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Summary 
 
This study was carried out to establish borehole image interpretation guidelines in the deepwater slope-basin floor deposit, 
where a number of wells have been drilled and logged with electrical borehole images. The guidelines include broadly two 
divisions: (1) Identifying lithofacies units based on the image textures and (2) Identifying probable depositional environments 
based on image architecture and dip/azimuth of the beds. The studied intervals in the wells from the Godavari Basin represent 
different sedimentary elements deposited from sediment-gravity flows. The deepwater Tertiary deposits of Godavari Basin were 
categorised into three major lithofacies units viz. shale, intercalation clastics and massive sands based on image logs and core 
data. Since cored wells are rare, borehole images serve the purpose of categorising sedimentary units in most of the wells in 
order to construct a feasible depositional model.  

 
Introduction 
 
Deep-water channel-fan systems on the upper slope-basin 
floor have been proved to host major hydrocarbon reserve. 
However, characterizing reservoirs in these settings has 
been a challenge due to their complex architecture, lack of 
outcrop data and relatively less published data. A clear 
understanding of deepwater facies association and reservoir 
quality is therefore vital for effectively exploring and 
exploiting these deposits. Tertiary deepwater system in the 
Godavari Basin reveals deposition primarily by sediment-
gravity flows that transport sediments down the slope 
through the canyons and onto the basin floor. Seismic data 
sets, wire-line logs and cores and well-cuttings data 
facilitate conceptualisation of depositional patterns and 
lithologic composition on the slope and basin-floor. 
Dispersal of sediments in deeper water has been through 
the channels, channel-avulsions, levee-overbanks, lobes 
and crevasse splays and washover fans. Each of these 
morphogenetic units is characterized by their typical facies-
association. Since cores are rare, image logs serve as the 

best available contrivance for interpreting sedimentary 
facies in the well.  
 
A borehole resistivity image log provides high-resolution 
data about variations in micro-resistivity on the borehole 
wall (Hurley, 2004), which is represented by colour and 
brightness; brighter being the colour, higher is the 
resistivity. Calibration of borehole images with reality, i.e. 
conventional core, is essential. Variations of responses in 
image log along the well correspond to sedimentary 
structures and type of lithofacies. The log-image pattern 
represents the distribution of lithofacies in terms of 
thickness, sedimentary structures and bioturbation 
indicating sedimentary environment, coring-induced and 
geological fractures and large pore-space distribution. Such 
information leads to the construction of lithofacies 
distribution in the hole as facies association. 
 
The general geology and structure of the study area (Figure 
1) in offshore Godavari Basin has been subjected to 
integrated interpretation and is validated by drilling results. 
The basin contains a 4-7 km thick sediment column, 



 

 
 

ranging in age from Late Carboniferous to Holocene 
(Figure 2); our study is confined to the Plio-Pleistocene 
section. The area covers two major channel complexes. The 
channel-fill sediments are dated as Plio-Pleistocene in age 
using calcareous nannofossils and planktonic foraminifera; 
and palaeobathymetry derived from benthic forams indicate 
that the sediments were deposited in upper to lower bathyal 
environments. Channels are primarily filled with cohesive 
muddy debris flow deposits, coarse massive clastics – 
gravels to medium-grained sands – deposited by the non-
cohesive dense sediment-gravity flow and also with 
intervals of thinly bedded / laminated fine-grained sand–
silt–clay intercalations, deposited by low density turbidity 
flows. Thin beds are also present in overbanks and levees 
associated with channels, which reflect spilling of low-
density turbidity flows from channels. Just like cores, 
image-log facies associations exhibit the distribution of 
coarse and fine clastic sediments within channel 
complexes, which can lead to construction of a feasible 
reservoir model.  
 

 
 
Figure 1:  Study area  
 
 

 
 
Figure 2. Generalised stratigraphy of Krishna-Godavari 
basin from onshore to deep offshore (Pal, 2007). 
 

The representative 3D seismic section through a deepwater 
well drilled in the Godavari basin is shown in Figure 3. The 
gamma-ray log is superimposed on seismic section to 
indicate lithology, as deflections to the right indicate higher 
gamma-ray count and therefore more shaly units. The 
bottom part of this unit is a basin-floor fan deposit, whereas 
the upper part is a channel-levee complex of a slope fan.  
 

 
 
Figure 3: Seismic section showing deepwater channel-levee 
complex. The log pattern also characterizes various 
depositional units (Bastia et al., 2007). 
 
Theory 

Study Area 

 
Borehole Image  
 
Electrical borehole images are based on dipmeter 
technology that has been commercially available since the 
1950s (Bigelow, 1985a, b, c, d, e; Gilbreath, 1987; Adams 
et al., 1987). During logging the pads are opened and 4, 6, 
or 8 pads are pressed against the borehole wall. Electrical 
current is forced into the rock through the electrodes, and 
remote sensors measure the current after it interacts with 
the formation. The electronics within each pad and the 
cartridge measures the potential difference between paired 
button electrodes at the centre of the pad. From this value, 
resistivity of the invaded zone (Rxo), next to the sensors, 
can be accurately and quantitatively determined using 
Ohm’s law. Each of the pads acquires measurements and 
the data are displayed as a coloured image, oriented with 
respect to the geometry of the tool and borehole. Structural 
and stratigraphic features as small as 0.4 in. [1 cm] can be 
resolved, yielding a wealth of high-resolution, azimuthal 
information unobtainable through conventional logging 
techniques in case of oil base mud. 
 
A processed electrical borehole image is basically a map of 
rock resistivity at the borehole face. Because it is more 
difficult to examine borehole images in 3-D, it is common 



 
to split the borehole along true north, and then to unroll the 
cylinder until it becomes a 2-D view (Figure 4). Planar 
features that intersect the cylindrical borehole appear as 
sine waves in the 2-D view. Two types of normalization are 
performed; static and dynamic. The resistivity contrast is 
represented by colour variation on images and therefore 
inferences that relate to the textural characteristics of the 
respective lithology can be made based upon the pattern 
recognition of resistivity contrast. 
 

 
 
Figure 4:  2-D unwrapped presentation of Electrical Image 
captured features with the help of sine waves 
 
Unlike dipmeter processing, which uses only 1 or 2 
resistivity curves per pad, manual dip picking from image 
can provide high quality dips to a significantly high level of 
confidence even when the image is degraded. Notable 
improvement, both in dip density and dip quality, is mainly 
due to the fact that manual picking takes full advantage of 
both the borehole coverage of the image tracks and the 
accuracy of the human eye. 
 
Interpretations 
 
Broadly three types of image-facies viz. a) Shale, b) 
Intercalation clastics as (i) Purely Heterolithics, (ii) 
Laminated sand/shale, and c) Massive Sand have been 
identified for the deepwater sediments of the studied area, 
categorised based on the electrical image logs taking into 
considerations of core analysis results.  

 
 

 
Shale facies in the wells seems to represent deep-water 
hemipelagic shale facies. At times, this hemipelagic shale 
has variable sand-content which seems to have deposited 
by channel overflow, crevasse splay, levee etc. Most of the 
planar features picked in such facies at the boundary of 
resistivity contrast in the image are classified as Laminae-
Shale. Figure 5 illustrates an example of shale facies in the 
well representative of deepwater low energy environment. 
 

 
 
Figure 5: Deepwater argillaceous image-facies.  
 
The first column is the depth track, second column shows 
Static image with Gamma Ray curve (green), third column 
shows Dynamic image, forth column displays LQC data 
and the last column contains Neutron Porosity (blue) and 
Density (brown) log curve. 
 
Heterolithic facies are thin-bedded sand–shale facies 
(Figure 6 and 7) with almost equal sand to claystone ratio. 
These facies are present as levee-overbank slack-energy 
deposit, and also within the channel as slack-energy 
condition of deposition. 
 

 
 
Figure 6: Heterolithic facies with variability in azimuth and 
dip amount. 
 

 
 
Figure 7: Heterolithic facies calibrated with core. 
 



 

 
 

Laminated sand/shale facies refers to beds inter-bedded 
with comparatively thicker shale beds. This is a shale 
dominant facies showing low proportion of sand. The 
resistive planar features observed intermittently in the shale 
facies are classed as laminated sand/shale facies. Laminated 
sand/shale facies identified in the wells shows moderate dip 
trend with some azimuthal variation. Figure 8 illustrates the 
laminated sandy/shale facies observed in one of the well. 
This facies represent sedimentation from low density 
turbidity current in distal levee-overbank areas.  
 

 
 
Figure 8: Laminated sand/shale facies. 
 
Massive Sand facies refers to sand beds from few cm to 
meters scale thickness with rare occurrence of shale. This is 
a sandy facies. Gamma ray also show blocky trend. Such 
sandy facies represent deposition by non-cohesive 
sediment-gravity flow and/or sand-rich debris flow. Floated 
shale clasts are occasionally observed floating in sandy 
matrix, confirming debris flow sedimentation (Figure 9). 
Consistency in dip direction along with inter-bedded facies 
pattern may suggest channel margin to channel top facies. 
In some wells beds are showing higher azimuthal and dip 
amount variation (Figure 10). Such variability may possibly 
occur in channel margin-levee sequence. Localised 
azimuthal variation observed in few wells is attributed to 
slide or local depositional topographical fill. 
 

  
 
Figure 9: Variable size shale clasts in massive sandy facies. 

 
 

 
 
Figure 10: Massive sand with high azimuthal variability 
 
Discussions 
 
The studied Tertiary intervals in the wells in the Godavari 
Basin represent various depositional elements from 
stratified sediment-gravity flow in terms of plastic debris 
flow and turbidity flow (Dasgupta et al., 2008, in press). 
These sediment-gravity flows may have variable 
cohesiveness depicting different fine matrix-content – 
ranging from high density debris flow deposits to 
intercalation clastics deposited from low density turbidity 
current. The observations made from the image-facies 
interpretation are as follows: 
 
Channels are primarily filled with cohesive muddy debris 
flow deposits, coarse massive clastics – gravels to medium-
grained sands – deposited by the non-cohesive dense 
sediment-gravity flow and also with intervals of thinly 
bedded/laminated fine-grained sand–silt–clay 
intercalations, deposited by low density turbidity flows. 
Mostly channel margin/channel top facies shows 
consistency in dip, whereas levee shows considerable 
azimuthal variability. Thin beds are also present as levee-
overbank deposits associated with facies tracts within 
channels, which reflect spilling of low density turbidity 
flows from the trunk stratified sediment gravity flow within 
the channels. Channel breaching occurred frequently at 
channel bends and deposited crevasse splays. Splay 
deposits contain coarse-grained thick and fine-grained thin 
beds. Stratigraphically up in the section, mostly channel 
margin-channel top and levee facies are more prominent.  
 
Identification of different sedimentary units in terms of 
image facies as described in this study leads to the 
construction of deepwater ‘facies tracts’ (Lowe, 1982; 
Mutti, 1992) or ‘genetic facies association’. Further data 
integration with other types of regional data (e.g. seismic 
data) can provide a clearer interpretation for the distribution 
of facies tracts in space and time. 
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