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Abstract

Part VIII of the evolutionary system of mineralogy focuses on 1220 metamorphic mineral species, 
which correspond to 755 root mineral kinds associated with varied metamorphic rock types, most of 
which likely formed prior to the Phanerozoic Eon. A catalog of the mineral modes of 2785 metamor-
phic rocks from around the world reveals that 94 mineral kinds often occur as major phases. Of these 
common metamorphic minerals, 66 are silicates, 14 are oxides or hydroxides, 8 are carbonates or 
phosphates, 4 are sulfides, and 2 are polymorphs of carbon. Collectively, these 94 minerals incorporate 
23 different essential chemical elements.

Patterns of coexistence among these 94 minerals, as revealed by network analysis and Louvain com-
munity detection, point to six major communities of metamorphic phases, three of which correspond 
to different pressure-temperature (P-T) regimes of metamorphosed siliceous igneous and sedimentary 
rocks, while three represent thermally altered carbonate and calc-silicate lithologies.

Metamorphic rocks display characteristics of an evolving chemical system, with significant 
increases in mineral diversity and chemical complexity through billions of years of Earth history. 
Earth’s first metamorphic minerals formed in thermally altered xenoliths and contact zones (hornfels 
and sanidinite facies) associated with early Hadean igneous activity (>4.5 Ga). The appearance of 
new Hadean lithologies, including clay-rich sediments, arkosic sandstones, and carbonates, provided 
additional protoliths for thermal metamorphism prior to 4.0 Ga. Orogenesis and erosion exposed 
extensive regional metamorphic terrains, with lithologies corresponding to the Barrovian sequence of 
index mineral metamorphic zones appearing by the Mesoarchean Era (>2.8 Ga). More recently, rapid 
subduction and rebound of crustal wedges, coupled with a shallowing geothermal gradient, has pro-
duced distinctive suites of blueschist, eclogite, and ultrahigh-pressure metamorphic suites (<1.0 Ga). 
The evolution of metamorphic minerals thus exemplifies changes in physical and chemical processes 
in Earth’s crust and upper mantle.
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Introduction

Metamorphism: the word, itself, means change through 
time—“evolution” by that contentious word’s most basic defini-
tion. Every metamorphic mineral assemblage derives from prior 
minerals. Each metamorphic rock has a history revealed in the 
varied attributes of its phases—deep-time stories of changing 
crustal and mantle environments that epitomize mineral evolution.

And yet, paradoxically, metamorphic minerals are among the 
most difficult to place into an unambiguous, historical narrative. 
Each new suite of metamorphic phases—generation after genera-
tion of prograde followed by retrograde transformations—may 
partially mask what came before. Unlike the holocrystalline 
igneous assemblages featured in Part VII of this series (Hazen 
et al. 2023), coexisting metamorphic minerals are often in 
disequilibrium. In this contribution, though not fully resolving 
those ambiguities, we attempt to add metamorphic minerals to 

the larger context of the evolving mineral kingdom.
The evolutionary system of mineralogy is an effort to place 

all of the more than 6000 mineral species approved by the In-
ternational Mineralogical Association’s Commission on New 
Minerals, Nomenclature and Classification (IMA-CNMNC; 
https://rruff.info/ima, accessed 17 December 2023) into their 
historical and paragenetic contexts (Hazen 2019; Cleland et al. 
2021; Hazen and Morrison 2022; Hazen et al. 2022). The initial 
five parts of the system cataloged almost 300 mineral kinds that 
occur as primary and secondary phases in meteorites (Hazen and 
Morrison 2020, 2021; Morrison and Hazen 2020, 2021; Hazen 
et al. 2021). Part VI focused on Earth’s earliest mineralogy, in-
cluding 262 species formed via various igneous, hydrothermal, 
aqueous alteration, and other near-surface processes (Morrison 
et al. 2023). Part VII on “The evolution of the igneous minerals” 
documented 1665 primary species that crystallized from a melt, 
with special attention to associations and antipathies among the 
most common 115 kinds of igneous minerals (Hazen et al. 2023).

Our exploration of the evolution of metamorphic minerals is 
organized into five main sections:

(1) The first section considers the unusual character of meta-
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