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Abstract
Two Cenozoic prominent features are spatio-temporally associated in central Mongolia, i.e., the 

continental basalts and regional uplift, but their genesis and relationship remain unclear. This study 
presents major- and trace-element compositions for olivine phenocrysts and xenocrysts, as well as data 
of bulk-rock geochemistry and Sr-Nd-Hf isotopes for the host basalts. The studied basalts mostly have 
trachybasalt compositions with high total alkali (Na2O + K2O = 5.1–8.2 wt%) contents and all display 
OIB-like trace element patterns (e.g., spikes of Ba, Nb, and Ta and troughs of Th and U) and EM1-like 
Sr-Nd-Hf isotopic compositions. Compared to the partial melting products of mantle peridotite, these 
basaltic samples have higher FeO/MnO, Zn/Mn, and Zn/Fe ratios. Meanwhile, phenocrystic olivines 
are characterized by lower Ca, Mn, Mn/Zn, and Mn/Fe but higher Ni than their counterparts in the 
peridotitic melts, indicating a pyroxenite-rich mantle source. The above geochemical data suggest 
that the source of the studied basalts was mainly made up of secondary pyroxenite produced by the 
reaction of recycled oceanic crust with its ambient mantle peridotite. The calculated magma oxygen 
fugacities (ΔFMQ-0.26 to +0.42) and mantle melting temperatures (1343–1430 °C) do not support a 
genetic link with the stagnant Pacific slab or with a deep mantle plume. Instead, the far-field effect of 
India-Eurasia convergence possibly tapped the upper asthenospheric mantle, subsequent melting of 
which gave rise to the dispersive Cenozoic basalts. On the other hand, the xenocrystic olivines exhibit 
zoned textures with high-Fo (up to 92) cores and low-Fo (down to 76) rims, reflecting the melt-rock 
interaction. Preservation of zoned olivine xenocrysts indicates rapid magma ascent and widespread 
melt-rock reaction in the mantle lithosphere, which may modify the rheology and accelerate the me-
chanical erosion of mantle lithosphere. Consequently, mass deficit in the lithosphere could have caused 
isostatic uplift of central Mongolia in the Cenozoic.
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Introduction
Cenozoic (~30 Ma to present) continental basalts are diffusely 

distributed in central Asia (Fig. 1) and are dominated by alkaline 
basalts with subordinate tholeiites and show oceanic island basalt 
(OIB)-like trace element features (Johnson et al. 2005; Hunt et 
al. 2012; Ivanov et al. 2015; Zhang et al. 2019). These basalts 
are mainly concentrated in three volcanic provinces, namely the 
Transbaikalia province in south Siberia, the Hangai province in 
central Mongolia and the Gobi Altai province in south Mongolia 
(Barry et al. 2003). The petrogenesis for basalts in the Hangai 
province seems most mysterious because (1) they are far from any 
active plate boundary; (2) they erupted within a rigid block lacking 
substantial lithospheric extension or rifting; and (3) they formed 
over a long period of 30 Ma without age progression (Ancuta 
et al. 2018). The unsolved mysteries primarily revolve around 
their magmatic source, i.e., lithospheric mantle or asthenospheric 
mantle (Barry et al. 2003; Hunt et al. 2012), and the associated 
geodynamic mechanism, i.e., mantle plume (Windley and Allen 

1993; Yarmolyuk et al. 2015), lithospheric delamination (Hunt et 
al. 2012), Pacific subduction (Meng et al. 2018), or India–Eurasia 
collision (Cunningham 2001). The above debates are largely due 
to the short of knowledge on their source lithology and thermal–
chemical conditions (e.g., T–fO2), which are crucial to decipher the 
ultimate magma origin and geodynamic process.

On the other hand, the Hangai Mountains represent a 2 × 105 km2 
region of high elevation (>3500–4000 m) and low-relief and 
long-wavelength topography in central Mongolia (McDannell et 
al. 2018), which may create the arid climate of northern Gobi in 
central Asia (West et al. 2013; Caves et al. 2014). Based on apatite 
(U-Th)/He cooling ages, it has been suggested that the Hangai 
Mountains were uplifted mainly in the late Mesozoic as a result 
of the Jurassic-Cretaceous termination of the Mongol-Okhotsk 
orogeny (McDannell et al. 2018). Within the following Cenozoic 
era, the Hangai Mountains evolved into an entirely epeirogenic 
stage with modest surface uplift (Caves et al. 2014; Sahagian et 
al. 2016; Smith et al. 2016). Despite variable mechanisms for the 
later-stage (i.e., Cenozoic) uplift [e.g., localized mantle plume 
activity, underplated mafic cumulates, asthenospheric upwelling 


