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Photo 11. Hammett shale exposed in a road cut near 
Hammett’s Crossing in northwestern Travis County. This 
highly plastic, greenish clay unit was exposed briefly after 
flood erosion in 2007. The Hammett forms a regional confin-
ing unit (aquitard) for the Lower Trinity aquifer. Photo by 
Brian B. Hunt.

The purpose of this atlas is to create a community 
service document that can be used by geoscien-
tists to educate students, citizens, governmental 
entities and other geoscientists about the occur-
rence, movement, and availability of groundwater 
in the Hill Country Trinity Aquifer. Due to rapid 
population growth and subsequent reliance on 
groundwater as the sole potable water source in 
many parts of the study area, understanding the 
science of the aquifer is critical to making informed 
decisions regarding sustainable aquifer manage-
ment. The editors have prepared this note to sum-
marize what was learned during the project and to 
point out where our previous understanding of flow 
and occurrence of groundwater in the aquifer has 
improved. Any understanding of the aquifer must 
begin with the geologic (including structural) frame-
work and its influence on groundwater.

The Balcones Fault Zone (BFZ) is an important 
aspect of the geology and influence on the hydro-
geology of the study area.  The BFZ is highly 
faulted and fractured, while the area west of the 
BFZ is locally fractured and faulted.  Faulting and 
fracturing of dolomite and limestone units, along 
with the karst-dominated porosity of these carbon-
ate rocks, provide the most permeable parts of the 
aquifer.  However, the apparent absence of faulting 
in northern Hays Co. is due primarily to Upper Glen 
Rose cover and lithofacies. Argillaceous, nodular, 
micritic limestone alternating with marl and dolo-
mitic shale provide a mechanically more incompe-
tent section than found in the underlying Lower 
Glen Rose.  Faults, nucleating in the deeper strati-
graphic section, propagate upward and are damp-
ened by the argillaceous Upper Glen Rose. Joint-
ing, propagating downward, is restricted to the 
more competent limestone beds. 

Subsequent enlargement of fractures through 
dissolution has created subsurface networks of 
karst features (vugs, caverns), which allow for 
increased groundwater storage and rapid ground-
water movement. When a porous “reef” facies is 
intersected by a fracture trend, the productivity of 
the aquifer is greatly enhanced. While volumetri-
cally most of the groundwater is probably stored in 
the rock matrix, most of the permeability and result-
ing groundwater movement occurs in these sec-
ondary fractures and karst features.  The develop-
ment and location of springs are also closely 
related to geologic rock-type, fracturing, and karst 
development.

The Trinity Group is an overall transgressive, 
carbonate, sedimentary wedge, which onlapped 
and covered the Llano Uplift.  The Uplift sets an 
upgradient boundary condition on parts of the aqui-
fer. Regressive, shoaling-upward carbonate shelf 
deposits consist of skeletal-grain limestone banks 
and coral-rudist mounds.   There are two important 
field-documented disconformities within the Trinity 
Group section that have been identified as 
sequence boundaries by Scott et al. (2007). The 
intra-Aptian sea-level change is noted between 
Lower Trinity-age rocks and the onlapping Ham-
mett formation. Subaerial exposure along this 
boundary may have allowed meteoric water to 
access Sligo carbonates. Secondary rhombic and 
moldic porosity is evident in the dolomitized interval 
below the tight upper Sligo grain limestone. When 
fractured, the dolomite is a good aquifer target that 
produces water in several Hays County wells. The 
second disconformity, at the top of the Cow Creek 
limestone, is critical in understanding the ground-
water potential of the area. Hardpan and paleosol 
features in the overlying Hensel sediments 
(Hopkins et al., 1982) indicate subaerial and near-
surface exposure. Meteoric water infiltrating the 
Cow Creek carbonate section created secondary 
porosity (karstic and intergranular) that has been 
retained through burial and uplift.   The Cow Creek 
karst features are the key conduits providing base 
flow to Jacob’s Well.  Fine-grained limestone within 
the section was dolomitized and has excellent 
visual rhombic porosity (“brown sands”) and high 
permeability.

This study identifies a stratigraphic and structural 
hinge line occurring subparallel to the Ouachita 
Deformation Front (Flawn et al., 1961). This is not a 
new structural concept, as Ferrill and Morris (2008) 
point out that “The Balcones trend is coincident with 
that of the subsurface Ouachita orogen throughout 
the region.” However, the Sligo pinchout and the 
facies change between Hensel sand and basal 
parts of the Lower Glen Rose limestone indicate 
that there may also be some influence on the 
lithostratigraphy of the Trinity sediments. The facies 
change, pinchout, and Llano Uplift onlap features 
may be focal points for eastward flowing groundwa-
ter to access the Cow Creek and Lower Trinity 
Aquifer. To the east of the hinge line, the Hensel 
lithofacies is of predominately marine origin charac-
terized by shale, siltstone and fine grained dolo-
mite, which serves as a confining unit for down-dip 
Cow Creek carbonates.

The Upper Glen Rose cover of nodular, argilla-
ceous, micritic limestone and marl likely mask cov-
ered karst features in northern Hays County. The 
argillaceous unit minimizes vertical water migration 
to deeper parts of the aquifer, but provides for 
lateral water movement to intermittent springs and 
streams. This intrastratal karst (Klimchouk, 2000) is 

caused by groundwater dissolution of limestone 
beds under the cover of a shaley section. With 
time and continued dissolution, this void space 
extends and gives rise to “shallow”, perched, 
local aquifers when underlain and isolated from 
deeper strata by widespread Glen Rose shaley 
intervals. Evaporite (gypsum and anhydrite) 
layers near the contact between the Upper Glen 
Rose and Lower Glen Rose provide a readily 
available source of leachable sulfates and 
resulting sulfides.  Water from wells that are not 
properly cased and sealed through this interval 
often have poor (rotten egg smell) water quality.  
The Cypress Creek and Blanco River basins 
contain significantly better water quality where 
the Upper Glen Rose (and sulfate material) is 
absent and the exposed, fractured Lower Glen 
Rose allows for preferential recharge pathways. 

Groundwater flow in the study area generally 
follows the structural dip of the Trinity rocks from 
northwest to southeast until intersecting the 
northeast striking BFZ.  Flow in the Lower Trinity 
and Middle Trinity Aquifers is roughly parallel, 
but the two aquifers are hydraulically separated 
by the Hammett Shale.  Streams generally follow 
the same structural trend. Down-dropped fault 
blocks along the BFZ created a juxtaposition of 
younger Edwards Aquifer bedrock against older 
Trinity rocks. The fault zone tends to restrict 
groundwater flow downgradient of Wimberley, 
but creates pathways in other areas such as 
along relay-ramp structures. 

Recharge to the Trinity Aquifer occurs in several 
important ways.  Downward percolation of direct 
precipitation occurs over the entire study area 
through exposed Upper and Lower Glen Rose 
rocks.  In areas of exposed, fractured Lower 
Glen Rose limestone, preferential pathways 
(karst) of recharge allow for greater recharge 
rates than in areas of Upper Glen Rose.  Re-
charge to the Cow Creek aquifer west of the 
hinge line is through downward percolation of 
water through the overlying relatively sandy 
facies of the Hensel.  East of the hinge line, the 
Hensel tends to be relatively impermeable and 
restricts the downward movement of recharge 
into the Cow Creek.  Flow in the Cow Creek in 
this area is mostly horizontal along bedding 
planes and through laterally-oriented conduits.  
As there is very little exposed Lower Trinity, any 
direct recharge to that aquifer in the study area 
occurs from minor leakage through relatively thin 
or leaky Hammett shale.  Isotopic concentrations 
of percent modern carbon indicate that the water 
tends to be older as one moves downdip.  The 

Lower Trinity contains older water relative to that 
in the Middle Trinity throughout most of the study 
area.  However, the age of water in the Middle 
Trinity Aquifer ranges, in part, depending on the 
proximity to the recharge area. 

The hydrogeologic setting provides for surface 
water and groundwater to have a very strong 
interconnection, and could be considered as 
one resource. Base flow to streams occurs from 
springs and seeps, yet, in places some streams 
also recharge the aquifer.  Most of this interac-
tion occurs where the Lower Glen Rose is 
exposed. However, conduits in Cow Creek 
carbonates are an important source of 
discharge to Jacob’s Well and baseflow to 
Cypress Creek and the Blanco River. Across the 
western margin of the BFZ surficial fractures 
and karst features cause the streams to lose 
significant quantities of water into the outcrop-
ping recharge zone of the Edwards Aquifer.  
Onion Creek is a significant source of water to 
Barton Springs, and the Blanco River contrib-
utes to San Marcos Springs and Barton Springs 
under certain conditions.

Along the eastern edge of the study area, both 
the Trinity and Edwards Aquifers are important 
groundwater resources.  The results of this 
study suggest there is a hydraulic connection 
between the Trinity Aquifer of the Hill Country to 
the deeper confined Trinity within the BFZ.  The 
lateral continuity possibly occurs due to relay-
ramp structures that result from the en-echelon 
faulting with variable throw along strike.   How-
ever, the results of initial studies suggest that 
there is little or no significant hydraulic connec-
tion between the Edwards and Middle Trinity 
Aquifers in some areas in the BFZ.

The primary focus of this project has been on 
Trinity Group carbonate aquifers. However, 
during recent drought periods, Hosston Forma-
tion sandstones (Lower Trinity Aquifer) have 
become new targets for water wells. Because of 
costs related to deeper drilling, uncertain aquifer 
characteristics, and questionable water quality, 
the Hosston remains underdeveloped within the 
study area. Red clay and silt reduce the 
Hosston’s sandstone porosity in the west, proxi-
mal to the Llano Uplift. Aquifer characteristics 
improve eastward in areas interpreted to contain 
braided stream, channel sands, and marginal 
marine facies. Future projects might include 
geochemical analyses of the Hosston Formation 
of the Lower Trinity Aquifer. 
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Photo 6. Lower Glen Rose (Lower Biostrome) illustrating moldic porosity.  Lower 
Glen Rose biostromes are a locally important water-bearing strata of the Middle 
Trinity Aquifer in the subsurface. Photo by Alex S. Broun taken along the Blanco 
River, near Wimberley, Hays County.

Photo 4. The Upper Glen Rose contact with the Lower Glen Rose is defined by the 
“Corbula Bed.” This picture was taken near the “stratotype section” (Scott, 2007) on 
the Blanco River. Photo by Brian B. Hunt. Inset picture of the small internal casts of 
“corbula” (Eoursivivas harveyi) fossils (Ward, 2007), photo by Wesley Schumacher.

Photo 5. Rudist-coral limestone “reef”/biostrome near the base of the Lower Glen 
Rose formation. Reef lithofacies (rock fabric) tend to increase the porosity and 
permeability of the Trinity Aquifer. Photo by Brian A. Smith taken at the Narrows 
on the Blanco River in western Hays County.

Photo 1. Upper Glen Rose formation showing the typical “stair step” weathering pattern 
produced by differential weathering rates of strata (Woodruff and Wilding, 2008). Photo by 
Douglas A. Wierman taken in northern Hays County.

Photo 2. Upper Glen Rose limestone with “honeycomb” porosity. Vuggy porosity 
is due to the dissolution (karst) of rock heterogeneities such as burrows. Photo 
by Rene Barker taken below spillway of Canyon Lake dam in Comal County.

Photo 3. Photo of Upper Glen Rose boxwork texture. This texture is indicative of 
the (former) presence of evaporite minerals (gypsum and anhydrite). Evaporite 
beds typically occur near the Upper/Lower Glen Rose contact and are the source 
of elevated sulfates in the Middle Trinity Aquifer.  Photo by Brian B. Hunt.

Photo 9. Cow Creek exposed at Reimer's Ranch in western Travis County. The 
cliff-forming portion (climbing wall) is a thick limestone with well-developed cross-
bedded structures in the upper strata. This upper portion of the Cow Creek is an 
important water-bearing  formation of the Middle Trinity Aquifer in the subsurface. 
Photo by Brian B. Hunt.

Photo 10. Photograph of the interbedded dolomitic 
and argillaceous (clay-rich) facies of the lower 
portion of the Cow Creek. These lower units con-
tain abundant oyster fragments and local oyster 
biostromes. Location of the photo shown as inset 
box in Figure 9, photo by Brian B. Hunt.

Photo 13. Photo of a large boulder of the Sycamore (Hosston) along the Pedernales River 
in western Travis County. The base of the boulder is a conglomerate overlain by cross-
bedded sandstone. Inset photo of fine-grained sandstone (Hosston) cuttings from a water 
well drilled near Dripping Springs in Hays County.  Photos by Wes Schumacher.

Photo 14. Photo of Paleozoic-age Marble Falls Limestone at Pedernales Falls State 
Park, Blanco County. The beds are dipping about 10 degrees downstream, the result of 
Paleozoic-age faulting and deformation.  Photo by BSEACD staff.

Photo 15. Photo of Sauropod tracks in the Blanco River west of 
Blanco, TX. Photo by Doug Wierman. 

Photo 8. Road cut of interbedded mud, sand, and pebble conglomerate facies of the 
fluvial Hensel Formation. Inclined beds are cross beds and foresets of a sand and 
gravel bar, which result from fast-flowing river water. The porosity and permeability 
of these units may be significant and are important for recharge to the Middle Trinity 
Aquifer. Photo by Brian B. Hunt taken off Highway 16 near Fredericksburg, Gillespie 
County.

Photo 7. Hensel Formation composed of a red, sandy mudstone facies. This unit 
represents floodplain deposits adjacent to fluvial (river) sediments. Photo by Brian 
B. Hunt taken at Reimer’s Ranch in western Travis County.
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Photo 12. Sligo dolomite cuttings from a water well in western Hays County.  
The sample has excellent visual porosity. Photo by Wes Schumacher.


