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This manual provides a brief but detailed introduction to MAGFOX, MAGPOX,
FXMOTR and BATCH. The information provided here is applicable to any
MATLAB installation, PC, Mac or UNIX.
The modeling codes MAGFOX (Longhi, 1991), MAGPOX (Longhi, 1992) and
FXMOTR (a modified version of FXMO and BATCH; Longhi, 2006) were developed
in the early 1990s by experimental and lunar petrologist John Longhi to examine
magma as it evolved via fractional or equilibrium crystallization. These were written
using the FORTRAN programming language. The versions of MAGFOX, MAGPOX,
and FXMOTR, available here, have been translated into the MATLAB programming
environment by Jesse Davenport.
**Please note this tutorial is done using an Apple computer OSX 10.8 and using the
R2013a release of MATLAB. Keep this in mind when running these programs.**
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Introduction: What is MATLAB?

MATLAB (short for MATrix LABoratory) is a language for technical computing,
developed by The MathWorks, Inc. It provides a single platform for computation,
visualization, programming and software development. Problems and solutions in
MATLAB are expressed in notation used in linear algebra and essentia ly involve
operations using matrices and vectors.
The idea behind MATLAB was to provide a simple way of using these programs that
hid many of the complications. The idea was appealing to scientists who needed to
use high performance software but had neither the time nor the inclination (nor in
some cases the ability) to write it from scratch. Since its introduction, MATLAB has
expanded to cover a very wide range of applications and can now be used as a very
simple and transparent programming language where each line of code looks very
much like the mathematical statement it is designed to implement.
Basic MATLAB is good for the following:
• Computations, including linear algebra, data analysis, signal processing,
polynomials and interpolation, numerical integration (quadrature), and
numerical solution of differential equations.
•

Graphics, in 2-D and 3-D, including color, lighting, and animation.

It also has collections of specialized functions, called toolboxes that extend its
functionality. In particular, it can do symbolic algebra.
In addition, MATLAB can be use to build Graphical User Interfaces (GUIs) that allow
the development of user-friendly custom software.
The best way to learn MATLAB is to jump right in, explore the tools and functions of
the programs and explore the voluminous amount of material that is available on the
web and from The MathWorks, Inc.
Some particularly good resources:
•
•

www.mathworks.com/matlabcentral or anything on www.mathworks.com
A plethora of resources are available on the web from user guides and tutorials
to classes and examples using MATLAB to forums where people ask specific
MATLAB based questions. The best place to start is type in your topic or
questions into your search engine of choice.
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2 Introduction: What is SPICEs?
The modeling codes MAGFOX (Longhi, 1991), MAGPOX (Longhi, 1992) and
FXMOTR (a modified version of FXMO and BATCH; Longhi, 2006) were developed
in the early 1990s by experimental and lunar petrologist John Longhi to examine
magma as it evolved via fractional or equilibrium crystallization. These were written
using the FORTRAN programming language. The versions of MAGFOX, MAGPOX,
and FXMOTR, available here, have been translated into the MATLAB programming
environment by Jesse Davenport (Centre de Recherches Pétrographiques et
Geochimiques), Clive Neal and Diogo Bolster (University of Notre Dame), Brad
Jolliff (University of Washington St. Louis) and John Longhi (Lamont-Doherty Earth
Observatory). We are calling the suite of programs Simulating Planetary Igneous
Crystallization Environments or SPICEs.
MAGFOX uses Rayleigh fractional crystallization and MAGPOX equilibrium
crystallization both in 1 % crystallization steps to calculate the major element oxide
evolution of the liquid and mineralogy using experimentally derived equations and
algorithms for liquidus boundaries in various projections (e.g., the OlivinePlagioclase-Wollastonite-Silica or Ol-Pl-Wo-Sil system) that can be used to derive the
crystallization sequence for different magma compositions.
FXMOTR uses a combination of equilibrium and fractional crystallization in 1 %
crystallization steps to calculate the evolution of major and trace elements of the
liquid and the crystallizing mineralogy of magma using equations and algorithms
derived from experimental petrology for liquidus boundaries in various projections.
Many lunar igneous suites have been extensively studied using geochemical and
petrographic techniques to try to understand their individual history and their history
in the context of the evolution of the Moon (e.g., magma ocean crystallization,
development of the lunar highlands and the mare basalt source regions, etc.).
Previous research conducted on terrestrial, lunar, and other planetary bodies has
demonstrated the power of the FORTRAN version of MAGFOX and MAGPOX.
Finally, a MAGFOX, MAGPOX and FXMOTR graphical user interface has been
created to allow users with little or no programming experience the chance to harness
the power of this modeling program. The combination of geochemical analysis and a
user-friendly code that models the evolution of the magma in question and constrained
by experimentally determined phase relationships can present a broader understanding
of the evolution and petrogenesis of many igneous suites.
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SPICEs

9.1

Introduction

The MAGFOX, MAGPOX and FXMOTR programs combine a set of algorithms and
experimentally determined liquidus boundaries in various sub-projections within the
Olivine-Plagioclase-Wollastonite-Silica
(Ol-Pl-Wo-Sil)
system.
MAGPOX,
MAGFOX and FXMOTR use three general configurations for the basis of
calculations: equilibrium crystallization for MAGPOX, fractional crystallization for
MAGFOX and a combination of fractional and equilibrium crystallization for
FXMOTR. MAGPOX and MAGFOX model major element evolution, whereas
FXMOTR models a combination of major and trace elements. The programs are
versatile tools that can be applied to any crystallizing magma, intrusive or extrusive,
whether modeling lunar and terrestrial magmas, or magmas from other planetary
bodies. The user can define a distinct set of parameters for the specifications that they
wish to model. These user input parameters including the initial liquid composition,
the fractionation step, the end point of the model, the pressure (in kbars), and the
temperature calculation scheme (solidus and liquidus temperatures; oxygen fugacity is
calculated based on compositional, temperature, and depth parameters calculated at
each crystallization step).
The phase boundaries are calibrated for compositional and pressure effects, which
allow for the liquids to be tested for saturation with various crystallizing phases. The
fractional crystallization calculations advance in a series of 1% incremental steps from
0 to 99% total crystallization. Crystal/liquid partition coefficients are calculated for
each step using empirical algorithms (equations based on the stoichiometry of specific
minerals crystallizing) and depend upon the various phases crystallizing (Drake, 1976;
Longhi et al., 1978; Nielsen and Dungan, 1983; Longhi, 1987; Longhi and Pan, 1989).
Copies of these programs are available from the authors and on the Lunar and
Planetary Institute (LPI) website within the “Computational Tools” as a graphical user
interface and windows executable file (http://www.lpi.usra.edu/lunar/tools/). The
models are written in MATLAB (http://www.mathworks.com/products/matlab/), but
the basic code can also be executed in the open source Octave programming language
(http://www.gnu.org/software/octave/).
9.2 Aim of the Programs
There are a multitude of publications that have already used the MAGFOX source
code in application to terrestrial, lunar, and other planetary body magma evolution.
For example, Neal et al. (1994a,b) used data from geochemical analysis of vitrophyric
and quenched basalts as parental compositions and determined fractionating phases
and corresponding proportions to examine the petrogenesis of mare basalts at the
Apollo 12 site. The work of Righter and Drake (1997) investigated the possibility of a
magma ocean on Vesta and its implications for the formation of eucrites and
diogenites. Jerde (1999) modeled fractionation paths on a number of parental magmas
compositions and pressures from suites of hypabyssal rocks in the midcontinent rift
system of Minnesota. Snyder et al. (1992) used a combination of MAGFOX and
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MAGPOX program extensively to calculate fractionating sequences for their
solidification model of the lunar magma ocean (LMO).
A literature search reveals a number of publications that use the MAGPOX source
code in application to terrestrial, lunar, and other planetary bodies. For example,
Brown and Elkins-Tanton (2009) modeled a magma ocean on Mercury using several
possible bulk mantle compositions to calculate compositions of the first crust
produced and compare those model calculations to data retrieved from the
MESSENGER mission. Zeigler et al. (2006) calculated and modeled the evolution of
five new Apollo 16 mare basalts. Goodrich et al. (2007) modeled the petrogenesis of
augite-bearing ureilites.
FXMOTR is a more recent program and has not had the extensive scientific
community use that MAGFOX and MAGPOX have seen. Here we introduce it as new
viable program for investigating the evolution of magma systems.
In recent years, the syntax of programming languages such as FORTRAN has become
outdated and has been superseded by less cumbersome programming environments.
The work presented here takes the MAGFOX, MAGPOX and FXMOTR source code
and converts it into the much more user-friendly MATLAB interface. The underlying
goal in this conversion is to be able to promote the MAGFOX, MAGPOX and
FXMOTR code to a much larger and broader scientific audience. MATLAB has in
recent years become a standard computing language in most academic institutions and
a slightly limited open source alternative GNU Octave is capable of executing most
MATLAB scripts. The combination of geochemical data with a user-friendly code can
be a powerful tool to model the evolution of the magma in question, and thus provide
a better understanding of the evolution of a crystallizing magma.
In this technologically advanced era, there is an a la carte selection of programs to
model the evolution of magmatic system. Some of the popular programs include
MELTS (Ghiorso and Sack, 1995), COMAGMAT (Ariskin et al., 1993),
THERMOCALC (Andersson et al., 2002) among many others. All of these programs
have their specific advantages and disadvantages, but it is up to the user to be aware
of these strengths and weaknesses and plan which to use according to their modeling
needs. Here, we look at the MAGFOX, MAGPOX and FXMOTR programs that can
be applied to terrestrial lunar, and extraterrestrial systems. Why choose these
programs then, when there are many others out there? Slater et al. (2003) and
Thompson et al. (2003) tried to answer this question by conducting an evaluation of a
number of computer models on samples of Nakhla (Stockstill et al., 2005), LEW
86010 (McKay et al., 1994), and Apollo 15 basalt 15555 (Janghorbani et al., 1973).
They conclude that MAFOX and MAGPOX most readily recreate the observed values
of major mineral abundances in lunar suites. Although programs like MELTS and
COMAGMAT accurately model terrestrial systems, MAGFOX and MAGPOX also
give consistent results for such magma systems.
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9.3 Running SPICEs
To begin, download the programs (http://www.lpi.usra.edu/lunar/tools/) into the
MATLAB folder located in the Documents folder on you computer. It is best to
separate each program into separate folders e.g. a FXMOTR folder, a MAGFOX
folder, etc.
Once downloaded, navigate into MATLAB and change the “Current Folder” to the
MATLAB folder located in the Documents folder. Then choose between the three
folders for each of the three programs.
Let’s start with FXMOTR. Open that as the current folder. First, delete all of the
output text files located in the FXMOTR folder Next, there are two ways to run the
program the first is the easiest. Type:
>>fxmotr_davenport
in the command window. You will then be prompted to choose between direct input
or file input. Always choose option #2 (file input). This option is the easiest and most
clutter free when programming.
To customize your modeling scenario, in the Current folder open the fxmotr_input.m
file. This file initializes all of the parameters used to run the modeling program. Here,
you can edit the starting composition of the magma, the initial pressure (depth) of the
scenario, the ending point of the modeling scenario and the crystallization step. Any
numbers that are edited for the modeling parameters can’t be less than or equal to
zero. This will cause the program to end in an error. Any numbers that should be zero,
input them as 0.0001. Make sure you save the input file after you have edited the
parameters.
After you have typed the text into the command window, the program will run for a
few seconds and then the output text files will be generated in the “Current Folder. ”
These output files can be opened inside of MATLAB or in a program like Notepad or
WordPad. Alternatively, they can be imported into Microsoft Excel or an equivalent
program as a tab-delimited text file. If you would like to save the output files, either
rename them or move them into a separate folder.
Alternatively, a second way to run FXMOTR is by double clicking on the
fxmotr_davenport.m file in the current folder. This will open the script file in the
MATLAB editor. Be sure not to edit any of the code (unless you are confident in your
MATLAB/programming abilities). Press play (the big green button at the top of the
window). You will be redirected to the MATLAB command window and will be
prompted just as you were in the first scenario to run FXMOTR.
Output files for FXMOTR contain the following:
•

FXMOTR_main is designed to give a report each time a new phase appears
on the liquidus. The program prints out the weight proportion of phases
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•
•
•
•
•
•

•

crystallizing as well as projection coordinates and other information to
FXMOTR_main.
FXMOTR_inst summarizes the Ni and Co data (where wfx is the weight
fraction solidified).
FXMOTR_phys lists the densities of crystallizing phases.
FXMOTR_rxn lists the proportions of the phases crystallizing.
FXMOTR_liq lists the pressure at the base of the magma ocean, the liquid
density at the top of the magma chamber and the liquid composition of each
phase for each crystallization cycle.
FXMOTR_trm lists the trace element composition (for Th, U, Ce, Nd, Sm,
Hf, Zr, Er, Yb, Lu, Nb, Sr, Pb, Y, and La) and proportion of each crystallizing
phase for every fifth crystallization cycle.
FXMOTR_trel lists the normalized trace element composition Th, U, Ce, Nd,
Sm, Hf, Zr, Er, Yb, Lu, Nb, Sr, Pb, Y, and La) of the residual liquid for every
fifth crystallization cycle as well as the pressure at the base of the magma
chamber and the total weight fraction solidified.
FXMOTR_dwt lists all of the partition coefficients calculated for each
mineral in several different trace elements. It then calculates the bulk
distribution coefficient every few cycles.

Examples of these files can be seen in Appendix C.
MAGFOX and MAGPOX are subsequently both run the same way, except you will
use appropriate file names for each program. For MAGFOX, magfox_davenport.m
and for MAGPOX, magpox_davenport.m. Output files for MAGFOX and MAGPOX
contain the following:
•
•
•

•

MAGPOX_main or MAGFOX_main: this file is designed to give a report
each time a new phase appears along with pressure, temperature, phase
compositions and all of the coordinates of all the projection systems.
MAGPOX_liq or MAGFOX_liq: this file contains the evolution of the liquid
as crystallization progresses as well as associated temperatures for each
crystallization cycle.
MAGPOX_xtl or MAGFOX_xtl: this file is in the same format as the
MAGPOX_liq or MAGFOX_liq file, and contains the evolution of the
minerals crystallized from the melt in end member percent compositions e.g.
% An or % Fo.
MAGPOX_wfx or MAGFOX_wfx: this file contains information on the
weight percent of each phases crystallizing from the melt in similar formats to
the MAGPOX_liq/MAGFOX_liq and MAGPOX_xtl/MAGFOX_xtl files.

9.4 Using the Graphical User Interface (GUI)
As part of the work done with SPICEs we have constructed three separate GUIs for
MAGFOX, MAGPOX, and FXMOTR. A GUI allows a user with little to no
programming and MATLAB experience to run these programs without ever looking
at the code and obtain the same accurate and useful results. We hope, that by
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constructing these, we can bring the program to many more lunar and planetary
geologists.
To start, we have three screenshots of what the GUIs look like. Each GUI
fundamentally looks the same as each program really does not differ from the others
on the physical input modeling parameters. At the top, there is a short description of
each of the three programs. On the left, we have an area where the user can input the
compositions of the initial magma. Each element is in wt%. Note that MAGFOX and
FXMOTR have inputs for NiO, CoO and P2O5 while MAGPOX does not. Remember
that the inputs for the magma composition have to be nonzero and nonnegative.
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In the middle column is an area to input the initial pressure in kilobars as well as the
fractionation step which can be anywhere from 0.01 to 0.99, but is most usually 0.01
or 1% crystallization steps. On the far right column is an area to input the endpoint
which can be anywhere from 0.01 to 0.99, but is most commonly 0.99 or 99%
crystallized. Finally, the bottom right has an area to name the modeling run and input
the date when you are executing the model.
Once you have filled in all of the boxes you can either press calculate which will run
the specific program you have chosen or you can press reset which will clear the
boxes and set them all back to zero. Finally, once you have run the program, the
“Retrieve Output Files” button can be pressed and will open all of the output files that
have been generated into the MATLAB editor.
To access and start the GUI, navigate in the current folder on the main MATLAB
window to the program folder that you wish to use. Once inside the specific, place
your cursor in the command window and type the command:
>>(fxmotr, magfox, or magpox)_gui
The text before the _gui depends on which program you wish to use of course. This
command will execute the code to draw and initialize the appropriate GUI, which will
then open on your screen.
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Appendix A: Some useful MATLAB commands
On-line help
Help -- lists topics on which help is available
Helpwin -- opens the interactive help window
Helpdesk -- opens the web-browser-based help facility
help topic -- provides help on topic
look for string -- lists help topics containing string
demo -- runs the demo program
Workspace information and control
who -- lists variables currently in the workspace
whos -- as above, giving their size
what -- lists M -files on the disk
clear -- clears the workspace, removing all variables
clear all -- clears all variables and functions from the workspace
Command window control
clc -- clears command window, command history is lost
home -- same as clc
↑ -- recall previous command
Graphics
plot -- plots a graph
xlabel(’x’) -- labels x axis x
ylabel(’y’) -- labels y axis y
title(’title’) -- gives a figure a title
title axis -- fixes figure axes
clf -- clears figure from figure window
cla -- clears figure from figure window, leaving axes
Controlling program execution
break -- terminates execution of a for or while loop
error(’message’) -- aborts execution, displays message on screen
return -- exit from function, return to invoking program
Input from and output to terminal
x=input(’type x:’) -- asks user to give a value to be assigned to x
disp(’string’) outputs string to terminal
String-number conversion
num2str -- converts a number to a string (so it can be output e.g. as part of a
message)
Logical functions
isempty -- true (=1) if a matrix is empty
find -- finds indices of non-zero elements of a matrix
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Arithmetic functions
sum(x) -- calculates the sum of the elements of the vector x
prod(x) -- calculates the product of the elements of the vector x
Termination
^c (Control-c) -- local abort, kills the current command execution
quit -- quits MATLAB
exit -- same as quit

Appendix B: Examples of Program Output Files
Basically, the programs print out a full report on mineral and liquid compositions each
time a new phase appears. In between, the program prints out a short compositional
summary every 5 cycles and the proportions of crystallizing phases every cycle. The
reports on phases that have reacted away, so the user must check to see if a phase’s
fraction crystallized remains unchanged or has gone to zero between successive points
to whether or not a phase is no longer crystallizing.
A major limitation of these programs is that they expect a starting composition with
olivine on the liquidus. If olivine is not on the liquidus olivine will crystallize in the
first cycle anyway and give a report. So, if the second phase to crystallize appears at
cycle #1, the input composition is most likely inappropriate, unless there is evidence
of olivine crystallization in the next five cycle reports (indicating a cotectic
composition). Figure shows an annotated main output file, which is the same layout
for all of the programs. Figure display annotated versions of the WFX, LIQ and XTL
output files respectively. And Figures display annotated versions of the LIQ, RXN,
PHYS, INST, TRM and TREL output files for FXMOTR.
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MAGPOX/MAGFOX Main File (Continued on next page)
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