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Abstract
Apatite is a common accessory phase in igneous and metamorphic rocks. Its stability in magmatic-

hydrothermal and hydrothermal systems is known to be a key control on the mobility of rare earth 
elements (REE). To better constrain how apatite is altered during fluid-rock interaction at comparably 
low temperatures, batch-type apatite dissolution experiments were conducted at 150 and 250 °C at 
saturated water vapor pressure in acidic to mildly acidic (pH of 2–4) aqueous fluids having variable 
salinities (0, 0.5, and 5 wt% NaCl). The study reveals the dominance of apatite dissolution textures 
with the formation of micrometer-scale etch pits and dissolution channels developing prominently 
along the c-axis of the apatite crystals. Backscattered electron imaging shows an increase in apatite 
dissolution with increasing temperature and upon reacting the crystals with more acidic and higher 
salinity starting fluids. This study also demonstrates an increase in dissolved REE in the experimental 
fluids corroborating with the observed apatite dissolution behavior. Backscattered electron imaging of 
secondary minerals formed during apatite dissolution and scanning electron microscopy-based energy 
dispersive spectrometry peaks for Ca, P, and REE support the formation of monazite-(Ce) and minor 
secondary apatite as deduced from fluid chemistry (i.e., dissolved P and REE concentrations). The 
studied apatite reaction textures and chemistry of the reacted fluids both indicate that the mobility of 
REE is controlled by the dissolution of apatite coupled with precipitation of monazite-(Ce), which 
are enhanced by the addition of NaCl in the starting fluids. This coupled process can be traced by 
comparing the REE to P ratios in the reacted fluids with the stoichiometry of the unreacted apatite 
crystals. Apatite metasomatized at temperatures <300 °C is therefore controlled by dissolution rather 
than dissolution-reprecipitation reactions commonly observed in previous experiments conducted 
above 300 °C. Furthermore, this study demonstrates that the presence of NaCl plays a crucial role in 
increasing the solubility of apatite, which controls the availability of REE to form secondary phos-
phates even in mildly acidic aqueous fluids. This implies that both the effects of acidity/alkalinity of 
the fluids and the role of dissolved alkalis (NaCl and KCl), need to be considered for understanding 
the controls on REE in magmatic-hydrothermal systems. Lastly, the experiments of this study expand 
the known conditions at which apatite is susceptible to be overprinted by hydrothermal alteration 
from 900 °C down to 150 °C and highlights the necessity of appropriately screening apatite grains 
using backscattered electron and cathodoluminescence imaging for signs of hydrothermal alteration 
textures in igneous apatite.
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Introduction
Apatite, Ca5(PO4)3(F,OH,Cl), has a structure compatible 

to many elements, particularly the rare earth elements (REE). 
Its ubiquity in igneous and metamorphic rocks makes apatite 
an ideal tracer of petrogenetic processes (Heinrich et al. 1997; 
Andrehs and Heinrich 1998; Gratz and Heinrich 1998; Piccoli 
and Candela 2002; Spear and Pyle 2002; Harlov 2015; Hughes 
and Rakovan 2015; Webster and Piccoli 2015). For instance, 
accessory apatite has been used to identify the magma fertility 
of subvolcanic intrusions and their potential to host porphyry-

skarn deposits (Mao et al. 2016; Gao et al. 2020; Yang et al. 
2020; Cao et al. 2021; Chen et al. 2021; Liu et al. 2021). Apatite 
also occurs in a wide range of mineral deposits, including iron 
oxide apatite (IOA) deposits and carbonatites, where it can host 
economic levels of REE, and where its textures and chemical 
signatures have been used to investigate magmatic vs. hydro-
thermal processes (Hofstra et al. 2016; Broom-Fendley et al. 
2017; Duan and Jiang 2018; Andersson et al. 2019; La Cruz et 
al. 2019; Palma et al. 2019).

Over the past decades, several studies have established that 
apatite is highly susceptible to hydrothermal alteration and that 
the trace element signatures of this mineral may not necessar-
ily be reflective of the original conditions of crystal growth 
(Broom-Fendley et al. 2016; Harlov et al. 2016; Jonsson et 

American Mineralogist, Volume 108, pages 1409–1420, 2023

0003-004X/23/0008–1409$05.00/DOI: https://doi.org/10.2138/am-2022-8589       1409 

* E-mail: alexander.gysi@nmt.edu
† Special collection papers can be found online at http://www.minsocam.org/MSA/
AmMin/special-collections.html.

mailto:alexander.gysi@nmt.edu
http://www.minsocam.org/MSA/AmMin/special-collections.html
http://www.minsocam.org/MSA/AmMin/special-collections.html



