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SEISMICITY OF THE RIO GRANDE RIFT IN NORTHERN NEW MEXICO, 1973-1983 =

DANIEL J. CASH and JOYCE J. WOLFF 1J
Geophysies Group, HS5:3, Los Alamos Nutnwal Laboratory, ban Alanen, New Meaicn #7844 J.*

INTRODUCTION

In the yeurs before ndequate scismograph coverage, repons of feh
and dumaging eurthquukes in New Mexico came mostly from along the
Rio Grande rift because most of the state’s populstion was concentrated
along the Rio Grande River, which lies within the rift. Even though
the scismograph coverage i now fuirly substantisl and the population
more widely spread, the picture iy little changed. The Rio Grande rift
and related structures continue to be the sites of most curthquakes,
although carthquakes arc occasionatly felt in almost all arcas of New
Mexico,

The Los Alumos Seismograph Network (LASN) was begun in late
1973, Current LASN station locations are shown in Figure 1. “Tectonic
rescarch on the Rio Grande rift was the principal reuson for establishing
the network. Continuous data of good quulity have been acquired for
about a decade: close to 2,000 earthquakes and microcarthquakes have
been recorded, unalyzed, and cataloged. ‘The largest event occurred in
1976, 60 km enst=northeast of Gallup, and hud u magnitude M, =4.6
(m.=5.2).

SEISMICITY-STRUCTURE RELATIONS

The seismicity of northern New Mexico hused on LASN data (Fig.
), although concentrated near the Rio Grunde rift, is not entirely
correlated with rift structures, Some epicenter patierns cut obliquely
acrosy the rift, some are ussociated with volcanism, and some outline
preerift structure. Severa! noteworthy correlations between recorded
seismic uctivity and peologic features are discussed below,

Culderas of the Jemez Mountains

Very few events have occurred within the calderas. despite the pres-
cnce of numerous fuults associated with ring fractures and resurgent
doming (Cerro Redendo) thut followed the formation of the calderas
about | m.y. ago. This ascismicity may be attributed to high crustal
temperutures or (o the relief of stress on the surrounding active fault
zones. The high heat flow of the caldera region is well known (Edwards
et al., 1976). Both Los Alumos National Luboratory and Union Geo-
thermal Company have mijor geothermal projects on the west side. In
areas such as the Rio Grunde rift, where basin gealogy and normal
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FIGURE 1. Map of stativns of the Las Afamos Seismograph Network.
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FIGURE 2. Map of eanthquuke epicenters for northern New Mexico, September 1973-December 14983,

fuulting predominate, seismicity tends to be shullow, Where lemperu-
tures ure high, the brittle nature of the crust ut even shallow depths is
repluced by a degree af ductility, making the process of brittle fructure
or fuulting much less probable. Stress that would increase to the hreuks
ing point in brittle rock is relieved through ereep in the more ductile
materinl, The ubsence of scismicity may ulso be attributed 10 stress
being retieved on active fault zones immediately outside the calderas,
most notably the north-south zones of activity along the Nacimicnto
uplift on the west and near the Rie Grandc on the cast.

San Felipe Fault Zone
Immediately to the south of the Jemez Mountains lies an urea thut
appeurs seismicully similar to the Jemez calderus. The region is neurly
aseismic, surrounded by zones of marked scismicity, and contains u
high density of normal faults no older than Pleisiocene. These faults
are particulurly visible in the surficinl Quaternury-Tertiury basalts of

Santa Ana Mess near the center of the aseismic area (Smith & al.,
1970, Little is known about heut tlow in this region, so speculation
about the cause of useismicity has little foundation at present.

Nacimlento Upiift

The zone of concentrated epicenters an the west side of the Jemez
Mountains lies on the Nucimiento uplift. The uplift was formed in
Larumide time by reverse or high-ungle thrust faulting upward towand
the west; thus the Nacimicnto fault dips 10 the cast under the uplift und
is the probable source of the seismicity, The tectonic stresses are much
different now thun during the Larumide time, The Nocimicnto fault was
ariginally a result of cast-west compressional tectonics. In contrast,
the present-day rift structures are more consistent with eust—west ex-
tensional tectonics, Apparently, the Nucimicnto $uult is 4 zone of erustuf
weakness that hus been reactivated by the tectonic processes of rift
formution. Fault-plane solutions for Nacimiento events would contrib-
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ute 0 answering questions about contemporiry tectonics in the Nacie
mict;lm. but results of Fault-plane analyses have so far produced ambiguous
results,

{nduced seismicity oceurs during hydraulic-fracturing experiments ut
Los Alamos’ Hot Dry Roek (HDR} geothermal project on the west side
of the Jemez Mountuins, The HDR-praject site lies along the eust edpe
of the seismically active region of the Nacimiento uplitt. The several
hundred microcarthquakes that have been induced are not shown in
Figure 2 because they ure too small 10 be located by the permanent
network, and arc too numerous to be shown. A temporary network of
nearhy scismogruphs is used to record and research the HDR miicro-
quake activity,

Gullinn=Archuleta Arch

North of the Nucimicnto uplift, the scismic activity closely follows
the Gallinu=Archulety arch to the Colorado border, "The epicenter of
the Dulce carthquake of 1966 lies in this zone, The canthguake had 4
magnitude m,=35.5 (Heremunn et ul., 1980), u maxinum intensity of
MM VI on the Modilied Mercalli scale, and caused moderite dunisge.

The concentration of approximately 150 events 30-40 km south~
southwest of Chumu is the site of El Vado and Heron reservoirs, Nearly
iwodthirds of the events occurred in 1982, although some seismic ac-
tivity hos occurred there every veur, The largest magnitude recorded
wus M, = 2.7 (m, = 3,K). This muy be u cuse of reservoir-induced seis-
micity {RIS) in which tectonic stress is being released prematurely by
cither the weight of the reservoir or the production of ubnormalty high
pore-fluid pressure. In contrast, the nearby Abiguiu reservair on the
north side of the Jemez Mounting does not munifest an abnomial level
of scismicity, perhups becuuse less tectonic stress exists there as evie
denced by lower seismic activity in general north of the Jemez Moun.
tins,

Jemez Voleanie Lincament

At the south end of the Nucimicnto seismic zone the trend of epie
centers turns (o the southwest and is coincident with (ut least as fur as
Grants) the Jemez volcunic lineument (Mayo, 1958),  line of exirusive
volcanics, Near Grants, husults as young as 1,000 years (Nichols, 1946)
are visible ulong tnterstate 40. The lincument interseets the west side
of the Rio Grande rift at the Jemaz Mountuins. On the cust side of the
rift, the lincament continues northeastward, but is affset to the south
i though some narth=south right-lateral displacement huy oceurred
along the rift, Where the lincament meets the southwest edge of the
Jemez Mountuin, the seismicity ties on the Sun Diego fuult near Jemes
Springs, The San Diego fuult is colinear with the southwest portion of
the lincament, which suggests a correlation between voleunism, fuult-
g, und seismicity,

Velarde Fuult

Northeust of the Jemez Mountains seismicity continues northeast-
ward, colincar with the seismic zone to the southwest, Here it fullows
the trace of the Velurde fuult, extending through and 10 the northest
ol Taos, “This uetivity is somewhat o the nonth of the Jemez voleunic
lineament on this side of the rift, There is a concentration of events
northwest of Espaitola where the Velarde fault projects to the Pujurito
fuslt zone, und the northeust trend of epicenters crosses another trend
oriented north=south, This uren of seismicity, which ties about 2§ km
north of Los Alumos, hiiy been the site of carthquakes felt generally
throughout the Los Alamos-Esputiola segion, tour of them since the
fown of Los Alumos wis estublished in the curly 1940, One occurred
n 1952, twa in (971, und one in 1973, All of these oceurred before
the estublishment of the LASN, und, therefore, the epicenters ure not
precisely known. ‘The first two iy huve been very near Los Alamos,
while the last two ure estimated 1o have veeurred about 25 ki north
of there. ‘The seismicity along the Velarde fault und that afong the Sun
Diego fult ure separuted by the useismic region of the Jemez enlderas,

Pajarito Fuult Zone und the Espunoly Basin

.Thc Pujurito fuult, o mujor vertical offset downthrown to the eust,
eeurs e the east side of the Jemez Mountuins just west of Los Al
Phe fault offscty the Bandelier Tull 100-150 m at Los Alamos (Bailey
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and Smith, 1978). Despite its relatively recent age and significant dis-
placement, the Pajarito fault was not very active near and south of Lo,

Alamos in the 10-year period of coverage in Figure 2, This observatlol

must be sccompanied by caution, because 10 yeurs is an extremely
short interval for drawing conclusions about absolute levels of séjg
micity. North of Los Alamos the Pajarito fault zone becomes quite
active. This activity is purt of 4 bund of epicenters that runs from,én
arca northeast of Ahiquiu almost due southward along the center of the
Velurde gruben in the Espuiols Basin (Manley, 1979) and on to the
Tijerus Canyon cust of Albuquerque. From there the seismic trend turms
westward through Albuquerque to the volcanoes on the city's Wedt
Mesy,

Albuquerque Voleanoes

In 1978~1979, u swarm of approximately 160 smull earthquakes
occurred near the volcanoes on Albuguergue’s West Mesa, A few events
still oceur there, but Y5% occurred within a period of 15 months, The
largest recorded mugnitude was M, = 2.4 (m, = 3.6), This activity and
that along the Jemez voleanic lincament suggest thut volcanism-induced
stresses are still occurring in these regions, A detailed investigation of
the swarnt is reported by Jakshu et al, (1978),

GENERAL DISCUSSION

[nformution about earthquakes that vecurred in New Mexico before
1962 is quite sketchy. The first high-mugnificstion seismograph in the
state was installed at Albuguerque in 1959, The World-wide Seismo-
graph Station Network (WWSSN) was begun in the carly 1960°s and
included u station in Albuguergque installed in 1961, New Mexico In-
stitute of Mining and Technology installed another one at Socorro in
1962, Belore then, the only reports of New Mexico canthquukes were
from people who experienced the eftects. Such reports are subject to
the imugination of the reporter and tend toward exaggeration und mis-
interpretation of observations, Often carthquukes large enough to be
felt go completely unnoticed, or at least unreported, if they occur in
an area where the populution density is low, Even when reported from
tow-population regions, estimates of the epicenter locations can be in
errar by many Kilometers,

The seismic history of New Mexico includes several enrthyuakes thut
caused moderate dumuge and frequent cvents that were felt locally,
Earthquakes thut have caused moderute dumage include those at Socorro
in 1906 (Reid, 1911; Sunfurd, 1963), Cerrillos in 1918 (Olsen, 1979),
and Dulce in 1966 (Cash, 1971; Hermance et al., 1980), Earthquukes
have been felt in almost all parts of the state, but most often along the
Rio Grande River, in pant due to the higher populution density there
(Nurthrop, 1976, 1Y82), That o tremor has been severe is not sur-
priving, Very strong shocks usually occur in subduction zones, as in
Jupun, Alaska, und South America, or on long trunsform (strike=slip)
faults such us found along the Sun Andreas fuult system in Culifornia,
Severe shocks ure much less common in areas of extensional tectonics,
where normal dip=slip and short transform fuulting predominate, The
Rio Grunde rift is un cxample of extensiona! tectonics in a generally
cast-west direction, ulthough some structural evidence exists for sirike~
slip displucement purallel to the rift, i.e., approximately north-south.

Although New Mexico's level of observed seismicity is only about
5=10% that of highly active areas of California, the potential for scismic
disnster exists, The LASN was estublished by the Los Alumos Nationul
Laborstory in 1973 to address the seismic-hazard guestion and to pursue
rescarch on the lecal structure and tectopics, There are currently 1S
stations in the network, About the same time, the U.S, Geological
Survey (Albuquerque Scismological Luboratory) installed u network of
seismographs to the south of the Los Alamos network, These two
networks and the New Mexico [nstitute of Mining and Technolopy
selsmugruphs provide excellent caveruge of the Rio Grande rift region
ol New Mexico from south of Swcorro to the Colorado border, The
three institutions continue frequent exehange of pertinent seismic duta,

REMARKS ON THE DATA

Loy Alamuos publishes o quarterly catalog containing o list of eurth.
quakes and u selsmicity map (see, for example, Cash et ul., 198,
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Figure 2 is u plot of cll events listed in the cutalogs for the perind
September 1973 through December 1983, We believe thut very few
non-carthquake events are included. Careful effort has been devoted to
locating the sources that are explasians produced hy mining und con-
struction uctivities. Other man-made events, such as sanic boon from
supersonic aircruft, are readily identifiable by the charucter of their
seismic signal or by their relutive time of arrivel across the network,

The accuracy of epicenter locations viries widely, dependent on the
number and proximity of scismograph stations. We believe that epie
centers of events furge enough to be recorded at five ar more stutions
and located within the actwark are determined carrectly within 3 km.
Because of this uncertainty, attempts are usually not made to associate
a specific event with a specific fuult, But where trends of events can
be seen to lie on or neur 4 fuult or fuult zone, the correlution becomes
credible und is included in the discussion in this paper. Because of low
station density and complex velocity structure, few depths are well
determined. Depth caleulutions are much mare susceptible to poor ve-
locity control thun epicenters. Events whase depths are reliubly deter-
mined are usuatly shallow, i.c., less than 10 km und often between 0.5
and 5.0 km.

Magnitude is determined from the measured duration of each event,
defined as the time interval from the arrival of the first P wave until
the signal level drops to the level of the background noise, The formula
we derived for this purpesc is

M, = 279 log T ~ 3.63

where T is the event duration in scconds und log is the comman log.
arithm (base 10). The formula was obtained by correlating the duration
of local cvents with the value of M, calculuted from records of the
standard Wood-Anderson torsion seismometers at the WWSSN station,
ALQ, in Albuquerque. It is therefore nominally the sume magnitude
scale as the local magnitude scale derived by C. R. Richter for use in
California. Qur values of M, compare very well with those published
by the U.S, Geological Survey for earthquakes occurring in New Mex-
ico and Arizona.
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