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1. EXECUTIVE SUMMARY 
In June 1998 we excavated seven trenches across strands of the Pajarito fiwlt 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 
Quaternary alluvial fan was offset by faulting. and 2) to characterize the latest few faulting 
events on several weDoodefined fault traces at the hue of high scarp. oftbe Pajamo fault. 
Four of the seven trenches were located on a late Quaternary alluvial fan south ofPajarito 
Canyon, with the remainder on scarps farther south. 

The four trenches on tbe alluvial fan did not expose any faults within their 5 m depth. 
Instead, alternating beds offluvial gravel 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 eut were undi!twbed. This 
compressional deformation is inferred to be the toe of a landslide coming from the scarp 
face. Trench 5 contained two deep pull-apart zones filled with finc..grained deposits that 
had been subsequently defanned by fissuring and -domino style- rotational nonnal 
faulting. Trench 6 also contained a deep pull-apart and domino faulting, but also contained 
some smaller high-angle faults that diJplaced post-pull-apart colluvium near the JWface, 

The MRE in Trenches 4, S and 6 appears to &U in I rdativdy broad ase range 
between ca. 2-3 k.a (age of the swface soil) and 12-20 b (ase of the uppmnost buried 
soil). The verticaJ displaec:mc:nt on individual structures in these trmchc:s teDds to be small 
(10-35 em), and the net vertical displacemeot for the MRE lli a given trench ranges from 
35-55 em. These displacements constitute the minimum per.event disptacement across the 
entire fault zone during the MRE, and imply (via empirical relations) minimum earthquake 
magnitude ofMw 6.S~.6 and 5Wface rupture lengths of 25-28 Ian 011 the Pajarito fault. 

The record of older paJooearthquakes was partia1fy reconstructed in Trenchc. 4, S, and 
6. The penultimate event (PE) ranged from quite YOU08 (8.7-11.90) in Trench'" to much 
older (41-58 ka) in Trench 6. and had displacementJ as large as 1.4-2.8 m in Trench S, 
where the age is roughly bracketed bdwceo 11-19 b and 25-42 lea. The recurrence time 
between the MRE and PE was smallest at Trench ... (5-11.6 0), intermediate in TrenclJ 5 
(t 1.3-21.6 ka), and longest in Trench 6 (28.6-48.9 b). This variabon if) recurrence time 
roughly corrdaJcs with the diffetencc in geomorpbic expressioo offaulting among the 
three trench sites, with Trench 4 (mfcrred short recurrence) excavated across a high scarp 
in young (post-EI Cajete) deposiu. ~ at Trench 6 (mfened Ioog m:urrence) DO 

scarp currently exists; bowevu-. scarp morphology may also be seositive to other factors. 

The MRE dated between 2-3 k.a aod 12-20 b oouJd cooceivabIy be COOlcmpOraDeOOJ 
with the MRE dated in four of the 1997 treDcbcs farther north oa the PFZ, based on a 
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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 lange for the MRE in 
the 1998 trenches is sufficiently broad that it covers the age ranges of both the MRE on 
the Guaje Mountain fault, (dated at Cabra Canyon at 4-6lca; Gardner et al, 1990) and the 
MRE 00 the Rendija Canyon fault (dated at either 8 lea or 23 lea; Wong et al, 1995). Thus. 
age control from the 1998 trenches is insufficiently precise to permit a. correlation among 
MREs between the three major faults of the PFZ. Much oftrus imprecision results from 
our necessary reliance on PDI age estimates to bradet fiwlting events. The PDI method 
assumes that changes in soil development at a given site are solely a function of time, but 
due to the complex patterns of erosion, deposition, and infi1tration operating on faults 
scarps, this is unlikely to be true. 

Our trenches do not show evidence OQ the Pajarito fault for a second (or third) 
Holocene earthquake aside from the MRE. However, the older half of the Holocene (5-1 0 
lea), and the youngest part of the Pleistocene; are generally not represented by deposit.! in 
our trenches, but instead were periods of nondeposition or soil formation. Thus, it is 
conceivable that ODe (or more) smalJ..displacemem events could have occurred between 
ca. 4 lea and 20 b 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 fa1) within 
the range of slip rates used in the PSHA of Wong et at. (1995). 

I 
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2. INTRODUCTION 
This report summarizes the paJeoseismic trenching study of the Pajarit.) 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 aI., 1990; Wong et aI., 1993,1995; Olig et aI., 1996; 
Kelson et at, 1996) yielded relatively weU - 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 lea (based on 
radiocarbon; Wong et al., 1995; Kelson et ai, 1996) or 23 ka (based on TL). On the 
Guaje Mountain fuult the MRE was dated at 4 - 6 ka (Gardner et aI., 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.. SO - 60 lea (Wong et w., 
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 paJeoearthquake chronology outlined above could be explained in several ways: 
(1) The dates ofMREs on aU three &uJts were correct. indicating that separate Holocene 
earthquakes had occurred OD the Rendija Canyon fault and Guajc Mountain fault. but that 
no Holocene events had ruptured the Pajarito t3ult; (2) there may bav~ been I Holocene 
event on the Pajarito fault that matches the MRE OD either the Rendija Canyon fauJl or 
Guaje Mountain fault (two separate events), but evidence of this event was not exposed in 
the four trenches of Wong et aJ. (1993); or (3) the MREs on the Rend.ija Canyon Fault and 
Guaje Mountain fault are actually the same event. poorly constrained by current dates. If 
so, then this MRE also may have ruptured the Pajarito faul~ but that OJpture was not 
exposed in the Wong et aJ. (1993) trenches. 

In order to test these three bypotheses a paIeoseismic pt"ogram was implemented to 
find the MRE on the Pajarito fault. FlfSt. the PF scarp was mapped at a scale of): 1200 
(McCalpin, 1997). Based 00 the map. a structural model was developed for the Pajarito 
fault scarp, showing that the scarp coosistcd ofan articulated mooocline (ca.. ~,4 ofits 
length), landslide blocks (ca. 3oe!. ofits length), or a simple bigb-angJe normal 6wlt (ca. 
20010 of its length). Given this structural confi~ three possible trenching strategies 
were envisioned. The first was a megJIlrmCh through the ca.. 50 m-thidc coUuvia1 wedge 
at the scarp base where the scarp was underlain by one 01"" more bigh-angle normal fault. 
This option was given low priority due Co logistical problems of megatJ ftlChing through 
the coarse coUuvium.. The second 5ttatesy coosisted of seven benches scattered aJoog 

• <f'< 
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Alluvial fan trenches 
(Ia-3) 

\ 

\ LEGEND 

,Trenches (Kolbe et aI., 1994 and 1995) 
... Trenches (Gardner et aI., 1990) 
• Trenches (Wong et a1.. 1995) 

IijgI 1997 Trenches (McCalpin,lqqS) * Trench Sites - ThJs Study 

( ( 

I Faults of the Pajarlto Fault System (Gardner and Reneau, unpOOfIShed) 
DRoads 

Fig. 1. Map ofmajor fault stnnds oftbe Pajarito faJk ZODe IDd locatioo of paJtmeismic 
treocbes from this study and previous SlUCfies. 
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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 tt.e highest 
potential for success. involved a transect of seven trenches across aU 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 2.51ca. Earlier events were difficult to date 
due loo lack of charcoal for radiocarbon dating, but soils suggest that the penuJtimate event 
OCCUlTed about 20 ka. and prior events had recurrence intervals of ca. 20-60 ka. However, 
the best paleoseismic chronologies came from minor, west-facing scaJ]>s 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 oftbese trenches (Ia, lb. 2. and 3) crossed subtle lineations or fiwIt projections 
across a late Quaternary alluvial fan, mapped by Reneau (1996) as mainly older than the EI 
Cajete pumice. The remaining three trenches (4,5, and 6) were across large, east-facing 
scarps. 

l.l Trench LoatioDJ aDd Ratiooale 
The adopted trenching strategy relied beaviJy on our understanding of the structural 

geometry of the Pajarito fault. Trencbes II, Ib, 2, and 3 wa-e plac:cd on the largest a11uvia1 
fan complex at the base of the main fault scarp. ICrO!5 projections of fault scarps or 
mucturally-controUed stream reac.bes from north and/or south of the fan. At this latitude 
just south ofPajarito Canyon the Pajarito fault is composed ofa 2 Jan.wide zone of cast­
facing fault scarps, toppled blocks, tension DS5U1t:S, and fracture zones. Given the 
distnooted na.tu.re of deformation in this wide ZODe, we hoped that faint lineaments on the 
fan would be underlain by minor down-to-the-east normal faults that displaced beds of EJ 
Cajete pumice and/or younger- fim deposits. Sum young displAN':Jl'IC'flfl would be 
attnbutable to the Most Recent (W1Jti.ng) Event (MRE) or possibly the PemJtimate 
(faulting) Event (PE) on the Pljarito fault 

The other three trenches were each excavated for a different rea50IL Trench 4 wu 
excavated across the Western Splay f4uJt, a pceviously 1lIltreDcbed. 30-35 m-higb east­
facing fault scarp that lies 0.5 kIn west ofand paraDe! to the maio scarp, betweea Pajarito 
Canyon and Canon de Valle. This scarp obviously represeW ~ result of mJmm)US 

surface-faulting events, but it was DOt known if its pa.Ieoscttmic cbroooIogy was ideotical 
to that of the main scarp. In partiaJIar. we wanted to know if the MRE OIl the Westall 
Splay fiw1t was Holocene. u dated in several oCthe 1997 tImcbes &rtbrs DOI1h. or pr&El 

11 



( 

( 

GEO-HAZ Consulting, Inc. 

Cajete, as dated by Wong et aI. (1995) at the nearby Pajarito Canyon and Water Ta.oIcs 
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 wesffitard 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 Metbod.! 
Trenching; Trenches Is through 5 were excavated by Parker Construction. Los 

Alamos, with a Komatsu 200 track-mounted backhoe with a 20 ft-Iong 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 trench walls with srucco wire. Trench walls were cleaned 
by 1. P. McCaIpin, L.C.A lones, T.E. Cooper, J.-C. Moya, I. 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 
resuJted in smearing that obsaued horizon contacts. Therefore. all bard 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 1 m 
increment marked by labeled squares of duct tape. Q)ntacts ~e scoOed into the wall 
with trowels or knives. Logging contacts was done mam1a1ly and the log was drawn on 
grapb paper at a scale of 1 inch::r 0.5 m (an approximate scale of 1 :20). The definition 
and logging of units foUowed a mixed subjective- objective approach, as outlined in 
McCa1pin (1996b). 

Tabk I, Tune scbedu~ oftnnch excavatioo and 1oa;lIa sun .. 11et ~.m 
Trcoch Pbotograpbed 
NQ. l&g ~kalXd StnmI ~ ~ &:. 

SarnoIc:d 
la June II lUDe 12 lUDe 12 Junc 12-19 Au&- 16 
Ib June 12 June 16 June 16 JUDe 20-22 Aug. 16 
2 lune 15 June: 17 June 17 Junc20-22 July 16 Aug.. 17 
3 June IS June 18 JIIDC 18 JUDC20-22 Aug. 17 
4 June 17 June 24, June 25-26 Junc21-29 Aug. 17-19 .-\ug. 19 

2S 
S June 18 JUDe 19 Junc29-30 JUDe JO..JuJy 3 Aug. 20 Aug. 20 
6 June 18 June 19 JUDe 22 JUDC23-25 Aug. 2<4 ~2<4 

In many trenches. the most obvious mappabte COOIac:b io uac.onsofidated deposits 
were soil borizon boundaries rather th!n stnrignpbic cootacts. III gaxnJ. stone tines 
within the coDuvium, and soil borizoo bound,ries. were panBd to each other and to the 
modern ground surf.tce. This panlJelign wgcsts that IllIppIb&e buried sOOs Ire probIbIy 
developed on cfuaete stratigrapbic units. and that soil borizoo contacts aod santigrapbic 
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contacts are parallel" In 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 incnasing 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 ~ 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 ·weldedM onto 
each other. 

Soil OevelOllment 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 (PDf) and Soils 
Development Index (SOl) 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). 

lMPORTANT 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 bad to define his soil horizons within a vertical strip about 20 em wide. As 
a result, McDonald defined many more soil horizons at a given stratigraphic level than we 
map on the trench fogs. Second, McDonald dug the trench wall baclc 15-20 em when 
describing his soils. Soil contacts that are not horizontal thus shift slightly between his 
mapped position and our originaJ mapping usually these shifts are <5-10 em. Most of 
McDonald's contacts between his buried soils (bl, 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 <lisa-ete charcoal fragments that were either hand­
picked trom the trench walls, or Boated and picked trom bulk samples. Areas with 
discolored soil (suggesting the possibility of roots burned in place) or di5fUpted soil (!Uch 
as due to animal burrows or the decay ofbrge roots) were avoided. although the absence 
of distind stratigraphy in the sampled unit5 suggest some dcgJee of mixing, and the 
possibility ofbiotwbatiOD ofyounge:r charcoaJ into older deposits cannot be ruled out. In 
addition. the possibility of recycling older charcoal exist!. potentWly providing ages older 
than tbe sampled deposits. wme possible, omItipie samples wtf'e coUectcd from single 
units or single stratigraphic sections in order to provide intcmal ciIccb on the analyses. 
Bulk samples were picked by PaleoResearcb Labs., Inc. to extract and identify datable 
components. Their report is Appendix 2. 
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Table 2 PDr lUte estimates for trenches I a. 1 b 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 em of material from the trench wall at the 
sampling location. A 3-5 cm-diameter steel sampling tube was then quicldy driven into the 
freshly-exposed trench wall. Upon extraction the open end of the tube was immediately 
sealed. In the laboratory both ends of samples thus coUected 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 
IN. 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 (FIMAD), in coordinates of the New Mexico 
Central Zone State Plane Coordinate System (m feet), 1983 North American Datum. 
Accuracy of the surveyed points is within about 3 feet in absolute 3-dimensionaI space. 

Post-Trenching Seismic Refraction Survey: These ~eys were performed by Craig 
V. Nelson of Dames and Moore, Salt Lake City, ur assisted by Jamie Gardner, AJexis 
Lavine, Don Krier, and Claudia Lewis (LANL), using a Geometronix ES-122S 
engineering seismograph with a 12-1b sledgehammer source. Refraction lines were 
oriented both parallel to trenches, and parallel to fiwlt scarps. Eight lines were shot, six of 
which were reversed. ranging from 24 m long (2 m geopbone spacing, depth resolution ca. 
1-2 m) to 6O'm long (S m geophone spacing, depth resolution ca. 2-3 m). Subsurface 
interpretation was based on P-wave first arrival rimes. Interpreted seismic profiles are 
shown in Appendix 1. 

2.4 Laboratory MethodJ 
RAdiocarbon Methods 
Before submission to the analytical laboratory, each charcoal sample was air-dried, 

examined under a binocular miaoscope, and cleaned to remove dirt and roou. All sam~!es 
were analyzed by the accelerator mass spectrometry (AMS) method, and were processed 
by Beta Analytic, Ioc., of Miami., Florida. Sample pretreatment by Beta Analytic included 
standard bot acid (Hel) treatment to remove carbonates from the samples, followed by 
a1Jcali (NaOH) treatment to remove secondary ~ acids, followed by conversion to 
graphite (which constituted the actual accclcntor target). 

The radiocarbon analyses were calibra1ed to an absolute dcDdrocbroooIog time 
scale using the computer program CALIB 3.0.3 devdoped by the Quatemazy Isotope 
Labol'3tory of the University of Wa5hingtoo (Stuiva' and Reima', 1 ~). This calibrUion 
corrects for diffcrmces between radiocarbon yean md ca.Iendv years impImd by 
variations in the l·e production we in the atmospbere. ADd incorpontes uncc:rtaimies 
both in the measurtmeDU of the radiocarbon cootmt IDd in the c:aIibruion cwves. The 
calibration can incorporate an Wcmx muItipIiu" to IICCOUDl for' sources of laboratory 
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uncertainty that are not ~compa:sJd by the ;-eported analytical plus-or-minus (Stuiver and 
Reimer, 1993), and, following other researchers, we have previously used an error 
multiplier of2.0 in work at Los Alamos (e.g., Reneau et at., 1995). Use of2-sigma (2 
standard deviation) uncertainties and an error multiplier of 2 provides a coDSelVative 
estimate of the laboratory unceruinty associated with each radiocarbon analysis, although 
other uncertainties still exist (as discussed above). 
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3. RESULTS 

3.1 Geomorpbology of the Intermediate-Age Alluvial Fan 
The alluvial fan that hosts Trenches Ia, lb, 2, and 3 lies 300 m south ofPajarito 

Canyon and is bisected by West Jemez Road (Fig. 18). This location marla a major change 
in the strike of the Pajarito fiwlt, 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 respoDSlble for the small embayment in which the alluvial fan has formed. 

The unnamed stream respoDSlble 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 of7870 ft (2399 m) and slopes to the ESE at 
6°· 7°. The fan extends at least 640 m in the downslope direction and about SOO m in the 
across- slope (approximately N-S) directiOD. 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 channel flows along the southern part offan and is incised ca. 
5 m into the fim. Two small discontinuous terraces are present. along the modern channel, 
a young low terrace ca.. 1 m above the channel (ai)'l on Fig. 3) and a poorly- defined 
terrace about 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 nwgin of the fan complex. south oftbe modern channel . Most of the fan 
surfiice is mapped as intermediate age (Qfi?). According to Reneau (1996), Qfi pre-dates 
the EI Cajete pumice, but its lIexact age range is uncertain- and the map unit contains 
-multiple 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, aJJ labeled Qfi? About 
20% of the fan surface is mapped as Qfy?, divided into at Jeut 12 distinct lobes. Most 
Qfy1 areas fIanlc small incised drainages on the fan, particularly along the north margin. 

The "type areas- for Q£i are south ofPajarito Caoyoo, betwceo the two large water 
tanks and the Bad: Gate (mtersection of West Jemez Road with NM Highway 4), where 
the EI Cajete pumice CC\-eB the fan surface and overlies a buried soil. This rehtionsbip iJ 
weD· exposed in soil pit WJR-:7 on the east side ofWes:t 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 Q6 predates the deposition of the E1 Cajde pumice, and has 
received no alluvial deposition subsequent to pumice deposition. 

The rc1atioo of our alluvial tan to the El Cajete pumice is tess dear, since Reneau 
(1996) docs DOt map the pumice as a SUJ""&ee map unit OIl our WL Soil pit WJR-4 (Reneau 
and McDonald. J994, p. 94-96) is located on our fan near the Ioea1 bigh point of West 
lema Road, and east oftbe road. That 2 m-«ep pit exposed an 80 cm-tbia: -post-El 
Cajete soil- overlying a 1.2+ m-thiek Mpre-EI Cajetc soil-, but there is DO EI Cajete pumice 
between the two soils. If the correlation of these two soils is correct, then the absence of 
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Fig. 2b. R">Connaissance geologc map of the main PoiO'ilO fault scalp wesl of LANL. between the Water Tanks 
and NM Highwav 4. Flam Reneau. 1996. excepl fOl landslide mapping (haChures and arrow symbols) .. 
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EXPLANATION OF MAP UNITS 
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pumice is just another example of its irreguJar distnbution along the base of the Pajarito 
fault scarp. McCa1pio (1997. Plate 6) mapped some pumice near the lOp of the west.side 
roadcut of West Jemez Road through the fan, and correlated it to the El Cajete pumice, 
but that correlation was Dot supported by any mineralogical or trace- element analysis. If 
that pumice is indeed the E1 Cajete, it implies that the oldest pans of the Qfi? fan are 
probably pre-Bl Cajete, but that other Qfi? Jobes are post~El Cajete. 

At the latitude of our alluvial fan the Pajarito fault is composed of four major east­
f4cing scarps with numerous subsidiary shear and puU-apart zones. The scarp fi.rtbest 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. paraDe! to, but 500 m west of the crest of the 
main, 65-70 m-higb scarp. Trench 4 (see Sect. 3.5) was excavated at the base oft.bc 
Western Splay scarp. The main scarp oCthe Pajarito fiwlt splits into two scarps directly 
south of the unnamed drainage that gave rise to our fan. The western splay oCtile main 
scarp trends N-S and is about 12 m high; Trench 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 300 E and is 25 m high south of the 
unnamed drainage. but decreases in height oorthwards. South of P&jarito Canyon this 
deformation zone transforms from an east-facing scarp with a poD-apart trough at it! bead, 
to a 200 m-wide zone ofNB-trending pun-apart troughs with < 5 m of net down-to-the­
east dispJacement. 

'The eutcrnrDOSt fault scarp is poorty-expres.sed south of the aDuvia.I fan, and the 
detailed topographic maps (2 ft contours) do DOt corrcctJy portray the topography in this 
densely wooded region. For example, the apparent small (3-5 m-high) N-S-trCDding scarps 
are artif.acts of computer interpolation of cootour lines. However, the modem drainage 
channel of the &.n contains a 60 m-Ioog, linear incised reach that pan1IeJs the strike of the 
main fiwlt scarp. Because this reacll ocarly paraDds the cootourI oftbc fan, McCalpin 
(1997, Piate 6) infesTed that it is structurally conttoUed. 

North of the fan this easternmost fault scarp is weD developed u. N 550 E­
trending, east-facing. 15-20 m-high scarp. Farther to the north this ICUP trends more 
northerly, and direc:t.ty south ofPljarito Canyon this IQfp was trenched by Woodward· 
Clyde Consultants in 1995 (Wong et at., 1995. their "Pajarito Canyon- trencl1). 

The surface of the a1hMaI fan contains many small. irregular undulatiom that 
might be the result of eithef' depositional or tectooic processes (Fag. 4). At four kx:ations 
(Fig. 3) the surface undulations .seem to define mare-or-Iess continuous east-facing 
lineaments. These lioeamcms consist in part ofmini-scarps. It was the presence of these 
vague topographic lirwmenu, and tbc:ir panDefism with structures oorth and south of the 
fan, that prompted us to dig the four alluvial fan trmches.. 

The easternmost of the four Iinear.lcms appears to be a oortbward projection of the 
60 m-Iong Iincar reach of the modem channel In two pIacc:s on the fan RJrface broad 
swales occur west oftbe tineallteJIt but are oat u wei dcwIoped cast of it. u iftbe sw~ 
might be incised into an upthrown fault bkd.. Betweaa the IMIes, tbe faI1 uface w8a of 
the IiDmnent exposes abundam boulders, ~ bouIdcn .-e1KA obkrwd _ ·oftbe 
lineAment. One cxpIaoatioo for this dispaJ ily is erosico ot&cs from the 

13 



( 

( 

. ;¢ • 

GEO-HAZ Consulting, InC. 

7900 
® S6j DE Feu 'sec ro ..... -r--

7880 ..;()I INtel I4.ptC r'f- '---r./ 

7860 
V 

.~ 
..".. 

E: 7840 
§ 

W 
JE 
~ 
~ 
~ 

Pr rIot , .. .... - --'" 

"../ VI L 
I 

V . \ 
I 

lena ~" /;f \ 

i 7820 
" ~M 

~J .::t ..A' 
TIef' ich~ .. -,-

V <; ~ loU 

---' 
7800 /. ........... ./ V\ I-----

.... V- I---' IR:JI ~ll 0-.... .". .. . / T"" ...... I,.. 

7780 
...... 

/- .... -.... .' 
I_-

hi t~ ~~~ 
f'AJJ ~" r- I 

7760 

o 100 200 700 

Fig. 4. Longitudinal topographic profile dowa the imcmltdi:te • *viii &n; eievacion 
data are from 2 ft cootour map ofFlMAD. Trudia 2 IDd 1 .-e 011 iDe, Trmches 1. IDd 
Ib are projected from IOlah oltbe line.. The .... rLtbe oppel' &. is leu m.. tt.I at 
the lower tim. Vertical ."..,Itior Sx. 

I@ 
V ' 
v--



( 

( 

GEO-HAZ Consulting, Inc. 

upthrown block, which subsequently buried boulders on the downthrown block. 
The other three lineaments farther west OD the fan have an even more obscure 

geomorphic expression. 

3.2 Trench 1 • 
.3.2. J Geomorphology: 

Trenches 18 and Ib arc located OD the afi2 fan surface. across the northward 
projection of the linear, N-S-tmlding reach of the modem channe1 (Fig. 3). Due to the 
uncertainty of projecting the inferred structural trend, the Trench 1 originally suggested by 
McCa1pin (1991) was replaced with two overlapping trenches. The farther downslope 
trench was Trench la (Fig. 5), which was S m deep and 25 m loog. and intersected the 
structural projection near its head. Trench 1 b was parallel to Trench 1 a but shifted 5 m 
farther north, and overlapped the western 2 meters of Trench la, so that no oorth-trtDding 
strucblreS could pass betweeo the two treocbes. 

The northward projection of the linear channel reach climbs up onto the fim 
surfilce at a 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 has a lower gradient. The slope break appears to mark: the apex of a 
younger sub-fan (a1il on Fig.3). This sub-fim was probably fonned when stream flow 
jumped out of the modem cbanne1 at the 300 change in direction at the upstream end of 
the 60 m-Iong linear reach. 

3.2.2 Stratigraphy: 
Trench 1 a exposes five parent materials. five soils, and nine toil borimo.s that can 

be mapped over the 2.S m Ialgth of the trench (Fig. 6). Tbc youngest parent material (unit 
1) is a 0.5- 0.8 m-thick debris flow deposit, consisting ofan Ibundant, pale brown, Ioote 
silt matrix surrounding angular clasu of tuff up to 25 em in diameter. The color and 
friability of this deposit arc similar to that of the uppermost Holoccoe eoUu~ units 
exposed in the seven treoches excavated across the Pajarito fault in 1997 (McCaJpin, 
1998). 

UlICOoformably uncIertyins unit I is I scoond debris Bow deposit (unit 2), the 
matrix of which bas been partly transfocmed to • modcra:teiy eobesive red clay by 
pedogenesis. Unit 2 contains angular tuff clasts up to 30 an in m.mettt', and matrix 
comprises about 6O'A. of deposit volume. Subjacent parml material 3 is I better-sorted, 
clast-supported gravel in which clasts are subrounded and imbricated upslope. The 
sedimentology of this unit. and the wftI..Jjng of ru lower COOLId into subjKaJt units. 
indicates this is. fluvial gravel trmsported by dear-waitt' or byparonceobated Bow. The 
red color and pcdogcocsis in Unit 3 is a C()II1ti,.lItion oftlw ill Unit 2. 

M the base of unit 3 is an erosional UDCODfonnity cut into older, denter, IDOf'C 

cohesive deposiu. The uppermost part of unit -4, which bas beerI partly eroded, comists of 
• 10-15 cm-tha clast-free sih. This bed (unit -4EBb2 on Fig. 6) is probably III 0Yabank 
d~ ahbougb it could also have • loess COIDpO'Yftf_ More 
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importantly, the bed nwics a paJeG-ground surface that was exposed for some time before 
deposition of unit 3. The remainder of Unit 4 is debris flow beds, with an upper, cobble... 
rich unit (4Btbl) overlying a clast-poor. compact massive silty sand (4Bt2b2), which 
overlies a debris flow bed with subequal paru clasts and matrix (4Btb3). Unit 4 totals 
about 1-1.5 m thick. Rare. amaI1 reworked pebbles of pumice appear in subunit 4Btb2, and 
may be the Bl Cajcte pumice. 

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

3.2.3 Soils: 
In addition to the weak surface soil there are four buried soils mapped in Trench 

1 a (Fig. 6). The surface soil is restricted to unit 1 and is composed of A and Bw horizons. 
A single buried soil (J) is developed in units 2 and 3, and it contains five textural B 
horizons (Appendix 3). Unit 4 contairts buried seil2, composed ofan EB horizon 
developed in a clast-free silt (uppermost unit 4), and two subjacart textural B horizons 
developed in debris flow deposits. The lower 113 ofuoit 4 bas incr~ 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 213. Unit 5 cooWns a buried soil with 
three 8t horizons. In each oftbese buried soils. Bt horizon development is stronger in the 
upper part of the soil and weakens downward. Eric McDooald described a deW1ed soil 
profile at 10.6 m on the horizontal scale of the trench (10.6 mH) after we bad logged the 
trench (Appendix 3). 

The degree of soli development in Trench 1 a can be compared to that of dated 
soils elsewhere on the Pajarito Plateau. as described by Reneau and McDonald (1994, 
Table 2-10). Using the Profile Devdopment Index (pOI; Harden. 1982; Harden and 
Taylor, 1983) as a quantitative measure of soil development. the POI value of7.6 for the 
surface soiJ (Table I) is similar to PDI= 7.4 for the soil OIl tm3Ce Qt7 in R.eodija Canyon, 
which is dated at 3 b. Thus. unit 1 is late Holocene. T:be curm1ative PDI values at the 
bases of buried soib I and 2 arc 50.8 and 69.6, respec:tivdy. The 1atta' value is very 
similar to the net POI in the post- EI Cajete soil exposed in soil pit WJR-S. which ..... as dug 
into a Qti fan about 2 Ian south of our alluvial &n. During the field review oftbe 1998 
trenches in July, 1998, reviewa' F. H. Swan collected some decomposed pumic;e pebb6es 
from urot 4Bt Ib2. AJthough it was not coo6rmcd that this pumice wu the FJ Cajae 
pumice, the aunu1ative PDI value at the base of buried soil 2 is essentially identical to that 
of a post-EJ Cajete soil at pit WJR-S (R.tneau and McDooaJd. 1994, p. 82-86, Table 2-
to). 

Buried soils 3 and 4 have cumtlarive PDf values of 102.9 and 140.8, respectiveJy. 
According to the POI chrooofunctioo ofMcDooaJd (1999, p. 6), these POls SlIsgest ages 
of99-157 k.a and 161-255 ka, respec:tivdy. 

3.1.4 Savctwe: 
Ther'e wen: DO visible tcctonie dc:formatioa structura in Trench 1 L SewnJ unit 

contacts have sections that dip up to 45° (e.g., the oat 2al3a corQd). but at these 
locations subjacent conbcts lie subborizoIul. tIms ruing 0Ul • tedonic deCormation. 
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origin. All ofthc cootactl that dip more steeply tIwl the ambient fan gradient (60
.7°) are 

interpreted u fluvial cut-and-8lJ contacts. 

3.2.5 Geochronology: 
No radiocarbon or 1uminescence samples were coUected &om Trench 11, mainly 

because. in the abte:oce "f -ny deformation. a precise chrooology of depotition wu not 
required. Soil POI values, pluJ rare pumice pebbles. Il1ggest that unit 4Bt 1 b2 may be 
about the same age u the El Cajete pumice, i.e. 50-60 ka (Reneau et aI., 1996). 
According to the latest POI cbrooofunctions of Eric McDooald (McDonaJd. 1999», the 
bases of buried soils 1,2, 3, and 4 are dated at roughly 42, 68, 125, and 202lca (Table 2). 

3.3 Treac:b 1 b 

3.3. / GeomorphoIbgy: 
Trench Ib cootinucs up &n from the western Old ofTreoch I. (Fig. 3), and 

approaches within about 5m of the edge oftbe steep ftuvial cut slope that desc.ends ca. 5 
m down to the modem cIwmel. AD along this chanDel edge a suM.eeI ridge of boulders 
indicates that • Daturallevee was deposited. The we!!ernmost 4 m of the trench begins to 
ascend this levee from the afi2 surface (FJ8,. 7). Trench Ib is 22 m long and up to 4.5 m 
deep. 

3.3.2 StraJIgropIry: 
Trench 1 b cootaiDI dchriI t10w and 0uvW gmeI depoIiU divisible into five major 

parent materials (Fig. 8). aD oCwbich corrda1c to JimiJIr.uumbend paraIt maaeriaIJ in 
Trcoch lL Howeva-, units 2 and 3 are thdcf' in Tradl tb (2.S.3.8 m) tbaa in Trmdll. 
(1-2 m). Because of this inczeo:d thiclmess, UIlits 4 and S are encountered &tther beneath 
the ground JWface, and ooIy the upper 0.4 m ofunit S is exposed, compared to' 1.2 m 
thickness exposed in Treac:h II. Alana with the iocn:ucd tmcbea ofUDitJ 2 and 3 there 
is more variability in tedimcntolosY. Most olUnit 2 is debris ftow deposits (unit 2&), but 
two Ic:nses ofgravels in the bead of the treocb appear to be fUvial8fBVd (UDits lb, 2e). 
Likewise. most ofunit 3 is. itJllified fluvial grave! (UDd 3.). but two 1DItrix.ficb Icmea 
occur oear the bead of the treDc:h (uaitl 3h. 3c) thai are prot.bIy IIDIII debris flow 
deposits. This sedimemoIogic variation probably results from the .,. mindy or the bead of 
the trench to the modern drainage m.nnel of the fm. and the iDa eased probebility of 
encoontcring flood- and levce-rdaled Iemes.. 

The clast-free silt that capped u.oit 4 in Trmch I. is miNas ill Trmdt 1 b, and 
indeed the upper two soil borizoos ofunit 4 Ire erosionaJJy truncated in mid-treodL This 
truncation. aIoog with the increased tbickneu of unit 3 gnwk, pagests tbIa ftuviaI 
erosion stripped off the c1ut-mc silt prior to deposirica olund 3a. Aside from the 
differences just cited. the mnainder of parmt materials in Trmcb 1 b (units 1, 4, and S) are 
identical in sedimeuolosY to equMJeot units in Trmcb lb. 
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3.3.3 Soils: . 
The surface soil and fOUT buried soils exposed in Trench Ib are similar in setting 

and development to the soils in Trencl11a. Eric McDonald descn"bed a detailed soil profile 
at 13mH and computed cumulative POI values at the bases ofthc surface soil and buried 
soill. These PDI values, 6.8 and 52.9 respectively (Table 2), are essentially identical to 
PDI values from Trenclt 11 at the same stratigraphic level (7.6 and 50.8). Again, the PDr 
values suggest that units 2 and 3, and their soil (buried soil 1) post-date the EI Cajete 
pumice, whereas the upper beds ofunit 4 may be approximately coeval with the pumice. 

3.3.4 S/rucbn'e: 
Trench 1 b does not contain any tectonic deformation structures. The truncation of 

units 4Btlb2 and 4Bt2b2 in mid-trench is ascribed to fluvial erosion, because underlying 
contacts are not deformed. Likewise, the lenticular and irregular contacts of sub units at 
the head of the trench, such as unit 3b, are attnbuted to ero$ional channeling in a fluvial 
sequence. 

3.3.5 Geocluonology: 
No radiocarbon or lumioescence samples were coDected from Trench I b. Soil POI 

values, wher. a~plied to the PDI cllronofuoction, suggest approximate ages of 1.9 lea for 
unit 1 and 4j ka for the base ofunit 3. 

3.4 Trench 1 
3.-1.1 ~omorphoIogy: 

Trench 2 (F&g. 9) wu excawted across a wdl-preserved eut-tacing mini-scarp (()... 
12 mH on the trmch Jog; FIgS. 3ad 10) that is fi'otud by aD aoomaJousJy ftat section of 
the fan (12- 20 mH OD the log). The scarp face slopes up to 11° cut (or 4° deeper than 
the average fan gradient). wbcreas the _flatM area slopes only 3°-40 east. However, this 
mini-sc:arp is best developed only within about 10 m of the edge of the inciJed modem 
channel. When traced northward across the afi2 IllIface the scarp disappean. Thus, prior 
to trenching we swmised that eitber: (I) the minHcarp was an erotiooai or deposirionat 
feature. or (2) the scarp wu tectonic, but bad been eroded or buried in the umet' of the 
fan. 

3.-1.2 Stratigraphy: 
Treocb 2 c:xposes four major parent materials that are roughly equivalent to uniu 

1-4 in Trenche! 1& and Ib (Fig. 10). Uoit 1 is a gravel. with clasts up to 30 em, in a loose, 
Mfluffy-, very friable matrix ofvery pale tm-to-beigc silt. The lade of stratification and the 
silty texture of the DWrix SlJ88C:Sl a debris Bow origin, but the powday nature of the pale 
silty matrix seems to contradict a water'-Iaid origin. This unit bas probably bccD subjected 
to some amount of downslope creep. Unit 1 is very simibr in cob' and friability to the 
surface coUuvium eftCOUDlered in the 1m f,tDCbes across larger scarps oftbe Pajarito 
fault zone. 
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Fig. 9. Photographs ofTrmcb 2. (a) V.ew!OUtlast dowft trmcb 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 ofunit 2 (unit 28) is a pebbly debris flow that 
maintains an essentially constant thickness of 0.9 m beneath the grounif surface, and is 
draped across a lens-shaped debris flow (unit 2bBt2b 1) composed of large cobbles. 
Between these two subunits is a small fluvial grave1lens (2bBt 1 b 1). The coincidence of 
the surface mini-scarp with the subsurfilce extent oCthe cobbly debris flow (subunit 2b) 
suggest that the scaI1l was created by depositional, rather than tectonic processes. For 
example, the contact ofunits 2 and 3 is essentially horizontal and unfaulted, so the present 
funn of the mini-scarp cannot be attributed 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 
28 buried this area, preserving the easterly slope of the top of unit 2bBt2bl. 

Unit 3 is a fluvial gravel similar to those in Trenches 1 a and I b, but slightly thicker 
(1.8-2.4 m thick: here). One of the three subunits (unit 3c) is a matrix-supported debris 
flow ca. I m thick. which toward the eastern 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 1 a and 1 b, 
and contains a fluvial channel (units 4b2, 4c) and well-sorted fluvial sand deposits (units 
4a, 4e), as weD as matrix-supported clast-poor debris flows (units 4a, 4bl). However, unit 
4 here is similar to unit 4 in Trenches la and Ib in that it represents an abrupt decrease in 
grain size, and increase in density and cohesiveness, compared to the overtying unit 3 
fluvial gravels. The uppermost bed in unit 4 is a relatively well sorted sandy silt containing 
pockets and miogers of pumice pebbles. The oear-constant thickness of this unit (0 .25-
0.35 m), its good sorting, and the presence of pumice pebbl~ much larger than the silt 
matrix suggesu that this unit was deposited in quiet-waler suspension conditions in a 
broad abandoned channel or slough. The larger pumice pebbles were probably partly 
buoyant and thus bad a Stoke's settling velocity nearer to fine sand or silt tlwl to nonnaJ 
pebbles. Abundant biotite pbenoaysts indicate that the pUJDice is EI Cajete. 

Units 4bl, 4b2, and 4c are confined to a chanoeJ that is cut into 4d and 4e. In total, 
only two of the subunits ofunit 4 here (4b I, 4d) are debris flows similar to those which 
make up the buJk ofunit 4 in Trenches la and lb. Thus, it is unclear if the unit 4 beds in 
Trench 2 are correlative with unit 4 debris flows in Trenches ) a and j b, or whether the 
Trench 2 pumice and fluvial sand beds are younger units whose correlatives were removed 
by fluvial erosion along the unit 3Junit 4 contact at Trenches 1. and lb. 

3.4.3 Soils: 
Trench 2 contains a surface soil (A, BA horizons) developed on unit I, • buried 

soil I developed 00 units 2 and 3, and a possible buried soil 2 developed in unit 4 . Because 
we did not observe significant signs of pedogenesis in the beds of unit 4, we did DOt 

include a buried soil 2 in our treocb map units. but instead defined the map units strictly on 
lithology. In contrast, McDonald defined. buried soil 2 in our parm! material unit 4. 
Aside from this diffeleoce, the horizonation "fthe surface soil and buried soil 1 is IimiJar 
to that in TreDCbes la and lb (Appendix 3). The POI vWes oftbe surface sot] (6.S) Ibd 
the base ofburied soil 2 (57.6) are similar to YaIucs from Trmches la and Ib (fable 2). 
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3.4.4 Structure: 
AU 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 4d14e and units 4b 1/4c at the bottom 
center of the trench. The original trench floor was at the level of the 4b 1I4c contact.. and it 
was Wlclear if this >450 contact was a fault, or more likely, an erosional channel margin. 
Accordingly, we hand-dug the trench floor down an additiooal 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(1e~~I~: 
The presence of reworked pods of biotite-bearing pumice, almost certainly EI Cajett 

pumice, in unit 48 gives us the best chronological control in the four trenches on the 
alluvial fan. Although this reworked pumice clearly postdates the E1 Cajete eruptions by 
the some time span. the POI-based age estimates for buried soils 1 and 2 in Trenches 11- 2 
(42-45 lea and 51-68 ka, respectively), whiGb bracket the reworked pumice, also bracket 
the CWTently accepted age span of 50-60 lea for the EJ Cajete pumice. Thus, we infer that 
the pumice was eroded soon after deposition and redeposited on the alluvial fan within a 
few lea of the E1 Cajete eruption. 

3.5 Treuth 3 
3.5. J GeomorpholDgy: 

Trench 3 is located ooly 5-10 m from the apex of the aUuvia1 fan (Figs. 3 and 11), and 
is 15 m long and up to 5 m deep. Tbe alluvial fan IlJJ"&ce in the eastern 213 of the trench 
(east of 5 mH) slopes east a ca. 5°, or somewhat less than the fan gradient at Trenches 1 a, 
1 b, and 2. The ground surface west of S mH slopes at ~ 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 SlTtIIigraphy: 
Trench 3 contains three DlIjor pareot materials that broadly correlate with W1its 1, 2. 

and 3 in the othef" trcDcbes (Fig. 12). Unit I is a cobble gJaYel with. pale beige, 6iabIe, 
silty matrix. West of S mH it contains thin, slabby clasts oftuft"tbat Ire CODIiderabIy larger 
and more angular than the other clasls. We infer that these IIIbs were deposited in UDit 1 
by colluvial creep processes from the &uJt scarp direaIy west oC the tRDch. In contrut. 
Unit 1 east of 5 mH is matrix-supported aDd rc:strMles • debris flow deposit. 

Unit 2 is a matrix-supported. pebbly and cobbIy debris flow with • matrix stained rcd­
to-orange by pedogenesis. rU sedi.rnentology and thickness (0.7-1.6 m) are similar to that 
of Unit 2 in the other a1hMaI &n treDcbes. 

Unit 3 comprises the itJIwinder ofthc trmch ... add is atfficia.1y thick (2 ..... 3.3 m) 
that unit 4 is DO( exposed in this 5 m-deep trend1. Umt 3 in Trmch 3 is DOl cxiy 0.5-1 m 
tbicJcer than unit 3 in the other treoches. it exw.ai, ... bisber" pcoponioa (>SO%) of matrix­
supported submits than in other benc:&s. The uppamost subunit (3.) "",ties 
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the fluvial graveIa ofunit 3a in other trenches, but the lower matrix-supported subunits 
(3b. 3d, 3e) are apparently debris flows. 

All three parent materials contain anomalous largt': ~lar stabs of Bandelier Tuff in 
the western 1/3 oftbe trench (only the largest of these rocks are portrayed on Fig. ). 
These slabs probably indicate the downslope limit of coUuviation coming from the tauJt 
scarp directly west of the trench. 

3.5.3 Soils: 
Trench 3 contains only two soil&, the SU1face soil developed in unit I, and buried soil 1 

developed in units 2 and 3. The degree of soil devdopmem in these two soilt. u 
represented by cumu1ative PDI, is virtually identical to that of similarly-numbered soils in 
the other trenches. The surface soil has & POI of6.1 (compared to POI=7.6, 6.8, and 6.5 
for the su.rfilce soil in Trenches II. lb, and 2) and the base of buried soil 1 has & 

cumulative POI of50.9 (compared to POI=SO.8 and 52.9, for buried soil 1 in Trenches 1& 
and Ib). 

3.5.4 StnlcI1ITe: 
No faults or foldJ are exposed in Trench 3. 

3.5.5 Geochronology: 
The pumicc-bearing beds ofUnit 4 are oot exposed in Trench 3. so age estimates rely 

only OD soil POI values. According to the POI chroDOfunction ofMcDooa1d. the base of 
unit 1 is ca. 1.9 lea. and unit 3e is ca. 42 ka. This latter age is somewhat)'Otll9l" tbao that 
of the EJ Cajctc pumice. and is consistent with our iDtefpretatioo that pumice-bearing unit 
4 is ~ the ftoorofTreocb 3. 

3.' Ovenllhterpreeatio. oldie AhYfaI Pu Ttadia 
The loogitudina1 topogJ1pbic pro6Je oftbe aDuviaI fin (Fig. 4) IDd the compotite plot 

of all four trench logs (Fig. 13) show IIOIDe geomorphic relations OIl the aJJuyjaJ &0 that 
have an indirect bearing ()Q Quata'DIry fauhing. Fnt. the faD gndiaJt ~ 
dec:rcases toward the fan bead (Fig. 4). This trend is opposite to that usually fOund OIl 

alluvial fans, and may indicate that the WI has becu baclaiIted coward the Pajarito fault. 
along structures that presumabty uaderlie the large fiwJt tcaIp west of the fan.. Secood. 
older Pleistocene units (unit 4 and S) are found closet to the grouod surfxe faI1ber 
downfan. This indicates that Iatef' Pkistoune UDits (uau 2 aod 3) Ire tbinning downfan. 
SuclI tbinnina indicates that units 4 IDd S slope eat eYaJ less ItafIIy tt.I doa the JrOUDd 
surface, suggesting they may be more blddilted than younger uaib. J'bird.. witbia uuiu 2 
and 3 debris flow facies become more ahmct.nt toward the tad of the tin. For eampJe, 
Unit 3 was initially defined u 1001.4 welHorted &vial srawt ill Treoch ta.,1Dd eYftI in 
Trench 1 b unit 3 contains oaIy ODe small ic:ns of maIrix-tUppOrted gravd (uait k). In 
Trench 3. bowever, more than half the stratigrIpbiC didmen 01 uoit 3 is matrix­
supported. This trend suggests that many ddJris ftows thm deposited IDIta'ialIt the WI 
bead did DOt exteod &rthcs- dowD the faa 10 the sUs ofTrmcbes 1. IDd lb. 
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Schematic Longitudinal 

NOTES 
1 . Fan gradient decreases toward the fan head, whereas the reverse 
alluvial fans. This anomaly suggests that the fan has been tltted to the 
the large scarps of the Pajamo fault. NO FAULTS APPEAR IN tHE mENCH 

2. Older Pleistocene units are found closer to the surface farther """"' .. -
Indicating that later ~ocene and Holocene units are thinning . 

3. The downfan-thlnning of younger units suggests that the underlying 
even more back-tilted to the west 1han is the ground surface. 

4. WIthin unit 3 (flLMal gravel, pink on logs) debris flow facies become 
abundant toward the fan head. 

5. Lenses of rewoO<ed EI Cojete pumice appear at the top of lJ1It 4 
where 1tle upper pat of urn 4 (hor1zons of buried soil 2) has been 
erosion. POI-based age estimates fO( 1he top of unit 4 range from 42 
ka (Tl b). Unit 4e in T2 (beIoYI1he reworked pumice) is est1mated to be 
AGES BRACKET THE El CAlElE PUMICE. md cre comparcDle to C-14 
from other locations. 
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3.7 Treadi " 
Trench 4 is located at the ba5e of the Western Splay Scarp, roughly 650 m north of 

Canyon de Valle (Figs. 14, IS). The trench is 44 m long and up to 5 m deep (Fjg. 16). 

3. 7. J Geomorphology: 
Trencl14 is located on a analJ alluvial fAn built out from an 1lflDI.mCd creek that QJtJ 

through the Western Splay 5CaJl) (Figs. 2 and 14). Thi. fan is approximately 250 m long in 
the downslope (east-west) direction, 275 m wide in the 1CC0g..dope (north-JOUth) 
direction. and descends from 8120 ft to 8050 ft elevation at an average gradient of S°. The 
modem channeJ is incised 2.S-3.S m into the fan head. with the depth ofincision 
decreasing to 0.5 m at the fan toe. 

McCa1pin (1997. Plate 12) mapped fan surfAce! of three ages here. The bulk oftbe fan 
is composed of a symmetrical cone sloping 6-7 degrees east. and was mapped as &I] 

int~age fan (as). This age designation was meant to indicate that the fan was 
probably DOt Holocene (10 view of the amount offAn bead iDciIioo). but DOt necessarily 
that the fan was pre FJ-Cajete in age. McCa1pin (1997) did DOt dig any soil pits on this fan, 
nor did E. McDouaJd, and the fan is beyond the mapping limit ofRmeau (1996), so no 
definite data existed on the fan age. Tbc area adjacent to the incised modem channeJ is 
mapped as 81, and is certainly Holoceoe. On the eastern margin of the fan • Iower-gradient 
extension of the fan is infaTcd to be older than aft. due to the greata'1ocal rdief 00 the 
surface. and this area was mapped u alo? (o&d albW fan). This IF dnigMtioa it 
rd&tivc, but is presumed to be coosida'abIy older than the FJ Cajctc pumi<:c. 

The geomorphic IDOOlaIy that initia1Jy attracted our imeral, aod led to Treoch " beins 
excaY3!ed here. is • sma1J scarp and bcocb It the fan bead. The tcarp strikes N 200-300 W 
or 200-300 more westerly than the N..s-tn::odiog W~ SpAay 1CII'p. aDd is Ibout " m 
high. Ai the base of the smaD scarp is an 1 S m-wide beach that slopes 3°-40 eut,. or r-3° 
less than the gnwtiaIt oCthc afi &n ~ cut. Both the scarp and bCDch are covered with 
a dense grove of Gamber. oak. which is anomalous io the Pajarito faWt moe. and typically 
indicates either local spring seepage or soils with III incrr:ocd wucr-boldiog capKity. No 
boulders appear OIl the !UIface 00 the beocb, aItbougb they appear .JddenIy OIl the euum 
margin of the bench beneath • sharp, north-tJendins Iioe oflarge come,. trees (maiuty 
Douglas fir). This line oftrccs marks. linear break in the slope of the fan IUd in au&ce 
nwteria1s and vegetJiioa type. 

In the vicinity of the fan, the Western Splay scarp splits do I double 1CIrp. with the 
bigher (15-21 m-bigh) scarp 011 the west., IUd' a IIDIDer (6-9 m-bigb) scarp on the eat. 
These two scarps arc separated by a ~ bmch that widems to..o m wide 
north of the unnamed acck.. The smaller" eastern scarp projec:U betIeIth the &II tad. and 
its projection coincides with the anomalous -"ad ICIIp ad beodL 11uI McCalpin 
(1997) inferred that the scarp 011 the WI IDlY repaaJt post-lfi f.wdting. and the bench 
might be a grabc:a that hid been bac+fiDcd wiIh aIuvium lad ilia" IIopewasb. He 
suggested trmcbiog this fan bead becIuse it is ODe oCtile few localities where Iaodfonns of 
suspected tectonic origin occur 00 an intCf'lDCdiate..ag fan. 
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FIg. 14 . GeaogIc map at the tn~ aIkNIaI foo at the base 01 the Westem Splay Scarp, and location of Trench 4. 
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Fig. 1 S. Photographs of Trench 4. (&}- CJeariDg trmch footprint in the dmse oak grove 
before excavation; view to southwest . 
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3. 7.2 StTaJigraplry: 
The Itratigrapby exposed in Treoch 4 is more complex than wu anticipated aDd is DOt 

complete!yy WJdcrJtood. We have subdivided the strata into three geoera.l groups that 
occupy the eastern, central. aDd western thirds of the treocb waD. In the eutem 1/3 oftbe 
treDch. subborizoDtal alluvium and debris ftowsaro termed the 'aUuvial fAn facia", and are 
subdivided iDlo 4 mljor units (9 subunits). In the watem 113 of the trench (Le., that part 
underlying the upper tcarp face), deposits of poorty-sorttd coI1uvium with aosuW' tuft' 
clasts are tenned the "colluvia1ltalus facia",1UbdMded into 4 major units (13 1UbuDita). 
The eemraI 1/3 of the trench is composed of. complexly deformed zone with deposiU 
transitional between the aDuvia.I fan and coUuvW facia ('"facia transition :moej. Our 
correIatioo of major units 2-S between the alluvial fan and cot1uYialhah1J facia relia OIl 

correlating beds in both sequences with those in the trIDsitioo zone, and due to later 
deformation thiJ correlation is IOIDeWhat temouJ. 

Prior to bClcing we aotiGipatcd that: 1) the Trmc.b would expose aItematins beds of 
debris flow and ftuvial deposits, much like exposed in Treoches la-3, 2) thal theIe beds 
would be otDet by an east-dippiug oormal fault beneath the SCIIl'. and 3) that fioc:r­
grained graben-fill beds would underfie the bc:ocb, and would tmninate abruptly bc:ncath 
the eastern bench margin against an antithetic normal fault. NODe of these assumptions 
turned out to be true. 

The eastern half of the trmch exposes • scqueoce of subborizontaI debris flow and 
ftuviaJ gravel beds similar to thIt expected in an aJhMa1 &n sequence. This ~ is 
Iabded -alhMaI tan tade$- 00 F'Jg. 161Dd aU unit libels iDcIude the letter -.- for alluvia! 
fan deposits. Only the uppamost oftbele beds (UDit 2&) is dearly a matrix-supported 
debris &W, and it is the only bed in the teqlteDCe ~ top IIopa east at my AgtJ&;:a'1f 
desree. Subjacent beds are modenteIy wdl sorted and imbIicated subrouDded grawIs, or 
sand beds that do not have debris-ftow texture or lOfting. The major beds in this ftuvia1 
sequence (3&4,411. 4a2. 5.) are eumtiaDy bcrizooIal, ie. they do DOC slope 3°-4° eat II 
does the beucb, rrucb less 6°.7' east u does most of the ali &n. From the 1entia1lar shape 
of some units (31 I, 3a2. 313, 4a I, .tal) the buspor1 diredioa of tbae ftuWI dtposits 
wu at • bigh angle to the strik.o oftbe trc:ncb.. Such 1 loutheasterly traospon direc:boa 
could be explained U 1 result ofthc oormal radial mode offan deposition, or as th8 result 
ofsoutbward flow down the axis ofa ~ structural sag. Howevu, 
evidence for the latter is missing (sec Sec. 3.7.4). The lowest unit in the alluvial fan sedioft 
(unit Sa) is considenbIy finer- grained and denier than the ~ coarse ftuvial grawis. 
In t.biJ regard unit 5a resembles unit" or Sin Trencbes 1 .. 2. wbich were oobesive debris 
flows distinctly oIda' thaD the ~ looser ftuviaI gravels. 

The beds at the bead of the treocb. beora!h the upper scarp face. do not resemble 
either ftuviaI or debris Bow deposits, but their exact origin is UDCatain. The most strikias 
aspect oftbese beds is their high content 01...- slabs of tuft' tbIt share VfS'J similar 
orientations (FIB- 17). In some units (e.g.. I cBw. 2c:2Bt) there are 50 II1IIJy Rooes and 10 

little matrix that the dcpostts resemble talus. In most dtposits boweva'. the ugular IIIbs 
of tuff' are -floaring- in a bard. c:obcsive, O'OOizrd IDItrix ol sandy .. to salty aod.. 
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Fig. 17. Photograph of steeply-dipping tuff slabs at the bead ofTrcncb 4. 
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However, even where tuff slabs comprise only 10-20010 of the deposit by volume, slab long 
axes share a consistent orientation. 

A due to the origin of this clast fabric comes from units 3c2, 3e3, and 3c4. Unit 3c3 is 
a clan-free silty sand that is recognizable as a distinct bed in this generally homogenous 
and chaotic ·colluvial" sequence. Although the bed bas been folded. clast long axes in the 
units above and below unit 3c3 parallel its upper and lower contacts. TIna the original 
long-axis orientation of slabby clasts was probably parallel to depositional contacts, rather 
than having a steep initial imbrication. Strong, slope-parallel 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 Ie, 2c, and 3c beneath the upper scarp face are 
interpreted as conuvial deposits shed from the 15-21 m-higb western scarp of the Western 
Splay scarp. 

Subjacent units 4c and 5c are more thinly bedded. better sorted, and resemble the 
fluvial beds of unit 4 in Trench 2 on the intermediate-age fan f.uther north. Unit 5c2 
contains 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 t:ransition beds with beds to the east and west is complicated by the subsequent 
deformation that affected deposits in the middle and upper treach. Generally, deposit! in 
the facies transition zone are coarser-grained than beds in the colluvialltalus facies, but less 
well sorted and stratified than beds in the alluvial .6m facies. The thickest unit in the 
transition zone, unit 3t 1 0, is a chaotic coUection of large (up to 1 m in length) angular 
slabs of tuff with random orientations. The second-thickest unit, unit 4t4, contain! similar 
slabs with a consistent long-axis dip to the west. Comparison of these units suggests that 
unit 3t10 may have originally possessed a consisrent fabric like unit 4t4, but that filbrie 
was destroyed by internal deformation. 

Independent evidence for internal deformation in the transition zone is the bimodal 
nature of units 319 and 412. both ofwbich cootain a subequal mixture of subround pebbles 
and cobbles mixed with angular slabs of tuff. This physical mixture of clasts from alluvial 
and colluvial 5OW'ce5 is unusual in a single bed, and argues that two adjacent beds of 
dissimilar content wenl pbysicaJJy mixed. A third line of evidence for deformation is the 
anomalous west dip of units 4t2. 413, and 4t4 (dicrussed later). 

The lowest beds in the tTansition sequence (unit 5t) are weD sorted and stratified 
fluvial sands and gravels. Although these beds arc subborizootaJ and appear relatively 
undeformed, they may contain subborizoouJ shear 2OnCS. 

Our preliminary stratigraphic correlation between the a1IuviaJ. transition. and coDuvial 
facies zooes rests on three observations. Farst. the basal uniU in aD three zones (UDit S) are 
considerably densec and more matrix-rich than ~ units_ This difference in density 
sugge$U that units So, St, and Sa are aD apptoximately the same age. Second. in each zone 
there is an apparent unconformity between uuits that we term 4 and S.ln the aUuviaI fan 
facies this is an erosional unconformity. in the transition facies it is I stroog angul,lr 
unconformity (perhaps ~ with • slump pIaoc). tDd ill the colluvial facies it is a 
weaJc anguJar UDCODformity. 1"httd. units in the upper pan orUDit .. in the aJh:Mal fan fAcies 
(411) and in the coDuviaJItaIus facies (4Gl) have Dearly iddIricaI tIdiocatboo ,ages {29.570 
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+1- 150 vs. 30,910 +1- 180 C-14 yr BP, respectively). Based aD these observations, we 
correlate the dense basal units (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 00 their relative position above unit 4 and below unit I 
within each section. Unit 1 can be physically traced aloD8 the entire trench wall. 

3.7.3 Soils: 
Eric McDonald measured detailed soil profiles at S.4 mH, 6.S mH. and 27.2 mH (Fig. 

16, Table 2, and Appendix 3). The profile at SA mH extends through soil horizons that 
dip ca. 45° west on the west limb ofan anticline, wbcrcu the profile at 6.5 mH is 
approximately centered on t~e 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 uniu 
2c2Bt and 3el, both of which lie above and are younger than our unit 3c2. His buried soils 
2 comprises our map unit 3c2, whereas ru, buried soil 3 includes our units 3c3 and 3c4. 

POI values from the surfAce soil arc 6.3-9.1, or similar to PDI values from the sumce 
soils in Trenches la-2. This similarity is c::xpected, because all5Wface soils share the pale 
tan. very mabie 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 ofequlvalent soils on the 
west flank of the fold (36.9, 61.7, 73.3; Table 2). This differc:oce is partly due to the 
tbinning of the soil column aD the crest of the anticline. and to the existence of the 
additional fissure fill (unit 3eI) on the flank of the fold. 

The soil profile in the aDuvia.l fan facies defines a sucfaoe soil coincident with our 
parent materialla, and three buried soil! approximately coincident with units 2a, 3a+4&, 
and Sa. The surface soil carries a PDI of 6.6, empbasi7.ing that parent material 1 and its 
SOi18fC essentially identical over the entire Jensth oftbe treach. Buried IOi1s 1 (unit 2a; 
cumulative PDl: 19.9), 2 (unitt 3.-+4.; cum. PDI-6I.7), and 3 (wlit Sa; cum. PDI-n.O) 
have c:.uoDllative PDls comparable to buried soils 1,2, and 3 in the c:oIIuvia1ItaIu facies, 
although the soils cannot be pbysic:aDy traced through the fAcies tnnsitioo moe. Readers 
sbouId note that we did not define any soil horizons within units 3, 4, or S when defining 
our trench mapping units. Age estimates bucd oa PDI values are cited in Sec. 3.7.5. 

3.7.4 Slnctrne: 
Trencb 4 contAins three distinct deformation zones. but the origin and relatioos among 

them ue not c:kar. The westernmost dc:formItioo %ODe (ZoNe C) UDderties the upp« scarp 
face &nd is essentially coincident with the coIkMalItaJus facies defined prcviousJy. UnitJ 
3c2, 3c3, and 304 are clearly folded into an anticlioMyncliD pair with ID amplitude of2 
m and a wavelength of 4-S m.. 00 the limbs of the fold, slab Ioog aa dip u JtoepIy u 
45°. The even steeper slab orienUDoos in 1.IDts Ie, 2e, aod 3c2 west of 5 mH are inferred 
to also result from folding. aJtbougb DO cfiscrete fokls are mapped here. Instead, • diffiJ.se 
east--dipping shear moe (0) disrupts urWt Xl. and • 1 m-wide fissure fiJI (unit lei) 
occurs 00 the west timb of the IIItidine Uait 3cl1l the ftoor of the tradl is immuptcd 
by several -finsen- of ~ c:oIhMum peadrldiug doMrw.d IIoas fisaIres or sbean, 
as ifthc unit was stretched borimr .... Oy into boucfinage The eastern limb oltbe ID6dine is 

2 .J. • 
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faulted down-to-the-east by a narrow subvertieal shear zone, but this shear causes less 
vertica offset of subjacent unit 4 than of units 3c3 and 3c4 on the fold limb. 

In swmrwy, the deformation of the coUuviaUtalus facies include features of east-west 
compression (the fold pair), east-west extension (the fissure till unit 3el and diffuse shear 
zone), and vertical displacement (vertical sbear 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, uniu 4 and 5 are not affected by the folding, which suggest that 
the fold is decoupled from the lower units. either within the lower part ofurnt 3eS, or at 
the 3eSI4cl contact. 

The second major deformation zone «B) is coincident with tbe facies transition zone. 
This zone appears to be a rotational stump, the headscarp of which truncates the folds in 
unit Je, and the toe of which is thrust over the subhorizontal gravels of the aUuvial-fan 
facies. AJthough the headscarp and toe failure planes can be closely defined by abrupt 
juxtaposition of dissimilar lithologies, and by truncation ofbedding. the central part of the 
fiWure 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 aU units above are tilted 7-8 
degrees to the west as expected for rotational movement- However, units St and 5e in the 
transitionaJ and colluvial sections do DOt correlate, in texture or cohesion. to the loose 
fluvial gravels of units 3a and 4a at the same elevation east of the slump. The bigher 
elevation ofunit 5t in the transition ~ne compared to 5a east ofit implies that unit Stl is 
also caught up in the slumping. The lateral truncation of unit 5a (which contains the EI 
Cajcte pumice) can also be explained if subsidiary slump planes penetrate unit 5t I. 
However, during our initial logging units 5tl aDd ScI were mapped as a single unit 
unbrolcco by shearing. Thus, the dashed W!ure plane through unit 5t 1 is justi1ied more on 
geometric grouncit than by fidd observations of shearing. 

It is unclear ifthc lowest unit in the traDsitioo zone (50) is also slumped, despite the 
abrupt contact of overlying unit 4t4 with unit 3&3 and 412 aIoog the toe thrust. Two 
possibilities exist (I) the detacbmcnt slump plane is It the top of Wlit 5t3. so it is in-situ, 
or (2) the slump plane lies beneath unit 5tl. At this time we cannot prefer ODe hypothesis 
over the other. 

The third deformation zooe (A) is composed of. single., subvatkaI.. dowD-to-tbc>-west 
(antithetic) normal fault at 3S mH. This &uk di"aaca units 384 through Sa by 20-30 an, 
but does not offic:t the top ofbwied soil 1 (unit 2aBt). AItbougb this aotitberie fault is in 
the same location as the antithetic fault inferred by McCaJpin from surface gcomorpboIogy 
(1997, Plate 12; also Fig. 14 of this report), it does DOt juxtapose fioc..grained grabeo fiB 
against coarsu 6w deposits. The net vertical displacement is <25% of the thiclcness of I 
typical bed in the fluvial KCtion. and no Idditiooal beds 0CQJt OIl the downthrown side of 
the fault that do not also exist on the upthrown side. There is I ~ agcstioo that beds 
east of this fault dip eastward pan1Id to the rest ofthc faa, wbereu beds west of the &uJt 
(i.e., beneath the surface bench) are more borizooaaI. 

3. 7.S ~ocJronoIogy: 
Age control comes from three sources: (I) presence of ~ (2) Joil POI values, 

and (3) radiocarbon and hlmi~JCC IgCS. A biotitc-beIring pumice is contained in unit 
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Sc2. According to IN. Gardner (personal C'.oIIIIN.lnication, Sept. 24, 1998) this pumice 
contains "components that look like they might be E1 Ca,jete-related. but they are trace 
compared to Bandelier-like components". lfthis is the EI Cajete pumice, it implies an age 
of 50-60 ka for UDit Sc2. 

Soil POI values suggest an age of ca. 80 lea for unit Sa in the alluvial section 
(Appendix 3) or an age-depth trend of 19 blm of stratigraphic thiclcne!s. Thus. the entire 
weU-stratified packages ofbcds in the lower and middle trench appear younger than 80 lea. 

POI-based ages in the colluvial section are old« at & given depth below the surtace 
than in the alluvial fan facies, but they contradict the C-14 age of30,910 from unit 4c2. 
The truncated soil profile on the anticline crest predicts an age of22 lea for the top of unit 
3c3, whereas the profile on the fold limb predicts an age of 511ca for this same horizon. 
The latter age defines an overall age-depth trend of27 kalm, or 43% older ages at simil..aJ" 
stratigraphic levels compared to the alluvial and transition facies. This fact, and the fact 
that unit 3c3 overlies the EI Cajete (1) pumice with & probable age of 50-60 ka, cast5 

doubt on the validity of the 57 lea age estimate from POI. 
Five radiocarbon ages can be used to calibrate the POI-based age estimates. In the 

alluvial fan &des, unit 3a 1 dates at 17,94O± 100 C-14 yr BP, and unit 4& I dates at 
29,570±150 C-14 yr BP. This Janer date is from a stratigraphic level similar to the base of 
unit 4a2, dated by PDI at 53 lea. Thus. the POI age for this 5tratigrapbic levd is 790,4 older 
than its radiocarbon age. This discrepancy could be ccplained iCthc dated organic material 
in unit 4a 1 was younger than its host deposit, but fitM obscsvations did not suggest the 
organics were intruded. The other, more likely, possability is that PDloverestimates 
deposit age in this section. 

In the facies transition zooe unit 511 dates at 43.66O±75O C-14 yr BP. This sample was 
only 30 em higher than the lenses of reworked pumice m unit Sc2.. lithe pumice is El 
Cajete (50-60 ka), then a date of 44 b from sligbtJy higher in the stratigrapbic Jedioo is 
reasonable. However, unit sa i5 also truncated in this vicinity. and there may be a slump 
failure plane within unit 5f 1 between the ractiocarboo date aDd the pumice. Unit 4c2, 
another wdl-stratified unit in the coIluviaJ facies that overlies the pumice-beariDg unit. 
dates at 30,910 +/- 180 yr BP. Oivc:n its stntigrapbic positioo above both the pumice and 
the 43,660 year date. this age Qf30 lea is MOSidered reliable. 

F"malIy, in the coUuvia1ItaJus maes unit 1 Bw dates at 142()f:5() C-14 yr BP and 1 cB w 
dates at 840 +/- SO yr BP. POI-based age estimates for the hue ofunit IBware 1.7 b (at 
5.6 mH) and 1.8 ka (at 27.2 mH). 10 an age of 1420 yr BP lea IIigbt1y above the base is 
rea5Ooable. The even younger C-14 age of unit 1 cBw can be inletprded iD two ways: (J) 
unit I cBw is even younger than unit IBw, despite the way the c-r.rQCI bc:twec:o these two 
units is drawn (al 5 mH), or (2) the dated. cba:rcoal wu inDusive and UDit lc.Bw is older 
than 840 yr BP. 

3. 7.6 Pok~ismic /nterpnlaticlf: 
FaultZooeA 

Along &u1t A the cootact between UDits 2Nlt aDd 3a4 is o«.:t. but DOt the top of unit 
2a8l The base of the parent material 2a debris t10w may be tec:tooicaDy otrset. 01" the 
debris flow may be draped over a smaD scarp ill the top of uait la4. Thus we mow with 
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certainty that unit 3a4 is offset, the base ofunit 11 may be offset, the top ofWlit 2a is not 
offset, and the top of buried soil 1 is definitely not offset. This brackets offset on this small 
antithetic fault between about 10 ka (estimated age of inception of soil formation for 
buried soil I) and 29.S lea (age ofunit 4al, which is slightly older than faulted unit 3a4). 

Fault ZoneB 
At the head of the facies transition zone. soil.3tBt is apparently truncated at the 

beadscarp of the rotational slump, but it is actually the parent material unit 3 colluvium 
that is truncated.. The 8t horizon continues westward into unit 3c2. Thus, displacement on 
this structure postdates deposition of parent materia13t9, and predates formation of buried 
soill [variously dated by PDI at 10 lea (27.2 mH). 14 lea (6.S mH; possibly a stripped soil 
section), and 26 lea (S.41llH; inherited POI components may cause an age overestimate 
here)]. Ifour correlation ofstrata between the alluvial fan facies and transition facies is 
valid. then the base of unit 3 is younger than 29 lea (the age of unit 4al). and the middle of 
unit 3 (unit 3a 1) is ca. 18 lea. Therefore the upper part of unit 3 truncated by the slump 
headscarp must be younger than 18 lea, yet it c:anies a soil that probably took 10-14 ka to 
develop; this relationship appears to bracket fiwJting between about 10 ka and 18 Iea.. 

The timing of movement on fault zone A (l0-29.S 0) is sufficiently similar to the 
timing ofsJump movement on zone B (10-18 b) that the two movements may be 
contemporaneous. This temporal coincidence raises the question of what caused the 
rotational slump. One DOntectonic explanation is that alluvial fan channels rwm.ing oorth­
south had underart the base of tile coUuvial slope, and caused the slump at the alluvial­
colluvial facies transition. Although this scenario is plausible. the relatively small channel 
deposits ofunits 3.1-313 would have to be responsible for this undercutting, since they 
arc clearly overthrust by the slump toe and are thus the last alluvial deposit~ to predate 
slumpin8. In addition, the best-defined slump failure plane desc.ends to the same 
stratigraphic level as the base ofunit 3&3, and this is the expected 8COmetry ofa shunp 
caused by basal unda"cutting. 

A second, related explana.tion is that fluvial underartting had created an eut-fiacing 
slope at the facies transitiOIl5 zone, but this slope did DOt fail by slumping until the 
earthquake that created the fault offset at 35 mH. This fiwhing event is braclc:eted bdween 
about 10-18 Jea. 

In his technical review of this report. Dr. W.R Lettis suggested an ahernative 
interpretation of Fault Zone B. He suspects that FauJt Zone B, especiaDy fault BI, is an 
antithetic fault to the main £tuJt zone. However, a "main fault zone" is nowhere exposed in 
the trench. so the- passable antithetic role ofFauJt Zone B canoot be confirmed. Or. Lettis 
also powts out that fault Bl, as drawn on rtg.. 16. c:ItIeOds beneath the bottom of the 
trench, and thus either: (1) implies. deeper slump than proposed by the author, OQC that 
would have to involve all strata in the &cics tnnsitioD 2ODeI'. or (2) is 8 likely canidiate for 
a tectonic (antithetic) &u.lt. Ifboth fauJts BI and B2 peodtIte the floor oCthc treuch. it is 
possible to interpret Fauh Zone B IS I gnbea or giant fissure. in which the come rubble 
of units 3 and 4 acamwlliled IS fissure fi1I. and were later rotated by di1feremial movaDent 
on the bounding &uIts. We do DOt favor this iatCipidJdioG beanse we could DO(!nee 

fauJt 82 to the Boor of the treoch. Uodec the scemrio above it would be the more 
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significant of the two bounding faults, mel its obsrure 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 "faults". However, at that location one would expect fissure fill units with 
subvertical fabric, and instead we observe well-stratified units Stt and 5t3 at this position. 

FaultZooc C 
The defonnatioD'cxposed at the bead of Trench 4 affects all units except lA and IBw, 

the latter dated at 1.4-1.8 ka by C-14 and PDt At least three epiiOOcs of defonnation are 
indicated. The oldest episode of deformation resulted in folding of units 3c2-3G5 and 
("wetTed) rotation oftbeir clasts from a s1ope-panillel attitude to their present steep dips. 
The second episode of deformation dismembered unit 3c3 and opened the fissure into 
which unit 3eI was deposited. A third episode of penetrative deformation apppears to be 
required by the steep dips of clasts in units 2cBt and I cBw. (However, it is possible that 
soil horizons lcBw, 2c2Bt, 2clBw and 3cBw could be in tict developed on the same 
parent material, one that was intcrna11y deformed during initial folding). In othec wO£ds, at 
the bead 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 erosionaUy t:ru:nc8ted. 
In this scenario only two deformation episodes arc required, an older episode to fold and 
internaUy deform unit 3, aDd a younga- episode of f.aulting and fissuring. However, the c-
14 age of 840 +/- SO yr BP from unit 1cBw suggests that ("uthe charcoal is DOt intrusive) 
the deposit itself is not old. Thus., a key question here (as well u in other treoches) is 
wbethet radiocarbon dates dates the parent material.. or younger soils devdopcd on that 
parent material. 

ntis distinction betwun old panni maJmab and po.tSib/y yotn'Ige1' soils empharJzes 
a ~neral danger In using soil PDf \ItlJuu to Ulillfate deposit ~ beneath jQ¥lt sa.rrps. 
PDI WJhIu only tell ru lite DIIIOIDII of St.:11 dew/opHtmt thw. not the age of IJw paTmI 

matuiDJ on which 1M soils are dlveloped In a domlnanJ/y ~tional mvirotr11'ln1t 
SllCh as an alhMaljan. when deposits an JaJd down tpddly and then soil development 
proceeds on litem before /he nerf ~ of deposJdon, $Oil PDf agu CDn cimt!/y 
approximate deposit age. 17rU "f'lkmJmation worts ~ tcIal geologic time is 
composed only of deposition lime (MgI;gib~) and soil dew/optrteJlJ time. In ccnlrasl. it is 
cleor that folded deposits at the heal of Tnnch 4 have SIIjfered SIOIrIe uosionaJ 
tnmcotion. partiCJIlarly turit xl aIOp the t.nIt:liM. I" Ilris care, gIOIogic tinIe Is 
CDmptJSM of deposition linte,foIding tiMe. erosk:JIf Pte, ~ soil developmm/ tnrM. Soil 
PDI wzlws only pmtfit estiIIIation of the last aJMpOMiII.. 

Given the distinctions out1iDed Ibove, the pares materials oontaioins the Ibnormally 
steep clast fabrics (units IcBwad subjlceol uoits) I1C eiilier older than unit IBw dated It 
1420 C-14 yr BP ("If the contact between uoits ] Bw IUd 1 cBw is c:orrectly mapped), or 
about 840 +/- SO yr BP (d'the dated cbarcotl in leDw is DOt Puusive) . .Either oftbesc 
dates indicates vay young defomwion. The pb)osiaI strltisrlphy indicates that unit I Bw 
is I slope colluvium that pinches out Dear the eRSt of the scarp. and tbIt _ I cD\\' is an 
older (pc:rbaps coasidcnbIy older). ddOImed (1) uait thIt WJdcrtics unit tRw. Thus, the 
840 yr age from bmeIrh the 1420 yr .. -,..as dtM the III'IIIIN 840 yr-old c:barcoal is 
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younger than itI host deposit. The 8-40 yr-old charcoal was derived from a bulle sample of 
soft, pale silty matrix that was dug out from the interstices between the angular tuff slabs. 
No charcoal was visible in the trench wall, but small pieces were retrieved from the bulk 
sample by Paleo Researcb Labs (see Appendix 2. sample 98T4-6). The dated sample was a 
composite of Iix pieces of conifer charcoal that totalled 0.003 g weight. The vegetation at 
the site today i. Gambel', oak, but conifers are present directly uplsope. In summary. we 
do not have sufficient information aD sample context to state that the six pieces of 
charcoal were aU definitely intrusive. 

In order to locate the source of the fold deformation, J.N. CJ8ldnCf" and I examined the 
face of the larger westcrn sub-scarp upslope from Trench 4 for signs ofl.ands1.iding. We 
believed that the most reasonable mecllanism for the folds in the coUuviallta1us facies was 
local compression at the toe of a I.aJxWide that must lie uplsopc of the trench. However. 
despite our examination of 1: 1200-sca.le aerial photographs and field checlcing, we could 
not locate any evidence of recent landsliding. Instead, the scarp face exposed numerous 
subvertical, thin slabs and flakes of in-situ (7) tuf( bounded by subvertica1 fractures 
oriented east-west, or down the fa1Iline of the scarp. The consistency of slab orientation 
on the scarp face is similar to that found in the coUuiviaJ slabs at the bead of Trench 4, but 
the two orientations have strike5 perpeodicu1ar to each other. At prescot we arc uncertain 
bow these steeply~ping tuff slabs on the scarp face wa-e Cleated, or whether their 
subvc:rtical attitude bas anything but • coincidental similarity to that of coUuvial slabs 
exposed in the trench. The bedrock slabs most resanble in-situ tuff slabs found in 
transverse structure zones on the main Pajamo &ult scarp by McCaIpio (1997,33-39). but 
those slabs were restricted to narrow zoDeS, in cootrut to the widespread steep slabs 
upslope from Trench 4. 

The episode of cxtc:nsional deformation at the trench bead can be indirectly dated by 
soil PDf. Horizon Bt2bllt 6.S mH covetJ the end: fin ofunit 3el aDd must post-date the 
crack, and dates at ca. )4 b. Horizon Bt3bl at S.4 mH carries an o&der PDI age (26 0), 
but this horizon is developed on the aack till, IDd the crack .fiJI parent materia) it unit 3 
which already carried a soil before crack forma6oo. 11m. I beIie\'e tbIt the POI age of26 
k.a for unit leI ovaestimates itJ age. becauie that unit is composed of-recycled- pieces of 
preexisting Bt borizons from eitbtr side oftbc fissure. lftbc aack fill formed before 14 
lea. and well after 26 b.. thai iU time range overlaps the time rilD8t of aoIithetic faulting 
and rotational slumping Wtber downslope in the trmcb (10-18 0). Tlals. it is poaibIe 
that all the exteosiona1 deformation in the treacb ocaured at the same time. ca. I ()"18 Jca.. 

DUpIamncul 
Due to the varied. and distributed DIDJrc ol dis cxtmsiooal deformation, it is DOt 

poSSIble to cakulate I net tcctoaic tfispIaamta during !he evaJl(s) bdweeJllO and 18 ka. 
The antrthctic vertical displacc:ment cf20-30 em 00 FIllh A appears to be attributable to. 
si.ngIe dispJacemeot episode, since tfispIaamta does DOt iDa elSIe downwIrd. In the 
ooIIuvialItaJus c.cies oaJy subvaticaI sIar Cl III mH bas ~ YUtical 
displacemaJt, 25-30 an ~ 'I1Ios. the Wf1icIl dilflhcerPcat 011 the only 
subverticaJ sbear zones at either end oldie trmch e- "'illy c:aceIs out. 
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A second way to estimate fiwlt displacement is to assume that a buried normal fault 
zone exists beneath the rotational slump. and is responsible for the vertical separation 
between unit 5c in the colluvial facies. and correlative unit Sa in the alluvial facies. The top 
ofunit Sc is ca. 2.S m higher than the top ofunit Sa. This discrepancy of age-vs-depth 
across the facies transition zone is confirmed by radiocarbon dates, which indicate an age 
of44 lea at -6.85 mV in the transition zone, compared to an age of29.6 b 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 alluvial section along a reverse fiw1t coincident 
with the toe of the rotational slump, or by postulating a buried vertical fault beneath the 
slump, the expression of which is totally obscured by bedding-plane slip at the bottom of 
the slump. Both of these scenarios have weaknesses. The thru!t model is Dot compatIble 
with the evidence for a period ofIate extension near the toe and head of the trench. but it 
is compatIble with the cut-west compressional (1) folding of units 3c2-3cS. However, if 
the 2.5 m vertical separation was C8lJ5ed by thrusting, then it is altnoutable to the episode 
of compressional deformation. and this episode is more likely related to J.and5ljding west of 
the trench than tectonic faulting. This scenario also assumes thal. the toe of the later slump 
is coincident with the earlier thrust fiwIt. 

The hypothesis of a buried vertical fauh ~tb the sfump is more comparible with the 
style oefaulting seen in the other 1991 and 1998 trenches, but unfortunatdy no evidence 
for such a structure was observed in the trmch waD.. However, ifwe merely baclc-rotate 
the slump to its original orientation (about IS° counter-clockwise 00 the Jog) the 2.5 m of 
vertical separation on the top ofuoit 5 still remains. Thu50 the vertical separation between 
units Sa 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 treocb., or (2) slump 
movement vecton that are DOt paraDd to the plane of the trench wan. The former 
explanation lends support to Dr. l..c:ttis'J interpretation of Fault Zone B u a graben 
structure. 
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3.8 Trencb 5 
Trench 5 is located approximately 150 m due west and 30 m upslope ofTrencbes 2 

and 3, scrollS the western su1Hcup of the main Paja.:lo fault scarp (Fig. IS). The trench is 
36 m long, up to 6 m deep, and trends approximately east-west. 

3.8.1 Geomorphology; 
At this location the main displacement on the Pajarito fault is expressed II a 40-m-high 

scarp that lies west and south of the intermediate-agc aUuvial tan described in Sees. 3.1-
3.6 (Fig. 18). About 120 m south of the fan-bead drainage, this main scaIJJ splits into a 12 
m-high, north trending western sub-scaIp, and a 2S m-high, northeast-trending, eastern 
sub-scarp. The 30 m-wide, gently sloping bench that separates these sub-scarps is 
labeled 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 intefpreted as a result of a change in scarp strike from north to 
northeast. 

South ofTreoc:b S, tbe 40 m-high main scarp has a peculiar shallow, north-trcuding 
topographic sagjust above (west of) the scarp crest. In part thd sag is integrated into a 
south-flowing swale at the bead of the scarp, but in places the sag lw up to O.S m of 
topographic closure. McCalpin (1997, Plate 6) inferred that a down-te>-t.hc--eaJt normal 
fault underlay this sag. However, based on the results of the 1997 trenching campaign. this 
type of landform more liJcdy overlies a tensional pull-apart fissure, and is related more to 
eastward toppling than to di~s1ip faulting. 

A similar zone of eastward toppling exists on the north bank of the fan-head drainage, 
where drainage bu incised through the main scarp. The W:e of the eastern sulHcarp north 
of the incised drainage is composed of slabs of tuft: the tops ofwbidl parallel the ground 
surface. Typically it is impouibIe to cWringJrish wbetba" ~ sur6w:c-para1Je slabs 
represent loose blocks of tuff sliding down the scarp face, or toppled megabkds of eaa· 
dipping tuff. In the latter case the SCIIp &ce is essentiaUy • djp slope on eut-dipping ruff' 
(see McCalpin, 1997, 1998 for. more deWled discussioa offault zone SlIucture typal. A 
good exposure on the oorth bank shows • ridge of tuft" at the KaIp bead, in which tuft'" 
beds dip 35 degrees east. Directly wcsa of this ridge is I strike gully with no bedrock 
exposures. and directly west of the gully tuff dips 11 8 degrees east. It tlus 1ppe&r1 that 
the gully has developed in a tension fissure created by 27 degrees of eastward toppling of 
the eastern sub-scarp. Farther DOrth along strike a ZODC offractures occurs where the 
tension fissure would project. The point of this discussioa is to sbow that the style of 
faulting associated with the main scarp here is complex and ronhtins dements of topptins 
IS weD IS dip-slip &uJting. 

The maio reuoo this site was sel«ted for benchiJJg WH the smooth topograpbie 
profile presented by the western suIHarp. EIsewbae on the Pajmlo &uJt, scarps IS bigh 
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FIg. 1 8 . GeclioQc mop of 1t1e rroOO PcPlto faJI scap west of !he Interrnediale-Oge alluvial foo. !he head of which 
(and Trench 3) Is at fa ~ center. Trench 5 Is located on the W961em sub-scap at lett cenler. Pat of Plate 6 In McCalpn. 1997. 

Conto\.J nlelval- 2 n. Fa a.pkrtaIIoI, of mop IJ'VIs. see FIgs. 3 and 14. 
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Fig. 19. Photographs of Treocb 5. (a)- VIeW fait down the trmch axis, from the upslope 
end of the middle fAult bIodc (at cenur-). 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 poclcet, view to west. 
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as 12 m typically expose either in-situ (i.c., gently east-dipping) tuff or ~para11el 
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 
£au underlain by coUuvium iJ sharp. In contrast, the western IUlrscarp here does DOt 

show such a distinction. No in-situ tuft' or even large tuff slJ.bs appear on the upper scarp 
&ce. Instead of having an asymmetrical profile, this lUb-scarp bat a symmetrical profile. 
similar to profiles of&uJt ICItps 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 gnvel deposits on both sides oftbe fault, which would aid in the 
geometric reconstruction offaulting, and (2) creating and preserving colluvial wedges 
derived from gravel OD the upthrown block. In cootnst, most of the trenches excavated in 
1997 did DOt contain distinct scarp-derived colluvial wedges. became there were DO thick. 
unconsolidated deposits on the upthrown block to act as a source. It was hoped that a 
sequence of sarp-dc:rived colluvial wedges wouJd provide a basis fur interpreting the 
paleoseismic chronology in the trench. that would be Jess ambiguous than ODe based Of] 

the type offissure-fiD stratigraphy typical of the 1997 trencbes. 

3.8.2 Stratigraphy: 
The strati~hy exposed in trench S will be di5cussed in two sections, because 

unconsolidated deposits 0CQ1I' mainly in two deep -pockcu- in the trench (Fig. 19). 
Within each pocket units are numbered from 1 (youngest) to 9 (oktest), with "1- denoting 
uniU in the lower treoch pocket and -u· denoting UDits in the middle treDCh and upper 
pocket. Units 1-3 are ~ aa'OSS the entire t:reDd1. whereas units 4-9 constitute 
local age sequences within each pocket that cannot be pbysicaIJy correlated with each 
other (Fig. 20). 

Lower Trmch Units 
The lower treDch pocket is at least 6 m deep (Fig. 21). No irHitu tuft" was exposed at 

the bon om ofthc trc:ncl1. although shatered aod brecciated tuft'i5 exposed in the "rat 
hole- at the base of the south waD. The oldest deposits exposed (unit 91) are _ red gravelly 
sand with thin beds of small pebble gravel. Overlying this unit is unit 81, whidt comprises 
6O-/e of the total stratigraphic thickness. Unit 81 is a massive. unsttatified, bard Jifty and 
containins < I % smaD angular clasts. DODC of wbidl exceed 2-3 an in diundtJ'. This unit 
can be subdivided into subunits lia (bird silt) and 81b (light till Jilt with anau1ar clasts of 
soft tuft) in the c:astc:m pan of the pocket. but over most of the treocb wall this 3.S m­
thick unit cannot be subdMdc:d. Uobb unil 91, uoit 81 ddpIays DO evidence of stmificarioo 
and DO buried soils that would pcnDt subdivisioo oftbe uDt. The deposiriooaI 
environment ofsucb I thick, homogeocous. clast-free but umtJatified deposit is difficuJt to 
envision. The UDit QUIDOt rcpracat slope coUuvUn. beranse aD modem slope coDuvium 
cootains .hI'ndant large angular tuft'dasu.. On the other band, sag pond deposits laid 
down by ftuvW or IaalsIrioe dtp:>si1ioo ... be this fioe-gniocd. 
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1. Trench SlIC8IIated 16 June 1 Q98. 

2 . Trench logged by J.P. McCalpln. L.CA Jones. lE. Cooper, I!Illd J.-C. 
Moye. 30 June- 3 July. \9Iil6. 

3. Soil profiles define<! and described by E.D. MoDonald and A.E. Lavine. 
SoIl hori20n nomencliltwa modified from SoIl Survey Stell (\Q;O) and 
Birkeland (1964) . Only selected horizons Ilre shown fOf" slmpllolty. 

·4 4 . Survey points surveyed by J.N. G8!dner and A. ~ne. referenced to 
New Mexioo SIBle Plane CoordNtes, Central Zone. baaed on NAD63 
~n feel). 
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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 ofSIci Hill Road (McC4lpin, 1998, p. 74-83). However, the massivt' deposits in the 
tension fissure carried four buried soils that permitted estimation oftbeir orientation and 
displacement across domino-style faults. No such soils can be recognized in the 1998 
Trench S. 

Most ofumt 81 is overlain by a 30 em-thick red small pebble (pea) gravel (unit 71). 
Overlying this gravel is a 0.8-1.5 m-thick, well stratified. well sorted Wld (unit 6l), 
informally termed the "beach sand" by the logging team. Individual beds in unit 61 are 0.5-
2 em thick and range in texture from fine sand to very coarse sand (Fig. 218). The good 
sorting and bedding suggest that this deposit is a fluvial infi11 of a topographic depression. 
At the eastern end of the lower pocket, depositl caught up in the DOnnaI fault zone share 
characteristics of parent materials 61, 71, and 8~ and have been mixed by fiwJting and 
overprinted near the surface with Bt soil horizon development. lUther than try to 
subdMde this zone in detail, we merely map it as unit 6-81. 

On the western end of the lower pocket UDit 61 appears to be partly overlain by, and to 
partly grade into, a massive, unstratified silty sand (unit 51). Within 2 m of the steep 
bedrock beadwall of the pocket. there are sufficient large tuff clasts that the deposit 
resembles a proximal (debfis..&cies) colluvial wedge (unit 41). Due to structural 
complications (discussed later) we arc not confident that these two facies ofcoUuviwn 
(unit S1. wash-facies coUuviwn, versus unit 41. debris-facies coUuvium) arc coeval, so we 
have assigned them ddfeRnt unit nu.mben. rather than just assi~ them diJferem letters 
as is done for other subunits. Given the domino-style of fiwIting prevaIeot in the Sower 
pocket, unit 51 could be separated from unit 4J by • domino &uJt. in wtUclt case unit 51 
could be stratigraphically below unit 41. 

Unit 31 inchJ.des a wasb-facies coUuvium (unit J!a.1iIty smd texture) and & debris­
facies component (unit 31b, stony texture) that cover the entire pocket, and unconformably 
overlie the strong soil developed on units 41 .. 61. Tbe iDcreased thidmess orunit 31b against 
the headwall of the lower pocket and its high conteot of tuff slabs with eISt-Gpping &brie, 
indicates it is a proximal colluviAl wedge derived from • free face at c:a. 20 mHo Upslope 
of20 mH the soil developed on unit 3) (buried soil 1) continues in an attmwed section of 
stony colluvium. the upper part ofwbich may be coeval with unit Jib, but the lower JAI1 of 
which could be considerably older. Thus. this thinner colluvium is mapped as unit 3-Sm. 

The uppermost parent rDUerW in the lower pocket is unit II. aROOY, loose coDuvium 
with a pale beige to white, very friable, silty mmrix.. This colluvial unit is similar in 
appearance to the youngest unit of slope colluvium encountered ill aD of the 1997 
trenches. and is probably mid-Iate Hob:me. 

Middle and Ulmer trmch units: 
The middle third of the treDcb (8-20 mH) is only 0.1-1.4 m deep, because It that depth 

intact Bandelier Tuffwas eocouotered. Four uats are defioed in this attenuated sec:tioo. of 
stony scarp coUuviwn. The youogest u.oit is a mdinllfion of unit 1. the HoIoceoe 
coUuvium which mantles the entire scarp. Below wit 1 benrleen 10 &ad 1 S mH 
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is a 20 cm-thick lens of sandy coDuvium (unrt 2mBC) that has DO correlatives 6uther east 

ofwe5t. This deposit clearly overlies unit 3lburied soil I, yet it carries a pre-Holocene 
degree of soil development. The coincidence of this unit with the downtbro\vn block of 
fault E IUggeatl that the lma filled a topographic; swaJe 1000 after Uult-related warping of 
parent material 3m. 

Unit 3m13u exteodJ to the trench bead with a relatively UDif'onn thiclmea of 30-80 em, 
and is most easily recognized becaute it carries buried soil I. However, correlation of 
parent materi&l units based on the soils they catty invites erron or ~ In this 
instance, it is possible that the unit mapped as 3-SmBtbl, in the thiDnM part of the mid­
trench 5tratigraphic section, actually contains little if any parent material u young as unit 3 
elsewhere. For example, the up5lope (free faa) CODtact with colluvial wedge unit 3lbBtb I 
appears to cut wUt 3-SmBtb I, indicating that parent material 3-Sm is older than parent 
materiaJ ll. 

In a similar manner, parent materials 6ml61 are mainly defined by the presence of the 
strong red clayey buried soil 2. Parent material 6ml61 cootains abwxlant large angular tuff 
clasts embedded in • sticky dense matrix of red clay. Where UDit 6 is > 1m thicJc. its buried 
soil 2 bas multiple Bt horizons. the development ofwhich dccreues in strength 
downward. In thinner sections. the red clay matrix shows DO vertical change in struduTe 
or color, and above the contact with in-sim tuff the clay fiBs fissures <1 an tbicJc.. The 1ack 
of sand or silt in the clay. and its ubiquitous appearance in IIDd out of small fissures. 
suggest that the clay may have I«ArmuJated atop the bedrock cootact because it could not 
transJocate any deeper. 

Unrt 7u is eocountered only in a 3 m-wide >4.2 DHiccp teDsioo fissure (the ·upper 
pocket-) near the head of the treoch. Di1feraJtiation of subunits in this fissure fiB wu 
complicated by f4utting and IOi1 formation. However, deposit hardness and secood&Jy clay 
content dec:n::ucs from west to east. and the best~ fIuJts and fiawe 60s ate 00 

the east margin of the ~ so we infer that the fissure fin subunits became younger 
toward the east. In addition, differeot parts of the fissure fiB COOlain distinctive types of 
tuff cluu. The floor of the treDCb and steep sidewalls of the -podceU- are composed of a 
hard, gray, welded tuff In contmt. eWts of 10ft yeJ)ow unweided tuff typify IUbunrts 7u2 
and 7uJ, whereas clasts of 50ft white unweJded tuff occur in unit 7u I and pieces of a 
coarse-sandy textural. yellow surge bed occur ill subunit 7u4. Thus, it appan that the 
four subunits of7u are subvertic:a1 fissure fitb that get younger easrward. 

3.8.3 Soils 
Trench 5 exposes. weak swf~ soil and two stronger buried soils. The borizoo of 

maximum development in the surfaGe soil is a weak Bt borizoo.. POI of the surf4ce soil 
ranges from &.2-9.3-17.311 the toe of the trench. and 9.111 the bead. By c:omparisoo. 
surface soils at other trenches have PDI= 6.3-9.1. "JhJs. with the exception of the soil 
profile at 30.7 mH (PDI= 17.3), the deveIopmcDt of this soil is very similar to tha! of mid­
late Holoceoe surface soils elsewhere. 

Buried soil ) is developed along the emire trmch in pareat mauriaI 3. and is composed 
of an orange Bt borizoo 30-35 an tbk.k.. Olft'lilative PDI at the hue of this 50il 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 sol~ 
over the upper fissure. 

Bwied soil 2 is mapped along the entire length of the trench. HOWP,VCf. that portion 
between 14 and 20 mH, in the thinnest section of colluvium. may result more from the 
presence of shaUow bedrock impeding downward translocation of clay rather than normal 
pedogenic processes. The character of buried soil 2 varies markedly along the trench wall, 
due to complex pattc:ms of faulting-induced erosion and deposition. In the lower pocket. 
the easternmost section of the soil is developed on a thinned section of di!tal 
colluvium/fine sIopewash (unit 6-81) on the upthrown block offault zone A. This section 
of colluvium has probably undergone repeated periods of deposition, soil formation, uplift, 
partial erosion, renewed deposition, and more soil fonnation. 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 ZODe A. 

The amount of geologic time represented by the deposition of 5 m of units 6~ 71. 81. 
and 91 in the lower pocket is thus represented east of the fault by only 0.6 m of coUuvium. 
This thin section of colluvium probably conta.ins some components of soil development 
coeval with deposition ofumt 61-91. as well as soil development coeval with that of buried 
soil 2 over the lower pocket. However, due to petvUive welding of soils in the 60 cm­
thiclc zone, separate soils can DO longer be distinglrisbed. A simi1ar soil/geomorphic 
relation across a fault was described by McCa1pin (1998, p. 74-83). In addition. erosion 
bas probably periodica1ly stripped offpart of the parent materials and their soils on the 
upthrOWD block.. 

Over the eastern 3/4 of the lower pocket. buried soil 2 is composed of an aoomalOUJly 
thin (5-10 an) but strongly developed red clayey Bt horizon, with sharp upper and lower 
contacts. This peculiar combination of stroog deve!opmcm but smaIl thiclmess Il1ggests 
that this Bt horizon has been erosionally truncated. Soil truncation is expected on the 
upward-protruding comcn of domino fault blocks. and admittedly the entire stratigraphy 
bmeath 6Btlb2 bas beeo deformed by domiDo fauttiDg. Howew:r. we obterve DO latmJ 
thickening and thinning of this Dt horizon AI ODe might expect on the tops of I ~ of 
west~pping domino fault blocks. Because the Dt horizon is everywhere developed 00 the 
-beach sand- of unit 61. it appears that the tops of'the fault blocks WCS'c deeply eroded 
prior to or during the formation ofburied soil 2. Following development orburied $OiJ 2, 
more stripping ocamed. 

Traced &rtber west. buried soil 2 passes from unit 61 to units 41 and SL 11 the same 
time gaining thidcoess and the distinctioo of rwltiple DI and Be borizoos. The thiclcness 
increase i5 probably due to down-tD-~wcst domino faulting and the aeation of 
additional tectonic -space- west of24 mH. In eontrast. eas:l of24 ntH the same soil was 
uplifted and trwated by troSioo.. Individual soi1 borizoos (Btlb2, Bt2b2, D(2) are 
mapped as extmding across the facies COIIbICt between units ... aDd 51 with DO 

interruption. This geometry indicates tbIt either. (1) uDts .. tIDeS sa are coeval. or (2) unit 
41 might be l younger deposit tectoOcaDy downdropped against unit S~ but buried soil 2 
is youngt1" than the downdropping q)isode. Buried soil 2 is dearly truncated by faulting at 
fauJt C. 
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In the middle portion ofthe trench buried soil 2 is mapped as developed on parent 
material 6, but in fact this thin colluvial parent material may include deposits and 
components of soU formation older than unit 6, as does unit 6-8Btb2 M.!t of the Jower 
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 (7u 1-7u3), but is 
maybe partly coeval with the youngest subunit (7u4). Although the parent material is 
numbered 6~ it may be younger than unit 61, perhaps more coeval with unit 41 and 51. 

McDonald (1999) measured a detailed soil profile at 7.4 mH in the upper pocket and 
identified the same surface soil and buried soil 1 that we use as rr.ap units. His buried soil 2 
only includes the Bt horizons of our buried soil 2. and be includes our horizon 6uBCb2 in 
his buried soil 3. In the lower half of the upper poclcet McDonaJd defines three more 
buried soils (b4, bS, 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 
stratigrapby represents: (I) multipJe bJocks ofmateria1 that feU into the fissure; (2) a single 
stratified block that feD into the fissure; or (3) strata that were deposited in the tUsure as 
subborizontal clastic layers by fluvial or colluvial processes. Regardless of the origin of !:he 
parent materials, we couJd DOt define soil horizons below buried soil 2 well enough to use 
them as map units in the upper pocket. 

At the very bead of the trench pockets of massive brown and red clay underlie buried 
soil I and overlie in-situ tuft: Based on clay CODtent and color these clay poclc:ets are 
a.ssigned to buried soil 2, but they may include clay components of oJder soils and clay 
accumuJated atop the bedrock. contact. 

3.8.4 SlTUctJlre 
Seven faults or fauh zones are identified in Trench S. The easternmost fault mae (A) 

hounds the eastern DW'gin of the lower pocket and is a zooe up to 1.2 m wide that 
contains discrete faults as well as zooes of diffilse and obscure sbeariog. The eastern 
boundary fault (A 1) juxtaposes bard gray welded Bandelier Tuff on the upthroM\ block 
against old sihy fissure fill deposiU (unit 6-81) 00 the downthrown block. Cumulative 
vertical displacement of tuff across this fault is greater than I m. and probably greater than 
2.S m, because no in-situ tu1fwu exposed Il the base of the lower pocket. The eastern 
margin of fault zooe A ~ unit 6-81 agaiosr unit 61. No fiuIts Of shean are 
t:rac.eable into unit 3, so mow.:ment on tauIt. moe A predates unit 3. 

The ~grained fissure-fill deposits of the Iowa' pocket arc extensively diwpled by a 
series of master west-dippiDg normal &uIts spaced rougbIy 0.5-1 m apart (fa1lk ZOH B). 
These master faults define domino-shaped blocks that have rotated COUDterclodcwise (as 
viewed to the south); a similar style of defOi matioo was exposed in the CJesW tension 
fissure south of Ski Hill Road (TreDCh 6 ofMcCalpin, 1998, p.76). Vertical displacement 
on the master faults ranges from 10-80 an. in most cues being down-ta.the-west, but in 
some cases down-tCHhe-ast. 

On some &ults (c.g., the scmod ODC west of the ~ Hole'"), the net dispIaccmem on 
the unit 81191 cootact is greater than that 00 the ow:rtyiDg unit 7II8l ronDc1; this difra mc:e 
in displacement could be ccpIaiDed by recurTaII fIuk movement However, other fiuJu 
display more coofusing geometries. such as the &uk thal iatcnccts die top oldie ~ 
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Holc-. This fault displaces the unit 81191 contact dawn to the west, in the expected manner 
of a domino fault, but farther updip it displaces the unit 7V81 contact in the opposite 
directionl Part of this reversal in di.splacemem could be explained by the fault branching 
upward, such that. it accomplishes a net down-to-the-wcst offset of unit 71 acroS.! a 
graben-like zone 1 m widc (between 27~28 mH). 

Within the domino blocks defined by the master normal faults are smaUer-displacement 
r.;:,rmal fau1ts, spaced 5-15 em apart (Figs. 22a, 22b). These faults can be traced only lD 

well-stratified unit 61, and are not visible in unit 8~ although they are undoubtedly present. 
These smaller faults typically dip either west, paralJeJ to the 50-60 degree west dip afthe 
master faults. or 70-80 degrees east, fonning a conjugate set of normal faults. The line 
bisecting the subhorizontal axis oftbis conjugate set dips 100 east, which we take as the 
approximate attitude of the least principal stress axiJ and thus the direction ofloca1 
extension. The small-displaeement faults typically are marked by a thin SIDeM of ela,. in the 
otherwise clay-poor unit 61. On thc trench log we do not portray aU these minor faults. 

The westernmost master normal fault juxtaposes fissure fill (unit 81) against an 
overlying. west-dipping wall ofbard gray welded tuff. Although this fault is labeled as a 
reverse fault on the log (dictated by bedrock being up on the hanging wall), it must also 
have elements ofa tensional pull-apart. AD of the master faults in fault zone Bare 
truncated at the base ofunit 3~ so movement predates deposition ofWlit 3. 

The uppec bedrock headwall ofthc lowel" pocket is defined by a steep ea.st-dipping 
normal fiwlt that places hard gray welded Bandelier Tuff against scarp-derived coUuvial 
wedges 31 and 41b (fault ZODe C). This fault zone consists of (1) a narrow craclc. fill (unit 
3et) that separates in-situ tufffrom the older unit 4J colluvial wedge; and (2) a zone of 
sheared tuff along the western margin of the younger unit lIb coUuvial wedge. The unit 
3d crack fill is clearly younger than unit 41. becalIse buried soil 2 does not ccoss the aaclc 
fill We thus intezpret that the older colluvial wedgc (unit 41) bas beal faulted subsequent 
to its deposition, whereas the younger wedge (unit 31b) bas DOt. The shear ZODe in tuff at 

the western margin ofwDt 31b is a zone of smeared red clay from soil horizon 41Btb2. We 
infer that the contact between this smeared clay and the younger conuv;a] wedge (unit 31b) 
is a depositionaJ contact, because we observed DO shear fabric in unit JIb near thil contact. 
AdditiooaUy. the top ofthc unit JIb coUuvial wedge ~ presently at a higher elevation than 
in-situ tutfbedrock to the west. It is unlikdy that this would be true ift.bc:rc had ~ a 
normal fauJting event subscqucot to the deposition of the youngt'r coUuvial wedge. TIws, 
wc believe that unit lib was deposited following the latest fau.It IDOYelDeDt on fau.It zone 
C. This movement must predate unit 31. as well u buried soil I, but post-da!c buried soil 
2. 

The middle part of the trench contains DtDDerOUS abrupt wrtiW Sleeps in the top of 
Bandelier Tuft some ofwhich coiDcidc with obscure shear zooes in the overlying 
coUuvium (faatt ZODe D). Typically the vague traces of shearing (orieoted clasts, open 
void spaces) can be seen in unit 6m but DOt be tnced into unit 3m, where they are 
probably obscured by the deveJopment ofburied soil 1. TheRfore. these small steps 
probably I eprcscm minor faults that have cxperieDc:ed sma1I (cm-teaJe) vertical 
displacemeots over- I long period of time. the latest of wbicb predates the formation of 
buried 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(¥J8. 19b). The fissure fill deposits adjacent to the tuffwaUs were examined 
for shear fabric. but none could be found. Instead. at least on the eastern margin it wu 
clear that fissures had opened at the ndf/rusure fill contact, and that the fissure enlarged 
mainly by east-west extension. Within the fiS5Ute itself: the fill is a chaotic mixture ofloose 
clasts, intact stratigraphic block! with various attitudes, aU deformed by a network of 
steeplyeast-dipping. anastomosing faults. These faults (not aU ofwtuch are portrayed on 
the log) could only be observed if the trench wall was scraptd or planed with a sharp 
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 reveal stratigraphic and soil contacts. 
Sometimes a given part of the trench wall would be saaped and plucked multiple times 
until the pattern of strata and tiults that resolved began to lnake geometric sense. 

In the vicinity of the upper pocket there arc three discrete nonnaI faults that displau 
either buried soil 2 (faults E and'Fl) or buried soil 1 (fault G). Fault E clearly offsets the 
top of buried soil 2 by 15 em down-to-t.bc>east. The fAult is dashed in the lower part of 
buried soil I (horizon 3uBCbl) and does not appear to displace the 3uBtbl13uBCbl 
horizon contact. However. the anomalous lens-shaped deposit ofwit 2rnBC appears 
almost exactly where this fiwIt would project upward, suggesting that the top of ~ 
soil 1 was downwarped ca. 10 em. 

Fault Fl bifurcates a.od displKes the top of buried soil 2 about 20 em on two straDds. 
down-to-thc-ea.st- Like fiwlt E. the strands of fault F I seem to peDdrlte into the low« 
pan of unit 3u. but cannot be ~ to the top ofbt.uied soil!. Fmally, fault G can be 
traced vaguely into the Iowtf' part ofunit 3 (horizon 3BCbl). but does DOt diJplKe the 
top of buried soil I. TWs, aU three of these small faults appear to displace the Iowcc part 
of parent material 3. but do DOt significantly displace borizoas ofburied soil 1 developed 
on unit 3. Only fault E has an indirect suggestion of displacemenl after the formation of 
buried soil I, and that intapretatioo rests on unit 2mBC filling. ImIll tectODicaDy~ 
swale, which is uncertain. 

3.8.5 Geochronology 
Chronologie control comes from ooc radiocatbon date, two n.. dates, and four 

detailed soil profiles with PDI values. Unfortunately. DO El Ujete pumice was obserwd in 
the trench. 

The sole radiocarbon date yielded an age of 420*50 yBP for the hue of unit 1. This 
date is you.nger than the 1.4 b C-14 date from. uppermost coUuvium in Trmc.b 4, and is 
considerably younger than PDI-based age estimucs of 1.1-3.0 b ftoro other treuches. The 
dated charcoal sample was small (0.031 g) and may hhe been intrusive to the deposit. 
Soil PDI values (Table 2) suggest tbal the ~ soil rcprCSCOU 2.S-J.t ka of 
development time, except It 30.1 m wbete the infell ed age is 1.1 b.. These ages are 
simi1M to PDI-ba.sed ages from the other brac:hes. 
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The POI-based age of the base of buried soil I ranges from 11-19 ka in the lower 
pocket, to 23 lea 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 soil 2 yields estimated ages of25-44 lea in the lower poclcet. and S4 lea 
in the upper pocket. ru 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 59.S and estimated age of 54 ka from the upper pocket are more representative, it 
appears that bwied soil 2 has similar development to the post El-Cajete soil ofReceau and 
McDonald (1994, Table 2-10). 

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

3.8.6 PaJeoseismic Reconstruction 
3.8.6.1 The Most Recent Event 

The most recent &ulling event 00 fuu.tts E, FI, and G disrupts the lower part of 
parent material), but not the horizon boundaries of buried soil 1. Thus. the faulting is 
somewhat younger than the deposition ofparern material 3, but order than the burial of 
buried soil I by unit I. 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.S-3.0 lea 

The total displacement during this event is difficult to measure on the top of buried soil 
2, but that displa.cement may re5Ult from both the most recent and penultimate events. 
However, the only finn evidence for differential dispIaument ofburied soil I and buried 
soil 2 is the 10-15 em thickness ofunit 2mBC (which can only be indirectJy attributed to 
warping), and the IS an displacancnt ofbwied soil 2 on &utt E. These two values are 
sufficiently similar that ODe could argue that buried soil 2 has ooly»eo displa<:ed by a 
single event, with IS em ofd.isplacement on fault E, 20 em of displacement 011 fault Fl, 
and negligible displacement (craclcing1) on &uJt G. 

3.8.6.2 The PenuJtimaJe Event 
In the lower poclcet buried soil 2 (age 25-42 b by POI; Table 2) is truncated at 

fault C, and it is overlain by unit 31b upon which buried soil I (age 11-] 9 k.a by PDI) is 
developed. Thus faulting is crudely bracketed between ca. J J -19 ka and 25-42 lea.. The 
faulting event here predates the depositioo oftbe colluvial wedge (unit 31b). Tbus. if 
parent material31b is corre!ative with parc:m mUerial3~ then this &uJting event ID1Jt be 
older than the event that faulted unit 311, becmlSiC this (PE) event predates unit 3tb, 
whereas the MRE post-dates unit 3u. HoweYer, both the PE and MRE post-date buried 
soil 2 in their respective parts of the trenclL Giwra this dose stratigrapbic coincidence, we 
must consider the pos.!ibility that the PE and MRE as ddincd couJd be the SlIDe event. 
This coincidence could be explained if (I) UDd 3u was slightly older' than Udit 31b; aDd (2) 
the dashed pam oftaufts E, FI, and G in nnit J are post-&ulting cncb ntber thin true 
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fuults. This latter hypothesis would explain why horizons of buried soil! are not ot1Set 
across the dashed lines. 

The displacement on fault 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 ofcoUuvial wedge unit 3lb implies at least a 1.4 m-high 
free fAce along fault C, while the ~ru1e of thumb" that free face height= 2x colluvial 
thickness would imply an initial free face height of2.8 m. The latter is a good maximum 
estimate of displacement in this event. 

3.8.6.3 Earlier Events 
The latest movement 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 41) 
accumulated. From soil POI we can estimate that buried soil 2 began fonning ca. 54 lea, so 
this movement must predate that age. 

In the preceeding discussion I have assumed that the displacement events observed in 
the trench resulted from tectonic surface rupture. However, the downslope end of the 
trench does rest UpOD a topographic bench that I labelled in 1996 (Fig. 18) a "'possible 
slide block". My present interpretation is that the topographic bench is a structucal block 
bounded by deeply-penetrating normal faults, rather than a block back-rotated by 
relatively shallow slumping (l.e., slumping on a failure plane that "daylights" near the base 
of the present 4O-m-high scaqJ). This interpretation is based on the linearity of the 
landforms boWlding the bench, and their continuation north of the deeply-incised gully, far 
north of the reasonable limits ofa shallow slump. However. given the beight and steepness 
of the 40-m-higb scarp downslope of Trench 5. and the extensional nature of domino-style 
fuulting, it is possible that some or alJ of the extensional faulting observed in Trench 5 
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 In, to see if the extensional component of faulting died out 
at a elevation equal to that oftbe SC8l}) 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 rufflO that depth. Thus, my preferred interpretation is that most 
of the vertical displacement observed in Trench 5 represents tectonic surface rupture. but 
it 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 uencb is 13m long and up to 3.5 m deep. 

3.9.1 Geomorphology: 
The Pajarito flwIt at the latitude ofNM Highway 4 is ccmposed of a single, 60 m~ 

high north~trending fault scarp (Fig. 23). The portion of this scarp J'lorth of Highway 4 was 
mapped by McCalpin (1997, Plate 1) at a scale of 1:1200. The lower part of the scarp NW 
oftbe Back Gate is ccmposed of Bandelier Tuffdipping 5°~10° east. This IUffis onJapped 
by an apron ofbouldery ccUuvium 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 El Cajete 
pumice (ce in Fig. 23) east and west of the Back Gate. Modem alluvium (unit a 1 in Fig. 
23) exists in the incised drainages. 

North ofPajarito Canyon the large scarps oftbe Pajarilo fault have a normal fault zone 
at the base of the topographic scarp, termed the basal fault zone by McCaJpin (1997). 
Normally this fault zone is not weU exposed. due to the minimal incision of local drainages 
into the colluvial apron. However, upslope of Trench 6 the roadside dnUnage aJong 
Highway 4 is diverted into a swale that trends directly down the scarp face . The 
augmented highway runoffin this swaJe bas eroded all the loose colluvium and regolith off 
the tuff between the highway and 7650 ft elevation. making a broad clwmel roughly 30 
em deep. At 7650 ft the bottom of the swale drops 3 m vertically in a series of vertical 
step~ this area mu.gt be a series of waterfalls during runoff' events. 

The vertical steps of tuff in the water&1l area are planar and trend Nt OE and dip 6()0 

H, and span a horizontal distance 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 In. l1aiJ, the 
planar nature of the steps, their coincidence with the tuft7f.an cooW:t, and the absence of 
tuff exposures to the east suggest that the steps represent the basal fault l.OIle at this 
latitude. 

North of the waterfall the loWC:f' scarp face is composed of two 3~S m~high parallel 
steep SC8ll'lets in intact Bandelier Tuf( separated by a 30 m-wide bench covered by sJabby 
ccUuvium. This colluvium contains abundant large slabs oftufftha.t dip J5°~55° E and may 
represent a fissure 6ll or toppled bled:: (termed megabIoc.k: colluvium by McCaJpin, 1997; 
em on Fig. 24). 

Trench 6 was ex:cavated directJy south oftbe wasetf.a1J area. and was meant to 
intersect the basal fault zone at the bedrockJaDuvial fan cootK:t. This trench was hoped to 
reveal whether the El Cajete pumice had been fmdted 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 
colluviwn (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 friable, pinkish gray to 
light reddish brown matrix. The uppmnost unit (2&) is an older Holocetle conuvium 
containing clasts weakly imbricated downslope. Unit 2b iJ better sorted, and in places (e.g. 
east of2.5 mH) has a ba.sa.lJag gravel that is clearly channeled into underlying deposiu. 
This deposit represents a transition between overlying .5Jopewash and underlying fluvial 
deposition on the coUuvial 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 line in the eastern 1/3 of the trench (unit 3Btbl). Both 
of these subunits overlie unit 4, which has been strongly affected by soil fonnation. In the 
western 2/3 of the trench where the depth to bedrock is only 0.5-1.5 m, unit 4?Btb is a 
stony coUuvium with a matrix ofred clay. In the eastern 113 of the trench unit 4 is a nearly 
clast-free fissure fill with a sandy silt 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 filcies, unit 6a (massive. clast­
poor distal colluvium) and unit 6b (clast-ricb proximal c.oOuvium derived from a fault free 
face) . 

Bandelier Tuffis exposed along the entire length of the treac.h. but the lithology in the 
deep fissure (eastern 1/3 of the trench) iJ diffet'etlt than the tuff farther west. The lowest 
1.5 m oftbe trench walls in the deep fissure expose a soft., unweklcd, light beige 
weathered tuff This tuffis so soft that. during excavation of this part ofme treDcb, we 
thought the backhoe was still digging through unconsolidated fissure fill. The tuff contains 
abundant, distinctive elliptical inclusions of gray-purple pumice thar range from 0.5-2 em 
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 Highway 4 (unit F of Rogers, 1995; unit 5 of Reneau and. 
Broxton, 1995). 

In contrast, the western 213 of the trcoch exposes a bard gra:" .vdded variety of~ 
similar to that exposed at the ground surDce on the lower scarp face. This lithology 
resembJes unit E of Rodgers, or unit 4 ofReoeau 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 surfaa 

soil with an AlBw or AJCB profile (Table 2). POI ofthls soil is 6.8-8.4, which is similar to 
that of the surface soils in the other six treDChes. In the deep fissure, fissure fill units 3,4, 
S. and 6 contain buried soils I, 2. 3, and 4. respectively. Buried soils ] and 2 are thiclc 
enough to contain multiple B horizons. whereas thinner buried lOiJl 3 and 4 are only 
defined as a single Bt horizon. Cunudative POI at the base of buried soils 1 through" is 
35.0,49.7,62.8. and 76.0, respectively. By comparison, the post-E1 Cajete soil ofReoeau 
and McDonald (1994, Table 2-10) has a PDI of69.4. Accordingly. the bases of buried 
soils 3 and 4 should be approximately coeval with the El Cajete pumice. However, no EI 
Cajete pumice was found in the trench, despite its presence on the same intermediate--age 
fiul surface only 50 m farther eut. 

3.9.4 Structure: 
Trench 6 exposes four deformation zones, the largest of which (zone A) has created 

the deep fissure in the eastern III of the trench. This zone is defined by blocks of soft tuff 
in the lowest 1.5 m of the treoch, which have been tilted to a 20"-250 east dip, and faulted 
by vertical to steeply west-dipping normal faults. The blocks between the 6wlts are 0.S-O.8 
m wide and resemble the series of east-tilted domino blocks in 1998 Treocb S and 1997 
Trench 6. None of tile bIock-bounding fauJts can be traced into the overlying fissure fill 
deposits. and DODC of the soil borizoD boundaries appear to be displaced. 

The western margin oftbe deep fissure. which sepamcs the deep from the shallow 
part of the lJeDcll, is a complex structural zone. As shown on the trench Jog (Fig. 24) a 
block of gray welded tuff (gI) overlies the soft pumic:e-bcariDg tuft" (pt). However. the 
sma.l1 area of gt mapped 00 this headwaD is probably not iD-Jitu. The area consists of 
angular blocks of gray tuff separated by seams of red clay 2-10 an thick.. In some cases a 
weak stratification can be tnced from one clast to the adjac.eDt ooc, jndiating that the 
deposit was more a brecciated zone of tuff with clay infiD. than I coOuvW deposit. 
However, our correlatioo of the 10ft beige tuff(unit pt) with Reneau ~ Broxton's 
(1995) Unit S and the bud gray tuff (unit gt) with their underlying unit, Unit 4, requires a 
fault with c:onsiderabJc vaticaI displacement at the weslOli margin of the fissure. For 
exampJe, the contact between RcDeau and Broxton's Units" and 5 is mapped at the crest 
of the fault scarp approximUdy 60 m above Trmcb 6. In order to downf'auJt Unit S to its 
obsaved position in Treucb 6, a cumuIarive vertical displacement of 60 m IIIUSl OCCW' 

between the western margin of the fissure and the scarp crest; boweveI', much of this 
could be accommodated by faults 00 the sarp face itsd£ No Iargc-displacem tiuJt was 
exposed in tile trench ~ at 4-S mH, despite 1n. day ofhaod-digging in that area. 
However. based on analogy with 1998 Trcach S and 1997 Trmch 6, the zone that 
separates in-situ tuff and east-toppled domino blocks is mainly a zone of horizontal 
extension, into which blocks of exotic material &n. In such a puB-apart zone it would be 
unlikely to encounter a weIJ.-de6ncd shear pbDe. 

A pu1J-apart origin for the wcstem margiIl o(the fissure is supported by the styte of 
defOflPation in &ult ZAHIe B. which loots )ike an edensional fissure or graben. Elsewberc 
along the Pajarito fault such tmsiooal opeings are obsawd at the ground surface 
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upslope of fault and topple zones, and become wider in aperture as the topple zone is 
approacbed (see photograph in McCalpin, 1997, p. 34). 

Fault ZOdC C coincides with a 0.5 m~high vertical step in the bedrock trench floor at 
c.a. 9 mH. This slightly overhanging step bounds the western edge of an anomalous pocket 
of imbricated clasts, which is inteq>reted as a coUuvial wedge (unit 3a). The top of the 
wedge coincides with unit 2c 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 Dot displace the 
top of that unit. 

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

3.9.5 Geochronology 
Dating control in Trench 6 comes from two detailed soil profiles (fable 2) and a sin~e 

radiocarbon date (Table 3). The 2.6 m-deep soil profile in the deep fissure contains the 
surface soil and four buried soils, with POI age estimates of 1.9, 24, 41, 58, and 78 lea. 
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 andIor erosion between 1.1 
Ma and the beginning of fissure-till deposition at 781ca, or the age estimate of78 lea for 
the cumulative soil formation does not include long time periods in which deposition or 
erosion were dominant. This same age relation occurred at every treoch excavated in 1997 
that exposed Bandelier Tuff on the downthrown fuult block, i.c., the cumulative age of soil 
formation in sediments atop the tu1ffell far short of 1.1 Ma. In some 1997 trenches the 
discrepancy was attributed to periods of erosion in the fissuro'graben fill section, even 
though distinctive unconformities were hard to see due to the strong soil deveJopment. In 
Trench 6 at least two units (2b, 3Btbl) are clearly erosionally cbannelled into lower units, 
so 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 POI of the so~!$ 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 swfaGe soil dates at ca. 2.7 k.a, and charcoal 
from the middle of the surface soil dates at 2390 +/- 50 yr BP. 

3.9.6 Paleoseismic InJerprelflJion 
3.9.6.1 Most Recent Event 

The most recent event in Trench 6 oaurred on fault C. wbicb fauJtcd unit 2c and led 
to deposition of(al 'east the upptf' part at) colluvial wedge unit 3&. However, ifunit 2c 
predated the faulting event it should also be found OD the downthrown block east of f.auJt 
zone C, but it is not mapped there. Instead, OIl the downtbrown block: the colhMal wedge 
overlies unit 4?Btb. Thus. there are two timing scenarios for this faulting event. The first is 
that. prior to the evc:nt, unit 4?Btb comprised the ground !UJface aDd was faulted. 
Concurrent with deposition oftbc colJuviaI ~ 4?Btb was StJippcd off the upthrown 
block. While this scenario eJq)lains the abser..:e of 4?Btb 011 the upIbrowu block. it does 
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not explain how the upper part of the ccl.Iuv:ial wedge is now juxtaposed against unit 2c 
across the fault. The second scenario is that the lower pan of the coUuvial wedge is 
equivalent to unit 2c, and the upper part is the true colluvial wedge. However, even this 
scenario requires that either unit 4?Btb 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 4?Btb that downdropped the 
block east of fault C; this created the accommodation space in which unit 4 coUuvium was 
deposited. No coUuvium then existed west offault C; (2) deposition ofunit 2c as a 
lenticular wedge that pinched out at ca. 7.5 roM; this wedge makes up the lower half of 
unit 3a; (3) faulting ofunit 2c and deposition of the upper half of unit 3a 8.5 a scarp­
derived colluvial wedge, derived from erosion of part ofunit 2c from the upthrown bloc~ 
(4) deposition ofunit 2h, which is bracketed by a POI date on the base of horizon CB of 
2.7 lea (range 2.1-3.4 lea) and by a radiocarbon date directly above unit 2b of2J9O± SO 
yrBP (C-14 years). The fracture mapped as exteoding up into unit 2b bas DO vertical 
displacement, and is interpreted as a growth eraclc. above the fault. The MRE is thus 
bracketed between about 2.4-2.71ca and 161ca (the PDI age estimate for unit 4?Btb). 

Earlier faulting events created only ambigu0U5 stratigraphic evidence with poor 
dating control. For example, the western boundBl}' fault of the deep fissure truncates unit 
5Bth3, and juxtaposes two different facies ofunit 4 (the finer 4Btb2 vs. the coarser 
4?Btb). The western edge of unit 3Btbl i! also juxtaposed against unit 4?Btb, but this 
could be a steep depositonal contact. The base of unit 2b is clearly eroded into the fault 
plane. Thus this faulting event is younger than unit 5Btb3 (dated at 41 lea by PDl) and 
older than unit 2b (dated at 2.71ca at PDI). This age range is so broad that it does not 
provide a very useful age constraint; in fact. with only the coostraint that the event 
predates unit 2b, it could be the same event obsetved 00 f.wJt C. 

Faulting of the domioo blocks rnw:t be vecy old. given tbat the contact between 
soils b3 (58 ka by PDI) and b4 (18 b by PDl) is not dispbced. Unit 6b is clearly the 
proximal colluvial wedge deposited soon after faulting. and unit 6a thins drurica1ly over 
the eastermost domino block (Fig. 24). The present geometries ofboth units 6a and 6b 
could have resuJted from a single fiwJting ~ in wbicl1 movement of the ea.stennoit 
(exposed) domino block creates a 0.4 m-higb upslope-facing scarp. This scarp was then 
bwied by the lCOlmulating distal coUuvium of unit 6a. Although this is tbe simplest 
explanation. it is also possible that dispbeement 00 this domioo block post-dated unit 6a., 
and that half of the thickness of unit 6a was tbcu stripped from atop the domino before 
deposition of parent material S. We prefer the scenario of ODe &uIting event before unit 6a 
because: (I) there is onJy one proximal colluvial wedge in the fissure; aDd (2) the thinned 
section ofunit 6a atop the eastern domino bIodc shows no she-M fabric. Therefore, the 
single faulting event would predate units 6al6b (ca. 78 0) and po5t-date the Bandetia" 
Tuff. 

Neither units 4 or S in the fis.1ure fiB rog.in I proximal coDuviaJ fAcies, so it is DOt 

clear that they accumuJated after I fauItiog ~ For example, unit 5 is planar and of 
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;Worm thickness and texture, unlike units 6a16b. This geometry and sedjmentology 
suggest that unit S was deposited as a blanket in the fissure by s10pewash or rillwash 
processes. Unit 5 could be the only preserved remnant of a ooUuvill1 blanket that mantled 
the entire scarp face, and is only preserved in the fissure due to later down-dropping. 

Unit 4 bas a peculiar geometry for a fissure fill, in that it thickens to the east. This 
thickening suggests that unit 4 is buttressed against an upaloJ»facins 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 -bolc·. Such a faulting event 
would explain the truncation of soil SBtb3 on the we5tern edge of the fissure. Units 
younger than 4 (3Btb I, 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 immediately 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 lea. The earliest event is older than unit 6aI6b (78 lea) and younger than 1.2 
Ma 

4. INTERPRETA nON 

4.1 laiDs or the More ReceDt FauJtiJlg Events 
The MRE in Treocbes 4, S, IDd 6 predates the surface soil and youngest 

stratigraphic unit (typica11y colluvium) and post-dates the youngest of the buried soils, or 
at least the parent material that hosts that soil The age constraints are shown graphically 
in Fig. 25. The cumulative PDI value for the surface soil is auumed to closdy 
approximatc the total time since initial deposition of the soil parent material. there being 
DO evidence for UDCODformitic:s or erosion within that parent material. Thus, PDI-bascd 
age estimates on the surface soils form miniRllm age CODStI aiatJ 1'or the MItE. Where 
radiocarbon dates were obtained from the surface soil they are in good agreement with 
soil POI dales (e·s- Treocll4@ 5.4 mH. PDI- 1.3-2.1 ka. (:.14- 216-620 cal yrBP, 73()' 
1170 cal yrBP; Trench 6@8 mH. PDI== 2.1-4.3 b. C-l4- 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 com". cssiooal style of deformation. it is unkown 
whether this -event- meets an earthquake. an earthquake-induced landstide, or I 
nonseismic landWde. Regardless of origin. this deformation evaJI is )'OU08a" than the 
deformed beds ofunit IcBw (dated by smaD rteces ofUttrusive? cbarooaJ as 840 +1- SO C-
14 yr BP) but older than the surface soil (age I. 7-3 b by PDI). On Fig. 25 the &40 yr date 
u assumed to be erroneously young and is DOt wed as the maxinuD braclcdios age. 

The MRE in Trench S (event ZS) is similarly bncketed between the age of the 
surface soil (2.4-3.7 b) and that ofburied soil 1 (19-30 b). The MItE in Trmch 6 (event 
Z6) occurred before 2. J -3.4 b (age oftbe surface soil) IUd after 16-24 b (age of buried 
soil I). 
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All of the limiting dates cited above overlap in the age range 3.7-11 u. This age 
span is f1.uffucient1y large that the MREs in Trenches 4, 5, and 6 could be different events, 
although their age ranges do overlap. More importantly, the age range is 0Ida' than that of 
the MRE from 1997 trenches 3, 4, 7, and 71. In those trenches the MRE was bracketed by 
17 radiocarbon dates and four PDI age estimates (McCalpin, 1998, p.l 02) between about 
1260 and 2290 cal yrBP. In contrast, the MREJ in 1998 trenches 4-6 are braclceted by 
only 3 radiocarbon dates but by 10 POI age estimates (Fig. 25). The minirmJm age 
constraints from POI 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 examp1e, in 
Trench 4@5.4 mH the beginning ofsurface soil fonnation is dated at 1.3-2.1 b, whereas 
charcoal from near the base of the soil dates at 840± SO C-14, and 276-620 cal. yrBP 

In trench 4@6.5 roH, the beginning ofsurfacc soil fonnation is dated at 2.4-3,8 
lea, whereas charcoal from near the bue of the soil dates at 142~50 C-14 yrBP, or 736-
1170 cal. yrBP. A somewhat Wnilar situation oc.curs in Trench 6@ 8 mIl, where the 
surface soil has a POI age of2J~3.41ca,. compared to a radiocarbon age of2370± 50 C-14 
yrBP, or 1738-2269 cal. yrBP. 

Overall, the caJeodar-corrccted radiocarbon dates from 1998 trenches tend to be 
many bundred to a few thousand years younger than the PDI estimates for beginning of 
soil formation (68()"1824 years younger in T4@ S.4 mH; 123()...3064 years younger in 
T4@ 6.5 ~ 36~ 1662 years younger in T6@ 8 mH). Thus. ifwe compare the closest 
minimum age constraints 00 the MRE from the 1997 ttencbes (l26()...23 I 0 cal yr. BP) 
with those from the 1998 trenches (471-1 m cat yrBP) U5ing only ca1endar-corrected C-
14 dates. we see the age nnge is similar. 

We were: fortunate in the 1997 trc:ncbcs to expose faulted Holocene, carbon­
bearing deposits in Treucbes 4, 7, and 7 A. whereas in Tread! 3 the youngest faulted unit 
was a buried soil that began developing ca. 20 b. The 1998 tteocbea are like 91 Trench 3 
in this respect, that the maximum age coostraiDt OD the MRE is the time at which the 
youngest (faulted) buried soil began to devdop, rather than the more preferable times of: 
(1) when it ceased to devdop after &uJting and burial; or (2) when the uppennost faulted 
parent material was deposited. 11m, the ma:xinun age CODSttIiDu m Fag. 25 are not as 
closely limiting as the rnininml age coosaraints. 

Given this asymmetry in age constraintJ from the J 998 trencbes, it is pcnnissablc 
that the MRE in Trenches 4-6 is the same Holoa:ne event as at the 1m Trenches 3,4, 7, 
and 7a . 

.... 1 Ruurn:au Iatenak Betweaa P~uka 
Only a single recurrence interval can be cak:uWed for each treodl, based on the 

time between the MRE and pewItimaIe event (PE). In Treocll4, the PE is bncketed by 
soil PDI dates of 8-13 Ita (mean 11 b) aDd • ndioarboo date of29.S b. The time span 
between this event and the MRE (1. ... 3 b to 11-17 1ta)1 cooId be as taos u . 27.5 b, as 
short a5 0 ka, with a mean value of ca. 12 b (MIlE- 8.1 b, PE""' 20 b). Note. bowever, 
that the MRE at Treoc.b 4 may not I epc csaJt a tedonc eYaIl. The span betwea the 
minimum limiting ages for each evcm is 5 b (Bb minus 3 b) to 11.6 b (13 b minus 1.4 
0), which is our preferred range fOf' recurreDCC at this site. 
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In Trench 5 all we know with certainty is that the PE on fault C is younger than 
buried soil 2, which began fanning between 20 and 5S lea. and older thao buried soil I, 
which began forming between 8.7 and 24 lea (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 anyone profile. The MRE is slightly older than the surface soil (2.4-3.7 ka) and 
much younger than the inception ofOOned soil 1 fonnation (8.7-24 ka.). The PE, in 
contrast, is be!t contrained by POI age estimatC5 from the profiJc @ 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 lea and 25-40 lea, 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 u 37.6 k.a (40 ka minus 2.4lca), 
given the close minumum age constraints on both events as 2.4-3.7 ka and 15-24 Ic.a 
respectively, a more likely duration for the inteJVaJ is in the range of 11.3-21 .6 lea. 

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

In summary, the best estimates of the length of time between the MRE and PE 
based on the closer minimum limrting ages. range from 5-11 .6 b in Trench 4, 11.3-21 .6 
ka in Trench 5, and 28.6-48.9 ka in Trench 6. These values relfect the variablility among 
the size and activity of structures at the three treDch sites. At Trench 4, a 6 m-high scarp 
has been created by deforming strata all mo5t all ofwbich are younger than the EI Cajete 
pumice. T'hus. the short recurrreuc:e estimates of S-J J ka suggest that the Western Splay 
fault has bceo quite active in the latest Quatc:nwy. In contnst. the fault at Trench 6 has 
not even created I scarp at the bedrockIaDuvium contact and since 1.2 Ma has only 
managed to create I fissure with 2.S m offill in it. Given the poor geomorphic expression 
of this fault (11 wu idcmificd only due to erosion by artificial nmoff from Highway 4) it 
appears that it is DOt a major saructuraJ dement of the fault zone. and thuJ the longer 
estimated recurrences (28.6-41.9 0) may DOt f'eC()rd every fiuJting evart on the PFZ. 

Trench 5 forms an intermediate case. in that the fiuh has ICCUrDUlated 10 m of 
vertical displacement on the Bandelier T~ but much of that displacement appears to be 
old. For example. most of the lid vertical displacement ac:cwntIated before the formation 
of buried soil 2 (32-54 b), with only miooc displacements (e.g. 15-20 em on faults E, F I, 
and G) since that time. The impression one receives is that this fawt was a major adive 
structure prior to (and during) the depositjoo of 4 m-thick unit 21 in the "'ower pocket", 
and to a lesser degree later when the domino faults were active. Howeva-, even this latter 
period predates buried soil 2. Subscqucot to fonnarioo ofburied soil 2 the domino faults 
have ceased movement, and the only )"OUJl8CI" &utt IIJOV'eOJeI1U have occurred on &uk 
zone C. A similar evotutioo bas affected the -upper pocket·, where prior to buried soil 2 a 
deep fissure formed by recwn:ut ope:uiDg ADd depositioa. whereas subsequeu to buried 
soil 2 only minor (10-20 an) mowmcm bas 0CQJ0'eCI Oft selected faufts. Tbe impIicarioo 
of this evolution is either: 1) the locus of 6a1lring bat shifted away from this &uJt since 32-
54 ~ or 2) the latest two ea1hqllMes on the PFZ have aeatcd smaD-dispiKaDml 
faulting spread across aD the structures oftbe PFZ. but DO large dispIacemeou on any one 
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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 fault might be through geologic 
time. At other paleoseismic sites worldwide where muluple consecutive paleoearthquakes 
have been dated, the coefficient of variation (standard devi.atioo/mean) ofthc successive 
recurrence times converges to about 0.35 as the record lengthens (McCaJpin and 
Slemmon!, 1998). Thus, for a fault with a mean (Iong-tenn) rcaDTence interval of 10 lea,. 
about 2/3 ofrecurrence intetVals over time would fall within one standard deviation about 
the mean (i.e., between 6.5 and 13.5 b), and 95% would fall witliin two standard 
deviations from the mean (i.e., between 3 and 17 lea). This method of approximating the 
Variability in recurrence could be applied if we knew the long-term mean recurrence OD the 
Pajamo fault, but our single measurement is only one sample drawn from a population that 
may include SO post-l.2 Ma paleoearthquakes, so it is not a very robust estimator of tile 
long-term mean. Wong et al (1995) estimated a long-term mean recurrence of ca.. 20 ka 
for the Pajarito faull If that value is accucate, and the COV of recurrence approximates 
0.35, then the single recurrence interval dated in Trench 4 ( 5-11 .6 lea) falls within the one­
sigma limits. The 11.3-21.6 k.a interwl estimate from Trench 5 falls around the one and 
two sigma limits. In contrast, the 28.6-48.9 lea recurrence estimate from Trench 6 fa1Is 
well beyond the two-sigma limits, and suggests that perhaps thiJ trench does oot record all 
the paleoearthquakes experienced on the Pajarito faulr. 

~.3 DisplacemeDt Per EveDt OD tbe PAjarito FAult 
Our seven scattered trenches of 1998 were not located to optimize measurements 

of displacement per event OD the entire PFZ, but rather to optimize identification and 
dating of young &uhing events on specific fAult strands. Even in each treDch some 
complications arise in IllCI5Uring net displacement. In Trench 4, the MRE involved 
pcoetJative defonnation aDd folding (1) at the bead oftbe treoch, so no discrete fault 
displacement could be measured. During the PE the two subvertical fauJu at either end of 
the trench display opposite 20 an displaameots, while the unit 415 cootact has a venk:.aJ 
separation of 2-2. 5 m aaoss deformation zone B. Howeve.-, due to the praeoce of a 
slump at this location. it is unclear what struc:ture is responsible for the vc:rtica1lC'paC1tion. 
For example, McCa.lpin et a1 (1992) mapped areas along the Hansd vaney, ur fauJt scalp 
where the fault scarp had failed during covisnrie wmping,. and the height of the 
compound scarp thus formed was greater than the vertical romponeot of fault 
displacement (Fig. 26). Such a scenario might explain bow the 6 m-bisb &uk scarp It 
Trench 4 cooJd be created by only 2-2.5 m ofvtJtical d'asplacement in the deposits 
und~lying the scarp. Given the ambiguous nature of the structures in Trench 4, we cannot 
malc:e confident estimates of d~ per ew:nt. 

The MRE in Treocll 5 was accompanied by vatical displamnents of20 an on 
fiult E, 20 em on fault F I, and ca. 10-1 S' au DO fiuh G. for a totIJ of s()'S5 an. If out 
correlation ofuoit 7 aJoog the treDch is com:ct. the latest ctispIacemem in the lower lpocket 
ocaured dwing the PE, and ~mted to 1.4-2.8.m.. 
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In Trench 6, the MRE led to depostion of the 40 em-thick coUuvial wedge (unit 
3a) at the base of fault C. which has a Det vertical displacement OD tuff of 50 CD1. Based on 
the absence ofunit 4 on the upthrown block we interpreted at lcut one event prior to the 
MRE, which had to bavc at Jeast 15 em displacement to account for unit 4 00 the 
downthrown block. Therefore. the MRE 00 fauJt C (the only fault active during the event) 
had a net displacement of ca. 35 em. Displacements during older events are more difficult 
to estimate, due to ambiguity about the sequence of events. For example, if we assume 
that unit 6 in the deep fissure w:umuJated after a single faulting event, the 57 cm-thick 
colluvial wedge implies down-to-the-east vertical displacement of 0.6-1.2 m. nul 
displacement would be partially offset by the 40 em down-to-the-west net displacement on 
the easternmost domino block, resulting in a net vertical displau:ment of 0.2-0.8 m. 

In SI.I1l1flW)'. the net vertical displacement reconstructed for various events ranges 
from 0.2- 0.8 m, to 0.35 m, 0.5- 0.S5 m. and 1.4 -2.8 m in Trenches 5 and 6. On a given 
fault, then, the typical displacement in recent events was <:a 0.5 m. Such small 
displacements may explain why physical evidence such as eolluvia1 wedges is not well 
preserved along the Pajarito fault in genc:ra.l. By comparison, the MRE in 1997 Trenches 3 
and 7 bad caused 1.0 m and 1.1 m of antithetic (down-to-the-Vr'e$l) displacement, while 
1991 Trench 1 had a possible Holocene dispJ.acement ofO.? m. and 1997 Trench 5 had a 
simiIar small (<50 em) recent displaccmeot. These results indicate that the Yertical 
coseismic displaoement on any one &uk strand in the PFZ seldom exceeds 1 m. 

During the MRE. clI!IIdarive displac:cmcnt is estimated as 0.5-0.55 min Trc:ocb 5 
and 0.35 m in Trench 6. These dispJJN'fJ1t'tIlI co~e minimtm estimates of the 
displacement across the entire Pajarito &ult 11 a gjvm Iocatioa aIoDg strike, becat11e they 
only represent displact:meOt OD ODe of many fault SU'IDds that may have moved in the 
MRE. Ifwe assume that the displaammtl cited above represent the avaage dUpltoemtm 
along strike in the MRE, then empirical equations of Wells and Coppcnmith (I~, 
normal faults only) predict aD earthquake magnitude (Mw) of 6.5-6.6 and a rupture length 
of 25-28 km. The latter is within the range of sccmrio rupture lengths used by Wong d at 
(1995). However, these estimates of magnitude and rupture length are JDinimJms because 
the displacements estimates are miI'M'D'lIlD)S 
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Fig. 26. Schematic aoss-sectioos oftbe IhDseJ Valley. ur fault sc:arp affec:ted by 
coseismic slumping. A- surface rupture acatcs a fault scarp with height TI; B- During 
seismic shaking a rota.tiooal slump f~ C- Afta" slumping. total scarp height includes 
components from tectooic surface rupture (TI) IDd &om the slump beadsarp (T2). The 
dashed and queried fault in C rc:prcseoU a ICeOIrio in wbich the JIump forms directly over 
the tectonic fIuJt. and tlns the resulting scarp is 100% siump badscarp. From ~ 
et aI. 1992, Fig. Il). 
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s. CONCLUSIONS AND RECOMMENDA nONS 

~.1 CouclusioDs 
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 ofpaJeoseismoJogy. 
Based on our first ficld season of treDChing (1991), it appeared that a Holocene 
displaument event bad ruptured the P&jarito 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 ruptuI'C was much more ambiguous, and could be interpreted as 
the result of tree- throw. The Holocene swface- faulting event was dated in 1997 
Trenches 3, 4, 7, and 7& at between 1260 and 2290 cal. yr BP. Vertic.a1 displacement 
during the MRE could be estimated most accurately at antithetic scarps, where the 
cumulative displacemeot was 2.1 m down-t~the.-wcst. The MRE was presumably 
accompanied by an equal or greater amount of down-t~the-east displacement, perhaps as 
much as 3.1-5.2 m (for explanation, sec McCalpin, 1998), but due to erosion on steep 
east-filcing scarps the evideoce of such displa.ceme-nts was poorly preserved. 

The 1998 trenches wen: placed either across lineame:nts or east -&.cing ( synthetic) f.auJt 
scarps. and evidence ofa relatively small-displa.cemc:ot (35-55? em) Holocene 
paleoearthquake was detected in Trmches 4, 5. and 6. This MRE is bradcetcd between 
the age of the surf4ce soil (2-3 ka by PDl. 0.5-2 ka by C-14) aDd 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 treDChes. but given the larger age uncertainties associated with the 1998 
PDI age estimates compared to the 1997 radiocaroon chrooology, we cannot 
wwnbiguowly correlate the 1997 aod 1998 MREs. 

PDI age estimates CMrJ unc:en.ioties from the POI ebrooo6mction curve of 
McDonald (1999) (wbidl n:lates POI to toil devdopmeot time), but abo IOW'CCS internal 
to the method, such u those that return POI values that are lC)IDI';Iimcs contradic::tOl)' with 
stratigraphic position or with ractiowbon dates, u in Trench 4. When PDI age estimates 
conflict with radiocaJbon dates from the same horiz.oa. the PDlagc estimates are 
inva.ri4b1y oldef'. As pointed out by rcviewa' F.H. Swan. USoiI forming proccues vary 
locally depending on slope aspect, slope angle, drainage, etc:. Soil formation is probably 
accelerated at the break in slope below scarps ... .... .... ~ IOOCb of the uncertainty 
concerning the age of the MRE and PE exposed in the 1998 trenches arises from the 
assumptions and limitations of the PDI dating method. 

Sol Implialious oCtlle.m ud.99I Tmw:1l RauIts 011 Qa.aw-aary Slip Riles (or 
tbe Pajarilo Faatt 

According to the Fmal Report of the SOsmic Ha22rds EvaJuatioo of the Los 
Alamos National Laboratory (wCFS, 1m). the oct slip rate o(tbe Pajarito fault is the 
most important input paramder in the PSHA WCFS (199S) caIcu1atod a range of slip 
rates for the Pajarito fault, based 00: (I) the avenge height of the fault scarp (81 m); (2) a 
spatially-avenged long-term vaticaI dip me ofllml1.2 Ma, Of' 0.07 ~ aDd (3) net 
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slip on a 7O-degree rake of 123% oftbe vertical slip rate, or 0.086 mmIyr (WCFS, 1995, 
Table 7-1, footnote 9). To account for short-term variations in slip rate, McCalpin (1995) 
suggested a sp~for-time substitution utilizing the variability of sbort- VI. long term slip 
rates on many faults in the Basin and Range and Rio Grande rift provinces. WCFS adapted 
this approach the Pajarito fault and calculated the foUowing slip rates for the Pajarito fault: 

Table 4. Slip rates used for the Pajarito fault in tbe WCFS 1995 Logic Tree 
Net Slip Rate (mmIyr)Probabilityl Percentile2 
0.01 0.1 5th 
0.05 0.2 20th 
0.09 0.4 50th 
0.20 0.2 80th 
0.95 0.1 95th 

1 Probability used aD the PSHA logic tree 
2 Cumulative percentile assnming a space-for-time substitution; see Wong et aJ. (1995). 
Fig. 7-26 

Based on the 1997 trenches, the oct slip rate for the last seismic cycle (between the MRE 
and PEl is 0.06-().21 mmIyr. 'Ibus, 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 2oo/ •. 

The 1998 trench data iodicate that at Trench S. the MRE reJeued SO-SS an ofvemea1 
slip that accumulated over a period of 11.3-21.6 b. (or I slip rue of 0.023-0.049 mmIyr 
OD that rauh ItraDe!. These slip rates are in the lower part oftbc raoge cited in Table I, 
but of course they onJy reprc:tcnt the slip on ODe of three major fault straDds It thiJ latitude 
on the Pljarito fault. Of the two other fault strands, the westemmoIt is the Western Splay 
fault that was partiaUy exposed by Trench 4. Tbete a 6 m-higb scarp baa been crated by a 
combination of folding. slumping. and/or &uJting 00 a fan IlD'&ce that post-dates the E! 
Cajetc pumice. The slip rate implied by • 6 m sarp in S()-6() b depotit.s is 0.1-0.12 
mmIyr. This slip ralc faJ.Js near the center of the range cited in Table 4. Howevet', it must 
be admitted that some oftbe 6 m of total scarp height may lepi aent toe thrusting of a 
landslide. The vertica.t separation between con-elated 30-43 1m strata across the unter of 
the trench i! only 2-2.5 m. This separation implies a verticat slip rate of only 0.046-0.OS1 
mrnJyr, which is in the lower part of the ..... cited in Table 4. lfthe dip rmes on the 
Western Splay fault and the Trench S scarp are annmcd (wbich represeuts 2 of'the 3 
major fAult strands at thi5latitude). the Del vertical tJip rue is 0.069-0.132 mmIyr. TbeIe 
rates approximately straddle the midpoint of'the distributioo cited in TIblc 4. An uoknown 
additional compooem of slip during the MRE may have occumd 00 the 25 m.bigb &utt 
scarp downslope from Treocb S. but that structure bas not been tradled. Neva1heIess, 
the net slip rale across 213 of the PIjarito faJ.It south oCPajariro Canyoa during the most 
recent seismic cycle appears to &II in about the midddIe of the range of estinYtes made by 
Wong et aJ. (I 995). 

.. ' ~.~:-;:'--;:;:;; __ "4_.iIiiiI~"' ____ " ••. ~~IIIIII~!Il£ ••• ~ 
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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 tbe MRE OD tbe PF, GMF, aDd RCF 
A separate jssue is whether the 4-6 lea event on the Guaje Mountain fault, and the 8 

(23?) ka event on the Rend.ija Canyon fault, also involved seismogenic rupture of the 
Pajarito fault. The 1. S ka to 2. S lea MRE deduced for the Pajarito fault from the 1997 
trenches does not overlap in time with a 4-6 ka event. whereas the 2·31ca to 12--20 ka 
MRE from the 1998 trenches does overlap the 4-6 k.a event. Thus. if the 1 m MRE is tbe 
same as the 1997 MRE. then neither iJ the same event as the 4-61ca 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 Guajc Mountain 
fault, or it could be different than either the 1 m MRE or the Guaje Mountain fault MRE. 
In any case, ifwc assume that the 4-61ca date on the Guaje Moontai.n fault MRE is 
correct, then the 1997 MRE, 1998 MaE, and Gtgje Mountain fault MRE cannot aU 
rep~t the same faulting event. Thus, the CWTent dating control suggests that eithc:r: (I) 
the Guaje Mountain fiwlt can rupture without rupturing the Pajarito fault, which is a 
possibility contained within the Woog et al. 1995 logic tree, or (2) two Holocene ruptures 
OCCUlTed on different parts of the Pajarito fauJt. with a boundary somewhere between 
Pajarito Canyon (northern Imown C3Clent of the 1998 MRE) and Los AJamos Canyon 
(1997 MRE). This latter possibility is equivalent to having a &uJt segment boundary 
between Pajarito and Los Alamos Canyons. None of the 22 rupture sunarios in the Wong 
et aI. (1995, Fig. 7-25) logic tree contain tueb • segment boundary, although several show 
a segment bounduy at Los Alamos Canyon. 

The current age controJ on the MRE OIl the Reodija Canyon &u1t is insufficient to 
pennit a correlation with events on the PF. either from our 1m or J998 trenches. For 
example, if the 8 ka date is correct, then this event did DOt rupture any of the 1997 
trenches on the PF. However, a date oU b does faD within the ~her broad tge limitJ for 
the MRE from the 1998 trenches. Again. we musa 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 fault Ifit doH not correlate with the Rendija 
Canyon fault MRE, then the Rendija Canyon fmJt can rupture independt:ntJy of the PF. 

Thus, it appears that under either cornlatioo scawio between the Pajarito fault and 
Rendija Canyon ~ or the Pajari10 fault and Gmje Mountain fault, that we smJSt retain 
the possibility that ruptures may occur on the Rend.ija Canyoo &uJt aod Guaje MOUDlIin 
fault that do not rupture the PF, u is conUiDr.d in the Woos et aI. (1995) Iogjc tree. 

5." ~omJDeadltioDJ 
The two fieid seasons oft:rc:nching on the Pajuito fault have answered St:Veral key 

questions as to the accuracy of slip rata aDd IPP' oprialeans of struduraJ and behavioral 
scenarios for the PFZ. as indr.ded in the Wong et al (199S) logic tree. The only remaining 
unanswered question at present is whether the dates ammdy cited for the MREs 00 the 
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Guaje Mountain fault and Rend.ija Canyon fault are correct. At the beginni~ of the 1m 
trenching studies, the paleoseismic histories of the Guaje Mountain fault and Rendija 
Canyon fault, with one weU-dated treoeh site on eacb, were better kn.>wn than that of b 
Pajarito fault. At that time, of the four trenches of Wong et aI. (1995) on the Pajarito taulr, 
one exposed no faults, two were in a suspected landslide block (rig. 2b, top), and the 
fourth exposed only sma11~isplacement structures of the basal fault zone that could not be 
well-dated. At prescot we have excavated 14 trenches on the Pajarito fault and have 
constructed space-time diagrams of ruptures covering the past lOb (for the 1997 
trenches) and 70 ka (for the 1998 trenches). Thus, at this point the limitation in correlating 
paleoeartbquakes among the Pajarito fault, Guaje Mountain fault, and Rendij. Canyon 
fault arises from two sources: (1) the general absence of deposition between ca. 4 and 20 
Ic.a on the Pajarito fault 5CVp. and (2) the limited trench and geochronology data on the 
Guaje Mountain and Rendija Canyon faults. 

Therefore, future paleoseismic iavestigmiOIlS (afundertaken) should aim at these two 

data gaps. First, sites should be examined on the Pajarito &uJt where early Holoceoe-late 
Pleistocene deposition may have occurred in association with f.aultin& such aJ the grabens 
at the head oftbe scarp north of Water Canyon and Canon de VaDe. and the graben along 
West Jemez Road. So::ond, ODC to two additional treDcbes shouJd be excavJ1ed across the 
Guaje Mountain fault and Rendija Canyon fault to confirm the timing of the MRE (and 
possibly the PE) that is DOW based on only a single trench site on eacll fault . If the 
additional tre:ncbes on each fault yields dates comparable with the cxistins dates, then the 
paJeoseismic history will probably be as wdl consuained as can be expected (giVUl the 
inberertt limitations imposed by field CODditioos). and DO further paIeoseismic studies are 
indicated. If the second trench on ODC or both f.w1ts yields dates on the MREs that conffict 
with the present age ranges. then the dating effort in those SCCODd treDChes D1tJJt be 
sufficiently sophisticated that the new dates will Rlpercede the old dates, aod permit I 
confident correlation between the MREs (and possibly PEs) amoos the Pajarito fault. 
Guaje Mountain fault.. and Rendija Canyon fault . 
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Seismic rerraction survey result!. 
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APPENDIX 2 

Report by PaleoRese.rcb Labs, 
on content of radiocarbon sampl~ 

EXAMINATION OF SOIL FROM LOS ALAMOS. NEW MEXJCO 
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JllfJRODUCTION 
Bulk soil samples were recovered from trenches excavated as part of 8 

paleoselsmlc study near LOI Alamos. New Mexico. Botanic components and detritall 
charcoal were Identified, and potentially radiocarbon datable material was separated. 

METHODS 
The samples were floated using a modification of the procedurel outlined by 

Matthews (1979). Each sample was added to approximately 3 gallons of water. The 
sample was stirred until a strong vortex fonned. which was allowed to llow before 
pouring the light fraction through a 150 miaon mesh sieve. Additional water was 
added and the process repeated until all visit>kt mscrofloral matericU wal removed from 
the sample (8 minimum of 5 times). The material which remained In the bottom (heavy 
traction) was poured through 8 0.5 mm mesh seteen. The floated portions were 
allowed to dry. 

The light fractions were weighed. then passed through 8 series of graduated 
screens (US Standard Sieves with 4 nvn. 2 mm. 1 mm. 0.5 nvn and 0.25 rrvn openings 
to separate charcoal debris and to lnitialy sort the remains. The contents of each 
screen were then examined. Charcoal pieces larger than 1 mm in diameter were 
broken to expose a fresh cross-section and examined under a binocular microscope at 
magnifications up to 14Ox.. The remainUlg light fraction In the 4 mm, 2 mm, 1 mm. 0.5 
mm, and 0.25 mm sieves was scanned under a blnocUar stereo microscope at a 
magnification of 10x, with some identifications requiring magnffications of up to 7Ox. 
The material which passed through the 0.25 mm sc:teen was not examined. The 
coarse or heavy fractions also were screened and examined for the presence of 
Dotanic camains. 

Mactoftoral reman, induding dwcoaI. were ide.1tified using manuais (Cafe tl 
al. 1976; MartIn and Barldey 1973; Panshin and Zeeuw 1980; Petrides ..-ad Petrides 
1992) and by comparison with modem and archaeological references. The term "SNd" 
is used to represent aeeds, achenes. caryopses. and other dislemir.uIeI. Remains 
from both the light and heavy fractions wet8 recorded as ehan'ed and/or uncharted. 
whoie and/or fragments. Because ctuwcoaI and possi)fy ottw boCanic remeinI were to 
be sent for radiocarbon daMo, dean Jabofatory conditions went used dufing the 
flotation and identffication to avoid conCamInation. AI Instruments were washed 
between samples, and samples were protected from COIIIaCtWith modem cllarcoat. 

DISCUSSION 
The sampled trenches were lac ated ttne to four mies west 01 Los A*noa, 

New Mexico. The project area is dominated by ponderou pile (f!lus DOOderoy). wtth 
vety litHe undef'stOty vegetation present Six samples from three trenches wete 
examined. 

Sample 98T~5 contained pieces 01 PfObab'e ElM (charcoal (Tables 1 and 2). 
which were SLOnitted for radiocarbon ~ The $M1pIe Mso COI_ Mtd piecM of 
chatred vHrified tissue and smaI. enarted bIwk fragments. VIbified material has alt*1y. 
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glassy appearance due to fusion by heal Uncharred roots, rootlets, and an 
unidentified hardwood twig fragment represent modem plants. Sclerotia, an Insect 
chitin fragment. and rockIgravel also were presenl Sclerotia are commonly called 
Yearbon balls-. They are small, black, sand or hollow balls that range from 0.5 to 4mm 
in size. Sclerotia are associated with mycorrhlzae fungi, such as Cenococcum 
granlforme, that have a mutuallstic relationship with tree roots. Sclerotia are the resting 
structures of the fungus, identified by Dr. Kristflna Vogt, Professor of Ecology In the 
School of Forestry and Environmental Studies at Yale University. Many trees are noted 
to depend heavily on mycorrfllzae and may not be successful without them. "The 
mycelial strands of these fungi grow into the roots and take some of the sugary 
compounds produced by the tree during photosynthesis. However, mycorrhizal fungi 
benefit the tree because they take In minerals from the soil, which are then used by the 
tree" (Kricher and Morrison 1988:285). Sclerotia appear to be ubIquitous and are found 
with coniferous and deciduous trees including Ables (fir). Juniperus communIs 
(common juniper), Larix (larch), Picea (spruce), Pinus (pine). Pseudotsuga (Douglas 
fir), Acer pseudoplatanus (sycamore maple), Alnus (alder), ~ (birch). Carpinus 
caroliniana (American hornbeam), ~ (hickory). Castanea dentata (American 
chestnut), Corylus (hazelnut). Crataegus monogvna (hawthom), Fagus (beech). 
Populus (poplar, cottonwood, aspen). Quercus (oak), Rhamnus fragula (alder bush). 
Salix (willow), Sorb us (chokecheny). and Tllja (linden) (McWeeney 1989:229-130; 
Trappe 1962). 

Small pieces of charred bark and conifer charcoal from sample 98T 4-6 were 
combined and submitted for radiocarbon dating. The conifer charcoal most likely 
represents local pine trees; however, the charcoal pieces were too small for a positive 
Pinus Identification. Un charred rootlets, sclerotia, and rock/gravel were the only other 
remains to be recovered. 

Sample 9BT4-7 contained small pieces of conifer charcoal that were submitted 
for radiocarbon dating. This sample also yielded a charred vitrifted tissue fragment, 
uncharred rootlets. sclerotia, and rock/gravel. 

Sample 98TS-1 contained pieces of Pinus charcoal, charred bark fragments, 
uncharred rootlets, sderotia, and rockIgravel. The PinU$ Charcoal was sent for 
radiocarbon dating. 

Three small pieces of charred bark. were the only charred remains present in 
sample 98T5-2, although these pieces of bark. were too smaU for radiocarbon dating. 
An uncharred Pinus needle fragment and uncharred rootJets represent modem plants. 
Non-floral remains include very small uncharred bone fragments and rockIgravel. 

Sample 98T6-1 yielded sufficient pcobable Pinus charcoal fOf radtocarbon 
datJng. Three vitrified tissue fragments were the ordy other charred remains to be 
recovered. Uncharred remains indude modem Pinus bark scaJe fragments, roots. and 
rootlets. The sampk! also contained sderotia. a few worm casts, and rockIgravel. 
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SUMMARY AND CONCLUSIONS 

Flotation of samples from trenches near Los Alamos, New Mexico, resulted In 
recovery of Pinul charcoal, probable fin!a charcoal, conner charcoal. and charred 
bark fragments that were submitted for AMS radiocarbon dating. 0nJy sample 98T5-2 
yielded insuffldent quantities of charred material for dating. Conifer 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 
MACROFLORAL REMAINS FROM TRENCHES NEAR LOS AlAMOS. NEW MEXICO 

Sample ChaIred Und'IWfId Welghtll 

No. IdentIftc8Uon PIrt W F W F Com(IjtNl 

GaT .... S Uteri FIoMed 1t3 t 
Uaht FIKtIon Welaht 1.03j l 
flORAl REMAINS: -
Baric. ~ O.OO8g 
VJtrlf\ed tissue 12 O,02Og 
Roots X 
Rootlets X Modef"tte 

&:Ierotla X Modefate 
CHARCOAUWOOD: 
ct. eJmg Charcoal I 
Unktelltifled hardwood twta Wood 
NON-FLORAL REMAJNS: 
Insect Chitin 1 
RockIGravei X ModenII6 

9ST...e liters Floated 1.1SL 
L1ciht FractJon ~ S.7QJI 
flORAL REMAINS: 
Bar1c. D OjDOe g 
RoctJeIs X NumerOus 
Sderctla X MoI:feUitt.. 
CHARCOAUWOOD: 

O.OO3J1 I Conifer CI'IIrCOIII 8 
( 

~ORAL REMAINS: 
RockIGf'IveI X ModefICe 

DaT4-7 utldFlMled 1~R 
Uahl FntdIon WeClht J 3.S3J1 I 

FlORAl REMAINS: 
Vitrified tissue 1 0.014 g I 
Roodets X Modef1IIe 
Sclerotia X Few 
CHARCOAlJWOOD: 
ConIfer et.roo.I 13 0.013 CI 

eaT4-7 NON-FtORAl REMAINS: I 

RodcIGravef X II ~ l 
eaT>1 Ut~ Floated I: O.aL I 

UahI Fradion ~ &.&4_Cl 
FlORAL REMAINS: I 
BaIt I I a 0,007 g 

I Rootlets 1 1 I 1 I Xl ,Nl.merCiUI 
Sderotia X Mode(Ite 
CHARCOAlJ'NOOO: 
~ ChIn:oeI 10 0.03111 
NON-FlORAl REMAINS: 
RodtIGraveI X ModefaIe 

QST5-2 Uets FIoIIed 1.1 L . . 
( 5.21 g 

101 

-



( 

( 

GEO-HAZ Consulting, Inc. 

FLORAL REMAINS: 
Bar1t 
flruII 
Rootlets 
NQN.FI.ORAL REMAINS: 
Bone < 1 mm 
RorJcJGrav'" 

QaT8-1 IJters FJoItId 
Uaht FrICtion WeIght 
FLORAL REMAINS: 
VItrIfIed tissue 
etm.Il 
Roots 
Rootlets 
Sdetotfa 
CHARCOA.lJ\NOOO: 
ct. fIrua 

~1 NON-FLORAL REMAINS: 
RockIGl8Vef 
Worm casts 

W-WhoIe 
F:II Fragment 
X :II Presence noted In sampe 
g = gl8ll1S 

Needle 

Bal1cscale 

Chatcoal 

TABlE 2 

3 <0.001 g 
1 
X FfIW 

X Moderate 
X ModefMe 

1.35 L 
15.02~ 

3 0.002 g 
X Numerous 
X 
X Numerous 

X FfIW 

7 O.OHI g 

X ModenIte 
X Few 

tNOEX OF UACROFlORAL REMAINS RECOVERED IN SAa.tPt..ES FROM lOS AL4MOS 

Sc:IentifIc Name eommon.-ne 
FlORAL REMAINS: 
Pinus PIne 
Sclerotia Smell, btact. solid or hoIow bds ..oaUd with 

I funaI. MJCh as 
CHARCOAI..JWOOO: 
COnIfer Cone-be8mg. gyrmospermooa trees Mid stwut.. 

mosdy .... etgreenS. incUIng the ~, tpruee. fit, 
iIDP«. CId8r yew. and '-""_ 

eiauI PIne 
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APPENDIX 3 

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

Qat Holocene stream alluvium 
Qal2 late Pleistocene stream alluvium (temus) 
Qbt Bandelier Tuff (1 .2 Ma) 
Qc colluvium (Quaternary, Wldivided) 
Qec E1 Cajete Pumice (ca. 50-60 b) 
Qfo? Older alJuvial &n. early-mid Pleistocene 
Q1i lntcrmedia~age alluvial &n. mid-Pleistocene (pre FJ Cajete) 
QfY Young alluvial fan (Holocene and late Pleistocene; post EI Cajete) 
QoaJ Older stream. alluvium, early-mid Pleistocene 
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