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A projection from clinozoisite in the Al203-Fe0-Mg0-Ca0 tetrahedron allows 
graphical representation of the mineral assemblages of low to medium-grade 
calc-pelites containing quartz, K-feldspar and epidote. Mineral assemblages 
in rocks of the Beiarn area, north Norway, allow construction of three dif
ferent topologies for this projection, representing different grades of meta
morphism. The changes in topology define three (ideally) univariant reac
tions, which may be mappable as isograds; changes in grade should be re
flected in changes of mineral composition in low-variance assemblages. 
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Much of our current understanding of regional metamorphism derives from 

studies of the progressive changes in the mineral assemblages of metapelites. 

In carrying out these studies it is essential that the effects of changing meta
morphic grade be separated from the effects of varying bulk composition. 
Thompson (1957) devised, by graphical projection, a phase diagram that 
greatly facilitates analysis of the mineral assemblages of such pelitic rocks. 

Unfortunately, many metamorphic terranes contain only insignificant 
amounts of pelitic rocks. In particular, large portions of many terranes are 
made up of calc-pelitic rocks, characterized by lower Al203 and higher CaO 
contents (15-20% Al203, 1-10% CaO) than pelites; such terranes aften 
have a high proportion of volcanogenic components. Same of the essential 
minerals of metamorphosed calc-pelites and metavolcanics, such as horn

blende, epidote, calcic gamet and clinopyroxene, are not represented on 
Thompson's AFM projection. 

The purpose of this note is to point out a simple graphical tool for analysis 
of mineral assemblages in same calc-pelitic compositions, to show briefly 

how its topology reflects changes in metamorphic grade, and to use these 
changes to point out three mappable isograd reactions within the amphibolite 

facies of regional metamorphism. 
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Construction of the diagram 

The common minerals of metamorphosed calc-pelites are muscovite, biotite, 
chlorite, garnet, homblende, K-feldspar, plagioclase, epidote, quartz, and 
calcite. These can be represented by the components Si02, Al203, FeO, MgO, 
CaO, Na20, K20, and C02• Thompson (19 57) has shown how the system 
Si02-Al203-Fe0-Mg0-K20-H20 can be reduced to three components. By 

successive projections from H20 and Si02, he arrived at a tetrahedron in 
which the apices are 'Al203'-'K20'-Fe0-Mg0; all assemblages in the tetra
hedron have quartz as an extra phase, and H20 is considered to be a per
fectly mobile component (or to be present as a free phase). This tetrahedron 
was then reduced to a three-component system by projection from muscovite 
onto the 'Al203'-Fe0-Mg0 plan. All assemblages in the resulting 'Thompson 
projection' contain both quartz and muscovite as additional phases. This 
projection is a true phase diagram in the sense that no unrepresented com
ponents are involved in its construction nor in the composition of any of 
the phases represented. It differs in this respect from, for example, the well
known ACF and AKF diagrams. 

Figure 1 shows the tetrahedron (Al203-K20)-Fe0-Mg0-Ca0. The plane 

Fig. 1. Al208-Fe0-Mg0-Ca0 tetrahedron for assemblages containing quartz, and K
feldspar. Assemblages observed by Griffin (1967) are outlined schematically. P, T and 
fH2o constant. 
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(Al%03-K20)-Fe0-Mg0 is exactly analogous to Thompson's diagram, but 
has been projected from microcline rather than from muscovite. This results 

in muscovite, rather than an aluminosilicate, lying at the 'Al203' apex. A 
similar projection, for use in granulite facies rocks, is illustrated by Himmel
berg & Phinney (1967). All assemblages represented in this tetrahedron 
contain microcline and quartz as additional phases; both H20 and C02 are 
considered to be perfectly mobile components. Anorthite appears on the 
tetrahedron, whereas sodic plagioclase is common in semipelitic rocks. The 
addition of Na20 as a component thus results in the appearance of an ad
ditional phase, and does not change the variance; the presence of sodic 
plagioclase may be ignored. 

The tetrahedron may be reduced to a more manageable three-component 
system by projection from ane of the phases. Ideally, this phase should be 
of constant composition and present in as many of the assemblages as pos
sible, and the resulting projection should still allow illustration of variations 
in FeO/MgO ratios. The schematic outline of observed mineral assemblages 
(from ane particular area) in Fig. l shows that 'epidote' is the phase which 
best satisfies these requirements. Figure 2 therefore shows the new projec
tion, from clinozoisite (Ca2Al3Si30120H) onto the AFM side of the tetra
hedron. The vertical axis represents the subtraction of the Al203 equivalents 
of K-feldspar and clinozoisite from the analyzed Al208 contents of minerals 
and bulk compositions. 

All assemblages on this projection must contain quartz, microcline, and 
epidote, in addition to the phases shown. This of course restricts the range 
of bulk compositions that can be illustrated. The bracketed numbers on Fig. 
2 shows the number of examples of each assemblage found by Griffin (1967) 
in ane area; 24 specimens out of a total of 107 examined could be shown 
on this projection. Other aluminous ferromagnesian minerals, such as stauro
lite, chloritoid, and cordierite may also be represented on this diagram if they 
are present in assemblages that contain quartz, K-feldspar, and epidote. 
Calcite and clinopyroxene project at an infinite distance 'below' the diagram; 
their compositions thus cannot be represented here, but their presence in an 
assemblage can be shown by a vertical tie line. 

Applications of the diagram 

Phase diagrams of this type can be used in two main ways: 
Changes in the topology of the diagram, representing (ideally) univariant 

reactions among the phases, define isograds that may be mappable in the 

field. 
Changes in the slopes of two-phase tie lines and in the position of three

phase fields may reflect changes in values of intensive parameters along 
a metamorphic gradient, or lack of chemical equilibrium between volumes 
of rock formed under the same metamorphic conditions. The distance be-
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Fig. 2. Projection from 'epidote' in AFMC tetrahedron of Fig. 1. Numbers in () indicate 
number of examples of that assemblage observed by Griffin (1967) out of 107 samples 
studied. P, T, and fH2o constant. All assemblages contain quartz, K-feldspar and epidote 
as additional phases. 

tween the sampled volumes, and the geologic setting, will usually allow 
a choice among these alternatives. 

The topology of Fig. 2 illustrates the assemblages found within the low

grade part of a metamorphic terrane in northern Minnesota (U.S.A.) and 
represents equilibrium in the lower-middle amphibolite facies (Griffin 1967). 
In this area the disappearance of epidote at relatively low metamorphic grade 

restricted the use of the projection to a small part of the terrane. No topo

logical changes in the projection were observed within this interval. 

More recently, a study of the Beiarn district, north Norway, has provided 
more complete data (Styles 1974). The micaceous rocks of this area display 
a wide range of bulk compositions. Several structural units (thrust sheets) 

have been mapped. lsograde surfaces appear to correspond to structural 
breaks so that each unit is in a different metamorphic facies. The various 

structural units tend to be dominated either by pelites or by calc-pelites, the 
latter commonly intercalated with marbles of varying purity. The calc-pelitic 
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rocks in particular are often finely layered, so that several mineral assem

blages may be observed in a single thin section. It is thus possible to con

struct a nearly complete topology of the diagram from several small subareas 

of different metamorphic grade. 

The phase diagrams for calc-pelites from three of the Beiarn structural 

units, arranged in order of increasing metamorphic grade, are shown in 

Fig. 3. The two highest-grade groups also contain pelitic schists. The cor
responding Thompson projections are included in the figure. The heavy 

tie lines indicate assemblages in which all phases have been analyzed by 

electron microprobe. The lighter tie lines show assemblages observed in 

thin section but not analyzed. 

The changes in topology of the phase diagrams define three (ideally) 
univariant metamorphic reactions: 

(1) biotite + tremolite -+ chlorite + hornblende 

(2) biotite + chlorite -+ muscovite + hornblende 

(3) biotite + calcite -+ garnet + hornblende. 

Quartz, K-feldspar, epidote, and plagioclase are possible participants on 

either side of all three reactions. These reactions should be mappable in the 

field as isograds, in areas where the metamorphic gradient is continuous. Our 
data are not sufficient to establish the relative metamorphic grade of reac

tions (1) and (2). It is clear that reaction (3) represents approximately the same 

grade of metamorphism as the isograd defined by the breakdown of stauro
lite: 

( 4) staurolite -+ sillimanite + garnet + biotite ( ± muscovite, quartz). 
Changes in T and P in the intervals between the univariant reactions should 

produce both changes in the slopes of the two-phase tie lines, and shifts in 
the positions of the three-phase fields. The analytical data available from 

Beiarn (Fig. 3) suggest that this is in fact the case. There appears, for in

stance, to be a shift toward lower Fe/Mg values of both the garnet-biotite
muscovite field and the hornblende-garnet-biotite field with increasing meta
morphic grade. 

Crossing of two-phase tie lines in a phase diagram of this kind is usually 
taken as evidence of chemical disequilibrium, but may also indicate the pre

sence of an extra component that has not been taken into consideration. In 
this case it is quite likely that the coexisting epidote mineral will contain some 

amount of iron. This will in effect change the point of projection for the 
diagram, and will distort the projection: The effect will be strongest for 

phases lying within the original tetrahedron rather than on one of the sides 
- i.e. hornblende and Ca-garnet. Two assemblages having epidotes with dif

ferent Fe contents (due to different Fe3+/Al3+ ratios) could then plot such 

that their tie lines cross, even though they are in equilibrium with regard to 
the components included in the diagram. No detailed test of this possibility 

has yet been made. 

Another possible complication is the presence of Na20 in both K-feldspar 

and hornblende, as well as in plagioclase. The amount of Na in these meta-
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Fig. 3. Left: Mineral assemblages in calc-pelites of the Beiarn area (Styles 1974), sepa
rated by proposed univariant reactions. Right. Mineral assemblages in pelites of the 
Beiarn area, shown on the projection of Thompson (1957). 

morphic K-feldspars is very low and can be ignored. The extent to which 

variations in N�O content will affect the Al/Fe/Mg ratios of these horn

blendes is not known. 



Conclusions 
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The 'AFM' projection presented here offers a tool for analysis of the 
relations between mineralogy, bulk rock composition, and metamorphic 

grade in same generally calc-pelite compositions. Changes in the topology 
of the diagram indicate three isograd reactions that may be mappable in the 

field. Preliminary analytical work suggests that the projection may also allow 
analysis of metamorphic grade and of the attainment of equilibrium on a 

finer scale between the isograds. 
September 1975 
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