
Reducing Uncertainties in Seismic Amplitude Interpretation-A Case Study 

Ravi Mishra*(EEPL), Urmi Surve (EEPL), D. Pavithran (EEPL) and Ashish Kumar (EEPL) 

Email: ravimishragp@gmail.com 

 

 

Keywords 

 

Soft sands, pore shape, sorting, geological controls and seismic amplitudes 

 

Summary 

 

From exploration to exploitation of hydrocarbon, 

understanding seismic amplitude is a key as it varies 

with change in rock and fluid type.  

 

In this case study, an effort has been made to 

diagnose the main geological controlling factors of 

seismic amplitudes in siliciclastic rocks of Plio-

pleistocene. Analysis of seismic response is based on 

the rock physics model of soft sands. It is found that 

the seismic amplitudes in the intervals of study are 

dominantly controlled by sorting of the grains of the 

soft sands deposited in deltaic environment as 

compared to the other competing geologic variables 

in the subsurface such as depth, temperature,  

pressure, salinity, provenance,  sedimentation rate,  

source rock type, and timing of charge, structuration, 

and uplift. 

 

This study can be applied to the basins with high rate 

of sedimentation leading to under compaction such as 

East coast of India, Niger delta, Gulf of Mexico, and 

other such basins around the world 

 

Introduction 

 

The area of study (Offshore, Niger Delta) consists of 

two wells: Well 1 and Well 2 approximately 17 Km 

apart. Each well has three sands namely S1, S2 and 

S3. S1 sand of Well 1 has both oil and gas (Fig.1a) 

whereas only S3 sand of Well 2 is gas bearing (Fig. 

1b).The depth of the sands ranges from 1800 (S3, 

Well 2)  to 2200m (S1, Well 1). For rock physics 

analysis, pay zones S1(Well 1) and S3 (Well 2)  

water saturated S1 sand of Well 2 were considered to 

cover the seismic reflections from all possible fluid 

scenarios. 

 

Seismic amplitudes associated with the pay sands are 

displayed on the zero offset seismic section 

(Intercept) with their corresponding petrophysical 

logs (lithology, water saturation, Sw, and Phie) 

(Fig.1a and 1b).The reason for taking intercept 

instead of full stack is because it has seismic 

amplitude from the acoustic impedance contrasts and 

other seismic offset related problems (e.g. bandwidth, 

NMO stretch etc.) are removed. 

 
Fig. 1(a) showing seismic section (intercept) with location of the 

Well 1 and (b) seismic section with location of Well 2 where the 

three sands S1, S2 and S3 from petrophysical logs are shown 

next to seismic. Tops of corresponding sands are also marked 

on seismic section. 

 

The objective here is to find the main geologic 

controls and processes affecting the elastic properties 

of the sands which govern seismic amplitudes in the 

area of study. Rapid sedimentation rate in the delta 

has resulted in the under compaction of the 

sediments.  



Based on regional understanding about the                                          

sedimentation rate and processes, rock physics model 

developed by Vernik and Kachanov (2010) known 

as Soft Sand Models 1 and 2, has been adopted. Rock 

physics template using the two models together in 

elastic moduli vs porosity template allows to  

 

1) diagnose main controls on the elastic 

properties of the sands under study, thus 

seismic amplitude and  

2 )  visualize distinct vectors of variations in 

their elastic properties. 

 

Additional information that can be extracted from the 

template is the assessment of pore shape. This 

evolves from softer, concave geometries at higher 

porosities to stiffer, triangular and rectangular shapes 

in lower-porosity rocks with substantial amounts of 

quartz cement as commonly observed from thin 

section (Vernik, L., pg. 57, 2016). 

 

Theory 

 

The inherent difficulty in interpreting seismic 

amplitude is that the number of variables required to 

produce the elastic properties of porous rock is larger 

than the number of number of seismic observables 

(Dvorkin et al., 2014, pg. xiii).Therefore, it is 

difficult to interpret seismic amplitude while de- 

risking an exploration prospect or during enhanced 

recovery. It can be understood well if the geological 

controls like depth, temperature, pressure, salinity, 

provenance   sedimentation rate, depositional 

environment, source rock type, and timing of charge, 

structuration, and uplift are known. Not all of these 

vary simultaneously between calibration wells 

(Dunne, 2011).  

 

Amplitude interpretation becomes a bit easier if the 

variable can be reduced to few. This can be assisted 

by making a rock physics model at the target level, 

which consists of the above mentioned geologic 

controls.  

 

Seismic amplitude depends upon the rock (dry frame) 

and fluid properties and is modeled by compressional 

and shear moduli (fluid saturated case) with 

poroelastic theory by Biot (1956) and Gassmann 

(1951). 
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                                   Gb=Gd 

 

Where Mb and Gb are the undrained fluid saturated 

P-modulus and shear modulus, Md is the drained(dry) 

frame P-wave modulus, β is the Biot’s coefficient , 

which is given by β=1-Kd/Km, ϕ is the porosity, and 

Kf and Km are the fluid and matrix bulk moduli. 

Effective fluid modulus is given by 

                         Kf=(
𝑆𝑤
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+

1−𝑆𝑤

𝐾ℎ𝑐
)
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                  (2) 

 
where Sw, Kw and Khc are the brine saturation, bulk 

modulus of brine and hydrocarbon respectively. 

 

The area of study falls under high sedimentation rate 

which has caused under-compaction of the Plio-

pleistocene sediments. Porosity of poorly 

consolidated grain-supported sands (both clean 

arenites and arenites) is largely determined by their 

grain sorting and packing coordination; the latter is 

controlled by mechanical compaction in the near-

surface environment (Vernik, L., pg. 57, 2016). The 

consolidation porosity 𝜙𝑐 marks the transition band 

where the micromechanics of effective elasticity, in 

principle, should change (Vernik and Kachanov, 

2010). At higher porosities, specifically from the 

consolidation porosity φcon to the critical porosity 

φc (depositional porosity), the amount of 

intergrannular cement in grain-supported sands is 

lacking or very insignificant (Vernik, L., pg. 61, 

2016).  

 

Therefore, the micromechanics of effective elasticity 

in poorly consolidated arenites and clean arenites is 

different from that in consolidated sandstones — it is 

controlled by the statistics and evolution of grain 

contacts, as a result of mechanical adjustment, grain 

rotation, and initial, minute pressure solution between 

quartz and/or feldspar grains. These processes can be 

collectively referred to as mechanical diagenesis and 

are reflected by changes in the slope of P wave-

velocity or compressional modulus-versus-porosity 

curves (Fig.2) at the consolidation porosity (Vernik, 

1998). 

 

 



 
Fig.2 Schematic diagram of rock physics template showing 

modulus vs. porosity for poorly consolidated sands.P1, P, P3 

are the pore shape factors, ϕc1, ϕc2, ϕc3 are the critical 

porosities and ϕcon1, ϕcon2, ϕcon3 are the consolidation 

porosities. 

 

Further, consolidation porosity can be determined by 

the grain-sorting and packing. In other circumstances 

it could also be controlled by the geothermal gradient 

— the higher the temperature and the greater the 

pore-saturating brine activity, the greater is the 

chance for the onset of chemical diagenesis early in 

the burial history of the sediment; that is, at higher 

porosity (Vernik, L., pg. 57, 2016).Because of the 

reasons mentioned above, dry frame, which also 

depends on the pore shape (texture and cracks etc.),   

controls the seismic amplitude depending on how 

stiff or soft it is. The stiffer the frame (compliance 

contributions of the mineral and pore space stiffness), 

the lesser the sensitivity of the seismic amplitude to 

fluid present in the pores. 

 

In siliciclastic deposits, pore shape changes owing to 

the grain size, sorting, mechanical and chemical 

compaction. The chemical compaction starts standing 

out after a particular temperature and burial depth. 

Petrology and basin modeling can be helpful in 

predicting how and where it might occur. Effective 

dry rock compressional and shear modulus Md and 

Gd for Soft Sand Model 1 (Vernik and Kachanov, 

2010) is: 

𝑀𝑑 = 𝑀𝑐𝑜𝑛 (1 −
ϕ − 𝜙𝑐𝑜𝑛

𝜙𝑐 − 𝜙𝑐𝑜𝑛
)

𝑛
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where n and m are the empirical exponents.it is found 

that the selection of n=2.00 and m=2.05 exhibit 

reasonable fit to the data. The application of the 

above model is limited to 𝜙 − 𝜙𝑐𝑜𝑛 range only. The 

effect of pore shape on the dry frame compressibility 

can be described by a factor 𝑝.In general, the shape 

factors are different for bulk and shear moduli, so 

p ≠ q. Dry frame compressibility 𝑀𝑐𝑜𝑛 = 𝐾𝑐𝑜𝑛 +

(
4

3
) 𝐺𝑐𝑜𝑛 at consolidation porosity 𝜙𝑐𝑜𝑛 is 

calculated from the following equation (4) by Vernik 

and Kachanov, 2010: 
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Where ɳ0=0.3+1.6ϕ, d=0.07and𝜎are the crack 

density at zero stress, compaction coefficient and the 

effective stress. p is given by 3.6+bϕ and p=q for 

ϕ>0.03.𝐴(𝜈𝑚)and𝐵(𝜈𝑚) are given by  

 

𝐴(𝑣𝑚) =
16(1 − 𝑣𝑚 ∗ 𝑣𝑚)

9(1 − 2𝑣𝑚)
 

                                                                                 (5) 

𝐵(𝑣𝑚) =
32(1 − 𝑣𝑚)(5 − 𝑣𝑚)

45(2 − 𝑣𝑚)
 

 

where 𝑣𝑚  is the Poisson’s ratio of the matrix 

minerals. Effective dry rock compressional and shear 

modulus Md and Gd for Soft Sand Model 2 (Vernik 

and Kachanov, 2010) is: 

 

𝑀𝑑 = 𝑀𝑚 (1 + 𝑃
ϕ

1 − 𝜙
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ϕ
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The match can be optimized by using the coefficients 

p and q either as fitting parameters or as those based 



on an empirical formula  relating them to the 

effective stress and hence, to the level of mechanical 

compaction.  

 

Here empirical relation q=0.36+0.98p has been 

adopted. Schematic diagram for the rock physics 

template for Soft Sand Model 1 and 2 is shown in 

Fig.2. 

 

Dry rock frame obtained either from Soft Sand 

Model 1(Eqn.3) or Soft sand Model 2 (Eqn.6) 

including fluid moduli (Eqn.2) when put in 

Gassmann’s equation (Eqn.1) results in elastic 

properties (Vp, Vs or Mb) of the target reservoirs for 

different fluid scenarios. Bulk density is obtained 

from 

 

                       𝜌𝑏 = 𝜌𝑚 (1 − ɸ) + 𝜌𝑓 𝜙               (7) 

 

where 𝜌𝑚 and 𝜌𝑓 are matrix and fluid density 

respectively. The elastic properties are plotted on a 

template containing acoustic impedance (AI) vs. 

reservoir property (ϕ) to understand the impedance 

contrasts for sand-shale combinations assuming 

different fluid scenarios.  
 

 

Notice that in Gassmann fluid substitution, isotropic 

medium has been assumed. Isotropic fluid operations 

are fairly accurate in case of weak anisotropy 

produced by weak elastic contrasts (Mavko and 

Bandyopadhyay, 2008). 

 

For rock physics modeling, Vcl (smectite)=10% and 

Vqtz=90% has been assumed because sand intervals 

under study has Vcl range ~10-15%.The rock physics 

models-Soft sand Model 1 (at 10, 20 and 30 MPa) 

and Soft Sand Model 2 have been generated 

considering minerals such as quartz and clay by 

corroborating with drill cuttings in the intervals of 

interests with their fractions 90% quartz and 10% 

clay for cleaner sands.  

 

Soft Sand Model 1 at 10, 20 and 30 MPa  is realized 

using three end member pairs of ɸcon and ɸc: 18-

30%, 22 to 34%, and 26 to 38%.Four curves of Soft 

Sand Model 2, representing pore-shape factors p of 

15, 25, and 45, cross the grain of model 1 at oblique 

angles (Fig.3).Other material properties considered in 

modeling has been shown in Table-1. 

Discussions 

 

Each pay interval whether saturated with oil (e.g. S1 

of well 1) or gas (S3 of Well 2) produce seismic 

anomaly whereas water saturated sands (S1 of Well 

2) has feeble amplitudes as shown in Fig.1a and 1b. 

The dry frames of the pay sands (obtained from 

rearranging the  Gassmann’s equation) encountered 

in Well 1 and 2, when plotted with porosity, appear 

to be softer (i.e. lower pore space stiffness) and 

congressional modulus increases slightly in gradual 

fashion with the decrease in porosity along Soft Sand 

Model 2 at pore shape factor P3:45 (Fig.3).             

 

 
Fig.3 Rock physics template showing Soft Sand Model 1 and 2 

with inverted dry compressional modulus (inverted from logs) 

of the sands under study. The dry frame sand intervals from 

logs are color coded just to know whether it is from oil or gas 

zones. 

 

Pore shape is dominantly a function effective stress 

along mechanical compaction trend and it decreases 

with increase in the effective pressure i.e p=A.𝜎−𝐵, 

where σ is effective stress (Mpa) and the parameters 

A and B are affected by the level of elastic unloading 

that is due to overpressure or uplift or erosion late in 

diagenetic history (Vernik, L., pg. 64, 2016). Here 

σ=25MPa, A=700 and B=0.85 have been considered. 

Apart from P3 at 45, two other Soft Sand Model lines 

were generated at P1:15 and 25 to assess the impact 



of the effective stress at both the locations. This 

suggests that the dry frames of the pay sands from 

both the locations plot majorly along a single 

modeled line. The template exhibits that even at 

~18% porosity, the compaction trend is not changing; 

this suggests that the sands are soft and un-cemented.  

 

Further, the sands are deposited in deltaic 

environment and petrophysical analysis (not covered 

in this paper) suggests that salinity of the sands is in 

the range of 34000-36000 ppm. The average effective 

pressure of the reservoirs from the locations is 25 

MPa. This suggests that effects of sediment 

compaction and salinity of brine are almost similar at 

the locations.  

 

The area of study also does not have any history of 

thin or thick skin tectonic inversion. Therefore, 

tectonic inversion related rock fracturing can be ruled 

out.  

 

Moreover, as far as source rock and its type (Type II 

and III in our case) is concerned, it is either below the 

intervals of study or basinward on the basis of 

regional data study. As we know thermally matured 

and organically rich source rock when overlain by 

inorganic shale generate seismic anomaly. This also 

suggests that the intervals of study are also not 

affected by source rock. 

 

Temperature range of the reservoirs is 50-60 deg. 

Cel. When the in-situ temperature ranges from 70 to 

150 Deg. Cel. smectite alters to illite (Bruce, 1984; 

Swarbrick and Osborne, 1998) and  this process leads 

to the grain contacts getting cemented because of 

quartz precipitation. This also suggests that the 

reservoir intervals S1, S2 and S3 don’t have enough 

temperature to initiate chemical compaction because 

the clay mineral has not undergone transformation 

due to lower temperature than required (e.g. smectite 

to illite).Nonetheless, it has assumed here the lowest 

consolidation porosity 𝜙𝑐𝑜𝑛 is 18% for soft Sand 

Model 1 and below this porosity, chemical 

consolidation may begin owing to temperature driven 

mineral transformation. Further, Fig.3 also infers that 

the critical porosity 𝜙𝑐 (i.e. depositional porosity) in 

the intervals are varying from 38 to 30% and is 

further less depending upon sorting, which ultimately 

is linked to environment of deposition. The template 

in Fig.3 does show data points to the left of Soft sand 

Model 1(10 Mpa) which indicates that sorting is 

further poorer. None of the pay intervals show 

dominant trend along Soft Sand Model 1. Therefore, 

Rock physics template suggests that the reduction in 

porosity and gradual increase in velocity is due to 

sorting effect under similar effective pressure from 

both the locations. 

 

Fluid effect on the seismic amplitude depends upon 

the stiffness of the frame. In this case study, the pay 

sands appear to be unconsolidated and un-cemented. 

The pore saturating fluids are oil (40 deg. API) and 

gas. This suggests that the sensitivity of the seismic 

amplitudes to the fluid is expected. 

 

 
Fig.4 showing the soft sands in different fluid scenarios (oil, gas 

and water) and the shales from the top of the respective sands. 

Impedance contrasts between shales and water sands are feeble 

whereas hydrocarbon saturated sands are well separated. 

 

Under the in-situ conditions, the pay sands are 

saturated with different fluids (i.e. oil, gas). After 

Gassmann's fluid substitution, the sands are taken to a 

common fluid level i.e. 100 % brine saturation, then 

replaced with oil (So=80%) and gas (Sg=90%) and 

have been shown in acoustic impedance vs. porosity 

plane (Fig. 4). Shales are also plotted by 

selecting from the top of the respective sand 

intervals. Fig.4 shows that the impedance contrast 

between shales and the water sands are not 



significant .This means the expectations in terms of 

seismic amplitude from the shale/water sand 

interface are feeble across the porosity range ~18-

33%. The oil saturated sands fall almost in the middle 

of gas sands and shales. This shows that oil zones can 

also be detected besides gas under this type of 

geological set up. 
 

Conclusions 

 

Rock physics analysis suggests that sands in the 

study area are un-consolidated and un-cemented. The 

dominant geological factors extracted from the 

compressional modulus-porosity plane after 

establishing relationship between elastic and 

reservoir property & lithology are sorting of the 

sands and the type of the fluid present in it.  

Therefore, the seismic amplitudes are controlled by 

sorting and fluid effect rather than the other 

competing geological factors, as supported by the 

seismic amplitudes at the drilled locations. Rock 

physics template also assess that the pore spaces are 

of concave geometry. Shales and water sand 

combinations are found to generate feeble amplitude. 

Other seismic phenomenon, that is tuning effect, 

which is not discussed in this paper, can also affect 

the amplitudes. 
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