
E
d
it
o
r:

J.
I.
Fa

rq
uh

ar
so

n
|T

yp
es

et
te
r:

J.
I.
Fa

rq
uh

ar
so

n
S
ub

m
it
te
d
:
2
0
2
2
-0
8
-1
6
|A

cc
ep

te
d
:
2
0
2
3
-0
2
-0
1
|P

ub
lis

he
d
:
2
0
2
3
-0
2
-2
1

meltPT: A Python package for basaltic whole-rock thermobarometric

analysis with application to Hawai‘i
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ABSTRACT

Quantifying the depths and temperatures from which igneous rocks are derived is an important step in understanding volcanic,
magmatic and mantle processes. We present meltPT, a Python package that allows users to apply twelve published whole-
rock thermobarometers within a consistent framework, as well as combine thermobarometric results and geothermal models to
estimate mantle potential temperatures. We apply meltPT to basaltic rocks from mid-ocean ridges and the Hawaiian Islands.
We find that mid-ocean ridge basalts equilibrate between 1–2 GPa and 1275–1475 °C, corresponding to an ambient mantle
potential temperature of ~1400 °C. We estimate that the Hawaiian plume has an excess temperature of ~150 °C. Hawaiian
melt-equilibration depths increase from 1–3 GPa to 2.5–5 GPa through each island’s life cycle. Our results indicate that multiple
lithologies are present within the plume, and that transient plume reconfiguration in response to changing plate velocity is a
viable mechanism for generating Hawai‘i’s two geochemically distinct plume tracks.
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1 INTRODUCTION

Volcanism is one of the clearest surface expressions of Earth’s
internal dynamics, but many open questions remain regarding
melt generation and its links to mantle processes. Important
unknowns are the depths and temperatures at which melting
occurs, and how they vary as functions of time, space, and tec-
tonic setting. Linking the compositions of volcanic rocks to the
thermal state of the mantle from which they were derived is
an important step in understanding why melting occurs where
it does, and the diverse behaviour of volcanic centres around
the world [McKenzie and O’Nions 1991; Kinzler and Grove
1992; Langmuir et al. 1992; Ito and Mahoney 2005; Putirka
2008a; Ball et al. 2021]. Quantifying depths and temperatures
of mantle melting also provides rare observational constraints
with which to test our understanding of the convecting man-
tle, its interactions with the overlying plate, and its evolution
through deep time [e.g. Dalton et al. 2014; Condie et al. 2016;
Klöcking et al. 2018; Brown Krein et al. 2021; Matthews et al.
2021; Ball et al. 2022].

In partially molten mantle, partitioning between melt and
solid of major-element phases such as SiO2 and MgO is sen-
sitive to pressure and temperature. Many methods have been
proposed that seek to calculate pressures and temperatures
of melting from observed major-element compositions of vol-
canic rocks [e.g. Beattie 1993; Putirka et al. 2007; Putirka 2008b;
Lee et al. 2009; Till et al. 2012; Grove et al. 2013; Herzberg
and Asimow 2015; Plank and Forsyth 2016; Sun and Das-
gupta 2020; Brown Krein et al. 2021]. There is often further
interest in linking results of these analyses to mantle potential
temperatures and/or lithospheric thicknesses, and various au-
thors have proposed different methods for doing so [e.g. Plank
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and Forsyth 2016; Reid et al. 2017; McNab et al. 2018; Brown
Krein et al. 2021]. Whole-rock thermobarometers are com-
monly used tools in igneous petrology. For example, >2000
and >500 studies have referred to Putirka [2008b] and Lee et
al. [2009], respectively. Despite this popularity, there currently
exists no framework in which such methods can be applied
and compared in a self-consistent and reproducible way.

One way to facilitate reproducible research is through the
distribution of open-source software, an approach that is be-
coming increasingly prevalent in the geological community
(see e.g. pymelt, for thermodynamic modelling of man-
tle melting [Matthews et al. 2022b]; thermobar, for melt-
crystallisation thermobarometry [Wieser et al. 2022]). In this
context, we present an open-source Python package for the
performance of major-element thermobarometric analyses,
which we call meltPT [McNab and Ball 2023]. Our pack-
age includes modules for estimating primary melt composi-
tions, pressures and temperatures of melting, and for compar-
ison of thermobarometric results with geothermal and melt-
productivity models of the mantle. We provide a flexible en-
vironment that allows application of different combinations
of analyses as desired, as well as straightforward integration
of new thermobarometers, fractionation methods, and man-
tle melting parameterisations as they become available. Pre-
vious iterations of this software have been used successfully
in studies of Borneo, Anatolia, North Africa, and Madagascar
[e.g. McNab et al. 2018; Roberts et al. 2018; Ball et al. 2019;
Stephenson et al. 2021]. In the following, we briefly describe
and discuss the basic methods and options available to users.
We then present results from two case studies that highlight, in
our view, the usefulness of this approach: the mid-ocean ridge
system and the Hawaiian islands. meltPT is fully documented
and the analyses presented here can be reproduced by follow-
ing the tutorials provided (http://meltpt.readthedocs.io).




























