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ABSTRACT

This study examines Basin and Range topography relating tectonic processes to
topographic features. The observation that the terraces along either side of the Frankiin
Mountains were deformed and uplifted is a reflection of tectonic upliff. The uplift
represents long-term deformation of the range. This led to the question of what shapes
the deformation and does it represent differential subsidence into the Rio Grande Rift or
true uplift. A more regional study of the Sacramento, San Andres, and Guadalupe
Mountains follows. Two papers form this dissertation.

The Rio Grande Rift and the Frankiin Mountains, in particular, are the subject of
the second chapter. The indication for tectonic uplift is the terraces along the flanks of
the Franklin Mountains mimicking the curve along the crest of the range.

In light of the results from the Franklin Mountains, Chapter three examines the
Sacramento, San Andres, and Guadalupe Mountains. Location data were converted to
UTM Zone 13 measurements then long-wavelength elevation changes were modeled by
use of transects drawn from digital elevation models (DEM) at 15 minute intervals
between the Pecos River of eastern New Mexico across to Arizona on the west. A
2"order polynomial was fit across the transects then a map was constructed based on
the polynomials. The three modeled ranges are among those that show uplift above the
smoothed surface. Furthermore, the ranges all exhibit arcuate crests implying a similar
origin. A gravity map between 31° N, -104° W and 35" N, -110° W was multiplied by the
inverse of elevation to emphasize the correlation between elevation and subsidence into

the rift basins.

Vil



TABLE OF CONTENTS

ACKNOWIE EDGMEN TS cciconvmvmmmimimmsmssmms s oss s s iass s i s Y
ABBTEBGT -.vvisinmmsamnssmssussammssasmssmismssss s e o T S SN S S s vii
TABLE OF CONTENTS. ... e s e s viil

CHAPTER 1 INTRODUC TEON vsuvcenumomssmeisemsrmnssms s esayssss pssip s 1

CHAPTER 2: LONG-TERM DEFORMATION IN THE SOUTHERN RIO
GRANDE RIFT AS INFERRED FROM TOPOGRAPHY AND UPLIFTED

TERRACES .cconmmomumisemseimsmmoms e e s s s i iais 2
ABSTRACT ...t ettt e e s nane e 2
INTRODUCTION. ccimmpmsmsmmmussmmgllnnis: oo WM ssiss v aus sasissstsss sisess aerss 3
REGIONAL SETTING. ..ottt e e n e e 3
FRANKLIN MOUNTAINS AND EAST FRANKLIN FAULT ZONE............... 8
WEST BOUNTARY FAULT ZONE AND MESILLA BASIN........ccocevenenn 11
SEDIMENTARY RECORD..... ..o e 12
ROBLEDO NI TTIME ......ocooinsnaanemomm o mass s s oRe som i s mismsnig 21
METHODIS ..ttt e s e e s 23
RESUL TS Mo st i s i s S S snominnss s o 25
TERRACE MORPHOLOGY AND STRATIGRAPHY ......ccccoeiiiiiiiiie, 27
DISCUSSION. ...ttt 34
CONCLUSIONS .. .oommmmmmemrsssmners s s s s s 40

CHAPTER 3: INFLUENCE OF EXTENSIONAL UPLIFT AND TOPOGRAPHY IN
THE SOUTHERN BASIN AND RANGE /RIO GRANDE RIFT, THE
INFLUENCE OF TECTONISM ON TOPOGRAPHY -.cuxcoasemsmmssimsmsesssmnnst 42

viii



INFRODUGTION. o, .o nconenmnnosmmesis siomespom o s esons s sismass 43
SACRAMENTO MOUNTAINS. ...ttt 47
GUADALUPE MOUNTAINS........oo e itiereccre e crerae e e sae e 49
SAN ANDRES MOUENTAING. ..o 51
METHODS . et 52
TOPOGRAPHIC RESULETS .o smimmnssim e 56
GRAVITY RESULTS ...ttt see st 59
TIMING OF BASIN AND RANGE DEFORMATION........cocveeiiveeiiieen, 60
25810 o1 0L (D SRRV S —— 63
CONCLUSIONS. ...t ettt e e 64

X



LISTOF FIGURES ...t e e e X

Figure 2.1 Index map (modified from Keller and Cather, 1994) of the Rio
Grande Rift with accommodation zones( adapted from Chapin and
Cather, 1994) shown as parallel lines and traditional dip symbols
displayed in the asymmetric grabens. The two areas of interest are in
black. Basin bounding mountains (adapted from Armstrong and
others, 2013) are: D-Davis, A-Apache, De-Delaware, G-Guadalupe,
S-Sacramento, O-Organ, SAu-San Augustine, SAn-San Andres,
Sa-Sandia, SC-Sangre de Cristo, F-Front Range...............ccocecs 5

Figure 2.2. Map showing the collected points with relation to mountain. Not
all points were used-higher points were replaced with lower points to
avoid the influence of the alluvial fans............cccoccemmic e, 6

Figure 2.3. Cross-section showing the general location and elevations of
the major peaks and gaps in the Franklin Mountains............ccccoovvveeen. 7

Figure 2.4. Cross-section through Munday Gap area showing two boundary

Figure 2.5. Stratigraphic column showing Quaternary deposits and events in
south-central New Mexico and far western Texas.....oooveeeeeeeeeeeeeeieeeaann, 13

Figure 2.6A. The Fort Hancock Formation in an excavated area above Idalia
street in El Paso; arrow points to debris flows. Note upper debris
deposits

Figure 2.6B shows the formation near the type section in Hudspeth County.

The reddish sediments were playa muds. Picture taken from Interstate
10 [0OKING SOULN....coeeeeeieie et s e e e et aan 14

Figure 2.7. Camp Rice Formation as exposed in a road cut north of New
Mexico Highway 404. Note cross-bedding (solid arrows) and soil
contact (dashed armOW).........oeeuiiieeiieiee e 15

Figure 2.8. Schematic cross-sections of the Hueco Basin to the Rio Grande
Valley showing the progression that uplifted the terraces. A - the
surface is eroded to previously lithified layers prior to Camp Rice
deposition.

B - deposition from floods caused by warming periods probably within
the Nebraskan Glacial period or early Aftonian Interglacial period on
the west side of the mountain; Fort Hancock sediments were deposited
on east side of the mountain.

C - later flow erodes the Camp Rice deposits shown in section B; the

X



Fort Hancock sediments are faulted and begin developing alluvial fans
along the East Franklin Fault Zone.

D - after more faulting, uplift, and additional deposition, additional
deposits form the lower terraces on the west side; the eastern side
sediments continue to erode with the lower area being covered by
bajadas:along the Molntain Tont.......... e e i 18

Figure 2.9A. East side of the Franklin Mountains, with Fort Hancock
sediments in contact with the Precambrian mountain front. The
contact is not immediately obvious when underfoot because of
Precambrian rhyolite pieces that rolled over the aliuvium. In picture A,
the difference is the slope and the general roughness of the terrain
above the arrow. (Photo above El Maida Shrine Temple in El Paso)
The graph shows the slope that was measured using the GPS.
Figure 2.9B shows the same contact as seen along Scenic Drive a few
meters north of the El Paso Police Academy....c.....ccoeeevivieciciviicvcnn, 19

Figure 2.10. Cartoon cross-section Z-Z' with 2 x vertical exaggeration showing
dip from east side of Franklin mountains to west side. Section also
shows approximate 150 meter difference between west terrace and
elevation of La Mesa Surface west of Rio Grande...........c..c..cocovvinnnn. 20

Figure 2.11. West flank of the fault zone forms a dark, eroded band separating
relict alluvial fans shown with upward pointing arrows along the mountain
front. The gently sloping terrace surfaces are indicated by downward
poiiNg, dasShed SITEEF..... ... ..y soppmmmmsy s s s 22

Figure 2.12. Sierra Robledo Mountain, lines bound the area of greatest
15105 (i1 A, Y A U U SUU USSR 24

Figure 2.13A. Camp Rice sediments at Fillmore Gap as approached from the
south.
Figure 2.13B. Fillmore Gap from southwest - note extent of sedimenis............. 26

Figure 2.14A. Ariel view of the terraces west of the North Franklin Mountains.
The difficulty in identifying fans vs terraces is that alluvial material is
found nearly to toe of the terrace ~ without an arroyo or road cut, it is
difficult to determine what is fan or what is terrace.

Figure 2.14B. Photo taken from New Mexico Highway 404 looking toward
same area as14A. Arrows pointing up highlight the terrace toes; the
down arrows indicate more deeply dipping alluvial fans that bury the
upper paris of the terraces against the mountain front. There is
relatively little uplift along the western front of the North Franklins as
compared to the central and southern parts of therange......................... 28

xi



Figure 2.15. Graph A shows the La Mesa Surface - the flat line - as a contfrol,
with the west side terraces of the Franklin Mountains (square data
points) and the east side points {(designated with triangles). This plotis
from Quantum GIS; the frend is hand-fit. The northern end of the North
Franklin Mountains is buried under Camp Rice sediments so the northern
end of the mountains is projected by the dashed line.

Figure 2.15B shows the same data and was plotted in Excel with the left Y
axis for the same data as above as compared with the mountain peaks
and passes (X points) plotted against the Y-axis on the right. The La
Mesa Surface line is linear. The other three trend lines are third order
86] 171610] 1= | LA 29

Figure 2.16. Comparison of the terrace above the water tank with the next
terrace north — southern group of terraces on west side in Figure 2.2......33

Figure 2.17A Results from the finite element run. Note the diagonal at the
base of finite element model as well as the top of the figure.
Figure 2.17B. Figure shows an enlargement of the area beneath the fault in
the model TUN........cooo et e 39

Figure 3.1 Generalized index map of Trans-Pecos Texas and south central
New Mexico. The main faults associated with the Guadalupe,
Sacramento, and Hueco Mountains are on the western side of the
ranges. The primary bounding faults for the San Andres and Franklin
Mountains are on the eastern side of the ranges. (after Hayes, 1964)....44

Figure 3.2 Graph showing terraces from east and west flanks of the Franklin
Mountains with trace of the mountain crest shown by Xs. The fact that
the uplifts follow similar curves indicates that they were uplifted
TOGBLNGT ...t e e e e e e e 46

Figure 3.3 Topographic profile along 32° N including both Guadalupe
Mountains, the most eastern peak, and Franklin Mountains, the third
peak fromthe east. ... 53

Figure 3.4 Topographic profile acrross Latitude 33° N with second-order
polynomial curve fit. Sacramento, southern San Andres, and Penalefio
Mountains extend well above curve............ccooovviiimeee e 54

Figure 3.5 Map constructed on polynomial fit surface from 15 minute
fransects. Guadalupe Mountains on right with Delaware Mountains
extending to bottom of the map; Sacramento Mountains near top

xii



center. San Andres and Franklins Mountains to left center. Franklin
Mountains are too narrow to see at this scale though they stand
250 M ab0OVE the fit SUMACE. . e te e s eeensa e eerenas 55

Figure 3.6 Bouguer anomalymap normalized to topography from New Mexico /
Arizona border on the west to Pecos river on the east. (Montana,

RO cnsssunssnmnensons it R SR SR IR R B SRS 59

Figure 3.7 Elevation of five caves in Guadalupe Mountains plotted against
U-Pb age in MillIonN YEAIS........ it ser s s eeaee s s e s e nannnes 62
REFERENCES ...ttt svce e s e s s b e n s e sbesasa s et e s ne s senesunansnas 66



CHAPTER 1: INTRODUCTION

This study examines the Basin and Range province topography and relates it to
local tectonism. The Franklin Mountains are flanked by terraces that have been
deformed. Their uplift represents long-term deformation of the range. This led to the
guestion of what was the shape of the deformation, and whether it represented
differential subsidence or true uplift. The study expanded to a more regional study that
included the Sacramento and Guadalupe Mountains and then to the Basin and Range
as a whole. Two papers, comprising Chapters 2 and 3 resulted from this research.

The Chapter 2 investigates the Rio Grande Rift and the Franklin Mountains.
Terraces were mapped using a high resolution GPS to determine the elevations of the
highest terraces underlain by basin-floor sediment. Uplift of the Franklin Mountains was
demonstrated by a topographic profile of terraces that on the east and west flanks
mimicking the crest of the range is indication of tectonic uplift.

Chapter 3 compares the Guadalupe, San Andres, and Sacramento Mountains in
light of the results from the Franklin Mountains. First, a gravity map that combines
gravity with topography was created. Digital elevation models (DEM) were profiled at
15 minute intervals between latitude 31 and 35, between longitudes 104 and 110 west.
A second degree polynomial was fit to the transcripts and a smoothed surface was
constructed. This was related to the uplift history of the ranges and to the evidence of

tectonic uplift versus differential subsidence was discussed.



CHAPTER 2: LONG-TERM DEFORMATION IN THE SOUTHERN RiO GRANDE RIFT
AS INFERRED FROM TOPOGRAPHY AND UPLIFTED TERRACES

ABSTRACT: The long-term deformation of the Franklin Mountains in the Rio
Grande Rift was estimated by measuring the elevation of Late Pliocene terraces that
line the footwalls of the range-front faulis. In most exiensional terrains, alluvial fans and
bajadas cover faults and terraces thus making documentation of long term uplift
difficult. However, rapid aggradation of the basin floors by extensive playa lakes and
floodplain deposits of the Rio Grande river buried the irregular mountain front fans
creating the low-gradient surface. Subsequent fauiting deformed and uplifted the low-
gradient surface, revealing the iong-term deformation of the mountains.

The uplifted terraces are exposed along both sides of the Franklin Mountains
and along the east side of the Sierra Robledo in south central New Mexico. In the
Franklin Mountains, the terraces lie 130 m above a younger surface, indicating that this
is the minimum amount of uplift. The profile of the anticline parallels the profile of the
range crest of the mountains. Three important conclusions can be drawn from uplift of
the terraces. First, the observation that the terraces parallel the range crest implies that
the topography of the mountains is tectonic in origin and that there was a low relief
surface prior to deformation. Second, the east side terraces are higher than the west
side terraces, showing rotation of the mountains during deformation, and providing an
estimate of the percentage of deformation recorded by the terraces at about five
percent of the total rotation. Third, the open arch correlates points to differential slip on

the fault plane as a factor in the uplift.



Two models for causing the differential slip associated with apparent uplift are 1)
differential subsidence that results in the denudation of the horst blocks that are
subsiding less rapidly and 2) true uplift, related to flexural deformation along with the

fault plane and mid-crustal flow rotate the Frankiin Mountains block.

INTRODUCTION

This paper documents and discusses the uplift of Pliocene terraces surrounding
the Franklin Mountains within the southern Rio Grande Rift, in far west Texas and south
central New Mexico and reveals the shape of long-term extensional uplift of the
terraces. The terraces along the slopes of the mountains are composed of the Fort
Hancock and the Camp Rice Formations, part of the Santa Fe Group; deposition of
these formations took place between 20 and 2 Ma (Gile and others, 1981; Collins and

Raney, 1991)

REGIONAL SETTING

The Franklin Mountains extend from the City of El Paso, Texas on the south end
into southern New Mexico (Figure 2.1). The range trends north-south and exposes
Precambrian granite and metavolcanic rocks overlain by Paleozoic strata. Uplift of the
mountains tilted the strata so the mountains presently dip westward at angles 40 to 80
degrees (Harbour, 1972).

The Franklin Mountains are an uplift associated with the Rio Grande Rift. There
are nine basins and 16 sub-basins within the Rio Grande Rift (Mack and others, 1997)
(Figure 2.1, Figure 2.2, and Figure 2.3). The majority of the basins of the Rio Grande

3



Rift are half grabens that alternate orientation along the rift {(Mack and Seager, 1990).
Chapin and Cather (1994) propose accommodation zones as the links between the
west-tilted and east-tilted basins. Figure 2.1 shows the accommodation zones that lie
along the small circles of an Euler Poie in eastern Utah (Chapen and Cather, 1994).

The Tularosa and Hueco Basins combine to form a basin nearly 300 km (Figure
2.1). The Mesilla Basin is approximately 35 km wide by 100 km long. The Mesiila
Basin, on the west side of the Franklin Mountains, is distinguished from the Los
Muertos Basin in Mexico by a “poorly defined ground-water divide” (Hawley and
Lozinsky, 1992). Mack and others (1997) also consider the Mimbres Basin west of the
Mesilla Basin to be part of the Rio Grande Rift. The total width of the Mimbres, Mesilla,
and Orogrande Basins spans approximately 100 km.

Beginning in the Miocene, the Rio Grande carried sediment from the mountains
of Colorado and northern New Mexico maodifying the landscape in ways important to
this study. The southern part of the rift was the depositional center of this extended
axial stream system and pre-existing topography was largely buried under rapidly
aggrading fluvial and lacustrine sediments.

The first evidence of the Ric Grande in the southern rift near the Franklin
Mountains has been dated at five Ma by using paleomagnetic reversals and dating of
volcanic rocks interbedded within the sediments (Mack and others, 1998). Fluvial
deposition shifted to the east side of the Franklin Mountains by two million years ago
when the ancestral Rio Grande spilled through Filimore Pass between the Organ and
Franklin Mountains (Hawley and others, 1969). By the early Quaternary (2 Ma), the
ancestral Rio Grande had spilled through Fillmore Pass between the Organ and

4
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of interest are in black. Basin bounding mountains (adapted from Armstrong and
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Figure 2.2. Map showing the collected points with relation to mountain. Not all points
were used-higher points were replaced with lower points to avoid the influence of the
alluvial fans.
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Franklin Mountains and was filling the Hueco Basin with river sediments (Hawley and
others, 1969).

Deposition on the basin floors ended about 700,000 years ago (Vanderhill 1986;
Mack and others, 1993; Hawley and others, 1969; Mack and others 1998; Lucas and
others 1999; Gile 2007). The 640,000 year old Lava Creek Ash B is found in the oldest
sediments inset into the top of the valley in Selden Canyon and El Paso Narrows,
demonstrating that initial Mesilla Valley down-cutting occutred before 650,000 years
ago (lzett and Wilcox, 1982; Seager and others 1984; Gile and others 1981 and
1995). The final depositional surface forms the lower La Mesa surface (Gile and
others, 1981), a broad flat slope that dips southward at approximately 0.001 meter per

kilometer.

FRANKLIN MOUNTAINS and EAST FRANKLIN FAULT ZONE

The Franklin Mountains are separated from the Hueco Basin to the east by the
East Franklin Fault Zone. On the west, a complex of faults known as the West Franklin
Fault Zone and the Mesilla Valley Fault separate the range from the Mesilla Basin
(Lovejoy, 1971), (Figure 2.2). The range is cross-cut by several northwest and west
trending normal faults (Lovejoy, 1975; Collins and Raney, 1991). None of these faults
offsets the range-bounding faults so their movement must have ceased prior to the
deposition of covering basin fill (Scharman, 2006).

The Hueco Basin (Figure 2.1) is more than 170 km long and 50 km wide,
approaching three km deep near the east side of the Franklin Mountains (Collins and
Raney, 1997; Averill and Miller, 2013). Numerous Quaternary faults cut the surface of
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the Hueco Basin (Collins and Raney, 1894), (Figure 2.4). The fill is a combination of
alluvium and Fort Hancock Formation sediments dating from 20 Ma (Gile and others,
1981; Collins and Raney, 1991) covered initially by Camp Rice Formation. Since
700,000 years ago, the basin has been weakly eroded and covered by alluvium and
sand dunes.

Ramberg and others (1978) show en echelon faulting along the east side of the
Franklin-Organ-St. Augustine-San Andres chain. Their data do not contain sufficient
detail to distinguish small fauit segments. They estimated 9.6 m of Holocene to late
Quaternary slip based on a fault scarp 35 m long on the east side of North Franklin
Mountain and about seven meters of slip near the south end of the Franklin Mountains.

The East Franklin Fault is the more active of the boundary faults. Studies near
White Sands Missile Range indicate the last movements on the East Franklin-Organ
Fault Zone occurred within the last 4000 to 5000 years (Seager, 1980). The date was
determined by comparing soil development on the oldest unfaulted fan o the soil on the
youngest faulted fan (Seager, 1983). Movement along the Ariillery Range Fault section
of the East Franklin Fault Zone may have blocked the ancestral Rio Grande’s course
into the Hueco Basin (Mack and others, 20086).

A study of the East Franklin Mountain Fault Zone by McCalpin (20086) focused on
a trench a few meters south of Hitt Canyon within three km south of the Texas-New
Mexico state line (Figure 2.2). McCalpin found five normal faults, though there was
uncertainty associated with the older faults. He was able to date three slip episodes
using “C and compared them with infrared-simulated luminescence done on four fine,
inorganic silt samples. The mean throw was 3.5 m although two paleoearthquakes

9



