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1 Executive Summary  

This report documents the construction and calibration of an update to the groundwater 

availability model for the central portion of the Carrizo-Wilcox, Queen City, and Sparta aquifers. 

The numerical model was developed as part of the Texas Water Development Boardôs 

groundwater availability model program. The purpose of the model is to provide a tool for 

groundwater planning and groundwater management in the State of Texas. The project work 

included updates to both the conceptual model and the numerical model.  

The update to the conceptual model for the central portion of the Carrizo-Wilcox, Queen City, 

and Sparta aquifers included revisions to fault locations and characteristics in the Milano Fault 

Zone, historical pumping, recharge, and modeling surface water-groundwater interaction. The 

update to the numerical model included converting the previous groundwater availability model 

into MODFLOW-USG, adding additional model layers, refining the grid mesh in selected 

locations, calibrating the model to steady-state conditions, and extending the transient model 

calibration period from 1930 to 2010.  

Using previously mapped fault traces as a guide, we interpreted geophysical logs to characterize 

and map the Milano Fault Zone as a series of connected grabens. The conductance associated 

with each fault was based on the vertical offset assigned to the fault. The importance of the faults 

to groundwater flow was validated by analyzing 113 aquifer pumping tests in and near the 

Milano Fault Zone. Our analyses were able to identify lines of evidence that indicated faults 

were acting as zones of low transmissivity. We validated our findings by reproducing the 

observed effects in drawdown data from the aquifer pumping tests using analytical models.  

We developed the historical pumping dataset to cover an 80-year period from 1930 to 2010. As 

part of this effort, we developed a well database and associated well owners with pumping 

entities to help assign historical pumping. Assigning pumping to the model grid cells was a two-

part process. First, a dataset of annual pumping by water user groups (e.g., cities, water supply 

companies, industries, irrigation, livestock) and for rural domestic pumping was created. Second, 

a well dataset was created to guide placement of the pumping spatially as well as temporally. 

Our update of the conceptual model for recharge is similar to previous work that used 

hydrograph separation method to calculated base flow values from river gages. The base flow 

values were then used to estimate recharge rates by dividing the value by the drainage area 

associated with the river gage. However, a distinguishing aspect of our approach was that the 

recharges rates were adjusted to account for two effects. The first effect was the impact of 

surface geology on the spatial distribution of recharge. The other effect was the impact of bank 

flow on base flow. Bank flow is groundwater from bank storage that leaves the alluvium adjacent 

to a stream to become streamflow. or steady-state conditions, the revised approach generates an 

average recharge rate of 2.0 inches per year for the entire model domain.  

To improve the capability of the groundwater availability model to simulate surface water-

groundwater interaction, we incorporated two additional model layers. One of the layers is 

located near ground surface to represent a shallow groundwater system. This model layer extends 

across the entire outcrop area associated with the simulated hydrogeologic units. Another layer 
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was constructed on top of the shallow groundwater flow system layer to represent the Colorado 

and Brazos rivers alluvium.  

In the vicinity of the Colorado River and its major tributaries, the grid cells in the updated model 

were reduced from 1-mile by 1-mile to 0.25-mile by 0.25-mile. In the vicinity of the Brazos 

River and its major tributaries, the grid cells were reduced from 1-mile by 1-mile to 0.5-mile by 

0.5-mile. Refinement of the grid cells improves the capability of the model to represent the 

location of the pumping wells and streams. In addition, the increased refinement provides for 

improved resolution for representing horizontal hydraulic gradients between streams and the 

aquifer. 

The code used to implement the update to the groundwater availability model for the central 

portion of the Carrizo-Wilcox, Queen City, and Sparta aquifers is MODFLOW-USG. 

MODFLOW-USG supports an unstructured grid, which allows users to refine the grid locally 

without adjusted the grid size away from the area of interest. This option is useful for evaluating 

multiple well fields where refined grids help resolve the predicted drawdown impacts at nearby 

wells. Because the updated model was developed using MODFLOW-USG, the grid cells are no 

longer referred to by row and column, but rather by a unique node number assigned to each grid 

cell. Each model layer represents a different hydrogeological units and different areal coverages.  

The revised model has 10 layers. As previously mentioned, model layer 1 represents the 

Colorado and Brazos rivers alluvium. Model layer 2 represents the outcrop area in the model and 

is comprised the hydrogeologic units which make up model layers 3 through 10. The purpose of 

model layer 2 is to represent the shallow groundwater flow system in the outcrop area. From 

youngest to oldest sediments, the model layers represent the Sparta Aquifer, the Weches 

Formation, the Queen City Aquifer, the Reklaw Formation, the Calvert Bluff Formation, the 

Simsboro Formation, and the Hooper Formation. These latter three formations comprise the 

Wilcox Aquifer. 

A total of 522 measured hydraulic heads with a range of 401 feet were used for steady-state 

calibration targets. The steady-state calibration produced a mean error, mean absolute error, and 

a root-mean square error of 1.3, 19.1, and 24.7 feet, respectively. For the 190 measured hydraulic 

head values in Groundwater Management Area 12, the state-state calibration produced a mean 

error, mean absolute error, and a root-mean square error of 6.3, 19.3, and 24.1 feet, respectively. 

For the entire model domain, 11,365 observed hydraulic heads from 646 wells were used to 

calibrate the model over the time period from 1930 to 2010. Analysis of the transient model data 

shows that, despite a doubling of the measurement range compared to steady-state conditions, 

the mean error, mean absolute error, and root mean square error are smaller than the values 

obtained for the steady-state conditions. Based on the premise that every set of observed 

hydraulic heads at a well is weighted the same, the range of measurements is 743 feet and the 

transient calibration produced a mean error, mean absolute error, and a root-mean square error of 

-4.2, 14.3, and 21.3 feet, respectively. 

A sensitivity analysis was performed on the steady-state and transient model to determine the 

impact of changes in calibrated parameters on the predictions of the calibrated model. Four 

simulations were completed for each parameter sensitivity using factors of 0.5, 0.9, 1.1, and 1.5. 



Draft: Groundwater Availability Model for the Central Portion of the  

Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - 3 

Twenty-four parameters were varied for the steady-state sensitivity analysis and 19 were varied 

for the transient sensitivity analysis. Sensitivity of the steady-state model was assessed for the 

metrics average hydraulic head in each hydrogeologic unit, hydraulic boundary fluxes, number 

of flooded cells, and model calibration statistics. Sensitivity of the transient model was assessed 

for the metrics maximum drawdown in the Sparta, Queen City, and Carrizo aquifers and the 

Simsboro Formation, river and drain boundary fluxes, and model calibration statistics. To distill 

the results into a meaningful understanding of model sensitivity, a systematic methodology was 

developed based on ranking the impact on the metrics as a result of the change in parameter 

value. For the steady-state model, all metrics are most sensitivity to changes in recharge, and are 

also sensitivity to the horizontal hydraulic conductivity of the Queen City Aquifer. For the 

transient model, all metrics are sensitivity to the horizontal hydraulic conductivity of the Queen 

City and Carrizo aquifers. 
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2 Introduction  

The Groundwater Availability Modeling Program of the Texas Water Development Board 

(TWDB) provides tools for assessing groundwater availability for the major and minor aquifers 

in Texas (Figures 2.1a and 2.1b). Groundwater availability models are fundamental tools for 

helping to manage groundwater resources. House Bill 1763 (79th Legislature) developed a joint-

planning process whereby groundwater management areas, with input from local groundwater 

conservation districts, determine desired future conditions for aquifers. The Groundwater 

Availability Modeling Program uses the groundwater availability models to determine the 

modeled available groundwater in the aquifer, which guides management of long-term 

groundwater production to achieve the desired future conditions.  

2.1 Background 

Under the TWDBôs Groundwater Availability Modeling Program, groundwater availability 

models of the northern, central, and southern portions of the Carrizo-Wilcox Aquifer were 

completed in 2003. The northern and southern models (Fryar and others, 2003; Deeds and others, 

2003, respectively) and the central model (Dutton and others, 2003) were developed by two 

different contractors.  

In 2004, Kelly and others (2004) developed three groundwater availability models for the Queen 

City and Sparta aquifers (northern, central, and southern), which included the underlying 

Carrizo-Wilcox Aquifer. Kelly and othersô (2004) models addressed several inconsistences 

between the three Carrizo-Wilcox Aquifer groundwater availability models developed in 2003; 

the 2004 models are now the TWDB-accepted water planning tools for evaluating the 

groundwater resources in the Carrizo-Wilcox Aquifer as well as the Queen City and Sparta 

aquifers. 

In 2009, the 81st Legislature directed the Texas Commission on Environmental Quality to 

conduct a study of the characteristics and impacts of groundwater planning in the Carrizo-

Wilcox Aquifer. That study, which also evaluated the three groundwater availability models for 

the Carrizo-Wilcox, Queen City, and Sparta aquifers, identified two critical issues deserving 

attention: (1) whether the central portion of the aquifer should include faults as barriers to flow 

and (2) the evaluation of the location of those faults. Although the degree to which faults in the 

central model are sealing has a minor effect on the model calibration, it has a major impact on 

predicted future drawdowns because future pumping is anticipated in the vicinity of the faults. 

Therefore, appropriate representation of fault locations and hydraulic properties in the central 

model is important for future water planning purposes. 

This report provides an update to the groundwater availability model for the central portion of 

the Carrizo-Wilcox, Queen City and Sparta aquifers. Funding sources for the model update 

include TWDBôs Groundwater Availability Modeling Program; TWDBôs environmental flow 

program; the Lower Colorado River Authority; the Brazos Valley River Authority; and the 

groundwater conservation districts in Groundwater Management Area 12, within which is the 

boundary for the central Carrizo-Wilcox, Queen City, and Sparta aquifers groundwater 

availability model.  
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The major reasons for updating the groundwater availability model for the central portion of the 

Carrizo-Wilcox, Queen City and Sparta aquifers were (1) to investigate the faults in the central 

Carrizo-Wilcox Aquifer, specifically those in the Milano Fault Zone, and provide an appropriate 

method for representing those faults in the model; (2) to update the model with historical 

pumping through 2010 and extend the calibration period to 2010, and (3) to upgrade the model 

structure from MODFLOW-96 (Harbaugh and McDonald, 1996) to MODFLOW-USG (Panday 

and others, 2015) and provide local refinement of the numerical mesh around the Colorado and 

Brazos rivers and their tributaries.  
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Figure 2.1a. Major Texas aquifers. 

Note: BFZ = Balcones Fault Zone 
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Figure 2.1b. Minor Texas aquifers. 
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2.2 Study Area 

The active model area for the central portion of the Carrizo-Wilcox, Queen City, and Sparta 

aquifers groundwater availability models, as well as the location of Groundwater Management 

Area 12 and its comprising counties, is shown in Figure 2.2a. The active model boundary 

extends from the updip limit of the Carrizo-Wilcox Aquifer outcrop to the northwest; the updip 

limit of the Wilcox growth fault zone, which is located past the extent of fresh water in the 

Carrizo-Wilcox, Queen City, and Sparta aquifers, to the southeast; approximately the San 

Antonio River to the southwest; and Cherokee and Nacogdoches counties to the northeast. The 

model area includes all or part of 46 counties, of which 14 are in Groundwater Management 

Area 12.  

Major cultural features (cities, towns, and major roads) and streams, lakes and river basins in the 

study area are shown in Figures 2.2b and 2.2c, respectively. The active model area encompasses 

all or part of five groundwater management areas and eight regional water planning areas 

(Figure 2.2d) and 19 groundwater conservation districts (Figure 2.2e). 

 

Figure 2.2a. Location of the active model area for the groundwater availability model for the central 

portion of the Carrizo-Wilcox, Queen City, and Sparta aquifers (Kelley and others, 2004) 

and Groundwater Management Area (GMA) 12. 



Draft: Groundwater Availability Model for the Central Portion of the  

Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - 10 

 

Figure 2.2b. Cities, towns and major roads in the model area.  

Note: GMA = Groundwater Management Area 

 

 

Figure 2.2c. Rivers, lakes, reservoirs, river basins in the active model area.  

Note: GMA = Groundwater Management Area  
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Figure 2.2d. Groundwater management areas (GMA s) and regional water planning areas in the active 

model area. 

 

Figure 2.2e. Groundwater conservation districts (GCDs) in the active model area.  

Note: GMA = Groundwater Management Area; UWCD = Underground Water Conservation District 
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2.3 Topography and Climate 

Figure 2.3a provides a topographic map of the study area. Ground surface elevation varies from 

about 45 feet above sea level in river valleys to about 800 feet above sea level in the southwest. 

The gentle gulfward decrease in ground surface elevation is interrupted by resistant Tertiary 

sandstone outcrops. River valleys are broadly incised with terraced valleys that are hundreds of 

feet lower than the surface basin divide elevations. 

Most of the study area has a subtropical humid climate dominated by the onshore flow of humid 

tropical air from the Gulf of Mexico. The amount of moisture decreases as it flows from the east 

to the west and as continental air masses intrude from the north. Historical average annual 

precipitation in the study area for the 30-year period from 1981 to 2010 ranges from a low of 

about 27 inches per year in Wilson County to the southwest to a high of 57 inches per year in 

Jasper County to the northeast (Figure 2.3b). Lake pan evaporation varies from about 46 to 

59 inches per year (Figure 2.3c). 

 

Figure 2.3a. Topographic map of the active model area.  

Note: GMA = Groundwater Management Area, ft amsl = feet above mean sea level 
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Figure 2.3b. Average annual precipitation (1981 to 2010) in the study area in inches per year (PRISM 

Climate Group, 2015). 

Note: GMA = Groundwater Management Area 

 

Figure 2.3c. Average annual lake pan evaporation (1981 to 2010) in the study area in inches per year 

(TWDB, 2018). 

Note: GMA = Groundwater Management Area 
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2.4 Geology 

The structural setting for the active model area is shown in Figure 2.4a. Except for the Milano 

Fault Zone, the fault traces were modified from Ewing and others (1990); other structural 

features were modified from Guevara and Garcia (1972), Galloway (1982), and Galloway and 

others (2000). A map of the surface geology in the model area is shown in Figure 2.4b. The 

surface geology shows that the general outcrop pattern is from southwest to northeast, coincident 

with depositional strike and the Balcones Fault Zone, and normal to basin subsidence. 

There are several regional fault zones within and adjacent to the active model area, including the 

Wilcox Fault Zone at the downdip limit of the model, the Milano Fault Zone in the model area, 

and the Balcones Fault Zone at the updip limit of the model (Figure 2.4b). The Wilcox Fault 

Zone is a series of growth faults caused by sediment progradation into marine clays and resulting 

in basinward slippage and subsidence, and the Balcones Fault Zone is a series of normal faults 

formed at the perimeter of the Gulf Coast Basin.  

The sediments that form the hydrogeologic units in the model area are part of a gulf-ward 

thickening wedge of Cenozoic sediments deposited in the Houston Embayment of the northwest 

Gulf Coast Basin. Deposition has been influenced by regional crust subsidence, episodes of 

sediment inflow from areas outside the Gulf Coastal Plain, and eustatic sea-level change (Grubb, 

1997). The primary depositional sequences in ascending stratigraphic order are the Wilcox 

Group; the Carrizo, Queen City, Sparta, Yegua, and Cook Mountain formations of the Claiborne 

Group; and the Jackson Group (Table 2.4a). Each of these depositional sequences is bounded by 

marine shales and finer grained sediments representing transgressions (Reklaw and Weches 

formations of the Claiborne Group). Thick marine clays of the Midway Group represent the 

bottom of the stratigraphic column of interest (Table 2.4a). The sequences explicitly modeled in 

the updated groundwater availability model for the central portion of the Carrizo-Wilcox, Queen 

City, and Sparta aquifers include the Wilcox Group and the Carrizo Formation, which constitute 

the Carrizo-Wilcox Aquifer and the Queen City and Sparta formations, which constitute the 

Queen City and Sparta aquifers, respectively. 

Table 2.4a. Generalized stratigraphic section for the model area and corresponding aquifers. 

Series Group Formation Aquifer  

Eocene 

Jackson - 
Yegua-Jackson 

Claiborne 

Yegua 

Cook Mountain  

Sparta Sparta 

Weches  

Queen City Queen City 

Reklaw  

Carrizo 

Carrizo-Wilcox 
Wilcox 

Calvert Bluff  

Simsboro 

Paleocene 
Hooper 

Midway -  
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Figure 2.4a. Map of major faults and structural features in the vicinity of the model area. Wilcox and 

Balcones Faults Zones modified from Ewing and others (1990), developed by this study, 

structural axes modified from Guevara and Garcia (1972), Galloway (1982), and Galloway 

and others (2000).  

Note: GMA = Groundwater Management Area 

 

Figure 2.4b. Surface geology of the model area from the Geologic Atlas of Texas (Barnes, 1970; 1979; 

1981, Stoeser and others, 2007). 

Note: GMA = Groundwater Management Area 
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2.5 Report Organization 

This report is provided in two volumes, with Sections 1 through 11 in Volume 1 and Sections 12 

through 33 in Volume 2. Updates to the conceptual model are described in Section 3. An 

overview of the model and the model packages are presented in Section 4. Steady-state and 

transient calibration of the model and calibration results are discussed in Section 5. Section 6 

presents the sensitivity analyses for the steady-state and transient models. Limitations to the 

model are given in Section 7. Section 8 provides a summary and conclusions. Future model 

implementation improvements are provided in Section 8. Acknowledgments and references are 

in Sections 10 and 11, respectively. 

The appendices for the report are contained in Volume 2. Appendices A through C and E 

(Sections 12 through 14 and 16) provide supporting data for the analyses of aquifer pumping 

tests discussed in Section 3.1. Appendix D (Section 15) contains bar charts of pumping 

developed for the counties located outside of Groundwater Management Area 12. Tabulated and 

graphical summaries of pumping in the model can be found in Appendices F and G (Section 17 

and 18). Descriptions of the attributes for electronic files containing information on the drain, 

general-head boundary, river, and evapotranspiration cells in the model can be found in 

Appendices H through K (Sections 19 through 22). Appendix L (Section 23) contains plots of 

residuals for the transient model and Appendix M (Section 24) contains hydrograph plots of 

observed and model results for all transient calibration targets. Tables of water budgets for the 

steady-state model are provided in Appendices N through Q (Section 25 through 28) and 

Appendix R through U (Sections 29 through 32) contain figures of water budgets for the 

transient model. Responses to comments on the draft fault report provided to the TWDB in 2017 

can be found in Appendix V (Section 33). 
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3 Updates to the Conceptual Model 

The conceptual groundwater availability  model for the central portion of the Carrizo-Wilcox, 

Queen City, and Sparta aquifers is based on the conceptual models provided by Kelley and 

others (2004) and Dutton and others (2003). These two reports describe the hydrologic setting, 

the water levels and regional groundwater flow, estimates of recharge, interaction of surface 

water and groundwater, and aquifer hydraulic properties for the central portion of the Carrizo-

Wilcox, Queen City, and Sparta aquifers.  

The following subsections provide updates to conceptual model presented by Kelley and others 

(2004) and Dutton and others (2003) with respect to the following:  

¶ The Milano Fault Zone 

¶ Historical pumping  

¶ Recharge  

¶ Surface water and groundwater interaction 

3.1 The Milano Fault Zone  

3.1.1 Previous Studies of the Milano Fault Zone  

Work characterizing the geometry of peripheral fault grabens in the Gulf Coast of Texas is 

primarily represented by the reports Fault Tectonics of the East Texas Basin (Jackson, 1982), 

Tectonic Map of Texas (Ewing and others, 1990), and Salt-Related Fault Families and Fault 

Welds in the Northern Gulf of Mexico (Jackson and others, 2003). Other contributors to the 

location and stratigraphic/structural impacts of these faults on the Wilcox Group are Ayers and 

Lewis (1985), who drew faults at the top of the Simsboro Formation when creating contour maps 

of structure and thickness of the Wilcox Group and its member units, and Barnes (1970, 1979, 

1981), whose surface mapping showed that these peripheral fault grabens are still active in some 

areas. 

Figure 3.1.1a shows faults digitized from georeferenced portable document format copies of 

Ayers and Lewis (1985) in their study of lignite in the Wilcox Group. The locations of these 

faults were generally drawn on the base of the Wilcox Group/top of the Midway Group. 

Figure 3.1.1b shows faults taken from the digitized Geographic Information System version of 

the Tectonic Map of Texas (Ewing and others, 1990). The fault locations were based on 

GEOMAP, a commercial mapping service, and drawn on the top of the Austin Chalk, a fairly 

recognizable pick on geophysical logs. Figure 3.1.1c shows faults at surface from the Geographic 

Information System version of the Geologic Atlas of Texas (Stoeser and others, 2007). 
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Figure 3.1.1a. Faults identified by Ayers and Lewis (1985) located in the model domain for the 

groundwater availability model for the central portion of the Carrizo-Wilcox, Queen City, 

and Sparta aquifers.  
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Figure 3.1.1b. Faults identified by Ewing and others (1990) located in the model domain for the 

groundwater availability model for the central portion of the Carrizo-Wilcox, Queen City, 

and Sparta aquifers. 
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Figure 3.1.1c. Faults identified from the Geologic Atlas of Texas (Stoeser and others, 2007) located in the 

model domain for the groundwater availability model for the central portion of the 

Carrizo-Wilcox, Queen City, and Sparta aquifers. 

3.1.2 Characterization of the Milano Fault Zone  

Faults in the Milano Fault Zone were initially mapped using locations from Ayers and Lewis 

(1985), the Tectonic Map of Texas (Ewing and others, 1990), and the Geologic Atlas of Texas 

sheets (Barnes, 1970, 1979, 1981). In the Milano Fault Zone, evidence of faulting was primarily 

based on picks for the top of the Navarro Group, which is approximately 2,000 feet below the 

top of the Simsboro Aquifer.  

The Navarro Group pick offers several advantages over picks for the formations in the Carrizo-

Wilcox Aquifer. One advantage is that the Navarro Group is a marine clay with interbedded 

sands that produces a distinct geophysical signature on both the spontaneous potential and 

resistivity logs when compared to the unconformably overlying Midway Group (Figure 3.1.2a). 

Picks from the Carrizo Formation and Wilcox Group are much more problematic because the 

Milano Fault Zone is in the updip extent, where flooding surfaces pinch out/transition into their 

terrestrial equivalent and erosional processes are most prevalent. Thus, the picks within the 
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Wilcox Group (such as for the Simsboro and Hooper formations) can be inconsistent and 

irregular on any but the most local of basis, showing as much as 200 to 400 feet of variability 

over several miles. These picks are traditionally made on the top and base of a sand-rich section 

that contains fresh water (characteristically high resistivity values), but there are fresh-water 

sands in both the overlying Calvert Bluff Formation and the underlying Hooper Formation that 

amalgamate and can potentially be recognized as the Simsboro Formation. In addition, log 

coverage in the Navarro Group is much better than in the up dip extent of the Wilcox Group.  

Picks on top of the Navarro Group were made for the geophysical logs shown in Figure 3.1.2b 

and used to create a generalized fault-free map of the top of the Navarro Group. Comparison of 

the Navarro Group picks with the fault-free surface, analysis of logs that intersect a fault, and 

faults identified on the Geologic Atlas of Texas sheets (Barnes, 1970; 1979; 1981), were used to 

locate and estimate fault offsets.  

In Figure 3.1.2b, several ñfault cutò logs are visible. A fault cut occurs when a log intersects a 

fault, and the geophysical log is a combination of the upthrown and downthrown side of the 

fault. These scenarios are termed fault cuts because a section of formation has been shifted and, 

therefore, not represented in the geophysical log. Figure 3.1.2c shows a schematic of a fault-cut 

log. Figure 3.1.2d is shows digitized logs for six of the 16 fault cut wells identified in 

Figure 3.1.2b. 

Once the geometry and displacement of faults on the top of the Navarro Group were determined, 

the fault segments were projected up to the top of the Simsboro horizon. Picks for the Simsboro 

Formation were made on blue logs in the vicinity of the projected faults to check the fault 

location and offset. Figure 3.1.2e shows the location of the fault locations in the Navarro Group 

and Simsboro Formation. Because of the fuzzy and inconsistent nature of the picks for the top of 

the Simsboro Formation due to sand on sand, some difference in the fault displacements relative 

to the top of the Simsboro Formation are inconsistent with known displacement at the top of the 

Navarro Group.  

As a check on the final placement of the faults in the Simsboro Formation, Figure 3.1.2f shows 

the Simsboro faults from this study plotted with faults mapped by Ayers and Lewis (1985) and 

the Geologic Atlas of Texas sheets (Barnes 1970; 1979; 1981, as digitally provided in Stoeser 

and others, 2007). The comparisons show good agreement between the faults identified as part of 

this study and those mapped by Barnes (1970, 1979, 1981) and moderate to good agreement with 

the faults mapped by Ayers and Lewis (1985). 

For this study, the Milano Fault Zone was divided into one complex and four grabens 

(Figure 3.1.2g). These areas are named, from south to north, the Kovar Complex, the Paige 

Graben, the Tanglewood Graben, the Calvert Graben, and the South Kosse Graben. For each of 

these areas, a comment regarding the results of the geophysical analysis is provided along with a 

cross-section through the area. 
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Figure 3.1.2a. Geophysical signature of the Navarro Group on both the spontaneous potential and 

resistivity logs. 
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Figure 3.1.2b. Faults mapped onto the top of the Navarro Group determined primarily from the top of 

the Navarro Group picks from 650 geophysical logs with fault traces mapped on Geologic 

Atlas of Texas sheet (Barnes 1970; 1979; 1981). Fault arrows point to the down-thrown 

side of the fault. 
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Figure 3.1.2c. Schematic representation of how fault-cut logs are identified. Log #1 intersects all three 

portions of Sections A, B and C. Log #2 intersects all of Section A, the top part of Section 

B on the down-thrown side and the bottom part of Section B on the up-thrown side, and 

all of Section C. Log #3 intersects all three portions of Sections A, B, and C. Using all three 

of these logs together, geologists can piece together missing sections within geologic units. 

The amount of missing section is referred to as a fault cut and can be used as a 

quantitative way to characterize the offset associated with faults.  



Draft: Groundwater Availability Model for the Central Portion of the  

Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - 25 

 

Figure 3.1.2d. Six logs containing fault cuts. Location of logs are shown in Figure 3.1.2g.
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Figure 3.1.2e. Navarro Group and Simsboro Formation faults mapped by this study. Arrows on fault 

lines point to the down-thrown side of the fault.  
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Figure 3.1.2f. Simsboro Formation faults from this study mapped with faults from Ayers and Lewis 

(1985) and from the Geologic Atlas of Texas sheets of Barnes (1970; 1979; 1981) as 

presented by Stoeser and others (2007). 
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Figure 3.1.2g. Plan view map of Milano Fault Zone showing the five named major areas of faulting, 

locations of cross-sections that transect the fault zone, and locations of fault cut wells 

shown in Figure 3.1.2d. 
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3.1.2.1 Kovar Complex 

In southern Bastrop and western Fayette counties, there is an area containing mainly southeast-

down faults, which have been called the Kovar Complex (Figure 3.1.2g), named after the 

settlement of Kovar. The area is about 10 miles long and 5 miles wide, and the top of the 

Navarro Group lies at about 4,000 feet below sea level. The log control is insufficient to reliably 

map the faults, but they appear to strike N50E. One fault appears to be northwest-down and 

bounding a graben. Fault displacements range from 100 to 500 feet. The faulting dies out to the 

northeast, where wells show no apparent offsets of strata. Similar faults are reported to the south 

into Gonzales County, as part of an en echelon segment of the peripheral graben system. 

Additional faults exist in western Bastrop County but are part of the Luling Fault Zone and for 

the most part do not affect the formations in the Wilcox Group. 

Figure 3.1.2.1a shows the location of cross-section A-Aô through the Kovar Complex. 

Figure 3.1.2.1b shows formation tops and the relative location of faults that were determined 

from the interpretation of logs in and near cross-section A-Aô. Two main faults are represented in 

this section with throw being to the south (normal). As stated previously, fault throws in the 

Kovar Complex range from 100 to 500 feet.  

Two wells appear to have intersected the same antithetic fault within the Kovar Complex: 

¶ Well 4202100823 has 330 feet of missing section at a structural elevation of -5,416 feet 

below sea level in the Navarro Formation.  

¶ Well 4202100824 has 230 feet of missing section at a structural elevation of -1,770 feet 

below ground surface in the Calvert Bluff Formation.  
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Figure 3.1.2.1a. Simsboro faults and estimated fault offset (in feet) in the Kovar Complex in Bastrop and 

Fayette counties. Fault arrows point to the down-thrown side of the fault. The wells are 

labeled with their American Petroleum Institute number.  



Draft: Groundwater Availability Model for the Central Portion of the  

Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - 31 

 

Figure 3.1.2.1b. Geophysical logs associated with cross-section A-Aô through the Kovar Complex showing 

geophysical logs with top surface of selected formations and mapped fault locations based 

on interpretation of geophysical logs in and near cross-section A-Aô. 

Note: ft = feet 
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3.1.2.2 Paige Graben 

In northeastern Bastrop and western Lee counties, the Paige Graben complex (Figure 3.1.2g), 

named after the settlement of Paige, is well defined by the data and is also evident on surface 

geologic maps. The graben is 24 miles long and 3.7 miles wide, trending N20E. The top of 

Cretaceous-age sediments lies about 3,500 feet below sea level in this graben. The northwestern, 

southeast-down fault is well marked and very continuous, showing 690 to 700 feet of 

displacement at the top of the Navarro Group. The eastern, northeast-down faults are less 

continuous but generally show 450 to 700 feet of displacement. The details of fault relationships 

here are not well determined from well control. It appears that there are internal faults within the 

graben and some that cross from one side to another. The faults toward the northeast end of the 

graben become more easterly trending (N37E). The northwest fault appears to feather out into a 

series of smaller faults, and the displacement steps northwest into the western boundary fault of 

the next graben to the north; however, well control is not adequate to map this fully. 

Figure 3.1.2.2a shows the location of cross-sections B-Bô and C-Cô that cross through the Paige 

Graben. Figure 3.1.2.2b shows the formation tops and the location of faults that were determined 

from the interpretation of logs near and in cross-section B-Bô. The section shows the 

northwestern (southeast-down) fault within the Graben and clearly shows more than 700 feet of 

throw. Further down dip on the cross-section, between wells 4202131558 and 4202131041, the 

southwestern extent of the graben system is intersected. 

Figure 3.1.2.2c shows the top surfaces of formations and the location of faults that were 

determined from the interpretation of logs near and in cross-section C-Cô. This section transects 

both bounding graben faults between wells 4228700098 and 4228700101 in the updip (throw to 

the southeast) and 4228700048 and 4228731157 in the downdip, where throw is up away from 

the Gulf of Mexico.  

Two localities within the Paige Graben have designated fault-cut wells: 

East Bounding Fault in Bastrop County Locality 

¶ Well 4202130581 has 650 feet of missing section at an elevation of -5,820 feet below sea 

level in the Austin Chalk.  

¶ Well 4202100143 has 550 feet of missing section at an elevation of -4,709 feet below sea 

level in the Taylor Marl and shows an apparent dip of 41 degrees.  

¶ Well 4202100144 has 700 feet of missing section at an elevation of -3,630 feet below sea 

level, faulting out the Midway and Navarro groups. The fault has an apparent dip of 

42 degrees. 

Lee County Part of the Graben 

¶ Well 4228731293 has 750 feet of missing section at a structural elevation of -5,254 feet 

below sea level in the Austin Chalk.  

¶ Well 4228700048 has 850 feet of missing section at a structural elevation of -4,600 feet 

below sea level in the Navarro Group. 

¶ Well 4228700050 has 400 feet of missing section at a structural elevation of -2,000 feet 

below sea level in the Simsboro Formation, giving an apparent fault dip of 36 degrees.  
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Figure 3.1.2.2a. Simsboro faults and estimated fault offset (in feet) in the Paige Graben in Bastrop and Lee 

counties. Fault arrows point to the down-thrown side of the fault. The wells are labeled 

with their American Petroleum Institute number.  
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Figure 3.1.2.2b. Geophysical logs associated with cross-section B-Bô through a southern portion of the 

Paige Graben showing the top surface of selected formations and mapped fault locations 

based on interpretation of geophysical logs in and near cross-section B-Bô. 

Note: ft = feet 
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Figure 3.1.2.2c. Geophysical logs associated with cross-section C-Cô through a northeastern portion of the 

Paige Graben showing the top surface of selected formations and mapped fault locations 

based on interpretation of geophysical logs in and near cross-section C-Cô. 

Note: ft = feet 
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3.1.2.3 Tanglewood Graben 

The Tanglewood Graben lies in northern Lee, western Burleson and southeastern Milam counties 

(Figure 3.1.2g). This graben is more complicated than the Paige Graben, but abundant well 

control allows a fairly reliable interpretation. The main graben system is 21 miles long and 

3 miles wide, trending N47E. The top of Cretaceous-age sediment lies about 3,000 feet below 

sea level in this graben. The graben consists of two segments, one in northern Lee and the other 

along the Milam-Burleson counties border, separated by a small left-stepping displacement. The 

northwestern boundary faults are well defined, and typically have 700 to 750 feet of 

displacement. In northern Lee County, this fault appears to splinter into two faults with lesser 

displacement; however, well control was not adequate to make any concrete interpretations. The 

southeastern bounding faults are discontinuous and complicated.  

In northern Lee County, the faults show around 450 to 730 feet of displacement, and to the north 

along the county line displacements are from 100 to 700 feet. An area between these two faults 

shows no evident faulting, but a reversal of regional dip. It is possible that there may be smaller, 

more distributed faults in this area. Northeastward into Milam County, the fault pattern becomes 

less regular. Faults of 200 to 400 feet of displacement form two or more small grabens. The 

northwestern bounding fault, trending N31E, is the most continuous. This fault, with 200 feet of 

throw at the top of Navarro Group, has a surface expression in the city of Milano. Faulting 

continues into eastern Milam County, but the well control is not sufficient to map it in this area. 

Faults in this area, if present, are either small or closely spaced. 

Figure 3.1.2.3a shows the location of cross-sections D-Dô, E-Eô and F-Fô that cross through the 

Tanglewood Graben. Figures 3.1.2.3b, 3.1.2.3c, and 3.1.2.3d show the formation tops and the 

location of faults that were determined from the interpretation of logs near and in cross-sections 

D-Dô, E-Eô, and F-Fô, respectively. Based on these cross-sections and nearby geophysical logs, 

the following observations have been made:  

South End of Lee County 

¶ The southernmost well in the graben system, 4228730366, penetrated a fault with about 

450 feet of displacement at a structural elevation of -270 feet below sea level in the 

Calvert Bluff Formation.  

¶ To the northwest, well 4228700005 has 730 feet of missing section at an elevation of -

3,323 feet below ground surface in the Navarro Group. A fault dip of 57 degrees was 

calculated. 

¶ Well 4228700013, which is oblique to fault strike, has a displacement of 750 feet at a 

structural elevation of -4,320 feet below ground surface in the Taylor Marl.  

¶ A similar displacement is observed in well 4228700012 in the Austin Chalk to the 

northwest. 

Southeastern Milam County 

¶ The southeastern well 4233100783 has 730 feet of missing section at a structural 

elevation of -3,310 feet below ground surface in the Navarro Group.  



Draft: Groundwater Availability Model for the Central Portion of the  

Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - 37 

¶ Well 4233100782 has 690 feet of missing section at a structural elevation of -4,900 feet 

below sea level in the Austin Chalk. The apparent dip of the fault is 44 degrees. 

Northern Fringe of the Tanglewood Graben 

¶ Well 4233100863 has 400 feet of missing section at a structural elevation of -2,670 feet 

below sea level in the Navarro Group. 

¶ Well 4233132745 has 400 feet of missing section at a structural elevation of -4,700 feet 

below sea level in the Austin Chalk. Apparent fault dip is 45 degrees. 

¶ Well 4233130170 has 240 feet of missing section at a structural elevation of -3,030 feet 

below sea level in the Taylor Group.  

¶ Well 4233130197 shows 200 feet of missing section at a structural elevation of -348 feet 

below sea level in the Calvert Bluff Formation. Apparent fault dip is 60 degrees.  
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Figure 3.1.2.3a. Simsboro faults and estimated fault offset (in feet) in the Tanglewood Graben in Lee, 

Milam and Burleson counties. Fault arrows point to the down-thrown side of the fault. 

The wells are labeled with their American Petroleum Institute number. 
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Figure 3.1.2.3b. Geophysical logs associated with cross-section D-Dô through a southern portion of the 

Tanglewood Graben showing the top surface of selected formations and mapped fault 

locations based on interpretation of geophysical logs in and near cross-section D-Dô. 

Note: ft = feet 
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