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Abstract: 
Passive seismic survey ie in other name: Low Frequency Passive Seismic Method (LFPS) is a geophysical method 

that utilizes a spectral frequency from seismicity data to identify subsurface reservoir fluids. Rock pores that 

contain hydrocarbon fluids show higher low-frequency amplitude between 1-6 Hz compared with those that 

contain water. This paper shows the feasibility study that has been done in X- field in Mehsana Block of Cambay 

Basin. Sixteen wells were used to validate the result of the spectral data. Power spectral density of vertical 

component in the area shows some indication of trend of hydrocarbon deposition with respect to isolith maps of 

proven oil wells. 

As this method is considered as prospect ranking tool, however validation of this technique is still under research 

in the vicinity of geophysical community. 

 

Introduction :  
 

A growing number of surveys over 

different oil and gas fields throughout the world 

have established the presence of spectral anomalies 

in the passive seismic wave field, ie micro tremors, 

with high degree of correlation to the location of 

hydrocarbon reservoirs. Low frequency seismic 

technology is based on the phenomena of anomalous 

natural low frequency seismic background above an 

oil and gas reservoir.These microtremors can be 

used as a reservoir indicator for optimizing well 

placement during exploration, appraisal, and 

development. In contrast to conventional seismic 

technologies, the investigation of hydrocarbon 

reservoir-related microtremors is generally passive 

and does not require artificial seismic excitation 

sources. 

 
The ever-present seismic background noise 

of the earth most likely acts as the driving force for 

hydrocarbon-indicating signals. Some possible 

underlying rock-physics mechanisms that generate 

spectral anomalies are discussed in this paper. The 

main observation is an energy anomaly in the low-

frequency band of passive seismic data between 

approximately 1 and 6 Hz. When measured at the 

surface,spectral energy is elevated above a 

hydrocarbon reservoir, compared with spectral 

energy measured at positions away from a reservoir. 

It is important, theoretically, that the generating 

mechanism and the observed anomaly may be 

present in a wider-frequency range. However, 

between 1 and 6 Hz there is a typical noise trough in 

the back- ground spectrum which might be the only 

frequency window where hydrocarbon-related 

effects are visible. In addition to the energy 

anomaly, describe another independent spectral 

attribute. They find that the spectral ratio between 

horizontal and vertical components can show an 

anomaly in the presence of hydrocarbons. Because 

of the well-known presence of surface waves, 

locating the source of these anomalies is of primary 

importance.  

 

Back ground Theory: 

 
Changes in acoustic impedance with depth 

are marked on seismic lines by reflections which can 

signify changes in lithology, Changes in fluid 

content within the same lithesome or even digenetic 

contrast however seismic reflections do not 

necessary corresponds to single lithological or fluid 

contrasts, but many amalgamation with different 

layers.  

A seismic reflection that preserve the polarity of the 

original seismic signal (Positive polarity) indicates 

an increase of acoustic impedance with depth across 

the geological information whereas change in 

polarity of the seismic signal (negative polarity) 

indicates decrease in acoustic impedance with depth. 

Amplitude of the seismic reflection is usually 

proportional to the contrast in acoustic impedance 

across the geologic contract.  

High negative anomaly at the top of the reservoir 

facies are commonly seen as a good sign for 

Petroleum exploration as they suggest a sudden 

decrease in acoustic impedance inside reservoir, 

which may potentially be related to the presence 

of high porosity and low density fluids (ie 

Hydrocarbons).  
Polarity of reflections is more reliable in terms of 

geological interpretation, however where seismic 

reflectors amalgamation of closely spaced 

stratigraphic horizons, polarity interpretation 

becomes less reliable.  

Therefore simple polarity and amplitude studies are 

not sufficient to evaluate fluid evolution from 

seismic data. 

  
As per the theory, hydrocarbon saturated 

reservoir is an object with lower acoustic impedance 

and higher absorption for the low frequency. 

Seismic waves, in contrast oil saturated reservoir 

have higher reflection coefficient for the low 

frequency compressional waves. 

  



Microtremors in the nature are always exist 

in the subsurface due to natural phenomena, such as 

climatic and oceanic condition, will have dominant 

periods greater than one second (frequency lower 

than 1 Hz), with associated amplitude and period 

variations corresponding to the vagaries of the 

respective natural phenomenon. A detailed analysis 

reveals that microtremors vary depending upon 

location.  

 
With this new approach, information 

pertaining to the presence of hydrocarbons is 

extracted from spectral modifications of naturally 

occurring passive seismic waves in the frequency 

range of 0.1 – 10.0 Hz, due to their interaction with 

oil and gas bearing porous structures (Fig. 1). The 

seismic noise with frequencies ≥1 Hz is usually 

referred as microtremor (Bard 1999).The spectral 

content of microtremors gets modified by near-

surface geological structures. 

 

       
 
Fig. 1: Simplified illustration of the spectral anomaly 

analysis method of microtremor to identify reservoirs with 

hydrocarbons. The upper left corner shows the signal 

spectrum acquired in a region where there is no oil 

reservoir, and the right side shows the acquired spectrum 

on an oil reservoir. Note that there is signal amplification 

at frequencies close to 3 Hz. (Fig. adapted from Graf et al. 

2007). 

Objective: 
 

The Main objective of LFPS (microtremor 

data) is to locate hydrocarbon bearing structures in 

the subsurface and established an empirical 

relationship between low-frequency spectral 

anomalies in the microtremor wavefields and the 

presence of hydrocarbon reservoirs. 

 

It is well known fact that different 

compressibility of two fluid phases gives rise to 

pressure differentials that can be stimulated by a 

passing seismic disturbance. At low frequencies, 

seismic waves can act more like pressure gradient 

disturbances rather than transient simulations. Since 

such fluid flow is induced between connecting, but 

differing regions in a porous medium, the medium 

may accentuate intrinsic attenuation, energy 

absorption or re-emission, and even nonlinear 

effects that can be used to describe how energy is 

redirected from the earth’s energy field towards the 

surface, so that it can be measured at a seismometer 

located on the surface. Principally, this technique 

acts as an innovative seismic spectroscopy, 

identifying the hydrocarbon content of geological 

structures by analyzing passive wave signals within 

a frequency range of 1.0 to 6.0 Hz, with a peak 

around 3.0 Hz, called as “hydrocarbon 

microtremors”. The signals are analyzed to create a 

distinctive spectral signature which is used as a 

direct hydrocarbon indicator. 

Case Study: 

LFPS survey was carried out in 3 small 

areas of proven oil fields in Cambay Basin, on 

experimental basis Total 321 stations were covered 

in all in the grid of 200 *200 mts. 

 
As authors have given more emphasis for 

the study in one of the area ie (X area) in 

interpretational perspective, This X-  area was taken 

out 3 areas covered in the data acquisition. Location 

map of present study in X- area with wells and 

station locations are shown in Fig:02. 

                       

 
Fig 2:Location map of X- area with LFPS  

stations. 

 
In this X- area nearly 114 stations were covered. The 

sensors were planted in approx. 1.0ft deep pits at 

each site. At each site, the passive seismic noise was 

recorded for at least 12 hrs duration  

 

Data Processing of LFPS data:  

A primary goal of the data processing is to 

identify and map low frequency energy anomalies in 

the expected total bandwidth of hydrocarbon 

reservoir-related microtremors i.e.,approximately 



1–6 Hz_. Dangel et al. _2003_ suggest this could be 

accomplished by determining an attribute related to 

the strength of spectral peaks. 

Time frequency analysis of data recorded in the 

vertical component of the seismometer at X-area 

shown in Fig.03. The signal is quite stationary and 

most of its energy is concentrated between 0.1 Hz 

and 5.0 Hz band. 
 

 
                         

 
Fig.03: Time frequency analysis of data recorded in 

the vertical component of the seismometer at Linch  
 

Estimated V/H spectral ratio from three component 

ground motion for all stations and estimated the 

peak frequency of V/H also.  Less spiky data was 

only considered for processing. Particle oscillation 

direction is also observed for the microtremors 

above a reservoir, which show V/H values above 

1.0 and a strong vertical polarization. 

Result:  

It is also proved that V/H spectral curves are slightly 

different from area to area. Figs. 4 shows that the 

V/H curves of X area at a particular location, are 

relatively stable, while the peak amplitudes are 

found to vary. The V/H ratio of the passive seismic 

wavefield from 1 to 10 Hz a Station L-69 was 

recorded over a known oil field rather station L-58 

is over an area with no hydrocarbon potential (right 

side figure). The horizontal thin line indicates a 

value of VH=1. In another example at x-95 station 

nearby well .161 shown as anomaly ie value V/H >1( 

station L-96 is nearer to oil well, however due to 

noise data, L-95 was considered for example) 

   
 

 
Fig.04: Results show typical V/H spectral curves in  

Linch, Red dot marks the maximum amplitude of the 

V/H curve. The position of the station is also shown. 

 

Globally, it is established that a single component of 

microtremor can show large spectral variations as a 

function of natural and cultural disturbances in 

which the spectral peak frequency of the site is 

invariant (Lambert et al., 2009). Lambert et al. 2009 

used spectral peak frequency as one of the 

attributes to analyse hydrocarbon microtremor 

signal. The spectral ratios in the frequency range of 

0.1 and 10.0 Hz reveal significant spatial variations. 

This may be attributed to the nature of the 

hydrocarbon reservoirs. The results show that the 

V/H peaks are mostly in the range of 1.0 to 6.0 Hz. 

The PSD-IZ value is another attribute to 

characterize spectral anomalies above hydrocarbon 

reservoirs. In this present data also shows a range 

between 2.0 - 3.4 Hz with an amplitude greater than 



1, it was considered as DHI (Direct Hydrocarbon 

Indicator) range. 

 The specific frequency at which this effect occurs 

depends on the seismic properties of the surface 

layers. Figs.05 shows the spatial distribution of the 

amplitude of V/H ratio in the area. In this study, the 

point data are interpolated or extrapolated over the 

area of interest, using the Kriging method. 

Interestingly, it was observed high and low 

amplitudes in the area, which may be associated 

with the nature of hydrocarbon reservoirs. It may be 

inferred that higher amplitudes (≥ 1.0) at some 

stations may be prospective for exploitation. Power 

Spectral density of Z-component over the area 

between minimum to 3.4 Hz is shown which shows 

hydrocarbon trends towards SE and SW. 

 

              

 
Fig.05 shows a representative record of the LFPS 

wave-field stations –X area in cambay basin                

 

Interpretation :  

An Interpretation project, in a holistic way  

a bigger volume for Interpretation  in Mehsana block 

of cambay basin was undertaken under annual work 

program for which, a data base was created in 

Landmark software (version 5000) of M/s 

Halliburton by loading the relevant well data & 

Seismic data. In the study Pre-stack Merged 3D was 

utilized. Focus of study area (present paper)-X area  

is in the east of original field. 

Present location of study map shows north of X- area 

(Fig2)  of interpretation volume. It is to be noted here 

that one location (proposed-A) which is in south-

west of the present study LFPS area was proposed 

and consequently been released on the basis of 

conventional interpretational technique. Another 

location B was also proposed in the just adjacent in 

S-E direction of the area (Fig.02) At the same time, 

LFPS survey was being carried out, authors tried to 

interpret the data with LFPS processed data. 

Accordingly special interpretational studies were 

carried out by taking some wells within and nearby 

wells (12 oil wells and 3 dry wells) for study.  

The primary objective of study was to 

envisage the extension of a particular pay sand 

(named as UL-I) trend towards SE and SW from the 

nearby wells and also made an attempt to know the 

behaviour of extension named as UL-III sand from 

the well no L-28 (oil well) in south-western side of 

the area with the help LFPS data and by using time 

structure map at Mandhali. OCS & sand isolith map 

of  UL-1 pay. 

  

Log correlation: 

Prepared sand isolith maps of  Lower Eocene to 

Upper Eocene and shallow pay sands in the main 

study area with the emphasis of extending the pay 

maps. To bring out the detailed sand maps of lower 

Eocene and shallow pays of in the main field about 

300 well data were used. Correlation profiles were 

prepared for all the wells that penetrated Lower 

Eocene to Lower Paleocene. Major formation tops 

from shallow to deeper marker were correlated. 

Along with that sand top of other pays,UL-I and UL-

III top of particular interested pays were correlated 

in all the wells penetrating the corresponding pays. 

Time structure maps were prepared for four horizons 

for all tops. At all mapped levels area, structure 

looks like a single anticlinal feature with a sharp 

deepening towards south to south east. Log 

correlation well 351, 0160z,161 and 86 done for the 

sand of UL-I pay sand shown in Fig:07  

 
Fig:07-Log correlation of UL-I pay from NE-SW 

in LFPS assigned boudary. 

      

 



Fig: 08 –Log correlation of isolith UL-1 pay in LFPS 
assigned boundary. 
 

 

 

 

 
 

 

 

Inferences from Log correlations are integrated with 

3D seismic for meaningful interpretation. Based on 

the results of well 351, 016Z ,161 and 86 and 81,831 

and 351 (Fig.08), the sand isolith map of UL-I pay 

sand (FIG.09) was prepared in the area and it is 

envisaged that the sand is likely to extend further 

towards the south western direction.  

 

This shows that the sand model as proposed was 

taking a turn towards south western direction along 

the envisaged paleo-coast line  (Fig.09 &10 ) as well 

as in the N-S direction. From the time structure map 

also shows that high trend with fault closure 

surrounded by producing or non-producing wells. A 

In-lines and cross-line (interpreted) passing through 

well 351 in the LFPS-area boundary shown in Figure 

11. 

 

                             

 
Fig. 09. shows Time Structure map at upper 
palecence top and Sand isolith map of UL-I pay in 
LFPS assigned boundary. 
 

                                

Fig10. Time Structure map at Lower Eocene Level 

Top –in the assigned interpretation project . 

(Whole Project) 

 

 

 

  

 
Fig11. An Inline and Cross line passing through a 

oil well within  LFPS assigned boundary. 
 

 

Conclusion: 
 

Low-frequency passive method is more 

useful/successful in distinguishing between water or 

no hydrocarbons. It is feasible to employ this 

methodology as a tool for hydrocarbon detection and 

also as tool to help in prospect ranking and helps in 

interpretation for hydrocarbon detection. 

Power spectral density of vertical component in the 

area shows some indication of trend of hydrocarbon 

deposition with respect to isolith maps of proven oil 

wells in the present study. 

As this method is considered as prospect ranking 

tool, however validation of this technique is still 

under research in the vicinity of geophysical 

community. 
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