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1. ABSTRACT 
 We investigate the late Quaternary rupture history of the southern East Cache Fault zone [ECFZ], 
northern Utah with geologic mapping, paleoseismic logging of fault trenches, ground-penetrating radar, 
and optically stimulated luminescence dating. McCalpin (1989) indicated that the southern segment of the 
ECFZ consisted of three strands.  We excavated four trenches across these strands, and evaluate the 
stratigraphy and structure of the sites.  
 Detailed mapping in Bonneville lacustrine shoreline deposits along the western strand did not 
reveal a fault scarp, and the 39-m long trench across a younf 1.5 m-high scarp indicates that no recent 
fault rupture cut the lacustrine deposits. We conclude that either the western strand is a bedrock fault, 
displacing Salt Lake Group against Salt Lake Group, but it does not displace late Quaternary deposits, or 
the western fault strand does not exist. In either case, the fault would not be an active fault by definition in 
the State of Utah. 
 The complex geomorphic expression of the central fault strand is defined by a discontinuous, 6-
km long, 20-30 m-high east-facing escarpment that crosses a low-relief, west-sloping pediment surface 
cut into a dipping section of Tertiary sediments.  The 325-m long GPR profile suggested the presence of a 
small graben, and the possible presence of several east-dipping faults along an east-facing escarpment. A 
37-m long trench along the western part of the site, and a 44-m long trench through the graben, is 
separated by 31-m long gaps in trenching.  We observed no signs of faulting in the Salt Lake Group or in 
overlying Quaternary colluvium that yielded a minimum age of 66 ka. The Tertiary Salt Lake Group beds 
define a syncline with its axis near the topographic saddle and the mapped location of the McKenzie Flats 
fault. Thus, the topographic expression of the McKenzie Flat fault may be interpreted as erosional rather 
than tectonic. The McKenzie Flats fault may have experienced vertical Quaternary movement that 
displaced the pediment surface 20 m vertically, but faults were absent in the three trenches. This could 
have occurred because faults were locally present, but they came to the surface in the untrenched intervals 
between our three excavations. The larger eastern interval contained the topographic saddle and the 
anomalies imaged on the GPR survey.  
 The eastern strand of the ECFZ was exposed along a 32-m long trench, where a single 45° west-
dipping fault was exposed near its head. The fault juxtaposes dolostone in the footwall against late 
Quaternary loess (mostly older than 58.8±4.5 ka to 62.5±5.0 ka) in the hanging wall.   Quaternary loess of 
the hanging wall is truncated against Paleozoic bedrock to the base of a thin modern A horizon. The 
absence of colluvial wedge depositsagainst the fault here is the signature of a fault whose last movement 
predates the ground surface developed above it. The absence of scarp-derived colluvium here indicates 
that the latest movement on this fault plane is older than the Bonneville lake cycle (older than the ca. 20 
ka highstand, and possibly older than the beginning of the cycle at ca. 35 ka). Such an old age is 
consistent with the deformation dated farther south on this same fault strand by McCalpin (1994) as older 
than 26 ka and younger than 46 ka.  

We conclude that the western fault strand of the ECFZ has had no late Quaternary displacement 
or does not exist; the central strand has not had any late Quaternary movement and may be a drape fold; 
and the eastern (range-front) strand has had one movement younger than 59-63 ka but older than the 
Bonneville lake cycle. The results of this study indicate that the late Quaternary slip rate on the southern 
segment has been significantly lower than that of the central segment. On the southern segment the 
elapsed time since the MRE is at least 26 ka (30 ka if connected to the James Peak MRE rupture), and 
may be as much 46 ka, which is much longer than the elapsed time (4 ka) and recurrence interval (9-11 
ka) of the central segment.  

This study and earlier studies shows that the southern segment of the East Cache Fault zone did 
not rupture simultaneously with the central segment in the latest three large earthquakes (4 ka, 15 ka, and 
20 ka). The southern segment does not link with the central segment during rupture. We propose two 
rupture scenarios: (1) the southern segment ruptures by itself (rupture length of 22.1 km, and an M6.6±0.3 
earthquake), or (2) the southern segment ruptures along with the James Peak fault (combined rupture 
length of 34 km, for a M6.9±0.3 earthquake). The maximum 46 ka age since the MRE on the southern 
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segment, and a vertical displacement that is same as the central segment (1.4 m), would yield a maximum 
closed-cycle slip rate of 0.03 mm/yr (but only if the next event occurs tomorrow). Therefore the likely 
range of slip rates lies between 0.01 and 0.03 mm/yr. 

The very low Quaternary slip rates and the long recurrence times deduced for the southern 
segment can be interpreted to indicate that the segment poses much less hazard than the central segment.  
However, the large cumulative throw on the southern segment indicates a post-Miocene slip rate of 0.35 
mm/yr, yet a mid-late Quaternary slip rate of only 0.01 to 0.03 mm/yr. In order for the southern segment 
to “catch up” to its long-term slip rate, displacement event(s) might be expected in the near future.  
Additionally, the three late Quaternary displacements on the central segment may have increased the 
Coulomb stress on the southern segment, thus “loading” it and advancing its time to failure.  
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2. INTRODUCTION 
This report was written by Co-PI Jim McCalpin, based on his field notes from two field reviews 
of the trenches, and from fragmentary data provided by the trench logger, Utah State University 
grad student Stephanie Davi. 
 
2.1 Purpose and Scope of Study 

The East Cache fault zone (ECFZ), northern Utah, is an ~80-km-long active normal fault 
that poses a significant hazard to a growing population center.  The overall trace of the fault has 
been well established (McCalpin, 1989, 1994) and consists of three segments.  Timing and 
magnitude of paleoearthquakes on the central segment are well documented, but few data 
constrain the slip history of the northern or southern segments.  The current version of the 
National Seismic Hazard Map treats the ECFZ as an unsegmented fault on which the 
characteristic earthquake is permitted to “float” along the length of the fault (K. Haller, pers. 
comm. 2004). This approach was adopted because there are insufficient data on slip rate or 
recurrence in the northern and southern segments. The fault source characteristics currently used 
for the ECFZ are derived only from the central segment, which has the youngest scarps. 
Therefore, it is possible that using these values in an unsegmented rupture model overestimates 
the hazard posed by the ECFZ, if the slip rates on the end segments are significantly lower than 
those of the central segment.  We will examine the rupture history of the segments in order to 
constrain the likely rupture lengths and recurrence times.  We will begin the effort to evaluate the 
seismic hazard posed by the poorly studied segments by focusing on the southern segment in this 
proposal.   
 The goal of this study was to determine the paleoearthquake timing and magnitude on the 
southern segment of the East Cache fault with a paleoseismic investigation using trenching and 
mapping methods.  We used data to test the hypothesis that the ECFZ is persistently segmented, 
and to examine if the segments have distinctly different slip rates, recurrence and perhaps 
characteristic magnitudes. 

The Utah Quaternary Fault Parameters Working Group (UQFPWG) held its Annual 
Meeting on, February 15, 2006. The Working Group adopted these faults as priorities for study 
in 2007 (listed below in no particular order). 
 

1. West Valley fault zone (trenched by Utah Geological Survey in 2010) 
2. Weber segment – most recent event (trenched by UGS/USGS) 
3. Weber segment – multi-event trench  (trenched by UGS/USGS) 
4. Faults beneath Utah Lake 
5. East Cache fault zone (THIS STUDY) 

 
 
2.2 Significance of the project  
The Cache Valley (Figure 1) is a rapidly urbanizing graben with a current population of 
~115,000 people, projected to be 275,000 to 300,000 by 2050 (Utah Office of Planning and 
Budget, Demographic and Economic Analysis, 2005).  This growth primarily occurs in the 
communities along the eastern edge of the basin, and in the southern part of the valley. The 
southern portion of the Cache Valley, the area subjected to ground shaking from slip along the 
southern segment of the East Cache fault, is 35 miles from the northern terminus of the Wasatch 
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commuter rail line [original completion date of 2008].  Some local communities in the area have 
adopted geologic hazards ordinances and improved hazards assessments will impact the planning 
of future development in the area.  Incorporation of geologic hazards analyses into city 
ordinances and recognition of recent fault rupture hazard has been incorporated into new 
developments in Logan and North Logan, where the work of McCalpin (1989, 1993, 1994) along 
with geotechnical investigations for new developments, resulted in the preservation of setback 
zones along the East Cache fault.  Further efforts to establish quality growth guidelines that are 
compatible with seismic and slope failure hazards are currently underway within the county. 
Accurate identification of the location of the active traces of faults, along with the estimation of 
the seismic hazard, has been combined with recent planning efforts combine seismic risk 
reduction with and preservation of greenspace buffers and trail development.  The work outlined 
here will contribute to this effort by quantifying the slip history along a segment that will soon 
see much development.  
 The area adjacent to the southern segment of the East Cache fault is under heavy 
development pressure, and analysis of rupture chronologies proposed here will significantly 
impact the future design of housing developments in the valley.  In addition, the evaluation of 
multi-rupture scenarios will provide the engineering community with a set of probability-based 
rupture scenarios for the maximum credible earthquake in the area, including limits as to the 
likely earthquake magnitude and rupture lengths that can occur in the area.   
 
2.3 Tectonic Setting 

Cache Valley, northern Utah, is a rapidly urbanizing graben east of the Wasatch Fault 
(Figure 1).  The valley is bounded on both sides by active normal faults, which are part of the 
northeast-trending Intermountain Seismic Belt (Smith and Sbar, 1974).  Historic earthquakes of 
up to Ms 7.5 (Hebgen Lake, 1959) have occurred in the region. Closer to the study area, an Ms 
6.6 earthquake (1939) ruptured 50 km west of the study area, and the 1962 Ms 5.7 Richmond 
earthquake caused damage in the Cache Valley (Arabesz et al., 1992, Smith and Arabesz, 1991).  
 The East Cache Fault bounds the eastern edge of the valley and forms the prominent 
geomorphic and structural break between the valley and mountain range.  Clear geomorphic 
evidence indicates the fault is at least 54 km long (McCalpin, 1989, 1994) and may be ~80 km 
long if the fault connects with the James Peak Fault at its southern end.  The latter interpretation 
was approved by a consensus of the Utah Quaternary Fault Parameters Working Group at a 
meeting in Salt Lake City on March 4, 2005.  Analysis of subsurface data (Evans and Oaks, 
1996;  Oaks et al., 2005) indicates that the East Cache Fault changes character along strike.   
 McCalpin (1989, 1994) used geomorphic expression, paleoseismology, and Quaternary 
dating to identify three rupture segments of the East Cache Fault.  The central segment is the 
most well documented, with two surface-faulting earthquakes in the past 14,000 years. The 
central segment of the East Cache Fault has an average slip rate of 0.2–1.0 mm/yr and a 
recurrence interval of 9–11.5 Ka.  Surface ruptures of 1–2 m/event were recognized in trenches 
(McCalpin, 1994) and confirmed by new trenches opened in 2003 for a hazards analysis of new 
subdivisions (Nelson and Black, 2004).   Earthquake magnitudes were inferred to have been M 
6.9-7.1 on the central segment.  
 The geomorphic expression of the southern segment is characterized by fault traces that 
bifurcate (Figure 1).  The southern segment is 22 – 28 km long and is composed of three parallel 
fault traces. The eastern fault strand lies at the foot of the Bear River range and forms the 
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boundary between Tertiary deposits and Paleozoic bedrock. This is the fault strand labeled as the 
East Cache fault on the USGS Quaternary Fault and Fold Database.   
 

 
Fig. 1. Satellite image of the East Cache fault zone (center) on the eastern margin of Cache Valley, with the 
southern section in the yellow box. Fault color indicates age of latest movement, according to the USGS Quaternary 
Fault & Fold Database: orange, Holocene; blue, late Pleistocene; green, middle Pleistocene; purple, Pleistocene. 
Holocene faults northwest of the box are the West Cache fault zone; west of the box is the Brigham City segment of 
the Wasatch fault zone. 
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The central strand lies entirely within Tertiary deposits and is marked by prominent saddles and 
aligned drainages. Oaks et al. (1999) informally named this strand the McKenzie Flat fault and 
indicate it may be an antithetic fault to the East Cache fault (Fig. 3). The western strand separates 
Quaternary Lake Bonneville deposits from Tertiary units (Fig. 3), and was named the Paradise 
fault by Oaks et al. (1999).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Map of the geometric sections (rupture segments?) of the ECFZ. From McCalpin, 1994. 
 
 
 Timing of past ruptures on the southern segment is poorly constrained, and is the topic of 
this proposed research.  McCalpin (1989, 1994) reports bedrock scarps along the eastern fault 
strand that are ~16 m high with a geomorphic surface offset of 10 m.  Scant timing evidence 
indicates one rupture that was younger than 44 ka, but before 25 ka (McCalpin, 1989).   
 The geometric connections and rupture history between the well-documented central 
segment of the East Cache Fault and the southern segment are not known. 
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Fig. 3. Two cross-sections of southern Cache Valley at the latitude of Paradise. Upper section is from Evans and 
Oaks (1996) and covers the entire Cache Valley graben as well as the flanking horsts. Lower section is from Oaks  
(1997) and only covers the graben and its Tertiary-Quaternary graben fill. The three fault strands of the southern 
segment of the ECFZ are shown at right (from right to left, East Cache fault, McKenzie Flat fault, and Paradise 
fault). 
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Fig. 4. Location map of Section B-B’ of Oaks, 1997, shown in Fig. 3. 

 
3. OBJECTIVES AND METHODS 

The objectives of the study are fourfold: 
1-- Determine the Quaternary rupture history of the southern segment of the East Cache 

Fault with a combination of paleoseismic trenching studies, surficial mapping, and analysis of 
shallow drill holes.  This work will determine the timing and surface displacements of recent 
earthquakes which are responsible for slip on fault segment.   

2-- Create a new surficial geologic “strip” mapping along the known fault traces, at scales 
of ca. 1:12,000 will be necessary to pinpoint the best trench locations. This mapping can also be 
combined with unpublished subsurface analyses (R.Q. Oaks, pers. comm.) to help constrain the 
cross-section geometry and to provide a more accurate analysis of the location of the fault traces.  
This will be extremely useful for planners, as development encroaches to the fault in some cases.  

3-- Compare the results of our study with previous work on the East Cache Fault central 
segment to determine which rupture scenarios may occur:  single segment vs. multi segment 
rupture.  

4-- Calculate closed-interval geologic slip rates and recurrence intervals for the southern 
segment, to support a multi-segment source model for the ECFZ, for inclusion into the National 
Seismic Hazard Map. 
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Characterizing the late Quaternary paleoseismic record of the southern segment required  

a minimum of three trenches, one across each of the major N-S fault strands.  The optimum 
location for these trenches was: (1) at the same latitude, so that all slip across the zone could be 
measured, (2) near the center of the section, to avoid any slip decreases near the ends, and (3) 
where Quaternary deposits are clearly displaced.  Those criteria suggested two possible locations 
for a three-trench, east-west transect, a northern one east of Paradise and a southern one east of 
Avon (Fig. 5 ). 
 The target north transect includes a trench across correlative (?) pediment gravels on the 
eastern strand, a trench on the western tip of a truncated pediment and uneroded saddle on the 
central strand, and a trench across the Bonneville highstand wave-cut cliff on the western strand.  
The saddle is the best location to sample the central strand.  The eastern trench may have 
experienced erosion of pediment gravels from the upper half of the fault scarp, but hopefully a 
colluvial record will still be preserved on the hanging wall. 
 The target south transect includes a trench across a better scarp in pediment gravels on 
the eastern strand, a trench in a somewhat eroded saddle on the central strand, and a trench 
across the Bonneville highstand wave-cut cliff on the western strand.  The saddle is not as 
pristine as in the north transect.  The trench site on the western (Bonneville) strand is about the 
same quality as in the north transect. 
 After field reconnaissance and talking to landowners, we decided on the northern transect 
(Fig. 5). 
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Fig. 5. Map showing options for trench sites. The north (red) and south (green) transects included trenches on all 3 
fault strands at the same latitude. Due to landowner constraints we chose the north transect. Base map from 
McCalpin (1989); faults are thicker lines. For explanation of map units, download the map file (9.2 Mb) at 
http://ugspub.nr.utah.gov/publications/united_states_geological_survey/geologic_maps/mf/MF-2107.pdf 
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3.1 Geophysical Surveys of Trench Sites on the Northern Transect 
Before trenching began, we ran ground penetrating radar (GPR) surveys through the proposed 
trench sites in order to determine how much Quaternary cover we will have to trench through 
before we get to the displaced sediments.  This helped us determine whether or not the trench 
sites were useful locations, and whether or not the fault actually lies where previously mapped. It 
also helped us determine the thickness and internal structure of the colluvial wedge sequence.  

The data were acquired by a Sensors & Software PE Pro unit with a 100 MHz antennae 
and a 1000 Volt transmitter. Trace spacing was 0.25 meters. The sampling rate was 0.8 nano 
seconds (ns) and the recording time was 500 ns. There were 16 stacks per trace. The GPR survey 
over the western strand of the fault was 90 meters in length. The survey over the central strand 
was 375 meters in length. The survey over the eastern strand was 200 meters in length. All GPR 
surveys were conducted under the supervision of John Bradford, director for the Center for 
Geophysical Investigation of the Shallow Subsurface at Boise State University. 
 

Table 1. Parameters of the GPR surveys. 
Project: Utah State Neotectonics GPR 
Date of Acquisition: 09/08/2007 
GPR System: Sensors and Software PE Pro 
Antennas: 100 MHz 
Transmitter: 1000 V 
Trace spacing: 0.25 m 
Polarization mode: Transverse electric 
Trigger Method: Odometer Wheel 
Sampling rate: 0.8 ns 
Recording time: 500 ns 
Stacks /trace: 16 
Collected by: John Bradford, Boise State Univ. 

 
     
3.2 Geologic Mapping 
Detailed surficial geologic mapping was conducted at a scale of 1:12,000. The topographic base 
map was created in ArcMap 9.2, ESRI software, using the 5 meter Digital Elevation Model 
(DEM) for the Paradise Quadrangle. The surficial geological map was digitized also using 
ArcMap. Aerial photographs were used to assist in the mapping process.  A high accuracy Real 
Time Kinematic (cm-scale) Global Positioning System (GPS) unit was used in order to create 
topographic profiles of each trenching location. This survey was conducted using a Topcon 
HiPer Lite high accuracy GPS system. Topographic profiles were created using Microsoft Excel 
using the Northing and Easting components of the survey. A 5 meter DEM was used in GIS Arc 
Map to create additional topographic profiles at the central strand site. These profiles were used 
to calculate surface offset/displacements or cumulative surface offset of the beheaded drainages 
and between the pediment surface and the adjacent hillside.  
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3.3 Geochronology 
Optically-stimulated luminescence (OSL) samples were collected  at the lower trench at the 
central strand and at the trench on the eastern strand.  The OSL dating technique can date 
sediment deposition ranging in age from 50 to 350,000 years (Murray and Olley, 2002). The 
OSL dating method provides an age estimate for the last exposure of quartz grains to sunlight 
during transport/deposition. This resets the OSL signal which in time after burial the 
luminescence signal grows with time due to exposure to radiation with the surrounding 
sediments. This signal is used to calculate the dose rate for the sample and in turn, a numerical 
age for the sediments. At the central strand the sample was taken at 1.7 meters below the ground 
surface (bgs). This sample was taken in order to date the  colluvium under the A soil horizon. At 
the eastern strand site two OSL samples were taken. The first was sampled at 92 cm bgs and the 
second was taken at 130 cm bgs right below the first sample. The two samples were taken just 
west of the fault exposure right on top of each other about a meter apart. These are thought to be 
possible colluvial wedges of the last two events that occurred on this fault.  These samples were 
taken in order to determine the age of the sediment directly beneath the fault zone. The OSL 
samples were analyzed at the Utah State University Luminescence Lab (Appendix 2).  
 
 
4. WESTERN FAULT STRAND 
4.1 Local structural geology and geomorphology 
The western fault strand was first mapped by McCalpin (1989), but had not been mapped by 
Mullens and Izett (1963). McCalpin (1989) inferred this fault trace based on the alignment of 
two north-south geomorphic features: (1) the linear Bonneville highstand shoreline escarpment 
from Paradise southward, and (2) the South Fork of the Little Bear River south of Avon.  He 
stated: “The western trace is inferred merely based on the alignment of topographic features, but 
it does project southward to align with the Middle Mountain fault (Nelson and Sullivan, 1987).” 
 
4.2 The Western Trench 
During the investigation of the western strand, one large trench was excavated across a ca. 1.5 
m-high west-facing scarp at 1551 m elevation (approximately coincident with the Lake 
Bonneville highstand shoreline), and one small test pit (3 m long) was excavated 30 m west of 
the trench. The trench was 39 meters in length, 1.5 meters in width, and 1.5 meters in depth. The 
trench was excavated across the only small scarp on the western escarpment, that offset a single, 
young geomorphic surface (that is, the upthrown and downthrown surface appeared to be the 
same surface). This low-gradient geomorphic surface lies in a broad, shallow gully incised into 
the western escarpment. To the north and south, the western escarpment is a steeper, higher 
wave-cut cliff cut into the Salt Lake Group, with the upper geomorphic surface consisting of a 
middle Pleistocene (?) pediment, and the lower surface covered by Lake Bonneville shoreline 
deposits.  
 We did not think that a relatively shallow trench excavated across the higher parts of the 
escarpment would reveal whether that escarpment was tectonic or erosional, because the 
Bonneville sediments at the base would be too thick to trench through. On our small scarp, in 
contrast, a fault would easily be observed in a shallow trench if the scarp was tectonic. 
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The excavations took place in the same location as the GPR survey (see below), roughly 
where anomalies that were noted on the survey.  

 

 
 

 
Fig. 6. Top, east-west GPR profile across the scarp (“scarp face”) at the location of the western trench. Red dashed 
lines show faults inferred by John Bradford; labeled parts of the profile are by Jim McCalpin. The western trench 
extended from 50 m to 90 m on the horizontal scale. Bottom, a mirrored version of the GPR profile along the trench. 
The trench log (white lines and labels) has been superimposed to show the relative locations of the inferred faults.  
 
Of the three faults inferred from GPR in the area of the western trench (the fourth one just misses 
the head of the trench), the farthest east (beneath the scarp crest) coincided with the contact 
between Tsl1 and Tsl 2-Tsl3 (Fig. 6, bottom). This was one of the strongest lithologic contacts in 
the trench, because unit Tsl 1 contained little clay, and Tsl2 and 3 contained significant clay. The 
two western inferred faults correspond roughly to the unit Tsl 12/13 contact and Tsl 13/14 
contact. The former contact does not have a strong lithologic contrast (silt and clay/ clay-rich 
silt), but the latter contact has strong contrast (clay-rich silt/ pebble-rich sandstone). We 
conclude that the “faults” inferred by John Bradford were actually the contacts between east-
dipping beds of the Salt Lake Group (see Fig. 7) that contained different percentages of clay. 
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b. 

Fig. 7. Upper panel, photomosaic of the 39 m-long southern trench wall of the Western Trench. The lower trench wall exposes a continuous homoclinal sequence of east-dipping beds of the Salt Lake Group. Bottom panel, schematic log of 
the southern  trench. Below the orange line, east-dipping beds of the Salt Lake Group are numbered Tsl 1 through Tsl 15. For unit descriptions, see Table 1. 
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4.2.1 Stratigraphy 
The stratigraphy exposed in the western trench was quite simple, composed of bedrock of the 
Salt Lake Group in the lower half, unconformably overlain by Quaternary pebble gravel (Table 
2). The pebble gravel was divided into two map units, Qbgu (with clasts imbricated showing 
current to the west), and a lower, thinner Qbgl (clasts not imbricated). The unconformaity was 
erosional and had the appearance of wave-cut surface beveling off the top of the soft Tertiary 
bedrock. The unconformity mimics the shape of the surface scarp on the ground, such that it 
resembles a laid-back wave-cut cliff and adjacent wave-cut platform. Unit Qbgl is a coarse 
gravel lens limited to the cliff-platform transition, which we interpret as a coarse lag of the 
shoreline cobbles that cut the wave-cut cliff.  
  
Table 2. Unit description from the western trench, by Stephanie Davi. 
Unit Descriptions - Western 
Fault Strand       

Unit  
Carbonate 
Content % 

Sand 
% 

Silt 
% 

Clay 
% Description 

Qbgu 0.40 38 26 36 

Medium Brown gravel rich Lake Bonneville 
shoreline deposit, 30% gravel and rounded 

cobbles 

Qbgl 33.4 66 20 14 
Medium Brown gravel rich Lake Bonneville 
shoreline deposit, 40% pebble and gravel  

Tsl - 1 25.4 25 43 31 
Salt Lake Formation, buff colored tuffaceous 
clay loam 

Tsl - 2 3.70 13 40 47 Salt Lake Formation, light brown silt and clay 
Tsl - 3 5.60 22 34 44 Salt Lake Formation, redish-brown clay 
Tsl - 4 45.8 30 34 36 Salt Lake Formation, buff colored clay loam 

Tsl - 5 14.9 59 16 25 
Salt Lake Formation, light brown sandy clay 
loam with minor pebbles 

Tsl - 6 21.7 36 37 27 
Salt Lake Formation, light brown to buff colored 
sand and silt 

Tsl - 7 11.8 15 42 43 
Salt Lake Formation, light to medium brown 
silty clay 

Tsl - 8 1.50 32 37 31 
Salt Lake Formation, light to medium brown 
sand and clay rich silt 

Tsl - 9 24.1 28 33 39 
Salt Lake Formation, light brown to buff colored 
silty clay 

Tsl - 10 2.50 18 41 41 
Salt Lake Formation, light to medium brown 
silty clay 

Tsl - 11 37.8 28 39 33 
Salt Lake Formation, buff to light brown clay 
rich silt with minor pebbles 

Tsl - 12 15.5 25 41 34 Salt Lake Formation, light brown silt and clay 

Tsl - 13 23.5 27 40 33 
Salt Lake Formation, buff to medium brown 
clay rich silt 

Tsl - 14 5.60 66 16 18 
Salt Lake Formation, medium brown, pebble 
rich (55%) sandstone interbedded with clay 

Tsl - 15 53.3 25 42 33 
Salt Lake Formation, buff to medium brown 
silty clay 

 
The bedrock of Salt Lake Group beneath the unconformity was softer than the overlying 
Quaternary gravels, and would have been called “soil” by most engineers. With the exception of 
unit Tsl 14, a pebbly sandstone, all other subunits had the texture of unconsolidated or weakly 
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consolidated clay, silty clay, and clay loam. Presumably these beds were highly tuffaceous 
sandstones and siltstones when deposited, and had subsequently weathered into a soil-like 
consistency. In most beds no traces of the original bedding or sedimentary structures could be 
observed. Instead, the most prominent structures in the beds were abundant veins of white, 
secondary calcium carbonate.   
 
4.2.2 Soils 
The surface soil developed in the uppermost stratigraphic unit (Qbgu) contained a reddish-
brown, weak textural B horizon less than 50 cm thick. This degree of soil profile development is 
similar to that of soils developed on Bonneville highstand deposits elsewhere in the Bonneville 
basin, as described by Morrison (1965, p.  34-35, Graniteville Soil) and Shroba (1980).  
 
4.2.3 Structure 
The only structure observed in the trench was the consistent 25° east dip of strata in the Salt 
Lake Group bedrock (Fig. 7). This dip is similar to that exposed in the central trenches, and 
probably indicates that the trench area lies in the western limb of a broad north-south-trending 
syncline, the axis of which defines lies just east of the central fault strand. Notably, none of the 4 
faults interpreted on the GPR profile (between 50 m and 90 m on Fig. 7) could be observed in the 
trench walls. 
 
4.2.4 Geochronology 
No dating samples were collected from this trench, because the scarp was interpreted to be a 
nontectonic feature. Based on the degree of soil development, the Quaternary gravels were 
deposited around the time of the Lake Bonnveille highstand, ca. 15 ka. 
 
4.2.5 Interpretation 
Two lines of evidence suggest that the scarp trenched is an erosional shoreline feature, rather 
than a tectonic fault scarp. First, the scarp does not line up exactly with the base of the western 
escarpment to the north and south, but bends eastward into the broad gully. Although fault scarps 
sometimes bend when crossing a gully, their bend usually arcs out into the downthrown block 
(see McCalpin, 2009, p. 189), the reverse of the geometry at our trench site. Second, there are no 
faults exposed in the trench beneath the topographic scarp. Instead, a late Quaternary erosional 
unconformity is cut onto bedrock and mimics the shape of the surface scarp. Based on this 
evidence, we conclude that this mapped portion of the westernmost strand of the ECF is actually 
the Lake Bonneville highstand shoreline.  
 Does the western fault strand (Paradise fault) of the ECF actually exist? Based on the 
lack of demonstrable fault scarps in Bonneville-age and younger deposits, and the lack of faults 
in our trench, we have to conclude that either: (1) the western strand exists as a bedrock fault, 
displacing Salt Lake Group against Salt Lake Group (as shown in Evans and Oaks, 1996), but it 
displace late Quaternary deposits, or (2) the western fault strand does not exist. In either case, the 
fault would not be an active fault by definition in the State of Utah. 
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5. CENTRAL STRAND 
 5.1 Local structural geology and geomorphology 
The central strand of the southern section of the ECFZ (McKenzie Flat fault of Oaks et al., 1999) 
was first mapped by Mullens and Izett (1963) as an approximately located fault (dashed line) 
crossing Salt Lake Group (Tsl) terrain, with a queried sense of slip (west side up?). At its 
southern end east of Avon, the fault is dotted for a distance of about 500 m across the highstand 
deposits of Pleistocene Lake Bonneville. The fault is defined by a discontinuous, 20-30 m-high 
east-facing escarpment about 6 km long that crosses a low-relief, west-sloping erosional surface 
cut across dipping Tsl (Fig. 8). The dissected pediment is mantled with thin pediment gravels 
(not mapped by Mullens and Izett), that were first mapped by Williams (1962) as part of the 
McKenzie Flat pediment gravels (middle to early Pleistocene?). At the base of the escarpment is 
a system of aligned topographic saddles across several drainage divides formed by the incision of 
the pediment by west-flowing streams. The saddles are separated by north-south-trending gullies 
that trend perpendicular to the rest of the drainage network, and look structurally controlled. 

 

 
Fig. 8. Google Earth oblique view of the three fault strands of the southern segment, and trenches of the northern 
trench transect.  
 
 As shown on Fig. 8, the McKenzie Flat fault appears to offset the McKenzie Flat 
pediment surface about 20-30 m up-to-the-west. The only other interpretation of the 
geomorphology would be that the pediment surface between the Paradise and McKenzie Flat 
faults is an older pediment separate from the McKenzie Flat surface. However, in that case it 
should be possible to trace remnants of the younger McKenzie Flat surface through the stream 
valleys that cut west through this higher pediment. We did not observe any such surfaces in the 
field, and concluded that there is only a single-age pediment surface here that has an apparent 
20-30 m offset along the central fault strand. 
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 Mullens and Izett (1963) measured only three strike-and-dips in the Tsl terrain near the 
central strand, one just west of the central fault strand (6° NE) and two farther east, near the 
range front of the Bear River Range (9° and 15° W). These dips could result from block faulting 
and rotation, or could indicate a broad north-trending syncline in Tsl. Later mapping by Smith 
(1997) and Oaks (1997) also recognize the central fault strand (their McKenzie Flat fault), but 
interpret it as an east-dipping normal fault antithetic to the eastern fault strand (East Cache fault). 
 Prior to trenching we measured a 325 m-long GPR profile east-west across the entire 
central strand, roughly centered on the saddle (labeled “C trenches” on Fig. 8). The GPR profile 
(Fig. 9) shows, at its western end, an upper zone of well-defined, subhorizontal surface reflectors 
pinches out on the crest of the scarp. Our subsequent trenches did not extend uphill far enough to 
intersect this pinchout, but we infer that the zone represents Quaternary pediment gravels that 
overlie Salt Lake Group west of the escarpment. At the pinchout point the character of deeper 
reflections on the GPR profile changes, from subhorizontal, to dipping east parallel to the ground 
surface. John Bradford interpreted this break as a possible fault (red dashed line on Fig. 9). 
Bradford then interpreted three short east-dipping faults on the upper scarp face. The lower scarp 
face was an area of junky, disorganized reflectors, which changed only beneath the topographic 
saddle, where Bradford interpreted a graben. East of the saddle a zone of well-defined, 
subhorizontal surface reflectors becomes increasingly well developed, and coincides with 
Quaternary pediment gravels that cover Salt Lake Group bedrock. 
 During the investigation two trenches were excavated across the central strand. Both of 
trenches were located on the same line as the GPR survey and were specifically excavated in 
order to expose the anomalies noted on the GPR survey. 

The Upper Trench was excavated in the summer of 2007 on the escarpment’s east-facing 
hillside, where we inferred the main fault plane to lie. This trench was 37 meters in length, 2 
meters in width, and 1.5 meters in depth. A north-south ranch fence lay across the toe of our 
preferred trench alignment, so we ended the Upper Trench just west of the fence, but dug a soil 
pit east of the fence to see if the stratigraphic units projected to the same locations. The soil pit 
was located 7 meters east of the Upper Trench and was 5 meters in length, 2 meters in width, and 
1.75 meters in depth. After we cleaned and logged these two exposures and realized there was no 
fault exposed in either one, we brought the trackhoe back to the site in October of 2007. The 
trackhoe backfilled the Upper Trench and soil pit, and excavated a new trench (the Lower 
Trench) across the saddle where most previous mappers located the fault, and where the GPR 
survey indicated a graben might exist. The Lower Trench was 42 meters in length, 3 meters in 
width, and 3 meters in depth (double-bench design). The landowner required us to leave a 31 m-
wide untrenched gap between the Upper and Lower trenches, to permit north-south vehicle 
access. In all these trenches and pits, only the south wall was logged.   
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Fig. 9. East-west GPR profile across the central strand escarpment (at left) and saddle (at center); West is to the left. Red dashed lines show faults inferred by John Bradford; labeled parts of the profile are by Jim McCalpin. Yellow lines 
show bottoms of Upper Trench, soil pit, and lower trench. Small 3-digit numbers on X axis are UTM coordinates, 433xxx m E. 
 

 
Fig. 10. Photograph of the east-facing escarpment of the central strand, looking WNW. The Upper Trench is in the distance, lying on the face of the escarpment. The lower end of the Upper Trench stops at a north-south fence, then there is a small soil pit dig on the east side of the fence 
(see Fig. 12 for correlation across the fence gap). The lower trench is in the foreground, crossing the saddle. 
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5.2 The Central Upper Trench (Trench A) 
 5.2.1 Stratigraphy 
The stratigraphic sequence exposed in the Upper Trench is similar to that in the western trench, 
composed of bedrock of the Salt Lake Group in the lower half, unconformably overlain by 
Quaternary deposits (Table 3, Fig. 11). The Quaternary deposits are divided into two map units, 
unit Soil A (an organic surface soil horizon), and its underlying parent material colluvium (unit 
Qc). These two units lie unconformably atop Tertiary bedrock of the Salt Lake Group (Tsl). At 
the toe of the trench a second, older colluvium appeared between unit Qc and the top of Tsl 
bedrock. This older colluvium thickened to the east, and contained a strongly developed buried 
soil. 
 The strata of the Salt Lake Group were in general coarser-grained than strata exposed in 
the western trench, with 9 of 11 subunits containing gravel (as opposed to only 3 of 15 subunits 
in the western trench). In most beds no traces of the original bedding or sedimentary structures 
could be observed. Instead, the most prominent structures in the beds were abundant veins of 
white, secondary calcium carbonate, which comprised a peculiar rectilinear network.   
 
Table 3. Unit Descriptions - Central Fault Strand, Upper Trench 

Units 
Carbonate 

Content 
Sand 

% 
Silt 
% 

Clay 
% Description 

Soil A 0.00 23 47 30 Soil A horizon, younger slope colluvium silt and clay 

Qc 1.60 23 53 25 

Brown to reddish brown slope colluvium silt rich, minor 
pebbles and gravels (includes the modern and two 
older colluviums; see Fig. 12) 

Tsl - 1 0.00 35 36 30 
Salt Lake Formation, medium brown silty sand with 
minor pebbles (5 %) 

Tsl - 2 0.00 36 32 32 

Salt Lake Formation, medium brown silty sand with 
minor pebbles (10 %) very minor angular cobbles 
(1%) 

Tsl - 3 0.00 28 53 19 Salt Lake Formation, medium brown sandy silt 

Tsl - 4 0.00 35 28 37 
Salt Lake Formation, medium brown sandy clay with 
minor pebbles (5%) 

Tsl - 5 0.00 13 55 33 Salt Lake Formation, medium brown silty clay 

Tsl - 6 0.00 35 41 24 
Salt Lake Formation, light brown sandy silt with minor 
pebbles (5%) 

Tsl - 7 0.00 11 56 33 
Salt Lake Formation, light brown silt and clay, very 
minor pebbles (1%) 

Tsl - 8 0.00 19 42 40 
Salt Lake Formation, light to medium brown silt and 
clay with pebbles (10%) and gravels (3%) 

Tsl - 9 0.00 18 49 33 
Salt Lake Formation, light to medium brown silt and 
clay with minor pebbles (1%) 

Tsl - 10 
0.00 29 32 40 

Salt Lake Formation, light to medium brown sandy 
clay with pebbles (10%) and gravels (3%) 

Tsl - 11 
0.00 19 29 53 

Salt Lake Formation, light to medium brown silty clay 
with pebbles (5%) 

 
 5.2.2 Soils 
The surface soil developed on the modern colluvium (Fig. 12) was composed of a cumulic A 
horizon that varied from 30-40 cm thick to 0 cm thick along the trench wall. This A horizon was 
unconformably underlain by strong textural B horizon developed on an older, more oxidixed 
colluvium. We interpret that the modern colluvium is actively creeping down the slope and being 
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subjected to bioturbation from roots and animals. The older colluvium, based on its textural B 
horizon, appears to be Bonneville or pre-Bonneville in age.  
 Beneath the older colluvium at the toe of the trench was a buried A horizon (Ab) 
developed in the top of the Salt Lake Group bedrock. This soil was not visible farther up the 
trench, and coincided with the appearance of the older colluvium near the trench toe (Fig. 12). 
Clearly, most of the trench was excavated into the scarp where erosion and/or transportation 
processes dominated, but the toe of the trench was beginning to be cut into a zone of colluvial 
deposition at the foot of the scarp. 
 
 5.2.3 Structure 
We did not observe any faults in the Upper Trench walls, despite the fact that the GPR survey 
showed one inferred fault near the head of the trench, and two more faults beneath the floor of 
the trench farther down. Instead, the only structure was the monotonous eastward dip of the 
strata in the Salt Lake Group at about 27°. 
 
 5.2.4 Geochronology 
No dating samples were collected from this trench, because there were no faults or colluvial 
edges exposed in the trench walls. Based on the degree of soil development, the older Quaternary 
colluvium was of Bonneville or pre-Bonneville age. 
 
 5.2.5 Interpretation 
The excavation of the Upper Trench at the central strand of the ECF revealed tuffacous 
sandstones of the Salt Lake Group dipping uniformly eastward at about 27°. Slope wash 
colluvium was located above the Tsl. No fault was found in this trench, and given the well-
defined nature of unit contacts, vertical fault displacement would have been relartively easy to 
see if it had been present. 
 The most prominent GPR anomaly (interpreted as an east-dipping normal fault) was 
inferred by John Bradford to lie at the head of the trench. However, no such fault was visible on 
the southern trench wall. If a major normal fault had existed just upslope of the head of the 
trench, then the head of the trench should have been cut into the colluvial wedge shed from that 
fault free face. However, the Quaternary colluvium was not any thicker at the head of the trench 
than elsewhere; in fact it was thinner than at the toe of the trench. Therefore, there was neither 
direct or indirect evidence for a normal fault at or near the head of the trench. 
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Fig. 11. Upper panel, photomosaic of the Upper Trench. Lower panel, geologic contacts in the Upper Trench.In both panels east is to the left and west is to the right. The Quaternary geology shown in the lower panel was simplified from the original field logs (see Fig. 12).
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The Soil Pit 
 The soil pit was excavated on the east side of the north-south ranch fence, in case there 
might be a down-to-the-east fault beneath the fence where we could not trench. When we project 
the stratigraphic contacts from the toe of the Upper Trench beneath the fence and to the Soil Pit, 
the projections lie higher than the correlative units in the Soil Pit. The amount of vertical 
misalignment is greater (ca. 1.5 m) for a more gentle downslope projection than for a teeper one 
(ca. 0.5 m). Given the fact that the misalignment is based projecting a soil horizon (rather than a 
stratigraphic unit) and is rather small, we do not feel that this is compelling evidence of a fault 
between the two exposures.  
 

 
Fig. 12. Projection of unit contacts across the 6.5 m-wide gap between the Upper Trench and the soil pit. Projecting 
the bottom of the Ab horizon from the Upper Trench to the soil pit results in a vertical misalignment of 0.5 m (steep 
projection) to 1.5 m (gentle projection). This misalignment is in the correct sense (down-to-the-east) for an 
antithetic fault, yet no faults were observed in any of the central trenches, nor interpreted from the GPR survey 
beneath this part of the scarp. The misalignment may be the result of an undulating lower contact on the Ab soil 
horizon, which after all is not a stratigraphic unit (deposit), but a soil horizon boundary. 
 
 
5.3 The Central Lower Trench 
 5.3.1 Stratigraphy 
The 44 m-long lower trench exposed strata of the Salt Lake Group generally similar to those 
exposed in the western trench, e.g. highly weathered tuffaceous pebbly sandstones weathered to 
clayey sands. The lower 1.5 m of the trench exposed four mappable subunits, from older to 
younger: 
Unit  Tsl1, which contained about 30% clasts in a sand-clay matrix 
Unit Tsl2a, a dark-toned clayey sand with sparse pebbles 
Unit Tsl2b, a lighter toned bed of similar texture 
Unit Tsl3 (not labeled on Fig. 13), a pebbly sand with clasts concentrated in the upper part. This 
unit is the parent material of the major buried soil described next. 
 Overlying the Tsl units an old colluvial unit (Qco) probably correlative with that mapped 
in the toe of the Upper Trench and in the Soil Pit. This deposit is a clayey sand which thickens 
from east to west and contains the modern (relict) surface soil.  
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Fig. 13. Annotated photomosaic of the south wall of the Lower Trench on the McKenzie Flat strand of the East Cache fault zone. Tsl1, pebbly sandstone of the Salt Lake Group, highly altered; Tsl2a and 2b, ashy sandstone of the Salt Lake 
Group, altered to a clayey sand; buried soil, a 1- to 1.5 m-thick well-developed soil profile developed on unit Tsl3, a gravelly bed (clasts are spray-painted red); the textural B horizon (Btb2) with maximum development (soil ped structure) 
has a dark brown color, and lies between the yellow line and thick green line at the top of Tsl. Overlying Tsl in the western part of the trench is an older Quaternary colluvium (Qco) correlated to the older colluvium exposed in the soil pit, 
26 m farther west. The surface soil is developed on Qco. There are no faults or other structures exposed in the trench wall.  
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 5.3.2 Soils 
The trench exposed two soil profiles, a lower buried soil and an overlying modern surface soil. 
The buried soil is composed of a strongly developed, dark brown textural B horizon at the top, 
and lower B/C and Cox horizons beneath, al developed in unit Tsl3. The textural B horizon 
thickens from 20 cm in the eastern part of the trench to 80 cm in the central part (as the soil 
profile thickens from ca. 1 m to 1.5 m), and then thins again at the western end of the trench. If 
this paleosol developed maximum thickness and development in the axis of the saddle, it implies 
that the axis was formerly farther east than it is today. The surface soil in the eastern part of the 
trench is this same soil brought up to the suurafec by the dip of Tsl beds. In the western part of 
the trench the surface soil is a younger coil, developed on Qco, and is so weak it is not mapped 
as a separate unit on Fig. 13. 
 
 5.3.3 Structure 
The beds of the Salt Lake Group (Tsl1, Tsl2, Tsl3) dip gently to the west, at a slightly steeper 
angle than the modern ground surface, so that a given bed (e.g., Tsl3) is found deeper below the 
surface as traced westward in the trench wall. There are no structures (faults, folds, angular 
unconformities) visible that disrupt the strata.  
 
 5.3.4 Geochronology 
Because there were no faults exposed in this trench, we did not devote much resources to dating 
the Quaternary sequence. A single OSL sample was collected from high in the undeformed unit 
Qco, and it yielded an age of 66.0±6.3 ka (see Appendix 3). 
 
 5.3.5 Interpretation  
The Western Trench, Soil Pit, and Eastern Trench did not expose any signs of faulting in either 
the Salt Lake Group or in overlying Quaternary colluvium that yielded a minimum age of 66 ka. 
The Tsl beds east of the topographic saddle dipped 14°W and the beds west of the saddle dipped 
27° east, thus describing a syncline with its axis near the topographic saddle and mapped 
location of the McKenzie Flats fault. 
 The observed data can be interpreted in two ways. First, the topographic expression of 
the McKenzie Flat fault could be interpreted as erosional rather than tectonic. In this 
interpretation the 20 m-high east-facing scarp was formed by erosion along resistant bedding 
planes in the Salt Lake Group, such that the scarp face is essentially an erosional dipslope. The 
aligned saddles would have been formed by headward erosion of tributary streams up the axis of 
the syncline, which apparentely has a long N-S axis. This erosional hypothesis explains why no 
faults were observed in any of the trenches, because there has been no Quaternary faulting here, 
only erosional stripping of folded Salt Lake Group 
 The difficulty with the erosional hypothesis is that it cannot explain: (1) the apparent 20 
m vertical offset of the McKenzie Flat pediment, (2) the deep seismic reflection data that show a 
down-to-the-east normal fault beneath the line of saddles, and (3) the GPR shows several 
disruptions of reflectors, especially beneath the saddle. 
 The second interpretation is that the McKenzie Flats fault has experienced vertical  
movement in the Quaternary, and that it has displaced the pediment surface 20 m vertically, but 
for some reason no faults were seen in the three trenches. This could have occurred because 
faults were locally present, but they came to the surface in the 9 m-wide and 31 m-wide 
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untrenched intervals between our three excavations. The larger eastern interval contained the 
topographic saddle and the anomalies imaged on the GPR survey. This untrenched interval was 
supposed to be only 6 m wide, but misunderstanding by the graduate student who sited the trench 
led to it being larger. 
 A variant of this hypothesis is that the 20 m-high scarp and the entire syncline were 
created by drape folding over a blind normal fault. In this case there never were normal faults in 
the shallow subsurface, because the highly weathered Salt Lake Group acted as a ductile medium 
over a buried normal fault. 
 Davi (pers. comm., 2009) wrote the following interpretation of the trenches on the central 
strand, reproduced below: “In the second large trench [eastern trench] at this site we found a 
conglomerate Tsl formation deposit dipping westward at 14 degrees. This excavation reveled a 
syncline that is mapped to the east of the central strand of the ECF by Kristine Smith (1997).  
Unfortunately the trench was not excavated much further west of the syncline in order to reveal 
the possible fault surface is in a gap between the excavated trenches buried very deeply. No 
Holocene fault scarps were located in this gap and it is believed that there is no Holocene fault 
rupture on this fault strand. The DEM and RTK GPS system topographic profiles reveal 
approximately 20 meters of offset between the displaced McKenzie Flat pediment surface at this 
location. The preliminary results for the OSL sample, taken in the second larger trench, indicate 
that the slope wash/debris flow deposits in the upper portion of the trench are approximately 
45,000 years old.”  
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6. THE EASTERN (range-front) STRAND OF THE EAST CACHE FAULT ZONE 
 
 6.1 Local structural geology and tectonic geomorphology 
As shown in Fig. 8, the front of the Bear River Range is composed of steep faceted spurs eroded 
on Paleozoic clastic and carbonate lithologies (see McCalpin, 1994, p. 28). The base of these 
spurs rises sharply above the beveled pediment surface eroded on the softer Salt Lake Group 
(Fig. 14), along a well-defined north-south line. Streams flowing west out of the range have 
incised both the footwall and the hanging wall, dissecting the McKenzie Flats pediment and 
underlying Salt Lake Group in canyons 30-50 m deep. This geomorphology indicates that the 
hanging wall block is not subsiding rapidly, and thus the fault has not had a high slip rate since 
the formation of the McKenzie Flats pediment. 

 
 

 
Fig. 14. Upper part, trench location shown on the geologic map of the Paradise quadrangle (Mullens and Izett, 
1963). Tsl, salt Lake Group; Mba, Mbb, Mbc, members of the Brazier Limestone; Lower part, photograph of the 
slope break at the range front of the Bear River range, caused by the main (eastern) strand of the East Cache fault 
zone. The flat ridgeline at left is underlain by Salt Lake Group strata dipping west at about 14° (i.e., part of the 
syncline described in the previous section). The steeper ridgeline at right is underlain by dolostones of the Brazier 
Limestone, uppermost member C (Upper Mississippian). 
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 6.2 Previous Results the Range-Front Fault Strand 
 McCalpin (1994) studied the tectonic geomorphology of the range-front faceted spurs 
and concluded that the southern segment contained the same two lowest sets of spurs as the 
central segment (Fig. 15). However, the elevations of the spur crests on the southern segment 
were higher, such that the crest of spur set 1 on the southern segment is about the same elevation 
as the crest of spur set 2 on the central segment. This suggests that the amount of relative 
Quaternary vertical slip across the fault was probably similar in the two segments, but that the 
absolute subsidence of the hanging wall and footwall had been greater in the central segment. He 
attributed this difference to uplift of the southern segment along the western fault strand 
(Paradise fault of Oaks), which would also explain the anomalous existence of the well-
developed McKenzie Flats pediment on the hanging wall.  
 

 
Fig. 15. Comparison of the faceted spur structure of the Bear River Range front between the central segment and 
southern segment of the ECFZ (from McCalpin, 1994, p. 29). Spur sets are numbered from 1 at the bottom 
(youngest) to 7 at the top (oldest). McCalpin correlated the spur sets based on their topographic position at the range 
front and their degree of steepness and erosional modification. 
 
 McCalpin (1994) also discovered two canal cuts into the range-front strand of the East 
Cache fault in the southern segment, on the north side of the East Fork (Fig. 16). Two TL ages 
indicated that a lower, faulted colluvium was pre-Bonneville in age (ca. 46 ka), while an upper, 
unfaulted colluvium was roughly contemporaneous with the Bonneville highstand transgression 
(ca. 26 ka). These bracketing ages for latest faulting were compatible with the lack of fault 
scarps across deposits of the Bonneville lake cycle on the southern segment. The age range was 
also roughly compatible with the age of latest faulting on the James Peak fault, estimated by 
Nelson and Sullivan (1987, 1992) at between 30 ka and 70 ka, but nearer the younger age. In 
addition, the 26-46 ka age range for the MRE indicated that neither of the two latest surface 
ruptures on the central segment of the ECFZ had propagated into the southern segment.  
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Fig. 16. Field sketches of faults of the main trace of the East Cache exposed in canal cuts north of the East Fork. 
(A), triangles indicate faulted and sheared (cross-hatched) hillslope colluvium with abundant angular clasts and 
pedogenic CaCO3; dots indicate finer sandy colluvium. TL ages bracket the latest faulting event in this exposure 
between about 26 ka and 46 ka. (B), All colluvial units in this exposure are faulted, so the two TL samples shown 
were never dated, because they would provide only a one-sided age constraint on latest faulting. From McCalpin, 
1994, Fig. 14. 
 
 6.3 GPR Survey 
Prior to excavating the eastern trench we performed a GPR survey along the proposed line of the 
trench, to try to pinpoint the exact location of the fault plane and/or colluvial wedges deposits. 
The survey revealed three breaks in the reflections, shown by dashed red lines in Fig. 17. We 
interpreted these breaks as steeply-dipping normal faults, and placed the head of the trench to 
intersect the break farthest upslope. However, there was no fault at that position in the trench 
wall. Instead, the main fault lay about 7 m farther downslope (solid red line on Fig. 17), and was 
a relatively low-angle normal fault. 
 In addition, the prominent topographic slope break was underlain by a zone without any 
prominent reflectors, which we speculated might be a graben. However, the landowner had built 
a road in this graben and did not give us permission to trench across the road, so our trench (blue 
outline in Fig. 16) ended upslope of the graben. 
 

 
Fig. 17. GPR reflectors along a long survey line across the range-front slope break (same site as shown in Fig. 14). 
Red dashed lines are faults inferred from the GPR; yellow dotted lines show colluvial wedges inferred from GPR. 
Blue line shows the outline of the trench dug, and solid red line is the only fault exposed in the trench. 
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 6.4 The Eastern Trench 

During the investigation at the eastern strand one large trench was excavated over a very 
steep fault scarp. This trench was 32 meters in length, 3 meters in width, and 3 meters in depth. 
This trench was benched on the north wall and had a straight south wall.  
 
  6.4.1 Stratigraphy 
Davi (pers. comm., 2009) defined six units on the southern trench wall, as shown in Table 4, but 
did not provide any unit descriptions. 
 
Table 4. Mapped units on the south wall of the trench on the range-front strand.  

Unit Description (by JPM from photographs) 
Soil A Soil A horizon, younger slope colluvium silt and clay 

Disturbed 
soil 

Gray-brown to dark brown pebbly sand; massive, 
unstratified; forms a wedge-shaped mass in the 
hanging-wall, but 2 m away from the fault plane 

Ql3 Quaternary loess, upper bed 
Ql2 Quaternary loess, middle bed 
Ql1 Quaternary loess, lower bed 

Mbc 
Mississippian dolostone of the Brazier Limestone 
Formation 

 
  6.4.2 Soils 
Davi (pers. comm., 2009) did not map soil horizons in the trench. 
 
  6.4.3 Structure 
The trench exposed a single fault near its head, a west-dipping normal fault (Fig. 18). Over most 
of the trench wall the apparent dip of the fault is 45°, but it flattens to 40° in the lowest 1 m of 
the wall, and steepens to 50° in the uppermost 1 m of the wall (Fig. 19). The fault juxtaposes 
dolostone of the Brazier Formation in the footwall against Quaternary loess (unit Ql3) in the 
hanging wall. Dolostone beds in the footwall dip 28°-30°W, similar to dips mapped in the same 
unit in Paradise Dry Canyon 1.6 km south (Mullens and Izett, 1963). On the footwall side the 
fault is marked by a 10 to 20 cm-thick zone of white-weathering clay gouge, presumably crushed 
and altered dolostone, perhaps with a hydrothermal component. Next in the footwall is a 
yellowish band of finely sheared limestone of about the same thickness, in which the shear bands 
are slightly undulating with a wavelength of about 30-50 cm. Based on trench wall photographs 
provided by Davi (pers. comm.), the fault extends nearly to the ground surface, displacing all 
units except for the A horizon of the thin modern soil. 
 
 There are two subvertical fissures in the hanging wall that cut loess unit Ql2 and 
appeared to be filled with overlying loess unit Ql3. Between these fissures is a calcite-filled 
fracture that extends upwards into unit Ql3, but is not associated with a vertical offset of its 
upper boundary. Because unit Ql3 is clearly faulted against the main fault, we infer that this is a 
secondary fracture formed at the same time as that latest faulting.   
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Fig. 18. Photomosaic of the south wall of the trench across the range-front strand of the East Cache fault zone. From Davi (pers. comm.). 
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Fig. 19. Close-up of the main fault in the trench. The photo contrast has been greatly increased to highlight the complex the fault zone architecture. Labels at the two OSL samples incorrectly state units as “Gy/ka”; the correct units are “ka.”
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  6.4.4 Geochronology (see Table 1) 
Two samples were dated by OSL from the upper part of the faulted hanging wall loess (unit Ql3) 
within about 0.5 m of the main fault plane. The upper sample dated at 58.8±4.5 ka and the lower 
sample at 62.5±5.0 ka.  
 
  6.4.5 Interpretation 
The trench on the eastern (main) strand of the ECFZ exposes a normal fault separating Paleozoic 
dolostone and a >3 m thick Quaternary loess deposit dated at 59-63 ka in its upper part. 
However, there is no scarp-derived colluvial wedge deposit in the hanging wall adjacent to the 
fault. Instead, Quaternary loess of the hanging wall is cleanly truncated against Paleozoic 
bedrock all the way up to the base of a thin modern A horizon. Whatever colluvial wedge 
sediments were deposited on the hanging wall here have been eroded away subsequent to the 
latest movement on this fault strand. This geometry is the signature of a fault whose last 
movement considerably predates the ground surface developed above it.  
 Based on many trench exposures on the Wasatch and East Cache faults (see McCalpin, 
2009, Chapter 3), all normal faults that have moved in the Holocene or late Pleistocene 
(Bonneville lake cycle) contain obvious, preserved colluvial wedges in the hanging wall adjacent 
to the fault. The absence of that geometry here indicates that the latest movement on this fault 
plane is older than the Bonneville lake cycle (i.e., older than the highstand at ca. 20 ka, and 
possibly older than the beginning of the cycle at ca. 35 ka). Such an old age is consistent with the 
deformation dated farther south on this same fault strand by McCalpin (1994) as older than 26 ka 
and younger than 46 ka. Along with the tectonic geomorphology (stream incision of the hanging 
wall, absence of Quaternary deposits on the hanging wall), the trench evidence suggests that the 
fault’s vertical slip rate in the Quaternary has been less than the local stream incision rate. 
 Even though no young faulting was exposed in this trench, it is possible that faulting 
younger than the post-59- to -63 ka faulting on the main fault, might have occurred on faults 
beyond the western end of the trench. Specifically, we wondered whether younger faults might 
lie beneath the sharp slope break at the road, where GPR survey showed incoherent refections. 
However, the landowner did not give us permission to extend the trench across the road. 
Admittedly, there are no surface scarps or west-facing topographic anomalies downslope of our 
trench, which there should be if Holocene or late Pleistocene faulting had occurred at the slope 
break. So, until additional work is done, we must conclude that the Most Recent Event on the 
range-front strand is definitely younger than 59-63 ka, probably younger than 46 ka, and older 
than 26 ka.  
 
7. CONCLUSIONS  
Based on the four trenches dug in this study, the western fault strand of the ECFZ (Paradise 
fault) either has had no late Quaternary displacement or does not even exist; the central strand 
(McKenzie Flats fault) has not had any late Quaternary movement and may be a drape fold; and 
the eastern (range-front) strand has had one movement younger than 59-63 ka but older than the 
Bonneville lake cycle.  
 This lack of evidence for late Quaternary fault activity at our trench sites is strange, 
considering that the southern segment has the greatest cumulative Neogene throw among the 
three segments of the ECFZ (maximum of 7.8-8.1 km), compared to 4 km and 2.5 km on the 
central and northern segments, respectively (Evans and Oaks, 1996; Oaks et al., 2005).  The 
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long-term vertical slip rate since the beginning of graben formation (Miocene, ca. 23 Ma) would 
thus be about 0.35 mm/yr.  
 Analysis of faceted spur sets (McCalpin, 1994) suggests that the vertical slip rate of the 
range-front faults strands over the Quaternary was roughly similar between the southern and 
central segments. However, the results of this study indicate that the late Quaternary slip rate on 
the southern segment (at least since the early?-to mid-Pleistocene age of the McKenzie Flat 
pediment) has been significantly lower than that of the central segment. For example, the central 
segment has experienced at least three surface-rupturing earthquakes in the past 15-20 ka 
(McCalpin, 1994), a time span in which there have not been any ruptures on the southern 
segment.  On the southern segment the elapsed time since the MRE is at least 26 ka (30 ka if 
connected to the James Peak MRE rupture), and may be as much 46 ka, which is much longer 
than the elapsed time (4 ka) and recurrence interval (9-11 ka) of the central segment. Thus, it 
appears that the southern segment of the ECFZ has “slowed down” relative to the central 
segment in the Quaternary, and certainly since the mid-Quaternary, compared to the central 
segment. As a result of this slowdown, the hanging wall has not been a locus of deposition in the 
Quaternary, and instead has been incised by the Little Bear River and its tributaries. 
 
 7.1 Rupture Scenarios 
The evidence from this study and from earlier studies shows that the southern segment did not 
rupture simultaneously with the central segment in the latest three large earthquakes (dated at 4 
ka, 15 ka, and 20 ka in the central segment). Therefore, the southern segment does not typically 
link with the central segment during rupture. There are thus two likely rupture scenarios: (1) the 
southern segment ruptures by itself (rupture length of 22.1 km), or (2) the southern segment 
ruptures along with the James Peak fault (combined rupture length of 34 km). The latter scenario 
is permissible because the age range for the MRE on the southern segment and the James Peak 
fault overlaps. At this time we have insufficient data to know how often the southern segment 
ruptures by itself, versus how often its ruptures continue to the James Peak fault. In a logic tree 
analysis for the southern segment, each of these rupture scenarios should be weighted 50%. 
 
 7.2 Displacement per Event and Paleomagnitude 
This study did not succeed in measuring any displacements on the southern segment attributable 
to an individual paleoearthquake. Neither the Western or Central Trenches exposed faults. In the 
Eastern Trench which did expose a fault, critical evidence such as the thickness of the MRE 
colluvial wedge had been eroded in the long time span since the MRE. Farther south a the East 
Fork, the canal cut exposures sketched by McCalpin (1994; Fig. 16 of this paper) cannot be used 
to get a meaningful estimate of displacement-per-event, because in the west exposure 
displacement could not be measured, and in the east exposure the net displacement across the 
small graben exposed was essentially zero. Therefore, it does not seem possible to use 
displacement to estimate magnitude of paleoearthquakes. 
 Paleomagnitudes can be estimated from the surface rupture lengths in the two rupture 
scenarios described above. A 22.1 km-long rupture on a normal fault correlates with a M6.6±0.3 
earthquake, and a 34 km-long rupture correlates with a M6.9±0.3 earthquake (Wells and 
Coppersmith, 1994).  
 
 7.3 Recurrence Intervals 
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Because we dated only the MRE in a single trench (the Eastern Trench), and with a one-sided 
maximum age constraint, we have no field data from which to calculate recurrence interval. 
McCalpin (1994) made some crude estimates of recurrence by dividing fault scarp heights at the 
range front by the single-event displacements observed on the central segment (to dertived the 
number of faulting events), and then by further assuming an age range for the surfaces cut by the 
scarps. These highly uncertain estimates range from 7.5 ky to 143 ky, and are essentially useless 
for seismic hazard analysis. 
 
 7.4 Slip Rate 
McCalpin (1994) crudely estimated the Quaternary slip rate based on the height of range-front 
fault scarps (10 m) and their inferred ages (0.15 to 1 Ma), at 0.010 to 0.067 mm/yr. It has been at 
most 46 ka since the MRE on the southern segment. If a surface-rupturing earthquake occurred 
tomorrow recurrence interval would equal 46 ka, and if the event had the same vertical 
displacement as events on the central segment (1.4 m), that would yield a closed-cycle slip rate 
of 0.03 mm/yr. This is a crude maximum estimate of slip rate, since the next event is unlikely to 
occur tomorrow, and thus the recurrence time will be greater than 46 ka, and the slip rate lower. 
Therefore the likely range of slip rates lies between 0.01 and 0.03 mm/yr. 
 

7.5 Elapsed Time, and its Implications for Conditional Probability of the Next 
Surface Rupture 

 At first glance, the very low slip rates and the long recurrence times deduced for the 
southern segment seem to indicate that the segment poses much less hazard than the central 
segment. However, if we consider the longer history of the southern segment, and the recent 
behavior of the central segment, we see three lines of evidence that the seismic hazard may be 
higher, perhaps higher even than in the central segment. 
 First, the cumulative throw on the southern segment is much greater than on the other 
segments, yet in the mid-late Quaternary there has been very little activity on it, compared to 
other segments such as the central segment.  
 Second, the mid-late Quaternary slip rate of only 0.01 to 0.03 mm/yr is more than an 
order of magnitude less than the long-term (post-Miocene) slip rate of 0.35 mm/yr. From a 
purely empirical viewpoint, the only way that the southern segment could “catch up” to its long 
term slip rate, is to have displacement event(s) in the near future. 
 Third, the three late Quaternary displacements on the central segment have probably 
increased the Coulomb stress on the southern segment, thus “loading” it and advancing its time-
to-failure.  
 The three lines of evidence above would not indicate a higher level of hazard, if the 
southern segment has experienced a long-term decrease in its slip in the Quaternary, as opposed 
to its slip style earlier Tertiary history. Such a fundamental change might, for example, involve 
transfer of the extension formerly accommodated by the southern segment to another segment 
along strike (such as the central segment), or to another fault perpendicular to strike (such as the 
West Cache fault). Evans and Oaks (1996) found subsurface evidence that the East Cache and 
West Cache faults had alternated in dominance during the Tertiary over periods lasting many 
millions of years. Thus, if the southern segment of the ECFZ is currently in a phase of non-
dominance (submission?), then its low slip rate and lack of activity would not translate into a 
higher seismic hazard as suggested above.  



GEO-HAZ Consulting, Inc. 
______________________________________________________________ 

________________________________________________________________________________________________________ 
D:\GEOHAZ\USGS\NEHRP2007\ECACHE\FTR v1.doc    5/16/2012 39 

 Data from the southern segment of the West Cache fault zone (the Wellsville fault) 
indicate that it has been nearly as active in the late Quaternary as the central segment of the 
ECFZ, and much more active than the southern segemt of the ECFZ. Black et al. (2000) dated 
the MRE on the Wellsville fault at 4400-4800 cal yr BP and the PE at 15-25 ka. Both of these 
ruptures are younger than the MRE on the southern section of the ECFZ. In addition, they 
calculated a late Pleistocene slip rate of 0.13 mm/yr for the Wellsville fault, compared to the 
0.01-0.03 mm/yr calculated by us for the southern segment of the ECFZ. Based on this 
comparison, it seems that the east-west extension across southern Cache Valley is now being 
accommodated mainly by the West Cache fault zone, rather than the East Cache fault zone. If 
that dominance continues in the current seismic cycle, then the seismic hazard of the southern 
segment of the ECFZ is much lower than that of either the central segment of the ECFZ, or the 
southern segment of the West Cache fault zone.   
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9. APPENDIX 1 
DATABASE ENTRY FOR THE Southern section of the East Cache fault zone, Utah, from the 

U.S. Geological Survey’s Quaternary Fault and Fold Database 
(http://qfaults.cr.usgs.gov/faults/FMPro) 

 

Complete Report for East Cache fault zone, southern section (Class A) 
No. 2352c  

Brief Report || Partial Report 

Compiled in cooperation with the Utah Geological Survey 

 

citation for this record: Black, B.D., Hylland, M., Haller, K.M., and Hecker, S., compilers, 1999, Fault number 
2352c, East Cache fault zone, southern section, in Quaternary fault and fold database of the United States, ver 

1.0: U.S. Geological Survey Open-File Report 03-417, http://qfaults.cr.usgs.gov. 

Synopsis: General: 
Normal fault zone that separates Cache Valley from the Bear River Range to 
the east. The fault zone is at the boundary between the Basin and Range and 
the Middle Rocky Mountains physiographic provinces. The East Cache fault 
zone is one of several north-trending, northeast stepping, late Quaternary, 
normal faults that lie between the Wasatch fault zone in Utah and the Teton 
fault in Wyoming. 

Sections: 
This fault has 3 sections. Informally named sections defined here follow 
McCalpin (1987 #4999; 1994 #4414). McCalpin (1994 #4414) describes 
physiographic sections because the faulting history can not be constrained 
well enough to define seismogenic segments. The sections are differentiated 
based on fault zone complexity, tectonic geomorphology, and expression of 
surface fault scarps . Bailey (1927 #5186) eludes to the same sectioning of 
the fault based on gross differences in the range-front morphology. The 
central section of the fault is the most active in the latest Quaternary; the 
northern and southern sections are less active and show evidence of only 
middle to late Pleistocene activity. The morphology of faceted spurs along 
the range front suggests that the boundary between the northern and central 
sections has shifted southward several kilometers during the middle to late 
Quaternary, probably along with development of a younger, western fault 
strand in the northern section (McCalpin, 1994 #4414; 1989 #4999). 
Similarities in the structure of faceted spurs and the absence of a gravity-
defined boundary between the central and southern sections suggest that they 
may have behaved as a single 44-km-long seismogenic section during much 
of the late Cenozoic. However, the last two events on the East Cache fault 
zone were limited to the 20-km-long central section, leading McCalpin (1994 
#4414; 1989 #4999) to suggest that paleoearthquake magnitudes were in the 
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in the range of 6.6 to 7.1. The south end of the southern section abuts the 
northeast-trending James Peak fault [2378]. 

 

Name Comments: 

General Name Comments: 
Early workers in the area referred to this fault as the Bear River Range fault 
(Bailey, 1927 #5187; 1927 #5186) and Bear River fault (Peterson, 1936 
#5184). More recent studies use the name East Cache fault or East Cache 
fault zone. Fault extends from east of Preston, Idaho, southward to its 
intersection with the James Peak fault [2378] southeast of Avon, Utah. 

Section Name Comments: 
Informal section names and are as defined by McCalpin (1994 #4414); this 
section extends from Blacksmith Fork Canyon southward to the James Peak 
fault (McCalpin, 1987 #4999; 1994 #4414). McCalpin (1987 #4999) also 
identified this as segment C; however, even in this paper he does not suggest 
that these are necessarily seismogenic segments. Oaks and others (1999 
#5157) identify the western strand as the "Paradise fault" and the central 
strand as the "McKenzie Flat fault". 

Number Comments: 

Refers to fault number 11-3 (East Cache fault zone, southern segment) of 
Hecker (1993 #642). 

State(s): Utah 

County(s): Cache 
 

AMS sheet(s): 

Ogden 
 
 
 
view map  

Physiographic 
province(s): Basin and Range province 

Geologic Generally north-trending range-front normal fault along the western base of 



GEO-HAZ Consulting, Inc. 
______________________________________________________________ 

________________________________________________________________________________________________________ 
D:\GEOHAZ\USGS\NEHRP2007\ECACHE\FTR v1.doc    5/16/2012 43 

setting: the Bear River Range in eastern Cache Valley. The East Cache fault zone 
and opposing West Cache fault zone [2521] bound an intermontane graben 
forming Cache Valley (McCalpin, 1987 #4999). Faulting here probably had 
begun by at least late Eocene to early Oligocene (Brummer and Evans, 1989 
#5185; Brummer and McCalpin, 1995 #4394). Oaks and others (1999 #5157) 
indicate that the vertical throw across the southern part of the East Cache 
fault zone is 7,750 m. Evans (1991 #4425) estimates net slip ranges from 2.7 
km near the Idaho border to 8.1 km in southern Cache Valley; he indicates 
that in central Cache Valley, net slip is about 4.5-6.4 km. Brummer (1989 
#5185) indicates that total net vertical offset is on the order of 2.7-3.0 km. 
Earlier estimates by Zoback (1983 #213) indicate that total late Cenozoic 
slip is 3.4-4.5 km. Faulting has resulted in a pronounced escarpment rising 
1000 m above Cache Valley. 

Reliability of 
location: 

Poor. 
Compiled at 1:50,000 scale.  

Comments: Location of faults from 1:50,000 scale mapping of McCalpin 
(1989 #760). Poor designation is because the fault is poorly expressed; 
therefore, it is approximately located in original mapping. 

Length (km): 
This section is 22.1 km of a total fault length of 63.9 km. 

Comments:  

Average strike: N4°W (for section) versus N1°W (for whole fault) 

Sense of 
movement: 

Normal 

Comments:   

Dip: 45-60°W  

Comments: We show that all of the strands dip to the west following the 
mapping of McCalpin (1989 #760). However Oaks and others (1999 #5157) 
indicate that the central strand is down to the east. 
Seismic reflection data indicate the fault dips 65-70° near the ground surface 
and shallows to 50° at depth (Evans, 1991 #4425). Additional interpretations 
of seismic reflection data indicate the fault dips at 60° near the surface, 
flattening at depth to 45-55° between 3.5 and 4.0 km (Smith and Bruhn, 
1984 #4561), and probably cuts the Sevier-age Paris thrust (Evans and Oaks, 
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1990 #4411). 

Paleoseismology 
studies:  

Geomorphic 
expression: 

McCalpin (1994 #4414) describes the fault as having three traces, similar to 
the northern section. However, along this part of the fault, the rangefront 
strand appears to be the most active as expressed in the low saddles that 
cross the heads of pre-Bonneville fans. The expression of faulting along the 
central and western strands is subtler and can be characterized as an 
alignment of low hills and stream channels. McCalpin (1992 #4423) 
documents the presence of a fault scarp near Paradise Dry Canyon that has a 
height of 15.8 m and a surface offset of 10 m. There are no fault scarps on 
latest Quaternary or younger deposits along this section. McCalpin (1992 
#4423) does indicate however that observed displacement in young deposits 
are probably due to near surface deformation. 

Age of faulted 
surficial 

deposits: 

Most of the fault traces are poorly expressed along this section. Mapping by 
McCalpin (1989 #760) shows that the westernmost strand is generally 
buried, with a couple of scarps on Tertiary sedimentary rocks. The central 
strand has expression on Tertiary sediments and in middle Pleistocene 
alluvium. The eastern trace of the fault generally follows the bedrock-
alluvium contact with discontinuous scarps on middle Pleistocene alluvium. 

Year of historic 
deformation:  

Most recent 
prehistoric 

deformation: 

Late Quaternary (<130 ka) 

Comments: McCalpin (1992 #4423) suggests that faulting occurred between 
26 and 46 ka. However, and earlier report states the most recent event 
occurred between 25 and 44 ka based on constraining thermoluminescence 
ages (McCalpin, 1987 #4999). Using data from McCalpin and Forman (1991 
#299), Mason (1992 #463) suggests the most recent event occurred 36±18 
thousand years ago. 

Recurrence 
interval: 

15-30 k.y. (<150 ka - 1 Ma) 

Comments: McCalpin (1987 #4999; 1992 #4423) suggests a preferred 
recurrence interval for this section of 15-30 k.y. for the past 150 k.y. to 1 
m.y. He bases this calculation on assuming that the 10 m of surface offset is 
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the product of 0.5-1.5 m/event displacements. This yields 7-20 events since 
the deposition of the middle Pleistocene fan alluvium, which he assigns an 
age of 150 k.y.-1 m.y. The resulting recurrence interval is 7.5-143 k.y. Using 
data from McCalpin and Forman (1991 #299), Mason (1992 #463) suggests 
an average recurrence time of at least 35±17 k.y.  

Slip-rate 
category: 

Less than 0.2 mm/yr 

Comments: McCalpin (1987 #4999) indicates that the middle to late 
Quaternary slip rate is 0.07 mm/yr based on 10 m of offset of a pre-
Bonneville surface. Longer-term slip rates are provided by Evans (1991 
#4425). He indicates that post-17-Ma slip rates are considerably higher 
(0.47-0.8 mm/yr). 

Compiled or 
modified by and 

affiliation: 

Bill D. Black, Utah Geological Survey; Mike Hylland, Utah Geological 
Survey; Kathleen M. Haller, U.S. Geological Survey; Suzanne Hecker, U.S. 
Geological Survey, 1999 

References: #5186 Bailey, R.W., 1927, The Bear River Range fault, Utah: American 
Journal of Science, v. XIII, p. 496-502. 
 
#5187 Bailey, R.W., 1927, A contribution to the geology of the Bear River 
Range, Utah: Chicago, Illinois, University of Chicago, unpublished M.S. 
thesis, 63 p. 
 
#4394 Brummer, J., and McCalpin, J., 1995, Geologic map of the Richmond 
quadrangle, Cache County, Utah, and Franklin County, Idaho: Utah 
Geological Survey Miscellaneous Publication 95-3, 22 p. pamphlet, 2 sheets, 
scale 1:24,000. 
 
#5185 Brummer, J.E., and Evans, J.P., 1989, Evidence for the onset of 
extensional tectonics, western Bear River Range, Utah: Geological Society 
of America Abstracts with Programs, v. 21, no. 5, p. 60. 
 
#4425 Evans, J.P., 1991, Structural setting of seismicity in northern Utah: 
Utah Geological Survey Contract Report 91-15, 37 p. 
 
#4411 Evans, J.P., and Oaks, R.Q., Jr., 1990, Geometry of Tertiary extension 
in the northeastern Basin-and-Range Province superimposed on the Sevier 
fold and thrust belt, Utah, Idaho, and Wyoming: Geological Society of 
America Abstracts with Programs, v. 22, no. 6, p. 10. 
 
#642 Hecker, S., 1993, Quaternary tectonics of Utah with emphasis on 
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APPENDIX 2 
OSL Ages of Samples from Trenches on the McKenzie Flat fault, eastern trench (USU-374) and 
the range-front strand of the East Cache fault zone (ECF-Ward 1 and 2) 
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APPENDIX 3 
McCalpin’s Review of the Trenches on the Western and Central Fault Strands 

 
NEHRP East Cache Fault Trenching Project 
Status Summary, 13-NOV-2007; by J. McCalpin 
 
WESTERN STRAND: 
The main trench is about 160 ft long and the smaller western pothole trench is about 10 feet long. 
Both show Tsl bedrock at depths of 3-5 feet, all beds dipping east at 15-25 degrees, overlain by 
Bonneville beach gravels, and then by some type of bouldery debris flow deposit. Walls have 
been cleaned, but no contacts were painted.  
 On 12-NOV Stephanie and I photographed the western half of the main trench wall, in 
order to start the photomosaic logging process. These photos will evidently be sufficient to log 
on, without painting the contacts, which are rather obvious on the wall. 
TO DO: 
1—Stephanie finish photographing the south wall of the main trench, in 1 m-wide panels, and 
clean and photograph the south wall of the pothole trench. 
2—Stephanie processes the individual 1 m-wide photos by increasing the contrast, removing the 
keystoning, and somehow stretching the images vertically (non-linear stretch, or rubber-
sheeting) to correct for the scale differences between the bottom and top of each image (photos 
had to be taken from the ground surface outside the trench, to the optical axis was highly oblique 
to the photographed trench wall). Once this is done, mosaic the photos. 
3—Print the mosaic so a hard copy can be taken into the trench for defining which contacts to 
map and how to number/label them. One easy way to do this is to print the mosaic in sections on 
11x17 paper, at a scale of 1”=0.5m (that fits about 8 m [25 ft] of trench wall on a single page, 
and the log is about 4” high on the paper). For a 160 ft-long trench, that would take 7 sheets at 
that scale to cover the entire trench. Mark the contacts to be mapped and the unit labels directly 
on the printouts. Write the unit descriptions for your defined mapping units while in the trench. 
Take whatever samples you want from the trench walls (dating, grain size, geochem, paleomag, 
etc.) and mark their locations on the printouts. Mark on the printouts the location of the GPR 
anomaly stakes on the ground just south of the trench. 
DECISION: this one-time exposure of soft Tsl is an opportunity to study part of the Formation 
that is rarely exposed naturally. Do you want to sample each subunit of Tsl in case somebody 
wants to do a non-neotectonic type of study on it (sedimentology, etc.)?  
4—Take the annotated printouts back to the office and transfer the contacts, unit labels, and all 
other annotations to the digital photomosaic. Make the final trench log drawing complete with 
title, explanation of map units, like a USGS published trench log. This is the type of log to give 
to reviewers when they show up to review the trench. 
 
5—Once the western trench has been reviewed, it can be backfilled and reclaimed, per 
requirements of the landowner. 
6—MAJOR DECISION: because no fault was found, the western strand is going to be removed 
from the geologic maps (and Quaternary fault databases), unless a fault can be found by digging 
additional trenches here. We already trenched the primary topographic anomaly, so the only 
other place to trench is EAST of the main trench, just in case our main trench started just west of 
the fault. However, this is unlikely. Because if there was a Quaternary fault here it would have to 
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displace Tsl downward on the west side, and our main trench shows Tsl only 3-5 feet below 
surface, so it doesn’t look to be downdropped. Still, before ‘killing” this fault strand off entirely, 
we might ask the landowner if we could dig a smaller trench that extends east of the main trench 
for about 50 feet (it would also have to be south of the main trench, to avoid intersecting the 
canal), AFTER we had backfilled and reclaimed the main trench and pothole. The eastern 
extension trench would have to slightly overlap the eastern end of the main trench in the E-W 
direction, so that no N-trending fault could snake between them undetected. ADVANTAGES OF 
THIS TRENCH: (1) it gives us a firmer justification for killing this fault strand as a Quaternary 
fault, (2) it will expose another 50 ft of Tsl, if anyone wants to study that stratigraphic sequence. 
 
 
CENTRAL STRAND: 
We started this trench quite far up the slope, it order to get about 50 ft upslope of the GPR 
anomaly A2 and its associated topographic break. We ended the trench at the upper of 2 N-
trending barbed wire fences. No fault was encountered. Instead, Tsl bedrock is exposed from 2-5 
ft below the surface, and it all dips east at 20-30 degrees. The bedrock is mainly gravelly facies, 
rather than the softer tuffaceous facies exposed in the Western Trench. Overlying the Tsl are an 
older slope colluvium overprinted with a strong B-horizon paleosol (this paleosol penetrates into 
the upper part of Tsl also), and an overlying 1 ft-thick younger slope colluvium that carries an 
A/AB soil (post-Bonneville?). As of 12-NOV, about half of this wall has been cleaned well 
enough to log on, and half of the most obvious contacts have been painted. 
TO DO: 
1—finish cleaning the wall well enough to log on; finish spray painting the stratigraphic contacts 
in the Tsl, and in the colluviums. Note: THE TRENCH CLEANERS HAVE NOT SHOWN UP 
AFTER THE FIRST DAY. SUGGEST YOU REPLACE THEM WITH A LANDSCAPE CREW 
WHO WILL ACTUALLY SHOW UP FOR WORK. 
2—after defining and painting all STRATIGRAPHIC contacts, subdivide the B-horizon paleosol 
into 3 components horizons (upper big red peds= B1; middle smaller red-brown peds= B2; lower 
red-brown stained horizon with poor to no peds= B3). This can be done using a single paint 
color, to distinguish these contacts from the stratigraphic contacts. 
3—Photograph and mosaic the wall, as described previously. Make the log. 
4—When the log is finished, get the reviewer out to the trench. 
5—The day after the review, bring in a trackhoe to backfill this upper trench. Have the trackhoe 
compact the dirt with his bucket as he backfills. When he is finished backfilling (and assuming 
you have landowner permission), continue to trench downslope, starting just east of the upper 
fence. This will leave a gap of about 20 feet between the 2 trenches, but there are no GPR 
anomalies there, so I don’t think we’ll miss a structure. 
5—Continue the trench downslope towards the lower fence, which is nearly in the low point of 
the saddle. If a fault exists along the central strand, it should be exposed by this lower trench. 
BASED ON THE UPPER TRENCH, THE COLLUVIUM IN THIS LOWER TRENCH WILL 
BE MORE THAN 5 FT THICK. THEREFORE, TO KEEP THE TOP OF TSL EXPOSED IN 
THE TRENCH, AND TO DETECT ANY POST-TSL FAULTING, THIS LOWER TRENCH 
NEEDS TO BE A BENCHED DESIGN, WITH 2 5-FT HIGH WALLS ON EACH SIDE. This 
design will require a lot of wall cleaning. 
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APPENDIX 4 
Article from the Logan Herald-Journal Describing This Study 
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