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( 1. EXECUTIVE SUMMARY
In June 1998 we excavated seven trenches across strands of the Pajarito fault zone to

characterize the most recent faulting event (MRE), and to refine characterization of
previous faulting events. Our strategy was two-fold: 1) to determine whether a late
Quatemary alluvial fan was offset by faulting, and 2) to characterize the Iatest few faulting
events on several well-defined fault traces at the base of high scarps of the Pajarito fault. N
Four of the seven trenches were located on a late Quaternary alluviat fan south of Pajarito
Canyon, with the remainder on scarps farther south.

The four trenches on the alluvial fan did not expose any fanlts within their S m depth.
Instead, alternating beds of fluvial grave! and debris flow deposits extended along the
entire lengths of the trenches. Fan gradient decreased toward the head, suggesting that the
entire fan may be backtilted toward the Pajarito fault.

The remaining 3 trenches all exposed complex zones of faulting and/or folding. Trench

4, at the base of the western splay scarp, exposed complex folding and thrust faulting in

the western (upslope) part of the trench, while beds farther east were undisturbed. This

compressional deformation is inferred to be the toe of a landslide coming from the scarp

face. Trench S contained two deep puil-apart zones filled with fine-grained deposits that

had been subsequently deformed by fissuring and “domino style® rotational normal

faulting. Trench 6 also contained a deep pull-apart and domino faulting, but also contained
( some smaller high-angle faults that displaced post-pull-apart colhuvium near the surface,

The MRE in Trenches 4, S and 6 appears to fall in a relatively broad age range
between ca. 2-3 ka (age of the surface soil) and 12-20 ka (age of the uppermost buried
soil). The vertical displscement on individual structures in these trenches tends to be small
(10-35 cm), and the net vertical displacement for the MRE in a given trench ranges from
35-55 em. These displacements constitute the minimum per-event displacement across the
entire fault zone during the MRE, and imply (via empirical relations) minimum earthquake
magnitude of Mw 6.5-6.6 and surface rupture lengihs of 25-28 km on the Pajarito fault,

The record of older paleoearthquakes was partialfy reconstructed in Trenches 4, 5, and
6. The penuitimate event (PE) ranged from quite young (8.7-18.9 ka) in Trench 4 to much
older (41-58 ka) in Trench 6, and had displacements as large as 1.4-2.8 m in Trench §,
where the age is roughly bracketed between 11-19 ka and 25-42 ka. The recurrence time
between the MRE and PE was smailest at Trench 4 (5-11.6 ka), intermediate in Trench $
(11.3-21.6 ka), and longest in Trench 6 (28.6-48.9 ka). This variation in recurrence time
roughly correlates with the difference in geomorphic expression of faulting among the
ﬁweetrenchdtcs,nﬁmnmch4(uﬂ‘umddmnreaum)mwmsatﬁghmm
in young (post-El Cajete) deposits, whereas at Trench 6 (inferred long recurrence) no
scarp currently exists; bowever, scarp morphology may also be sensitive to other factors.

The MRE dated between 2-3 ka and 12-20 ka could conceivably be contemporaneous
with the MRE dated in four of the 1997 trenches farther north oa the PFZ, based on a

FAGEOHAZLANUPATARITOSSSTRENCH LDOC 30899 7
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comparison of constraining radiocarbon dates rather than soil PDI age estimates. In
addition, the PE in Trench 4 (8.7-18.9 ka) overlaps the age ranges of the MRE in
Trenches 5 and 6, and could conceivably be the same event. The age 1ange for the MRE in
the 1998 trenches is sufficiently broad that it covers the age renges of both the MRE on
the Guaje Mountain fauit, (dated at Cabra Canyon at 4-6 ka; Gardner et al, 1990) and the
MRE on the Rendija Canyon fault (dated at either 8 ka or 23 ka; Wong et al, 1995). Thus,
age control from the 1958 trenches is insufficiently precise to permit a correlation among
MREs between the three major faults of the PFZ. Much of this imprecision results from
our necessary reliance on PDI age estimates to bracket faulting events. The PDI method
assumes that changes in soil development at 2 given site are solely a function of time, but
due to the complex patterns of erosion, deposition, and infiltration operating on faults
scarps, thig is unlikely to be true.

Our trenches do not show evidence on the Pajarito fault for a second (or third)
Holocene earthquake aside from the MRE. However, the older half of the Holocene (5-10
ka), and the youngest part of the Pleistocene, are geperally not represented by deposits in
our trenches, but instead were pzriods of nondeposition or soil formation. Thus, it is
conceivable that one (or more) small-displacement events could have occurred between
ca 4 ka and 20 ka and not be detectable in our trenches. The slip rates for the PFZ implied
by the single Holocene characteristic earthquake that we can definitely identify fall within
the range of slip rates used in the PSHA of Wong et al. (1995).
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2. INTRODUCTION

This report summarizes the paleoseismic trenching study of the Pajarits fault
performed by James P. McCalpin and co-workers during the summer of 1998. Contained
herein are the trench logs and the interpretation of deformation events deduced from these

logs.

2.1 Purpose and Scope of The Trenching Study

The primary purpose of this trenching study was to date the most recent faulting event
(MRE) on the main trace of the Pajarito fault (PF) (Fig. 1). Previous studies of the
Pajarito fault zone (PFZ) (Gardner et al., 1990; Wong et al., 1993,1995; Olig et al., 1996,
Kelson et al., 1996) yielded relatively well - constrained ages for the MRE on the two
major west-dipping faults, the Rendija Canyon fault (RCF) and Guaje Mountain fault
(GMF). On the Rendija Canyon fault, the MRE was dated at either 8-9 ka (based on
radiocarbon; Wong et al,, 1995; Kelson et al, 1996) or 23 ka (based on TL). On the
Guaje Mountain fault the MRE was dated at 4 - 6 ka (Gardner et al., 1990). In contrast,
the MRE deduced from four trenches on the main trace of the Pajarito fault zone pre-
dated the El Cajete pumice, and would thus be older than ca. 50 - 60 ka (Wong et al.,
1995; Olig et al, 1996). Thus the Holocene (or late Pleistocene) MREs on the two smaller
antithetic faults (Rendija Canyon fault and Guaje Mountain fault) evidently had no
counterpart events on the master fault (Pajarito fault).

The paleoearthquake chronology outlined above could be explained in several ways:
(1) The dates of MREs on all three fanlts were correct, indicating that separate Holocene
earthquakes had occurred on the Rendija Canyon fault and Guaje Mountain fault, but that
no Holocene events had ruptured the Pajasito fault; (2) there may have been a Holocene
event on the Pajarito fault that matches the MRE on either the Rendija Canyon fault or
Guaje Mountain fault (two separate events), but evidence of this evenm was not exposed in
the four trenches of Wong et al. (1993); or (3) the MREs on the Rendija Canyon Fault and
Guaje Mountain fault are actually the same event, poorly constrained by current dates. If
30, then this MRE also may have ruptured the Pajarito fault, but that rupture was not
exposed in the Wong et al. (1993) trenches.

In order to test these three hypotheses a paleoseismic program was implemented to
find the MRE on the Pajarito fanlt. First, the PF scarp was mapped at a scale of 1:1200
(McCalpin, 1997). Based on the map, a structusal model was developed for the Pajarito
fault scarp, showing that the scarp consisted of an articulated mooocline (ca. S0% of its
length), landslide blocks (ca. 30% of its length), or a simple high-angle normal fault (ca.
20% of its length). Given this structural configuration, three possible trenching strategies
were envisioned. The first was a megatrench through the ca. 50 m-thick colluvial wedge
at the scarp base where the scarp was underiain by one or more high-angle normal fault.
This option was given low priority due to logistical problems of megatrenching through
the coarse colluvium. The second strategy consisted of seven trenches scattered along
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Altuvial fan trenches
(1a-3)

Trench 5

Western Splay Fault
(Trench 4)

State Road 4

Trench 6

\ | LLEGEND

# Trenches (Koibe et al., 1994 and 1995)
A Trenches (Gardner et al., 1990)
@ Trenches (Wong et al., 1895)
W& 1997 Trenches (McCaipin, 1998)
¥ Trench Shes - This Study

Faults of the Pajarito Fault System (Gardner and Reneau, unpublished)
Roads

Fig. 1. Map of major fauit strands of the Pajarito fault zone and Jocation of paleoseismic
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strike on the PF scarp, but on different structures. Although this strategy was logistically
feasible, rupture events (including the MRE) might be missed due to the scattered
locations of trenches. The third strategy, which was considered to have tk.e highest
potential for success, involved a transect of seven trenches across all major component
scarps of the PF at a given latitude. That strategy was considered the best for capturing
evidence of the MRE on the PF, and was executed during the summer of 1997 (see

McCalpin, 1998).

The 1997 transect of trenches revealed that the MRE in 4 of the 7 trenches was
bracketed rather tightly between about 1.5 and 2.5 ka. Earlier events were difficult to date
due to lack of charcoa! for radiocarbon dating, but soils suggest that the penultimate event
occurred about 20 ka, and prior events had recurrence intervals of ca. 20-60 ka. However,
the best paleoseismic chronologies came from minor, west-facing scarps created by
subsidiary faulting. Thus, it was unclear whether there may have been additional faulting
events on the larger, east-facing scarps that were not detected in the 1997 trenches.

Given the ambiguity above, in 1998 we pursued the second trenching strategy as
conceived in 1996, consisting of seven trenches scattered along strike on the PF scarp.
Four of these trenches (1a, Lb, 2, and 3) crossed subtle lineations or fault projections
across a late Quaternary alluvial fan, mapped by Renean (1996) as mainly ofder than the El
Cajete pumice. The remaining three trenches (4, 5, and 6) were across lasge, east-facing
scarps.

2.2 Trench Locations and Rationale

The adopied trenching strategy relied heavily on our understanding of the structural
geometry of the Pajarito fault. Trenches 1a, 1b, 2, and 3 were placed on the largest alluvial
fan complex at the base of the main fanlt scarp, across projections of fault scarps or
structurally-controlled stream reaches from north and/or south of the fan At this latitude
just south of Pajarito Canyon the Pajarito fault is composed of a 2 km-wide zone of east-
facing fault scarps, toppled blocks, tension fissures, and fractuse zones. Given the
distributed nature of deformation in this wide zone, we hoped that faint lineaments on the
fan would be underlain by minor down-to-the-east normal fauits that displaced beds of El
Cajete pumice and/or younger fan deposits. Such young displacements would be
attributable to the Most Recent (faulting) Event (MRE) or possibly the Penultimate
(faulting) Event (PE) on the Pajarito fault,

The other three trenches were each excavated for a different reacon. Trench 4 was
excavated across the Western Splay fault, 2 pteviously untrenched, 30-35 m-high east-
facing fault scarp that lies 0.5 km west of and parallel to the main scarp, between Pajarito
Canyon and Canon de Valle. This scarp obviously represents th resuft of numerous
surface-faulting events, but it was not known if its paleoscismic chronology was identical
to that of the main scarp. In particular, we wanted to know if the MRE on the Western
Splay fault was Holocene, as dated in several of the 1997 trenches farther north, or pre-El

FAGEOHAZLANDAPAJARITOSESSTRENCH 1. DOC oo 11




GEO-HAZ Consulting, Inc.

( Cajete, as dated by Wong et al. (1995) at the nearby Pajarito Canyon and Water Tanks
trench sites. The Holocene MRE in the 1997 trenches was best expressed on the western
fault strands, so we surmised that faulting may be progressing westward with time, in
which case the Western Splay fault may exhibit several young deformation events (this
turned out to be the case).

2.3 Field Methods

Trenching; Trenches 1a through 5 were excavated by Parker Construction, Los
Alamos, with 2 Komatsu 200 track-mounted backhoe with a 20 fi-long arm and buckets
ranging in width from 24" to 30". The time schedule for excavating, cleaning, and logging
the trenches is shown in Table 1. Trench 6 was excavated by a Cat 416 backhoe. Parker
Construction also shored the trenches with hydraulic aluminum shores of various lengths
up to 7 ft, and covered several treach walls with stucco wire. Trench walls were cleaned
by J. P. McCalpin, L.C.A. Jones, T.E. Cooper, J.-C. Moya, J. Gardner, and A. Lavine.
The softer, light colored Holocene sediments were best cleaned with scraping tools such
as trowels or stirrup hoes. However, using these tools on hard, clay-rich Bt soil horizons
resulted in smearing that obscured horizon contacts. Therefore, all hard cohesive
materials were cleaned by plucking, usually using the claw end of a claw hammer.
Horizontal string lines were attached to the trench walls at 1 m intervals, with every I m
increment marked by labeled squares of duct tape. Contacts were scribed into the wall
with trowels or knives. Logging contacts was done mamally and the log was drawn on

( graph paper at a scale of 1 inch = 0.5 m (2n approximate scale of 1:20). The definition
and logging of units followed a mixed subjective- objective approach, as outlined in
McCalpin (1996b).

Trench

No.Dug Cleanced Strung Logged Revised &
Sampied

la Jupe 11 June 12 June 12 June 12-19 Aug. 16

Ib Junc 12 June 16 Jumne 16 June 20-22 Aug 16

2 JunelS  Junc 17 June 17 June 20-22 July 16 Aug 17

3 hnels June 18 June 18 June 20-22 Aug 17

4 Junel?  Junc24, Junc25-26 June27-29  Aug 17-19  Aug 19

25
5 Junc I8 Junc 19 Junc 29-30  June 30-fuly 3 Aug 20 Aug 20
6 Juncl8 Juncl9 June22 June 23-25 Aug 24 Ang. 24

In many trenches, the most obvious mappable contacts in unconsolidated deposits
were soil horizon boundaries rather than stratigraphic contacts. In gencral, stone fines
MUﬁndwooﬂuvﬁm:ndwﬂhaimnbumduiu,mpuxﬂdwuchothaMmthe
modem ground surface. This paralielism suggests that mappabie buried soils are probably
developed on discrete siratigraphic units, and that soil horizon contacts and stratigraphic
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contacts are parallel, 1n general. Thus, we use the same solid line map symbol for both
lithologic contacts (where visible) and soil contacts. Parent material units and soil
horizons are given abbreviations, with parent material numbers (at front) decreasing with
increasing age, and buried soil numbers (at end) increasing with increasing age. In some
trenches, faulting has uplifted parent materials and their soils across faults, after which
sediments/soils were stripped from the upthrown block, and then soil formation continued
on the stripped surface, thus superimposing a soil across two parent materials.
Conversely, when soils merge a single parent material can be affected by B horizon
development from several distinct episodes of soil formation; such soils are "welded™ onto

each other.

Soil Development Index; In addition to our definition of soil horizons, Eric McDonald
(Desert Research Institute, Reno, NV) described vertical soil profiles at 11 locations on
our logged trench walls. He also calculated Profile Development Index (PDI) and Soils
Development Index (SDI) values for all soil horizons (Table 2), after the methods of
Harden (1982), Harden and Taylor (1983) and Taylor (1988). The complete results of
McDonald's soil study are in a separate report (McDonald, 1999).

IMPORTANT NOTE: McDonald described his soil profiles after we had logged the
trenches, so in many cases his soil horizon boundaries do not exactly correspond with the
boundaries of our mapping units. There are several reasons for this. First, we had to define
mapping units that could be traced for long distances along the trench walls, whereas
McDonald only had to define his soil horizons within a vertical strip about 20 cm wide. As
a result, McDonald defined many more soil horizons at a given stratigraphic leve! than we
map on the trench logs. Second, McDonald dug the trench wall back 15-20 cm when
describing his soils. Soil contacts that are not horizontal thus shift slightly between his
mapped position and our original mapping; usually these shifts are <5-10 cm. Most of
McDonald’s contacts between his buried soils (b1, b2, b3, etc.) do correspond with our
trench log mappping units.

Radiocarbon Sampling: Organic samples analyzed by radiocarbon dating methods
(Table 3) consisted of one or more discrete chascoal fragments that were either hand-
picked from the trench walls, or floated and picked from bulk samples. Areas with
discolored soil (suggesting the possibility of roots burmed in place) or disrupted soil (such
as due to anima! busrows or the decay of large roots) were avoided, although the absence
of distinct stratigraphy in the sampled units suggest some degree of mixing, and the
possibility of bioturbation of younger charcoal info older deposits cannot be ruled out. In
addition, the possibility of recycling oldes charcoal exists, potentially providing ages older
than the sampled deposits. Where possible, multiple samples were collected from single
units or single stratigraphic sections in order to provide internal cirecks on the analyses.
Bulk samples were picked by PaleoResearch Labs, Inc. to extract and identify datable
components. Their report is Appendix 2.

F\GEOHAZ\LANL\PAJARITOSTGSTRENCH1 DOC e 13




GEO-HAZ Consulting, Inc.

!
|
( Table 2. PDI age estimates for trenches 1a, 1b, 2, 3, 4, 5, and 6. From McDonald, 1999. |
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Luminescence sampling: Luminescence samples were collected from trench walls, in
daylight conditions, by first scraping 5-10 cm of material from the trench wall at the
sampling location. A 3-5 cm-diameter steel sampling tube was thea quickly driven into the
freshly-exposed trench well. Upon extraction the open end of the tube was immediately
sealed. In the laboratory both ends of samples thus collected are discarded, and only the
central part is used for luminescence analysis. Care was taken to avoid recognizable

krotovinas,

Surveying; The locations of seismic refraction lines and trenches were surveyed by
J.N. Gardner and A_ Lavine (LANL) using a Geodimeter total station. All survey locations
were tied to fixed reference points whose coordinates were determined from the Los
Alamos Geographic Information System (FDMAD), in coordinates of the New Mexico
Central Zone State Plane Coordinate System (in feet), 1983 North American Datum.
Accuracy of the surveyed points is within about 3 feet in absolute 3-dimensional space.

Post-Trenching Seismic Refraction Survey: These surveys were performed by Craig
V. Nelson of Dames and Moore, Salt Lake City, UT assisted by Jamie Gardner, Alexis

Lavine, Don Krier, and Claudia Lewis (LANL), using a Geometronix ES-1225
engineering seismograph with a 12-Jb sledgehammer source. Refraction lines were
oriented both paralle] to trenches, and parallel to fault scarps. Eight lines were shot, six of
which were reversed, ranging from 24 m long (2 m geophone spacing, depth resolution ca.
1-2 m) to 60-m long (5 m geophone spacing, depth resolution ca. 2-3 m). Subsurface
interpretation was based on P-wave first armival times. Interpreted seismic profiles are
shown in Appendix 1.

2.4 Laboratory Methods

Radiocarbon Methods

Before submission to the anatytical laboratory, each charcoal sample was air-dried,
examined under a binocular microscope, and cleaned to remove dirt and roots. All samgles
were analyzed by the accelerator mass spectrometry (AMS) method, and were processed
by Beta Analytic, Inc., of Miami, Florida. Sample pretreatment by Beta Analytic included
standard hot acid (HC}) treatment to remove carbonates from the samples, followed by
alkali (NaOH) treatment to remove secondary organic acids, followed by conversion to
graphite (which constituted the actual accelerstor target).

The radiocarbon analyses were calibrated to an absolute dendrochronological time
scale using the computer program CALIB 3.0.3 developed by the Quaternary Isotope
Laboratory of the University of Washington (Stuiver and Reimer, 1993). This calibration
corrects for differences between radiocarbon years and calendar years imparted by
variations in the '*C production rate in the atmosphere, and incorporates uncestainties
both in the measurements of the radiocarbon content and in the cafibration curves. The
calibration can incorporate an “error multiplier” to account for sources of lsboratory
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uncertainty that are not encompasséd by the -eported analytical plus-or-minus (Stuiver and
Reimer, 1993), and, following other researchers, we have previously used an error
multiplier of 2.0 in work at Los Alamos (e.g., Reneau et al,, 1995). Use of 2-sigma (2
standard deviation) uncertainties and an error multiplier of 2 provides a conservative
estimate of the laboratory uncertainty associated with each radiocarbon analysis, although
other uncertainties still exist (as discussed above).
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Trench | Sample | Unit | Material Lab. No, | Dating Cl3C12 | C-14 Age i Event Constraint
No. dated/weight method/Pre | ratio (cal yr BP, Gacked by 2
vigrna Lirpits}
T2 98T2-1 | 2bBt2 | charcoal/NA | B-122084 | AMS/acid- | -24.6%, 106% modem N/A no faulting
bl alkali-acid
T4 98T4-2 | 4c2 | charcoalNA | B-122086 | AMS/acid- | -23.0%,, [30,910+/-180 |N/A Y4, maximum age
alleli-acid
T4 98T4-3 | 4al charcoal/NA | B-122087 | AMS/acid- | <229%, | 29570 +/-150 [N/A Y4, maximum age
allai-acid
T4 98T4-4 | 5l charcoal/NA | B-122088 | AMS/acid- | -25.7%,, |43,6604/-750 | N/A Z4, far maximum age
aliali-acid
T4 98T4-5 | 1Bw | Pinus B-122649 | AMS/acid- | -24.0%, | 1420 +/- 50 736 (943) 1170 24, closs minimum
charcoal, alkali-acid agc
wood/NA
T4 987T4-6 | IcBw | conifer B-122650 | AMS/acid- | -25.1%,, 840 +/- 50 276 (471) 620 Z4, closc minimum
charcoal/ alkali-acid age
0.003 g
T4 98T4-7 | 3al conifer B-122651 | AMS/acid- | <24.9%, 17,940 +/- 100 N/A Z4, maximum age
charcoal/ alkali-acid
0013 g
TS 98TS-1 | 9C Pinus B-122652 | AMS&/acid- | -24.0%, 400 +/- 50 N/A Z5, minimum age
0031 g
T4 O’TG-l | 2a Pinus B-122653 | AMS/acid- | -24.0%,, 2370 +- 50 1738 (1972) 2269 Z6, close minimum
charcoal/ alkali-acid | age
0.016 g |
from CALIB 3.0, lab. error multiplicr=2.
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3. RESULTS

3.1 Geomorphology of the Intermediate-Age Alluvial Fan

The alluvial fan that hosts Trenches 1a, 1b, 2, and 3 lies 300 m south of Pajarito
Canyon and is bisected by West Jemez Road (Fig. 2z). This location marks a major change
in the strike of the Pajarito fault, which trends N-S south of the fan, but N 35° E north of
the fan. Structural complexities associated with this change in strike (discussed later) are
probably responsibie for the small embayment in which the alfuvial fan has formed.

The unnamed stream responsible for fan deposition trends due west from the fan,
and heads on the Pajarito Plateau west of the PF zone. West of the PF, the stream is
incised 20- 30 m into Bandelier Tuff on the upthrown fault block. This stream course may
be controlled by a linear fault or fracture associated with the 35° bend in the PF.

The alluvial fan heads at an elevation of 7870 ft (2399 m) and slopes to the ESE at
6°- 7°. The fan extends at least 640 m in the downslope direction and about 500 m in the
across- slope (approximately N-S) direction. The fan deposits may extend farther
downslope, east of the LANL security fence, but that area was not mapped by Reneau
(1996). The modern stream channe! flows along the southern part of fan and is incised ca.
5 m into the fan. Two small discontipuous terraces are present along the modern channel,
a young low terrace ca. |1 m above the channel (afyl on Fig, 3) and a poorly- defined
terrace zbout 2.5 m above the channel (afy2).

Reneau (1996) mapped this alluvial fan as a fan complex composed of old,
intermediate, and young components (Fig. 2a). The oldest fan surface (Qfo?) occurs on
the southern margin of the fan complex, south of the modern channel. Most of the fan
surface is mapped as intermediate age (Qfi?). According to Reneau (1996), Qfi pre-dates
the El Cajete pumice, but its "exact age range is uncertain” and the map unit contains
“"muitiple distinct fan lobes in some areas”. For example, on the Sept. 13, 1996 version of
his map Reneau shows at least 8 distinct lobes on the alluvial fan, all labeled Qfi? About
20% of the fan surface is mapped as Qfy?, divided into at least 12 distinct lobes. Most
Qfy? areas flank small incised drainages on the fan, particularty along the north margin,

The “type areas® for Qfi are south of Pajarito Canyon, between the two large water
tanks and the Back Gate (intersection of West Jemez Road with NM Highway 4), where
the El Cajete pumice ccvers the fan surface and overlies a buried soil. This relationship is
well- exposed in soil pit WIR-7 on the east side of West Jemez Road, 0.8 mi north of the
Back Gate (Reneau and McDonald, 1994, p. 82-90). At this location and east and west of
the Back Gate, it is clear that Qfi predates the deposition of the El Cajete pumice, and has
received no alluvial deposition subsequent to pumice deposition.

The relation of our alluvial fan to the El Cajete pumice is less clear, since Reneau
(1996) doces not map the pumice as a surface map unit ou our fan_ Soil pit WIR-4 (Reneay
and McDonald, 1994, p. 94-96) is located on our fan near the Jocal high point of West
Jemez Road, and east of the road. That 2 m-deep pit exposed an 80 cm-thick “post-E!
Cajete soil” overlying a 1.2+ m-thick "pre-El Cajete soil®, but there is no El Cajete pumice
between the two soils. If the correlation of these two soils is correct, then the absence of
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pumice is just another example of its irregular distribution along the base of the Pajarito
fault scarp. McCalpin (1997, Plate 6) mapped some pumice near the top of the west-side
roadcut of West Jemez Road through the fan, and correlated it to the El Cajete pumice,
but that correlation was not supported by any mineralogical or trace- element analysis. If
that pumice is indeed the El Cajete, it implies that the oldest parts of the Qfi? fan are
probably pre-El Cajete, but that other Qfi? lobes are post-El Cajete.

At the latitude of our alluvial fan the Pajarito fault is composed of four major east-
facing scarps with oumercus subsidiary shear and pull-apart zones. The scarp farthest west
is informally named the Western Splay scarp, and it continues south to Canon de Valle as
a distinct 25- 30 m-high east facing scarp, parallel to, but S00 m west of the crest of the
main, 65-70 m-high scarp. Trench 4 (see Sect. 3.5) was excavated at the base of the
Western Splay scarp. The main scarp of the Pajarito fault splits into two scarps directly
south of the unnamed drainage that gave rise to our fan. The western splay of the main
scarp trends N-S and is about 12 m high; Treach 5 was excavated across this splay (see
Sect. 3.6). The splay continues northward across the unnamed drainage and maintains a
similar height.

The eastern splay of the main scarp trends N 30° E and is 25 m high south of the
unnamed drainage, but decreases in height northwards. South of Pajarito Canyon this
deformation zone transforms from an east-facing scarp with a pull-apart trough at its head,
to a 200 m-wide zone of NE-treading pull-apart troughs with < 5 m of net down-to-the-
east displacement.

‘The easternmost fault scarp is poorty-expressed south of the alluvial fan, and the
detailed topographic maps (2 ft contours) do not correctly poriray the topography in this
densely wooded region. For example, the spparent small (3-5 m-high) N-S-trending scarps
are artifscts of computer interpolation of contour lines. However, the modern drainage
channel of the fan contains a 60 m-long, linear incised reach that parailels the strike of the
main fault scarp. Because this reach ncarly parallels the contours of the fan, McCalpin
(1997, Plate 6) infested that it is structurally controlled.

North of the fan this easternmost fault scarp is well developed as a N 55° E-
trending, east-facing, 15-20 m-high scarp. Farther to the north this scarp trends more
northerly, and directly south of Psjarito Canyon this scarp was trenched by Woodward-
Clyde Consultants in 1995 (Wong et al., 1995, their “Pajarito Canyon” trench).

The surface of the alluvial fan contains many small, irregular undulations that
might be the result of either depositional or tectonic processes (Fig 4). At four locations
(Fig. 3) the surface undulations seem 10 define more-or-less continvous east-facing
lineaments. These lineaments consist in pant of mini-scarps. It was the presence of these
vague topograptic lincaments, and their paraflefism with structures rorth and south of the
fan, that prompted us 1o dig the four alluvial fan trenches.

The eastermnmost of the four Eineaments appears to be a northward projection of the
60 m-long linear reach of the modern channel In two places on the fan surface broad
swales occur west of the kneament but are not as well developed cast of it, as if the swales
might be incised into an upthrown fault block Between the swales, the fus surface west of
the lineament exposes abundant boulders, whereas boulders are not observed east of the
lineament. One explanation for this disparity is erosion of fines from the
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( upthrown block, which subsequently buried boulders on the downthrown block.
The other three lineaments ferther west on the fan have an even more obscure

geomorphic expression.

3.2 Trench 1a
3.2.1 Geomorphology:
Trenches 1a and 1b are located on the afi2 fan surface, across the northward

projection of the linear, N-S-trending reach of the modern channel (Fig. 3). Due to the
uncertainty of projecting the inferred structural trend, the Treach 1 originally suggested by
McCalpin (1997) was replaced with two overlapping trenches. The farther downslope
trench was Trench la (Fig. 5), which was S m deep and 25 m long, and intersected the
structural projection near its head. Trench 1b was parallel to Trench 1a but shifted S m
farther north, and overlapped the western 2 meters of Trench 1a, 50 that no north-trending
structures could pass between the two trenches,

The northward projection of the linear channel reach climbs up onto the fan
surface at & slight break in slope. This slope break coincides with the eastern end of a
bouldery natural levee that is part of the afi2 fan East of the slope break the fan surface is
finer- grained and bas a lower gradient. The slope break appears to mark the apex of a
younger sub-fan (afil on Fig.3). This sub-fan was probably formed whea stream flow
jumped out of the modern channel at the 30° change in direction at the upstream end of
the 60 m-long linear reach.

3.2.2 Stratigraphy:

Trench 12 exposes five parent materials, five soils, and nine soil horizons that can
be mapped over the 25 m length of the trench (Fig. 6). The youngest parent material (unit
1) is 2 0.5- 0.8 m-thick debris flow deposit, consisting of an abundant, pale brown, loose
silt matrix surrounding angular clasts of tuff up to 25 ¢m in diameter. The color and
friability of thig deposit are similar to that of the uppermost Holocene colluvial units
exposed in the seven trenches excavated across the Pajarito fault in 1997 (McCalpin,
1998).

Unconformably underlying unit 1 is a second debris Slow deposit (unit 2), the
matrix of which has been partly transformed 10 2 moderately cohesive red clay by
pedogenesis. Unit 2 contains angular tuff clasts up to 30 am in diameter, and matrix
comprises about 60% of deposit volume. Subjacent parent material 3 is & better-sorted,
clast-supported gravel in which clasts are subrounded and imbricated upsiope. The
sedimentology of this unit, and the channeling of its lower contact imo subjacent units,
indicates this is & fluvial gravel transported by clear-water or hyperconcentrated flow. The
ted color and pedogenesis in Unit 3 is a continuation of thax in Unit 2.

At the basc of unit 3 is an erosional unconformity cut into older, denser, more
cohesive deposits. The uppermost part of usit 4, which has been partly eroded, coasists of
8 10-15 cm-thick clast-free sit. This bed (unit 4EBb2 on Fig. 6) is probably an overbank
deposit, atthough it could also have a loess component. More
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importantly, the bed marks a paleo-ground surface that was exposed for some time before
deposition of unit 3. The remainder of Uit 4 is debris flow beds, with an upper, cobble-
rich unit (4Btb1) overlying a clast-poor, compact massive silty sand (4Bt2b2), which
overlies 8 debris flow bed with subequal parts clasts and matrix (4Btb3). Unit 4 totals
about 1-1.5 m thick. Rare, small reworked pebbles of pumice appear in subunit 4Btb2, and
may be the El Cajete pumice.

The oldest parent material is unit 5, a very dense, matrix-supported debris flow

deposit

3.2.3 Soifs:

In addition to the weak surface soil there are four buried 3oils mapped in Trench
1a (Fig. 6). The surface soil is restricted to unit 1 and is composed of A and Bw horizons.
A single buried soil (1) is developed in units 2 and 3, and it contains five textural B
horizons (Appendix 3). Unit 4 contains buried soil 2, composed of an EB horizon
developed in a clast-free silt (upperost unit 4), and two subjacent textural B horizons
developed in debris flow deposits. The lower 1/3 of unit 4 has increased Bt horizon
. development, indicating a third buried soil, and suggesting that the lower 1/3 of unit 4
represents an older debris flow event than the upper 2/3. Unit 5 containg a buried soil with
three Bt borizons. In each of these buried soils, Bt horizon development is stronger in the
upper part of the soil and weakens downward. Eric McDonald described a detailed soil
profile at 10.6 m on the horizontal scale of the trench (10.6 mH) after we had logged the
trench (Appendix 3).

The degree of soil development in Trench 1a can be compared to that of dated
s0ils elsewhere on the Pajarito Plateau, as described by Reneau and McDonald (1994,
Table 2-10). Using the Profile Development Index (PDI; Harden, 1982; Harden and
Taylor, 1983) as a quantitative measure of soil development, the PDI vatue of 7.6 for the
surface soil (Table 1) is similar to PDI= 7.4 for the soil on terrace Qt7 in Rendija Canyon,
which is dated at 3 ka Thus, unit 1 is late Holocene. The curmulative PDI values at the
bases of buried soils 1 and 2 are 50.8 and 69.6, respectively. The latter value is very
similar to the net PDI in the post- El Cajete soil exposed in soil pit WIR-S, which was dug
into a Qfi fan about 2 km south of our alluvial fan. During the feld review of the 1998
trenches in July, 1998, reviewer F. H. Swan collected some decomposed pumice pebbles
from unit 4Bt1b2. Although it was not confirmed that this pumice was the El Cajete
pumice, the cumulative PDI value at the base of buried soil 2 is essentially identical to that
of a post-E| Cajete soil at pit WIR-S (Reneau and McDogoald, 1994, p. 82-86, Table 2-
10).

Buried soils 3 and 4 have cumulative PDI values of 102.9 and 140 8, respectively.
According to the PDI chronofunction of McDonald (1999, p. 6}, these PDIs suggest ages
0f 99-157 ka and 16]-255 ka, respectively.

3.2.4 Structure:
There were no visible tectonic deformstion struciures in Trench 12 Several unit
contacts have sections that dip up to 45° (¢.g, the unit 2a/3a contact), but at these
locations subjacent contacts are subborizontal, thus ruling out a tectonic deformation
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origin. All of the contacts that dip more steeply than the ambient fan gradient (6°-7°) are
interpreted as fluvial cut-and-fill contacts,

3.2.5 Geochronology: '

No radiocarbon or luminescence samples were collected from Trench 1a, mainly
because, in the absence & *ny deformation, a precise chronology of deposition was not
required. Soil PDI values, pfus rare pumice pebbles, suggest that unit 4Bt1b2 may be
about the same age as the El Cajete pumice, t.e. 50-60 ka (Reneau et al., 1996).
According to the latest PDI chronofunctions of Eric McDonald (McDonald, 1999)), the
bases of buried soils 1, 2, 3, and 4 are dated at roughly 42, 68, 125, and 202 ka (Table 2).

3.3 Trench 1b

3.3.1 Geomorphology:
Trench 1b continues up fan from the western end of Trench 1a (Fig. 3), and

approaches within about Sm of the edge of the steep fhivial cut slope that descends ca. 5
m down to the modem channel. All along this channel edge a subdued ridge of boulders
indicates that a natural levee was deposited. The westernmost 4 m of the trench begins to
ascend this levee from the afi2 surface (Fig. 7). Trench 1bis 22 m long and up to 4.5 m

deep.

3.3.2 Stratigraphy:

Trench 1b contains debris flow and fhrvial gravel deposits divisible into five msjor
parent materials (Fig. 8), all of which correlate to similsr-mimbered parent materials in
Trench 1a. However, units 2 and 3 are thicker in Trench 1b (2.5-3.8 m) than in Trench 1a
(1-2 m). Because of this increased thickness, units 4 and 5 are encountered farther beneath
the ground surface, and only the upper 0.4 m of unit S is exposed, compared to 2 1.2 m
thickness exposed in Trench 1a. Along with the increased thickmess of units 2 and 3 there
is more variability in sedimentology. Most of Unit 2 is debris flow deposits (unit 2a), but
two lenses of gravels in the head of the trench appesar to be fluvial gravel (units 2b, 2¢).
Likewise, most of unit 3 is a stratified fluvial gravel (unit 3a), but two matrix-rich lenses
occur near the head of the trench (units 3b, 3¢) that are probsbly small debris flow
deposits. This sedimentologic varistion probably resuite from the proximity of the head of
the trench to the modern drainage channe] of the fan, and the increased probability of
encountering flood- and levee-related lenses.

The clast-free silt that capped unit 4 in Trench 1a is nussing in Trench 1b, and
indeed the upper two s0il horizons of unit 4 are erosionally truncated in mid-trench. This
truncation, along with the increased thickness of unit 3 gravels, suggests that fivial
erosion stripped off the clast-free silt prior to deposition of unit 3a. Aside from the
differences just cited, the remainder of parent raterials in Treach 1b (units 1, 4, and 5) are

identical in sedimentology to equivalest units i Trench 1b.
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3.3.3 Soils:

The surface soif and four buried soils exposed in Trench lbarcslmxlarmsctmg
and development to the soils in Trench 1a. Eric McDonald described a detailed soil profile
at 13mH and computed cumulative PDI values at the bases of the surface soil and buried
soil 1. These PDI values, 6.8 and 52.9 respectively (Table 2), are essentially identical to
PDI values from Trench 14 at the same stratigraphic level (7.6 and 50.8). Again, the PDI
values suggest that units 2 and 3, and their =oil (buried soil 1) post-date the El Cajete
pumice, whereas the upper beds of unit 4 may be approximately coeval with the pumice.

3.3.4 Structure:

Trench 1b does not contain any tectonic deformation structures. The truncation of
unitg 4Bt1b2 and 4B12b2 in mid-trench is ascribed to fluvial erosion, because underlying
contacts are not deformed. Likewise, the lenticular and irregular contacts of sub umits at
the head of the trench, such as unit 3b, are attributed to erosional channeling in a fluvial

sequence.

3.3.5 Geochronology:
No radiocarbon or luminescence samples were collected from Trench 1b. Soil PDI
values, wher. arplied to the PDI chronofunction, suggest approximate ages of 1.9 ka for
unit 1 and 45 ka for the base of unit 3.

3.4 Trench 2
3.4.1 Geomorphology:

Trench 2 (Fig. 9) was excavated actoss & well-preserved east-facing mini-scarp (0-
12 mH on the trench log; Figs. 3 and 10) that is fronted by an anomalously flat section of
the fan (12- 20 mH on the log). The scarp face slopes up to 11° cast (or 4° steeper than
the average fan gradient), whereas the “flat” area slopes oaly 3°-4° east. However, this
mini-scarp is best developed only within about 10 m of the edge of the incised modem
channel. When traced northward across the afi2 surface the scarp disappears. Thus, prior
to trenching we surmised that either: (1) the mini-scarp was an erosional or depositional
feature, or (2) the scarp was tectonic, but had been eroded or buried in the center of the
fan,

3.4.2 Stratigraphy:

Trench 2 exposes four major parent materials that are roughly equivalent to units
1-4 in Trenches 1a and 1b (Fig. 10). Unit 1 is 2 gravel, with clasts up to 30 cm, in a joose,
*fufly”, very frisble matrix of very pale tan-to-beige silt. The lack of stratification and the
silty texture of the matrix suggest a debris flow origin, but the powdery nature of the pale
silty matrix seems to contradict & water-laid origin. This unit has probably been subjected
to some amount of downslope creep. Unit 1 is very similar in color and friability to the
surface colluvium encountered in the 1997 trenches across larger scarps of the Pajarito
fault zooe.
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Fig. 9. Photographs of Trench 2. (a) View southeast down trench axis.
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Unit 2 is composed of debris flow deposits with a sandy matrix stained red by B
horizon pedogenesis. The upper part of unit 2 (umit 28) is & pebbly debris flow that
maintains an esseatially constant thickness of 0.9 m beneath the ground surface, and is
draped across a lens-shaped debris flow (unit 2bBt2b1) composed of large cobbles.
Between these two subunits is 8 small fluvial gravel lens (2bBt1b1). The coincidence of
the surface mini-scarp with the subsurface extent of the cobbly debris flow (subunit 2b)
suggest that the scarp was created by depositional, rather than tectonic processes. For
example, the contact of units 2 and 3 is essentially horizontal and unfaulted, so the preseat
form of the mini-scarp cannot be sttributed to either faulting or pre-unit 2 depositional
processes, It appears that unit 2bBt2bi was deposited as a thick, viscous lobe of coarse
debris atop the flat surface of unit 3 (fluvial gravels), and then later the debris flow of unit
2a buried this area, preserving the easterly slope of the top of unit 2bBt2b1.

Unit 3 is a fluvial gravel similar to those in Trenches 1a and 1b, but slightly thicker
(1.8-2.4 m thick here). One of the three subunits (unit 3¢) is a matrix-supported debnis
flow ca. 1 m thick, which toward the eastem end of the trench comprises about half the
stratigraphic thickness of "fluvial” unit 3.

Unit 4 in this trench is more varied sedimentologically than in Trenches 12 and 1b,
and contains a fluvial channel (units 452, 4c) and well-sorted fluvial sand deposits (units
4a, 4e), as well as matrix-supported clast-poor debris flows (units 4a, 4b1). However, unit
4 here is similar to unit 4 in Trenches 1a and 1b in that it represents an abrupt decrease in
grain size, and increase in density and cohesiveness, compared to the overlying unit 3
fluvial gravels. The uppermost bed in unit 4 is & relatively well sorted sandy silt containing
pockets and stringers of pumice pebbles. The near-constant thickness of this urdt (0.25-
0.35 m), its good sorting, and the presence of pumice pebbles much larger than the silt
matrix suggests that this unit was deposited in quiet-water suspension conditions in a
broad abandoned channe! or slough. The larger pumice pebbles were probably partly
buoyant and thus bad a Stoke's settling velocity nearer to fine sand or silt than to normal
pebbles. Abundant biotite phenocrysts indicate that the pumice is El Cajete.

Units 4b1, 4b2, and 4¢ are confined to a channe] that is cut into 4d and 4e. In total,
only two of the subunits of unit 4 here (4b1, 4d) are debris flows similar to those which
make up the bulk of unit 4 in Trenches 1a and 1b. Thus, it is unclear if the unit 4 beds in
Trench 2 are correlative with unit 4 debris flows in Trenches 1a and ib, or whether the
Trench 2 pumice and fluvial sand beds are younger units whose correlatives were removed
by fluvial erosion along the unit 3/unit 4 contact at Trenches 1a and 1b.

3.4.3 Soils:

Trench 2 contains a surface soil (A, BA horizons) developed on unit 1, a buried
soll 1 developed on units 2 and 3, and a possible buried s0il 2 developed in unit 4. Because
we did not observe significant signs of pedogenesis in the beds of umt 4, we did not
include a buried soil 2 in our trench map units, but instead defined the map units strictly on
litbology‘Inconmst,McDomlddcﬁnedahxﬁedwﬂ2inmpum!mﬂuialunit4.
Aside from this difference, the horizonstion of the susface soil and buried <oil 1 is similar
to that in Trenches 12 and 1b (Appendix 3). The PDI values of the surface soil (6.5) and
the base of buried soil 2 (57.6) are similar to values from Trenches 1a and 1b (Table 2).
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3.4.4 Structure:

All of the nonplanar contacts in Trench 2, with one exception, can be easily
explained as erosional and depositional features in a dynamic fluvial environment. The one
exception is the steep (>45°) contact between units 4d/4e and units 4b1/4¢ at the bottom
center of the trench. The original trench floor was at the level of the 4b1/4c contact, and it
was unclear if this >45° contact was a fault, or more likely, an erosional channel margin.
Accordingly, we hand-dug the trench floor down an additional 0.7 m at this location. With
the deeper exposure we could trace unit 4e beneath the eastern channel wall without offset
or shearing. Therefore, we also interpret this steep contact as the margin of an erosional

channel.

3.4.5 Geochronology:

The presence of reworked pods of biotite-bearing pumice, almost certainly El Cajete
pumice, in unit 4a gives us the best chronological control in the four trenches on the
alluvial fan. Although this reworked pumice clearly postdates the El Cajete eruptions by
the some time span, the PDI-based age estimates for buried soils 1 and 2 in Trenches 1a- 2
(42-45 ka and 5168 ka, respectively), which bracket the reworked pumice, also bracket
the currently accepted age span of 50-60 ka for the El Cajete pumice. Thus, we infer that
the pumice was eroded soon after deposition and redeposited on the alluvial fan within a
few ka of the El Cajete eruption.

3.5 Trench 3

3.5.1 Geomorphology:
Trench 3 is located only 5-10 m from the apex of the aliuvial fan (Figs. 3 and 11), and

is 15 m long and up to 5 m deep. The alluviat fan surface in the eastern 2/3 of the trench
(east of 5 mH) slopes east a ca. 5°, or somewhat jess than the fan gradient at Trenches 1a,
1b, and 2. The ground surface west of 5 mH slopes at 9° east, and is evidently the toe of a
colluvial apron shed from the 25 m-high fault scarp directly west of the trench.

3.5.2 Stratigraphy:

Trench 3 contains three major parent materials that broadly correlate with units 1, 2,
and 3 in the other trenches (Fig. 12). Unit 1 is a cobble grave] with a pale beige, friable,
silty matrix. West of S mH it contains thin, slabby clasts of tuff that are considerably larger
and more angular than the other clagts. We infer that these siabs were deposited in Unit |
by colluvial creep processes from the fault scarp directly west of the trench. In contrast,
Unit ] east of 5 mH is matrix-supported and resembles a debris flow deposit.

Unit 2 is a matrix-supported, pebbly and cobbly debris flow with a matrix stained red-
to-orange by pedogenesis. Its sedimentology and thickness (0.7-1.6 m) are similar to that
of Unit 2 in the other alluvial fan trenches.

Un§t3oompﬁmtheremﬁnduofth:umchwallsuﬂ is sufficiently thick (2.4-3.3 m)
tharunn4isnmatposu!inthi55m-deq>mm3hﬁmch3ismuiyo.5-l m
thickathmmﬂ3hthemhuﬂmdmhmmﬁnllighapmpuﬁon(>50%)ofmh-
supported subunits than in other trenches. The uppermost subunit (32) resembles
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the fiuvial gravels of unit 3a in other trenches, but the lower matrix-supported subunits
(3b, 3d, 3¢) are apparently debris flows.

All three parent materials contain anomalous large, iabular slabs of Bandelier Tuff in
the western 1/3 of the trench (only the largest of these rocks are portrayed on Fig. ).
These slabs probably indicate the downslope limit of colluviation coming from the fault
scarp directly west of the trench.

3.5.3 Soils:

Trench 3 contains only two soils, the surface soil developed in unit 1, and buried soil 1
developed in units 2 and 3. The degree of soil development in these two sotls, as
represented by curnutative PDI, is virtually identical to that of similarly-numbered soils in
the other trenches. The surface soil has a PDI of 6.7 (compared to PDI=7.6, 6.8, and 6.5
for the surface soil in Trenches 1a, 1b, and 2) and the base of buried soil 1 has a
cumulative PDI of 50.9 (compared to PDI=50.8 and 52.9, for buried soit 1 in Trenches 1a

and 1b).

3.5.4 Structure:
No faults or folds are exposed in Trench 3.

3.5.5 Geochronology:

The pumice-bearing beds of Unit 4 are not exposed in Trench 3, so age estimates rely
only on soil PDI valies. According to the PDI chronofinction of McDonald, the base of
unit 1 is ca. 1.9 ka, and unit 3¢ is ca. 42 ka. This latter age is somewhat younger than that
of the El Cajete pumice, and is consistent with our interpretation that pumice-bearing unit
4 is beneath the floor of Trench 3.

3.6 Overall Interpretation of the Alluvial Far Tresches

The longitudinal topographic profile of the alluvial fan (Fig 4) and the composite plot
of all four trench logs (Fig. 13) show some geomorphic reations on the alluvial fan that
have an indirect bearing on Quaternary faulting. First, the fan gradient apparently
decreases toward the fan head (Fig. 4). This trend is opposite to that usually found on
alluvial fans, and may indicate that the fan has been backtilied toward the Pajasito fault,
along structures that presumably underlie the large fault scarp west of the fan. Second,
older Pleistocene units (unit 4 and S) are found closers to the ground surface farther
downfan. This indicates that later Pleistocene units (units 2 and 3) are thinning downfan.
Such thinning indicates that units 4 and S siope east even less steeply than does the ground
surface, suggesting they may be more backtilted than younger units. Third, within units 2
and 3 debris flow facies become more abundant toward the head of the fan. For example,
Unit 3 was initially defined as 100% weil-sorted Guvial gravel in Treuch 1a, and even in
Trench 1b unit 3 contains oaly one small kens of matrix-supported gravel (unit 3c). In
Trench 3, bowever, more than half the stratigraphic thickness of unit 3 is matrix-
supported. This trend suggests that many debris flows that deposited matersal at the fan
bead did not extend farther down the fan to the sites of Trenches 1a and 1b.
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3.7 Trench 4
Trench 4 is located at the base of the Western Splay Scarp, roughly 650 m nonh of
Canyon de Valle (Figs. 14, 15). The trench is 44 m long and up to 5 m deep (Fig. 16 ).

3.7.1 Geomorphology:
Trench 4 is located on a small alluvial fan built out from an unnamed creek that cuts

through the Westem Splay scarp (Figs. 2 and 14). This fan is approximately 250 m long in
the downslope (east-west) direction, 275 m wide in the across-slope (north-south)
direction, and descends from 8120 fi to 8050 ft elevation at an average gradient of 5°. The
modern channel is incised 2.5-3.5 m into the fan head, with the depth of incision
decreasing to 0.5 m at the fan toe.

McCalpin (1997, Plate 12) mapped fan surfaces of three ages here. The bulk of the fan
is composed of a symmetrical cone sloping 6-7 degrees east, and was mapped as an
intermediate-age fan (afi). This age designation was meant to indicate that the fan was
probably not Holocene (in view of the amount of fan head incigion), but not peccssarily
that the fan was pre E3-Cajete in age. McCalpin (1997) did not dig any soil pits on this fan,
nor did E. McDonald, and the fan is beyond the mapping linit of Renean (1996), so no
definite data existed on the fan age. The area adjacent to the incised modern charme] is
mapped as ay, and is certainty Holocene. On the castern margin of the fan a lower-gradient
extension of the fan is inferred to be older than afi, due to the greater local relief on the
surface, and this area was mapped as afo? (old alkrvial fan). This age designation is
relative, but is presumed to be considerably older than the El Cajete pumice.

The geomorphic anomaly that initially sttracted our interest, and led to Trench 4 being
excavated here, is a small scarp and bench at the fan head. The scarp strikes N 20°-30° W
or 20°-30° more westerly than the N-S-trending Western Splay scarp, and is sbout 4 m
high. At the base of the small scarp is an 18 m-wide bench that slopes 3°-4° east, or 2°-3°
less than the gradient of the afi fan farther east. Both the scarp and bench are covered with
a dense grove of Gambel's oak, which is anomalous in the Pajarito fault zone, and typically
indicates either local spring seepage or soils with an increased water-holding capacity, No
boulders appear on the surface on the bench, although they appear suddenty on the eastern
margin of the bench beneath a sharp, north-trending line of large conifer trees (mainly
Douglas fir). This line of trees marks s linear break in the slope of the fan and in surface

In the vicinity of the fan, the Western Splay scarp splits into a double scarp, with the
higher (15-21 m-high) scarp on the west, and a smaller (6-9 m-high) scarp on the east.
These two scarps are separated by a colhuvium-covered bench that widens 10 40 m wide
north of the unnamed creek. The smaller eastern scarp projects beneath the fan head, and
its projection coincides with the anomalous fanhead scarp and bench. Thus McCalpin
(1997) inferved that the scarp on the fan may represent post-afi faulting, and the bench
might be a graben that had been backfilled with alkrviim and later slopewash. He
suggested trenching this fan head because it is one of the few locakities where landforms of
suspected tectonic origin occur on an intenmediate-age fan.
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Fig. 14 . Geclogic map of the intermediate-age aluvid fan at the base of the Westem Splay Scarp, and location of Trench 4.
Paxt of Picte 12 In McCalpin, 1996. Contour inferval= 2 ft.
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Y

Fig. 15. Photographs of Treach 4. (a)- Clearing trench footprint in the dense oak grove
J before excavation; view to southwest.
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3.7.2 Stratigraphy:

The stratigraphy exposed in Trench 4 is more complex than was anticipated and is not
completelyy understood. We have subdivided the strata into three general groups that
occupy the eastem, central, and western thirds of the trench wall. In the eastern 1/3 of the
trench, subhorizontal alluvium and debris flows are termed the ‘alfuvial fan facies”, and are
subdivided into 4 major units (9 subunits). In the western 1/3 of the trench (ie., that part -
underlying the upper scarp face), deposits of poorly-sorted coltuvinm with angulsr tuff
clasts are termed the “colluvialitalus facies”, subdivided into 4 major units (13 subunits).
The central 1/3 of the trench is composed of a complexly deformed zone with deposits
transitional between the alluvial fan and colluvial facies (“facies transition zone™). Our
correlation of major units 2-5 between the alluvial fan and colluvial/talus facies relies on
correlating beds in both sequences with those in the transition zone, and due to later
deformation this correlation is somewhat tenuous.

Prior to trenching we anticipated that: 1) the Trench would expose altemating beds of
debris flow and fluvial deposits, much like exposed in Trenches 1a-3, 2) that these beds
would be offset by an cast-dipping normal fault beneath the scarp, and 3) that finer-
grained graben-fill beds would underfie the bench, and would terminate abruptly beneath
the eastern bench margin against an antithetic normal fault. None of these assumptions
turned out to be true.

The eastern half of the trench exposes a sequence of subborizontal debris flow and
fluvial gravel beds similsr to that expected in an alluvial fan sequence. This sequence is
labeled "altuvial fan facies™ on Fig. 16 and all unit labeis inchude the letter "a® for alluvial
fan deposits. Only the uppermost of these beds (unit 22) is clearly a matrix-supported
debris flow, and it is the only bed in the sequence whose top slopes cast at any significant
degree. Subjacent beds are moderately weil sorted and imbricated subrounded gravels, or
sand beds that do not have debris-flow texture or sorting The major beds in this fluvial
sequence (3a4, 4al, 4a2, 5a) are essentially horizootal, i.e. they do not slope 3°-4° east 22
does the bench, much less 6°-7° east as does most of the afi fan. From the lenticular shape
of some units (3al, 322, 3a3, 4al, 4a3) the transport direction of these fluvial deposits
was at a high angle to the strike of the trench. Such a southeasterly transport direction
could be explained as a result of the normal radisl mode of fan deposition, or as the result
of southward flow down the axis of a north-south-trending structural sag However,
evidence for the latter is missing (sec Sec. 3.7.4). The lowest unit in the alluvial fan section
(unit 5a) is considerably finer- grained and denser than the overfying coarse fluvial gravels.
In this regard unit 5a resembles unit 4 or S in Trenches 12-2, which were cobesive debris
flows distinctly older than the overlying looser fluvial gravels.

The beds at the bead of the trench, beneath the upper scarp face, do not resemble
either fluvial or debris flow deposits, but therr exact origin is uncertsin. The most striking
aspect of these beds is their high content of angular siabs of tuff thet share very similsr
orientations (Fig. 17). In some units (¢.g, 1cBw, 2c2Bt) there are 50 many stones and so
little matrix that the deposits resembie talus. In most deposits however, the angular slabs
of tuff are *floating” in a hard, cobesive, oxidized matrix of sendy silt 10 silty ssnd
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Fig. 17. Photograph of steeply-dipping tuff slabs at the head of Trench 4.
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( However, even where tuff slabs comprise only 10-20% of the deposit by votume, slab long
axes share a consistent orientation.
A clue to the origin of this clast fabric comes from units 3c2, 3c3, and 3¢4. Unit 3¢3 is
a clast-free silty sand that is recognizable as a distinct bed in this generally homogenous
and chaotic "colluvial” sequence. Although the bed has been folded, clast long axes in the
units above and below unit 3¢3 paralle! its upper and lower contacts. Thus the original
long-axis orientation of stabby clasts was probably parallel to depositional contacts, rather -
than having a steep initial imbrication. Strong, slope-paralle! clast fabric is typical of
colluvial deposits, as is the occurrence of angular thin rock slabs that would not likely
survive fluvial transport. Thus, deposits 1c, 2¢, and 3¢ beneath the upper scarp face are
interpreted as colluvial deposits shed from the 15-2] m-high western scarp of the Western
Splay scarp.
Subjacent units 4c and Sc are more thinly bedded, better sorted, and resemble the
fluvial beds of unit 4 in Trench 2 on the intermediate-age fan farther north. Unit Sc2
containg lenses and pockets of a biotite-bearing pumice correlated to the El Cajete.
Between the alluvial fan facies (24-44 mH) and the colluvial/talus facies (0-12 mH) is a
12 m-wide zone of transition deposits (facies transition zone). The exact correlation of
these transition beds with beds to the east and west i3 complicated by the subsequent
deformation that affected deposits in the middle and upper trench. Generally, deposits in
the facies transition zone are coarser-grained than beds in the colluvial/talus facies, but less
well sorted and stratified than beds in the alluvial fan facies. The thickest unit in the
transition zone, unit 3t10, is a chaotic collection of large (up to 1 m in length) angular r
( glabs of tuff with random orientations. The second-thickest unit, unit 4t4, contains similar
slabs with 2 consistent long-axis dip to the west. Comparison of these units suggests that
unit 3t10 may have originally possessed a consistent fabric like unit 414, but that fabric
was destroyed by internal deformation.

Independent evidence for internal deformation in the transition zone is the bimodal
nature of units 3t9 and 412, both of which contain a subequal mixture of subround pebbles
and cobbles mixed with angular slabs of tuff. This physicat mixture of clasts from altuvial
and colluvial sources is unusual in a single bed, and argues that two adjacen: beds of
dissimilar content were physically mixed. A third line of evidence for deformation is the '
anomalous west dip of units 412, 413, and 4t4 (discussed later). |

The lowest beds in the transition sequence (unit 5t) are well sorted and stratified i
fluvial sands and gravels. Although these beds are subborizontal and appear relatively .
undeformed, they may contain subbonizontal shear 20nes.

Our preliminary stratigraphic correlation between the alluvial, ransition, and colluvial
facies zones rests on three observations. First, the basal units in all three zones (unit S) are
considerably denser and more matrix-rich than overlying units. This difference in density
suggests that units Sc, St, and 5a are all approximately the same age. Second, in each zone
there is an apparent unconformity between units that we term 4 and 5. In the alluvial fan
facics this is an erosional unconformity, in the transition facies it is & strong angular
unconformity (perhaps coincident with a shump plane), and in the colluvial facies it is a
weak angular uncoaformity. Third, units i the upper part of unit 4 in the alhrvial fan facies
(4al) and in the colluvial/tatus facies (4c2) have nearly identical radiocarbon ages (29,570
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+/- 150 vs. 30,910 +/- 180 C-14 yr BP, respectively). Based on these observations, we
correlate the dense basal unita (unit 5) and the overlying well-bedded fluvial units (unit 4)
among the three facies sequences in the trench. Correlation of units 2 and 3 across the
length of the trench is based only on their relative position above unit 4 and below unit |
within each section. Unit 1 can be physically traced along the entire trénch wall.

3.7.3 Soils:

Eric McDonald measured detailed oil profiles at 5.4 mH, 6.5 mH, and 27.2 mH (Fig.
16, Table 2, and Appendix 3). The profile at 5.4 mH extends through soil horizons that
dip ca. 45° west on the west limb of an anticline, whereas the profile at 6.5 mH is
epproximately centered on the crest of the anticline. McDonald's surface soil coincides
with our surface soil and is restricted to unit 1. His buried soil 1 is developed in our units
2¢2Bt and 3c¢l, both of which lie above and are younger than our unit 3¢2. His buried soils
2 comprises our map unit 3¢2, whereas his buried soil 3 includes our units 3¢3 and 3cA.

PDI values from the surface soil are 6.3-9.1, or similar to PDI values from the surface
soils in Treaches 1a-2. This similarity is expected, because all surface soils share the pale
tan, very friable silt matrix. The PDIs for buried soils 1, 2, and 3 on the crest of the
anticline (24.7, 33.7, 57.2) tend to be about 20 less than PDIs of equivalent soils on the
west flank of the fold (36.9, 61.7, 73.3; Table 2). This difference is partly due to the
thinping of the s0il column on the crest of the aaticline, and to the existence of the
additionsl fissure fill (unit 3c1) on the flank of the fold.

The soil profile in the altuvial fan facies defines a surface 20il coincident with our
parent material 1a, and three buried soils approximately coincident with units 2a, 3a+4a,
and Sa. The surface soil carries & PDI of 6.6, emphasizing that parent material 1 and its
soil are essentially identical over the entire Jength of the trench. Buried soils 1 (unit 2a,
cumulative PDI= 19.9), 2 (units 3a+4a; cum. PDI=61.7), and 3 (unit 5a; cum. PD1=77.0)
have cummlative PDIs comparable to buried soils 1, 2, and 3 m the colluvialitalus facies,
although the soils cannot be physically traced through the facies transition zone. Readers
should note that we did not define any soil horizons within units 3, 4, or 5 when defining
our trench mapping units. Age estimates based on PDI values are cited in Sec. 3.7.5.

3.7.4 Structure:

Trench 4 contains three distinct deformation zones, but the origin and relations among
them are not clear. The westernmost deformation zone (zoae C) underlies the upper scarp
face and is essentially coincident with the colluvialitalus facics defined previously. Units
3¢2, 3¢3, and 3¢4 are clearly folded into an anticline-syncline pair with an amplitude of 2
m and a wavelength of 4-5 m. On the limbs of the fold, siab loog xxes dip as steeply as
45°. The even steeper slab orientations in units 1c, 2¢, and 3c2 west of S mH are inferred
to also result from folding, although no discrete folds are mapped here. Instead, a diffuse
cast-dipping shear zone (C3) disrupts unit 3c2, and a | m-wide fissure fill (unit 3c1)
occurs on the west limb of the anticiine. Unit 3¢3 at the floor of the trench is interrupted
by‘scveral "fingers” of cverlying colluvium penetrating downward along fissures or shears,
as if the unit was stretched horizontally into boudinage. The eastern kmb of the anticline is
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fanlted down-to-the-east by a narrow subvertical shear zone, but this shear causes less
vertical offset of subjacent unit 4 than of units 3c3 and 3c4 on the fold limb.

In summary, the deformation of the colluvial/talus facies include features of east-west
compression (the fold pair), east-west extension (the fissure fill unit 3c1 and diffuse shear
zone), and vertical displacement (vertical shear at 8 mH). The fold pair appears to be the
oldest feature, since the vertical shear cuts the fold, and the fissure fill overlies the western
fold limb. Interestingly, units 4 and S are not affected by the folding, which suggest that
the fold is decoupled from the lower units, either within the lower part of unit 3c$, or at
the 3c5/4ct contact.

The second major deformation zone ((B) is coincident with the facies transition zone.
This zone appears to be a rotational slump, the headscarp of which truncates the folds in
unit 3¢, and the toe of which is thrust over the subhorizontal gravels of the alluvial-fan
facies. Although the headscarp and toe failure planes can be closely defined by abrupt
juxtaposition of dissimilar lithologies, and by truncation of bedding, the central past of the
failure plane is harder to identify because it parallels bedding. We have inferred one strand
of the central slide plane at the base of unit 4t4, because all units above are tilted 7-8
degrees to the west as expected for rotational movement. However, units St and Sc in the
transitional and colluvial sections do not correlate, in texture or cohesion, to the loose
fluvial gravels of units 32 and 4a at the same elevation east of the shurop. The higher
elevation of unit St in the transition zone compared to Sa east of it implies that unit St1 is
also caught up in the slumping. The lateral truncation of unit 5¢2 (which contains the El
Cajete pumice) can also be explained if subsidiary stump planes penetrate unit 5t).
However, during our initial logging units 5t1 and 5c1 were mapped as a single unit
unbroken by shearing. Thus, the dashed faiture plane through unit 5t is justified more on
geometric grourds than by field observations of shearing.

It is unclear if the lowest unit in the transition zone (5t3) is also slhumped, despite the
abrupt coatact of overlying unit 4t4 wrth unit 323 and 4a2 along the toe thrust. Two
possibilities exist: (1) the detachment shump plane is at the top of unit $t3, so it is in-situ,
or (2) the shump plane lics bencath unit 5t3. At this time we cannot prefer ooe hypothesis
over the other.

The third deformation zone (A) is composed of a single, subvertical, down-to-the-west
(antithetic) normal favlt at 35 mH_ This fault displaces units 324 through Sa by 20-30 cm,
but does not offset the top of buried soil 1 (unit 2aBt). Although this antithetic fault is in
the same location as the antithetic fault inferred by MeCalpin from surface geomorpbology
(1997, Plate 12; also Fig. 14 of this report), it does not juxtapose fine-grained graben fill
against coarser fan deposits. The net vertical displacement is <25% of the thickness of a
typical bed in the fluvial section, and no additional beds occur o the downthrown side of
the fault that do not also exist on the upthrown side. There is a slight suggestioa that beds
cast of this fanlt dip eastward paraile] to the rest of the fan, whereas beds west of the fauht
(i.e., beneath the surface bench) are more horizontal.

3.7.5 Geochronology:
Age control comes from three sources: (1) presence of pumice, (2) soil PDI values,
and (3) radiocarbon and luminescence ages. A biotite-bearing pumice is contained in unit
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( 5c2. According to J.N. Gardner (personal communication, Sept. 24, 1998) this pumice
contains “components that look like they might be E! Cajete-related, but they are trace
compared to Bandelier-like components™. If this is the El Cajete pumice, it implies an age
of 50-60 ka for unit 5¢2.

Soil PDI values suggest an age of ca. 80 ka for unit 5a in the alluvial section
(Appendix 3) or an age-depth trend of 19 ka/m of stratigraphic thickness. Thus, the entire
well-stratified packages of beds in the lower and middle trench appear younger than 80 ka.

PDI-based ages in the colluvial section are older at a given depth below the smurface
than in the alluvial fan facies, but they contradict the C-14 age of 30,910 from unit 4¢2.
The truncated soil profile on the anticline crest predicts an age of 22 ka for the top of unit
3c3, whereas the profile on the fold limb predicts an age of 57 ka for this same horizon.
The latter age defines an overall age-depth trend of 27 ka/m, or 43% older ages at similar
stratigraphic levels compared to the alluvial and transition facies. This fact, and the fact
that unit 3c3 overlies the El Cajete (?) pumice with a probable age of 50-60 ka, casts
doubt on the validity of the 57 ka age estimate from PDI.

Five radiocarbon ages can be used to calibrate the PDI-based age estimates. In the
altuviat fan facies, unit 3al dates at 17,940+100 C-14 yr BP, and unit 4al dates at
29,570£150 C-14 yr BP. This latter date is from a stratigraphic level similar to the base of
unit 4a2, dated by PDI at 53 ka Thus, the PDI age for this stratigraphic level is 79% older
than itg radiocarbon age. This discrepancy could be explained if the dated organic material
in unit 421 was younger than its host deposit, but field obsesvations did not suggest the
organics were intruded. The other, more likely, possibility is that PDI overestimates

( deposit age in this section.

In the facies transition zonc unit 5t1 dates at 43,660+750 C-14 yr BP. This sample was
only 30 cm higher than the lenses of reworked pumice in unit 5¢2. If the pumice is El
Cajete (50-60 ka), then a date of 44 ka from slightly higher in the stratigraphic section is
reasonable. However, unit 5c2 is also truncated in this vicinity, and there may be a slump
failure plane within unit 5t1 between the radiocarbon date and the pumice. Unit 4¢2,
another well-stratified unit in the colluvial facies that overlies the pumice-bearing unit,
dates at 30,910 +/- 180 yr BP. Given its stratigraphic position above both the pumice and
the 43,660 year date, this age of 30 ka is considered reliable.

Finally, in the colluvial/tahis facies unit 1Bw dates at 1420450 C-14 yr BP and 1cBw
dates at 840 +/- 50 yr BP. PDI-based age estimates for the base of unit 1Bw are 1.7 ka (at
5.6 mH) and 1.8 ka (at 27.2 mH), 0 an age of 1420 yr BP ka sfighily above the base is
reasonable. The even younger C-14 age of unit 1cBw can be interpreted in two ways: (1)
unit tcBw is even younger than unit 1Bw, despite the way the contact between these two
units is drawn (at 5 mH), or (2) the dated charcoal was intrusive and unit 1cBw is older
than 840 yr BP.

3.7.6 Paleoseismic Interpresation:
Eault Zone A
Along fault A the contact between units 2aBt and 3a4 is offset, but not the top of unit
ZaBt:ThelMxofthepuunmuahlhdchiﬁowmybcmadaﬂyoﬂ}ct,ortbc
debris flow may be draped over & small scarp in the top of unit 384. Thus we know with
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certainty that unit 324 is offset, the base of unit 2a may be offset, the top of unit 2a is not
offset, and the top of buried soil 1 is definitely not offset. This brackets offset on this small
antithetic fanit between about 10 ka (estimated age of inception of soil formation for
buried soil 1) and 29.5 ka (age of unit 4al, which is slightly older than fanited unit 3ad).

Fault Zone B
At the head of the facies transition zone, soil 3tBt is apparently truncated at the

headscarp of the rotational slump, but it is actually the parent material unit 3 colluvium
that is truncated. The Bt horizon continues westward into unit 3c2. Thus, displacement on
this structure postdates deposition of parent material 319, and predates formation of buried
soil 1 [variously dated by PDI at 10 ka (27.2 mH), 14 ka (6.5 mH; possibly a stripped soil
section), and 26 ka (5.4 mH, inherited PDI components may cause an age overestimate
here)]. If our correlation of strata between the alluvial fan facies and transition facies is
valid, then the base of unit 3 is younger than 29 ka (the age of unit 4al), and the middle of
unit 3 (unit 3al) is ca 18 ka. Therefore the upper part of unit 3 truncated by the slump
headscarp must be younger than 18 ka, yet it carries a soil that probably took 10-14 ka to
develop; this relationship appears to bracket faulting betweep about 10 ka and 18 ka..

The timing of movement on fault zone A (10-29.5 ka) is sufficiently similar to the
timing of slump movement on zone B (10-18 ka) that the two movements may be
contemporaneous. This temporal coincidence raises the question of what caused the
rotational slump, One nontectonic explanation is that alluvial fan channels running north-
south had undercut the base of the colluvial slope, and caused the slump at the alluvial-
colluvial facies transition. Although this scenario is plausible, the relatively small channel
deposits of units 3a1-3a3 would have to be responsible for this undercutting, since they
are clearly overthrust by the slump toe and are thus the last alluvial deposits to predate
slumping. In addition, the best-defined slump failure plane descends to the same
stratigraphic level as the base of unit 3a3, and this is the expected geometry of a shump
caused by basal undercutting.

A second, related explanation is that fluvial undercutting had created an east-facing
slope at the facies transitions zope, but this slope did not fail by stumping until the
earthquake that created the fault offset at 35 mH. This faulting event is bracketed between
about 10-18 ka.

In his technical review of this report, Dr. W.R_ Lettis suggested an alternative
interpretation of Fault Zone B. He suspects that Fault Zone B, especially fault B1, is an
antithetic fault to the main fault zone. However, a “main fault zone™ is nowhere exposed in
the trench, so the possible antithetic role of Fault Zone B cannot be confirmed. Dr. Lettis
also points out that fanht B1, as drawn on Fig. 16, extends beneath the bottom of the
trench, and thus either: (1) implies & deeper shimp than proposed by the author, one that
would have 10 involve all strata in the facies transition zoner, or (2) is a likely canidiate for
a tectonic (antithetic) fault. If both faults B1 and B2 penetrate the floor of the trench, it is
possible to interpret Fault Zone B as a graben or giant fissure, in which the coarse rubble
ofunitsBand4mmﬁaeduﬁmﬁﬂ,mdmlnumumdbydiﬂiuuﬁdmovw
on the bounding faults. We do not favor this interpretation because we could not trace
fault B2 to the floor of the trench. Under the scenario above it would be the more
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significant of the two bounding faults, and its obscure expression as it approached the
trench floor argue against significant vertical displacement. However, we do admit that, in
the base of a mainly tensional fissure, one would not expect large vertical displacements
on the bounding “fanlts”. However, at that location one would expect fissure fill units with
subvertical fabric, and instead we observe well-stratified units St1 and 5t3 at this position.

Fault Zone C
The deformation exposed at the head of Trench 4 affects all units except 1A and 1Bw,

the latter dated at 1.4-1.8 ka by C-14 and PDI. At least three episndes of deformation are
indicated. The oldest episode of deformation resulted in folding of units 3¢2-3¢$ and
(inferred) rotation of their clasts from a slope-paralle] attitude to their present steep dips.
The second episode of deformation dismembered unit 3¢3 and opened the fissure into
which unit 3¢l was deposited. A third episode of penetrative deformation apppears to be
required by the steep dips of clasts in units 2cBt and 1cBw. (However, it is possible that
soil horizons 1¢Bw, 2¢2Bt, 2¢1Bw and 3cBw could be in fact developed on the same
parent material, one that was internally deformed during imtial folding). In other words, at
the head of the trench we may be observing young soils developed on old deformed parent
materials which were brought up to the surface by folding and then erosionally tnuncated.
In this scenario only two deformation episodes are required, an older episode to fold and
intemally deform unit 3, and a younger episode of faulting and fissuring. However, the C-
14 age of 840 +/- 50 yr BP from unit 1cBw suggests that (if the charcoal is not intrusive)
the deposit itself is not old. Thus, a key question here (as well as in other trenches) is
whether radiocarbon dates dates the parent material, or younger soils developed on that
parent material.

This distinction berween old parent materials and possibly younger soils emphasizes
a general danger in using soil PDI values 10 estimate deposit ages beneath faull scarps.
PDI values only tell us the amount of scil development time, not the age of the parent
material on which the soils are developed. In a domimantly depositional envirormment
such as an alluvial fan, where deposits are laid down quickly and then soil development
proceeds on them before the next zposiode of deposition, soil PD] ages can ciosely
approximate deposit age. This approxdmation works because total geologic time is
composed only of deposition time (negligible) and soil developmei time. In contrast, it is
clear that folded deposits at the head of Trench 4 have suffered some erosional
Iruncation, particularly unit 3c2 atop the anticline. In this case, geologic time is
composed of deposition time, folding time, eraosion time, and soil development time. Soil
PDI values only permit estimation of the kast component.
steep clast fabrics (units 1cBw and subjscent umits) are eitler older than unit 1Bw dated st
1420 C-14 yr BP (if the contact between units 1Bw and 1cBw is correctly mapped), or
about 840 +/- 50 yr BP (if the dated charcoal in 1cBw is not intrusive). Either of these
mmammmmwwmmmm I1Bw
is & slope colluvium that pinches out near the crest of the scarp, and that unit 1cBw is an
older (perhaps considerably older), deformed (7) unit that underlies unit 1Bw. Thus, the
840 yr age from beneath the 1420 yr age suggests that the sampled 840 yr-oid charcoal is
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younger than its host deposit. The 840 yr-old charcoal was derived from 2 bulk sample of
soﬁ,palesiltymau'lxthaxwasdugout&omthcunmmbetweentheangularmﬁ‘slabs
No charcoal was visible in the trench wall, but small pieces were retrieved from the bulk
sample by Paleo Research Labs (see Appendix 2, sample 98T4-6). The dated sample was 2
composite of six pieces of conifer charcoal that totalled 0.003 g weiglt. The vegetation at
the site today is Gambel’s oak, but conifers are present directly uplsope. In summary, we
do not have sufficient information on sample context to state that the six pieces of
charcoal were all definitely intrusive.

In order to locate the source of the fold deformation, J.N. Gardner and I examined the
face of the larger western sub-scarp upslope from Trench 4 for signs of landsliding. We
believed that the most reasonable mechanism for the folds in the colluvial/talus facies was
local compression at the toe of a landslide that must lie uplsope of the trench. However,
despite our examination of 1:1200-scale aerial photographs and field checking, we could
not locate any evidence of recent landsliding. Instead, the scarp face exposed numerous
subvertical, thin slabs and flakes of in-situ (?) tuff, bounded by subvertical fractures
oriented east-west, or down the fall line of the scarp. The consistency of slab orientation
on the scarp face is similar to that found in the cofluivial stabs at the head of Trench 4, but
the two orientations have strikes perpendicular to each other. At present we are uncertain
how these steeply-dipping tuff slabs on the scarp face were created, or whether their
subvertical attitude has anything but a coincidental similarity to that of coltuvial slabs
exposed in the trench. The bedrock slabs most resemble in-situ tuff slabs found in
transverse structure zones on the main Pajarito fault scarp by McCalpin (1997, 33-39), but
those slabs were restricied to narrow zones, in contrast to the widespread steep slabs
upslope from Trench 4.

The episode of extensional deformation at the trench head can be indirectly dated by
soil PDI. Horizon Bt2b! at 6.5 mH covers the crack fill of unit 3¢l and must post-date the
crack, and dates at ca_ 14 ka. Horizon Bt3bl at 5.4 mH carries an older PDI age (26 ka),
but this horizon is developed on the crack fill, and the crack fill parent material is unit 3
which already carricd a soil before crack formation. Thus, I believe that the PDI age of 26
ka for unit 3cl overestimates its age, because that unit is composed of “recycled” pieces of
preexisting Bt horizons from either side of the fissure. If the crack fill formed before 14
ka, and well after 26 ka, then its time range overlaps the time range of antithetic faulting
and rotational shumping farther downsiope in the trench (10-18 ka). Thus, it is possible
that all the extensional deformation in the trench occurred at the same time, ca. 10-18 ka.

Displacement

Due to the varied and distributed nature of this extensional deformation, it is not
possible to calculate a net tectonic displacement during the event(s) between 10 and 18 ka_
The antithetic vertical displacement of 20-30 cm oa Fault A sppears to be attributable to a
single displacement episode, since displacement does not increase downward. In the
colluvial/tahus facies only subvertical shear C1 a1 8 mH has sppreciable vertical
displacement, 25-30 cm down-to-the-east. Thus, the vertical displacement on the only
subvertical shear zones at either end of the trench essentially canceis out.
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A second way to estimate fault displacement is to assume that a buried normal fault
zone exists beneath the rotational slump, and is responsible for the vertical separation
between unit Sc in the colluvial facies, and correlative unit 5a in the alluvial facies. The top
of unit Sc is ca. 2.5 m higher than the top of unit 52. This discrepancy of age-vs-depth
across the facies transition zone is confirmed by radiocarbon dates, which indicate an age
of 44 ka at -6.85 mV in the transition zone, compared to an age of 29.6 ka at -8.15 mV in
the alluvial facies section. This age-vs-depth discrepancy can be explained either by
thrusting the colluvial section east over the altuvial section along a reverse fault coincident
with the toe of the rotational slump, or by postulating a buried vertical fault beneath the
stump, the expression of which is totally obscured by bedding-plane slip at the bottom of
the slump. Both of these scenarios have weaknesses. The thrust mode! is not compatible
with the evidence for a period of late extension near the toe and head of the trench, but it
is compatible with the east-west compressional (?) folding of units 3c2-3cS. However, if
the 2.5 m vertical separation was caused by thrusting, then it is attributable to the episode
of compressional deformation, and thig episode is more likely related to landsliding west of
the trench than tectonic faulting. This scenario also assumes thal the toe of the later slump
is coincident with the earlier thrust fault.

The hypothesis of a buried vertical fault beneath the stump is more compatible with the
style of faulting seen in the other 1997 and 1998 trenches, but unfortunately no evidence
for such a structure was observed in the treach well. However, if we merely back-rotate
the slump to its original orientation (about 15° counter-clockwise on the log) the 2.5 m of
vertical separation on the top of unit 5 still remains. Thus, the vertical separation between
units 5a and 5t cannot be explained by eastward slumping, and if real, requires either: (1) a
pre-slumping vertical displacement of some type in the center of the trench, or (2) shump
movement vectors that are not paralle] to the plane of the trench wall. The former
explanation lends support to Dr. Lettis’s interpretation of Fault Zone B as a graben
structure.
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3.8 Trench §
Trench 5 is located approximately 150 m due west and 30 m upslope of Trenches 2

and 3, across the western sub-scarp of the main Paja..to fault scarp (Fig. 18). The trench is
36 m long, up to 6 m deep, and trends approximately east-west.

3.8.1 Geomorphology:

At this Jocation the main displacement on the Pajarito fanit is expressed as a 40-m-high
scarp that lies west and south of the intermediate-age alluvial fan described in Secs. 3.1-
3.6 (Fig. 18). About 120 m south of the fan-head drainage, this main scarp splits into a 12
m-high, north trending western sub-scarp, and a 25 m-high, northeast-trending, eastern
sub-scarp. The 30 m-wide, gently sloping bench that separates thess sub-scarps is
Jabeled as a "possible slide block™ by McCalpin (1997, Plate 6), partly because the eastern
sub-scarp below the bench bulges out eastward in a suspicious manner. However, that
bulge can also be interpreted as a result of a change in scarp strike from north to
northeast.

South of Trench 5, the 40 m-high main scarp has a peculiar shallow, north-trending
topographic sag just above (west of) the scarp crest. In part this sag is integrated into a
south-flowing swale at the head of the scarp, but in places the sag has up to 0.5 m of
topographic closure. McCalpin (1997, Plate 6) inferred that a down-to-the-east normal
fault underlay this sag. However, based on the results of the 1997 trenching campaign, this
type of landform more likely overlies a tensional pull-apart fissure, and is related more to
eastward toppling than to dip-slip faulting.

A similar zone of eastward toppling exists on the north bank of the fan-head drainage,
where drainage has incised through the main scarp. The face of the eastern sub-scarp north
of the incised drainage is composed of slabs of tuff, the tops of which parallei the ground
surface. Typically it is impossible to distinguish whether these surface-panllel slabs
represent loose blocks of mff sliding down the scarp face, or toppled megablocks of east-
dipping tuff. In the latter case the scarp face is essentially a dip slope on east-dipping tuff
(sce McCalpin, 1997, 1998 for a more detailed discussion of fault zone s ucture types). A
good exposure on the north bank shows a ridge of tuff at the scarp head, in which tuff
beds dip 35 degrees east. Directly west of this ridge is a strike gully with no bedrock
exposures, and directly west of the gully tuff dips st 8 degrees east. It thus appears that
the gully has developed in a tension fissure created by 27 degrees of eastward toppling of
the eastern sub-scarp. Farther north along strike a zone of fraciures occurs whese the
tension fissure would project. The point of this discussion is to show that the style of
faulting associated with the main scarp here is complex and contains elements of toppling
as well as dip-slip fautting.

The main reason this site was selected for trenching was the smooth topographic
profile presented by the western sub-scarp. Elsewhere on the Pajarito fault, scarps as high
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) Fig. 19. Photographs of Trench S. (a)- View east down the trench axis, from the upslope
end of the middle fault block (at center). The upper pocket is out of photo to the lower
right, the lower pocket is at upper left
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(b)- The upper pocket, view to west. ’
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( as 12 m typically expose either in-gitu (i.¢., gently east-dipping) tuff or surface-parallel

" slabs of tuff, on a planar upper scarp face that is distinctly steeper than the colluvial apron.
The contact between the steeper upper scarp face underlain by tuff and the lower scarp
face underlain by cotluvium is sharp. In contrast, the westemn sub-scarp here does not
show such a distinction. No in-situ tuff or even large tuff slabs appear on the upper scarp
face. Instead of having an asymmetrical profile, this sub-scarp has a symmetrical profile.
similar to profiles of fault scarps that displace unconsolidated Quaternary deposits. In
addition, McCalpin (1997, Plate 6) mapped the upthrown block surface as being covered
by old dacite-bearing alluvial gravels. Based on the gravel cover and symmetry of the
scarp profile, we inferred that this scarp may have displaced an old gravel strath terrace
cut onto Bandelier Tuff, If this was the case, then there was opportunity for: (1)
preserving equivalent gravel deposits on both sides of the fault, which would aid in the
geometric reconstruction of faulting, and (2) creating and preserving colluvial wedges
derived from gravel on the upthrown block. In contrast, most of the trenches excavated in
1997 did not contain distinct scarp-derived coltuvial wedges, because there were 0o thick
unconsolidated deposits on the upthrown block to act as a source. It was hoped that 8
sequence of scarp-derived colluvial wedges would provide a basis for interpreting the
paleoseismic chronology in the trench, that would be less ambignous than one based on
the type of fissure-fill stratigraphy typical of the 1997 trenches.

3.8.2 Stratigraphy:
The stratigraphy exposed in trench 5 will be discussed in two sections, because
( unconsolidated deposits occur mainly in two deep "pockets” i the trench (Fig. 19).
Within each pocket units are numbered from 1 (youngest) to 9 (oldest), with "1” denoting
units in the lower trench pocket and "u® denoting units in the middle trench and upper
pocket. Units 1-3 are age-correlative across the entire trench, whereas units 4-9 constitute
local age sequences within each pocket that cannot be physically correlated with each
other (Fig. 20).
Lower Trench Units

The lower trench pocket is at least 6 m deep (Fig- 21). No in-situ tuff was exposed at
the botiom of the trench, although shattered and breccisted tuff is exposed in the "rat
hole” at the base of the south wall. The oldest deposits exposed (unit 1) are a red gravelly
sand with thin beds of small pebble gravel. Overtying this unit is unit 8!, which comprises
60% of the total stratigraphic thickness. Unit 81 is a massive, unstratified, hard silty sand
containing <1% small angular clasts, none of which exceed 2-3 cm in diameter. This unit
can be subdivided into subunits 8la (hard silt) and 81b (ight tan silt with angular clasts of
soft tuff) in the castern pant of the pocket, but over most of the trench wall this 3. m-
thick unit cannot be subdivided. Unlike unit 91, unit 8t displays no evidence of stratification
and no buried soils that would permit subdivision of the unit. The depositional
wv?mnmauofauﬂuﬂick,hommdm-ﬁeehnumzﬁﬁeddcpoﬁhdifﬁmhto
mmsiom]heunitmmwptmdopew&wmmnﬂmodandopemlhwnnn
contains abundant large angular tuff clasts. On the other hand, sag pond deposits iaid
down by fluvial or lacustrine deposition might be this fine-grained,
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( but should exhibit some stratification or other evidence for hiatuses in sedimentation. Unit
81 does resemble the deposits in 1997 Trench 6 across the crestal tension fissure directly
south of Ski Hill Road (McCalpin, 1998, p. 74-83). However, the massive deposits in the
tension fissure carried four buried soils that permitted estimation of their orientation and
displacement across domino-style faults. No such soils can be recognized in the 1998
Trench §.

Most of unit 81 is overlain by a8 30 cm-thick red small pebble (pea) gravel (unit 71).
Overlying this grave! is a 0.8-1.5 m-thick, well stratified, well sorted sand (uuit 61),
informally termed the "beach sand” by the logging team. Individual beds in unit 61 are 0.5-
2 cm thick and range in texture from fine sand to very coarse sand (Fig. 22a). The good
sorting and bedding suggest that this deposit is a fluvial infill of a topographic depression.
At the eastern end of the lower pocket, deposits caught up in the normal fauit zone share
characteristics of parent materials 6], 71, and 81, and have been mixed by faulting and
overprinted near the surface with Bt soil horizon development. Ratber than try to
subdivide this zone in detail, we merely map it as unit 6-81.

On the western end of the Jower pocket unit 61 appears to be partly overlain by, and to
partly grade into, a massive, unstratified sitty sand (unit SI). Within 2 m of the steep
bedrock headwall of the pocket, there are sufficient large tuff clasts that the deposit
resembles a proximal (debris-facies) colluvial wedge (unit 4[). Due to structural
complications (discussed later) we are not confident that these two facies of colluvium
(unit 51 wash-facies colluvium, versus unit 41, debris-facies colluvium) are coeval, so we r
have assigned them different unit numbess, rather than just assigning them different letters

( us is done for other subunits. Given the domio-style of faulting prevalent in the lower
pocket, unit 51 could be separated from unit 4] by a domino fault, in which case unit 5!
could be stratigraphically befow unit 4},

Unit 3t includes a wash-facies colluvium (unit 3la, silty sand texture) and a debris-
facies component (unit 3ib, stony texture) that cover the entire pocket, and unconformably
overlie the strong soil developed on units 41-61. The increased thickness of unit 3Ib ageinst
the headwall of the lower pocket and its high content of tuff siabs with east-dipping fabric,
indicates it is a proximal coltuvial wedge derived from a free face at ca. 20 mH. Upslope
of 20 mH the soil developed on unit 3] (buried soil 1) continues in an attenuated section of
stony colluvium, the upper part of which may be coeval with unit 31b, but the lower part of
which could be considerably older. Thus, this thinner colluviton is mapped as unit 3-5m.

The uppermost parent material in the lower pocket is unit 11, a stony, loose colhuvium
with a pale beige to white, very friable, silty matyix. This colluvial unit i similar in
appearance to the youngest unit of slope colkivium encountered in all of the 1997
trenches, and is probably niid-late Holocene.

Middle and Upper trench units:

The middle third of the trench (8-20 mH) is only 0.8-1.4 m deep, because at that depth
intact Bandelier Tuff was encountered. Four units are defined in this attermated section of
stony scarp colluvium. The youngest unit is a continuation of unit 1, the Holocene
colluvium which mantles the entire scarp. Below unit 1 between 10 and 15 mH
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( is a 20 cm-thick lens of sandy colluvium (unit 2mBC) that has po correlatives farther east
of west. This deposit clearly overlies unit 3/buried soil 1, yet it carries a pre-Holocene
degree of soil development. The coincidence of this unit with the downthrown block of
fault E suggests that the lens filled a topographic swale soon after fault-related warping of
parent material 3m.

Unit 3m/3u extends to the trench head with a relatively uniform thickness of 30-80 cm,
and is most easily recognized because it carries buried 30il 1. However, cofrelation of
parent materis] units based on the soils they carry invites errors of miscorrelation, In this
instance, it is possible that the unit mapped a8 3-SmBtb1, in the thinnest part of the mid-
trench stratigraphic section, actually contains little if any parent material as young as unit 3
elsewhere. For example, the upslope (free face) contact with cofluvial wedge unit 3[bBtb1 h
appears to cut unit 3-SmBtb1, indicating that parent material 3-5m is older than parent
material 31

In a similar manner, parent materials 6m/6] are mainly defined by the presence of the
strong red clayey buried soil 2. Parent material 616l contains abundant large angular tuff
clasts embedded in a sticky dense matrix of red clay. Where unit 6 is >1m thick its buried
soil 2 has multiple Bt horizons, the development of which decreases in strength
downward. In thinner sections, the red clay matrix shows no vertical change in structure
or color, and above the contact with in-situ tff the clay fills fissures <1 cm thick. The lack
of sand or silt in the clay, and its ubiquitous appearance in and oul of small fissures,
suggest that the clay may have accumulated atop the bedrock contact because it could not
translocate any deeper.

( Unit 7u is encountered only in a 3 m-wide >4.2 m-deep tension fissure (the "upper
pocket*) near the head of the trench. Differentiation of subunits in this fissure fill was ‘
complicated by faulting and s0il formation. However, deposit hardness and secondary clay
content decreases from west to east, and the best-preserved faults and fissure fills are on
the east margin of the pocket, so we infer that the fissure fill subunits became younger
toward the east. In addition, different parts of the fissure fill contain distinctive types of
tuff clasts. The floor of the trench and steep sidewalls of the "pockets® are composed of a
hard, gray, welded tuff. In contrast, clasts of soft yellow unweided tuff typify subunits 7u2
and 7u3, whereas clasts of soft white unwelded tuff occur in unit 7ul and pieces of a
coarse-sandy textural, yellow surge bed occur in subunit 7u4. Thus, it appears that the
four subunits of 7u are subvertical fissure fills that get younger eastward.

3.8.3 Soils

Trench 5 exposes a weak surface soil and two stronger buried soils. The borizon of
maximum development in the surface soil is a weak Bt borizon. PDI of the surface soil
ranges from 8.2-9.3-17.3 at the toe of the trench, and 9.1 at the head. By comparison,
surface soils at other trenches have PDI= 6.3-9.1. Thus, with the exception of the soil
profile at 30.7 mH (PDI= 17.3), the development of this soil is very similar to that of mid-
late Holocene surface soils elsewhere.

Buried soil 1 is developed along the eatire trench in parent matesiat 3, and is composed
of an orange Bt borizon 30-35 cm thick. Cumulative PDJ at the base of this soil is 21.2-
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30.5 at the trench toe, and 34.8 at the head, the latter value reflecting a thickened solum,
over the upper fissure.

Buried soil 2 is mapped along the entire length of the trench. Howsver, that portion
between 14 and 20 mH, in the thinnest section of colluvium, may result more from the
presence of shallow bedrock impeding downward translocation of clay rather than normal
pedogenic processes. The charactes of buried soil 2 varies markedly along the trench wall,
due to complex patterns of faulting-induced erosion and deposition. In the lower pocket,
the easternmost section of the soil is developed on a thinned section of distal
colluvium/fine slopewash (unit 6-81) on the upthrown block of fault zone A_ This section
of colluvium has probably undergone repeated periods of deposition, soil formation, uplift,
partial erosion, renewed deposition, and more soil formation. Due to the thinned nature of
the stratigraphic section, successive soils tend to "weld" onto lower soils, such as buried
soil 1 now welded onto buried soil 2 above fault zone A

The amount of geologic time represented by the deposition of 5 m of units 61, 71, Bl,
and 9] in the lower pocket is thus represented east of the fauft by only 0.6 m of colluvium.
This thin section of colluvium probably contains soimne components of soil development
coeval with deposition of unit 51-9], as well as soil development coeval with that of buried
soil 2 over the lower pocket. However, due to pervasive welding of soils in the 60 ¢cm-
thick zone, separate soils can no longer be distinguished. A similar soil/geomorphic
relation across a fault was described by McCalpin (1998, p. 74-83). In addition, erosion
has probably periodically stripped off part of the paremt materials and their soils on the
upthrown block.

Over the eastern 3/4 of the lower pocket, buried zoil 2 is composed of an anomalousty
thin (5-10 cm) but strongly developed red clayey Bt horizon, with sharp upper and lower
contacts. This peculiar combination of strong development but small thickness suggests
that this Bt horizon has been erosionally truncated. Soil truncation is expected on the
upward-protruding corners of domino fauit blocks, and admittedly the entire stratigraphy
beneath 6Bt1b2 has been deformed by domino fautting. However, we observe no lateral
thickening and thinning of this Bt horizon as one might expect on the tops of a series of
west-dipping domino falt blocks. Because the Bt horizon is everywhere developed on the
"beach sand® of unit 61, it appears that the tops of the fauh blocks were deeply eroded
prior to or during the formation of buried soil 2. Following development of busied soil 2,
more stripping occurred.

Traced farther west, buried soil 2 passes from unit 61 to units 41 and S1, at the same
time gaining thickness and the distinction of multiple Bt and BC horizons. The thickness
increase is probably due to down-to-the-west domino faulting and the creation of
additional tectonic “space” west of 24 mH. In contrast, east of 24 mH the same soil was
uplified and truncated by erosion. Individual sod borizons (Bt1b2, Br2b2, BCb2) are
fmppedasmmmgmsthcfzdesamabdmmitsﬂmdﬂwﬂhno
interruption. This geometry indicates that cither: (1) units 41 and 51 are coeval, or (2) unit
:41 might be 2 younger deposit tectonically downdropped against unit 51, but buried sodl 2
gio%ngammdommmmeBMymdwmn
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In the middle portion of the trench buried soil 2 is mapped as developed on parent
material §, but in fact this thin colluvial parent material may include deposits and
components of soil formation older than unit 6, as does unit 6-8Btb2 east of the lower
pocket. In the upper part of the trench buried soil 2 is clearly developed on a colluvial
parent material that is younger than the older three fissure fill subunits (7ul-7u3), but is
maybe partly coeval with the youngest subunit (7u4). Although the parent material is
numbered 6u, it may be younger than unit 61, perhaps more coeval with unit 41 and 51.

McDonald (1999) measured a detaifed soil profile at 7.4 mH in the upper pocket and
identified the same surface soil and buried soil 1 that we use as map units, His buried soil 2
only incfudes the Bt horizons of our buried soil 2, and he includes our horizon 6uBCb2 in
his buried soil 3. In the lower half of the upper pocket McDonald defines three more
buried soils (b4, b5, and b6) all of which are in our fissure fill subunit 7u3. There is
certainly subhorizontal stratigraphy within subunit 7u3 but it is unclear whether that
stratigraphy represents: (1) muitiple blocks of material that fell into the fissure; (2) a single
stratified block that fell into the fissure; or (3) strata that were deposited in the fissure as
subhorizontal clastic layers by fluvial or colluvial processes. Regardless of the origin of the
parent materials, we could not define soil horizons below buried soil 2 well enough to use
them as map units in the upper pocket.

At the very head of the trench pockets of massive brown and red clay underlie buried
soil 1 and overlie in-situ tuff. Based on clay content and color these clay pockets are
agsigned to buried soil 2, but they may include clay components of older 2oils and clay
accumulated atop the bedrock contact.

3.8.4 Structure

Seven faults or fault zones are identified in Trench 5. The easternmost fault zone (A)
bounds the eastern margin of the lower pocket and is a zooe up to 1.2 m wide that
contains discrete faults as well as zones of diffuse and obscure shearing. The eastern
boundary fault (A1) juxiaposes hard gray weided Bandelier Tuff on the upthrown block
against old sitty fissure fill deposits (unit 6-81) on the downthrown biock. Cumulative
vertical displacement of tuff across this fault is greater than 1 m, and probably greater than
2.5 m, because no in-situ tuff was exposed at the base of the lower pocket. The eastern
margin of fault zone A jindaposes unit 6-81 against unit 61. No faults or shears are
traceable into unit 3, s0 movement on fault zone A predates unit 3.

The fine-grained fissure-fill deposits of the lower pocket are extensively disrupted by a
series of master west-dipping normal fauhs spaced roughly 0.5-1 m apart (faukt zose B).
These master faults define domino-shaped blocks that have rotated counterclockwise (as
viewed to the south); a similar style of deformation was exposed in the crestal tension
fissure south of Ski Hill Road (Trench 6 of McCalpin, 1998, p.76). Vertical displacement
on the master faults ranges from 10-80 cm, im most cases being down-to-the-west, but in
some cases down-to-the-cast.

On some faults (e.g., the second one west of the "Rat Hole™), the net displacement on
the unit 851 coutact is greater than that on the overtying unit 71/8! contact: this difference
in displacement could be explained by recurrent failt movement. However, other faults
display more confusing geometries, such as the fault that intersects the top of the "Rat

FXFEOHAZLANL\PAJARITOMWS TRENCH DOC oy 69




GEO-HAZ Consulting, Inc.

Hole". This fanlt displaces the unit 81/9{ contact down to the west, in the expected manner
of a domino fault, but farther updip it displaces the unit 71/8! contact in the opposite
direction| Part of this reversal in displacement could be explained by the fault branching
upward, such that it accomplishes a net down-to-the-west offset of unit 71 across a
graben-like zone 1 m wide (between 27-28 mH).

Within the domino blocks defined by the master normal faults are smaller-displacement
rommal fanits, spaced 5-15 cm apart (Figs. 22a, 22b). These faults can be traced only n
well-stratified unit 61, and are not visible in unit 8{, although they are undoubtedly present.
These smaller faults typically dip either west, parallel to the 50-60 degree west dip of the
master faults, or 70-80 degrees east, forming a conjugate set of normal faults. The line
bisecting the subhorizontal axis of this conjugate set dips 10° east, which we take as the
approximate attitude of the least principal stress axis and thus the direction of local
extension. The small-displacement faults typically are marked by a thin smear of clay in the
otherwise clay-poor unit 61. On the trench log we do not portray all these minor faults.

The westernmost master normal fault juxtaposes fissure fill (unit 81) against an
overlying, west-dipping wall of hard gray welded tuff. Although this fanlt is labeled as a
reverse fault on the log (dictated by bedrock being up on the hanging wall), it must also
have elements of a tensional pull-apart. All of the master faults in fault zone B are
truncated at the base of unit 3}, 20 movement predates deposition of unit 3.

The upper bedrock headwall of the lower pocket is defined by a steep east-dipping
normal fault that places hard gray welded Bandelier Tuff against scarp-derived colluvial
wedges 31 and 4fb (fault zone C). This fault zone consists of (1) a narrow crack fill (unit
3cf) that separates in-situ tuff from the older unit 4] colluvial wedge; and (2) a zone of
sheared tuff along the western margin of the younger unit 31b colluvial wedge. The unit
3cf crack fill is clearly younger than unit 41, because buried <oil 2 does not cross the crack
fill. We thus interpret that the older colluvial wedge (unit 41) bas been fautted subsequent
to its deposition, whereas the younger wedge (unit 31b) has not. The shear zone in tuff at
the western margin of unit 3Ib is 2 zone of smeared red clay from soil horizon 4[Btb2. We
infer that the contact between this smeared clay and the younger colluvial wedge (unit 3ib)
is a depositional contact, because we observed no shear fabric in unit 3b near this contact.
Additionally, the top of the unit 3b coltuvial wedge is presently at a higher elevation than
in-situ tuff bedrock to the west. It is unlikely that this would be true if there had boen a
normal faulting event subsequent to the deposition of the younger colhrvial wedge. Thus,
we believe that umt 3Ib was deposited following the latest fault movement on fault zone
C. This movement must predate unit 3}, as well as buried soil 1, but post-date buried soil
2.

The middle part of the trench contains numerous abrupt vertical steeps in the top of
Bandelier Tuff, some of which coincide with obscure shear zones in the overlying
colluvium (fault zone D). Typically the vague traces of shearing (oriented clasts, open
void spaces) can be seen in unit 6m but pot be traced into upit 3m, where they are
probably obscured by the development of buried soil 1. Therefore, these small steps
probably represent minor faults that have experienced small (cm-scale) vertical
ﬁ;;:;mm:bngpahdofﬁmqtbwofwﬁdlmmcformﬁonof

ied soil 1.
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The upper part of the trench is dominated by the 3-m-wide fissure termed the upper
pocket. This fissure is bounded on the east and west by overhanging walls of hard gray
welded tuff (Fig. 19b). The fissure fill deposits adjacent to the tuff walls were examined
for shear fabric, but none could be found. Instead, at [east on the eastern margin it was
clear that fissures had opened at the tufi/fissure fill contact, and that the fissure enlarged
mainly by east-west extension. Within the fissure itself, the fill is a chactic mixture of lcose
clasts, intact stratigraphic blocks with various attitudes, all deformed by a network of
steeply east-dipping, anastomosing faults. These faults (not all of which are portrayed on
the log) could only be observed if the trench wall was scraped or planed with a gharp
metal edge (we typically used the tangs of a claw hammer). However, this scraping
technique sufficiently smeared the wall that soil horizons and stratigraphic units could not
be distinguished. Therefore, after scraping the wall to map the faults and fractures, we
“plucked” the wall with the clay hammers to revea! stratigraphic and soil contacts.
Sometimes a given part of the trench wall would be scraped and plucked multiple times
until the pattern of strata and faults that resolved began to make geometric sense.

In the vicinity of the upper pocket there are three discrete nonmal faults that displace
either buried soil 2 (faults E and F1) or buried soil 1 (fault G). Fault E clearly offsets the
top of buried soil 2 by 15 cm down-to-the-~east. The fault is dashed in the lower part of
buried soil { (horizon 3uBCb1) and does not appear to displace the 3uBtb1/3uBCbl
borizon contact. However, the anomalous Jens-shaped deposit of unit 2mBC appears
almost exactly where this fanlt would project upward, suggesting that the top of buriéd
soil 1 was downwarped ca. 10 cm.

Fault F1 bifurcates and displaces the top of buried soi} 2 about 20 cm on two strands,
down-to-the-east. Like fault E, the strands of fault F1 seem to penetrate into the lower
pan of unit 3u, but cannot be traced to the top of buried soil 1. Finally, fault G can be
traced vaguely into the lower part of unit 3 (honzon 3BCb1), but does not displace the
top of buried soil I. Thus, all three of these small fanlts appear to displace the lower part
of parent material 3, but do pot significantly displace horizons of buried g0i) 1 developed
on unit 3. Only fault E has an indirect suggestion of displacemeni after the formation of
buried soil 1, and that interpretation rests on uait 2mBC filling a small tectonically-creaxted
swale, which is uncertain.

3.8.5 Geochronology

Chronologic control comes from one radiocarbon date, two TL dates, and four
detailed soil profiles with PDI values. Unfortunately, no E1 Cajete pumice was observed in
the trench.

The sole radiocarbon date yielded an age of 420450 yBP for the base of unit 1. This
date is younger than the 1.4 ka C-14 date from uppermost collovium in Trench 4, and is
considerably younger than PDI-based age estimates of 1.7-3.0 ka from other trenches. The
dated charcoal sample was small (0.031 g) and may bave been intrusive to the deposit.
Soil PDI values (Table 2) suggest that the surface soil represents 2.5-3.1 ka of
development time, except at 30.7 m where the inferred age is 8.1 ka. These ages are
similar to PDI-based ages from the other trenches.
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The PDI-based age of the base of buried soil 1 ranges from 11-19 ka in the lower
pocket, to 23 ka in the upper pocket. Despite the 2x range in estimated ages, we believe
that buried soil 1 is the same soil all across the trench because we can physically trace it.
The base of buried soi! 2 yields estimated ages of 25-44 ka in the lower pocket, and 54 ka
in the upper pocket. As previously discussed, we feel that buried soil 2 in the lower pocket
has been erosionally truncated, so PDI ages there would be minimum estimates. If the PDI
of 5§9.5 and estimated age of 54 ka from the upper pocket are more representative, it
appears that buried soil 2 has similar development to the post El-Cajete soil of Reneau and
McDonald (1994, Table 2-10).

The PDI-based age estimates for buried 20ils 3-6 in the upper pocket (88-222 ka) are
harder to interpret, because those soils cannot be mapped laterally within the pocket.
Taken at face value, they suggest that the fissure began opening at least 222 ka because
sediments of that age are preserved at the bottom of the fissure.

3.8.6 Paleoseismic Reconstruction
3.8.6,1 The Most Recent Event

The most recent faulting event on fanlts E, F1, and G disrupts the lower part of
parent material 3, but not the horizon boundaries of buried soil 1. Thus, the fanlting is
somewhat younger than the deposition of parent material 3, but older than the burial of
buried soil 1 by unit 1. The former date is approximated by the inception of buried soil 1
development at 11-23 ka, while the latter date is approximated by the inception of surface
soil development at 2.5-3.0 ka.

The total displacement during this event is difficult to measure on the top of buried soi!

2, but that displacement may result from both the most recent and penuitimate events,
However, the only firm evidence for differential displacement of buried soil 1 and buried
soil 2 is the 10-15 cm thickness of unit 2mBC (which can only be indirectly sttributed to
warping), and the 15 cm displacement of busicd soil 2 on fault E. These two values are
sufficiently similar that one could argue that buried soif 2 has only been displaced by a
single event, with 15 cm of displacement on fault E, 20 cm of displacement on fault Fi,
and negligible displacement (cracking?) on fault G.

3,8.6.2 The Penultimate Event
In the lower pocket buried soil 2 (age 25-42 ka by PDI; Table 2) is truncated at

fault C, and it is overlain by unit 31b upon which buried soil 1 (age 11-19 ka by PDY) is
developed. Thus fanlting is crudely bracketed between ca. 11-19 ka and 2542 ka. The
faulting event here predates the deposition of the colluvial wedge (unit 31b). Thus, if
parent matenal 3Ib is correlative with parent material 3u, then this faulting event must be
older than the event that faulted unit 3u, because this (PE) event predates unit 3ib,
whereas the MRE post-dates unit 3u. However, both the PE and MRE post-date buried
soil 2 in their respective parts of the trench. Given this close stratigraphic coincidence, we
must consider the possibility that the PE and MRE as defined could be the same event.
This coincidence could be explained if: (1) unit 3u was slightly older than unit 31b; and (2)
the dashed parts of faults E, F1, and G in it 3 are post-faulting cracks rather than true
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faults. This latter hypothesis would explain why borizons of buried soil 1 are not offset
across the dashed lines.

The displacement on fanit C during this event must be at least 1.1 m, which is the
vertical extent of the red clay from buried soil 2 that was smeared along the fault zone.
The 1.4 m maximum thickness of colluvial wedge unit 3/b implies at least 2 1.4 m-high
free face along fault C, while the “rule of thumb* that free face height= 2x colluvial
thickness would imply an initial free face height of 2.8 m. The latter is 2 good maximum
estimate of displacement in this event.

3.8.6,3 Earlier Events
The fatest movemment on the domino faults of fault zone B predates buried soil 2,
and may have created the tectonic space into which the older colluvial wedge (unit 4l)
accumulated. From soil PDI we can estimate that buried soil 2 began forming ca. 54 ka, so
this movement must predate that age.

In the preceeding discussion I have assumed that the displacenient events observed in
the trench resulted from tectonic surface rupture. However, the downslope end of the
trench does rest upon a topographic bench that I labelled in 1996 (Fig. 18) a “possible
slide block”. My present interpretation is that the topographic bench is a structural block
bounded by deeply-penetrating normel faults, rather than a block back-rotated by
relatively shallow slumping (Le., slumping on a faiture plane that “daylights” near the base
of the present 40-m-high scarp). This interpretation is based on the linearity of the
landforms bounding the bench, and their continuation north of the deeply-incised gully, far
north of the reasonable limits of a shallow slump. However, given the height and steepness
of the 40-m-high scarp downslope of Trench S, and the extensional nature of domino-style
faulting, it is possible that some or all of the extensional faulting observed in Trench S
represents eastward toppling. Such toppling could be caused by either meteorologic
triggers, shaking from earthquakes on the Pajarito fault, or shaking from more distant
earthquakes. There is no rigorous way to test whether the observed near-surface normal
faulting was caused by tectonic surface rupture as opposed to toppling, based on a shallow
trench exposure such as Trench 5. Such a test would require tracing faults and their
offsets to a depth of at least 40 m, to see if the extensional component of faulting died out
at a elevation equal to that of the scarp base (as should occur for toppling), or whether it
stayed constant. However, I do not know of any geophysical techniques that could trace
offsets in the Bandelier Tuff to that depth. Thus, my preferred interpretation is that most
of the vertical displacement observed in Trench S represents tectonic surface rupture, but
1t may include a lesser component (mainly of east-west extension) due to toppling.
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3.9 Trench 6
Trench 6 is located approximately 260 m northwest of the abandoned guard building

at the intersection of West Jemez Road and NM Highway 4 (also known as the "Back
Gate", see Fig. 2b). The trench is 13m long and up to 3.5 m deep.

3.9.1 Geomorphology:

The Pajarito fault at the latitude of NM Highway 4 is composed of a single, 60 m-
high north-trending favit scarp (Fig. 23). The portion of this scarp north of Highway 4 was
mapped by McCalpin (1997, Plate 1) at a scale of 1:1200. The lower part of the scarp NW
of the Back Gate is composed of Bandelier Tuff dipping 5°-10° east. This tuf¥ is onlapped
by an apron of bouldery colluvium and alluvial fans. Most of the fan surface (unit afi in
Fig. 23) stands 2.5-6 m above the incised drainages, and is entirely mantled by E! Cajete
pumice {ce in Fig. 23) east and west of the Back Gate. Modern alluvium (unit al in Fig.
23) exists in the incised drainages.

North of Pajarito Caayon the large scarps of the Pajarito fault have a normal fault zove
at the base of the topographic scarp, termed the basal fault zone by McCalpin (1997).
Normally this fanlt zone is not well exposed, due to the minimal incision of local drainages
into the colluvial apron. However, upslope of Trench 6 the roadside drainage along
Highway 4 is diverted into a swale that trends directly down the scarp face. The
augmented highway runoff in this swale has eroded all the loose colluvium and regolith off
the tuff between the highway and 7650 ft elevation, making a broad channel roughly 30
cm deep. At 7650 ft the bottom of the swale drops 3 m vertically in a series of ventical
steps; this area must be a series of waterfalls during runoff events.

The vertical steps of tuff in the waterfall area are planar and trend N10E and dip 60°
E, and span a horizontal distence of ca. 5 m. East of the vertical steps tuff is no longer
exposed in the bottom of the incised gullies, despite their depth of over 6 m. Thus, the
planar nature of the steps, their coincidence with the tuff/fan contact, and the absence of
tuff exposures to the cast suggest that the steps represent the basal fankt zone at this
latitude.

North of the waterfall the lower scarp face 15 composed of two 3-5 m-high parallel
steep scarplets in intact Bandelier Tuff, separated by a 30 m-wide bench covered by slabby
colluvium. This colluvium contains abundant large slabs of wff that dip 35°-55° E and may
represent a fissure fill or toppled block (termed megablock colluvium by McCalpin, 1997;
cm on Fig. 24).

Trench 6 was excavated directly south of the waterfall area, and was meant to
intersect the basal fault zone at the bedrock/alluvial fan contact. This trench was hoped to
reveal whether the El Cajete pumice had been faulted on the basal fault zone.
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3.9.2 Stratigraphy:

Due to the short length of Trench 6 and the shallow depth to bedrock, only a thin
stratigraphic section of colluvium and fissure fill was exposed (Fig. 24). The surface
colluvium (unit 1) is the same loose, friable colluvium with the pale beige-white silt matrix
as exposed at the surface of most other 1997 and 1998 trenches. Underlying this
colluvium is a series of poorly-consolidated stony deposits with a frizble, pinkish gray to
light reddish brown matrix. The uppermost unit (2a) is an older Holocene colluvium
containing clasts weakly imbricated downslope. Unit 2b is better sorted, and in places (e.g.
east of 2.5 mH) has a basal lag gravel that is clearly channeled into underlying deposits.
This deposit represents a transition between overlying slopewash and underlying fluvial
deposition on the colluvial apron. Unit 2c is similar to unit 2a, but underlies unit 2b in the
western 1/3 of the trench.

Unit 3 includes a small colluvial wedge at 8-9 mH (unit 3a) and a more lenticular
colluvial deposit with a basal stone live in the eastern 1/3 of the trench (unit 3Btb1). Both
of these subunits overlie unit 4, which has been strongly affected by soil formation. In the
western 2/3 of the trench where the depth to bedrock is only 0.5-1.5 m, unit 47Btb is a
stony colluvium with a matrix of red clay. In the eastern 1/3 of the trench unit 4 is a nearly
clast-free fissure fill with a sandy siit texture. The few clasts have a downslope orientation,
so this fissure fill was probably deposited by sheetwash coming down the scarp.

Two older fissure fill units (5 and 6) are similar in texture and inferred origin to unit 4,
but have stronger soil development. Unit 6 consists of two facies, unit 6a (massive, clast-
poor distal colluvium) and unit 6b (clast-rich proximal colluvium derived from a fault free
face).

Bandelier Tuff is exposed along the entire length of the trench, but the Lithology in the
deep fissure (eastern 173 of the trench) is different than the tuff farther west. The Jowest
1.5 m of the trench walls in the deep fissure expose a soft, umwelded, light beige
weathered tuff. This tuff'is so soft that, during excavation of this part of the treach, we
thought the backhoe was still digging through unconsolidated fissure fill. The tuff contains
abundant, distinctive elliptical inclusions of gray-purple pumice that range from 0.5-2 cm
in diameter. The lithology of this tuff is similar to that of the tuff exposed at the top of the
Pajarito fault scarp north of Righway 4 (unit F of Rogers, 1995; unit 5 of Reneau and
Broxton, 1995).

In contrast, the western 2/3 of the trench exposes a hard gra-—weided variety of 1uff,
similar to that exposed at the ground surface on the lower scarp face. This lithology
resembles unit E of Rodgers, or unit 4 of Renezu and Broxton (1995).
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3.9.3 Soils:

The younger units that span the length of the trench (units 1 and 2) contain a surface
soil with an A/Bw or A/CB profile (Table 2). PDI of this soil is 6.8-8.4, which is similar to
that of the surface soils in the other six trenches. In the deep fissure, fissure fill units 3, 4,
5, and 6 contain buried soils 1, 2, 3, and 4, respectively. Buried soils 1 and 2 are thick
enough to contain multiple B horizons, whereas thinner buried soils 3 and 4 are only
defined as a single Bt horizon. Cunulative PDI at the base of buried soils 1 through 4 is
35.0, 49.7, 62.8, and 76.0, respectively. By comparison, the post-El Cajete soil of Rencau
and McDonald (1994, Table 2-10) has a PDI of 69.4. Accordingly, the bases of buried
soils 3 and 4 should be approximately coeval with the El Cajete pumice. However, no E!
Cajete pumice was found i the trench, despite its presence on the same intermediate-age
fan surface only 50 m farther east.

3.9.4 Structure:

Trench 6 exposes four deformation zones, the largest of which (zone A) has created
the deep fissure in the eastern 173 of the trench. This zone is defined by blocks of soft tuff
in the Jowest 1.5 m of the trench, which have been tilted to a 20°-25° east dip, and faulted
by vertical to steeply west-dipping normal faults. The blocks between the faults are 0.5-0.8
m wide and resemble the series of cast-tilted domino blocks in 1998 Trench S and 1997
Trench 6. None of the block-bounding faults can be traced into the overlying fissure fill
deposits, and none of the soil borizon boundaries appear to be displaced.

The western margin of the deep fissure, which separates the deep from the shallow
part of the trench, is a complex structural zone. As shown on the trench log (Fig. 24) 2
block of gray weided tuff (gt) overlies the soft pumice-bearing tuff (pt). However, the
small ares of gt mapped on this headwall is probably not in-situ. The area consists of
angular blocks of gray tuff separated by seams of red clay 2-10 cm thick. In some cases a
weak stratification can be traced from one clast to the adjacent one, indicating that the
deposit was more a brecciated 20ne of tuff with clay infill, than a colluvial deposit.
However, our comrelation of the soft beige tuff (unit pt) with Rencau and Broxton's
(1995) Unit 5 and the hard gray tuff (unit gt) with their underlying unit, Unit 4, requires a
fault with considerable vertical displacement at the western margin of the fissure. For
example, the contact between Rencau and Broxton’s Units 4 and S is mapped at the crest
of the fault scarp approximately 60 m above Trench 6. In order to downfault Unt S to its
observed position in Trench 6, a cumulative vertical displacement of 60 m must occur
between the westermn margin of the fissure and the scarp cre®t; however, much of this
couid be accommodated by faults on the scarp face itself’ No large-displacement fault was
exposed in the trench headwall at 4-5 mH, desprte 1/2 day of hand-digging in that area.
However, based on analogy with 1998 Trench S and 1997 Trench 6, the zone that
separates in-situ tuff and east-toppled domino blocks is mainly 2 zone of horizontal
extension, into which blocks of exotic material fall. In such a pull-apast zone it would be
unlikely to encouster a well-defined shear plane.

A pull-apart origin for the western margin of the fissure is supported by the style of
deformation in fault zome B, which looks like an extensional fissure or graben. Elsewherce
along the Pajarito fanlt such tensional openings are obscrved at the ground surface
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upslope of fault and topple zones, and become wider in aperture as the topple 2one is
approached (see photograph in McCalpin, 1997, p. 34).

Fault zone C coincides with a 0.5 m-high vertical step in the bedrock trench floor at
ca. 9 mH. This slightly overhanging step bounds the western edge of an anomalous pocket
of imbricated clasts, which is interpreted as a colluvial wedge (unit 3a). The top of the
wedge coincides with unit 2¢ on the upthrown side of the fault, indicating that unit 2c is
also faulted. The fault can be discontinuously traced into unit 2b, but does not displace the
top of that unit.

Fault zone D is another pull-apart or graben structure filled with a combination of tuff
blocks and red clay. This zone does aot disrupt unit 2¢.

3.9.5 Geochronology

Dating contro! in Trench 6 comes from two detailed soil profiles (Table 2) and a single
radiocarbon date (Table 3). The 2.6 m-deep soil profile in the deep fissure contains the
surface soil and four buried soils, with PDI age estimates of 1.9, 24, 41, 58, and 78 ka,
respectively. The oldest soil, dated at 78 ka, rests directly atop Bandelier Tuff which is 1.1
Ma. Therefore, either there was a long hiatus of nondeposition and/or erosion between 1.1
Ma and the beginning of fissure-fill deposition at 78 ka, or the age estimate of 78 ka for
the cumulative soil formation does not include long time periods in which deposttion or
erosion were dorninant. This same age relation occurred at every irench excavated in 1997
that exposed Bandelier Tuff on the downthrown fault block, i.e., the cumulative age of soil
formation in sediments atop the tuff fell far short of 1.1 Ma. In some 1997 trenches the
discrepancy was aftributed to periods of erosion in the fissure/graben fill section, even
though distinctive unconformities were hard to see due to the strong soil development. In
Trench 6 at least two units (2b, 3Btb1) are clearly erosionally channelled into lower units,
30 unconformities do exist here.

The second soil profile in the upper part of the trench describes an attenuated (1.3 m
thick) section of stony colluvium atop tuff Cumulative PDI of the so's lying atop the tuff
are only 16 ka, indicating that this location has generally been a site of erosion rather than
deposition and soil formation. The base of the surface soil dates at ca. 2.7 ka, and charcoal
from the middle of the surface soil dates at 2390 +/- 50 yr BP.

3.9.6 Paleoseismic Interpretation
3.9.6.1 Most Recent Event

The most recent event in Trench 6 occurred on fault C, which fanlted umit 2c and led
to deposition of (at least the upper part of) colluvial wedge unit 3a. However, if unit 2¢
predated the faulting event it should also be found on the downthrown block east of fault
zone C, but it is not mapped there. Instead, on the downthrown block the colluvial wedge
overlies unit 47Btb. Thus, there are two timing scenarios for this faulting event. The first is
that, prior to the event, unit 47Btb comprised the ground surface and was €aulted.
Conamanvdthdepodﬁonofthewﬂlwhlwcdgqﬂmbwuﬂﬁppedoﬂ'dxup{hmwn
block. While this scenario explains the absence of 47Bth on the upthrown block, it does
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not explain how the upper part of the cclluvial wedge is now juxtaposed against vnit 2¢
across the fault, The second scenario is that the lower part of the coltuvial wedge is
equivalent to unit 2¢, and the upper part is the true colluvial wedge. However, even this
scenario requires that either unit 47Btb was earlier stripped off the upthrown block, or it
was never deposited there. If a faulting event post-dated formation of soil 4?Btb, the
colluvial wedge would be composed of recycled B horizon material, rather than the loose,
pale brown sandy gravel it is composed of.

In summary, the sequence of events that best explains the geometric relations
across fault zone C is: (1) faulting prior to deposition of unit 47Btb that downdropped the
block east of fault C; this created the accommodation space in which unit 4 colluvium was
deposited. No colluvium thea existed west of fanlt C; (2) deposition of unit 2¢ as a
lenticular wedge that pinched out at ca. 7.5 mH; this wedge makes up the lower half of
unit 3a; (3) faulting of unit 2¢ and deposition of the upper half of unit 3a as a scarp-
derived colluvial wedge, derived from erosion of part of unit 2¢ from the upthrown block,
(4) deposition of unit 2b, which is bracketed by 2 PDI date on the base of horizon CB of
2.7 ka (range 2.1-3.4 ka) and by a radiocarbon date directly above unit 2b of 2390+ 50
ytBP (C-14 years). The fracture mapped as extending up into unit 2b has no vertical
displacement, and is interpreted as a growth crack above the fault. The MRE is thus
bracketed between about 2.4-2.7 ka and 16 ka (the PDI age estimate for unit 4?Btb).

Earlier faulting events created only ambiguous stratigraphic evidence with poor
dating control. For example, the western boundary fault of the deep fisqure truncates unit
5Btb3, and juxtaposes two different facies of unit 4 (the finer 4Btb2 vs. the coarser
47Btb). The western edge of unit 3Btb] is also juxtaposed against unit 4?7Bib, but this
could be a stecp depositonal contact. The base of unit 2b is clearly eroded into the fault
plane. Thus this faulting event is younger than unit SBtb3 (dated at 41 ka by PDI) and
older than unit 2b (dated at 2.7 ka at PDJ). This age range is so broad that it does not
provide a very useful age constraint; in fact, with only the constraint that the event
predates unit 2b, it could be the same event observed on fault C.

Faulting of the domino blocks must be very old, given that thc contact between
soils b3 (58 ka by PDI) and b4 (78 ka by PDI) is not displaced. Unit 6b is clearly the
proximal colluvial wedge deposited soon after faulting, and unit 6a thins drastically over
the eastermost domino block (Fig. 24). The present geometries of both units 62 and 6b
could have resulted from a single faulting event, in which movement of the eastermost
(exposed) domino block creates a 0.4 m-high upslope-facing scarp. This scarp was then
buried by the accumulating distal colluvium of unit 6a. Although this is the simplest
explanation, it is also possible that displacement on this domino block post-dated unit Ga,
and that half of the thickness of unit 6a was then stripped from atop the domino before
deposition of parent material 5. We prefer the scenario of one faulting event before unit 6a
because: (1) there is only one proximal colluvial wedge in the fissure; and (2) the thinned
section of unit 6a atop the eastern domino block shows no shear fabric. Therefore, the
?nﬁc&dﬁgcw:ﬂwmldpmdncuxﬁuéd&(n 78 ka) and post-date the Bandelier

Neither units 4 or 5 in the fissure fill contain a proximal colhuvial facies, so it is not
clear that they accummlated after a faulting event. For example, unit S is planar and of
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( uniform thickness and texture, unlike units 6a/6b. This geometry and sedimentology
suggest that unit 5 was deposited as a blanket in the fissure by slopewash or riliwash
processes. Unit 5 could be the only preserved remnant of a colluvial blanket that mantled
the entire scarp face, and is only preserved in the fissure due to later down-dropping.

Unit 4 has a peculiar geometry for a fissure fill, in that it thickens to the east. This
thickening suggests that unit 4 is buttressed against an upslope-facing domino fault block
of tuff somewhere east of the trench. If true, this structural relation would suggest that the
fissure was deepened and a large buttress formed downslope, sometime after the
formation of soil 5Btb3, and unit 4 filled in this structural “hole”. Such s faulting event
would explain the truncation of soil SBtb3 on the western edge of the fissure. Units
younger than 4 (3Btb1, 2a) in the fissure are clearly fluvial channel deposits that cannot be
directly related to faulting.

In summary, there is evidence for at least three faulting events in Trench 6. The
youngest event immediatety predates unit 2b and postdates buried soil 1, bracketing it
about 2.7-16 ka. The penultimate event predates unit 4 and postdates unit 5 bracketing it
between 41-58 ka. The earliest event is older than unit 6a/6b (78 ka) and younger than 1,2
Ma.

4. INTERPRETATION

( 4.1 Timing of the Most Recent Faulting Events

The MRE in Trenches 4, 5, and 6 predates the surface soil and youngest
stratigraphic unit (typically coliuvium) and post-dates the youngest of the buried soils, or
at least the parent material that hosts that soil The age consiraints are shown graphically
in Fig. 25. The cumulative PDI value for the surface soil is assumed to closely
approximate the total time since initial deposition of the soil parent material, there being
no evidence for unconformities or erosion within that parent material. Thus, PDI-based
age estimates on the surface soils form minimum age constraints ‘or the MRE. Where
radiocarbon dates were obtained from the surface soil they sare in good agreement with
soil PDI dates (¢.g. Treach 4@ 5.4 mH, PDI= 1.3-2.1 ka, C-14= 216-620 cal yrBP, 736-
1170 cal yrBP; Trench 6@ 8 mH, PDI= 2.1-4.3 ka, C-14= 1738-2269 cal yrBP).

The MRE in Trench 4 (event Z,?) deformed the colluvium at the bead of the
trench, but due to the penetrative compressional style of deformation, it is unkown
whether this "event® refects an carthquake, an earthquake-induced landslide, or a
nonseismic landslide. Regardless of origin, this deformation event is younger than the
deformed beds of unit 1cBw (dated by small pieces of intrusive? charcoal as 840 +/- 50 C-
14 yr BP) but older than the surface soil (age 1.7-3 ka by PDI). On Fig. 25 the 840 yr date
is assumed to be erroneously young and is not used as the maximum bracketing age.

The MRE in Trench 5 (event Z5) is similarly bracketed between the age of the
surface soil (2.4-3.7 ka) and that of buried soil 1 (19-30 ka). The MRE in Trench 6 (event
Zf;]):))cmrred before 2.1-3.4 ka (age of the surface soil) and after 16-24 k2 (age of buried
soil 1),

FAGEOHAZI ANL'P AJARITOSSTRENCH DOC 0 3]




GEO-HAZ Consulting, Inc.

TRENCH~—> _ TRENCH 4 TRENCH 5 TRENCH 6
FAULT ZONE —>_() D @ Q 0 6 O 6 & © 0O
—— t —— v T =t
~ g
10 @) O (]
1T ¥ 15
—v D D D
44 A A 22— A
201 Ya —~— 1 T T
Ys| E E E
A s A& S S
Time b
(KO] 30—+ l l L
a0
+
50— Yo
X5
+
60—+  Expranation
—A__ s mecnape X5
70J- pephasy
Fig. 25. Space-time disgram of faulting events in Trenches 4, S, and 6.
FAGRORAZLANLYP AJARITOSCOS TRENCH DOC oA 2

RESTT




GEO-HAZ Consulting, Inc.

All of the limiting dates cited above overlap in the age range 3.7-11 ka This age
span is suffuciently large that the MREs in Trenches 4, 5, and 6 could be different events,
although their age ranges do overlap. More impontantly, the age range is older than that of
the MRE from 1997 trenches 3, 4, 7, and 7a. In those trenches the MRE was bracketed by
17 radiocarbon dates and four PDI age estimates (McCalpin, 1998, p.102) between about
1260 and 2290 cal yrBP. In contrast, the MRES in 1998 trenches 4-6 are bracketed by
only 3 radiocarbon dates but by 10 PDI age estimates (Fig. 25). The minimum age
constraints from PDI in a given soil tend to be older than the radiocarbon samples from
that soil, particularly when the latter are converted to calender years. For example, in
Trench 4@ 5.4 mH the beginning of surface soil formation is dated at 1.3-2.1 ka, whereas
charcoal from near the base of the 3oil dates at 840+ 50 C-14, and 276-620 cal. yrBP

In trench 4@ 6.5 mH, the beginning of surface soit formation is dated at 2.4-3.8
ka, whereas charcoal from near the base of the soil dates at 1420+50 C-14 yrBP, or 736-
1170 cal. yrBP. A somewhat similar situation occurs in Trench 6@ 8 mH, where the
surface soil has a PDI age of 2.1-3.4 ka, compared to a rediocarbon age of 2370+ 50 C-14
y1BP, or 1738-2269 cal. yTBP.

Overall, the calendar-corrected radiocarbon dates from 1998 trenches tend to be
many hundred to a few thousand years younger than the PDI estimates for beginning of
soil formation (680-1824 years younger in T4@ 5.4 mH, 1230-3064 years younger in
T4@ 6.5 mH; 362-1662 years younger in T6@ 8 mH). Thus, if we compare the closest
minimum age constraints on the MRE from the 1997 trenches (1260-2310 cal. yr. BP)
with those from the £998 trenches (471-1972 cal. yrBP) using only calendar-cosrected C-
14 dates, we see the age range is similar.

We were fortunate in the 1997 trenches to expose fauhed Holocene, carbon-
bearing deposits in Trenches 4, 7, and 7A, whereas in Trench 3 the youngest faulted unit
was a buried soil that began developing ca. 20 ka. The 1998 trenches are like 97 Trench 3
in this respect, that the maximum age constraint on the MRE is the time at which the
youngest (faulted) buried soil began to develop, rather than the more preferable times of:
(1) when it ceased to develop after faulting and burial; or (2) when the uppermost faulted
parent material was deposited. Thus, the maximum age constraints in Fig. 25 are not as
closely limiting as the minimum age consiraints.

Given this asymmetry in age constraints from the 1998 trenches, it is pesmissable
that the MRE in Trenches 4-6 is the same Holocene event as at the 1997 Trenches 3, 4, 7,
and 7a.

4.2 Recurrence Intervals Between Paleocartbquakes

Only a single recurrenice interval can be calculated for each trench, based on the
time between the MRE and pemultimate cvent (PE). In Trench 4, the PE is bracketed by
soul PDI dates of 8-13 ka (mean 11 ka) and a radiocarbon date of 29.5 ka. The time span
between this event and the MRE (1.4-3 ka to 11-17 ka) could be as Jong 2s 27.5 ka, as
short as 0 ka, with a mean valye of ca 12 ka (MRE=8.1 ka, PE= 20 ka). Note, however,
that the MRE at Trench 4 may not represent a8 tectonic event. The span between the
minimum limiting ages for each event is S ka (8ka minus 3 ka) to 11.6 ka (13 ka minus 1.4
ka), which is our preferred range for recurrence at this site.
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In Trench S all we know with certainty is that the PE on fault C is younger than
buried soil 2, which began forming between 20 and 55 ka. and older thaa buried soil 1,
which began forming between 8.7 and 24 ka (Table 2). Note that the age ranges for buried
soils 1 and 2 based on three different soil profiles overlap, although of course they do not
overlap in any one profite. The MRE is slightly older than the surface soil (2.4-3.7 ka) and
much younger than the inception of buried soil 1 formation (8.7-24 ka.). The PE, in
contrast, is best contrained by PDI age estimates from the profile @ 30.7 mH, which is not
a fault zone (as occurs at 31.6 mH) or on a stripped upthrown fault block (as occurs at
32.7 mH). At 30.7 mH the PE is bracketed between 15-24 ka and 25-40 ka, with the
former constituting the closer constraint. Thus, although the time between the MRE and
PE could conceivably be as short as 0 ka, or as long as 37.6 ka (40 ka minus 2.4 ka),
given the close minumum age constraints on both events as 2.4-3.7 ka and 15-24 ka
respectively, a more likely duration for the interval is in the range of 11.3-21.6 ka.

In Trench 6, the MRE is dated between 2.1-3.4 ka and 13-20 ka (closer to the
former), and the PE is bracketed by soils dated at 32-51 ka and 46-74 ka (note the age
overlap). The time span between the minimum age constraints for the MRE and PE thus
ranges from 28.6 ka (32 ka minus 3.4 ka) to 48.9 ka (51 ka minus 2.] ka).

In summary, the best estimates of the length of time between the MRE and PE
based on the closer minimum limiting ages, range from 5-11.6 ks in Trench 4, 11.3-21.6
ka in Trench S, and 28.6-48.9 ka in Trench 6. These values reifect the variablility among
the size and activity of structures at the three trench sites. At Trench 4, a 6 m-high scarp +
has been created by deforming strata all most all of which are younger than the El Cajete
( pumice. Thus, the short recurtrence estimates of 5-11 ka suggest that the Western Splay
fault has been quite active in the latest Quatemnary. In contrast, the fault at Trench 6 has
not even created a scarp at the bedrock/athivium contact and since 1.2 Ma has only
managed to create a figsure with 2.5 m of fill in ft. Given the poor geomorphic expression
of this fault (it was identified only due to erosion by artificial nunoff from Highway 4) it
appears that it is not 2 major structural element of the fault zone, and thus the Jonger
estimated recurrences (28.6-48.9 ka) may not record every faulting event on the PFZ,

Treach 5 forms an intermediate case, in that the fauht has sccumulsted 10 m of .
vestical displacement on the Bandelier Tuff, but much of that displacement appears 10 be
old. For example, most of the net vertical displacement accumulated before the formation
of buried soil 2 (32-54 ka), with only minor displacements (e.g 15-20 cm on faults E, F1,
and G) since that time. The impression one receives is that this fault was a major active
structure prior to (and during) the deposition of 4 m-thick unit 2] in the “lower pocket”, -
and 10 a lesser degree later when the domino faults were active. However, even this latter -
period predates buried soil 2. Subsequent to formation of buried soil 2 the domino faults =
have ceased movement, and the only younger fault movements have occurred on fault
zone C. A similar evolution has affected the “upper pocket®, where prior to buried soil 2 a
deep fissure formed by recurrent opening and deposition, whereas subsequent to buried
soil 2 only minor (10-20 cm) movement has occurred on selected faults. The implication
of this evolution is either; 1) the locass of faulting has shifted sway from this fault since 32-

54 ka, or 2) the latest two earthquakes on the PFZ have created i
faulting spread across all the structures of the PFZ, but no large displacements on any oné
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fault This latter scenario is compatible with the evidence of scattered but small
displacements across the seven-trench transect of 1997.

The single recurrence interval measured between the MRE and PE does not allow
us to estimate how variable recurrence on the Pajarito fanlt might be through geologic
time. At other paleoseismic sites worldwide where multiple consecutive paleocarthquakes
have been dated, the coefficient of variation (standard deviation/mean) of the successive
recurrence times converges to about 0.35 as the record lengthens (McCalpin and
Slemmons, 1998). Thus, for a fault with a mean (Jong-term) recurrence interval of 10 ka,
about 2/3 of recurrence intervals over time would fall within one standard deviation about
the mean (i.e., between 6.5 and 13.5 ka), and 95% would fall within two standard
deviations from the mean (i.c., between 3 and 17 ka). This method of approximating the
variability in recurrence could be applied if we knew the long-term mean recurrence on the
Pajarito faunlt, but our single measurement is only one sample drawn from a population that
may include 50 post-1.2 Ma paleoearthquakes, so it is not a very robust estimator of the
Jong-term mean. Wong et al (1995) estimated a long-term mean recurrence of ca. 20 ka
for the Pajarito fault. If that value is accurate, and the COV of recurrence approximates
0.35, then the single recurrence interval dated in Trench 4 (5-11.6 ka) falls within the one-
sigma limits. The 11.3-21.6 ka interval estimate from Trench S falls around the one and
two sigma limits. In contrast, the 28.6-48.9 ka recurrence estimate from Trench 6 falls
well beyond the two-sigma limits, and suggests that perhaps this trench does not record all
the paleoearthquakes experienced on the Pajarito fault,

4.3 Displacement Per Event on the Pajarito Favlt

Our seven scattered trenches of 1998 were not located to optimize measurements
of displacement per event on the entire PFZ, but rather to optimize identification and
dating of young faulting events on specific fault strands. Even in each trench some
complications arise in measuring net displacement. In Trench 4, the MRE involved
penetrative deformation and folding (?) at the bead of the trench, 30 no discrete fault
displacement could be measured. During the PE the two subvertical faults at either end of
the trench display opposite 20 cm displacements, while the unit 4/5 contact has a vertical
scparation of 2-2.5 m across deformation zone B. However, due 10 the presence of a
slump at this location, it is unclear what structure is responsible for the vertical separation.
For example, McCalpin et al (1992) mapped areas along the Hansel Valley, UT fauit scarp
where the fault scarp had failed during coseismic thumping, and the height of the
compound scarp thus formed was greater than the vertical component of fault
displacement (Fig. 26). Such a scenario might explain how the 6 m-high fault scarp at
Trench 4 could be created by only 2-2.5 m of vestical displacement in the deposits
underlying the scarp. Given the ambiguous nature of the struchures in Trench 4, we cannot
make confident estimates of displacement per everd.

The MRE in Trench 5 was accompanied by vertical displacements of 20 cm on
fault E, 20 cm on fauh F1, and ca. 10-15 cm on faukt G, for a total of 50-55 cm. If our
correlation of unit 7 along the trench is correct, the Iatest displacement in the lower pocket
occurred during the PE, and amounted to 1.4-2.8 m_
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( In Trench 6, the MRE led to depostion of the 40 cm-thick colluvial wedge (unit
3a) at the base of fault C, which has a net vertical displacement on tuff of 50 cm. Based on
the absence of unit 4 on the upthrown block we iaterpreted at least one event prior to the
MRE, which had to have at Jeast 15 cm displacement to account for unit 4 on the
downthrown block. Therefore, the MRE on fault C (the only fault active during the event)
had a net displacement of ca. 35 cm. Displacements during older events are more difficult
to estimate, due 10 ambiguity about the sequence of events. For example, if we assume
that unit 6 in the deep fissure accumulated after a singfe faulting event, the 57 cm-thick
colluvial wedge implies down-to-the-east vertical displacement of 0.6-1.2 m. This
displacement would be partially offset by the 40 cm down-to-the-west net displacement on
the eastemmost domino block, resulting in a net vertical displacement of 0.2-0.8 m.

In summary, the net vertical displacement reconstructed for various events ranges
from 0.2- 0.8 m, t0 0.35 m, 0.5- 0.55 m, and 1.4 -2.8 m in Trenches 5 and 6. On a given
fault, then, the typical displacement in recent events was <= 0.5 m. Such small
displacements may explain why physical evidence such as colluvial wedges is not weil
preserved along the Pajarito fault in general. By comparison, the MRE in 1997 Trenches 3
and 7 had caused 1.0 m and 1.1 m of antithetic (down-to-the-west) displacement, while
1997 Trench 1 had a possible Holocene displacement of 0.7 m, and 1997 Trench S had a
similar small (<50 cm) recent displacement. These results indicate that the vertical
coseismic displacement on any one fault strand in the PFZ seldom exceeds 1 m.

During the MRE, cumulative displacement is estimated as 0.5-0.55 m in Treach 5
and 0.35 m in Trench 6. These displacements constitute minimurm estimates of the

( displacement across the entire Pajarito fault at a given location along strike, because they
only represent displacement on one of many fault strands that may have moved in the
MRE. If we assume that the displacements cited above represent the average displacement
along strike in the MRE, then empirical equations of Wells and Coppersmith (1994,
normal faults only) predict an earthquake magnitude (Mw) of 6.5-6.6 and a rupture length
0f 25-28 km. The latter is within the range of scenario rupture lengths used by Wong et
(1995). However, these estimates of magnitude and nuipture length are mininums because
the displacements estimates are mnumums.

FAGEOHAZN ANLPAJARITOSSR TRENCH DOC [ 86




GEOQ-HAZ Consulting, Inc.

Fault

displacement— T
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Scarp height
resuiting from
both processes |[T2)

Fig. 26. Schematic cross-sections of the Hansel Valley, UT fault scarp affected by
coseismic slumping. A- surface rupture creates a fsult scarp with height T1; B- During
seismic shaking a rotational shump forms; C- After stumping, totat scarp beight includes
components from tectonic surface rupture (T1) and from the shimp headscarp (T2). The
dashed and queried fault in C represents a scepario in which the shump forms directly over
the tectomic fault, and thus the resulting scarp is 100% shanp headscarp. From McCalpin
et al. 1992, Fig 13).
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclugions
The Pajarito fault is a structurally complex zone that underlies an abnormally high and

steep fault scarp, and presents a challenge to the traditional methods of paleoseismology.
Based on our first field season of trenching (1997), it appeared that a Holocene
displacement event had ruptured the Pajarito fault, but that evidence of such rupture was
well preserved only where scarps faced upslope (McCalpin, 1998). On east- facing scarps
the evidence for Holocene rupture was much more ambiguous, and could be interpreted as
the result of tree- throw. The Holocene surface- faulting event was dated in 1997
Trenches 3, 4, 7, and 7a at between 1260 and 2290 cal. yr BP. Vertical displacement
during the MRE could be estimated most accurately at antithetic scarps, where the
cumulative displacement was 2.1 m down-to-the-west. The MRE was presumably
accompanied by an equal or greater amount of down-to-the-east displacement, perhaps as
much as 3.1-5.2 m (for explanation, sec McCalpin, 1998), but due to erosion on steep
east-facing scarps the evidence of such displacements was poorly preserved.

The 1998 trenches were placed either across lineaments or east-facing (synthetic) fault
scarps, and evidence of a relatively small-displacement (35-55? can) Holocene
palecearthquake was detected in Trenches 4, S, and 6. This MRE is bracketed between
the age of the surface soil (2-3 ka by PDI, 0.5-2 ka by C-14) and the age of the youngest
buried soil (12-20 ka by PDI). The younger part of this age span overlaps that of the MRE

( dated in the 1997 trenches, but given the larger age uncertainties associated with the 1998
PDI age estimates compared to the 1997 radiocarbon chronology, we cannot
unambiguously correlate the 1997 and 1998 MREs.

PDI age estimates carry uncertainties from the PD] chropofunction curve of
McDonald (1999) (which relates PDI to soil development time), but also sources internal
to the method, such as those that retumn PD] values that are sometimes contradictory with
stratigraphic position or with radiocarbon dates, as in Trench 4. When PDI age estimates
conflict with radiocarbon dates from the same horizon, the PDI age estimates are
invariably older. As pointed out by reviewer FH. Swan, “Soil forming processes vary
locally depending on slope aspect, slope angle, drainage, etc. Soil formation is probably
accelerated at the break in slope below scarps. ... .. ". Thus, much of the uncertainty
conceming the age of the MRE and PE exposed in the 1998 trenches arises from the
assumptions and limitations of the PD] dating method.

5.2 Tmplications of the 1997 and 1998 Trench Results or Quateraary Slip Rates for
the Pajarito Fanht

According to the Final Report of the Seismic Hazards Evatuation of the Los
Alamos National Laboratory (WCFS, 1995), the net ship rate of the Pajarito fault is the
most important input parameter in the PSHA. WCFS (1995) calculated a range of stip
rates for the Pajarito fault, based on: (1) the average height of the fault scarp (81 m); (2) 2
spatially-averaged long-term vertical ship rate of 81nv1.2 Ma, or 0.07 mm/yr; and (3) net
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slip on a 70-degree rake of 123% of the vertical slip rate, or 0.086 mm/yr (WCFS, 1995,
Table 7-1, footnote 9). To account for short-term variations in slip rate, McCalpin (1995)
suggested a space-for-time substitution utilizing the variability of short- vs. long term slip
rates on many feults in the Basin and Range and Rio Grande rift provinces. WCFS adapted
this approach the Pajarito fault and calculated the following slip rates for the Pajarito fault:

Table 4. Slip rates used for the Pajarito fanlt in the WCFS 1995 Logic Tree

0.01 0.1 5th

0.05 02 20th
0.09 0.4 50th
0.20 0.2 80th
0.95 0.1 95th

I Probability used on the PSHA logic tree
2 Cumulative percentile assuming a space-for-time substitution; see Wong et al. (1995),
Fig. 7-26

Based on the 1997 trenches, the net slip rate for the last seismic cycle (between the MRE
and PE) is 0.06-0.21 mm/yr. Thus, even the fastest slip rate suggested by the 1997
trenching and geochronology data is already covered in the WCFS 1995 logic tree, at a
probability of roughly 20%.

The 1998 trench data indicate that at Trench 5, the MRE released 50-55 cm of vertical
slip that accumulated over a period of 11.3-21.6 ka, for a slip rate of 0.023-0.049 mm/yr
on that fault strand. These slip rates are in the lower part of the range cited in Table 1,
but of course they only represent the slip on one of three major fault strands at this Jatitude
on the Pajarito fault. Of the two other fault strands, the westernmost is the Western Splay
fault that was partislly exposed by Trench 4. There a 6 m-high scarp has been created by a
combination of folding, slhumping, and/or faulting on a fan surface that post-dates the El
Cajete pumice. The slip rate implied by a 6 m scarp in 50-60 ka deposits is 0.1-0,12
mm/yr. This slip raie falls near the center of the range cited in Table 4. However, it must
be admitted that some of the 6 m of total scarp height may represent toe thrusting of a
landslide. The vertical scparation between correlated 30-43 ka strata across the center of
the trench is only 2-2.5 m_ This separation implies a vertical slip rate of only 0.046-0.083
mm/yt, which is in the lower pari of the range cited in Table 4. If the slip rates on the
Westem Splay fault and the Trench S scarp are summed (which represents 2 of the 3
major fault strands at this latitide), the pet vertical slip rate is 0.069-0.132 mmVyr. These
rates approximately straddle the midpoint of the distribution cited in Table 4. An unknown
additional component of slip during the MRE may have occurred oo the 25 n-high fauht
scarp downslope from Trench S, but that structure has not been trenched. Nevertheless,
the net slip rate across 2/3 of the Pajarito fault south of Pajarito Canyon during the most
recent seismic cycle appears to fall in about the midddie of the range of estimates made by
Wong et al. (1995).
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The slip rates cited above only represent the latest seismic cycle, and slip rates during
previous seismic cycles may have varied from this value, in the same general way that
recurrence intervals vary through time,

5.3 Timing of the MRE oan the PF, GMF, and RCF

A separate issuc is whether the 4-6 ka event on the Guaje Mountain fault, and the 8
(237) ka event on the Rendija Canyon fault, also involved scismogenic rupture of the
Pajarito fault. The 1.5 ka to 2.5 ka MRE deduced for the Pajarito fauit from the 1997
trenches does not overiap in time with a 4-6 ka event, whereas the 2-3 ka to 12-20 ka
MRE from the 1998 trenches does overlap the 4-6 ka event. Thus, if the 1998 MRE is the
same as the 1997 MRE, then neither is the same event as the 4-6 ka MRE on the Guaje
Mountain fault. Alternatively, if the 1998 MRE is a different event than the 1997 MRE,
then it could conceivably be the same event as the 4-6 ka MRE on the Guaje Mountain
faunlt, or it could be different than cither the 1997 MRE or the Guaje Mountain fault MRE.
In any case, if we assume that the 4-6 ka date on the Guaje Mountaia fsult MRE is
correct, thea the 1997 MRE, 1998 MRE, and Guajc Mountsin fault MRE cannot all
represent the same faulting event. Thus, the current dating control suggests that either: (1)
the Guaje Mountain fault can rupture without rupturing the Pajarito fault, which is a
possibility contained within the Wong et al. 1995 logic tree, or (2) two Holocene ruptures
occurred on different parts of the Pajarito fault, with a boundary somewhere between
Pejarito Canyon (northern known extent of the 1998 MRE) and Los Alamos Canyon
(1997 MRE). This lafter possibility is equivalent to having a fauit segment boundary
between Pajarito and Los Alamos Canyons. Nosne of the 22 rupture scenarios in the Wong
et al. (1995, Fig. 7-25) logic tree contain such a segment boundary, although several show
a segment boundary at Los Alamos Carmyon.

The current age control on the MRE on the Rendija Canyon fauht is insufficient to
permit & correlation with events on the PF, either from our 1997 or 1998 trenches. For
example, if the 8 ka date is cofrect, then this event did not rupture any of the 1997
trenches on the PF. However, a date of 8 ka does fall within the rather broad age limits for
the MRE from the 1998 trenches. Again, we must conclude that, if the 1998 MRE
correlates with the Rendija Canyon fault MRE, then the 1998 MRE must be & different
event than the 1997 MRE on the Pajarito fanlt. If it does not correlate with the Rendija
Canyon fault MRE, then the Rendija Canyon fanht can rupture independently of the PF.

Thus, 1t appears that under either correlation scenanio between the Pajarito fault and
Rendija Canyon fault, or the Pajarito fanlt and Guaje Mourtain fault, that we must retain
the possibility that ruptures may occur on the Rendija Canyon fault and Guaje Mountain
fault that do not rupture the PF, as is contained in the Wong et al. (1995) logic tree.

5.4 Recommendations
Thetwoﬁddmsomofhuﬂmgonthe?mofmhh:veamwcwdmalkey
questions as to the accuracy of slip rates snd sppropriateness of structural and behavioral
scenarios for the PFZ, as included in the Wong et al. (1995) logic tree. The only remaiing

unanswered question at present is whether the dates anrently cited for the MREs on the
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Guaje Mountain fault and Rendija Canyon fault are correct. At the beginning of the 1997
trenching studies, the paleoseismic histories of the Guaje Mountain fault and Rendija
Canyon fanlt, with one well-dated trench site on each, were better known than that of the
Pajarito fault. At that time, of the four trenches of Wong et al. (1995) on the Pajarito fault,
one exposed no faults, two were in a suspected landslide block (Fig. 2b, top), and the
fourth exposed only small-displacement structures of the basal fanit zone that could not be
well-dated. At present we have excavated 14 trenches on the Pajarito fault and have
constructed space-time diagrams of ruptures covering the past 10 ka (for the 1997
trenches) and 70 ka (for the 1998 trenches). Thus, at this point the limitation in correlating
paleoearthquakes among the Pajarito fauit, Guaje Mountain fault, and Rendija Canyon
fault arises from two sources: (1) the genera! absence of deposition between ca. 4 and 20
ka on the Pajarito fault scarp, and (2) the limited trench and geochronology data on the
Guaje Mountain and Rendija Canyon faults.

Therefore, future paleoseismic investigations (if undertaken) should aim at these two
data gaps. First, sites should be examined on the Pajarito fault where early Holocene-late
Pleistocene depasition may have occurred in association with faniting, such as the grabens
at the head of the scarp north of Water Canyon and Canon de Valle, and the graben along
West Jemez Road. Second, one to two additionst trenches should be excavated across the
Guaje Mountain fauit and Rendija Canyon fault to confirm the timing of the MRE (and
possibly the PE) that is now based on only 2 single trench site on each fault, If the
additional trenches on each fault yields dates comparable with the existing dates, then the
paleoseismic history will probably be as weil constrained as can be expected (given the
inherent limitations imposed by field conditions), and no firrther paleoseismic studies are
indicated. If the second trench on one or both faults yields dates on the MREs that conflict
with the present age ranges, then the dating effort in those second trenches must be
sufficiently sophisticated that the new dates will supercede the old dates, and permit a
confident correlation between the MREs (and possibly PEs) among the Pajarito fault,
Guaje Mountain fault, and Rendija Canyon fauht.
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APPENDIX 1

Seismic refraction survey results.
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APPENDIX 2

Report by PaleoResearch Labs,
on content of radiocarbon samples

EXAMINATION OF SOIL FROM LOS ALAMOS, NEW MEXICO
E,
Kathryn Puseman

Palec Ressarch Laboratories
Denver, Colorado

Pateo Resaarch Labs Technical Report 68-83

Geo-Haz Consulting, Inc.
Estes Park, Colorado

September 18968
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INTRODUCTION
Bulk soil samples were recovered from trenches excavated as part of a
paleoselsmic study near Los Alamos, New Maxico, Botanic components and detrital
charcoal were [dentified, and potentially radiocarbon datable matadal was separated.

METHODS

The samples wesre floated using a modification of the procedures outlined by
Matthews (1976). Each sample was added to approximately 3 gafions of water. The
sample was stired until a strong vortex formed, which was allowed to siow before
pouring tha light fraction through a 150 micron mesh sleve. Additional water was
added and the procass repeated until ali visible macrofioral material was removed from
the sampie (a minimum of 5 times). The material which remained [n the bottom (heavy
fraction) was poured through a 0.5 mm mesh screen. The floated portions were
allowed to dry.

The light fractions were weighed, then passed through a sefies of graduated
screens (US Standard Sieves with 4 mm, 2 mm, 1 mm, 0.5 mm and 0.25 mm openmgs
to separate charcoal debris and 1o initialty sort the remains. The contents of each
screen were then examined. Charcoal pieces larger than 1 mm in dismeter were
broken to axpose a fresh cross-section and examined under a binocular microscope at
magnifications up to 140x. The remaining kght fraction in the 4 mm, 2 mm, 1 mm, 0.5
mm, and 0.25 mm sleves was scanned under a binocidar siereo microscope at a
magnification of 10x, with some identifications requinng magnifications of up to 70x.
The material which passed through the 0.25 mm screen was not examined. The
coarse of heavy fractions also were screened and examinad for the presence of
botanic remains.

Macrofloral remains, including charcoal, were identified using manuals (Core ot
al. 1978; Martin and Barkley 1973; Panshin and Zeeuw 1960; Petrides and Petrides
1982) and by comparison with modem and archaeological referencas. The term "seed”
is used to represent seeds, achenes, caryopses, ahd other dissemirules. Remains
from both the light and haavy fractions were recordad as chamed and/or unchatred,
whole and/or fragments. Bacause charcoal and possibly other botanic remsins were to
be sent for radiocarbon dating, clean Isboratory conditions weie used during the
flotation and identification to avoid comtamination. Al instruments were washed
betwean sampiles, and sampies were protected from contact with moderm charcoal,

DISCUSSION
The sampled trenches were located three (0 four mies wast of Los Alamos,
New Mexico. The project area is dominated by ponderosa pine (Pinus pondeross), with
vefymwtdemtoryvegetaﬁonptm Six sampies from threa trenches were
examined.

) SampleSGT#SMpiecnsdprMEﬁu(dwwd(rﬂu1uwd2).
Mmuﬂm&edformdowbondﬁu The sample aiso contained pieces of
charred vitrified tissue and small, charred bark fragments. Virified material has a shiny,
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glassy appearance due to fusion by heat Uncharred roots, rootlets, and an
unidentified hardwood twig fragment represent modern plants. Sclerotia, an insect
chitin fragment, and rock/grave} also were present Sclarotia are commonly called
“carbon balls®. They are small, black, solid or holiow balls that range from 0.5 to 4mm
in size. Sclerotia are associated with mycorhizae fungi, such as Cepococcum
graniforme, that have a mutuallstic relationship with tree roots, Sclerotia are the resting
structuras of the fungus, identifiad by Dr. Kristilna Vogt, Profeasor of Ecology in the
School! of Forestry and Environmental Studies at Yale University. Many trees are noted
to depend heavily on mycorrhizae and may not be successful without them. "The
mycellal strands of these fungl grow into the rcots and take some of the sugary
compounds produced by the tree during photosynthesis. Howsever, mycorrhizal fungi
benefit the tree because they take Jn minerals from the soil, which are then used by the
trea" (Kricher and Momison 1988:285). Sclerotia appear to be ublquitous and are found
with coniferous and deciduous trees including Ables (fir), Juniperus communis
{common juniper), Larix (larch), Picea (spruce), Pinus (pine), Pseudotsuga (Douglas
fir), Acar pseudoplatanus (sycamore maple), Alnus (alder), Betula (birch), Carpinus
¢aroliniana (American hombeam), Carya (hickory), Castanea dentala (American
chestnut), Corylus (hazeinut), Crataequs monogyna (hawthom), Fagus (beech),
Populus (poplar, cottonwood, aspen), Quercus (oak), Rhamnus fragqula (alder bush),
Salix (willow), Sorbus (chokecheny), and Tlia (linden) (McWeeney 1889:229-130;
Trappe 19862).

Small pleces of charred bark and conifer charcoal from sample 88T4-8 were
combined and submitled for radiocarbon dating. The conifer charcoal most likely
represents local pine trees; however, the charcoal pieces were too small for a positive
Pinus Identification. Uncharred rootlets, sclerotia, and rock/gravel were the only other
remains to be recovered.

Sample 98T4-7 contained small pieces of conifer charcoal that were submitted
for radiocarbon dating. This sample also yielded a charred vitrified tissue fragment,
uncharred rootlets, sclerotia, and rock/gravel.

Sample 98T5-1 contained piecas of Pinus charcoal, charred bark fragments,
uncharred roollets, sclerotia, and rock/gravel. The Pinus charcoal was sent for
radiocarbon dating.

Three small pieces of charred bark were the only charred remains presant in
sample 98T5-2, although these pieces of bark were too small for radiocarbon dating.
An uncharred Pinus needle fragment and unchamed rootiets represent modern plants.
Non-floral remains include very small uncharred bone fragments and rock/gravel.

Sample 98T6-1 yielded sufficient probable Pinus charcoal for radiocarbon
dating. Three vilrified tissue fragments were the only other charred remains to be
recovered. Uncharred remains inciude modem Pinus bark scale fragments, roots, and
rootlets. The sample also contained sclerotia, a few worm casts, and rock/gravel.
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SUMMARY AND CONCLUSIONS

Flotation of samples from trenches near Los Alamos, New Mexico, resufied In
recovery of Pinus charcoal, probable Pinug charcoal, conifer charcoal, and chamred
bark fragments that were submitted for AMS radiccarbon dating. Only sample 98T5-2
ylelded insufficient quantities of charred material for dating. Conlfer charcoal present in
these samples most likely represents local pine trees, but the fragments were too small
for a positive Pinus identification.
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TABLE 1
l MACROFLORAL REMAINS FROM TRENCHES NEAR LOS ALAMOS, NEW MEXICO
,
Sample Charred Unchared Weights/
No. identification Pat wl F W | F | Comments
98T4-5 | Liters Flosted 13L)
Light Fraction Weight 7.%
FLORAL REMAINS: =
Bark ) 0.008 g
Vitrified tUssue 12 0.020 g
Roots X
Rootlets X Modarate
Sclerotla X Moderate
CHARCOAL/WOOD:
cf. Piaus Charcoat
Unidentified hardwood Wood
NON-FLORAL REMAINS: ]
Insect Chitin 1
Rock/Gravel X Moderaté
98T4-8 Liters Floated 1.15L
Ught Fraction Weight 5790
FLORAL REMAINS:
Bark 9 0.008 9
Rootiets X | Numerous
Sclerotia X Moderate |
CHARCOAL/WOOD:
(’ Conifer Charcosi 8 0.003¢g |
NON-FLORAL REMAINS: T
Rock/Graved X| Moderats
g3T4-7 LHers Flosted 1.0L |
| Light Fraction Weight 383¢g|
" | FLORAL REMAINS:
Vitrified tissue 1 0.014g
Rootiets X| Moderate
Sclerotia X Few
CHARCOAL/WOOD:
w Conifer Charoosd 13 0.0139 |
98T4-7 NON-FLORAL REMAINS: ]
Rock/Gravel X Moderaie
' 987T5-1 | Liters Floatod 08L]
Light Fraction Weight 8849
FLORAL REMAINS: | [ ] ]
Bark L L T 8! T 0,007 g
Roatlets ! | I I | X! Numenxs
Sclerotia X Modersie
CHARCOAL/WOOD:
Pinus Charcosl 10 0.0319 |
NON-FLORAL REMAINS: |
y Liors Fioat X[ Moderslo
SBT5-2 Liters Fiosted 1iL
( Light Fraction Weight 5.21 0_
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] FLORAL REMAINS:

Bark 3 <0.001g
Pinus Needle 1
Roolleis X Few
NON-FLORAL REMAINS:
Bone < 1 mm X Moderate
Rock/Gravel X Modsrate

98761 | Lkers Flosted 1.35L

Fraction Weight 15.029 |

FLORAL REMAINS:
Vitrified tissue 3 0.002g
Piaus Bark scale X | Numerous
Rools X
Rootlets X | Numerous
Sdlervtia X Few
CHARCOAL/WOOD:
of. Plnus Charcoal 7 0.018 g |

9878-1 NON-FLORAL REMAINS:

Rock/Gravel X Moderate
Worm casts X Few
W = Whole
F = Fragment
X = Presance noted in sampie
g = grams
TABLE 2
INDEX OF MACROFLORAL REMAINS RECOVERED IN SAMPLES FROM LOS ALAMOS
Sdentific Name Common Name
FLORAL REMAINS:
 Pinus Pine

Sclerotia Small, black, solid or holiow bails essocisted with

fungl, such 88 CONOCOCCUM Qrafiforme

CHARCOAL/WOOD:

Conlfer Cone-bearing, gynmospsnmous {reas and shrubs,
mostly evergresns, including the pine, sprucs, fir,
juniper, cadar, yew, and cypress

_Binys Pine
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APPENDIX 3

Explanation for reconnaissance geologic map of the main Pajarito fault
scarp west of LANL (Reneau, 1996)

Qal  Holocene stream alluvium

Qa2 late Pleistocene stream alluvium (terraces)

Qbt  Bandelier Tuff (1.2 Mz)

Qc  colluvmum (Quaternary, undivided)

Qec  El Cajete Pumice (ca. 50-60 ka)

Qfo? Older alluvial fan, early-mid Pleistocene

Qfi Intermediate-age alluvisl fan, mid-Pleistocene (pre El Cajete)

Qfy  Young alluvial fan (Holocene and late Pleistocene; post El Cajete)
Qoal Older stream alluvium, early-mid Pleistocene
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