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1 GEOLOGY OF TEXAS

Here I present the assembly and later modification of the basement underlying Texas, focusing also
upon sedimentary loading and the development of major structural features. I also show salient
aspects of the lithospheric structure of the area. This discussion was originally written to support
my Ph.D. research proposal to study the state of stress in Texas. The initial results of the Stress Map
of Texas are shown in Figure 1 and described by Lund Snee and Zoback (2016).

1.1 Precambrian basement assembly

Parts of four northeast-trending basement domains make up Texas, each of which represents crust
that has a distinct tectonic heritage and age range for its formation (Lund et al., 2015; Figure 2).
The development, accretion, and subsequent deformation of these domains define a varied geologic
history spanning nearly 2 Ga. Assembly and emplacement of these domains produced weak suture
zones that were reactivated during later tectonic events (Van Schmus et al., 1996; Thomas, 2006;
Carlson, 2007). The southern margin of the oldest basement domain, the Great Plains (or Yava-
pai) domain, trends northeast near the northwestern corner of the Texas Panhandle (Holm et al.,
2007; Van Schmus et al., 2007; Whitmeyer and Karlstrom, 2007; Lund et al., 2015; Figure 2). This
domain was assembled partly outboard of the developing Laurentian (North American) continent
by collisions of primitive-composition intra-oceanic arcs between 1800-1720 Ma, followed by pro-
tracted accretion of these assemblages and additional intra-island arcs onto the continent between
1710-1680 Ma above a subduction zone that dipped northwest (present coordinates) under Lau-
rentia (Sims et al., 1987; Aleinikoff et al., 1993; Whitmeyer and Karlstrom, 2007; Van Schmus et al.,
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Figure 1: Map of the state of stress in Texas from Lund Snee and Zoback (2016). Sy, orientations are from this project, Stanford
Stress Group projects (Sone, 2012; Heller, 2013; Xu and Zoback, 2015; Alt and Zoback, 2017, in press), and the 2016 World Stress
Map (Heidbach et al., 2016). Faulting regime is mapped according to the Ay system (Simpson, 1997). Faults are from Ewing
et al. (1990), Ewing and Lopez (1991), Green and Jones (1997), and Darold and Holland (2015). Basins are from the U.S. Energy
Information Administration (EIA).
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2007; Duebendorfer, 2015; Lund et al., 2015).

The younger (1720-1650 Ma) Mazatzal domain is situated immediately to the south and un-
derlies a small portion of northwestern Texas (Holm et al., 2007; Whitmeyer and Karlstrom, 2007;
Wirth and Long, 2014; Lund et al., 2015; Figure 2). This domain consists of continental arc rocks and
back-arc basin deposits (Whitmeyer and Karlstrom, 2007). After a pause of plate convergence that
followed emplacement of the Great Plains domain, the Mazatzal domain was accreted northwest-
ward (present coordinates) onto the continent between 1650-1620 Ma above a northwest-dipping
subduction zone (Van Schmus et al., 2007; Whitmeyer and Karlstrom, 2007; Jones et al., 2013; Lund
et al., 2015). Seismic reflection imaging suggests that the location of the suture between the Great
Plains and Mazatzal domains may be along or near the Jemez lineament in New Mexico, a northeast-
trending structural zone in northern New Mexico that obliquely crosses the Rio Grande rift near
Santa Fe, where it is offset southward and then continues toward slightly north of the northwestern
tip of the Texas panhandle (Aldrich, 1986; Marshak et al., 2003; Magnani et al., 2004; Figure 2).

Adjacent to the Mazatzal domain to the southeast lies the northeast-trending Shawnee domain,
which includes the Granite-rhyolite and Llano provinces. The “Granite-rhyolite province,” which is
the northern and much more aerially extensive of the two provinces, has been defined by the ob-
servation of granitoids and felsic volcanic rocks derived from underlying juvenile, mantle-derived
crust (Van Schmus et al., 1996; Lund et al.,, 2015; Figure 2). Together, the formation of the underly-
ing basement and the younger felsic rocks within this province spans 1550-1350 Ma; the age of the
igneous rocks youngs from northeast to southwest within the range of 1450-1350 Ma (Van Schmus
et al., 1996; Whitmeyer and Karlstrom, 2007). Following apparent tectonic quiescence in this part
of North America beginning at 1600 Ma, the juvenile basement predating these felsic igneous rocks
was accreted to the southeast margin of Laurentia between 1450-1350 Ma (Sims et al., 1987; Carl-
son, 2007; Van Schmus et al., 2007; Whitmeyer and Karlstrom, 2007; Wirth and Long, 2014). The
suture zone associated with the accretion parallels, but is northwest of, the later Reelfoot Rift in
southeastern Missouri, as well as major basement faults in southern and central Oklahoma (Van
Schmus et al.,, 1996; Lund et al., 2015; Figure 2). This Mesoproterozoic collision, or an associated
terrane accretion within the Shawnee domain, is a suspected cause of the original crustal flaw later
exploited by the Neoproterozoic Reelfoot Rift in and near southeast Missouri, which hosts the active
New Madrid seismic zone (Van Schmus et al., 1996).

The “Llano province,” which is situated south of the Granite-rhyolite province, is a smaller, east-
trending terrane that is restricted to south-central Texas and is grouped within the Shawnee domain
as a consequence of its similar (Mesoproterozoic) age to the Granite-rhyolite province (Whitmeyer
and Karlstrom, 2007; Lund et al., 2015). This province contains several tectonically unrelated con-

tinental and oceanic arc-related terranes of ca. 1330-1260 Ma age that were imbricated with one
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another and with Granite-rhyolite province crust during an inferred collision with a continent (ei-
ther Amazonia or the Kalahari craton) on the southern margin of Laurentia (Mosher, 1998; Reese
et al., 2000; Tohver et al., 2002; Loewy et al., 2003; Whitmeyer and Karlstrom, 2007; Li et al., 2008;
McLelland et al., 2010). This collision produced the east- and northeast-trending, ca. 1230-1120
Ma Llano deformation front, which probably links with the Grenvillian deformation front in the
eastern and southeastern United States that resulted from the ca. 1300-1000 Ma Grenvillian oroge-
nies (Walker, 1992; Adams and Miller, 1995; Adams and Keller, 1996; Bickford et al., 2000; Tohver
et al., 2002; Thomas, 2006; Whitmeyer and Karlstrom, 2007; McLelland et al., 2010).

1.2 Basement modification, rifting, and final assembly

Between ca. 1200-1000 Ma, during the protracted Grenvillian orogenies, approximately NE-SW
extension occurred across Laurentia, creating a fabric of W-NW- and NE-striking basement fault
systems in the midcontinent and Cordillera that probably accommodated extensional or transform
displacement during their initiation, before being multiply reactivated following Mesoproterozoic—
Neoproterozoic time (Thomas, 1991; Marshak and Paulsen, 1996; Timmons et al., 2001; Marshak
et al., 2003; Whitmeyer and Karlstrom, 2007). The NW-striking Texas-Mogollon-Walker linea-
ment (“Texas transform”), extends from the southern tip of Nevada into western Texas, where it
linked with or paralleled a NW-trending part of the margin of the Shawnee domain at what was
the southern edge of Laurentia during this time (Pindell and Dewey, 1982; Thomas, 1991; Marshak
and Paulsen, 1996; Marshak et al., 2003; Poole et al., 2005; Thomas, 2006; Figure 2). The WNW-
trending Oklahoma aulacogen in southern Oklahoma and the Texas Panhandle accommodated
failed NNE-SSW Neoproterozoic rifting that coincides spatially with the later (Pennsylvanian-
Permian) Wichita-Amarillo uplift and Wichita Mountains, and its compressional reactivation also
created the mostly Late Cambrian-Pennsylvanian age Anadarko Basin to its north (Brewer et al,,
1983; Gilbert, 1983; Perry, 1989; Thomas, 1991; Marshak et al., 2003; Poole et al., 2005; Figure 2).
Northwest-striking dikes of ca. 1350 Ma age within the Oklahoma aulacogen suggest that it initiated
as an extensional structure in early Grenvillian time (Thomas, 2006, and sources therein).

Both the Texas-Mogollon-Walker lineament and the Oklahoma aulacogen are prominently ex-
pressed on maps of topography and subsurface faults, but the most prominent late Mesoproterozoic—
early Neoproterozoic extensional structure on gravity and aeromagnetic anomaly maps, as well
as in the sedimentary and igneous geologic record, is the failed ca. 1109-1094 Ma Midcontinent
Rift system (Keller et al., 1983; Van Schmus and Hinze, 1985; Hinze et al., 1992; Paces and Miller,
1993; Cannon, 1994; Timmons et al., 2001; Vervoort et al., 2007; Swanson-Hysell et al., 2014; Figure
2). The rift initiated in the Great Lakes region and one strand propagated SW, likely passing SSW
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through central Oklahoma and then possibly jumping west into southeast New Mexico and west-
ern Texas (Adams and Keller, 1994; Adams and Miller, 1995). Shortly following propagation of the
Midcontinent Rift, the stress state became compressive in the NW-SE direction, resulting in thrust
faulting and partial inversion of the rift and other similarly oriented extensional structures between
ca. 1080-1060 Ma (Cannon, 1994). The presently north-striking Nemaha fault zone and uplift in
Oklahoma approximately parallel the failed rift (Marshak et al., 2003).

These accretion events were part of the protracted development of Rodinia, which finished by
900 Ma (Li et al., 2008). Multistage extension and breakup subsequently occurred, beginning on
the western margin (present coordinates) of Laurentia after about 825 Ma, with additional rift-
ing occurring there until 485 Ma (Lund et al.,, 2003; Li et al., 2008; Lund et al., 2010). Amazonia
and/or the Kalahari craton, which were attached to the southeastern margin of Laurentia (includ-
ing along southern and central Texas), began to rift away after ca. 800 Ma, with the first oceanic
crust developing after ca. 570 Ma (Tohver et al., 2002; Loewy et al., 2003; Poole et al., 2005; Li
et al., 2008). The extension direction was NW-SE and took place along NE-striking normal fault
systems and NW-striking transforms, probably reactivating older structures including the Texas-
Mogollon-Walker lineament and the Alabama-Oklahoma transform, and causing strike slip fault-
ing to encroach into the continent (Thomas, 1991; Poole et al., 2005; Thomas, 2006; Figure 2). This
rifting geometry left a series of promontories and embayments along the new Laurentian margin
—Dbound by NW-striking transform faults and NE-striking rifted margins—including the Alabama
promontory (with its southernmost point near the central part of the southern border of Alabama)
and the Texas promontory (with its southern point near San Antonio) (Perry, 1989; Thomas, 1991;
Poole et al., 2005). During extension, unsuccessful rifting occurred along the NE-striking Reelfoot
Rift, which extends from the rifted margin in southern Arkansas into southwestern Indiana, and
the Oklahoma aulacogen, which can be traced onto the subparallel Alabama-Oklahoma transform
to the southeast (Ervin and McGinnis, 1975; Lowe, 1985; Thomas, 1991, 2006; Figure 2).

Late Neoproterozoic-Early Mississippian age rift basin and then shelf and oft-shelf deposition
occurred along the southeast margin of Laurentia (including Texas) as a result of rifting and breakup
(Poole et al., 2005). This deposition was especially pronounced in the broad Tobosa Basin that
persisted along the Laurentian margin for most of this time, occupying a similar aerial extent as
the later Permian Basin but opening southward toward the Iapetus Ocean (Galley, 1958; Adams,
1965; Poole et al., 2005). This “precursor” to the Permian Basin was deepest in the center, near the
present-day Central Basin Platform, and it was the site of Ordovician—Mississippian strata including
the lower Ordovician Ellenburger Formation.

Several terranes that rifted from Laurentia during the breakup of Rodinia began to reassemble

into the Gondwana supercontinent, away from Laurentia, between ca. 600-530 Ma (Li et al., 2008).
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Atlantic rifting (Triassic) —— lapetus rifting (NP.-Cambrian)

—— Ancestral Rocky Mountains fault —— Rodinia assembly (Proterozoic)
Ancestral Rocky Mountains uplift == Dikes from Rodinia assembly
Pangea assembly (Penn.-Permian) Jemez lineament

Figure 2: Map of Texas showing major structural elements. Limits of the Gulf of Mexico basin from Salvador (1987). Proterozoic
and Paleozoic rift and transform structures compiled from Poole et al. (2005) and Thomas (2006). Basement domain boundaries
from Lund et al. (2015). Approximate Ancestral Rocky Mountains uplift locations after Marshak et al. (2000), and sources therein.
Jemez lineament location after Magnani et al. (2004) and Rio Grande rift location compiled from Seager and Morgan (1979) and
Perry et al. (1987). Llano province location after Whitmeyer and Karlstrom (2007), and Midcontinent Rift locations compiled
from Adams and Miller (1995) and Whitmeyer and Karlstrom (2007).

Beginning at 325 Ma and continuing until at least 280 Ma in Texas, the South American part of
Gondwanaland (near Colombia) collided with the southeastern margin (present coordinates) of
Laurentia (Pindell and Dewey, 1982; Shurbet and Cebull, 1987; Poole et al., 2005). In Texas, this
collision placed the ca. 360-300 Ma age Sabine domain, consisting of heterogenous remnant crust
from development of Gondwanaland, as well as syncollisional sediments and a volcanic arc system,
in contact with the Shawnee domain (Shurbet and Cebull, 1987; Poole et al., 2005; Lund et al., 2015,
and sources therein). This accretion completed the assembly of Texas basement.

The NW-directed (present coordinates) collision (NW Sy, axis) produced the sinuous and
narrow (typically < 100 km wide), doubly vergent and thin-skinned Oachita-Marathon orogenic
belt along the former southeastern margin of Laurentia, which passes through central Texas along
the Oachita Mountains and the Marathon area, and appears to have taken advantage of the preexist-
ing NW- and NE-trending geometry of margin promontories and structural weaknesses including
the Texas—Mogollon-Walker lineament and the Alabama-Oklahoma transform (Shurbet and Ce-
bull, 1987; Thomas, 1991; Harry and Londono, 2004; Poole et al., 2005, Figure 2). This orogenic belt
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Figure 3: Map of the state of stress in the Permian Basin, Texas and New Mexico, from Lund Snee and Zoback (2018). Black lines
are the measured orientations of Sy, with line length scaled by data quality. The colored background is an interpolation of
measured relative principal stress magnitudes (faulting regime) expressed using the A, parameter of Simpson (1997). Blue
lines are fault traces known to have experienced normal-sense offset within the past 1.6 Ma, from the USGS Quaternary Faults
and Folds Database (Crone and Wheeler, 2000). The boundary between the Shawnee and Mazatzal basement domains is from
Lund et al. (2015), and the Precambrian Grenville Front is from (Thomas, 2006). The Permian Basin boundary is from the U.S.
Energy Information Administration, and the sub-basin boundaries are from the Texas Bureau of Economic Geology Permian
Basin Geological Synthesis Project. Earthquakes are from the USGS National Earthquake Information Center, the TexNet Seismic
Monitoring Program, and Gan and Frohlich (2013). Focal mechanisms are from Saint Louis University (Herrmann et al., 2011).

approximately forms the southeastern boundary of the present-day Permian Basin in west Texas
and southeast New Mexico (Figure 3). During the collision, existing structures were reactivated in-
board of the collision zone, including the Oklahoma aulacogen, which accommodated compression,
creating the Arbuckle-Wichita-Amarillo basement uplift system and the Anadarko Basin (Perry,
1989; Thomas, 1991, 2006, and references therein; Figure 2).

It has been hypothesized that this collision was responsible for the Late Mississippian to Per-
mian Ancestral Rocky Mountains orogenic event, in which numerous NW-W-trending basement
zones were uplifted and exposed between central Wyoming and central Texas (Marshak et al., 2000;
Dickinson and Gehrels, 2003; Dickinson, 2006). During this event, existing W- and NW-striking

faults, originally formed during Proterozoic extension, were probably re-activated in compression
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and transpression, although the tectonic cause has been a source of controversy (e.g. Kluth and
Coney, 1981; McBride and Nelson, 1999; Marshak et al., 2000). More recent work (Leary et al.,
2017) proposes that the kinematics of the Ancestral Rocky Mountains uplifts and other observa-
tions are best satisfied by a “three-sided orogen” model involving partially synchronous collisions
on three margins of Laurentia: On the west (present-day Nevada), southwest (present-day Sonora),
and southeast (Oachita-Marathon margin). In addition to uplift and reactivation of the Oklahoma
aulacogen, uplifts in Texas included the Matador arch (W-trending) along the southern part of the
Texas Panhandle, the Central Basin uplift (NW-trending) that extended from west-central Texas to
the southeastern corner of New Mexico (and separating the Delaware and Midland basins within
the greater Permian Basin), and the Diablo platform (NW-trending) to the west of the Delaware
Basin in westernmost Texas (Kluth and Coney, 1981; Goldhammer and Lehmann, 1993; McBride
and Nelson, 1999; Marshak et al., 2000; Figures 2 and 3).

Basins developed or deepened between these uplifts, notably resulting in thick Late Mississippian-
Permian age sediment deposition in the Midland and Delaware sub-basins of the Permian Basin
(Figure 3) in north-central and western Texas (Keller et al., 1980; Handford and Dutton, 1980; Keller
et al., 1989; McBride and Nelson, 1999; Dickinson and Gehrels, 2003). Many of the conventional
and unconventional reservoirs in the Delaware and Midland sub-basins that contain the largest his-
torical petroleum reserves were deposited in Permian and upper Pennsylvanian time, including the
Wolfcamp shale and Bone Spring and San Andres formations (e.g., Cartwright Jr., 1930; Handford
and Dutton, 1980; Yang and Dorobek, 1995; Engle et al., 2016). Thick carbonate successions also
developed along shallower parts of the Permian Basin during Pennsylvanian-Permian time, includ-
ing along the shelves and on the Central Basin Platform (e.g., Galley, 1958; Adams, 1965; Yang and
Dorobek, 1995). Some of these carbonate systems were the primary conventional reservoirs that
were targeted during previous decades of oil and gas production in the Permian Basin, including

the San Andres and Grayburg formations.

1.3  Gulf of Mexico rifting and deposition

Accretion of Laurentia (North America) to northwestern Gondwanaland (South America) helped
complete the development of Pangea, which persisted from Carboniferous time until breakup ini-
tiated in late Permian time (Ziegler, 1992; Keppie and Ramos, 1999). The southeastern continental
margin of Texas developed during rifting, which began in Late Triassic time mostly within the Sabine
domain, and generally outboard (SE) of the Paleozoic Oachita-Marathon orogenic belt and suture
zone (Pindell and Dewey, 1982; Salvador, 1987; Ziegler, 1992; Harry and Londono, 2004; Thomas,
2006; Lund et al., 2015; Figure 2). The rift may have propagated southwest from the developing
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Atlantic Rift, resulting in southward drift of South America away from Laurentia, and counter-
clockwise rotation of Yucatan crust away from Florida that continued into Early Cretaceous time
(Buffler, 1991; Ziegler, 1992; Harry and Londono, 2004; Pindell and Kennan, 2013). Although rift-
ing occurred mostly outboard of crustal weaknesses formed during previous rifting and accretionary
events, it developed a similar geometry that included NE-striking rifts and NW-striking transforms
such as the Bahamas fracture zone, which apparently occupied the same location and geometry as
the Alabama-Oklahoma transform, suggesting that lithosphere-scale tectonic inheritance occurred
along weak zones (Harry et al., 2003; Harry and Londono, 2004; Thomas, 2006; Figure 2).
Opening of the Gulf of Mexico thinned continental crust on the margins during Middle-Late
Jurassic time, then generated Late Jurassic-Early Cretaceous oceanic crust near the center of the
basin, and eventually led to deposition of a thick succession of syn- and post-rifting sedimentary
rocks (e.g. Pindell and Dewey, 1982; Salvador, 1987; Buffler, 1991; Harry et al., 2003; Harry and
Londono, 2004; Galloway, 2008; Pindell and Kennan, 2013). Synextensional volcanic and fluvio-
lacustrine sedimentary rocks were deposited in localized rift basins during Late Triassic time (Sal-
vador, 1987). Between Middle and Late Jurassic time, the developing Gulf of Mexico was repeatedly
flooded by water that reached increasingly large aerial extents as the basin widened and subsided, re-
sulting in locally thick (0-4000 m) evaporite deposits of the Jurassic Luann Salt (halite) and Werner
Anhydrite (Salvador, 1987; Pindell and Kennan, 2013). The Gulf basin was briefly connected to the
Pacific Ocean in the Late Jurassic (Oxfordian-Tithonian), and then finally connected to the Atlantic
Ocean beginning in Late Jurassic (Kimmeridgian) time (Salvador, 1987). Spreading until ca. 140 Ma
resulted in separation of the evaporites into northern and southern deposits, and continued subsi-
dence facilitated deposition of thick (up to 20,000 m) Late Jurassic-Holocene age marine sediments
(Pindell and Dewey, 1982; Salvador, 1987; Buffler, 1991; Galloway, 2008). Between Cretaceous and
Paleocene time, these sediments were deposited primarily by river systems that flowed from the west
and northwest (Mexico and southern Texas), but by Miocene time the sediment predominantly en-
tered the basin from southeastern Texas and southern Louisiana and Mississippi (Buffler, 1991; Gal-
loway and Williams, 1991; Galloway, 2008; Galloway et al., 2011). Gulf of Mexico sedimentary strata
from Late Cretaceous—Quaternary age are exposed in Texas along the Gulf Coastal Plain, where ex-
posed rocks young basinward (Galloway, 2008). The weight of the sedimentary column mobilized
the Jurassic salt, which flowed downhill toward the center of the basin or formed pillows, diapirs,
and canopies within the overlying sediments (Salvador, 1987; Galloway, 2008). Supracrustal exten-
sion has mostly been accommodated by flow within the Jurassic Luann Salt and normal (“growth”)
faults in the overlying sedimentary rocks (Salvador, 1987; Galloway, 2008). This extension has re-
sulted in a present-day normal faulting regime within the supracrustal rocks along the Gulf Coast,

with the extension direction (S},,,,,) oriented perpendicular to the margin, mechanically decoupled
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from the underlying pre-Jurassic basement (Zoback and Zoback, 1980, 1989).

1.4 Cretaceous and Cenozoic tectonic history

Beginning perhaps as early as Late Devonian time, and continuing until the Miocene, the western
margin of North America experienced east-dipping subduction and arc magmatism, punctuated
by collisions with island arc terranes, the last of which occurred in the Early Cretaceous (Burchfiel
etal., 1992; DeCelles, 2004; Dickinson, 2006). As a result of convergence, the Trans-Pecos region of
western Texas experienced approximately ENE compression in Cenzoic time, ending at ca. 31-28
Ma, and continental arc magmatism from 48-24 Ma (Price and Henry, 1984; Henry et al., 1991).
Following the end of compression, this part of Texas experienced Basin and Range-related ENE
extension and associated mafic volcanism that lasted until 17 Ma. Subsequently, magmatism ceased
in the Trans-Pecos region (but continued until the present further north and west in the Rio Grande
Rift), and the extension direction rotated to the present E to ESE azimuth (Seager et al., 1984; Zoback
and Zoback, 1989; Keller et al., 1990; Price and Henry, 1984; Henry et al., 1991; Figure 1). Both
phases of extension culminated in the approximately N-S-trending Rio Grande rift, which extends
from south-central Colorado, through central and eastern New Mexico, into western Texas (Cordell,
1978; Averill and Miller, 2013; Figure 2).

2 CHARACTER OF TEXAS LITHOSPHERE

Figure 4 presents maps of several lithospheric parameters across the study area. These maps demon-
strate that structures that developed during the geologic history of Texas (Section 1) have had a
strong effect upon its present crustal configuration, and processes active during the recent (Creta-
ceous and later) geologic past continue to exert a strong influence. Western Texas is situated near
a transition between active extensional tectonics in the Cordillera to the west and stable craton in
eastern Texas and to the north and east (Figures 2 and 4). Compared with further east and north,
western Texas has thick (> 35 km; Reguzzoni and Sampietro, 2014; Figure 4f) and weak crust, with
effective elastic thicknesses (7%) of 30-40 km (Cloetingh and Haq, 2015; Figure 4c). Heat flow is rel-
atively high in the far western Trans-Pecos region and, to a lesser degree, in a concave-north arc ex-
tending southeast from there toward the Gulf Coast and then northeast toward southern Arkansas,
with values ranging between about 65-105 mW m~2 (Jaupart and Mareschal, 2007; Figure 4d). In
contrast, crustal thicknesses are less than 30 km in much of the southern and southeastern United
States (Reguzzoni and Sampietro, 2014; Figure 4f) and heat flow is low in central and northern Texas
(Jaupart and Mareschal, 2007; Figure 4d).

Jens-Erik Lund Snee 10 Geology of Texas



EIation (ft)

| O |
10000 5000 0

(a) Elevation map from 30 m spatial (b) U.S. Geological Survey Bouguer (c) Crustal effective elastic thickness
resolution ASTER image. gravity anomaly map (Kucks, 1999a). (T) from Cloetingh and Haq (2015).

Moho depth (km]
4 50 60
7

70 80 00 ___100|

(d) Surface heat flow (modfied from (e) U.S. Geological Survey magnetic (f) GEMMAT1.0 crustal thickness (depth

Blackwell et al., 2011). anomaly map (Bankey et al.,, 2002).  to Moho) model from Reguzzoni and
Sampietro (2014).
& g = o] f/
= i 7
N . /://
B A =, ah
Z 1|7 ;\\ = C
\’l ==
2% =
1 Y4, > -
= = 4
= =y -
z
Z Splitting Time
“ s
—125°  -120°  —115°  —110° —105° -100° -95°  -90° LAB depth‘(l;m)
Ky g o a ol | 500 0 300 ‘ 45 55 65 75 85 95 105115125135 145
Fast polarization direction (deg.) velocity difference (m/s) [ ee—— |

(9) Shear-wave splitting directions (h) S-wave velocity at 90 km depth (i) Approximate depth to the

from Yang et al. (2016). from Bedle and Van Der Lee (2009).  lithosphere-asthenosphere boundary
(lab) modified from Kumar et al.
(2012).

Figure 4: Maps illustrating the lithospheric structure of Texas with the Stress Map of Texas overlain (stress measurement sources
and symbols as in Figure 1).
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The poorly imaged lithosphere-asthenosphere boundary (LAB) is of moderate depth (75-105
km) across Texas, but is deepest northeastward toward the craton, is shallowest westward toward
the Basin and Range Province, and is within the shallow end of this range near the Gulf Coast
(Plomerova et al., 2002; Rychert and Shearer, 2009; Abt et al., 2010; Fischer et al., 2010; Ainsworth
etal., 2014; Figure 4i). Itislikely that a ca. 75 km thick, layered lithosphere-asthenosphere transition
zone underlies the LAB in this area (Ainsworth et al., 2014), which complicates interpretations of
lithospheric thickness. S-wave velocities at 90 km depth (near the upper LAB) are significantly
slower in a concave-north arc in southern Texas (Bedle and Van Der Lee, 2009; Figure 4h) that
coincides with an area of slightly elevated heat flow (Figure 4d); fast S-wave velocities are observed
in north-central Texas and northeastward into the center of the craton.

Gravity (Kucks, 1999b) and magnetic (Bankey et al., 2002; Figure 4e) maps show strong linear
anomalies that have assisted with mapping crustal structures in the U.S. midcontinent and south-
west (e.g. Keller et al., 1983; Buffler, 1991; Hinze et al., 1992; Adams and Keller, 1994; Adams and
Miller, 1995; Adams and Keller, 1996; Harry and Londono, 2004). Prominent gravity and mag-
netic highs help delineate the WNW-trending Oklahoma aulacogen, a possible southward continu-
ation of the north-trending Mesoproterozoic Midcontinent Rift system into western Texas (Adams
and Keller, 1994; Adams and Miller, 1995; Adams and Keller, 1996), and north-trending Ancestral
Rocky Mountains uplifts in western Texas (see Marshak et al., 2000; Section 1). In addition, a fabric
of gravity and magnetic anomalies partly outlines basement domains (Figure 2) mapped by Lund
et al. (2015), and the Llano province mapped by Whitmeyer and Karlstrom (2007). This imagery

thus assists with building models of density and mechanical structure.
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