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Abstract
This study applies post-stack acoustic impedance inversion to investigate the lateral variability of reservoir 
properties within the Paleogene Heimdal Formation in the northern North Sea. The analysis utilised 3D 
migrated partial stack seismic data, 2D CDP gathers, and petrophysical data from five wells penetrating the 
Heimdal Formation. Well-log derived acoustic impedance models were integrated with seismic data to generate 
acoustic impedance, velocity and porosity volumes. The inversion results showed that the acoustic impedance 
values varies from approximately 2000 to 5700 m/s*g/cm3 indicating significant spatial heterogeneity within the 
reservoir. The relativity low acoustic impedance values suggest that the sandstones are poorly consolidated and 
moderately compacted. Predicted porosity values vary between 25% and 40 % indicating very good to excellent 
reservoir quality across much of the study area. The inversion results further reveal marked lateral variations 
in acoustic impedance and porosity that reflects changes in lithofacies and the complex distribution of turbidite 
channel sands. Comparison between inversion-derived porosity and well-log porosity at the control well yielded 
a correlation coefficient of 68 % demonstrating a satisfactory predictive capability of the inversion workflow.
Keywords: Acoustic impedance inversion, Porosity prediction, Heimdal Formation, Paleogene, Seismic 
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I. Introduction
Accurate characterization of subsurface reservoirs remains a fundamental objective in petroleum 

exploration and development because it directly influences hydrocarbon prospect evaluation, reserve estimation, 
and field development planning. Conventional seismic interpretation provides valuable structural and 
stratigraphic information; however, it is often inadequate for detailed prediction of reservoir properties such as 
lithology, porosity, and fluid distribution. Quantitative seismic interpretation techniques, particularly acoustic 
impedance inversion, have therefore become essential tools for reducing exploration uncertainty and improving 
reservoir characterization.

This study applies post-stack acoustic impedance inversion to characterize the lateral distribution of 
reservoir properties within the Heimdal Formation. The objectives are to (i) estimate the acoustic impedance 
distribution of the reservoir, (ii) predict porosity away from well locations, (iii) evaluate lateral variations in 
reservoir quality, and (iv) assess the effectiveness of acoustic impedance inversion for reservoir characterization 
in complex Paleogene turbidite systems of the northern North Sea.

II. Geology Of The Study Area
Paleocene turbidite sands

Paleocene strata are widely distributed and provide one of the most important hydrocarbon 
accumulations throughout the North Sea Basin (Figure 1). The preserved Paleocene strata in the North Sea 
Basin comprise siliciclastic sediments with minor amounts of volcanoclastic rocks, tuff, coal, marls and 
reworked carbonate sediments (Ahmadi et al., 2003). The great volumes of the siliciclastic sediments were 
primarily sourced from the Scotland-Shetland hinterland (Jordt et al., 1993). An important reservoir in the 
Paleocene strata, which this research work focuses on, is the Heimdal Formation sandstone. The Heimdal 
sandstone is a late Paleocene turbidite sands characterised by complex thin sands distribution embedded in 
relatively pure shales (Avseth et al., 2005).
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Figure 1. Paleocene distribution in the North Sea. The map shows the thickness of Paleocene strata throughout 
the North Sea Basin. The thickness data are presented as colour shaded-relief image. The areas of maximum 

thickness are adjacent to the Shetland platform and the Norwegian landmass. The Halibut Horst was a 
prominent high throughout the Paleocene times. Precise limits of the Paleocene are not shown. (Ahmadi et al., 

2003)

Stratigraphy
The Paleocene and earliest Eocene strata in the North Sea record a second order regression and 

transgression (Haq et al., 1988). Cycles of regressive/transgressive, regardless of order, are characterised by the 
input of sand into various parts of the basin during the regressions and the confinement of sands deposition 
along basin margins during transgressions. Individual cycles can exhibit a spectrum of depositional 
environments that range from shore zone or coastal-deltaic to deep water (Neal, 1996).

Figure 2.  Lithostratigraphy of the North Sea Paleocene.  (After Knox and Holloway, 1992)

The top of the Paleocene interval is marked by the ash fall deposits of Balder Formation (Figure 2), 
which are recognised across most of the central and northern North Sea (Ahmadi et al., 2003). They form an 
excellent seismic reflector and a reliable time-marker horizon, and are used in oil industry to informally define 
the top of the Paleocene strata. The base of the Paleocene strata has been taken as the top of the Ekofisk 
Formation of mid-late Danian age, this is also characterised by good seismic marker that reflects fundamental 
changes in sedimentation (Zeigler, 1990). Paleocene sediments in the central and northern North Sea range in 
depth from the sea bed to in excess of 3000m, and reach a maximum thickness of approximately 1000m in the 
outer Moray Firth Basin (Whyatt et al., 1992).

Heimdal Sandstones
The Heimdal sandstone is a late Paleocene turbidite sands characterised by complex thin sands 

distribution embedded in relatively pure shales (Mukerji et al., 2001). Core and thin section report indicates the 
Heimdal Formation as a whole has up to six different lithofacies, these facies are: pure shale, silty shale, clean 
sand, silty-sand1, silty-sand2 and cemented sand. The main zone of interest in this research is at a measured 
depth of 2153-2183 m, it consists of four sand bodies interbedded with shale (Avseth, et al., 2000). Individual 
sand/shale bodies range in thickness from 10 to 30 m. Paleocene reservoir sands represented by Heimdal 
Formation formed oil fields of economic interest.
Hydrocarbon system

The Paleocene strata with proven reservoir potential are present over large part of the central and 
northern North Sea, making them the most widespread play in the area. The source rock for Paleocene 
hydrocarbon occurrence is the Upper Jurassic Kimmeridge Clay Formation that is mature for oil and gas 
generation over much of the North Sea Basin. Paleocene sandstone do not come into close juxtaposition with 
the underlying source rock anywhere within the basin and are commonly separated by hundreds or even 
thousands of meters of Cretaceous shales and carbonates. The exact mechanism of vertical migration remains 
unclear.

The major reservoirs of the North Sea Paleocene oilfields are deep-water fan sandstones. Channelling 
within the deep-water Paleocene turbidite is widespread; Paleocene sandstones typically form excellent 
reservoirs, and have good regional connectivity. The fields have average porosity ranging from 17 to 33% and 
permeability in the 16 milliDarcies to 10 Darcies range (Whyatt et al., 1992).

Although the intra-Paleocene shales appear unreliable seal for trapping light oil and gas, laterally 
extensive, thin bed shale can form significant barriers to fluid flow within fields (O’Connor and walker, 1993). 
The most successfully proven trapping styles in the Paleocene of the North Sea are generally low-relief, four-
way, dip-closed anticlinal traps. Stratigraphic traps associated with lateral reservoir pinch-out have also proven 
to be successful (O’Connor and Walker, 1993).

Therefore, the expected geological setting of the turbidite sand would likely be sedimentary units 
consisting of: laminated shales with tuffs and occasional thin limestone interbedded with local sandstone that 
may be massive; overlying fissile and commonly laminated mudstones and sandstones (Knox and Holloway, 
1992). The laminated mudstones are underlain by complex thin sands distribution embedded in relatively pure 
shales (Avseth et al., 2000); underneath the interbedded shale-sandstones lay laminated silty shales which are 
further underlain by pure shales (Whyatt and Rhodes, 1991). The geological setting depicts a complex turbidite 
sand distribution where assessment of the Paleocene sands based on conventional seismic and well log 
stratigraphic analysis may be very uncertain in these depositional settings.
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Previous geophysical work
Tiekuro et al. (2024) applied Post Stack AI Inversion to predict lateral rock physical properties in Eti-

field Offshore Niger delta. The study was able to delineate lateral and vertical alternations in subsurface rock 
properties which is attributed to differences in lithofacies within the reservoir interval,

Eissa et al. (2009) presented a detailed study of thin, porous, gas- saturated sandstone packages in the 
onshore Guajira Basin of northern Columbia. The sandstone packages are similar to the Heimdal sandstone in 
terms of complexity and geometry.  The study includes acoustic impedance inversion, fluid substitution, and 
AVO modelling/analysis. The study successfully predicts the thin sandstone reservoirs as heterogeneous in 
terms of thickness, rock properties and areal distribution and suggested that better imaging of the thin 
sandstones can be best achieved either by acquiring new seismic data using new technology with better 
frequency content or by reprocessing existing seismic data for frequency enhancement.

A study by Avseth et al. (2009) utilises the application of contact cement model concept to study two 
clean sandstone intervals, both representing the Palaeocene age Heimdal Formation in the North Sea. Both 
intervals are oil-filled reservoir sands of commercial interest. The rocks were diagnosed using well log 
measurements and rock physics theory. It was assumed that if in the velocity-porosity plane of a data point falls 
close to a theoretical line, the internal structure of the rock would be similar to the idealized structure used in 
the model. It was found from such diagnostic approach that one interval is composed of unconsolidated sand, 
while the other interval is composed of cemented high-porosity sand. By studying the seismic signatures of 
these two different types of clean sands log-based diagnostic was upscale to seismic scale.

Seirra et al., (2009) conducted a study to evaluate the possibility for seismic to discriminate lithology 
and fluids through attributes derived by elastic inversion in a new prospect down dip and south of Main Saldado 
Field, Trinidad and Tobago. The Formation studied is also similar to Heimdal Formation in terms of lithology 
and geometry. The results were integrated with amplitude maps, well information, and structural stratigraphy. 
They concluded that integrated interpretation of the 3-D seismic volume and well log data delineated several 
thin discrete stratigraphic features of Miocene age which are potential reservoirs; all techniques applied in the 
study-including acoustic impedance and elastic impedance, rock physics, and spectral decomposition-show the 
feasibility that the sands could have acoustic and elastic impedances contrast although the seismic data do not 
have good resolution. In spite of this the, it was possible to recognise the main geobodies.

To understand how the type of sand (unconsolidated versus cemented) affects the seismic response, 
Avseth et al., (1998) analysed CDP gathers at different well locations where horizons were picked at the top of 
the Heimdal formation; by using a 30 Hz zero-phase Ricker wavelet synthetic CDP gathers for different wells 
were produced and a reflectivity series were derived. Both the real and synthetic gathers show reflectivity 
increasingly negative with increasing offset at the picked horizon. For one well, the reflectivity was plotted 
versus offset (angle), together with the theoretical Zoeppritz line. The synthetic response appears to be very 
close to the real data which means that it can be relied on well-log-based rock diagnostic to predict seismic 
response. This offset-dependent reflectivity analysis shows that clean sands of the same formation, similar 
porosity, and with comparable oil saturation produce drastically different seismic response depending on 
whether they are truly unconsolidated or have initial quartz cementation.

III. Data And Method
Study Dataset

The dataset used in this study comprises a 3D post-stack seismic volume, migrated near- and far-offset 
partial stacks, and wireline log data acquired from the Paleogene succession of the northern North Sea. The 
dataset was obtained from the open repository described by Avseth et al. (2005).

Five exploration wells (Wells 1–5) were available, although only Wells 2 and 3 are located within the 
seismic sub-volume used for inversion. The available well logs include P-wave sonic, bulk density, gamma-ray, 
neutron porosity, and shear-wave logs. Density and compressional sonic logs were available in all wells, while 
gamma-ray and neutron porosity logs were present in Wells 1–4. Shear-wave velocity data were available only 
for Wells 2 and 5. Corrected density logs and lithofacies information for Well 2 were also provided for 
calibration and validation.

The seismic dataset consists of migrated 3D near- and far-offset partial-stack volumes in SEG-Y 
format. The survey was processed for true-amplitude preservation with a maximum fold of 30 and maximum 
source-receiver offset of approximately 2500 m. The analysis focused on a seismic sub-volume bounded by 
inlines 1300–1500, crosslines 1500–2000, and a two-way travel time window of 1500–2500 ms.

Data Preparation
Well logs were imported into Hampson-Russell GeoView for quality assessment and editing. Spurious 

measurements, spikes, and anomalous values in the density and sonic logs were removed prior to inversion. 
Edited logs were subsequently exported for inversion analysis.
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Because sonic logs are recorded at ultrasonic frequencies that differ significantly from seismic 
frequencies, well-to-seismic calibration was performed to improve the correlation between synthetic and 
recorded seismic traces. This calibration minimized time-depth mismatches and enhanced the reliability of the 
inversion results.

The seismic volume was imported into Hampson-Russell STRATA, where density and compressional 
velocity logs were positioned at their respective well locations. Three regional seismic horizons, comprising the 
top Heimdal Formation, base Heimdal Formation, and an intermediate reference horizon, were manually 
interpreted to constrain the low-frequency impedance model.

Depth zones containing data for six different lithofacies identified in well 2 have been extracted and 
provided in separate text files. A corrected density log for well 2 is also provided

Figure 3. Approximate well locations within the 3D sub-cube. Absolute locations are unknown.
Acoustic Impedance Inversion

Model-based post-stack acoustic impedance inversion was employed to transform band-limited seismic 
reflection amplitudes into absolute acoustic impedance values. The inversion integrates seismic reflection data 
with low-frequency impedance information derived from well logs to generate a broadband impedance model of 
the Heimdal Formation.
Acoustic impedance (AI) was calculated as:                                                         1
where ρ is rock density and Vp is compressional-wave velocity.

Prior to inversion, a statistical wavelet was extracted from the seismic data. Several extraction 
parameters were evaluated through well-to-seismic tie analysis. The optimum wavelet consisted of a 150 ms 
wavelet length, 20 ms taper length, and 320 ms extraction window, providing the highest correlation between 
synthetic and observed seismic traces.

The inversion workflow consisted of the following stages:
- Importation of seismic and well-log datasets;
- Well-log editing and quality control;
- Horizon interpretation;
- Well-to-seismic calibration;
- Statistical wavelet extraction;
- Construction of the low-frequency impedance model;
- Model-based acoustic impedance inversion;
- Quality assessment using residual analysis.

Velocity and Porosity Prediction
The inverted acoustic impedance volume was further transformed into P-wave velocity and porosity 

volumes using empirical relationships implemented in Hampson-Russell EMERGE.
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Velocity was estimated from the impedance model through least-squares regression between 
impedance and measured sonic velocity obtained from the calibration wells. Porosity was estimated using the 
established inverse relationship between acoustic impedance and reservoir porosity, calibrated with available 
well-log measurements. These transformations enabled quantitative evaluation of reservoir quality and lateral 
variations in the Heimdal Formation across the study area.

Validation of Inversion Results
The reliability of the inversion was evaluated by comparing predicted acoustic impedance and porosity 

with corresponding well-log measurements at calibration wells. Correlation coefficients obtained from the well-
to-seismic ties and impedance-porosity relationships were used to assess inversion accuracy.

The validated acoustic impedance, velocity, and porosity volumes were subsequently interpreted to 
characterize lithological variability, reservoir continuity, and lateral heterogeneity within the Paleogene 
Heimdal Formation.

IV. Results
Data Processing

The post-stack seismic inversion workflow was implemented using Hampson-Russell STRATA, while 
well-log management and editing were performed in GEOVIEW and eLOG. Prior to inversion, the density and 
P-wave sonic logs were carefully quality-controlled by removing spikes and anomalous measurements to 
improve the reliability of the impedance model. The corrected logs were subsequently imported into 
GEOVIEW for integration with the seismic data. (Figure 4)

The migrated 3D seismic volume was imported in SEGY format. Because acquisition and processing 
datum information was unavailable, the seismic data were referenced to a zero-millisecond datum. Well 
locations were correctly positioned within the seismic cube to facilitate well-to-seismic calibration (Figure 5).

Three key stratigraphic horizons, namely the Top Heimdal, Base Heimdal, and an additional regional 
marker horizon, were manually interpreted throughout the seismic volume. These horizons provided essential 
structural constraints during low-frequency model construction and ensured geological consistency during 
acoustic impedance inversion.

To tie the well to the seismic data, synthetic seismogram has to be generated. This is a form of 1-D 
forward model, which is expressed as the convolution of the source signature with the earth’s impulse response. 
This is illustrated mathematically below:

 2
Where  is the synthetic seismogram

 is the basic seismic wavelet
 is the earths impulse response
 is random ambient noise

Wavelet estimation was carried out using the statistical wavelet extraction algorithm available in 
STRATA. Several combinations of wavelet length, extraction window, and taper length were tested to optimise 
the well-to-seismic tie. The optimum solution was achieved using a 150 ms wavelet length, 320 ms extraction 
window, and 20 ms taper length. The resulting synthetic seismograms produced correlation coefficients of 0.58 
for Well 2 and 0.49 for Well 3, indicating acceptable agreement between the seismic traces and the well data 
(Figure 6).

Acoustic Impedance Inversion
Sparse-spike acoustic impedance inversion was performed using the calibrated wavelet and the low-

frequency impedance model generated from the available wells. Since only Wells 2 and 3 were located within 
the 3D seismic sub-volume, the inversion relied primarily on these wells to constrain the low-frequency 
impedance trends.

The inversion successfully transformed the band-limited seismic amplitudes into quantitative acoustic 
impedance values, thereby improving vertical resolution and enabling more reliable lithological interpretation. 
The generated acoustic impedance volume formed the basis for subsequent velocity and porosity estimation.

Velocity and Porosity Prediction
Velocity and porosity models were generated from the inverted acoustic impedance volume using 

empirical rock-physics relationships implemented in EMERGE. The velocity model was derived through least-
squares regression between acoustic impedance and measured P-wave velocity, whereas porosity estimation 
employed the Wyllie time-average equation.
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Inversion Processes
As stated in section III, the data available for this project consists of 251 cross lines and 101 inlines.  

Out of the five wells only two are within the 3D sub-cube, hence other wells could not be used as input the 
seismic inversion. The problem of having few wells in the inversion process is that, if a survey area has only a 
few wells from which to derive the low frequencies required for prior model generation, there may be variance 
away from the well that will not be captured by the low frequency model.

Due to loss of high frequency in the seismic process, the information required to reconstruct the 
velocity profile is not present in the seismic data. This implies that the seismic data is bandlimited, therefore the 
need to increase the bandwidth of the input model into the inversion process. The bandwidth of the initial model 
is increased by adding the low frequency content (which is assumed to be missing in the seismic data) from the 
wells hence improve the resolution of the inverted volume.

The initial model represents an initial guess at the velocity structure used in constraining the inversion. 
The final result being a velocity profile that deviates as little as possible from the initial model while at the same 
time modelling the real data as closely as possible (STRATA manual)
 Derived velocity section
In EMERGE, the velocity is calculated using the generalised equation (3) below.

3
where   = Velocity
  = Impedance
 and  are determined by least squares fitting of the velocity and impedance from the initial guess model.

 Porosity transform section
This section is derived in EMERGE by using Wyllie’s equation shown below. This assumed linear 

equation specifies a relationship between porosity and density:
)/(  4

Where  = transit time
 = transit time for the rock matrix

  = transit time of the interstitial fluids
The resulting property volumes revealed considerable spatial variability across the Heimdal Formation, 

reflecting lateral changes in reservoir quality and depositional architecture.

Interpretation of Inversion Results
The inverted acoustic impedance sections reveal significant heterogeneity within the Heimdal 

Formation. Acoustic impedance values generally range from approximately 2,000 to 5,700 m/s·g/cc, although 
localized zones exceed 6,200 m/s·g/cc, indicating relatively cemented sandstone intervals.

At Well 2, the inversion clearly delineates alternating sandstone and shale packages, with the 
sandstone units exhibiting relatively low acoustic impedance compared to the surrounding lithologies. These 
impedance contrasts correspond closely with the interpreted lithofacies and demonstrate the capability of 
sparse-spike inversion to resolve thin reservoir units.

The derived velocity sections further distinguish the principal lithofacies. Cemented sandstone exhibits 
the highest velocities (approximately 2,866–3,012 m/s), whereas unconsolidated clean sandstone displays 
intermediate velocities (2,720–2,866 m/s). Silty sandstone and silty shale occupy intermediate ranges, while 
shale units are characterized by comparatively lower velocities.

Porosity estimates generally range between 25% and 40%, indicating fair to excellent reservoir quality 
within the Heimdal Formation. Although local discrepancies exist between measured and predicted porosity, the 
inversion-derived porosity model reproduces the overall reservoir trend with a correlation coefficient of 
approximately 68%, confirming the reliability of the inversion approach.

Spatial analysis of the impedance, velocity, and porosity volumes demonstrates pronounced lateral 
variations throughout the study area. The reservoir sand bodies occur as discontinuous, sigmoidal geometries 
that are characteristic of deep-water turbidite channel systems. These geometries support the interpreted 
depositional model of channelized Paleocene submarine fan deposits.

Overall, the inversion results demonstrate that acoustic impedance inversion significantly improves the 
delineation of reservoir architecture beyond well control and provides reliable estimates of lateral variations in 
lithology, velocity, and porosity within the Heimdal Formation (Figure 7).
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Figure 4. Well-to-seismic correlation at well 2 and estimated wavelet used in the acoustic impedance inversion. 
The final extracted wavelet and its frequency spectrum are also shown. Correlation factor of 0.58 is for the 

entire well and is considered a good value as the tie focussed only on the horizons of interest. 

Figure 5. Final wavelet and tie produced with the seismic using 320 ms statistical wavelet (normal polarity) 
parameter test for well 3. Correlation coefficient for the tie is 0.49. Also shown is the amplitude and frequency 

spectrum of the wavelet.

Figure 6. Analysis result for the extracted wavelet showing the correlation of the extracted wavelet with the well 
logs.

Figure 7. Normalised amplitude section for xline 1776 with well 2 showing the picked horizons extrapolated 
away from the well location. The inserted curve is a P-wave velocity curve.

V. Results And Discussion
Acoustic Impedance Distribution within the Heimdal Formation

The sparse-spike acoustic impedance inversion successfully delineated the lateral and vertical 
variations in the Heimdal Formation across the study area. The inverted sections reveal that the reservoir 
interval is characterized by relatively low acoustic impedance values ranging from approximately 3,800 to 
6,200 m/s·g/cc, with localized zones exceeding 6,200 m/s·g/cc (Figure 8). These variations reflect differences in 
lithology, compaction state, and reservoir quality within the Paleogene turbidite succession.

At Well 2, the reservoir interval (1890–2000 ms two-way travel time) exhibits pronounced 
heterogeneity, with alternating low- and moderate-impedance zones corresponding to interbedded sandstone 
and shale units. The low acoustic impedance observed within the Heimdal Formation is consistent with poorly 
consolidated, porous sandstone reservoirs, whereas isolated high-impedance anomalies are interpreted as 
cemented sandstone or shale-rich intervals (Figure 8).

Lithological Characterization
Integration of inversion results with available well-log information enabled discrimination of the 

principal lithofacies within the Heimdal Formation. Cemented sandstones exhibit the highest impedance and 
velocity values, indicating greater rigidity and reduced porosity. In contrast, unconsolidated clean sandstones 
display relatively low acoustic impedance, consistent with high porosity and favourable reservoir properties 
(Figure 8).

Intermediate impedance values correspond to silty sandstones and silty shales, while shale has 
comparatively lower seismic velocities. These observations demonstrate that acoustic impedance inversion 
provides an effective means of differentiating lithological units that are difficult to resolve using conventional 
seismic amplitude interpretation alone.

Reservoir Property Variation
The derived velocity and porosity transforms indicate significant spatial variability in reservoir 

properties across the study area. Predicted porosity values generally range between 25% and 40%, suggesting 
that the Heimdal Formation possesses very good to excellent reservoir quality despite local heterogeneity 
(Figure 9 & 10).

Although the inverted porosity sections reproduce the overall reservoir trend observed in the well logs, 
minor discrepancies occur locally. These differences are likely attributable to lithological complexity, thin-bed 
interference, and the assumptions employed during impedance-to-porosity transformation. Nevertheless, the 
predicted porosity distribution agrees reasonably well with measured well-log porosity, confirming the 
reliability of the inversion workflow.

Lateral Reservoir Continuity
Interpretation of the inverted sections demonstrates that the Heimdal sandstones occur as laterally 

discontinuous, channelized sand bodies. Around Well 2, the reservoir displays a distinct sigmoidal geometry, 
characteristic of deep-water turbidite channel deposits (Figure 9). These discontinuous geometries indicate rapid 
lateral facies variations, which are typical of submarine fan depositional systems.

In contrast, the reservoir interval surrounding Well 3 exhibits weaker acoustic impedance contrast, 
making reservoir boundaries less distinct. This reduced contrast may reflect thinner sandstone development, 
lower impedance contrast between sand and shale, or variations in reservoir quality (Figure 10).
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The inversion results consistently indicate that the Heimdal Formation comprises discrete sandstone 
bodies distributed throughout the three-dimensional seismic volume rather than a laterally continuous reservoir 
unit. Such heterogeneity has important implications for reservoir connectivity and hydrocarbon production 
strategies.

Implications for Reservoir Characterization
The inversion-derived acoustic impedance model significantly improves subsurface characterization 

beyond conventional seismic interpretation. The results demonstrate that acoustic impedance inversion can 
successfully identify lateral variations in lithology, estimate reservoir quality, and delineate channelized 
sandstone bodies within complex turbidite systems.

The relatively low impedance and high predicted porosity observed across much of the Heimdal 
Formation indicate favourable reservoir conditions. However, localized cementation and shale intercalations 
introduce significant heterogeneity that may influence fluid flow and reservoir performance. Consequently, 
integrating acoustic impedance inversion with petrophysical analysis provides a more robust framework for 
reservoir evaluation and reduces uncertainty in reservoir prediction.

Overall, the study confirms that sparse-spike acoustic impedance inversion is an effective tool for 
imaging thin, heterogeneous Paleogene turbidite reservoirs and for predicting reservoir properties away from 
existing well control.

Figure 8. Sparse spike inverted section of xline 1776 with well 2 P-wave velocity curve. The horizontal scale is 
the inline and the colour bar is acoustic impedance AI in m/s*kg/cc.

Figure 9. Derived velocity map from sparse- spike inverted section of inline 1318000. The horizontal scale is 
the xnline and the colour bar is P-wave velocity in m/s. The two- way time scale is in ‘ms’.

Figure 10. Derived porosity map from sparse- spike inverted section of inline 1468. The horizontal scale is the 
xnline and the colour bar is porosity in ‘fraction’. The vertical scale on the left is two-way time in ‘ms’ .

VI. Conclusion
This study successfully applied sparse-spike acoustic impedance inversion to characterize the reservoir 

properties of the Paleocene Heimdal Formation in the northern North Sea. The inversion results demonstrated 
that acoustic impedance inversion is an effective tool for integrating well-log and seismic data to predict the 
lateral distribution of reservoir properties beyond well control. The inverted acoustic impedance volume 
revealed significant lateral heterogeneity within the Heimdal Formation, reflecting the complex architecture of 
turbidite channel sandstones interbedded with shale. The results provide valuable insights into the spatial 
distribution of reservoir quality and demonstrate the usefulness of seismic inversion as a quantitative tool for 
reducing exploration risk and improving subsurface reservoir evaluation in heterogeneous deep-water 
depositional environments.
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