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Clinopyroxene from the arc lower crust can store H O concentrations up to 1000 ppm2

Subduction zones‌ are the primary pathway for
‌recycling volatiles‌ into the Earth’s interior. Current
models focus on volatile release through‌ ‌volcanism,
often overlooking potential retention in ‌lower crustal
cumulates‌.‌ ‌
We quantify ‌H‌O‌ and other volatiles (CO‌, S, Cl, F) in
Nominally Anhydrous Minerals (‌NAMs‌) from the
intraoceanic ‌Talkeetna arc section‌ (Alaska) using
Secondary Ion Mass Spectrometry (‌SIMS‌).‌

2‌ 2‌

Our goal is to ‌assess the volatile storage capacity‌ of
the lower crust and its implications for the ‌global
volatile mass balance‌. 

Cpx
Opx

Fig. 8: Cpx and opx
mounted in indium 

Global flux of volatiles, ingassing or outgassing?

Fig.1: Movement of volatiles through the subduction zone
‌(modified after Bekaert et al., 2021) 

Fig.2: Volatile budget (arcs + MORB +
‌PLM) ; Bekaert et al., 2021

High H O contents in pyroxenes →  magmatic origin of volatiles?2

Budget of the lower crust of Talkeetna
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The lower crust: an overlooked reservoir in the global volatile mass balance

I really
love to go

into NAMs

Talkeetna intraoceanic arc section (Alaska)

Emplaced during the early Jurassic (210 - 180 Ma)

Fig.3: Geological map of the Talkeetna arc ; Jagoutz and Kelemen (2015)

One of the two most well exhumed arc sections in the world

bis
Accreted to the North American plate in the Cretaceous

Undergone tectonic uplift and tilt 50Ma ago

Fig.4:
‌Stratigraphic
‌column of the
‌Talkeetna arc

‌section

Fig.9: Major, volatile and trace element concentrations in cpx (circles) and opx (triangle) from different Talkeetna lithologies. A) Mg# vs H O (ppm), B) Fluorine vs H O, C) Sm (ppm) vs H O (ppm)2 2 2

A)

Can the lower crust
of arcs represent a

significant, yet
overlooked, reservoir
in the global volatile

mass balance?‌. 

LG-SIMS IMS1280 - HR2

B) C)

Fig.6: LG-SIMS at CRPG, Nancy, France 

Based on volume and concentration estimates, we
quantify the ‌contribution of the lower arc crust‌ to the
‌global volatile mass balance 

Estimated proportions of lithologies in
the lower crust of Talkeetna (2) : 

Garnet gabbro → 5 %
Basal gabbronorite → 22 %

Ultramafic → 18 %

Mafic gabbronorite → 30 %

Fig.7: SIMS calibration curve for H‌O made with cpx
and opx standards of differents concentrations (1)‌

2 

Adcumulate texture with
‌equigranular crystal growth

P  : 5 x 10  mbarchamber
-10

Primary beam: Cs  / 2nA+

Background = 5.5 ppm H O2

Spot size = 10 to 5 µm

Fig. 14: A) Whole-rock Mg#, B) H O concentrations in
NAMs from different lithologies‌ ‌

2 Fig. 13: Modal proportions of each lithologies 

A primary melt can reach around 6 wt% H O after 95% crystallization2

Equilibrium melts
(calculated with Kd)

Fig.11: REE concentration of liquids in equilibrium with cpx Fig.12: Equilibrium crystallization model 

Fig.15: Representation of the different volatile reservoirs and their respective H O concentrations (ppm) 2

Lower arc crust may store
‌1 to 9 % of slab-derived H O2

Lower crustal cumulate storage represents a non-
negligible volatile reservoir and must be considered
to obtain a more exhaustive estimation of the global
volatile flux balance
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* Estimates in progress
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