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Abstract

Indirect methods infer the presence of hydrocarbon by determining elements, compounds or

chemical settings that are the result of migrating hydrocarbons. The concentration of trace metals

has been used to identify the areas of alterations due to hydrocarbon seepage. These trace metals

occur as near surface halo’s describing the peripheral of the accumulation at depths. This could be

the path finder or else bears the significance of anomalous trends. The aim is to find the role of

geochemical proxy indicator like trace metals to identify the hydrocarbon prospective zones. For the

purpose, 69 soil samples are collected in 1 X 1 km interval grid pattern in Sanand area of an integral

part of Cambay basin. The area is found very close to the producing oil fields like Sanand, Lohar,

Jhalora, Nawagam. Sanand block is surrounded by Wamaj low in the east, Western syneclise in the

West and Jetalpur low in the south. The collected samples have been analysed for trace metals as

Chromium (Cr), Vanadium (V), Zinc (Zn), Selenium (Se) and Copper (Cu). The concentration

distribution maps have been prepared using Arc GIS to illustrate the distribution of trace metal

wherein; it has been observed that near the East-central and SE regions of the study area are

marked with higher values. This study though proves that the trace metals’ concentration can be

used as a tool to identify the hydrocarbon prospective zones in frontier basins. However, it will be

worthwhile if interpreted with adsorbed soil gas concentration along with microbial anomalies.
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Introduction

The trace metals concentration form an important part of indirect method to allocate the zones of

macro/micro-seepage of light hydrocarbon in surface and subsurface soils.  The trace metals’

concentration has now been considered as fingerprints to differentiate and characterize the

hydrocarbon geological environments globally to mark the exploration targets (Mark Fedikow,

2007).  The concentration of anomalous amounts of Cobalt (Co), Copper (Cu), Chromium (Cr),

Molybdenum (Mo), Nickel (Ni), Lead (Pb), Vanadium (V), Zinc (Zn), Zirconium (Zr) and Uranium (U)

are positive indicators of petroleum deposits (Alekssev et al., 1961; Miodrag, 1975; and Duchschrer,

1984).  The presence of barium (Ba), strontium (Sr), boron (B), sodium (Na) and potassium (K) is

considered a negative indicator of hydrocarbons however, the soils may naturally contain many of

these elements in relative abundance (Tedesco, 1995).

The hydrocarbon microseepage into the soil substrate causes several chemical reactions and

microbial oxidation of hydrocarbon.  Mineral stability in any environment is indicative of a function

of pH and Eh/ORP.  Migrating hydrocarbons towards near surface soils destabilizes many compounds

and increases the solubility of the trace and minor elements.  Many metal elements are highly

soluble in acid solutions but get precipitated as oxides and hydroxides with increasing pH and

oxidation-reduction potential plays an important role on the mobility of elements.

Recent trends in soil science development has revealed that the changes in pH (Hydrogen ion

concentration) and Eh/ORP (Oxidation Reduction Potential) bear the enormous affects on chemical

and biological presence in the soil substrate. The change in pH greatly affects the mobility of heavy

metals. The low pH increases the solubility whereas the high pH enhances the chances of

precipitation of many dissolved substances.

GEOLOGICAL SETTING

Cambay basin has been characterized as a narrow elongated intra-cratonic rift graben bounded on

both side by basin marginal faults (Fig. 1). The basin is surrounded by Saurashtra uplift in the west,

Aravali-Delhi fold belt in north east and Deccan craton in the south east with an extension of with

425 km length and having width varying between 40 and 80 km. About 5 to 7 km of sedimentary

thickness is envisaged in the basin (Pandey et al. 1992). The major trend of the lineament in the

north Cambay basin is NNW-SSE and NE-SW, however in the southern part the trend is ENE-WSW

(Chandra et al, 1969). The basin is divided into discrete tectonic blocks based on major lineament

trends.

The study area Sanand East (Fig. 1) is a part of Mehsana-Ahmadabad block occupying western part

of Ahmadabad sub block. Tectonically, the area is the southernmost part of the western high axial
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trend where it is confined within the eastern and western syneclise. Structurally, the southern part

of the Sanand east is characterized by an elongated doubly plunging anticline trending NNW-SSE.

The two major fault trending NNW-SSE (parallel to the fold axis) and WNW-ESE (oblique to the fold

axis) are part of the major tectonic history of the area.

Fig. 1 Location map of the Sanand East study area  in Camabay Basin, Gujarat.

Materials and Methods

The grid 1 x 1 km pattern has been formulated to collect the soil samples to optimize the number of

sampling points spread over the study area. A total of 69 samples have been collected for laboratory

study. By weighing, 0.3 gm of powdered soil sample has been taken in Teflon vessels with 6 ml of

concentrated nitric acid (HNO3) plus 1ml of hydrofluoric acid (HF) mixture for digestion at 40 bar

pressure and 175 0C temperature in microwave digester for approximately 45 minutes. The analysis

of trace metals in the soil samples has been carried out using Atomic Absorption Spectrometer

(Perkin-Elmer make). The results so obtained have been processed and plotted in order to review
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the possible zones of hydrocarbon seepage through their anomalous behavior across the study area

(Fig. 2).

Results and Discussion

The soil samples collected from Sanand east area of Cambay basin were analyzed for the trace

metals Chromium, Copper, Zinc, Vanadium and Selenium. The laboratory results were statistically

evaluated with the correction of background values through the cumulative frequency diagram. The

anomalous trace metal zones have been observed near East central and SE part of the study area

close to active oil field. This study confirms that the trace metals’ concentrations can be used as

exploratory tool to identify the hydrocarbon prospective zones. The study may bring a holistic

approach when gets interpreted with other available geological and geophysical data.

Fig. 2 Trace metal anomaly map of the study area
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Conclusion

In the study area trace metal concentrations are observed more than normal values in central East

and SE. These zones are very near active oil wells confirming of firsthand the importance of the

obtained data. This method could be well applied when integrated with other technology tools or

alone in frontier basins for the identification of hydrocarbon potential zones.
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