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1-Introduction

Major element chemical data of rocks and minerals are of great use in the study of the origins and evolution of magmatic and metamorphic rocks. Petrologists mostly use binary plots to evaluate correlation between chemical elements or oxides, but some reduced systems have been developed to take into account more than 2 elements in the same diagram. For example some software packages such as MinPet [START_REF] Richard | MinPet. Software program[END_REF], IgPet [START_REF] Carr | IGPET. Software Program[END_REF], NewPet [START_REF] Clarke | NEWPET software program[END_REF], Petrograph [START_REF] Petrelli | Petrograph: a new software for the analysis and presentation of geochemical data[END_REF] or GeoPlot [START_REF] Zhou | GeoPlot: An Excel VBA program for geochemical data plotting[END_REF] have been developed for better data visualization and interpretation. [START_REF] Smith | Multivectors: Nine components represented on a ternary diagram[END_REF] proposed to use multivector diagrams to represent up to nine components. [START_REF] O'hara | The bearing of phase equilibria studies in synthetic and natural systems on the origin and evolution of basic and ultrabasic rocks[END_REF] introduced the use of the CaO-MgO-Al 2 O 3 -SiO 2 (CMAS) system allowing representation of 13 oxides in a four dimension representation. This pseudo-quaternary projection has been largely used as it is the simplest way to represent the major element composition of mafic and ultramafic rocks [START_REF] Garrido | Diversity of mafic rocks in the Ronda peridotite: Evidence for pervasive melt-rock reaction during heating of subcontinental lithosphere by upwelling asthenosphere[END_REF], as well as the main crustal and mantle minerals [START_REF] Kornprobst | Les péridotites et les pyroxenolites du massif ultrabasique des Beni Bouchera : une étude experimentale entre 1100 et 1550C sous 15 à 30kilobars de pression sèche[END_REF][START_REF] Kornprobst | Les pyroxenolites à grenat du massif de lherzolite de Moncaup (haute Garonne-France); caractère communs avec certaines enclaves des basaltes alcalins[END_REF] or extraterrestrial objects [START_REF] Grossman | CaO-MgO-Al2O3-SiO2 liquids: Chemical and isotopic effects of Mg and Si evaporation in a closed system of solar composition[END_REF][START_REF] Grossman | Formation of refractory inclusions by evaporation of condensate precursors[END_REF][START_REF] Yoneda | Condensation of CaO-MgO-Al2O3-SiO2 liquids from cosmic gases[END_REF] and serves as a good model for dry basaltic melts [START_REF] Schiano | Primitive CaO-rich, silica-undersaturated melts in island arcs: Evidence for the involvement of clinopyroxene-rich lithologies in the petrogenesis of arc magmas[END_REF][START_REF] Schiano | The nature of melt inclusions inside minerals in an ultramafic cumulate from Adak volcanic center, Aleutian arc: implications for the origin of high-Al basalts[END_REF]. It is also largely used in experimental petrology [START_REF] Hirschmann | Alkalic magmas generated by partial melting of garnet pyroxenite[END_REF][START_REF] Kogiso | High-pressure partial melting of garnet pyroxenite: possible mafic lithologies in the source of ocean island basalts[END_REF][START_REF] Kogiso | High pressure partial melting of lithologies in the mantle[END_REF]).

Here we present CMAS 3D, a program written in MATLAB 6.5 ®. It converts oxide data to CMAS coordinates and allows visualization of these data in 3 dimensions, and projects the data onto two dimensional plots. Using CMAS 3D does not require MATLAB programming expertise. It reads data from a Microsoft Excel TM spreadsheet. The visualization uses the VRML (Virtual Reality Modeling Language) allowing the rotation of the CMAS tetrahedron in all directions in order to evaluate the different correlations and reactions. CMAS 3D also permits the addition of lines or planes between the analyzed rocks or minerals for the purposes of testing for metamorphic reactions or exsolutions, or to illustrate specific chemical trends. The proportion of the mineral phases that are involved in a reaction as reagents or as products is represented by the balanced centroid on a line (for two reagents or products), on a plane (for three reagents or products) or in a polyhedron (for more than three reagents or products). The intersection between the geometric form formed by the reagents and the one formed by the products in CMAS space is a test of the chemical feasibility of the reaction.

2-Program philosophy and projection system

The CMAS system is a good analog for the main minerals contained in mafic and ultramafic rocks, mainly olivine, magnesian and aluminous pyroxenes (enstatite and polymorphs, pigeonite, diopside), and aluminous phases (plagioclases, spinels, grossular-pyrope solid solutions), as well as for mafic and ultramafic magmas. [START_REF] O'hara | The bearing of phase equilibria studies in synthetic and natural systems on the origin and evolution of basic and ultrabasic rocks[END_REF][START_REF] O'hara | Data reduction and projection schemes for complex compositions[END_REF] To use CMAS 3D, data should be compiled in a Microsoft Excel TM spreadsheet (*.xls) that should have the format depicted in the table 1 (this file is called hereafter data.xls). A first column contains the sample name (only one word), the 3 following ones contain the symbol (1 for a sphere and 2 for a cube), the size (8 for a medium size) and the color (between 1 and columns contain the oxides organized in 13 columns in the same order as presented in the table 1. The last column contains the total. No cells should be empty, but zero could be written.

3-Starting the program

On a PC the folder "CMAS_1.2" should be copied on the "C:\" directory, no installation is necessary. A version of Matlab 6.5 ® or younger is required to use CMAS 3D. When MATLAB is open "C:\CMAS_1.2" should be writen in the "Current Directory" (No.1, Fig. 1) and then the program is loaded by writing "cmas" in the "Command Window" (No.2, Fig. 1).

Once the interface of CMAS 3D is open (Fig. 2), it is ready to be used, as described in the next section.

4-Functionalities

4.1-CMAS tetrahedron

First of all empty CMAS tetrahedrons could be generated by selecting a file name and pressing the associated button (No.1, Fig. 2), files are stored in the folder "CMAS_1.2\Resultats". Before loading the data file (data.xls), a projection system (O'Hara_moles; O'Hara_wt%; BVSP_81_moles or BVSP_81_wt%) must be chosen from the interface illustrated in Figure 2 (No.1). Then the option "Probe file loading" is selected (No.2, Fig. 2). This opens a new window that allows the data file (e.g. data.xls) to be chosen; a final window is then opened and an output-file has to be chosen. When the data.xls type file is loaded, the size of the file is written in the central frame (No.3, Fig. 2). Two different numbers are present: the first one is the number of samples and the second one, the number of columns (it should be 17). The CMAS coordinates of the samples are written in the "Command Window" (No.2, Fig. 1) in percent as:

cmas= C 1 M 1 A 1 S 1 C 2 M 2 A 2 S 2 … … … … C n-1 M n-1 A n-1 S n-1 C n M n A n S n
These coordinates are also stored at the end of the results file (*.wrl) when it is edited as a text file.

4.2-Adding Points or Minerals

This option allows adding some common minerals or some points if their coordinates in the CMAS space are known. To use this option, the line "Add a point" should be selected (No.2, Fig. 2). To add a common mineral, select it in the drop-down menu (No.4, Fig. 2).

Once the mineral is selected, the output-file has to be selected. To add a point from its CMAS coordinates, these coordinates should be written in the four boxes (No.4, Fig. 2) and the sum should be 1. A name could be given in the upper case and a color should be chosen just below (No.5, Fig. 2); to export, the button "export" should be activated. As above, an output-file should be selected.

4.3-Adding Lines and Planes

As discussed above, it can be useful to add lines and planes to the CMAS tetrahedron in order to explore the possibility of subsolidus reactions or exsolutions or to compare whole rock compositions, or to track the evolution of melt during melting or crystallization. To add lines and planes, the line "Draw lines & planes" should be selected (No.2, Fig. 2). Then there are three choices in the menu (No.6, Fig. 2): (i) add the particular plane corindon-enstatitewollastonite (co-en-wo or A-MS/2-CS-2), (ii) add another plane and (iii) add a line. For (ii) and (iii) there are two possibilities to select the apices: (a) use some samples that are in the data.xls type file or (b) use common minerals. For (a), the number of the line (in the data.xls file, Table 1) of the used sample should be written in the three (for a plane) or two (for a line)

boxes. For (b), the abbreviation of the minerals should be used (Table 2). Note that both (a)

and (b) could be simultaneously used. Once the poles of the line or of the plane are selected, select a color, then the button "export" should be activated and the output-file has to be selected.

4.4-Projections

The 3D representations of the CMAS tetrahedron allow the user to visualize the relationships and the correlations between compositions of minerals, rocks or both. Although these 3 dimensional representations are very useful, they are sometimes difficult to use, especially if too many data are plotted at the same time. So, projections on a 2 dimension surface are necessary and widely used. These projections involve a projection pole and 3 apices defining a projection plane. These poles and apices can be mineral, compositions, rock compositions or any combination of compositions.

To make projections, the line "Projections" should be selected (No.2, Fig. 2). Then there are two choices in the menu (No.7, Fig. 2): making a projection on a predefined plane (A-CS/2-MS/2; C-M-A; C-A-S; M-A-S or C-M-S) or making a projection on a user-defined plane. In the first case, the line of the chosen plane should be selected (No.7, Fig. 2) whereas, for the second case, the 3 boxes should be completed with either the number of the line of a sample (from the data.xls type file, Table 1) or with the abbreviation of a mineral (Table 2).

The "projection pole" definition should be completed in the same way. An output filename should be written in the box "name of the projection output file here". The projection will be activated by pressing the "export" button. The coordinates of the projected samples are written in the "Command Window" (No.2, Fig. 1). The fourth column indicates the quality of the projection. The bigger the number is, the closer from the projection pole is the projected point, and the poorer the quality of the projection. A negative value indicates that the pole is between the plane and the projected point. Projection results are stored in the folder "CMAS_1.2\triangle"

5-Visualization of results

The visualization of results should be made with a VRML reader (to read the *.wrl) because the visualization in MATLAB is not so convenient. The files in C:\CMAS_1.2\Results and C:\CMAS_1.2\triangle should be opened with this type of reader.

Some free VRML readers are available on the web; we propose to use "Flux Player" freely downloadable at http://www.mediamachines.com (also provided with the supplementary material). The mouse commands to move the tetrahedron are: left button: rotation, right button: displacement, rolling button: zoom.

Note that in order to have an image easily modifiable, the names of the apices are not given in the results of the projection. For the projection, the name of the apices must be in a precise order (No.7, Fig. 2): the first apex name will be the left one, the second one will be the right one and the third one will be the top one.

6-Example

The proportion of the mineral phases that are involved in a reaction as reagents or as products is represented by the balanced centroid on a line (for two reagents or products), on a plane (for three reagents or products) or in a polyhedron (for more than three reagents or products). A metamorphic reaction is chemically supported only if in the composition plots in the chemical space and so in the CMAS chemical reduced space, the balanced centroid of the reagents and the one of the products have the same coordinates.

In mantle conditions, in the subsolidus domain, two reactions separate the Seiland subfacies from the Ariegite one (both subfacies being in the spinel lherzolites facies; Fig. 3).

These reactions are Opx+Pl+SpGt+Cpx and Opx+Pl+SpGt+Sapph (with Opx:

orthopyroxene, Pl: plagioclase, Sp: spinel, Gt: garnet, Cpx: clinopyroxene and Sapph: sapphirine) and are located in the P-T space on Figure 3. The reaction involving Cpx is well known from granulites and pyroxenites studies (e.g.: [START_REF] Grégoire | Oceanic mafic granulite xenoliths from the Kerguelen archipelago[END_REF] and the one involving the sapphirine has been evidenced by [START_REF] Christy | The stability of Sapphirine+Clinopyroxene: implications for phase relations in the CaO-MgO-Al 2 O 3 -SiO 2 system under deep-crustal and upper mantle conditions[END_REF]. These reactions are represented in the CMAS tetrahedron by a plane (Opx-Pl-Sp) which is crosscut by a line joining Gt-Cpx and Gt-Sapph, respectively. Cpx and Sapph being situated at the opposite regarding the plane (Opx-Pl-Sp), only one reaction could be effective depending on the position of Gt as regard of the plane. Gt is very close of this plane so precise calculations and graphical representations have to be used to know which reaction is effective. The involvement of Sapph has been reported several times in mantle or in deep crustal domains [START_REF] Grégoire | Oceanic mafic granulite xenoliths from the Kerguelen archipelago[END_REF][START_REF] Herd | The mode of occurrence and petrogenesis of the sapphirinebearing and associated rocks of West Greenland[END_REF][START_REF] Meyer | Sapphirine, sillimanite and garnet in granulite xenoliths from Stockdale kimberlite, Kansas[END_REF][START_REF] Segnit | Sapphirine-bearing rocks from MacRobertson Land Antarctica[END_REF] and its origin is never very well understood, the use of CMAS 3D allows to resolve such a problem.

A pyroxenite xenolith from Morocco (TAK-4) is made of clinopyroxene, garnet, spinel, plagioclase and sapphirine. Electron microprobe data for these minerals (Table 1) have been plotted in a CMAS tetrahedron using CMAS 3D and are presented on the Figure 4 as well as the Opx-Pl-Sp plane. On a projection from the plagioclase pole (Fig. 5), the Opx-Pl-Sp plane (represented as a line) is crosscut by the Gt-Sapph line, showing that these two minerals are the products of a reaction involving plagioclase, spinel and orthopyroxene. The observation that Gt is close to the Opx-Pl-Sp plane implies that the amount of sapphirine formed during the reaction is very small, which is confirmed by microscopic observations on thin sections.

7-Conclusion

CMAS 3D provides the possibility to project and to visualize chemical data (weight percent of oxides) within the CMAS system in 3 dimensions and to make 2 dimensions projections very easily. Petrologists and geochemists commonly compile their data with Microsoft Excel TM so CMAS 3D uses an Excel source file to make representations and projections. The calculations are made by CMAS 3D with MATLAB ® and the results can be visualized with free downloadable software. The 3D visualizations are very easy to use and provide a very convenient tool for research as well as for teaching igneous and metamorphic petrology.

  proposed the pseudo quaternary projection by defining the following CMAS components in terms of mole fractions of the oxides: M, A and S results are the respective coordinates of the apices in the CMAS tetrahedron. Four different types of representations are possible with CMAS 3D: (i) the projection in moles presented above from O'Hara (1968), (ii) the same projection but in weight percent, (iii) a modified version proposed in the Basaltic Volcanism Study Project (1981) (hereafter BVSP_81) in moles and (iv) the same modified version in weight percent.
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