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Hematite (U-Th)/He thermochronometry unveils unique exhumation history: An example
from the Dexing porphyry copper deposit, Southern China
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ABSTRACT

Hematite, commonly found in endogenetic deposits, plays a crucial role in monitoring temperature
variations during cooling history and can be used for (U-Th)/He dating. Hematite thermochronometry,
when combinedwith apatite and zircon (U-Th)/He dating, also provides the clearest guide to the timing of
the latest thermal evolution path. In this study, we established a new method of hematite (U-Th)/He ther-
mochronometry based on an optimized analytical protocol to reveal the evolution of the latest uplift and
cooling history of the Dexing porphyry copper deposit (DPCD) in South China. Two hematite samples
from the Tongchang and Fujiawu mines in the DPCD yielded age distributions of 92–11.2 and 112–24
Ma, respectively, and gave closure temperatures between 180 and 215 °Cbased on their relations to hema-
tite particle sizes (88–199 μm). Combined with the published (U-Th)/He thermochronological data on
zircon and apatite, we propose that the DPCD may have experienced a prolonged thermal history char-
acterized by a temperature decrease. The initial exhumation and uplift happened at 112 Ma, and then a
rapid uplift occurred from 11.2 to 8.0Ma. This study demonstrates that hematite (U-Th)/He dating can be
effectively applied to reveal the uplift and preservation history of porphyry copper deposits.
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INTRODUCTION

Hematite (U-Th)/He thermochronology is commonly
employed to date fault activities (Ault 2020; Ault et al. 2015;
Evenson et al. 2014; McDermott et al. 2017), regional weathering
events (Cooper et al. 2016; Deng et al. 2017; Shuster et al. 2005),
and temperature variations during mineralization processes (Wu
et al. 2019). Recently, (U-Th)/He dating has been demonstrated to
yield accurate and sufficiently precise ages using iron oxide and
ferricretes to interpret environmental changes and great escarp-
ments (Lipar et al. 2024; Gernon et al. 2024). Hematite, as one
of the common iron oxides (e.g., hematite, specularite, goethite),
contains small amounts of U and Th, making it a promising target
for (U-Th)/He dating in porphyry copper deposits. This method
not only helps to delineate the preservation and exhumation his-
tory of deposits (Cooper et al. 2016) but also outlines cooling his-
tories spanning several hundred million years, from 65–250 °C to
surface conditions (Farley and Flowers 2012; Wu et al. 2019).
However, several technical challenges continue to hinder the
widespread application of the hematite (U-Th)/He dating method.
For example, during the extraction of 4He, overheating of iron
oxide/hydroxide can cause loss of U (and Th) through volatiliza-
tion. Conversely, using a lower extraction temperature to prevent
this volatilization would lead to incomplete helium degassing,

producing anomalously younger ages (Cooper et al. 2016;
Danišík et al. 2013; Vasconcelos et al. 2013).

The closure temperature (Tc) of helium is approximately
65 to 250 °C for hematite, different from ∼200 °C for zircon and
∼75 °C for apatite (Farley 2018, 2000; Farley and Stockli 2002;
Reiners and Farley 1999; Reiners 2005; Reiners et al. 2002;Wolf
et al. 1996). It uniquely reflects the cooling temperature change
and records more information for uplift history. Moreover, a
zircon (U-Th)/He age for porphyry mineralization probably
records the timing of the latest hydrothermal event affecting
the system, whereas the apatite (U-Th)/He age is more likely
related to thermal collapse and/or unroofing (Flowers et al. 2022a,
2022b). Combining these three ages can thus provide valuable
insights into the post-mineralization uplift and exhumation history
of ore deposits, with significant implications for ore preservation
(McInnes and Evans 2005).

Porphyry deposits are typically formed through late magmatic
and hydrothermal processes in the upper crust at depths of several
kilometers (typically 1–5 km) (Seedorff et al. 2005), and their pres-
ence at economically accessible levels demonstrates subsequent
tectonic and/or erosional exhumation that has brought them to
the near-surface (Kesler and Wilkinson 2006). Dexing porphyry
copper deposit (DPCD), the largest in Southeast China, experi-
enced relatively complicated cooling and exhumation during the
Jurassic (Liu et al. 2014; Min and Gao 2022). Surface and drill
core samples reveal abundant iron oxides such as hematite, mag-
netite, and goethite. Particularly, hematite is readily found and eas-
ily picked up from the open pit of the Tongchang and Fujiawu
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