessary CLS scripts (listed above) as well as the data and label files.
· At the command prompt, type solvel2mainm (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.”
· After the output file is open in Excel, copy and paste the entire worksheet into the summary file workbook as a separate, “output” worksheet. Each sample is identified in order (1, 2, 3…). Highlight each of the relative fractions and paste them into a main “Summary” worksheet, as separate columns.


[image: ]





7) Calculating Relative Contributions.

· In the “Summary” File, calculate the sum of fractions generated by the CLS (output sum). In the below example, the sum in Column Q is the sum of Columns L through P.
· Next, calculate the residual fraction, by subtracting the input sum from the output sum.  In the below example, this means subtracting Column J from Column Q.
· Finally, calculate the relative contribution of each end-member by dividing each end-member’s output fraction by the input sum, multiplied by 100. The relative contribution is based on the input sum rather than the output sum as we assume that most of the data is explained by the elements in the prescribed dataset. This can be re-evaluated depending on the user’s needs. For example, one could calculate the relative contribution of each end-member using the output sum with the assumption that there may be variability in the dataset that is not explained by the elements used in the model.
[image: 1M output xls]
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