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Figure 3.15: Extracted Porosity from the acoustic impedance at the GE-1 well using the 

linear regression relationship of: [Porosity = (-0.0018164*AI) + 73.137], where the 

correlation coefficient is 0.75. 
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Figure 3.16: Extracted porosity from the acoustic impedance at three different intervals at the Transco 1005-1 well which discriminates 

two strata within the potential reservoir intervals at Upper Cretaceous.  
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Figure 3.17: Porosity and permeability relationship at the COST GE-1 well: [A] values 

measured on conventional and sidewall cores as a function of depth (Amato and Bebout, 

1978; Almutairi et al., 2017); [B] cross plotting core porosities versus core permeabilities 

for the entire well, data (from Scholle, 1979). [C] permeability distribution using the core’s 

porosities and permeability relationship. 
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However, the lower part of the Upper Cretaceous interval (5,500 ft) has porosity of 

20-35% and high permeability (450 mD) which makes it a candidate for a reservoir rock 

since it is capped by thick low permeability strata. Figure 3.17 (B) shows the core’s 

porosity and permeability relationship as a function of depth. This relationship supports 

the previous study conducted by Almutairi et al. (2017) proposed that the Upper Cretaceous 

strata has two significant potential storage reservoirs for CO2 including limestones with 

significant interbedded sandstone, shale and dolomite (Scholle, 1979). These strata are 

sealed by thick sediments of mainly shale interbedded with limestone (Figure 3.18 C).  

The cross plotting relationship of porosity against permeability and acoustic 

impedance provides more evidence that the best two potential reservoirs are located in the 

lower part of the Upper Cretaceous section with high values of primary and secondary 

porosity, low acoustic impedance, and best permeability. The first potential reservoir is 

between 5,320 to 5,600 ft, which is sealed by about 725 ft. thick shale. The second between 

5,760 to 5,950 ft, which is sealed by 160 ft thick shale. However, permeability distribution 

is estimated using the regression relationship between the core’s porosity and permeability 

(Nelson, 1996; Gilles, 2000). The equation of the least square exponential fit was used to 

predict the permeability distribution as a function of porosity that was extracted previously 

from the acoustic impedance.  Figure 3.17 (C) shows the estimated permeability using the 

estimated porosity from the acoustic impedance of seismic line # 7053A and the COST 

GE-1 well data, as an example. 

Permeability = 0.0247e0.2515 x 

where the correlation coefficient R²= 0.568, and x is the estimated porosity.  
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3.5 Structure Maps and Properties 

Significant markers in the Upper Cretaceous section were identified for potential 

reservoirs and seals within the SGE. The main potential units were selected based on 

paleontological data, depths versus geologic series or stage. These units are (1) 

Maastrichtian, representing the top of Upper Cretaceous (Figure 2.7 A), (2) Turonian, 

(Figure 2.7 B) and (3) top Albian, representing the base of Upper Cretaceous, (Figure 2.7 

C) (Amato and Bebout, 1978; Almutairi et al., 2017). Since SGE has conformable 

deposition, lateral facies changes may be of greater interest in this study area than in other 

basins along the Atlantic offshore margin (Scholle, 1979). Therefore, acoustic impedance 

inversion conducted for providing more detail on the critical properties such porosity and 

permeability, leads to more clear lithology discrimination for the potential reservoir and 

seal. However, CO2 sequestration requires reservoir and associated seal with minimum 

depth and thickness (NETL, 2015; IEA, 2007; 2008). The depth to the top of Upper 

Cretaceous strata varies approximately from 3,000 ft to 4,500 ft at the SGE. The 

prospective reservoir, strata interval between the Turonian strata and the base of Upper 

Cretaceous, has a depth range from 4,000 ft to 7,000 ft and a thickness from approximately 

250 ft to 1,200 ft (Figure 2.8 A). Nevertheless, the sediment column between the top of the 

Upper Cretaceous and the Turonian strata, mostly shales with low permeability, would 

serve as a thick (800 to 2,600 ft) seal (Almutairi et al., 2017; Figure 2.8 B). Therefore, such 

depths and thicknesses are suitable for CO2 sequestration. Since geologic CO2 

sequestration requires suitable porosities and permeabilities for the reservoir and the seal, 

the relationship between acoustic impedance and porosity cross-plotted with permeability 

indicates two main reservoirs capped by impermeable strata (Figure 3.18):  
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The first potential reservoir, located at depths between 5,400 to 5,580 ft, and 

composed of siderite, some pyrite quartz, limestone, with high porosity (17-23%) and high 

permeability (3.5 to 447 mD) are encountered. It is overlain by thick seal layers, located at 

depths between 4,400 to 5,400 ft, composed of shale, fine bedding, and has porosity of 

23.5% and low permeability (0.1 mD).  

The second potential reservoir which is composed of sandstone, quartzose silt, 

dolomite loose sand, coal, siltsone, located at depth 5720 to 5950 ft. The estimated porosity 

is (19 to 30.1%) and the permeability is between 3.5 to 447 mD, (Scholle, 1979; Almutairi 

et al., 2017). However, it capped by seal strata, composed of calcareous shale, fine-med 

silt, and biomicrite, and located at depth range of 5,580 to 5,720 ft. Its porosity is 12% and 

has less permeable clayey sequence.  

3.6 Discussions 

This study allowed us to distinguish lithology strata, extract porosity from seismic 

data, and understand porosity and permeability regimes for the potential reservoirs and 

seals within Upper Cretaceous strata at the SGE by employing different acoustic 

impedance inversion techniques and providing the reliable workflow of seismic inversion. 

This workflow can be applied to future CO2 storage resource assessments at the U.S. Outer 

Continental Shelf. 
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Figure 3.18: [A] Acoustic impedance, [B] extracted porosity and [C] lithology description 

with a geological model for the main two potentials reservoirs and seals at the Upper 

Cretaceous strata at South Georgia Embayment, modified after Almutairi et al. (2017); data 

from (Scholle, 1979). 
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Physical properties such as impedance contrast, calculated porosity from either 

density or neutron logs, measured porosity and permeability from the well’s core, and well 

logs interpretation were integrated to determine the potential reservoir and seal strata. The 

acoustic inversion results identified strata and units containing potential reservoirs and 

seals with the areal extent in the Upper Cretaceous strata. In addition, the inversion results 

indicate that distinct porosity and permeability regimes are present and distributed in the 

Upper Cretaceous strata within the SGE. This result supports the previous study by 

(Almutairi, et al., 2017) and provides more details about the areal extent of potential 

reservoirs and seals as well as porosity and permeability distributions.  

The regressions analysis between the acoustic impedance and porosity show a good 

relationship within the interested zone, Upper Cretaceous strata. This reasonable 

correlation indicates a robust transform for application to seismic inversion results. Since 

the porosity distribution is estimated using different methods, the porosity follows the 

trends of seismic signature and structures of Upper Cretaceous strata. The acoustic 

impedance (AI) and porosity relationship is defined by:  

Porosity = (-0.0018164*AI) + 73.137 

where the correlation coefficient is R²= 0.75. 

However, the relationship between porosity and permeability is defined by:  

[Permeability = 0.0247e0.2515 x], 

where the correlation coefficient is R²= 0.568. 
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The extracted values of porosity and permeability are close to the measured values 

from the well cores at the Upper Cretaceous strata interval. Correlation coefficients in the 

linear regressions between the acoustic impedance, the porosity and the permeability are 

within the range of similar studies that related to CO2 sequestration and porosity prediction 

such as Alshuhail (2011), Patricia (2014), and Hills and Pashin (2010). The high impedance 

zones observed in the seismic section of Upper Cretaceous have low porosity. Since 

Almutairi et al. (2017) proposed two significant storage reservoirs for CO2 at the Upper 

Cretaceous strata, the seismic inversion and the regression between the acoustic impedance 

and porosity fairly closely agreed with those results. The potential reservoir zones give low 

impedance, and high porosity. Comparing the low impedance zone with the well lithology 

description, the reservoir is comprised of limestone with significant interbedded sandstone, 

shale and dolomite (Scholle, 1979). It is sealed by thick sediments, mainly shale 

interbedded with limestone, which have high impedance and low porosity values 

(Almutairi et al., 2017). 

From the acoustic inversion analysis and physical property relationships, the Upper 

Cretaceous strata have two main potential reservoirs which extend within the South 

Georgia Embayment (SGE).  

The shallow potential reservoir, located at depths between 5,400 to 5,580 ft, and 

composed of siderite, some pyrite quartz, limestone, with high porosity (17-23%) and high 

permeability (3.5 to 447 mD) are encountered. However, it is overlain by thick seal layers, 

located at depths between 4,400 to 5,400 ft, composed of shale, fine bedding, and has 

porosity of 23.5 % and low permeability (0.1 mD). Nevertheless, the deep potential 

reservoir which is composed of sandstone, quartzose silt, dolomite loose sand, coal, 
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siltsone, located at depth 5,720 to 5,950 ft. The porosity is (19 to 30.1%) and the 

permeability is between 3.5 to 447 mD, (Scholle, 1979; Almutairi et al., 2017). However, 

it capped by a seal interval, composed of calcareous shale, fine-med silt, and biomicrite, 

located at a depth range of 5,580 to 5,720 ft. Its porosity is 12% and has less permeable 

clayey sequence at the GE-1 well.  

3.7 Conclusions 

This study provides a more detailed evaluation of certain physical parameters of 

the Upper Cretaceous strata restricted to SGE. Ultimately, this study provides a quantitative 

estimate of porosity and permeability regimes distributed across the SGE. Furthermore, it 

demonstrates the value of using multiple seismic inversion techniques to define reservoir 

and seal properties. In addition, this study provides the reliable workflow for Model-Based 

inversion which provides a better method to discriminate lithology and predict porosity. In 

addition, it optimizes parameters for assessing geologic CO2 storage resources. The 

impedance inversion workflow may be applied to future CO2 storage resource assessments. 

Results of the acoustic impedance inversion indicate that the Upper Cretaceous strata at 

SGE contain porous intervals which have low acoustic impedance (relatively high porosity) 

overlain by a thick impermeable interval, mostly shale, with high impedance (low porosity) 

and low permeability. It supports the results from the previous study (Almutairi et al., 

2017). However, stratigraphic trapping through lateral facies changes may be of greater 

interest in SGE than in other basins along the Atlantic offshore margin (Scholle, 1979). 

Suggestions for future work include conducting a 3D seismic survey to obtain a more 

complete assessment of formation evaluation and geologic characterization for CO2 storage 

resources for Upper Cretaceous strata at SGE. 
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CHAPTER 4 

DISCUSSIONS AND CONCLUSIONS 

 

4.1 Discussions 

The lithological section of the COST GE-1 well has two main intervals (Scholle, 

1979): 1) the depth interval from 3,300 to 4,600 ft, includes Upper Cretaceous, Paleocene, 

and lower Eocene, consists of limestone and calcareous shales, and 2) the depth interval 

from 4,600 to 7,200 ft, consists of limestone and dolomites interbedded with sandstones. 

Figure 2.10 shows the lithologic description versus depth and thickness from the COST 

GE-1 well based on core cuts and geophysical logs. In addition, it provides a geological 

model of the potential CO2 storage reservoirs and seals. 

Loss of fluid circulation in the chalk and calcareous shale interval from 2,800 to 

4,900 ft during the drilling of the COST GE-1 well, may indicate significant fracturing 

(Scholle, 1979). At the COST GE-1 well, reports indicate that the presence of impermeable 

beds could serve as seals for CO2 entrapment. The thick shales and calcareous shales 

between 3,600 and 5,700 ft, as well as thinner shales and anhydrite beds in the deeper parts 

of the section, are the best potential seals (Figure 2.10). However, no sandstones above the 

depth of 5,700 ft were recovered in either the conventional or sidewall cores. The carbonate 

rocks in this section are highly porous chalks, but their permeability is very low. 

Nevertheless, chalks with low permeability values are highly productive in the North Sea 
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(Scholle, 1979). Carbonate-cemented, feldspathic, glauconitic sandstones at a depth of 

5,800 ft, suggest a major regression, if not a hiatus, between the shallow-water restricted-

shelf carbonates and the overlying fine-grained open-marine limestones. This observation 

is supported by bio-stratigraphic data (Scholle, 1979). The depth interval from about 5,700 

to 7,200 ft in the COST GE-1 well contains a varied shallow marine sequence of generally 

medium grained calcarenites, dolomite, and anhydrite, with significant amounts of quartz 

sandstone, pyrite, and glauconite. Common rock types include oolites, fossiliferous 

calcarenites, dolomite, micrite, and anhydrite. 

Based on this stratigraphic analysis, it appears that the most suitable reservoir rocks 

for CO2 sequestration are within restricted shelf carbonates with high primary and 

secondary porosity and good permeability occurring between 5,700 and 7,200 ft. It has the 

best permeability encountered below 1,000 ft in the COST GE-1 well. This depth interval 

(5,700 and 7,200 ft), dominated by sandstone, shows porosities that vary widely and 

unsystematically with depth from 25 % to 30 % (perhaps due to variation in diagenesis), 

and the permeability is as high as 4,000 mD. Although characterized by good porosity, the 

fine-grained limestones above 5,700 ft are likely too impermeable to make them candidates 

for reservoir rocks unless they are widely fractured or contain undetected permeable 

horizons. Data suggest that the rocks between 1,000 to 5,700 ft have a permeability of 3 

mD or less (Scholle, 1979). Porosity values calculated from well logs shows an irregular 

pattern perhaps due to cementation and facies changes However, COST GE-1 well shows 

a clear decrease of porosity with depth down to about 5,700 ft; Figure (2.8 A). Plotting the 

porosity versus depth for the upper portion of the COST GE-1 well, see Figure 2.9 (A and 

C), shows that the fine-grained carbonates appear to behave similarly to chalks with respect 
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to porosity modification. Some of these carbonates are not strictly true chalks because of 

their argillaceous matrix. 

For estimation of CO2 storage capacity, a theoretical approach based on the DOE-

NETL equation (DOE, 2008) was used to estimate the saline reservoir storage capacity. It 

estimates CO2 storage capacity (GCO2) based on the following expression: 

GCO2 = A × h ×∅ × ρ × E, where: 

A: total area covered by target reservoir and seal,  

h: Reservoir thickness 

∅: Reservoir porosity  

ρ: Density of supercritical CO2  

E: CO2 Storage efficiency factor 

Regional CO2 storage capacity is estimated using the interpolated surfaces with 

geographical total area of 19x1010 m2. The average reservoir thickness is about 263 ft (80 

m). This estimate depends on the regional thickness map for the prospective reservoir. The 

average porosity values, from the core, within the reservoir interval is 15%. A density of 

700 kg/m3 was used for supercritical CO2 (NETL, 2015). The storage efficiency factor E 

is an important source of uncertainty for capacity assessment. It reflects a fraction of the 

total pore volume that will be occupied by the injected CO2. For saline formations, their 

storage efficiency coefficients range between 1.41 and 6.0 % over the P10 and P90 percent 

probability range. Comparing with different methods, efficiency factors ranging between 

1.2 and 4.1% over the P10 and P90 percent probability range. Therefore, storage efficiency 
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value is 2.0%, which represents the probability level P50, in the limestone lithology, using 

Monte Carlo method (Goodman et al., 2001). 

Locally, within the SGE, CO2 storage capacity is estimated with high confidence 

for the offshore Southeast Georgia Embayment, which is reasonably covered by seismic 

lines and wells data. The geographical total area that covers the two significant potential 

reservoir, named A and B, is 15.9x109 m2, (Figure 2.10). The total net thickness of the two 

significant reservoirs is about 470 ft (143.3 m) determined from the well logs. The average 

porosity value, from the core data, within the two reservoirs is 25.83%. Therefore, the CO2 

storage capacity is approximately 31.92 GT regionally. The local storage capacity for the 

two significant reservoirs in the Southeast Georgia Embayment provides 8.79 GT of that 

amount.  

Table 4.1 shows CO2 storage capacity estimations in GT using different storage 

efficiency factor for the saline reservoir which are (in percent): P10 = 0.51, P50 = 2.0, and 

P90 = 5.4 (NETL, 2015; Peck et al., 2014). 

4.2 Conclusions  

To summarize, this research is the first assessment of Upper Cretaceous strata for 

offshore CO2 storage resource capacity in the southeastern United States outer continental 

shelf. It provides an integrated description and reliable subsurface evaluation of the top and 

base of Upper Cretaceous section and predict some potential reservoirs for CO2 geologic 

storage regionally and locally within the offshore of Southeast Georgia Embayment. Also, 

seismic reflectors and stratigraphic units, containing reservoirs or sinks that might be 

suitable for effective CO2 storage, were identified. To get accurate interpolation, the 
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structure and thickness maps were created for the top and base of Upper Cretaceous section 

and the top of reservoirs using specific boundaries (polygons). The study identified five 

potential reservoirs and seals (Table 4.2). Two of them, discussed in detail, are considered 

to be the significant compartmented storage in the study area for CO2 with high quality and 

integrity. These two main prospects are located at depths between 5,320 to 5,600 ft and 

5,660 to 5,950 ft at the COST GE-1 well. All CO2 storage criteria are met in these intervals, 

most notably high porosity and permeable stratigraphic traps that are capped by thick seals. 

Since there is lack of 4-way closure on trap and the regional structure map indicates to 

general up dip seal, the associated risks are migration up dip and trap limitation. However, 

stratigraphic trapping through lateral facies changes may be of greater interest in SGE than 

in other basins along the Atlantic offshore margin (Scholle, 1979). SGE has a potential for 

4-way closure seal. 

Because the Southeast Georgia Embayment has been extensively covered with 

seismic surveys and wells, the structure maps of the lateral extent of the main reservoir and 

sealing rock were created locally with high confidence. Therefore, Southeast Georgia 

Embayment is a strong candidate for CO2 sequestration in the Atlantic offshore and the 

existing deep exploratory wells can be exploited in developing CO2 sequestration. 

However, this assessment is the first application of multiple seismic inversion techniques 

of the Upper Cretaceous strata in the SGE. It provides a reliable and repeatable workflow 

of Model-Based inversion which gives an improved image to discriminate lithology and 

predict porosity. This workflow can be applied to future CO2 storage resource assessment 

studies elsewhere. This assessment (1) provides a quantitative estimate of porosity and 

permeability regimes distributed across the SGE; (2) demonstrates the value of using 
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multiple seismic inversion techniques to define reservoir and seal properties; (3) provides 

a reliable and repeatable workflow for Model-Based inversion which provides a better 

method to discriminate lithology and predict porosity; and (4) optimizes parameters for 

assessing geologic CO2 storage resources. In addition, the impedance inversion workflow 

may be applied to future CO2 storage resource assessments. Results of the acoustic 

impedance inversion indicate that the Upper Cretaceous strata at SGE contain porous 

intervals which have low acoustic impedance (relatively high porosity) overlain by a thick 

impermeable interval, mostly shale, with high impedance (low porosity) and low 

permeability. Suggestions for future work include conducting a 3D seismic survey to obtain 

a more complete assessment of formation evaluation and geologic characterization for CO2 

storage resources for Upper Cretaceous strata at SGE. 

This research investigates the hypotheses and answers the research questions that 

are mentioned in the introduction. Smyth et al. (2008) estimated that the Upper Cretaceous 

strata at the Carolinas offshore has storage capacity of 16 GT, but this study indicates that 

the Upper Cretaceous formations have an even greater CO2 storage capacity than that. It is 

estimated to be 31.92 GT regionally, and 8.79 GT of that amount represents the local 

storage capacity for the two significant reservoirs in the Southeast Georgia Embayment. 

This is the first time CO2 storage capacities have been quantified in the study areas. The 

potential sinks are overlain by low-permeability seal layers. There are distinct porosity and 

permeability regimes that are widely distributed, especially in the lower part of the Upper 

Cretaceous section, and are influenced by depositional environments and lithologic 

composition. Also, the results indicate that the Upper Cretaceous units consist of moderate 

to highly compartmented stratigraphic systems. This helps increase the storage capacity. 



 
 

87 
 

The research hypotheses were suitable for CO2 sequestration assessment of the Upper 

Cretaceous section at the study areas. The limitations of this study are due to the sparsity 

and asymmetric distribution of the well data regionally. This caused an uncertainty with 

the regional extent and the integrity of the seal and reservoir. 

The results are an important step for further studies in the future. The research 

integrates the available data to provide an assessment of the Upper Cretaceous section. 

Two main reservoirs were introduced with regional and local estimates for the significant 

storage capacity. Since the offshore South Georgia Embayment has a significant storage 

capacity and is covered reasonably by seismic surveys and exploratory well data, it is 

qualified as a candidate for CO2 injection. The study suggests directions for future work to 

include:  

1) Conduct 3D seismic survey. 

2) Resample 2D seismic lines to create a volume within SGE. 

3) Digitize the exploratory wells data professionally.  

4) Build a unified database of the wells of the Atlantic offshore.  

5) More investigation to the lateral changes in porosity and permeability due to 

facies changes in the potential reservoir rocks. This could be explored with a 

pseudo 3D or 3D seismic mapping of porosity from seismic, and 

6) Create a regional velocity model (to provide the correct depths for the structures 

as well as the potential reservoirs and seals).  

This will lead to a more complete assessment of formation evaluation and geologic 

characterization for CO2 storage resources. 
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Table 4.1: CO2 storage capacity estimation in GT using different storage efficiency factor 

for the saline reservoir which are (in percent): P10 = 0.51, P50 = 2.0, and P90 = 5.4 (NETL, 

2015; Peck et al., 2014). 

 

 CO2 storage capacity in MT 

Storage 

efficiency 

factor E 

At (South Georgia 

Embayment) 

At a regional Scale (South Georgia 

Embayment, Carolina Trough and Blake 

Plateau basins) 

P10 0.0051 2.25 8.97 

P50 0.02 8.79 31.92 

P90 0.055 24.2 96.76 
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Table 4.2: Summary of prospective reservoirs and seals for CO2 sequestration in Upper 

Cretaceous strata of the Southeast Georgia Embayment, (data from (Scholle, 1979)). 

 

Potential 

CO2 

Storage 

Lithology Depth (ft) 

Porosity in 

percent or 

level 

Permeability 

(mD) 

Priority 

 

 

Seal X 

 

Shale, micrite 

/limestone, mica, 

chert 

3500 to 

3570 ft 
moderate 1.7 Low 

Reservoir 

X 

Argillaceous 

limestone, soft and 

calcarenite, 

biomicrite, 

limestone 

3570 to 

3750 ft 
19.1 % 3.5 Low 

Seal Y 

 

Very fine 

calcareous 

Siltstone 

3750 to 

4000 ft 

fairly 

porosity 
3 Low 

Reservoir 

Y 

Micrite 

(limestone), chert, 

biomicrite, quartz 

sand, loose 

4020 to 

4170 ft 
19.1 % 3.5 Medium 

Seal Z Clay, shale 
4170 to 

4250 ft 

fairly 

porosity 
0.1 High 

Reservoir 

Z 

Micrite/ LS, 

dolomite, 

biomicrite 

At 4360 

ft 
23.2 % 0.1 Low 

Seal A 
Shale, fine bedding 

 

4400 to 

5500 ft 

at 4906 ft 

23.5 % 0.1 High 

Reservoir 

A 

Siderite,some 

pyrite 

quartz, limestone 

5400 to 

5580 ft 

High 

porosity 

17-23% 

3.5 to 447 

mD 
High 

 

Seal B 

 

Calcareous shale, 

fine-med silt, and 

biomicrite 

 

5580 to 

5720 ft 

Poor-fair 

porosity 

12% 

Less 

permeable, 

clayey 

sequence 

 

High 

Reservoir 

B 

Sandstone, 

quartzose silt, 

dolomite loose 

sand, coal, siltsone 

5720 to 

5950 ft 

Moderate-

high 

porosity 

19-30.1 % 

3.5 to 

447 mD 

 

High 
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