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INTRODUCTION

Forward thermodynamic modeling in the form of pseudo-
sections can be a powerful technique for estimating peak P-T 
conditions, calculating P-T-t paths, and constructing a reaction 
history for a speciÞ c rock composition. However, quantitative 
application of these techniques requires estimation of the effec-
tive bulk composition (Stüwe 1997) and determination of the 
minimum system of chemical components necessary to describe 
mineralogical changes accurately in P-T space. The selection 
of the chemical system is of extreme importance because com-
ponents that are not considered in modeling may affect phase 
stability in nature. Components that do not result in growth of 
additional phases in the system enter existing solid solutions and 
change their compositions, stability ranges, and the variance of 
assemblages. For example, introduction of Mn into the CFMASH 
system stabilizes garnet at lower pressures and temperatures (e.g., 
Thompson 1957; Albee 1965; Spear and Cheney 1989; Mahar et 
al. 1997; Tinkham et al. 2001). Components that cause growth 
of additional minerals can change the proportions of system 
components available to other phases. For instance, B stabilizes 

tourmaline and affects the NCKFMASH system by reducing the 
amount of Si, Al, Fe, Mg, Ca, and Na available for other minerals. 
Based on comparison between predictions of thermodynamic 
modeling in the MnNCKFMASH system with predictions in 
the KFMASH system, Tinkham et al. (2001) concluded that the 
nine-component system MnNCKFMASH is the minimum that 
should be considered for modeling normal garnet-bearing pelitic 
rock compositions (low-Al and high-Al pelites; Spear 1993), if 
retrieval of garnet composition is required. Therefore, most of the 
pseudosections constructed herein are based on the MnNCKF-
MASH system. In addition, partial ten component pseudosections 
(MnNCKFMASHT) are provided in order to demonstrate the 
effects of Ti on peak metamorphic phase equilibria.

The effective bulk composition is likely to change dur-
ing the metamorphic history of most rocks. Although many 
factors could cause changes in effective bulk composition, 
metasomatism and ß uid availability are likely to be two of the 
most important and most difÞ cult to evaluate. But even in the 
case of closed-system behavior, the presence of strongly zoned 
mineral phases and changes in chemical transport distances in a 
heterogeneous rock could change the effective bulk composition 
during metamorphism. Thus, metamorphic minerals formed at 
one set of P-T conditions might grow from a different effec-
tive bulk composition than minerals growing at another set of 
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ABSTRACT

P-T pseudosections, constructed in MnNCKFMASH and adjusted for chemical compositional 
changes resulting from zoned garnet growth (chemical fractionation) in a pelitic rock, show negligible 
changes in the position of the peak metamorphic mineral assemblage Þ eld (garnet + biotite + plagioclase 
+ sillimanite + quartz) compared to the position of this Þ eld calculated with the bulk-rock composition. 
Pelitic rock samples with less than 5% modal garnet were modeled using bulk-rock chemical composi-
tions (unfractionated), and compositions adjusted for 1, 2, and 5% garnet growth, in order to model 
the effects of changes in effective composition on pseudosection topology. Differences in the location 
of mineral mode zero lines along the garnet growth P-T path and in the peak mineral assemblage Þ eld 
are generally less than 10 °C and/or less than 0.3 kbar. However, at some P-T conditions, signiÞ cant 
changes in topology are observed. For example, at pressures above 9 kbar, large temperature shifts 
in the zoisite mode zero line change the pseudosection topology so that biotite+zoisite stability in 
the pseudosection with 5% garnet fractionation has a larger temperature range (>120 °C) than in the 
unfractionated pseudosection (<50 °C). The effects of porphyroblast growth-induced fractionation of 
bulk-rock chemistry can be determined from mineral chemistry and mineral modes; pseudosections 
can be constructed with the adjusted chemical compositions to resolve whether fractionation affects 
the pseudosection topology in the P-T range of interest. In the case of the North Cascades samples 
discussed here, garnet fractionation is estimated to have minimal effects on P-T paths determined 
from pseudosections. Therefore, pseudosection modeling based on bulk-rock chemistry can be used 
to estimate peak metamorphic P-T conditions and constrain parts of metamorphic P-T-t paths once 
the effects of fractionating minerals are understood.


