
How Sedimentological Variations in Carbonate-Cemented Sandstones Affect Seismic Impedance* 
By 

Tanima Dutta1, Tapan Mukerji1, and Gary Mavko1 
 

Search and Discovery Article #50130 (2008) 
Posted October 7, 2008 

 
*Adapted from oral presentation at AAPG Annual Convention, San Antonio, TX, April 20-23, 2008 

 
1Stanford University, Stanford, CA. (tanima@stanford.edu) 

 
Abstract 

 
Our goal is two-fold: (1) to identify the sedimentological variations within carbonate cemented-sandstones and (2) to quantify their 
effects on P-impedance. To accomplish this goal, we identify the relationship between carbonate cementation and key stratigraphic 
surfaces, such as the incision surfaces and the flooding surfaces. Next, we use rock-physics models to quantify the impact of sediment 
parameters on P-wave impedance. We find that the carbonate-cemented sandstones are extremely heterogeneous in nature, even 
within a depth interval of ~60 meters in our study area at offshore Equatorial Guinea, West Africa. Their grain-size, sorting, 
mineralogy, clay-content, amount of cement and degree of leaching vary considerably. However, these sedimentological variations 
can be classified into two distinct clusters in the P-impedance vs. porosity domain. The carbonate-cemented sandstones from the base 
of incision surface are usually associated with lower shaliness, lower porosity, and higher P-impedance. On the contrary, data from the 
top of flooding surfaces exhibit higher shaliness, higher porosity, and lower P-impedance. The porosity- impedance trends of the data 
are quantitatively interpreted using rock-physics models. For example, the constant-cement model with 1% carbonate cement fit the 
porosity-impedance trends derived using well data. In conclusion, the carbonate cements can be classified into two groups with 
distinct sedimentological properties, porosity, and seismic impedance. Rock physics models are useful to quantify these 
sedimentological properties based on porosity-impedance trends. 
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Presenter
Presentation Notes
I will talk about how sedimentological variations in carbonate-cemented sandstones affect seismic impedance. The co-authors in paper : … are affiliated with rock physics laboratory in S.U.The data used in this study are from Equatorial Guinea, West Africa. We acknowledge Hess Corporation for providing us the necessary data . 
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Uncemented sand

Carbonate cemented sand

0.5 Km.
Scale

Carbonate cement in deep-water, West Africa

Data Acknowledgement: Hess Corporation

Presenter
Presentation Notes
Here, I show a vertical seismic section and log data from deep-water environment, West Africa. Based on the core-observations, we know that these are carbonate-cemented sands below uncemented sandstones. The seismic data shows that carbonate-cemented sands are laterally persistent for a few kms. Characterizing these carbonate cements from seismic data is important for field development.
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Motivation

Carbonate cementation affects Reservoir 
quality and Fluid flow. 

Sedimentological 
variations in 

carbonate cement
Seismic Impedance

Sedimentological 
variations in 

carbonate cement

Presenter
Presentation Notes
Carnonate cements> flow barrier > compartmentalize the reservoir. For characterizing these carbonate cements, it is important to identify their sedimentological variations and their link with seismic data. This is the main objective of present study.
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Objective

• Identify sedimentological parameters within 
carbonate-cemented sand interval and their 
response on Porosity and P-impedance

• Quantify the effects of sediment parameters on P-
impedance using Rock Physics model 

Presenter
Presentation Notes
Continue from prev slide..My other objective is to test the predictions of effective medium models with well-log data from these intervals. Also, carbonate cements show interesting response at far offset. I will explain that by AVO modeling. Throughout my presentation, I have used data from one single well.
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Mineralogy of Cement (Calcite and Ankerite)
Amount of Cement ( 2 to 40%)
 Sorting (sorting coefficient 0.75 to 2.75 )
Clay content

Key sedimentological parameters

Presenter
Presentation Notes
We have considered four different sedimentological parameters: mineralogy and amount of carbonate cement, sorting or grain-size variation and clay content. Now, let’s see how do they affect porosity and seismic impedance.
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Mineralogy of  cement is variable: Calcite to Ankerite
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Plagioclase
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Ankerite
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Ordered mixed-layer illite/smectite with 40 to 50 percent smectite layers
Illite and Mica
Kaolinite
Chlorite

XRD analysis of 11 samples from 
carbonate-cemented zone

Presenter
Presentation Notes
1st I determine that mineralogy of carbonate cement is variable.I obtain the mineralogy of carbonate-cemented sand from XRD analysis of 11 samples at different depths. Different colors represent different mineralogy. This  red indicates calcite and the magenta indicates ankerite. So, the carbonate cement is not entirely composed calcite, but it contains ankerite. Ankerite is sedimentologically an intermediate product between calcite and dolomite.Now, how do they affect seismic velocities?1157.25   1162.6  1163.15 1166.12 1179.25 1186.44 1211.25 1216.64 1216.85 1219.07 1226.2Log depth: 1159.25 1164.6 1165.15 1168.12 1181.25 1188.44 1213.75  1219.14	 1219.35  1221.57	 1228.7
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Effects of mineralogy on P-impedance
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Calcite cement occludes all 
interparticle pore space

40% calcite

Q

F

C

Carbonate diagenesis destroys and enhances 
porosity

Ankerite cement is more prone to 
leaching than calcite cement

15% ankerite

Q

A

Porosity reduces Porosity enhances

Presenter
Presentation Notes
As we all know, one interesting behavior in carbonate diagenesis is that it can destroy porosity as well as enhance porosity.In this slide, I show two examples of this extreme behavior. In the left thin-section, we don’t see any porosity. It is all occluded by the calcite cements (light grey color mineral). On the contrary, look at the thin-section at right. It shows huge macropores developed by leaching of ankerite cement. Ankerite is more prone to dissolution, and gives rise to secondary porosity.Also, the cement volume is variable.
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P-impedance increase with carbonate-cement volume
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Presenter
Presentation Notes
The horizontal axis shows the carbonate solid volume obtained from XRD measurement. The vertical axis show the P-impedance obtained from well log at the corresponding depths. We observe than P-impedances increases with increase in carbonate cement volume.Now, does the variable cement volume means that sorting is constant? In order to check this, . . .
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Sorting coefficient from grain-size distribution
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Presenter
Presentation Notes
I compute sorting coefficient from grain-size analysis data. I make this figure to show the entire distribution of grain-size at different depth. Tighter the distribution, better is the sorting. I use this formula to compute sorting coefficient. p represents percentile of grain size expressed in the phi-scale. Now, the question is: how does sorting affect porosity and impedance?
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Effect of sorting on porosity and P-impedance
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Presenter
Presentation Notes
The left figure shows porosity vs. P-impedance color-coded by sorting coefficient. The blue color indicates better sorting, and the red color indicates poor sorting. Better sorted, cemented sandstones are usually associated with higher porosity--but, not always. However, impedance does not depend linearly on sorting.Right figure shows data in the domain of sedimentary texture (sorting coefficient and  grain size ). color-coded by P-impedance. In this figure, the grey points indicate data from all the lithofacies within a sequence, while the colored points indicate data only from the carbonate-cemented sandstones. We observe an inverted ‘V’ pattern. Furthermore, we observe that sorting is better for coarse and fine end-members of grain-size. The fine end-members have better sorting than coarse end members. The lowest sorting coefficient, 0.75, is observed when the grain-size is very fine. On the contrary, the coarsest end member has sorting value 1.25, higher than the finest grain-size. The sorting becomes poorer by mixing different grain-sizes. Sorting coefficient decreases from 0.75 to 2.75 as coarse fractions are added to the fine fractions. This coefficient increases from 1.25 to 2.75 as fine fractions are added to the coarse grains.
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Presenter
Presentation Notes
Next, we study the effect of shaliness on porosity and P-impedance. And, clay content clearly separates the data in two distinct clusters. But, there is one surprise for us. Usually, we, the rock-physicists, expect higher porosity to be associated with lower shaliness. Here, we observe the opposite. The P-impedance decreases with increase in shaliness.Next, how can we explain this anomaly?
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Presenter
Presentation Notes
In order to explain the anomalous behavior, we consider the ‘Link’ between stratigraphic surfaces and carbonate cementation. Left is the gamma ray log and the right is P-impedance vs. porosity. The stars indicate the zones where we have carbonate cementation in the well.
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Presenter
Presentation Notes
We identify different parasequences bounded by flooding surfaces based on the patterns on the well log. During flooding or relative rise in sea-level, we expect sedimentation at low energy, mostly shale. We observe maximum gamma ray value at flooding surfaces. We observe that data from the top of the FS have higher porosity and lower impedance. This could be due to the fact that secondary porosity is developed near flooding surface due to influx of meteoric water which is under-saturated in carbonate.
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Identification of geological parameters within 
carbonate-cemented interval significant for 
Reservoir Quality

Mineralogy of Cement (Calcite and Ankerite)
Amount of Cement ( 2 to 40%)
 Sorting (sorting coefficient 0.75 to 2.75 )
Clay content and relevance to stratigraphic surface

Challenge: Incorporate all these variables in a 
single Rock Physics Model

Presenter
Presentation Notes
So far, I have shown that carbonate cement is sedimentologically more heterogeneous than silica cement. These are the variables I talked about , variables that affect porosity and seismic impedance. Now, the challenge is to incorporate all these variables in a single Effective Medium Model to predict the effective elastic moduli for carbonate-cemented sandstone.
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Identification of geological parameters within 
carbonate cemented interval significant for 
Seismic Impedance

Mineralogy of Cement (Calcite and Ankerite)
Amount of Cement ( 2 to 40%)
 Sorting (sorting coefficient 0.75 to 2.75 )
Clay content

Presenter
Presentation Notes
So far, I have shown you that carbonate cement is sedimentologically more heterogenous than silica-cement. These are the variables I talked about , which affect porosity and seismic impedance. Now, the challenge is to Incorporate all these variables in a single Effective Medium Model to predict the effective elastic moduli for carbonate-cemented sandstone.
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Rock Physics Model for Cemented Sands

Step 1: Identify  critical porosity (~15%)

Porosity

P-Impedance

Critical porosity 

Mineral Point 

A

Presenter
Presentation Notes
I have tested different effective medium models: granular media models, differential and modified differential effective media models and Berryman’s self-consistent models. Due to time constraint, I talk about only two models which are commonly used in silica cement. The other rock physics models are printed in the abstract.This is the P-impedance vs. porosity plot. A and B represent data classified by different stratigraphic surfaces, porosity and shaliness. The magenta line is predicted by contact cement model, which fits cluster A but not cluster B. The red line is predicted by constant cement model . Const cem model with 2% const. cement fits the mean of the clusters of data. It fits both the clusters.So, why one model fits the data, other does not? Although const cement model fits the data, is it geologically reliable?
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Rock Physics Model for Cemented Sands

Step 2: Compute Impedance at the critical porosity

Porosity

P-Impedance

Critical porosity 

Mineral Point 

A

B
Hertz-Mindlin Theory

Presenter
Presentation Notes
I have tested different effective medium models: granular media models, differential and modified differential effective media models and Berryman’s self-consistent models. Due to time constraint, I talk about only two models which are commonly used in silica cement. The other rock physics models are printed in the abstract.This is the P-impedance vs. porosity plot. A and B represent data classified by different stratigraphic surfaces, porosity and shaliness. The magenta line is predicted by contact cement model, which fits cluster A but not cluster B. The red line is predicted by constant cement model . Const cem model with 2% const. cement fits the mean of the clusters of data. It fits both the clusters.So, why one model fits the data, other does not? Although const cement model fits the data, is it geologically reliable?
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Rock Physics Model for Cemented Sands

Step3: Interpolate using theoretical Upper Bound 
(Hashin-Shtrikman)
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Presenter
Presentation Notes
I have tested different effective medium models: granular media models, differential and modified differential effective media models and Berryman’s self-consistent models. Due to time constraint, I talk about only two models which are commonly used in silica cement. The other rock physics models are printed in the abstract.This is the P-impedance vs. porosity plot. A and B represent data classified by different stratigraphic surfaces, porosity and shaliness. The magenta line is predicted by contact cement model, which fits cluster A but not cluster B. The red line is predicted by constant cement model . Const cem model with 2% const. cement fits the mean of the clusters of data. It fits both the clusters.So, why one model fits the data, other does not? Although const cement model fits the data, is it geologically reliable?
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Rock Physics Model for Cemented Sands

Cementation : Stiffest way to add materials in pore-space.

Porosity
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Critical porosity 

Hertz-Mindlin Theory

Presenter
Presentation Notes
I have tested different effective medium models: granular media models, differential and modified differential effective media models and Berryman’s self-consistent models. Due to time constraint, I talk about only two models which are commonly used in silica cement. The other rock physics models are printed in the abstract.This is the P-impedance vs. porosity plot. A and B represent data classified by different stratigraphic surfaces, porosity and shaliness. The magenta line is predicted by contact cement model, which fits cluster A but not cluster B. The red line is predicted by constant cement model . Const cem model with 2% const. cement fits the mean of the clusters of data. It fits both the clusters.So, why one model fits the data, other does not? Although const cement model fits the data, is it geologically reliable?
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Testing Cemented-sand model with data

HS+

Carbonate Cementation Trend

HS-

Model 
Predictions

Presenter
Presentation Notes
I have tested different effective medium models: granular media models, differential and modified differential effective media models and Berryman’s self-consistent models. Due to time constraint, I talk about only two models which are commonly used in silica cement. The other rock physics models are printed in the abstract.This is the P-impedance vs. porosity plot. A and B represent data classified by different stratigraphic surfaces, porosity and shaliness. The magenta line is predicted by contact cement model, which fits cluster A but not cluster B. The red line is predicted by constant cement model . Const cem model with 2% const. cement fits the mean of the clusters of data. It fits both the clusters.So, why one model fits the data, other does not? Although const cement model fits the data, is it geologically reliable?
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Testing Cemented-sand model with data

HS+

Carbonate Cementation Trend

HS-

Presenter
Presentation Notes
I have tested different effective medium models: granular media models, differential and modified differential effective media models and Berryman’s self-consistent models. Due to time constraint, I talk about only two models which are commonly used in silica cement. The other rock physics models are printed in the abstract.This is the P-impedance vs. porosity plot. A and B represent data classified by different stratigraphic surfaces, porosity and shaliness. The magenta line is predicted by contact cement model, which fits cluster A but not cluster B. The red line is predicted by constant cement model . Const cem model with 2% const. cement fits the mean of the clusters of data. It fits both the clusters.So, why one model fits the data, other does not? Although const cement model fits the data, is it geologically reliable?
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Conclusion

 Clusters in impedance-porosity-shaliness 
crossplot can be linked to key stratigraphic 
surfaces.

 Cement volume/ porosity can be quantified 
from P-impedance using a Rock physics model.

Presenter
Presentation Notes
From Gary Mavko:The model fits the data fairly well, and is therefore a useful interpretation tool 2. In detail, the model assumptions are not entirely consistent with the observations, since the cement is actually somewhat variable. One research question, therefore, is to understand the fit and the sensitivity of the model parameters. 
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Thank You.
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