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Abstract 

The present study deals with the challenges associated with delineating and characterizing thin and discrete sand facies 

from the deep-seated Kopili Formation in Assam Basin. Due to the overlap in amplitude and frequency-based conventional 

seismic responses, these methods failed to provide any concrete facies discrimination for interbedded thin and discrete 

sand facies. Multilayer perceptron neural network and model-based impedance inversion methods have been applied to 

estimate the effective porosity and P-impedance for delineating the sand reservoir facies and possible hydrocarbon-

bearing zones. This feasibility study suggests that sandstones with moderate impedance and high effective porosity can 

be considered good reservoir sands. In contrast, those with low impedance and low effective porosity could be interpreted 

as shale facies. Gross sand thickness in this area was estimated from well-log data interpretation for Upper Kopili between 

50-120m. It is observed that the thick sand facies dominate the eastern part of the Lakwa field. On the other hand, the 

gross sand thickness estimated from Lower Kopili was found to be between 30-50m, and sand facies were observed 

dispersed throughout the entire study area. Integrating the impedance and porosity responses along with the estimated 

gross sand thickness provides more accurate and reliable sand dispersal patterns and sweet spots (thick reservoir sands), 

possibly containing hydrocarbon over the Lakwa field, Assam Basin. The present study also suggests that effective porosity 

estimation provides meaningful results in delineating the thin and discrete sand reservoir facies and could be used in 

further characterization exercises.  

 

Keywords: Model-based inversion, multilayer perceptron, impedance, effective porosity, Assam Basin  

Introduction 

Delineation and characterization of thin and discrete sands from deep-seated sedimentary beds are among the 

most challenging tasks in hydrocarbon exploration. Kopili Formation (Figure 1b) was deposited during the 

Middle to Late Eocene period in the Lakwa field, Assam Basin (Evans, 1932). It constitutes thick shale piles with 

alternation of thin and discrete sands (Naik et al., 2001). These inter-bedded sands are proven reservoir facies 

in the adjacent Geleki field (Zaidi and Chakrabarti, 2006; Naidu and Panda, 1997). The inter-layered thin and 

discrete sand facies were deposited in pro-delta to delta front environment. Various researchers have 

conducted several geoscientific studies to decipher the structural configuration and discrimination between 

the reservoir (sand) and non-reservoir (shale) facies using conventional methods and inversion algorithms 

(Morozov and Ma, 2009). However, these conventional methods have limitations in delineating the sand facies 

due to their thin and discrete characteristics. In the case study at hand, at greater depths (~4km and more), the 

resolving power of the seismic data was also greatly reduced. Therefore, the amplitude and frequency-based 
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attributes may be able to provide only moderate discrimination between different litho-facies (sand, shale, and 

carbonate facies) situated at deeper depths.  

The impedance inversion methods invert the post-stack seismic data to estimate the physical properties of the 

subsurface (Kumar et al., 2016). Sometimes, the overlapping impedance responses for sand and shale facies, 

due to varied lithology, make the interpretation highly uncertain. Several geoscientists emphasize the use of 

petrophysical properties for more reliable and accurate facies discrimination in reservoir characterization 

(Kumar et al., 2016; Saadu and Nwankwo, 2017). Effective porosity is estimated from logs at the wells, but its 

estimation in the inter-well regions is challenging. Integrating 3D seismic data with petrophysical 

measurements from well-logs using a neural network has significantly improved the estimation of lateral 

porosity variations (Meldahl et al., 2001; Singh et al., 2016). In the present work, we applied model-based 

impedance inversion and multilayer perceptron neural network algorithms to generate the acoustic impedance 

and effective porosity in 3D space for the entire Kopili succession throughout the Lakwa field, Assam. Analysis 

of predicted effective porosity along with impedance may help to understand the subsurface lithological 

heterogeneities and provide a geologically more realistic image of the Kopili Formation. 

 

 

a) 
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Brief geology of Assam Basin 

Tectonic setting 

The Upper Assam North Basin is bounded by the Main Boundary Thrust (MBT) in the north-west, the Mishmi 

hills in the northeast, the Naga-Schuppen Belt in the southeast, and Mikir Massifs in the west and south-west 

(Naik et al., 2001). The evolution of Assam and Assam Arakan Basin took place in several distinct episodes 

during different phases of tectonics and sedimentation. The evolution of the Assam Basin was essentially 

influenced by the northward movement of the Indian Plate towards the Eurasian Plate in the north and the 

b) 

Figure 1: (a) Location map showing the tectonic setting and the distribution of major hydrocarbon fields in 

the Dhansiri Valley (Adapted from Zaidi and Chakrabarti, 2006). The Lakwa field is indicated within the 

white rectangle. (b) Generalized stratigraphy of the Assam Basin (after Mathur et al., 2001). 
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Burmese Plate in the east (Naik et al., 2001; Evans, 1932). Extensional tectonics in the basin prevailed till the 

Oligocene; afterwards, the tectonic regime changed to a compressional environment during the major phase 

of Himalayan orogeny (Murty, 1983; Naik et al., 2001). It resulted in reactivation along faults, resulting in reverse 

faults and inverted structures. Lakwa field, the study area, falls in the Upper Assam Basin. The oldest fault trend 

in the area trends northeast-southwest, transacted by the younger east-west to northwest-southeast, creating 

several fault blocks.  

Generalized stratigraphy 

The oldest stratigraphic unit in the Upper Assam Basin is the Precambrian granitic basement which forms the 

base for overlying epi-continental type deposits (Figure 1b). Thick clastic tertiary sequences rest over the 

granitic basement (Mohan and Pandey, 1973). Tura Formation (alternation of sandstone and shale deposits) 

deposited during Paleocene to Early Eocene forms the base of Paleocene rocks, followed by the deposition of 

Sylhet, Kopili and Barail. The end of Tura sedimentation witnessed a widespread transgression resulting in 

carbonate-dominated platformal sediments of Sylhet Formation overlain by pro-delta Kopili Formation. Overall, 

the depositional regime during Kopili sedimentation relates to pro-delta to delta front sequences. Kopili 

Formation is dominated by shale deposits followed by thin and discrete sands and fewer limestone streaks at 

the Kopili base. The limestone facies are more conspicuous in the lower part (Naik et al., 2001; Naidu and Panda, 

1997). The upper part is succeeded by the Barail Group of sediments, subdivided into delta front sandstone of 

Demulgaon Formation (also referred to as Barail Main Sand (BMS)) overlain by delta plain interbedded 

shale/carbonaceous shale and sandstone with thin layers of coal of Rudrasagar Formation (also referred to as 

Barail Coal Shale (BCS)). These delta plain BCS deposits are unconformably overlained by the Tipam Group of 

a thick sequence of high energy (braided) fluvial sandstone. The Tipam group of rocks comprises dominantly 

thick sandstone with minor clay beds. 

Data and Methods 

Available data 

Lakwa field is covered by approximately 370 square kilometres of 3D seismic data with good event continuity 

(except for the Kopili Formation) and a frequency bandwidth of 6-42 Hz (Figures 2a and b). The drilled wells 

have a variety of recorded log curves such as gamma-ray (GR), sonic (DT), density (RHOB), and neutron porosity 

(NPHI) along with formation tops. The wells that have been used in this study have penetrated through the 

entire Kopili Formation. A detail of the data used in the current study is listed in Table-1. 

Methods  

Model-based impedance inversion (MBI) 

The model-based impedance inversion is a linear inversion algorithm that requires a representative seismic 

wavelet and a low-frequency model (LFM). Initially, the well-to-seismic tie was performed for all the wells, 

showing a good correlation. A synthetic seismogram is calculated using the sonic and density logs and a known 

wavelet (Figure 2b). This impedance inversion method generates synthetic traces from the LFM and compares 

them with their equivalent seismic traces. The error function between them is gradually minimized iteratively 

in the least squares sense by perturbing the impedance values of the LFM. The impedance values are accepted 

when this error falls below a certain minimum acceptable threshold. 
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Table-1: 3D seismic and well log data available in the Lakwa field, Assam Basin, India 

 

 

a) 
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Figure 2: (a) An arbitrary line section is passing through different well locations extracted from the seismic data 

volume and shows structural configuration at Barail, Kopili, Mid Kopili, and Sylhet levels. The observed 

frequency bandwidth (6-42 Hz) for the zone of interest (Eocene deposits) is inset. (b) Well-to-seismic tie at well 

W-4 showing good correlation (70%). 

 

Table-2: Accuracy in the estimated impedance and porosity attributes 

 

 

 

 

 

Multilayer perceptron (MLP) network 

MLP network is a class of supervised regression machine learning algorithms that consists of atleast three layers 

of nodes: an input layer, a hidden layer, and an output layer. MLP algorithm mainly works based on abstraction 

and generalization (Singh et al., 2016; Dixit and Mandal, 2020). Initially, we divided our data points into two 

parts, one for training (80%) and the other for validation (20%) purposes. The network develops its ability to 

establish a relation between the input and target data using a back-propagation learning mechanism. The 

backpropagation learning process is being done iteratively to minimize the error between the predicted and 

b) 
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actual output (Dixit and Mandal, 2020). After getting an error below a certain minimum acceptable threshold, 

the predicted effective porosity values are accepted. A maximum correlation coefficient (89%) and lower 

validation mean absolute error (0.015) were found at three hundred iterations in effective porosity prediction 

(Table-2). 

Results 

The entire vertical succession from Middle Eocene (Sylhet top) to Late Eocene (Kopili top) has been mapped to 

bring out the structural configuration in the Lakwa field (Figure 2a). These mapped horizons (namely, Kopili 

top, Middle Kopili and Kopili base) were also used to constrain individual intervals laterally during impedance 

inversion and the eventual effective porosity computation.  

Initially, the well-to-seismic tie of eight wells was performed using the statistical wavelet derived from post-

stack seismic data. After getting a good correlation, well to seismic tie was performed using a well-wavelet. It 

is found that the wavelet phase varies between -76° to -97° at different well locations, indicating the actual 

phase of the seismic data. The wavelet phase can be considered consistent owing to smaller lateral changes in 

the entire Lakwa field. An averaged wavelet (-88°) was estimated by averaging the phase of all eight wavelets, 

and further well-to-seismic-tie was performed (Figure 2b).  

Each identified marker (namely, Kopili top, Middle Kopili and Kopili base) has been analyzed in terms of fossil 

assemblages, lithological association, physical characters, and sedimentary structures (Figure 3a). This electro-

log-based facies interpretation has led to a better understanding of the sedimentary processes prevailing at 

that time. The overall thickness of the Kopili Formation varies between 400 m to 600 m in the south-southeast 

direction in the Lakwa field. It indicates that the basinal slope was in the north-northwest—south-southeast 

direction during the Kopili deposition. The average thickness of the Upper Kopili sequence is found between 

170 m to 230 m, whereas for the Lower Kopili sequence, it is found between 270 m to 380 m. The gross sand 

thicknesses have been estimated for the Upper and Lower Kopili through litho-facies interpretation. The gross 

sand thickness was found in the range of 50-120 m for Upper Kopili and 30-50m for Lower Kopili (Dasgupta 

and Biswas, 2000; Zaidi and Chakrabarti, 2006) (Figure 3a).   

Well-based crossplot analysis 

Well-based reservoir characterization has been carried out through cross-plot analysis between P-impedance 

and effective porosity, colored by gamma-ray (GR) log. In the present analysis, the GR cut-off was taken as > 

66 API for shale facies, 66-36 API for sand facies and < 36 API for carbonate facies (Figure 3b). Form Figure 3c, 

it is found that the moderate to low impedance (7000 - 12500 m/s*g/cm3) and low effective porosity (< 4%) 

indicating the shale facies, while, moderate to high impedances (9000 - 13000 m/s*g/cm3) and relatively higher 

effective porosity (4-12%) indicating the sand facies. Carbonate facies are distinctly posing high-impedance 

(14000-16500 m/s*g/cm3) and low-porosity (<2%). Cross-plot analysis suggests that the effective porosity 

provides better discrimination between the reservoir facies (sand) and background non-reservoir facies (shale) 

within the Kopili Formation.  
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Figure 3: (a) Well-correlation along an 

arbitrary line passing through wells W-

1, W-4 and W-6 shows the Kopili 

Formations' lithology distribution (Late 

Eocene deposits) in the Lakwa field. (b) 

Crossplot between P-impedance and 

effective porosity suggests that sand, 

shale, and carbonate facies fall in 

different range of porosity and 

impedance values. 

108 



Reservoir characterization of Kopili sands in Lakwa oilfield, Assam Basin, India 

 
GEOHORIZONS, December 2022 
© SPG India. All rights reserved. 

 

P-impedance 

Model-based post-stack impedance inversion was performed on the available 3D seismic data in the Lakwa 

field. Wireline logs (sonic and density) from eight wells were used in the impedance inversion. The inversion 

analysis shown in Figure 4a depicts a good match at single trace comparison between log impedance (blue) 

and inverted impedance (red) for well W-4. A relatively smaller synthetic error (0.083) found at well W-4 

indicates the precise estimation of the inverted impedance (Figure 4a, Table-2). The cross plot between the 

original impedance log and the inverted impedance log shown in Figure 4b demonstrates a linear relation with 

a high correlation coefficient (81%) that demonstrates the accuracy of the inverted result (Table-2). A segment 

of the inverted impedance inline section passing through well W-4 depicts a good match with the impedance 

log (Figure 4c).  

Figure 4: (a) Inversion analysis carried out at well W4 using model-based impedance inversion. (b) Cross-plot 

analysis between the inverted and original impedance log suggests linear relation with a good agreement. (c) 

A segment of the inverted impedance inline section passing through well W-4 depicts a good match with the 

impedance log. 
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Effective porosity 

Multilayer perceptron (MLP) neural network analysis was performed to estimate the effective porosity 

distribution within the Kopili Formation in the Lakwa field. The input data used in the effective porosity 

prediction is shown in Table 3. In the present analysis, we predicted effective porosity throughout the study 

area with a significantly lower mean average error during the training process. It is also found that the lowest 

(0.015) validation mean absolute error (MAE) at 300 iterations (Figure 5a). Cross-plot analysis indicates a high 

correlation coefficient (89%) between the original and predicted effective porosity shown in Figure 5b.  

Table – 3: Attributes used in training the MLP model in the prediction of effective porosity. 

 

 

The efficacy of the current MLP model parameters was established based on maximum correlation and lower 

validation MAE. The training parameters were further applied to the 3D seismic data to obtain the effective 

porosity cube. A representative inline section extracted from the predicted porosity volume shows a good 

match between the predicted effective porosity and the effective porosity log (Figure 5c). The effective porosity 

for the entire Kopili Formation is found to be low (< 9%) in the Lakwa field (Figure 5c).  
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Figure: 5(a) Plot showing the mean absolute training and validation error with respect to the number of 

iterations. (b) Cross-plot analysis between the predicted and original effective porosity logs suggests linear 

relation with an excellent agreement. (c) A representative inline section extracted from the predicted porosity 

volume shows a good match between the predicted effective porosity and the effective porosity log at well W-

4. 

 

Discussions 

P-impedance and effective porosity responses along the northeast-southwest trending an arbitrary line was 

analyzed to understand the facies characteristics in Kopili over the Lakwa field, Assam Basin (Table-4).  
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Table-4: The impedance and porosity values found for the different litho-facies. 

 

Moderate to high impedance anomalies ranging between 10400-12200 m/s*g/cm3 for the Upper Kopili and 

10200-11800 m/s*g/cm3 for the Lower Kopili indicate the sand reservoir facies, respectively (Figure 6a). It is 

also found that the Upper Kopili appears as relatively thicker and more extensive sand facies in comparison to 

the Lower Kopili. A high impedance (>12200 m/s*g/cm3) signature below the Kopili base is due to the 

dominance of carbonate facies (Figure 6a). The Upper and Lower Kopili succession, separated by a distinct low 

impedance (< 9800 m/s*g/cm3), corresponds to the shale facies. The Middle Kopili belongs to the flooding 

surface and is found correlatable throughout the Lakwa field. It is also found that low impedance mostly 

dominates the Lower Kopili indicating the abundance of shale facies. Effective porosity response demonstrates 

thin and discrete high porosity features (4-9%), suggesting the sand reservoir facies from Kopili (Figure 6b). It 

is found that the high porosities have almost comparable values for both units. Whereas significantly lower 

porosity values (1-4%) suggest the dominance of shale facies from both units. Similarly, the underlying Sylhet 

Formation is characterized by mostly lower porosity signatures. Inferences drawn based on log data cross-

plotting (Figure 3b) indicate that the porosity attribute provides a geologically more realistic subsurface image 

(Figure 6b). 

Window-based impedance and effective porosity maps have been generated for the Upper Kopili to bring out 

the sand distribution pattern and potential zones possibly containing hydrocarbon in the Lakwa field. Time 

contours, gross sand thickness contours, and fault patterns have been overlaid on the attribute maps (Figures 

7a, b and 8a, b). The gross sand thickness contours indicate the variations in sand facies thickness, whereas the 

time contour and fault outlines demonstrate the sand facies structural disposition and suitable entrapment.  

It is found that moderate impedance values dominate the eastern part compared to the western part. Therefore, 

the development of better sand facies was expected in the eastern part compared to the western part. Effective 

porosity confirms the presence of porous sand facies envisaged based on impedance responses for the Upper 

Kopili. Estimated gross sand thickness using borehole data also substantiates the observations from impedance 

and porosity attributes. We found the sand input direction in the NNW-SSE direction during Upper Kopili 

deposition. The thick and porous sand facies were possibly deposited in a deltaic environment when the 

shoreline was shifting towards the sea (Naidu and Panda, 1997). It is found that the P-impedance responses 

were found dispersed for the Lower Kopili in the Lakwa field, except for two isolated high impedance zones in 

the northern part of the study area. Effective porosity confirms the presence of sporadic and isolated porous 

sand facies primarily concentrated in the central part of the study area. Overall, relatively thin sand facies with 

moderate porosity indicate slower sand supply during Lower Kopili deposition.  
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Figure 6: An arbitrary line section is passing through different wells as indicated extracted from the (a) inverted 

P-impedance volume and (b) predicted effective porosity volume. Notice the good correlation between the 

inverted impedance and the well impedance strips overlaid, especially within the intervals bounded by the top 

of Kopili and the Sylhet top markers. A similar high correlation between the predicted and actual effective 

porosity is seen in (b). 
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Figure: 7 Horizon slices generated at the Upper Kopili level extracted from the (a) inverted P-impedance and 

(b) predicted effective porosity volumes. The contoured effective gross sand thickness determined from well 

log data for the Upper Kopili level, and the faults interpreted on seismic data are overlaid on both displays. It 

is observed that impedance response validates the gross sand thickness estimated using point data (well-log 

data). Effective porosity response indicates the sand facies quality for hydrocarbon exploration from Upper 

Kopili over the Lakwa field.   

 

Conclusions 

The present work estimated impedance and effective porosity attributes using the model-based inversion and 

multilayer perceptron neural network with high accuracy and lower error. Relatively high impedance (10200-

12200 m/s*gm/cc) and high effective porosity (4-9%) response suggest the sand facies for the Kopili succession. 

The maps generated for Upper and Lower Kopili using gross sand thickness contours superimposed on 

impedance and porosity revealed NNW-SSE sand deposition trends. Estimated gross sand thickness ranged 

between 50-120m for Upper Kopili and 30-50m for Lower Kopili. For Upper Kopili, the high sand thickness was 

found mainly in the eastern part, whereas sand facies were found to be dispersed for the Lower Kopili. The 

depositional environment from pro-delta to delta front resulted in thin and discrete sand facies deposition. 

Sand facies having 8-9% effective porosity may be considered good reservoirs for hydrocarbon exploration 

from the deep-seated Kopili Formation (~4km). Moreover, the effective porosity map provides more refined 

sand dispersal patterns and characterizes the sand quality in the Lakwa field.   G 
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Figure 8: (a) Horizon slices generated at the Lower Kopili level extracted from the (a) inverted P-impedance and 

(b) predicted effective porosity volumes. The contoured effective gross sand thickness determined from well 

log data for the Lower Kopili level, and the faults interpreted on seismic data are overlaid on both displays. It 

is observed that impedance response validates the gross sand thickness estimated using point data (well-log 

data). Effective porosity response indicates the sand facies quality for hydrocarbon exploration from Lower 

Kopili over the Lakwa field.   
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