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INTRODUCTION

The Espafiola basin generally is considered to be one in a
chain of graben along the axis of the Rio Grande rift, and con-

tains the type locality of the upper Cenozoic, graben-filling
Santa Fe Group (Galusha and Blick, 1971; Manley, 1979).
Disagreement exists, however, on the position, and even the
existence, of the graben-border faults. This paper concerns the
delineation of faults by gravity data, based on the premise that
the sandy, poorly consolidated Santa Fe Group has low den-
sity relative to the graben basement. .

A long history of structural interpretation of the Espafiola
basin is cited and evaluated in three recent papers. Kelley
(1979) characterizes the basin as fault-bounded. Manley
(1979) emphasizes a narrow axial graben (the Velarde graben)
within the basin, whereas Baltz (1978) characterizes the basin
as essentially a syncline. The question of whether the basin is
fundamentally a graben or a syncline is important, because the
geometry of a keystone-shaped graben requires crustal exten-
sion and “rifting,” whereas a synclinal fold does not. Actually,
Baltz too describes major zones of normal faulting, although
he maps displacement along the easternmost basin edge in a
sense opposite to that of some previous workers.

Such differing interpretations suggest that scientific repro-
ducibility is not being realized, and therefore, that the limit of
resolution of geologic mapping has been reached. | have sug-
gested previously (Cordell, 1970, 1976, 1979) that through-
out the Rio Grande rift, the pattern of exposed fauits com-
monly provides few and unreliable clues to the configuration
of the graben-bounding master faults to 1 to 5 km depths, as
delineated by gravity data. Possible factors in this are: (n
stratigraphic throw on growth faults increases unpredictably
with depth; (2) some exposed faults are secondary siump fea-
tures; and (3) most of the master faults are covered by an
alluvial veneer and cannot be seen at the surface.

In this spirit, | show here gravity data from the Espafola
basin, including previously unpublished data, with the aim of
delineating buried master faults. In a nutshell: the gravity data
do not establish the existence of faults, although this is the
preferred interpretation. If faults are present, the gravity data
show their approximate positions.

GRAVITY DATA

Locations of gravity stations and a complete Bouguer-anom-
aly map of a region centered on Santa Fe Country and the
Espafola basin are shown in Figure 1. Data from 208 stations
near Los Alamos are from Budding (1978) and were provided
by A. J. Budding (personal commun., 1978). The rest of the
stations were measured by me in the course of a program of
regional gravity mapping of the Rio Grande rift. Observed
gravity is measured relative to a network of U.S. Department
of Defense base stations and is reduced to the IGSN-71 datum
(Morelli and others, 1974). Terrain correction, by means of

was made by means of

templates overlaying topographic maps.

A reduction density of{2.5 gm/cm?® was used for the Bouguer

and terrain corrections,

REGIONAL GRAVITY FEATURES

The trace of the Rig Grande graben across the area of Fig-
ure 1 is depicted in two ways. A fine dashed line shows the
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Figure 1. Complete Bouguer-anomaly gravity map centered on the

2 mgals; reduction density 2.5 gmjcm®. Gravity stations indicated by “+". Hag
Fe Group and related graben-filling rocks shown by fine dashed line. Locus of
dashed lines (from fig. 6). Profile bars show locations of profiles A, B, C and D (1

fiola basin is truncated by a major, northwest-trending struc-
tural ridge connecting Precambrian massifs in the area between
La Madera and Picuris. Possibly 2 to 3 km of structural relief
exist across this ridge separating the Espafiola and Taos-San
Luis basin sections of the Rio Grande rift, Very steep gravity
gradients delineate the southern edge of the Taos basin along a
northeast-trending fault zone north of Picuris,

Gravity profiles across linear gravity gradients are shown at
locations A, B, C and D on Figure 1. These are interpreted in
terms of inferred thickness of low-density rocks, as discussed
below. “Low-density rocks” can be considered to comprise
primarily Miocene-Pliocene Santa Fe Group, although older
“low-density rocks” undoubtedly are present. Regional con-
siderations (Cordell, 1976, fig. 5) suggest that most of the
pre-Neogene sedimentary rocks have been eroded from this
region in the course of stripping of Laramide uplifts. The grav-

Espafiola basin section of the Rio Grande rift. Contour interval
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Figure 2. Profile A-A' (see fig. 1 for location). Lower graph shows depth to base of low-density graben fill, calculated from the

gravity data for two different density contrasts (—0.3 and —0.5 gm/cm?®, as indicated). Hq
graben-fill models are the same and are indicated on the “‘depth”’ ordinate of the lower figire. Flags show the approximate limits of
graben fill as determined from geologic mapping. In the upper figure, the Bouguer anom
and gravity effect calculated from the —0.3 gm/cm® model is indicated by “x"’. (Fit of the

Vertical arrows show inflection points, as determined from Figure 6.

upper mantle under the High Plains province to the east. In
addition to very broad upper-mantle-related gravity features, a
narrower regional positive gravity anomaly commonly is ob-
served along the axis of the rift; this anomaly is attributed to
high-density material within the lower and middle parts of the
crust (Cordell, 1976; Decker and Smithson, 1975). Such a
positive gravity feature is not obvious in profile A, and is
assumed not to be present. If it is present, its effect would be
to make the gravity gradients along the basin edges appear too
gentle and the derived structural relief too small.

Subject to uncertainties about the regional gravity field, the
denved models shown in Figure 2 mdvcate 2. 5 10 5 kmﬁqflow-{
Velarde graben The step-shaped appearance of the model is an
artifact of the computer program, which uses prismatic ele-
ments. The vertical-sided prism edges are not (of course)
faults, but faults can be located approximately where the cal-
culated thickness of fill changes abruptly. In the case of profile
A-A', faults might be located with some confidence at the
points indicated by arrows (inflection points, as will be dis-
cussed below) if the density contrast is as low as 0.3 gm/cm?.
For a density contrast of 0.5 gm/cm?, however, it would be
difficult to argue that faults are required to explain the gravity
data. For example, on the eastern side of the basin, for a
distance 15 km west of the Santa Fe Group wedge-edge, the
gravity data are consistent with a 7° regional dip basinward as
suggested by Baltz (1978). Farther to the west, in the Velarde
graben and a somewhat similar-looking feature to the west of
that, near El Alto, the low-density material does thicken
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e conclusion for the west side of the
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tn part of profile B-B', as indicated by
ow.

outhern end of the Velarde graben east-
e Cristo Mountains is shown in profile
argins of the Velarde graben do seem a

reasonable interpretation here, although even here, faults are
not required by the data. In the eastern half of the profile, the
inflection point is located about 3 km basinward from the
edge of the Santa Fe

Profile D-D’ {fig. 5) crosses the southern end of the Sangre
de Cristo front in the|Espafiola basin. Here, an abrupt 300-to-
400-m thickening occyrs about 1.5 km west of the edge of the
Santa Fe Group, perhaps indicative of a fault. Even so, the




62

Complete Bouguer Anomaly, mgals

-180

~190

-200 F

-210

=220

-230

U
[N
H
o

Complete Bouguer Anomaly, mgais

=210

-220

=230

4
N
S
(o]

Depth,km

(=]

—
-

r i

L T ~-Som/em? ]

N

»

—

=— Velorde graben —»{

L -3 9"'\/(:m3 -
N———
FOOI (7 Wsi"ﬂv'm__,,(
by da fn_
Req'\ono\ ﬂvhl 144

CORDELL

Figure 3. Profile B-8' (see fig. 1 for location). Lower graph
shows depth to base of low-density graben fill, calculated from
the gravity data for two different density contrasts (—0.3 and
-0.5 gmfcm®, as indicated). Horizontal and vertical scales in
the derived graben-fill models are the same and are indicated

approximate limits of graben fill as determined from geologic
mapping. In the upper figure, the Bouguer anomaly profile
(fig. 1) is shown by|solid line, and gravity effect calculated
from the 0.3 gm/cm® model is indicated by “x*' (Fit of the
-0.5 gmfcm® model is generally better.) Vertical arrows show
inflection points, as determined from Figure 6.
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Figure 4. Profile C-C' (see fig. 1 for location). Lower graph shows depth to base of low-density graben fill, calculated from the
gravity data for two different density contrasts (-0.3 and =0.5 gmjcm?®, as indicated).|Horizontal and vertical scales in the Fle(/’ved
graben-fill models are the same and are indicated on the “depth” ordinate of the lower figure. Flags show the approximate I/r?wts. of
graben fill as determined from geologic mapping. In the upper figure, the Bouguer an omaly profile (i fié]. 1})is sﬁown by solid line,
and gravity effect calculated from the —0.3 gmjcm® model is indicated by “x". (Fit of the —0.5 gm/cm® model is generally better. )

Vertical arrows show inflection points, as determined from Figure 6.
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Figure 5. Profile D-D' (see fig. 1 for location). Lower graph
shows depth to base of low-density graben fill, calculated from
the gravity data for two different density contrasts (~0.3 and
—0.5 gmjem?®, as indicated). Horizontal and vertical scales in
the derived graben-fill models are the same and are indicated
on the "depth” ordinate of the lower figure. Flags show the
approximate limits of graben fill as determined from geologic
mapping. In the upper figure, the Bouguer anomaly profile
(fig. 1) is shown by solid line, and gravity effect calculated
from the —0.3 gmjcm?® model is indicated by “x". (Fit of the
-0.5 gmjcm® model is generally better.) Vertical arrows show
inflection points, as determined from Figure 6.

profile gives the impression that most of the structural relief is
accomplished by homoclinal dip basinward.

A horst-like structure (figs. 1, 2), separating the Velarde and
Ei Alto inferred grabens, extends from Valle caldera perhaps
40 km northeastward. This is depicted in the profiles as a
basement high, but it could be related instead to Cenozoic
intrusive and extrusive rocks of the Jemez volcanic field.

Although the profiles do not establish uniquely the exis-
tence of faults anywhere in the Espafiola basin, they do indi-
cate various zones in which faults seem to be the most reason-
able interpretation, especially in light of regional structural
style. The profiles do not locate these faults very well, how-
ever, because of the step-like aspect of the prism-based models.
As an aid in delineating possible fault traces in plan view, |
have constructed a gravity gradient map (fig. 6). The gravity
gradient is defined here in terms of the Bouguer gravity anom-

aly function g(x,y), with x,y the horizontal coordinates in a
Cartesian system, as

| vgix,y) | =‘\/(ag/a;()’ + (ag/ay)2 ,

i.e., the scalar amplitude of the horizontal component of the
Bouguer gravity-anomaly gradient.

Gradient maxima, forming ridge lines in Figure 6, delineate
gravity inflection points, which are approximately coincident
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with vertical or very steep-sided faults or other density discon-
tinuities. Recognizable ridge lines are marked on Figures 1 and
6 by heavy dashed lines.

Certain of these inflection-point lines can be interpreted as
delineating fault zones in the sense that if faults are present,
this is probably where they are located. Their aerial patterns
show that, as in the Albuquerque basin to the south, the east-

ern border faults inv
zones, whereas within

olve linear, en echelon, north-trending
the basin and at the west border of the

basin, trends are conjugate northeast-northwest. Valies caldera
is located where the western graben border shifts from the St.
Peter's dome area abruptly northwestward a distance of per-

haps 40 km. As efsew

here in the rift, the gravity data suggest a

relatively few, widely spaced master fauits, In many places,
these are arranged inen echelon configuration suggestive of
the “relay fault” concept applied to the region by Kelley
(1979).
DISCUSSION

Strictly speaking, the question of the fundamental struc-
tural characterization of the Espafiola basin as a graben or a
syncline is beyond the resolution of the gravity data. The ques-
tion has important general consequences and would be worth
answering. Perhaps, a detailed seismic reflection profile would
be helpful here.

Regional geologic jJand geophysical data from the Rio
Grande rift (Chapin and Seager, 1975; Cordell, 1978; Riecker,
1979) would seem to make the existence of extensional fault-
ing at shallow levels along the axis of the rift in the Espafiola
basin almost a certainty. In places in the Espafola basin, grav-
ity and geologic data taken together do seem to indicate sig-
nificant faulting (e.g.,| Manley's (1979) Velarde graben). Fur- .
ther evidence for faulting in the Velarde graben is provided by

repeat-leveling data o

Reilinger and York (1979), showing a

15-t0-20-km-wide zon%j of subsidence at an apparent rate of 1

cm per year, associate
west of Espafiola.
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