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Geology and hydrogeology 

The Blaine Aquifer is a minor aquifer located along the eastern edge of the High Plains in North 

Texas (Figure 6-42). The aquifer is part of the Permian Blaine Formation, which is composed of 

red silty shale, gypsum, anhydrite, salt, and dolomite. The formation consists of cycles of marine 

and non-marine sediments deposited in a broad, shallow sea that once covered the 

southwestern United States. Saturated thickness reaches 300 feet in the aquifer, but freshwater 

saturated thickness averages 137 feet (Figure 6-43). Groundwater occurs primarily in solution 

channels and caverns within the beds of anhydrite and gypsum; dissolution of these minerals 

contributes to the overall poor quality of the water (Hopkins and Muller, 2011).  

 

Figure 6-43.  Structural cross-section of the Blaine Aquifer from the west to the east across 

Hardeman County (from Maderak, 1972). 

Flows to surface water and other aquifers 

Many springs originate from the Blaine Formation and contribute to surface water (Ewing and 

others, 2004). A summary of baseflow in the outcrop areas of the Blaine Aquifer is reported in 

Table 6-28. Groundwater availability model analysis estimates a total flow of 34,072 acre-feet 

per year from the Blaine Aquifer to the Seymour Aquifer and a total flow of 7,162 acre-feet per 

year from the Seymour Aquifer to the Blaine Aquifer (Table 6-29). While the Seymour Aquifer is 

made up of several separate “pods” with independent flow systems, in general the low sulfate 

concentrations in the Seymour Aquifer suggest that inter-aquifer flow is primarily from the 

Seymour Aquifer into the Blaine Aquifer (Ewing and others, 2004). 
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Table 6-28.  Summary of groundwater flow from the Blaine Aquifer to surface water, by county. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Childress 462 3.2 0.8 

Collingsworth 325 6.2 2.5 

Cottle 501 5.4 2.2 

Fisher 124 0.9 0.2 

Foard 243 3.8 1.6 

Hall 11 0 0 

Hardeman 375 4.9 1 

Jones 2 0 0 

King 602 11.3 5.7 

Knox 35 0.9 0.4 

Nolan 7 0 0 

Stonewall 437 2.6 0.3 

Wheeler 85 2.1 1.1 

Total 3,209   41   16 

Table 6-29.  Model estimates of inter-aquifer flows between the Blaine Aquifer and Seymour 

Aquifer. 

Flow from Flow to 
Total flow 

(acre-feet per year) 

Blaine Aquifer Seymour Aquifer 34,072 

Seymour Aquifer Blaine Aquifer 7,162 

Water quantity 

Total storage in the Blaine Aquifer is estimated to be more than 171 million acre-feet. 

Recoverable storage in the aquifer is estimated to be between 25 and 75 percent of the total, 

about 42.9 million to 128.7 million acre-feet (Table 6-30). 
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Table 6-30.  Total estimated recoverable storage in the Blaine Aquifer, by county, in acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Childress  18,000,000 4,500,000 13,500,000 

Collingsworth  29,000,000 7,250,000 21,750,000 

Cottle  22,000,000 5,500,000 16,500,000 

Dickens  35,000 8,750 26,250 

Fisher  15,000,000 3,750,000 11,250,000 

Foard  5,900,000 1,475,000 4,425,000 

Hall  2,500,000 625,000 1,875,000 

Hardeman  10,000,000 2,500,000 7,500,000 

Jones  880,000 220,000 660,000 

Kent  490,000 122,500 367,500 

King  24,000,000 6,000,000 18,000,000 

Knox  810,000 202,500 607,500 

Motley  110,000 27,500 82,500 

Nolan  260,000 65,000 95,000 

Stonewall  36,000,000 9,000,000 27,000,000 

Wheeler  6,700,000 1,675,000 5,025,000 

Wilbarger  1,400 350 1,050 

Total 171,686,400 42,921,600 128,764,800 

Water quality 

Groundwater in the Blaine Aquifer is typically brackish. Although some wells contain slightly 

saline water, with total dissolved solids between 1,000 and 3,000 milligrams per liter, most 

contain moderately saline water, with total dissolved solids between 3,000 and 10,000 milligrams 

per liter, exceeding secondary drinking water standards for Texas (Hopkins and Muller, 2011). 

Sulfate values are also well in excess of the secondary drinking water standard of 300 milligrams 

per liter. Figure 6-44 shows the distribution of total dissolved solids in the Blaine Aquifer.  
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Figure 6-44.  Total dissolved solids in the Blaine Aquifer. 
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6.11 Blossom Aquifer 

 

Figure 6-45.  Extent of the Blossom Aquifer. 

Aquifer characteristics 

 Aquifer type: confined and unconfined 

 Area of outcrop: 182 square miles 

 Area of subsurface: 95 square miles 

 Proportion of aquifer with groundwater conservation districts: 0 percent 

 Number of counties containing the aquifer: 3 
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Geology and hydrogeology 

The Blossom Aquifer is a minor aquifer located in Bowie, Red River, and Lamar counties in the 

northeast corner of Texas (Figure 6-45). The aquifer consists of the Blossom Sand Formation, 

composed of alternating sequences of sand and clay. In places, the aquifer is as much as 400 

feet thick, although no more than about one-third of this thickness consists of sand, and 

freshwater saturated thickness averages 25 feet (Figure 6-46 and Figure 6-47).  

 

Figure 6-46.  East to west geologic cross-section along the Blossom Aquifer (modified from 

McLaurin, 1988). 
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Figure 6-47.  North to south geologic cross-section across the Blossom Aquifer (modified from 

McLaurin, 1988). 

Flows to surface water and other aquifers 

A summary of baseflow in the outcrop area of the Blossom Aquifer is reported in Table 6-31. 

Currently, there is no groundwater availability model for the Blossom Aquifer. The Blossom 

aquifer is separated from the underlying Trinity Aquifer by the shales of the Eagle Ford Group, 

which forms an effective aquitard between these systems (Kelley and others, 2014). No inter-

aquifer flow is expected to occur between the Blossom Aquifer and the Trinity Aquifer or any 

other major or minor aquifer. 

Table 6-31.  Summary of groundwater flow from the Blossom Aquifer to surface water, by 

county. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Bowie 15 3.3 1 

Lamar 48 3.6 0.3 

Red River 119 13.3 1.3 

Total 182   20    3 
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Water quantity 

Total storage in the Blossom Aquifer is estimated to be more than 7 million acre-feet. 

Recoverable storage is estimated to be between 25 and 75 percent of the total, about 1.7 million 

to 5.3 million acre-feet (Table 6-32). 

Table 6-32.  Total estimated recoverable storage in the Blossom Aquifer, by county, in acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Bowie  910,000  227,500  682,500  

Lamar  970,000  242,500  727,500  

Red River  5,200,000  1,300,000  3,900,000  

Total 7,080,000  1,770,000  5,310,000  

Water quality 

The Blossom Aquifer yields water of usable quality to wells located mostly in outcrop areas. 

However, in part of Red River County, slightly saline water, with total dissolved solids less than 

3,000 milligrams per liter, extends underground for about 6 miles south of the outcrop (Figure 

6-48). Groundwater in the aquifer is generally soft, slightly alkaline, and, in some areas, high in 

sodium, bicarbonate, iron, and fluoride. The water has a high sodium adsorption ratio and ranks 

high on the residual sodium carbonate index, which makes it unsuitable for irrigation. 
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Figure 6-48.  Total dissolved solids in the Blossom Aquifer. 
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6.12 Bone Spring-Victorio Peak Aquifer 

 

Figure 6-49.  Extent of the Bone Spring-Victorio Peak Aquifer. 

Aquifer characteristics 

 Aquifer type: unconfined 

 Area of aquifer: 713 square miles 

 Proportion of aquifer within a groundwater conservation district: 100 percent 

 Number of counties containing the aquifer: 1 
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Geology and hydrogeology 

The Bone Spring-Victorio Peak Aquifer is a minor aquifer located in northern Hudspeth County 

and extending across the border into New Mexico (Figure 6-49). A cross-section of the aquifer is 

shown in Figure 6-50. Water occurs in dissolution features and along voids and fractures in two 

water-bearing limestone units, and the formation is locally very permeable. The estimated 

average effective recharge for the Bone Spring-Victorio Peak Aquifer in Hudspeth County is 

4,035 acre-feet per year. Annual effective recharge is estimated at 5 percent of annual 

precipitation.  

 

Figure 6-50.  Structural cross-section of the Bone Spring-Victorio Peak Aquifer in northeastern 

Hudspeth County (modified from Ashworth, 1995). 

Flows to surface water and other aquifers 

The Bone Spring-Victorio Peak Aquifer naturally discharges to surface water. A summary of 

baseflow in the outcrop areas of the Bone Spring-Victorio Peak Aquifer is reported in Table 6-33 

The Bone Spring-Victorio Peak Aquifer is not in direct contact with any other major or minor 

aquifers and consequently no inter-aquifer flow is expected to occur.   
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Table 6-33.  Summary of groundwater flow from the Bone Spring-Victorio Peak Aquifer to 

surface water, by county. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Hudspeth 713 9.3 4.5 

Water quantity 

Total storage in the Bone Spring-Victorio Peak Aquifer is estimated to be 3.7 million acre-feet. 

Recoverable storage is estimated to be between 25 and 75 percent of the total, about 925,000 

and 2.7 million acre-feet (Table 6-34). 

Table 6-34.  Total estimated recoverable storage in the Bone Spring-Victorio Peak Aquifer in 

Hudspeth County, in acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Hudspeth 3,700,000 925,000 2,775,000 

Total 3,700,000 925,000 2,775,000 

Water quality 

Water quality in the Bone Spring-Victorio Peak Aquifer is generally slightly saline, with total 

dissolved solids of 1,000 to 3,000 milligrams per liter. In the Dell Valley area, total dissolved 

solids increase to 3,000 to 10,000 milligrams per liter (Figure 6-51). Water quality in this area 

appears to be controlled by two mechanisms: 1) groundwater flowing through the aquifer 

system and dissolving minerals along its flow path and 2) irrigation water concentrated by 

evaporation percolating down through the soil zone. 



Texas Aquifers Study 

Aquifer Summaries: Bone Spring-Victorio Peak Aquifer 

 

156 

 

Figure 6-51.  Total dissolved solids in the Bone Spring-Victorio Peak Aquifer.
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6.13 Brazos River Alluvium Aquifer 

 

Figure 6-52.  Extent of the Brazos River Alluvium Aquifer. 

Aquifer characteristics 

 Aquifer type: unconfined 

 Area of aquifer: 1,057 square miles 

 Proportion of aquifer with groundwater conservation districts: 85 percent 

 Number of counties containing the aquifer: 13 
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Geology and hydrogeology 

The Brazos River Alluvium Aquifer is a minor aquifer found along the Brazos River in east central 

Texas. The aquifer is as much as 7 miles in width and extends along 350 river miles from 

southern Bosque County to eastern Fort Bend County (Figure 6-52). Groundwater is contained in 

alluvial floodplain and terrace deposits, although the latter is not an appreciable source of water. 

The floodplain alluvium consists of fine to coarse sand, gravel, silt, and clay. These deposits have 

a complex geometry, with beds or lenses of sand and gravel that pinch out or grade vertically 

into finer material. In general, finer sediments occur in the upper part of the aquifer while 

coarser material occurs in the lower part.  

The thickness of the aquifer ranges from negligible to 168 feet, with an overall average of about 

50 feet (Figure 6-53). The aquifer is unconfined and is mainly used for irrigation. The water table 

generally slopes toward the Brazos River, indicating that the river is a gaining stream in most 

places. Recharge to the aquifer occurs from rainfall onto the aquifer outcrop and subsequent 

downward leakage to the saturated zone. Discharge from the aquifer occurs through 

evapotranspiration, discharge to the river, and withdrawals from wells. The majority of wells yield 

from 250 to 500 gallons per minute, though some wells can yield as much as 1,000 gallons per 

minute. The mean hydraulic conductivity of the aquifer is estimated to be 241 feet per day (Shah 

and others, 2007). The specific yield is estimated to be 0.15 (Cronin and Wilson, 1967). No 

significant water-level declines have occurred in the aquifer to date. 
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Figure 6-53.  Thickness of the Brazos River Alluvium Aquifer, Bosque County to Fort Bend 

County, Texas (from Shah and others, 2007). 
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Flows to surface water and other aquifers 

The Brazos River intersects the Brazos River Alluvium Aquifer, and there are several springs in 

the aquifer area. The aquifer also shows interaction with reservoirs and oxbow lakes in the area 

(Ewing and others, 2016). A summary of baseflow in the outcrop area of the Brazos River 

Alluvium Aquifer is reported in Table 6-35. Groundwater availability model analysis estimates a 

total flow to the Brazos River Alluvium Aquifer from the Carrizo-Wilcox Aquifer of 2,361 acre-

feet per year (Table 6-36). 

Table 6-35.  Summary of groundwater flow from the Brazos River Alluvium Aquifer to surface 

water by county. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Austin 64 7.5 1.3 

Bosque 6 0.2 0 

Brazos 97 8.5 1.6 

Burleson 129 9.1 1.6 

Falls 113 5.3 0.7 

Fort Bend 197 32.8 7.8 

Grimes 43 3.1 0.4 

Hill 4 0.1 0 

McLennan 103 3.9 0.4 

Milam 23 1.6 0.2 

Robertson 132 9.3 1.1 

Waller 98 11.1 2 

Washington 47 3.5 0.7 

Total 1,056   96   18 

Table 6-36.  Model estimates of inter-aquifer flows between the Brazos River Alluvium Aquifer 

and the Carrizo-Wilcox Aquifer. 

Flow from Flow to 

Total flow 

(acre-feet per 

year) 

Carrizo-Wilcox Aquifer Brazos River Alluvium Aquifer 2,361 
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Water quantity 

Total storage in the Brazos River Alluvium Aquifer is estimated to be more than 3 million acre-

feet. Recoverable storage is estimated to be between 25 and 75 percent of the total, about 

800,000 to 2.4 million acre-feet (Table 6-37). 

Table 6-37.  Total estimated recoverable storage in the Brazos River Alluvium Aquifer, by 

county, in acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Austin  220,000  55,000  165,000  

Bosque  9,600  2,400  7,200  

Brazos  290,000  72,500  217,500  

Burleson  450,000  112,500  337,500  

Falls  160,140  40,035  120,105  

Fort Bend  1,010,000  252,500  757,500  

Grimes  74,700  18,675  56,025  

Hill  6,600  1,650  4,950  

McLennan  90,000  22,500  67,500  

Milam  36,700  9,175  27,525  

Robertson  270,000  67,500  202,500  

Waller  412,000  103,000  309,000  

Washington  179,000  44,750  134,250  

Total 3,208,740  802,185  2,406,555  

Water quality 

Water in the Brazos River Alluvium Aquifer is very hard and fresh to slightly saline, generally 

containing less than 1,000 milligrams per liter of total dissolved solids, but ranging to as much 

as 3,000 milligrams per liter in some wells (Figure 6-54). Only a small percentage of the aquifer 

area (1 to 2 percent) is at high risk of exceeding primary or secondary maximum contaminant 

levels. The northern aquifer extent is at risk of nitrate-N, gross alpha, barium, and arsenic 

primary maximum contaminant levels. High total dissolved solids dominate secondary maximum 

contaminant level exceedances (Reedy and others, 2011).  



Texas Aquifers Study 

Aquifer Summaries: Brazos River Alluvium Aquifer 

 

162 

 

Figure 6-54.  Total dissolved solids in the Brazos River Alluvium Aquifer  
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6.14 Capitan Reef Complex Aquifer 

 

Figure 6-55.  Extent of the Capitan Reef Complex Aquifer. 

Aquifer characteristics 

 Aquifer type: unconfined 

 Area of aquifer: 1,850 square miles 

 Proportion of aquifer with groundwater conservation districts: 62 percent 

 Number of counties containing the aquifer: 8 
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Geology and hydrogeology 

The Capitan Reef Complex Aquifer is a minor aquifer located in Culberson, Hudspeth, Jeff Davis, 

Brewster, Pecos, Reeves, Ward, and Winkler counties (Figure 6-55). It is exposed in mountain 

ranges of far west Texas; elsewhere it occurs in the subsurface. The aquifer is composed of as 

much as 2,360 feet of massive, cavernous dolomite and limestone. Water occurs in solution 

cavities and fractures that are unevenly distributed in the water-bearing dolomite and limestone 

formations (Figure 6-56, Figure 6-57, and Figure 6-58).  

 

Figure 6-56.  Cross-section locations overlaying a digital elevation model. Aquifer is highlighted 

in blue (modified from King, 1948; Hays, 1964; Tyrrell, 1969; and Pray, 1988). 
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Figure 6-57.  Stratigraphic cross-section of the Capitan Reef Complex Aquifer from A to A’, 

shown in Figure 6-56 (modified from King, 1948; Hays, 1964; Tyrrell, 1969; and 

Pray, 1988). 

 

Figure 6-58.  Stratigraphic cross-section of the Capitan Reef Complex Aquifer from B to B’, 

shown in Figure 6-56 (modified from Wood, 1965).  
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Flows to surface water and other aquifers 

A portion of the Capitan Reef Complex Aquifer discharges to the Pecos River, and water from 

the Capitan Reef Complex Aquifer is thought to contribute to the baseflow of San Solomon 

Springs in Reeves County. A summary of baseflow in the outcrop areas of the Capitan Reef 

Complex Aquifer is reported in Table 6-38. The Capitan Reef Complex Aquifer is separated from 

the overlying Rustler and Dockum aquifers by the Salado and Castille Formations, which form an 

effective aquitard preventing groundwater flow. Groundwater availability model analysis does 

not estimate any inter-aquifer flow between the Capitan Reef Complex Aquifer and other major 

and minor aquifers.  

Table 6-38.  Summary of groundwater flow from the Capitan Reef Complex Aquifer to surface 

water. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Brewster 90 0.3 0.1 

Culberson 66 0.5 0.2 

Hudspeth 4 0 0 

Pecos 27 0.1 0.1 

Total  187    1    0 

Water quantity 

Total storage in the Capitan Reef Complex Aquifer is estimated to be more than 55 million acre-

feet. Recoverable storage is estimated to be between 25 and 75 percent of the total, about 13.7 

million to 41.3 million acre-feet (Table 6-39).  
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Table 6-39.  Total estimated recoverable storage in the Capitan Reef Complex Aquifer, in acre-

feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Brewster 2,500,000  625,000  1,875,000  

Culberson 21,000,000  5,250,000  15,750,000  

Hudspeth 1,100,000  275,000  825,000  

Jeff Davis 760,000  190,000  570,000  

Pecos 16,800,000  4,200,000  12,600,000  

Reeves 930,000  232,500  697,500  

Ward 5,900,000  1,475,000  4,425,000  

Winkler  6,100,000  1,525,000  4,575,000  

Total 55,090,000 13,772,500  41,317,500 

Water quality 

Overall, the aquifer contains water of marginal quality, yielding small to large quantities of 

slightly saline to saline groundwater containing 1,000 to greater than 5,000 milligrams per liter 

of total dissolved solids. Water of the freshest quality, with total dissolved solids between 300 

and 1,000 milligrams per liter, is present in the west near areas of recharge where the reef rock is 

exposed in several mountain ranges. Figure 6-59 shows total dissolved solids in the Capitan Reef 

Complex Aquifer. 
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Figure 6-59.  Total dissolved solids in the Capitan Reef Complex Aquifer. 
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6.15 Dockum Aquifer 

 

Figure 6-60.  Extent of the Dockum Aquifer. 

Aquifer characteristics 

 Aquifer type: confined and unconfined 

 Area of outcrop: 3,525 square miles 

 Area in subsurface: 22,030 square miles 

 Proportion of aquifer with groundwater conservation districts: 55 percent 

 Number of counties containing the aquifer: 46 
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Geology and hydrogeology 

The Dockum Aquifer is a minor aquifer found in the northwestern part of the state (Figure 6-60). 

It is defined stratigraphically by the Dockum Group, which is composed of sandstones, 

conglomerates, mudstones, and siltstones. 

The Dockum Aquifer is overlain by the Ogallala Aquifer except in the outcrop areas along the 

Canadian and Colorado Rivers where the Ogallala has been eroded away, as shown in Figure 

6-61. Permian red-bed shales underlie the Dockum Aquifer, forming a no-flow lower boundary. 

Portions of the Dockum Aquifer are in direct hydraulic communication with the Ogallala Aquifer, 

and it is treated as part of the High Plains Aquifer System for purposes of groundwater 

availability modeling (Deeds and others, 2015). 

Groundwater in sandstone and conglomerate units is recoverable, with the highest yields 

typically coming from the coarsest grained deposits located at the base of the Dockum Group; 

these water-bearing sandstones are locally referred to as the Santa Rosa Aquifer. The mean 

hydraulic conductivity is 0.2 feet per day for the upper Dockum Aquifer and 0.4 feet per day for 

the lower Dockum Aquifer (Ewing and others, 2008) but can range as high as 22 feet per day in 

some areas (Deeds and others, 2015).  

Recharge to the outcrop area of the Dockum Aquifer is believed to have increased over the last 

century from 0.15 inches per year to 0.58 inches per year as a result of development and 

accompanying land-use changes. Because the outcrop area is located downgradient from the 

confined portion of the aquifer, the recharge flows toward the Canadian or Colorado Rivers and 

their tributaries, with little or no recharge entering the confined area. The confined portions of 

the Dockum are believed to have been recharged by precipitation on higher elevation outcrops 

in New Mexico during the Pleistocene, which have since been eroded, cutting off recharge 

(Ewing and others, 2008). 



Texas Aquifers Study 

Aquifer Summaries: Dockum Aquifer 

 

171 

 

Figure 6-61.  Structural cross-sections across the Dockum Aquifer (modifed from Bradley and 

Kalaswad, 2003). 
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Flows to surface water and other aquifers 

Groundwater in the Dockum Aquifer generally flows to the southeast or east-southeast. Locally, 

groundwater diverts from this general direction toward springs and the Canadian, Brazos, and 

Colorado River drainage basins (Deeds and others, 2015). Springs occur in areas where Dockum 

Aquifer sediments intersect the water table. Brune (1981) described springs issuing from the 

Dockum Aquifer along the Pecos River Valley. Many of these springs are now dry or have lower 

flows than they did in the past (Bradley and Kalaswad, 2003). 

Diffuse discharge from the Dockum Aquifer contributes to the baseflow of streams and rivers 

crossing its outcrop area. Analysis of U.S. Geological Survey baseflow index and hydrological 

landscape unit data give an estimated average surface discharge from the Dockum Aquifer of 

18.2 cubic feet per second and a median discharge of 5.6 cubic feet per second. Table 6-40 

shows a summary of baseflow in the outcrop areas of the Dockum Aquifer.  

In some areas the water level in the Dockum Aquifer is higher than that in the Ogallala Aquifer, 

creating the potential for upward flow; chemical and isotopic data also support localized upward 

flow from the Dockum Group to the Ogallala Aquifer (Deeds and others, 2015). Table 6-41 

shows groundwater availability model estimates of total flow and average annual flow between 

the Dockum Aquifer and other aquifers. Because of the large regional extent of the aquifer, 

some flow is estimated both from the Dockum Aquifer to the Ogallala Aquifer and from the 

Ogallala Aquifer to the Dockum Aquifer.  

Table 6-40.  Summary of groundwater flow from the Dockum Aquifer to surface water, by 

county 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Armstrong 52 0.1 0.1 

Borden 91 0.3 0 

Briscoe 58 0.2 0.1 

Coke 14 0 0 

Crosby 158 0.9 0.8 

Deaf Smith 57 0.7 0.2 

Dickens 144 1.1 0.6 

Fisher 47 0.3 0 

Floyd 36 0.3 0.2 

Garza 206 0.4 0.1 
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Table 6-40 (continued). Summary of groundwater flow from the Dockum Aquifer to surface water, 

by county 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Hartley 38 0.1 0.1 

Howard 250 1.1 0.2 

Kent 72 0.4 0 

Martin 25 0.1 0 

Mitchell 725 3.4 0.2 

Moore 7 0 0 

Motley 53 0.6 0.4 

Nolan 59 0.3 0 

Oldham 735 4.8 1.8 

Potter 294 1.3 0.4 

Randall 22 0 0 

Scurry 360 1.8 0.1 

Sterling 46 0.1 0 

Swisher 1 0 0 

Total 3,550   18    5 

Table 6-41.  Model estimates of inter-aquifer flows between the Dockum Aquifer and other 

major and minor aquifers. 

Flow from Flow to 

Total flow 

(acre-feet per 

year) 

Dockum Aquifer Edwards-Trinity (Plateau) Aquifer 37,509 

Dockum Aquifer Ogallala Aquifer 2,241 

Dockum Aquifer Rita Blanca Aquifer 115 

Edwards-Trinity (Plateau) Aquifer Dockum Aquifer 2,948 

Ogallala Aquifer Dockum Aquifer 27,497 

Rita Blanca Aquifer Dockum Aquifer 83 

Rustler Aquifer Dockum Aquifer 1 
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Water quantity 

Total storage in the Dockum Aquifer is estimated to be over 1.5 billion acre-feet. Recoverable 

storage is estimated to be between 25 and 75 percent of the total, about 373.5 million to 1.1 

billion acre-feet (Table 6-42). 

Table 6-42.  Total estimated recoverable storage in the Dockum Aquifer, by county, in acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Andrews  220,000,000  55,000,000  165,000,000  

Armstrong  7,000,000  1,750,000  5,250,000  

Borden  7,600,000  1,900,000  5,700,000  

Briscoe  18,000,000  4,500,000  13,500,000  

Carson  1,900,000  475,000  1,425,000  

Castro  7,000,000  1,750,000  5,250,000  

Coke  520,000  130,000  390,000  

Crane  30,000,000  7,500,000  22,500,000  

Crockett  14,000,000  3,500,000  10,500,000  

Crosby  30,000,000  7,500,000  22,500,000  

Dallam  80,000,000  20,000,000  60,000,000  

Deaf Smith  130,000,000  32,500,000  97,500,000  

Dickens  3,400,000  850,000  2,550,000  

Ector  100,000,000  25,000,000  75,000,000  

Fisher  1,300,000  325,000  975,000  

Floyd  40,000,000  10,000,000  30,000,000  

Gaines  200,000,000  50,000,000  150,000,000  

Garza  4,900,000  1,225,000  3,675,000  

Glasscock  11,000,000  2,750,000  8,250,000  

Hale  16,000,000  4,000,000  12,000,000  

Hartley  96,000,000  24,000,000  72,000,000  

Howard  22,000,000  5,500,000  16,500,000  

Irion  9,100,000  2,275,000  6,825,000  

Kent  1,400,000  350,000  1,050,000  

Loving  4,500,000  1,125,000  3,375,000  

Martin  11,000,000  2,750,000  8,250,000  

Midland  10,000,000  2,500,000  7,500,000  

Mitchell  27,000,000  6,750,000  20,250,000  

Moore  7,400,000  1,850,000  5,550,000  

Motley  1,800,000  450,000  1,350,000  
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Table 6-42 (continued). Total estimated recoverable storage in the Dockum Aquifer, by county, in 

acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Nolan  2,100,000  525,000  1,575,000  

Oldham  43,000,000  10,750,000  32,250,000  

Parmer  30,000,000  7,500,000  22,500,000  

Pecos  19,500,000  4,875,000  14,625,000  

Potter  10,000,000  2,500,000  7,500,000  

Randall  46,000,000  11,500,000  34,500,000  

Reagan  17,000,000  4,250,000  12,750,000  

Reeves  12,000,000  3,000,000  9,000,000  

Scurry  32,000,000  8,000,000  24,000,000  

Sherman  540,000  135,000  405,000  

Sterling  33,000,000  8,250,000  24,750,000  

Swisher  66,000,000  16,500,000  49,500,000  

Tom Green  1,100,000  275,000  825,000  

Upton  9,300,000  2,325,000  6,975,000  

Ward  18,000,000  4,500,000  13,500,000  

Winkler  42,000,000  10,500,000  31,500,000  

Total 1,494,360,000 373,590,000 1,120,770,000 

Water quality 

Water quality in the Dockum Aquifer is generally poor and very hard, with freshwater in outcrop 

areas in the east and brine in the western subsurface portions of the aquifer. The distribution of 

total dissolved solids in the Dockum Aquifer, based on data from over 1,000 wells completed in 

the aquifer, is shown in Figure 6-62.  

Naturally occurring radioactivity from uranium present within the aquifer has resulted in gross 

alpha radiation in excess of the state’s primary drinking water standard in about 25 percent of 

Dockum Aquifer wells. Radium-226 and -228 also occur in amounts above acceptable standards. 

Nitrate is present at concentrations exceeding primary drinking water standards in about 10 

percent of the wells, mostly in the outcrop areas, where it is associated with agricultural 

operations. Dockum Aquifer groundwater exceeds secondary drinking water standards for 

chloride, fluoride, iron, sulfate, and total dissolved solids in about one-third of the wells tested, 

primarily as a result of the evaporite minerals present in the Dockum Group and underlying 

formations of the Permian Basin (Reedy and others, 2011). 
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Figure 6-62.  Total dissolved solids in the Dockum Aquifer. 
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6.16 Edwards-Trinity (High Plains) Aquifer 

 

Figure 6-63.  Extent of the Edwards-Trinity High Plains Aquifer. 

Aquifer characteristics 

 Aquifer type: mostly confined 

 Area of aquifer: 7,912 square miles 

 Proportion of aquifer with groundwater conservation districts: 98 percent 

 Number of counties containing the aquifer: 15 
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Geology and hydrogeology 

The Edwards-Trinity (High Plains) Aquifer is a minor aquifer that underlies about 9,000 square 

miles of the Ogallala Aquifer in western Texas and eastern New Mexico (Figure 6-63). Its water-

producing units include sandstone and limestone. Freshwater saturated thickness in the aquifer 

averages 126 feet. Regional groundwater flow in the aquifer is to the southeast, but locally, flow 

is determined by the presence of paleo-channels containing Ogallala Formation sediments that 

are incised into the Cretaceous limestone forming the Edwards-Trinity (High Plains) Aquifer. 

Recharge to the aquifer is primarily due to downward leakage from the younger Ogallala 

Aquifer. The greatest amounts of recharge most likely occur where low-permeability clay layers, 

which lie between the Edwards-Trinity (High Plains) and Ogallala aquifers, are missing, thin, or 

relatively permeable (Figure 6-64). Groundwater in the Edwards-Trinity (High Plains) Aquifer 

generally is confined, although there are small areas where the aquifer is unconfined. Blandford 

and others (2008) modeled the specific storage of the confined portion of the aquifer with a 

value of 3 x 10-6 based on results for similar aquifers. 
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Figure 6-64.  Geologic cross-section across the Edwards-Trinity (High Plains) Aquifer (modified 

from Blandford and others, 2008). 
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Flows to surface water and other aquifers 

Table 6-43 shows a summary of baseflow in the Edwards-Trinity (High Plains) Aquifer. Discharge 

from the Edwards-Trinity (High Plains) Aquifer occurs at springs and seeps along the eastern 

caprock escarpment and at a number of large salt lakes west of the escarpment (Blandford and 

others, 2008). Table 6-44 shows groundwater availability model estimates of total flow and 

average annual flow between the Edwards-Trinity (High Plains) Aquifer and other aquifers. The 

predominant direction of flow is downward from the Ogallala Aquifer into the Edwards-Trinity 

(High Plains) Aquifer, although in some areas there is upward leakage to the Ogallala Aquifer as 

a result of water table drawdown in that aquifer. 

Table 6-43.  Summary of groundwater flow from the Edwards-Trinity (High Plains) Aquifer to 

surface water. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Borden 17 0.1 0 

Dawson 14 0 0.1 

Garza 3 0 0 

Lynn 2 0 0 

Total   36 0.1 0.1 

Table 6-44.  Model estimates of inter-aquifer flows between the Edwards-Trinity (High Plains) 

Aquifer and other major and minor aquifers. 

Flow from Flow to 

Total flow 

(acre-feet per 

year) 

Edwards-Trinity (High Plains) Aquifer Ogallala Aquifer 5,544 

Ogallala Aquifer Edwards-Trinity (High Plains) Aquifer 13,812 
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Water quantity 

Total storage in the Edwards-Trinity (High Plains) Aquifer is estimated to be more than 23 

million acre-feet. Recoverable storage is estimated to be between 25 and 75 percent of the total, 

or about 5.9 million to 17.7 billion acre-feet (Table 6-45). 

Table 6-45.  Total estimated recoverable storage in the Edwards-Trinity (High Plains) Aquifer, by 

county, in acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Bailey  690,000  172,500  517,500  

Borden  1,600,000  400,000  1,200,000  

Cochran  1,700,000  425,000  1,275,000  

Dawson  1,000,000  250,000  750,000  

Floyd  730,000  182,500  547,500  

Gaines  3,100,000  775,000  2,325,000  

Garza  120,000  30,000  90,000  

Hale  870,000  217,500  652,500  

Hockley  2,200,000  550,000  1,650,000  

Lamb  500,000  125,000  375,000  

Lubbock  2,000,000  500,000  1,500,000  

Lynn  3,400,000  850,000  2,550,000  

Terry  3,300,000  825,000  2,475,000  

Yoakum  2,500,000  625,000  1,875,000  

Total 23,710,000  5,927,500  17,782,500  

Water quality 

Groundwater in the Edwards-Trinity (High Plains) Aquifer typically contains more total dissolved 

solids than does the overlying Ogallala Aquifer. It generally is slightly saline, with total dissolved 

solids ranging from 1,000 to 2,000 milligrams per liter, but can range from 400 to more than 

3,000 milligrams per liter. Areas with higher total dissolved solids concentrations are primarily 

located in the south central region of the aquifer (Figure 6-65). Groundwater is poorest in 

quality where the aquifer is overlain by saline lakes or the gypsum-rich Tahoka and Double 

Lakes formations. The eastern portion of the aquifer is at a high risk of exceeding maximum 

contaminant levels for arsenic, fluoride, and nitrate-N (Reedy and others, 2011). 
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Figure 6-65.  Total dissolved solids in the Edwards-Trinity (High Plains) Aquifer. 
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6.17 Ellenburger-San Saba Aquifer 

Figure 6-66. Extent of the Ellenburger-San Saba Aquifer. 

Aquifer characteristics 

 Aquifer type: confined and unconfined

 Area of outcrop: 1,152 square miles

 Area in subsurface: 4,279 square miles

 Proportion of aquifer with groundwater conservation districts: 80 percent

 Number of counties containing the aquifer: 16
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Geology and hydrogeology 

The Ellenburger-San Saba Aquifer is a minor aquifer that is found in parts of 16 counties in the 

Llano Uplift area of Central Texas (Figure 6-66). The aquifer consists of a sequence of limestone 

and dolomite formations that crop out in a circular pattern around the uplift and dip radially 

into the subsurface to depths of approximately 3,000 feet (Figure 6-67). Regional block faulting 

has significantly compartmentalized the aquifer. The maximum thickness of the aquifer is about 

2,700 feet.  

Water occurs in fractures, cavities, and solution channels and is commonly under confined 

conditions. The aquifer is highly permeable in places, as indicated by wells that yield as much as 

1,000 gallons per minute. Numerous springs issue from the aquifer, maintaining the baseflow of 

streams in the area. 

 

Figure 6-67.  Structural cross-section across the Ellenburger-San Saba Aquifer (modified from 

Tybor, 1993; Standen and Ruggiero, 2007).  
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Flows to surface water and other aquifers 

Precipitation and runoff contribute recharge to the Ellenburger-San Saba Aquifer in upland 

areas, with discharge occurring as stream baseflow at lower elevations. Faulting around the 

Llano Uplift and dissolution features in carbonate formations produce locally complex 

groundwater and surface-water interactions. Table 6-46 shows a summary of baseflow in the 

outcrop areas of the Ellenburger-San Saba Aquifer. Table 6-47 shows groundwater availability 

model estimates of total flow and average annual flow between the Ellenburger-San Saba 

Aquifer and other aquifers. Because of local differences in topography and structural off-sets 

along faults, flows may occur in both directions between aquifers. 

Table 6-46.  Summary of groundwater flow from the Ellenburger-San Saba Aquifer to surface 

water. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Blanco 36 2 0.5 

Burnet 168 9.3 1.8 

Gillespie 13 0.7 0.2 

Kimble 7 0.4 0.2 

Lampasas 17 0.9 0.2 

Llano 62 2.8 0.9 

Mason 182 7.3 2.8 

McCulloch 172 3.1 0.9 

Menard 1 0 0 

San Saba 436 13.6 3 

Total 1,094   40   11 
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Table 6-47.  Model estimates of inter-aquifer flows between the Ellenburger-San Saba Aquifer 

and other major and minor aquifers. 

Flow from Flow to 

Total flow 

(acre-feet per 

year) 

Ellenburger-San Saba Aquifer Hickory Aquifer 9,305 

Ellenburger-San Saba Aquifer Marble Falls Aquifer 2,368 

Edwards-Trinity (Plateau) 

Aquifer 
Ellenburger-San Saba Aquifer 929 

Hickory Aquifer Ellenburger-San Saba Aquifer 21,654 

Marble Falls Aquifer Ellenburger-San Saba Aquifer 3,647 

Trinity Aquifer Ellenburger-San Saba Aquifer 1,285 

Water quantity 

Total storage in the Ellenburger-San Saba Aquifer is estimated to be more than 87 million acre-

feet. Recoverable storage is estimated to be between 25 and 75 percent of the total, about 21.7 

million to 65.2 million acre-feet (Table 6-48). 

Table 6-48.  Total estimated recoverable storage in the Ellenburger-San Saba Aquifer, by county, 

in acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Blanco 8,300,000 2,075,000 6,225,000 

Brown 420,000 105,000 315,000 

Burnet 8,100,000 2,025,000 6,075,000 

Coleman 1,400,000 350,000 1,050,000 

Concho 62,000 15,500 46,500 

Gillespie 6,500,000 1,625,000 4,875,000 

Kendall 3,500,000 875,000 2,625,000 

Kerr 2,100,000 525,000 1,575,000 

Kimble 6,000,000 1,500,000 4,500,000 

Lampasas 8,500,000 2,125,000 6,375,000 

Llano 350,000 87,500 262,500 
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Table 6-48 (continued). Total estimated recoverable storage in the Ellenburger-San Saba Aquifer, 

by county, in acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Mason 1,900,000 475,000 1,425,000 

McCulloch 16,000,000 4,000,000 12,000,000 

Menard 1,600,000 400,000 1,200,000 

Mills 2,300,000 575,000 1,725,000 

San Saba 20,000,000 5,000,000 15,000,000 

Total 87,032,000 21,758,000 65,274,000 

Water quality 

Groundwater in the Ellenburger-San Saba Aquifer is generally very good and usually has less 

than 1,000 milligrams per liter of total dissolved solids (Figure 6-68). Total dissolved solids 

increase down-dip and radially outward from the Llano Uplift, centered in Llano County. 

Elevated concentrations of radionuclides also occur in the aquifer, mostly in the northern part of 

the aquifer (Reedy and others, 2011). 
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Figure 6-68.  Total dissolved solids in the Ellenburger-San Saba Aquifer.
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6.18 Hickory Aquifer 

 

Figure 6-69.  Extent of the Hickory Aquifer. 

Aquifer characteristics 

 Aquifer type: confined and unconfined 

 Area of outcrop: 272 square miles 

 Area in subsurface: 8,317 square miles 

 Proportion of aquifer with groundwater conservation districts: 83 percent 

 Number of counties containing the aquifer: 19 
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Geology and hydrogeology 

The Hickory Aquifer is a minor aquifer in the central part of the state that consists of the water-

bearing parts of the Hickory Sandstone Member (Figure 6-69). The Hickory Member is a mixture 

of terrestrial and marine sandstones, siltstones, and mudstones. It is divided into three units with 

quartz sand in the lower unit, silty or argillaceous sand in the middle unit, and hematite-

cemented sand in the upper unit (Shi and others, 2016b). In general, the Hickory Member 

thickens from north to south, with zero thickness at the Precambrian granite knobs of the Llano 

Uplift to about 1,000 feet in Kerr County to the south (Figure 6-70). The top and base of the 

Hickory Member are strong geophysical log correlation surfaces (Standen and Ruggiero, 2007) 

with relatively high gamma readings. The freshwater saturated thickness of the Hickory Aquifer 

averages about 350 feet.  

 

Figure 6-70.  Structural cross-section across the Hickory Aquifer (modified from Tybor, 1993; 

Standen and Guggiero, 2007). 
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Flows to surface water and other aquifers 

Inflow to the Hickory Aquifer occurs as cross-formational flow from younger units and recharge 

by precipitation in the outcrop area. Outflow includes groundwater pumping, leakage to 

surface-water bodies, and cross-formational flow to the Ellenburger-San Saba Aquifer (Shi and 

others,  2016a). Table 6-49 summarizes baseflow in the outcrop areas of the Hickory Aquifer by 

county. Table 6-50 shows groundwater availability model estimates of total flow and average 

annual flow between the Hickory Aquifer and other aquifers.  

Table 6-49.  Summary of groundwater flow from the Hickory Aquifer to surface water, by 

county. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Blanco 18 1 0.2 

Burnet 13 0.7 0.1 

Gillespie 12 0.6 0.2 

Llano 62 2.6 0.9 

Mason 117 4.6 1.7 

McCulloch 22 0.5 0.2 

San Saba 25 0.9 0.3 

Total 269   11    4 

Table 6-50.  Model estimates of inter-aquifer flows between the Hickory Aquifer and other 

major and minor aquifers. 

Flow from Flow to 

Total flow 

(acre-feet per 

year) 

Hickory Aquifer Ellenburger-San Saba Aquifer 21,654 

Hickory Aquifer Trinity Aquifer 64 

Edwards-Trinity (Plateau) Aquifer Hickory Aquifer 43 

Ellenburger-San Saba Aquifer Hickory Aquifer 9,305 
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Water quantity 

Total storage in the Hickory Aquifer is estimated to be more than 66 million acre-feet. 

Recoverable storage is estimated to be between 25 and 75 percent of the total, about 16.5 

million to 49.6 million acre-feet (Table 6-51). 

Table 6-51.  Total estimated recoverable storage in the Hickory Aquifer, by county, in acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Blanco 4,700,000  1,175,000 3,525,000 

Brown 220,000 55,000 165,000 

Burnet 6,600,000 1,650,000 4,950,000 

Coleman 1,500,000 375,000 1,125,000 

Concho 2,800,000 700,000 2,100,000 

Gillespie 7,200,000 1,800,000 5,400,000 

Kimble 5,900,000 1,475,000 4,425,000 

Lampasas 2,800,000 700,000 2,100,000 

Llano 1,000,000 250,000 750,000 

Mason 5,400,000 1,350,000 4,050,000 

McCulloch 8,500,00 2,125,000 3,375,000 

Menard 4,500,000 1,125,000 3,375,000 

Mills 630,000 157,500 472,500 

San Saba 7,500,000 1,875,000 5,625,000 

Williamson 17,000 4,250 12,750 

Total 66,182,000 16,545,500  49,636,500 

Water quality 

Groundwater is mostly fresh with less than 1,000 milligrams per liter of total dissolved solids. 

Excess iron in the upper portion of the aquifer may result in poor-tasting water and may exceed 

drinking water standards. Additionally, naturally occurring radioactivity may exceed the state’s 

primary drinking standards (Reedy and others, 2011) and require additional treatment or 

blending. Radionuclides are derived from the Precambrian granite rocks in the Llano Uplift 

(Reedy and others, 2011). 
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Figure 6-71.  Total dissolved solids in the Hickory Aquifer. 
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6.19 Igneous Aquifer 

 

Figure 6-72.  Extent of the Igneous Aquifer. 

Aquifer characteristics 

 Aquifer type: unconfined 

 Area of aquifer: 6,075 square miles 

 Proportion of aquifer with groundwater conservation districts: 100 percent 

 Number of counties containing the aquifer: 6 
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Geology and hydrogeology 

The Igneous Aquifer is a minor aquifer located in far west Texas (Figure 6-72). The aquifer 

consists of volcanic rocks made up of a complex series of welded pyroclastic rock, lava, and 

volcaniclastic sediments as much as 6,000 feet thick (Figure 6-73). Freshwater saturated 

thickness averages about 1,800 feet. The best water-bearing zones are found in igneous rocks 

with primary porosity and permeability, such as vesicular basalts, interflow zones in lava 

successions, sandstone, conglomerate, and breccia. Faulting and fracturing enhance aquifer 

productivity in less permeable rock units.  

Flows to surface water and other aquifers 

Baseflow analysis indicates that the Igneous Aquifer discharges limited amounts of groundwater 

to surface water in its outcrop area. Table 6-52 summarizes baseflow from the Igneous Aquifer 

by county. Two different groundwater availability models cover the area of the Igneous Aquifer. 

Both employ a no-flow boundary in the area of contact between the Igneous and West Texas 

Bolsons aquifers and, consequently, no modeled inter-aquifer flow between the Igneous Aquifer 

and other major and minor aquifers is available. An analytical approach suggests an average 

annual flow of approximately 3,500 acre-feet per year from the Igneous Aquifer to the Presidio-

Redford Bolsons Aquifer. 
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Figure 6-73.  Structural cross-sections across the Igneous Aquifer (modified from Gates and 

others, 1980; Olson, 2002; Beach and others, 2004). 
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Table 6-52.  Summary of groundwater flow from the Igneous Aquifer to surface water, by 

county. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Brewster 897 3.3 0.7 

Culberson 91 0.5 0.3 

Jeff Davis 1,692 8.4 3.2 

Pecos 9 0 0 

Presidio 2,642 13 5.9 

Reeves 74 0.1 0.2 

Total 5,405   25   10 

Water quantity 

Total storage in the Igneous Aquifer is estimated to be more than 64 million acre-feet. 

Recoverable storage is estimated to be between 25 and 75 percent of the total, or about 16 

million to 48 million acre-feet (Table 6-53). 

Table 6-53.  Total estimated recoverable storage in the Igneous Aquifer, by county, in acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Brewster  5,300,000  1,325,000  3,975,000  

Culberson  760,000  190,000  570,000  

Jeff Davis  24,000,000  6,000,000  18,000,000  

Pecos  350  88  263  

Presidio  34,000,000  8,500,000  25,500,000  

Reeves  54,000  13,500  40,500  

Total 64,114,350  16,028,588  48,085,763  

Water quality 

Water in the Igneous Aquifer is fresh and contains less than 1,000 milligrams per liter of total 

dissolved solids (Figure 6-74). Groundwater from some wells contains elevated levels of silica 

and fluoride, as a result of weathering of the igneous rock that makes up the aquifer. 

Groundwater in a few wells exceeds maximum contaminant levels for arsenic, fluoride, and gross 

alpha radiation (Reedy and others, 2011).  
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Figure 6-74.  Total dissolved solids in the Igneous Aquifer. 
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6.20 Lipan Aquifer 

 

Figure 6-75.  Extent of the Lipan Aquifer. 

Aquifer characteristics 

 Aquifer type: confined and unconfined 

 Area of outcrop: 1,571 square miles 

 Area in subsurface: 424 square miles 

 Proportion of aquifer with groundwater conservation districts: 85 percent 

 Number of counties containing the aquifer: 8 

Geology and hydrogeology 

The Lipan Aquifer is a minor aquifer in west central Texas (Figure 6-75). The aquifer includes 

water-bearing alluvium and the up-dip portions of older strata underlying the alluvium. The 
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alluvium includes as much as 125 feet of saturated sediments of the Quaternary Leona 

Formation. These deposits consist mostly of gravels and conglomerates cemented with sandy 

lime and layers of clay. The formation generally fines upward with conglomerates existing mainly 

in locations of thicker alluvium. The underlying strata include the San Angelo Sandstone of the 

Pease River Group and the Choza Formation, Bullwagon Dolomite, Vale Formation, Standpipe 

Limestone, and Arroyo Formation of the Permian-age Clear Fork Group (Figure 6-76). These 

units are predominantly limestones and shales.  

The alluvial deposits and the upper parts of the older rocks are hydraulically connected. 

Groundwater flow in the Lipan Aquifer does not appear to be structurally controlled. Higher-

production wells appear to correspond to alluvial deposits overlying the Choza, Bullwagon, and 

Vale formations. In these areas, thick alluvial deposits with conglomerates lie near the contact 

with the Permian formations.  

 

Figure 6-76.  Structural cross-sections across the Lipan Aquifer in Tom Green County, Texas. A-A’, 

west to east; B-B’, south to north (modified from Willis, 1954). 

Flows to surface water and other aquifers 

The Concho River is a major discharge and recharge feature of the Lipan Aquifer. However, net 

discharge from the Lipan Aquifer in the form of river baseflow is fairly small, and during a recent 

drought the Concho River flow ceased between San Angelo and Paint Rock (Beach and others, 

2004). Table 6-54 shows a summary of baseflow in the outcrop areas of the Lipan Aquifer.  
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Table 6-55 shows groundwater availability model estimates of total flow and average annual 

flow between the Lipan Aquifer and other aquifers. Groundwater flows from the Edwards-Trinity 

(Plateau) Aquifer to the Lipan Aquifer in Coke, Irion, Runnels, and Schleicher counties, while in 

Concho and Tom Green counties the flow direction is reversed. 

Table 6-54.  Summary of groundwater flow from the Lipan Aquifer to surface water, by county. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Coke 37 0.2 0.1 

Concho 153 0.9 0.3 

Glasscock 19 0 0 

Irion 151 2.2 1.1 

Runnels 88 0.3 0 

Sterling 203 0.7 0.4 

Tom Green 920 7.1 2.1 

Total 1,571   11    4 

Table 6-55.  Model estimates of inter-aquifer flows between the Lipan Aquifer and other major 

and minor aquifers. 

Flow from Flow to 

Total flow 

(acre-feet per 

year) 

Lipan Aquifer 
Edwards-Trinity (Plateau) 

Aquifer & Other Formations 
7,506 

Edwards-Trinity (Plateau) 

Aquifer & Other Formations 
Lipan Aquifer 7,507 
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Water quantity 

Total storage in the Lipan Aquifer is estimated to be about 4 million acre-feet. Recoverable 

storage is estimated to be between 25 and 75 percent of the total, about 1 million to 3.1 million 

acre-feet (Table 6-56). 

Table 6-56.  Total estimated recoverable storage in the Lipan Aquifer, by county, in acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Coke 13,000 3,250 9,750 

Concho 720,000 180,000 540,000 

Glasscock 6,000 1,500 4,500 

Irion 100,000 25,000 75,000 

Runnels 400,000 100,000 300,000 

Schleicher 7,500 1,875 5,625 

Sterling 41,000 10,250 30,750 

Tom Green 2,900,000 725,000 2,175,000 

Total 4,200,000 1,046,875 3,140,625 

Water quality 

Water quality in the alluvium is very hard and ranges from fresh to slightly saline, containing 

between 350 and 3,000 milligrams per liter of total dissolved solids (Figure 6-77). Water in the 

underlying parts of the Choza Formation and Bullwagon Dolomite tends to be moderately saline 

with total dissolved solids in excess of 3,000 milligrams per liter. The central region of the 

aquifer has a high probability of exceeding the maximum contaminant level for total dissolved 

solids. The eastern portion of the aquifer has the highest probability of exceeding the maximum 

contaminant level for nitrate (Reedy and others, 2011).
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Figure 6-77.  Total dissolved solids in the Lipan Aquifer. 
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6.21 Marathon Aquifer 

 

Figure 6-78.  Extent of the Marathon Aquifer. 

Aquifer characteristics 

 Aquifer type: unconfined with locally confined areas 

 Area of outcrop: 391 square miles 

 Proportion of aquifer with groundwater conservation districts: 100 percent 

 Number of counties containing the aquifer: 1 
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Geology and hydrogeology 

The Marathon Aquifer, a minor aquifer, occurs entirely within north central Brewster County 

(Figure 6-78). The aquifer consists of tightly folded and faulted rocks of the Gaptank Formation, 

the Dimple Limestone, the Tesnus Formation, the Caballos Novaculite, the Maravillas Chert, the 

Fort Peña Formation, and the Marathon Limestone (Figure 6-79). Although the maximum 

thickness of the aquifer is about 900 feet, well depths are commonly less than 250 feet. Water in 

the aquifer is generally under unconfined conditions and is contained in fractures, joints, and 

cavities in the limestone. Groundwater is locally confined in areas where the aquifer is buried 

beneath impermeable formations, such as in the town of Marathon, and may rise a few feet 

above the depth at which it is first encountered. The Marathon Limestone is the most productive 

part of the aquifer. Many of the shallow wells in the region actually produce water from alluvial 

deposits that cover parts of the rock formations. Well yields range from less than 10 gallons per 

minute to more than 300 gallons per minute; the highest yields occur within a fault zone in the 

town of Marathon (Smith, 2001). 
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Figure 6-79.  Geologic map across the Marathon Aquifer (USGS and TWDB, 2006). 
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Flows to surface water and other aquifers 

Table 6-57 summarizes baseflow from the Marathon Aquifer. The Marathon Aquifer discharges 

at Peña Colorada Springs near Marathon, and at smaller springs along creeks in the area. The 

Marathon Aquifer is not in contact with any other major or minor aquifers; consequently, no 

inter-aquifer flows are expected.  

Table 6-57.  Summary of groundwater flow from the Marathon Aquifer to surface water. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Brewster 391 2.8 1 

Water quantity 

Total storage in the Marathon Aquifer is estimated to be 1.5 million acre-feet. Recoverable 

storage is estimated to be between 25 and 75 percent of the total, about 375,000 to 1.1 million 

acre-feet (Table 6-58). 

Table 6-58.  Total estimated recoverable storage in the Marathon Aquifer. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Brewster 1,500,000 375,000 1,125,000 
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Water quality 

Total dissolved solids range from 500 to 1,000 milligrams per liter, and the water, although very 

hard, is generally suitable for most uses (Figure 6-80).  
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Figure 6-80.  Total dissolved solids in the Marathon Aquifer. 
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6.22 Marble Falls Aquifer 

 

Figure 6-81.  Extent of the Marble Falls Aquifer. 

Aquifer characteristics 

 Aquifer type: unconfined 

 Area of outcrop: 215 square miles 

 Proportion of aquifer with groundwater conservation districts: 78 percent 

 Number of counties containing the aquifer: 8 
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Geology and hydrogeology 

The Marble Falls Aquifer is a minor aquifer that occurs in several separated outcrops along the 

northern and eastern edges of the Llano Uplift in Central Texas (Figure 6-81). The subsurface 

extent of the aquifer is largely unknown. Water occurs in the Marble Falls Limestone in voids and 

fractures, and the formation is very permeable in some areas. Wells may produce up to 2,000 

gallons per minute and the formation measures up to 600 feet thick with an average estimated 

thickness of 160 feet. Specific yield estimates range from 1.5 percent to as much as 3 percent.  
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Figure 6-82.  Structure map for the base of the Marble Falls Formation (modified from Standen 

and Ruggiero, 2007). 
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Flows to surface water and other aquifers 

Numerous large springs originate from the Marble Falls Aquifer and provide a significant part of 

the baseflow to the San Saba River in McCulloch and San Saba counties and to the Colorado 

River in San Saba and Lampasas counties. Table 6-59 shows a summary of baseflow in the 

outcrop areas of the Marble Falls Aquifer. Where underlying beds are thin or absent, the Marble 

Falls Aquifer may be hydraulically connected to the Ellenburger-San Saba Aquifer. Table 6-60 

shows groundwater availability model analysis estimates of total flow and average annual flow 

between the Marble Falls Aquifer and other aquifers.  

Table 6-59.  Summary of groundwater flow from the Marble Falls Aquifer to surface water, by 

county. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Burnet 23 1.4 0.3 

Kimble 2 0.1 0 

Lampasas 20 0.6 0.1 

Llano 2 0.1 0 

Mason 5 0.1 0 

McCulloch 28 0.5 0.1 

San Saba 125 3.3 0.7 

Total  205 6.1 1.2 

Table 6-60.  Model estimates of inter-aquifer flows between the Marble Falls Aquifer and other 

major and minor aquifers. 

Flow from Flow to 
Total flow 

(acre-feet per year) 

Marble Falls Aquifer Ellenburger-San Saba Aquifer 3,647 

Edwards-Trinity (Plateau) 

Aquifer 
Marble Falls Aquifer 7 

Ellenburger-San Saba Aquifer Marble Falls Aquifer 2,368 

Trinity Aquifer Marble Falls Aquifer 144 
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Water quantity 

Total storage in the Marble Falls Aquifer is estimated to be about 265,000 acre-feet. Recoverable 

storage is estimated to be between 25 and 75 of the total, about 66,000 to 198,000 acre-feet 

(Table 6-61). 

Table 6-61. Total estimated recoverable storage in the Marble Falls Aquifer, by county, in acre-

feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Blanco 1,300 325 975 

Burnet 38,000 9,500 28,500 

Kimble 2,400 600 1,800 

Lampasas 39,000 9,750 29,250 

Llano 2,100 525 1,575 

Mason 5,300 1,325 3,975 

McCulloch 33,000 8,250 24,750 

San Saba 144,000 36,000 108,000 

Total 265,100 66,275 198,825 

Water quality 

The water quality in the Marble Falls Aquifer is variable, with the total dissolved solids content 

increasing down-dip to the north, away from the Llano Uplift. Because the limestone beds 

composing this aquifer are relatively shallow, the aquifer is susceptible to pollution by surface 

uses and activities. For example, some wells in Blanco County have produced water with high 

nitrate concentrations. In the subsurface, groundwater becomes highly mineralized; however, 

the water produced from this aquifer is suitable for most purposes and generally contains less 

than 1,000 milligrams per liter of total dissolved solids (Figure 6-83).
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Figure 6-83.  Total dissolved solids in the Marble Falls Aquifer. 
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6.23 Nacatoch Aquifer 

 

Figure 6-84. Extent of the Nacatoch Aquifer. 

Aquifer characteristics 

 Aquifer type: confined and unconfined 

 Area of outcrop: 891 square miles 

 Area in subsurface: 939 square miles 

 Proportion of aquifer with groundwater conservation districts: 0.5 percent 

 Number of counties containing the aquifer: 15 
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Geology and hydrogeology 

The Nacatoch Aquifer is a minor aquifer that occurs in a narrow band across northeast Texas 

(Figure 6-84). The aquifer consists of the Nacatoch Sand, which is composed of sequences of 

sandstone separated by impermeable layers of mudstone or clay (Figure 6-85). These 

sandstones are marine in origin, coarsen upward, and are laterally discontinuous. The number of 

sand layers varies throughout the aquifer’s extent, and the thickness of individual sand units 

ranges from more than 100 feet in the north to less than 20 feet to the south. The thickness of 

intervening mudstone units similarly ranges from more than 100 feet to only a few feet. 

Freshwater saturated thickness averages about 50 feet. The aquifer also includes a hydraulically 

connected cover of alluvium that is as much as 80 feet thick along major drainages. 

Groundwater in this aquifer is usually under artesian conditions except in shallow wells where 

the Nacatoch Formation crops out and water table conditions exist. The Mexia-Talco Fault Zone 

generally delineates the subsurface limit of the aquifer.  
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Figure 6-85.  Structural cross-sections across the Nacatoch Aquifer (modified from Knight, 1984; 

Ashworth, 1988). 



Texas Aquifers Study 

Aquifer Summaries: Nacatoch Aquifer 

 

219 

Flows to surface water and other aquifers 

The Nacatoch Aquifer discharges to surface water and springs in the outcrop areas. Some 

springs fed by the Nacatoch dried up in the 1920s when pumping began in their vicinity, but in 

other areas of the aquifer where pumping has been minimal, springflow is likely to have been 

maintained (Beach and others, 2009). Table 6-62 shows a summary of baseflow in the outcrop 

areas of the Nacatoch Aquifer. Groundwater availability model analysis does not estimate any 

inter-aquifer flow between the Nacatoch Aquifer and other major and minor aquifers.  

Table 6-62.  Summary of groundwater flow from the Nacatoch Aquifer to surface water, by 

county. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Bowie 198 38.3 11.1 

Delta 64 3.6 0.2 

Ellis <1 0 0 

Franklin 6 0.6 0 

Henderson 9 0.6 0.1 

Hopkins 61 3.5 0.2 

Hunt 155 6.2 0.2 

Kaufman 77 6.3 0.6 

Lamar 11 1 0.1 

Navarro 88 5 0.3 

Red River 221 28.5 3.7 

Rockwall 1 0.1 0 

Titus <1 0 0 

Total  630   94   17 
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Water quantity 

Total storage in the Nacatoch Aquifer is estimated to be more than 4 million acre-feet. 

Recoverable storage is estimated to be between 25 and 75 percent of the total, or about 1 

million to 3 million acre-feet (Table 6-63).  

Table 6-63.  Total estimated recoverable storage in the Nacatoch Aquifer, by county, in acre-

feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Bowie 240,000  560,000  1,680,000  

Delta 100,000  25,000  75,000  

Ellis 66  17  50  

Franklin 7,300  1,825  5,475  

Henderson 9,800  2,450  7,350  

Hopkins 330,000  82,500  247,500  

Hunt 550,000  137,500  412,500  

Kaufman 120,000  30,000  90,000  

Lamar 12,000  3,000  9,000  

Morris 2,900  725  2,175  

Navarro 95,000  23,750  71,250  

Rains 18,000  4,500  13,500  

Red River 591,000  147,750  443,250  

Rockwall 280  70  210  

Titus 15,000  3,750  11,250  

Total 4,091,346  1,022,837  3,068,510  

Water quality 

Groundwater in the aquifer is typically alkaline, high in sodium bicarbonate, and soft. Total 

dissolved solids are significantly higher down-dip south of the Mexia-Talco Fault Zone, where 

the water contains between 1,000 and 3,000 milligrams per liter of total dissolved solids (Figure 

6-86).
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Figure 6-86.  Total dissolved solids in the Nacatoch Aquifer. 
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6.24 Queen City Aquifer 

 

Figure 6-87.  Extent of the Queen City Aquifer. 

Aquifer characteristics 

 Aquifer type: confined and unconfined 

 Area of outcrop: 8,781 square miles 

 Area in subsurface: 7,015 square miles 

 Proportion of aquifer with groundwater conservation districts: 63 percent 

 Number of counties containing the aquifer: 42 
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Geology and hydrogeology 

The Queen City Aquifer is a minor, widespread aquifer that stretches across the upper coastal 

plain of Texas (Figure 6-87). Water is stored in sand, loosely cemented sandstone, and 

interbedded clay layers of the Queen City Formation, which reaches 2,000 feet in thickness in 

south Texas (Figure 6-88). The average freshwater saturated thickness of the Queen City Aquifer 

is about 140 feet.  

 

Figure 6-88. Thickness of the Queen City Aquifer (from Kelley and others, 2004). 
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Flows to surface water and other aquifers 

The Queen City Aquifer discharges to streams, springs, and other formations. Table 6-64 shows 

a summary of baseflow in the outcrop areas of the Queen City Aquifer. Groundwater availability 

model analysis does not estimate any inter-aquifer flow between the Queen City Aquifer and 

other major and minor aquifers.  

Table 6-64.  Summary of groundwater flow from the Queen City Aquifer to surface water, by 

county. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Anderson 724 108.9 29.8 

Atascosa 185 15.5 5.5 

Bastrop 83 5.5 1.8 

Bexar 0 0 0 

Burleson 75 4.1 0.6 

Caldwell 21 2.4 0.8 

Camp 82 17.8 4 

Cass 747 242.3 77.7 

Cherokee 668 138.3 42.7 

Franklin 1 0.2 0 

Freestone 59 6.5 1.4 

Frio 381 14.8 4.7 

Gonzales 144 13.1 4 

Gregg 169 41.8 13.6 

Guadalupe 2 0.2 0.1 

Harrison 238 66.4 18.1 

Henderson 434 46 7.2 

Houston 101 19.6 6.3 

Lee 65 3.8 0.6 

Leon 517 62.4 15.3 

Marion 239 77 22.9 

Milam 74 4.8 0.7 

Morris 133 28 5.7 

Nacogdoches 157 47.8 15.6 

Robertson 109 6.6 0.6 

Rusk 30 10 3.7 

Smith 894 202 62 
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Table 6-64 (continued). Summary of groundwater flow from the Queen City Aquifer to surface 

water, by county. 

County 

Area of aquifer 

outcrop in county 

(square miles) 

Sum of average 

annual baseflow 

(cubic feet per 

second) 

Sum of median 

annual baseflow 

(cubic feet per 

second) 

Titus 18 3.8 0.6 

Upshur 593 150.7 44.6 

Van Zandt 102 16.1 3.8 

Wilson 227 18.1 6.7 

Wood 411 77.2 20 

Total 7,683 1,452  421 

Water quantity 

Total storage in the Queen City Aquifer is estimated to be more than 539 million acre-feet. 

Recoverable storage is estimated to be between 25 and 75 percent of the total, about 134.8 

million to 404.4 million acre-feet (Table 6-65). 

Table 6-65.  Total estimated recoverable storage in the Queen City Aquifer, by county, in acre-

feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Anderson  19,000,000 4,750,000 14,250,000 

Angelina  2,000,000 500,000 1,500,000 

Atascosa  83,000,000 20,750,000 62,250,000 

Bastrop  9,500,000 2,375,000 7,125,000 

Brazos  25,000,000 6,250,000 18,750,000 

Burleson  29,000,000 7,250,000 21,750,000 

Caldwell  430,000 107,500 322,500 

Camp  600,000 150,000 450,000 

Cass  8,000,000 2,000,000 6,000,000 

Cherokee  15,000,000 3,750,000 11,250,000 

Fayette  19,640,000 4,910,000 14,730,000 

Freestone  290,000 72,500 217,500 

Frio  45,000,000 11,250,000 33,750,000 

Gonzales  26,000,000 6,500,000 19,500,000 

Gregg  1,500,000 375,000 1,125,000 

Grimes  4,970,000 1,242,500 3,727,500 
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Table 6-65 (continued). Total estimated recoverable storage in the Queen City Aquifer, by county, 

in acre-feet. 

County Total storage 
25 percent of 

storage 

75 percent of 

storage 

Harrison  1,200,000 300,000 900,000 

Henderson  6,700,000 1,675,000 5,025,000 

Houston  37,000,000 9,250,000 27,750,000 

La Salle  15,000,000 3,750,000 11,250,000 

Lee  23,000,000 5,750,000 17,250,000 

Leon  25,000,000 6,250,000 18,750,000 

Madison  20,000,000 5,000,000 15,000,000 

Marion  2,500,000 625,000 1,875,000 

McMullen  33,000,000 8,250,000 24,750,000 

Milam  650,000 162,500 487,500 

Morris  1,300,000 325,000 975,000 

Nacogdoches  4,500,000 1,125,000 3,375,000 

Robertson  8,800,000 2,200,000 6,600,000 

Rusk  58,000 14,500 43,500 

Smith  23,000,000 5,750,000 17,250,000 

Titus  63,000 15,750 47,250 

Trinity  1,900,000 475,000 1,425,000 

Upshur  7,800,000 1,950,000 5,850,000 

Van Zandt  1,200,000 300,000 900,000 

Walker  624,000 156,000 468,000 

Washington  4,330,000 1,082,500 3,247,500 

Wilson  24,000,000 6,000,000 18,000,000 

Wood  8,700,000 2,175,000 6,525,000 

Total 539,257,800 134,814,450 404,443,350 

Water quality 

Groundwater in the Queen City Aquifer is generally fresh, with an average of about 300 

milligrams per liter total dissolved solids in the recharge zone and about 750 milligrams per liter 

deeper in the aquifer (Figure 6-89). Although salinity decreases from south to north, areas of 

excessive iron concentration and high acidity occur in the northeast. 



Texas Aquifers Study 

Aquifer Summaries: Queen City Aquifer 

 

227 

 

Figure 6-89.  Total dissolved solids in the Queen City Aquifer.


