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[bookmark: _GoBack]Appendix 2a - Annotated User Guide for Q-mode Factor Analysis Scripts

This appendix explains the use of the Q-mode factor analysis MATLAB code described in the main text. In order to perform Q-mode factor analysis in MATLAB, the following scripts must be placed in the working directory (all files are formatted for easy copy-and-paste input into MATLAB):

- bmatrixprint.m		- compositionscores2m.m
- fmatrixprint.m		- gmatrixprint.m
- nodosgoodns.m		- positiverot.m
- qmode2.m			- qmodemain2m.m
- transform2m.m		- varimax.m

There are three main parts of the factor analysis output: The factor scores (the weight of each element on the discrimination of a single factor), compositional factor scores (the elemental composition of each factor), and factor loadings (the contribution of each factor to a single sample). 

Below is a step-by-step outline of how to perform Q-mode factor analysis:

1) Create data input file (example provided below)
· In an Excel worksheet create a data file containing sample numbers followed by the concentration data from the samples. Do not label these columns.
· In order to input the 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_FA_input.m”). 
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2) Create a label file
· In an Excel worksheet list transposed labels (element symbols only) for the columns of the input file described above. That is, create a vertical list of the column headings of the elements (not the ages or depths in column 1).  An example label file is shown below. In order for the code to run properly the labels must all be the same length (i.e., the abbreviation for boron [B] is shorter than that for aluminum [Al]), if you have a one letter element name adding a space or a ‘.’ is advised.
· Save this label file as a MATLAB (*.m) file in the MATLAB working directory, noting in the title that this is the variable labels (e.g., “nazca_FA_labels.m”).
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3) Open MATLAB
· Open the correct working directory. This should contain all the necessary factor analysis scripts (listed above) as well as the data and label files.
· At the command prompt, type qmodemain2m (without the .m extension)
· Follow onscreen instructions to read in files. Make sure that each file entered contains the .m extension.
· When prompted, enter an alpha value from 1-99. The alpha value is the minimum variance of the dataset that the user would like explained by the subsequent factors (e.g., an alpha level of 95 will give the number of factors that explain at least 95% of the variance of the dataset). 
· At the next prompt choose the data pretreatment. The pretreatments are used to scale the data in order to ensure that the differences between the magnitudes of the variables (e.g., between major and trace elemental concentrations) do not bias the results. The five scaling options are: none, constant mean, percent of maximum, percent of range, and log.  It is up to the user as to which scaling is preferred, and we suggest that different approaches be tested for each dataset. It is important to note, however, that the pretreatment chosen may contribute to negative factor loadings as discussed in the main text of this paper.
· At this point, the script runs through a normalization and principal component analysis and calculates an initial number of factors found before allowing the user to specify how many of those factors to keep. Once the number of factors is chosen, a varimax rotation will be performed on the data. 

When choosing the number of factors to use we suggest the user at first pick a number of factors that is known to be too large (e.g., ten) to help learn about the dataset. The code can be re-run successively reducing the number of factors (e.g., eventually down to 3, 4, or 5, depending on the project) until the last factor is small yet still statistically relevant. This will allow the user to observe how the data associated with the larger number of factors get redistributed when reducing the number of factors. We define “statistical relevancy” in this context as being approximately equal to the typical analytical precision of the dataset (e.g., 5%, to be worst-case conservative).

When the script has finished running it will plot the varimax factor scores for each of the factors (see below). This plot can be helpful in determining the number of factors.
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4) Working with the output file
· Once the MATLAB calculation is complete (a new prompt will appear), 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 data has been converted, the user can access the factor loadings, factor scores, and compositional factor scores matrices as well as the percent of the information explained by each factor, (pre- and post- varimax rotation).
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