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Abstract 

 

Multicomponent Seismic Characterization and Image Comparison- Fasken 
Ranch, Andrews County, Texas 

  

Fatma Kubra Arisoy, M.S. Geo. Sci 

The University of Texas at Austin, 2015 

 

Supervisors:  William L. Fisher and Bob A. Hardage 

 
 

This study uses multicomponent 3C3D seismic data integrated with well data to 

analyze the Western platform of the Midland Basin in Andrews County, Texas. The 

conventional P-P wave mode data are compared with the converted wave P-SV mode. In 

addition, a newer converted wave mode, SV-P, was produced by a vertical vibrator source 

and recorded with only vertical geophones. This research is one of the first to determine the 

efficiency of this newer converted-mode, SV-P, seismic data.  This work considers if and 

how multicomponent seismic data can advance the characterization of Wolfberry 

unconventional reservoirs and its associated stratigraphy in the study area.   
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Chapter 1: Introduction 
 

1.1 Motivation: Why Multicomponent Seismic Technology?  
 

Geologists have long observed initial clues about the subsurface by examining surface 

features (e.g. outcrops, river valleys, hills, etc.). They then achieved greater understanding of 

the subsurface by drilling wells and analyzing the rocks that were penetrated so that they 

would have a better understanding of the distribution of rock facies.  To ascertain the various 

conventional and unconventional resources still undiscovered, the oil and gas industry now 

utilizes several remote sensing methods such as seismic imaging to evaluate hydrocarbon-

bearing strata. Today, nearly every target from shallow to deep or simple to complex can be 

explored with increasing accuracy with the help of innovative technologies and new points of 

view. 

Multicomponent seismic technology is one such development that can help geoscientists 

obtain more detailed information about surface geology and assist them in locating new and 

significant hydrocarbon sources. Multicomponent seismic technology allows new geologic 

and engineering applications to be implemented, in addition to giving more confidence to 

interpreters of subsurface geology. 

The three-dimensional multicomponent seismic data (3C3D) used in this research, 

include not only down-going P-waves and up-going P-waves (P-P), but also the additional 

seismic modes of down-going P-waves and up-going SV-waves (P-SV) and down-going SV-

waves and up-going P-waves (SV-P).  SV-P imaging technologies from reflection signals 

acquired using vertical vibrators and vertical geophones are being developed by the 

Exploration Geophysics Laboratory at The University of Texas at Austin (Hardage et al., 

2014).  P-P data are the principal data used for exploration because converted modes require 
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more complicated seismic data processing and more costly multicomponent seismic data 

acquisition equipment.  More specifically, the cost of horizontal vibrators to generate direct 

S-waves and the use of 3C geophones to record S-wave data can sometimes prevent the use 

of multicomponent seismic data. Otherwise, multicomponent seismic technology would have 

led geoscientists to a better understanding of the subsurface long ago. An important principle 

championed by Hardage and Wagner (2014) is that more robust seismic interpretation can be 

done when an interpretation project uses both compressional (P) and shear (S) data rather 

than using only one seismic mode, whether that mode be a P mode or an S mode.  
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1.2 Objectives and Significance 
 

The objective of this thesis is to demonstrate the ability of multicomponent seismic 

technologies to improve the characterization of unconventional Wolfberry reservoirs in the 

Midland Basin of West Texas. 3C3D seismic data are used to analyze the Wolfberry interval 

and associated stratigraphy. Because there is a long history of academic and industrial 

interest in the Permian basin, this work could improve future development of this important 

oil and gas producing basin. Thus, my objective is to determine whether 3C3D seismic data 

can advance the characterization of Wolfberry unconventional reservoirs.  	  
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Chapter 2: Study Area and Data Description 
	  

2.1 Study Area 
 

One of the largest unconventional plays in the United States is the Wolfberry play in the 

Midland Basin, located in West Texas and southeastern New Mexico (Figure 2.1-1). The 

Midland Basin is the largest component basin of the Permian Basin, which is one of North 

America’s most prolific oil and gas-producing regions. Wolfberry wells produced almost 55 

million barrels of oil in 2011, and potential exists for that figure to double in a few years 

(Hamlin and Baumgardner, 2012).  

      
Figure 2.1-1: Location of the Midland Basin (Harris and Walker, 1990). 
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Figure 2.1-2: Well locations and cross sections used by Hamlin and Baumgardner 
(2012). Cross section C-C’ passes through the Fasken seismic survey area.	  
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Hamlin and Baumgardner (2012) characterized Wolfberry lithofacies into three rock 

types: (1) a siliciclastic group composed of sandstones, siltstones, and mudrocks that have a 

low carbonate content, (2) a calcareous group consisting primarily of calcareous mudrocks, 

and (3) carbonates (defined as rock units that have more than 50-percent carbonate).  The 

distributions of these rock types, along the CC’ cross-section in Figure 2.1-2, are represented 

by: blue for carbonate, yellow for siliciclastic, and pink for calcareous group (Figure 2.1-3).  

	  

	  

	  
	  
Figure 2.1-3: Cross section C-C’ of the previous figure (Figure 2.1-2). The location of 
the Fasken 3C3D seismic area is drawn as a dashed box at top of figure. This cross 
section corresponds to the upper half of Fasken seismic data (Modified from Hamlin 
and Baumgardner, 2012).  
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The upper Leonardian units (Spraberry - Dean) of the Wolfberry deposits are low 

permeability, deep-water turbidite deposits. Lower Pennsylvanian units are derived from 

highlands uplifted during the late Paleozoic collision of the ancestral North America plate 

with South America and Africa (Ball, 1995). The practical name, Wolfberry play, is used to 

describe the interval that extends from Wolfcamp strata up to the Spraberry Formation 

(Figure 2.1-3).  As a common nomenclature, in this thesis the term interval refers to 

stratigraphic units that have no formation status.  Figures 2.1-4 and 2.1-5 illustrate the log 

curves from wells at the western end of cross-section C-C’. While the data window in Figure 

2.1-4 extends across the upper portion of the Wolfberry interval extending from the Dean up 

to Middle Spraberry, the data window in Figure 2.1-5 extends across the lower portion of the 

Wolfberry interval extending from the Wolfcamp up to the Dean. These two figures (2.1-4 

and 2.1-5) expose the lateral and vertical discontinuity and heterogeneity of Wolfberry 

unconventional reservoirs. Figure 2.1-6 shows the stratigraphic column of the Permian Basin, 

with the area of interest shown in a red rectangular box on this figure.   
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Figure 2.1-4: Log curves from wells at the western end of cross-section C-C’. This data 
window extends across the upper portion of the Wolfberry interval extending from the 
Dean up to the Middle Spraberry. The approximate position of the seismic data 
discussed in this thesis is indicated by the bar at the top of the profile (Modified from 
Hamlin and Baumgardner, 2012). 
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Figure 2.1-5: Log curves from wells at the western end of cross-section C-C’. This data 
window extends across the lower portion of the Wolfberry interval extending from the 
Wolfcamp up to the Dean. The approximate position of the seismic data discussed in 
this thesis is indicated by the bar at the top of the profile (Modified from Hamlin and 
Baumgardner, 2012). 
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Figure 2.1-6: Stratigraphic column of Permian basin (Modified from Ball, 1995). Area 
of interest is highlighted with a red box. 
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2.2 Data Description 
 

2.2.1 Seismic Data 
 

The data used in this thesis were collected across the Fasken C-Ranch property located on 

the western platform of the Midland Basin (Figure 2.1-2). The 3C3D seismic data processing 

was done by FairfieldNodal. The Exploration Geophysics Laboratory (EGL), an industrial 

associates program within the Bureau of Economic Geology, offered me a unique 

opportunity to do my research on this project. The industrial partner Fasken Oil and Ranch 

provided me with 3C3D seismic data volumes (P-P, P-SV, and SV-P) that aided in my 

analysis of the unconventional Wolfberry reservoirs. According to the EGL, the SV-P data 

used in this research is the first 3D SV-P data ever built from seismic data produced by 

vertical vibrator sources.  

For this multicomponent data acquisition program, three inline vibrators were used at 

every source station. Each receiver station was occupied by a 110-ft group of 12 vertical 1C 

geophones and each receiver station included a single 3C geophone.  	  

One P-P image used in this thesis was made from data recorded by an array of 12 vertical 

1C geophones. A second P-P image was made from data recorded by the vertical component 

of the single 3C geophones that were deployed at each receiver station. P-SV and SV-P 

images used in this thesis are from the horizontal component of 3C geophones, and the 

vertical components of 3C geophones, respectively. A comparative analysis of SV-P and P-

SV images is important because the logical assumption, based on calculations of P-SV and 

SV-P reflectivities, is that these two converted modes should provide similar or identical 

information about the subsurface geology. However, the Fasken P-SV and SV-P seismic 

images are neither identical nor similar. These differences need to be addressed to determine 
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which seismic mode (P-SV vs. SV-P) is more accurate and reliable when analyzing the 

Wolfberry interval across the Fasken C-Ranch survey area.  

2.2.2 Well Data 
 

Well log data used in this thesis acquired in the FEE AL 910 well on the Fasken seismic 

survey provided P-wave velocity, S-wave velocity, density and stratigraphic top information.  

The FEE AL 910 well was used as my primary calibration well because of its significant 

digital well-log recording suite. Dipole sonic and density logs were used to create P-wave 

and S-wave synthetic seismograms. Additionally, the AU-1 well was used as a control point 

to define depths of some formations. Locations of these two wells inside the 3D seismic 

image coordinates are shown in Figure 2.2.2-1 Table 2.2.2-1 shows the measured depth 

information for key stratigraphic tops, and Figure 2.2.2-2 shows P-wave velocity, S-wave 

velocity, and density curves as a function of depth. 
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Figure 2.2.2-1: Well locations on the seismic survey base map. The FEE AL 910 well 
provided P-wave velocity, S-wave velocity, density and formation tops while the AU-1 
provided only formation tops.  
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Figure 2.2.2-2: Well log data from well FEE AL 910 in the Fasken seismic area. From 
left to right are P-wave velocity, S-wave velocity, and density vs. depth. 
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Name of the 

Stratigraphic Top 

Depth (ft) 

FEE AL 910 AU-1 

Yoakum 4,710.00 4,706.00 

San Andres 5,721.00 5,707.00 

Basal San Andres 7,242.00 7,231.00 

1st Spraberry 8,415.00 8,456.00 

2nd Spraberry 8,850.00 8,916.00 

Dean Lime 9,660.00 9,528.00 

Wolfcamp 9,720.00 9,715.00 

Lower Wolfcamp 10,138.00 10,276.00 

Basal Wolfcamp 10,461.00 10,502.00 

Strawn 10,861.00 10,902.00 

Atoka 11,074.00 11,110.00 

 

Table 2.2.2-1: Measured depths of key stratigraphic tops in the FEE AL 910 and AU-1 
wells. 
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Chapter 3: Geophysical Review 
 

3.1 Multicomponent Seismic Data Processing 
 

The three dimensional multicomponent seismic data (3C3D) used in this research were 

processed by FairfieldNodal. Because multicomponent data processing is a complex topic, it 

would normally be the focal point of a study. This section provides merely a basic 

explanation of the aspects of multicomponent seismic data processing relevant to this study. 

Classically, CMP (common-midpoint) binning is used in P-P seismic data processing to 

determine stacking velocities and static corrections. However, this type of binning cannot be 

used for converted modes (P-SV and SV-P) because the down-going P- and up-going SV-

waves do not have the same velocity and visa-versa. Converted modes follow a different 

raypath than do CMP data, called ACP (asymptotic-conversion-point) binning. Figure 3.1-1 

illustrates the imaging raypaths for these three seismic modes. Both SV- and P- waves are 

produced by a vertical source and travel into the subsurface. At a reflection point, they 

convert into different modes and reflect upward to the receiver. SV-P data are recorded by a 

vertical receiver (either 1C geophones or vertical components of 3C geophones) similarly to 

P-P data because the up-going wave is a P-wave. P-SV data are recorded by the horizontal 

components of 3C geophones. 
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Figure 3.1-1: Representational raypaths of P-P, P-SV and SV-P seismic modes. CMP is 
the common-midpoint; ACP is the asymptotic-conversion-point.  

 

  According to DeAngelo and Hardage (2014), an ACP is a P-SV reflection coordinate 

where reflections from several source-receiver combinations are summed, this image point 

occurs when the subsurface point where the trend of common-conversion-point (CCP) image 

coordinates for each binned source-receiver pair becomes quasivertical. Hardage et al., 

(2011) state that the use of CCP processing software is becoming reasonably widespread, and 

CCP data-processing skills are expanding annually. However, CCP data processing is not as 

advanced as CMP data processing in a global context (Hardage et al., 2011).  
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ACP binning software used for P-SV converted mode processing was also used for the 

SV-P converted mode (Figure 3.1-2). To do that, appropriate processing parameters, such as 

an inverted Vp/Vs ratio are used to position SV-P conversion points. Stacking velocities and 

static corrections can be integrated into the multicomponent data processing flow only after 

binning.  Lastly, each seismic mode was completed to a final migrated stack.  

	  
	  
Figure 3.1-2: Distribution of reflection points within stacking bins for (a) P-P image, (b) 
P-SV image and (c) SV-P image (provided by EGL).  
 

3.2 Seismic Data Quality 
 

Each seismic mode has different quality features according to data acquisition 

parameters, equipment, noise (e.g. surface waves), data processing procedures and possibly 

other factors. Fold number is one of the factors affecting the quality of seismic data. Figure 

3.2-1 shows that high fold data occur in the center of each image space and low fold data 

occur at the edges of the image area. Low fold numbers at the edges of an image decrease the 

reliability of the data; therefore, interpreting geology along the edges of a data volume needs 

to be done with caution. 
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Figure 3.2-1: Fold maps associated with (a) P-P image space, (b) P-SV image space and 
(c) SV-P image space (provided by EGL). 
	  

 

The following figures illustrate the quality of the seismic data.  Figure 3.2-2 shows cross-

line 42 of the P-P data as a seismic image-time section. The industry’s long experience with 

P-P data acquisition and processing, survey design, higher frequency content, and other 

factors may be the reasons why P-P seismic images have higher quality compared to P-SV 

and SV-P images. Lower fold numbers at the edges of the image space (Figure 3.2-1) can 

decrease the signal-to-noise ratio (S/N), which is the direct indicator of seismic quality. Also, 

the migration step of seismic data processing can create artificial effects around the edges of 

the data because of the lower signal-to-noise ratio that can be seen at the left and right sides 

of Figure 3.2-2.  Overall, the quality of P-P seismic image can be considered very good. 

Compared to P-P data, the quality of converted mode images (P-SV and SV-P) is 

moderate. Figure 3.2-3 shows cross-line 42 of the P-SV data as a seismic image-time section. 

On this figure the comparatively greater migration effect (an increase in reflection dip) can 
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be seen at the edges especially above 1.8 seconds. The quality gradually increases below 1 

second and the migration effect almost disappears below 1.5 seconds. Figure 3.2-3 shows 

cross-line 42 of the SV-P data as a seismic image-time section. The reflection character is 

discordant above 1.5 seconds, which can be defined as chaotic and can be easily detected on 

the SV-P seismic image. In comparison to P-SV data, the SV-P data show fewer migration 

effects. The fewer migration effects in SV-P data may be related to its wider frequency 

spectrum, which is covered in the next section. Also, using laboratory and field 

measurements, Krohn (1984) states that data quality from vertical geophone can be increased 

using longer spikes or burying the geophone; however, good quality data from horizontal 

geophones can be achieved only when it is buried in ground. 

Broadly, all seismic data used in this study differ with respect to seismic data quality. The 

differences suggests that each seismic mode (P-P, P-SV, and SV-P) is important because 

some significant features which cannot be seen in one image due to noise, processing, etc. 

may appear in companion data.  

The labeling (A, B, C, D, E, F, G, C1, C2, D1, D2) seen on the cross-line profile 42 of 

each seismic mode (Figures 3.2-2, 3.2-3, and 3.2-4) refers to the RMS Amplitude anomalies 

which are discussed in Chapter 5. The RMS Amplitude map views of each stratigraphic 

interval marked on cross-line profile 42 shown the corresponding labeling for each seismic 

mode on Figure 5.1.1-1 to 5.1.1-7.    
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Figure 3.2-2: P-P cross-line profile 42 in a seismic image-time section view. 

Ti
m

e 
(s

) 



 

 
 

22 

 

Figure 3.2-3: P-SV cross-line profile 42 in a seismic image-time section view. 
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Figure 3.2-4: SV-P cross-line profile 42 in a seismic image-time section view. 
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3.3 Frequency Spectra Analysis 
 

One of the reasons that P-P, P-SV and SV-P images look different is the wide range of 

frequency spectra embedded in the data. Frequency spectra are directly related to the vertical 

seismic resolution. Sheriff (1991) defines resolution as the ability to separate two features 

that are very close together; the minimum separation of two bodies before their individual 

identities are lost. Based on this definition, seismic resolution can be explained as a measure 

of how large a feature needs to be in order to be seen in seismic data. Equation 3.3-1 can be 

used to define the resolution limits of the data volumes. 

                                             λ =    !
  !

                                                                                   (3.3-1) 

In this equation, λ is wavelength, F is seismic frequency and V is seismic velocity. Vertical 

resolution is controlled by the imaging wavelength, and a layer can be resolved when its 

thickness is greater than ¼ of the wavelength. The detection limit, a more subtle expression, 

is 1/32 wavelength for a stratigraphic unit (Sheriff and Geldart, 1995).  

The following figures 3.3-1, 3.3-2 and 3.3-3 show the calculated frequency spectra of P-

P. P-SV and SV-P data set, respectively. The P-P frequency spectrum extends from 5 to 75 

Hz if the -35 dB power level is taken as a cutoff (Figure 3.3-1). The P-SV frequency 

spectrum (Figure 3.3-2) extends from 8 to 47 Hz if the -30 dB power level is taken as a 

cutoff. The SV-P frequency spectrum (3.3-) extends from 8 to 60 Hz if the -30 dB power 

level is taken as a cutoff. P-P and SV-P data have a wider range of frequency spectrum than 

P-SV data.  SV-P data have a wider frequency spectrum and a better signal-to-noise ratio 

than do P-SV data. While SV-P data recorded by vertical geophones, P-SV data recorded by 
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horizontal geophones.  Because vertical geophones couple to the earth better than horizontal 

geophones, SV-P data has a better quality compared to P-SV data (Krohn, 1984).   

	  

Figure 3.3-1: The frequency spectrum of P-P data. 
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Figure 3.3-2: The frequency spectrum of P-SV data.	  
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Figure 3.3-3: The frequency spectrum of SV-P data.	  
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Chapter 4: Seismic-to-Well Correlation 
 

4.1 Relationship between Vp,Vs and Imaging time 
 
     The 3C3D seismic data used in this research had no companion VSP data; therefore, depth 

registration of P-P and converted mode images was made based on interpreter logic, with the 

guidance of numerical image-registration algorithms. Interpreter logic means that an 

interpreter makes a judgement that P, S and converted mode images show the same 

distinctive geologic feature (a fault, a pinch-out, a structural high, etc.) at the same X-Y 

coordinates. The P-P, P-SV, SV-P, and S-S image-times for this distinctive feature allow 

interpreters to do a depth registration between different seismic mode image spaces. When 

this depth-registration strategy cannot be used, numerical image-registration algorithms 

described by Equations 4.1-1, 4.1-2, and 4.1-3 provide reasonably accurate and reliable 

depth-registrations of different seismic-mode images. 

     Hardage et al., (2011) defined the mathematical relationship between P-wave velocity 

(Vp), S-wave velocity (Vs), image depth (Z), and image time as: 
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!"#$%&$'!!"#$  !"#$%  !"#$
!  !"#$%  !"#$

=
! !

!!
! !

!!
!"
!!

= !
!
1 + !!

!!
                        (4.1-2) 

!  !"#$%  !"#$
!"#$%&'%(!!"#$  !"#$%  !"#$

=
!"
!!

! !
!!
! !
!!

= !

!!!!!!

                           (4.1-3) 

 



 

 
 

29 

The term “S image time” is used to represent either SV or SH image time, and also 

converted-mode image time used to represent either P-SV or SV-P image time in these 

Equations 4.1-1, 4.1-2, and 4.1-3. Table 4.1-1 shows the mathematical formulas of down-

traveling, up-traveling, and imaging time for P-P, P-SV, SV-P, and SV-SV images at the Z 

geology depth.  

 

Table 4.1-1: Relationship between imaging time and slowness. Zi is depth of i-th layer, 
∆tpi is P wave slowness of i-th layer, and ∆tsi is S wave slowness of i-th layer (Kim, 2015; 
modified from Hardage et al., 2011).  

 

4.2 Work Flow for Seismic-to-Well Correlation 
 

The following flowchart illustrates the work flow for seismic-to-well correlation 

(Figure 4.2-1). Well data and seismic data are needed to start the correlation. Well data 

consist of P-wave velocity, S-wave velocity and density. Seismic data can be P-P, P-SV, SV-

P and S-S data volumes. Seismic traces in a time window, based on the preference of seismic 

line from the chosen seismic data volume, are read. Next, reflection coefficient time series 
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are calculated based on well data and an average amplitude spectrum is calculated based on 

the amplitude spectrum of each seismic trace in the chosen seismic line. The amplitude 

spectrum of the wavelet is statistically estimated. The phase spectrum of the wavelet is 

assumed (because phase is not unique, it is preferred to be assumed rather than calculated).  

Zero-phase, minimum-phase, maximum-phase, or mixed-phase can be assumed for an 

imaging wavelet. The phase assumption depends on source type and the effect of the phase 

spectrum on wavelet shape and duration. A synthetic seismogram based on the assumed 

phase spectrum is then generated. The synthetic seismogram and the seismic data are 

compared to determine the time shift of the maximized cross correlation. Another assumption 

is made for incident angle of reflection coefficients for a synthetic seismogram, which can be 

different for each data volume.  

Using a dynamic time warping (DTW) algorithm, which is an auto correlation 

system, is one option for matching synthetic and seismic data. Al-Naymat et al., (2012) state 

that dynamic time warping (DTW) uses the dynamic programming paradigm to compute the 

alignment between two time series. Additionally, an alignment “warps” one time series onto 

another and can be used as a basis to determine the similarity between the time series (Al-

Naymat et al., 2012). Maximum cross correlation between these synthetic and real seismic 

waveforms can have some small-scale mismatches which can be manually adjusted by the 

interpreter.      
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Figure 4.2-1: Flowchart for seismic-to-well correlation. 
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4.3 Time-to-Depth Relationship 
 

Key stratigraphic tops provided by the calibration well FEE AL 910 are Yoakum, San 

Andres, Basal San Andres, 1st Spraberry, 2nd Spraberry, Dean Lime, Wolfcamp, Lower 

Wolfcamp, Basal Wolfcamp, Strawn and Atoka, respectively.  Figure 4.3-1 and 4.3-2 show 

the comparison of P-SV and SV-P images across the FEE AL 910 well with a different order 

and color bar. In Figure 4.3-1, P-SV (left) and SV-P (right) images are spliced together at the 

well FEE AL 910 coordinate to create the full extent of line 41. The amplitude is displayed 

with black being the maximum and white the minimum. In Figure 4.3-2, SV-P (left) and P-

SV (right) images are spliced together at the well FEE AL 910 coordinate to create the full 

extent of line 41. The amplitude is displayed with blue being the maximum and red the 

minimum. There are important differences in the frequency content and the detectable 

dissimilarities of the Fasken P-SV and SV-P images. However, these two figures show an 

apparent match between P-SV and SV-P images along the full length of line 41 (slightly 

more than 3 miles [4.8 km]) at the calibration well FEE AL 910.  

The frequency spectrum of P-SV (Figure 3.3-2) shows that P-SV data have a narrower 

frequency range than do the SV-P data (Figure 3.3-3). P-SV data have less resolution than SV-

P data. In addition to that, P-SV data show more lateral continuity, while SV-P data show 

chaotic reflection patterns. Laterally continuous reflections seen in P-SV images do not 

conform to the heterogeneity in Wolfberry intervals. On the other hand, SV-P images show a 

discontinuous chaotic pattern, which indicates a heterogeneous stack of turbidite units that 

are known to form the Wolfberry intervals. All in all, the Fasken SV-P data are better at 

indicating the correct lateral changes in lithology across this study area. 
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Figure 4.3-1: Comparison of (a) P-SV image and (b) SV-P image at calibration well. 
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Figure 4.3-2: Comparison of (a) SV-P image and (b) P-SV image at calibration well.  
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The correlation of stratigraphic tops with well data (P-wave velocity, S-wave velocity 

and density curves) is shown in Figures 4.3-3, 4.3-5 and 4.3-7 for P-P, P-SV and SV-P data, 

respectively.  Comparing these three figures, the positioning of stratigraphic tops on the P- 

and S- wave velocity and density curves is essentially identical. The seismic-to-well 

correlation results are shown in Figure 4.3-4, Figure 4.3-6 and Figure 4.3-8 for P-P, P-SV 

and SV-P data, respectively. Formation tops are identified with acoustic impedance, 

reflection coefficient time series, synthetic seismogram, and a real seismogram with an 

overlain wavelet. Figure 4.3-4 shows that there is no time shift between synthetic data and 

seismic data for P-P images in seismic-to-well correlation results. The synthetic seismogram 

and real seismogram are almost identical for P-P images. However, Figure 4.3-6 and 4.3-8 

show that there is a slight time shift between synthetic and seismic data for P-SV and SV-P 

images in seismic to well correlation results. Moreover, neither of the converted modes’ 

synthetic seismograms accurately matches their real seismogram. There can be many reasons 

for these differences related to the complexity of multicomponent seismic data acquisition 

and processing. One reason for the time shift and differences can be the level of phase 

agreement between synthetic and real seismograms. Another reason for the time shift and 

differences between synthetic and real seismogram of converted modes can be the velocity 

deviation between source and receiver. Comparing Figure 4.4-6 and Figure 4.3-8, reflection 

coefficients time series of converted modes are very similar, although synthetic seismograms 

of these modes are different from each other. The difference between synthetic seismograms 

is due to the use of different wavelets extracted from P-SV and SV-P data. 
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Figure 4.3-3: Correlation of the stratigraphic tops with P-wave, S-wave, and density 
curves for P-P seismic image. 
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Figure 4.3-4: Seismic-to-well correlation result of P-P image. Formation tops are 
identified in the left column with (a) acoustic impedance, (b) reflection coefficient time 
series, (c) synthetic seismogram, (d) real seismogram (blue), and synthetic wavelet 
(black). 
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Figure 4.3-5: Correlation of the stratigraphic tops with S-wave, P-wave, and density 
curves for P-SV seismic image. 
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Figure 4.3-6: Seismic-to-well correlation result of P-SV image. Formation tops are 
identified in the left column with (a) acoustic impedance, (b) reflection coefficient time 
series, (c) synthetic seismogram, (d) real seismogram (blue), and synthetic wavelet 
(black). 
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Figure 4.3-7: Correlation of the stratigraphic tops with S-wave, P-wave, and density 
curves for SV-P seismic image. 
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Figure 4.3-8: Seismic-to-well correlation result of SV-P image. Formation tops are 
identified in the left column with (a) acoustic impedance, (b) reflection coefficient time 
series, (c) synthetic seismogram, (d) real seismogram (blue), and synthetic wavelet 
(black). 
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4.4 Time Structure Maps and Discussion 
 

After determining seismic-to-well correlations for each horizon, those horizons were 

extended across each seismic image space.  The stratigraphic tops: 1st Spraberry, 2nd 

Spraberry, Dean Lime, Wolfcamp, Lower Wolfcamp, Basal Wolfcamp, Strawn and Atoka 

were interpreted along every 5th profile, or every single profile when necessary, in both the 

inline and crossline directions for P-P, P-SV, and SV-P volumes. Afterwards, each horizon 

was interpolated to create time structure maps. The following figures show time structure 

maps for each interpreted stratigraphic top for P-P, P-SV and SV-P data volumes. 

Equation 4.1.2 (Hardage et al., 2011) is used to define the mathematical relationship 

between P-wave velocity (Vp), S-wave velocity (Vs), and image time. The Vp/Vs velocity 

ratio used for this equation is 1.7, which was measured from the FEE AL 910 well log. The 

image time between two chosen points is measured from the contours on the time-structure 

maps. The P-P image time difference between the two prominent structural points, A and B, 

represented on the following P-P time-structure maps is used in this equation to calculate 

depth equivalent converted-mode image times. The P-SV and SV-P time structure maps are 

then checked to determine if the corresponding structural features are present on these 

converted-mode maps. The corresponding converted-mode image times between the depth 

equivalent A and B points are represented on the following P-SV and SV-P time-structure 

maps.     
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Figure 4.4.1: Time structure map of the P-P image for the 1st Spraberry stratigraphic 
top. The contour interval is 1 ms.  
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Figure 4.4.2: Time structure map of the P-SV image for the 1st Spraberry stratigraphic 
top. The contour interval is 1 ms. 
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Figure 4.4.3: Time structure map of the SV-P image for the 1st Spraberry stratigraphic 
top. The contour interval is 2 ms. 
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Figure 4.4.4: Time structure map of the P-P image for the 2nd Spraberry stratigraphic 
top. The contour interval is 1 ms. 
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Figure 4.4.5: Time structure map of the P-SV image for the 2nd Spraberry stratigraphic 
top. The contour interval is 2 ms. 
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Figure 4.4.6: Time structure map of the SV-P image for the 2nd Spraberry stratigraphic 
top. The contour interval is 2 ms. 
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Figure 4.4.7: Time structure map of the P-P image for the Dean Lime stratigraphic top. 
The contour interval is 1 ms. 
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Figure 4.4.8: Time structure map of the P-SV image for the Dean Lime stratigraphic 
top. The contour interval is 1 ms. 

  

 



 

 
 

51 

 

Figure 4.4.9: Time structure map of the SV-P image for the Dean Lime stratigraphic 
top. The contour interval is 2 ms. 
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Figure 4.4.10: Time structure map of the P-P image for the Wolfcamp stratigraphic top. 
The contour interval is 1 ms. 
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Figure 4.4.11: Time structure map of the P-SV image for the Wolfcamp stratigraphic 
top. The contour interval is 1 ms. 
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Figure 4.4.12: Time structure map of the SV-P image for the Wolfcamp stratigraphic 
top. The contour interval is 2 ms. 
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Figure 4.4.13: Time structure map of the P-P image for the Lower Wolfcamp 
stratigraphic top. The contour interval is 1 ms. 
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Figure 4.4.14: Time structure map of the P-SV image for the Lower Wolfcamp 
stratigraphic top. The contour interval is 2 ms. 
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Figure 4.4.15: Time structure map of the SV-P image for the Lower Wolfcamp 
stratigraphic top. The contour interval is 2 ms. 
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Figure 4.4.16: Time structure map of the P-P image for the Basal Wolfcamp 
stratigraphic top. The contour interval is 2 ms. 
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Figure 4.4.17: Time structure map of the P-SV image for the Basal Wolfcamp 
stratigraphic top. The contour interval is 2 ms. 
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Figure 4.4.18: Time structure map of the SV-P image for the Basal Wolfcamp 
stratigraphic top. The contour interval is 2 ms. 
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Figure 4.4.19: Time structure map of the P-P image for the Strawn stratigraphic top. 
The contour interval is 1 ms. 

 



 

 
 

62 

 

 

Figure 4.4.20: Time structure map of the P-SV image for the Strawn stratigraphic top. 
The contour interval is 1 ms. 
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Figure 4.4.21: Time structure map of the SV-P image for the Strawn stratigraphic top. 
The contour interval is 1 ms. 
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Figure 4.4.22: Time structure map of the P-P image for the Atoka stratigraphic top. 
The contour interval is 1 ms. 
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Figure 4.4.23: Time structure map of the P-SV image for the Atoka stratigraphic top. 
The contour interval is 1 ms. 
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Figure 4.4.24: Time structure map of the SV-P image for the Atoka stratigraphic top. 
The contour interval is 1 ms. 

 

The time-structure maps in the Figures 4.4-1, 4.1-2 and 4.1.3 correspond to the 

shallowest chronostratigraphic surface, 1st Spraberry, interpreted across all lines and traces 

for the P-P, P-SV, and SV-P images, respectively. The 1st Spraberry time-structure maps of 

the P-P and SV-P images have a better match than do P-SV. Because P-SV images have 

undesirable migration effects at the edges of the image space, the time-structure maps of P-

SV images cover only the best interpretable area. The measured P-P image time between 
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points A and B on Figure 4.4.1 is 15.00 ms which is used to calculate SV-P image time. The 

calculated SV-P image time based on Equation 4.1.2 is 20.25 ms. The measured SV-P image 

time between the corresponding points A and B is 20.00 ms.  The matching calculated and 

measured SV-P image times for the 1st Spraberry chronostratigraphic top prove that the SV-P 

image corresponds to the P-P image very well. While the P-SV map approximately matches 

the P-P time structure map across high areas, low areas of the P-SV time structure map do 

not match as well.  

The 2nd Spraberry time structure maps of each seismic mode, P-P, P-SV, and SV-P, are 

shown in Figures 4.4-4, 4.4-5 and 4.4-6, respectively. With the exception of minor details,  

both high and low values of the P-SV time structure map have a better match to the P-P time 

structure map than the SV-P time structure map for the 2nd Spraberry choronostratigraphic 

surface.  The measured P-P image time between points A and B on Figure 4.4.4 is 11.00 ms 

which is used to calculate P-SV image time. The calculated P-SV image time based on 

Equation 4.1.2 is 14.85 ms. The measured P-SV image time between the corresponding 

points A and B is 14.00 ms.  The small difference between calculated and measured P-SV 

image times for the 2nd Spraberry chronostratigraphic top show that the P-SV image 

corresponds to the P-P image very well. Unfortunately, this good match is an exception 

compared to the rest of the chronostratigraphic surfaces.  

The SV-P time structure map, in Figure 4.4-9, clearly has a better match to the P-P time 

structure map, in Figure 4.4-7, for both high and low values and the trend of contours 

compared to the P-SV time structure map, in Figure 4.4-8, for the Dean Lime 

chronostratigraphic surface. The measured P-P image time between points A and B on Figure 

4.4.7 is 8.00 ms which is used to calculate SV-P image time. The calculated SV-P image time 
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based on Equation 4.1.2 is 10.8 ms. The measured SV-P image time between the 

corresponding points A and B is 10.00 ms.  The matching calculated and measured SV-P 

image times for the Dean Lime chronostratigraphic top show that the SV-P image 

corresponds to the P-P image very well. This principle -that structural SV-P maps are better 

matches with P-P structural maps than are P-SV maps- remains in place for the rest of the 

deeper horizons. 

 The Wolfcamp chronostratigraphic surface of each seismic mode, P-P, P-SV, and SV-P, 

is illustrated in Figures 4.4-10, 4.4-11, 4.4-12, respectively. The SV-P time structure map 

shows a better match to the P-P time structure map than does the P-SV map.  The measured 

P-P image time between points A and B on Figure 4.4.10 is 15 ms, which is used to calculate 

SV-P image time. The calculated SV-P image time based on Equation 4.1.2 is 20.25 ms. The 

measured SV-P image time between the corresponding points A and B is 20.00 ms. The 

match between calculated and measured SV-P image times for the Wolfcamp 

chronostratigraphic top again prove that the SV-P image corresponds to the P-P image very 

well. 

The Lower Wolfcamp chronostratigraphic surface for each seismic mode, P-P, P-SV, and 

SV-P, is illustrated in Figures 4.4-13, 4.4-15, 4.4-15, respectively. The SV-P time structure 

map shows a better match to the P-P time structure map than does the P-SV map.  The 

measured P-P image time between the points A and B on Figure 4.4.13 is 10.00 ms, which is 

used to calculate SV-P image time. The calculated SV-P image time based on the equation 

4.1.2 is 13.50 ms. The measured SV-P image time between the corresponding points A and B 

is 13.00 ms. The great match between calculated and measured SV-P image times for the 
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Lower Wolfcamp chronostratigraphic top shows that the SV-P image corresponds to the P-P 

image very well.  

The Basal Wolfcamp chronostratigraphic surface of each seismic mode, P-P, P-SV, and 

SV-P, is illustrated in Figures 4.4-16, 4.4-17, 4.4-18, respectively. The SV-P time structure 

map shows a better match to P-P time structure map than does the P-SV map.  The measured 

P-P image time between points A and B on Figure 4.4.16 is 11.00 ms which is used to 

calculate SV-P image time. The calculated SV-P image time based on Equation 4.1.2 is 14.85 

ms. The measured SV-P image time between the corresponding points A and B is 14.00 ms. 

The estimated corresponding points A and B are showed on P-SV time-structure map, too 

and the P-SV image time between those points is 12.00 ms. Even though P-SV time-structure 

behavior is similar to the P-P time-sturucture behavior compared to the other time-structure 

maps, the SV-P time-structure behavior is very much alike . The good match between 

calculated and measured SV-P image times for the Basal Wolfcamp chronostratigraphic top 

show that the SV-P image corresponds to the P-P image very well.  

The Strawn chronostratigraphic surface of each seismic mode, P-P, P-SV, and SV-P, is 

illustrated in Figures 4.4-19, 4.4-20, 4.4-21, respectively. The SV-P time structure map 

shows a better match to the P-P time structure map than does the P-SV map.  The measured 

P-P image time between the points A and B on Figure 4.4.19 is 9.00 ms, which is used to 

calculate SV-P image time. The calculated SV-P image time based Equation 4.1.2 is 12.25 

ms. The measured SV-P image time between the corresponding points A and B is 12.00 ms. 

The estimated corresponding points A and B are showed on P-SV time-structure map, too. 

The measured P-SV image time between those points is 16.00 ms, which is a relative good 

match compared to the previous time-structure behaviors of the P-SV maps. However, the 
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SV-P time-structure behavior is much more similar. This match between calculated and 

measured SV-P image times for the Strawn chronostratigraphic top show that the SV-P 

image corresponds to the P-P image very well.  

The Atoka chronostratigraphic surface of each seismic mode, P-P, P-SV, and SV-P, is 

illustrated in Figures 4.4-22, 4.4-23, 4.4-24, respectively. The SV-P time structure map 

shows a better match to P-P time structure map than does the P-SV map.  The measured P-P 

image time between points A and B on Figure 4.4.22 is 8.00 ms, which is used to calculate 

SV-P image time. The calculated SV-P image time based on Equation 4.1.2 is 10.8 ms. The 

measured SV-P and P-SV image time between the corresponding points A and B is 11.00 ms. 

Even though the estimated corresponding points A and B are shown on P-SV time-structure 

map has the same measured image time as the SV-P image time, overall the SV-P time-

structure behavior is much more similar.  

Broadly, the P-SV time structure maps illustrate a relative similarity to the P-P time 

structure maps. However, the overall time-structure behaviors of the SV-P images show high 

similarity to the P-P images not only visually but also quantitatively for the most of the 

choronostratigraphic tops.  
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Chapter 5: Results and Discussion 
 

5.1 Image Comparisons: RMS Amplitude and Semblance 
 

A seismic attribute is any measurement of seismic data that helps visual enhancement 

or helps quantify features of interpretation interest (Chopra and Marfurt, 2007).  Seismic 

attributes can help interpreters understand the reliability and accuracy of depth-registration 

and also, to detect depositional patterns. RMS amplitude is valuable for visualizing direct 

hydrocarbon indicators in a zone of interest. Root Mean Square Amplitude (RMS) is defined 

as the square root of the average of squares of the amplitudes between two chosen horizons, 

as:   

RMS  Amplitude = !
!

a!!!
!!!                                                                   (5.1-1) 

In this equation, N is the number of samples with in the interval and 𝑎𝑖 is the amplitude of ith 

sample. Also, RMS amplitude anomalies aid interpreters in identifying lithology, porosity, 

channel systems, unconformities, turbidity currents and more. 

Seismic coherency is a measure of lateral changes in the seismic response caused by 

variations in structure, stratigraphy, lithology, porosity, or the presence of hydrocarbons 

(Marfurt et al., 1998). Semblance maps identify lateral trace changes caused by faulting, or 

by changes in lithology and stratigraphy. Semblance is defined by the Manhattan distance as:   

M! = S
!!!!!!!

!!!!!!
!!!!!!

!!|!|!!!!
!!!!!!
!!!!!!

                                                                             (5.1-2) 
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where 𝑀𝑑 is the Manhattan distance, n is the number of samples in the wavelet, d is the 

integer sample shift, N is the center sample of the reference trace, S is a scale factor, G is the 

amplitude of the reference trace, and H is the amplitude of the target trace. 

5.1.1 RMS Amplitude Maps and Discussion 
 
 

 

Figure 5.1.1-1: Comparison of RMS Amplitude map view (a) P-P image, (b) P-SV 
image, and (c) SV-P image for the 1st Spraberry interval. Features “A” are shown on 
cross-line profile 42 in Figures 3.2-2, 3.2-3, and 3.2-4. 
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Figure 5.1.1-2: Comparison of RMS Amplitude map view (a) P-P image, (b) P-SV 
image, and (c) SV-P image for the 2nd Spraberry interval. . Features “B” are shown on 
cross-line profile 42 in Figures 3.2-2, 3.2-3, and 3.2-4. 
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Figure 5.1.1-3: Comparison of RMS Amplitude map view (a) P-P image, (b) P-SV 
image, and (c) SV-P image for the Dean Lime interval. . Features “C1-C2”, “C1”, and 
“C” are shown on cross-line profile 42 in Figures 3.2-2, 3.2-3, and 3.2-4. 
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Figure 5.1.1-4: Comparison of RMS Amplitude map view (a) P-P image, (b) P-SV 
image, and (c) SV-P image for the Wolfcamp interval. . Features “D1-D2”, “C2”, and 
“D” are shown on cross-line profile 42 in Figures 3.2-2, 3.2-3, and 3.2-4. 
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Figure 5.1.1-5: Comparison of RMS Amplitude map view (a) P-P image, (b) P-SV 
image, and (c) SV-P image for the Lower Wolfcamp interval. . Features “F” and “D” 
are shown on cross-line profile 42 in Figures 3.2-2, 3.2-3, and 3.2-4. 
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Figure 5.1.1-6: Comparison of RMS Amplitude map view (a) P-P image, (b) P-SV 
image, and (c) SV-P image for the Basal Wolfcamp interval. Features “E” are shown on 
cross-line profile 42 in Figures 3.2-2, 3.2-3, and 3.2-4. 
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Figure 5.1.1-7: Comparison of RMS Amplitude map view (a) P-P image, (b) P-SV 
image, and (c) SV-P image for the Strawn interval. . Features “F” and “G” are shown 
on cross-line profile 42 in Figures 3.2-2, 3.2-3, and 3.2-4. 
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RMS amplitude is an interval-based amplitude that is calculated across a time 

window between two horizons. In this thesis, each interval represents a time window 

between two adjacent stratigraphic tops.  Line 42 is marked on some of the RMS amplitude 

maps to create an easily detectable reference and to give the reader an option to compare line 

42 seismic images of all three modes in chapter 3 (Figures 3.2-2, 3.2-3, and 3.2-4) to RMS 

amplitude maps. High RMS amplitude values are generally one of the indicators that 

interpreters use to detect reservoirs that contain hydrocarbons. RMS amplitude values also 

show different geologic features; e.g. concordant beds have high RMS amplitude anomalies, 

but chaotic beds have low ones.     

Figure 5.1.1-1 illustrates P-P, P-SV and SV-P RMS amplitude maps between 1st 

Spraberry and 2nd Spraberry stratigraphic tops which corresponds to the 1st Spraberry 

interval. The letter “A” marked on each RMS Amplitude map in Figure 5.1.1-1 corresponds 

to high amplitude values and also on each seismic image of line 42 in Figures 3.2-2, 3.2-3, 

and 3.2-4 to show how those low amplitude values match with seismic reflections. The P-SV 

RMS amplitude maps are framed by the purple color that shows low amplitude values 

because of the undesirable migration effects.     

RMS amplitude maps for 2nd Spraberry of P-P and P-SV modes show mainly low 

amplitude anomalies, while the SV-P map shows high anomalies in Figure 5.1.1-2.  The 

letter “B” marked on each RMS Amplitude map in Figure 5.1.1-2 corresponds to relatively 

high amplitude values on line 42 and also it is marked on each seismic image of line 42 in 

Figures 3.2-2, 3.2-3, and 3.2-4 to show how those low amplitude values match with seismic 

reflections.  
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The RMS amplitude map view of P-SV image for Dean Lime interval (Figure 5.1.1-

3) is mostly covered with low values, but the SV-P and P-P maps show high values along 

line 42. The “C1-C2” interval was marked on the high RMS amplitude values on the P-P 

map and on the P-P seismic image for line 42 in Figures 3.2-2, 3.2-3, and 3.2-4. The P-SV 

RMS amplitude map mostly covered with low amplitude values, the SV-P map shows some 

high amplitude anomalies.    

Figure 5.1.1-4 illustrates the RMS amplitude maps of all seismic modes for the 

Wolfcamp interval. While the P-SV map of the Wolfcamp interval has mostly low 

anomalies, P-P and SV-P show a more chaotic pattern. However, P-P and SV-P maps do not 

show common trends of high and low amplitude values. The P-P RMS amplitude high values 

can be indicating the detrital carbonate mass-flow deposits of Wolfcamp interval.  The “D1-

D2” interval on line 42, in Figures 3.2-2, 3.2-3, and 3.2-4, shows the highest amplitude 

values.  

RMS amplitude maps of all three seismic modes show low amplitude anomalies for 

the Lower Wolfcamp interval, which may point out siliciclastic sediments (Figure 5.1.1-5). 

The RMS amplitude map of the SV-P volume for the Lower Wolfcamp has very high 

anomalies on line 42 which is marked with the “F” letter both on the map and on the seismic 

image in Figures 3.2-2, 3.2-3, and 3.2-4.   

The RMS amplitude map view of SV-P and P-P image for Basal Wolfcamp interval 

(Figure 5.1.1-6) shows a mix of low and high values, while the P-SV map is covered with 

mostly low values. While the P-P and SV-P maps show similar ranges of anomalies, the P-

SV is mostly covered by the migration effect.  
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At the intersection of line 70 and trace 100, RMS amplitude anomalies reach a 

maximum in P-P and SV-P amplitude maps for the Strawn interval (Figure 5.1.1-10). Where 

the seismic image shows discontinuous reflections in the Strawn interval, the SV-P RMS 

amplitude map is marked with the letter “G” on line 42 in Figures 3.2-2, 3.2-3, and 3.2-4. 

“G” indicates very low RMS amplitude values and supports the assumption that low values 

show chaotic reflection patterns.   
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5.1.2 Semblance Maps and Discussion 
 
 

 

 

 Figure 5.1.2-1: Comparison of Semblance map view (a) P-P image, (b) P-SV image, and 
(c) SV-P image for the Yoakum interval. 
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Figure 5.1.2-2: Comparison of Semblance map view (a) P-P image, (b) P-SV image, and 
(c) SV-P image for the San Andres interval. 

 

 

 

 

 



 

 
 

84 

 

Figure 5.1.2-3: Comparison of Semblance map view (a) P-P image, (b) P-SV image, and 
(c) SV-P image for the Basal San Andres interval. 
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Figure 5.1.2-4: Comparison of Semblance map view (a) P-P image, (b) P-SV image, and 
(c) SV-P image for the 1st Spraberry interval. 
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Figure 5.1.2-5: Comparison of Semblance map view (a) P-P image, (b) P-SV image, and 
(c) SV-P image for the 2nd  Spraberry interval. 
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Figure 5.1.2-6: Comparison of Semblance map view (a) P-P image, (b) P-SV image, and 
(c) SV-P image for the Dean Lime interval. 
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Figure 5.1.2-7: Comparison of Semblance map view (a) P-P image, (b) P-SV image, and 
(c) SV-P image for the Wolfcamp interval. 
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Figure 5.1.2-8: Comparison of Semblance map view (a) P-P image, (b) P-SV image, and 
(c) SV-P image for the Lower Wolfcamp interval. 
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Figure 5.1.2-9: Comparison of Semblance map view (a) P-P image, (b) P-SV image, and 
(c) SV-P image for the Basal Wolfcamp interval. 
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Figure 5.1.2-10: Comparison of Semblance map view (a) P-P image, (b) P-SV image, 
and (c) SV-P image for the Strawn interval. 
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Figure 5.1.2-11: Comparison of Semblance map view (a) P-P image, (b) P-SV image, 
and (c) SV-P image for the Atoka interval. 
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Semblance maps indicate lateral similarity of reflection waveforms in a time window 

defined between two stratigraphic tops. P-P, P-SV and SV-P 3D semblance attribute volumes 

are created and illustrated for each stratigraphic interval from Figure 5.1.2-1 to 5.1.2-11. To 

represent the best view of the intervals with lateral boundaries of their depositional elements, 

every stratal slice of 3D volumes of semblance calculations are examined.  

In Figure 5.1.2-1, the P-P, P-SV and SV-P semblance map view are shown for the 

Yoakum interval. In this figure, the P-SV and SV-P maps are chaotic patterns when red is the 

maximum semblance and blue is the minimum semblance. However, the P-P semblance map 

shows boundaries of distinct P-P depositional elements with dark blue color.  

In Figures 5.1.2-2 and 5.1.2-3, the stratigraphic intervals San Andres and Basal San 

Andres are illustrated with their semblance map of each seismic mode. Compared to the 

Yoakum interval, more chaotic lateral boundaries are represented in these figures.   

Semblance attributes map view of the 1st and 2nd Spraberry intervals for each seismic 

image are illustrated in Figure 5.1.2-4 and 5.1.2-5, respectively.  The 2nd Spraberry map has 

fewer boundaries of depositional elements compared to the 1st Spraberry map of the P-P 

image.  In both figures, the P-SV and SV-P map views do not illustrate distinct depositional 

bodies as effective as the P-P map. 

 In Figure 5.1.2-6, map view of semblance calculations’ stratal slice for the Dean Lime 

interval of each seismic image shows similarity to the 2nd Spraberry interval’s map views of 

each seismic image because The Dean Formation and lower and upper intervals of the 

Spraberry Formation share similar depositional elements.  
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The map view of semblance calculations’ stratal slice for the Wolfcamp, Lower 

Wolfcamp and Basal Wolfcamp intervals of each seismic image are illustrated in Figure 

5.1.2-7,  5.1.2-8, and 5.1.2-9, respectively. Each seismic mode map for all of the Wolfcamp 

intervals has some similarity in showing the boundaries of depositional elements.  

The Strawn and Atoka intervals have the least geometry in semblance map views of 

depositional elements in Figure 5.1.2-10 and 5.1.2-11, respectively. Deep intervals have 

fewer lateral changes compared to the shallow ones. 

Compared to all P-P and P-SV semblance map views, the SV-P map views of all intervals 

show the strongest maximums. On the other hand, the P-P semblance map view has the 

sharpest minimums that show the boundaries of depositional elements.   These boundaries 

seen in all semblance map views as assumed to represent distinct turbidite and debris-flow 

units.  
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5.3 Velocity Ratio Maps and Discussion 
 

P- and S-wave velocity ratio analyses are used by geoscientists to identify lithology. 

Table 5.3-1 presents the range of VP/VS values in typical well-consolidated sedimentary 

rocks. (After Domenico, 1984).  

Table 5.3-1. Range of VP/VS values in typical well-consolidated sedimentary rocks (After 
Domenico, 1984). 

 

Equation 5.3-1 (Hardage et al., 2012) shows the calculation of P- and S- waves velocity 

ratio based on two-way travel time in P-P, P-SV and SV-P times as: 

!!
!!
= 2× ∆!!

∆!!
− 1                                              (5.3-1)           

where ∆t! is the isochron thickness of the chosen intervals of the P-SV and SV-P images, and 

∆t! is isochron thickness of the chosen intervals of the P-P images. Velocity ratio map views 

for picked intervals are shown from Figure 5.3-1 to 5.3-4. The velocity ratio range may 

include different results than the ones presented in Table 4.1.1 because Wolfberry reservoirs 

include not only siliciclastic intervals but also mudrocks, calceareous mudrocks and detrital 

Rocks VP/VS  ratio 

Sandstone 1.59–1.76 

Calcareous sandstone 1.67–1.76 

Dolomite 1.78–1.84 

Limestone 1.84–1.99 

Shale 1.70–3.00 
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carbonate mass-flow deposits.  The resulting chaotic mixture of different lithofacies makes 

interpretation of velocity ratio maps difficult.  

In Figure 5.3-1 velocity ratio maps are illustrated for the Yoakum and San Andres, 

the San Andres and Basal San Andres, the Basal San Andres and 1st Spraberry, and the 1st 

Spraberry and 2nd Spraberry, respectively. In Figure 5.3-2 velocity ratio maps are illustrated 

for the 2nd Spraberry and Wolfcamp, the Dean Lime and Wolfcamp, the Wolfcamp and Basal 

Wolfcamp, and the Strawn and Atoka, respectively. These velocity maps are based on P-SV 

and P-P two-way travel time. 

In Figure 5.3-3 velocity ratio maps are illustrated for the Basal San Andres and 1st 

Spraberry, the 1st Spraberry and 2nd Spraberry, the 2nd Spraberry and Wolfcamp, and the 

Wolfcamp and Lower Wolfcamp, respectively. In Figure 5.3-4 velocity ratio maps are 

illustrated for the Wolfcamp and Basal Wolfcamp, the Basal Wolfcamp and Strawn, the 

Strawn and Atoka, respectively. These velocity are also based on SV-P and P-P two-way 

travel time. 

The velocity ratio values measured from the FEE AL 910 well log range between 1.5 

and 2. The velocity ratio values from the well log do not match with most of the velocity 

maps. One of the reasons is the lateral and vertical heterogeneity of Wolfberry reservoirs 

which can be seen in Figures 2.1-4 and 2.1-5. The Wolfberry intervals include not only 

siliciclastics but also carbonates. Moreover, multicomponent seismic data processing may 

have some effects on the difference between log and seismic data velocity ratios. 

Additionally, picking horizons that as off by one peak or trough can cause very big changes 
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in Vp/Vs ratios. Therefore, well control is crucial during the each step of data processing and 

interpretation.     

 

 

Figure 5.3-1: Velocity ratio maps from P-P image and P-SV image between the 
stratigraphic tops of (a) Yoakum and San Andres, (b) San Andres and Basal San 
Andres, (c) Basal San Andres and 1st Spraberry, and (d) 1st Spraberry and 2nd 
Spraberry. 
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Figure 5.3.-2: Velocity ratio maps from P-P image and P-SV image between the 
stratigraphic tops of (a) 2nd Spraberry and Wolfcamp, (b) Dean Lime and Wolfcamp, 
(c) Wolfcamp and Basal Wolfcamp, and (d) Strawn and Atoka.  
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Figure 5.3.-3: Velocity ratio maps from P-P image and SV-P image between the 
stratigraphic tops of (a) Basal San Andres and 1st Spraberry, (b) 1st Spraberry and 2nd 
Spraberry, (c) 2nd Spraberry and Wolfcamp, and (d) Wolfcamp and Lower Wolfcamp.  

 

 



 

 
 

100 

 

 

Figure 5.3.-4: Velocity ratio maps from P-P image and SV-P image between the 
stratigraphic tops of (a) Wolfcamp and Basal Wolfcamp, (b) Basal Wolfcamp and 
Strawn, (c) Strawn and Atoka.  
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5.4 Reservoir Descriptions 
 

Depositional elements are defined as three-dimensional rock bodies that form in specific 

depositional environments (Mutti and Nomark, 1991; Possamentier and Kolla, 2003).  

Depositional systems are composed of contiguous, process-related suites of these 

depositional elements (Fisher and McGowen, 1980). Depositional elements and depositional 

systems build reservoirs together. Wolfberry reservoirs are composed by sandstone 

turbidities, detrital carbonates, and calcareous mudrocks.  

Turbidites are sedimentary rock formations deposited by turbidity currents. Turbidity 

currents are gravity flows which are under the dominant effect of turbulence for grain 

support. RMS amplitude and semblance map views indicate that the characteristic features 

seen in the figures for 1st and 2nd Sprabbery and Dean Lime formations can be turbidite lobes. 

Posamenteier and Kolla (2003) define turbidite lobes as multiple distributary channels nested 

in sandy interchannel deposits. This definition is valid when the sediments are siliciclastic. In 

lower intervals of the Wolfberry turbidite elements are dominated by detrital carbonates. 

Hamlin and Baumgardner (2012) describe these depositional elements as laterally 

discontinuous debris-flow lobes and small submarine fans that grade basinward onto thinly 

bedded, mudrock-dominated sheets.  
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Chapter	  6:	  Conclusion	  
 

Seismic-to-well correlation results show that synthetic seismograms created from well 

data can be used for P-P image, P-SV image, and SV-P image depth registration.  

Considering the theoretical similarities between P-P and SV-SV modes and P-SV and SV-P 

modes, the seismic-to-well correlation methodology used in this thesis can be followed for all 

seismic modes. The DTW algorithm, an auto correlation system that matches synthetic and 

seismic data, is a useful method for depth correlating good quality seismic data. 

Theoretically, P-SV and SV-P images should be similar with respect to their reflectivity. 

P-P images do not have similar reflection patterns to these converted modes. For these 

Fasken data, SV-P images are better quality than their companion P-SV images, probably 

because vertical receivers are better coupled to the earth than horizontal receivers. The 

quality of SV-P images increases the similarity between P-P and SV-P images. The problem 

with horizontal components not coupling well with the earth can be overcome by burying the 

geophones during the survey to increase the P-SV data quality. 

 The P-SV time structure maps illustrate a relative similarity to the P-P time structure 

maps. However, the overall time-structure behaviors of the SV-P images show a better 

similarity to the P-P images not only visually but also quantitatively for most of the 

choronostratigraphic tops.  

The low and high values in RMS amplitude maps and their corresponding geologic 

events point out that P-P, P-SV and, SV-P images can display similar, and also dissimilar, 

amplitude anomalies. In general, the SV-P RMS amplitude maps match better with the P-P 

RMS maps than do the P-SV maps.  
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Semblance maps of each seismic mode illustrate lateral changes in lithofacies. While, P-P 

semblance maximums appear with strong values, both of the converted-modes show softer 

change between maximum and minimum semblance values.   

Seismic-based velocity ratio values do not match the measured velocity ratio range 

provided by operator well logs. One of the reasons is the complex lateral and vertical 

heterogeneous mixtures of siliciclastic, calcareous and carbonate rock units of Wolfberry 

reservoirs. Additionally, picking P-P or converted-mode horizons that as off by one peak or 

trough can cause very big changes in Vp/Vs ratios. 

P-P, P-SV, and SV-P images may or may not show the same geologic events because of 

their different reflection coefficients at a target interface. Some geologic events appear in all 

P-P, P-SV, and SV-P images. However, sometimes a reflection seen in one image may not 

appear in another image. Therefore, each image is important and valuable for interpreters. In 

comparison of converted-modes, SV-P is more reliable for interpreting geology because it 

has fewer artifacts.  
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