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INTRODUCTION

The San Luis Basin is a north- to northwest- trending basin that 
forms a major segment of the northern Rio Grande rift (Fig. 1). It 
extends for about 200 km across southern Colorado and northern 
New Mexico and is bordered by the Sangre de Cristo Mountains 
on the east and the San Juan and Tusas Mountains on the west. 
Although the valley floor is 30-70 km wide, geophysical data and 
drilling have established that the deep part of the basin actually 
occupies a fairly narrow zone (10-30 km wide) adjacent to the 
Sangre de Cristo mountain front (Keller et al., 1984; Brister and 
Gries, 1994; Kluth and Schaftenaar, 1994). The narrow zone is 
bounded on the west by an intrarift basement horst, which is evi-
denced at the surface by isolated erosional remnants of Oligocene 
volcanic rocks in the San Luis Hills and Taos Plateau (Lipman 
and Mehnert, 1979; Thompson et al., 1991). West of the horst in 
the northern San Luis Basin is a buried, thick section of Eocene 
through Quaternary sedimentary units and Oligocene volcanic 
rocks from the San Juan volcanic field that reflect Tertiary history 
since the late stages of the Laramide orogeny (Brister and Gries, 
1994). In the southern San Luis Basin, these subsurface deposits, 
if present, have been covered by the Pliocene Taos Plateau vol-
canic field (Fig. 1) and Quaternary alluvial deposits (Lipman and 
Mehnert, 1979; Dungan et al., 1984).

Because of the extensive alluvial and volcanic cover, gravity 
and aeromagnetic data were critical tools in developing the origi-
nal understanding of the geometry of southern San Luis Basin 
over two decades ago (Kleinkopf et al., 1970; Cordell, 1976a, 
1978; Cordell and Keller, 1984; Keller et al., 1984; Cordell et 
al., 1985). With the advent of color image display, fast comput-
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Basin by revisiting existing gravity and aeromagnetic data using modern methods. In the New Mexico portion of the basin, the 
narrow (6-12 km) Taos graben follows a general north-south trend from Costilla near the state line to the Embudo fault at the 
southern end of the basin. West of the Taos graben, the intrarift basement horst changes orientation from north-south in Colo-
rado to southwestward south of the state line, merging with the Tusas Mountains in a complicated manner that is not entirely 
understood. At the state line, the Taos graben widens northward to reach 25-30 km wide in the Culebra reentrant in Colorado, 
accompanied by en echelon stepping of the western graben border to the west. For nearly the entire length of the graben, the 
gravity-defined western border coincides with Quaternary faults and is followed or paralleled by the course of the Rio Grande. 
In the southernmost basin, the intrarift horst is absent. Instead, a broad semi-circular gravity low (Tres Orejas gravity low) of 
ambiguous origin lies west of the geophysically defined Taos graben. Along the southern border of the San Luis Basin, a strong 
gravity gradient follows the Embudo fault farther westward than previously proposed for a scissors fault configuration. South 
of the Embudo fault, north-south gradients in both gravity and aeromagnetic data correspond to the Picuris-Pecos fault system 
and suggest a related, parallel fault exists about 20 km to the west. Prominent circular aeromagnetic anomalies in the Taos 
Plateau can be associated with individual volcanoes and are used to infer the remanent magnetic polarities the rocks acquired 
when they cooled. A circular aeromagnetic anomaly near the Gorge bridge suggests a previously unknown volcano lies beneath 
the Servilleta Basalt. This information can be used to aid future geologic mapping of the Plateau and, in certain circumstances, 
can help constrain uncertain or multiple age dates for the volcanoes.

ers, and sophisticated geoinformatics tools, we can now re-exam-
ine the old data in a new light. We see new details that improve 
our understanding of the basin geometry and structure, point out 
possible buried depocenters, and help explain the underlying 
tectonic controls on the location of the Rio Grande. In addition, 
the regional aeromagnetic data over the Taos Plateau have never 
been specifically discussed in the literature even though the data 
were acquired in 1975 (Kucks et al., 2001). These data provide 
insight into the nature and lateral extent of individual volcanoes 
and set the stage for understanding high-resolution aeromagnetic 
data that have recently been acquired in a much smaller area sur-
rounding the Town of Taos (Grauch et al., 2004).

There are many details yet to be understood about the grav-
ity and aeromagnetic data for the southern San Luis Basin. In 
this paper, we discuss the gravity and aeromagnetic expression 
of some of the salient tectonic and volcanic elements within the 
basin and along its borders. Elements within the basin include the 
Taos graben, the intrarift horst, Taos Plateau volcanic field, and a 
poorly understood tectonic feature related to a gravity low in the 
southernmost basin. Elements of the uplifted rift borders include 
the Picuris-Pecos and Embudo faults along the southern border 
and the Latir volcanic field and Questa caldera on the eastern 
border.

GEOLOGIC SETTING

The southern San Luis Basin, like other parts of the Rio Grande 
rift, has experienced multiple tectonic events that each have left 
an imprint on the geology and underlying structure (Keller and 
Baldridge, 1999). Precambrian events left an underlying suture 
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zone, which passes through the Taos area, manifested as an align-
ment of Cenozoic magmatic centers along the Jemez lineament 
(or Jemez zone) (Aldrich, 1986; Keller and Baldridge, 1999; CD-
ROM working group, 2002) (Fig. 1). Northeast, north-south, and 
northwest structural trends of all ages are attributed to pre-exist-
ing Precambrian foliations and shear zones (Karlstrom and Hum-
phreys, 1998), and are evident in aeromagnetic anomaly patterns 
(Cordell and Keller, 1984; Sims et al., 2002).

In Late Paleozoic time, the northwest-trending Uncompahgre-
San Luis highlands and Sangre de Cristo uplift were located in 
the Tusas and Sangre de Cristo Mountains, respectively (Kluth, 
1986). Sediments shed from these uplifts filled intervening basins, 
such as the Taos trough, now present in the southern Taos Range 
(Fig. 2; Baltz and Myers, 1999). In Laramide time, the Tusas and 

Sangre de Cristo Mountains were elevated again, shedding sedi-
ments that are primarily preserved along the eastern side of the 
San Juan volcanic field and along the southwestern side of the 
Tusas Mountains (Fig. 1). From Late Eocene to Late Oligocene 
time, extensive ash-flow eruptions and lava flows originated from 
the San Juan volcanic field, blanketing most of the surrounding 
area. The Latir volcanic field (Fig. 1), which includes the 25.7 Ma 
Questa caldera (Meyer and Foland, 1991; Fig. 2), formed in the 
southern San Luis Basin during the waning stages of this activity, 
immediately prior to the inception of the Rio Grande rift (Lipman 
et al., 1986).

Early rifting was generally characterized by broad, relatively 
shallow basins developed under an extensional regime that was 
oriented northeast-southwest (Morgan et al., 1986). In the south-
ern San Luis Basin, early rifting (26-25 Ma) was accompanied 
by the development of northwest-striking faults in the Tusas 
Mountains, basaltic magmatism, and deposition of volcaniclas-
tic sediments (Lipman, 1983; Lipman et al., 1986; Thompson et 
al., 1991). By middle to late Miocene (15-8 Ma), the extension 
direction had changed orientation to east-west and rifting became 
characterized by high-angle faulting, graben formation, and vol-
canism in the nearby Jemez volcanic field (Morgan et al., 1986; 
Ingersoll et al., 1990).

Accumulation of Santa Fe Group sediments in the southern San 
Luis Basin was well underway by 18 Ma (Ingersoll et al., 1990; 
Bauer and Kelson, 2004). At that time, the eastern border of the 
Taos graben may have followed the Sangre de Cristo range front 
without interruption from the state line to the Picuris-Pecos fault 
zone in the Picuris Mountains (Fig. 1; Bauer and Kelson, 2004). 
Sometime after 18 Ma, the Embudo fault zone developed and 
became linked with the Sangre de Cristo fault system to form the 
Taos embayment (Bauer and Kelson, 2004). The Embudo fault 
zone aligns with the Jemez lineament (Fig. 1) and is theorized 
to transfer strain between the east-tilted San Luis and west-tilted 
Española basins (Muehlberger, 1979; Faulds and Varga, 1998).

In late Miocene-Pliocene time (6 to 2 Ma), volcanism of the 
Taos Plateau volcanic field (Fig. 1) was characterized by multiple 
eruptions of basaltic- and intermediate-composition magma from 
scattered cones and shield volcanoes. During the middle and late 
stages of volcanic activity, a geochemically unique suite of oliv-
ine tholeiitic basalt flows spread over the area, (Servilleta Basalt 
of  Lipman and Mehnert, 1979; Dungan et al., 1984). Although 
collectively the Servilleta Basalt is laterally extensive, individual 
flows are commonly discontinuous, interfingered, and interbed-
ded with sediments of variable thickness (Dungan et al., 1984).

Basin tilting and uplift of surrounding rift borders continued 
into Quaternary time, resulting in the accumulation of coalesc-
ing alluvial fans near the eastern mountain fronts and incision 
of the Rio Grande gorge (Dungan et al., 1984; Heffern, 1990). 
Quaternary fault activity was concentrated at the Sangre de Cristo 
and Embudo faults, and in swarms of north-south-striking faults 
cutting alluvial deposits within the Taos graben (Los Cordovas, 
Sunshine Valley, and Mesita faults on Fig. 2; Machette and Per-
sonius, 1984; Kelson et al., 2004).

FIGURE 1. Location of the study area within the Rio Grande rift. 
EF=Embudo fault; JVF=Jemez volcanic field; PPF=Picuris-Pecos fault; 
SCF=Saladan Creek fault; TPVF=Taos Plateau volcanic field. Geology 
generalized from Lipman (1983), Baltz and Meyers (1999), and Keller 
and Baldridge (1999). Jemez lineament from Aldrich (1986).
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GRAVITY DATA

Gravity studies focus on subtle variations in the Earth’s gravi-
tational field that are due to changes in bulk density relative to an 
average density (2.67 g/cm3) of the crust. Gravity data are partic-
ularly effective in determining the subsurface configuration of the 
basins within the Rio Grande rift due to the generally large con-
trast in density between the low-density basin fill and the moder-
ate- to high-density bedrock composing the basin floor and sides. 
In addition, gravity data can be used to locate basement uplifts 
and major structures, and to estimate thickness of basin fill.

Typically, gravity data collected at specific locations in the field 
are processed as Bouguer gravity anomaly data or Bouguer grav-
ity data. This data reduction (Hildenbrand et al., 2002) includes 
subtraction of theoretical or predicted values for the Earth’s 
gravitational attraction at the elevation of the measurement point, 
removal of the effects of homogeneous masses underneath, and 
correction for the effects of topographic masses. In order to focus 
on density variations within the upper crust, a regional field is 
commonly removed from Bouguer gravity data. Subtraction of a 
regional field based on an isostatic model of topography, which 
results in an isostatic residual gravity map, is a common way to 
examine density variations in the upper crust (Simpson et al., 
1986).

Groups conducting gravity studies in the Rio Grande rift and 
adjacent areas have had a long history of cooperation by sharing 
data and coordinating efforts to fill in areas of sparse coverage. 
These efforts have resulted in a large collection of gravity data, 
upon which subsequent efforts continually build. For this study, 
we obtained recent versions of this database by extracting the 
data in grid form from a recent compilation for New Mexico that 
extends 15 minutes of latitude northward into Colorado (Kucks 
et al., 2001). Station coverage is adequate for a regional study 
(averaging 2-5 km apart over most of the study area) except for 
a large (15 x 15 km) area in the Sangre de Cristo Mountains east 
of Taos (Kucks et al, 2001). A more recently updated database 
for this area includes additional stations and is available from the 
internet (<http://paces.geo.utep.edu>), but the additional data do 
not substantially fill in this regional gap. The data shown in Plate 
3 were extracted from the 1-km-interval grid of the New Mexico 
isostatic residual gravity data (Kucks et al., 2001) and reprojected 
to Universal Transverse Mercatur (UTM zone 13, North Ameri-
can Datum 1927).

AEROMAGNETIC DATA

Aeromagnetic surveys measure variations in the strength of 
the Earth’s magnetic field that are produced by changes in total 
magnetization of the rocks in the crust. Total magnetization is 
the vector sum of the induced and remanent magnetizations. The 
induced component is determined by the quantity and type of 
magnetic minerals (commonly titanomagnetites), measured as 
magnetic susceptibility. The remanent component is based on 
the permanent alignment of magnetic domains within magnetic 
minerals and is measured using paleomagnetic methods (Butler, 
1992). Igneous and crystalline metamorphic rocks commonly 

have high total magnetizations compared to other rock types, 
whereas sedimentary rocks and poorly consolidated sediments 
have much lower magnetizations (Reynolds et al., 1990; Hudson 
et al., 1999). In addition, total magnetizations of volcanic rocks 
are commonly dominated by the remanent component (Reyn-
olds et al., 1990). Thus, volcanic rocks can produce high-ampli-
tude positive or negative aeromagnetic anomalies, depending on 
whether the rocks formed during a period of normal or reversed 
polarity of the Earth’s magnetic field.

The aeromagnetic data for this study (Plate 4) were combined 
from pre-existing 500-m-interval grids compiled for Colorado 
and New Mexico (Oshetski and Kucks, 2000; Kucks et al., 2001). 
As part of the compilation process, data from disparate surveys 
were analytically continued to a common observation surface 
304 m (1,000 ft) above ground and digitally merged. Although 
this provides a consistent database, the quality of the data are 
highly dependent on the original flight parameters. Data for New 
Mexico came from surveys that were flown at different levels 
(averaging 304 m or 1,000 ft above ground) with lines spaced 1.6 
km (1 mi) apart. These surveys give good definition of anomaly 
shapes in map view but poor resolution of low-amplitude signal. 
Data for Colorado came from one survey flown at 122 m (400 ft) 
above ground with lines spaced 3.2 km (2 mi) apart. This survey 
resolves low-amplitude signal along individual flight lines but 
has poor anomaly definition. The poor quality of the Colorado 
data is evident from its choppy appearance (Plate 4).

Data from two small aeromagnetic surveys in New Mexico 
have not been included in the aeromagnetic map for reasons of 
convenience. Their inclusion would not alter conclusions at the 
regional scale of this study. One was flown over the Latir vol-
canic field and discussed in detail previously (Cordell, 1976b; 
Moss and Abrams, 1985). The other was flown recently around 
the Town of Taos (pink outline on Plate 5) and is discussed else-
where in this volume (Grauch et al., 2004).

The aeromagnetic grids from the two state compilations were 
reprojected to Universal Transverse Mercatur (UTM zone 13, 
North American Datum 1927) using a 1-km grid interval, digi-
tally merged, then transformed by a standard reduction-to-pole 
operation to correct for shifts of the main anomaly from the center 
of the magnetic source (Blakely, 1995). To do this transforma-
tion, we assume that the total magnetizations of most rocks in the 
study area align parallel or anti-parallel to the Earth’s main field 
(declination=10o, inclination=64o). The collinearity assumption 
probably works well for the Tertiary volcanic rocks. Its valid-
ity for older rocks is unknown, but would be problematic only if 
remanent magnetization is predominant.

EXPRESSION OF BASIN GEOMETRY

In this section we review the geophysical expression of key 
elements of rift basin geometry of the southern San Luis Basin. 
These elements include the Taos graben, the intrarift horst, and 
a tectonic feature of ambiguous origin related to a large gravity 
low (Tres Orejas gravity low) in the southernmost portion of the 
basin.
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The variability of density that is now recognized in the under-
lying Precambrian basement rocks (Treviño et al., 2004) imparts 
ambiguity to interpretation of gravity highs and lows. To com-
pensate, we focus the discussion on the locations of steep grav-
ity gradients (gravity gradient lines) to define rift-graben borders 
(Cordell, 1979; Cordell et al., 1985) and use simple basin models 
(Keller et al., 1984) only to illustrate three-dimensional basin 
geometry. For this report, steep gravity gradients were located by 
finding the maximum slopes of best-fit planes within a 10 x 10 
km moving window across the data grid, following the method 
of Grauch and Johnston (2002). The technique is similar to that 
of Cordell (1979), except that the moving window focuses on 
regional gradients spanning 10 km rather than the more local gra-
dients spanning only the neighboring grid points (a window width 
of 3 x 3 km). As a consequence, the gravity gradient lines of Plate 
3 show the same general geometry of the Taos graben as obtained 
earlier (Cordell and Keller, 1984; the Taos-Questa graben of 
Cordell et al., 1985), but the lines are somewhat straighter and 
more continuous.

Taos Graben

Previous workers have long recognized the prominent, elon-
gate gravity low associated with the Taos graben in the southern 
San Luis Basin (Plate 3; Cordell, 1978; Cordell and Keller, 1984; 
Keller et al, 1984; Cordell et al., 1985). The gravity gradient lines 
indicate a remarkably narrow (6-12 km wide) graben from 17 
km north of Questa to the latitude of Taos (Fig. 3 and Plate 3). 
The eastern, gravity-defined border generally follows the poorly 
exposed Sangre de Cristo fault zone along the range front (Fig. 
3; Machette and Personius, 1984) from Costilla south to a point 
where the range front makes a sharp jog to the southeast near the 
latitude of Timber Mountain (TM on Fig. 2 and Plate 3). South of 
this point, the gravity-defined border diverges significantly from 
the large embayment in the range front (Fig. 3), crossing west 
of the town of Taos and marking the western edge of a compli-
cated series of structural benches that step down into the basin 
away from the mountain front (the Town Yard bench of Bauer 
and Kelson, 2004). Recently flown high-resolution aeromagnetic 
data also show these basement blocks (Grauch et al., 2004; Plate 
5). The blocks lack expression in the lower resolution regional 
aeromagnetic data (pink outline on Plate 4).

The western border of the Taos graben is delineated by a gravity 
gradient line extending from 17 km north of Questa to the latitude 
of Tres Orejas (Figs. 2, 3, and Plate 3; Cordell, 1978; Cordell and 
Keller, 1984; Cordell et al., 1985). It is informally called the Gorge 
fault (Bauer and Kelson, 2004) owing to its general coincidence 
with the extent of the Rio Grande gorge, where the river has carved 
a deep canyon through the basalts of the Taos Plateau. South of 
Arroyo Hondo, the gravity gradient marking the Gorge fault flat-
tens (Plate 3), indicating that the bedrock/basin-fill interface at the 
graben border deepens to the south. South of where the gravity gra-
dient line ends, the aeromagnetic data show a gradient correspond-
ing to an abrupt shift from generally higher values on the west to 
generally lower values on the east that follows the linear extension 
of the western graben border to the south (short-dashed line west of 

Taos on Plate 4). The aeromagnetic gradient could be due to juxta-
position of magnetically different volcanic rocks within the basin, 
the basement, or both. Its coincidence with the southern extension 
of the Gorge fault is compelling evidence that this expression is 
produced by an underlying fault of unknown age.

Keller et al. (1984) estimated 2,000-3,000 m of basin fill (Fig. 
4) and depths from 3,000 to more than 5,000 m to Precambrian 
basement within the Taos graben. The estimates were derived 
from two separate gravity models:  one that assumed a density 
contrast of 350 kg/m3 between basin fill and adjacent rocks, and 
the other a contrast of 250 kg/m3 between Precambrian base-
ment and all younger rocks (including pre-rift Tertiary rocks). 
Given that the composition and densities of rocks underlying 
the southern San Luis Basin remain largely unknown, we have 
not attempted to improve these estimates. Lipman and Mehnert 
(1979) used estimated depths of 5-6 km to Precambrian basement 
west of Questa caldera (Keller et al., 1984) and 2 km of maxi-
mum topographic relief in the adjacent mountains to infer 7 to 8 
km of total displacement along the Sangre de Cristo fault.

South to north past Questa, both gravity-defined Taos graben 
borders appear to make a parallel bend to the northeast (Plate 3), 
ultimately shifting the graben by 5 km to the east. The bend orients 
the graben in a northeast-southwest direction for a short section 
near Questa. The Rio Grande gorge makes the same bend where it 
is nearly coincident with the western graben border (Gorge fault) 
along this section (Figs. 2 and 3). The river follows the graben 
border rather than the northwest-striking, down-to-the-northeast 
Red River fault zone, which crosses this section obliquely. This 
evidence for an underlying tectonic control of the river suggests 
that previous discussions of the development of the Rio Grande 
gorge, which assume the Red River fault zone is the only locus 
of structural deformation in the area (e.g., Heffern, 1990), should 
be re-evaluated.

North of Questa, the gravity gradient line defining the Gorge 
fault appears to die out 5 km south of Ute Mountain. However, 
the trend of the gravity contours can be followed north-northwest 
through Ute Mountain to join the north-south portion of a gravity 
gradient line that we informally name the Olla-King gravity gra-
dient (Plate 3). This gravity gradient defines the eastern bound-
ary fault of the intrarift horst and is so named because it trends 
northeast across Cerro de la Olla parallel to a northeast-striking 
fault, then gradually veers to the north to pass near the King Mine 
in Colorado (Figs. 2 and 3). One can interpret the relations of 
the gravity gradients near Ute Mountain to represent a series of 
stepped, en echelon faults (not shown) that transfer normal offset 
from the Gorge fault on the south to the fault represented by the 
Olla-King gravity gradient on the north. A decrease of offset at 
the north end of the Gorge fault helps explain why north-south 
Quaternary faults that align across the state line (Figs. 2 and 3; 
the Sunshine Valley and Mesita faults of Machette and Personius, 
1984) switch from down-to-the-east where they coincide with the 
Gorge fault in New Mexico to down-to-the-west farther north in 
Colorado. In addition, the Rio Grande gradually migrates to the 
west as one follows it headward from the Gorge fault on the south 
to the Olla-King gravity gradient on the north (Figs. 2 and 3), 
suggesting that the graben borders have been an underlying struc-
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tural control on the development of the river from the San Luis 
Hills on the north to almost as far as Pilar on the south.

The eastern border of the Taos graben is not geophysically 
apparent north of the state line, where the range front opens into 
the Culebra reentrant (Figs. 2, 3, and Plate 3). Here the Sangre de 
Cristo fault system follows the western side of San Pedro Mesa 
(Machette and Personius, 1984), but the main rift margin lies 5-8 
km to the east within a complexly faulted zone that has net down-
to-the-southwest displacement (Wallace, 1995). Between this rift 
margin and the Olla-King gravity gradient, the graben is about 
25-30 km wide (Fig. 3).

Tres Orejas Gravity Low

In the extreme southwestern portion of the San Luis Basin, 
a semi-circular gravity low, which we informally call the Tres 
Orejas gravity low (Plate 3), is located west of the southern exten-
sion of the Taos graben. Assuming a density contrast of 350 kg/
m3 between adjacent bedrock and basin fill, Keller et al. (1984) 
estimated that 1,000-3,000 m of low-density rocks (presumably 
basin fill) are contained within the area of the low (Fig. 4).

The Tres Orejas gravity low could represent a Tertiary early 
rift basin, a Late Paleozoic sedimentary basin, or a combination 
of these. A broad, early rift basin is generally supported by several 
congruent geophysical and geologic inferences. High-amplitude, 
positive aeromagnetic anomalies northeast of a magnetic linea-
ment that generally follows highway US-64 (US-64 magnetic 
line on Fig. 3) appear to broaden and become more subdued to the 
southwest (Plate 4). Early to Middle Tertiary (35-22 Ma) inter-
mediate-composition volcanic rocks are thought to underlie the 
area of high-amplitude positive anomalies (Lipman and Mehnert, 
1979; Thompson et al., 1986) and are likely magnetic sources. 
The change in aeromagnetic character to the southwest of the 
US-64 magnetic lineament suggests that the magnetic sources 
dip moderately to steeply to the south or southwest, in contrast 
to the overlying Servilleta Basalt flows, which dip gently to the 
southeast (Dungan et al., 1984). The inferred southerly dip origi-
nating from a northwest-trending hinge at the US-64 magnetic 
lineament and the broadness of the gravity low are suggestive of 
an early rift basin. One possible scenario is that the gravity low 
represents a basin floored by Eocene to Oligocene volcanic rocks 
that subsided during Late Oligocene time. A depocenter here at 
this time might explain where sediments shed from the rapid 
uplift of the San Luis Hills at ~26 Ma (Thompson et al., 1991) 
were deposited and why these sediments are largely missing in 
outcrop (R. Thompson, oral commun., 2004).

Alternatively, Baltz and Myers (1999) argue that the Tres 
Orejas gravity low (although they didn’t name it) reflects thick 
Pennsylvanian and Permian sedimentary rocks (as much as 1800 
m or 6000 ft) related to the Late Paleozoic Taos trough. This sce-
nario requires that the Picuris-Pecos fault did not form the west-
ern boundary of the Taos trough during Ancestral Rockies time as 
is commonly depicted by others in the literature (e.g., Woodward 
et al., 1999) and that there has been no appreciable post-Paleo-
zoic lateral movement on the fault. The magnetically expressed 
Saladan Creek fault, which formed the northern boundary of the 

Taos trough (Baltz and Myers, 1999), generally aligns with the 
northern boundary of the Tres Orejas gravity low along the US-
64 magnetic lineament. This alignment suggests a similar, under-
lying structural control, despite their very different geophysical 
expressions.

Intrarift Horst

Remnants of Middle Tertiary (22-25 Ma) intermediate-compo-
sition volcanic rocks at Brushy Mountain and Timber Mountain 
(Fig. 2) have commonly been used as evidence for the intrarift, 
Precambrian basement horst under the Taos Plateau (e.g., Lipman 
and Mehnert, 1979). Although the basal portions of these eruptive 
sequences are not exposed, the rocks have been conjectured to lie 
directly on Precambrian basement, as do other rocks of this age 
in the surrounding mountains (Lipman et al., 1986; Thompson et 
al., 1986; Thompson et al., 1991). This geologic evidence, in con-
junction with the gravity gradient line (Olla-King gradient line on 
Plate 3; Cordell et al., 1985), supports the existence of the horst 
north of the latitude of Arroyo Hondo. The Tres Orejas gravity 
low provides evidence that the intrarift horst does not continue 
south of Arroyo Hondo, as discussed in the previous section.
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Color maps of the gravity data call attention to markedly lower 
gravity values (-12-8 mgal) over the inferred horst in the vicin-
ity of Brushy and Timber Mountains compared to those (8-24 
mgal) over the horst in the area of the western San Luis Hills 
(Plate 3). The area of lower gravity values is generally triangular, 
bounded by the Olla-King gravity gradient, the US-64 magnetic 
lineament, and the Gorge fault (Plate 3). Gravity models suggest 
that 1,000-2,000 m of low-density basin fill is present in this area 
(Fig. 4; Keller et al., 1984), in apparent contradiction to the stan-
dard geologic concept of uplifted Precambrian basement directly 
overlain by Oligocene through Pliocene volcanic rocks.

There are several plausible explanations for the apparent dis-
crepancy between the geologic and gravity evidence related to (1) 
differences in density of the basement rocks, (2) a down-dropped 
structural bench that was covered by sediments and/or volcanic 
rocks before 25 Ma, (3) underlying sedimentary rocks from the 
Taos trough that were offset along the Picuris-Pecos fault after 
the Late Paleozoic, or (4) a buried extension of the Questa caldera 
or underlying batholith. The model of Keller et al. (1984; Fig. 
4) supports the second explanation primarily as a consequence 
of the simplifying assumptions. We cannot rule out any of these 
explanations. However, considering the concentration of volca-
nic vents in this area (Plate 3), the extent of strong positive mag-
netic anomalies generally limited to the area and not present in 
the Questa caldera (Plate 4), and the linearity to the boundaries of 
the area, our preference is the second explanation. If this expla-
nation is correct, it suggests that a thick section (1,000-2,000 m 
or more) of volcanic rocks and/or sediments older than 25 Ma 
underlie this triangular area.

EXPRESSION OF FAULTS IN THE SOUTHERN 
BORDER AREA

The San Luis Basin is bounded on the south by the northeast-
striking Embudo fault zone (Figs. 1 and 2), which has been com-
monly described as a scissors-like transfer zone that developed 
since Pliocene time (Muehlberger, 1979; Manley, 1984). In this 
model, the pivot point is thought to lie between Embudo and 
Pilar, on a northwest-trending basement saddle that is evident in 
the gravity data underlying Precambrian exposures at Cerro Azul 
(Plate 3; Cordell, 1979). More recent studies (Kelson et al., 2004) 
describe the Embudo fault zone northeast of Pilar as a complex 
system of left-oblique, northwest-down, strike-slip fault strands, 
which developed sometime during Miocene time. The strong 
gravity gradient along the Embudo fault, which continues part-
way across the basement saddle, suggests that large vertical dis-
placement along the fault continues from Pilar to Dixon and does 
not decrease to near zero until reaching as far west as Embudo 
(Fig. 4 and Plate 3).

Immediately south of the Embudo fault zone, both the gravity 
and the aeromagnetic data generally show a 20-km-wide block 
of high values that is bounded on the east by the Picuris-Pecos 
fault system and on the west by a parallel gradient in both data 
sets (Plates 4 and 6). Although the gradients bounding the mag-
netic block are more linear than those bounding the gravity block, 

both blocks are generally elongate north-south and extend south 
of the study area into the Santa Fe Range (Kucks et al., 2001). 
The northern boundary of the gravity-high block follows the 
Embudo fault. The northern boundary of the magnetic block fol-
lows a high-amplitude east-northeast-trending magnetic high that 
parallels the Embudo fault zone but is displaced to the south by 
almost 10 km (Plate 4). This magnetic “ridge” follows the trends 
of Proterozoic foliation and shear zones in the Picuris Mountains 
(Karlstrom and Daniel, 1993; Bauer and Ralser, 1995; Williams 
et al., 1999). However, the stratigraphic and structural complexity 
in this area (Williams et al., 1999) makes it difficult to ascertain 
which unit(s) are the magnetic source(s). Between the magnetic 
“ridge” and the mountain front, the aeromagnetic expression over 
the exposed Precambrian rocks is featureless, indicating a differ-
ent rock type than that to the south. This weakly magnetic but 
dense Precambrian basement near Pilar may continue northward, 
under the southern San Luis Basin.

The aeromagnetic gradient along the western side of the geo-
physically defined 20-km wide block discussed above is probably 
caused by an intra-basement fault. Gravity and seismic-reflection 
models across the northern Española basin (Cordell, 1979; Fer-
guson et al., 1995) show only gradual westward dip on the base-
ment, suggesting that a major fault here would be restricted to 
basement rocks and was not active during the development of 
the Española basin. A pre-rift strike-slip fault, such as the hypo-
thetical Tusas-Picuris fault of Karlstrom and Daniel (1993), is a 
plausible explanation.

On the eastern side of the 20-km wide block, the gravity gradi-
ent following the Picuris-Pecos fault system is gradual and proba-
bly corresponds to basement relief related to the neighboring Taos 
trough (Fig. 2). In contrast, the aeromagnetic gradient is sharp, 
reflecting the juxtaposition of highly magnetic rocks on the west 
against very weakly magnetic rocks on the east that produce a 
low, featureless area (Plate 4). The juxtaposition can be explained 
by 37 km of right-lateral offset recognized from the displacement 
of Precambrian strata along the fault (summarized in Bauer and 
Ralser, 1995). The history of movement on this fault is still under 
debate (Cather, 1999; Lucas et al., 2000; Woodward, 2000; E. 
Erslev, Colorado State University, oral commun., 2004).

The prominent difference in basement magnetic anomalies jux-
taposed and offset a known amount along the Picuris-Pecos fault 
inspired Cordell and Keller (1984) to “palinspastically restore” 
the aeromagnetic map along this and other north-south gradients 
in northern New Mexico. The intent of the exercise, using more 
detailed data than that used in an earlier demonstration (Chapin, 
1983), was to speculate on how much north-south lateral dis-
placement of Precambrian basement blocks has occurred during 
Phanerozoic tectonic events. These “restored” patterns of aero-
magnetic anomalies remain intriguing, but a thorough investiga-
tion of their sources is required to resolve the ambiguities in inter-
preting them. Identical aeromagnetic anomalies can be produced 
by rocks of different ages, and aligning anomalies using a simple 
lateral offset does not account for the complications arising from 
uplift, erosion, thrusting, and extensional faulting that clearly 
have occurred in the region since Precambrian time.
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EXPRESSION OF VOLCANIC FIELDS

In this section, we compare the gravity and aeromagnetic 
expressions of the Latir volcanic field, which surrounds and 
includes the Questa caldera (Fig. 2), and the Taos Plateau volca-
nic field. The Latir field is characterized by overall low gravity 
values and aeromagnetic highs of moderate magnitude (Plates 4 
and 6). In contrast, the Taos Plateau is characterized by many 
high-amplitude (either positive or negative) aeromagnetic anom-
alies and a gravity expression that cannot be distinguished from 
the underlying graben structure.

Latir Volcanic Field and Questa Caldera

The aeromagnetic expression of rocks related to the Latir 
volcanic field is indistinguishable from that of the country rock 
(Plate 4). The patterns of the anomalies primarily reflect the form 
of topography, which is typical for crystalline rocks in areas of 
rugged terrain (Grauch, 1987), and individual anomalies cor-
respond to a variety of rock types, including volcanic rocks, 
plutons, and Precambrian basement (Cordell, 1976b; Moss and 
Abrams, 1985).

The Questa caldera is not readily apparent in the aeromagnetic 
data except along its southern margin (Plate 4). The featureless 
aeromagnetic character in this area is probably related to min-
eralized, hydrothermally altered intrusions that are aligned east-
west along the caldera margin (Lipman, 1983; Moss and Abrams, 
1985; Lipman et al., 1986). The caldera is more evident in the 
gravity data, where it generally corresponds to the lowest part of 
a gravity low that extends over much of the Taos Range between 
Taos Pueblo and San Luis (Plate 3). Preliminary interpretations 
attributed the source of the regional gravity low to a large batho-
lith under the Questa caldera (Lipman, 1983). Detailed grav-
ity and electrical geophysical studies later determined that the 
Questa batholith is likely concentrated in a narrow (10-km wide), 
north-south zone centered on longitude 105o30’W and extending 
from the caldera on the north to the latitude of Arroyo Hondo on 
the south (Cordell et al., 1985). The more regional extent of low 
gravity values may be caused by rootless Precambrian basement 
thrust over less dense sedimentary rocks (Cordell and Keller, 
1984; Treviño et al., 2004).

A west-northwest-trending alignment of aeromagnetic highs 
generally corresponds to intrusions along the southern margin 
of the Latir volcanic field that straddle the Rio Hondo (Fig. 3), 
but also extends much further to the southeast (Plate 4). The Rio 
Hondo pluton (generally north of Rio Hondo) is the likely source 
of the string of aeromagnetic anomalies because it corresponds 
spatially to individual anomalies better than does the younger 
Lucero Peak pluton located nearby (Moss and Abrams, 1985). 
The Rio Hondo pluton was emplaced 26-25 Ma along a north-
west-striking fault (Lipman, 1983), which is probably related to 
the Saladan Creek fault that Baltz and Myers (1999) consider as 
the northern boundary of Taos trough (Fig. 2). Lipman (1983) 
regarded this fault and the numerous northwest-trending dikes 
that cross-cut the Rio Hondo pluton as evidence for a northeast-
southwest extension direction during early rifting. However, the 

more westerly trend of the aeromagnetic alignment that follows 
the Late Paleozoic Saladan Creek fault suggests that magma fol-
lowed a much older fault at depth during early rifting. Similarly, 
the north-south elongation of the geophysically delimited Questa 
batholith north of the Saladan Creek fault may indicate that pre-
existing faults guided the magma at depth (Cordell et al., 1985).

The western side of the Questa caldera is cut by the Sangre 
de Cristo rift-related range front fault (Lipman and Reed, 1989). 
Whether the caldera and underlying intrusions are present west 
of the range within the Taos graben is unknown. In conceptual 
models, geologists are mixed in showing a limited (Lipman, 
1983; Meyer and Foland, 1991) or a far-reaching (Baltz and 
Myers, 1999) western extent. The available geophysical data do 
not resolve the question (Cordell et al., 1985; Plates 4 and 6).

Taos Plateau Volcanic Field

Unlike the moderate- to low-amplitude positive aeromagnetic 
anomalies characteristic of the Latir volcanic field, the anomalies 
over the Taos Plateau have generally high amplitudes, are both 
positive and negative, and commonly show circular or elongated 
shapes (Plate 4). The circular anomalies generally have good cor-
respondence to vents (pink asterisks on Plate 4), strongly sug-
gesting that the aeromagnetic anomalies are a reflection of the 
shape and lateral extent of the underlying volcanoes. The Servil-
leta Basalt (away from vent areas) probably does not include suf-
ficient lateral magnetic contrast to produce high-amplitude aero-
magnetic anomalies because of the layer-like morphology and 
generally low remanent magnetization compared to other rock 
types (1 A/m compared to >10 A/m; Brown et al., 1993).

The relative petrologic uniformity of individual volcanoes 
(Lipman and Mehnert, 1979) and the high amplitudes of the 
anomalies suggest that the remanent polarities of volcanoes 
in the Taos Plateau field can be inferred where corresponding 
aeromagnetic anomalies have good correlation with the form of 
topography (Grauch, 1987). Good examples include Ute and San 
Antonio Mountains (Fig. 2), where the lateral extents of the aero-
magnetic anomalies have excellent correlation with the shapes of 
the volcanic edifices (compare Plates 1 and 6). The correlation is 
positive (both have similar shape) at San Antonio Mountain and 
negative (the anomaly shape is the opposite of the terrain shape) 
at Ute Mountain, indicating that the rocks carry strong remanent 
magnetization with normal polarity at San Antonio Mountain and 
reversed polarity at Ute Mountain. Polarities inferred this way 
agree with measured remanent polarities (Brown et al., 1993) at 
four volcanoes where paleomagnetic sample sites can be matched 
to aeromagnetic anomalies (Cerro Negro, San Antonio Mountain, 
the northern side of Cerro de los Taoses, and the southwestern 
side of Guadalupe Mountain; Fig. 5). Excellent correspondence 
between measured and inferred polarities was also found at the 
Pliocene Cerros del Rio volcanic field (Hudson et al., 2004; 
Grauch et al., in press), which is located at the southern end of 
the Española basin (Fig. 1).  

Because volcanic activity at the Taos Plateau spans four mil-
lion years and many reversals of the Earth’s magnetic field (Fig. 
5), aeromagnetic and paleomagnetic data are most useful when 
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combined with age data. In Figure 5, we use published 40Ar/39Ar 
and K-Ar radiometric ages (Lipman and Mehnert, 1979; Appelt, 
1998) to predict the polarities associated with various volca-
noes from established magnetic polarity time scales (Berggren 
et al., 1995; Honey et al., 1998). These predicted polarities are 
then compared to those inferred from aeromagnetic maps (Plate 
4) and those measured from paleomagnetic samples (Brown et 
al., 1993). As in the studies of the Cerros del Rio volcanic field 
(Thompson et al., 2002; Hudson et al., 2004), these comparisons 
can be used in conjunction with the aeromagnetic map and paleo-
magnetic sampling as guides to locating contacts between simi-
lar-looking basalts that have different magnetic polarities.

When aeromagnetic-terrain correlations are carefully consid-
ered, the age-polarity comparisons can help constrain uncertain 
age data and resolve multiple age dates as well as serve as a geo-
logic mapping tool. For example, the normal polarity inferred for 
the vent north of Cerro Chiflo (Fig. 2) suggests that its actual age 
falls within the time of normal rather than reversed polarity (an 
age range of 4.48-4.52 Ma rather than 4.41-4.52 Ma; Fig. 5). Sim-
ilarly, the reversed polarity inferred for Cerro de la Olla (Fig. 2) 
narrows the age range from 4.85-5.09 Ma to 4.89-4.98 Ma (Fig. 
5). By similar reasoning, the most recent eruptive activity prob-
ably occurred during reversed polarity intervals at Ute Mountain 
(2.09-2.11 or 2.15-2.17 Ma) and at the northern vents of Cerro de 
los Taoses (4.74-4.80 Ma), and during normal polarity intervals 
at San Antonio Mountain (2.94-3.04 Ma) and the southwestern 
vent of Guadalupe Mountain (4.98-5.23 Ma; Fig. 5). Negative 
aeromagnetic values surrounding the positive anomaly at San 
Antonio Mountain and negative values surrounding the positive 
anomaly at Ute Mountain (Plate 4) may reflect rocks from the 
earlier eruptive episodes of opposite polarity (Fig. 5).

Where circular anomalies are not centered over volcanic edi-
fices, the anomalies are likely produced by an underlying, older 
volcano that constitutes the largest volume of material underneath 
the vent area. The more recent flows may be only a thin cover on 
the surface (Hudson et al., 2004). Underlying sources are sus-
pected on the northeast side of Guadalupe Mountain and on the 
southern sides of Cerro Negro and Cerro de los Taoses, and are 
indicated by uncertain age-polarity associations (Fig. 5).

The polarity-age comparisons also point out places where fur-
ther study is required. For example, the reversed polarity expected 
for the age date from a single sample at Cerro del Aire does not 
match the normal polarity inferred from aeromagnetic data (Fig. 
5). This mismatch presently cannot be explained.

A circular negative magnetic anomaly about 2 km in diameter 
is located within a larger area of negative magnetic values along 
the east side of the Rio Grande gorge 8 km west of Taos (queried 
asterisk on Plate 4). This area is cut by numerous, north-south-
striking faults (Los Cordovas faults of Machette and Personius, 
1984; Fig. 2). The similarity to circular negative anomalies asso-
ciated with volcanic vents elsewhere allow us to speculate that 
the source is a volcano with reversed polarity remanence. Pre-
liminary inspection of profiles crossing the anomaly (not shown) 
suggests an approximate depth of about 900 m (3000 ft). Alterna-
tively, the circular shape may arise from poor aeromagnetic reso-
lution of negative anomalies associated with angular fault blocks 

cut by both north- and northeast-striking faults. Northeast-strik-
ing faults in this area are suggested by the northeast orientation 
of the axis of the Gorge arch (Fig. 2), a local warping defined 
by asymmetric stream channels (Muehlberger, 1979), and by 
northeast-striking linear gradients parallel to Rio Pueblo de Taos 
found in high-resolution aeromagnetic data just to the east (pink 
outline on Plate 4; Grauch et al., 2004). Additional collection of 
high-resolution aeromagnetic data over the postulated vent may 
resolve this question.

Despite excellent stratigraphic exposure of multiple Servil-
leta Basalt flows within the Rio Grande gorge (Dungan et al., 
1984), attempts to relate remanent polarities from paleomagnetic 
measurements to magnetic polarity time scales have suffered 
from problematic dating techniques (Brown et al., 1993). More 
recently, Appelt (1998) dated samples from localities similar in 
description to the paleomagnetic study (Brown et al., 1993), but 
did not provide enough information for direct comparison. We 
show the maximum age range and associated multiple polarity 
events for comparison only (Fig. 5).

CONCLUSIONS

The San Luis Basin has been characterized as an east-tilted 
rift basin containing a narrow deep graben on the east and an 
intrarift basement horst on the west. This view comes primarily 
from evidence in the Colorado portion of the San Luis Basin, 
where the basin geometry is evident from extensive subsurface 
drilling, seismic data, and a number of rock outcrops. The Plio-
cene Taos Plateau volcanic field covers much of the southern San 
Luis Basin. A rift basin geometry similar to the north has been 
inferred to underlie this area based primarily on gravity data and 
scant geologic evidence, in concepts developed over two decades 
ago. In this paper, we re-rexamine the existing gravity and aero-
magnetic data for the southern San Luis Basin to better under-
stand the tectonic and volcanic elements that are expressed. As a 
result, we see details that improve broad concepts of basin geom-
etry developed earlier and that raise important questions about 
the composition and structure of the underlying rocks. We also 
present new observations on the aeromagnetic expression of the 
Taos Plateau that have not been discussed before. Our main con-
clusions follow.

1. Gravity data indicate that the concept of a narrow graben on 
the east and a basement horst on the west that is well understood 
for the northern San Luis Basin can only be loosely applied to 
the southern part of the basin. South of the state line, the north-
south intrarift horst evident in Colorado bends southwestward 
and merges with the Tusas Mountains in a complicated manner. 
The narrow (6-12 km) Taos graben, as defined by parallel gravity 
gradients, can be followed in a general north-south orientation 
from 17 km north of Questa to the latitude of Arroyo Hondo. 
The western graben border follows the Rio Grande gorge (Gorge 
fault); the eastern border follows the Sangre de Cristo range front 
fault system. In the southernmost part of the basin, the presence 
of the semi-circular Tres Orejas gravity low, despite its uncertain 
origin, indicates the intrarift horst is absent. Continuation of the 
Taos graben into this part of the basin is suggested by an aero-
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magnetic gradient on the west and by a major gravity gradient 
that strikes north-south across the Taos embayment on the east.

2. From south to north of Ute Mountain near the state line, 
the gravity-defined western graben border steps westward from 
a location that is coincident with the Quaternary Sunshine Valley 
faults to the eastern boundary of the intrarift horst in the south-
ern San Luis Hills. The Rio Grande makes a similar, albeit more 
transitional, realignment, suggesting an underlying tectonic con-
trol. The westward step of the graben border coincides with the 
widening of the basin to about 25-30 km in the Culebra reentrant 
in southern Colorado.

3. The intrarift horst corresponds to high gravity values except 
in the vicinity of Brushy and Timber Mountains, where exposed 
middle Tertiary volcanic rocks are commonly used as evidence 
of the horst. In this location, the lower gravity values can be 
explained in a number of ways involving variations in density, 
structural relief, or both. Although none of these can be ruled out, 
we prefer an explanation that entails a down-dropped structural 
bench related to the intrarift horst that was covered by sediments 
and/or volcanic rocks before 25 Ma.

4. On the uplifted southern border of the San Luis Basin, both 
gravity and aeromagnetic data generally show a 20-km wide 
block of high values. The block is bounded on the east by gra-
dients related to the well known Picuris-Pecos strike-slip fault 
system, and on the west by parallel, north-south gradients pos-
sibly related to another strike-slip fault, which predated rifting. 
The gravity block is bounded on the north by a strong gravity 
gradient that coincides with the Embudo fault, which marks the 
southern border of the San Luis Basin. The persistence of the 
gravity gradient westward to Embudo suggests that large verti-
cal displacement on this fault occurs farther west than previous 
hypotheses suggest.

5. Circular aeromagnetic anomalies in the Taos Plateau corre-
spond well to the locations of volcanic vents. Normal or reversed 
polarity remanence was inferred for individual volcanoes (Fig. 
5), based on whether corresponding aeromagnetic anomalies 
were positive or negative, respectively. Inspection of aeromag-
netic anomalies in comparison to terrain shape suggests that 
some of the anomalies are produced by buried sources, presum-
ably related to earlier eruptions. A circular negative aeromagnetic 
anomaly near the Gorge bridge suggests a previously unknown 
volcano lies beneath Servilleta Basalt.

6. The aeromagnetic interpretations can be used, especially in 
conjunction with acquisition of higher resolution aeromagnetic 
data and new paleomagnetic samples, to aid future geologic map-
ping of similar-looking basalts. Comparing the remanent polari-
ties inferred from aeromagnetic data to existing age dates shows 
that the inferred polarities can help constrain uncertain or mul-
tiple age dates under certain circumstances.
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