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Three-Dimensional Geologic Model of the Southeastern
Espaiiola Basin, Santa Fe County, New Mexico

By Michael P. Pantea, Mark R. Hudson, V.J.S. Grauch, and Scott A. Minor

Abstract

This multimedia model and report show and describe
digital three-dimensional faulted surfaces and volumes of
lithologic units that confine and constrain the basin-fill aqui-
fers within the Espafiola Basin of north-central New Mexico.
These aquifers are the primary groundwater resource for the
cities of Santa Fe and Espafiola, six Pueblo nations, and the
surrounding areas. The model presented in this report is a
synthesis of geologic information that includes (1) acromag-
netic and gravity data and seismic cross sections; (2) litho-
logic descriptions, interpretations, and geophysical logs from
selected drill holes; (3) geologic maps, geologic cross sections,
and interpretations; and (4) mapped faults and interpreted
faults from geophysical data. Modeled faults individually or
collectively affect the continuity of the rocks that contain the
basin aquifers; they also help define the form of this rift basin.
Structure, trend, and dip data not previously published were
added; these structures are derived from interpretations of
geophysical information and recent field observations. Where
possible, data were compared and validated and reflect the
complex relations of structures in this part of the Rio Grande
rift.

This interactive geologic framework model can be used
as a tool to visually explore and study geologic structures
within the Espafiola Basin, to show the connectivity of
geologic units of high and low permeability between and
across faults, and to show approximate dips of the lithologic
units. The viewing software can be used to display other data
and information, such as drill-hole data, within this geologic
framework model in three-dimensional space.

Introduction

Aquifers within the Espafola Basin are the primary water
resource for Santa Fe County, New Mexico, including the city
of Santa Fe and surrounding cities and pueblos. Longworth

and others (2008) show that in 2005, 73 percent of all nonag-
ricultural and 59 percent of total water use in Santa Fe County
was from groundwater withdrawals. Thus, understanding the
geologic framework in three dimensions and its controls on
groundwater flow are vital to understanding and managing
these resources.

The three-dimensional (3-D) model in this report inte-
grates lithologic layers and structural features that constrain
the groundwater aquifers within the modeled Espaiiola Basin
area in north-central New Mexico (fig. 1). The modeled area is
composed of all or parts of nine 7.5-minute quadrangles: Agua
Fria, Galisteo, Horcado Ranch, Picture Rock, Santa Fe, Seton
Village, Tesuque, Turquoise Hill, and White Rock (fig. 1). The
model shows faulted geologic surfaces constructed using data
from mapped geologic contacts, faults, and other geologic
structures, and interpreted acromagnetic and gravity data.

This study integrates numerous geoscience data types,
such as geophysical data with surface geologic maps, to show
the 3-D configuration of geologic units and structures of the
basin-fill aquifers within the Espafiola Basin. Integrating dif-
ferent geoscience data sets made the model internally consis-
tent and more accurate because of the cross-validation of the
different data types.

The model iteratively progressed from simple to complex
using Dynamic Graphics EarthVision™ (EV) software to be
used as a visual interactive tool for nontechnical and technical
audiences. Viewing the data and model in 3-D space makes it
easier to evaluate the shape and form of the stratigraphic units
that compose the aquifers within the study area. The model
shows geologic characteristics that may affect or control
groundwater within this part of the Espafiola Basin, including
(1) the complex relations between fault-bounded lithologic
units, (2) possible flow pathways or barriers along or across
fault boundaries, (3) possible flow pathways within tilted
fault-bounded lithologic units, and (4) the subsurface con-
figuration of porous sediments overlying fracture-dominated
basement and volcanic rocks.
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Figure 1. Index map of New Mexico showing location of model area and modeled 1:24,000-scale

quadrangles.



Geologic Setting

Stratigraphy

The 550-km-long Rio Grande rift is composed of a
series of linked sedimentary basins trending northward from
southern New Mexico into southern Colorado. The focus of
this report is the Espafiola Basin, which is one in a series of
four structurally linked, north-trending, right-stepping, en
echelon basins in the central part of the rift (fig. 2). From
south to north these basins are Albuquerque, Santo Domingo,
Espafiola, and San Luis Basins. These basins mostly devel-
oped and subsided during the Miocene and Pliocene (Neo-
gene) and are filled with poorly lithified siliciclastic sediments
and a variety of intrusive and extrusive igneous rocks (Kelley,
1979, 1982; Chapin and Cather, 1994).

The Espafiola Basin contains Proterozoic crystalline
basement rocks, exposed in the Santa Fe and Sangre de Cristo
Mountains (figs. 3 and 4), which are unconformably overlain
by upper Paleozoic and Mesozoic sedimentary rocks. The Pro-
terozoic to Mesozoic rocks have undergone various degrees
of Laramide contractional and transpressional deformation
along mainly north- and northeast-trending faults and folds
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(Kelley, 1979). These trends are thought to be inherited from
1.65-0.8 Ga structural discontinuities and anisotropies pres-
ent within the Proterozoic rocks (Karlstrom and Humphreys,
1998; Karlstrom and others, 1999; Cather and others, 2005).
Syn- and post-Laramide Eocene sedimentary and Eocene and
Oligocene volcanic and volcaniclastic rocks unconformably
overlie these older rocks and are locally preserved along the
western basin margins.

The Espafiola Basin is mostly filled with eolian, flu-
vial, and alluvial sediments of the Santa Fe Group that were
deposited during the Miocene, Pliocene, and early Pleistocene
when rift-related basin subsidence was at its peak (Connell
and others, 1999; Smith and others, 2001; Dethier and Sawyer,
2006; Connell, 2006; Williams and Cole, 2007). Overall, the
basin sediments become less indurated and coarsen up-section
due to a basin drainage system that evolved from closed to
integrated (Dethier and Sawyer, 2006). Most lateral facies
changes exist in part due to the effects of syndepositional
growth faulting that accompanied rifting (for example, May
and Russell, 1994; Connell and others, 1999; Smith and oth-
ers, 2001; Minor, 2006). Composite thickness of the Santa Fe
Group is greater than 10,000 ft within the basin (Grauch and
others, 2009).

Three main episodes of volcanism occurred in and adja-
cent to the Espafiola Basin during the development of the Rio
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Figure 2.

Index map showing location of Espafiola Basin within the Rio Grande rift.
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Grande rift, beginning with the Miocene (12-6.5 Ma) erup-
tions in the Jemez volcanic field that overlaps the northwest
side of the rift (Smith and others, 1970) in the area of the Paja-
rito Plateau (fig. 4). Silicic and intermediate lavas, pyroclastic
deposits, and volcaniclastic sediments originating from the
Jemez volcanic field are intercalated with basin-fill sediments
within the western Espafiola Basin area. A second, late Plio-
cene to early Pleistocene (2.7-1.1 Ma) episode of localized
basalt and andesite lava eruptions was restricted to the center
of the Santo Domingo Basin (Santa Ana Mesa volcanic field)
and the Cerrillos del Rio volcanic field between the Santo
Domingo and Espafiola Basins (fig. 4) (Thompson and others,
20006). A third, distinct volcanic episode occurred in the Jemez
volcanic field west of the Espaifiola Basin consisting of two
voluminous silicic eruptions of the Bandelier Tuff at 1.6 and
1.2 Ma, with concomitant collapse of the Valles caldera (fig. 4)
(Smith and Bailey, 1968; Smith and others, 1970).

Structure

The Rio Grande rift consists of a series of basins, of
which most are broadly asymmetrical half grabens (Rosen-
dahl, 1987), and intrabasin strata and north- to south-striking
normal faults have opposing east-west dips (Chapin and
Cather, 1994; Russell and Snelson, 1994). Both the Albuquer-
que and Espanola Basins exhibit crude half-graben structural
geometries; dips of the primary fault structures of the Albu-
querque Basin are mostly to the west, whereas in the Espafiola
Basin dips are mostly to the east (Kelley, 1982; Chapin and
Cather, 1994). The Santo Domingo Basin, located between the
Albuquerque and Espaiola Basins, has a more symmetrical
structural form and shares structural affinities with both of the
adjoining basins.

Faults in the interior of the Espafiola Basin and model
area mostly strike north to north-northwest and dip both to
the east and to the west (figs. 5 and 6). The southern, narrow
part of the Espafiola Basin, known as the Santa Fe embay-
ment (figs. 4 and 6), is underlain by a broad apron of Pliocene
and Pleistocene (<3 Ma) basin alluvial deposits that overlap a
shallow platform of Oligocene and older rocks. The platform
is separated from the main, much deeper part of the basin to
the north by the Rancho Viejo “hinge zone” (fig. 6). This zone
is a buried, sinuous, geophysically well-expressed, northerly
dipping monoclinal ramp that may have formed in the latest
Oligocene during extensional development of the Espafiola
Basin (Grauch and others, 2009). North of the Rancho Viejo
hinge zone, most of the pre-rift Paleozoic to Eocene sedimen-
tary section was removed by erosion, before Santa Fe Group
deposition began. As the basin subsided during rifting, this
erosional surface was structurally deepened and unconform-
ably overlain by Santa Fe Group sediments. The pre-rift
sedimentary section is better preserved south of the hinge zone
and crops out in the southern part of the model area. Although
no faults cut the shallow Pliocene and Pleistocene deposits in
the Santa Fe embayment, several large, geophysically traced,

north- to northwest-striking normal faults displace the under-
lying older rocks (Aqua Fria fault system, fig. 5). At

the south end of the embayment, these faults terminate against
an extensive, discrete zone of northeast-striking faults—the
Tijeras-Cafioncito fault (fig. 5). This fault zone has had a long
and complex kinematic history, including strike-slip and dip-
slip movement on some segments (Lisenbee and others, 1979;
Abbott and others, 2004).

The master, down-to-the-east, border fault of the Espa-
fola Basin is the large-displacement (300—1,000 m maximum)
Pajarito fault system, northwest of the modeled area (fig. 3).
The footwall of the system forms the eastern edge of the
Jemez Mountains and has probably been active during most
of the Espafola Basin’s rift history (Gardner and Goff, 1984;
Sawyer and Minor, 2006a). North of Los Alamos, the right-
stepping Pajarito fault system curves into a northeast trend and
merges with the Embudo fault system (fig. 3). The Embudo
fault system is a discrete zone of closely spaced, northeast-
striking faults that continues northeast toward Taos, N. Mex.,
where it merges with the down-to-the-west master border
fault of the San Luis Basin. The Embudo system probably
experienced large components of left-lateral strike slip since
about 7 Ma (Koning and others, 2004), and this movement
has continued into the Quaternary (Koning and others, 2004;
Kelson and others, 2004). Recent workers believe that the
Embudo fault system is a strike-slip transfer zone that relayed
extensional strain between the opposite-polarity Espafiola and
San Luis half-graben basins during the main period of rifting
(Kelley, 1982; Aldrich, 1986; Chapin and Cather, 1994; Faulds
and Varga, 1998; Koning and others, 2004; Kelson and others,
2004).

Modeled Geologic Elements and
Descriptions

The 3-D geologic model consists of surfaces that mostly
represent unconformities below major stratigraphic units,
boundaries that characterize the lateral extents of intru-
sions, and faults that intersect geologic surfaces. The top of
the model is defined by the U.S. Geological Survey (USGS)
ten-meter digital elevation model (DEM) topography. The
geologic elements were selected for modeling because of their
probable hydrologic significance and their ease of identifi-
cation from surface geologic mapping or from subsurface
geophysical analysis and drill-hole information. Each geologic
element, its hydrogeologic significance, and sources of infor-
mation for its construction in the 3-D model are described in
the following sections.

Modeled Stratigraphy

The generalized stratigraphic units represented in the 3-D
model include, from youngest to oldest, basalts and cinder
cones of the Cerros del Rio volcanic field, the Ancha and
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Tesuque Formations of the Santa Fe Group, Oligocene vol-
canic and volcaniclastic rocks, Oligocene igneous intrusives,
undifferentiated Eocene to Paleozoic sedimentary (primar-

ily clastic) rocks, the basal Paleozoic sedimentary section
(dominantly limestone), and Proterozoic crystalline basement.
In this report the base of the Santa Fe Group is defined as the
floor of the Espafiola Basin. Also, both the Santa Fe Group
and the Cerros del Rio volcanic rocks are considered basin
fill. Unit names in closed parenthesis are the unit names keyed
to the model. Stratigraphic sequence shown in model is not
time correlated but is based on how the model needed to be
constructed.

Pleistocene-Pliocene Cerros del Rio volcanic field
(Cerros_Del_Rio)—The Cerros del Rio volcanic field (fig. 3)
is a predominantly basaltic to andesitic volcanic plateau that
generally overlies the Tesuque Formation (Thompson and
others, 2006). About 120 km? of rift-related mafic magma
was erupted discontinuously from 2.7 to 1.1 Ma as lavas and
related pyroclastic deposits, with the thickness and extent of
individual eruptive products generally varying according to
composition (Thompson and others, 2006). Overall thickness
of the volcanic pile ranges from a few meters along the eastern
margin of the field to as much as 250 m in the central part, as
observed in wells and interpreted from electromagnetic data
(Thompson and others, 2006; Rodriguez and others, 2006).

Basalts of the Cerros del Rio are generally above the
water table (Sawyer and Minor, 2006b). However, the basalts
are important because they cap the potentially large thickness
(=1 km) of aquifer-forming sediments of the Santa Fe Group
(Grauch and others, 2006, 2009), which may transmit ground-
water underneath the volcanic field. Information on the extent
and thickness of the Cerros del Rio volcanic field was deter-
mined from mapped geologic contacts (Read and others, 2005)
and limited drill-hole information (Sawyer and Minor, 2006b).

Pleistocene and Pliocene Ancha Formation (Ancha)—
The Ancha Formation represents the uppermost part of the
Santa Fe Group, typically less than 90 m (300 ft) thick. It is
restricted to the southern part of the model area (fig. 3) and
consists of poorly consolidated sand, gravel, and clayey-silty
sand that were shed from the Santa Fe Range from east to
west (Koning and others, 2002; Koning and Johnson, 2005).
It is relatively undeformed and unconformably overlies the
Tesuque Formation and older rocks.

The Ancha Formation is a high-permeability aquifer
where it is saturated, but it is mostly unsaturated throughout
the model area (Lewis and West, 1995; Johnson and others,
2008). The modeled base of the Ancha Formation was deter-
mined from mapped geologic contacts (Read and others, 2005)
and from a grid derived from picks determined from cuttings
and driller’s logs for numerous shallow wells in the southern
part of the model area (Johnson and others, 2008).

Miocene Tesuque Formation (Tesuque)—The Tesuque
Formation, part of the Santa Fe Group, represents the bulk
of basin fill north of the Rancho Viejo hinge zone (figs. 6).
Although the upper part of the Tesuque Formation is time-
equivalent to and interfingers with the basin-fill Chamita

Modeled Geologic Elements and Descriptions 9

Formation (fig. 3) near the northeastern corner of the model
area (Koning and Aby, 2005), we do not separate these two
units in the model. The Tesuque Formation is composed
primarily of sandstone and silty-clayey sandstone with minor
conglomerate, siltstone, and claystone (Spiegel and Baldwin,
1963; Borchert and others, 2003; Koning and Maldonado,
2003; Koning and Read, 2010). The formation has been previ-
ously subdivided into lithostratigraphic units (not modeled
here) on the basis of differences in sediment source areas and
depositional environments that evolved during the develop-
ment of the Espafiola Basin (Cavazza, 1986; Koning and
Johnson, 2006; Koning and others, 2008). Coarse-grained
sediments dominate the upper part of the section throughout
the model area. Grain sizes are more variable in the lower part
of the section, with finer grained sediments concentrated under
what is now the Rio Grande Valley (fig. 4) (Koning and others,
2008). The Tesuque Formation was deposited on an erosional
surface that may have had considerable relief, as much as 150
m in the Santa Fe embayment (figs. 4 and 6), then was tilted
and faulted prior to deposition of the Ancha Formation in early
Pliocene time (Koning and Johnson, 2005; Grauch and others,
2009). Stratal tilts of the Tesuque Formation generally mimic
the tilts of the basin floor, with steeper dips along the eastern
mountain front (Koning and Read, 2010).

The Tesuque Formation forms the primary aquifer for
groundwater resources in the southeastern Espafiola Basin.
The base of the Tesuque Formation was determined from
mapped geologic contacts (Read and others, 2005) and from
a digital grid developed as part of an integrated, 3-D geo-
physical model (Grauch and others, 2009). The geophysically
derived grid was constructed through synthesis of gravity and
aeromagnetic analyses and models, drill-hole information,
seismic-reflection and electromagnetic constraints, and geo-
logic mapping and interpretations (Grauch and others 2009).

Oligocene and Eocene volcanic and volcaniclastic
rocks (older_volcanic)—The Espinaso Formation and the
overlying Cieneguilla Basinite and related volcanic rocks are
modeled as one unit (fig. 3). The Espinaso Formation is com-
posed of volcaniclastic sandstones, conglomerates, boulder
conglomerates, near-vent volcaniclastic breccias, and minor
intermediate-composition lava flows (Kautz and others, 1981;
Smith and others, 1991; Thompson and others, 2006). Kautz
and others (1981) and Erskine and Smith (1993) interpret the
Espinaso Formation as an extensive apron of volcaniclastic
debris as much as 400 m thick that accumulated next to Oligo-
cene volcanic centers associated with intrusions near the Cer-
rillos Hills (described below) and to the south. The overlying
Cieneguilla Basinite and related volcanic rocks are composed
of basanite and nephelenite lava flows and interbedded sedi-
ments, as much as 200 m (660 ft) thick (Sawyer and others,
2002; Thompson and others, 2006).

This rock package is an important element of the hydro-
geologic framework because (1) the rocks directly underlie
Santa Fe Group sediments in most of the southern part of
the study area; (2) they generally form the lower confining
unit (Spiegel and Baldwin, 1963), although permeabilities
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may be moderate in local areas; (3) their absence indicates
areas where the overlying Santa Fe Group and underlying
pre-rift section have hydraulic connection; and (4) they likely
contribute locally to poor groundwater quality. The base of
the Oligocene volcanic and volcaniclastic rock package was
determined from mapped geologic contacts (Read and others,
2005) and a digital grid developed as part of an integrated, 3-D
geophysical model (Grauch and others, 2009). The geophysi-
cally derived grid was constructed primarily from aeromag-
netic analyses, drill-hole information, and seismic-reflection
constraints (Grauch and others 2009).

Eocene to upper Paleozoic clastic sedimentary rocks
(Eoc_uPaleo_clastic)—Undifferentiated, dominantly clastic
sedimentary rocks younger than Pennsylvanian and older than
Oligocene are modeled as one unit (fig. 3). This section is
poorly known in the model area because it has been variably
reduced by erosion (Koning and Read, 2010). It is entirely
missing above the basal, limestone-dominated Pennsylvanian
sequence in Yates La Mesa #2 well (fig. 3) (Myer and Smith,
2006). Because of this uncertainty, it is defined in the subsur-
face as the interval between the base of the Oligocene volcanic
and volcaniclastic rock package and the top of the limestone-
dominated Pennsylvanian rocks. The fully preserved section
may include as much as 2,000 m (6,560 ft) of Permian through
Cretaceous sandstones, siltstones, shales, minor conglomer-
ates, and limestones. Unconformably overlying the Paleozoic
and Mesozoic section are Paleocene and Eocene sandstones
and siltstones that were deposited during the late stages of
the Laramide orogeny (Cather, 1992, 2004; Lucas and others,
1997). At the top of the section, the Eocene Galisteo Forma-
tion may be important locally for water storage in the southern
part of the model area (Finch, 2008), and may be as much as
1,500 m (4,920 ft) thick (Abbott and others, 1995).

Paleozoic carbonate-dominated sedimentary rocks
(Pz_carb)—Pennsylvanian and minor Mississippian rocks
composed of limestone and lesser amounts of calcareous
siltstone, shale, and sandstone form the base of the Phanero-
zoic section in the model area (fig. 3) (Spiegel and Baldwin,
1963). This section is the only part of the Paleozoic section
preserved above the Proterozoic basement throughout much of
the northern half of the model area. This interval is as much as
150 m (492 ft) thick in isolated exposures near the mountain
front (Spiegel and Baldwin, 1963; Read and others, 2005;
Koning and Read, 2010) and 400 m (1,312 ft) thick in the
Yates La Mesa #2 well (Myer and Smith, 2006). The limestone
sequence produces prominent reflectors in seismic-reflection
data, which are important markers for geophysical interpreta-
tion. They have similar densities to the Precambrian rocks,
so they cannot be distinguished on the basis of gravity data
(Grauch and others, 2009).

The limestones locally contain water in small vugs and
caverns that formed from karst dissolution (Spiegel and Bald-
win, 1963). These limestones are important near the mountain
front along the eastern margin of the model area where the
rocks have been uplifted and are closer to the surface. Infor-
mation for the top of the Paleozoic limestone sequence was

derived from geologic map contacts (Read and others, 2005)
and was generally guided by geophysical interpretations and
geologic cross sections that incorporated sparse drill-hole and
seismic-reflection information (Read and others, 2005; Grauch
and others, 2009; Koning and Read, 2010).

Proterozoic crystalline rocks (Proterozoic)—Protero-
zoic crystalline rocks are exposed along the eastern margin of
the study area in the Santa Fe and Sangre de Cristo Mountains
and form the geologic basement across the model area (fig. 3).
They are predominantly granitic rocks with subordinate schist,
gneiss, and amphibolite, and are highly brecciated in local
areas (Spiegel and Baldwin, 1963; Read and others, 2003,
2004).

Proterozoic rocks are important for understanding the
hydrogeologic framework because (1) the basement closely
underlies and thus helps define the base of the rocks compos-
ing the basin-fill aquifers throughout most of the area north
of the Santa Fe River; and (2) they form the main mountain-
block aquifer, dominated by flow through fractures at depth.
Information for the top of the Proterozoic basement surface
was derived from geologic map contacts (Read and others,
2005), and a digital grid that was developed as part of an inte-
grated 3-D geophysical model (Grauch and others, 2009). The
geophysically derived grid was constructed primarily from
acromagnetic analyses and combined gravity and magnetic
modeling that were constrained by limited drill-hole informa-
tion and electromagnetic and seismic-reflection interpretations
(Grauch and others 2009).

Modeled Intrusions

Oligocene and late Eocene intrusive rocks (intrusions)
— A large intrusive complex and related plutons are located
in the vicinity of the Cerrillos Hills (fig. 4), in the southwest-
ern part of the modeled area. The intrusive rocks, composed
of monzonite and monzonite porphyry, represent the roots of
Oligocene volcanoes that erupted over several episodes (fig. 3)
(Giles, 1995; Maynard and others, 2002). As the magma
intruded, it domed the overlying sedimentary rocks (Maynard
and others, 2002). The volcanoes were eventually eroded to
form detritus of the Espinaso Formation (Kautz and others,
1981; Erskine and Smith, 1993).

The intrusions are important in the hydrogeologic frame-
work because they likely represent a fracture-dominated rather
than a porous medium. The lateral extents of the intrusions
were determined from mapped geologic contacts (Read and
others, 2005) and aecromagnetic interpretations (Grauch and
others, 2009). At depth, the shapes of the intrusions are poorly
constrained, so they are highly conceptualized.

Modeled Structure

Faults modeled were interpreted to impact the rift-basin
structural form or to potentially affect groundwater flow
by either bounding aquifers or by their intrinsic hydraulic



properties (Caine and Minor, 2009). Faults were defined by
surface geologic mapping as summarized by Read and others
(2005) and Koning and Read (2010), augmented by new fault
observations (S.A. Minor, M.R. Hudson, and R.A. Thompson,
unpublished data, 2010) and fault signatures in geophysical
data (Grauch and Hudson, 2007; Grauch and others, 2009).
The overall fault structure of the model consists of two
main fault trends (fig. 5). (1) A northeast-striking set of faults
that includes the Tijeras-Cafioncito fault in the southeast-
ern corner of the model—a regional fault system with both
Laramide and Neogene activity (Lisenbee and others, 1979;
Abbott and others, 2004). The Tijeras-Cafoncito fault system
is modeled as a primary fault because it crosses the model and
is not offset by other faults in the model area. North of and
parallel to the Tijeras-Cafioncito fault system is the northeast-
striking Cueva fault that dips about 60° southeast and is
truncated at depth by the Tijeras-Cafioncito. (2) Most faults
within the model lie within a north- to northwest-trending
band that transects the model area. This band is further divided
into two fault systems that cut strata of the Tesuque Forma-
tion—a southern Agua Fria system (Grauch and others, 2009)
and a northern Barrancos system. The Agua Fria fault system
contains the principal east-dipping San Isidro Crossing fault
and extends from the Tijeras-Cafioncito fault in the south to
north of the Santa Fe River arroyo where it is exposed and
dips approximately 70°. The southern part of the Aqua Fria
fault system does not cut the younger Ancha Formation and
is interpreted from geophysical data. To the east, a group of
west-dipping faults with shorter trace lengths are interpreted
to be truncated at depth by the San Isidro Crossing fault.
The Barrancos fault system steps to the west relative to the
Agua Fria fault system (fig. 5). The mostly east-dipping
Barrancos system coincides with an area of west-dipping
strata, and the overall structural geometry is interpreted to
be a faulted down-to-the-west monocline (Barrancos
monocline, figs. 3 and 5). The adjacent Pojoaque fault
dips approximately 75° west and is interpreted as the main
causative fault of the monocline against which other mostly
east-dipping faults of the Barrancos system truncate (fig. 5).
In addition to the two main fault trends, other peripheral
faults are included in the model (fig. 5). West of the Barrancos
fault system, the east-dipping Horcado and Canada Ancha
faults follow the western flank of a geophysically defined
structural trough (Grauch and others, 2009). The form of the
trough guided modeling of fault offsets and the general loca-
tion of the Cafiada Ancha fault, which is buried by the Cerros
del Rio volcanic field. Offset on the Horcado fault is princi-
pally constrained by gravity inversion. The general structure of
the Santa Fe Mountains on the eastern side of the basin is an
west-dipping monocline broken by several subordinate faults.
The Santa Fe River fault projects southwestward into the basin
from exposures within Proterozoic rocks in the canyon where
its namesake river flows out of the mountains (figs. 3 and 5).
Other north-striking faults within the eastern part of the basin
are interpreted to truncate against this fault. Farther north
along the mountain front, the east-dipping Nambe Falls fault

Model Construction and Methodology 1"

(fig. 5) juxtaposes older Paleozoic and Proterozoic rocks on
the west against the Tesuque Formation. At the southeastern
corner of the model, the steeply west-dipping, curviplanar
Glorieta fault projects northward to the Tijeras-Cafioncito
fault, and at the surface juxtaposes Triassic sedimentary rock
on the east against Cretaceous through Eocene rocks (fig. 5).

Model Construction and Methodology

Model Construction

EarthVision™ (EV) software was used to create, compile,
and display the model because of its ability to interactively
use and view different data types. In addition, it can accurately
define and show faulted geologic surfaces while maintaining
structural complexity and integrity in three dimensions. The
software creates three-dimensional mathematically defined
surfaces from x, y, and z data points. For this model x and y
are a Universal Transverse Mercator (UTM), NAD 27, zone
13, location in meters, and z is elevation in feet. Modeled
surfaces were derived using the native “minimum surface-
tension” gridding algorithm to more closely model the data.
The gridded lithologic surfaces are generated in a two-stage
process, an initial grid estimate followed by biharmonic itera-
tions. Initial grid nodes are estimated from the scattered data.
Data points used for the initial estimate depend on the distri-
bution of the scattered data. Once the estimate is complete, a
number of iterations using the biharmonic cubic-spline func-
tion re-evaluate the grid nodes. So that grid nodes still adhere
to the scattered data, a scattered data feedback algorithm
follows each biharmonic iteration. These modeling steps result
in the curvature of the surface being distributed between data
points rather than concentrated at data points. This generates
a more natural looking modeled surface of the grid nodes that
accurately reflect the scattered data. More information and
other utilities are available from Dynamic Graphics, Inc., at
URL http: //www.dgi.com.

Volumes of units are defined and shown as the space
between (1) two surfaces, (2) surfaces and fault planes, or
(3) surfaces and model extents. EV software follows basic
geologic rules to define depositional, channel-fill, or uncon-
formable contacts and surfaces. Surfaces can be modified by
any or all of the following: adding data points to a surface,
altering gridding parameters or detail, and using smoothing
algorithms in any or all of the x, y, and z dimensions. This
allows considerable discretion to define or refine a surface.
Details of the algorithms and how data points are used by the
software are beyond the scope of this report but are available
from Dynamic Graphics, Inc., at URL http: /www.dgi.com.

Modeled faults have lengths greater than 4 km (2.5 mi)
and inferred or known offsets greater than 20 m (65 ft). Splay
faults or small isolated faults were not included in the model.
Dips of faults were assigned from surface exposures where
possible, otherwise they were assigned typical values based on
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data from regional surveys within the Espafiola and adjacent
basins (Minor and Hudson, 2006). For modeling, defining
faults as through-going versus truncated was determined by
geometric relations observed at the surface, as well as geologic
interpretation (figs. 5 and 6). Due to modeling constraints,
some faults or fault systems composed of multiple segments
with common dip and strike were modeled as a single fault,
such as the San Isidro Crossing fault. Elliptical boundaries for
faults were generated to constrain their vertical and horizon-
tal extents, in keeping with rock mechanical models of fault
growth (Nichol and others, 1996). The elliptical boundaries
were further modified to constrain faults that do not cut the
Ancha Formation. Their vertical boundaries were defined by
the top of the underlying Tesuque Formation and reflect the
period of erosion and cessation of faulting between deposition
of the Tesuque and Ancha Formations.

Model construction started with a few faults and geologic
surfaces to test interpretations and modeling techniques, and
to allow the authors input to refine the modeling process. After
each model iteration was accepted, more data were added,
interpretations of stratigraphy and structure were refined, and
the model evolved and increased in complexity. The resultant
model reflects interpretations through consensus of the authors
as constrained by the data during the process. All data and
interpretations were evaluated for consistency, quality, and
accuracy using two- and three-dimensional visual analysis of
all data sets. This process of model building resulted in a bet-
ter understanding of the geology and structure within the study
area and increased model accuracy.

Methodology

The fault framework was modeled first and includes
27 faults and fault segments. Normal faults with steep dips
were determined on the basis of field mapping or inferred
from recognized extensional strain in a rift basin (Minor and
Hudson, 2006). Modeled faults were added sequentially as fol-
lows: (1) faults that cross the model, (2) faults that truncated
other faults, and (3) faults to help show the basin form and
the horst/graben relations. Some faults indicated only in the
geophysical data did not have enough information to define
vertical displacement. In these cases minimal fault displace-
ments within the error tolerances of the data sets were added,
typically 100 ft. Some faults had their inferred displacements
at depth further constrained to be consistent with other known
faulted surfaces

Where data or detail were missing for hydrogeologic
surfaces, data points were extrapolated to be consistent with
known data points based on local thickness of modeled units,
or known fault displacements. For example, if the only local
data control for a surface was the contact on the geologic map,
we used that x, y, and z value, and calculated local overlying
and/or underlying z-surface-elevation values based on local

thickness. Some of the thickness and surface variations shown
in the model may reflect additional small faulting or inherent
uncertainties of defined picks from the data and are reasonable
interpretations based on the objective criteria in surface maps,
lithologic descriptions, and geophysical interpretations.

Topography-surface detail was designed to model topo-
graphic and structural detail and to balance this with what can
be interactively displayed on a typical Intel™ single-processor
computer system running Windows XP™ as defined in the
readmel.txt file on this DVD-ROM.

The top of Precambrian basement is the lowermost mod-
eled unit and was used to propagate and validate deep fault
structures defined and shown on geologic and geophysical
maps. This was necessary because the modeling technique
builds the geologic layers from the bottom up, and fault
displacement propagates vertically until other data are avail-
able, or some model extent or boundary is reached. Mapped
displacements of many faults were less than the margin of
error of the surfaces interpreted from geophysics. Thus struc-
tural displacements represented by geophysically defined grids
were often adjusted to fit the surface geologic mapping more
closely.

The intrusive unit was built as a series of stacked con-
centric polygons. Individual branches or spurs were integrated
into a central column as interpreted from the subsurface
geophysics. These stacked polygons were compiled as a 3-D
object and scaled to the model. The intrusive unit was then
added to the model as an unconformity.

The Cerros del Rio volcanic field caps the Tesuque sur-
faces from the eastern edge of the field westward. The Tesuque
surfaces under the field was modeled to dip slightly westward.
A wedge of the Cerros del Rio volume was built on top of
this surface using the highest topographic points from the
DEM and field observations and then projecting and thinning
the unit eastward onto interpreted pre-erosion surfaces of the
Tesuque Formations. The Cerros del Rio cap, along with the
Tesuque unit was artificially eroded with the DEM to produce
the cliff faces seen in the model.

Conclusions

The three-dimensional model of the southern Espa-
nola Basin presents an internally consistent interpretation of
surfaces and associated volumes developed from geologic
and geophysical data. Major structures and rock-unit outcrop
patterns of this model are mostly consistent with the geologic
maps presented by Read and others (2005) and Koning and
Read (2010), and subsurface interpretations of Grauch and
others (2009). Differences seen in the model reflect interpre-
tation of fault relations at depth, fault relations to lithologic
contacts, or the surface DEM simplification or consolidation to
fit the scale of the model and meet the practical limitations of
the software.



The model shows the overall geometry of the basin; a
faulted north-plunging syncline with the southern shallow
shelf of the Santa Fe embayment, and the transition to a deeper
west-tilted half graben to the north across the curvilinear Ran-
cho Viejo hinge zone. The model illustrates the distribution
and thickness of the rift-filling Tesuque and Ancha Formations
of the Santa Fe Group, both important basin aquifers. Mod-
eled are twenty-seven faults that impact the basin form and
potentially affect hydrologic flow. Faults offset the Tesuque
Formation and older units and include the Agua Fria and Bar-
rancos fault systems in the north-central part of the model, and
the Tijeras-Cafoncito fault in the south. The model provides
a geologic framework to develop regional groundwater models
and allows exploration of possible groundwater pathways
along or across fault boundaries and through tilted and
fractured structures that resulted from faulting in this part
of the Espaiola Basin.
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DVD-ROM Contents

In addition to this discussion, this publication contains a
complete faulted 3-D surface and volume model of the study
area. The model may be explored and .jpg or .tiff images of
user-defined views may be saved. Both a basic “getting
started” help file and detailed help files are pro-vided as aids
to understanding the included 3-D viewer. The included
viewer is for Windows. The USGS has licensed from
Dynamic Graphics, Inc., the rights to provide an encrypted
model and the viewers to use the interpreted model. The
license allows the USGS the service and rights to provide
unlimited distribution. We designed this product to function
from the DVD-ROM media but recommend the necessary
files be copied to a local hard drive for better performance.
No additional installation programs are needed to view the
model and data sets using the 3-D viewer. Error messages
may occur referencing the Microsoft C++ libraries when
starting the software; selecting “OK” several times will
start the software. There is no damage done to your system
because nothing is installed. The folder “bug_fix” includes
a possible fix for this problem and is provided as a courtesy
by Dynamic Graphics. More information about the viewing
software and EarthVision™ may be obtained from Dynamic
Graphics, Inc., at http://www.dgi.com/.
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