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ABSTRACT

The central Velarde graben is the active subbasin
of the Espanola basin section of the Rio Grande rift in
north-central New Mexico. The Velarde graben is
bounded on the west, in the Jemez volcanic field, by
the Pajarito fault zone. This fault zone has produced a
steep fault scarp about 100 m high where it cuts the
1.1-m.y -old Tshirege Member of the Bandelier Tuff.
Detailed mapping along the north-trending Pajarito
fault zone has revealed a fairly simple geometry. In the
Tshirege Member, the faults follow numerous vertical
joints. Below this member, fault dips are ~60° and not
listric at shallow depths. This simple geometry allows
calculation of a mean rate of extension of ~0.05
mm/yr across the Pajarito fault zone for the past 1.1
m.y. If extension is not perpendicular to the fault
zone, the extension rate could be as great as ~0.07
mm/yr. Lack of transverse tilt of the Velarde graben
wedge implies that the extension rate across the
eastern margin is about the same as for the western
margin. Comparison with a published extension rate
for the northern Albuquerque-Belen basin (just to the
south of the Jemez Mountains) of 0.3 mm/yr (both
sides) since rifting began 26 m.y. ago indicates a slower
opening for the Velarde graben during the past 1.1
m.y. If extension is localized along the margins of the
Velarde graben with little activity along other fault
zones in the Espanola basin, then both the mean rate
of extension and the width of the actively extending
region have decreased with time for this section of the
Rio Grande rift.

INTRODUCTION :

In New Mexico, the north-northeast-trending Rio Grande
rift consists of a series of north-trending en echelon basins that
step to the right. Individual basins are fault-bounded valleys
with border faults that are commonly poorly exposed or
unexposed. In the Espafiola basin (Fig. 1), the eastern border is
defined by the contact of the Precambrian rocks of the Sangre
de Cristo uplift with the basin fill (Santa Fe Group). No single
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major border fault is recognized; instead, the contact is both
depositional and faulted (Manley, 1979). To the west, the
Espafola basin is bounded by a discontinuous northeast-trending
fault zone with down-to-the-east displacements. However, parts
of this fault zone are concealed, probably covered by some of
the younger Jemez volcanic units, which indicates relative
inactivity in the past 1 m.y.

The intrarift Velarde graben (Fig. 1) lies within the Espafiola
basin and began forming in early Pliocene time (Manley, 1579).
Detectable crustal subsidence and seismicity indicate that the
Velarde graben is still active (Reilinger and York, 1979; Jiracek,
1974). The eastern boundary of the Velarde graben has been
mapped by Manley (1979) as a series of prominent yet partially
obscured north-trending, west-side-down faults that cut the
Santa Fe Group at least 20 km to the west of the eastern margin
of the Espafola basin.

The western margin of the Velarde graben is bounded by
the prominent Pajarito fault zone, which is the subject of .this
paper. In the Jemez Mountains, this fault zone cuts the Pleisto-
cene Bandelier Tuff and has produced a down-to-the-east fault
scarp (Smith and others, 1970). Kelley (1979) suggested that
this fault (which he calls the Los Alamos fault) defines the
eastern edge of the Jemez bench, a structural high that marks
the up-ramped northern terminus of the Albuquerque-Belen
basin. This structural high is capped by the Jemez volcanic field.
The Pajarito fault may be a growth fault with as much as 3 km
throw at depth; movement along it may be responsible for the
gentle westward dips of the Santa Fe Group sediments in the
eastern part of the Espaiiola basin (Kelley, 1979).

Kelley (1979) and Muehlberger (1979) projected the Pajarito
fault zone to the northeast under the Rio Grande flood plain
and linked it with the down-to-the-west Embudo fault (Velarde
fault of Manley, 1979). They suggested that this fault is
involved in the right en echelon offset of the rift. Muehlberger
(1979) presented evidence that the Embudo fault, which he
suggests is a transform fault, is locally under compression in a
northwest-southeast direction. A component of left slip parallel
to the Rio Grande rift would produce a counterclockwise rota-
tion of the block bounded to the northwest by the Embudo
fault, thereby producing the local compression observed.
Moreover, left slip agrees with the general tectonic model of the
middle Rio Grande rift proposed by Kelley (1979), in which
northward up-ramping structural basins are connected by right
en echelon relay faults. In this model, the Jemez bench represents
the up-ramped northern terminus of the Albuguerque-Belen
basin, and the Pajarito fault zone is the right en echelon
relay fault.
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Figure 1. Generalized geologic map of the Espanola basin, Rio Grande rift, north-central New Mexico

(modified from Manley, 1979).

In general, in order to determine the rate of extension
across a fault or group of faults, the geometry, kinematics, and
timing of movement must be known or approximated.
Woodward (1977) was able to do this for the Albuquerque-
Belen basin where he calculated the rate of extension to have
been 0.3 mm/yr since rifting began 26 m.y. ago. In this paper I
analyze the Pajarito fault zone where it cuts the broad, gently
eastward-dipping surface of the Pajarito Plateau that is underiain
by the 1.1-m.y.-old Tshirege Member of the Bandelier Tuff
(Doell and others, 1968). This ash-flow unit provides a time line
to which data on the geometry and kinematics of the Pajarito
fault zone are added to derive a rate of extension.
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GEOLOGIC MAP AND STRUCTURAL DATA

A detailed geologic map of part of the Pajarito fault zone
is shown in Figure 2. Noted on the map are approximate
stratigraphic displacements, strike and dip of bedding, stations
where brittle fracture features were measured, and mapped
geologic units. Data that help constrain fault geometry and
amount of possible extension are briefly described below.

Typical offset of the Bandelier Tuff by major faults is
expressed as a steep fault scarp. Even though the major faults
are covered by talus and alluvium, most movement is east-side-
down. West-side-down faults occur in only a few places and
always with minor displacements ( ~10 m). Nevertheless,
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Figure 3. Near-surface mechanics of faulting across a typical fault of the
Pajarito fault zone. (a) Major fault propagates upward at angle § to the
base of the Tshirege Member of the Bandelier Tuff. (b) Extension x pro-
duces a scarp of height s, x = s/tanf]. (c) Mass wasting, erosion, or
rotatation of upthrown tuff into the fault fills the void.

This extension is a minimum because the calculation
assumes that extension is perpendicular to the fault zone,
approximately east-west. Minor slickensided faults at stations
010 and 013 indicate local extension in north-south and
northeast-southwest directions. This extension may be the result
of some component of left slip along the rift, as suggested by
Muehlberger (1979) and Kelley (1979). Muehlberger (1979) stated
that left slip would cause a counterclockwise rotation of the
block bounded to the northwest by the Embudo fault and to the
west by the Pajarito fault zone. This rotation could result in
extension across the Pajarito fault zone in the directions
indicated by these minor slickensided faults. Woodward (1977)
calculated an extension rate of 0.3 mm/yr across the entire
northern section of the Albuquergue-Belen basin for the past
26 m.y. If extension is in a northwest-southeast direction, as
suggested by Woodward (1977), the rate of extension across the
Pajarito fault zone during the past 1.1 m.y. is still only
~0.07 mm/yr for fault dips of 60°. This is one-half of the
long-term extension rate (0.15 mm/yr per side) calculated by
Woodward (1977) just to the south of the Jemez Mountains.

The extension across the eastern margin of the Velarde
graben is unknown. However, the following arguments imply an
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extension rate that is approximately equal to the extension rate
across the Pajarito fault zone. If extension across the eastern
border of the Velarde graben is appreciably less than that across
the Pajarito fault zone, asymmetric westward tilt of the graben
wedge would occur. The broad Pajarito Plateau shows no sign
of such tilting. Conversely, the gently westward-dipping Santa Fe
Group sedimentary strata exhibit no sign of tilting into the
eastern border faults as would be expected if these faults
shallowed appreciably with depth or if extension were greater
than that across the western border. Finally, the relatively
undisturbed Velarde graben wedge necessitates that only minor
movement has occurred on faults within the graben.

Therefore, the rate of extension across the Velarde graben
for the past 1.1 m.y. is probably between 0.1 and 0.15 mm/yr.
It is possible that other fault zones within the Espafiola basin
have been active during this time. Nevertheless, the absence of
other fault zones within prominent fault scarps implies that the
total extension across them has been small compared to the
Pajarito fault zone and Velarde graben. If this is true, the
Velarde graben has been opening more slowly during the past
1.1 m.y. than the Albuquerque-Belen basin has for the past
26 m.y. Thus, the locus of major tectonic extension has
probably narrowed from the entire Espafiola basin to the
Velarde graben, and the rate of extension has probably
decreased for this section of the Rio Grande rift.
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