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Abstract. Some basic concepts and principles of magma generation and evolution are discussed in some
detail in the context of global tectonics. These concepts/principles form a basis needed to properly interpret
geochemical data such as trace elements and radiogenic isotopes on igneous petrogenesis. The principles
discussed are also useful for making good use of field observations and for a better understanding of the
petrogenesis of some mafic magmatism associated ore deposits. The principles are primarily based on
basaltic systems, but also applicable to other systems provided that some needed caution is taken. Personal
views on the petrogenesis of some volumetrically small, but widespread igneous rocks are offered. While
these views are based on observations and logical inferences, future tests are needed.

1. Introduction

Magma generation is a consequence of Earth’s thermal evolution, and is perhaps the most effective process
leading to chemical differentiation of the Earth over Earth’s history from a compositionally more or less
uniform proto-earth (chondritic?) to the present layered Earth (i.e., the metallic core, and the silicate mantle
and crust) with each layer being compositionally heterogeneous on various scales. Furthermore, magma
evolution in the course of cooling and perhaps also through wall-rock assimilation at shallow levels is the
very process leading to formation of igneous rocks of various composition, mineralogy, textures, and thus
different rock series and rock types, recognizing compositionally different primary or parental magmas also
playing a governing role in rock diversity. Importantly, igneous petrogenesis-associated mineralization is the
by-product of magma evolution/assimilation. Therefore, understanding the fundamental concepts of magma
generation and evolution is essential. Unfortunately, current studies of igneous petrogenesis have neglected
basic physical principles for petrogenesis, but largely or in certain cases entirely focused on interpretations of
trace element and isotopic data. The latter data are important, but the validity of their interpretations
becomes highly questionable without having a clear understanding of the fundamentals of magma genesis.
The purpose of this contribution is to discuss these basic concepts of magma genesis required to understand
the geochemical data and the tectonic settings in which igneous rock bodies of interest may have formed. I
concentrate the discussion on basaltic systems, but the principles apply to other igneous systems.

2. The concepts of magma generation

2.1. Partial vs. total melting

Basaltic magmas are melts produced by partial melting of. mantle peridotites in the upper mantle. The
present-day thermal gradient of the Earth’s mantle does not allow fotal melting. For reasons of physical melt
extraction and heat budget, foral melting is indeed neither likely in the mantle nor in the crust. As a result,
magma generation is the result of partial, not total, melting regardless of the nature of source rocks or
magma types (e.g., komatiites, picrites, basalts, and granitic melts). Partial melting has two products, the
melt and the residue. The resultant melt represents the easily melted component of the source rock, whereas
the residue is the more refractory component of the source rock. The bulk composition of the resultant melts
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