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ABSTRACT  

  

The scope of this work consists of two main objectives. First, identify and characterize the 

hydrocarbon potential of the unconventional reservoir intervals of Olmos and Eagle Ford formations in South 

Texas using simultaneous seismic inversion technique. Second, compare seismic interpretation and 

simultaneous inversion results of the original vs. high-resolution seismic data. High-resolution seismic data 

result from the application of the spectral inversion method to the original pre-stack seismic data.  This method 

inverts the frequency spectrum for layer thickness and enables the detection and resolution of thin beds below 

tuning thickness.   

 Simultaneous inversion is one of the pre-stack seismic inversion processes in which three lithologic 

volumes (P-impedance, S-impedance and density) are created simultaneously. The Olmos original seismic data 

simultaneous inversion performed in this area lacked enough vertical resolution to image thin beds (~ 25-30 ft/ 

7.6-9 m) within the Olmos productive zone. This shortcoming is improved with the incorporation of high-

resolution seismic data. The P-impedance volume generated on the high-resolution data inversion allowed the 

identification of low impedance thin beds on the SW region of the study area. According to cumulative 

production values at the wells, the low P-impedance intervals can be highly correlated to high production 

values; therefore, low P-impedance zone recognition is very important for productive-prone zone 

identification. The Eagle Ford analysis is done on the P-impedance volume, and two low impedance intervals 

are recognized within the productive Lower Eagle Ford.  

High-resolution seismic data permitted the identification of additional reflectors that were below 

seismic resolution on the original data. Tuning thickness was improved from 120 ft/ 36.5 m on the original 

data to less than 60 ft/ 18.3 m on the high-resolution data.  High-resolution seismic analysis enabled the 

interpretation of two additional interfaces within the Olmos productive zone and one additional interface 

within the Eagle Ford productive zone.  On cross-plots, the productive zones were recognized within the 

Olmos tight sand and Eagle Ford shale due to their low density, low P-impedance, high S-wave velocity, and 

low incompressibility properties.   
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INTRODUCTION 

Unconventional resource plays have become important due to technology 

advances in recent years. Shales and tight sands previously considered sources and seals 

for conventional plays are now also considered reservoirs. Technology advances, 

including horizontal drilling and hydraulic fracturing, allow the economic production of 

those low-porosity and low-permeability reservoirs. In shales and tight sands formations 

massive hydraulic fracturing is required to open new pathways that connect pre-existing 

natural fractures, thus increasing the permeability (Goodway et al., 2007; Refunjol et al., 

2011).  

Rock property characterization of shale and tight sand in this study requires the 

use of seismic data and well logs. Simultaneous inversion of pre-stack seismic data is 

used to study the geophysical response of unconventional reservoirs. Different properties 

are calculated in the inversion process: P- and S-impedance, density, Vp/Vs, from which 

the elastic constants and Lame parameters can be derived. These are interpreted to 

understand physical properties of the reservoir. In addition, those macroscopic physical 

properties can be tied to microscopic rock properties from wellbore information and set 

the basis for predicting in-situ rock parameters (e.g. brittle vs. ductile, TOC, porosity, 

among others) (Zhu et al., 2011; Sena et al., 2011).  

This study will focus in the Olmos tight sand and the Eagle Ford shale 

unconventional plays. The study area is located in the McMullen County, South Texas 

(Figure 1) and is one of the Swift Energy Company operated areas in that region. The area 

comprises approximately 32 sq mi (83 sq km) and is covered by the Patron Grande 3D 

survey, which was acquired with full- offset and full-azimuth. Spectral inversion method 
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is applied to the original pre-stack seismic data to improve vertical resolution to image 

thin beds (high-resolution seismic data).  Therefore, high-resolution seismic data is 

available. Four wells with full log suites, including P-wave, S-wave, gamma ray, density, 

and calculated Lamé parameters logs are located within the study area. The Patron 

Grande pre-stack data and the high-resolution seismic gathers are used to generate 

simultaneously seismic inverted volumes to characterize the physical response of those 

low-porosity reservoirs and tie to in-situ reservoir rock properties from well logs. The 

results from different seismic gather inversions (original vs. high-resolution) will be 

compared to study what can be gained with the use of high-resolution seismic data.  

 

Figure 1. Map showing the location of the study area (red square) in South 

Texas. Modified from Donovan and Staerker (2010).  
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Previous Work  

 Porfiri and Moriarty (2011, Swift Energy internal report) examined a 740 sq mi 

(1916 sq km) 3D merged survey which includes the region of the current study. The 

scope of that work was the completion of simultaneous inversion to study the acoustic 

and elastic properties of the Olmos and Eagle Ford Formations.   

The pre-stack data analysis workflow implemented consisted of several gather 

conditioning steps, i.e. well-to-seismic calibration, identification of seismic phase, 

rotation of pre-stack seismic volume to zero phase, noise removal, trim statics, and angle 

gathers generation (Figure 2).  Two separate angle stacks (near-angle and far-angle) were 

generated for wavelet extraction. Well-to-seismic ties for each angle stack were 

performed. After that, we proceed to start the simultaneous inversion process. This 

process needs to be constrained due to the seismic band-limited frequency content, thus 

the low frequencies need to be added in order to stabilize the inversion.  Low-frequency 

models for P-impedance, S-impedance, and density were created using logs and picked 

horizons. Seismic was simultaneously inverted using the relationship between P-

impedance, S-impedance, and density, and applying several quality control processes. 

Analysis of inverted Olmos sandstone volumes revealed acoustic impedance 

anomalies (low P-wave impedance amplitudes), that can be directly correlated to high oil 

and gas cumulative production values and low density zones. In addition, the thickness of 

low density log zones at well locations correlates with P-impedance values (Figure 3 and 

4).  
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Figure 2. Seismic gather section around OL-1 well showing the improvements of the gather 

conditioning processes applied to the pre-stack seismic data. Left: two offset gathers before data 

conditioning. Noisy trends, NMO issues can be observed in this section. Right: same seismic section 

after gather conditioning and conversion from offset gathers to angle gathers. Noise reduction, 

continuous and flat reflectors are some noticeable results of the processes applied to the seismic 

volume. Gather conditioning was done using Hampson-Russell software.   

Figure 3. P-Impedance 

cross section across two 

wells (OL-1 and OL-2). 

The Olmos horizon is 

showed in green. 

Anomalous low P-

Impedance values are 

visible below Olmos 

horizon at OL-2 well 

location. At OL-1 well 

no anomalous P-

Impedance values can 

be observed.  

OL-1 WELL OL-2 WELL 
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Goals  

The main objective of this thesis is to further analyze the Olmos and Eagle Ford 

intervals. First, explain the difference on P-impedance response at Olmos productive 

level between wells that could be attributed to density and thickness variation of the 

coarse-grained intervals. This also could be a matter of seismic resolution and might be 

solved with the incorporation of high-resolution seismic. Second, study the Eagle Ford 

simultaneous inversion results, and rock property characterization to identify possible 

reservoir intervals.  

AI-FilAI

Bracken 36v

AI AI-Fil

* * ==

DenP DenP

SBR 240

Map View 

Figure 4. Upper Left: OL-1 P-velocity, density and P-Impedance calculated and filtered logs. 

Below Olmos horizon there is a low density zone composed by thin sand beds. This low density 

zone is not reflected in the P-Impedance filtered log, which also represents the inverted P-

impedance showed in the map. Upper Right:  OL-2 P-velocity, density and P-Impedance 

calculated and filtered logs. The low density zone below the Olmos is represented by thick sand 

interval and can be correlated to the anomalous low inverted P-Impedance values. Lower Right: 

Map view of the inverted P-Impedance. Red and orange colors represent low P-Impedance values 

and green and blue represent higher values.  

OL-1 WELL 

OL-2 WELL 
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The hypothesis formulated in this thesis is that the incorporation of high-

resolution pre-stack seismic data will improve inversion results and thus the ability to 

predict rock properties. The hypothesis was tested by completing simultaneous inversion 

using the current pre-stack seismic data. This methodology was repeated with the high-

resolution pre-stack seismic data and both inversion results were compared. 

The thesis goals are subdivided by formation: 

Olmos Goals: 

• Relate P-impedance variations to particular rock properties. Discover what the 

primary P-impedance driver is (P-wave velocity or density).  

• Identify any improvements in interpretation and simultaneous inversion of the 

high-resolution seismic. 

• Identify and characterize the productive interval within the Olmos Formation. 

• Find correlation between inversion results at each well location and paleo-

environment of deposition.  

Eagle Ford Goals: 

• Identify any improvements in seismic interpretation and simultaneous inversion 

of the high-resolution seismic data. 

• Use simultaneously inverted volumes to identify the productive interval, 

recognized as Lower Eagle Ford.  



 

7 

 

• Use rock property cross-plots analysis to discriminate and define most productive 

Eagle Ford zones.  

 

 As mentioned in the Previous Work section, low P-impedance anomalies are 

correlated to high oil and gas cumulative production in the area of study. Therefore, it is 

important to study and understand the seismic response at the well location so it can be 

extrapolated to other areas where seismic is the only source of information. This analysis 

might open new opportunities for possible new leads.  
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SOUTH TEXAS GEOLOGY 

The Gulf of Mexico opened in the Late Jurassic and entered a period of divergent-

margin development through the Cretaceous. The Late Triassic to Late Middle Jurassic 

period was characterized by a rift stage, which led to basement attenuation evidenced by 

basement highs and lows (Figure 5). During Early Late Jurassic the rift-drift transition 

took place when the Yucatan block started moving towards the south, and sea floor 

spreading began. The Cretaceous was characterized by a period of tectonic subsidence 

deceleration and crustal cooling. Extensive carbonate platforms developed around the 

entire Gulf of Mexico and ended at Late Cretaceous (Maastrichtian) with the beginning 

of diachronous Laramide deformation phase (Goldhammer and Johnson, 2001).  

The Cretaceous succession of South Texas is interpreted as one first-order (200-

400 Myr) transgressive-regressive sedimentary cycle, in which the stratigraphic evolution 

was dominated by relative sea-level changes. The Lower Cretaceous succession can be 

divided in two transgressive-regressive second-order sedimentary cycles. Each regressive 

cycle during Early Cretaceous is characterized by reef development along the break 

between the continental shelf and the Gulf of Mexico basin. These two episodes of reef 

formation are: 1) Sligo (Hauterivian to Barremian) and 2) Edwards or Stuart City 

(Albian) which is the younger episode and generally occurred in a more inland position 

than the Sligo. In many areas of the Gulf of Mexico the Edwards margin prograded 

towards the Sligo margin leading to a sharp physiographic edge between the continental 

shelf and continental slope at the end of Early Cretaceous. In South Texas the situation 

was different, the Edwards margin prograded towards the continent resulting in a two-
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step complex continental margin at the end of Early Cretaceous (Figure 6) (Condon and 

Dyman, 2006; Donovan and Staerker, 2010).  

Figure 5. Gulf of Mexico tectonic evolution model. Note that 

during Triassic-Jurassic periods extension is evidenced by 

basement highs and lows. Extracted from Goldhammer and 

Johnson (2001). 
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The Late Cretaceous was characterized by a marine transgression in which 

carbonates, mudstones, and shales were deposited. In South Texas, the succession is 

composed by the following lithostratigraphic units (from older to younger): Del Rio, 

Buda, Eagle Ford, Austin, Anacacho, San Miguel, Olmos and Escondido Formations 

(Figure 7). This study focuses on the Eagle Ford and Olmos Formations, thus only the 

lithologic and depositional characteristics for those formations will be summarized.  

 

 

Figure 7. Lithostratigraphic 

column of eastern and southern 

Texas. The study area is 

represented by the Rio Grande 

Embayment region. The rock 

intervals of interest (Eagle Ford 

and Olmos) are highlighted in 

red. (Modified from Condon and 

Dyman (2006)) 
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The Eagle Ford succession (Late Cenomanian to Turonian) is an unconformity-

bounded depositional sequence composed by a retrogradational lower member and a 

progradational upper member, that are interpreted as transgressive and highstand deposits 

respectively. The maximum flooding surface occurs near or at Cenomanian-Turonian 

stage boundary. According to Donovan and Staerker (2010) Eagle Ford deposits can be 

divided in two different intervals (Figure 8): Lower, and Upper Eagle Ford. The Lower 

Eagle Ford consists in light grey cross-laminated grainstones to packstones separated by 

calcareous mudstones at the base (facies A). This is interpreted as deposited between 

normal and storm wave base due to the presence of wave-formed structures. This unit is 

overlaid by laminated organic-rich calcareous mudstones separated by thin wackestones 

beds, and corresponds to the subsurface unconventional productive interval (facies B). 

The Upper Eagle Ford consists in light gray wackestones and packstones beds alternating 

with calcareous mudstones (facies C). This facies shows thicker limestones beds 

compared to the previous one, and is interpreted as a shoaling-upward succession.  Above 

facies C, the Upper Eagle Ford is represented by poorly stratified echinoid-bearing marls 

and limestones (facies D). The organic content of this facies decreases compared to that 

of the previous ones. On top of facies D, gray limestone beds intercalated with calcareous 

mudstones (facies E) suggest a shoaling upward environment. According to Condon and 

Dyman (2006), the upper member was deposited in a nearshore well-oxygenated 

environment. At present, the Eagle Ford is an unconventional shale gas play that is 

associated with the organic-rich deposits of the lower Eagle Ford (facies B). 
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Olmos deposits consists of deltaic sands that prograded from the northwest and 

accumulated along the shelf margin as a response to a significant relative sea-level fall 

during Upper Cretaceous (lower Maastrichtian).  Submarine gravity flows developed on 

the shelf, slope, and basin plain and led to turbidite flow deposition. There are two 

interpretations of the Olmos sandstone deposition, but both agreed that it was deposited 

under a deltaic regime. According to Dennis (1987), Olmos deposition is interpreted as a 

delta-fed submarine ramp depositional model, because there is no evidence of a major 

canyon existence in the seismic data of the area. This model was described by Heller and 

Dickinson (1985) and differs from the canyon-fed submarine fan model because no 

individual canyon, which acts as the major sediment source, can be recognized. 

Figure 8. Facies, lithostratigraphy and sequence stratigraphic interpretation of the Eagle Ford 

(Modified from Donovan and Staerker, 2010) 

 

Coniacian 

Turonian 

Cenomanian 

Turonian 
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On this model, the sedimentological components of the Olmos Formation are 

summarized in figure 9, and consist of: 1) sandy deltaic system that prograded to the 

shelf-slope break; 2) pro-delta slope transversed by multiple shallow gullies; 3) proximal 

ramp deposits that resulted from high-density turbidite currents (Lowe, 1982) or massive 

turbidite sandstone beds of Facies B (Mutti and Ricci-Lucchi, 1972); 4) distal ramp 

deposits resulted from low-density turbidite flows (Heller and Dickinson, 1985; and 

Dennis, 1987). During Olmos deposition there was a downthrown fault that acted as a 

plane of movement leading to slumping of the unstable delta front sediments deposited 

on the faulted area. At present, structural dip is northwest to southeast corresponding with 

the Paleo Golf of Mexico basin direction. Olmos sediment porosity and permeability 

decrease in a basinward direction due to an increase in clay content resulting from to the 

low-density turbidite flows deposited at the distal ramp (Dennis, 1987).  

On the other hand, Tyler and Ambrose (1986) identified the lower Olmos as 

deposited in a deltaic system followed by a barrier/strandplain system. Trevino et al. 

(2007) analyzed cores from well logs and recognized channel related facies. They defined 

Olmos depositional system and evolution as a wave-dominated deltaic system that 

periodically prograded over the shoreface and was alternately transgressed by the 

shoreface deposits by autocyclic delta-lobe switching and abandonment.  

In this study the Olmos is interpreted as a deltaic system with a principal channel 

as a source of sediment. According to well data near the study area, channel facies were 

recognized to the North-East (Ann Gafford, personal communication). Olmos sediments 

correspond to laminated sands deposited in lower low energy shoreface-inner shelf 

environment intercalated with silts and shales accumulated by storm deposits. Longshore 
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currents run parallel to the coastline towards the southwest transporting fine-grained 

sediments far away from the source (Figure 10).  This led to the sand/shale proportion 

reduction towards the south-west where quieter water allowed fine sediments to settle.  

 

Figure 9. This figure shows the different components of a delta-fed submarine ramp. The 

lithostratigraphic column on the right illustrates a typical deposit succession within this environment of 

deposition. Extracted from Heller and Dickinson (1985).  
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Figure 10. Schematic diagram of Olmos paleo-environment of deposition. The area of study is located in 

the paleo-lower shoreface and paleo-inner shelf environments. Longshore currents run parallel to the 

coastline towards the southwest transporting fine-grained sediments far away from the source. Courtesy of 

Ann Gafford (Swift Energy). 
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DATA SET AND INTERPRETATION  

 The study area is located in South Texas and comprises ~ 32 sq mi (83 sq 

km) region. The dataset includes the Patron Grande full-azimuth, full-offset 3-D seismic 

gathers and four wells with a suite of digital well logs and a RMS velocity model. 

Seismic data has a sample interval of 3 ms and an offset of 26,000 ft (7925 m) (80 

degrees angle offset). Many gather conditioning processes were applied to obtain final 

pre-stack seismic gathers converted from offset to angle (in which angles from 4 to 46 

degrees were retained). In this work, Hampson-Russell and SMT’s Kingdom software 

were used.  

 The well database contains four wells with P-wave, S-wave, gamma ray, and 

density logs.  All the wells are gas and/or oil producers, and penetrated the Olmos 

Formation. Only two out of the four wells reached the deeper Eagle Ford Shale, and for 

these wells the S-wave log record starts below Olmos Formation. It is important to 

remark that three out of the four wells are horizontal wells and the logs interpreted in this 

work correspond to the vertical pilot well (Figure 11). Production information is available 

for the four wells. Two wells are producing from the Olmos Formation, one of them is a 

vertical well and the other is a horizontal well. The cumulative production values and 

EUR (Estimated Ultimate Recovery) are high for both wells. The remaining two 

horizontal wells are producing from the Lower Eagle Ford interval, and also show good 

cumulative production and EUR values.  

Well log interpretation focuses on the Olmos and Eagle Ford Formations and the 

identification of productive zones based on well production information. Within the 
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Olmos Formation, 3 markers are important: Olmos Top, and the Top and Base of the 

productive zone or High-Porosity Zone (HPZ). The Top of Olmos Formation is 

recognized by the marked deviation in the Primary (P) velocity log towards high velocity 

values. The Top and Base of the HPZ are delimited by low density and high shear (S) 

wave log values (Figure 12). This Olmos division is noticeable on the four wells. The 

Olmos HPZ has an average thickness of 86 ft (26 m) with a maximum of 107 ft (32.5 m) 

thick at the EF-1 well location. Since the overall dip of the sequence is towards 

Southeast, this HPZ is found at different depths at each well location.  

Eagle Ford shale interpretation focuses in the identification of the productive zone 

(i.e. Lower Eagle Ford interval). The most useful log is density; showing a marked 

deviation towards lower values at the Lower Eagle Ford interval (Figure 13). The base is 

represented by the Buda top, which is a strong marker due to its high calcareous content. 

Lower Eagle Ford interval is identified in both deeper wells Formation has an average 

thickness of 277 ft (84.5 m) with a maximum of 289 ft (88 m) thick at the EF-1 well 

location.  
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Scale 1:69000 

EF-1 

EF-2 
OL-1 

OL-2 

Figure 11. Map showing the location of the wells used in this work. The grey area corresponds to the 

3D survey.  

 

Figure 12. The Olmos productive interval is identified by low density log values. An increase of the 

S-wave velocity values can be seen in the HPZ.  
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Seismic interpretation of the Olmos and Buda horizons was done on the post-

stack conditioned seismic volume. First, I tied the wells to seismic to study the seismic 

response at each marker and elaborate the time-depth charts. The Olmos top of the HPZ 

is a seismic trough, which is expected due to the change in acoustic impedance. The base 

of the HPZ is the peak right below the Olmos trough (Figure 14). Olmos time thickness is 

consistent (~ 2ms) within the entire study area there are not significant thickness 

variations along the entire volume.  

 

 

 

 

Figure 13. The Lower Eagle Ford productive interval is identified by low density log values. 
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Lower Eagle Ford Top horizon can be correlated to a seismic trough, which ties 

with the top of the lower density zone. The Lower Eagle Ford Base horizon is a strong 

seismic peak due to the high impedance contrast between Eagle Ford shale and the 

underlying Buda limestone as the calcareous content increases (Figure 15). 

A tuning chart generated for the interval of interest on the seismic data shows that 

the maximum peak-to-trough amplitude occurs at 20 ms (TWT). This means that vertical 

resolution of the data at the interval of interest is 20 ms, which corresponds to a ~100 ft 

(30 m) tuning thickness (based on the velocity extracted from RMS velocity model) 

(Figure 16). Therefore, the Olmos HPZ (107 ft/ 32.5 m maximum thickness) is about 

seismic resolution. However, the thin beds within the Olmos high-porosity interval 

cannot be resolved on the seismic. 

Figure 14. Seismic vertical section across Olmos wells. Top of HPZ horizon is represented by a seismic 

trough and its base by a seismic peak (yellow lines). 
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Olmos Top 
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Figure 15. Seismic vertical section across EF-2 well horizontal path. Top of Lower Eagle Ford 

horizon is interpreted as a seismic trough. The base of the Lower Eagle Ford corresponds to the 

Eagle Ford-Buda interface and is interpreted as a seismic peak.  

 

DENSITY LOG 
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Buda Top 
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Figure 16. Tuning analysis chart of original seismic on the Olmos-Eagle Ford interval. The 

upper panel shows the wavelet used for the tuning analysis (extracted from original seismic 

data on a time interval from 2 to 3 sec), and the lower panel shows a chart with the Normalized 

Peak-Trough Amplitude curve. The peak of the Normalized Peak-Trough Amplitude is at ~ 

0.02 sec (TWT). Therefore, the vertical resolution at each level of interest is calculated as 

follows:  

-Resolution at the Olmos level= ((0.02 sec)/2)* P-wave velocity= ~ 95 ft/29 m 

-Resolution at the Eagle Ford level= ((0.02 sec)/2)* P-wave velocity= ~ 100 ft/30.5 m 

Buda Top 
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To improve seismic resolution, Ultra
TM

 process was applied to the original pre-

stack seismic data by Lumina Geophysical, LLC. Ultra
TM

 is a spectral inversion method 

developed by Castagna and Puryear (2008) which uses a priori information and spectral 

decomposition to improve the resolution. Thin beds below tuning thickness (i.e. 

maximum constructive interference that occurs when the bed thickness reaches one 

quarter of the wavelength at dominant frequency (Kallweit and Wood, 1982; Brown, 

2004)) can be imaged by inverting the frequency spectra for layer thickness using 

complex spectral analysis (Figure 17).  

Figure 17. This is an example 

that shows the improvement in 

vertical resolution after Ultra
TM

 

was applied.  Upper figure: 

well-to-seismic correlation 

where the seismic resolution is 

far below the bed thickness. 

Lower figure: the same well-

to-seismic correlation as the 

upper figure after Ultra
TM

 was 

applied. Note that the vertical 

resolution is improved to ~ 8 m 

and thinner beds are imaged.  

Courtesy of Lumina 

Geophysical. 

 

Geophysical. 
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Ultra
TM

 process was applied to five different partial angle stacks. As a result, 

high-resolution pre-stack seismic data containing five traces was obtained (12°, 20°, 27°, 

35°, and 42° angle traces) (Figure 18). This high resolution seismic underwent a QC 

process which included well-to-seismic ties to near, middle, and far offsets, and quality 

comparison with the original seismic data. To compare these high resolution results with 

the original seismic data the workflow used was: 1) generation of post-stack seismic 

volume from the high-resolution pre-stack data; 2) re-sample the original seismic data to 

2ms, so the volumes will have the same sample rate; 3) extracted a statistical wavelet 

from the re-sampled original seismic data; 4) convolve the high-resolution post-stack 

seismic with the statistically extracted wavelet from the original seismic data; and 5) 

since the amplitudes of the original and high resolution data were not balanced, an equal 

amplitude scaler was applied to both post-stack volumes. After that, a visual comparison 

of both volumes was performed. This showed that both volumes were approximately 

identical and did not reveal any remarkably difference at the interval of interest (Figures 

19, 20, 21, and 22).  

Olmos and Buda horizons follow the same trend as that on the original seismic. 

However, due to the higher level of detail on the new seismic data the horizons had to be 

re-interpreted on the high-resolution seismic data. The tuning chart for the high-

resolution seismic shows that the maximum peak-to-trough amplitude occurs at 10 ms 

(TWT), when using nearby velocities from RMS velocity model this is translated as ~ 50 

ft (15 m) of tuning thickness (Figure 23). Based on the tuning chart information from 

original and high-resolution seismic at interval of interest, the Ultra
TM

 process allows 

layer identification to half of the original tuning thickness. This represents a vertical 
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resolution improvement that doubles the original data resolution. The frequency spectrum 

of high-resolution seismic shows that much higher frequencies were added to the seismic 

when compared to the original.  

 

 

 

 

Figure 18. High-resolution pre-stack seismic section. Wiggle traces correspond to the five angle traces 

of each gathers (12°, 20°, 27°, 35° and 42°).  
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Figure 19. Comparison of high-resolution seismic (left image) and original seismic (right) after QC 

process was applied. Seismic sections across EF-2 well look similar without any significant change on 

the Olmos-Eagle Ford study interval. Color code: seismic peaks are colored in black.  

 

Figure 20. Comparison of high-resolution seismic (left image) and original seismic (right) after QC 

process was applied. Seismic sections across EF-1 well look similar without any significant change on 

the Olmos-Eagle Ford study interval. Color code: seismic peaks are colored in black.  
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Figure 21. Comparison of high-resolution seismic (right image) and original seismic (left) after QC 

process was applied. Seismic sections across OL-2 well look similar without any significant change on 

the Olmos-Eagle Ford study interval. Color code: seismic peaks are colored in black.  

 

Figure 22. Comparison of high-resolution seismic (right image) and original seismic (left) after QC 

process was applied. Seismic sections look similar without any significant change on the Olmos-Eagle 

Ford study interval. Color code: seismic peaks are colored in black.  
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In addition, two additional horizons are interpreted within the Olmos HPZ and 

one more within the Lower Eagle Ford due to ultra-seismic resolutions improvement 

(Figures 24 and 25). Top and base of Olmos HPZ thin layers separated by shale breaks 

that could not be seen on the original seismic now can be identified. This represents an 

important advantage since it could aid in the productive interval identification. Isochron 

maps between each of these new surfaces show time-thickness variation of each layer 

across the area of study (Figure 26).  

Figure 23. Tuning analysis chart of high-resolution seismic on the Olmos-Eagle Ford interval. The 

upper panel shows the wavelet used for the tuning analysis (extracted from high-resolution seismic 

data on a time interval from 2 to 3 sec), and the lower panel shows a chart with the Normalized 

Peak-Trough Amplitude curve. The peak of the Normalized Peak-Trough Amplitude is at ~ 0.01 

sec (TWT). Therefore, the vertical resolution at each level of interest is calculated as follows:  

-Resolution at the Olmos level= ((0.01 sec)/2)* P-wave velocity= ~47 ft/14m 

-Resolution at the Eagle Ford level= ((0.01 sec)/2)* P-wave velocity= ~50 ft/15m 
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Figure 25.  Comparison between original seismic (left) and high-resolution seismic (right) at the 

Lower Eagle Ford interval. Note that high-resolution seismic vertical resolution improvement 

allowed the interpretation of one additional horizon within the Lower Eagle Ford.  

 

HIGH-RESOLUTION DATA ORIGINAL DATA 

Figure 24. Besides Top and Base of the HPZ, two more horizons can be 

interpreted in the high-resolution seismic. (Blue represents positive 

seismic amplitudes and red negative seismic amplitudes) 

 

HIGH-RESOLUTION DATA ORIGINAL DATA 
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Figure 26. Isochron maps between thin layers within the Olmos HPZ. Map A shows the HPZ 

thickness. Map B shows the thickness between top of HPZ and the first layer below it. Thicker areas 

are located in the northern and western regions. Map C illustrates the thickness between horizon 2 

and 3 of the HPZ, and is similar to map B. Map D corresponds to horizon 3 and base of HPZ 

thickness and shows thicker intervals on the southern-central area. Therefore, Olmos thin layer time 

thickness varies across the study area. 
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 METHODS 

Simultaneous Inversion 

Acoustic properties can be derived from seismic data by means of seismic 

inversion processes. This allows the calculation of the impedance (velocity*density) for 

each layer from seismic amplitudes. Acoustic impedance can be calculated at the well 

location, and is the connection between well and seismic data (Latimer, et al., 2000). 

Simultaneous inversion is one of the pre-stack seismic inversion processes in which 

lithologic volumes (P-impedance, S-impedance, and density) are created simultaneously.  

The method is based in three assumptions: 1) linearized approximation for reflectivity 

holds, 2) the Aki-Richards equation gives the reflectivity as a function of angle, and 3) 

there is a linear relationship between P-impedance and both S-impedance and density 

(Gardner’s relationship: ∆δ/δ=(1/4)(∆Vp/Vp), and Castagna’s equation: Vs=(Vp-

1360)/1.16). Hampson-Russell software uses the AVO Equation (Fatti et al. 1994) that 

considers the P-reflectivity, S-reflectivity, a geometric factor (that includes the different 

incidence angles of the gather), and density reflectivity (Hampson and Russell, 2005).  

The principal issue of this method is that the seismic input is band-limited, i.e. it 

has low and high cutoffs in the frequency spectra (Figure 27). The absolute impedance 

variations can be calculated by adding the missing low frequencies. The solution to this 

consists in using a priori information (well logs and interpreted horizons) to build P-

impedance, S-impedance, and density initial band-limited low-frequency models. A time 

domain bandpass filter is applied to those models to obtain the missing low frequencies in 

the original seismic, and the result is the “initial guess”. This a priori information permits 
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the calculation of the impedance traces that tie to the well log information (Duboz et al., 

1998).  Then, by several iterations, using the conjugate gradient method,  with the 

original seismic data the software generates an inverted trace which contains the low 

frequencies and the original frequency spectra of the input seismic (Figure 28).  
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Figure 27. Example of a 

seismic section and its 

frequency spectrum. The 

seismic data is band-limited, it 

exhibits low and high cutoffs. 

One problem in the inversion 

process is that it needs low 

frequencies.   
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Figure 28. 
Upper figure 

shows the 

original (blue), 
the filtered log 

(black), and the 

inverted result 
(red) for the P 

and S-

Impedance and 
Vp/Vs ratio at 

one of the well 

locations. Lower 
figure shows the 

frequency 

spectra for each 
log curve. Note 

that by filtering 

back the original 
well log the low 

frequencies can 

be recovered.  
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          Simultaneous inversion workflow has many steps. First, the wavelet needs to be 

estimated and tied to seismic for near, mid, and far offsets separately. Separate offset 

gathers ties facilitate the compensation for offset dependant phase, bandwidth, tuning, 

and NMO stretch effects (Pendrel et al., 2000). Wavelet estimation is extremely 

important since it is the link between seismic and rock properties seen on the well (White, 

1997). After that, the analysis process generates a local inversion at each well location. 

This allows finding the best relationships between P-impedance, S-impedance, and 

density. This set of parameters controls the background relationship, which is used to 

stabilize the inversion. In order to reduce the non-uniqueness, the following relationships 

are assumed to hold for the background wet trend: ln(Dn)= m ln(Zp) + mc and ln(Zs)= k 

ln(Zp) + kc where the coefficients k, kc, m, and mc will be determined by analyzing well 

logs from the area (Hampson and Russell, 2005). Cross-plots of those properties (Zp, Zs, 

density, and Vp/Vs) at the well locations for the original and the inverted results aid in 

the parameter selection (Figure 29). Once the parameters of the relationships are 

successfully tested the data is ready to generate the inverted volumes.  

The objective of this work comprises simultaneous inversion of the original and 

the high resolution seismic data (best case scenario for each dataset). Then compare the 

volumes at the levels of interest and study any resolution improvement. Due to optimal 

wavelet estimation two different simultaneous inversions are performed for the original 

pre-stack seismic: one for the Olmos, and other for the Eagle Ford interval. For the high-

resolution seismic, the wavelet is stable for the complete interval of interest (Olmos and 

Eagle Ford) (Figure 30), so one simultaneous inversion process will be performed. 
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Zp vs. Zs Zp vs. Density 

Figure 29. P-impedance, S-impedance, and density cross-plots at the well locations. The relationship 

between those properties needs to be set to get the inversion parameters.    

 

Figure 30. Wavelets extracted from the near angle stack (4º to 20º). Green wavelet corresponds to 

wavelet extracted at the Olmos interval, and in blue is the wavelet extracted along the Eagle Ford 

interval. Wavelets extracted over the original seismic data (left figure) show that there is a difference 

on the frequency content between Olmos and Eagle Ford intervals. Note that the wavelets extracted 

over the high-resolution seismic data (right figure) are almost identical.  

HIGH-RESOLUTION SEISMIC 

DATA 

ORIGINAL SEISMIC 

DATA 

Zp vs. Zs Zp vs. Density 
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Cross-plots 

 Well information is used to define in-situ rock properties and identify the 

reservoir.  Original registered logs such as density, P-wave and S-wave velocities, and 

calculated logs such as P-impedance and Vp/Vs ratio are essential to understand reservoir 

properties, and correlate it to the proper seismic response. The workflow consists in 

cross-plotting these parameters to understand the in-situ reservoir response, and then try 

to correlate it to the inversion results.   

Logs can be combined calculate other parameters such as Lame parameters, 

Young’s modulus, and Poisson ratio to study the geo-mechanical properties of the 

intervals of interest. Since unconventional reservoirs exhibit low permeability values, 

profitable gas production can be achieved by hydraulic fracture stimulation. This requires 

the opening of a connection between pre-existing faults, or the identification of brittle 

zones that can support induced fractures (Goodway et al., 2007).  Many studies of Barnett 

and Haynesville shale gas plays (Grigg, 2004; Goodway et al., 2007; Goodway et al., 

2010; Refunjol et al., 2011; Hening et al., 2011; Sena et al., 2011) used the relationship 

between different elastic moduli for geo-mechanical rock property characterization and 

brittle zone identification (Figures 31 and 32).  

In this work, those elastic parameters at the well will be calculated using 

Hampson-Russell software. Lambda mu rho (LMR) logs will be generated using the 

relationship between P-impedance and S-impedance to MR and LR respectively as stated 

by Goodway et al. (1997).  The main goal of this workflow is to identify brittle zones 

which are characterized by low incompressibility (LR) and high rigidity (MR), and 
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understand the reservoir properties (Grigg, 2004; Goodway et al., 2007; Goodway et al., 

2010; Treadgold et al., 2011; Refunjol et al., 2011; Hening et al., 2011; Sena et al., 2011). 

 

 

 

Figure 31. Lambda vs. Young’s Modulus cross-plot with curves of constant Mu and lines of 

constant Poisson’s ratio.  Grigg’s empirical trend (Barnett trend) has two parts. One part, that 

represents brittle rocks, is perpendicular to increasing constant mu value curves and crosses lines 

of decreasing Poisson’s ratio values. The other part represents ductile rocks, with low mu values. 

(Grigg, 2004) 
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Figure 32. LR vs. MR log cross-plot from a well extracted from Goodway et al. 

(2010). Note that gas sands have higher values of MR compared to gas shales due to 

an increase in rigidity. LR values are similar for both gas-filled rock intervals.   
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ORIGINAL SEISMIC SIMULTANEOUS INVERSION 

Four wells reached the Olmos Formation, but only two of them have been drilled 

deeper to the Eagle Ford. Wavelet estimation and seismic tie to the wells are performed 

separately for each formation and for near and far angle gather stacks.  

Simultaneous inversion is generated individually for the Olmos and Eagle Ford 

intervals. Both inversions are performed on a 0.5 seconds time interval, which ranges 

from 2 to 2.5 seconds for Olmos inversion and 2.5 to 3 seconds for Eagle Ford inversion.  

The following chart summarizes the Olmos and Eagle Ford simultaneous 

inversion parameters:  

 

Wavelets for Olmos well-to-seismic tie and simultaneous inversion were 

statistically extracted from the different angle stacks on a time interval of 100 

milliseconds, from 50 milliseconds above and below Olmos horizon (Figure 33, 34, 35, 

36, and 37). The near angle stack ranges from 4° to 20°, and the far angle from 32° to 

46°. The four wells were used for the Olmos inversion. However, it is important to 

Olmos Eagle Ford

Time Interval 0.5 sec 0.5 sec

TimeRange 2 to 2.5 sec 2.5 to 3 sec

Wavelets

2 wavelets:                                                  

-Near Offset (4-20):Olmos_4_20                                  

-Far Offset (32-46): Olmos_32_46

4 wavelets:                                               

-Near Offset (4-20): EF_4_20                  

-Mid offset (20-28)                                     

-Mid far offset (28-32)                                   

-Far Offset (32-46): EF_32_46

Low-Frequency Model 

(High cut)
10/15 Hz 10/15 Hz

Horizons used Olmos and Buda Buda

Method Pre-Whitening Pre-Whitening
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remark that only two of the wells (OL-1 and OL-2) have a registered S-wave log. The 

Eagle Ford wavelets were extracted using the same method on a time interval of 130 

milliseconds above Buda, which included the interval of interest.  Well-to seismic tie was 

done for near (4° to 20°) and far (32° to 46°) angle stacks (Figures 38 and 39, 40, and 

41). More wavelets were extracted and used on the inversion process (mid offset from 

20° to 28°, and mid-far offset from 28° to 32°) to achieve better pre-inversion analysis 

(Figure 42).  

The a priori information includes well tops and interpreted horizons for the 

interval of interest. The low-frequency model for each inversion was created using 10-15 

Hz high-cut filter.  

The inversion analysis at each well is required to test the wavelet, low-frequency 

model, and parameter selection for the inversion interval. First, the relationships between 

P-impedance, S-impedance and density are set. For both inversions, the pre-whitening 

method is used. The parameters are selected to minimize the visual and quantitative error.  

The three parameters (P- and S-impedances and density) are inverted for each Olmos and 

Eagle Ford inversion.  

The inversion analysis for each of the wells shows a very good correlation 

between the original log data and the pre-stack inverted data. Hampson-Russell software 

generates a synthetic seismic from the inverted results, compares it with the original 

seismic, and calculates the error. In addition, it computes the RMS error over the interval 

of interest of each log involved in the analysis. This enables a quantitative evaluation of 

the goodness-of-fit along with visual comparison of the inverted results. Figures 43 to 46 

show the analysis display for each well. The visual correlation is very good and the RMS 
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Figure 33. Wavelets extracted from 

the original seismic data. The upper 

panel shows the wavelets and lower 

panel the frequency spectra. Red 

wavelet corresponds to near-offset 

and blue wavelet to far-offset. Note 

the frequency difference between near 

and far offsets. 

error estimation is in the order of 4% for P- and S-impedances, and about 1% for density 

and Vp/Vs for the Olmos inversion; and 6% for P- and S-impedances, and about 2% for 

density and Vp/Vs for the Eagle Ford.  

 

  

Figure 34. Near-offset well-to-seismic tie at OL-1 well. The upper left figure is the wavelet used to 

tie the well to the near stack. Correlation coefficient achieved is 0.725, and the correlation diagram 

(lower right figure) shows that wavelet and seismic are both zero phase. 

OL-1 WELL 
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Figure 35. Near-offset well-to-seismic tie at OL-2 well. The upper left figure is the wavelet 

used to tie the well to the near stack. Correlation coefficient achieved is 0.862, and the 

correlation diagram (lower right figure) shows that wavelet and seismic are both zero phase. 

 

Figure 36. Far-offset well-to-seismic tie at OL-1 well. The upper left figure is the wavelet 

used to tie the well to the far stack. Correlation coefficient achieved is 0.688, and the 

correlation diagram (lower right figure) shows that wavelet and seismic are both zero phase. 
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Figure 37. Far-offset well-to-seismic tie at OL-2 well. The upper left figure is the wavelet used 

to tie the well to the far stack. Correlation coefficient achieved is 0.766, and the correlation 

diagram (lower right figure) shows that wavelet and seismic are both zero phase. 

 

Figure 38. Near-offset well-to-seismic tie at EF-2 well. The upper left figure is the wavelet 

used to tie the well to the near stack. Correlation coefficient achieved is 0.920, and the 

correlation diagram (lower right figure) shows that wavelet and seismic are both zero phase. 
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Figure 39. Near-offset well-to-seismic tie at EF-1 well. The upper left figure is the wavelet 

used to tie the well to the near stack. Correlation coefficient achieved is 0.900, and the 

correlation diagram (lower right figure) shows that wavelet and seismic are both zero phase. 

 

Figure 40. Far-offset well-to-seismic tie at EF-2 well. The upper left figure is the wavelet used 

to tie the well to the far stack. Correlation coefficient achieved is 0.954, and the correlation 

diagram (lower right figure) shows that wavelet and seismic are both zero phase. 

 

EF-2 WELL 

EF-1 WELL 
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Figure 41. Far-offset well-to-seismic tie at EF-1 well. The upper left figure is the wavelet 

used to tie the well to the far stack. Correlation coefficient achieved is 0.814, and the 

correlation diagram (lower right figure) shows that wavelet and seismic are both zero 

phase. 

 

Figure 42. Wavelets extracted from the original seismic. The upper panel shows the wavelets 

and lower panel the frequency spectra. Pink wavelet corresponds to near-offset and yellow 

wavelet to far-offset. Note the frequency difference between near and far offsets. The other 

wavelets were extracted and only used for Eagle Ford simultaneous inversion.  

 

EF-1 WELL 
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Figure 43. Simultaneous inversion analysis at OL-1 well. The original (blue), the filtered log (black), 

and the inverted result (red) for the P- and S-impedance, density, and VpVs ratio are compared to 

evaluate the inversion.  

Figure 44. Simultaneous inversion analysis at OL-2 well. The original (blue), the filtered log (black), 

and the inverted result (red) for the P- and S-impedance, density, and VpVs ratio are compared to 

evaluate the inversion. 
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Figure 45. Simultaneous inversion analysis at EF-2 well. The original (blue), the filtered log (black), 

and the inverted result (red) for the P- and S-impedance, density, and VpVs ratio are compared to 

evaluate the inversion. 

Figure 46. Simultaneous inversion analysis at EF-1 well. The original (blue), the filtered log (black), 

and the inverted result (red) for the P- and S-impedance, density, and VpVs ratio are compared to 

evaluate the inversion. 
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HIGH-RESOLUTION SEISMIC SIMULTANEOUS INVERSION 

The high-resolution pre-stack seismic data are simultaneously inverted using the 

same technique described previously. Wavelets extracted over the Olmos and Eagle Ford 

intervals were virtually identical (Figure 30). Therefore, there is no need to perform 

separate inversions. This is an important aspect since it facilitates the inversion process 

and makes it less time consuming.  

The four wells are used for the inversion. Well-to-seismic ties are performed for 

near, middle and far angle gather stacks at each well. Three wavelets are used, one for 

each particular angle stack tie.  The wavelets are statistically extracted from the 

corresponding angle offset gather within a time interval from 1.5 to 3 seconds (Figure 

47).  Well-to-seismic tie for the high-resolution seismic data is difficult due to the higher 

level of detail due to its higher frequency content. A correlation coefficient of ~ 0.5 was 

achieved with a better fit for the near angle stack. The seismic tie for Olmos wells (OL-1 

and OL-2) did not need any stretch (Figure 48, 49, and 50). The Eagle Ford wells (EF-1 

and EF-2) logs were stretched approximately 20 milliseconds to achieve the better results 

(Figures 51, 52, 53, and 54).  

The low-frequency model was generated using previously tied well logs of the 

four wells and the Olmos and Buda re-interpreted horizons. This model is built for the 

time interval of interest that includes Olmos and Eagle Ford Formations. The frequency 

content is set to 5-20 Hz high-frequency cut, which after testing has proved to produce 

the best fit and the less amount of error on the inversion analysis.   

The analysis of the high-resolution pre-stack inversion at each well location is 

done to test the wavelet, low-frequency model, and parameter selection for the previously 
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set inversion interval (the inversion interval comprises a time interval from Olmos 

horizon minus 100 milliseconds to Buda horizon). First, the relationship between P-

impedance, S-impedance, and density is set (Figure 55). Second, a pre-whitening method 

is used with parameter values that minimized the visual and quantitative error.  For this 

high-resolution pre-stack inversion, the density is not calculated as part of the 

simultaneous inversion process, it is calculated from the previously established parameter 

relationship from the cross-plots (ln(Dn)= m ln(Zp) + mc). According to Hampson-

Russell software online manual, the density term becomes more important at higher 

angles, where the Aki-Richards 2nd and 3rd terms differ most. If the maximum angle 

offset is less than 45°, it is more stable to assume that the density behaves like P-

impedance, and use the regression trend defined on the cross-plot. In this study, the 

bigger angle does not exceed 45° so I tested both possibilities (i.e. inverted density and 

calculated density) and the calculated density shows a much better fit with a smaller 

error. 

The inversion analysis at each of the four wells is shown in figures 56, 57, 58, and 

58. For this analysis, the well logs are filtered to the seismic frequency bandwidth, 

applying a high-frequency cut at 150 Hz. Hampson-Russell software generates a 

synthetic seismic from the inverted results, compares it with the original seismic, and 

calculates the error. In addition, the program computes the RMS error at the interval of 

interest of each log involved in the analysis. This enables a quantitative evaluation of the 

goodness-of-fit along with visual comparison of the inverted results. The visual 

correlation is very good and the RMS error estimation does not exceed 4% (with an 

average of 3%).  
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Figure 47. Wavelets extracted from different angle stacks. Pink wavelet corresponds to near-

offset (1  ), yellow wavelet to mid-offset (   ) and blue wavelet to far-offset (4  ). Note that 

frequency spectra do not show differences between near, mid and far offsets. 
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Figure 48. Near-offset well-to-seismic tie at OL-1 well. The upper left figure is the wavelet used 

to tie the well to the near stack. Correlation coefficient achieved is 0.435, and the correlation 

diagram (lower right figure) shows that wavelet and seismic are both zero phase. 

 

Figure 49. Mid-offset well-to-seismic tie at OL-1 well. The upper left figure is the wavelet used 

to tie the well to the middle stack. Correlation coefficient achieved is 0.412, and the correlation 

diagram (lower right figure) shows that wavelet and seismic are both zero phase. 

OL-1 WELL OL-1 WELL 

OL-1 WELL 
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Figure 50. Far-offset well-to-seismic tie at OL-1 well. The upper left figure is the wavelet used 

to tie the well to the far stack. Correlation coefficient achieved is 0.382, and the correlation 

diagram (lower right figure) shows that wavelet and seismic are both zero phase. 

Figure 51. Near-offset well-to-seismic tie at EF-2 well. Note the low correlation coefficient 

(0.114) due to a mis-tie of 20 ms.  

OL-1 WELL 
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Figure 52. Near-offset well-to-seismic tie at EF-2 well. The upper left figure is the wavelet 

used to tie the well to the near stack. Correlation coefficient achieved is 0.608, and the 

correlation diagram (lower right figure) shows that wavelet and seismic are both zero phase. 

Figure 53. Mid-offset well-to-seismic tie at EF-2 well. The upper left figure is the wavelet 

used to tie the well to the middle stack. Correlation coefficient achieved is 0.500, and the 

correlation diagram (lower right figure) shows that wavelet and seismic are both zero phase. 

EF-2 WELL 

EF-2 WELL 
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Figure 54. Far-offset well-to-seismic tie at EF-2 well. The upper left figure is the wavelet used to 

tie the well to the near stack. Correlation coefficient achieved is 0.471, and the correlation 

diagram (lower right figure) shows that wavelet and seismic are both zero phase. 

Figure 55. P-impedance, S-impedance, and density relationships set for the inversion.  

EF-2 WELL 
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Figure 56. Simultaneous inversion analysis at EF-2 well. The original (blue), the filtered log 

(black), and the inverted result (red) for the P- and S-impedance and VpVs ratio are compared to 

evaluate the inversion. 

 

Figure 57. Simultaneous inversion analysis at OL-1 well. The original (blue), the filtered log 

(black), and the inverted result (red) for the P- and S-impedance and VpVs ratio are compared to 

evaluate the inversion. 
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Figure 58. Simultaneous inversion analysis at EF-1 well. The original (blue), the filtered log 

(black), and the inverted result (red) for the P- and S-impedance and VpVs ratio are compared to 

evaluate the inversion. 

Figure 59. Simultaneous inversion analysis at OL-2 well. The original (blue), the filtered log 

(black), and the inverted result (red) for the P- and S-impedance and VpVs ratio are compared to 

evaluate the inversion. 
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High-resolution Simultaneous Inversion QC 

Blind well test 

The blind well test is an important tool to evaluate the inversion at the well 

locations. The workflow used consists in the computation of the low-frequency model 

using all the wells except for one, the blind well. Then compare inversion results to 

original data at that blind well. For this test, OL-1 and EF-1 were used as blind wells 

separately.  

The blind well test at EF-1 shows a very good correlation (Figure 60) at the well 

location. Both, the visual and RMS error goodness-of-fit between the original and 

inverted data are very small. The RMS error is less than 5% indicating that the inversion 

predicted logs are very similar to the original logs.  

The blind well test at OL-1 shows that original logs correlate well with inverted 

values (Figure 61). The goodness of fit shows good correlation between the original log 

and inverted result for P-impedance and density. P-impedance and density RMS errors 

are similar to those of the inversion using the well. However, S-impedance and Vp/Vs 

show the greater error: 8%/7% in blind test to 3.6%/2.5% on the inversion using the well 

for S-impedance and Vp/Vs respectively. The error calculated by the difference between 

synthetic and original seismic in the blind well test is about the same to that of the 

inverted results using the well. It is important to remark that the RMS error is calculated 

for a larger interval than Olmos HPZ, a qualitative measure the error at the interval of 

interest seems to be lesser than the RMS error the software calculated. 

On the contrary, blind test of OL-2 and EF-2 wells does not show good 

correlation. This can be the result of particular well condition that makes their presence 
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on the low-frequency constraint very important and critical for good inversion results. At 

those well locations the inversion analysis is very good. This demonstrates that the 

parameters chosen are the more adequate for the inversion.  

  

Figure 60. Simultaneous inversion analysis at EF-1 well, which was not used for the inversion (blind 

well). The original (blue), the filtered log (black), and the inverted result (red) for the P- and S-

impedance and VpVs ratio are compared to evaluate the inversion. The RMS Error is similar to that of 

the inverted results using the well. The goodness of fit shows very good correlation between the 

original log and inverted result for all the parameters. The error calculated by the difference between 

synthetic and original seismic in the blind well test is about the same to that of the inverted results 

using the well.  
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Figure 61. Simultaneous inversion analysis at OL-1 well, which was not used for the inversion (blind 

well). The original (blue), the filtered log (black), and the inverted result (red) for the P- and S-

impedance and VpVs ratio are compared to evaluate the inversion. The RMS Error is similar to that of 

the inverted results using the well. The goodness of fit shows good correlation between the original 

log and inverted result for P-impedance and density. P-impedance and density error are similar to 

those of the inversion using the well. 
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RESULTS  

 

Olmos 

 

Well cross-plot analysis is used to understand which rock property (P-wave, S-

wave velocities, density, or calculated logs such as P-impedance and Vp/Vs) aids in the 

productive interval identification. Density vs. P-wave velocity cross-plot shows that the 

entire Olmos interval is within the same P-wave velocity range (Figure 62). The average 

density difference between productive vs. non-productive zone is around 1.3 g/cc and 

produces a P-wave velocity change of 500 (ft/s). In other words, a 0.1 g/cc average 

change in density will produce a 4 % variation on the P-wave velocity Olmos range 

(Figure 63).  Density vs. S-wave velocity cross-plot shows big differences in velocity 

values between the HPZ and the non-productive Olmos. The HPZ stands out with higher 

S-wave velocity values, and density values below 2.53 g/cc (Figure 64). The P-

impedance vs. Vp/Vs calculated logs cross-plot shows that Olmos HPZ can be 

distinguished due to its lower Vp/Vs values when compared to the Olmos non-productive 

zone (Figure 65).  

The first inverted property to analyze is the P-impedance. As mentioned in the 

first chapter, even dough the cumulative production values and EUR are high for both 

wells, the low P-impedance anomaly on the original seismic inverted volume can only be 

seen for one of the wells. Those differences in the P-impedance response at well locations 

need to be studied. The workflow consisted in compare the P-impedance changes along 

the cross-section trough OL-2 and OL-1 wells, and between the original vs. high-

resolution seismic inverted volumes. The P-impedance volume resulting from the original 
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seismic inversion shows anomalous low values on the North to Northeast region (Figure 

65). The cross-section shows low P-impedance values within the HPZ. The impedance 

range is 25,500-30,000 (ft/s)*(g/cc), with lower values (less than 28,000 (ft/s)*(g/cc)) at 

OL-2 location. As expected, according to the previous work (Chapter 1), no anomalous 

P-impedance values are identified at OL-1 location (figure 66). The original seismic 

inversion did not improve the resolution of the HPZ at OL-1. The analysis of the high-

resolution seismic inversion shows that P-impedance decreases towards the South 

Southwest region (Figure 65). Low P-impedance trends can be recognized in that area. 

Cross-section along the wells shows low values within the HPZ. The impedance range is 

24,000-29,000 (ft/s)*(g/cc), with lower values (less than 25,500 (ft/s)*(g/cc)) at OL-2. At 

OL-1, a new P-impedance anomaly can be identified (Figure 66). The low impedance 

values correspond to the deeper thin layer identified on the high-resolution seismic.  

Lame parameter (LMR) cross-plot shows that the Olmos HPZ stands out with 

lower incompressibility (LR) values than the non-productive interval. Rigidity values 

(MR) are similar for the entire Olmos interval. However, when comparing MR values at 

each well the OL-1 shows higher MR values than the OL-2 (Figure 67). This is important 

because it might suggest that the area around OL-1 is more suitable for the use of 

horizontal drilling and hydraulic fracturing technologies to achieve a better production.  

 



 

62 

 

Figure 62. P-wave 

velocity (horizontal 

axis) vs. Density 

(vertical axis) cross-

plot. The interval 

plotted goes from 

Olmos top to the 

base of the HPZ. 

Note that the Olmos 

HPZ stands out by 

lower density 

values. Colors on 

the cross-plot match 

well section.  

Figure 63. S-wave 

velocity (horizontal 

axis) vs. Density 

(vertical axis) cross-

plot. The interval 

plotted goes from 

Olmos top to the 

base of the HPZ. 

Note that the Olmos 

HPZ stands out by 

high S-wave 

velocity values. 

Colors on the cross-

plot match well 

section. 

       P-WAVE                      OL-1           DENSITY      P-WAVE                       OL-2               DENSITY 

       S-WAVE                      OL-1           DENSITY       S-WAVE                       OL-2               DENSITY 
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Figure 64. P-impedance (horizontal axis) vs. Vp/Vs (vertical axis) cross-plots. The interval 

plotted goes from Olmos top to the base of the HPZ. Note that the Olmos HPZ stands out by 

low Vp/Vs ratio values. Colors on the cross-plot match well section. 

 

Figure 65. P-Impedance extraction between Olmos 2 and 3 horizons using the vatmin function of SMT 

software. The left map corresponds to the P-impedance inverted volume from the original seismic. The 

right map is the result of the high-resolution seismic inversion. 
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Figure 66. P-impedance extraction between Olmos 2 and 3 horizons. The left map corresponds to the P-

impedance inverted volume from the original seismic. The right map is the result of the high-resolution 

seismic inversion. 
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No P-impedance anomaly at OL-1 well. 

P-impedance anomaly at OL-1 well can be 

identified. Top and Base of lower P-

impedance thin layer matches new-

interpreted horizons. 

Low P-impedance trend.  
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Figure 67. LMR cross-plots. The upper figure shows that HPZ has low incompressibility (LR: 

horizontal axis) values. The lower figure shows the rigidity (MR: vertical axis) difference between 

OL-1 and OL-2 wells. 
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Eagle Ford 

The Eagle Ford goal is to identify and isolate the Lower Eagle Ford interval, 

which is the productive interval in the area of study. Then, if possible, try to discriminate 

and define most productive zones, in terms of elastic properties, within the Lower Eagle 

Ford.  

Well logs cross-plot technique is used for Eagle Ford rock property 

characterization. The objective is the identification of reservoir intervals that show 

favorable reservoir characteristics. First, several cross-plots were generated to study the 

response of each property in the interval of interest. Density, P-wave velocity, and Vp/Vs 

have demonstrated to be the most effective parameters to identify and separate the Lower 

Eagle Ford interval.  

P-wave velocity vs. density cross-plot shows three separate groups of points. The 

Lower and Upper Eagle Ford show similar trend but they can be separate due to their 

difference in density. Buda interval plots separately because of its high density and P-

wave velocity (Figure 68).  Lower Eagle Ford interval is characterized by density values 

ranging from 2.38 to 2.57 g/cc, P-wave velocities from 10,200 to 15,600 ft/s. The data 

points are colored by S-wave velocity values and show that Eagle Ford interval is situated 

in a similar S-wave velocity value range (5500-7900 ft/s).  P-impedance vs. Vp/Vs ratio 

cross-plot also aids in the Lower Eagle Ford interval identification. The Vp/Vs ranges 

from 1.7 to 1.85 and is lower compared to those values at the Upper Eagle Ford and Buda 

(figure 69). Cross-plots that tried to identify and separate different intervals due to 

property differences within the Lower Eagle Ford were unsuccessful. Lower Eagle Ford 
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is very homogenous in the study area and the cross-plots only aid in Lower Eagle Ford 

separation between well locations (Figure 70).  

P-impedance extractions of original vs. high-resolution seismic inverted volumes 

show different anomaly distribution. P-impedance values were extracted between Lower 

Eagle Ford and Buda horizons using the vatmin function of SMT software. Original 

seismic inverted impedance has low P-impedance trends oriented Northeast Southwest. 

The southern area around OL-1 well does not show low P-impedance anomaly. P-

impedance extracted from high-resolution seismic inversion shows low values in similar 

trends oriented Northeast Southwest (Figure 71).  

P-impedance vertical sections across the area show two low impedance zones, one 

located above Eagle Ford and Buda interface (deeper anomaly), and the second one 

below the Lower Eagle Ford horizon (shallow anomaly) (Figure 72).  The low impedance 

zone is recognized in both inverted P-impedance volumes. The deeper anomaly is 

continuous on the P-impedance volume obtained from the high-resolution seismic 

inversion. That same interval has a discontinuous character on the original seismic 

inverted impedance. The deeper anomaly continuity difference is well exemplified at EF-

2 well (Figure 73), where the discontinuities of the deeper anomaly on the original 

seismic inverted impedance volume can be seen. The incorporation of the high-resolution 

seismic data allowed the interpretation of one additional horizon (Lower Eagle Ford 2) in 

the Lower Eagle Ford interval (Figure 25). On the inversion results, this horizon 

corresponds to the top of one of the low P-impedance zones above the Lower Eagle Ford-

Buda interface.   
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Lambda-mu-rho (LMR) parameters were calculated from the well logs using 

default Hampson-Russell algorithms. LMR cross-plots enabled Lower Eagle Ford 

separation from Upper Eagle Ford and Buda intervals (Figure 74). The interval of interest 

shows lower LR values, and a wide range of MR values. Lambda rho (incompressibility) 

is the parameter controlling the Lower Eagle Ford separation from the upper and lower 

formations. Buda interval stands out with higher rigidity (Mu rho) values, which is due to 

the high-carbonate content.  

Figure 68. P-wave velocity (horizontal axis) vs. Density (vertical axis) cross-plot for the Eagle 

Ford and Buda intervals. Note that Lower Eagle Ford interval stands out by low density values. 

Colors on the cross-plot match the well section. Note that EF-1 well shows a group of points with 

higher S-wave velocities which are related to a higher carbonate content intervals.  

More calcareous 

 

EF-2 WELL EF-1 WELL 

P-WAVE DENSITY 
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Figure 69. P-impedance (horizontal axis) vs. Vp/Vs ratio (vertical axis) cross-plot for the 

Eagle Ford and Buda intervals. Note that Lower Eagle Ford interval stands out by lower 

Vp/Vs values. Colors on the cross-plot match the well section. 

Figure 70. P-wave (horizontal axis) vs. S-wave velocity (vertical axis) cross-plot of Lower 

Eagle Ford interval. Note that the only separation is due to different well location. Distinct 

intervals within the Lower Eagle Ford cannot be recognized.  
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Figure 71. Original seismic vs. high-resolution seismic inversion comparison of P-impedance volume extraction 

between Lower Eagle Ford and Buda horizons. Note the low P-impedance trends oriented NE-SW.  

Figure 72.  Original seismic vs. high-resolution seismic inversion comparison of P-impedance volume. Two 

low P-impedance intervals are identified. The shallower one that is located below Lower Eagle Ford horizon 

and the deeper one between Lower Eagle Ford 2 and Buda horizons.  
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Figure 73. Original seismic vs. high-resolution seismic inversion comparison of P-impedance volume at EF-2 

well. The deeper low P-impedance interval shows a more continuous behavior on the high-resolution seismic 

inversion than in the original seismic inversion. 

Figure 74. LMR cross-plot for the Eagle Ford and Buda intervals. Lower Eagle Ford shows 

low incompressibility (LR: horizontal axis) values compared to upper and lower intervals. It 

also shows low rigidity (MR: vertical axis) values compared to Buda interval.  
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CONCLUSIONS 

 

The objective of this study is to compare original vs. high-resolution seismic data, 

perform simultaneous inversion on both seismic volumes, and compare the results. The 

main general conclusions are as follows: 

 

 High-resolution seismic vertical resolution is double that of the original seismic 

data. This allowed the interpretation of additional horizons within the interval of 

interest in the high-resolution seismic data.   

 

 The advantage of using high-resolution seismic data to perform simultaneous 

inversion is that optimal wavelet extraction and well-to-seismic ties are 

successfully achieved for both Olmos and Eagle Ford intervals together. This 

enabled to do only one inversion process for the entire interval of interest. 

Original seismic inversion needed to be done separately for each interval since the 

wavelet extracted for the shallow interval (Olmos) is no longer valid for the 

deeper one (Eagle Ford).  

 

Seismic interpretation, inversion result interpretation, and cross-plots analysis 

were done separately for Olmos and Eagle Ford. The conclusions for each formation will 

be grouped separately. 
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Olmos 

 

 High-resolution seismic allowed the interpretation of two additional interfaces 

within the HPZ. This assisted in the identification of the thin layer that shows 

better reservoir characteristics.  

 The well logs cross-plots showed that density and S-wave velocity variations 

between productive vs. non-productive areas are higher than P-wave velocity 

variations. The entire Olmos interval displays velocities ranging from 10,500 to 

13,000 ft/s. On the contrary, density and S-wave velocities values vary from non-

productive to productive zones. Productive intervals show density values lower 

than 2.53 g/cc, and S-wave velocities higher than 6,400 ft/s. The factor controlling 

the P-impedance is density. Lamé parameter (LMR) cross-plots showed that the 

HPZ stands with lower incompressibility values than the non-productive interval. 

 Horizon extraction comparison between original vs. high-resolution inverted P-

impedance of the HPZ shows different anomaly distribution in the Southwest 

region. On the high-resolution inverted P-impedance a new low P-impedance 

trend is identified. Further analysis, using the additional interpreted horizons 

allowed the localization of that low p-impedance layer within the HPZ.  

 OL-1 well shows less porosity than OL-2. The porosity and sand/shale proportion 

change between the two wells is likely due to changes in environment of 

deposition OL-2 has a higher sand/shale proportion than OL-1. This is interpreted 

as OL-2 being in a proximal position closer to the sediment input channel, 



 

74 

 

whereas OL-1 being in a more distal location away from the source, which 

enabled fine-grained sedimentation.  

 High-resolution seismic simultaneous inversion allowed better definition of 

previously known productive zones.  

 According to cumulative production values at the Olmos producing wells, there is 

a high correlation between low P-impedance zones and high cumulative gas 

production values.  Therefore, low P-impedance zones detected with this 

methodology can develop into new opportunities for potential new leads. 

 

Eagle Ford 

 

 High-resolution seismic data allowed the interpretation of one additional interface 

within the Lower Eagle Ford. That additional horizon corresponds to the top of 

one of the low P-impedance intervals.  

 P-impedance volume and volume extractions enabled sweet spot identification. 

Two different low P-impedance intervals are recognized within the Lower Eagle 

Ford. Volume extractions in map view showed northeast-southwest oriented low 

P-impedance trends. 

 Density, P-wave velocity and Vp/Vs ratio are the better parameters to separate the 

reservoir interval in cross-plots. Lower Eagle Ford stands out due to its lower P-

wave and Vp/Vs ratio compared to the underlying Buda interval, and for its lower 

density and Vp/Vs ratio when compared to Upper Eagle Ford.  
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 Lamé parameters (LMR) assisted in Lower Eagle Ford elastic property 

characterization. Reservoir interval stands out from the overlying and underlying 

rocks due to its low incompressibility (lambda rho) with a wide range in rigidity 

(mu rho). 
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