
v 
 

List of Figures 

 

Page No 

Figure 1.1    Location map of study area in Raniganj Coal Field, West Bengal, India    4 

Figure 1.2 Flow chart on Methodology 9 

Figure 2.1 Map showing the distribution of Gondwana basins in Peninsular India 26 

Figure 3.1 Geological map of Raniganj Field 37 

Figure3. 2 Geological Map of Chalbalpur-Mahishmura Area showing the 

borehole locations 

38 

Figure 3.3 Barakar lithology at borehole R#8 40 

Figure 3.4 A generalized litho column of the cliff section (Location: Nunia Nala). 42 

Figure 3.5 Borehole Lithologs showing litho units of Barren Measures and 

Barakar 

46 

Figure 3.6 Log correlation profile showing the Barren Measures litho units 47 

Figure 3.7 Fence diagram presents the lateral continuity and subsurface geology 

of the area. 

48 

Figure 3.8 A W-E trending profile along R#1, R#2, R#3, R#4. 48 

Figure 3.8 B SW- NE trending profile along R#9, R#4, R#6. 49 

Figure 3.9 Structure contour map on the bottom of Barren Measures Formation. 50 

Figure 3.10 Isopach map of Barren Measures Formation. 50 

Figure 3.11 Mineral composition of Barren Measure shale for different depth 

interval of B#1 

60 

Figure 3.12 Mineral composition of Barren Measure shale for different depth 

interval of B#2 

60 

Figure 3.13 Mineral composition of Barren Measure shale for different depth 

interval of B#3 

61 

Figure 3.14 Mineral composition of Barren Measure shale for different depth 

interval of B#4 

61 

Figure 4.1 Cross plots of Generation potential (GP) versus TOC. 77 

Figure 4.2 Cross plot between S2 versus TOC. 78 

Figure 4. 3 Modified Van Krevelen diagram indicating the kerogen type for Barren 

Measures Shale. 

80 

Figure 4.4 HI versus Tmax cross plot. 81 



vi 
 

 

  

 

 

 

 

 

Figure 4.5 Cross plot of remaining hydrocarbon potential (S2) and TOC (wt. %) 

for Barren Measures shales. 

82 

Figure 4.6 Tmax versus Production Index. 83 

Figure 4.7 Depth versus calculated maturity values of Barren Measures 84 

Figure 4.8 Depth versus hydrocarbon generation stages 85 

Figure 4.9 S1 versus TOC (wt %) cross plot shows all the samples are in the zone 

of indigenous hydrocarbon 

86 

Figure 4.10  Depth versus S1/TOC graph. 87 

Figure 5.1 Plots of porosity and permeability measurement 90 

Figure 5.2 Grain density and Porosity relationship 91 

Figure 5.3 Experimental X-ray CT apparatus 98 

Figure 5.4 CT slices showing the internal heterogeneity of sample 1, depth 155m 101 

Figure 5.5  

 

Microcomputer tomogram (m CT) images showing pores and micro 

fractures in different Z slices of XY plane 

103 

Figure 5.6 Segmented images of tomograms , depth 155m; B#1 104 

Figure.5.7 Segmented image of tomogram, 155.1m depth,B#1 104 

Figure 5.8 Pore space in Barren Measures shale, depth 185m 105 

Figure 5.9 3D internal microstructures of Barren Measures shale 105 

Figure 5.10 TEM images of nano scale pores in Barren Measure shale. 106 

Figure 5.11 Typical isotherm shape 108 

Figure 5.12 The four hysteresis shapes of adsorption isotherm usually found by 

subcritical N2 adsorption 

109 

Figure 5.13 N2 adsorption isotherms Barren Measures shale 110 

Figure 5.14 BJH Pore size distribution of Barren Measures shale. 111 



vii 
 

 

List of Plates 
Page 

No 

 
 

Plate 3.1 The Barren Measures exposes along Nunia nala section.  42 

Plate 3.2 Lithofacies and structures in Barren Measures Formation 44 

Plate 3.3 Core samples of Barren Measures, borehole B#1 52 

Plate 3.4 Cross section view of core samples of Barren Measures, borehole B#1 53 

Plate 3.5 Photomicrographs of Barren Measures shale 55 

Plate 3.6 Photomicrographs of Barren Measure shale 56 

Plate 3.7 Photomicrograph shows the compaction effect on the rock. 65 

Plate 3.8 Photomicrograph shows ironstone shale 66 

Plate 3.9 Photomicrograph shows the coarse grains in Barren Measures shale 67 

Plate 3.10 Photomicrograph shows the well sub rounded fine grains oriented parallel 68 

Plate 3.11 SEM images showing diagenesis effects. 69 

Plate 5.1 Photomicrograph of Primary pores in Barren Measures shale 92 

Plate 5.2 Photomicrograph of pore type in Barren Measures shale 93 

Plate 5.3 Photomicrograph of Secondary pores in Barren Measures shale 94 

Plate 5.4 Both intragranular and matrix pores in Barren Measures shale 95 

Plate 5.5 Pores associated with organic matter. 96 

Plate 5.6 Photomicrograph of highly fractured zone 97 

 

 

 

 

 

 

 

 

 



viii 
 

 

 

 

List of Tables 

 

Page 

No 

Table 1.1: General Stratigraphy of Chalbalpur- Mahishmura area, Raniganj Field        7 

Table 2.1: Stratigraphy of Gondwana sediments in India 30 

Table 3.1: Stratigraphy of Raniganj Field 36 

Table 3.2: Thickness of different formations as encountered in the boreholes  45 

Table 3.3: XRD results of Borehole B#1 58 

Table 3.4: XRD results of Borehole B#2 58 

Table 3.5: XRD results of Borehole B#3 59 

Table 3.6: XRD results of Borehole B#4 59 

Table 4.1: Rock Eval Pyrolysis results of Borehole B #1 74 

Table 4.2: Rock Eval Pyrolysis results of Borehole B #2 75 

Table 4.3: Rock Eval Pyrolysis results of Borehole B#3 75 

Table 4.4: Rock Eval Pyrolysis results of Borehole B#4 76 

Table 4.5: Generation Potential of studied samples 76 

Table 4.6: HI and OI values of studied Boreholes 79 

Table 5.1: Results of helium porosimetry, grain density and air permeability 89 

Table 5.2 Summary results of BET analysis 109 

Table 6.1: Correlation of Barren Measures shale properties with analogous gas shales 119 


