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Figure 16.1 Hydrogeologic Areas.
Results from previous sections of this Atlas suggest four interconnected areas that can be delineated based on 
their hydrogeologic characteristics. The boundaries between these areas are an approximation and are not 
intended to convey sharply defi ned borders.
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Summary of Hydrogeologic Areas
 Results from previous sections of this Atlas suggest that four 
interconnected areas can be delineated based on their hydrogeologic 
characteristics (Figures 16.1 and 16.2). The boundaries between 
these areas are an approximation and are not intended to convey 
sharply defi ned borders. It should be noted that within each area 
there are local exceptions to the hydrogeologic generalities described 
below. Generalized hydrogeologic characteristics are illustrated in the 
schematic cross sections shown in Figure 16.3. 

 The key diff erences between the four hydrogeologic areas are 
summarized below:

Area 1: West of Bee Creek Fault Zone
 Signifi cant clastic component in Middle Trinity units;
Relatively fresh and young groundwater;
Most production from both Middle and Lower Trinity Aquifers.

Area 2: East of Bee Creek Fault Zone
Relatively saline and old groundwater;
Most production from the Lower Trinity Aquifer;
Moderate to signifi cant depletion of the Middle and Lower 

Trinity Aquifers.
Area 3: Blanco River and Onion Creek Watersheds

 Signifi cant karst springs;
Relatively fresh and young groundwater;
Most production from the Middle Trinity Aquifer.

Area 4: Balcones Fault Zone
Most production from the Edwards Aquifer;
Most Trinity production from the Middle Trinity Aquifer;
 Fresh to brackish and old groundwater in the Middle Trinity 

Aquifer.

Area 1: West of Bee Creek Fault Zone
Area 1 extends west from the Bee Creek Fault Zone to the unsaturated 
extent of the aquifer units. The Lower and Middle Trinity Aquifers are 
relatively thin as the rock units lap onto the structurally high Llano 
Uplift and have been subjected to erosion in this structurally high 
position. The Pedernales River dissects a portion of the area, isolating 
portions of the Middle and possibly Lower Trinity Aquifers. Total 
thickness of the Middle and Lower Trinity typically do not exceed 
200 and 250 feet, respectively. Clastic content in both the Middle and 
Lower Trinity Aquifer units is signifi cant and plays an important role 
in the recharge, porosity, and permeability of the units. Matrix porosity 
dominates the aquifers, with fracture and karstic permeability locally 
present. 

Area 1 could be characterized as the recharge area for units that make 
up the Middle and Lower Trinity, as many of the units are at least 
partially exposed at the surface or are incised by rivers. Because of 
the proximity to the recharge area, groundwater tends to be fresh and 
relatively young, although local exceptions are prevalent. Eastward and 
away from the incised Colorado and Pedernales Rivers, the aquifers 
experience unconfi ned to semi-confi ned conditions. 

Groundwater fl ow generally occurs from west to east, with water 
levels in both the Middle and Lower Trinity Aquifers generally higher 
than river and lake elevations and converging toward the Colorado and 
Pedernales Rivers. Flow gradients and directions around the incised 
rivers are likely very complex and may diff er signifi cantly from regional 
patterns. Historic fl ow measurements of the Colorado River within 
Area 1 under drought conditions indicate 24% to 54% of the total river 
fl ow recorded in Austin could be attributed to infl ows from Paleozoic 
and Lower Trinity units within Travis and Hays Counties west of the 
Bee Creek Fault Zone (Section 13). Middle and Lower Trinity springs 
also occur within Area 1, further illustrating the discharging of the 
aquifers to the surface.

Historic water-level data are sparse within Area 1. However, available 
data suggest that drawdown could be locally signifi cant away from the 
Colorado River and adjacent to the Bee Creek Fault Zone (up to 155 
and 100 feet of drawdown in the Middle and Lower Trinity Aquifers, 
respectively). It is likely that the drawdown from drought and pumping 
within Area 1 is very heterogeneous, depending upon proximity 
to the river, lakes, and recharge areas. Area 1 contains most of the 
public water-supply wells for the study area. Large-volume pumping, 
especially under drought conditions, could potentially deplete 
groundwater resources in portions of Area 1 that are located away from 
the Colorado River. Groundwater availability in both aquifers will be 
limited by aquifer properties, boundary conditions such as faults and 
rivers, and saturated thickness of the aquifers. 

Area 2: East of Bee Creek Fault Zone
Area 2 occurs between the Bee Creek and Mount Bonnell Fault Zones. 
The Upper Trinity Aquifer exists as a shallow, perched, freshwater 
system sustaining basefl ows of creeks in this area, but is generally 
not a source of water supply to wells. However, fracture and karstic 
permeability in the Upper Trinity Aquifer are important to the numerous 
springs and seeps that provide basefl ows to streams.

The Middle Trinity is up to 290 feet thick in Area 2, which is about 60 
feet thinner than in Area 3 to the south. The Lower Trinity is up to 350 
feet thick, which is about 50 feet thicker than in Area 3. The change in 
thickness may be due to changes in the depositional setting and increased 
clastic content derived from the “Sycamore River” postulated by 
Ewing (2016). Similar to Area 1, matrix porosity dominates the Middle 
and Lower Trinity Aquifers, with fracture and karstic permeability 
locally present.The Middle and Lower Trinity Aquifers in Area 2 are 
bound by two fault zones, Bee Creek on the west and Mount Bonnell 
on the east, and are generally deeply confi ned with the local exception 
of Middle Trinity units exposed in a narrow band along the Colorado 
River. Groundwater in both aquifers is generally slightly saline and 
relatively old, with local exceptions observed in some Middle Trinity 
wells near the Colorado River. Lateral fl ow appears to be from the 
southwest (Area 3, Hays County) to the northeast between the two 
bounding fault zones. The fault zones may provide a partial barrier to 
groundwater fl ow and compartmentalize the aquifers in Area 2.

In the western portion of Area 2, comparison of river and lake levels to 
water levels in the Middle Trinity Aquifer water indicates the potential 
for surface and groundwater interaction. Middle Trinity water levels in 
the western portion of Area 2 along the river suggest the potential to 
discharge to the surface. Farther east along the river, water levels in the 
Middle Trinity are below the river and lake elevations and indicate the 
potential to receive recharge. Water levels in the Lower Trinity Aquifer 
throughout Area 2 are below the elevation of the river and lake and 
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Figure 16.2 Hydrogeologic Areas.
The four interconnected hydrogeologic areas defi ned in this section are shown with dashed red lines 
representing the approximate locations of the schematic cross sections illustrated in Figure 16.3. Boundaries 
between these areas are an approximation and are not intended to convey sharply defi ned borders. 

therefore have the potential to receive recharge if pathways exist through 
the Middle Trinity and Hammett Shale. Historic fl ow measurements of the 
Colorado River under drought conditions suggest that between zero fl ow to 
up to 20 percent of the total river fl ow recorded in Austin could be attributed 
to discharge from the Middle and Upper Trinity Aquifers in Area 2 (TWBE, 
1960). 

The Lower Trinity Aquifer is more utilized than the Middle Trinity, except 
in the easternmost portions of Area 2 along the Mount Bonnell Fault Zone. 
Irrigation use dominates pumping in the Middle and Lower Trinity Aquifers 
in the southwest Travis County portion of Area 2. Water-level declines since 
1978 are signifi cant for both the Middle and Lower Trinity Aquifers, having 
declined up to 225 and 300 feet, respectively. While there are no long-term 
water-level data available for monitor wells in the Middle Trinity, current 
potentiometric levels indicate that large portions of the Middle Trinity 
have experienced signifi cant depletion since 1978. This is supported by 
the prevalence of abandoned “dry” Middle Trinity wells observed in the 
area. Additionally, drilling trends indicate that, compared to the Lower 
Trinity, signifi cantly fewer Middle Trinity wells have been drilled since 
2003, especially near the City of Bee Cave. Water-level hydrographs for 
the Lower Trinity Aquifer show consistent declines of 3 feet per year since 
the 1950s. While the Lower Trinity still has up to 300 feet of saturated 
thickness in some places, water levels (heads) have declined to the top of 
the aquifer and may start to de-water locally. Groundwater availability will 
likely be limited by aquifer properties, boundary conditions such as faults 
and rivers, and reductions in storage caused by pumping. 

Area 3: Blanco River and Onion Creek Watersheds
Area 3 includes central Hays County centered around the Blanco River and 
Onion Creek within the Hays Trinity Groundwater Conservation District 
(HTGCD). The Middle Trinity is up to 350 feet thick in Area 3, which is 
about 60 feet thicker than in Area 2 to the north. The Lower Trinity is up to 
300 feet thick, which is about 50 feet thinner than in Area 2. Fracture and 
karstic permeability are dominant attributes in the Middle Trinity. Discrete 
karst features, such as caves and sinkholes, located within portions of the 
Blanco River and Onion Creek watersheds in Area 3 provide recharge to 
aquifers. Fracture and karstic (conduit) permeability within the Middle 
Trinity Aquifer are important aspects of springs such as Pleasant Valley and 
Jacob’s Well.

Recharge to the Middle Trinity Aquifer occurs where the units are exposed 
in the upland areas and along the river and streams. Karst features that 
focus recharge into the Middle Trinity Aquifer have been identifi ed in the 
bed of the Blanco River (Hunt et al., 2018). Focused recharge into karst 
features in the Upper and Middle Trinity units also occurs along portions 
of Onion Creek where the Upper Trinity is thin and fractured. Groundwater 
in the Middle Trinity Aquifer is generally fresh and relatively young due 
to surface-groundwater interactions (Hunt et al., 2017). Thus, Area 3 is a 
recharge area for the Middle Trinity Aquifer. The Lower Trinity Aquifer 
units are not exposed within Area 3. Recharge or infl ows to the aquifer 
include leakage from overlying units and lateral fl ows from northwest of the 
study area. West of the study area, in the Llano Uplift region, the confi ning 
Hammett Shale pinches out, which allows more direct recharge or vertical 
leakage from overlying units or the surface.

Groundwater fl ow in the Middle and Lower Trinity units in Area 3 is 
generally from northwest to southeast into Area 4. The lateral geologic and 
hydrologic connection of the Middle Trinity between Areas 3 and 4 has 
been established through other studies (Hunt et al., 2015). 

Long-term water-level data are available for the Middle Trinity Aquifer, 
while more limited data are available for the Lower Trinity. Middle Trinity 
water-level trends are heterogeneous due to the complexity of the karstic 

geology and surface-groundwater interconnections. The large-magnitude 
drawdown observed in the Middle Trinity Aquifer in Areas 1 and 2 
to the north is not as apparent in Area 3 due to the karstic nature of the 
system. Instead, increased pumping results in capture of natural discharge 
(springfl ow) rather than signifi cant regional drawdown. For example, 
Jacob’s Well has transitioned from a permanent to intermittent spring due to 
increased pumping and drought (Gary et al., 2019). 

About 90 percent of groundwater withdrawals in Area 3 are from the Middle 
Trinity Aquifer. The Lower Trinity units are deeply confi ned and only locally 
targeted for production. Groundwater availability of the Middle Trinity will 
likely be constrained by the eff ects on springfl ow from pumping (capture) 
and drought. The Lower Trinity is not heavily used, and its potential for 
future supply will be limited by aquifer properties, boundary conditions, 
and ultimately reductions of storage caused by pumping.

Area 4: Balcones Fault Zone
Area 4 is within the Balcones Fault Zone. Portions of the uppermost Upper 
Glen Rose (Upper Trinity Aquifer) are in hydrologic communication with 
the overlying Edwards Aquifer, while lower portions of the Upper Glen Rose 
behave as an aquitard overlying the Middle Trinity Aquifer (Wong et al., 
2014; Tian et al., 2020). Thus, the Upper Trinity Aquifer is not considered a 
signifi cant aquifer, but instead part of the Edwards Aquifer.

In this area, the Middle Trinity Aquifer is deeply confi ned and fractured. 
Fracture and karstic permeability are dominant over matrix porosity, 
although karst conduits appear to be partially isolated by faults from the 
Middle Trinity recharge zone in Area 3. Within Area 4, groundwater in 
the Middle Trinity Aquifer varies from fresh to moderately saline and is 
consistently relatively old. 

In the northern portion of Area 4, groundwater fl ow in the Middle Trinity 
Aquifer appears to be to the northeast. The Mount Bonnell Fault Zone 
appears to be a barrier to fl ow separating Areas 2 and 4 in Travis County. 
However, in Hays County, Middle Trinity Aquifer groundwater fl ow is from 
the northwest (Area 3) to the southeast (Area 4). Relay ramps provide the 
lateral continuity and hydrologic connection between Areas 3 and 4 (Hunt 
et al., 2015). The fate of fl ow and discharge of groundwater in the Middle 
Trinity to the southeast is unknown. One hypothesis suggests that the 
southeastward groundwater fl ow in the Middle Trinity continues downdip 
east of the study area, where it converges with geopressured basin fl uids 
fl owing up-dip causing vertical fl ow into the overlying units (Hoff  and 
Dutton, 2017). 

Most production in Area 4 is from the Edwards Aquifer. However, the 
Middle Trinity Aquifer is the primary water-supply source of the Trinity 
Group in the area. Long-term water-level data for monitor wells in the 
Middle Trinity Aquifer in Area 4 are limited. In areas of localized pumping, 
such as Wimberley, water-level data from public-supply wells indicate 
recent declining trends up to 5 feet per year (Wierman et al., 2018), while 
in other areas no trend is discernible, or slight increases in water levels 
are observed. Due to the hydrologic connection between Areas 3 and 4, 
groundwater availability in the Middle Trinity may be constrained by issues 
involving springfl ow capture (Gary et al., 2019). Depletion of storage, well 
interference, and other negative impacts may also limit availability from the 
Middle Trinity in Area 4. 

Very limited use data exist for the Lower Trinity within Area 4. A recent 
aquifer test of a Lower Trinity well fi eld near the Travis-Hays County line 
indicates high-yield, freshwater wells which suggest potential Lower Trinity 
availability (Camp et al., 2020). However, groundwater availability of the 
Lower Trinity may be limited by aquifer properties, boundary conditions, 
and ultimately reductions in storage caused by pumping.
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Figure 16.3 Schematic Cross Sections.
Generalized hydrogeologic characteristics are illustrated for Travis and Hays County and represent key elements of the conceptual model of the study area. Approximate locations of schematic cross section lines are shown in Figure 16.2.
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