Computers and Geosciences, v. 24, № 1, 1998. Pp. 1-5.
CHEMPET - CALCULATION FOR THE CHEMICAL SYSTEMATICS OF IGNEOUS ROCKS BASED ON THE CIPW NORM
D.G. YEGOROV, A.N. KOROBEINIKOV and M.I. DUBROVSKII 

Geological Institute, Kola Scientific Center, Russian Academy of Sciences, 14, Fersman Street, Apatity, 184200, Russia

Abstract- CHEMPET is a Pascal program based on the CIPW norm calculation for the classification of igneous rocks. It is suggested that the sequence of desilication steps of the CIPW norm is an approximation for the activity of silica in the rock-forming environment. The main chemical features of rocks can be plotted on the "silica saturation - index of alumina-alkalinity" diagram using the results obtained from the CHEMPET calculations. The program also divides rocks into two series - the Ca- and Fe-Mg ones which differ in their crystallization schemes and metallogeny. The proposed routine gives the same results for major norms as the conventional CIPW norm algorithm which prescribes the successive desilication of normative minerals. The new algorithm is simpler and more closely follows the natural sequence of magmatic crystallization. In addition to the main conventional chemical systematics of rocks (SiO2 versus (Na2O+K2O)) the proposed method enables a rapid assesment of the rocks chemistry using the concept of “saturation”. This, in turn makes it possible to mark essential chemical differences between igneous rocks which result in gaps in their CIPW - normative mineral compositions.
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It is reasonable to suggest that rational systematics of data on the whole-rock chemistry in igneous petrology can be based on parameters which approximate the most essential thermodynamic properties of rocks. Valuable approaches in this direction had been proposed in 20’s by S.J. Shand (1947) who introduced the concept of the silica (SiO2) saturation for rocks and minerals. Igneous rocks were accordingly subdivided into oversaturated, saturated and undersaturated groups. Other important constituents were also treated in terms of saturation. Among these are alumina (Al2O3), alkali elements (Na2O+K2O) and calcium in their relations with each other. Accordingly, rocks were subdivided  to peraluminous, metaluminous, subaluminous and peralkaline groups. 

It is asumed to be obvious that a parameter which reflects the relation of a certain rock component to every other main constituent gives more valuable information than a simple oxide weight percentage obtained from chemical analyses. The well known CIPW norm calculation method (Cross et al. 1902) provides a way to calculate such a parameter. The value of this method for geologists is reaffirmed by the experimental studies made over decades for the so called "dry" systems (without water and other volatile constituents) modelling compositions of igneous rocks. C.J. Hughes (1982) notes: "...It is re-assuring to discover that the sequential steps in dealing with undersaturated rocks in the calculation of the CIPW norm (viz. the successive conversion of hypersthene to olivine, albite to nepheline, orthoclase to leucite, diopside to calcium orthosilicate, and leucite to kalsilite) thus apparently have a sound thermodynamic basis;  these steps were, of course, based on observation of common  mineral parageneses in the first place". 

The chemical characteristics widely used for the classification of igneous rocks are weight percentages of SiO2 and Na2O+K2O (Cox et al. , 1979; Le Bas et al., 1986). In this paper we describe the use of CIPW norms to estimate the basic parameters such as silica and alkalies together with alumina in terms of "saturation" on the plot "silica saturation - index of alumina-alkalinity" (Fig. 1). The silica saturation for a rock is estimated from the percentage of the most desilicated normative mineral (the mineral lowest in the sequence shown on the plot (Fig. 1). As a result of the CIPW norm calculation procedure, olivine- and nepheline-normative rocks are more silica saturated than larnite- and leucite-normative rocks respectively. This is supported by the observations on natural mineral assemblages. 

The alumina-alkalinity index referred to as K-alk., is defined as:

K-alk. = [2Ca'-(Al-(K+Na))]/2Ca'

  This index reflects the relations between alkalies, alumina  and calcium, in almost the same terms as S.J. Shand (1949).  Ca' is the molecular proportions of CaO adjusted for the construction of normative apatite, fluorite,  calcite, and titanite. This is explained by the fact that these minerals do not characterize the alkalinity of rocks being widespread minor phases in different magmatic rocks. The index reflects the relations between alkalies, alumina and calcium, in almost the same terms as used by S.J. Shand (1949). 

The value of K-alk. equal to 1 corresponds to the agpaicity index (Al/(Na+K)) of 1. When K-alk. > 1 than acmite is present in the norm and therefore such rocks are refered as alkaline (or peralkaline). Plagioclase (anorthite molecule) is absent in this rock group. The range of 0< K-alk. < 1 corresponds to metaluminous and subaluminous rocks of S.J. Shand (1949). And if K-alk. < 0 we have peraluminous rocks with CIPW-normative or modal corundum, or other modal high-alumina minerals (muscovite,  staurolite, sillimanite etc.). It should be noted that sometimes  (quite rarely) K-alk. is equal to plus or minus infinity. This happens when the amount of calcium in a rock is extremely  low in comparison with alkali elements or alumina.  

The significant difference of the proposed method in comparison with the main conventional diagrams for rocks systematics (e.g. SiO2 versus Na2O+K2O) is that certain rock types can be distinguished due to qualitative gaps which arise as a result of this CIPW-norm calculation procedure. Because the qualitative gaps in rocks compositions really exist in nature (e.g. modal quartz or nepheline, aegirine-augite or An-bearing feldspar, nepheline or orthopyroxene an so on) it identifies the most essential chemical features of rocks. The silica saturation derived from CIPW-norms and K-alk. correlate roughly with the activities of silica, alumina and alkalies in a rock-forming magma. Thus, the proposed method relies on the criteria which are close in their meaning to thermodynamic ones.

As is mentioned above, the CIPW-norm method, in spite of its age, is based on sound geological considerations. However, progress in petrology suggests some modifications (e.g. Chayes and Yoder, 1971) which aim to adjust the calculation procedure for certain rock types according to modern data on the stability relations between mineral phases. In this paper we propose to calculate norms in a way to avoid the simultaneous presence of ilmenite and calcium silicate (wollastonite or larnite) which react with each other to form perovskite, for example: 

  FeTiO3  +   2 CaSiO3   =   CaTiO3   +  CaFeSi2O6.  

(ilmenite) (wollastonite) (perovskite) (hedenbergite) 

The use of this reaction distinguishes two important series of rocks - Ca- and Fe-Mg-ones. The Ca-series is characterized by the presence of "free" wollastonite (in excess to that in diopside). The subdivision of igneous rocks to these natural series is significant due to their different crystallization schemes and metallogenic features (Dubrovskii, 1993). The silica saturation of the Ca-series decreases in the sequence: quartz- nepheline- leucite-monticellite- kaliophillite- larnite-(wustite+periclase), whereas the same sequence for the Fe-Mg-series is: quartz- olivine- nepheline- leucite- monticellite- kaliophillite-(wustite+periclase). This difference is explained by the reaction between olivine and larnite to form monticellite. 

The proposed PASCAL program for the CIPW norm calculation consists of steps which combine molecules of normative  minerals starting from the smaller ones (e.g. kalsilite before  leucite, and leucite before orthoclase) in order to "consume" step-by-step all silica present in an analysis.  The sequence of proposed calculations is as follows: 

- The weight percentages of oxides are converted to molecular  amounts; 

- Accessory minerals (halite, fluorite, pyrite, carbonates, apatite, zircon, chromite) are calculated; 

- The index of alumina-alkalinity (K-alk.) is calculated. 

- The main chemical oxides are then combined step by step to form progressively more complex rock-forming minerals. The molecular amount of a mineral is equal to the  amount of the least abundant component of those required to form that mineral present at this step. Accordingly, if a certain component is already consumed for the construction of previous minerals, than nothing happens during all further steps that involve this component. 

The sequence of steps is as follows: 

K2O + SiO2  ( potassium silicate 

Na2O + SiO2  ( sodium silicate 

Al2O3 + SiO2  ( aluminium silicate (sillimanite, andalusite or kyanite) 

potassium silicate + aluminium silicate  ( kaliophillite 

sodium silicate + aluminium silicate  ( nepheline 

sodium silicate + Fe2O3 + 3SiO2  ( acmite 

CaO + aluminium silicate + SiO2  ( anorthite 

FeO+TiO2  ( ilmenite 

CaO+TiO2  ( perovskite 

FeO+Fe2O3  ( magnetite 

FeO+MgO  ( periclase + wustite 

CaO + (periclase+wustite) + SiO2  ( monticellite 

2CaO+SiO2  ( larnite (Larnite was named as calcium orthosilicate earlier (Cross et al, 1902), therefore we have left the abbreviation  "cs" in the program)  

ilmenite + larnite  ( perovskite + monticellite 

2(periclase+wustite)+SiO2  ( olivine 

larnite+SiO2  ( 2 wollastonite 

kaliophillite + 2SiO2  ( leucite 

monticellite + SiO2  ( diopside 

leucite + 2SiO2  ( orthoclase 

perovskite + SiO2  ( titanite 

nepheline + 4SiO2  ( albite 

olivine + SiO2  ( 2 hypersthene 

The proposed scheme of calulation is almost the inverse to the conventional one which prescribes the successive steps of desilication of mineral molecules. Both the proposed algorithm and the conventional routine give identical CIPW-norm results as to rock-forming minerals. The exeption are perovskite and ilmenite which are not calculated in the same analyses as is explained above. The supposed advantage of the new algorithm is its simplicity and correspondence to the natural process of magmatic crystallization.

It is important to note that the suggested method for dealing with whole-rock chemistry proposed in this paper does not replace the use of conventional diagrams for classification of igneous rocks (Le Bas et al., 1986; Cox et al. 1979). The significant difference of the silica saturation - index of alumina-alkalinity diagram from the SiO2 - (Na2O+K2O) diagram is that the former does not trace the continuum range of compositions for certain magmatic series. To the contrary, the proposed diagram identifies discrete groups of rocks determined by their silica, alumina and alkali saturation. Compositions of rocks belonging to three distinct volcanic series  from Hawaii Islands have been plotted on the proposed diagram constructed in terms of silica and alkali saturations and the conventional diagram silica-alkalies  (fig. 2 and 3). Because the former  reflects  “weighted”  values of alkalinity and silica more essential  differences between these three  series can be seen. On the conventional diagram the subalkaline series differs from the alkaline one by the bigger absolute amounts of alkalies (fig.3), whereas on the proposed plot subalkaline rocks have smaller values of the alkalinity index (fig. 2). More clear differences in silica saturation can be seen also between tholeiitic and subalkaline rocks which belongs to quartz- or olivine- and nepheline-normative groups respectively. 

The value of such discrimination for an individual natural rock in addition consisits, for example, in the opportunity to choose proper synthetic “dry” system for the purpose of experimental and theoretical petrogenic modelling with the participation of volatile components. Besides, the plotting of chemical analyses especially for volcanic rocks on the proposed diagram permits a quick estimate of their potential modal composition. It is necessary to note that the use of the above method is possible only if the amounts of ferric and ferrous iron are separately determined for the rocks. 
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 APPENDIX 1

Example of the results - file with the extension ".cip" (sample 6 in Fig. 1):

       weight.%   mol

SiO2   70.80   1178.82

TiO2    0.22      2.75

Al2O3  16.63    163.14

Fe2O3   0.25      1.57

FeO     1.55     21.55

MnO     0.07      0.99

MgO     0.50     12.40

CaO     3.15     56.17

Na2O    3.66     59.04

K2O     2.82     29.94

Total  99.65

           mol  weight%

ilm       2.75   0.42    FeO*TiO2

mt        1.57   0.36    FeO*Fe2O3

or       29.94  16.64    K2O*Al2O3*6SiO2

ab       59.04  30.94    Na2O*Al2O3*6SiO2

an       56.17  15.62    CaO*Al2O3*2SiO2

 PL               46.55

en       12.40   1.24    MgO*SiO2

fs       18.21   2.40    FeO*SiO2

 HP                3.64

qu      484.03  29.07    SiO2

als      17.99   2.91    Al2O3*SiO2

          Total 99.61

seri = FeMg

K-alk:  -0.32

Рисунки – архив диаграмм пакета «Статистика»
Figure 1. The "silica saturation  - index of alumina-alkalinity" plot. Numbers to the left are content of the minerals, in %. 

Average  chemical compositions of magmatic rocks (by Bogatikov et al., 1987) are shown: 

1- melilitolite, 2- gabbro, 3- norite, 4- leucite tephrite, 5- nepheline syenite, 6- granite, 7- alkaline granite, 8- kimberlite, 9- okajite.

Figure 2. Compositions of rocks representing three Hawaiian volcanic series (Jackson and Wright,  1970; MacDonald and Katsura, 1968; Yoder and Tilley, 1962) plotted on the diagram "silica saturation  - index of alumina-alkalinity".  Open quadrangles - tholeiitic series, half-filled quadrangles - subalkaline series, filled quadrangles - alkaline series.

Figure 3. Compositions of rocks representing three Hawaiian volcanic series shown on the fig. 2 plotted on the conventional diagram SiO2 - (Na2O+K2O). 

1 - tholeiitic series,  2 - subalkaline series, 3 - alkaline series.
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