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EVIDENCE OF YOUNG FAULT MOVEMENTS ON THE PAJARITO FAULT SYSTEM IN
THE AREA OF LOS ALAMOS, NEW MEXICO

b,y

D. Wachs, C. D. Harrington, J. N. Gardner, and L. W. Maassen
ABSTRACT
Los Alamos lies along and upon the Pajarito fault
system, a major intragraben structure of the Rio Grande
rift. This fault system consists of over 100 km of interconnected fault zones and traces. Geomorphic evidence, including right-lateral steps in stream valleys and disrupted
drainages, as well as apparent vertical offset of alluvial
units determined by seismic refraction, strongly suggests
that the Pajarito fault zone is active. To evaluate seismic
hazards in the Los Alamos area, values for recurrence
intervals and characteristic earthquakes of the faults must
be determined. We recommend the trenching of young alluvium
in Rendija and Guaje canyons to obtain information regarding
recurrence of the characteristic earthquake.

I.

INTRODUCTION
Effects of the 1980 earthquakes near Lawrence Livermore National
Laboratory (LLNL) demonstrate that a facility that utilizes many precision
instruments and routinely handles hazardous materials experiences significant
and unique hazards during an earthquake (Freeland 1984a).
The 1980
earthquakes, with epicenters 20 km northwest of LLNL, had a maximum magnitude
of 5.9 and Intensities at LLNL·of VII to VIII on the Modified Mercalli (MM)
Intensity scale (Table I).
Considerable damage .was caused to masonry and
concrete structures. Bottles fell from cabinets and broke on floors, resulting
in pools of mixed chemicals.
Although serious accident and injury were
avoided, hazardous materials locally escaped the integrity of their containment
systems. In the four years following the earthquakes, over $10 million was
spent on repairs and structural improvements (Freeland 1984b).
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Four earthquakes have been felt at Los Alamos National Laboratory during
its 40 year history (Dames and Moore 1972; Gardner and House 1987). Of these,
the August 17, 1952, earthquake with the epicenter located near Los Alamos had
an MM Intensity at Los Alamos of V (Dames and Moore 1972). Another earthquake
(MM Intensity II) was felt in the Los Alamos area on February _17, 1971. Its
epicenter, according to Dames and Moore, was probably located directly under
Los Alamos. Before the founding of the Laboratory, the Cerrillos earthquake of
May 28, 1918, is suggested (Dames and Moore 1972) to have produced an Intensity
of VI in Los Alamos.
II.

TECTONIC SETTING OF THE LOS ALAMOS AREA
The Pajarito fault system, the" main strand of which lies along the
western boundary of Los A1amos Nation a1 Laboratory, is a major st ructura 1
element of the Rio Grande rift. This fault system forms the active tectonic
boundary of the rift a 1ong the Espal'lo 1a Basin in the a rea of Los A1amos
(Fig. 1). Over 100 km of structurall y, geometrica lly, and genetically related
faults of the Pajarito fault system have been mapped (Gardner and House 1987).
These faults define a zone of potentially active deformation in the vicinity of
Los Alamos, as suggested by Golombek (1981) and Gardner and Goff (1984). Near
Los Alamos, the Pajarito fault system consists of the Pajarito fault zone and
the related Guaje Mountain and Rendija Canyon faults.
To the north the
Pajarito fault system bends to the northeast. In this area the Pajarito fault
system is called the western Embudo fault zone (also called "Santa Clara,"
Harrington and Aldrich 1984). Related faults in this northern segment include
those in a north-to-no rthwest-tren ding zone southwest of Hernandez, New Mexico.
Brittle fracture data and field observation s of fault plane attitude and
displacement (Fig. 2) indicate the style of deformation transforms along the
Pajarito fault system, from dominantly normal faulting to oblique slip in the
area of Los Alamos (Gardner and House 1987). Farther north, there is evidence
along all fault zones of horizontal as well as vertical components of movements
with most recent movements being dominantly hori zonta 1 (Gardner and House
1987).
III.

SEISMIC HISTORY OF THE LOS ALAMOS AREA
The historic seismic record of New Mexico, and especially of the Los
Alamos area, is very short. An earthquake swarm in 1849 at Socorro is the
3

'I

~----1

:

·--r-------~
1 COLORADO :

I UTAH

I

I

I

I

I

I

I

I

1

:------~--

--rJ
AREA OF

:
(
\ARIZONA 1
I
I

~ ',,..,.

FIGURE

I

I
I

I

-

~~J

.... __ J...JRIO
GRANDE
RIFT

NEW

MEXICO

SCALE

Fig. 1.
Pajarito fault system in the Los Alamos
the
of
faults
l
principa
of
map
Sketch
region, New Mexico.
4

Northern Segment of the
Pajarito Fault System
N

N

0

Central Segment of
Pajarito Fault System

0
0

•

•

w

E
0

w

•

•0

•

Oo

11-.
•

0

•

0

0

0

0

• = Lobato Mesa Fault Zone

s

o

e

s

Fault Zone SW of Hernandez

N

•

•

0

0

• • Pajarito Fault
o • Guaje Mtn. Fault
o • Rendija Cyn. Fault

N

.,. .•• •

Southern Segment
Pajarito Fault System

•
w

0

•

•• •
0

s

•

E

w

E

0
0

•
• • Embudo Fault Zone
o • Pajarito Fault Zone

s

Fig. 2.
Lower hemisphere equa 1-area stereopl ots of brittle fracture data for movements
in different portions of the Pajarito fault system (from Gardner and House

1987).

earliest recorded seismic activity in New Mexico. Between 1849 and 1972, 230
earthquakes were recorded in the State (Dames and Moore 1972).
Several
historic earthquakes of 1arge magnitude have occurred a 1ong the Rio Grande
rift. These include severa 1 that occurred in the Socorro area in 1906, three
of which had an Intensity of VIII (an estimated magnitude near 6.0), and the
Cerrillos earthquake of 1918 with a magnitude estimated at over 5.0 (Olsen

1979).
A recent pa 1eosei smi c study of young faults in the centra 1 Rio Grande
rift indicates they have generated repeated Holocene earthquakes with magnitudes of 6.8 to 7.1 (Machette 1986), which ideally correlates to Intensities IX
5

to X. In that the rift is a single complex tectonic province, future earthquakes in the central portion of the rift with Intensi ties of VIII or higher
were considered possible by Dames and Moore (1972). If the data of Machette
(1986) are considered in conjunction with data for the Socorro events of 1906,
then future earthquakes, with Intensi ties higher than VIII (see ~achette 1986),
would seem to be probable along the central part of the rift.
The Cerrillo s earthquake of 1918 has previously been used (Dames and
Moore 1972) to estimate seismic hazards at Los Alamos because it may have had
the greates t Intensit y in Los Alamos of all the earthquakes known for the past
Its maximum Intensit y was origina lly estimated (Woolard 1968) to
100 years.
be VIII (estimated magnitude of 5.5 to 6). Reinter pretatio n by Olsen (1979)
resulted in a lower estimated Intensit y (VII) and resultan t estimate d magnitude
(4.5 to 5.5). The epicent er of the event was placed by Olsen (1979) near
Cerrillo s (about 45 km from Los Alamos) because the greates t Intensi ties were
reported there. Although the earthquake was felt over an area of 31,000 km2,
the region was sparsely populated. Thus, felt reports of the earthquake are
few and allow interpre tations that are differen t from Olsen's (1979) in both
earthquake size and location . However, if the Cerrillo s earthquake is used for
estimati ng seismic hazards of the Los Alamos area, conserv ative estimate s
should be taken utilizin g the larger-s ize estimate and an epicent ral location
closer to Los Alamos.
The presence of old, apparently undamaged adobe structur es in the region
as well as boulder-capped tent rocks in the area of Los Alamos has been cited
previously as evidence of lack of large-magnitude earthquakes near Los Alamos
(see Keller 1968). Such evidence is far from conclus ive. Damage to such
structur es would be strongly influenced by both magnitude and proximity of the
earthquake as well as by the geologic material on which the structur es are
founded and by the materia l between the site and the earthquake epicent er. In
addition , adobe structur es in this region such as missions or churches are
commonly under constan t repair. The boulder caps on some tent rocks in the Los
Alamos area may be explained as formations that simply did not collapse during
previous tremor(s) or as features formed by erosion since the last signific ant
Thus, no conclusive evidence exists to
earthquake activity in the area.
suggest either that the Los Alamos area has been seismic ally quiet during
historic time, or that the area is less likely to experience a large-magnitude
earthquake than other areas along major structu res of the Rio Grande rift.
6

Both geological evidence and historical seismic data demonstrate that
earthquakes of large magnitude, associated with structures such as the Pajarito
fault system, have occurred along the central rift and may be expected to occur
in the future.
Although the occurrence of such earthquakes is considered
probable, the recurrence of such earthquakes in the Los Alamos area cannot be
realistical ly estimated with presently available data.
IV.

QUATERNARY FAULTS IN THE LOS ALAMOS REGION

A.

Summary of Previous Work
Major faults in the Los Alamos area are part of the Pajarito fault system
(Gardner and House 1987). Most of these faults show evidence of Quaternary
movement in that they displace the upper Bandelier Tuff (Smith et al. 1970),
dated at 1.1 Ma (Doell et al. 1968). The surface traces of most faults of the
Pajarito fault system have a marked topographic expression easily identified
on aerial photographs. Recent work by Dransfield and Gardner (1985) suggests
that some faults in the subsurface in the Los A1amos area do not offset the
Bandelier Tuff. Some faults that do offset the Bandelier Tuff along much of
their surface trace (such as the Guaje Mountain and Rendija Canyon faults)
continue in the subsurface south of their last surface exposure with no
apparent displacement of the Bandelier Tuff.
A number of workers have inferred recurrent movements within the last 1.0
to 0.5 million years along the Pajarito fault system near Los Alamos (for
example, Dames and Moore 1972; Budding and Purtymun 1976).
Budding and
Purtymun (1976) reported displacements of the Bandelier Tuff up to 120m along
the Pajarito fault zone in the Los Alamos area. Keller (1968) suggested that
displacements on the Pajarito fault south of Los Alamos postdate deposition of
the El Cajete pumice (0.130 Ma), which is found on the downthrown side of the
fault zone. Relationships of the pumice to the fault zone are not yet clear.
While the pumice deposits may have been faulted, it is equally possible that
the El Cajete pumice accumulated in .the lee of topographic highs, which
obstructed the ejecta plume. Farther south, near the mouth of Bland Canyon
(Fig. 1), a branch of the Pajarito fault is exposed in the south bank of Bland
Creek (Gardner 1985; Gardner and House 1987), where the fault juxtaposes
Quaternary alluvium, containing pebbles of Bandelier Tuff, against the Peralta
Tuff (6.8 • 0.2 Ma).
Six meters of alluvium is exposed in the bank,
7
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necessitati ng that amount of movement as minimum vertical displacement on the
fault since deposition of the Bandelier Tuff (1.1 Ma).
North of Los Alamos, Harrington and Aldrich (1984) report that an
erosional surface, 650 ka to 350 ka (Dethier et al., in press), has been
deformed on both the western Embudo and Pajarito fault zones (~ig. 1) by up to
Harrington and Dethier {1987) report that, at two
50 m since 350 ka.
localities on north-trending faults of the zone southwest of Hernandez
(approximately 25 km from Los Alamos), alluvial sediments containing gastropods
and lenses of silicic tephra, each tentatively dated at about 600 ka, are
vertically offset at least 5 m along the faults. Two kilometers north, along
Arroyo de la Presa, a fault in the Embudo fault zone vertically offsets a
similar (and probably equivalent) sediment and tephra sequence by 3 m. One
kilometer to the east, along a northwest-trending fault exposed in the wall of
an arroyo cut along the Embudo fault zone, sediment younger than 240 ka has
been vertically offset at least 6 m (Harrington 1986b). The basal beds in the
sediment are deformed and stretched along the fault, evidence of recurrent
motion along this fault (Fig. 3) during the last 240 ka.
Significant evidence thus exists for recurrent Quaternary movements along
the Pajarito fault system, not only in the vicinity of Los Alamos, but also in
the adjoining area both to the south and to the north. The Nuclear Regulatory
Commission, in 10 CFR 100, Appendix A (1985), defines a capable fault as a
fault with demonstrable historic macroseismicity, recurrent movements within
0.5 Ma, and/or one movement within 0.035 Ma. Therefore, the Pajarito fault
system is considered a capable fault and has potential for generating
earthquakes.
Results of Current Studies
1. Geomorphic and Stratigraph ic Evidence of Continuing Tectonic Activity.
Several lines of indirect geomorphic evidence suggest that activity is
continuing on the Pajarito fault system (Harrington and Dethier 1987). North
of Los Alamos, near Hernandez, a paleochannel constructed by a stream occupying
Arroyo de la Presa lies along the trace of the Embudo fault zone (Fig. 4A).
The paleochannel surface has been dated using rock-varnish cation ratios on
boulders along the channel (see Harrington 1986a; 1986b) and yields an
Analysis of bulk calcium carbonate in the
estimated age of 42,000 years.
paleochannel sediment fill yields 28 g/cm2 and an age estimate for the surface
B.
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Sketch of relations of a northwest-trending fault, west of Hernandez, New Mexico.
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The paleochannel fill
of N130,000 years (Dethier 1987, writt en communication).
cut along a linea r
is cut by two modern arroy os. The princ ipal arroyo is
lies several meters
N60-65°E trend that para llels the paleochannel axis but
The north wall of the
higher along the south side of the channel (Fig. 4B).
ce behind (north of)
arroyo is a small scarp 0.5 m high. The topographic surfa
t 1 m higher than the
the scarp , if proje cted across the arroyo, would lie abou
along a trace of the
prese nt surfa ce (Fig. 4B). Thus, the arroyo has been cut
pted the paleochannel
Embudo fault zone on which movement appears to have disru
than 42,000 years ago.
surfa ce at a time less than 130,000 and poss ibly less
lack of any drainage
In addit ion, the undissected nature of the scarp and the
on the fault may have
channels cross ing the scarp suggest that 1a test motion
occurred rathe r recen tly.
fault of the
Near the east end of the paleochannel, a north west -tren ding
el surfa ce. Movement
zone southwest of Hernandez appears to cut the paleochann
east (see Fig. 3), and
along the fault has been a minimum of 6 m down to the
on deformation of
evidence suggests recu rrent motion has taken place based
ible disru pted soil
sediment depo sited on the downfaulted block and poss
zone and 1ike ly to
profi 1es. The fault p1ane extends at 1east into the soil
ent that was shed onto
ground surfa ce. Beds withi n the lower part of the sedim
fault plane . Pebbles
the downfaulted block are bent and stret ched along the
plane as are calcium
withi n these beds are orien ted within and along the fault
Soil prof iles
plane .
carbonate nodules along the upper part of the fault
block the calci c soil
across the fault are markedly diffe rent. On the upthrown
extending to a depth
has achieved Stage II development with a calci c horizon
nate is
On the downthrown block littl e apparent calcium carbo
of 2.0 m.
um development less
prese nt, yield ing a weak Stage I calci c horizon with maxim
soil prof ile, then most
than a meter deep. If fault movement has displ aced the
the Holocene ((10,000
recen t motion .on the fault must have occurred during
the Embudo fault zone
year s). Thus, several lines of geomorphic evidence along
on this porti on of the
and adjac ent to it sugg est that fault activ ity continues
Pajar1to fault system.
Channel Patte rns.
2. Air Photo Examination of Lateral Offs ets in Stream
attit udes for fault s
Britt le fract ure data and field examination of fault plane
nantly by oblique slip
in the Los Alamos area indic ate that deformation is domi
10
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Fig. 4A.
Diagram of geomorphic relations in a paleochannel of Arroyo de la Presa, along
the trace of the Embudo fault zone.
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Topographic profile across arroyo channel cut in the paleochannel of Arroyo de
la Presa.
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(Gardner and House 1987). Most slickensides on fault planes in the area north
of Los Alamos, however, have near horizontal orientations, implying that most
recent movements have been dominantly horizontal in nature. Aerial photographs
of stream channel patterns in the Los Alamos area were examined to assess the
evidence for lateral offset of stream channels across faults as ~ne indication
of such lateral movements on these faults.
These photographs show that fault traces of the Pajarito fault system in
the Los Alamos area are marked by pronounced lineaments and stream courses are
deflected in a manner consistent with right-lateral motion on the faults.
Evidence a1ong the Paj ari to fault is most striking in the area between Los
Alamos and Pueblo Canyons where east-flowing streams are deflected to the right
by as much as 280 m as they cross one splay of the fault (Fig. 5).
In
addition, a small (young?) south-flowing stream has positioned its course along
the fault trace. To the north where evidence of lateral offset of streams
along the Pajarito fault ceases, evidence for similar offsets appears on the
Guaje Mountain fault and becomes more prominent and persistent northward
(Fig. 6). The course of Guaje Canyon and the valleys of a number of eastflowing streams 5 km north and south of the-canyon are deflected to the right
as they cross the trace of the Guaje Mountain fault (Fig. 7). The axis of
Guaje Canyon has a right-lateral displacement of approximately 370m across the
Guaje Mountain fault.
To the south along the same fault, a smaller, and
therefore younger, stream va 11 ey is deflected about 60 m to the south. In
addition, farther south where the fault crosses Pueblo Canyon, the north canyon
wall (a cliff face) steps to the right a distance of several meters (Fig. 8).
If movement on the Paj arito fault zone in the area of Los A1amos has had a
substantial horizontal component since eruption of the Bandelier Tuff (1.1 Ma),
then lateral offset of the valleys of east-flowing streams would be expected.
In like manner, the occurrence of right-stepping stream valleys, in addition to
the presence of horizontal slickensides on fault planes, argues for significant
right-lateral motion along the Pajarito fault zone during this time interval.
3. Topographic Map Evaluation of Stream· Gradient Discontinuities .
Profi 1es of stream gradients across the Paj ari to fault zone were constructed
from 1:24,000 topographic maps (20-ft contour interval) to obtain evidence of
possible fault movements reflected in vertical discontinuitie s in stream
gradients.
Stream gradients were calculated along valleys that cross the
12

Fig. 5.
Aerial photo of area north from Los Alamos Canyon showing right-stepping bends
in stream channels. North is toward the lettered side of the photo.
Pajarito fault between Frijoles Canyon and Los Alamos Canyon (Fig. 9), as well
as along stretches of Guaje and Rendija canyons where they cross the Guaje
Mountain fault. In three canyons (Guaje, Rendija, and Los Alamos) the faults
that are crossed step down to the west: along the other canyons, faults step
down to the east.
No apparent gradient changes occur along either Guaje or Rendija canyons
as the Guaje Mountain fault 1s crossed. Such constant gradients are most
likely a result of the stream courses west of the fault being positioned on an
a11 uvi a1 fill in the fl oars of these va 11 eys. Va 11 eys crossing the Paj ari to
fault between Pajarito and Water Canyon possess marked stream gradient
discontinuities where they cross the trace of the Pajarito Fault. Canyons
13

Fig. 6.
Map of Guaje Canyon showing right-stepp ing bend in Guaje and adjacent canyons.
Section lines are sites recommended for trenching alluvium.
14

Fig. 7.
Aerial photo of Guaje Canyon showing right step in canyon trace.
toward the lettered side of the photo.

North is

whose gradients were plotted include two of the larger ones (Pajarito and Water
canyons) and four significantly smaller ones (numbers 1, 2, 3, and 4, on Fig.
9). In each valley the stream gradient steepens as the fault is approached,
whereas, as the fault, is crossed, the gradient abruptly shallows before
regaining generally the same slope as that existing above and well back from
the fault. Some gradient changes might be explained as a result of lithologic
differences across the fault. Such lithologic changes do occur in Pajarito
Canyon where the stream passes from more resistent onto less resistent rock as
the fault is crossed. For this canyon a lithologic argument can be made. All
the other canyons, however, are incised into the Bandelier Tuff along the
entire length of the stream, close to the fault traces. The Bandelier Tuff,
15

Fig. 8.
Oblique aerial photograph of the Los Alamos Ranch School taken looking east in
about 1920, showing lateral offset of the north cliff of Pueblo Canyon. (Photo
courtesy of Los Alamos Historical Society Archives)
although possessing both welded and nonwelded units, responds to the processes
of stream i nc1 si oh as· a homogeneous mass.
For those canyons that are cut
exclusively in tuff, changes of stream gradients by fault motion seem far more
likely than changes from lithologic causes.
'We note that along many of these valleys incision or other modification
of the scarp has not been great, suggesting that a substantial part of the
scarp formation may well be relatively young.
In addition, along several
profiles (see particularly valleys 3 and 4), the lower part of the scarp
appears to be steeper and the upper scarp less steep. Such a scarp morphology

16
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Stream gradient profiles of canyons crossing the Pajarito fault zone, between
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is common where new faulting occurs along an older scarp, producing a steeper
face from the more recent event(s) with a more graded, gentle facet above.
This morphology suggests both that scarp formation resulted from multiple
events and that most of the scarp has been formed by the more recent events.
Many stream valleys still possess marked discontinuities in their profiles,
indicating that these streams have as yet been unable to re-establish
Such nonequilibrium conditions are
equilibrium profiles across the fault.
likely to persist for relatively short geologic time periods (thousands of
years) in the absence of continuing tectonic activity. Thus, the occurrence of
such discontinuities along each of the valleys argues strongly for late
Pleistocene-Holocene fault movements along the Los Alamos segment of the
Pajarito fault zone.
4. Seismic Refraction Profiles. Seismic refraction profiles were run
across the Guaje Mountain fault zone along both Guaje and Rendija canyons
(Gardner and House 1987) to evaluate the probability that recent vertical fault
movements (down to the west) may have partially dammed the east-flowing
The possibility that such ponding occurred is
drainages against a scarp.
evidenced by the lack of stream gradient discontinuities as these east-flowing
streams cross faults that ex hi bit down-to-the-west movements, which may (see
section on stream gradient discontinuities) result from streams flowing on an
alluvial fill rather than in a bedrock channel.
In Guaje Canyon seismic refraction measurements indicate that about 2.5 m
of alluvium has accumulated upstream from the fault, while east of the fault
the stream channel is eroding into dacite of the Tschicoma Formation (N5 Ma ?)
and the Puye Formation (Pliocene age). In Rendija Canyon, seismic refraction
data i nd1 cate that a11 uvi a1 thickness upstream from the fault exceeds 12 m,
whereas downstream (on the upthrown side of the fault) alluvium is only 6.8 m
thick. This suggests the bedrock surface is displaced, down to the west, at
least 5.2 m.
We recommend trenching the alluvium across the fault, along the seismic
Trench exposure across the fault at these
profi 1e 1i nes in both canyons.
locations may possibly allow the evaluation of (1) alluvium thickness, age, and
depositional relationships; (2) displacement of the alluvial or bedrock units;
(3) evidence in the alluvium for the ponding of drainage upstream of the fault
by down-to-the-west movement along the fault; and (4) evidence of single or
18

multiple (recurre nt) movements and magnitude of displacements along exposed
faults, since depositi on of the alluvial fill. Such information is necessary
to the determination of recurrence interval of the charact eristic earthquake
along the Guaje Mountain fault.
V.

ESTIMATED RATES OF FAULT MOTION ON THE PAJARITO FAULT ZONE
The upper Bandelier Tuff, 1.1 Ma (Doell et al. 1968), is the youngest
well-da ted stratigr aphic marker in the Los Alamos area, providin g a maximum
time constra int on fault movements that displace this unit. Younger Quaternary
units along the fault system in the Los Alamos area have not yet been dated,
thus necessi tating the use of displacements in the Bandelier Tuff as the only
present means of calcula ting rates of movement on the Pajarito fault system
near Los Alamos. To the north, Quaternary erosion surfaces that range in age
from about 500 ka to 80 ka (Harrington and Dethier 1987) provide a time
constra int for fault movements that have displaced these surface s.
Rates of vertical displacement along the Pajarito fault system were
previou sly estimated to be 0.008 em/year (Slemmons 1975).
The maximum
displacement of the Bandelier Tuff along the Pajarito fault in the vicinity of
Los Alamos is 125 m, which yields an average rate of vertica l motion of
0.01 em/year.
If the formation of the Pajarito fault scarp has been
intermi ttent, with the greater part being young, as is suggested by scarp
morphology (see Fig. 9), then the estimated rate of motion· averaged over a
1.1-Ma period is too low. More likely, rates of motion were signific antly
higher during the last 500 ka or 100 ka. To the north, along the northtrending faults, displacement of 600-ka sediment and tephra by 5 m (see
previous section) yields a vertical rate of motion of 0.001 em/year. Nearby,
on the northwe st-trend ing fault (a 1so discussed above), 240-ka sediment is
displace d by at least 6 m, yielding an average minimum rate of .vertica l
displacement of 0.003 em/year.
As brittle fracture data from this area
indicate that Quaternary fault movements have been dominantly horizon tal.
(Fig. 2), lower rates of vertical movement compared with the Pajarito fault
near Los Alamos can be expected.
Horizontal rates of movement are more difficu lt to estimat e because the
time that most canyons began to be incised is not known. While the cutting of
canyons that lie entirely within the Bandelier Tuff can be assumed to postdate
its deposit ion, such an assumption cannot be made for the deeper canyons. As
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these canyons were partially cut before eruption of the Bandelier Tuff
(Waresback 1986), 1at era 1 di sp 1acements of the canyons a1ong faults may not
have formed entirely as a result of post-Bandelier Tuff events.
If the 280 m of right step in valleys of east-flowing streams across the
Pajarito fault reflect right-lateral movement on the fault since deposition of
the Bandelier Tuff, an estimated rate of horizontal motion of 0.025 em/year can
be calculated. Similarly, rates of horizontal motion can be estimated for the
Guaje Mountain fault using 60 m of lateral offset of valleys cut entirely in
Bandelier Tuff. Rates of horizontal motion along the Guaje Mountain fault thus
calculated are 0.005 em/year. This calculation represents a minimum estimate,
as significant hori zonta 1 motion probab 1y occurred before incision of these
small canyons began, and movement may be as large as that calculated for the
Pajarito fault. If the calculated rates of vertical and horizontal motion are
nearly correct, Quaternary fault movements along the Pajarito fault system have
had horizontal components of motion more than twice as large as vertical
Such rates of motion are up to three times Slemmons• (1975)
components.
estimate of 0.008 em/year and suggest that the classification of the Pajarito
fault system as one of "low" activity (Slemmons 1975) is most likely an
underestimation. Estimates of activi~y based on present inferred rates of both
vertical and horizontal motion indicate the Pajarito fault system should be
classified as "moderately active" at least (see Fig. 2, Slemmons 1977).
CONCLUSIONS
1. Future earthquakes, with Modified Mercalli Intensities greater than
VIII, are probable along the Pajarito fault system, although the recurrence
interval for such large quakes is not yet known.
2. Geomorphic evidence, such as disrupted drainage, possible displaced
soil proJil es, and patterns of surface erosion, strongly suggests that tectonic
activity is continuing on the Pajarito fault system in the Los Alamos region.
3. Most recent motion on the western Embudo fault zone, a northeastern
segment of the Pajarito fault system, has occurred within the last 130 ka, and
possibly within the last 42 ka.
4. Recurrent movements have taken p1ace during the 1ast 240 ka on a
Possible displacement of the soil
northwest-trending fault near Hernandez.
profile may indicate that most recent movement on the fault was during the
Holocene ((10,000 years).
VI.
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5. East-draining stream valleys, cut exclusively in the Bandelier Tuff,
are deflected to the right as they cross traces of the Pajarito fault zone.
Such right-lateral offsets of valleys and the presence of horizontal
slickensides on fault planes in the Los Alamos area suggest that significant
ri ght-1 at era l motion has occurred along the Paj arito fault system during the
last 1.1 Ma.
6. Scarp morphology along the Pajarito fault and marked stream gradient
discontinuities where east-draining valleys cross the fault trace west of Los
Alamos suggest recurrent motion along the fault since deposition of the
Bandelier Tuff, with most movement likely to have occurred since late
Pleistocene.
7. At the least, the Pajarito fault system should be classified as
"moderately active," based on present inferred rates of both vertical and
horizontal motion.
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