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CHARACTERIZATION OF THE RUBYS INN THRUST FAULT IN
GARFIELD COUNTY, UTAH, USING ELECTRICAL RESISTIVITY
TOMOGRAPHY AND TRANSIENT ELECTROMAGNETIC SURVEYS

by Trevor H. Schlossnagle and Kayla D. Smith

ABSTRACT

Recent development pressures near Bryce Canyon National
Park, Garfield County, Utah, could affect groundwater usage,
availability, and dependent resources. A significant fault, the
Rubys Inn thrust fault, lies between commonly targeted aqui-
fers in Emery Valley and groundwater of the Paunsaugunt
Plateau. In cooperation with the National Park Service, the
Utah Geological Survey conducted a geophysical study tar-
geting the Rubys Inn thrust fault, along the southern boundary
of Emery Valley. Fault zone geometry and internal structure
is typically complex, resulting in heterogeneous permeability
distribution which can affect local and regional groundwater
flow. The influence of fault zones on groundwater flow par-
allel and perpendicular to their planes is, therefore, difficult
to predict. Geophysical imaging methods can yield important
information about subsurface fault geometry.

We combined electrical resistivity tomography (ERT) and
transient electromagnetic (TEM) surveys to investigate the
field-scale influence of the Rubys Inn thrust fault on ground-
water location and movement along the southeast boundary
of Emery Valley. We collected ERT and TEM data along
three transects roughly orthogonal to the mapped fault strike
in May/June 2022 and again in September 2022. These data
and existing water-level and lithologic data were used to
construct a series of geophysical models that constrain sub-
surface fault characteristics.

Geophysical models illustrate the complexity and variability
of the Rubys Inn thrust fault within a relatively short distance
along strike. Model results indicate that where the fault is con-
cealed, the actual location differs from the mapped location by
70 to 100 meters along our transects. Groundwater is well con-
strained in the fault zone hanging wall but poorly constrained
in the footwall, and little seasonal variation is discernible in
the data. However, variable stratigraphy and structural fea-
tures are apparent in all transects. Without better geologic and
hydrologic constraints in the footwall, the results of this study
do not indicate whether the fault acts as a groundwater flow
barrier. Further study is needed to constrain the location of
groundwater in and adjacent to the fault zone and understand
the movement of groundwater relative to the fault plane.

INTRODUCTION

Groundwater resource development and the threat of future
drought in Garfield County, south-central Utah, has prompted
recent studies of groundwater in Bryce Canyon National Park
and adjacent areas (Wallace and Schlossnagle, 2021; Wallace et
al., 2024). Emery Valley, situated predominantly north of Bryce
Canyon National Park, is subject to a potential increase in growth
from tourism-related development (Figure 1). It is currently un-
certain whether groundwater withdrawals in Emery Valley could
affect groundwater resources up-gradient in adjoining areas of
the Paunsaugunt Plateau and Bryce Canyon National Park.

The Rubys Inn thrust fault is an east-west-striking thrust fault
that lies between commonly targeted aquifers in Emery Valley
and groundwater flow systems that support springs, seeps, and
dependent ecosystems to the south on the Paunsaugunt Plateau.
We designed this study to improve our understanding of how
the Rubys Inn fault influences groundwater movement between
the Paunsaugunt Plateau and Emery Valley. This research al-
lows government agencies and land managers to make sci-
ence-based water rights and resource management decisions.

Purpose and Scope

The overall goal of this study is to improve the understanding of
the hydrogeologic, structural, and stratigraphic characteristics
of the Rubys Inn fault. Fault zones have heterogeneous perme-
ability and anisotropy, meaning faults can be both flow barriers
and flow conduits (Caine et al., 1996; Bense et al., 2013). We
describe the results of three electrical resistivity tomography
(ERT) transects and three transient electromagnetic (TEM)
transects across the Rubys Inn fault near Bryce Canyon City.
We also use groundwater-level data and literature- and field-
based outcrop observations of the thrust fault to assist with our
interpretations of geophysical models. These data help deter-
mine if the Rubys Inn fault acts as a barrier or conduit to cross-
fault groundwater flow and therefore the likelihood that Em-
ery Valley development might impact groundwater-dependent
resources across the fault. Our results will also help identify
suitable locations for future monitoring wells that would enable
further investigation of the fault’s hydrogeologic control and
long-term groundwater monitoring.
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Figure 1. Shaded-relief maps showing A) location of Emery Valley relative to the Paunsaugunt Plateau and Bryce Canyon National Park and B)
study area. Fault locations, 4-m and 10-m electrode spacing electrical resistivity tomography (ERT) transects, transient electromagnetic (TEM)
locations, and wells with hydrogeologic data are shown on both maps. Geologic units modified from Biek et al. (2015) are shown on B. Well IDs
are consistent with Wallace et al. (2024) and correlate with Table 1.
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STUDY AREA

Location and Geography

The study area is located near Bryce Canyon City, Garfield
County, Utah (Figure 1). The area includes the southeast
corner of Emery Valley, parts of Bryce Canyon City, and the
northwest corner of Bryce Canyon National Park.

Emery Valley is in the High Plateaus subprovince of the Col-
orado Plateau, also known as the transition zone between the
Basin and Range Province to the west and Colorado Plateau
Province to the east (Davis, 1999). This structural and strati-
graphic transition zone is defined by a series of north-south-
striking, west-side-down oblique-slip normal faults.

Emery Valley is a shallow intermontane basin bounded by the
Sevier Plateau to the north and the Paunsaugunt Plateau to the
south. The Paunsaugunt Plateau is the main recharge area for
both Emery Valley and Bryce Canyon National Park, supply-
ing surface water to the East Fork Sevier River and groundwa-
ter to Emery Valley and Bryce Canyon National Park.

Geologic Setting

The stratigraphy in the study area consists of Upper Cretaceous
to Eocene sedimentary rocks, and Quaternary surficial depos-
its (Figure 2). The John Henry Member of the Straight Cliffs
Formation (Upper Cretaceous) consists of mudstone and fine-
grained subarkosic sandstone, that is 240 to 335 meters (m)
(800-1100 feet [ft]) thick in Bryce Canyon National Park (Bow-
ers, 1990). The Drip Tank Member of the Straight Cliffs For-
mation (Upper Cretaceous) consists of fine- to medium-grained
quartzose sandstone and pebbly sandstone/conglomerate that
ranges from 30 to 60 m (100-200 ft) thick on the Paunsaugunt
Plateau (Biek et al., 2015). The Wahweap Formation (Upper
Cretaceous) consists of mudstone, fine-grained sandstone, and
silty sandstone and thickens east to west on the Paunsaugunt
Plateau from around 90 m (300 ft) to 210 m (700 ft), respec-
tively (Lawton et al., 2003). The Kaiparowits Formation (Up-
per Cretaceous) consists of fine-grained sandstone, mudstone,
and siltstone, and is generally locally eroded along the eastern
section of the Rubys Inn fault. The pink member of the Clar-
on Formation (Paleocene to Eocene) consists of micritic lime-
stone, calcite-cemented sandstone, and calcareous mudstone

. Formation or . . .
System Series Member Lithology & weathering profile
Quaternary Holpcene & Surficial deposits sand and gravel
Pleistocene
Claron Formation; mudstone and
Eocene white member micritic limestone
Tertiary .| mudstone, siltstone,| ==
Claron Formation;
. sandstone, and
pink member :
Paleocene limestone
. . sandstone,
Kaiparowits .
. siltstone, and
Formation
mudstone
sandstone,
Wahweap conglomerate,
Formation mudstone, and
Cretaceous Upper siltstone
conglomerate and
sandstone
Straight Cliffs sandstone,
Formation; John mudstone, and
Henry Member siltstone

Figure 2. Generalized stratigraphic column showing age and lithology of formations in study area, modified from Biek et al. (2015).
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and is around 180 m (600 ft) thick in Bryce Canyon National
Park (Biek et al., 2015). The white member of the Claron For-
mation (Eocene) typically consists of white micritic limestone
but grades to interbedded mudstone, siltstone, and limestone in
the northern part of Bryce Canyon National Park (Biek et al.,
2015). Changes in lithology within the Claron can be attribut-
ed to both depositional environment and bioturbation, the latter
of which can cause dramatic lateral changes. The conglomerate
at Boat Mesa (Eocene) consists of pebbly conglomerate, cal-
careous and conglomeratic sandstone, and minor siltstone and
mudstone that ranges up to 30 m (100 ft) thick in Bryce Can-
yon National Park (Bowers, 1990). Quaternary unconsolidated
deposits in the study area consist of colluvium and alluvium
composed of poorly to moderately sorted clay- to boulder-size
sediments deposited by slope-wash, debris flow, soil creep, and
ephemeral fluvial processes.

The Rubys Inn fault is part of the Paunsaugunt thrust fault sys-
tem, a grouping of Middle Tertiary thrust faults that strike perpen-
dicular to the predominant Sevier and Laramide orogenic faulting
in the region. This fault system may have resulted in part from the
Markagunt gravity slide, formed during Tertiary time due to grav-
itational collapse of the southern part of the Marysvale volcanic
field (Merle et al., 1993; Biek et al., 2015).

The Rubys Inn fault is the most prominent of several south-direct-
ed, shallow thrust faults that have a total offset of up to 460 to 910
m (1500-3000 ft) (Lundin, 1989; Davis, 1999). The Rubys Inn
fault strikes westward from the Paunsaugunt fault zone, where
the surface trace is lost at the western edge of the Paunsaugunt
Plateau. However, recent research suggests that the fault contin-
ues into the Markagunt Plateau to the west as a blind thrust (Biek
et al., 2015). In the study area, the fault places the John Henry
Member of the Straight Cliffs Formation over the pink and white
members of the Claron Formation. To the east, the fault places
Wahweap Formation over the white Claron, and continuing east,
pink Claron on top of itself.

Previous Work
Two recent studies examined groundwater in Emery Valley in

detail (Wallace and Schlossnagle, 2021; Wallace et al., 2024).
Wallace et al. (2024) conducted a comprehensive study on the

Table 1. Well data in the study area.

Utah Geological Survey

aquifers of Emery Valley and neighboring Johns Valley to the
northeast, as well as groundwater to the south on the Paun-
saugunt Plateau and in Bryce Canyon National Park. Their study
includes a hydrogeologic framework, a groundwater age analy-
sis, and a water budget. Our current study was motivated by their
observation that faults, primarily the Rubys Inn fault and Paun-
saugunt fault zone, likely play a role in the groundwater system.

The Rubys Inn fault was identified in the mid-1950s but remained
undocumented until 1986 and has since been studied for the fol-
lowing four decades (Biek et al., 2015). Davis and Krantz (1986)
discovered evidence of the Paunsaugunt thrust fault system in
Bryce Canyon National Park. Lundin (1989) mapped the Rubys
Inn fault in detail. Nickelsen and Merle (1991), Nickelsen et al.
(1992), Davis (1999), Leavitt et al. (2011), May et al. (2011), and
Cleveland et al. (2014) extensively documented compressional de-
formation in and around the Rubys Inn fault. Although the Rubys
Inn fault has been studied extensively, no studies have truly ad-
dressed groundwater flow relative to the fault.

METHODS

We used geophysical surveys, hydrogeologic data, and geologic
observations to better understand the hydrogeology and struc-
tural variability of the Rubys Inn fault. We applied electrical
resistivity tomography (ERT) and transient electromagnetics
(TEM) to collect subsurface data, create inversion models, and
facilitate structural and hydrogeologic interpretations. Used in
conjunction, these complementary methods provide high-res-
olution data to resolve complex structure and stratigraphy at
varying depths. ERT and TEM surveys were conducted in May/
June and September 2022, the timing of which was intended to
capture conditions reflecting presumed maximum and minimum
groundwater levels, respectively. We also collected water-level
data and compiled lithologic logs and historical water-level data
to assist in interpretation of inversion model results.

Hydrogeology

For this study we compiled lithologic logs and historical wa-
ter-level data from six monitoring wells in the study area (Figure
1, Table 1; Utah Division of Water Rights, 2022; U.S. Geological

Depth to water (m)

UGS site ID USGS site ID Latitude Longitude Well Depth Depth to
(m) Bedrock (m)  jype 1981'  June 2022  September 2022

37W 374053112085201  37.681362  -112.148115 442 9.1 2.6 35 3.8
38W 374054112085701  37.682387  -112.148981 442 16.8 4.1 5.0 52
39W 374053112085701  37.682033  -112.148986 442 9.1 4.1 5.1 5.2
66W 374032112103301  37.677285 -112.186335 152 - 2.1 - -

328W 374054112090501  37.682438  -112.151689 59.4 21.3 6.4 73 75
320W 374053112090701  37.682256  -112.152472 50.3 18.3 6.3 72 7.4

! Data from U.S. Geological Survey National Water Information System database NAD83 coordinate reference system
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Survey, 2023). We measured water levels from five of these
wells (excluding well 66W) during both the May/June and
September 2022 geophysical data collection periods.

ERT Survey

ERT is an active-source, subsurface imaging technique that
uses a series of electrodes to produce currents and measure
electrical potentials along user-designed transects. The mea-
sured electrical potentials, or voltage differences, depend on
the distribution of electrical resistivity in the subsurface and
the geometry of the electrode layout. For a detailed descrip-
tion of ERT methodologies, refer to Johnson et al. (2010),
Singha et al. (2014), and Binley and Slater (2020). Electrical
resistivity in the subsurface varies with lithologic and hy-
drologic conditions, including degree of saturation, poros-
ity, fracturing, pore fluid salinity, and mineral composition
(Archie, 1942; Zohdy et al., 1974; Palacky, 1988; Nabighian
and Macnae, 1991). ERT has been widely used for inves-
tigating faults for the past two decades (e.g., Suzuki et al.,
2000; Wise et al., 2003; Caputo et al., 2007; Ball et al., 2010;
Saribudak and Hawkins, 2019; Barnes et al., 2021).

We conducted all ERT surveys with an Advanced Geoscienc-
es Incorporated (AGI) SuperSting™ Wi-Fi RS electrical resis-
tivity meter and 56-electrode passive cabling system (Figure
3). We surveyed three two-dimensional (2D) ERT transects
centered on and roughly orthogonal to the Rubys Inn fault as
mapped by Biek et al. (2015) from May 17 to May 19, 2022.
One 550-m transect was measured with 10-m electrode spac-
ing (BRCA1) and two 220-m transects with 4-m electrode
spacing (BRCA3 and BRCAS) (Figure 1). From September
13 to September 15, 2022, we repeated the 10-m electrode
spacing survey (BRCA1B) and central 4-m electrode spac-
ing survey (BRCA3B) and performed a higher resolution
332-m length 4-m electrode spacing survey along a portion
of BRCA1 (BRCA7). Survey BRCA7 was collected “roll-
along” style, meaning overlapping data were collected to gen-
erate a longer survey line using a shorter electrode spacing to
achieve higher resolution over a greater area. Each survey was
executed with a hybrid dipole-dipole/strong-gradient array
developed and recommended by AGI (AGI, 2020). The di-
pole-dipole component provides high-resolution data whereas
the strong-gradient component provides higher signal levels.
Maximum depth of investigation (DOI) is approximately

Figure 3. Layout of ERT survey configuration for transect BRCA3; view to the east-southeast.



25% of the total array length, but depends on the distribu-
tion of subsurface resistivities (Edwards, 1977). Actual DOI
ranged from 17% to 24% of total array length. We measured
contact resistance at each electrode and used saline water to
reduce resistance to under 5000 ohm if necessary. We estab-
lished location and elevation control at a subset of electrodes
through post-processing of data collected with a Juniper
Systems Geode GPS receiver and observed an average ver-
tical accuracy of 50 cm. Relative elevation differences along
each ERT transect were measured with a Leica DISTO™.
ERT electrode location data are provided in Appendix A.

We processed and terrain-corrected the ERT survey results
for elevation changes using EarthImager 2D software (AGI,
2020). This processing includes an inspection of raw data for
quality assurance and an iterative process of 2D inversion
modeling and noisy data filtering. We used a smooth mod-
el inversion which requires the smooth model complexity to
be equal to or less than the true model complexity (Loke et
al., 2003). During this iterative inversion modeling process,
noisy data points are removed until the root mean square error
(RMS) is below 10%. Each survey required five to eight itera-
tions resulting in RMS below 5% and the retention of between
81% and 96% of data points. The normalized L2-norm param-
eter, another measurement of data misfit that indicates model
convergence at values less than or equal to one, ranged from
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0.9 to 1.73 (AGI, 2020). ERT data collection, processing, and
modeling was conducted by the National Park Service; survey
data quality and details on data processing for each survey are
provided in Appendix B.

TEM Survey

TEM is a surface electromagnetic geophysical technique
that has been used for groundwater exploration and investi-
gations for decades (e.g., Fitterman and Stewart, 1986; Fit-
terman, 1989; Goldman et al., 1991; Fitterman et al., 1999;
Christiansen et al., 2006; Fitterman and de Souza Filho, 2009;
Hardwick et al., 2019). TEM is an active-source method that
produces transient pulses of electric current and measures the
attenuation signal of induced magnetic fields corresponding
to changes in the electrical properties of subsurface materi-
als. For a detailed description of the TEM method, refer to
Kaufman and Keller (1983), McNeill (1990), and Fitterman
and Labson (2005).

We conducted all TEM surveys with an ABEM WalkTEM
ground loop system fitted with a 20 x 20-m transmitter an-
tenna with high- and low-frequency receiver antenna coils
capable of simultaneous recording (Figure 4). We surveyed
three TEM transects centered on and orthogonal to the Rubys
Inn fault composed of six unique stations each from June 1-2,

Figure 4. Layout of TEM survey configuration for station BC09, view to the northeast. Transmitter loop and receiver loop are red and black
cables in image, respectively.
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2022, and again from September 13—15, 2022 (Figure 1; Ap-
pendices C and D). We performed repeat soundings at each
station using 150 ohm-m and 200 ohm-m in-line resistors to
ensure adequate signal. We also performed repeat soundings
at specific stations to ensure data consistency and quality for
the duration of the field survey period. We established location
and elevation control through post-processing of static data
collected by Emlid Reach GNSS equipment and observed a
vertical accuracy of better than 10 cm at all stations.

Of the June 2022 TEM surveys, eight stations produced very
good quality soundings, eight stations produced sufficient
soundings, and two stations produced poor soundings (Appen-
dix C, Table C-2). Of the September 2022 TEM surveys, nine
stations produced very good quality soundings, six stations
produced sufficient soundings, and three stations produced
poor soundings. Noise present in the sufficient- to poor-qual-
ity soundings is consistent with capacitive coupling, i.e.,
coherent noise from nearby man-made conductive features.
Except for one station in June 2022 (BC11), soundings using
the 150 ohm-m in-line resistor produced the best quality data.
Sufficient- and poor-quality sounding data were processed to
the extent feasible to utilize data from as many stations as
possible in each transect.

After data processing, we created one-dimensional (1D) inver-
sion models (Auken et al., 2015) (Appendix D) for every sta-
tion and improved them until data fit was satisfactory, reaching
a data residual of less than one standard deviation. Using 1D
TEM inversion models, we created pseudo two-dimension-
al (2D) cross sections of resistivity to aid interpretations. The
pseudo-2D cross sections display the 1D resistivity and are con-
strained using the DOI parameter (Spies, 1989; Christiansen
and Auken, 2012). DOI is informed by the physical properties
of subsurface materials and is therefore unique to each station.

RESULTS

Hydrogeologic Data

We acquired lithologic drilling logs for six monitoring wells in
the study area; one of which (37W) is co-located with ERT and
TEM measurements at the easternmost transect (BRCA1), four
are within approximately 500 m (1650 ft) of BRCA1, and an-
other (66W) roughly 2400 m west of the westernmost transect
(Figure 1). The five wells clustered near the east and central
transects are completed in sandstone, presumably the Straight
Cliffs Formation. The wells range in depth from 44.2 to 59.4 m
(145-195 ft). In these wells the alluvium-bedrock interface is
found at depths of 9.1 to 21.3 m (30-70 ft) below ground sur-
face (bgs) (Table 1). Depth to bedrock generally increases mov-
ing northward away from the fault zone as the alluvium thick-
ens. At the well directly overlapping with geophysical measure-
ments (37W), bedrock is encountered at 9.1 m (30 ft) bgs. The
well along fault strike west of the geophysical measurements
(66W) is 15.2 m (50 ft) deep and completed in alluvium.

Water-level measurements in the study area ranged from 3.5
to 7.3 m (11.6-24.1 ft) bgs in June 2022 and 3.8 to 7.5 m
(12.3-24.5 ft) bgs in September 2022. Water levels in the
study area generally decrease moving away from the Rubys
Inn fault toward the center of Emery Valley; this interpreta-
tion is supported by Wallace et al. (2024) who created po-
tentiometric surfaces for the entirety of Emery Valley. At the
well directly overlapping with geophysical measurements
(37W), groundwater is encountered at 3.5 to 3.8 m (11.6—
12.3 ft) bgs. Historical records for these wells indicate that
water levels have dropped by ~1.1 m since the 1980s (U.S.
Geological Survey, 2023).

ERT Data

For ease of comparison across seasons, we rescaled resistivity
model ranges for repeat transects to the scale of the survey
with the lowest range of modeled resistivities. For the east
transect, we rescaled survey lines BRCA1 and BRCA7 to the
scale of BRCAI1B (Figure 5). For the central transect, we res-
caled survey line BRCA3B to the scale of BRCA3 (Figure 6).

East Transect

The resistivity models for BRCA1 and BRCA1B show the
same structure and differ only in the maximum resistivities
measured. The models indicate two main geologic layers were
imaged northwest of the Rubys Inn fault zone (hanging wall)
and five layers were imaged southeast of the fault zone (foot-
wall) (Figure 5). A low-resistivity layer with values ranging
from about 20 to 80 ohm-m exists at the surface northwest
of the fault. This layer has resistivity values consistent with
that of saturated, possibly clay-rich alluvium and extends to
a depth of about 10 m bgs. At 10 m depth, the resistivity in-
creases to about 120 to 600 ohm-m, consistent with sandstone
and presumably the Straight Cliffs Formation. This change in
resistivity at 10 m depth is also consistent with lithologic data
that indicates bedrock at this depth in well 37W, which is lo-
cated approximately 50 m from the northwest end of the tran-
sect (Figure 5). Water-level data from this well indicate that
the water table is at 3.5 to 4.0 m depth; however, the shallow
unsaturated zone is difficult to identify in the 10-m electrode
spacing transects because this array is incapable of resolving
features smaller than 5 m. This feature is more accurately re-
solved in the 4-m electrode spacing in transect BRCA7 (Fig-
ure 5C). Approaching the fault zone, both the shallow con-
ductive layer and deeper resistive layer appear to dip more
steeply to the southeast (Figure 5), consistent with mapping in
the area (Biek et al., 2015). Additionally, surficial deposits at
this point in the transect transition from Quaternary alluvium
and colluvium (Qac) to a more resistive (100-600 ohm-m)
presumably unsaturated Quaternary colluvium (Qc). Across
the fault on the footwall, the data indicate five layers of differ-
ing resistivities, which we interpret as alternating layers of the
white member and possibly underlying pink member of the
Claron Formation. The uppermost and lowermost layers are
highly resistive (200-9000 ohm-m in BRCA1 and 200-3000
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ohm-m in BRCAI1B) and likely limestone-dominant. Anoth-
er possible lithology for the uppermost layer is the Tertiary
conglomerate at Boat Mesa, which overlies the Claron and
outcrops to the east-southeast of the study area. The remaining
three layers are poorly to moderately resistive, ranging (from
top to bottom) from 15-60 ohm-m to 60-200 ohm-m to 30-80
ohm-m. We interpret this as interbedded mudstone and silt-
stone within the Claron Formation. Without direct subsurface
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observations on this side of the fault, it is difficult to conclude
whether the lower resistivity layers are saturated or unsatu-
rated and clay rich. Also evident in the transect is the abrupt
transition from steeply southeast-dipping layers to relatively
flat layers within a short distance from the interpreted fault
(~100 m), which is a well-documented feature of the Rubys
Inn fault in this area (Lundin, 1989). The Rubys Inn fault zone
itself appears to be ~80—100 m northwest of where the cast
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Figure 5. Cross sections of the northwest- to southeast-trending electrical resistivity tomography (ERT) 10-m electrode spacing survey
lines BRCAI and BRCAIB and 4-m electrode spacing survey line BRCA7. A) 2D inversion model results for survey line BRCAI from May
2022. B) 2D inversion model results for survey line BRCAIB from September 2022 with interpretation overlay. C) 2D inversion model
results for survey line BRCA7 from September 2022 with interpretation overlay. Surface geology as mapped by Biek et al. (2015) is labeled
above cross sections B and C. Dashed white lines indicate lithologic contacts. Note that vertical scale differs between A, B, and C. Note
that resistivity scale from BRCAIB applied to BRCAI and BRCA7 for ease of comparison but maximum resistivity values for BRCAI and
BRCA7 are unrepresented.
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transect crosses the mapped fault. At ~35 m depth, this loca-
tion has a zone of high-resistivity material ranging from 800
to 20,000 ohm-m. The high resistivity observed here could be
evidence of a calcite-cemented fault core and damage zone,
or of steeply dipping limestone bedding of the Claron Forma-
tion. Vertical to overturned bedding of the Claron Formation
is documented to the northeast near the rim of Bryce Canyon
National Park (Lundin, 1989).

Transect BRCA?7 is centered on the mapped fault zone and
the apparent fault zone as imaged by transect BRCA1. The
reduced electrode spacing (4 m) and resulting higher resolu-
tion shows similar structures to the 10-m electrode spacing
surveys but in greater detail (compare Figures 5A and 5B to
5C). At the surface of the northwest end of the transect, the
data reveal a shallow (2-3 m) upper layer of moderate-resis-
tivity (80—150 ohm-m) material above a low-resistivity zone;
consistent with transects BRCA1 and BRCA1B, we interpret
this as unsaturated alluvium overlying saturated alluvium.

Distance (m)

Central Transect

Like BRCA1 and BRCA1B, the resistivity models for BRCA3
and BRCA3B generally differ mainly in maximum modeled
resistivities. However, these models also exhibit seasonal hy-
drologic variation, discussed below. At the surface northwest
of the mapped fault location is a ~4—5-m-thick layer of mod-
erately high-resistivity (100400 ohm-m) material that we
interpret as unsaturated alluvium (Figure 6). Below this is a
~6-9-m-thick layer with lower resistivity (40—100 ohm-m)
values consistent with saturated alluvium. At the bottom of
this layer, at a depth of ~11-13 m, is a thick layer with resis-
tivities of 170—400 ohm-m. This resistivity is consistent with
sandstone of the Straight Cliffs Formation as interpreted in
transects BRCA1 and BRCA1B. The surface at the southeast
end of the transect is a moderate-resistivity layer (75-200
ohm-m) that we interpret as ~3 m of unsaturated alluvium.
Below this layer are two highly contrasting offset layers that
include a relatively high-resistivity layer (150400 ohm-m)
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Figure 6. Cross sections of the northwest- to southeast-trending electrical resistivity tomography (ERT) 4-m electrode spacing survey lines
BRCA3 and BRCA3B. A) 2D inversion model results for survey line BRCA3 from May 2022. B) 2D inversion model results for survey line
BRCA3B from September 2022 with interpretation overlay. Surface geology as mapped by Biek et al. (2015) is labeled above cross section.
Dashed white line indicates lithologic contact. Note that vertical scale differs between A and B. Note that resistivity scale from BRCA3
applied to BRCA3B for ease of comparison but maximum resistivity values for BRCA3B are unrepresented.
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that is potentially limestone of the white member of the Clar-
on Formation, and a low-resistivity layer (15-50 ohm-m) that
is potentially saturated alluvium, saturated weathered lime-
stone of the Claron Formation, or mudstone (saturated or un-
saturated) of the Claron Formation. Without lithologic control
on the footwall side of the fault, we are unsure of the thickness
of the alluvium overlying the Claron Formation. A man-made
pond is in a swale to the east-southeast of the transect; infil-
tration and lateral movement of water from this pond could
be the source for saturation of the sediment and/or rock in
the low-resistivity layer. The center-right of the transect has
a northwest-dipping region of highly contrasting resistivities;
we interpret this as the primary fault plane. The May 2022
resistivity model has a shallow low-resistivity zone coinci-
dent with a topographic low that is absent or diminished in the
September resistivity model. In September, the low-resistivity
layer that we identify as potentially saturated material appears
to extend deeper into the subsurface along the fault plane. We
suggest that this seasonal resistivity change shows downward
groundwater movement through the footwall along the fault.
Two other possibilities are that this groundwater movement is
occurring on the hanging wall side of the fault, or through a
damage zone along the fault plane. Although the fault is con-
cealed at this location, the apparent fault location is ~70 m
southeast of the mapped fault location. We see little evidence
of bedrock dipping near the fault zone on either side, despite
the transect being only ~300 m away from the east transect
which exhibits evidence of dipping strata on both sides of the
fault in resistivity models.

West Transect

The resistivity model for BRCAS shows horizontal to
sub-horizontal layering on each side of the fault zone (Fig-
ure 7). North of the fault zone in the hanging wall, we in-
terpret an upper high-resistivity layer (200-10,000 ohm-m)
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as unsaturated colluvium and/or alluvium transitioning to
Straight Cliffs Formation. Below this is a low-resistivity
layer (5-30 ohm-m) that is likely Straight Cliffs Formation.
The low resistivities could be attributed to groundwater satu-
ration, clay-rich mudstone facies, or both. South of the fault
zone in the footwall, we interpret interbedded limestone and
mudstone of the pink member of the Claron Formation with
alternating high (200-800 ohm-m; limestone) and low (5-50
ohm-m; mudstone) resistivities. There are no wells on the
footwall side of the fault to constrain depth-to-water, so it is
uncertain if the low-resistivity layers are saturated. The inter-
bedded Claron layers are horizontal in the south of the tran-
sect but abruptly transition to steeply south-dipping (~45°) in
the north-central region of the transect. We interpret these as
drag folds that truncate at the primary fault plane. Biek et al.
(2015) mapped Claron strata nearby dipping to the south as
much as 80° in the footwall adjacent to the fault. They also
mapped Straight Cliffs Formation strata of the hanging wall
dipping to the south between 40° and 65°, which is not clearly
discerned in the resistivity model. We interpret the resistivity
model as showing the surface trace of the fault approximately
25 m north of the location mapped by Biek et al. (2015).

TEM Data

Like the ERT data, we scaled resistivity ranges for each TEM
pseudo-2D cross section to be consistent across seasons. There
is little difference in TEM resistivity measurements between
seasons at each transect. Note that the resistivity scales differ
between ERT and TEM due to the sensitivity of the different
methods. We expect absolute resistivities to differ and overall
relative contrasts to be similar. When comparing transects for
both methods, “warm” colors indicate relative higher resistiv-
ity with both methods and “cool” colors indicate lower resis-
tivity. The DOI for TEM stations are significantly limited due
to the capacitive coupling identified in initial data processing.
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Figure 7. Cross section of the north- to south-trending electrical resistivity tomography (ERT) 4-m electrode spacing survey line BRCAS5. 2D
inversion model results for survey line from May 2022 with interpretation overlay. Surface geology as mapped by Biek et al. (2015) is labeled

above cross section. Dashed white lines indicate lithologic contacts.
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Capacitive coupling typically indicates the presence of some-
thing generating an electrical field which subsequently in-
terferes with the electromagnetic readings (often man-made,
likely buried in this case). As a result, we place lower confi-
dence in the TEM models compared to the ERT models, es-
pecially in the central transect which yielded the most con-
sistently problematic data (Appendix C). However, we were
unable to identify any obvious causes of interference in the
field area.

East Transect

Stations BC19 and BC18 at the northwest end of the tran-
sect indicate a shallow low-resistivity (<20 ohm-m) layer
consistent with a saturated alluvium interpretation (Figure
8). This layer is ~3 m deep at station BC18, consistent with
nearby water-level data, but at BC19 the lowest resistivity
is at the surface, conflicting with data from co-located well
37W. Although TEM is capable of resolving meter-scale
layers close to the surface, we do not have visual obser-
vations or hydrological data to corroborate the surface
low-resistivity signal.

Stations BC19 and BC18, both in the hanging wall of the fault
zone, indicate a higher resistivity layer (200400 ohm-m) at
~9-10 m depth, consistent with lithologic well logs that indi-
cate Straight Cliffs Formation at this depth. Below the inter-
preted Straight Cliffs Formation is a lower resistivity layer
(40-80 ohm-m) that pinches out as it approaches the fault
from a maximum thickness at BC19, although the thinning
could be an artifact of the decreased DOI. This lower resistiv-
ity layer may reflect the fault plane itself, although this tran-
sect gives no other evidence of fault-related structures at any
station. Across the interpreted fault, stations BC14, BC15, and
BC16 indicate alternating layers of low (20 ohm-m) to moder-
ate (80 ohm-m) and high (200400 ohm-m) resistivity layers,
which we interpret as interbedded mudstone, siltstone, and/or
limestone layers in the white member and possibly the pink
member of the Claron Formation.

Central Transect

All stations indicate a layer with low resistivity (10-30
ohm-m) consistent with the interpretation of saturated allu-
vium near the surface at ~2—-3 m depth on both sides of the
fault (Figure 9). Similarly, all stations reflect a transition to
higher resistivity bedrock (100-300 ohm-m) at a depth of
8—10 m. This indication of bedrock is generally consistent
with lithologic logs from the hanging wall. Stations BC12
and BC11 indicate a lower resistivity layer (30—-60 ohm-m)
at a depth of 45 m in the hanging wall. This lower resis-
tivity layer trends upward approaching the fault zone and
may reflect the fault plane. However, the central TEM tran-
sect yielded poor soundings across both seasons of data and
we subsequently place low confidence in these models. The
poor sounding quality at this transect may explain why the
TEM failed to image the very low resistivity feature imaged
with ERT along the same transect.

West Transect

Stations BC02 and BCO03 (Figure 10), north of the fault zone,
reflect a low resistivity layer from the surface to ~5 m depth,
with the lowest resistivities (10 ohm-m) at ~2.5 m depth, pos-
sibly indicating the water table which pinches out approaching
the fault. Historical water-level data from well 66W show that
depth-to-groundwater was similar in the past to the depth inferred
by TEM data (Table 1). Below this depth, these stations indicate
a moderate resistivity layer (100 ohm-m) at ~10 m followed by
a lower resistivity layer at ~25 m (30 ohm-m), which could be
interpreted as sandstone and mudstone of the Straight Cliffs For-
mation, respectively.

Station BC04 shows a strong contrast in resistivity compared to
stations BC02 and BCO3 to the north (Figure 10). The southern
four stations on this transect show an upper low-resistivity zone
closer to the surface and a much higher-resistivity material direct-
ly beneath (100-200 ohm-m at 810 m depth) which we interpret
as a limestone layer of the pink member of the Claron Formation.
Stations BC05, BC06, and BC07 indicate moderate resistivity at
the surface with very low resistivity at ~2 m depth (10 ohm-m).
Without well constraint we cannot determine whether this reflects
the water table and/or a clay-rich layer of the Claron Formation.
The surface resistivity of the September survey is much lower
than the June survey, which may be attributed to the precipitation
during the time surrounding data collection. Resistivity decreases
to moderate values (50-100 ohm-m) at ~40 m depth, which is
likely a mudstone layer within the Claron. The strong contrast in
resistivity and layer thickness between BC03 and BC04 implies
a fault zone between these stations (i.e., thicker, more resistive
material in the footwall). However, we are unable to resolve any
structures within and around the fault.

DISCUSSION

Resistivity models for ERT transects produce clear depictions of
the subsurface in both 10-m and 4-m electrode spacing layouts.
The high resolution in these data makes features like alternating
beds of differing resistivity or changes in the dip of stratigraphy
readily apparent. For example, both 10-m and 4-m surveys of the
east transect depict the transition from horizontal to gently dip-
ping beds in an interpreted footwall drag fold. The higher data
resolution and relatively clean data sets associated with these
ERT surveys allow more-reliable interpretations of groundwater
depth, stratigraphy, and structure within the study area relative to
this study’s TEM products.

Resistivity models from TEM soundings generally produce a
deeper DOI than ERT data and are better able to detect slightly
deeper features. However, the scale of features associated with
the Rubys Inn fault appears to be too small for clear detection
with the spacing of TEM soundings selected for our transects.
For example, the complicated structural signals associated with
the fault zone in the eastern transect (Figure 5) change too rapid-
ly over a short distance and are completely overwhelmed by the
stronger lateral signals of the dominant lithologies (Figure 8).
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In instances where TEM fails to image strong lateral signals,
e.g., the low-resistivity portion of the central transect (Figures
6 and 9), we attribute this to the capacitive coupling inter-
ference present in over half of the TEM soundings. TEM is
substantially more sensitive to electromagnetic interference or
unseen conductors compared to ERT and the clear presence of
this interference results in TEM models which are less reliable
for interpreting the shallow stratigraphy and structure of the
study area. In general, we found the TEM data to be a use-
ful secondary tool for corroborating and interpreting the ERT
data, but difficult to interpret in isolation.

The Rubys Inn fault is concealed at the surface over a signif-
icant portion of our study area. Our data constrain the actual
fault location to as much as 70—100 m off from the mapped
location perpendicular to strike. This difference is likely due
to the inherent uncertainty associated with the original map
scale (1:62,500). These transects can be used to accurately
site and appropriately design monitoring wells near the fault
which would enable an improved understanding of this fault’s
hydrogeologic control through aquifer testing, groundwater
sampling, and groundwater level monitoring. Our findings
also raise the possibility that our transects are not truly per-
pendicular to strike, which would have implications on our
interpretations of bedrock and fault dip.

East Transect

Although the TEM inversion models identify both the ground-
water level and alluvium-bedrock contact in the hanging
wall to a sufficient degree, the ERT inversion models yield
more-refined contacts and geometries, especially BRCA7
(4-m electrode spacing, Figure 5C). Although the land sur-
face gradient and potentiometric surface gradient of Wallace
et al. (2024) are to the northwest, the contact between what we
identify as saturated alluvium and Straight Cliffs Formation
dips to the southeast near and northwest of what we interpret
as the primary fault plane. The low-resistivity layer (20—80
ohm-m) continues horizontally across the fault zone before
dipping steeply to the southeast again. Across the fault zone
in the footwall, we interpret this low-resistivity layer as a
steeply dipping drag fold of clay-rich mudstone or siltstone
facies of the Claron Formation, but it is plausible that the low
resistivity could also be attributed to flow from what we know
is saturated alluvium above the hanging wall. Without well
data closer to the fault zone or in the footwall, the location of
groundwater and hydraulic gradient are uncertain.

Central Transect

Both the ERT and TEM inversion models adequately depict
the groundwater level and depth to bedrock in the hanging wall
based on water-level and lithologic constraints from nearby
wells. Conversely, without observed data in the footwall, we
are uncertain of the lithology of the near-surface low-resistivity

zone consists of saturated alluvium, although the depth of the
underlying sediment-bedrock interface is unclear. Additionally,
given the seasonal variation in location and extent of the low-re-
sistivity layer that trends downward along the interpreted fault
plane, the ERT inversion models suggest that groundwater may
be flowing to the northwest down-dip along the fault. However,
another possible interpretation is that the low resistivity along
the interpreted fault plane represents clay-rich fault gouge in the
damage zone of the footwall, discussed below (Figures 11 and 12).

Figure 11. Close-up view of Claron-over-Claron fault exposure at east
end of Rubys Inn thrust; location shown in Figure 1. The fault plane
is the dark rust-colored diagonal band. Note fault gouge and extensive
brecciation in both hanging wall and footwall.

12}

Figure 12. View to the west of east end of Rubys Inn thrust, location shown
in Figure 1. Fault gouge and brecciation are extensive in the footwall but
the visible hanging wall fault plane is well-indurated and striated.

layer (15-50 ohm-m) (Figure 6). Given the proximity to the
Quaternary fluvial channel (Qac on Figure 1) and pond to the
southeast, our preferred interpretation is that the low-resistivity
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Determining the lithology and hydrogeologic control of
low-resistivity material in the fault zone requires further study
(e.g., direct observation of subsurface materials from drilling
and/or aquifer testing).

West Transect

Without adequate water-level constraint near the west tran-
sect, neither ERT nor TEM inversion models confidently lo-
cate groundwater depth on either side of the thrust fault at the
west transect. Both ERT and TEM inversion models identifies
high-, moderately high-, and low-resistivity layers on both
sides of the fault; the highest contrast occurs in the hanging
wall, at what is either a sediment/bedrock interface, interface
between facies of the Straight Cliffs Formation, or the wa-
ter table. Unlike the previously discussed transects, the lower
contrast between resistivities along the apparent fault plane
makes interpretation more difficult. One possibility is that the
lowest resistivity zone (<10 ohm-m) shown in the hanging
wall (Figure 7) is indicative of clay-rich fault gouge. In this
case, we would assume reduced permeability and a reduction
of across-fault groundwater flow in this region. However,
without hydrogeologic control, we cannot reduce uncertainty
in this interpretation.

Evidence of Deformation

Inversion models for our ERT surveys produce clear depic-
tions of the subsurface for all transects. The high resolution
in these data makes features like alternating beds of differing
lithology and resistivity, changes in the dip of stratigraphy, or
changes in groundwater occurrence readily apparent. For ex-
ample, both 10-m and 4-m surveys of the east transect depict
the transition from horizontal to gently dipping beds in the
interpreted footwall drag fold. Deformation in the footwall of
the Rubys Inn fault is well documented in Hillsdale Canyon,
approximately 15 km to the west of the study area. Cleveland
et al. (2014) observed deformation bands, cataclastic flexural
slip, and plastically deformed petrified wood in the flexural
slip zone all within the Wahweap Formation. These features
and processes often reduce permeability in similar lithologies
(Bense et al., 2013). Although there are no sufficient outcrops
to observe whether these same processes are apparent in the
Straight Cliffs Formation in our study area, the two formations
have a similar lithology and formed in a similar depositional
environment. Deformation in the fault zone is also well docu-
mented at the eastern end of the fault, along Utah Highway 12
in the Tropic Amphitheater (Figure 1). Here, Lundin (1989)
observed minor thrust faults, conjugate fracture sets, and fault
breccia in the hanging wall and footwall, both consisting of
the pink member of the Claron Formation. He also observed a
10-cm-thick fault gouge zone. We observed this zone of fault
gouge, as well as extensive fault breccia and fractures extend-
ing into both the hanging wall and footwall (Figures 11 and
12). Though fracturing and brecciation can enhance fault zone
permeability parallel to the fault plane, cataclastic brecciation
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and fault gouge can reduce permeability perpendicular to the
fault plane (Bense et al., 2013). It is important to note that the
scale of these features may be below the resolution of our ERT
surveys. Future drilling and geologic sampling can make up
for such resolution limitations. Drilling observations will then
help reduce uncertainty in ERT-based interpretations away
from drilling sites.

SUMMARY

Groundwater resources in the Paunsaugunt Plateau and Em-
ery Valley, Garfield County, Utah, support domestic, mu-
nicipal, and ecological uses in Bryce Canyon National Park
and adjacent communities, including Bryce Canyon City.
Emery Valley is experiencing increased water demand from
tourism-related development. Such development exacerbates
possible climate-related threats to groundwater resources
and groundwater-dependent ecosystems in and around Bryce
Canyon National Park. The goal of this study was to improve
the understanding of the hydrogeologic role of the Rubys Inn
fault and whether this fault affects groundwater flow to near-
by springs and seeps and compartmentalizes groundwater in
BCNP from nearby groundwater pumping in Emery Valley.

To identify the presence of groundwater, detect groundwater
level changes, and characterize the fault zone, we conducted
three ERT surveys and three TEM surveys each during spring
(May/June) and fall (September) 2022. We produced 2D ERT
inversion models and pseudo-2D transects using 1D TEM
inversion models for each survey line. The Rubys Inn fault
is concealed at the surface over a significant portion of our
study area. The results of our geophysical surveys show that
the mapped fault location is as much as 70—-100 m off from the
actual location perpendicular to strike.

Lithologic logs and water-level data from nearby wells sup-
port our interpretations of groundwater levels and stratigraphy
on the hanging wall side of the fault. Resistivity models iden-
tify saturated and unsaturated alluvium and colluvium overly-
ing Straight Cliffs Formation sandstone and mudstone in the
hanging wall and Claron Formation limestone, mudstone, and
siltstone in the footwall. Structural features like the primary
fault plane and a footwall drag fold are also interpreted in the
inversion models.

ERT results suggest minor hydrologic differences can be at-
tributed to seasonality of precipitation and groundwater re-
charge. Depth to groundwater is well constrained by well data
in the hanging wall of the east and central transects. Though
we identify conductive layers near the surface of the footwall
in each transect, without nearby well data, we are uncertain if
these represent groundwater and/or differences in lithology.

Geophysical data illustrate the complexity and variability of the
Rubys Inn fault within a relatively short distance along strike.
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Based on the variable contrasts in resistivities and likely lith-
ologic properties observed in this study, as well as diverse
observations from previous Rubys Inn fault studies, we infer
that the fault likely has variable barrier/conduit characteris-
tics with respect to groundwater flow. Further investigation
into the hydrogeologic role of the Rubys Inn fault is need-
ed to verify this interpretation, including collecting geologic
samples via drilling one or more boreholes through the fault
plane and/or into the footwall, as well as installing monitor-
ing wells to conduct aquifer tests, collect groundwater sam-
ples, and monitor groundwater levels adjacent to the fault
zone. Our results will be critical for accurately siting and ap-
propriately designing such wells.
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APPENDIX A

Electrical Resistivity Tomography Location Data

Link to supplemental data download:

https://ugspub.nr.utah.gov /publications/reports_of investigations/ri-290/ri-290a.xIsx
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APPENDIX B

Electrical Resistivity Tomography Model Inversions and Data Residuals

Link to supplemental data download:

https://ugspub.nr.utah.gov/publications/reports_of investigations/ri-290/ri-290b.pdf
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APPENDIX C

Transient Electromagnetic Location Data and Data Quality

Link to supplemental data download:

https://ugspub.nr.utah.gov/publications/reports_of investigations/ri-290/ri-290c¢.xIsx
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APPENDIX D

Transient Electromagnetic Model Inversions

Link to supplemental data download:

https://ugspub.nr.utah.gov/publications/reports_of investigations/ri-290/ri-290d.pdf
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