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An Excel Macro for Generating Trilinear Plots
by Steven G. Shikaze1 and Allan S. Crowe2

Abstract
This computer note describes a method for creating trilinear plots in Microsoft Excel. Macros have been cre-

ated in MS Excel’s internal language: Visual Basic for Applications (VBA). A simple form has been set up to
allow the user to input data from an Excel worksheet. The VBA macro is used to convert the triangular data
(which consist of three columns of percentage data) into X-Y data. The macro then generates the axes, labels, and
grid for the trilinear plot. The X-Y data are plotted as scatter data in Excel. By providing this macro in Excel,
users can create trilinear plots in a quick, inexpensive manner.

Introduction
Trilinear plots are used in hydrogeological studies as

an effective graphical means of displaying data that con-
tain three dominant components, each of which is typi-
cally expressed as a percentage of the total of the three.
For example, analyses of ground water samples can be
plotted on a trilinear plot to show relative percentages of
three cations (e.g., Na1 1 K1, Ca12, and Mg12), anions
(e.g., Cl2, SO�2

4 , CO22
3 ), or an organic compound and its

degradation products (e.g., the pesticides DDT, DDE,
DDD). Lipson and Siegel (2000) used trilinear plots to
characterize the transport of benzene, toluene, and xylene
plumes. Trilinear plots are also used to plot sediment
textures (e.g., %sand, %silt, %clay) or type (e.g., %sand-
stone, %shale, %limestone). Multiple samples can be
plotted on the same trilinear plot, and trends, groupings,
and mixing patterns can easily be observed. Once plotted,
multiple samples can then be classified or grouped
together. Vacher (2005) provides a review of the use of
trilinear plots in geosciences.

Since the introduction of microcomputers, computer
programs have been written to plot data on trilinear

diagrams. For example, Holm (1988) presented a tech-
nique to plot trilinear diagrams in LOTUS 1-2-3 spread-
sheets. However, from a hydrogeological perspective,
most programs actually plot Piper diagrams, which
include plotting three-component data for cations and
anions in both triangular fields plus the diamond field.
Morris et al. (1983) developed a Piper trilinear plotting
program that was written in BASIC and designed to run
on a Hewlett-Packard desktop computer. Cheng (1988)
also developed a trilinear plotting application for LOTUS
1-2-3 spreadsheets. Rao (1998) also wrote a BASIC pro-
gram to undertake trilinear plots and Piper diagrams; this
program was designed to run on a microcomputer with
a DOS or Windows 95 operating system.

With the rapid advancement of computer technology,
software can become obsolete quickly. This is particu-
larly true given the fact that new versions of software and
operating systems for microcomputers are released regu-
larly, and as a result, old versions of programs and data
files that worked in previous software versions or operat-
ing systems may not be compatible with the latest releases.

The purpose of this computer note is to provide
hydrogeologists with a simple method of generating tri-
linear plots for any three-component data in the popular
spreadsheet software package, Microsoft Excel. The tri-
linear plot macro can be used for any three-component
data where each component is represented as a percentage
of the sum of the three components. The macro was
tested on PCs running Windows XP with Excel versions
2000 to 2003.

It should be emphasized that our software does
not produce Piper diagrams. Should the reader require
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a Piper diagram (i.e., a need for the diamond field), sev-
eral commercial or free programs are available, but these
are restricted to plotting cations and anions. For example,
the USGS created a collection of Excel spreadsheets for
hydrological applications (http://nevada.usgs.gov/tech/
excelforhydrology/), including a Piper diagram (http://
nevada.usgs.gov/tech/excelforhydrology/WaterQualityTools/
PiperPlot-QW.XLS). While this code can also produce tri-
linear plots, it will produce an entire Piper plot of the cation
and anion triangles plus the diamond field.

A Microsoft Excel Macro for Trilinear Plotting
The method presented in this computer note resem-

bles that by Holm (1988) and Cheng (1988). However,
our method makes use of the Visual Basic for Applica-
tions (VBA) in Microsoft Excel. The macro we have writ-
ten takes three columns of raw data and converts them to
X-Y data to plot in Excel’s graphing package. An advan-
tage of our VBA solution over that presented by Holm
(1988) is that our macro will generate the trilinear graph
(axes, grid, labels, and data points) automatically. More-
over, the graph that is created is equilateral, such that all
three axes are the same scale; it is not distorted when
Excel typically readjusts the axes of a graph to fit a page.
The user can specify up to 10 groups of data (each group
contains three unique columns of data). These different
groups can be plotted with different symbols in order to
visualize trends in the different groups.

VBA Programming in Excel to Generate
Trilinear Plots

In the first step of this procedure, the VBA macro
creates the three sets of axes and axis labels, as well as
the grid lines for a trilinear plot (Figure 3). To do this,
a worksheet has been set up where X and Y coordinates
of these axes, grid lines, the outline of the triangle, and
axes labels are stored (this worksheet is hidden).

Once the axes, axes labels, and grid are plotted, the
VBA macro reads data from a user-specified worksheet.
(Note: the user must convert the three components of data
to percentages because the macro does not perform this
conversion.) The macro copies the three columns of per-
centage data (percentages must be in the range 0 to 100,
and the three values must sum to 100) to a worksheet that
is specified by the user (if this worksheet already exists,
the existing data will be overwritten, and any plots that
use that previous data will no longer be up to date). The
data are then converted from three percentage components
to X-Y coordinates (which is also stored in this user-spec-
ified worksheet) and the following equations are used:

X ¼ A 1 Bcosð60�Þ

Y ¼ Asinð60�Þ

where A and B are the first and second of three data values
(in percentages), respectively (only two of the three per-
centage values are required to determine the coordinates).
These equations for converting three columns of percent-
age data to X and Y values are similar to those presented
by Vacher (2005) and Cheng (1988). In our macro, the
data listed in column A (Figure 1) are plotted along the
horizontal axis along the base of the triangle, ranging
from 0% on the left and 100% on the right; the data in
column B are plotted along the right side of the triangle,
and column C is plotted along the left side of the triangle.

Multiple groups of data for a single plot (up to 10
groups) can be read in as well. These data must also be
placed in the user-specified worksheet, with group 1 in
columns A, B, C; group 2 in columns D, E, F; and so on,
as shown in Figure 1.

User Interface
When the user clicks the macro button (which always

appears in Sheet2), a VBA form will appear (Figure 2).
This form allows the user to create a trilinear plot. In this
form, the user must specify

Figure 1. Example of Excel worksheet Sheet1 containing the percentage values for four groups of data.
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d A name for the new worksheet where the graph will be

drawn (this worksheet must not currently exist)
d A title for the plot
d Titles for the three axes
d The name of the worksheet that contains all the data
d The name of the worksheet where the macro will copy the

data and store the calculated X-Y data
d The number of data groups
d For each data group, the user must select the three-column

data and specify a corresponding label for the legend.

Once all information is set, the user clicks on the
‘‘Create Trilinear Plot’’ button to generate the Excel

trilinear graph in the worksheet designated by the user
(Figure 3).

Example Applications
The data that are used for demonstration of our

application involve the contamination of ground water by
the pesticide DDT and the degradation of DDT to its
daughter products DDE and DDD. Numerous samples
were collected from a marsh as well as three land-use
areas within a watershed: residential areas, orchards,
and a natural area (four data groups in total). All sam-
ples were analyzed for DDT, DDE, and DDD. The

Figure 2. The user interface form that is used to enter data, labels, and titles into the VBA macro.

Figure 3. Distribution of %DDT, %DDE, and %DDD: (a) depicting two degradation pathways, aerobic from DDT to DDE
(orchards, natural, and residential areas) and anaerobic from DDT/DDE to DDD (marsh), and (b) faster degradation by an
anaerobic pathway (concentration < 1000) and slower degradation by an aerobic pathway (concentration > 1000).
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concentrations of these three contaminants are converted
to three percentage values for each of the four data
groups corresponding to each land-use area, as shown in
the worksheet (Figure 1).

As shown by Figure 3a, the data plot into two dis-
tinct groups: (1) the orchard and residential and natural
areas samples along the DDT-DDE axis and (2) the marsh
samples, which plot away from the DDT-DDE axis
toward increasing proportions of DDD. This reflects the
two degradation pathways occurring here. Because the
marsh is a wet and anaerobic environment, degradation
occurs along an anaerobic pathway, from DDT and DDE
to DDD, with higher degradation rates producing higher
proportions of DDD. The other three areas are at a higher
elevation and are never flooded by the marsh; hence,
these samples reflect the aerobic degradation pathway
from DDT to DDE.

A second plot was created that shows proportions of
DDT, DDE, and DDD vs. concentrations of total DDT
(total DDT ¼ DDT 1 DDE 1 DDD). In this example,
the data has been grouped into five concentration ranges,
as shown in Figure 3b. This second trilinear plot (Fig-
ure 3b) shows that samples with concentrations > 1000
plot along the DDT-DDE axis or the aerobic degradation
of DDT to DDE pathway. Concentrations < 1000 plot
along both along the DDT-DDE axis and with increasing
proportions of DDD or a DDT/DDE to DDD anaerobic
pathway. This illustrates that the degradation pathway is
a function of environmental conditions rather than the
concentration of total DDT.

Conclusions
Common plotting software tools such as Microsoft

Excel are not equipped with the tools for creating

trilinear plots. However, with the use of Excel’s internal
programming language, VBA, we have created a macro
that will read three columns of data, convert them to X-Y
data, and create a trilinear plot. This method provides
a simple, inexpensive method to create trilinear plots.

Software Availability
The software is available free upon request by con-

tacting either author at steve@earthfx.com or allan.crowe@
ec.gc.ca.
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