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absTraCT

Water plays an important role in the generation and evolution of volcanic systems. However, the 
direct measurement of the pre-eruption water content of subaerial volcanic rocks is difficult, because of 
the degassing during magma ascent. In this study, we developed a method to calculate the pre-eruption 
water content of the basalts from the Cenozoic Wudalianchi–Erkeshan–Keluo (WEK) potassic volcanic 
field, Northeastern China, and investigated their mantle source. A water-insensitive clinopyroxene–
melt thermobarometer and a water-sensitive silica activity thermobarometer were applied to these 
basalts. Two pressure-temperature (P-T) paths of the ascending magma were calculated using these 
two independent thermobarometers, with a similar P-T slope but clear offset. By adjusting the water 
content used in the calculation, the difference between the two P-T paths was minimized, and the water 
content of the WEK melts was estimated to be 4.5 ± 1.2 wt% at a pressure range of 10.1–13.5 kbar, 
corresponding to depths of 37–47 km. Degassing modeling shows that during the magma ascent from 
below the Moho to near the surface, CO2 was predominantly degassed, while the melt H2O content 
kept stable. Significant H2O degassing occurred until the magma ascended to 5–2 kbar. The silica 
activity P–T estimates of the most primary WEK samples suggest that the magmas were generated 
by the melting of convective mantle, which was probably facilitated by a wet upwelling plume from 
the mantle transition zone. The high water content found in the WEK basalts is similar to the recent 
reports on Phanerozoic intraplate large igneous provinces (LIPs) and supports the presence of hydrated 
deep mantle reservoirs as one possible source of the LIPs.
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inTroDuCTion

Water plays an important role in terrestrial and planetary mag-
matic processes (Hirschmann 2006; O’Neill et al. 2007; Wilson 
2009; Ni et al. 2016; Peslier et al. 2017). In the source mantle, 
water controls the two most important factors constraining the 
primary melt composition: the depth and degree of melting (Katz 
et al. 2003; Asimow and Langmuir 2003). During magma ascent, 
the exsolution of water can trigger vesiculation and change the 
fluid dynamics of the volcanic system (Gonnermann and Manga 
2007). During the eruption, water can control the explosiveness 
and flow regime (Wilson 1980, 2009; Kieffer 1995). Thus, the 
water contents of magmas, especially the water contents of 
primary melts, have long been investigated.

For magmas erupted on the deep seafloor, the primary water 
content can be acquired by direct analysis of glass (e.g., Michael 
1995; Dixon et al. 1997; Hauri et al. 2002). For subaerially 
erupted volcanic rocks, however, the estimation of the primary 
water content is difficult due to the ubiquitous escape of volatiles 

during the eruption. Primary melt inclusions are believed to be a 
good indicator of the pre-eruption water content (e.g., Dixon and 
Clague 2001; Hauri 2002); however, these inclusions are very rare 
and easily altered by the interaction with the host minerals (Chen 
et al. 2011; Gaetani et al. 2012). Another method is to measure 
the water content of clinopyroxene phenocrysts and calculate the 
melt water content using a partitioning coefficient [KD(H2O)Cpx-melt] 
(e.g., Wade et al. 2008; O’Leary et al. 2010), which, however, is 
not applicable at all times as the water content of clinopyroxene 
decreases owing to the diffusive re-equilibration with the melt 
during ascent-driven degassing (Cashman 2004; Lloyd et al. 2016; 
Turner et al. 2017). Due to the diffusive water loss, both the melt 
inclusion and phenocryst methods provide a minimal estimation 
of the pre-eruption water content of the melt. Therefore, an ideal 
method of water content estimation for melts that have experienced 
water exsolution is still required.

In this study, we develop a new method to determine the 
pre-eruption water contents of melts by combining a water-
insensitive and a water-sensitive thermobarometer. The water-
insensitive thermobarometer is based on the clinopyroxene–melt 
equilibrium (Putirka et al. 2003) and has been widely applied 
for the pressure–temperature (P–T) estimation of magmas with 
variable water contents (e.g., Putirka 1997, 2008; Putirka et al. 
2009, 2012; Wang et al. 2012; Armienti et al. 2013). Another 
popular thermobarometer, first established by Carmichael et al. 
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