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ABSTRACT 

The high plains of west Texas have a more complex basement stmcture (Figure 

2.7) compared to its flat and feaftireless surface (Budnik, 1989). The Matador arch, an 

east-west-ti-ending stixictural zone that separates the Palo Duro and Midland basins, is a 

basement-involved faulted and folded belt (Ye et al., 1996). The southem Oklahoma 

aulacogen that has been described as a failed rift was initiated during Cambrian 

extension. Subsequently, a wide early Paleozoic basin developed over the initial rift. 

During the late Paleozoic, fault-bounded basins and uplifts developed in cormection with 

the Ouachita orogeny, which altered sedimentation pattems. These stmctures formed a 

predominantiy NW-SE alignment (Cof&nan et al., 1986). The Amarillo uplift is a narrow 

basement positive element that trends west-northwest across the Texas Panhandle, to the 

north of Palo Duro basin. The Anadarko basin trends west-northwest and on its southwest 

margin is separated from the Wichita-Amarillo uplift by a fault zone with up to 12 km of 

stmctural relief (Evans, 1979; Luza et al., 1987). The Permian basin of west Texas is 

located in the foreland ofthe late Paleozoic Marathon-Ouachita orogenic belt. The 

Permain Basin can be characterized as a broken foreland with several prominent, fault-

baunded, basement-involved uplifts (Drobek et al., 2002). 

The gravity profiles suggest that mafic intmsions, uplifts, lower cmstal upwarps 

and shallower layer in the upper mantle are the combined reasons for high gravity 

anomalies in the region and low gravity anomalies are the combined results of basins, 

low density rocks of Debaca and Panhandle Terrane, downwarps in the upper mantle 



layer in conjunction with deeper layer in the upper mantle. The gravity increase in the E-

W direction in regional scale seems related to a rise in the layer in the upper mantle. The 

upwaps in the boundary between upper and lower emst are obvious in the north south 

extending gravity profiles adjacent to the Southem Oklahoma aulacogen might be (?) 

related to the Late Paleozoic deformation in the foreland of Ouachita orogeny that 

culminated in Ancestral Rocky mountain orogeny and cmstal shortening in the study 

area. Receiver fimctions obtained from seismic stations in Lubbock and Albuquerque 

show that Moho is deep beneath the seismic station of Lubbock around 56 km and emst 

is around 35 km beneath the seismic station in Albuquerque. Gravity models (A-A', B-

B', C-C) with a rift pillow pinching out towards High plains and getting smaller towards 

north make our gravity models consistent with the seismic data. Gravity models without a 

rift pillow shows that Moho gets deeper beneath the seismic station in Albuquerque and 

gets shallower towards high plains which does not fit our seismic data. 
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CHAPTER I 

INTRODUCTION 

The main purpose of this thesis is to examine the lower emst and uppermost 

mantie stmctures by using geophysical methods of gravity and seismic (receiver 

fimctions) across the Southem High Plains. 

Gravity and receiver fimctions along with geological data help us delineate 

subsurface stmctures. Several gravity models were constmcted in this study to extend the 

knowledge to better understand cmstal and upper mantle stmctures. Receiver fimctions 

were interpreted in order to investigate discontinuities such as Moho, 410 and 660 km 

beneath seismic stations to correlate Moho and shallow stmctures with the gravity 

models. Low pass filters with short and long wavelengths were applied to the Bouguer 

gravity map in order to focus certain parts ofthe anomalies in shallow and deeper part of 

the study area. Geological cross sections were used in these gravity models for the 

constmction of these profiles. Taiwan! method of line integrations to determine the 

gravity associated with polygons was used in constmcting these gravity models. 



CHAPTER II 

GEOLOGICAL AND GEOPHYSICAL BACKGROUND 

Adequate geophysical data are available on Southem Oklahoma aulacogen (SOA) 

and Permian basin area. Flawn (1956) described the geology ofthe Precambrian 

basement rocks of Texas and southeast New Mexico. Brewer (1982) suggested some new 

aspects based on COCORP deep seismic reflection profiling along (SOA) to detemiine 

this aulacogen's stmctural development. 

Adams and Keller (1996) analyzed the geometry and stmcture ofthe basement 

rocks in West Texas and Eastem New Mexico and prepared gravity and magnetic 

anomaly maps for the Permian Basin area. Adams and Miller (1995) used geophysical 

methods of gravity, magnetic, seismic reflection and well data to define the geometry and 

tectonic setting ofthe Pecos Mafic Intmsive Complex. Coffinan and others (1986) 

generated a detailed and comprehensive gravity profile, which was taken from the 

Gravity Anomaly Map ofthe United States across the SOA. They used pefrologic, 

stmctural, seismic, and stratigraphic data to form their geological model. Van Schmus 

and others (1987) designated Proterozoic emst as the older northem part and tiie younger 

southem part. Sharon Mosher (1998) studied the Grenville orogenic beh along the 

southem margin of Laurentia. Bames and others (1999) established Mesoproterozoic 

magmatic activity of west Texas. 



Regional Geology 

Canadian Shield was growing as a result of amalgamation of Archean and early 

Proterozoic terrains at about 1.80 Ga. (Hof&nan, 1988,1989 a, b-Van schmus and 

Bickford, 1993). The inner Accretionary belt and Outer Tectonic belt formed the 

Southem Laurentia during 1.80 to 1.63 Ga after the most ofthe Laurentia assembled 

(Van schmus and others, 1993). Transcontinental Proterozoic provinces located on the 

south of Canadian craton and on the west of Grenville province are orogenic provinces 

that formed during 1.8 to 1.6 Ga and frends east and northeast direction (Figure 2.1) (Van 

Schmus and others, 1993). 

Transcontinental Proterozoic Provinces 

3000 Kin 

Figure 2.1. Early and middle Proteozoic cmstal Provinces in Cenfral North 
America (Van Schmus and others, 1993) 



Adams and Keller (1996) summarized the geological history ofthe emst of Texas 

and New Mexico by compiling works of both their own and tiiose of previous autiiors 

(Figure 2.2). The accretion ofthe outer tectonic belt (0TB) is the first known event 

creating continental margin in the south. 
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Figure 2.2. Summary ofthe tectonic history ofthe region, five stages in the 

evolution ofthe Proterozoic emst of Texas, Oklahoma, and New Mexico (Adams and 
Keller, 1996). 

The occurrence of 1.40-1.34 Ga southem Granite-Rhyolite province to the north 

of inferred subduction zone followed the formation of 0TB. The rifting event pursued 

occurrence ofthe southern Granite-Rhyolite province between 1.33 and 1.26 Ga. The 

next event was Grenville orogeny that caused deformation in Llano and Van Hom uplifts 

and Grenville front passes along the axis ofthe Abilene gravity minimum (AGM). The 
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ages ofthe Grenville orogeny between 1232 and 1116 Ma U/Pb (Walker, 1992) and 

mafic intmsions of 1163 to 1077 Ma in west Texas and eastem New Mexico (Keller et 

al., 1989) are nearly synchronous. 

Mosher (1998) suggests three different periods of 1380 to 1320 Ma, 1288 to 1232 

Ma, and 1163 to 1070 (more than 300 m.y) tectonic activity occurred along the southem 

margin of Laurentia (Figure 2.3)(Mosher, 1998). The rifting of continental emst was 

between 1400 to 1350 Ma causing rhyolite flows and clastic sedimentation in shallow sea 

in west Texas. Continental margin arc and forearc basin occurred when north-dipping 

subduction beneath Laurentia initiated from 1260 to 1232 Ma. Extension continued to 

form back arc basin behind the continental margin arc during 1350-1300 Ma. Back arc 

basin is located in west Texas and Llano uplift is where arc and forearc basins are 

between 1288 (?) tol232. The Grenville orogeny culminated in arc-continent and 

continent-continent collision in the eastem and southem margins of Laurentia between 

1150 and 1120 Ma (Mosher, 1998). Collision between Laurentia and southem continent 

between 1150 to 1120 Ma resulted in polyphase deformation, high-P metamorphism, and 

caused the continental emst double in thickness (Mosher, 1998). Gneisses are the 

abundant Proterozoic rocks in the Llano uplift and post-tectonic granite plutons intmded 

all of these rocks (Mosher, 1993). Texas or Llano craton of younger 1.0-1.2 Ga and 

lithologjcally more varied terrane is located in the south ofthe Granite-rhyolite terrane 

(Coffinan and others, 1986). hi Llano uplift, the metamorphic core represents the suture 

zone ofthe collision of North America and a continental block between 1.1 and 1.2 Ga. 

(Mosher, 1993). The Grenville front represents the southem margin of Laurentia and 

separates vmdeformed granitic and rhyolitic rocks of southem granite-rhyolite terrain in 
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tile north and gneisses and metasedimentary rocks of Llano terrain in tiie soutii (Mosher, 

1998). 

WeST TEXAS 

A. ca.1400-1300 m 
Carrizo Mountain Group SDC 

B.ca. 1260-1240 Ma 

Aiiamoore 

C. 

sJ^SftilS 

Canrizo Mountain Group 
/ SDC CEC 

I 1300-1100 Mi|<?) 

Afiamoore Carrizo Mountain Group CEC 
\ " ^ / 

a 112^1080 Ma 
Streoruwltz 
thrust 

Figure 2.3. Cross sections illusfrate the tectonic evolution of west Texas in Mid-
Proterozoic. Sierra Del Cuervo (SDC), Cerro El CarizaloUo may represent island arcs 
(Mosher, 1998). 

Medium-T eclogites are indicative of both A-type subductions (Mosher, 1998). Gilbert 

and McCoimell (1986) suggested that Grenville suture cormects the three Eocambrian 

rifts of Reel Foot, Southem Oklahoma, and Devils River. 

Bames and others (1999) suggest the bimodal magmatic activity in the west Texas 

in the middle Proterozoic. Adams and Miller (1995) suggested that granitic batholith 

6 



corresponding to Abilene gravity minimum (AGM) could be related to development of 

the southem Granite-Rhyolite province or a source for some part of it other than being 

related to the Grenville deformation. Adams and Keller (1996) suggest anotiier origin for 

this granitic batholith by comparing the similarities between AGM and Sierra Nevada 

batiiolith in Califomia and Nevada. Both AGM and Sierra Nevada batholith are parallel 

to tiie continental margins from past to present (e.g., Condie, 1982). A small mafic body 

is bordering both of them and their similar size in thickness. They suggested that AGM is 

a continental arc batholith so that the Grenville suture should be drawn southem of its 

common position. AGM is present on both side ofthe Cenfral basin platform. There are 

important amount of mafic intmsions in the upper emst beneath Cenfral basin platform 

and Roosevelt uplift, and Crosbyton geophysical anomaly in the westem Texas and 

eastem New Mexico (Adams and Keller, 1996). The mafic rocks of 1.1 Ga in age 

associated with CBP crosscut AGM. Adams and Keller (1993) suggest that igneous rocks 

of Keweenawan age were produced in Texas and New Mexico along with regions from 

southem Oklahoma to Lake superior during the formation ofthe Mid-continent Rift 

system. Adams and Keller (1993) suggested that the igneous intmsions beneath Cenfral 

basin platform (Keller et al., 1989), outcrops in the Sacramento Mountains (Bowsher 

1991), basaltic flow in the Franklin Mountains (Denison and Hetherington 1969; 

Copeland and Bowring 1988) and at Van Hom (Roths, 1993), and Crosbyton geophysical 

anomaly coincides with the time ofthe formation ofthe Midcontinent rift system. Bames 

and others (1999) proposed that older emst is present beneath granite-rhyolite province, 

which contains cmstal component on north of Llano front. Bames and others also 

proposed that the age and composition of Pecos mafic intmsive complex (PMIC) imply 
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tiiat it could result from partial melting of depleted mantie or assunilation of emst and 

PMIC and mid-continent rift magmas have different mantie sources. Mafic and felsic 

magmatism are found to be synchronous in Texas according to the recent Geophysical 

stiidies and drilling (Kargi and Bames, 1995). 

There are some models to explain the late Paleozoic tectonic evolution of mid-

continent. Budnik (1986) suggested the Laumssia (Nortii America-Europe) had an 

eastward progress in late Paleozoic (Budnik, 1986). It is suggested by some authors tiiat 

the movement of Gondwana (South America-Afiica) had toward nortii or westward 

component (Budnik, 1986). As an infraplate response to collision of North America and 

South America -Afiica along the eastem and southem margin of North America, 

tectonically related Ouachita-Maratiion and Ancestral Rocky Mountain orogeny formed 

in late Paleozoic (Kluth, 1986). The suture zone between Nortii America and Soutii 

America -Afiica migrated soutiiwestward causing deformation ofthe craton. The 

collision suturing started only in Ouachita region in early Pennsylvanian and was active 

from the south ofthe Ouachita region to Marathon region by middle Pennsylvanian. The 

suture zone waned in the Ouachita region in early Pennsylvanian and increased in the 

Marathon region by intense folding and thmsting. Foreland deformation and suturing 

ceased coevally in early Permian. Foreland deformation in the craton affected areas from 

Texas and Oklahoma to Montana, Idaho, and Nevada (Kluth, 1986). Marshak and 

Paulsen (1996) proposed that the mid-continent fault and fold zones (MFFZs) of mostly 

north to northwest or west to northwest orientation, which were reactivated during 

Phanerozoic, first began to form as Proterozoic and Eocambrian rift faults. They based on 

their hypothesis the resemblance in similar orientation between MFFZs and the 
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Proterozoic and Eocambrian cratonic rift and also stmctural style of faults, folds and rifts 

in tiie mid-continent MFFZs. They also implied that some of tiie MFFZs might be related 

to the undetected rift basins. Basins and uplifts occurred in tiie preexistmg zones of 

weakness reactivated by collision (Kluth, 1986). A prominent preexisting zone of 

weakness is called by various names tiie Wichita lineament (Sales, 1968), the Wichita 

megashear (Walper, 1970), the Olympic-Wichita lineament (Baars, 1976), and the 

Oklahoma-New Mexico- Colorado-Utah tectonic zone (Larson et al., 1985) extending 

from Oklahoma to Utah (Budnik, 1986). Wichita megashear consists of eastem, middle, 

and westem part and eastem part includes the Amarillo-Wichita uplift in southem 

Oklahoma and Texas Panhandle (Budnik, 1986). The Wichita megashear across soutiiem 

Oklahoma and Texas Panhandle is approximately 100 km wide and 700 km length in 

northwest direction (Budnik, 1986). Confrary to the plate tectonic models proposing 

right-lateral movement of Wichita megashear, faults and fold frends are implying left-

lateral strike-slip movement in the megashear (Budnik, 1986). A left-lateral offset of 120-

150 km along the megashear occurred in middle Pennsylvanian according to subcrop and 

isopach map ofthe region (Budnik, 1986). The collision would result in left-lateral 

movement along the Wichita megashear (Budnik, 1986). Budnik (1987) suggests that 

coeval tectonic activity ofthe south of Ancesfral Rocky Mountains such as Basin and 

Range extension, Rio Grande rift and deformation ofthe southem Great Plains may be 

related. Tectonic relief of Amarillo uplift reaching 150 m was caused by reactivation of 

Wichita megashear in late Miocene. This deformation was seen in Ogallala Formation in 

tiie Texas Panhandle (Budnik, 1987). 



The close affinity in timing, geometry and stmctures of basins and uplifts 

southem mid-continent is the result ofthe regional deformation during Ancesfral Rocky 

Mountains (Ye et al., 1996). Subsidence is associated with synsedimentary faults, which 

separates these asymmetric basins and uplifts in the deepest part ofthe basins confrary to 

the other shallow side usually without faulting. Basement uplift and subsidence 

throughout the region are simultaneous beginning in late Mississippian-early 

Pennsylvanian and ending in early Permian. Folding, faulting and thrust and reverse 

faulting are common in Basement-involved uplifts in the Pennsylvanian and early 

Permian (Ye et al., 1996). Ouachita orogeny caused basin-involved fault bounded uplifts 

and basins which are aligned in NW-SE direction parallel to the late Paleozoic-Cambrian 

rift system extending from Ouachita orogen across the foreland platform during the late 

Paleozoic (Coffinan et al., 1986). Basement-involved uplifts and folds were caused by 

southwest-northeast compression (Keller et al., 1983). The Ouachita-Marathon orogeny is 

a foreland folds and thmst belt on the passive margin of southem north America in late 

Paleozoic (Ye et al., 1996). 

Absence of extensive involvement of crystalUne basement in deformation, lack of 

high-grade metamorphism, low topographic elevation is associated with the Ouachita-

Marathon orogenic belt (Ye et al., 1996). Ye and others (1996) speculated that tiie 

deformation ofthe Ancestral Rocky Mountains was driven by plate boundary process on 

the southwestem the Ancesfral Rocky Mountains instead of by the emplacement ofthe 

Ouachita-Marathon belt (Ye et al., 1996). They thought that first, tiie emplacement of tiie 

Ouachita-Marathon belt developed in regions where horizontal compressive sfress is not 

large enough to culminate in deformation within its foreland, second the orientation of 
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tile thmst belt and direction of shortening within the Ancesfral Rocky Mountams are not 

consistent, and third, the entire period of deformation within the Ancesfral Rocky 

Mountains is not equivalent of that ofthe emplacement of tiie Ouachita-Marathon belt 

(Ye et al., 1996). Another altemative is coeval northeast dipping subduction of late 

Paleozoic associated with a volcanic arc in east-cenfral Mexico (Ye et al., 1996). They 

proposed tiiat northeast dipping suduction boundary would be consistent witii northeast 

shortening m the Ancesfral Rocky Moimtains. 

It is a widely accepted agreement that Middle Proterozoic granite-rhyolite 

province and associated anorogenic plutons were produced by extensional event between 

1.5 to 1.3 Ga which is related to mantle and basaltic magma causing heat source into the 

emst to form high silica magma. Van schmus and others (1993) proposed that extensive 

sedimentary basins within the granite-rhyolite provinces such as the ones in Illinois and 

Indiana and in southem Oklahoma and northem Texas are indicatives of extension 

tectonism (Van schmus and otiiers, 1993). Nelson (1990), Patchett and Ruiz (1989) 

proposed that part ofthe formation ofthe southem Granite-Rhyolite province could be 

related to subduction. 

Texas Panhandle basement is within the southem part of Southem Granite-

Rhyolite Terrain (2.4) (Gilbert, 1992). Part ofthe Transcontinental Proterozoic provinces 

underlies the Southem Granite-Rhyolite province (Van Schmus and others, 1993). 

Precambrian rocks of Texas and southeast New Mexico were described by Flawn (1956). 

Texas craton consists dominantiy of plutonic rocks of granitic or granodioritic 

composition. The craton is bounded on the south by Ouachita front, on the north by 

Panhandle volcanic terrain and Red River mobile belt, on and southeast the southwest by 

11 



Van Hom mobile belt. The northwestem part ofthe craton were composed of plutonic 

rocks, the soutiieastem part of it is composed mostiy of metasedimentary rocks. Llano 

uplift is the exposed part ofthe craton. 

.O.A.SOO-600MY| 
'exas Craton 

toco-1200 MY 

^(Llano) 

Figure 2.4.Regional basement terrain map, showing Southem Oklahoma aulacogen near 
or at a terrane boundary, which may be the suture between southem North America and 
the Texas (Llano) craton (Coffinan et al., 1986). 

Metamorphism is seen more intensely on the southeastem part ofthe craton than 

northwestem part of it. Van Hom mobile belt is on the southwestem ofthe Texas craton. 

It includes metasedimentary rocks intmded by volcanic rocks. Red River mobile belt 

frending in the east-west direction on the north ofthe craton consists of metasedimentary, 

metaigneous, and igneous rocks. Van Hom and Red River mobile belt are thought to be 

late Precambrian in age. Fisher metasedimentary terrane is composed of metasedimentary 

rocks beneath Cambrian sfrata. Texas Panhandle is underlain by undeformed and 

unmetamorphosed flows of mainly rhyolite, latite, and andesite. Swisher gabbroic terrane 
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is located in the south ofthe Texas Panhandle consisting dominantiy of gabbro and 

diabase. Igneous rock in Wichita and Amarillo mountains are described as Wichita 

igneous province. Igneous rocks in Amarillo mountain are granite, whereas, igneous 

rocks in Wichita mountain are composed of granite and gabbro. Panhandle volcanic 

terrane, Swisher gabbroic terrane, and Wichita igneous province may be caused by the 

same igneous activity and younger than other provinces in Texas (Flawn, 1956). 

Important Geological Features In The Region 

Southem Oklahoma Aulacogen 

Along with a series of aulacogens, the Southem Oklahoma aulacogen (SOA) is an 

important stmctural feature as a failed rift arm, which was initiated by extension event in 

Eocambrian in the southem edge of Nortii America. The Southem Oklahoma aulacogen 

consists ofthe Amarillo-Wichita and Arbuckle uplifts, HoUis-Hardeman, Anadarko, 

Ardmore and Marietta basins and Criner arch. The SOA is associated with 

comprehensive igneous activity and cmstal modification (Keller et al., 1983). The Glen 

Mountains Layered Complex (GMLC), layered gabbroic complex, is the beginning ofthe 

igneous intmsion and extension (Gilbert, 1983), and early Cambrian in age (577±165Ma, 

Lambert and Unmh, 1986). Layered basaltic plutons, called the Roosevelt Gabbros (RG), 

and intinided GMLC (Powell et al., 1980; Stockton and Giddens, 1982; Gilbert, 1983). 

Powell and others (1980) named plutonic basic rocks and granites the Raggedy Mountain 

Gabbro Group and Wichita Granite Group respectively. GMLC is thought to be a smgle 

body (Gilbert, 1983). The Navajoe Mountain Basalt-Spilite Group (NMBS) is tiie 

volcanic equivalent ofthe GMLC and both of them are considered to be theolitic (Powell 
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et al., 1980; Powell, 1986). The Carleton Rhyolite Group, which is tiie intiiisive 

equivalent ofthe Wichita Granite Group, formed as a result ofthe silisic magmas, which 

has some cmsfral component 525 m.y. ago (Gilbert and Mayers, 1986; Weaver and 

Gilbert, 1986). These rhyolitic-granitic rocks are thought to be A-type character, 

hitiiision of diabase dykes is thought to be the end of tiie igneous activity (Gilbert, 1983). 

McConnell et al., (1990) suggest tiiat these mafic igneous rocks along tiie aulacogen 

might compensate for tiiinning ofthe emst that occurred during the extension. Coffinan 

and others (1986) believe that two layered mafic bodies both of which have double rooted 

are present in the cmstal column ofthe Wichita Mountains. One of them is exposed at the 

surface and the other is at a depth of 15 km, which account for high gravity anomaly. 

The overlying sedimentary units, which were produced from the Late Cambrian to 

Permian, can reach a thickness of almost 14 km in the adjacent ofthe Amarillo-Wichita 

uplift (Gilbert, 1983). The early Paleozoic sedimentary units are mostly carbonates of 

Arbuckle Group extending most ofthe craton. The rest ofthe Paleozoic sedimentary units 

are elastics (Coffinan et al., 1986). A layered Proterozoic basin as deep as 13 km with 

depositional character can be inferred from the COCORP data on the south ofthe Wichita 

uplift (Brewer, 1982). Brewer (1982) suggests that this layered basin that thins towards 

north and truncated by Burch fault so it is not present under the Anadarko basin in the 

Precambrian emst according to COCORP sismic data. The granite-rhyolite terrain gets 

thinner towards south (Coffinan and others, 1986). Clastic sediments and felsic volcanics 

are the major rock types together with basalts and carbonates in this layered basin 

(Brewer, 1982). The age estimate of this Proterozoic basin is 1,200-1,400 m.y. (Brewer 

and otiiers, 1981). 
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Figure 2.5. Evolution ofthe Southem Oklahoma aulacogen. Arrows represent 
uplifts. Closely spaced lines indicate Glen Mountains Layered Complex (GMLC), widely 
spaced lines indicate Roosevelt Gabbros (RG), and thick black lines are the intmsion of 
diabase dykes (McConnell and Gilbert, 1990). 

Pratt and others (1992) suggest that this Precambrian assemblage extends for at 

least 40 km in north-south and east-west directions according to COCORP seismic data. 

They also conclude that the top of this layered basin from the surface is approximately 3 

km and reaching a thickness of approximately 12 km and define the age of Precambrian 

sfrata to be middle Proterozoic or older. 
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A graben-like stmcture subsided and believed to be filled with clastic 

metasediments named Tillman metasedimentary Group tiien was partly filled by GMLC 

(Ham et al., 1964). The rifting event happened in tiie deepest part ofthe Anadarko basin 

causing normal fauhs in Eocambrian and the Wichita uplift overthmsted the Anadarko 

basin in the event of cmstal shortening during Pennsylvanian based on COCORP seismic 

data (Brewer, 1982). The basaltic liquid that formed intiiisive GMLC and extinsion of 

NMBS is tiie onset of tiie cmstal extension (Gilbert, 1983). McConnell et al. (1990) 

concluded that normal faults due to extension result in rotation of GMLC to a northward 

dip before the intmsion of RG. Roosvelt Gabbros, later basaltic liquid, is individual small 

plutons that cut GMLC. Dooming occurred about 100 m due to erosion of NMBS to 

compensate isostatic equilibrium after or during RG was emplaced (Gilbert, 1983). 

Carlton Rhyolites are thought to be caused by felsic magmas produce by partial melting 

ofthe emst and thicken adjacent to the northem margin ofthe aulacogen. A mafic body 

at 12-15 km is inferred from the gravity modeling and pefrological data to cause to heat 

source for partial melting whose temperature is estimated as being 900-1000 C. After 

Wichita Granites intmded, the intmsions of diabase dykes represent the end ofthe 

igneous activity (Figure 2.5) (Coffinan et al., 1986). Gilbert (1992) believes tiiat tiie 

present Amarillo-Wichita-Criner arch is the main frace ofthe Southem Oklahoma 

Aulacogen. 

Anadarko Basin 

The Anadarko basin is tiie deepest basin in Nortii America over the Southem 

Oklahoma aulacogen (Ham and others, 1964; Brewer and otiiers, 1983). The Frontal fault 
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system separates Anadarko basin and Wichita uplift (Brewer, 1982). McConnell and 

others (1990) suggest that downward flexure of tiie lithosphere plays an important role to 

form this basin due to tectonic load from Wichita uplift. The Anadarko basin was 

produced by basement-related thmst faulting frending in the northeast (Ye et al., 1996). 

The Anadarko basin frending west-northwest is faulted of 12 km relief with Amarillo-

Wichita uplift unlike unfaulted in the northeastem part (Ye et al., 1996). As the 

subduction occurred beneath the Anadarko basin, subsidence began in the middle or late 

Chesterian (late Mississippian) (Ye et al., 1996). This basin formed as the densified 

upper emst cooled and sank. The Anadarko basin was a cratonic basin over a rift and then 

a foreland basin that deepened. Also there is an ongoing discussion on what type basin 

(such as forland, cratonic, and rift) it is (Gilbert, 1992). The early and middle Paleozoic 

Anadarko basin includes the adjacent basins like Ardmore, Marietta, Fort Worth, HoUis-

Hardeman, Palo Duro, and Dalhart basins by removing Amarillo-Wichita-Criner and 

Muenster arc (Gilbert, 1992). The Ardmore and Marietta basins, the continuation of 

Anadarko basin, were separated by Criner arch (Ye et al., 1996). 

Tillman Metasedimentary Group lies over the older basement (Ham and others, 

1964). The beginning ofthe deposition begins with dominant carbonates accumulation of 

almost 4 km over the Cambrian igneous floor of 5 km during late Cambrian through 

Mississippian (Coffinan et al., 1986). During Mississippian to Early Pensylvanian 

tectonic fine-grained clastic sediments of 5-6 km accumulated adjacent the uplift 

(Coffinan et al., 1986). In Permian, 2-3 km post-tectonic fine-grained clastic sediments 

accumulated (Gilbert, 1983). There was no deposition during Permian to mid-Cretaceous 
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in the basin (Gilbert, 1983). The overiying Tertiary Ogallala deposits accumulated in 

Neogene. 

Amarillo-Wichita Uplift 

The Amarillo-Wichita uplift is a west-northwest frending a complex zone of 

horsts and grabens across tiie Texas Panhandle (Figure 2.6). The Amarillo-Wichita uplift 

is soutiieastem part of Ancesfral Rocky Mountains. There are small and deep grabens 

witiiin tiie Amarillo uplift (Budnik, 1989). The Amarillo-Wichita upHft, uplifted during 

the late Pennsylvanian, is separated from Anadarko basin by reverse and tiimst faults 

with the displacement of 15 km during the Peimsylvanian and early Permian. 

Whittenburg frough is located to the southwest of tiiis uplift with several km stmctural 

reliefs. The Frontal fault zone is a 10 to 20 km wide zone with thmst and reverse faufts 

between the Wichita Mountains and Anadarko basin (Gilbert, 1983). 

The Frontal fault zone with 12 to 13 km of vertical offset is thought to be the frace 

ofthe weak zone inherited from the rifting event. After erosion exposing the igneous 

core, clastic sediments mostly from the Ouachitas covered the area in the Permian (Van 

schmus and others, 1993). Rocks of upper and middle Permian and Triassic in age were 

folded on the basement blocks (Budnik, 1987). 

Cambrian igneous rocks were uplifted and exposed in the Wichita Mountains 

(McCoimell et al., 1990). Reverse faults in Wichita uplift are aligned mostly in the 

northwest frend opposite to the normal faults ahgned usually in the northeast direction 

(Evans, 1979). 
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Palo Duro Basin 

The Palo Duro basin is located in tiie south of tiie Amarillo-Wichita Uplift (Figure 

2.6). The Palo Duro basin started subsiding in the late Mississippian-late Pensylvanian 

and deepens southward (Ye et al., 1996). The Palo Duro basin is frending east-west 

^^sX^-v-v\ 

ii«^. 

Figure 2.6. Tectonic elements of West Texas and adjacent states. Permian Basin was 
outlined as a dashed line. (Budnik, 1989) 
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direction and elongate shallow basement low that subsided continuously in the late 

Paleozoic, hi the north, complexly deformed Basement-involved stmctural highs and 

lows such as Amarillo-Wichita uplift and Oldham-Harmon Trend and Whittenburg 

Trough and HoUis basin separates Palo Duro basin and Anadarko basin. There are small, 

isolated, and fault-bounded horsts within the Palo Duro basin (Budnik, 1989). Matador 

arch divides Palo Duro basin and Midland basin in tiie south. Roosevelt positive lies in 

the westem border of this basin. Stinctural and sfratigraphic data unplies that a total of 

120 km left-lateral strike-slip offset occurred during the Ancesfral Rocky Mountain 

orogeny in this area (Budnik, 1989). 

Budnik divides Phanerozoic sedimentary units into distinct sequences in the 

panhandle. Cambrian to lower Devonian carbonates, upper Devonian and Mississippian 

carbonates and elastics, Pensylvanian and lower Permian elastics and carbonates, lower 

to upper Permian evaporates, upper Triassic elastics, and Miocene and younger elastics. 

Matador Arch 

Matador-Red River uplift is an elongate, narrow stmcture extending more than 

500 km in north-cenfral Texas and eastem New Mexico (Figure 2.6) (Brister et al., 2002). 

East-west frending Matador arch that separates Palo Duro and Midland basins consists of 

isolated fault-bounded basement blocks similar to strike-slip fault zones. These blocks are 

ranging from less than 12 to greater than 125 km'̂ 2 and 1,200 m of basement rehef 

(Budnik, 1989). These basement-involved faulted and folded blocks upraised in the 

Morrowan (early Peimsylvanian) was eroded during Atokan-Desmonesian (middle 

Pennsylvanian), and submerged until Missourian (late Pennsylvanian) (Ye et al., 1996). 
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Midland Basin 

Midland basin was the eastem part ofthe stable Tobosa basin ofthe early 

Paleozoic (Hills, 1985). Midland basin as an asymmetrical basin thickens towards the 

Cenfral basin platform (CBF) to the west (Ye et al., 1996). Subsidence started in the 

Desmoinessian (middle Pennsylvanian) and stop in the Wolfcampian (early Permian). 

Platform carbonates and evaporates filled the basin in the Permian (Ye et al., 1996). Ye 

and others suggest (1996) that basement-involved thmsting of CBF over Midland basin 

formed this basin and is seen according to new seismic data. The jagged outiine ofthe 

westem edge ofthe Midland basin is caused by northwest-southeast and ahnost east-west 

oriented fault systems (Hills, 1985). 
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CHAPTER III 

RECEIVER FUNCTIONS 

Receiver function analysis a method to examine to cmstal and uppermost mantie 

stmcture below the stations is based on the fact that teleseismic P waves produce Ps 

phases at boundaries like the fransition zones and Moho and multiple reverberations near 

the surface. Ps phases are sfronger in radial component compare to those in the vertical 

component. Receiver fimctions are obtained by deconvolving the vertical component 

from the radial component. By this process, the signal consists dominantiy of Ps phases 

and reverberations ending with S phases and source ftinction effects and instruments 

response can be removed. (Modem Global Seismology, 1995, Throne Lay and Terry 

C.Wallace, page 247-248). Moho, 410, and 660 km discontinuities cause P to S 

conversions. The layers can be approximated as horizontal layers. Receiver fimctions are 

able to give important information about the underlying geology. Receiver fimctions in 

time domain were converted to receiver fimctions in depth domain to find the 

discontinuities that causes P to S conversions like the fransition zone at 410 and 660 km 

and Moho. Receiver fimctions are able to give important information about the 

underlying geology. The layers can be approximated as horizontal layers. Receiver 

fimctions were grouped according to backazimuth and distance. 
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Receiver Function Approach 

Receiver fimctions are computed from teleseismic P waves recorded at three 

component seismic stations. Langston (1979) describes each component of tiie 

seismogram (D) as a result of convolutions of tiiree basic filters in the time domain; 

Dv=I*S*Ev 

D R = I . S . E R 

D T = I * S * E T 

In these three equations, the subscripts V, R, and T indicate the vertical, radial, 

and tangential components respectively. S and I are the signal from the seismic source 

emitted by an earthquake and seismometer response, respectively. The seismometer 

response (I) is generally assumed to be the same for three components. E represents the 

earth stmcture assumed to be delta fimctions and receiver fimctions corresponds the 

reflector series ofthe eairth stmcture. Since Ps phases can be seen sfrongly in the radial 

component, ER is the most important in interpreting the observed Ps phases. Ej will only 

be significant in regions with three dimensional stmcture or anisofropy. Even SH phase 

are generated, radial component will be main focus (Gurrola, 1995). 

The Earth stmcture (E) can be calculated by deconvolving the seismometer 

response (I) and source (S) from the seismogram (D). If Ev is equal to a delta fimction, 

the vertical component ofthe seismogram (Dv) can be described as the convolution of S 

and I. So if Dyis deconvolved from the DR, ER can be found (Langston, 1979). 

Schematic diagram in figure 3.2 explains the geometry ofthe phases and partical 

motions of P and S waves. The partical motion of P waves is parallel to the dfrection of 

propagation but partical motion of S waves is perpendicular to tiie direction of 
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propagation. So in radial direction, P and S wave partical motion has the same polarity 

and therefore Ps phase is positive in the radial component. However, P and S wave 

partical motion has the opposite polarity in the vertical direction that's why Ps phase is 

negative in the vertical component. P wave and its reverberations ending with p (direct P 

and P3p) usually are in the same direction regardless of components unlike S wave 

(Gurrola, 1995). 

There are three fraces in normalized amplitudes in figure 3.1 as vertical 

component of seismogram (Dy), radial component seismogram (DR), and radial 

component (ER)of receiver fimction of a synthetic seismogram computed for a layer over 

a half space, top, middle, and at the bottom, respectively. Direct P wave is the first arrival 

at zero second (Gurrola, 1995). 

Deconvolution or inverse filtering has been used to improve the seismic records 

by removing the adverse effects ofthe convolution when the earth filters waveform. The 

first objective of deconvolution is to compress the input pulse to a shorter impulse to 

improve vertical resolution and tiie second goal is to shift tiie reflected and refracted 

wavelets into the primary wavelets (Robinson, S. E., and Coruh, C , Basic Exploration 

Geophysics, 1988). 

Y(t) = g(t)*f(t) 

The filtered output g(t) is the convolution of tiie input waveform g(t) and impulse 

response f(t). Provided tiiat Y(t) and f(t) are known, derivation of g(t) from tiie formula 

above can is the description of deconvolution process. For tiiis purpose f '(t) fimction is 

convolved witii 7(t). f '(t) fimction represents the convolution operator. 

g(t) = Y(t)*f'(t) 
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(Kearey et al. An Infroduction to Geophysical Exploration, 2002) 
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Figure 3.1. Synthetic seismogram (top two signals) and receiver fimction at the bottom 
over a half space (Gurrola, 1995) 
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Figure 3.2. This figure represents the illusfration of phases in figure 3. Land particle 
motion diagrams of P and S phases. P phases are solid lines and S phases are dashed lines 
(Gurrola, 1985). 

Data Analvsis 

Seismic data with SAC (Seismic Analysis Code) data format were obtained from 

IRIS and the data station for all earthquakes with magnitudes of greater than 5.5 were 

used to produce receiver functions from 1977 until 2003. These broadband seismic 
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stations are located in Lubbock, Amarillo, Albuquerque (Anmo), Tucson (Tuc), Hockley 

(Hkt), and Cathedral cave (Ccm) (Figure 3.3). 

-112- -108" -104- -lOQ- -96- -92" 
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Station Network Map 

Figure 3.3. Locations of seismic stations 

Receiver fimctions were obtained from P-wave arrivals. We grouped the receiver 

fimctions and stacked (averaged) them to remove random noise according to different 

back azimuth values. Three-component seismograms were used for receiver fimctions 

analysis in this stiidy. The data witii a Signal to Noise (S/N) ratio of 2 were kept and the 

rest ofthe data with low Signal to Noise ratio were discarded. Receiver fimctions with 

great circle arc between 30° and 90° were kept. Frequency domam Water level 

stabilization metiiod and low-pass Gaussian filtering were used in our study. Low-pass 

Gaussian filtering was utilized in order to remove the high frequency noise from tiie 

receiver fimctions. The lowest water level with low noise level was chosen among the 
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five different water levels. Receiver fimctions were low-pass filtered witii 0.4, 0.6,0.8, 

1.2 and 2.0 Hz. Receiver fimctions in time domain were converted to receiver fimctions 

in depth domain to find the deptiis of discontinuities. 

Albuquerque (ANMO't 

Receiver fimction for ANMO is in figure 3.4. The observations can be 

summarized at ANMO as follows; 

• This station has a shallow Moho, which is around 35 km. 

• Strong 420 and 680 km discontinuities are observed at this station. 

• There is a sfrong discontinuity around 140 km beneath this station. 

• The discontinuity at 80 km, which shows a negative spike, which might be 

a reversed polarity. 
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Figure 3.4, Radial component of a receiver fimction for ANMO. Bandwidth is 60 , 0.6 
Hz low pass filter. 
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Catiiedral Cave (CCM'> 

Receiver ftinction for CCM is in figure 3.5. In summary, for CCM tiie observation 

is; 

• The arrival at 45 km might be of Moho. 

• We see weak arrivals at 410 and 660 km in this station. 

• There is a sfrong discontinuity at 80 km whish shows a negative spike, 

which might be a reversed polarity because of velocity change. 

• Arrivals at 150 km can be seen at this station. 
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Figure 3.5. Radial component of a receiver ftmction for CCM. Bandwidth is 60 , 0.8 Hz 
low pass filter. 
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Tucson Cn\C\ 

Receiver fimctions calculated for TUC can be seen in Figure 3.6. At this station 

the findings are; 

• A very shallow Moho around 30 km was observed in this station. 

• There is a sfrong discontinuity around 120 km. 

• Discontinuities at 410 and 660 km can be observed. 

Radial component 

E 

-eoo 

ISO 200 
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Figure 3.6. Radial component of a receiver fimction for TUC. Bandwidth is 60 , 0.8 Hz 
low pass filter. 

Hockley (HKT) 

Receiver fimctions were calculated for HKT in Figure 3.7. Only a few receiver 

fimctions were used for this station. In summary at Hockley; 

• An arrival at around 40 km is the depth of Moho. 

• Discontinuities at 410 and 660 km are very weak. 
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Figure 3.7. Radial component of a receiver fimction for HKT. Bandwidth is 60°, 2.0 Hz 
low pass filter. 

Lubbock (LBB) 

Receiver fimctions for this station (Figure 3.8) were calculated from Ps and P2ps 

conversions. Since this station too noisy and lack of sufficient data, only 7 receiver 

fimctions with good signal to noise ratio were used. The results for Lubbock are; 

• A deep Moho arrival is aroimd 56 km for this station. 

• Negative pulse is observed at 100 km. 

• The discontinuity around 300 km is observed. 

• There is a positive pulse at 520 km. 

• There are arrivals around 400 and 680 km. 
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Figure 3.8. Radial component of a receiver function for LBB. Bandwidtii is 180°, 0.6 Hz 
low pass filter. 

Station Name 

CCM 

TUC 

ANMO 

HKT 

LBB 

Discontinuity Deptii (Km) 

Moho 

45 

30 

35 

40 

56 

100 

150 

120 

80 

100 

200 300 

300 

410 

410(Normal) 

410(Normal) 

420(Hot) 

410(Normal) 

410(Normai) 

520 

520 

660 

660(Normal) 

660(Normal) 

680(Cold) 

660(Normal) 

660(Normal) 

Table 1. Summary of observed upper mantie discontinuities. 

32 



Gravity 

In gravity survies, tiie objective is to detect the changes in the Earth's 

gravitational field caused by density variation in the subsurface (Basic Exploration 

Geophysics, 1988, Edwin S. Robinson, Chit Coruh, page 221). Newton's law of 

gravitation is the basis theory, 

F = G»mi »m2/r^ 

F is the force between masses mi and m2,r is the distance between to masses and 

G is tiie Gravitational constant (6.67*10"" m ' kg"'s~^). 

There are some corrections to be applied to gravity readings to remove the effects 

other than the variation of densities in the subsurface. 

Drift Correction 

First reduction is the drift correction, which is subfracted from the relative gravity 

readings. Then the gravity readings were multiplied by the value of calibration factor of 

gravimeter to calculate the absolute values for stations according to base station. Drift is 

caused by the atfraction of Sun and Moon and also caused by instmment. 

Latitude Correction 

Latitude correction is for ellipsoid shape ofthe earth and the difference of angular 

velocity, which is zero at poles and maximum at the equator (An Infroduction to 

Geophysical Exploration, 2002). 

The representation of gravity formula for correction is, 

g(|) = 9780318.5 (H-0.005278895 sinVO-000023462 sin'̂ cj)) 

33 



g(|), predicted value, is subfracted from the observed gravity value for latittide correction. 

Free Air Correction 

Free air correction is for tiie decrease in gravity due to distance from tiie center of 
the earth. 

FAC = 3.086h 

Bouguer Correction 

Bouguer correction is for the effect ofthe rocks between observations points and 

tiie geoid by assuming infinite rock layer between observations point and geoid. 

BC = 2nGph = 0.419ph 

Bouguer correction must be subfracted on land. 

Cmstal. Uppermantie Stmcture and Gravity Modelling 

The contour map (Figure.3.9) was constmcted by using the natural-neighbor 

technique for gridding (Chulick and Mooney, 2002). The seismic stmcttire of tiie 

continental emst and upper mantie gives insight into the tectonic development. Seismic 

refraction and reflection studies are utilized to examine the cmstal thickness of America. 

The cmstal thickness of North America is between 25 and 55 km. Archean and 

Proterozoic emst has a cmstal thickness ranging from 35 to 55 km in the mid continent 

more than the average thickness of continental emst of 36 km. (Mooney and Braile, 

1989). Pakiser and Steinhart (1964) delineated the cmstal thickness of Great Plains as 

thicker than 45 km. According to seismic data the emst is 56 km beneath the seismic 

station (LBB) in Lubbock and the crast is thicker than 45 km in high plains, which is 

consistent with the contour map in figure 3.9. 
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Figure 3.9. A contour map shows the cmstal thickness of North America and surrounding 
ocean basins (Chulick and Mooney, 2002). 

Gao and others (2004) constmcted models for P and S waves in the upper mantle 

along the Risfra seismic line from Colorado Plateau crossing Rio Grande Rift to the Great 
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Plains in tiie west Texas. Travel time delays of P and S waves along the Risfra seismic 

line show variations in seismic velocity in the upper 200 km ofthe mantie. The upper 

100-200 km mantie beneatii Rio Grande Rift is different from tiie mantie below tiie stable 

Colorado Plateau and Great Plains. Gao and others (2004) suggested seismically slow 

mantie beneath Rio Grande Rift and fast seismic anomaly underiying Colorado Plateau 

and Great Plams. The upwelling beneath Colorado Plateau might be associated witii both 

volatiles due to sinking Farallon slab and upper mantie convection. Gao and otiiers 

(2004) constiucted a schematic illusfration of upper mantie beneath Rio Grande Rift and 

surrounding region (Figure 3.10). According to tiiis model, Moho and litiiosphere are 

deep beneatii high plains and tiiinner beneath Rio Grande Rift, which is consistent with 

our model (Gao and others, 2004). 
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Figure 3.10. Schematic illusfration of Mantle stmcture beneath Rio Grande Rift, 
Colorado Plateau, and Great Plains. The stippled pattem represents lithosphere. Arrows 
stand for mantle flow and wavy lines indicate mantle-enriched volatiles. FC stands for the 
Four Comers region, MT is Mount Taylor, CZ is Carrizozo, CR is Carlsbad, NM, and PS 
is Pecos, TX (Gao and others, 2204). 
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West and others (2004) mapped tiie cmstal and upper mantie shear velocity 

stmcture across the La Risfra seismic line using long-period surface waves. West and 

otiiers (2004) believe that tiiickness ofthe lithosphere is around 200 km beneatii Great 

Plains and 45-55 km below the Rio Grande Rift and 120-150 km beneatii Colorado 

Plateau. It was suggested tiiat the warm shallow mantie beneatii Rio Grande Rift might be 

due to lithospheric extension not because of a deep mantie upwelling (West and otiiers, 

2004). 

Gravity data available were obtained from UTEP. Gravity readings of 430 were 

taken in every half a mile in the north-south direction approximately between Dumas and 

Midland. Repeated gravity readings were taken at base stations and loops were closed 

every two hours in order to define the drift. Gravity readmgs, time, latitude, longitude, 

and elevation were recorded on GPS for differential correction. There were two gravity 

base stations in Lubbock and Amarillo where the absolute gravity is knovm. Geological 

cross-sections, which were obtained across Texas Panhandle, were prepared by Bureau of 

Economic Geology. Densities were estimated according to the data available obtained 

from the previous geological studies. 

A Bouguer Gravity anomaly map (Figure 3.11) and several profiles were 

constmcted in order to look at geological features in the study area using Talwani 

Method of line integrations to determine the gravity associated witii polygons. 
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Figure 3.11. Bouguer Gravity map of Texas High Plains and surrounding area and 
locations of all the profiles and important gravity highs and lows are shown on this map. 

Matlab 5.3 was used in performing these profiles and maps. Low-pass filters in 

different wavelengths were applied to these gravity anomaly maps. Low pass filters with 

wavelengths equal and greater than 400 km (Figure 3.12) result in deepest stmctures in 

this study around 100 km deep according to our interpretation. Low pass filters with 

wavelengths equal and greater that 250 km (Figure 3.13) gives shallower regional 

stmctures as we interpreted. Less shallow stmctures were obtained when low pass filer 

with wavelength equal and greater tiian 150 km (Figure 3.14) was applied. Upper cmstal 

anomalies (local anomalies) was obtained when low pass filter witii very short 

wavelengths equal and greater tiian 75 km (Figure 3.15). Two stiike filtered gravity maps 

were constmcted to examine the anomalies in a certain directions. First stiike filtered 
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gravity map (Figure 3.16) in which gravity anomalies frending in the NE-SW were 

removed shows anomalies frending NW-SE direction. Second strike filtered gravity map 

(Figure 3.17) in which gravity anomahes frending in the NW-SE were removed shows 

anomalies frending NE-SW direction. Gravity values calculated from these filtered 

images were used to find out the regional and local stmctures by starting modeling 

gravity profiles from the upper mantie to the upper emst by adding previous profile to the 

next gravity profile. To examine the upper cmstal stmcture, gravity values until lower 

emst were subtracted from the values in Bouguer gravity map by removing regional 

gravity anomalies. The first gravity profile is C-C and the same methodology was used 

in all ofthe profiles. The most prominent gravity anomalies in the study area are 

Southem Oklahoma aulacogen, Crosbyton gravity high, Abilene gravity minimum, and 

Cenfral Basin platform. The local gravity anomalies are related to the upper cmstal layer. 
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Figure 3.12. Low pass filtered gravity map with wavelengths greater than 400 km resuhs 
in deep regional anomalies around 100 km deep. 

Figure 3.13. Low pass filtered gravity map with wavelengths greater than 250 km results 
in shallower regional anomalies compared to those in figure 3.12. 
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Figure 3.14. Low pass filtered gravity map with wavelengths greater than 150 km results 
in shallower regional anomalies compared to those in figure 3.13. 

Figure 3.15. Band pass filtered gravity map witii wavelengtiis less than 75 km shows 
upper cmstal stmctures only. 
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Figure 3.16. Strike filtered gravity map illusfrating structures extending NW-SE 
direction. Anomalies frending NE-SW were removed. 

Figure 3.17. Stiike filtered gravity map illustrating stiiictiires extending NE-SW 
direction. Anomalies frending NW-SE are removed. 
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14^M 

\/ \ I \J 

Penn. 

Permian 

Upper Mantle 3.4 g/< 

Upper Mantle 3.3 g/, 

cm 

cm 

Lower Cmst 3.0g/cm^ 

Light Blue Upper Cmst 2.75 g/cm^ 

Mafic Rock 3.0 g/i cm 

Panhandle Terrane (Granite and Rhyolite) 2.6 g/cm^ 

Debaca Terrane (metasediments and metavolcanis) 2.6 g/cm^ 

Pre-Pennsylvanian System 2.7g/cm^ 

Pennsylvanian System 2.6g/cm^ 

Permian System 2.65 g/cm^ 

Table 2. Densities of rock units in this study (Smith, D. E., 2002, M.S.) 

Profiles 

Profile C-C 

This profile extends from the nearby Albuquerque to the south of Hardeman 

Basin in the west-east direction crossing Rooselvelt Positive, and Palo Duro Basin. This 

profile has a length of 440 km. A big mafic body inserted beneath Roosevelt Positive 

might be related to the Mid-Continent rifting event in 1.1 Ga. A granite body was placed 

in the westem part ofthe profile and beneath the Palo Duro Basin. Low density 
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metasediments and metavolcanic of Debaca Terrain were placed beneath Palo Duro 

Basin (Figure 3.26). Other mafic bodies were located westem part of Rooseveft Positive 

and one beneath Palo Duro Basin and Amarillo Uplift. The layer around 100 km in tiie 

upper mantie has a down warp in the westem part the profile and has a rise beneath 

Amarillo Uplift similar to tiiose of profiles A-A' and B-B'. Moho has a rise beneath 

RooseveU Uplift. 

Previous workers examined the upper cmst only by removing regional anomahes. 

The focus in this thesis is the lower cmst and uppermost mantie stmctures so that we used 

longer wavelengths for this objective. A low pas filter with a longer wave length greater 

than 400 km was applied to the Bouguer gravity map to obtain very deep regional 

anomalies around 100 km deep which is the interpretation made in this study. Low pass 

filtered map shows low gravity values in the west and high gravity values in the east. 

This regional frend in gravity can be seen in the gravity profile in figure 3.19, which 

shows that the discontinuity around 100 km is deeper in the west and gets shallower 

towards east. According to seismic data obtained from the stations in Lubbock and 

Albuquerque this layer might be as deep as around 80 km beneath the seismic station in 

Albuquerque and around 100 km beneath Lubbock which is consistent with this model. 
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Figure 3.18. Low pass filtered gravity map illusfrating longer wavelengths greater than 
400 km 
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Figure 3.19. Uppermost mantle anomaly and matching stmcture 
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Figure 3.20. Low pass filtered gravity map illusfrating longer wavelengths greater than 
250 km 

The deepest stmcture was held constant from the previous profile and then 

shallower stmcture was added to the new profile. In each new profile this process are 

repeated. Low pass filtered image in figure 3.20 with wavelengtiis greater than 250 km is 

interpreted as shallower regional anomalies than those shown in figure 3.18. The regional 

frend is similar to the one in figure 3.18, which is low gravity anomahes in the west and 

high anomalies in the east. Seismic data from the seismic station in Albuquerque shows 

that the cmstal thickness beneath this station is around 35 km. The gravity profile in 

figure 3.21 does not correspond to the seismic data because the Moho gets deeper 

towards the station in Albuquerque instead of being shallow. A model in figure 3.22 was 

constmcted by inserting a rift pillow beneath Rio Grande Rift in the west ofthe profile to 

make seismic and gravity model consistent with each other. 
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Figure 3.21. Moho anomaly and matching stmcture without rift pillow 

Figure 3.22. Moho anomaly and matching stmcture with rift pillow 
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Figure 3.23. Low pass filtered gravity map illusfrating longer wavelengths greater than 
150 km 

Low pass filter with wavelengtiis greater than 150 km exhibits shallower 

anomalies compare to in figure 3.18 and figure3.20. The lower cmst is thicker beneath 

High Plains according to this profile. 
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Figure 3.24. Lower cmst anomaly and matching stmcture 

Figure 3.25. Band pass filtered gravity map illusfrating shorter wavelengtiis less than 75 
km 
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Figure 3.26. Upper cmstal stmctures and matching anomaly 

Band passed filtered image in figure 3.25 shows anomalies whose wavelength is 

less than 75 km examine only the upper cmstal features. A big mafic body beneath 

Roosevelt positive causes the highest anomaly in this profile. Some other mafic bodies 

were inserted to compensate the high gravity anomalies. Low-density rocks of Debaca 

Terrane and granite were placed where there are low gravity anomalies. 

Profile A-A' 

The profile extends from north of Albuquerque of New Mexico and Texas in the 

west-east direction to the border of Texas and Oklahoma. The length of this profile is 440 

km and crosses Dalhart and Anadarko Basins. There are four mafic bodies, three of 

which are below Bravo dome and the other is inserted below the north of Amarillo Uplift. 

The granite was inserted beneath Dalhart and westem part of Anadarko Basins (Figure 
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3.30). The layer in the upper mantie has a rise beneath Amarillo Uplift and has a down 

warp in the westem part ofthe profile beneath Bravo dome. Moho has a rise in the 

northem part of Bravo Dome and gets shallower towards the west. Lower cmst is thicker 

in the eastem part of this profile below Anadarko Basin. A rift pillow gets smaller in this 

profile towards north. 
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Figure 3.27. Uppermost mantie anomaly and matching stmcture 
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Figure 3.28. Moho anomaly and matching stmcture 
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Figure 3.29. Lower cmst anomaly and matching stmcture 
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Figure 3.30. A-A' gravity profile illustrating upper cmstal stmctures 

Profile B-B' 

The Profile B-B' extends from north of Albuquerque and crossing Bravo Dome to 

the south of Amarillo Uplift in the west-east direction crossing Palo Duro Basin. The 

lengtii of this profile is 440 km. Granite bodies were placed beneath Palo Duro basin. 

Mafic bodies were inserted to fit the observed and calculated gravity values (Figure 

3.34). Like profile A, the layer in the upper mantle around 100 km has a down warp in 

the westem part of it. Beneath Amarillo Uplift, there is a rise in the upper mantie layer 

around 90 km. Moho has a root beneath the western part ofthe Palo Duro Basin. Moho is 

deep beneath the High Plains and gets shallower towards the seismic station in 
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Albuquerque. The rift pillow was inserted beneath Rio Grande Rift like the profiles A-A' 

and C-C'. 
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Figure 3.32. Moho anomaly and matching stmcture 
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Figure 3.33. Lower cmst anomaly and matching stmcture 
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Figure 3.34. B-B' gravity profile illusfrating upper cmstal stmctures 

Profile D-D' 

D-D' crosses north of Dalhart Basin over Bravo Dome and finishes 20-30 miles 

after Roosevelt Uplift. This profile has a length of 400 km in the NW-SE direction. A 

mafic body beneath Roosevelt Positive in this profile causes the high gravity anomaly. 

There are also some small mafic bodies beneath Bravo Dome and nortii of Dalhart Basin. 

A granitic body is emplaced beneath Dalhart Basin and the other one just after the 

Roosevelt Positive because of low gravity anomaly. Low-density rocks of Debaca 

Terrane are inserted between Bravo Dome and Roosevelt positive (Figure 3.37). Moho 

has a root between Bravo Dome and RooseveU Positive. Lower cmst was up warped 

beneath Bravo Dome. 
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Figure 3.35. Moho anomaly and matching stmcture 
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Figure 3.36. Lower cmst anomaly and matching stmcture 
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Figure 3.37. D-D' gravity profile illusfrating upper cmstal stmctures 

Profile E-E' 

This gravity profile of 640 km length extends from Dalhart Basin in Oklahoma to 

south of Midland Basin crossmg Bravo Dome, Amarillo Uplift, Palo Duro Basin, and 

Matador Arch (Figure 3.11). Ordovician, Silurian and Mississippian systems are 

combined due to same density of 2.7 g/cm .̂ Mafic bodies were inserted into the model 

where there is a high gravity anomaly to match the observed and calculated gravity 

values. The mafic body beneath Amarillo uplift is composed of gabbro. Felsic and low-

density bodies were placed where there are low gravity anomalies. Low density rocks of 

metasediments and metavolcanic of Debaca Terrain and granite were located beneath 

Palo Duro Basin to compensate the low gravity anomaly (Figure 3.41) A granite body 
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was put beneath Midland Basin to fit tiie observed and calculated gravity anomalies. The 

layer in the upper mantle was down warped beneath Dalhart Basin and gradually rises 

toward south. Moho has a rise beneath Palo Duro Basin and Matador Arch. Lower cmst 

is thicker below Amarillo Uplift. 
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Figure 3.38. Uppermost mantie anomaly and matching stmcture 
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Figure 3.39. Moho anomaly and matching stmcture 
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Figure 3.40. Lower cmst anomaly and matching stmcture 
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Figure 3.41. E-E' gravity profile illusfrating upper cmstal stmctures 

Profile F-F' 

This profile extends from Anadarko Basin crossing Amarillo Uplift, Palo Duro 

Basin, Crosbyton Anomaly, and Abilene Gravity Minimum having a length of 570 km 

(Figure 3.11). Granitic bodies were inserted beneath Anadarko Basin and Abilene 

Gravity Minimum. Debaca Terrane is placed beneatii Palo Duro Basin. There are two 

mafic bodies, which causes high gravity values in Crosbyton Anomaly. There are also 

some small mafic bodies beneath Anadarko Basin. The layer in the upper mantie has 

dovm warped in the north ofthe profile below Anadarko Basin and this layer gradually 

increases toward south. Moho was almost stable throughout this model. Lower cmst was 

up warped beneath Crosbyton Anomaly and Amarillo Uplift. 
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Figure 3.45. F-F' gravity profile illusfrating upper cmstal stmctures 
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Figure 3.46. F-F' gravity profile illustrating upper cmstal stmctures with deeper mafic 
bodies 

Profile G-G' 

This gravity profile extends from Anadarko Basin in Oklahoma to the south of 

Abilene Gravity Minimum crossing Amarillo Uplift, Palo Ehiro Basin, Matador Arch, and 

Crosbyton Gravity High reaching 620 km in the NW-SE direction (Figure 3.11). The 

Mafic body was placed beneath Crosbyton Gravity High to compensate the high gravity 

anomaly. The mafic body beneath Amarillo Uplift is related to the rifting event in 570 

Ma. There is also another mafic body south of Abilene Gravity Minimum to fit the 

observed and calculated anomalies. A granite body was placed to match the low gravity 

beneath Abilene Gravity Minimum. The layer in the upper mantle has down warped 

beneath Anadarko Basin in the north ofthe model and it gradually increases toward 
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south. Moho has a root beneath Abilene Gravity Minimum. Lower crast was thicker 

beneath Amarillo UpHft and Crosbyton Anomaly. 
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Figure 3.49. Lower crast anomaly and matching stracture 
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Figure 3.50. G-G' gravity profile illusfrating upper crastal stractures 

Profile H-H' 

H-H' profile having a length of 760 km extends from nortii Of Anadarko basin in 

Oklahoma to the Pecos Mafic Intmsive Complex (PMIC) on the southwest crossing 

Amarillo uplift, Palo Duro basin. Matador Arch, and Midland basin (Figure 3.11). The 

mafic bodies below Amarillo uplift are related to the rifting event in Eocambrian and 

composed of gabbro. The mafic body beneath Cenfral Basin Platform is almost 100 km 

wide is related to the 1.1 Ga Mid-Continent rift systems and composed of layered gabbro. 

Debaca Terrain of low-density metasediments and metavolcanic are placed beneath Palo 

Duro Basin. Granite bodies and Debaca Terrane were inserted beneath Midland Basin 

and north of Palo Duro Basin to match the observed and calculated gravity anomalies. 
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The mafic body beneath Midland Basin might be related to the Midproterozoic rifting 

event. The layer in the upper mantle has down warped beneath Amarillo Uplift and in the 

Delware Basin. Lower crast was thicker beneath Amarillo Uplift and Cenfral Basin 

Platform. Figure 3.54 illusfrates only tiie basin stirictures of H-H' in tiie upper crast. I can 

be seen from tiiis gravity model that the high density mafic bodies are necessary to match 

the observed and calculated gravity anomalies. Inserting mafic bodies will result in 

putting low-density bodies where low gravity anomalies are. The same analogy is used in 

constracting all the gravity profiles. 

Xii^,iU .. -AC 7 • layer model 

Figure 3.51. Uppermost mantie anomaly and matching stracture 
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Figure 3.52. Moho anomaly and matching stracture 
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CHAPTER IV 

DISCUSSION 

Previous studies have extended the knowledge in tiie crastal scale in Texas 

Panhandle and Permian Basin region. This study is intended to extend the understanding 

about the lower crastal and uppermost mantle stractures constracting several gravity 

profiles in conjunction with receiver fimctions. 

As can be seen from the Bouguer gravity map, Bouguer gravity values are large 

negative values in the north and northwest and large positive in the east and south east of 

the gravity map (Figure 3.11). This observation is more obvious in the low pass filtered 

images. This regional gravity frend might be related to deepest stractures in a low pass 

filtered gravity map (Figure 3.11). In general, gravity anomalies frend in the WNW-ESE 

dfrection in the strike filtered gravity anomaly map (Figure 3.16) 

According to our gravity models of G-G' and H-H', in Southem Oklahoma 

Aulacogen, the high gravity anomaly might be associated with combined effects of 

Amarillo-Wichita Uplift, mafic intmsions, and lower cmstal up warping and Moho effect 

seems very small to take into account. The mafic bodies beneath Southem Oklahoma 

Aulacogen are probably related to the Eocambrian rifting event (Keller et al., 1983, 

Gilbert, 1983). Crosbyton gravity anomaly has the highest gravity anomaly, which is 

around 45 mgals, among the gravity profiles constmcted. The reason for this high gravity 

value is probably the huge mafic body emplacement. Some authors (Adams and Keller, 

1993) speculated that this mafic body might be related to mid-continent rift system at 1.1 

Ga. According to our gravity models of F-F' and G-G', upper crast is thicker in the 
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southem part of this anomaly and depth of Moho and the layer in the upper mantle have 

no affect on this anomaly. Pecos Mafic Intirision Complex (PMIC) beneath Cenfral basin 

Platform is the second highest anomaly after Crosbyton gravity high. The elongate mafic 

body in the NW-SE direction is tiie mam reason that causes this high positive anomaly. 

The second reason for this high positive anomaly is the upwarp of tiie lower crast and tiie 

layer in tiie upper mantie below PMIC as can be seen in tiie profiles of H-H'. Moho has 

no or very little affect on this high anomaly. 

Roosevelt positive causes another positive high gravity anomaly among these 

profiles. A large mafic body was placed beneatii this anomaly according to our model. 

Milnesand Dome is probably the other explanation for high positive gravity value in this 

location. Moho has a small rise beneath this dome. The layer in the upper mantie has a 

downwarp beneath Roosevelt Positive and lower crast has not any affect on this high 

anomaly. Bravo Dome provides a small positive anomaly around 10 mgals. The main 

reason for this is probably the mafic body and the uplift below this anomaly. As can be 

seen in the profile of A-A', Moho has a rise beneath Bravo Dome. However the layer in 

the upper mantie deepens below Bravo Dome. 

Abilene Gravity Minimum is a low negative gravity anomaly extending east-west 

direction in the south of Crosbyton Anomaly. Some authors (Adams and Miller, 1995) 

suggested that continental margin bathohth might cause this low gravity anomaly. A 

granitic body was inserted beneath this gravity minimum. 

Low negative gravity anomalies produced in these gravity profiles are basically in 

the basins. Anadarko Basin located in the northem part ofthe Amarillo Uplift is the 

deepest basin in the North America. This basin has low negative gravity anomaly due to 
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deep sediments and thicker upper crast beneath tiiis basin. In G-G' prime, the layer in the 

upper mantle might be another reason for this low anomaly due to its downwarp beneath 

this basin. Moho has a small root beneatii the westem part of this basin in H-H' profile. 

Palo Duro Basin produces the lowest negative gravity anomaly within our gravity 

models, which is around -35mgals. Debaca Terrane of low-density metasedunents and 

metavolcanis might be a reasonable explanation for tiiis low anomaly according to our 

gravity profiles of F-F' and G-G' even though lower crast has a rise beneath Debaca 

Terrane. Midland Basin also has a low negative gravity anomaly which is -25 mgals in 

the profile H-H'. To compensate this low negative anomaly a granite body was placed in 

the southem part of this basin. Moho and the layer m tiie upper crast have no affect on 

this anomaly according to our profile of H-H'. 

The rift pillow were inserted beneath the Rio Grande Rift in profiles of A-A', B-

B', and C-C to make Moho shallower towards the seismic station in Albuquerque below 

which Moho is 35 km deep according to seismic data. The depth of Moho in the gravity 

profiles of A-A', B-B', and C-C does not match the seismic data without rift pillow. The 

rift pillow pinches out towards High Plains and gets thinner towards north as can be seen 

in gravity profiles of C-C, B-B', and A-A'. 

The discontinuity around 100 km deep in the uppermost mantle in all ofthe 

profiles illustrates that the layer is deep around 100 km beneath Lubbock and gets 

shallower towards the seismic station in Albuquerque which is consistent with the 

seismic data. Crast is thirmer beneath Rio Grande Rift in the westem part ofthe gravity 

map and thicker below High plains in the east ofthe gravity map. 
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CONCLUSION 

Gravity and receiver fimctions in conjunction with geological data were used in 

this thesis to examine to cmstal and upper mantie stinchire m Texas High Plains. Eight 

gravity profiles were constioicted to model tiie crastal and upper mantie features. 

Receiver fimctions were interpreted to examine the discontmuities inside and outside of 

the study area. 

The mafic bodies are thought to be related to tiie mid continent-rifting event at 1.1 

Ga (Adams and Keller, 1995) other than the ones beneath Soutiiem Oklahoma Aulacogen 

(Keller et al., 1983, Gilbert, 1983), which is related to tiie extension in the Eocambrian. 

Low-density rocks of Debaca Terrane and Panhandle Terrane along with sedimentary 

basins are important reasons for low negative gravities in the study area. The boundary 

between upper and lower crast and upper mantle layer might be more efficient on the 

anomalies in this region compared to the Moho. We have seen frends in Moho, the 

boundary between upper and lower crast ,and in the boundary approximately 100 km in 

the upper mantle in this study and. For instance, upwarps can be seen in the boundary 

between upper and lover crast ofthe profiles that extend in the NW-SE and NE-SW 

dfrections especially in the adjacent to Southem Oklahoma Aulacogen. This might be (?) 

related to the cmstal shortening in the NE-SW direction in the late Paleozoic that resulted 

in pairs of basin and uplifts and Ancesfral Rocky Mountain. Moho gets shallower towards 

Rio Grande Rift and is thicker beneath the High Plains according to gravity models. The 

gravity increase in the E-W direction in regional scale seems related to a rise in the layer 

in the upper mantie. 
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The rift pillow were inserted beneath the Rio Grande Rift in profiles of A-A', B-

B', and C-C to make Moho shallower towards the seismic station in Albuquerque below 

which Moho is 35 km deep according to seismic data. The depth of Moho in the gravity 

profiles of A-A', B-B', and C-C does not match the seismic data without rift pillow. The 

rift pillow pinches out towards High Plains and gets thinner towards north. 

This thesis provides more detailed gravity work in this area but more seismic data 

from seismic stations of Lubbock, Amarillo, Hockley and the other seismic stations in 

Texas are necessary in interpreting receiver fimctions. 
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