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1. Introduction:
Well log data provides a lot of in-site petrophysical properties of the formation encountered along the

borehole. These petrophysical properties along with geochemical inputs are extensively used in describing

the sweet spots of organic shales. Shale reservoirs are a kind of self-generated and self-stored reservoirs.

Relative to non-hydrocarbon source rocks, proven shale gas reservoirs have a definite difference in well

logging response due to the unique physical properties of organic matter, showing the characteristics of

high TOC, high acoustic transit time, high resistivity, high gamma ray and low density. However, the log

characteristics of the organic shale plays observed in the present study area (South Cambay Basin) are

very different. The organic shales in this area bear moderately high gamma and low resistivity

characteristics. The present study describes the methodology used to identify the sweet spots of this low

Resistivity hybrid Shale plays using well log data.

Broach depression of Cambay Basin is pioneer in shale oil exploration. Cambay Shale is the main source

rock in this basin, where organic rich and organic lean intervals are juxtaposed, thus the term hybrid shale

resource system is applied. Well logging interpretation method was used to get the key evaluation

parameters of shale reservoir and determine the distribution of sweet spots in vertical direction. The key

log parameters are Gamma, Resistivity, Sonic, Neutron vs Density (N-D) separation, Fluid Saturation,

Porosity and Permeability etc. Recording of some advance logs are also helpful in the identification of

interesting intervals in shale reservoirs. The engineering sweet spot identification of shale refers to the

evaluation of the shale on the basis of rock mechanical parameters. The Geomechanical properties

(Young’s modulus, Poisson’s ratio) of Cambay shale is derived from acoustic logs and from these

properties brittleness index (BI) is estimated. BI is one of the most important geomechanical sweet spot

indicator.

The data used in the present study belongs to two objects of a shale exploratory well drilled in South

Cambay basin. The well is named as A. The Cambay Shale formation was encountered at a depth of

XX37-XX92m and terminated at XX05m within Olpad formation. In this well, conventional logs viz.

Gamma, Resistivity, Neutron, Density and Sonic as well as advanced logs were recorded.

2. Methodology:

2.1 TOC computation: An organic rich shale section can be identified by overlaying a properly scaled

porosity log (DT) on a resistivity curve (RT). This technique, commonly known as ΔlogR technique, was

proposed by Passey et al, 1990 and has been largely used in the industry for the evaluation of organic

shales and total organic carbon content (TOC). In organic lean rocks, the two curves overlay each other,

while in an organic-rich rock, separation between the curves exists.

The algebraic expression that was used by Passey for the calculation of ∆logR from the sonic/resistivity is:

∆logR = log R/Rbaseline+0.0061(∆t-∆tbaseline)

Where ∆logR is the curve separation between porosity log and resistivity log. Passey used the following

empirical equation to calculate TOC in source rocks from ∆logR:

TOC = ∆logR x10(2.297-0.168LOM) + ∆TOC

Where LOM is the amount of level organic metamorphism and ∆TOC is regional background level.



2.2 Sonic log: A sonic log delivers a formation interval time, which depends on lithology, rock type and

texture. The OM has low velocity while high transit time 180μs/ft (Mendelson and Toksoz, 1985). Thus, the

log response to OM depend upon distribution of OM in matrix. P-wave and S-wave velocities from this log

along with bulk density log values were used to calculate the elastic properties (Vp/Vs ratio, Young’s

modulus and Poisson’s ratio) of rock (Potter, 1997).

2.3 Resistivity log:
The increase in maturity and hydrocarbon generation replace the conductive pore water with non-
conductive hydrocarbons that drastically increase resistivity (Meissner, 1978). The resistivity increases in
mature source rocks due to generation of no conducting hydrocarbons (Nixon, 1973, Meissner, 1978,
Schmoker and Hester, 1989). This response makes it possible tool for maturity indicator in organic rich
source rock.

2.4 Density log:
The difference in densities between rock matrix and OM can be used as a tool in identification and
quantification of organic richness in source rock. Depending on lithology the common matrix densities
varies from 2.6-2.9 gm/cc. While OM has specific gravity in the range of 0.95-1.05 gm/cc. This low specific
gravity of OM is in line with specific gravity of fresh water. The organic matter is part of the matrix in source
rock and reduction in bulk density can be expected with OM (Autric, 2002).

2.5 Neutron log:
The neuron log porosity is relatively high in source rocks than non-source rocks because neutron tool
measure hydrogen concentration which is present in water and hydrocarbons in rocks. The neutron
porosity unit in shale is higher than silty or sandy units, thus having higher N-D separation. The neutron
response to OM is average 67 porosity units (Mendelson and Toksoz, 1985) while matrix response are
relatively close to zero. 

2.6 Gamma ray Log:
It has been common to identify and quantify organic richness using well logs. Schmoker (1981) proposed
the relationship between total gamma ray intensity and organic shales. The Organic rich source rocks can
have high radioactivity and attributed to high gamma ray reading. This natural radioactivity is attributed to
uranium, thorium and potassium contents. It can be concluded that high concentration of uranium in
source rocks is indicative of marine deposition (Vernon E. Swanson, 1961).

3. Findings and Results:

The correlation were established between TOC from logs and TOC from samples which clearly indicate
accuracy of each method. On the basis of petrophysical log outputs, geochemical & geomechanical
analysis of cores/cuttings and analysis of geological information during drilling, the following prospective
zones were identified in well A.

Zone-X (XX55-XX05m) - It mainly consists of the Younger Cambay Shale section which belongs to

Eocene age and dominated by shales and claystones. The GR and resistivity values of the shales in this

zone vary from 90-130 API and 1.5-15 ohm-m respectively. High uranium concentration observed in

intervals (XX55-XX78m, XX95-XX05m) which is indicative of marine deposition (with expected organic

content) but the ΔlogR separation, kerogen volume and the drop down of resistivity value in the uranium

rich intervals negates organic richness. Slight increase in the N-D separation against these intervals is

also observed in the log. High density peaks observed throughout the log is due to the presence of siderite

peaks which has also been confirmed from lab study. Presence of siderite enhances the hydraulic

fracability of the formation. The conventional PR vs VP/VS ratio (Track 7, Figure-1) also tend to show a

minute cross-over indicative of presence of lighter hydrocarbon. Brittleness index (BI) calculated form



elastic properties against this interval show its brittle nature (> 0.7). Cross-plots of the YM & PR (Figure-2)

and fracture toughness & BI (Figure-3) indicates that the above interval bears good fracability. The

Cambay Shale is rich in clay content (>50%) and is characterized by very low permeability. However, this

zone is characterized by relatively low clay content (around 40%). Gas shows of 0.11-0.46% has been

observed during drilling at XX95m. Based on the above petrophysical and geomechanical observations,

interval XX74-XX92m was recommended for HF from shale oil point of view and the zone surfaced oil in

flow back fluid.

                Figure-1: Log motif of interesting Zone-X in well-A.

Figure-2: cross-plot of YME, PR and

GR in Zone-X

Figure-3: Cross-plots of the fracture

toughness and BI in Zone-X

Zone-Y (XX95-XX55m) – This zone belongs to OCS section of lower Eocene. The GR, resistivity and

CMR porosity values in this section vary from 90-105 API, 2-10 Ωm and 12-15% respectively. The average

resistivity is 3-5 ohm-m, TOC content is 2-3 %, average kerogen volume of 10%, Sw ranging from 60-80 %



and average brittleness value > 0.6. The conventional PR vs VP/VS ratio (Track 7, Figure-4) also tend to

show a minute cross-over indicative of presence of lighter hydrocarbon. The brittleness index in this zone

indicates the formation to be comparatively more brittle. YM and PR cross plot (Figure-5) shows the

brittleness trend with the highlighted zone having PR value < 0.25. X-plot of fracture toughness and BI

(Figure-6) also suggest the zone is bearing good fracability. Maximum Gas shows of 0.49-4.5% has been

observed during drilling at XX25m.

                                        Figure-4: Log motif of interesting Zone-Y in well-A.

Figure-5: cross-plot of YME, PR and GR

in Zone-Y

Figure-6: Cross-plots of the fracture

toughness and BI in Zone-Y

Based on the above petrophysical and geomechanical observations, interval XX95-XX55m was
recommended for HF from shale oil point of view and the zone surfaced oil in flow back fluid.

4. Conclusions:



It is evident from the present study that the integrated result obtained from the composite logs found to be
very useful in identifying the good prospective zones for shale oil exploration and the same has been
validated mainly with the available geochemical data and gas shows during drilling. The findings have
been corroborated with the available testing results. The silt developed in Cambay Shale sequence
appears to be hydrocarbon bearing on logs and on testing, the unit surfaced hydrocarbon.
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