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Regional Tectonics, 
Paleogeography, and 
Depositional History
Introduction
Geologists reconstruct earth history by looking at rock types and 
characteristics, rock geometries and distributions, and how those rocks 
may be deformed (folded and faulted) (Figures 2.1 and 2.2). Tectonics 
is the study of the origins of the Earth’s crust, particularly the faulting, 
folding, and heating events that shape mountains and ocean basins. 
Most tectonic activity is driven by the motion of large plates, segments 
of the Earth’s crust, that drift apart and collide over millions of years. 
Thus, tectonics is the primary process driving geologic history, 
depositional settings, and ultimately infl uencing the natural resources 
that society depends upon.

Readers are referred to Ewing (2016) for a detailed overview of the 
tectonic and geologic history of Texas. Wierman et al. (2010) and 
references therein provide detailed Mesozoic geologic information 
of Central Texas. This section provides an overview of the regional 
tectonic, geologic, and depositional history of the study area that 
provides a foundation for understanding the groundwater resources of 
the area. 

Structural (Tectonic) History of Central 
Texas
A simplifi ed tectonic and structural map of some of the salient features 
that infl uenced the geology and resources of the region and study area 
is provided in Figure 2.3. Major tectonic and geologic features are 
summarized in Figure 2.4.

The major fault trends that we see today in the study area were 
infl uenced by the earlier tectonic history and buried structures of the 
area. Rocks of the Llano Uplift provide evidence that the Proterozoic 
supercontinent of Rodinia was formed by the collision of continental 
and island arc blocks with the southern margin of Laurentia (Mosher, 
1998). The lithotectonic boundary is defi ned by the Llano Front (Figure 
2.3). Subsequent rifting of the continent south and east of the study 
area resulted in an ocean basin and created a northeast to southwest 
structural grain for the region. Later in the Paleozoic, the Proterozoic 
crust of the Llano area provided the buttress against which other 
crustal blocks converged and formed the Ouachita mountain belt—a 
major orogenic event in the formation of the Paleozoic supercontinent 
of Pangea. Ouachita compression formed large faults and folds which 
are found in the subsurface of the study area (purple in Figure 2.3) and 
deposited eroded sediments westward. The Ouachita faulting followed 
the structural grain of the area, curving around the Llano Uplift and the 
edge of Ouachita deformation (the Ouachita Front). 

During the Early and Middle Mesozoic (Figure 2.4), rifting of Pangea 
formed the Gulf of Mexico ocean basin and its continental margin. The 
edge of this rifting ran through the Llano area, uplifting and eroding 
the Paleozoic rocks. These uplifted areas were planed off , producing 
the broad platform upon which the Mesozoic oceans encroached 

and deposited sands, shales and carbonate sediments. In the study 
area, Cretaceous strata rest unconformably over the Paleozoic units. 
Paleozoic and Proterozoic rocks, such as those exposed in the Llano 
Uplift, provided a provenance for terrigenous sediment deposited 
during the Cretaceous. The San Marcos Arch is a NW-SE-trending 
gentle structural fl exure expressed in thickness and lithofacies changes 
of the Edwards, Upper Cretaceous and Cenozoic sections between 
the Maverick and East Texas intra-platform basins (Figure 2.3, Rose, 
2016). The origin of the arch is not well characterized. Its formation 
may have resulted from: 1) late Mesozoic to Cenozoic foreland or 
intraplate folds subparallel to the fold-thrust belt of Mexico (Laubach 
and Jackson, 1990), or 2) formed as a forebulge in the mid- to late 
Cretaceous due to the rapidly subsiding Maverick Basin and northeast 
Mexico (Ewing, 2004).

Modern landscapes of the region are dominated by the Edwards Plateau 
(Hill Country) and the Balcones Fault Zone (BFZ) that formed during 
the Cenozoic Era (Figure 1.4; Rose, 2019). The BFZ was formed 
as part of a warping of North America that raised West Texas and 
dropped the Gulf Coast (Rose, 2016). The BFZ consists of a series of 
en echelon, primarily down-to-the-southeast normal faults of regional 
extent, and a profusion of smaller faults, folds and fractures. Balcones 
faulting follows the older buried Ouachita structural grain. Though 
these faults are not currently active, they played an important role in 
the development of the current physiographic features of central Texas. 
Fracturing associated with the BFZ provided pathways for solution 
conduits to develop and so control groundwater movement, especially 
in the Edwards and Trinity aquifers (Rose, 2019).

Depositional History
The focus of this section is on the Cretaceous paleogeography 
and depositional setting of central Texas. Figure 2.5 shows a 
lithostratigraphic chart of the region from the Llano area to the 
Cretaceous shelf margin. Broadly speaking, the Cretaceous rocks 
that make up the Trinity Aquifer were deposited on coastal plains, 
tidal fl ats, shorelines, and within a shallow-water marine platform 
that developed between the Llano Uplift and the shelf margin. The 
carbonate platform in the study area was part of a broad, shallow-water 
carbonate ramp (the Comanche Platform) that covered much of Texas 
during the Albian and Aptian stages.

During the Early Cretaceous, the study area occupied a coastal plain 
that was slowly being fl ooded by shallow, carbonate-producing seas. 
Figure 2.6 is a map depicting the depositional environments that 
existed during the earlier part of the Early Cretaceous (Barremian, 
128-125 million years ago, Ma), during which the Lower Trinity 
units (Hosston and Sligo Formations) were deposited. The Sycamore 
(Hosston equivalent) is composed of alluvial fan, fl uvial, and near-
shore sandstone, mudstone and conglomerate resting upon Paleozoic 
and Precambrian basement rocks that made up the southeastern margin 
of North America. Specifi cally, the Hosston onlapped the Llano area 
basement rocks to the northwest of the study area (Figure 2.2). Ewing 
(2016) postulated the occurrence of the Cretaceous “Sycamore River” 
that carried coarse detritus from the Llano Uplift area to the southeast 
and into the gradually subsiding study area, subparallel to today’s 
Colorado River. The Hosston Formation becomes increasingly marine 
to the east, with the marine Sligo Formation onlapping the Hosston. 
The Sligo is predominantly a shallow-water carbonate grainstone but 
includes a regionally important shelf-margin reef facies along the Gulf 
of Mexico (Stricklin et al., 1971; Wierman et al., 2010).
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Figure 2.1 Barton Springs Fault.
The fault juxtaposes the Georgetown Formation and Edwards Group. Balcones faulting occurred during the 
Cenozoic (Miocene) and was crucial to the formation of the aquifers in central Texas.
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The Hammett (Pine Island) Shale represents fl ooding of the shelf (transgression) 
and deposition of off shore clay and silty shale over the underlying basal Cretaceous 
units. This unit ultimately forms a regional aquitard between the Middle and Lower 
Trinity Aquifer units. Shoreline and shallow marine-shelf deposits of the Cow Creek 
Limestone include carbonate beach sands and off shore oyster banks. These units were 
deposited after a globally recognized oceanic chemistry change (OAE-1A), when 
carbonate production was diminished globally (Phelps et al., 2015). At the top of the 
Cow Creek there is evidence for subaerial and shallow tidal exposure. 

At 112 Ma (million years ago), regression of the sea (sea-level fall) resulted in 
deposition of the siliciclastic Hensel, with sediments derived primarily from the 
northwest, including the Llano area (Figure 2.7). The study area is located at the 
boundary of major depositional changes within the Hensel as it transitions southeasterly 
from a clastic-dominated unit (coastal plain to shoreline) to silty carbonate-dominated 
sediments of the off shore marine platform (Al Broun, personal communication). Sea-
level rise and recovery of carbonate deposition is illustrated by the Lower Glen Rose 
Formation, which is characterized by well-known patch reefs outside of the study area 
(e.g., Blanco River Narrows).

At the beginning of Upper Glen Rose time, changes in ocean circulation and setting 
resulted in seawater restriction, evaporation, and deposition of gypsum. However, the 
majority of the Upper Glen Rose sedimentary section resulted from deposition on 
a shallow marine shelf, producing layers of muddy subtidal and supratidal sabkha 
mudfl ats to shallow-water grainstones and rudist biostromes. The shoreline during 
Lower and Upper Glen Rose time contained supratidal environments occupied by 
dinosaurs (Wierman et al., 2010).

During the Late Albian, a marine transgression fl ooded the entire Comanche Platform 
and created a connection with the Western Interior Seaway. Shallow marine-shelf 
deposits of the Edwards Group present in the study area include supratidal (sabkha), 
shoals, rudistid patch reefs, and subtidal open-marine limestones and intra-platform 
basin mudstones. To the southeast, a major reef and shoal complex (Stuart City Reef) 
sheltered the area from the deep-water Gulf of Mexico.

Carbonate deposition continued into the Early Cenomanian, depositing the Georgetown, 
Del Rio, and Buda formations as subtidal open-marine packstones to mudstones. In the 
Middle Cenomanian, seas became anoxic at depth during the Cenomanian-Turonian 

anoxic event, or OAE-2, depositing organic-rich mudstone and limestone (Eagle Ford 
Formation), then resumed deposition of oxidized carbonate mudstone sediments in the 
Coniacian (Austin Formation)(Phelps et al., 2015). These Cretaceous rocks deposited 
after the Georgetown Formation form the confi ning units of the Edwards Aquifer and 
are exposed in the southeastern corner of the study area. 

The Cenozoic Era was dominated by structural (BFZ) and erosional processes. Those 
structural, erosional, hydrologic, and geomorphic processes, which combined to 
produce the landscapes and water resources described in this study, are well described 
by Rose (2016 and 2019).

Smithwick Shale

Sycamore Conglomerate

Marble Falls Limestone

Sycamore Conglomerate

Marble Falls Limestone

Smithwick Shale

Sycamore ConglomerateSycamore Conglomerate

~15° dip

Middle Trinity UnitsMiddle Trinity UnitsUnconformity
Mesozoic

Paleozoic
Unconformity

Marble Falls Limestone

Figure 2.2 Pedernales Falls.
The falls are made up of the Paleozoic (Pennsylvanian) Marble Falls Limestone and are part of the Llano Uplift geologic province. Paleozoic units were faulted and tilted during the late Paleozoic Ouachita Orogeny. The angular unconformity between the Paleozoic and 
onlapping Mesozoic units is indicated. Annotations modifi ed from Kerans et al. (2014). Photograph taken facing NNE (roughly 25°).
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Figure 2.3 Tectonic Setting.
The map presents a summary of selected major tectonic elements and other structural features of Texas. The structures are grouped by age as: Precambrian 
(orange), Paleozoic (purple), Mesozoic (green), and Cenozoic (black). The study area is located at the intersection of several prominent features such as the 
Llano Uplift, Ouachita Front, San Marcos Arch (SMA), and Balcones Fault Zone (BFZ). 

Figure 2.4 Generalized Texas Tectonic History.
The chart provides a general sequence of tectonic and depositional events in Texas. Chart 
summarized from Ewing (1991, 2016).
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Figure 2.6 Late-Berremian Paleogeography. 
Map depicting the depositional environments during the time of the Lower Trinity 
(Sycamore/Hosston and Sligo Formations). The Sycamore (Hosston) is composed of 
alluvial fan, fl uvial, and near-shore deposits resting upon Paleozoic and Precambrian 
basement rocks. Sea-level rise (marine transgression) deposited shelf limestones of 
the Sligo Formation on top of the Hosston in the study area. Figure annotated from 
Blakely (2014). Location of the “Sycamore River” postulated by Ewing (2016) indicated 
on map.

Figure 2.7 Aptian-Albian Paleogeography.
Map depicting the depositional environments during the time of Hensel and Glen 
Rose Formations. Transgression of the sea (seal-level rise) deposited thick organic 
clay (Hammett Shale) onto the marine shelf over the Lower Trinity units. Shoreline 
and shallow marine-shelf deposits of the Cow Creek include carbonate beach sands 
and off shore oyster banks. Regression of the sea (sea-level fall) resulted in deposition 
of the siliciclastic Hensel derived primarily from the Llano Uplift area. The Lower Glen 
Rose indicates sea-level rise characterized by numerous patch reefs. At the beginning 
of the Upper Glen Rose, oceans became restricted and evaporation resulted in 
gypsum-rich carbonates. The Upper Glen Rose is characterized by numerous cycles of 
deposition on the shallow marine shelf from mudfl ats to shallow rudist biostromes. 
Figure annotated from Blakely (2014).
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Figure 2.5 Regional Stratigraphy.
The study area is composed of the Lower Cretaceous units shown within the 
chart and indicated in red. The changes in rock types and their distribution 
largely refl ect the changes in sea level during the Lower Cretaceous. The 
rocks within the study area refl ect an overall marine transgression or 
sea-level rise (shoreline moves landward) and gross onlap of sediments 
(with many interruptions). Chart modifi ed from Phelps et al. (2013, 2015). 
Lithostratigraphic nomenclature represents regional surface and subsurface 
equivalents.


