
Lecture Notes - Norm Calculations
• The mineralogy and texture of an igneous rock are a complex function of its chemistry and

crystallization history.  Cooling rate, “humidity,” nucleation and growth kinetics, diffusion,
chemical zoning of minerals, and many other factors contribute to the final product viewed in a
thin section.  To help see through all of these trees to the forest of igneous petrology, a
procedure was developed to reduce all igneous rocks to the same basis — a basis that depends
on chemistry only.  The result of this procedure is a mineralogic norm, so named to indicate a
“normal mineralogy” for an igneous rock.  Most geologists calculate CIPW norms, named
after Whitman Cross, Joseph P. Iddings, Louis V. Pirsson, and Henry S. Washington who
devised the procedure 90 years ago.

• In many respects the norm calculation is simply a change of the chemical components used to
represent a particular bulk composition from the usual oxide components of the analyst to
components that coincide in chemical composition with ideal mineralogical end members.  For
example, instead of the oxide components FeO, Fe2O3, and TiO2, a norm might use the ideal
mineral compositions of hematite (Fe2O3), magnetite (Fe3O4), and ilmenite (FeTiO3).  By using
mineral compositions as components for the norm, the relative proportions of the “normal”
minerals may be read directly from the “normalized” chemical analysis.

• The actual recipe for the norm calculation is more complicated than one might expect for a
simple change of components.  This is because not all rocks have the same minerals in their
norms.  To see this, examine the composition triangle
for FeO, Fe2O3, and TiO2.  For bulk compositions that
fall within the triangle containing the “Y” the
normative minerals magnetite, ilmentite, and hematite
work very well.  However, if a rock has a composition
falling within the triangle containing the “Z”, the
normative amount of magnetite is negative.  Therefore,
the norm for this rock is expressed in terms of
ilmenite, hematite (Fe2O3), and rutile (TiO2).
Similarly, if a rock has a composition falling within
the triangle containing the “X”, the normative amount
of hematite is negative.  The norm for this rock is
expressed in terms of ilmenite, magnetite, and wustite.

• In some instances, it is not possible to foresee that the normative amount of a mineral will be
negative.  Thus, for some rocks it is necessary to backtrack and modify the calculated amounts
of normative minerals when negative amounts of normative minerals are encountered.  This is
most commonly true if the rock does not have quartz in the norm because quartz is generally the
last mineral to be calculated.

• Norms are always expressed in terms of anhydrous minerals.  Because the amount of water in
an igneous rock may reflect the physical conditions of crystallization (e.g. volcanic vs. plutonic)
rather than an intrinsic property of the magma, the amount of water in an analysis is ignored.
The norm approximates the mineral composition of an igneous rock that crystallized to an
equilibrium mineral assemblage at one atmosphere pressure and at a temperature of about
800°C.  If we knew the Gibbs energies of all compositions of the common minerals at 800°C
and 1 atmosphere pressure, it would be possible to calculate from the chemical analysis the
equilibrium mineralogy for any chemical composition at these conditions.  However, the results
of such a calculation might not be as useful as a CIPW norm for comparing the chemistries of
different igneous rocks due to the variety of mineral compositions that would be found.
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Norm Calculations

Analysis Title Average Crust
Date

Oxide Wt. % GFW
SiO2 60.00 60.085
TiO2 1.20 79.899
Al2O3 15.30 101.961
Fe2O3 3.10 159.692
FeO 3.80 71.876
MnO 0.00 70.937
MgO 3.50 40.311
CaO 5.10 56.079
Na2O 3.80 61.979
K2O 3.10 94.203
P2O5 0.00 141.945
H2O+ 1.10 18.015
H2O- 0.00 18.015

------
Totals 100.00

Mole proportions of norm minerals
Oxygen proportions of norm minerals
Oxygen percentage of norm minerals

GFW of norm minerals               
Mass of norm minerals
Weight proportions of norm minerals




