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Abstract

Volcanic rocks play a crucial role in sedimentary basins worldwide, often associated with valuable hydrocarbon reserves, and lately being
recognized as secure option for CO2 storage (CCS). Seismic forward modelling has become essential in bridging the gap between outcrop
observations and seismic data when studying volcano-sedimentary sequences. This study focuses on seismic forward modelling of volcano-
sedimentary sequences, incorporating outcrop and laboratory petrophysical data from the Parana-Etendeka Igneous Province (PEIP) and
geomorphological data from the North Atlantic Igneous Province (NAIP). The objective is to develop synthetic seismic forward models for
different scenarios of basalt-sediment transitions. The base-model presented consists of a lava flow package (with simple and compound lavas
morphologies) over homogeneous sandstone, followed by develop models incorporating variations observed in the field. These variations
include layered sedimentary rocks, shallow intrusions, and invasive lava flows with peperite. By utilizing different source wavelets with
varying frequency spectrums (30, 50 and 70 Hz dominant frequency, with cutoff frequencies of 90, 150 and 210 Hz, respectively), the seismic
reflection characteristics and detectability of volcanic features across the basalt-sediment transition are assessed. The results demonstrate the
significant variability in seismic responses within the basalt-sediment transition, influenced by the frequency content of the seismic data,
geological complexity, and impedance contrast between volcanic and sedimentary rocks. Notably, seismic images with higher frequency
content (50 Hz and 70 Hz dominant frequency) exhibit distinct character and geometry of internal seismic reflections, particularly in different
facies architectures of compound and simple lava flows. Regardless the frequency content, the detection and resolution of intrusive rocks that
cross volcanic successions present significant challenges especially because the acoustic impedance contrast may be too subtle to generate
distinct reflections in the seismic images. However, the thickness of the intrusions, and its orientation mat add difficulties to identify smaller
intrusions in this type of deposits. Distinguishing invasive lava flows from shallow intrusions in seismic images poses a challenge due to their
similar petrophysical and geometrical characteristics. However, interpretation can be aided by identifying key features such as the depth extent
of transgressive reflectors and evidence of 3D lava flow features in concordant reflector segments, facilitating the interpretation of base-basalt



scenarios. The result of this study emphasizes the value of this integrated approach in advancing our knowledge of such geological systems.
The integration of outcrop and laboratory data with seismic forward modelling enhances confidence in seismic interpretation of real subsurface
data, thereby improving understanding and interpretation of mixed volcano-sedimentary systems with exploration potential.



