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The present study aims at exploring the possible cor-
relation between adsorbed light gaseous hydrocarbon 
distribution pattern and the hydrocarbon oxidizing 
microbes present in the sub-soil samples. To establish 
the role of the latter in identifying the upward migra-
tion of hydrocarbons, especially a known petroliferous 
Krishna–Godavari Basin has been investigated. Soil 
samples from oil and gas fields of Tatipaka and Pasar-
lapudi areas of the basin show the presence of bacte-
rial population for methane (3.46  105 cfu/g), ethane 
(3.85  105 cfu/g) and propane (3.04  105 cfu/g) oxi-
dizing bacteria in soil samples. Gas chromatographic 
analyses of adsorbed soil gases show the presence of 
C1 to C4 hydrocarbons. The concentration of adsorbed 
soil gases ranged for methane (C1) = 1 to 115 ppb, eth-
ane (C2) = 1 to 99 ppb, propane (C3) = 1 to 34 ppb,  
butane (nC4) = 1 to 9 ppb and C2+ = 1 to 115 ppb. 
The scatter plots between C1 and C4 components  
depict a linear trend indicating that all gases are from 
the same source. The total organic carbon (TOC) con-
tent of the soil samples ranges from 0.18% to 1.34%. 
Pearson correlation analysis shows that the concentra-
tion of C2+ does not show any correlation (r = 0.1) 
with TOC, suggesting that the adsorbed gases are not 
derivatives of the organic carbon. Moreover, the val-
ues for methane  13C1 varied from –39.9‰ to –19.9‰ 
(V-PDP) Vienna PeeDee Belemnite indicate ther-
mogenic origin. The integration of geomicrobial pros-
pecting method together with adsorbed soil gas and 
carbon isotope studies shows a good correlation with 
the producing oil and gas fields of Krishna–Godavari 
Basin. 
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WITH the ever increasing demands for petroleum prod-
ucts and diminishing indigenous production, it has  
become necessary to look for probable potential zones 
with economic feasibility. Surface geochemical prospect-
ing appears as one such technique that could be a vital 

component for any exploratory programme. The applica-
tion is based on the evaluation of seepage of hydrocar-
bons from the subsurface reservoirs to the shallow 
surface environment. The study broadly comprises inves-
tigation of near surface soils/sediments for occurrence of 
hydrocarbons through various laboratory results. The  
basic assumption of all near surface geochemical pros-
pecting techniques is that hydrocarbons migrate to the 
surface from the sub-surface petroleum accumulations 
through faults and fractures and leaving their signatures 
in the near-surface soils. The hydrocarbon migration me-
chanisms such as diffusion, effusion, advection with 
moving waters and permeation have been proposed and 
studied previously1–5. Microseeps can be recognized by 
the presence of anomalous concentrations of light hydro-
carbons in the near surface soils/sediments6. Most studies 
on organic geochemical exploration concern the analysis 
of light gaseous hydrocarbons in recent sediments  
because these compounds migrate easier than the heavier, 
liquid hydrocarbons7. Hydrocarbons reaching the surface 
can be measured directly both in the sediments and in the 
overlying air or water2,7–12. The anomalous concentrations 
of hydrocarbon gases like methane, ethane and propane in 
surface soils serve as direct evidence for the presence of a 
petroleum system in and around the area2,13. The analyti-
cal system is based on acid extractable hydrocarbons ad-
sorbed in soil particles, a method originally developed by 
Horvitz14. Adsorbed gases are loosely bound in the solid 
soil matrix or occluded in secondary minerals such as 
CaCO3. The successful application of adsorbed soil gas 
surveys for hydrocarbon exploration in onland and off-
shore basins has been studied earlier2,5,15–17. Adsorbed 
soil–gas surveys are comparatively fast and cost-effective 
for initial evaluation of any basin for hydrocarbon explo-
ration to draw future course of other investigations18. 
 Microbial prospecting method for hydrocarbon explo-
ration is based on the premise that light gaseous hydro-
carbons migrate upward from subsurface accumulations 
through diffusion and effusion, and utilized by a variety 
of microorganisms present in the sub-soil ecosystem19. 
The methane, ethane and propane oxidizing bacteria  
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exclusively use these gases as carbon source for their  
metabolic activities and growth20 and are mostly found 
enriched in the shallow soils/sediments above hydrocar-
bon bearing structures and can differentiate between  
hydrocarbon prospective and non-prospective areas2,5,21. 
Application of hydrocarbon oxidizing bacteria in petro-
leum exploration has been considered as an effective 
tool5,22,23 and as a reliable indicator of hydrocarbons pre-
sent in the sub-surface24. The direct and positive relation-
ships between microbial population and hydrocarbon 
concentration in the soil have been found effective in 
large number of oil and gas producing fields world-
wide2,24–26. The microbial prospecting method can be  
effectively used to prioritize potential areas for drilling24, 
wherein the success rate is reported to be around 90% 
(ref. 26). This assumption is based on the study con-
ducted by Wagner et al.25, wherein 17 oil and gas fields 
were identified using microbial prospecting for oil and 
gas (MPOG) method. This method can be further integrated 
with geological, geochemical, and geophysical data to 
critically evaluate hydrocarbon prospects and prioritize 
the drilling locations, thereby reducing exploration risks. 
 The present study focuses on geo-microbial signatures 
to investigate whether the geo-microbial anomalies corre-
late with adsorbed soil gas from Krishna–Godavari Basin 
to obtain evidence of seepage of hydrocarbons from sub-
surface reservoirs. 

Geological setting 

The Krishna–Godavari Basin emerged as a pericratonic 
rift margin system with archean basement on the east 
coast of Indian Peninsula (Figure 1)27, covering an area of 
28,000 sq. km onland and 24,000 sq. km offshore up to 
200 m bathymetry27. The basin extends between 1530–
17N and 80–8230E. The basin extends southeast into 
the deep water of the Bay of Bengal. A significant part of 
the onland basinal area is covered by recent alluvium. 
Archean crystalline basement and Upper Cretaceous 
sedimentary outcrops demarcate the basin margin. Out 
crops in the basin margin area includes Permean Chinta-
lapudi sandstone, Cretaceous to Jurassic Gollapalli sand-
stone, Raghavapuram shale and Tirupati sandstone 
exposed around Dwaraka Tirumala area of West Godavari 
district28. The sandstones outcropped near Rajahmundry 
and Dowleswaram areas are red, felspathic, ferruginous 
and laterised of Miocene age, equivalent to the Ravva 
formation of offshore area. The basin is divided into 
Krishna, East and West Godavari depressions separated 
by basement highs at Bapatla and Tanuku horsts respec-
tively29. The East Godavari sub-basin is further divided 
into Mandapeta graben, Narsapur–Razole high and Ama-
lapuram high. The Matsyapuri–Palakollu and Mori faults 
are the two major NE–SW faults. The West Godavari 
sub-basin is further sub-divided into Gudivada–Bantumilli 
graben separated by Kaza–Kaikaluru horst30. The Tertiary 

sediments brought by Godavari delta system attained 
greater thickness south of the Matsyapuri–Palakollu fault 
as a result of continuous subsidence and growth31. Over 
the period, the depositional environment varies from con-
tinental to lagoonal, marine, littoral, infraneritic and deltaic 
conditions. Here, sediments yield rich faunal assemblages 
mostly with arenaceous foraminifera (Ammobaculites sp., 
Ammodiscoides sp., etc.), Trigonia, Inoceramus, Lima, 
Pecten, Belemnites, Helicoceras, Cardita, Lamellibranchs 
and Gastropods, etc.31. Table 1 describes the general 
stratigraphical succession of Krishna–Godavari Basin32. 

Materials and methods 

Soil sampling 

A total of 36 samples were collected from the top and 
from the depths varying from 2 to 4 m using hollow metal 
pipe by manual hammering to the drillable depth. Soil 
core samples (500 g) collected were wrapped in alumi-
num foil and sealed in poly-metal packs. For microbial 
analysis, about 100 g of soil samples were collected in 
pre-sterilized whirl-pack bags under aseptic conditions 
from a depth of about 1 m (ref. 26) and later stored at 2–
4C for laboratory analysis. All the samples were sealed 
in re-sealable plastic bags and marked with sample num-
ber with locations using the global positioning system 
(GPS). While collecting the samples, rocks, coarse materi-
als, plant residues, and animal debris were screened out19. 

Isolation of hydrocarbon oxidizing bacteria 

Isolation and enumeration of propane oxidizing bacteria 
were carried out using enrichment culture technique.  
One gram of soil sample was suspended in 9 ml of  
pre-sterilized water to prepare decimal dilutions (10–1 to 
10–5). Aliquot 0.1 ml of each dilution was placed on to 
mineral salts medium (MSM)33. These plates were later 
placed in glass desiccator, filled with propane with 
99.99% purity and zero air-purified atmospheric gas de-
void of hydrocarbons with 1 : 1 ratio. Similarly, to isolate 
methane oxidizing bacteria, the desiccator was filled with 
methane gas and zero air. To isolate ethane and propane 
oxidizing bacteria, the desiccator was filled with hydro-
carbon gas and zero air respectively. These desiccators 
were further kept in bacteriological incubators at 35  2C 
for 10 days. Following incubation, the developed bacterial 
colonies of methane, ethane and propane oxidizing bacte-
ria2,4,26 were counted using colony counter and reported in 
colony forming units (cfu g–1 of soil sample)19. 

Total organic carbon analysis 

Soil sample (1.5 g of 63 m) was treated with 3 to 4 
drops of HCl to remove inorganic carbon and kept
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Figure 1. Geological location map of the study area of Krishna–Godavari Basin. 
 
 

Table 1. Stratigraphic sequence of Krishna–Godavari Basin, Andhra Pradesh, India32 

Age Formation Lithology 
 

Holocene  Alluvial sands, clays and kankar, earthy grits, marls and sandstone 
              -----------------Unconformity------------------------------------------------------------------------------------- 
 
Post-Pliocene  Calcareous, gypseous and pyritiferous clays, gravelly sands,  
    silts and poorly stored sand 
Miocene–Pliocene Rajahmundry Coarse-grained, friable, ferruginous sandstones, grits,  
    conglomerates and kaolinitic claystone 
 
              -----------------Unconformity------------------------------------------------------------------------------------- 
Pre-Miocene 
              -----------------Unconformity------------------------------------------------------------------------------------- 
 
Palaeocene–Eocene Infratrappean, Deccan trap volcanics Coarse grits, calcareous sandstone, gritty limestone, basalts and 
   and intertrappean beds  local differentiates, limestone with claystone and marlstone 
              -----------------Unconformity------------------------------------------------------------------------------------- 
Cretaceous Tirupati Sandstone Medium-coarse grained clayey and lateritized sandstones 
  Raghavapuram Shale and Variegated brittle shales and soft clays with thin lenses of  
  Vemavaram Shale  sandstone 
 
              -----------------Unconformity------------------------------------------------------------------------------------- 
Middle Jurassic Golapalli Sandstone and Micaceous grits, ferruginous sandstone with claystone and  
  Budaveda Sandstone  limestone 
 
              -----------------Unconformity------------------------------------------------------------------------------------- 
 
Late Permian Chintalapudi Sandstone Conglomerates, ferruginous sandstones and siliceous shales 
  (Lower Gondwana) 
 
              -----------------Nonconformity------------------------------------------------------------------------------------- 
Archean Gneiss Khondalites, schists, charnockites and pegmatites 
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overnight at 50C in oven and 50 mg of this dried sample 
was loaded onto the quartz boat and transferred to the 
furnace of the solid module at 1000C – a modification of 
the liquid total organic carbon analyzer basic unit for to-
tal organic carbon measurement. Similar procedure was 
adopted for the samples, blank, and the soil standard 
(Boden soil standard, 4.1% TOC). The CO2 released due 
to chemical oxidation of the organic carbon was meas-
ured by infrared (IR) detector and expressed in wt%. The 
% RSD of the procedure is 1%. 

Analysis of light gaseous hydrocarbons 

Light gaseous hydrocarbons were extracted from soil 
samples using a gas extraction system34. One gram of 
63 m wet sieved soil sample was used to extract light  
gaseous hydrocarbons after acid treatment in specifically 
designed glass degasification apparatus and the subse-
quent analyses were carried out using Varian CP 3380 
gas chromatograph fitted with Porapak Q column, 
equipped with flame ionization detector. The gas chro-
matograph was calibrated using external standards with 
known concentrations of methane, ethane and propane 
and the results are expressed in parts per billion (ppb)16. 

Analysis for carbon isotopes of light hydrocarbons 

Carbon isotopic composition of light hydrocarbons 
( 13C1) in soil samples was determined using GC–C–
IRMS19, which comprises Agilent 6890 GC coupled to a 
Finnigan–Delta PlusXP isotope ratio mass spectrometer 
via a GC combustion III interface. The carbon isotopic 
composition is reported in per mil (‰) relative to the 
PeeDee Belemnite (PDB). The precision of the isotopic 
analysis was  0.5‰. The  13C was calculated using the 
equation 
 
  13C = {(13C/12C)sample/(13C/12C)PDB) – 1}  100. 

Results and discussion 

Microbiological studies 

Soil samples collected from Krishna–Godavari Basin, 
(Andhra Pradesh) were analysed for the presence of 
methane, ethane, and propane oxidizing bacteria using 
enrichment culture technique. The bacteria, which can 
utilize methane/ethane/propane gas as a sole carbon 
source, developed into bacterial colonies on the MSM 
plates35. As the medium does not contain any carbon 
source, the hydrocarbon gases were supplied externally 
for the growth of bacteria36,37. During the experiment, the 
positive controls of known hydrocarbon oxidizing bacte-
rial strains namely, Rhodococcus rhodochrous MTCC 
291, Mycobacterium sp. MTCC 19, Pseudomonas sp. 

MTCC 129 were inoculated onto MSM plates and incu-
bated along with test soil samples (these bacterial strains 
were brought from Microbial Type Culture Collection 
Centre and Gene Bank (MTCC), Institute of Microbial 
Technology, Chandigarh). Usually, CO2 is released as a 
byproduct and in order to avoid CO2 fixing bacteria, 
KOH pellets in a petri dish was placed at the bottom of 
the desiccator so as to indicate that methane/ethane/ 
propane oxidizing bacterial colonies developed by utiliz-
ing the given hydrocarbon gases act as a sole carbon 
source. The results of hydrocarbon oxidizing bacterial 
population are given in Table 2. The study area shows 
that the hydrocarbon oxidizing bacterial counts for meth-
ane oxidizing bacteria (MOB), ethane oxidizing bacteria 
(EOB) and propane oxidizing bacteria (POB) ranged 
from 2.35  105 to 3.64  105 cfu/g, 1.08  105 to 3.85  
105 cfu/g and 1.0  102 to 3.04  105 cfu/g of soil samples 
 
 
Table 2. Results of hydrocarbon oxidizing bacteria in soils of  
 Krishna–Godavari Basin 

Sample no. MOB (cfu/g) EOB (cfu/g) POB (cfu/g) 
 

KGW/01 305,000 141,100 111,700 
KGW/02 325,000 156,000 120,500 
KGW/03 310,000 193,700 62,800 
KGW/04 280,400 159,800 0 
KGW/05 271,600 134,000 500 
KGW/06 298,000 156,700 0 
KGW/07 261,500 183,100 400 
KGW/08 276,500 151,200 26,100 
KGW/09 250,000 160,000 287,300 
KGW/10 295,600 210,300 69,500 
KGW/11 251,200 235,800 169,500 
KGW/12 274,100 180,500 700 
KGW/13 303,700 202,300 304,300 
KGW/14 346,300 191,800 400 
KGW/15 277,400 223,800 500 
KGW/16 293,900 108,700 11,000 
KGW/17 272,600 146,800 2,100 
KGW/18 262,600 161,700 0 
KGW/19 291,800 138,100 188,200 
KGW/20 305,600 139,900 0 
KGW/21 308,100 164,100 43,000 
KGW/22 270,000 209,000 21,700 
KGW/23 294,700 196,600 145,600 
KGW/24 277,900 201,300 500 
KGW/25 295,600 133,800 15,400 
KGW/26 263,200 148,700 9,800 
KGW/27 261,000 193,400 43,700 
KGW/28 284,400 269,800 183,100 
KGW/29 270,400 385,100 236,800 
KGW/30 313,300 320,000 217,500 
KGW/31 267,000 256,500 252,500 
KGW/32 241,400 184,000 42,200 
KGW/33 276,000 185,000 130,500 
KGW/34 235,500 113,300 247,000 
KGW/35 266,600 238,100 249,700 
KGW/36 307,800 226,100 85,900 

cfu/gm, Colony forming units per gram; MOB, Methane oxidizing  
bacteria; EOB, Ethane oxidizing bacteria; POB, Propane oxidizing  
bacteria. 
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(Table 3). The results of hydrocarbon oxidizing bacterial 
population and adsorbed soil gas concentrations are plot-
ted and the anomalous zones for methane, ethane and 
propane oxidizing bacteria have been worked out (Fig-
ures 2–4). The patterns of reduced microbial counts adja-
cent to production wells and further reduced counts 
 
 
Table 3. Statistical evaluation of hydrocarbon oxidizing bacteria in of  
 Krishna–Godavari Basin 

Parameters MOB (cfu/g) EOB (cfu/g) POB (cfu/g) 
 

Minimum 2.35  105 1.08  105 0 
Maximum 3.46  105 3.85  105 3.04  105 
Arithmetic mean 2.82  105 1.91  105 9.43  104 
Standard deviation 2.83  104 5.62  104 1.0  104 
Positive samples (%) 100 100 86.12 
Nil samples (%) 0 0 13.88 

 

 
 

Figure 2. Concentration distribution of methane oxidizing bacteria in 
the Krishna–Godavari Basin. 

 

 
 

Figure 3. Concentration distribution of ethane oxidizing bacteria in 
the Krishna–Godavari Basin. 

to older producing fields and low in well-drained gas res-
ervoirs indicate that seepage is directly proportional to 
the confining pressure in reservoirs. When a well is 
brought into production, the drive mechanism changes 
from vertical buoyancy driven force to horizontal gas 
streaming to the pressure sinks created around producing 
wells. The change in drive mechanism and microbial 
population densities can be used to define reservoir 
drainage direction, radius, and heterogeneities all around 
the existing wells in developing fields21. The possibility 
of discovering oil or gas reservoirs using microbiological 
method is emphasized by the fact that the hydrocarbon-
oxidizing bacteria range between 103 and 106 cfu/g in 
soil/sediment receiving hydrocarbon micro-seepages de-
pending on ecological conditions19,20. In the study area, 
the concentration of hydrocarbon oxidizing bacteria 
ranges between 104 and 105 cfu/g of soil sample, and sub-
stantiates the seepage of lighter hydrocarbon accumula-
tions from oil and gas reservoirs19,26,35. 
 
 

 
 

Figure 4. Concentration distribution of propane oxidizing bacteria in 
the Krishna–Godavari Basin. 
 
 

 
 

Figure 5. Bernard’s plot showing the thermogenic source of the  
desorbed soil gases from the study area. 



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 112, NO. 3, 10 FEBRUARY 2017 565 

Table 4. Results of adsorbed soil gas data of Krishna–Godavari Basin 

Sample no. Longitude Latitude C1 (ppb) C2 (ppb) C3 (ppb) C2+ (ppb) 
 

KGW/01 81.9414 16.5258 59* 6 0 6 
KGW/02 81.9414 16.5253 51 4 0 4 
KGW/03 81.941 16.5266 10 0 0 0 
KGW/04 81.942 16.5265 30 3 0 3 
KGW/05 81.9402 16.526 45 3 0 3 
KGW/06 81.9401 16.5088 7 0 0 0 
KGW/07 81.9403 16.5093 8 0 0 0 
KGW/08 81.9394 16.5087 8 0 0 0 
KGW/09 81.9403 16.5085 24 2 0 2 
KGW/10 81.9411 16.5091 14 2 0 2 
KGW/11 81.9458 16.505 52 4 0 4 
KGW/12 81.9448 16.5051 9 0 0 0 
KGW/13 81.9453 16.5042 4 0 0 0 
KGW/14 81.9458 16.5055 34 3 0 3 
KGW/15 81.9466 16.5055 28 3 2 5 
KGW/16 81.9586 16.507 95 69 34 103 
KGW/17 81.9581 16.508 74 55 28 83 
KGW/18 81.9581 16.5061 23 0 0 0 
KGW/19 81.9597 16.5072 107 51 3 54 
KGW/20 81.9595 16.5058 48 32 11 43 
KGW/21 81.9518 16.4661 15 0 0 0 
KGW/22 81.9441 16.4624 12 0 0 0 
KGW/23 81.8873 16.4755 113 99 10 109 
KGW/24 81.8873 16.4764 31 17 7 24 
KGW/25 81.8864 16.476 10 0 0 0 
KGW/26 81.8884 16.4756 9 0 0 0 
KGW/27 81.8517 16.4943 37 0 0 0 
KGW/28 81.8878 16.4705 17 0 0 0 
KGW/29 81.8878 16.471 16 0 0 0 
KGW/30 81.8873 16.471 12 0 0 0 
KGW/31 81.8868 16.4705 26 2 0 2 
KGW/32 81.9307 16.4746 18 0 0 0 
KGW/33 81.9258 16.4839 18 0 0 0 
KGW/34 81.944 16.5018 18 0 0 0 
KGW/35 81.9116 16.4192 23 0 0 0 
KGW/36 81.9042 16.4295 19 0 0 0 

ppb, parts per billion. 
 
 
Table 5. Statistical evaluation of adsorbed light gaseous hydrocarbons in  
 soils of Krishna–Godavari Basin 

Parameter C1 (ppb) C2 (ppb) C3 (ppb) C2+ (ppb) 
 

Minimum   4  0  0   0 
Maximum 113 99 34 109 
Arithmetic mean 32.65 11.94 3.39 14.71 
Standard deviation 27.96 22.75 7.50 28.89 

Adsorbed soil gas and carbon isotope studies 

The gas chromatographic analysis of 135 soil samples 
and the magnitude of each of the organic constituents 
CH4, C2H6, C3H8 and n-C4H10 were measured and  
expressed in ppb of the soil gas mixture (Table 4). The 
concentrations of adsorbed soil gases varied for methane 
(C1) from 1 to 115 ppb, for ethane (C2) from 1 to 99 ppb, 
for propane (C3) from 1 to 34 ppb, for butane (nC4) from 
1 to 9 ppb and for C2+ from 1 to 115 ppb (Table 5). The 
cross-plots between C1, C2, C3 and C2+ show good cor-

relation (r = >0.9) and the data gathered (Table 6) indi-
cates that (i) the hydrocarbons are genetically related; (ii) 
hydrocarbons are not affected by secondary alteration 
during their migration from subsurface to subsequent  
adsorption on to the surface soil and (iii) hydrocarbons 
might have been generated from a thermogenic source. The 
interpretation followed the standard genetic diagram for 
correlating gas wetness, i.e. C1/(C2 + C3) ratios with the 
 13C of methane to classify natural gas types as biogenic or 
thermogenic38. Molecular ratios of C1/(C2 + C3) less than 
−50‰ are typical for thermogenic hydrocarbon gases with 
 13C1 values between –25‰ and −50‰ (VPDB; Vienna 
PeeDee Belemnite) whereas the ratios of C1/(C2+C3) 
above 1000 with  13C1 values between −60‰ and −85‰ 
(VPDB) are indicative of biogenic origin of hydrocarbon 
gases. Methane usually has a quite isotopically depleted 13C 
ratio of less than −60‰. The carbon isotopic composition 
of  13C1 in soil samples ranged between –36.6‰ and 
−22.7‰ versus VPDB. The isotopic values of the samples 
are characteristic of thermogenic range (Figure 5). 



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 112, NO. 3, 10 FEBRUARY 2017 566 

Relationship between C2+, total organic carbon  
and total inorganic carbon 

Surface geochemical data sets require authentication to 
verify whether there are physical or chemical attributes 
influencing the hydrocarbon yields not related to hydro-
carbon seepage. Total organic carbon (TOC) and total  
inorganic carbon (TIC) are two important controlling  
factors for sorption of hydrocarbons in soils39 and the  
 
 

Table 6. Pearson correlation coefficient for adsorbed  
 soil gas 

 C1 C2 C3 C2+ 
 

C1 1.00    
C2 0.40 1.00   
C3 0.27 0.97 1.00  
C2+ 0.26 0.95 0.99 1.00 

 
Table 7. Results of TC, TOC and TIC concentration  
 of soil samples of KG Basin 

Sample ID TC (%) TOC (%) TIC (%) 
 

KGW/01 0.954 0.5963 0.3577 
KGW/02 0.6525 0.5941 0.0584 
KGW/03 0.8862 0.5698 0.3164 
KGW/04 0.747 0.5789 0.1681 
KGW/05 0.7589 0.7083 0.0506 
KGW/06 0.6517 0.5573 0.0944 
KGW/07 0.5946 0.5775 0.0171 
KGW/08 0.5997 0.5921 0.0076 
KGW/09 0.8444 0.4874 0.357 
KGW/10 0.62 0.358 0.262 
KGW/11 0.7141 0.4417 0.2724 
KGW/12 0.6333 0.6016 0.0317 
KGW/13 0.4419 0.4078 0.3737 
KGW/14 0.6146 0.2895 0.3251 
KGW/15 0.7001 0.5996 0.1005 
KGW/16 0.4907 0.1823 0.3084 
KGW/17 0.4082 0.1839 0.2243 
KGW/18 1.122 0.7408 0.3812 
KGW/19 0.576 0.4589 0.1171 
KGW/20 1.469 1.341 0.128 
KGW/21 0.5948 0.5248 0.07 
KGW/22 0.6911 0.6493 0.0418 
KGW/23 0.7601 0.72 0.0401 
KGW/24 0.6541 0.6386 0.0155 
KGW/25 1.058 0.9753 0.0827 
KGW/26 0.4948 0.4887 0.0061 
KGW/27 0.4082 0.1839 0.2243 
KGW/28 0.6482 0.6372 0.011 
KGW/29 0.6146 0.2895 0.3251 
KGW/30 0.6023 0.6001 0.0022 
KGW/31 0.6819 0.679 0.0029 
KGW/32 0.6519 0.5475 0.1044 
KGW/33 0.6333 0.6016 0.0317 
KGW/34 0.5946 0.5775 0.0171 
KGW/35 0.6911 0.6493 0.0418 
KGW/36 0.747 0.5789 0.1681 

TIC, Total inorganic carbon; TOC: Total organic car-
bon; TC, Total carbon. 

concentration for 20 selected samples respectively, varies 
from 0.18% to 1.34%, 0% to 0.38%. The Pearson correla-
tion analysis shows that concentration of C2+ in soils 
does not show any correlation (r2 = 0.065) (Figure 6) 
with soil TOC indicating that the adsorbed gases are not 
derived from organic carbon present in the soil or relict 
gas. The relationship between C2+ and soil TIC indi-
cates that there appears no significant correlation with the 
surficial organic matter and the possibility of interaction 
between the seeping hydrocarbons. 
 

 
 

Figure 6. Scatter plots of C2+–TOC and C2+–TIC. 
 
 

 
 

Figure 7. Composite anomaly map of methane oxidizing bacteria and 
adsorbed methane in the Krishna–Godavari Basin. 
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Figure 8. Composite anomaly map of ethane oxidizing bacteria and 
adsorbed ethane in the Krishna–Godavari Basin. 

 

 

 
 

Figure 9. Composite anomaly map of propane oxidizing bacteria and 
adsorbed propane in the Krishna–Godavari Basin. 

Integration with adsorbed soil gas studies 

Integrated anomaly maps of adsorbed light hydrocarbons 
(C1–C3) and hydrocarbon oxidizing bacteria MOB, EOB 
and POB (Figures 7–9) show composite anomalies for 
light gaseous hydrocarbons and hydrocarbon oxidizers 
anomalies that follow the natural model depicting ‘Halo’ 
pattern14,19,35,37,40. The study reveals a good correlation  
between the hydrocarbon utilizing bacteria and adsorbed 
hydrocarbon. These observations indicate that the micro-
seepages of hydrocarbon gases may become scanty or 
may be undetected by geochemical means in areas where 
high soil microbial activity exists, resulting in moderate 
utilization of soil gases by microbes. These microbes can 
survive even at low concentration of hydrocarbons of 
about 10–6 vol.% or higher and significantly reach a  

bacterial count of 103 to 106 cells per gram of soils or  
sediments26. 

Conclusion 

The present study shows that microbial presence has a  
direct bearing with the accumulation of hydrocarbons in 
sub-surface regions. The microbial prospecting and  
adsorbed soil gas studies together indicate that hydrocar-
bon micro-seepage exists in the area under review. Fi-
nally, the study highlights the corroboration of adsorbed 
light gaseous hydrocarbons and hydrocarbon oxidizing 
bacteria. We infer that this approach is one of the poten-
tial tools for surface geochemical prospecting of hydro-
carbons that can be applied in other basins prior to 
seismic and other applications. However, the findings 
when integrated with available field data may bring a  
holistic picture of locating the possible zones of interest. 
 
 

1. Price, L. C., A critical review and proposed working model of sur-
face geochemical exploration. In Unconventional Methods in  
Exploration for Petroleum and Natural Gas IV (ed. Davidson, M. 
J.), Southern Methodist University Press, Dallas, 1986, pp. 1–30. 

2. Tedesco, S. A., Surface Geochemistry in Hydrocarbon Explora-
tion, Chapman & Hall, New York, 1995, pp. 1–125. 

3. Kross, B. M. and Leythaeuser, D., Molecular diffusion of light 
hydrocarbons in sedimentary rocks and its role in migration of and 
dissipation of natural gas. In Hydrocarbon Migration and its Near 
Surface Expression (eds Schumacher, D. and Abrams, M. A.), 
AAPG Mem., 1996, vol. 66, pp. 173–183. 

4. Klusman, R. and Saeed, M., Comparison of light hydrocarbon  
migration mechanisms. In Hydrocarbon Migration and its Near 
Surface Expression (eds Schumacher, D. and Abrams, M. A.), 
AAPG Mem., 1996, vol. 66, pp. 157–168. 

5. Schumacher, D. and Abrams, M. A. (eds), Hydrocarbon Migration 
and its Near-Surface Expression. AAPG Mem., 1996, vol. 66, pp. 
1–445. 

6. Gevirtz, J. L., Surface hydrocarbon characterization of Kinsale 
Head gas field, Celtic Sea, offshore Ireland. In Surface Explora-
tion case Histories: Application of Geochemistry, Magnetics, and 
Remote Sensing (eds Schumacher, D. and LeSchack, L. A.), 
AAPG studies in Geology, 48 and SEG Geophysical Reference 
Series, 2002, vol. 11, pp. 415–431. 

7. Jones, V. T., Matthews, M. D. and Richers, D. M., Light hydro-
carbons in petroleum and natural gas exploration. In Handbook of 
Exploration Geochemistry: Gas Geochemistry, Elsevier, NY, 
2000, vol. 7, p. 133. 

8. Gevirtz, J. L., Carey, B. D. and Blanco, S. R., Surface geochemi-
cal exploration in the North Sea. Methodology with an example. 
In Petroleum Geochemistry and Exploration of Europe (ed. Brook, 
J.), Geological Society Special Publication, 1983, vol. 12, pp. 35–
50. 

9. Horvitz, L., Near surface evidence of hydrocarbon movement from 
depth. In Problems of Petroleum Migration III (eds Roberts, W. 
H. and Cordell, R. J.), AAPG Studies in Geology, 1980, vol. 10, 
pp. 241–269. 

10. Madhavi, T., Satish Kumar, T., Rasheed, M. A., Kalpana, G.,  
Patil, D. J. and Dayal, A. M., Light hydrocarbon geochemistry of 
surface sediment from petroliferous region of the Mehsana Block, 
North Cambay Basin. J. Geol. Soc. Ind., 2009, 74, 7–15. 

11. Kalpana, G., Madhavi, T., Patil, D. J., Dayal, A. M. and Raju, S. 
V., Light gaseous hydrocarbon anomalies in the near surface soils 



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 112, NO. 3, 10 FEBRUARY 2017 568 

of Proterozoic Cuddapah Basin: implications for hydrocarbon 
prospects. J. Petrol Sci. Eng., 2010, 73, 161–160. 

12. Devleena Mani, Satish Kumar, T., Rasheed, M. A., Patil, D. J., 
Dayal, A. M., Gnaneshwar Rao, T. and Balaram, V., Soil iodine  
determination in Deccan Syneclise, India: implications for near 
surface geochemical hydrocarbon prospecting. Nature Resour. 
Res., 2011, 20(1), 75–88. 

13. Klusman, R. W., Soil Gas and Related Methods for Natural  
Resource Exploration, John Wiley, England, 1993, pp. 1–112. 

14. Horvitz, L., Vegetation and geochemical prospecting for petro-
leum. AAPG Bull., 1972, 56(5), 925–940. 

15. Schumacher, D. and LeSchack, L. A., Surface exploration case 
histories: applications of geochemistry, magnetics and remote 
sensing. AAPG Studies in Geology No. 48, SEG Geophysical Ref-
erences Series 11, 2002. 

16. Kumar, B., Patil, D. J., Kalpana, G. and Vardhan, V. C., Geo-
chemical prospecting of hydrocarbons in frontier basins of India. 
AAPG Online J., Search and Discovery Article #10073, 2004. 

17. Abrams, M. A., Significance of hydrocarbon seepage relative to 
petroleum generation and entrapment. Mar. Petrol Geol., 2005, 
22, 457–477. 

18. Kalpana, G., Madhavi, T., Patil, D. J., Dayal, A. M. and Raju, S. 
V., Light gaseous hydrocarbon anomalies in the near surface soils 
of Proterozoic Cuddapah Basin: Implications for hydrocarbon 
prospects. J. Petro. Sci. Eng., 2010, 73, 161–160. 

19. Rasheed, M. A., Veena Prasanna, M., Satish Kumar, T., Patil, D. 
J. and Dayal, A. M., Geo-microbial prospecting method for hydro-
carbon exploration in Vengannapalli village, Cuddapah Basin,  
India. Curr. Sci., 2008, 95(3), 361–366. 

20. Asha, L. S., Singh, P. K. and Singh, M. P., Biomethanization of 
coal to obtain clean coal energy: a review. Energy, Exp. Exp., 
2012, 30(5), 837–852. 

21. Tucker, J. and Hitzman, D., Detailed microbial surveys help to 
improve reservoir characterization. Oil Gas J., 1994, 6, 65–69. 

22. Davis, J. B., Petroleum Microbiology, Elsevier, 1967, pp. 197–
245. 

23. Atlas, R. M., Petroleum Microbiology, New York, Macmillan, 
1984, p. 692. 

24. Pareja, L., Combined microbial, seismic surveys predict oil and 
gas occurrences in Bolivia. Oil Gas J., 1994, 24, 68–70. 

25. Sealy, J. R., A geomicrobial method of prospecting for oil. Oil 
Gas J., 1974, 8, 142–46. 

26. Wagner, M., Wagner, M., Piske, J and Smit, R., Case histories of 
microbial prospection for oil and gas. AAPG Studies in Geology 
48 and SEG Geophysical Reference Series, 2002, vol. 11, pp. 
453–479. 

27. Yadagiri, K., Sedimentology and sequence stratigraphy of hydro-
carbon – bearing mandapeta pays: a braided fluvial reservoir, 
Krishna–Godavari Basin. J. Geol. Soc. Ind., 2002, 60, 249–270. 

28. Gupta, S. K., Basin architecture and petroleum system of Krishna–
Godavari Basin, East Coast of India. Leading Edge 2006, 25(7), 
830–837. 

29. Rao, G. N., Geology and hydrocarbon prospects of East Coast  
sedimentary basins of India with special reference to Krishna  
Godavari basin. J. Geol. Soc. Ind., 1993, 41(5), 444–454. 

30. Kumar, S. P., Geology and hydrocarbon prospects of Krishna–
Godavari and Cauvery Basins. Petrol Asia J., 1983, 8(1), 57–65. 

31. Saniyal Dhandapani A, Onkar Prasad, L. M., Mane, P. H. and 
Gupta, S. K., Eocene sedimentation and its hydrocarbon prospects, 
South of Matsyapuri–Palakollu Fault, Krishna–Godavari Basin, 
India. In Recent Researches in Sedimentary Basins (ed. Tiwari,  
R. N.), 1998, pp. 78–90. 

32. Lakshmi, M. et al., Surface geochemical exploration for hydrocar-
bons in the soils of Tatipaka, Pasarapudi and Kaza areas of Krish-
na–Godavari Basin, Andhra Pradesh, India. J. Geol. Soc. India, 
2012, 80, 641–652. 

33. Sastri, V. V., Sinha, R. N., Gurcharan Singh, Murthy, K. V. S., 
Stratigraphy and Tectonics of Sedimentary Basins on East Coast 
of Peninsular India. AAPG Bull., 1973, 57(4), 655–678. 

34. Horvitz, L., Hydrocarbon prospecting after forty years. In Uncon-
ventional Methods in Exploration for Petroleum and Natural Gas 
II (ed. Gottleib, B. M.), Southern Methodist University Press, Dal-
las, TX, 1981, pp. 83–95. 

35. Ronald Atlas, M. and Lawrence, C. P., Ammonium Mineral Salts 
medium. Handbook of Microbiological Media, CRC Press, New 
York. 1996, p. 79. 

36. Wittenburry, R., Phillips, K. C. and Wilkinson, J. F., Enrichment, 
isolation and some properties of methane-utilizing bacteria.  
J. Gen. Microbiol., 1970, 61, 205–218. 

37. Singh, M., Kapoor, S., Jain, A. K., Kumar, A., Kumar, M. and 
Manisha, A. J., Evaluation of hydrocarbon microseepage pattern 
through geomicrobial survey. Proc. Petrotech, New Delhi, 2003, 
pp. 455–458. 

38. Bernard, B. B., Light Hydrocarbons in Sediments, Ph D disserta-
tion, Texas A&M University, USA, 1978, p. 144. 

39. Schumacher, D., Geochemical exploration for oil and gas-
strategies for success: an exploration short course sponsored by 
NGRI, Hyderabad, 2003, pp. 1–175. 

40. Jillman, N., Surface geochemistry enigmas. Oil Gas J., 1987, 9, 
87–89. 

 
 
 
ACKNOWLEDGEMENTS. We acknowledge CSIR for providing fel-
lowships and the Director, CSIR-National Geophysical Research Insti-
tute for support during research work and for granting permission to 
publish this work. We thank Dr S. Zaheer Hasan, Head of Petroleum 
Research wing of GERMI for his critical review and technical write-up. 
Thanks are due to the Secretary, Oil Industry Development Board 
(OIDB) for financial grant to set-up the Microbiology laboratory. We 
also thank Dr Kuldeep Chandra, Former Executive Director, KDMIPE, 
Dehradun for his continuous support and guidance. M.A.R. acknowl-
edges Dr T. Harinarayana, DG-GERMI for giving permission to com-
plete the paper work. 
 
 
Received 17 September 2015; revised accepted 28 January 2016 
 
 
doi: 10.18520/cs/v112/i03/560-568 

 

 
 
 
 


