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Figure 1 Simplified tectonic map of eastern Oman and its surroundings, and distribution of seismic stations. The red box in the top-right inset map
shows the study area, in which the red line and black dots exhibit the Zagros fold-thrust belt and all seismic stations used in this study, respectively.
Light blue squares indicate the locations of seismic stations around the Oman mountains. The dark green domain represents the oceanic sequence of the
Semail ophiolites!'”. The purple and yellow domains denote the outcrops of exhumed Permian to Cretaceous, and Precambrian to Palaeozoic
formations, respectively!'®). The red jagged lines indicate the Hagab thrust fault, Semail thrust fault and Makran subduction zone. The red solid line
indicates the Dibba fault. The domain marked by the orange dashed line is the plume zone identified by tomographic results''
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Figure 2 Histogram of micro-earthquake magnitudes calculated by the GaMMa and the corresponding b-value
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Figure 3

The one-dimensional (1-D) reference model used in micro-earthquake location. (a—c) P-wave velocity, S-wave velocity and density models,

respectively. Grey solid lines are the 1-D S-wave velocities (b) inverted by Wiesenberg et al.””! and the corresponding P-wave velocities (a) and
densities (c) converted by the empirical relations between elastic wave velocities and density. Green solid lines indicate the 1-D S-wave velocities,
converted P-wave velocities and densities extracted from the area around the Dani plume. Purple solid lines represent the averaged 1-D P-and S-wave

velocity and density models of the area around the Dani plume
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Figure 4 The micro-earthquake distribution obtained by the arrival time association of GaMMa. (a) Map view of the micro-earthquakes. The domain
marked by the orange dashed line is the plume zone identified by tomographic results. (b, ¢) The vertical sections of the micro-earthquakes along the
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the P-and S-wave travel times versus distances, respectively. The black solid lines represent the fitted lines of the corresponding circles, and the
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respectively. (b, ¢) The vertical sections of the micro-earthquakes along the directions of latitude and longitude, respectively
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Over the past few decades, mantle plume studies have significantly advanced our understanding of lithospheric
deformation caused by plume upwelling, as well as the mechanisms, patterns, and features of intraplate hotspot volcanism
and seismic activity. Recently, the concept of “ghost” mantle plumes was proposed after discovering the presence of the
Dani plume beneath eastern Arabia using seismic travel-time tomography and other multidisciplinary evidence,
representing a novel scientific discovery that warrants further research to enrich our understanding. The “ghost” plume is
concealed beneath the lithosphere, lacking the typical surface intraplate volcanism that characterizes mantle plumes. Their
behavioral mechanisms are not yet well understood, and the interaction between the plume and the plate caused by the
“ghost” mantle plume is a key scientific issue.

This study investigates seismic activity in eastern Arabia using three-component continuous-waveform data recorded by
107 broadband seismometers deployed across Oman and the UAE, aiming to reveal the effect of the Dani plume on
lithospheric deformation. The data processing workflow involved the following: (1) a deep learning-based PhaseNet
package was applied to pick a large number of arrival times of micro-earthquake phases from the continuous three-
component waveforms. These phases were then associated using the GaMMa program, which is based on a Gaussian
mixture model; (2) travel times from arrival time association were used for micro-earthquake locations using NonLinLoc,
and 724 micro-earthquake events were obtained after inversion; (3) finally, 283 high-quality micro-earthquakes were
obtained after relocation by utilizing GrowClust.

The spatial distribution of microseismicities reveals two distinct clusters. The first group is located south of the
Musandam Peninsula, possibly related to the boundary of the obducted Tethyan oceanic lithosphere and collisional
extrusion. Above the tomographically inferred location of the Dani plume, we find a second cluster of seismicity, which we
believe to be generated by plume-induced lithospheric uplift. The latter finding demonstrates that although the “ghost”
mantle plume is concealed beneath the continental lithosphere and leaves no volcanic record on the surface, its hot
upwelling mantle flow can still deform the lithosphere and produce intraplate microseismicity.

“shost” plumes, lithosphere deformation, microseismicity, deep learning, earthquake location
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