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Abstract

We present the first evidence for a lower S-wave velocity (Vs ˜3.3 to 3.5 km/s) at 8-17 km depth underlying a 4 km thick

high-velocity zone with Vs >3.8 km/s beneath the west coast and the neighbouring parts of the Deccan Volcanic Province,

India, coinciding with the last phase of volcanism. The velocity structure is derived from joint inversion of receiver function

from 9 seismographs operated along ˜106 km long W-E profile with the surface wave dispersion data. The low-velocity layer

possibly represents the horizontally elongated frozen magma reservoir, the source for the magma eruption at ˜65 million years

produced due to the interaction of the Reunion hotspot with India. The shallow, high-velocity layer could be basaltic mafic

intrusions responsible for the production of massive CO2 degassing. The Moho deepens beneath the west coast to ˜45 km due

to 10-15 km of underplating as a consequence of magma upwelling.
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Key Points: 8 

• First quantitative constraint on the magma plumbing system in the Deccan Volcanic 9 
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• Frozen magma chamber at 8-17 km depth seismically imaged as a low-velocity layer. 11 

• 10-15 km thick magma underplating beneath the west coast of the Deccan traps. 12 
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Abstract 14 

We present the first evidence for a lower S-wave velocity (Vs ~3.3 to 3.5 km/s) at 8-15 

17 km depth underlying a 4 km thick high-velocity zone with Vs >3.8 km/s beneath the west 16 

coast and the neighbouring parts of the Deccan Volcanic Province, India, coinciding with the 17 

last phase of volcanism. The velocity structure is derived from joint inversion of receiver 18 

function from 9 seismographs operated along ~106 km long W-E profile with the surface 19 

wave dispersion data. The low-velocity layer possibly represents the horizontally elongated 20 

frozen magma reservoir, the source for the magma eruption at ~65 million years produced 21 

due to the interaction of the Reunion hotspot with India. The shallow, high-velocity layer 22 

could be basaltic mafic intrusions responsible for the production of massive CO2 degassing. 23 

The Moho deepens beneath the west coast to ~45 km due to 10-15 km of underplating as a 24 

consequence of magma upwelling. 25 

Plain language summary 26 

The Deccan Traps, in western India, is a continental flood basalt province. The 27 

volcanism occurred around 65 million years (Ma) ago when India was in the southern 28 

latitude. While moving northward, India interacted with the Reunion hotspot, leading to 29 

increased mantle temperature and consequent melting. Due to buoyancy, the magma moved 30 

upward and ponded towards the crust-mantle boundary. When the magma in these lower 31 

crustal or Moho-depth chambers is buoyant and overpressures are high enough to cause the 32 

overlying crust to fail, it will ascend via dikes and assimilate into a shallow crust. The 33 

process is expected to produce significant crustal modification due to increased heat transfer 34 

from the mantle to the surface and chemical transformation. Existing geophysical knowledge 35 

of the Deccan traps does not provide evidence for such crustal transformations. Using data 36 

from a high-density seismic experiment to construct a detailed model of the crust, we 37 

discovered magma ponding at the crust-mantle boundary beneath the coastal basin, an 38 

extensive low-velocity layer in the upper/mid crust possibly representing the horizontally 39 

elongated frozen magma reservoir, and a densified high-velocity layer in the shallow crust (at 40 

a depth of 4-8 km) representing basaltic mafic intrusions. 41 

1.0 Introduction 42 

Understanding the location and form of magma storage in the crust is important to 43 

model fundamental Earth processes such as crustal growth, ore deposit formation, and 44 

predicting geohazards related to volcanism (Hill et al., 1991; Richards et al., 1989; Self et al., 45 
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2008). The generation of magma requires two operations: the partial melting of rocks, either 46 

by supplying heat or by reducing the pressure and consequently changing the solidus 47 

temperature; and the melt separation from the residual solid matrix through relative motion 48 

between the matrix and the melt (McKenzie, 1984). The conceptual model for continental 49 

flood basalt, first proposed by Cox (1980), includes magma’s origin in the mantle, most 50 

likely due to the interaction of mantle plumes at the base of the lithosphere, followed by the 51 

melt rising towards the base of the crust, where rheological and density contrasts may cause 52 

the melt to pond and form large primitive magma chambers (Ridley & Richards, 2010). 53 

When the magma in these chambers at lower crust or Moho depth is buoyant and 54 

overpressures are high enough to cause the failure of the overlying crust, it will ascend via 55 

dikes and assimilate at a shallow crustal depth (e.g., Bachmann & Huber, 2016; Black et al., 56 

2021; Sparks et al., 1984). 57 

Geophysical techniques have been successfully used in investigating the structure of 58 

the magma plumbing in active volcanic systems (e.g., Chrapkiewicz et al., 2022; Jaxybulatov 59 

et al., 2014; Lees, 2007; Paulatto et al., 2022; Peng & Humphreys, 1998; Ward et al., 2014). 60 

This knowledge helps in providing critical insights into magma emplacement, mush 61 

evolution, and modelling the quantum of CO2 outflux (e.g., Cartwright & Hansen, 2006; 62 

Kasbohm, 2022; Muirhead et al., 2014; Tian & Buck, 2022). Geophysical imaging of old 63 

volcanic systems like the Deccan, Columbia, and Siberia is, however, more difficult and 64 

debated due to weak geophysical signatures as a consequence of magma solidification 65 

because of heat loss. 66 

The Deccan Volcanic Province (DVP) is a Large Igneous Province (LIP) 67 

encompassing an area of about a half-million km2 in west-central India (Figure 1a), with a 68 

possible extension of an additional one million km2 beneath the Arabian Sea to the west 69 

(Colleps et al., 2021; Jay & Widdowson, 2008; Sen, 2001). The volcanism in DVP was the 70 

consequence of the interaction of the fast-moving Indian plate with the Reunion mantle 71 

plume in the southern latitude at around 65 Ma (Mahoney, 1988; Morgan, 1972). The basalt 72 

attains a maximum thickness of 1.5-2 km along the Western Ghat escarpment (Holmes, 1965) 73 

and thins eastward. To the west of the escarpment is the narrow, flat coastal plain that is 74 

divided by an N-S extensional fault referred to as the Panvel Flexure (Figure 1b). The nature 75 

and genesis of the Panvel Flexure are debated (Dessai & Bertrand, 1995). The DVP is one of 76 

the most interesting subjects of research for three principal reasons: its enormous size, a 77 
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typical area to understand the process of magmatism in the planetary system, and a unique 78 

case for solid earth-climate interaction leading to major mass extinction and rapid climate 79 

change. A series of recent papers (e.g., Krishnamurthy et al., 2000; Mittal et al., 2021; Nava 80 

et al., 2021; Self et al., 2022) provide a detailed review of the subject. 81 
 82 

1

 

Figure 1. Map of the study area and the data set used. (a) A topographic map of the DVP and 

surrounding area. Local seismicity is shown in circles. The pink shade along the west coast 

represents the mantle plume track. White dashed lines indicate dikes. The area marked as “C” 

indicates compound magma flow, and that marked as “S” indicates simple flow (Sen, 2001; 

Sen & Chandrasekharam, 2011). (b) Location of broadband seismological stations operated 

during 2020-21, along with important tectonic features. (c) A plot of selected RFs with 

varying earthquake distance and back azimuth for selected stations. 

Numerous geophysical experiments have been performed over the DVP to investigate 83 

its crustal structure. None of them, however, show evidence of an upper-crustal magma 84 

chamber beneath it (e.g., Bhattacharji et al., 2004; Chopra et al., 2014; Kaila et al., 1981; 85 
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Krishna et al., 1991; Mohan & Kumar, 2004; Patro & Sarma, 2016; Patro et al., 2018; Prasad 86 

et al., 2018; Tiwari et al., 2001). Some of these studies do indicate the presence of magma 87 

underplating, albeit with poorly quantified thickness, location, velocity, and density. We 88 

present here the first evidence and location of the possible magma ponding in the lower crust, 89 

and the shallow magma chamber through seismic imaging of the crust beneath the western 90 

segment of the DVP adjoining the west coast of India using broadband seismic waveform 91 

data (Figure 1b). Our inference is based on the joint inversion of receiver function and 92 

surface wave dispersion data (Julia et al., 2000), supported by the modelling of ambient noise 93 

data (e.g., Shapiro et al., 2005). 94 

2.0 Data and preliminary analysis 95 

We deployed 9 broadband seismographs (Figure 1b) aligned W-E from the west coast 96 

of India, between January 2020 and September 2021, with an inter-station spacing of 10-15 97 

km. The experiment was executed in the region of the final Deccan eruption, where the 98 

magma chamber is hypothesized based on the analysis of megacrysts in the Giant Plagioclase 99 

Basalts (Higgins & Chandrasekharam, 2007). The region has a large number of dikes and 100 

compound magma flows (Figure 1a). The P receiver functions (RFs) were computed for 101 

selected earthquakes of magnitudes above 5.5 and epicenter distances between 30° and 95° 102 

(Figure S1 a, b) using a time domain iterative deconvolution approach (Ligorría & Ammon, 103 

1999). A low-pass Gaussian filter was applied with a parameter of 2.5, which means the 104 

corresponding cut-off frequency is ∼1.2 Hz and the pulse width of ∼1.0 s. These RFs were 105 

used to compute the structural model using Common Conversion Point (CCP) migration 106 

(Dueker & Sheehan, 1997) and perform inversion jointly with Rayleigh wave group velocity 107 

dispersion (e.g., Julia et al., 2000). 108 

A sample of RFs at a few locations is presented in Figure 1c. Important features of the 109 

RFs are a positive conversion at about ~0.5 s, a negative one at ~1.5 s, and a Moho converted 110 

phase at 4.5-5.5 s. To analyse the shallow depth conversions in detail, we computed RF at a 111 

location for varying Gaussian widths from 2.5 to 15, corresponding to a maximum frequency 112 

content of 1.2 Hz to 6 Hz (Figure S1c). Here, the P phase arrival (L1) is delayed by 0.1 s 113 

which suggests the presence of a thin low-velocity layer possibly due to the Deccan basalt 114 

with Vs of 1.8-2.4 km/s and a thickness of about 1 km (Ray et al., 2021). A positive P-S 115 

conversion at 0.6 s (L2) represents a 4-5 km thick high-velocity layer. Further, a low-velocity 116 

layer (LVL) in the upper crust is identified by two P-to-S converted phases at 1.4 s and 1.7 s 117 

(L3 & L4) due to the conversion from the top and bottom of the LVL. The approximate 118 
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location of the LVL is between 10 and 16 km. The Moho converted phase is identified at 119 

about 4.5 s (marked as M), corresponding to a depth of about 36 km. A plot of the RFs time 120 

series along the profile for an earthquake (Figure S1d) shows the presence of these features, 121 

albeit with local variations in layer depth and velocity contrast. The RFs along the profile 122 

show the delayed arrival time of the Moho conversion with a reduced amplitude below the 123 

coastal stations, particularly the two westernmost stations. To quantify these parameters, we 124 

modelled receiver function data, as discussed in subsequent sections. 125 

3.0 Methodology and result 126 

3.1 Joint inversion of receiver function and surface wave data 127 

To map the interface depth and provide a reliable velocity image, we perform an 128 

inversion of the RF time series with the surface wave dispersion data (e.g., Julia et al., 2000) 129 

using an iterative sequence of linearized least squares inversions (Herrmann & Ammon, 130 

2002). Details of the methodology are provided in Supplementary Text S1. The velocity 131 

model at individual stations presented in Figures S2 and S3 is interpolated to generate a W-E 132 

velocity profile to a depth of 60 km (Figure 2a). The Moho is identified by depth to 133 

maximum velocity gradients beyond the depth of 30 km and velocity beyond Vs of 4.3 km/s, 134 

corresponding to a typical peridotite P-velocity of >7.6 km/s. The Moho depth varies from 37 135 

to 40 km, except in the coastal region, where it increases to about 45 km. Similar Moho 136 

depths are obtained using H-K stacking as well (Figure S4). A thick (10-15 km) underplated 137 

layer (UL) with Vs >4.0 km/s above the deeper part of Moho is mapped beneath the west 138 

coast, compared with 3-5 km thickness elsewhere. A high-velocity layer (HVL) of Vs 3.7-3.9 139 

km/s is identified in the shallower part (4-8 km) lying over the prominent low-velocity layer 140 

(LVL) in the depth range of 8 to 17 km with Vs of 3.3-3.5 km/s. 141 

We performed a number of forward models to ascertain the robustness of the Moho 142 

depth, the high-velocity underplating layer, and low and high velocities in the shallower crust 143 

(Figure S5 a-d). To examine the continuity of the LVL in other parts of the DVP, we 144 

modelled data from regionally distributed stations (Figure S6). The result shows no evidence 145 

for such an LVL away from the study region. In the absence of a well-distributed network, 146 

we are unable to delineate the zone with the LVL in the shallow crust. 147 

3.2 Receiver function imaging 148 
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We create a depth image of impedance contrast below the profile using the Common 149 

Conversion Point (CCP) stacking method (Dueker & Sheehan, 1997). The CCP stacks are 150 

constructed by back-projecting each RF time series to its appropriate spatial location in depth 151 

using ray theory and a shear wave velocity model (and a Vp/Vs of 1.74) derived from a joint 152 

inversion for the easternmost station, CKN (Figure 1b). The spatial location of the converted 153 

phase at depths of 10, 30, and 50 km is presented in Figure S7. To successfully image 154 

structure that varies along the section, the Fresnel zones must overlap by ~50% or more at the 155 

depth of interest (Zhai & Levander, 2011). The Fresnel zone width for Ps at 10, 30, and 50 156 

km depth is ~4, 6, and 12 km. The RF stack is computed in a bin of 5 km width and every 1 157 

km depth and further smoothened over 10 km horizontal window. The CCP image coherently 158 

stacks RF phase conversions and also partially cancels random noise. The CCP image (Figure 159 

2b) reveals three characteristic features: a positive conversion (HVL) at about 5 km, 160 

underlain by a negative conversion (LVL) at ~10 km, and the Moho depth of 35-40 km that 161 

increases to ~45 km below the coastal plain. The Moho depth, determined using H-K 162 

stacking (Figure S4), is superimposed on the CCP image (Figure 2b). Three different 163 

approaches: joint inversion of RF and surface waves, CCP migration, and H-K stacking show 164 

very similar and consistent features. 165 
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Figure 2. (a) Shear wave velocity profile created through the joint inversion of RF and 

surface wave dispersion data. Grey lines are 1D velocity models at selected stations. Red 

circles indicate the Moho from H-K stacking method (Figure S4) and the white circles are the 

Moho from joint inversion (Figure S3). HVL-High velocity layer, LVL-Low velocity layer, 

LC-Lower crust (Vs >3.8-4.0 km/s), UL-Underplated layer (Vs>4.0 km/s), PF-Panvel 
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Flexure. (b) CCP image along the seismic profile. Black circles are the Moho estimates from 

H-K stacking (Figure S4). 

4.0 Discussion 166 

A velocity-depth section of the crust along a ~106 km long profile from the west coast 167 

of the DVP in west-central India is presented in Figure 2a. We examine the possible 168 

alteration in Pre-Deccan crust in Figure 3a due to the volcanism. Deep drill hole samples 169 

from the Koyna region, about 100 km south of this profile, show that the basement of the 170 

DVP closely resembles the Dharwar craton (Ray et al, 2021; Shukla et al., 2022). An 171 

ensemble of velocity models (Figure 3a) of the DVP along the profile, compared with the 172 

Dharwar craton (Borah et al., 2014; Chaubey et al., 2022), suggests significant differences 173 

between the crustal properties: a lower velocity at a depth of 8-17 km and a higher velocity at 174 

4-8 km below the seismic profile in the DVP. We observe a laterally variable underplated 175 

basal layer (Vs >4.0 km/s) in the lower crust. The Moho depth is mapped at ~35 km along the 176 

profile, except beneath the west coast over a distance of 40 km, where it deepens to ~45 km. 177 

The deep Moho zone beneath the coastal plain coincides with significant magma 178 

underplating of ~10-15 km and terminates in the east below the Panvel Flexure. We discuss 179 

the significance of these features below. 180 

4.1 The lower crust and uppermost mantle 181 

The Deccan magmas were produced by high-temperature melting at a depth of 60-100 182 

km (Sen, 2001), located beneath the west coast of India and underlying regions of uplift in 183 

dynamic topography (Glišović & Forte, 2017). Existing seismological observations are 184 

inadequate to define the spatial extent of high mantle temperatures. Iyer et al. (1989), based 185 

on travel-time modelling of teleseismic rays, proposed that most of the DVP is underlain by a 186 

thick continental root, except for the westernmost part adjoining the west coast. Being at the 187 

edge of the craton, this segment of the DVP has thin lithosphere and was most influenced by 188 

the Réunion hot spots (Sharma et al., 2018). The mantle melting led to magma ponding at the 189 

base of the crust, which eventually resulted in high-velocity underplating and crustal 190 

thickening as observed in the coastal plain. The Moho is about 10-15 km thicker beneath the 191 

west coast due to the presence of an underplated layer with Vs > 4.0 km/s (Figure 2a), as 192 

expected from the presence of solidified olivine and clinopyroxene rich cumulates in deep 193 

magma reservoirs (Cox, 1993). Interestingly, we don’t observe magma underplating to the 194 

east of the western Ghat (about 60 km from the coast), which correlates well with 195 
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seismological evidence for undisturbed lithospheric mantle in the DVP to the east of the 196 

western Ghat (Iyer et al., 1989; Kumar & Mohan, 2005). 197 
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Figure 3. (a) Plot of an ensemble of velocity models for seismic stations located in the DVP 

and Dharwar craton. HVL-High velocity layer, LVL-Low velocity layer, UL-Underplated 

layer. (b) Proportional velocity reduction (Vs/Vs°) versus melt volume fraction. Horizontal 

lines indicate proportional velocity reductions in the low-velocity layer (LVL) for the 

regions. W: blue line is an analytical relationship of Watanabe (1993) for randomly oriented 

triangular melt tubes. Ts: Red dashed line is an analytical relationship of Taylor and Singh 

(2002) for the slow propagation direction in a medium containing perfectly aligned oblate 

spheroids of aspect ratio 10. (c) Schematic view of the magmatic system beneath the DVP 

coinciding with seismic profile in Figure 1b. The thick red arrow indicates the ascending 

direction of the melts from the upper mantle to the crust-mantle boundary. PF is Panvel 

Flexure. 

4.2 Low velocity in upper crust 198 

At a depth of 8 to 17 km, we observe an approximately 0.1-0.4 km/s (or 3-12%) 199 

velocity reduction (Vs ~3.3-3.5 km/s) relative to the Dharwar Craton (Vs ~3.7 km/s). Such 200 

low velocity in the shallow crust has been reported in various geological settings as a 201 

consequence of crustal rejuvenation in cratonic regions, partial melting, felsic composition, 202 

or strong radial anisotropy (Beck & Zandt, 2002; Diaferia & Cammarano, 2017; Gao et al., 203 

2020; Kind et al., 1996; Li et al., 2003; Ward et al., 2014; Zheng et al., 2015; Zorin et al., 204 

2003). 205 

A global compilation of experimentally measured shear wave velocities of dry rocks 206 

(Christensen, 1996) at room temperature and lithostatic pressure of 400 MPa, corresponding 207 

to a depth of about 12 km, suggests only a few rocks like Andesite (Vs~ 3.1 km/s); Basalt 208 

(Vs~ 3.3 km/s); Slate (Vs~ 3.3 km/s); Phyllite (Vs~ 3.5 km/s); Granite Gneiss (Vs~ 3.6 km/s) 209 

fall in the observed velocity range. To extrapolate these velocities to mid-crustal 210 

temperatures, we used a Vs decrease of 0.2 m/s/°C, an average value determined from a range 211 

of gneisses (Kern et al., 2001). Heat flow estimates in the neighbouring Koyna region (Figure 212 

1a) from a 1,500 m deep borehole yielded an average value of 45 mW/m2 (Ray et al., 2021). 213 

Deep drilling confirms that the Deccan trap is underlain by granitoid rocks (TTG). Their 1-D 214 

steady-state thermal modelling indicates temperatures could vary from 165°C to 250°C at 10 215 

km depth, much higher than previously reported. These results depend on the assumed 216 

thermal conductivity of the underlying rock and should be used cautiously. Therefore, 217 

although higher temperature is possibly a contributing factor, it may not be the only cause of 218 

the observed low upper-crustal velocity. 219 
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The LVL could also be due to the presence of partial melts, aqueous fluids, or both 220 

since these are easily capable of a velocity decrease of 7–17% (Takei, 2000; Watanabe, 221 

1993). To constrain the percentage of melt present in the DVP, we compared our shear-wave 222 

velocities with theoretical and experimentally-derived relationships between Vs and melt 223 

percentage (Figure 3b). We used the ratio of Vs to Vs°, which represents the minimum of the 224 

LVL and the upper-crustal peak velocity, respectively, for the velocity profile at each station 225 

(Figure 2a). Using Figure 3b, we obtain the presence of a moderate to low melt percentage 226 

(3-6%) corresponding to the LVL. In a detailed thermodynamic model considering anhydrous 227 

and two wet components, Diaferia and Cammarano (2017) inferred that the Vs at 400 MPa is 228 

influenced more by the presence of melt compared to water. They concluded that Vs <3.6 229 

km/s in the crystalline crust would imply a strong contribution of sediment and/or melt. 230 

Additionally, deep magmas were transported upward through the crust via the development 231 

and propagation of faults (Downs et al., 2018), and some liquid and/or gas could have 232 

migrated into these faults, changing the physical properties of the nearby rocks. Thus, partial 233 

melt and fluid-filled faults are significant causes for producing the crustal low-velocity zone 234 

below magmatic provinces. 235 

The other factor influencing shear wave velocity is the seismic anisotropy in the 236 

Earth’s crust, observed in almost all geological and tectonic settings (e.g., Illsley-Kemp et al., 237 

2021; Johnson et al., 2011; Li & Peng, 2017; Savage et al., 2017). It is caused by structural 238 

features such as faults (Zinke & Zoback, 2000), and aligned melt pockets (e.g., Bastow et al., 239 

2010; Dunn et al., 2005; Keir et al., 2005, 2011), where the polarization direction is parallel 240 

to the trend of structural features. In the upper crystalline crust, where anisotropy is generally 241 

weak, it is explained by micro-cracking often related to present day stress and also mineral 242 

fabric. In the middle and lower crust, it is generally attributed to rock texture, like mineral 243 

alignment from sheared and metamorphosed rock. Mahan (2006) argued that deformed 244 

granitic rocks may also have a significant increase in mica content due to the breakdown of 245 

feldspar or fluid related mass transfer and can have significant anisotropy. Seismic anisotropy 246 

has been inferred in dikes or sill complexes where fine-scale layering affects the macro-247 

mechanical properties of the crustal material. Tectonically active regions (Shapiro et al., 248 

2004; Moschetti et al., 2010), and volcanic regions (Jaxybulatov et al., 2014) show well 249 

defined anisotropy related to the horizontal layering associated with mineralogical 250 

preferential orientation. We present here the first report of crustal anisotropy using limited 251 

data. 252 
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Simultaneous inversion of the dispersion curves of Rayleigh and Love surface waves 253 

has been widely used to estimate radial anisotropy in the crust using dispersion measurements 254 

at periods <20 s, which is possible with the correlation of the ambient seismic noise field 255 

(Shapiro et al., 2005). Following this approach, Das and Rai (2017) inferred 3% anisotropy in 256 

the upper and middle crust of the Dharwar craton. Due to the short length of the present 257 

profile, we could only retrieve Rayleigh and Love wave phase velocity dispersion data up to 258 

20 s through cross-correlation of the ambient noise field only for two inter-station pairs 259 

(Figure S8a). An inversion of dispersion data for these two pairs (Figures S8 b, c) shows the 260 

presence of positive radial anisotropy (Vsh>Vsv) in the depth of 8-17 km, where the low 261 

velocity is inferred. The magnitude of the anisotropy ranges from 5-15%, indicating the 262 

possible contribution of mineral alignment in the horizontal directions during the magma 263 

flow, leading to Vs reductions in the LVL layer as discussed earlier. 264 

4.3 High velocity in the shallow crust 265 

Our velocity model shows the presence of shear velocities of 3.7-3.9 km/s in the depth 266 

range of 4-8 km, in contrast with the 3.5 km/s observed over the Dharwar craton, which is 267 

higher by 0.2-0.4 km/s (5-10%). The first observation of such a high velocity upper crust in 268 

DVP was made by Rai et al. (1999) using local earthquake tomography in the neighbouring 269 

Koyna region. The high velocity at shallow depths is at odds with the general understanding 270 

of continental crust composition, where density generally increases with depth. Assuming a 271 

shear velocity-density relation (Brocher, 2005), we infer a high-density layer in the upper 272 

crust underlain by a low density one. The denser crust beneath the DVP section is probably 273 

due to basaltic crustal intrusions. Tian and Buck (2022) provide a detailed account and 274 

reference for extensive mafic intrusion beneath the Columbia River Basalt, Emeishan, 275 

Siberian, and Etendeka LIPs, based on geophysical data modelling. They suggest that crustal 276 

densification due to voluminous magma intrusion and solidification is necessary for the 277 

extrusion of continental flood basalts. Further, crystallization of such pre-eruption intrusions 278 

could release enough carbon dioxide to drive substantial global warming before the main 279 

phase of flood basalt volcanism. We speculate a similar scenario over the DVP, and the 280 

mapped HVL could have been the possible source region for large CO2 releases. 281 

Figure 3c provides a schematic view of the magma plumbing system beneath the DVP 282 

as a 2-D W-E oriented cross-section. The mafic magma originates from the upper mantle 283 

beneath the west coast and the adjoining sea, ascending in the lower crust to the upper-middle 284 
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crust. It is ponded at the crust-mantle boundary. A part of the magma intruded into the 285 

shallower crust, where it was densified and preserved as a high-velocity layer. 286 

5 Conclusion 287 

We constructed a high resolution crustal velocity model for the ~106 km length of the 288 

west-to-east transect, covering part of the Deccan traps from its west coast, using the 289 

seismological data at ~10-15 km intervals. We jointly inverted the P-receiver function with 290 

surface wave dispersion data. Also, we generated a 1-D velocity anisotropy model to a depth 291 

of 25 km from the analysis of two inter-station ambient noise paths. The velocity image 292 

provides evidence for a 10-15 km thick high-velocity layer (Vs>4.0 km/s) at the base of the 293 

crust, interpreted as a response of dense mafic underplating during magmatism at ~65 Ma and 294 

confined to a distance of 40 km only from the coast. In the shallower crust (8-17 km depth), a 295 

continuous low-velocity (Vsv of 3.3-3.5 km/s) and radially anisotropic (Vsh ~4 km/s) layer is 296 

mapped. This low velocity anisotropic layer possibly represents the horizontally elongated 297 

frozen magma reservoir, a source for the magma eruption. The low velocity layer underlies a 298 

densified high velocity isotropic layer with Vsv>3.8 km/s at a depth of 4-8 km, representing 299 

basaltic mafic intrusions responsible for the production of massive CO2 degassing. 300 

To improve the magma evolution process beneath the Deccan Volcanic Province, 301 

other physical properties of the crust, such as seismic anisotropy, attenuation, temperature, 302 

and the Vp/Vs ratio, are needed and are a subject to future investigations. 303 
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