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PREFACE

The Geologic Hazards Program of the Utah Geological Survey (UGS) provides assistance to Utah citizens and local governments (cit-
ies, towns, counties, and related entities) by responding to emergencies such as earthquakes, landslides, and wildfires (where subsequent
debris flows are a hazard) with a field investigation and a report of the geologic effects and potential hazards. We also investigate and
map geologic hazards such as debris flows, shallow ground water, rock falls, problem soils, landslides, and earthquakes, and we perform
preliminary site-screening evaluations of geologic-hazard potential for schools. In addition, we provide reviews of detailed geologic-
hazard reports prepared by consultants for proposed school building sites. Prior to July 1, 2008, we also reviewed and commented on
geologic-hazard investigations documented in geologic and geotechnical reports prepared by consultants (for development of residential
lots, subdivisions, and private waste-disposal facilities) and submitted to local governments for project permits.

A major goal of the UGS is to provide assistance to Utah citizens and local governments by disseminating geologic information. Geo-
logical studies of potential interest to the general public are published in several UGS formats. One format is a Technical Report, which
is used to address geologic-hazard-related problems of site-specific projects of interest to a limited audience, and includes emergency-
response reports. These reports are distributed on an as-needed basis. In addition, we maintain copies of these reports and make them
available for inspection upon request. This Report of Investigation presents, in a single document, the Geologic Hazards Program’s 63
Technical Reports completed from 2002 to 2009 (figure 1). The reports are grouped into two categories, geologic-hazard reports and
reviews of geologic/geotechnical reports. Each report identifies the author(s) and requesting agency. Minor editing has been performed
for clarity and conformity, but I have made no attempt to upgrade the original graphics.

Ashley H. Elliott

April 21, 2010
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Figure 1. Locations of the 2002 to 2009 Technical Report sites.



ADDITIONAL INFORMATION AND GUIDELINES

In addition to the reports contained in this compilation, the UGS Earthquakes and Geologic Hazards Web page at http://geology.utah.gov/
utahgeo/hazards/index.htm provides links to general information on geologic hazards in Utah. The Web page for Consultants and Design
Professionals (http://geology.utah.gov/ghp/consultants/index.htm) provides links to information on recommended guidelines for geotech-
nical and/or geologic-hazard investigations and reports, UGS geologic-hazard maps and reports, geologic maps, ground-water reports,
historical aerial photography, and links to other sources of useful information.

The UGS advises following the recommended guidelines when preparing site-specific engineering-geologic reports and conducting
site-specific hazard investigations in Utah. Typically, engineering-geologic and geologic-hazard considerations would be combined in
a single report, or included as part of a geotechnical report that also addresses site foundation conditions and other engineering aspects
of the project.



CONTENTS

PREFACE ...ttt ettt oot e et e et e et e e te e e ateeeteeease e eaeeeateeteeeasseeaeeeabeeeaseeaseeeaseeateeeaeeebeeeaeeeabeeeateereeeabeereenareens iii
GEOLOGIC HAZARDS ...ttt ettt ettt et e e et e et e e ete e e tte e ebeeeaa e eabeeeaseeabeestbeeaseeetseeabseessseabeeesseeaseeasseeaseeasseenseeseeeaseenaseanrens 1
GH-01 September 12, 2002, fire-related debris flows east of Santaquin and Spring Lake, Utah County, Utah
Greg N. McDonald and Richard E. GIFQUA .......................c.c.ccoeeeeeeeeeeeeeeeeeeeee et en e es s e s eaenn 2
GH-02 March 12, 2005, fatal earth-fall landslide along Kanab Creek, Kane County, Utah
WIIIIAIM R. LURG.................c.ooooeoeoeoeeeeeeeeeeee ettt ettt ettt ettt ettt ettt ettt ettt ettt et s e s st enesesnseseas 17

GH-03 Reconnaissance of the 425 East South Weber Drive landslide, South Weber, Utah

RiChAEA E. GIFQUA .................ooooeoeeeiieeieeiee st s sttt 25
GH-04 Investigation of the May 12, 2005, 1550 East Provo rock fall, Provo, Utah

Richard E. Giraud and Gary E. CRFISIENSON. ................c..cccccoceeeeeeeeeeeeeeeeeeee ettt ettt aesnn 35
GH-05 June 3, 2005, Black Mountain debris flow, Iron County, Utah

William R. Lund, Garrett Vice, and Jo€ BUCKLEY ...................ccccoooeveeeieeeeieeeieeeieeeeeeiee et 44
GH-06 Investigation of a landslide north of the mouth of Ogden Canyon, Weber County, Utah

Greg N. McDonald and CRIIS DUROSS................ccoveuiueiisinteis ettt 53
GH-07 May 2005 landslide in Springdale, Washington County, Utah

William R. Lund and GQIret VICe ..................cccccccoeeueeeeeeeeeeeeeeeeeeeeeee ettt ettt 61
GH-08 June 3, 2005, rock fall in Parowan Canyon, Iron County, Utah

WALLIAIM R. LUNG..................ooooeeeeeeeeeeeee ettt st a et a ettt s ettt s et e st s s ae s s 71
GH-09 The Sage Vista Lane landslide, Cedar Hills, Utah

Francis X. Ashland and Greg N. MCDORGLA.....................c..cccocoeieiriieeieieiieieieieee ettt 83
GH-10 Landslides of 2005 at a horse ranch near the East Lawn Memorial Hills Cemetery, Provo, Utah County, Utah

Francis X, ASRIGNA. . ...............c.ccoooveieeiieieeeeeeeeeeeee ettt ettt ettt sttt ettt s ettt s s s s s s s s 106
GH-11 Investigation of the 2005 Uinta Canyon snowmelt debris flows, Duchesne County, Utah

RICRATA E. GIFQUUL.................o.cooooeeeeeeeeeeeeee ettt ettt sttt s et ae s s 118
GH-12 Preliminary assessment of two landslides in 2005 between a sewer line and Gordon Creek, Mountain Green, Morgan County, Utah

Francis XoASRIGNA .....................cc.cccoooooeeeeeeeeeeeeeeeeee ettt ettt 134
GH-13 Investigation of June 3, 2005, landslide-generated Black Mountain debris flow, Iron County, Utah

Richard E. Giraud and William R. LUNG....................cccccccocoeoeeueeeeeeeeeeeeeeeeeeee ettt sa et s s 143
GH-14 Reconnaissance of the April 9, 2006, 1650 East landslide, South Weber, Utah

Richard E. Giraud and Greg N. MCDORNGLA ......................c.ccccocoverevoiiiereieeiiieieieeeee ettt 164
GH-15 Reconnaissance of a large landslide upslope of the Mill Hollow Dam, Wasatch County, Utah

Francis Xo ASRIGNA .....................cccoooooeeeeoeeeeeeeeeeeeee ettt ettt 178
GH-16 Update on conditions through 2008 at the Springhill landslide, North Salt Lake, Utah

Francis X. Ashland and Ashley H. EILIOU ..................ccccccocooroiiueieeeeeeeeeeeeeee ettt 187
GH-17 Investigation of the April 11, 2009, 1550 East Provo rock fall, Provo, Utah

Richard E. Giraud, Ashley H. Elliott, and Jessica J. CASHEION. .......................c.cococeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees e 207

REVIEWS ..ottt ettt ettt et et et e e ae et e et e et e ets et e e teeteetseseeateeseeaseeaseaseeasenseeasenseetseateessenseeaseeteenseteeaseeseenseeneenseanis 220

R-01 Review of two geologic reports for the Paramount subdivision, Ogden, Utah

Greg N. McDonald and Gary E. CRFISIENSON...................cocooveeeereeieeeeeesessasesese s sssasasssasssssasssasssesasenas 221
R-02 Review of slope-stability-analyses reports for the proposed Hidden Hideaway Unit No. 1 residential subdivision, Layton, Utah

Francis X. ASRIAN...................c.coooeveveieieeeeieieieeeee ettt ettt s ettt s st 223
R-03 Review of "Geologic and geotechnical investigation, Pioche residential development west of Keetley, Wasatch County, Utah"

BATTY J. SOLOMON. ...ttt ettt ettt ettt ettt ettt ettt ettt 228
R-04 Review of "Deer Canyon Preserve, Jordanelle Basin, Wasatch County — soils report"

BATTY J. SOLOMON. .. ...ttt sttt sttt sttt 233
R-05 Review of "Geotech report, Bonanza Mountain Resort, Wasatch County preliminary plan package"

BATTY J.SOLOMON. ...ttt bbbttt s s 237
R-06 Review of geotechnical and geologic hazards reports for the proposed Foothill Park residential subdivision, Provo, Utah

Francis Xo ASRIGNA .....................cc.cccoooooeeeoeeeeeeeeeeeeeeee ettt 241
R-07 Review of "Preliminary subsurface report, North Village 50-acre site"

BATTY J.SOLOMON.............o.ooooveoeeeeeee ettt ettt ettt a ettt ettt 244
R-08 Review of "Engineering geology assessment, 30-acre parcel, Deer Creek Drive, Timber Lakes development, Wasatch County, Utah"

BaITY J. SOLOMON.............ocooeees ettt 248
R-09 Review of "Preliminary geologic/geotechnical investigation, Little Pole Canyon property, east of Heber City, Utah"

BATTY J. SOLOMON............oooooooeoeeeeeeeeeeeeee ettt ettt ettt ettt ettt ettt 251



R-10 Review of "Geotechnical investigation, Crossings at Lake Creek development, east of Heber City, Utah"

BATPTY J.SOLIOMION ...ttt ettt ettt et ee et et et e et et et et et e e et e e et e e e s ea e s eae s ene et et es et es et eneneene e eneeneaen 255
R-11 Review of "Surface fault rupture hazard investigation phase I, Norma Thomas Property, Provo, Utah"

Francis X. Ashland and Gary E. CRFISIERSON.......................cccoceoveeeeeeeeeeeeeeeeee ettt et ee et 258
R-12 Review of "Geotechnical/geological study, Kunzler subdivision, 6260 South 2125 East, Weber County, Utah"

Greg N. McDonald and Gary E. CREISIERSON .....................c..c.coceeeeeeeeeeeeeeeeeeeeeeee et et eeee et n ettt et ee e 260

R-13 Review of "Mustang Property—lower property development, geologic and preliminary geotechnical investigation, Wasatch County, Utah"

BATTY J.SOLIOMION ...ttt ettt ettt e e e et e e et e e et es et eae et e e et e e e s ea e s eae s eneesentes et es et eseeeseeeaeenenn 264
R-14 Review of geotechnical and slope-stability-analysis reports for the proposed Chadwick Farms residential subdivision, Layton, Utah

Francis X. Ashland and Gary E. CRFISIERSON....................c..cocooeoveeeeeeeeeeeeeeeee ettt et ee et es e en e 268
R-15 Review of geologic-hazards reports for the proposed Bonneville Trail Estates subdivision and nearby water tank, North Logan, Utah

BATTY J.SOLOMION ..ottt ettt ettt e et et et e e et es et ea et e et e e e s ea e s eae s eeeesentes et eneeeseneeneeeaeeeeaes 271
R-16 Review of "Geologic and geotechnical report — proposed North Village at Jordanelle Ridge development, Wasatch County, Utah"

BATTY J.SOLOMION ..ottt ettt et ettt e e e et e et e s et ee et eae et e e et e e e s ea et e e s e st es et es et eseeeneeeseeeneeneaes 276
R-17 Review of "Surface fault rupture assessment and report for Aspen Summit Development 22 acre property, Provo, Utah"

RiIChAIAd E. GIFQUU..................o.oooioiiiiieieets sttt 280
R-18 Review of "Rockfall assessment, Phase I, Boulder Top subdivision, Morgan, Utah"

GTEG IN. MCDONAIA ...ttt ettt e et et et e et s et e s et e s et es et ese et ene e enees e e eeeeees et ene e eneeone 286

R-19 Review of "Deer Meadows soils report — Jordanelle Basin, Wasatch County"

BATTY J.SOLIOMION ...ttt ettt ettt e et et et e e et e e et eae e e et e e e e ea et e e s e et es et es et en e e eseeeneeseneeneas 289
R-20 Review of "Geotechnical consultation, Radford Hills culinary water tank, Weber County, Utah"

Gary E. Christenson and Greg N. MCDORGIA ............................c.cccocooeeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt 294
R-21 Review of "Geotechnical investigation and report — North Village 17-acre site, Wasatch County, Utah"

BATTY J.SOLIOMION ..ottt ettt et e et et et e s et e s et e st e e et e s et e et e e s et es et es et ene e eseeeneeneneenean 298
R-22 Review of "North Fork Special Services District, slope stability analysis"

Francis X. Ashland and Gary E. CRFISIERSON....................c..cococoeveeeeeeeeeeeeeeeee ettt ettt en e 302
R-23 Review of "College Downs at the North Village — Off Site Storm Water Analysis"

BATPTY J.SOLOMION ...ttt ettt ettt e e et e e et et e et e e e s e e e e e e s et es e es et es e e esee e e s eneeneaes 306
R-24 Review of geotechnical/geological study, Red Fox Ridge (Wiederholt) subdivision, Layton, Utah

RiChAEA E. GIFQUA ...ttt nseen 310
R-25 Review of the geologic-hazard and slope-stability study, lot D-83, Sherwood Hills subdivision, Provo, Utah

RiChAEA E. GIFQUA ...ttt 313
R-26 Review of geotechnical reports, Basin View Estates, 5502 Snow Basin Road, Weber County, Utah

Greg N. McDonald and Mike LOWe .....................cccooooeeeeeeeeeeeeeeeeeeeeeeeeeeeee e seeaeasasesesesasasassnssasssaseseneneeas 317
R-27 Review of geotechnical study and surface fault rupture study, Bromsfield subdivision, Layton, Utah

RiChAIA E. GIFQUA ...ttt nseen 321
R-28 Review of geotechnical and surface-fault-rupture reports for the Springs development, Fruit Heights, Utah

RiCRAFA E. GIFQUA ...t sttt nseen 324
R-29 Review of geological hazards and slope stability report for the proposed Heritage Hills development, Alpine, Utah

RiChAFA E. GIFQUA ...ttt een 333
R-30 Review of geologic-hazards report for the proposed Three Falls Ranch subdivision, Alpine, Utah

Christopher B. DuRoss and Gary E. CRFISIENSON....................c.cocoeveveeeeeeeeeeeeeeeseseeessesesess s sssssssesssesssssasssssssssasssenenenas 338
R-31 Review of "Engineering geology/geotechnical study, Quail Ridge Estates, Skyline Drive and Quail Ridge Drive, Ogden, Utah"

GTEG IN. MCDONAIA ...t ettt ettt et et ettt e e e e eeenene 344
R-32 Review of geotechnical and geologic-hazards-reconnaissance reports for the Hill/Athay (Silver Leaf Estates) subdivision, South Weber, Utah

RICRATA E. GIFQUUL................oooooeoeeeieeieieeee ettt s st b st s bt s bbbt s s s s 349
R-33 Review of "Geotechnical and geological study, Valley Vistas, Provo, Utah"

Francis X. ASRIGNU..................c..cooveuiieiieieieieieee ettt a bbbt s bbb s s 356
R-34 Review of geotechnical and geologic-hazards evaluation for the Nalder subdivision, Layton, Utah

RICRATA E. GIFQUAL................ooooooeoeeeeisieeeee ettt s et b st s bbbt s s 359
R-35 Review of "Geotechnical study, Riverdale housing development, 5633 South 1200 West, Riverdale, Utah"

Greg N. McDonald and Francis X. ASRIGNA .....................c..c.ccccocoveeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt ee e ss e eanannas 364
R-36 Review of "Geologic and geotechnical investigation, proposed residential development southwest of Wallsburg, Wasatch County, Utah"

BATTY J U SOLIOMION ..o ettt ettt ettt ettt 368
R-37 Review of "Geotechnical study, Blue Spruce subdivision, Ogden, Utah"

GTEG IN. MCDONAIA ...ttt ettt et et ettt ne 373



R-38 Review of "Geotechnical and geological study, the Ranger Station, Provo, Utah"

Christopher B. DURO0SS and Gary E. CRVISIERSON..............c...ccocoeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeseeeseeteseeeeseeteseeteneeeeneeseeeseeeseeeseeeeneeone 376
R-39 Review of "Geological hazards assessment — Victory Ranch (phase 1), Wasatch County, Utah"

BATTY J.SOLOMION ..ottt ettt et ettt e et et ee e e et es et eae et e e et e e e s ea et eae s eneesenees et en et ereeeneeeeaeenean 382
R-40 Review of "Fault rupture investigation, 750 North Harrison Boulevard, Ogden, Utah"

GTEZ IN. MCDONAIA ... ettt et e et et e et eae et et e et e s et e e et et et es et er et en et ene e e e ee e e ee et eneeeneeone 387
R-41 Review of geologic hazard reports, proposed Shadow Mountain Phase II development, Ogden, Utah

GTEZ IN. MCDONAIA ... ettt et e et et e et eae et et e et e s et e e et et et es et er et en et ene e e e ee e e ee et eneeeneeone 391
R-42 Review of geotechnical and geologic-hazards evaluation for 1740 East Ponderosa, Layton, Utah

RiChQEA E. GIFQUA...................ooooooeeeiieieiee ettt 395
R-43 Review of "Geotechnical study, Pineview at Radford Hills, Huntsville, Utah"

GTEZ IN. MCDONAIA ...ttt ettt e et e et e ae et e e et s et e e et e s et es et et et en et ene e e e ee et es et en et eneeone 401

R-44 Review of "Slope stability study, proposed Area C, Wasatch County, Utah"
Barry J. Solomon
R-45 Review of geotechnical and geologic-hazards evaluation for 1681 East Hillsboro Drive, Layton, Utah
Richard E. Giraud 410

R-46 Review of "Preliminary geotechnical and geological investigation, 350 acre Cummings property, Wasatch County, Utah"
Barry J. Solomon

FIGURE

Figure 1. Locations of the 2002 to 2009 Technical REPOTIT SIEES......c.eruereiirieieieieiietietert ettt ettt iv

Vil



GEOLOGIC HAZARDS



Project: Requesting Agency:
September 12, 2002, fire-related debris flows east of Santaquin and Santaquin City
Spring Lake, Utah County, Utah

By: Date: County: Job No.:
Greg N. McDonald 11-20-02 Utah 02-09
Richard E. Giraud (GH-01)
USGS Quadrangles: Section/Township/Range:

Payson Lakes (965) Sections31and 32, T.9S.,R. 2E,;

Spanish Fork (1006) Sections6and 7, T.10S,,R. 2 E.

Springville (966)

West Mountain (1007)

INTRODUCTION AND PURPOSE

On the evening of September 12, 2002, intense rainfall triggered fire-related debris flows
in multiple drainages on Dry Mountain east of Santaquin and Spring Lake at the south end of
Utah Valley (figure 1). Major debris flows originated in tributaries 2, 3, 4, 5, and 6 (as defined
by the U.S. Forest Service [2001]), and deposited debris on alluvial fans west of Dry Mountain
(figure 1). Farther south, smaller flows from tributaries 7, 9, 11, 12, and 14 were reported (U.S.
Forest Service, 2002) but not evaluated as part of this investigation. Debris and floodwater from
tributaries 2, 3, and 4 flowed into developed areas causing property damage in two subdivisions.
Floodwater from tributary 5 entered a subdivision but caused no reported damage. Prior to the
event, Dry Mountain was determined to have a heightened debris-flow and flooding hazard due
to the Mollie wildfire that burned much of the west side of the mountain during the summer of
2001.

At the request of Roger Carter, Santaquin City Manager, we performed this investigation
to describe and document the debris flows. The scope of work for this investigation included
review of aerial photos, published geologic reports and maps, and post-fire assessment letters
and reports; field mapping of debris-flow deposits; and a field traverse of the drainage basin of
tributary 4. Our investigation included evaluation of volume, runout distance, and deposit area.
We visited the area on September 13, 2002, as part of the Utah State Division of Emergency
Services Interagency Technical Team (IAT), and performed additional field work on September
17, 24, and October 9, 2002.

CONCLUSIONS AND RECOMMENDATIONS

Based on this geologic investigation of the September 12, 2002, fire-related debris flows
east of Santaquin and Spring Lake, the Utah Geological Survey (UGS) concludes the following:






» The debris flows were triggered by intense thunderstorm precipitation on the upper
burned slopes of Dry Mountain, which eroded soil by sheetwash and rilling. Runoff
rapidly concentrated into channels, eroding and bulking sediment to a debris-flow
sediment-water concentration. The flows continued to grow by accumulating channel
sediment until they reached the canyon mouths where they spread out and deposited
debris on alluvial fans.

» Water-repellent soils and diminished vegetation in the tributaries caused by the Mollie
fire contributed to the debris flows of September 12, 2002. Because it takes several years
for soil and vegetation in burned watersheds to recover to pre-burn conditions, the short-
term debris-flow hazard will be heightened for several years.

» Field reconnaissance of the tributary 4 drainage basin indicates ample sediment remains
for future debris flows. Given the similarities of tributary 4 to the other drainages, they
likely also have ample sediment for future debris flows.

Regarding the continuing debris-flow hazard east of Santaquin and Spring Lake, the UGS
recommends:

e The guidelines and recommendations outlined in Pietramali (2002), Solomon (2001),
Rasely (2001), and U.S. Forest Service (2001, 2002) BAER reports to manage the debris-
flow hazard should be followed.

» A debris-flow hazard existed before the fire and will remain after the drainage basin
vegetation recovers to pre-burn conditions. Therefore, measures will also need to be
taken to reduce the long-term non-fire-related debris-flow hazard.

» Future development will likely encroach farther onto the alluvial fans, exposing more
property to hazards. Evaluation of the hazards and implementation of hazard-reduction
measures are more easily accomplished prior to development and should therefore be
considered now as part of the long-term planning of east Santaquin and Spring Lake.

» Designs to reduce hazards should include evaluation of the drainage basins for potential
debris-flow-volume yields and consider the long-term maintenance of any structures.

During our investigation, we also recognized the potential for other geologic hazards, including
rock fall and surface fault rupture, and recommend all hazards be addressed as part of long-term
planning for development east of Santaquin and Spring Lake.



BACKGROUND
Physical Setting and Geology

Santaquin City is at the southern end of Utah Valley at an elevation of about 5,000 feet. The
community of Spring Lake is about 2 miles northeast of Santaquin at an elevation of about 4,800 feet
(figure 1). East of Santaquin and Spring Lake, a section of the Wasatch Range called Dry Mountain
rises to elevations of over 9,800 feet. Drainages involved in the September 12, 2002, fire-related
debris flows (tributaries 2 through 6) drain the west side of Dry Mountain and rise in elevation from
about 5,200 to 5,600 feet at their mouths to about 8,200 to 9,000 feet. Tributary 4 is roughly 9,500
feet in length and channel gradient ranges from about 16 percent (9 degrees) near its mouth to nearly
43 percent (24 degrees) in its upper reaches; the average gradient is about 29 percent (16 degrees).

Dry Mountain is composed of generally north-striking, east-dipping, Precambrian
quartzite, sandstone, siltstone, schist, gneiss, and amphibolite that have been locally intruded by
pegmatite and granite dikes, overlain by Mississippian limestone and shale (Demars, 1956;
Witkind and Weiss, 1991). Dry Mountain contains local Quaternary deposits of alluvium,
colluvium, talus, and mass-movement deposits. Quaternary deposits west of Dry Mountain
include sediments of Pleistocene Lake Bonneville, and colluvium and alluvial-fan deposits
ranging in age from pre-Lake Bonneville to modern (Machette, 1992; Harty and others, 1997).
The Nephi segment of the Wasatch fault zone is exposed east of Santaquin as prominent
escarpments along the base of Dry Mountain. Figure 2 shows the debris flows on the alluvial
fans at the fault-bounded mountain front.

Mollie Wildfire and Post-Fire Hazard Assessment

The September 12, 2002, debris flows partly resulted from a wildfire that burned much of
Dry Mountain during late summer 2001. The Mollie fire was a human-caused event that burned
over 8,000 acres of U.S. Forest Service, State of Utah, and private land primarily on the west
side of Dry Mountain between August 18 and September 1, 2001 (U.S. Forest Service, 2001).
Nearly half of the burned area, including most of the higher elevations, has soils with high to
very high erosion potential (U.S. Forest Service, 2001). The Mollie fire is described in detail in
the Burned-Area Emergency Rehabilitation (BAER) report (U.S. Forest Service, 2001).

Post-fire assessments of the burn area included, in addition to the BAER report, debris-
flow and flood-hazard assessments by the UGS (Solomon, 2001) and the U.S. Natural Resources
Conservation Service (NRCS) (Rasely, 2001). All of the assessments recognized a heightened
debris-flow/flooding hazard for the tributaries on the west side of Dry Mountain. The BAER
report recommended emergency treatments and a warning system be implemented. The UGS
noted “...heightened debris-flow and flood hazards exist at subdivisions in Santaquin east of
Interstate-15 as a result of the fire, particularly at the mouths of tributaries 3 and 4...” and “A
heightened flood hazard exists along the east side of subdivisions directly west of tributary 5...”
The NRCS concluded “Santaquin is in a high risk condition for intense flooding, avalanches, and
destructive debris yielding events...for the next few years...” and proposed flood routing and






“debris trapping treatments” to reduce the hazard. Some efforts were made to reduce the debris-
flow and flooding hazards. However, the September 12, 2002, debris flows showed the need for
more comprehensive risk-reduction measures.

SEPTEMBER 12, 2002, DEBRIS FLOWS
Debris-Flow Initiation and Sediment Bulking

The debris flows from Dry Mountain were triggered by intense thunderstorms on the
evening of September 12, 2002. Specifically, the initiating event was a convective thunderstorm
imbedded within stratiform cloud precipitation (Brian Mclnerney, Hydrologist, National
Weather Service, verbal communication, October 1, 2002). Scattered rain showers had occurred
earlier in the day. Rain-gage data collected in 1-hour intervals at a weather station near the
ridgeline above tributary 4 (National Weather Service Forecast Office, 2002) showed elevated
precipitation levels between the hours of 4:30 and 7:30 p.m. (figure 3). Homeowners in the
neighborhood below tributary 4 indicated the debris flow entered the subdivision around 6:40
p.m. The precipitation measured between 4:30 and 7:30 p.m. apparently triggered the debris
flows and subsequent flooding. Even though the weather station only records data hourly, the
triggering rainfall likely fell as intense short-duration precipitation. Total rainfall recorded for
September 12, 2002, was 0.55 inches.
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Figure 3. September 12, 2002, hourly rain-gage data. (Data source: National Weather
Service Forecast Office, 2002)
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We traversed up tributary 4 on September 17, 2002, to assess debris-flow initiation
processes and sediment bulking characteristics. Hillslopes in the upper reaches of the basin
showed evidence indicating the debris flow began as intense runoff and sheetwash erosion
concentrated as rills and in local drainages. Whereas areas burned in the Mollie fire had begun
to revegetate, some of the soils still exhibit water-repellent conditions. The debris flow began
entraining sediment in the upper portion of the drainage basin and continued to bulk sediment,
progressively downstream, through erosion and scour of the main channel. We observed no
evidence of significant sheetwash or hillslope erosion in the lower portion of the drainage. We
observed minor debris-flow deposition in the main channel in the drainage basin, mostly along
sections of the middle and lower reaches, as levees, mud coatings, and overbank deposits. Most
of the debris-flow volume was deposited on the alluvial fan at the mouth of tributary 4. The
other four debris flows likely originated in a similar manner, as opposed to initiation caused by
shallow landsliding. Initiation processes observed in tributary 4 are similar to those that have
been documented by Meyer and Wells (1997) and Cannon (2001) at other fire-related events.

Debris-Flow Deposits

The UGS performed field reconnaissance of the debris-flow deposits that included
mapping their extent and estimating flow thickness to derive volumes, and observations of
physical characteristics including the effects of post-debris-flow flooding. The debris flows were
deposited as narrow linear lobes on alluvial fans at the base of Dry Mountain (figures 1, 2, and
4a). Most of the debris flows were a viscous mixture of sediment and water in the upper fan area
that exhibited more dilute behavior downfan. Narrow, linear, paired levees formed that flanked
the viscous debris flows on the alluvial-fan apices. The levees confined flows and channeled
sediment farther downfan, increasing the runout distance. The levees have sharp lateral margins
and steep flanks and are up to 3 feet thick (figure 4b). The main lobes that were deposited
farther downfan exhibited features related to higher water contents. These main lobes were
generally less than 2 feet thick and had margins less steep than the levees. All deposits had a
consistency similar to wet concrete when saturated and exhibit high dry strength.

Soil types in the debris-flow deposits are highly variable, ranging from clayey gravel near
the mountain front to clayey sand in distal deposits downfan. We observed clasts up to about 3
feet in diameter in the upper parts of the deposits near the mountain front, where exposures
indicated deposits are matrix-supported. All of the debris flows were followed by a period of
muddy stream flooding that washed fine-grained sediments from portions of the deposits, leaving
a clean, gravel and cobble lag in the channel and redepositing the fines downfan. Data for the
deposits are summarized in table 1. Deposit areas and volumes were calculated using GPS
survey data and thickness estimates. Brief descriptions of each deposit are presented below.



(a) View looking west of tributary 4 north deposit in Santaquin subdivision.
Photo by Dale Deiter, U.S. Forest Service.

(b) Levee deposits of tributary 4 north lobe on the fan apex.
Figure 4. Debris-flow deposits.



(c) Toe of tributary 5 overbank deposit north of main lobe.

(d) View of tributary 6 deposit looking downfan (eastward).

Figure 4. (continued)
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Table 1. Summary of debris-flow deposit area, volume, and runout.

Deposit Area Deposit Volume
Flow (square yards; acres) |(cubic yards; acre ft.) |Runout Distance (feet)
Tributary 2 33,700; 7.0 5,500; 3.4 3,000
Tributary 3 12,800; 2.6 2,200; 1.4 1,400
Tributary 4 46,000; 9.5 20,000; 12.4 2,300 (N. lobe), 1,300 (S.lobe)
Tributary 5 41,500; 8.6 13,000; 8.1 2,200
Tributary 6 21,800; 4.5 10,000; 6.2 1,200

Tributary 2
The debris flow from tributary 2 remained channeled from the mouth of the drainage for

about 1,600 feet before spreading out and depositing much of its sediment. Debris from the flow
blocked a section of the High Line Canal. Below the canal, the debris flow and canal water
flooded property and houses in a Spring Lake subdivision.

Tributary 3
The deposit from tributary 3 was the smallest of the five. Part of the deposit filled a

subdivision storm-water detention basin. Below the basin, part of the flow ran through an
equipment yard causing minor damage. No houses were impacted by the tributary 3 debris flow.

Tributary 4
The debris flow from tributary 4 was the most damaging of the five. When the flow

reached the mouth of tributary 4, it split into two lobes. The larger, north lobe flowed through
the Santaquin subdivision causing substantial property damage (figure 4a, figure 5). Most of the
north lobe did not follow city streets but established a direct path down the alluvial fan.
Subsequent floodwater traveled down roadways. The south lobe flowed down an undeveloped
portion of the fan and deposited debris on a newly excavated subdivision road south of the
existing development.

Tributary 5

The debris flow from tributary 5 deposited sediment at the mouth of the drainage east of
developed areas. Post debris-flow floodwater reached a subdivision, including a newly
excavated road; however, no major property damage was reported. The debris-flow deposit on
the upper portion of the fan contained considerable woody debris and trees up to several inches
in diameter (figure 4c). Near the top of the deposit a moderate-sized lobe is present north of the
main flow that contains much less woody debris and large clasts, and likely represents a later
surge.

Tributary 6
The tributary 6 deposit was similar in character to the tributary 5 deposit. Neither the

debris flow nor associated floodwater affected any developed areas (figure 4d).
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(a) Debris-flow sediment deposited at the intersection of Lambert Avenue and Apple View Street.
The debris flow rafted vehicles and filled basements with sediment.

(b) The debris-flow impact broke through this basement window of a house on Apple View Street.

Figure 5. Debris-flow/flooding damage in Santaquin subdivision.
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(c) Debris-flow damage to garage doors of house on Peach Street.

(d) Debris-flow damage to the back wall of house on Peach Street.

Figure 5. (continued)
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Debris-Flow Impacts and Damages

Three of the five debris flows and associated flooding caused damage to infrastructure,
property, and houses in the communities of Santaquin and Spring Lake. Most of the damage
occurred at the Santaquin subdivision from the north lobe of the tributary 4 debris flow.
Vehicles were moved (figure 5a), some were pushed into houses; basements were flooded and
filled with debris as ground-level windows were broken (figure 5b); house and garage doors
were buckled inward (figure 5c); and the back wall of one house was broken by impact forces
(figure 5d). A preliminary report prepared by Ryan Pietramali of the Utah Division of
Emergency Services indicates five homes and two businesses received major damage and 27
homes received minor damage at a total cost of about $500,000 (U.S. Small Business
Administration Damage Assessment Report dated September 19, 2002).

SUMMARY

The September 12, 2002, debris flows east of Santaquin and Spring Lake were related to
the 2001 Mollie fire and triggered by intense precipitation on the upper slopes of Dry Mountain.
Because it takes several years for soil and vegetation in burned watersheds to recover to pre-burn
conditions, and ample sediment remains in the basins, the short-term debris-flow hazard will be
heightened for several years. In addition, a debris-flow hazard existed before the fire and will
remain after the drainage basin vegetation recovers to pre-burn conditions.

To reduce the hazard, the guidelines and recommendations outlined in Pietramali (2002),
Solomon (2001), Rasely (2001), and U.S. Forest Service (2001, 2002) BAER reports should be
followed. Any measures taken to reduce the short-term risk of fire-related debris flows should
not preclude the need for risk reduction from long-term non-fire-related debris flows. As
development encroaches farther onto the alluvial fans, hazard evaluation and reduction measures
should be considered as part of long-term planning and development in east Santaquin and
Spring Lake. In addition to debris flows, other geologic hazards, including rock fall and surface
fault rupture, exist east of Santaquin and Spring Lake and should also be addressed in planning
for development in the area.

DISCLAIMER

Although this report represents the work of professional scientists, the Utah Department
of Natural Resources, Utah Geological Survey, makes no warranty, express or implied, regarding
its suitability for a particular use. The Utah Department of Natural Resources, Utah Geological
Survey, shall not be liable under any circumstances for any direct, indirect, special, incidental, or
consequential damages with respect to claims by users of this report.
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INTRODUCTION

At about 5:30 p.m. on Saturday,
March 12, 2005, a vertical arroyo (gully
with steep walls in unconsolidated
sediment) wall along Kanab Creek
(figure 1) failed and buried a 10-year-
old boy and partially buried two girls.
The girls, one covered by landslide
material to her waist and the other to her
knees, were able to free themselves and
began searching for the boy, but were
forced to flee when a second section of
the wall collapsed. The landslide
involved about a 100-foot-long section
of the approximately 60-foot-high
vertical west bank of Kanab Creek
within the city limits of Kanab, Utah
(figure 2). Workers using heavy
equipment required 15 hours to recover
the boy’s body.

Because of the resultant death, meter scale
the Utah Geological Survey (UGS)
made an investigation to determine the
characteristics of the fatal landslide and
the likelihood of similar slope failures in

the future. The scope of the

investigation included a review of Figure 1. This approximately 60-foot-high arroyo wall failed

applicable geologic literature, on March 12, 2005, creating an earth-fall landslide that buried

examination of 1:40,000-scale one child and partially buried two others. Alternating layers of

stereoscopic aerial photographs, and a sand, silty sand, and silty clay comprise the majority of the
stream cut.
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Figure 2. Ortho-photograph map of the Kanab area showing landslide site.
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field reconnaissance of the landslide site on Tuesday, March 15, 2005. The field reconnaissance
included an interview with Kanab City Police Chief Tom Cram, who directed the rescue and
recovery efforts. Because of continued slope instability during the field reconnaissance, direct
access to the arroyo wall where the landslide occurred was not safe.

CONCLUSIONS AND RECOMMENDATIONS

The slope failure that buried the young boy and his companions was an earth-fall-type
landslide (Cruden and Varnes, 1996), which resulted from the long-term effect of gravity on
over-steepened, unconsolidated material in the arroyo walls. A section of the wall detached
along one or more wall-parallel cracks and fell to the stream bottom below where the children
were playing. Although the upper few feet of material in the wall were moist as a result of
greater than normal precipitation over the past several months, the bulk of the landslide material
was dry at the time of failure. Inspection of vertical arroyo walls both up- and downstream from
the landslide showed that wall-parallel cracks also are present in those areas, and likely are
common elsewhere along Kanab Creek.

The presence of wall-parallel cracks along Kanab Creek where landslides have not yet
occurred, and the fact that the earth-fall landslide took place under what were essentially dry
conditions, indicates that similar landslides may occur along Kanab Creek at any time in the
future. Increased precipitation over the past several months does not appear to have been a
major contributing factor to the landslide, further indicating that similar failures may occur
regardless of precipitation conditions.

Measures that may help reduce future injury or loss of life from similar landslides along
Kanab Creek include:

* Identifying areas of Kanab Creek bordered by vertical arroyo walls and posting them
as hazardous.

» Grading vertical arroyo walls back to a safe slope angle.

* Implementing a hazards-education program in local schools to educate children and
parents regarding landslide hazards along Kanab Creek and the dangers they pose.

GEOLOGIC SETTING

Kanab Creek is a typical semi-arid southwestern U.S. arroyo (figure 3), which deeply
incised its channel during a series of floods beginning in the early 1880s (Webb and others,
1991). Prior to that time, the creek was described as a “shallow braided stream” that meandered
across a broad, nearly flat meadow formed where the stream exited the Vermillion Cliffs to the
north. Currently the high arroyo walls of Kanab Creek range from vertical where the stream is
close to the base of the wall and erosion is active, to near the angle of repose for sandy material
(about 40° or less) where the stream is more distant and colluvium has accumulated at the base of
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Figure 3. View to the southwest of Kanab Creek, showing the steep-walled arroyo that formed due to
floods in the 1880s.

the wall. Cottonwood and willow trees line the sides of the active stream channel, and sagebrush
and grasses grow on the arroyo walls where slopes permit.

Although flowing within a few tens of feet of the arroyo wall at the time of the landslide,
Kanab Creek was not actively eroding the base of the wall prior to the landslide. To facilitate
rescue and recovery operations, workers used heavy equipment to divert Kanab Creek away from
the west side of the arroyo, confining it to an artificial channel around the landslide site, where it
remained at the time of the field reconnaissance. The workers also used the heavy equipment to
move much of the landslide debris during the rescue and recovery operation, so that
documentation of the amount and distribution of material generated by the landslide was not
possible. However, according to Tom Cram (Kanab City Police Chief, verbal communication,
2005), the landslide resulted in a pile of material at the base of the arroyo wall as much as 20 feet
thick and several tens of feet wide.

Geologic materials exposed in the arroyo wall where the landslide occurred consist
chiefly of alternating layers of medium- to thick-bedded (6 inches to 2 feet) red sand, silty sand,
and silty clay with discontinuous, thin interbeds of well-sorted white sand, gray clay, and gravel
and cobbles (figure 1; appendix). These materials were deposited by Kanab Creek, and were
derived chiefly from Mesozoic sedimentary rocks (sandstone, siltstone, and claystone) that crop
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out in the Kanab Creek drainage basin (Sargent and Philpott, 1987). A few feet of loose, wind-
blown sand caps the cut.

LANDSLIDE FAILURE MECHANISM

Examination of the arroyo wall where the landslide occurred revealed several deep,
vertical cracks oriented parallel to the wall and spaced several feet a part (figure 4). One or more
of these cracks served as the failure plane for the landslide as material in the wall detached along
a crack(s) and fell into the arroyo. Similar cracks are present in the arroyo walls both up- and
downstream from the landslide (figure 5). Evidence of cracks at the ground surface at the top of
the arroyo was limited, except in one area immediately adjacent to the landslide where additional
failure is imminent (figure 6). The unstable arroyo wall continued to spall material during the
field reconnaissance, making close inspection of the cracks unsafe.

Figure 4. Deep, vertical cracks parallel to the arroyo wall along which a section of the wall
detached creating an earth-fall landslide.

Like much of southwestern Utah, the Kanab area has experienced greater than average
precipitation, mostly in the form of rain, over the previous several months. However, despite the
significant increase in rainfall, only the upper few feet of material exposed in the arroyo wall was
moist when the failure occurred; the deeper material comprising most of the wall was dry.

While additional water weight in the upper few feet of the arroyo wall may have contributed in a
small way to the landslide, the failure occurred under essentially dry conditions, and the
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landslide most likely resulted
from the long-term effect of
gravity acting on the over-
steepened unconsolidated
material in the wall.

FUTURE HAZARD
POTENTIAL

The presence of
additional wall-parallel
cracks where arroyo walls
along Kanab Creek are
vertical and the fact that the
earth-fall landslide that killed
the young boy took place
under essentially dry
conditions indicates that
similar slope failures may
occur along Kanab Creek at
anytime in the future and are
largely independent of
precipitation conditions.

LIMITATIONS

Although this product
represents the work of
professional scientists, the
Utah Department of Natural  Figure 5. Vertical cracks parallel to the arroyo wall in an area adjacent
Resources, Utah Geological  to the landslide that has not yet failed; such cracks are typical where
Survey, makes no warranty, ~ arroyo walls are vertical.
express or implied,
regarding its suitability for a particular use. The Utah Department of Natural Resources, Utah
Geological Survey, shall not be liable under any circumstances for any direct, indirect, special,
incidental, or consequential damages with respect to claims by users of this product.
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Figure 6. Partially detached section of the arroyo wall where additional failure is imminent.
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APPENDIX
Description of Soil Units Involved in the Landslide

Due to continued instability of the arroyo wall at the time of the field reconnaissance,
access to the materials involved in the landslide was limited. The following soil descriptions are
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based on field soil classification procedures (ASTM, 1984) of materials available at the base of
the arroyo wall. Unit thicknesses are estimates.

Top of Arroyo Wall
Unit Estimated Thickness Description
feet

7 3 Sand (SP), light brown (7.5 YR 6/4), loose, moist, well-
sorted, well-rounded, medium quartz sand; slight reaction to
HCI, non-cemented; eolian dune sand.

6 5 Interbedded thin (0.5-2 inches) layers of clay and sand, no
direct access to this unit, appears similar to unit 1 below.

5 14 Interbedded medium to thick (6 inches to 2 feet) layers of
silty sand and silty clay, no direct access to this unit, appears
similar to unit 3 below.

4 2 Silty clay (CL?), light gray (~7.5 YR 8/1), no direct access
to this unit, properties are estimated.

3 24 Interbedded medium to thick layers of (1) silty sand (SM),
red (2.5 YR 4/6), 20% silt, 80% moderately indurated, dry,
well-sorted, well-rounded, fine quartz sand; moderate
reaction to HCI, slightly cemented, and (2) silty clay (CL),
red (2.5 YR 4/6), moderately plastic, dry; moderate reaction
to HCI, slightly cemented; alluvial sand and clay.

2 3 Sand (SP), pinkish white (7.5 YR 8/2), loose, dry, well-
sorted, well-rounded, fine quartz sand; slight reaction to
HCI, non-cemented,; alluvial sand.

1 5* Interbedded thin layers of (1) sand with silt (SP), light

*Base of unit buried.

reddish brown (5 YR 6/4), 10% silt, 90% moderately
indurated, dry, well-sorted, well-rounded, fine quartz sand,
moderate reaction to HCI, slightly cemented, and (2) silty
clay (CL), yellowish red (5 YR 4/6), moderately plastic, dry;
moderate reaction to HCI, slightly cemented; alluvial sand
and clay.
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Project:
Reconnaissance of the 425 East South Weber Drive landslide, South
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Requested by: Job number:
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INTRODUCTION

Upon notification by a member of the State Hazard Mitigation Team, Gary Christenson
(Utah Geological Survey [UGS]) and I conducted a reconnaissance of the 425 East South Weber
Drive landslide in South Weber, Davis County, Utah (figure 1) on February 21, 2005. Rick
Chesnut (Terracon) and Lee Cammack (JUB Engineers) were also conducting a field study of the
landslide at the time of our visit as a follow-up to ongoing studies (Terracon, 2005) for the
Davis-Weber Canal Company. | again visited the landslide on March 4, 2005 with Francis
Ashland (UGS).

The landslide occurred shortly after 6 p.m. on the evening of February 20, 2005, just
below the Davis-Weber Canal, demolishing a barn and blocking State Route 60 (South Weber
Drive). The purpose of my investigation was to determine the physical characteristics of the
landslide and evaluate its hazard potential to aid South Weber City in assessing the risk to
development at the base of the bluff from landslides and potential canal breaches.

CONCLUSIONS AND RECOMMENDATIONS

Based on this geologic investigation and hazard assessment of the 425 East South Weber
Drive landslide, the UGS concludes the following:

* Landsliding will likely continue both above and below the Davis-Weber Canal in this
area unless measures are taken to stabilize these slopes.

e The 425 East South Weber Drive landslide was a rapid earth-flow-type landslide
involving the canal embankment and underlying slope materials that traveled 150 feet
beyond the slope toe out onto flat ground.

* The steep slope, above-normal precipitation, shallow ground water, weight of the

embankment fill, and weak geologic materials probably all contributed to landslide
movement.
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Figure 1. Location for the 425 East South Weber Drive landslide.
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* Retreat of the landslide main scarp and possible expansion of the landslide to the east or
west directly threatens the Davis-Weber Canal.

« If the canal were conveying water and a landslide caused a canal breach, widespread
flooding and sedimentation could occur at the base of the slope.

To reduce the potential impacts of landslide movement and manage future movement of
landslides in this area, the UGS recommends the following:

e This slope should be reconstructed and stabilized prior to delivering water into this canal
section, or the canal or water should be rerouted in the area.

* Risk-reduction measures may also be needed to stabilize landslides above and below the
canal pending results of additional study and emergency reconstruction measures.

* Monitoring of inclinometers for landslide movement and ground-water levels in
piezometers should be continued to assess changes in conditions following the landslide
and to aid in stability assessment before, during, and after reconstruction.

* South Weber City should consider the landslide potential and hazards related to a
possible canal breach when evaluating existing or future development near the base of the
slope along the city’s entire south side.

GEOLOGIC SETTING

The 425 East South Weber Drive landslide occurred in the lower part of a northeast-
facing slope on the edge of a bluff forming the south side of the Weber River valley (figure 2).
The slope formed as the Weber River cut down into its former delta as Lake Bonneville receded
after 16,000 years ago and the shoreline retreated to the present level of Great Salt Lake. The
slope is approximately 200 feet high. The Davis-Weber Canal is about mid-slope and is a
concrete canal with an impervious rubber liner. The demolished barn and State Route 60 (South
Weber Drive) are at the base of the slope. The slope above the canal is about 80 feet high and
has a gradient of 34%. Active shallow landslides in the slope above the canal locally override
the southern canal bank. The slope below the canal is about 120 feet high and has an average
gradient of 45%, but locally the gradient is up to 65%. Snow 1 to 3 inches deep covered
approximately 40% of the slope above the canal and 20% of the slope below the canal on
February 21, 2005.

Yonkee and Lowe (2004) mapped the northeast-facing slope as younger Holocene
landslide deposits that display relatively recent movement and fresh scarps, local ground cracks,
and distinct hummocky surfaces. These younger Holocene landslide deposits lie within older
Holocene landslide deposits. Lowe (1988) shows the younger Holocene landslide deposits as a
historically active landslide (LSa 316) and the entire northeast-facing bluff as an older landslide
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Figure 2. View to the south showing the landslide main scarp in the Davis-Weber Canal
embankment, the demolished barn (right foreground), and runout onto the field.

complex (LS 335). The younger and older landslide deposits are derived from Lake Bonneville
fine-grained lacustrine and delta deposits. Shallow ground water and weak soil materials are
present within the northeast-facing slope. All of these landslide deposits are within the large
South Weber landslide complex mapped by Pashley and Wiggins (1972). The South Weber
landslide complex has many landslides that have moved in historical time. Historical records
and geologic evidence indicate relatively frequent landsliding on these slopes. Yonkee and
Lowe (2004) mapped older Holocene stream alluvium from the base of the northeast-facing
slope northward across an abandoned stream terrace of the Weber River. The stream alluvium
consists of pebble and cobble gravel, gravelly sand, and silty sand.

LANDSLIDE DESCRIPTION

The 425 East South Weber Drive landslide is mostly a failure of non-engineered
embankment fill of the Davis-Weber Canal but also involved underlying and downslope natural
materials. Water was not flowing in the canal at the time of failure, and the canal was
undamaged. The landslide occurred within the youngest Holocene landslide unit mapped by
Yonkee and Lowe (2004) and a historically active landslide mapped by Lowe (1988).

The landslide occurred shortly after 6 p.m., and demolished a barn, took out telephone
poles, and blocked State Route 60 (South Weber Drive) (figures 2, 3, 4). The landslide is
approximately 480 feet long and 80 feet wide at its widest point (figure 3) and between stations
305 and 310 on the Davis-Weber Canal. According to Nolan Birt (verbal communication, March
4, 2005), the barn owner who witnessed the event, the total landslide travel time was about a
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Figure 3. Image showing landslide flow direction, the Davis-Weber Canal, main scarp, other
scarps, and runout beyond State Route 60 (South Weber Drive).
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Figure 4. Looking across the lower part of the landslide at the demolished barn. The clump of
trees in the foreground was rafted downslope on top of the landslide debris.

minute and the barn provided no resistance to landslide movement. Based on this approximate
travel time, the estimated landslide velocity is about 8 feet per second, which classifies as very
rapid landslide movement (Cruden and Varnes, 1996). The landslide is just below the Davis-
Weber Canal and likely started moving as a rotational slide, but likely transformed into a rapid
earth flow about midway downslope and ran out 150 feet beyond the toe of the slope across State
Route 60 and onto a flat field. Grass, shrubs, and trees cover this northeast-facing slope. Some
trees were rafted on top of the landslide debris (figure 4).

The steep landslide main scarp is in the canal and roadway embankment. Only 20-25 feet
now separate the canal from the main scarp (figures 3, 5) and the canal is threatened by eventual
retreat of the main scarp. The landslide main scarp has extended to the east (figures 3, 5) as
adjacent pre-existing landslide deposits reactivated. Based on my observations, the landslide
below the main scarp extension dropped approximately 10 to 12 inches between February 21 and
March 4, 2005, indicating the slope east of the 425 East South Weber Drive landslide was still
moving. Based on observations of the evacuated landslide main scarp area, the embankment fill
was placed onto native slope materials and was not keyed into the underlying slope.

The landslide removed an inclinometer installed on June 11, 2004, in the canal
embankment to monitor slope movement (Terracon, 2005). Terracon (2005) logged the
following lithologies in the inclinometer borehole: fill from 0 to 7.5 feet, clay from 7.5 to 18 feet,
silty sand from 18 to 40 feet, clay from 45 to 60 feet, silty sand from 60 to 90 feet, and clay from
90 to the bottom of the hole at 102 feet. The fill, clay, and silty sand in the upper part of the
borehole are exposed in the landslide main scarp.
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Figure 5. View west of the landslide crown, the Davis-Weber Canal, and the landslide main
scarp. Eastward extension of the main scarp in the foreground indicates movement in the slope
east of the landslide.

Ground water is relatively shallow in slopes both above and below the canal. Water was
observed flowing from the sand unit exposed in the main scarp following the landslide and was
ponding locally on the landslide deposits below. Terracon (2005) reported a ground-water depth
of 30 feet in the inclinometer borehole, which coincides with the level of water observed flowing
from the sand unit exposed in the main scarp. Water flowing from the main scarp later had to be
channeled to flow into a small ditch to stop ponding and flow across State Route 60 (Nolan Birt,
verbal communication, March 4, 2005). All of the landslide material was very wet the day after
the landslide and too soft to support the weight of a 170 pound person.

PREVIOUS SLOPE-STABILITY INVESTIGATION

Terracon (2005) completed a slope-stability investigation in January 2005 on the slopes
above and below the canal in this area for the Davis-Weber Canal Company. The investigation
included installation of piezometers and inclinometers. Terracon (2005) estimated a static factor
of safety of 1.0 to 1.2 for the overall slope above and below the canal. For the slope below the
canal at the landslide, Terracon (2005) estimated a factor of safety of about 1.0. The occurrence
of the landslide confirmed that this estimate was accurate. For earthquake ground shaking
conditions, Terracon (2005) estimated the factor of safety to be well below 1.0, meaning the
slope would fail during an earthquake. Terracon (2005) provided recommendations to reduce the
potential for slope failure and potential impacts to the canal.
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PROBABLE CAUSES OF MOVEMENT

Several factors likely contributed to landslide movement. The landslide included part of
the canal and roadway fill embankment and the weight of the fill increased the load and shear
stress in the underlying weak slope materials, promoting slope failure. Above-normal
precipitation also contributed to the landslide as excess precipitation infiltrated into the ground
and raised ground-water levels and pore pressures in the slope. Records from nearby National
Weather Service stations indicate that prior to the landslide, the Layton-South Weber-Ogden area
received 148% of normal precipitation for an informal landslide water year (LWY) that began in
September 2004. The informal LWY tracks cumulative precipitation from September through
May to monitor excess precipitation that infiltrates into the ground and raises ground-water
levels in landslides (Ashland, 2003). In addition, the area received greater than normal
precipitation during the previous LWY. About 0.72 inches of rain fell in Layton on the day of
the landslide (National Weather Service, 2005), likely wetting and increasing the weight of the
fill. The steep slope, above-normal precipitation, shallow ground-water conditions, weight of
embankment fill, and weak underlying geologic materials probably all contributed to the
landslide.

FUTURE HAZARD POTENTIAL

The February 20, 2005, landslide clearly demonstrates the potential for rapidly moving
earth-flow-type landslides with significant runout distances on similar slopes in South Weber.
Flow-type landslides are destructive due to their velocity and impact. Where flow-type
landslides occur above subdivisions within the landslide runout zone, the potential exists for loss
of life in addition to property damage. Also, this landslide demonstrates the distance a small
earth flow can travel beyond the toe of a slope. Future earth flows in this area could block State
Route 60 again.

Several landslide hazards threaten the Davis-Weber Canal as a result of the 425 East
South Weber Drive landslide. The most direct threat is from upslope retreat of the landslide
main scarp, which could impact the remaining embankment and canal. Numerous shallow
landslides are also present in the area, and movement of slopes directly east and west of the
landslide also threaten the canal. Terracon (2005) estimated a factor of safety of about 1.0 for
the slope below the canal at the landslide. Shallow active landslides in the slope above the canal
are also a threat. Although all of the observed landslides are relatively shallow, deep rotational
landslides must also be considered in hazard analysis. Earthquakes could trigger both shallow
and deep landslides. If landslides impact the Davis-Weber Canal when the canal is conveying
water, the potential exists for the canal to breach and cause widespread flooding and sediment
deposition similar to the July 11, 1999, Davis-Weber Canal breach in Riverdale (Black and
others, 1999).
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SUMMARY

The 425 East South Weber Drive landslide was a rapid earth flow that demolished a barn
and telephone poles and blocked State Route 60. The steep slope, above-normal precipitation,
shallow ground-water conditions, weight of embankment fill, and weak underlying geologic
materials probably all contributed to the landslide. The retreat of the landslide’s main scarp
directly threatens the Davis-Weber Canal. The landslide removed lateral support of the canal
embankment and this slope should be reconstructed prior to putting water in this section of the
canal, or the canal or water should be rerouted in the landslide area. Other shallow landslides
above and below the canal also threaten the canal. Landsliding in this area will continue in the
future as it has in the past unless measures are taken to stabilize these slopes.

LIMITATIONS

Although this product represents the work of professional scientists, the Utah Department
of Natural Resources, UGS, makes no warranty, express or implied, regarding its suitability for a
particular use. The Utah Department of Natural Resources, UGS, shall not be liable under any
circumstances for any direct, indirect, special, incidental, or consequential damages with respect
to claims by users of this product.
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INTRODUCTION

In the late afternoon of May 12, 2005, a rock fall released from a cliff band high on “Y”
Mountain (figures 1 and 2) above Provo. One of the rocks severely damaged a guest house at
1468 South 1550 East in Provo (figure 3). No one was home at the time; the structure is likely a
total loss. Some of the rocks crossed a buried Questar gas pipeline, and Questar personnel
inspected the pipeline for damage.

Robert Carey, Utah Division of Emergency Services and Homeland Security, requested
we investigate the rock fall shortly after it occurred on May 12, 2005. Francis Ashland and
Michael Kirshbaum, Utah Geological Survey, investigated the rock fall around dusk on May 12,
and Richard Giraud performed a more thorough investigation on May 13. The purpose of our
investigation was to determine the geologic characteristics of the rock fall and evaluate the
hazard potential for future rock falls to aid Provo City emergency managers in assessing the risk
to houses and city infrastructure in the area. On May 16, 2005, we provided Provo City
emergency manager Ed Scott and Provo Mayor Lewis Billings a letter with our initial
conclusions and recommendations regarding the rock fall. This report provides supplemental
information on the rock-fall hazard and restates our conclusions and recommendations.

CONCLUSIONS AND RECOMMENDATIONS

The rocks fell from a cliff band about 2,600 vertical feet above the guest house that was
damaged (figure 2). We were unable to investigate the source area to look for unstable rocks.
Abundant rock-fall sources are present all along the front of “Y” Mountain, and previous rock-
fall debris throughout this neighborhood indicates the remaining house on the lot and adjacent
houses are in a rock-fall-hazard area. This area is also within the rock-fall-hazard area mapped
by Robison (1990). Unfortunately, the timing of rock falls cannot be predicted, although they
are most common during and following storms and earthquakes, and during periods of freeze-
thaw such as spring and fall. Therefore, although we were in a period of heightened hazard at
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the time of the rock fall because of recent precipitation, the occurrence of this rock fall does not
necessarily indicate a greater hazard at this locality than elsewhere.

Because the remaining house on the lot and adjacent houses are pre-existing older homes,
we recommend that residents be informed they are in a rock-fall-hazard area, and that they may
wish to hire a geological consultant to investigate, to the extent possible, the risk from rock falls
to the neighborhood or to individual houses. A geologic consultant could also evaluate rock-fall
risk-reduction protection measures such as upslope catchment structures and their cost.

DESCRIPTION AND GEOLOGIC SETTING

The rock fall occurred on “Y” Mountain, a steep mountain front along the southern
Wasatch Range above Provo. The source of the rocks was an upper cliff band in the
Mississippian Deseret Limestone about 2,600 feet above the house (figure 4; Hintze, 1978).
Plentiful other source-area cliffs extend throughout the source area of this rock fall. The lower
slope where the rocks came to rest is mostly colluvium, and the upper slope below the cliffs is
talus. The average slope from the apex of the talus slope to the rock’s resting place, known as
the “shadow angle” (Evans and Hungr, 1993), is about 28.5°. Minimum shadow angles are used
to estimate maximum rock-fall runout distances, and typical minimum “shadow angles” for rock
falls measured elsewhere are about 22° (Wieczorek and others, 1998). This indicates that rocks
may potentially travel farther downslope and that the rock-fall hazard area includes parts of the
neighborhood to the west as shown by Robison (1990).

The rock that impacted the guest house measures approximately 7 x 5.1 x 4.5 feet (figure
5), and we estimate that it weighs about 13 tons. Many other rocks from the same rock fall were
present on slopes below the cliff band in the runout track (figure 6) and on the slope just above
1550 East. The guest house was severely damaged (figure 3), but none of the other structures in
the area were affected. The rock impacted and displaced the southwest concrete foundation
corner of the house onto the driveway (figures 3 and 5). The west house wall was detached from
the main structure and contents inside the house were damaged (figure 3). Impact craters
(bounce marks; figure 7) were evident on the 20° slope directly above the house. The rocks
traveled a total slope distance of over 1 mile (about 5,500 feet) and likely achieved a relatively
high velocity and bounce height as they advanced down the slope. Abundant previously fallen
rocks on the slope and among the homes in the area indicate that rock falls are relatively
common on a geologic time scale in this area.

PROBABLE CAUSES

The exact timing of rock falls can sometimes be attributed to a specific cause, but not
always. Rock falls are generally the result of the cumulative effects of weathering, erosion,
water and freeze-thaw in fractures in an outcrop, and other geologic processes (particularly
earthquakes). In this particular case, the rock fall occurred shortly after a significant storm on
May 10-12 that dropped over 3.7 inches of rain and snow at the Cascade Mountain Snotel site
(MesoWest, 2005) about 3 miles southeast of the source area. It was raining at the time of the
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rock fall. Precipitation at the Orem National Weather Service station for the period September
2004 to April 2005 (National Weather Service Forecast Office Salt Lake City, 2005) was 121%
of normal. Soil moisture and amounts of water infiltrating into fractures in rock outcrops have
likely increased greatly this spring in the rock-fall source area, increasing pore pressures and the
potential for rock falls. These conditions probably contributed to the timing of this event.

SUMMARY AND FUTURE HAZARD POTENTIAL

On May 12, 2005, a rock fall from a cliff band on “Y” Mountain about 2,600 feet
vertically above 1550 East Street in Provo rolled over a mile and damaged a guest house at 1468
South 1550 East. A significant rainfall event, repeated snowfall and melting this winter and
spring, and overall above-normal rainfall this year probably contributed to the timing of the rock
fall on May 12. Abundant rock-fall sources are present all along the front of “Y”” Mountain, and
rocks throughout this neighborhood from previous rock falls indicate a significant rock-fall
hazard in the area.

The timing of rock falls cannot be predicted, but they are most common during and
following storms and earthquakes, and during periods of freeze-thaw such as spring and fall.
Although we were in a period of heightened rock-fall potential, the occurrence of this rock fall
does not necessarily indicate a greater hazard here than elsewhere; rock falls are possible at any
time and typically occur with no warning. Residents should be informed they are in a rock-fall-
hazard area, and that they may wish to hire a geological consultant to investigate the risk from
rock falls to the neighborhood or to individual homes and the feasibility or rock-fall risk-
reduction structures.

LIMITATIONS

Although this product represents the work of professional scientists, the Utah Department
of Natural Resources, UGS, makes no warranty, express or implied, regarding its suitability for a
particular use. The Utah Department of Natural Resources, UGS, shall not be liable under any
circumstances for any direct, indirect, special, incidental, or consequential damages with respect
to claims by users of this product.
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Figure 1. Location map for the 1550 East Provo rock fall.
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Figure 2. “Y”” Mountain source area, the rock-fall path, and damaged house.
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Figure 3. Damage to the guest house. The damaging rock is on the left behind the trash can,
against the base of the tree. Parts of the concrete house foundation are behind and to the right
of the trash can.

Figure 4. View east to the rock-fall source area in the Mississippian Deseret Limestone on the
north end of *“Y”” Mountain showing path of the rock fall (arrows) as indicated by dark soil and
rock fragments on the snow surface.
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Figure 5. The rock that damaged the guest house. Part of the concrete house foundation wall is
in the foreground.

Figure 6. View of the rock fall runout track on May 17, 2005. Dark brown soil streaks show the
path of rocks that traveled downslope. Recent snowfall obscures the runout track in the upper
part of the photo (photo by Dave Bennett).
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Figure 7. Impact crater (bounce mark) on the slope just above the guest house (yellow object is
notebook for scale).
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INTRODUCTION

On the morning of Friday, June 3, 2005, a debris flow originated on the north flank of
Black Mountain in southeastern Iron County and flowed approximately 1.5 miles down an un-
named tributary drainage before encountering Utah State Route 14 (SR-14) and Crow Creek in
the NE1/4SW1/4NE1/4 section 12, T 37 S., R. 10 W., SLBL&M (figure 1) sometime between 8
and 9 a.m. (verbal communication, Utah Department of Transportation [UDOT] road
maintenance worker, June 4, 2005). Upon reaching SR-14 the debris flow buried an
approximately 100-foot-wide section of the highway with mud, boulders, and large trees (figure
2). It then turned to the northwest and flowed down Crow Creek (Cedar Canyon) for several
more miles, blocking culverts with tree trunks, some more than 50 feet long and 3 feet or more in
diameter at their base (figure 3), and causing erosion and flood damage to SR-14 at several
locations (figure 4). As it proceeded down Cedar Canyon, additional water from Crow Creek
and its tributaries diluted the debris flow and eventually transformed it into a debris flood.
Finally, after having dropped the bulk of its coarse sediment and debris, the fine-sediment-rich
flood water contributed to the flow in Coal Creek (Crow Creek is tributary to Coal Creek) that
peaked at approximately 1700 cubic feet per second at the U.S. Geological Survey stream gauge
near Cedar City later in the morning on June 3 (Havnes, 2005).

We investigated the debris flow on June 4, 2005, as UDOT personnel were attempting to
clear and reopen SR-14. The purpose of our investigation was to document the occurrence and
triggering mechanism of the debris flow.

CONCLUSIONS AND RECOMMENDATIONS

The June 3, 2005, Black Mountain debris flow began as a landslide/debris avalanche,
probably in colluvium and weathered Upper Cretaceous sedimentary rocks, which then
mobilized into a debris flow that damaged SR-14 along Crow Creek by local burial, erosion, and
plugging of culverts with debris. The initiating landslide was probably caused by moisture
infiltration into surficial deposits and weathered bedrock on Black Mountain as southern Utah’s
record snowpack began to melt, followed by a significant rain-on-snow event on June 2-3.
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Once the snowpack on Black Mountain melts and the area where the debris flow initiated
is accessible from the ground, the volume of the detached slide mass remaining above the debris
chute should be determined, and an evaluation should be made of the susceptibility of that
material to renewed movement and the possible generation of additional large debris flows.
Additionally, a portion of Black Mountain has been logged; the location of the logged area
relative to the detached slide mass remains obscured by snow. Once the snow melts, the relation
of the logged area to the debris flow initiation point should be investigated to determine if
logging may have contributed to the slope failure.

RECONNAISSANCE AND EVENT DESCRIPTION

A deep snowpack prevented direct access to the location where the debris flow initiated
on Black Mountain. However, a preliminary reconnaissance on foot made on June 4 reached an
observation point on a ridge top on the west side of the un-named tributary approximately 1000
feet below the debris-flow initiation point and close to the path that the debris followed off Black
Mountain (figure 1). In addition, the Utah Highway Patrol (UHP) made an aerial
reconnaissance of the debris flow on the morning on June 3 and provided pictures taken during
the reconnaissance (Lt. David Excel, UHP, June 10, 2005). The observation point on the ridge
top was approximately 800 feet higher than the stream channel at the foot of Black Mountain. In
the vicinity of the observation point the ridge was heavily spattered by mud, debris, and
boulders, some of which had clipped the tops off nearby trees, attesting to the speed and power
of the passing debris mass. During the time spent at the observation point, small debris flows
consisting of saturated aggregations of cobble- to boulder-size rocks continued to flow rapidly
down the bedrock chute that now forms the upper part of the un-named drainage on Black
Mountain.

Based on the foot reconnaissance and the UHP photos, the trigger for the debris flow
appears to have been a landslide that detached above the snow line on Black Mountain at an
elevation of about 9800 feet following the onset of the spring snowmelt and more than a day and
a half of steady precipitation (3.6 cm of precipitation reported at Cedar City between 7 p.m. on
June 2 and 7 a.m. on June 3 [Kociela, 2005]). Gregory (1950) shows the area where the debris
mass detached as underlain by the Cretaceous Kaiparowits Formation, although the Upper
Cretaceous units in Cedar Canyon have recently been redefined but not remapped by Moore and
Straub (2002). The Kaiparowits Formation as defined by Gregory (1950) consists chiefly of
thinly stratified sandstone beds that are highly irregular in texture and composition. Interbedded
with the sandstone are lenses of shale, limestone, conglomerate, and lignite. The UHP
photographs show that a large detached slide mass (figures 5 and 6), possibly several acres in
size, remains perched at the top of the scoured debris chute.

Once detached, a portion of the landslide quickly descended as a debris avalanche
approximately 1800 feet down the steep, narrow channel of the un-named tributary drainage,
while simultaneously scouring the channel down to bedrock (figure 7). Upon encountering the
gentler stream gradient at the foot of Black Mountain, the debris avalanche transformed into a
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debris flow and moved rapidly toward SR-14 while continuing to scour sediment and vegetation
from the stream channel along its path and depositing debris along the channel banks (figure 8).

LIMITATIONS

Although this product represents the work of professional scientists, the Utah Department
of Natural Resources, UGS, makes no warranty, express or implied, regarding its suitability for a
particular use. The Utah Department of Natural Resources, UGS, shall not be liable under any
circumstances for any direct, indirect, special, incidental, or consequential damages with respect
to claims by users of this product.
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Figure 1. Map showing the source area and flow path of the June 3, 2005,
Black Mountain debris flow. Beyond the northern limit of this figure the
debris flow had lost the bulk of its coarse sediment load and contributed to
high flows in Coal Creek (to which Crow Creek is tributary) recorded on June
3 (base maps Webster Flat and Flanigan Arch U.S. Geological Survey
1:24,000-scale quadrangles).
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Figure 2. Location where the Black Mountain debris flow crossed SR-14 on June 3, 2005;
photo was taken on June 4 about 30 hours after the debris flow occurred during UDOT
cleanup operations.

Figure 3. Log jam created by the Black Mountain debris flow at a box culvert beneath
SR-14.

48



Figure 4. Small slope failure in the roadbed of SR-14 caused by undercutting and erosion of
the stream bank by the Black Mountain debris flow.

Figure 5. Detached slide mass on Black Mountain from which the Black Mountain debris
flow originated (UHP photograph).
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Figure 6. Cracks in the snow upslope from and parallel to the crown scarp of the landslide on
Black Mountain from which the Black Mountain debris flow originated (UHP photograph).
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Figure 7. Headwaters of the un-named drainage on Black Mountain scoured to
bedrock by the passage of the Black Mountain debris flow (photograph taken from
observation point shown on figure 1).
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Figure 8. Scoured channel of the un-named tributary of Crow Creek about 0.6 miles above the
juncture of the two streams.
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INTRODUCTION

On April 19, 2005, we conducted a reconnaissance of a landslide in northeastern Ogden,
Weber County, Utah (figure 1). We were notified of the landslide on April 18, 2005, by Terrel
Grimley of Pineview Water Systems. A Pineview Water Systems secondary water-supply line is
buried under a dirt road now beneath the toe of the landslide (figure 2). For the investigation, we
conducted a literature review and examined 1985 1:24,000-scale aerial photos. The purpose of
the investigation was to evaluate and document the landslide and determine whether the
landslide posed a threat to Ogden City residents.

CONCLUSIONS AND RECOMMENDATIONS

The landslide poses no threat to Ogden City residents except through possible flooding
related to landslide-induced rupture of the Pineview Water Systems pipeline. The greatest
existing threat is likely the weight of the landslide deposit loading the dirt road/water-pipeline
easement potentially increasing the landslide hazard by either deepening of the basal slip surface
at the toe or causing a landslide on the slope below the pipeline. In addition, landslide-related
ground cracks could promote local infiltration instead of runoff, increasing the likelihood of
future landsliding. The site should be monitored for additional landslide movement, signs of
expansion of the landslide in the area of the pipeline, and for any effects on the pipeline.

DESCRIPTION

The landslide occurred sometime between the afternoon of Friday, April 15, and the
morning of Saturday, April 16, 2005, according to accounts from Pineview Water Systems
personnel and a local resident who often hikes the area. Based on the timing of the landslide and
our field investigation of its extent and morphology, we infer that the landslide likely occurred as
a rapid slump-earth-flow type failure. The toe of the deposit is covering the water line
easement/dirt road (figures 3 and 4a). The landslide did not appear to involve any material at or
below road level and therefore did not affect the pipeline. Access along the road is not being
impaired, as vehicles can detour around the toe of the slide.
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The April 2005 landslide deposit is about 56 meters long by 41 meters wide. The
landslide has an arcuate crown about 30 meters wide with a 3.5-meter high main scarp. The
estimated landslide volume is about 2,390 m® (3,120 yd®). The upper part of the landslide has
two scarp zones with relatively intact blocks of down-dropped soil between them (figure 5b).
The lower part of the slide is a lobate toe covering the waterline easement/dirt road. Retreat and
some rounding of the crown will likely occur due to erosion and sloughing of the vertical main
scarp, given ground cracks observed in the crown above the main scarp and the relatively loose
nature of the sand and gravel deposits.

The landslide occurred on alluvium/colluvium overlying Lake Bonneville sand and
gravel deposits north of the mouth of Ogden Canyon (Nelson and Personius, 1993; Yonkee and
Lowe, 2004). The deposits are horizontally bedded, Provo-level shoreline deposits at an
elevation of about 4800 feet overlain by alluvial/colluvial slopewash (figure 4b). No fine-
grained clayey or silty soils were observed in the landslide deposit or main scarp exposure. The
shoreline deposits have been subsequently eroded by minor gullies and remain only as erosional
remnants. In the vicinity of the landslide, the Pineview Water System pipeline is a cut/fill
easement traversing the relatively steep mountain front (figure 1).

The pre-slide slope of the bluff face that failed was about 27 degrees and the slope of the
resulting landslide deposit is about 13 degrees. Unmodified bluff faces in the area naturally
slope about 21 degrees, suggesting local oversteepening by the water-line-easement cut. An
adjacent bluff to the north, also cut by the pipeline alignment, appears to have failed in the past
(figures 2 and 5a); our aerial photos indicate it may have occurred sometime between 1976 and
1985, and possibly in 1983 or 1984 when numerous other landslides occurred in the region.

POSSIBLE CAUSES

We are unsure what triggered the landslide. Northern Utah in general, including the
Ogden area, has had higher than normal precipitation. However, climatological data indicate the
area had received no precipitation for several days prior to the landslide. One week prior to the
event, the area received only trace amounts of rain. Both the landslide deposit and soils in the
area were relatively dry at the time of our reconnaissance. No springs or seeps were observed in
the area. Pineview Water Systems personnel indicated they began moving water through the
pipeline on Friday, April 15, 2005. No pipeline leakage was visible, and water leaking from the
pipeline would not likely have an effect as the pipeline is lower in elevation than the landslide.
Therefore, we cannot determine a cause of the landslide without further detailed investigations.
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LIMITATIONS

Although this product represents the work of professional scientists, the Utah Department
of Natural Resources, UGS, makes no warranty, express or implied, regarding its suitability for a
particular use. The Utah Department of Natural Resources, UGS, shall not be liable under any
circumstances for any direct, indirect, special, incidental, or consequential damages with respect
to claims by users of this product.

REFERENCES
Nelson, A.R., and Personius, S.P., 1993, Surficial geologic map of the Weber segment, Wasatch
fault zone, Weber and Davis Counties, Utah: U.S. Geological Survey Map 1-2199, 22 p.,
1 plate, scale 1:50,000.

Yonkee, W.A., and Lowe, M., 2004, Geologic map of the Ogden 7-1/2 minute quadrangle: Utah
Geological Survey Map M-200, 42 p. pamphlet, 1 plate scale 1:24,000.
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Utah Geological Survey

Project:
M:':\y 2005 landslide in Springdale, Washington County, Utah
By: Date: County:
William R. Lund, P.G. & 07-14-05 Washington
Garrett Vice
USGS Quadrangles: Section/Township/Range:
Springdale East (73) NW1/4SE1/4SW1/4 section 28, T. 42 S.,
R. 10 W., SLBL&M
Requested by: Job number:
Incident Investigation 05-10 (GH-07)

INTRODUCTION

On June 3, 2005, we investigated a newly reported landslide within the city limits of
Springdale, Utah (figure 1). Rick Wixom, Springdale City Manager, directed us to the landslide,
and expressed his concern that the landslide or large rock-fall boulders derived from it might
block the Virgin River and cause local flooding. According to Mike McMahan, a Springdale
resident whose home on the west side of the Virgin River faces the landslide, he first noticed
evidence of active slippage in early May and the landslide grew over a period of three to four
weeks to its present size (figures 2 and 3). Mr. McMahan stated that a small crack was visible on
the slope where the landslide initiated for several years prior to the onset of active slippage this
spring. The purpose of our investigation was to determine whether the landslide could possibly
affect the Virgin River and cause flooding, and to document the landslide’s occurrence and
geologic setting.

CONCLUSIONS AND RECOMMENDATIONS

The landslide’s location away from development precludes damage to buildings and
infrastructure. The large distance (197 feet) from the landslide terminus to the Virgin River
should prevent the landslide from impinging on the Virgin River unless the landslide size and
depth of rupture greatly increase. Several large boulders have dislodged from the landslide
surface, but none have rolled more than a few feet beyond the landslide toe. None of the
boulders remaining on the landslide are large enough to dam or significantly alter the flow in the
Virgin River and are unlikely to reach the river channel. Examination of slopes formed on
mapped landslide deposits north and south of the landslide showed no evidence of instability at
this time. The fact that this landslide is present indicates that steep slopes in the preexisting
colluvium/landslide complex are potentially unstable. The present landslide developed slowly
and we expect that any increase in its size or the development of new landslides will likewise
occur slowly, allowing time to implement emergency measures and take mitigation actions if
necessary.
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Because the landslide is well away from both the developed part of Springdale and from
the Virgin River, it currently poses little risk. For that reason, we made a verbal
recommendation to Rick Wixom, Springdale City Manager, that the landslide be monitored
visually, and if evidence develops of significant new movement that he contact the Utah
Geological Survey for further assistance. The two monitoring stations placed on the main scarp
are temporary installations and are likely to be affected by scarp erosion over time. Ifitis
deemed desirable that this landslide be monitored on a long-term basis, we recommend that more
permanent and protected monitoring stations be installed. Also, any future development
proposed at or near the base of this slope or any alteration to the slope should consider landslide
and rock-fall hazards.

SETTING AND GEOLOGY

The landslide is on an undeveloped parcel of private property on the east side of the
Virgin River in the NW1/4SE1/4SW1/4 section 28, T. 42 S., R. 10 W., SLBL&M (figures 1 and
2). Access to the site is on foot only; no roads exist on the east side of the Virgin River in this
part of Springdale. The landslide formed in unconsolidated deposits that have accumulated at
the base of the steep east wall of Zion Canyon. The pre-failure slope angle in these deposits was
about 34°. The landslide is roughly rectangular, and the slope-normal and slope-parallel
dimensions are 290 and 400 feet, respectively. The estimated area of the landslide is
approximately 2.6 acres. Thickness of the landslide is unknown, but is estimated at tens to a few
hundred feet at most. The landslide toe abuts flat-lying alluvial terrace deposits along the Virgin
River; the distance from the landslide terminus to the river is 197 feet (figure 4). The terrace
deposits are not affected by the landslide.

Solomon (1996) maps the geologic unit on which the new landslide formed as colluvium,
while Doelling and others (2002) (including Solomon) show it as a much larger, young
(Holocene to upper Pleistocene) undifferentiated mass-movement slide and slump deposit
(Qmsy) that originated in colluvium and steep talus deposits on the east side of Zion Canyon.
The surface of the colluvium/landslide complex is characterized by cobble- to boulder-size
sandstone clasts derived from rock formations exposed in the walls of Zion Canyon. Movement
of the new landslide has destabilized several of these boulders, which have subsequently rolled
from the landslide on to the adjacent alluvial terrace deposits along the Virgin River (figure 5).

The landslide is a rotational-slump-type slope failure with a pronounced main scarp up to
6 feet high (figure 6) and numerous internal transverse scarps (figure 7). The surface of rupture
appears to be steep; a pioneer rock wall a few feet from the landslide toe remains undisturbed
except where impacted by rock falls and talus shed from the landslide surface (figure 8).

Where exposed in scarps, the material comprising the landslide was dry and consisted
chiefly of brownish-red fine sand derived from the sandstone formations exposed in the walls of
Zion Canyon. Stratigraphically, the new landslide is in an interval of the Petrified Forest
Member of the Chinle Formation, and exposures of this unit are mapped in the valley south of
the landslide (Solomon, 1996; Doelling and others, 2002). The scarps did not expose bedrock,
but the highly landslide-prone Petrified Forest Member likely underlies the older
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colluvium/landslide complex. Therefore, the Petrified Forest Member may be involved in the
new slope failure, although Chinle bedrock is nowhere exposed in the vicinity of the new
landslide.

No water was observed draining from or near the landslide. However, Zion National
Park, less than a mile from the landslide, ended May 2005, at 26.59 inches of precipitation for
the current water year, which is 14.7 inches ahead of this point in an average water year, so a
much wetter than normal winter and spring likely contributed to development of the landslide.

MONITORING STATIONS

We established two stations on the landslide main scarp to monitor future landslide
movement (figure 9). Both stations consist of two wooden stakes driven into the ground, one
stake in the crown above the main scarp and the other stake on the landslide itself. We measured
the distance between the stakes on June 3, 2005 (north station = 13.25 feet; south station = 12.14
feet [measurements were made from the west edge of both stakes]). Repeat measurements of the
distance between the stakes will show if the landslide is moving (the distance between the stakes
will increase). The coordinates for the two monitoring stations are:

Monitoring Station Latitude Longitude
North 37.189480 N. 112.991028 W.
South 37.189353 N. 112.991203 W.
LIMITATIONS

Although this product represents the work of professional scientists, the Utah Department
of Natural Resources, Utah Geological Survey, makes no warranty, express or implied, regarding
its suitability for a particular use. The Utah Department of Natural Resources, Utah Geological
Survey, shall not be liable under any circumstances for any direct, indirect, special, incidental, or
consequential damages with respect to claims by users of this product.

REFERENCES
Doelling, H.H., Willis, G.C., Solomon, B.J., Sable, E.G., Hamilton, W.L., and Naylor, L.P., 11,
2002, Interim geologic map of the Springdale East quadrangle, Washington County,

Utah: Utah Geological Survey Open-File Report 393, scale 1:24,000.

Solomon, B.J., 1996, Engineering geologic map folio, Springdale, Washington County, Utah:
Utah Geological Survey Open-File Report 340, 5 plates, scale 1:14,400.
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Figure 1. Map showing the location of the landslide that developed on the east side of the
Virgin River in the Town of Springdale during May 2005 (base map U.S. Geological Survey
Springdale East 7.5’ quadrangle).
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Figure 2. Rotational slump landslide formed during May 2005 on the east side of the Virgin
River in Springdale, Utah (base map U.S. Geological Survey Springdale East 7.5’ orthophoto
guadrangle).
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Figure 3. View to the east of the landslide in Springdale on the east side of the Virgin River;
landslide formed progressively during May 2005.
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Figure 4. View from the landslide toward the Virgin River, showing the 197 feet of separation
between the landslide toe and the river; note the rock-fall boulders that have rolled from the
landslide surface onto the alluvial terrace deposits along the river.
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Figure 5. Rock-fall boulders at the base of the landslide; most have accumulated within a few
feet of the landslide toe, but a few have rolled farther out on the alluvial terrace bordering the
Virgin River.

Figure 6. Landslide main scarp.
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Figure 7. Transverse scarps within the landslide mass.

Figure 8. Pioneer rock wall at the base of the slope is buried by talus/rock falls adjacent to the
landslide, but has not been displaced by the landslide toe indicating the landslide rupture
surface is shallow at the toe and does not extend beneath the wall.
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Figure 9. North monitoring station; distance between wooden stakes is 13.25 feet.
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June 3, 2005, rock fall in Parowan Canyon, Iron County, Utah
By: Date: County:
William R. Lund, P.G. 07-29-05 Iron
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Parowan (277) NE1/4SW1/4NW1/4 section 31, T. 34 S,
R.8 W., SLBL&M
Requested by: Job number:
Incident Investigation 05-12 (GH-08)

INTRODUCTION

On June 13, 2005, I investigated a rock fall in Parowan Canyon (figure 1), which crushed
a 26-inch-diameter steel penstock pipe that conveys water to Parowan City’s electrical power
plant. The rock fall occurred on June 3, 2005, following 12 hours of steady rain that began
about 7 p.m. on June 2 (Weaver, 2005). Precipitation recorded at Cedar City, approximately 22
miles south of Parowan, and the closest official weather recording station to the rock fall,
showed a record rainfall of 0.62 inches between 12:04 a.m. and 6:53 a.m. on June 3. Average
rainfall for June 3 is 0.02 inches, and the previous record was 0.51 inches established in 1952.
Parowan City Manager Jared Black (verbal communication, June 13, 2005) stated that damage to
the penstock is estimated at $120,000, and consists of a section of the penstock (about 80 feet
[two lengths of pipe]) that was crushed by rock-fall boulders, and a much longer portion of the
pipeline (about 1900 feet) that was deformed when water draining rapidly from the ruptured
penstock created a strong vacuum inside the pipe. The purpose of my investigation was to
document the rock fall’s occurrence and geologic setting, and to determine if the penstock is at
risk from future rock-fall damage.

CONCLUSIONS AND RECOMMENDATIONS

The rock fall that damaged the Parowan City penstock in the bottom of Parowan Canyon
on June 3, 2005, likely resulted from a wetter than normal winter and spring combined with a 12-
hour period of continuous moderate to heavy precipitation immediately preceding the rock-fall
event. The source of the rock fall was an approximately 15-foot-high sandstone ledge of the
Cretaceous Iron Springs Formation, which crops out on the steep east side of the canyon about
360 feet above the penstock. Two large boulders struck and ruptured the penstock; a third
boulder came to rest within a few feet of the pipeline.

A reconnaissance along Parowan Canyon where the penstock is close to the base of the
steep canyon walls (first approximately 1.5 miles along the pipeline down canyon from the
penstock intake structure) showed numerous rock-fall boulders within the penstock right-of-way.
Parowan City employees working to remove the current rock-fall boulders at the time of my field
visit stated that in addition to the present occurrence, the penstock has been struck in the past by
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other rock falls. Based on these observations, the risk to the penstock from future rock falls is
considered high, and will remain high without implementation of risk-reduction measures (for
example, installation of rock-fall deflection structures or burying the penstock).

Although available space is limited, any future development in the bottom of Parowan
Canyon should consider rock-fall and landslide hazards.

SETTING AND GEOLOGY

The rock fall occurred on the east side of Parowan Canyon in east-central Iron County.
The canyon bottom is narrow at this location (approximately 500 feet) and contains Utah State
Route 143 (SR-143) on the west side of Parowan Creek (a perennial stream) and the penstock
and narrow dirt service road on the east side of the creek (figure 1). The canyon walls are steep
and consist of nearly continuous exposures of the Cretaceous Iron Springs Formation
(Maldonado and Moore, 1995) (figure 2). Maldonado and Moore (1995) describe the Iron
Springs Formation as consisting chiefly of moderately resistant, fine- to medium-grained, thin-
bedded to massive fluvial sandstone interbedded with siltstone, shale, and conglomerate.
Vegetative cover on the canyon walls is sparse, consisting chiefly of pinyon pine and juniper
(figure 2). Dense riparian vegetation along Parowan Creek in the canyon bottom includes oak,
maple, willow, and other tree and brush species.

EVENT DESCRIPTION

The rock fall initiated as a rock topple (the canyon slope extended to the base of the
rock ledge and there was no room for the rock to fall) involving the entire face of an
approximately 15-foot-high, near-vertical sandstone ledge that is approximately 40 feet wide and
360 feet above the canyon bottom (figure 3). The numerous cobble- to large boulder-size clasts
generated by the topple then rolled and bounced down the steep (average slope ~ 31°) bedrock
slope below the ledge, clearing vegetation from a path about 50 feet wide (figure 4) until
reaching a second prominent bedrock ledge, also about 15 feet high. The rock-fall debris
cascaded over the second ledge and continued down slope until encountering the dense riparian
vegetation in the canyon bottom. Most of the rock-fall debris either came to rest on the slope of
the canyon wall or was stopped by the riparian vegetation before reaching the penstock.
However, two large boulders continued through the vegetation and struck the penstock; a third
large boulder stopped just before striking the penstock.

The largest boulder, measuring 14x9x8.5 feet and weighing an estimated 80 tons, came to
rest directly on top of the penstock (figures 5 and 6). The second boulder that struck the
penstock measured 8.5x4x4 feet and weighed an estimated 10 tons. After hitting the penstock
(figure 7), that boulder rolled an additional approximately 50 feet before coming to rest in dense
vegetation adjacent to Parowan Creek (figure 8). The third boulder, measuring 8x5.5x4 feet and
weighing an estimated 13 tons, narrowly missed the penstock and caused no damage (figure 9).
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At the time of my field visit, workers were using a large trackhoe to remove the boulder
from on top of the penstock (figure 10). The workers estimated that two to three 40-foot sections
of pipe would be required to repair the ruptured portions of the penstock, but were unsure how
much of the vacuum-deformed pipe would require replacement.

HAZARD ASSESSMENT

The intake structure for the Parowan City penstock is on Parowan Creek at the
intersection of Parowan Canyon and First Left Hand Canyon (Bowery Creek, a major west-
flowing tributary to Parowan Creek [figure 1]) about a mile upstream from the site of the June 3
rock fall. From the intake structure, the penstock extends approximately 2.5 miles down
Parowan Canyon to the Parowan City electrical power plant near the canyon mouth. For the first
1.5 miles of the penstock’s length, Parowan Canyon is narrow, and the steep canyon walls
consist chiefly of nearly continuous exposures of the Iron Springs Formation (Maldonado and
Moore, 1995).

During a reconnaissance along the penstock, | observed numerous rock-fall boulders that
had dislodged from the canyon walls, rolled into the canyon bottom, and come to rest within the
penstock right-of-way. Additionally, workers repairing the damaged pipeline on the day of my
field visit stated that the penstock has been struck by other rock falls in the past, although the
present occurrence was the largest and most damaging that they could recall during the past
several years.

Based on: (1) the penstock’s location for much of its length at the base of steep, bedrock
slopes, (2) the presence of rock-fall boulders along the penstock right-of-way in the narrow part
of Parowan Canyon, and (3) a history of previous rock-fall damage to the penstock, I believe the
penstock within the narrow part of Parowan Canyon, except for a short section buried beneath
SR-143, is at risk from future rock falls. Possible risk-reduction measures include installing
rock-fall deflection structures (berms, walls, or other devices) at high-hazard locations along the
penstock, or burying all or part of the penstock through the narrow part of Parowan Canyon. A
third option is to continue the current policy of making repairs as necessary when the penstock is
damaged by rock falls. Such repairs will likely be required in the future if the penstock remains
unprotected.

LIMITATIONS

Although this product represents the work of professional scientists, the Utah Department
of Natural Resources, Utah Geological Survey, makes no warranty, expressed or implied,
regarding its suitability for a particular use. The Utah Department of Natural Resources, Utah
Geological Survey, shall not be liable under any circumstances for any direct, indirect, special,
incidental, or consequential damages with respect to claims by users of this product.
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Figure 1. Location of the June 3, 2005, rock fall in Parowan Canyon (base map from U.S.
Geological Survey Parowan 7.5’ quadrangle.)
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Figure 2. West wall of Parowan Canyon as it appears directly across from the June 3, 2005,
rock fall that damaged the Parowan City penstock. The nearly continuous exposures of the
Cretaceous Iron Springs Formation with sparse vegetative cover of pinyon pine and juniper
shown here are similar to the conditions on the east canyon wall where the rock fall occurred.
SR-143 and the dense riparian vegetation along Parowan Creek are visible at the bottom of the
photo.
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Figure 3. Approximately 15-foot-high sandstone ledge with thin interbedded shale lenses on
the east side of Parowan Canyon where a rock topple initiated the rock fall that damaged the
Parowan City penstock. The ledge is approximately 360 feet above the canyon bottom.
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Figure 4. Rock-fall path stripped of vegetation down the east side of Parowan Canyon. Note
the narrow canyon bottom, which accommodates SR-143, Parowan Creek, and the penstock
and service road.
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Figure 5. Sandstone boulder weighing an estimated 80 tons resting directly on top of a section
of the Parowan City penstock. The rock-fall path down the east wall of Parowan Canyon is
visible through the trees below the skyline.
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Figure 6. Approximately 80-ton boulder resting on top of the 26-inch diameter Parowan City
penstock pipe.

Figure 7. Ruptured Parowan City penstock where it was struck by a second rock-fall boulder
weighing approximately 10 tons. After striking the penstock, the boulder continued toward
Parowan Creek for an additional approximately 50 feet.
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Figure 8. After striking the Parowan City penstock, this approximately 10-ton rock-fall boulder
came to rest in dense riparian vegetation along Parowan Creek.

Figure 9. Approximately 13-ton rock-fall boulder, which stopped just before striking the
Parowan City penstock.
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Figure 10. Trackhoe removing the 80-ton boulder from on top of the Parowan City penstock.
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INTRODUCTION

On the afternoon of April 28, 2005, a landslide that had moved previously in 1983
(Machette, 1992) reactivated above Sage Vista Lane in a Cedar Hills subdivision (figure 1) and
moved against the lower portion of the back wall of a four-unit townhouse (figure 2). Residents
of the affected townhouse evacuated and the belongings of a neighboring family in a separate
duplex across the street were moved out of their home temporarily. By April 29, the landslide
toe had crushed vinyl fencing, air conditioners, and deck supports at the back of three of the units
in the townhouse. After the damaging movement on April 29, the rate of landslide movement
rapidly decreased to a very slow rate. Following a multiday storm event, during which about 3
inches of precipitation fell, the rate of landslide movement increased again, and by May 13
structural damage to the upslope foundation walls of two units in the four-unit townhouse had
occurred. Landslide debris subsequently entered the lower parts of the two units as landslide
movement again slowed to a very slow rate as defined by Cruden and Varnes (1996).

As part of the emergency response effort by multiple state, county, and city agencies, the
Utah Geological Survey (UGS) performed a reconnaissance of the landslide on the morning of
April 29, 2005, and deployed survey stakes to monitor movement of the landslide. We repeated
measurements later in the day on April 29 to determine the rate of movement of the slide. We
also deployed stakes for high-resolution Global Positioning System (GPS) surveying by the Utah
County Public Works Department. UGS geologists visited the site on numerous occasions in
May and June to monitor landslide movement, and document ground deformation and changes in
the size of the area of landsliding.

The purposes of our investigations were to determine the geologic characteristics of the
landslide and evaluate its hazard potential to aid Cedar Hills in assessing the risk to townhouses
and city infrastructure. During our field investigations we met on-site with Cedar Hills Mayor
Michael McGee, City Councilman Jim Perry, City Manager Konrad Hildebrandt, City Engineer
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David Bunker, Utah Governor Jon Huntsman Jr., Chief of Staff Jason Chaffetz, Utah County
Emergency Manager Dave Bennett, Bill Gordon (AMEC Earth & Environmental), Utah County
Public Works Department surveyors, and numerous residents.

CONCLUSIONS AND RECOMMENDATIONS

The landslide will remain a threat to the area west and downslope across the street until
engineering measures are taken to stabilize it. Downslope-directed loading of soils below the toe
of the landslide may be occurring. Reactivation or an increase in the rate of movement is
possible if significant precipitation falls on the slide and surrounding area or during subsequent
snowmelt periods in the future. Downslope enlargement of the landslide may accompany future
movement. To date, the landslide has moved relatively slowly and has not posed a life-safety
threat, and likely will continue to behave in this way. However, should a rapid loading occur at
the head due to collapse of the high, nearly vertical south-facing scarp, particularly during an
intense rainfall event, the potential for rapid failure cannot be precluded. Future enlargement of
the landslide in an upslope direction that causes the shallow, upper landslide area to merge with
the main slide will also increase the overall hazard and potential for renewed movement.

The foundation of the damaged townhouse may be acting as a temporary buttress,
possibly protecting against further downslope movement of the slide. We do not recommend
removing any of the landslide debris abutting the upslope side of the townhouse while the slide is
active and relatively moist. This could increase the movement rate and/or enlarge the landslide.

We recommend the following:
» The developer’s geotechnical consultants should assess stabilization options,
recommend appropriate pre-design subsurface investigations, and provide final
stabilization designs.

» Periodic monitoring of the landslide should be resumed if renewed movement is
suspected and/or onset of movement upslope or downslope of the slide occurs.

» The appropriate officials should be perform periodic inspections of buildings,
roads, paved areas, and buried utilities for signs of distress or damage. We are
particularly concerned that downslope-directed loads from the landslide could
affect the city’s buried water line near Sage Vista Lane.

Based on our inferred site conditions, we recommend that future studies and stabilization design
consider (1) the potential expansion of the landslide upslope with addition of more material from
the high, south-facing scarp and upslope areas, and (2) the potential for enlargement of the
landslide downslope of the present toe into the area of the duplex and fill slope across Sage Vista
Lane. We also recommend reassessment of the slope-stability and landslide-stability conclusions
and recommendations in the original subdivision geotechnical report prior to any new
development, particularly on lots east of Sage Vista Lane.
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GEOLOGIC SETTING AND LANDSLIDE DESCRIPTION

The Sage Vista Lane landslide is a nearly complete reactivation of a southwest-facing
historical (1983) slide in the southwestern part of a large prehistoric landslide complex (figure 3;
Machette, 1992). The prehistoric landslide complex likely consists of debris derived from the
Mississippian-age Manning Canyon Shale, a highly landslide-prone geologic unit found along
the mountain front in much of northeastern Utah Valley. These older landslides are prone to
reactivation, as indicated by younger active landslides mapped within the older complexes
elsewhere in the area (Machette, 1992). The Sage Vista Lane landslide is along the Provo
segment of the Wasatch fault, which crosses the slide, and may direct or concentrate ground
water in the slide.

The landslide consists of two lobate foot sections and an arcuate head that narrows
upslope (figure 4). The main foot of the landslide abuts the townhouse and consists of mostly
disrupted debris. A second, smaller foot on the south side of the slide resulted from local
southward movement below a pressure ridge or fold that formed near the crest of a cut slope. On
April 29, the active landslide was approximately 350 feet (110 m) long and 110 feet (35 m) wide
at its toe. The narrower upper part of the landslide was about 70 feet (21 m) wide. The average
slope of the landslide was about 37 percent.

Landslide debris consists of cobbles and boulders in an olive-green to brownish clay
matrix likely derived from the Manning Canyon Shale. Locally, decomposed black fragments of
Manning Canyon Shale were observed in the debris. The lower part of the landslide was
disrupted and appeared to be moving as a slow, moist debris flow (figure 5). Test pits excavated
by AMEC Earth & Environmental on August 18, 2005, revealed shallow slickensided clay in the
upper part of the landslide that varied in color from maroon to black. The clay may be
weathered Manning Canyon Shale or clay smears derived from the shale within landslide debris.

The middle part of the landslide was relatively intact and consisted of fractured soil,
whereas the upper part of the landslide was somewhat more deformed and disrupted. A cobble-
lined drainage ditch in this area remained mostly linear suggesting that it was mostly translated
in intact and undeformed blocks (figure 6). Dark gray, highly polished slickensides were locally
exposed on top of exposed black clay in the upper part of the landslide, suggesting the upper part
of the slide is locally shallow (possibly less than 10 feet deep; figure 7).

The main scarp zone is in the upper narrowest part of the landslide, and on April 29
consisted of several scarps less than 2 feet high in an area of relatively shallow translational
landsliding. The main scarp zone joins with the nearly vertical south-facing scarp that bounds
the north flank of the 2005 landslide, and that may have been the main scarp of the 1983 slide.
On April 29, the combined height of the 2005 and 1983 scarps along the north flank of the
landslide was about 40 to 50 feet; the upper 30 to 35 feet representing the scarp of the 1983 event
(figure 8). Movement of the landslide caused scarps to form in a colluvial wedge at the base of
the 1983 scarp as the colluvium moved downslope on the active part of the slide. The near-
vertical scarp suggests that the subsurface geometry of the head of the landslide in a northwest-
southeast direction may be asymmetrical with the deepest part being in the northwest part of the
head nearest the south-facing scarp.
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On April 29, no seepage was observed at the toe of the landslide. Seepage was observed
in the upper part of the landslide, particularly near the easternmost part of the main scarp zone.
By May 7, the shallow soils in the uppermost head of the landslide were saturated and extremely
soft. Ground-water depth in a test pit excavated by AMEC Earth & Environmental on August
18, 2005, was about 8 feet.

Hillslope modifications to the 1983 landslide included excavation of the building pad for
the four-unit townhouse across or near the toe of the slide and a cut slope in the lower part of the
slide, and construction of a cobble-lined drainage ditch at the crest of the cut slope and a
temporary irrigation system on the cut slope. Residents indicated that the toe initially emerged
partway up the cut slope behind the townhouse and landslide debris subsequently flowed down
against the back wall of the building. Landslide movement destroyed most of the cut slope,
damaged the irrigation system, and displaced the drainage ditch relatively intact.

On May 5 we observed cracks in the crest of the south-facing scarp that extended several
feet back from the top of the scarp. These cracks intersected the scarp at an acute angle.
Significant raveling of the south-facing scarp occurred during the extended period of rain that
ended on May 13. A triangular-shaped colluvial wedge of the eroded debris from the scarp
formed near its center, and was approximately two-thirds the height of the scarp by May 31. The
additional weight from this colluvium likely further destabilized the slide. On May 31,
additional fresh cracks were superimposed atop a healed crown crack likely associated with
movement of the slide in 1983, about 10 feet upslope of the top of the scarp.

MOVEMENT HISTORY

Between April 28 and June 30, 2005, the landslide experienced two episodes of rapidly
accelerating movement followed by a similarly rapid decrease in the rate of movement and either
intermittent or continued movement at a slow rate. Only anecdotal accounts exist of the initial
landslide movement that began on April 28, but a rapid acceleration in the rate of movement
likely occurred during and immediately after a rainstorm on that date. By noon on April 29,
however, the rate of movement had already begun to decline. Slow movement of the landslide
continued until May 10, when the rate began to accelerate during a multiday storm, during which
about 3 inches of precipitation fell, until reaching a maximum measured rate of movement on
May 12 of about 13.5 feet per day (4 m/day). After May 13, movement continued, locally
intermittently, at a slow rate. By June 30, movement had slowed and GPS monitoring was ended
because of the reduced risk.

Between April 29 and May 10, the most movement occurred in the uppermost head of the
landslide (UGS stake SV5; figure 9), but minor movement was detected in the lower and upper
parts of the slide. During the dry days following the initial movement episode (April 29-May 1),
the head of the landslide moved an additional 20 inches (51 cm), and the rate of movement
slowed. However, following a period of heavy rainfall beginning on May 5, the rate of
movement increased. By May 10, about 10.4 feet (3 m) of movement had occurred in the head
of the slide. The remainder of the landslide (figures 10 and 11) also continued to move slowly
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between April 29 and May 1, but by May 1, movement of the slide either suspended or occurred
at a rate too slow to detect. During the extended period of rainfall that began on May 5,
movement of the entire landslide resumed or increased in rate (see lower inset on figure 10).
Between May 6 and 9 about 2 inches (5 cm) and 4 inches (10 cm) of movement was measured in
the lower and upper parts of the landslide, respectively. Continued rainfall through May 13
resulted in a rapid increase in the rate of movement (figure 12). By May 13, the landslide had
moved between 7 and 22 feet (2.2-6.7 m) since April 29, causing significant damage to the
upslope side of the townhouse building. The return of dry weather was accompanied by a rapid
reduction in the rate of movement. Between May 13 and May 31 the landslide moved less than 7
inches (18 cm) (see upper inset in figure 10). Only nominal movement of the landslide occurred
in June during which less than 3 inches (7 cm) of movement of the upper part of the slide was
measured. GPS survey measurements of stakes above the high, south-facing scarp showed no
evidence of movement during the entire measurement period.

PROBABLE CAUSES OF MOVEMENT

The landslide is an almost complete reactivation of a 1983 landslide within a mapped
prehistoric landslide complex. The movement in 1983 indicated that this part of the natural
hillslope in the prehistoric landslide complex was unstable, and has likely remained marginally
stable since it last moved. The 2005 movement indicates that the 1983 landslide was relatively
sensitive to changes in soil moisture, ground-water levels, and slope modifications.

One likely cause of reactivation of the landslide was above-normal precipitation over an
extended period prior to the landslide. Precipitation for the 2004 calendar year at the National
Weather Service Pleasant Grove station was only slightly above normal (102 percent), but was
exceptionally wetter than normal for the period between September 2004 and April 27, 2005
(162 percent). Landslide activation occurred during a 24-hour period during which 0.64 inch of
rain fell between the mornings of April 28 and 29 at the nearby Pleasant Grove station (National
Weather Service, 2005). Seepage was observed in the main scarp where it crosses a drainage,
indicating that ground-water flow into the slide mass was occurring prior to movement. Soil
moisture and ground-water levels have likely increased greatly as a result of infiltration of excess
precipitation (approximately 7.9 inches above normal between September 1, 2004 and April 28,
2005) in the eight months prior to the slide.

We found no evidence for significant failure of the 1983 main scarp prior to the 2005
movement, although a wedge of colluvium at the base of the scarp may have contributed to
loading of the head of the historical landslide.

Hillside modifications related to residential development of the area may also have
contributed to destabilizing the historical landslide. Removal of part of the toe of the landslide
accompanied placement of the townhouse. In addition, a cut slope existed in the slide east of the
townhouse. Both of these modifications may have reduced resisting forces in the lowermost part
of the slide. Two other hillslope modifications may have contributed to increased soil moisture
or ground-water levels in the lower part of the landslide. A cobble-lined, but permeable,
drainage ditch at the crest of the cut slope may have promoted infiltration of snowmelt and
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runoff. Excess irrigation water may also have infiltrated into the lower part of the landslide from
a temporary above-ground irrigation system used to water grass seed in the cut slope. A resident
reported that the irrigation system was left running prior to movement of the landslide.
However, no corroborating evidence in the form of saturated soil or surface water in the area on
April 29, or runoff rills or channels that should accompany excess irrigation was found.

ADDITIONAL LANDSLIDES UPSLOPE

On April 29, two additional, small, fresh scarps existed upslope of the main landslide in
the prehistoric landslide complex that defined the upslope extent of two separate active shallow
slides (figure 3). The scarps occurred within or near areas that had been disturbed by exploratory
excavations (test pits or trenches) and subsequently backfilled several years prior to the 2005
landslide. The scarps were several inches high and connected to flanking structures such as
ground cracks. The lower of the two slides had an internal longitudinal crack in its upper part
and a main scarp that was several inches high with a fissure at least 2.5 feet deep (figure 13).
The lower extent of the two upper landslides was unclear due to the absence of well-defined toe
or flanking structures. By May 5, the two scarps had joined together to form a continuous scarp
zone, suggesting the two small landslides had joined into a single slide (figure 3).

UGS measurements detected no movement during the afternoon of April 29, but the time
interval between measurements may have been insufficient to detect very slow movement.
However, measurements on May 5 and 7 indicated continued movement of the western part of
the upper landslide area at a relatively steady, but very slow rate (figure 14). Subsequent
measurements detected movement of the entire upper landslide area by May 12. The rate of
movement accelerated between May 9 and 13 (figures 14 and 15), coincident with the increase in
the rate of movement of the Sage Vista Lane landslide downslope. During this period, the
maximum rate of movement of the upper shallow landslide reached about 2.8 inches per day (7
cm/day).

A reconnaissance of the remainder of the prehistoric landslide complex on April 29
indicated no other areas of active landsliding, but revealed a small historical slide in the complex
(figure 3). By May 18, the small historical landslide had reactivated, most likely sometime
around May 12. We also inferred, based on field observations and review of aerial photographs,
that the prehistoric landslide complex may extend farther upslope than mapped by Machette
(1992), likely to the base of the moderately steep, west-facing mountain slope at about elevation
5,780 feet (figure 3).

The upper shallow landslide area’s presence indicates the marginal stability of material in
the prehistoric landslide complex, particularly where soils are disturbed. Landsliding may have
been triggered in the upper slide area due to a local rise in ground-water levels resulting from
increased infiltration capacity of the test-pit backfill. In addition, disturbance of the native
materials during excavation and backfilling likely resulted in the fill having lower strength than
the surrounding landslide debris. The discontinuity between the base of the fill and the
underlying debris may have also acted as a slide surface. Landsliding in the upper slide area
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clearly extended beyond the boundaries of disturbed ground, however, suggesting the marginal
stability of shallow soils in the prehistoric landslide complex.

Continued movement and downslope enlargement of the upper landslide may eventually
result in the joining of the main and upper landslides into a single slide. A joining of the two
slides increases the likelihood of renewed movement of the main slide (in combination with the
upper slide area) and enlargement of the slide area downslope of the toe of the original main
slide.

POSSIBLE IMPACTS DOWNSLOPE

Horizontal loading caused by movement of the Sage Vista Lane landslide may reduce the
stability of the slopes to the southwest of Sage Vista Lane, particularly if landslide deposits
underlie surficial alluvial-fan deposits in this area. A steep and relatively high fill slope is
directly downslope of the duplex unit across Sage Vista Lane (on the southwest side of the street)
from the landslide. We conducted a reconnaissance on April 29 and on subsequent visits of the
duplex and noted no obvious distress to the building or grounds. The steep fill slope downslope
of the duplex is a concern; the bottom of the fill slope appeared oversteepened, but the cause of
this condition was uncertain. A survey point and stake was placed at the base of the fill for
movement monitoring, but measurements detected no movement through May 31.

SUMMARY AND FUTURE HAZARD POTENTIAL

On April 28, 2005, a 1983 landslide reactivated above a subdivision along Sage Vista
Lane in Cedar Hills and moved against the back of a four-unit townhouse. Although the
landslide slowed temporarily during a dry period following initial movement, it accelerated
during an extended period of rainfall beginning on May 5 causing structural damage to the
townhouse by May 13. The landslide will pose a continuing threat to the immediate area until
engineering measures are taken to stabilize it. A threat of expansion of the landslide exists from
failure of the main scarp and/or connection with a separate shallow landslide upslope, which may
cause renewed (or an increased rate of) movement at the toe. Similarly, the possibility exists that
movement of the landslide has reduced the stability of slopes below the landslide. These
possibilities should be considered in the design of slope stabilization measures.

FIELD METHODS

The perimeter of the landslide, and estimated slide dimensions and average slope are
based on field mapping using a hand-held GPS device. The accuracy of this method varies
considerably depending on site conditions and satellite positions. Error typically increases next
to high, vertical or near-vertical features such as the walls of the townhouse or south-facing
scarp. The accuracy of elevation measurements is also highly variable.
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We deployed pairs of wooden survey stakes on April 29, 2005 and on later dates to
monitor landslide movement and ground deformation. Typically one stake was placed on the
landslide and the other off the slide. For example, stakes SV3-4 consist of stake SV3 below the
toe of the landslide, and stake SV4 on the toe (figure 4). Measurements of shortening or
stretching between stakes were made using a fiberglass tape and used to estimate landslide
movement. Our inferred accuracy is about 0.12 inch (0.3 cm). We also deployed other stakes
(labeled 1, 2, etc., on figure 4) that were surveyed by Utah County Department of Public Works
surveyors using accurate GPS equipment under the supervision of Assistant County Surveyor
Gary Ratcliffe. Duplicate measurements were taking for each survey point and mean positions
calculated reducing measurement error.
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Figure 1. Location map of Sage Vista Lane landslide in Cedar Hills, Utah. Base from U.S.
Geological Survey 1:100,000-scale topographic map for the Provo 30°x 60’ quadrangle.
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Figure 2. View to the northeast of the landslide on April 29, 2005, from Sage Vista Lane.
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Figure 3. Surficial geologic map of the site vicinity (after Machette, 1992). Approximate
perimeters of Sage Vista Lane landslide (SVLL) and other reactivated historical landslide (HL),
and active deformation features associated with upper shallow landslide area (USLA) also
shown. UEPLC (light gray dashed line) indicates our estimate of upslope extent of prehistoric
landslide complex. Yellow, red, and light yellow colors indicate features present on April 29,
May 5, and May 13, respectively. Yellow dashed line in SVLL indicates active scarp position on
April 29. By May 13 active scarp extended to or upslope of 1983 scarp. White dotted line in
SVLL shows position of cobble lined ditch on May 5. Main geologic unit descriptions shown.
Machette (1992) mapped unlabeled brown unit as Paleozoic rock, but lower part likely consists
of landslide deposits and colluvium. Solid, thick black lines are traces of Wasatch fault zone.
Bar and ball on downthrown side of fault. See Machette (1992) for other unit descriptions.
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Figure 4. Orthophotograph showing approximate locations of Sage Vista Lane landslide
(SVLL), historical landslide (HL), and traces of landslide deformation features of upper shallow
landslide area (USLA). Survey points measured by UGS (diamonds) and Utah County (circles)
also shown. Orthophotograph from 2004 USDA National Agriculture Imagery Program.
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Figure 5. View of the disrupted soil at toe of the landslide and damage to back of townhouse on
April 29, 2005.
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Figure 6. View of relatively intact, translated blocks near the middle of the landslide. Cobble-
lined drainage ditch that was originally atop cut slope is translated downslope but relatively
undeformed.
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Figure 7. View of slickensides in the upper, shallow part of the landslide.
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Figure 8. View of south-facing scarp along north edge of landslide on April 29, 2005. The upper
part of the scarp is from movement of the slide in 1983. The lower nearly vertical part is from
movement of the Sage Vista Lane landslide in 2005.

98



Figure 9. Plot showing movement of the shallow head of landslide between April 29 and May
10, 2005. Head of landslide moved about 10.4 feet (3.2 m) during measurement period.
Position of Utah Geological Survey stake SV5 in head of landslide surveyed by Utah County
using accurate GPS equipment. Stake was relocated (reset) to avoid disturbance in saturated
soils on May 7 (dashed line). Long dashed line shows probable displacement path for original
stake position. Stake lost in saturated surface soils on May 11. Measurement location shown on
figure 4. Stake coordinates reported in SI units by Utah County.
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Figure 10. Plot showing movement of the upper part of Sage Vista Lane landslide between April
29 and June 30, 2005. Total movement during the measurement period was about 23 feet (6.9
m). Most of the movement occurred between May 10 and 13, 2005, during which the townhouse
was severely damaged. Insets show minor movement through May 9 (about 6 inches) and
following May 13 (about 10 inches). Position of stake 4 (see figure 4 for location) in upper
landslide surveyed by Utah County using accurate GPS equipment. Stake coordinates reported
in SI units by Utah County.
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Figure 11. Plot showing movement of the lower and middle parts of Sage Vista Lane landslide
between April 29 and June 30, 2005. Total movement during the measurement period was about
21 feet (6.4 m) and 7.5 feet (2.3 m), respectively. Positions of stakes 2 and 3 (see figure 4 for
locations) surveyed by Utah County using accurate GPS equipment. Stake coordinates reported
in SI units by Utah County.
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Figure 12. Plot showing movement of north edge of toe of Sage Vista Lane landslide between
April 29 and May 31, 2005. Total movement during the measurement period was about 15.9 feet
(5 m). Distance between stakes SV3 and SV4 measured by UGS using fiberglass tape. Stake
SV4 located on toe of landslide. Measurement location of station SV3-4 shown on figure 4.
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Figure 13. View of main scarp of small landslide upslope of main slide on May 12, 2005. By
May 5, 2005 another scarp connected this small slide to one farther upslope joining the two
slides into a single shallow landslide.
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Figure 14. Plot showing movement of the upper shallow landslide area northeast of Sage Vista
Lane landslide between April 29 and May 31, 2005. Total movement during the measurement
period was between about 1 and 4.3 inches (2.5-11 cm). Distance between stakes measured by
UGS using fiberglass tape. Stake stations spanned scarps observed on April 29 (see figure 3).
Measurement locations shown on figure 4.
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Figure 15. Plot showing movement of lower part of upper shallow landslide area above Sage
Vista Lane landslide between April 29 and June 30, 2005. Total movement during the
measurement period was about 5 inches (13 cm). Positions of stake 7 (see figure 4 for location)
surveyed by Utah County using accurate GPS equipment. Stake coordinates reported in SI units

by Utah County.
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INTRODUCTION

On March 17, 2005, Utah Geological Survey (UGS) geotechnician Michael Kirschbaum
observed a recent large landslide on a southwest-trending ridge east of the East Lawn Memorial
Hills Cemetery in northern Provo, Utah (figures 1 and 2A). The landslide impacted the western
part of a cooperative horse ranch property, affecting the ground surface in a corral area, and
subsequently damaging a tack shed and fencing. Three other small landslides (figure 2) also
occurred upslope of the main slide in cut and/or fill slopes.

UGS geologists made a reconnaissance of the main landslide on March 29, and
subsequent reconnaissance visits on April 18 and May 12 to photograph changes to the main
slide. On June 23, Michael Kirschbaum and | mapped the perimeters of each landslide and
deformation features in the main slide in detail. The purpose of these investigations was to
document the landslide, including the types of movement, amount and extent of ground
deformation, and duration of landslide activity, particularly because of the geologic similarities
between this site and the northern part of the Sherwood Hills subdivision to the south (figure 1).

CONCLUSIONS

The main landslide on the horse ranch property will likely reactivate in future wet years.
Given the currently high measured ground-water levels in the Sherwood Hills subdivision
directly to the south, reactivation of the main landslide in early 2006 is possible even with
normal precipitation in the intervening time period. Reactivation may be accompanied by
additional enlargement of the main landslide, threatening upslope infrastructure and the barn.
Additional offset of existing internal (minor) scarps will cause more damage to the western part
of the horse ranch, further damaging paved areas and the tack shed. Reactivation of the
southern part of the landslide poses some risk of blocking the drainage at the base of the slope.
Subsequent flooding from the eventual breach of such a blockage would likely impact the access
corridor to the cemetery and possibly residential properties downstream and to the southwest.
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This landslide also suggests the marginal stability of local steep slopes in prehistoric
landslide deposits in northern Provo, particularly where hillslope modifications have occurred.
The similarities in local slope, geology, and hillslope modifications of this area and the northern
part of the Sherwood Hills subdivision, suggest some potential for similar landsliding in the
subdivision.

GEOLOGY

The horse ranch is underlain by prehistoric landslide deposits that comprise the northern
part of the Sherwood Hills landslide complex (Machette, 1992; Ashland, 2003). Figure 3 shows
the local geology and younger pre-existing landslides within the prehistoric older landslide
deposits. The younger pre-existing landslides with well-defined boundaries indicate local partial
reactivation of the prehistoric landslide deposits prior to the area’s use as a horse ranch.
Landslide deposits consist of clay-rich debris with angular cobble and boulder clasts supported in
a clay-rich soil matrix. The debris is likely derived, in part, from residual and colluvial deposits
formed on the Mississippian Manning Canyon Shale, a formation that underlies the eastern part
of the Sherwood Hills landslide complex.

Some hillslope modification accompanied building and road construction on the horse
ranch property, including site regrading that locally flattened the ridgetop. Locally derived fill
was likely placed on the upper parts of the slopes during this regrading. Field observations
suggest a considerable amount of fill likely existed near the west corner of the corral prior to the
landslide. A second large fill area exists upslope and northeast of the main landslide in the upper
part of the drainage that bounds the ridge and the slide on the north.

LANDSLIDE DESCRIPTIONS

Four separate landslides were active in 2005 on the horse ranch (figure 4). The main
landslide is a reactivation of younger pre-existing landslides in the underlying prehistoric
landslide deposits. The other three landslides occurred in either cut or fill slopes. Fill materials
were likely locally derived, making distinguishing fill from native landslide deposits difficult.

Main Landslide

The main landslide is on the southwest-trending ridge occupied in part by the corral
(figure 4). The landslide consists of two slides that overlap at the ridge crest, one on the northern
slope of the ridge and one on the southern slope, that have divergent movement directions. Our
mapping indicates that the northern part of the landslide moved first and that the southern part
expanded upslope, capturing part of the northern part of the slide. Evidence for this includes a
severed toe thrust on the western edge of the landslide that initially was in the northern part of
the slide before it was cut off by the main scarp of the southern part of the slide. Figure 5 is a
detailed map of the main landslide showing the major internal deformation features, movement
directions, scarp heights, and deposit thicknesses. By June 23, the main landslide was about 2.4
acres in size.
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The northern part of the main landslide (figure 2A) consisted of an earth flow in the
lower western part, and an earth slide in the upper eastern part that together form a complex earth
slide-earth flow. Figure 5 shows that movement in the earth flow was to the southwest. Scarp
orientation indicates movement in the upper earth slide was generally westward and locally west-
northwest. The entire northern part of the main landslide was about 490 feet long. Local relief
between the toe of the earth flow and main scarp of the earth slide was about 165 feet, indicating
an average slope of the complex earth slide-earth flow of about 34 percent. The average slope
of the lower earth flow was slightly steeper, about 41 percent. Several internal (minor) scarps
cut the upper earth slide, including two with large offsets. The lower of these two scarps was
about 70 feet upslope of the top of the earth flow, arcuate in plan view, and between 3.5 and 7
feet high on June 23. The second large-offset scarp (figure 6D) crossed the middle of the corral
and reached a maximum height of about 6 feet near the southeastern edge of the corral.
Observations between March and June suggest that the northern part of the landslide remained
active during this period and enlarged upslope of the tack shed. On June 23, the main scarp east
of the large-offset internal scarps reached a maximum height of only about a foot and crossed a
cut slope above a tack shed northeast of the corral.

The southern part of the main landslide consisted of an earth slide about 340 feet wide
and between 160 and 200 feet long. Figure 5 shows the movement direction of the southern part
of the slide was generally to the south-southwest. In the east, the southern part of the slide
abutted the northern earth slide, but in the west the southern part of the slide overlapped the
northern part. The northern boundary of the southern part of the landslide extended into the
southern corner of the corral and about 80 feet of the northern part of the slide was captured by
the southern part. Local relief in the southern part of the landslide ranged between about 50 and
95 feet, with an average slope between about 32 and 46 percent. The main scarp of the southern
part of the slide consisted of two separate arcuate scarp areas divided by a narrow south-trending
ridge (figure 5). The scarps locally reached a maximum height of about 6 feet on June 23.
Figure 6F shows damage to a wooden fence caused by ground deformation in the upper part of
the southern part of the main landslide. A well-defined landslide toe exists along the bank of a
drainage in the east and near the base of the slope in the west (figures 4 and 5).

Small Landslides

Three other small landslides were also active in 2005 on the property (figures 2B through
2D and 4), all of which formed in cut and/or fill slopes. Because of the use of local landslide
debris as fill, differentiating cut and fill slopes was not possible. The topography suggests that
the slopes may be cuts in their lower parts and fills in their upper parts. Table 1 summarizes the
dimensions of these landslides.
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Table 1. Summary of dimensions and slope of small landslides.

| Locationof slide | Length(f) | Width(f) | Area(sqyds) | Slope (percent) |
Near tack shed 45 59 308 47
East of barn 59 64 377 79
Northeast of arena 26 50 108 93

The closest small slide to the main landslide was in a steep southwest-facing slope below
a paved access road to a large barn on the property, a short distance southeast of the tack shed.
Offset on the main scarp caused minor damage to a wooden fence and to the edge of the
pavement atop the slope (figure 2B). Based on its proximity to ground deformation features in
the crown of the main landslide, the small slide may actually be within the limits of the main
landslide, although it is mapped as a separate slide on figures 4 and 5.

The two other small slides were upslope of a large barn and riding arena (figure 4). One
was on a southeast-facing slope east of the large barn (figure 2D). Offset on the main scarp
severed a buried drain or water pipe. The other small slide (figure 2C) was in a cut slope directly
northeast of a riding arena. The landslide was localized in a weathered block of Manning
Canyon Shale or homogenous debris derived from the shale.

CAUSES AND IMPLICATIONS

Movement of the 2005 landslides initiated during a wetter than normal period and after
most, if any, snowpack at this elevation (approximately 5,200 to 5,450 feet) had melted. Thus,
rising ground-water levels in the underlying prehistoric landslide deposits likely triggered the
movement. However, ground-water levels declined between February and March in most of the
nearby monitoring wells in the Sherwood Hills subdivision to the south. Only two of the
Sherwood Hills wells, both at about elevation 5,200 feet, had rising ground-water levels in
March, suggesting the possibility that ground-water levels were rising at least in the lower part of
the main landslide when movement triggered. Rising ground-water levels in the lower parts of
the underlying younger pre-existing landslides may have reduced the resisting forces sufficiently,
possibly in combination with a wetting-induced rise in soil weight that increased driving forces
in the upper parts of these slides, to trigger movement.

The property owner of the affected part of the horse ranch indicated that minor ground
deformation was noticed in 2004 in the corral area, suggesting movement in the previous year.
Thus, another possibility is that movement in 2004 never suspended, but only fell to an
extremely slow rate in the summer of 2004. The onset of rising ground-water levels and soil
wetting in March 2005 may have caused a rapid acceleration in the rate of movement and the
resulting ground deformation.

Grading and fill placement at the top of the younger pre-existing landslides (Qmsy; in

figure 3) were also likely contributing causes of the landsliding. The additional load of the fill in
the upper part of these landslides increased driving forces and likely left the pre-existing slides
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marginally stable prior to the rising ground-water levels in 2005 or the onset of movement in
previous years.

The large amount of displacement and ground deformation of the main landslide in 2005
is notably different from that which occurred during the same time period in the remainder of the
Sherwood Hills landslide complex directly to the south. Scarp heights on the horse property
reached a maximum height of about 7 feet in the northern earth slide whereas the highest scarp in
the Sherwood Hills subdivision part of the complex, caused by movement in 2005, measured
only several inches in height. The amount and extent of displacement and ground deformation at
the horse ranch landslide is likely due to both the local steep slopes (average slopes in the main
landslide ranged typically between 30 and 45 percent with locally steeper slopes), and the type of
movement (flow) in the northern part of the slide. Earth-flow displacement likely exceeded 50
feet in the northern part of the landslide and accommodated considerable stretching in the
upslope earth slide, as indicated by the numerous scarps. Rapid failure of the fill slope and
disruption of fill soils at the west corner of the corral during a time when the soil was wet or even
locally saturated may have accelerated the transition to earth flow. However, scarp height and
upslope enlargement of the landslide also suggests deeper seated movement of the underlying
landslide deposits. Initial landslide boundary mapping in late March showed close conformity
between the 2005 boundaries of the northern part of the landslide and the northern younger pre-
existing landslide (Qmsys in figure 3).

FIELD METHODS

Landslide boundaries were mapped using a handheld global positioning system device
with an approximate accuracy range of between 10 and 30 feet at the time of the fieldwork.
Maps of the 2005 landslides and dimensions listed in this report were derived using this method.
Short-term variation in location was tested using duplicate measurements from the same device
and was less than 2 feet. Duplicate measurements using two devices were also used to improve
accuracy. Some measurements of landslide dimensions were checked in the field using a
fiberglass tape.
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respect to claims by users of this product.
REFERENCES

Ashland, F.X., 2003, Characteristics, causes, and implications of the 1998 Wasatch Front
landslides, Utah: Utah Geological Survey Special Study 105, 49 p.

Machette, M.N., 1992, Surficial geologic map of the Wasatch fault zone, eastern part of Utah

Valley, Utah County and parts of Salt Lake and Juab Counties, Utah: U.S. Geological
Survey Miscellaneous Investigations Series Map 1-2095, 26 p. pamphlet, scale 1:50,000.

111



Figure 1. Location map of landslide area on horse ranch east of East Lawn Memorial Hills
Cemetery in northern Provo. Topographic base from the Orem 7.5-minute quadrangle.
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Figure 2. Landslides in 2005 on horse ranch east of East Lawn Memorial Hills Cemetery,
Provo. (A) View to the east of north part of main landslide on March 17. (B) Minor offset on
main scarp of small companion slide to main landslide southeast of tack shed that caused minor
damage to fence. View is to the west. (C) View to the east of small landslide northeast of riding
arena in highly weathered Manning Canyon Shale or debris derived from the shale. Movement
direction is to the west-southwest. (D) View to the west-southwest of main scarp of small
landslide east of barn. Movement direction is to the southeast. Photographs of small landslides
(B, C, and D) taken on June 23.
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Figure 3. Aerial photograph geologic map of the northern part of the Sherwood Hills landslide
complex showing prehistoric landslides and landslide deposits prior to development. Unit 1
younger landslides (Qmsy;) and unit 1 older landslide deposits (Qmso;) underlie site of 2005

landslides on horse ranch property.
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Figure 4. Map showing 2005 landslides on horse ranch property. The main landslide consists
of two parts that overlap near a southwest-trending ridge crest, a northern complex earth slide-
earth flow that moved west-southwest and a southern earth slide that moved south-southwest.
The other three small landslides occurred in either cut or fill slopes.
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Figure 5. Detailed map of main landslide. Height of scarps or deposit thicknesses in feet on
June 23 also shown. Dashed rectangular area is approximate boundary of corral. Pipe
indicates drainpipe exposed in scarp.
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Figure 6. Ground deformation in the main landslide, March 17 to May 12, 2005. (A) View to
the northeast of earth-flow toe (arrow) on March 17. (B) Slickensided clay in north part of
landslide on March 17. (C) View to the north of south part of landslide on March 29. (D) View
to the northwest of large internal scarp that crossed horse corral on April 18. (E) View to the
northeast of north edge of landslide on April 18. (F) View to the east of damage to fence due to
offset of main scarp of south part of landslide on May 12.
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INTRODUCTION

On the evening of May 25, 2005, a debris flow occurred on the U-Bar Dude Ranch,
destroying one guest cabin and partially burying another cabin (Uinta Basin Standard, 2005). U-
Bar Ranch lies at the north of Ashley National Forest Service Road 118 in Uinta Canyon on the
south flank of the Uinta Mountains about 25 miles north of Roosevelt, Utah. The cabins were
unoccupied because the U-Bar Ranch was not yet open for the summer season but ranch
personnel evacuated the premises following the debris flow. U-Bar Ranch personnel returned
the following morning and found a second debris-flow deposit blocking the road at the Wandin
Campground (Uinta Basin Standard, 2005) about 0.2 mile south of the ranch. U-Bar Ranch
personnel later discovered a third debris flow that crossed a wilderness trail about 0.8 mile north
of the ranch.

For this report, the Uinta Canyon debris flows from north to south are referred to as U-
Bar Ranch North, U-Bar Ranch, and Wandin Campground debris flows (figure 1). All three
debris flows occurred near the end of snowmelt of an above average snowpack. The U-Bar
Ranch and Wandin Campground debris flows initiated as debris slides that transformed into
debris flows as they traveled downslope.

The purpose of my investigation was to determine the geologic characteristics of these
snowmelt debris flows and evaluate the future hazard potential. U.S. Forest Service Ashley
National Forest geologist Dave Herron visited the site on June 2, 2005, and prepared a report
describing the Wandin Campground and U-Bar Ranch debris flows (Herron, 2005). On July 12,
2005, Dave Herron and | measured the volumes of channel erosion and mapped the source debris
slides for the U-Bar Ranch and Wandin Campground debris flows. On July 13, 2005, | mapped
the deposits of the U-Bar Ranch North, U-Bar Ranch, and Wandin Campground debris flows. A
field traverse up the channel to the start of the U-Bar Ranch North debris flow was not made. |
discussed the damages and timing of the three debris flows with U-Bar Ranch personnel. 1 also
reviewed 1:60,000 scale 1953 aerial photos, U.S. Geological Survey 1993 aerial photos at
various scales (TerraServer USA, 2005), National Agriculture Imagery Program aerial photos at
various scales (Utah Automated Geographic Reference Center, 2005), 1:125,000-scale geologic
maps, and regional geologic reports of the area.
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CONCLUSIONS AND RECOMMENDATIONS

Based on this geologic investigation and hazard assessment of the Uinta Canyon debris

flows, the Utah Geological Survey (UGS) concludes the following:

The U-Bar Ranch and Wandin Campground debris flows triggered as shallow debris
slides near the end of the spring snowmelt. The flows traveled down the channels,
bulking additional sediment until they flowed out onto alluvial fans and deposited the
sediment. Ample material is available in the debris-slide-source areas and in channels for
future debris flows. Future debris flows could produce volumes similar to or larger than
the 2005 events.

The debris flows occurred near the end of a period of rapid snowmelt of an above-normal
snowpack.

Infiltrating snowmelt water likely perched on shale bedrock, increased the pore-water
pressure in overlying materials, and triggered the debris slides that transformed into
debris flows.

The U-Bar Ranch and Wandin Campground debris flows fall within the Chleborad
(1997) temperature threshold and anticipated landslide movement window, indicating
Chleborad’s methods could be used to anticipate the timing of future snowmelt debris
flows in this area.

Based on the debris slides and scoured channels observed in the field and on aerial
photographs, debris slides are a common mechanism for the initiation of debris flows in
this area.

The U-Bar Dude Ranch and Wandin Campground lie on alluvial fans where debris flows
run out and deposit sediment. Debris flows will continue to run out on these alluvial fans
and may damage facilities built on these fans. Because debris flows travel fast and often
strike without warning, the potential also exists for loss of life. | recommend a site-
specific debris-flow investigation be performed to evaluate the risk to individual
structures and possible risk-reduction measures and their cost. Alluvial-fan flooding is
also a hazard on these fans that should be addressed along with the debris-flow hazard.

The source area of the U-Bar Ranch North debris flow was not investigated but it likely

followed similar timing and trigger patterns as the U-Bar Ranch and Wandin
Campground debris flows.
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DESCRIPTION AND GEOLOGIC SETTING

The U-Bar Ranch North, U-Bar Ranch, and Wandin Campground debris flows initiated
along the steep east valley wall of Uinta Canyon (figure 1). The Uinta River flows south in a
large glacial valley with oversteepened valley sides. Valley glaciers filled the canyons on the
south side of the Uinta Mountains during the middle and late Quaternary (Laabs and Carson,
2005). The most recent glaciation in the area was the Smith Fork glaciation that reached a
maximum prior to 17.6 ka in the Lake Fork and Yellowstone Canyons to the west (Laabs and
Carson, 2005). The Smith Fork glaciation is equivalent to the Pinedale glaciation used by earlier
workers to describe the latest glacial advance in this area.

The general geology in the area was mapped by Bryant (1992). Bedrock in the area
consists of two Middle Proterozoic units. The Hades Pass unit consists of sandstone, arkose, and
shale. The Red Pine Shale consists of siltstone and shale with thin discontinuous beds of
quartzite and arkose. The Red Pine Shale is a unit commonly involved in landsliding in
northeastern Utah (Harty, 1991). Bryant (1992) mapped several landslides within and adjacent
to the Red Pine Shale along the east wall of Uinta River Canyon. The most widespread surficial
deposit is glacial till associated with the Smith Fork glaciation. Post-glacial deposits consist of
talus, colluvium, landslides, alluvial fans, and stream alluvium. East of Wandin Campground, a
large, deep-seated landslide is mapped within and adjacent to the Hades Pass unit and the Red
Pine Shale (Bryant, 1992). This large landslide extends into the glacial valley indicating post-
glacial movement (Herron, 2005). Different ages of historical debris slides along the east valley
wall are evident on aerial photographs. These debris slides have a similar elevation and aspect to
the 2005 debris slides. Post-glacial alluvial fans prograde out onto glacial till deposits on the
valley floor. These fans are sites of active deposition and show evidence of recent debris flows.
Stream alluvium is deposited along the channels and flood plain of the Uinta River and tributary
streams.

All three debris flows traveled down small, steep drainage basins onto alluvial fans. The
drainage basins ranged in size from 21 to 79 acres and have relief ratios ranging from 44 to 53%
indicating that these small basins are very steep (table 1). The alluvial fans also have steep
average gradients that range from 8.5 to 11.6°. Easily erodible sediment is stored in these
drainage basin channels and is a source for future debris flows. A wildfire during the mid-1980s
burned the slopes in the small, steep drainage basins above U-Bar Ranch and Wandin
Campground. Standing dead tree trunks from the fire are present within and around the 2005
debris slides. The dead tree trunks show significant decay and likely have little root strength
from a slope stability standpoint. However, the 2005 debris slides are likely not related to the
wildfire because numerous young aspen trees within and around the debris slides provide
increase in root strength.

U-BAR RANCH NORTH DEBRIS FLOW
The exact timing of the U-Bar Ranch North flow is unknown. However, U-Bar Ranch

personnel discovered the deposit in mid-June about 3 weeks after the other flows. The deposit
was dried out, suggesting the flow likely occurred in late May. The drainage basin for this flow
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has a similar aspect and elevation as the other basins (table 1). West-facing debris slides are also
evident on 1953 aerial photos at the head of this drainage. The U-Bar Ranch North flow exhibits
characteristics of a hyperconcentrated flow that deposited a 0.1- to 0.5-foot-thick layer of sand,
gravel, and cobbles on the alluvial fan. Hyperconcentrated flows have 20 to 60% sediment by
volume (Pierson and Costa, 1987) and are more fluid than debris flows that have greater than
60% sediment by volume. For this report, the term debris flow is used in a general way to
include all flows within the hyperconcentrated- and debris-flow sediment-water concentration
range. The flow has a relatively long runout (960 feet) and large deposit area given the small
flow volume (500 cubic yards [yd®], table 1). The long runout distance and large deposit area are
likely the result of the fluid nature of this hyperconcentrated flow and its ability to spread
laterally. The distal end of the deposit extends off the alluvial fan and onto the Uinta River flood
plain. Damages from this flow include sediment deposited on a wilderness trail and some
sediment that flowed into the Uinta River.

U-BAR RANCH DEBRIS FLOW

According to personnel at the U-Bar Ranch, the U-Bar Ranch debris flow occurred about
10:15 p.m. and was recognized by loud sounds as the flow advanced down the channel (Uinta
Basin Standard, 2005). The flow destroyed the Chepta cabin that was built in the 1930s (figure
2). The flow also deposited sediment 4 feet deep on the upslope side of the nearby Atwood
cabin and 4-5 feet deep on the road leading into the ranch (figure 3). Above-ground water lines
at the ranch were also damaged.

The U-Bar Ranch debris flow initiated as a debris slide 190 feet long and 90 feet wide at
an elevation of 9280 feet (figures 1, 4). The debris slide consists mostly of weathered shale and
had an estimated volume of 5500 yd®. Detached blocks of weathered shale within the slide and
weathered shale adjacent to the slide are prone to future movement (figure 4). The shale likely
played a key role in perching infiltrating snowmelt water, increasing the pore-water pressure in
the weathered shale and hillslope till and colluvium, and eventually triggering the debris slide. A
small amount of water was draining from the area evacuated by the debris slide on July 12, 2005.
This drainage probably has not experienced historical debris slides because none are apparent on
1953, 1993, and 2004 aerial photographs. The debris slide transformed into a viscous debris
flow as it traveled downslope.

Two types of debris-flow behavior are present downslope of the debris slide. From the
toe of the debris slide at elevation 9160 feet to a quartzite cliff band at elevation 8320 feet, the
debris flow was a viscous mass flowing down the channel, depositing levees on steep slopes
ranging from 27 to 30° (figure 5). Deposition of channel levees (some up to 50 feet wide and 4
feet thick) indicate the peak flow greatly exceeded the channel capacity. Below the quartzite
cliff band, the flow eroded the pre-existing channel 5 to 12 feet deep and did not deposit levees.
Field measurements show that between the toe of the debris slide and the quartzite cliff band
approximately 3600 yd® of sediment were deposited as channel levees and 200 cubic yards were
eroded from the channel. Below the quartzite cliff band 3500 yd® were eroded from the channel.
The average sediment bulking rate along the entire channel length is 2.5 yd® per liner foot of
channel.
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The debris-flow deposit forms a large lobe on the alluvial fan (figures 1, 6). Some
sediment was also deposited along and within the feeder channel above the fan. The deposit area
is 1.2 acres and consists of 7000 yd® of sediment (table 1). Locally the deposit is up to 6 feet
thick. Runout on the alluvial fan is 750 feet and the distal end of the flow nearly reached the
lodge (figure 2).

WANDIN CAMPGROUND DEBRIS FLOW

The Wandin Campground debris flow occurred late on May 25 or early on May 26, 2005,
because the flow had blocked Forest Service Road 118 (figure 7) when U-Bar Ranch personnel
returned on May 26 (Uinta Basin Standard, 2005). The flow plugged a culvert and then flowed
over the road and down the alluvial fan into the campground, damaging several camp sites.
Stream flow following the debris flow reworked sediment originally deposited in the
campground farther downslope (Herron, 2005).

The Wandin Campground debris flow initiated as a debris slide (figures 1, 8) measuring
90 feet long and 60 feet wide at an elevation of 9320 feet. The debris slide had an estimated
volume of 1000 yd® but the volume is difficult to estimate based on evacuated material because
of a previous debris slide in the same location, which aerial photographs indicate occurred
between 1993 and 2004. The debris slide(s) have produced a 20 to 25-foot-high main scarp that
exposes glacial till and colluvium above shale bedrock (figure 8). On July 12, 2005, a spring
was flowing out of the landslide scar on the shale (figure 8). Similar to the U-Bar Ranch flow,
the shale likely played a key role in perching infiltrating snowmelt water, increasing the pore-
water pressure in the overlying till, and eventually triggering the debris slide. The debris slide
transformed into a debris flow as it traveled downslope.

The debris flow likely traveled in pulses because channel-plug deposits are present below
the debris slide at elevation 8840 feet (figure 9) and at elevation 8000 feet above the alluvial fan.
These channel-plug deposits are a source of sediment for future debris flows. The volume of
material eroded by the debris flow varied along the channel. Channel erosion depths ranged
from 0.1 to 3 feet and the estimated average sediment bulking rate is 0.2 yd® per linear foot of
channel.

Two channel profiles at elevations 7920 and 7980 feet were measured along straight
reaches to get rough estimates of peak flow. Using relatively low debris-flow velocities of 5 to
10 feet per second (Costa, 1984), peak-flow estimates range from 555 to 1110 cubic feet per
second at elevation 7980 feet, and 680 to 1360 cubic feet per second at elevation 7920 feet.

The Wandin Campground debris flow was deposited in three thin lobes (figure 1). Two
lobes were deposited on the upper fan and a third lobe was deposited on the lower fan in the
campground. On the fan head the flow exceeded the alluvial-fan-channel capacity and avulsed
part of the flow south out of the channel. The remaining flow continued down the channel,
blocked the culvert under the road (figure 7), and then flowed through the campground. The
three lobes have a combined volume of 1700 yd® and an area of 1.1 acres (table 1). All deposits
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are 1 foot or less in thickness. The west edge of the farthest downslope lobe extends off the
alluvial fan toe onto a small stream terrace. The flow has a runout distance of 900 feet.

PROBABLE LANDSLIDE CAUSES

Based on conversations with U-Bar Ranch personnel, the debris flows occurred near the
end of the spring snowmelt. Rapid snowmelt of an above-normal snowpack in late May and
early June of 1983 triggered numerous shallow landslides that mobilized into debris flows in
northern Utah (Anderson and others, 1984). Many of the 1983 flows were triggered near the end
of the snowmelt, similar to the U-Bar Ranch and Wandin Campground debris flows.

Snowmelt seeps into the soils and is a major factor contributing to spring landslides
(Chleborad, 1997). Mathewson and others (1990) found that snowmelt may also recharge
shallow fractured bedrock aquifers and raise pore-water pressures beneath shallow soils,
triggering landslides. Snowmelt also provides a more continuous supply of water over longer
time periods than infiltration from rainfall (Wieczorek and Glade, 2005). The U-Bar Ranch and
Wandin Campground debris flows likely triggered when snowmelt water infiltrated into the
subsurface, perched on shale bedrock, raised the pore-water pressures in material overlying the
shale, and triggered debris slides.

The south flank of the Uinta Mountains had an above-average snowpack at the onset of
the 2005 snowmelt. The nearest snowpack, snowmelt, and temperature measurement site is at
the Natural Resources Conservation Service (NRCS) Utah Snow Survey Moshy Mountain snotel
site (NRCS, 2005a), 15 miles to the east. Even though the snotel site is east of the debris flows,
the data can be used to evaluate the 2005 snowmelt pattern. Regional spring snowmelt air
temperatures are broadly the same for a given elevation. The Mosby Mountain snotel site is at
9500 feet and similar in elevation to the U-Bar Ranch (9280 feet) and Wandin Campground
(9320 feet) debris slides. On April 1, 2005, the Mosby Mountain snotel site had a snow-water
equivalent of 25.7 inches, which is 212% of the 1977-2000 average (NRCS, 2005b).

The rate of snowmelt depends primarily on air temperature, which in turn relates to the
timing of debris flows (Chleborad, 1997, 1998). A strong relationship exists between snowmelt
landslide events and rising spring temperatures in the central Rocky Mountains (Chleborad,
1997; Chleborad and others, 1997). Figure 10 is a plot of daily snowmelt and average daily
temperature at the Mosby Mountain snotel site. An average of 1.5 inches of water per day
melted from May 16 through 27, 2005, a 12-day period of rapid snowmelt. This melt period also
corresponds to a significant increase in average daily temperature. The site melted out on May
27, 2005.

Chleborad and others (1997) used a 6-day moving average of daily maximum air
temperature with an optimum threshold of 58°F or higher for anticipating the onset of snowmelt-
generated landslides. Their study concluded that most snowmelt-triggered landslides occur
within two weeks after the first yearly exceedance of this threshold. Figure 11 shows the 6-day
moving average of daily maximum temperature at the Mosby Mountain snotel site. The first
occurrence of the 6-day moving average of daily maximum temperature at or greater than 58°F is
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on May 22, 2005. The U-Bar Ranch and Wandin Campground debris flows triggered on May 25
and 26, 2005, three to four days after reaching the threshold, suggesting that these landslides
triggered in a similar manner to other snowmelt-generated landslides studied by Chleborad.
Since these landslides fall within the Chleborad (1997) temperature threshold and anticipated
landslide movement window, this method could be used to anticipate timing of future snowmelt-
generated debris flows in the area.

HAZARD ASSESSMENT

Debris flows are fast-moving slurries of mud, rocks, and debris that travel down drainage
channels. Debris flows are particularly dangerous to life and property because they travel fast,
destroy and bury objects in their paths, and often strike without warning. On June 10, 1965,
seven people died in Palisade Campground at night in their trailer when a debris flow in Sheep
Creek destroyed the campground (Sprinkel and others, 2000). Sheep Creek is about 35 miles
northeast of the Uinta Canyon debris flows. This case illustrates that debris flows can travel fast
and people sleeping in campgrounds have little chance to evacuate. The demolished guest cabin
at U-Bar Ranch also demonstrates the destructive power of debris flows.

Based on findings in this investigation, future debris flows will continue to run out and
deposit sediment on the alluvial fans occupied by U-Bar Ranch and Wandin Campground. Both
snowmelt or intense rainfall could trigger future debris flows. Ample sediment is present both in
debris slide areas and in drainage channels to produce debris flows as large as or larger than the
2005 flows. Field and aerial-photograph observations of debris-slide-source areas and scoured
channels indicate debris flows are frequent, as do young debris-flow deposits on the alluvial fans.
The primary hazards associated with debris-flow processes on these fans are direct impact,
sediment burial, and water damage. A site-specific debris-flow investigation is needed to
understand the hazard and risk to individual structures at U-Bar Ranch and Wandin Campground
and to assess possible risk-reduction measures and their costs. Giraud (2005) outlined methods
for the geologic evaluation of debris-flow hazards on alluvial fans.

SUMMARY

The U-Bar Ranch and Wandin Campground debris flows triggered as shallow debris
slides, transformed into debris flows, and traveled down channels bulking additional sediment
until they flowed out onto alluvial fans and deposited the sediment. The U-Bar Ranch flow
destroyed a cabin, partially buried another cabin, buried the ranch access road, and damaged
water lines. The Wandin Campground flow blocked Forest Service Road 118, plugged a culvert,
and damaged several campsites. These debris slides and debris flows are related to a period of
rapid snowmelt of an above-average snowpack. The infiltrating of snowmelt water perched on
shale bedrock, increased the pore-water pressure in overlying materials, and triggered the debris
slides. These debris flows fall within the Chleborad (1997) temperature threshold and
anticipated landslide movement window, indicating Chleborad’s methods could be used to
anticipate the timing of future snowmelt debris flows in the area. Future debris flows will
continue to run out and deposit sediment on the alluvial fans occupied by U-Bar Ranch and
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Wandin Campground. | recommend a debris-flow investigation to understand the hazard and the
risk to individual structures at these sites and to evaluate potential risk-reduction measures.

LIMITATIONS

Although this product represents the work of professional scientists, the Utah Department
of Natural Resources, UGS, makes no warranty, expressed or implied, regarding its suitability
for a particular use. The Utah Department of Natural Resources, UGS, shall not be liable under
any circumstances for any direct, indirect, special, incidental, or consequential damages with
respect to claims by users of this product.
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Table 1. Basin, landslide, fan, and deposit characteristics for the Uinta Canyon debris flows.

Debris Flow | Basin | Basin | Longest | Relief | Debris | Debris | Average Fan Fan Fan Fan
Area | Relief | Channel | Ratio” Slide Slide Fan Head Runout | Deposit | Deposit
mi? ft ft % Head | Volume | Gradient | Elevation | Distance | Volume | Area
(acres) Elevation | yd® degrees ft ft yd? acres
ft
U-Bar 0.12 | 2240 4200 53 na na 10.1 8080 960 500 0.9
Ranch north | (79)
U-Bar 0.03 | 1520 2600 58 9280 5500 11.6 7920 750 7000 1.2
Ranch (21)
Wandin 0.05 | 1280 2900 44 9320 1000 8.5 7880 900 1700 1.1
Campground | (29)

*Relief ratio is the basin relief divided the longest channel extended to the drainage divide
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Figure 1. Location of the Uinta Canyon debris flows: U-Bar Ranch North, U-Bar Ranch, and
Wandin Campground. The debris slides are shown in yellow, debris-flow paths in blue, and
debris-flow deposits in red.
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Figure 2. The roof of the Chepta cabin lies on the toe of the U-Bar Ranch debris-flow deposit. The cabin
roof is approximately 180 feet downslope of the original cabin position. The U-Bar Ranch lodge
(building with green metal roof) is left of the deposit. Photo by Dave Herron, U.S. Forest Service.

Figure 3. The U-Bar Ranch debris-flow deposit. The deposit is 4 to 5 feet thick and is blocking the
access road into the ranch. The mattress and cut logs on the road are from the demolished Chepta log
cabin. Photo by Dave Herron, U.S. Forest Service.
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Figure 4. View looking west down the U-Bar Ranch debris slide toward the Uinta River, showing smaller
slide blocks within the slide and weathered shale adjacent to the slide. The travel angle from the debris
slide to ranch lodge (building with green roof in center of photo) is 27°. Photo by Dave Herron, U.S.

Forest Service.

Figure 5. Left-bank channel levee of U-Bar Ranch debris flow at 8800 feet elevation. The levee is

deposited on a 27-30° slope indicating a viscous phase of the debris flow. Photo by Dave Herron, U.S.

Forest Service.
130



Figure 6. View looking west down the lower U-Bar Ranch flow path. Maximum flow depth shown by
mud lines and boulder impact on tree trunks is 4 to 5 feet. The deposit toe is just beyond the red car.

Photo by Dave Herron, U.S. Forest Service.

Figure 7. Looking up the alluvial-fan channel from Forest Service Road 118 and Wandin Campground.
The Wandin Campground flow plugged the culvert at the bottom of the photo and flowed across the road
into the campground. The mud line on the large boulder indicates a maximum flow depth of 3.8 feet.
This large boulder indicates the size of boulders transported by previous debris flows.
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Figure 8. Wandin Campground debris-slide main scarp. The scarp is 20-25 feet high and exposes
unconsolidated till and colluvium. A spring is flowing over shale bedrock in the lower part of the photo.

Photo by Dave Herron, U.S. Forest Service.

Figure 9. Wandin Campground debris-flow channel plug at 8880 feet elevation. The two light-colored
areas without vegetation in the upper part of the photo are debris slides. The debris slide on the left is
the source of the 2005 Wandin Campground debris flow. The debris slide on the right occurred between

1993 and 2004.
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Figure 10. Daily snowmelt and average daily temperature at the Mosby Mountain snotel site. From May
16 to May 27, 2005, an average of 1.5 inches of water per day melted from the snowpack.
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Figure 11. Six day moving average maximum daily air temperature at the Mosby Mountain snotel site.
The U-Bar Ranch and Wandin Campground debris flows occurred five days after the 58°F threshold was
reached at the Mosby Mountain snotel.
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INTRODUCTION

Beginning on June 8, 2005, Utah Geological Survey (UGS) geologists conducted an
investigation of two landslides between a sewer line northeast of Creekside Drive and Gordon
Creek in the Highlands West subdivision in Mountain Green (figures 1 and 2). The purpose of
the investigation was to assess the potential hazard to the sewer line and creek and to determine
the state of activity of the two landslides. This report presents the conclusions of this
investigation.  Our preliminary concerns and recommendations related to the potential threat
posed by the two landslides to the sewer line were sent to Morgan County in a letter dated June
17, 2005. During this investigation, | provided periodic updates on movement monitoring results
and field observations to Morgan County Engineer Austin Rowser. A representative of the
Mountain Green Sewer Improvement District was informed of the landslides at a public meeting
on June 30, 2005.

CONCLUSIONS AND RECOMMENDATIONS

The two small landslides pose a direct threat to the sewer line if upslope enlargement of
the landslides occurs or if the main scarps of the landslides grow to sufficient height to initiate
local failure. Damage to the sewer line poses an environmental hazard if sewage is discharged
into Gordon Creek, a tributary of the Weber River. Upslope expansion of the southernmost
landslide may also threaten Creekside Drive and part of a residential lot. Future downslope
movement of debris, particularly in the southern of the two landslides, may divert Gordon Creek
or create a small temporary blockage. Minor erosion and/or sedimentation may accompany
diversion or blockage of the creek.

The UGS recommends that the sewer company regularly monitor the condition of the
buried sewer line for potential leakage and develop a contingency plan if sewage is discharged
from a break upslope of the creek. We also recommend that the sewer company hire a
professional geotechnical engineering firm to assess potential landslide stabilization options.
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Ideally, stabilization efforts should be conducted in the dry summer months of June through
August, in the absence of an emergency situation that requires more immediate action.

GEOLOGY

The sewer line is underlain by a complex of late Holocene and older landslides in the
underlying Tertiary Norwood Tuff (Kaliser, 1972; Coogan and King, 2001). The Norwood Tuff
consists of tuffaceous sedimentary rocks and crops out along the northwest-trending ridge crest
southwest of Creekside Drive. The ridge is flanked on three sides (north, east, and south) by
landslides that formed in the tuff and Quaternary surficial deposits that formed on the tuff. To
the west, the Norwood Tuff is in contact with the underlying (older) Tertiary Wasatch Formation
that consists mostly of conglomerate and sandstone. The bedding in these formations dips
moderately to the east in the Creekside Drive area. Soils developed in residual, colluvial, and
landslide deposits derived from the Norwood Tuff are commonly expansive.

LANDSLIDE DESCRIPTIONS

The two small landslides occur at separate locations on the northeast-facing slope
between the buried sewer line and Gordon Creek, north of Creekside Drive in the Highlands
West subdivision in Mountain Green (figure 2). In this report we refer to the landslides as the
Southern and Northern Sewer-Line landslides. Table 1 summarizes the approximate dimensions
and average slope of the two landslides.

Table 1. Summary of approximate dimensions and average slope of sewer-line landslides.

| Location of slide |  Length (feet) | Width (feet) | Slope (percent) |
Southern 250 47 head; 60 toe 25
Northern 150 139 head; 177 (lower slide) 32-39

The Southern Sewer-Line landslide (figure 3) is on a relatively flat slope (about 25
percent) between the sewer line and Gordon Creek. The head of the landslide included
embankment fill from the sewer-line corridor, but most of the landslide occurred on a natural
slope that had been partly disturbed by emplacement of a drainpipe between the sewer line and
the creek. Broken pieces of the drainpipe were exposed on the upper north flank of the landslide
and had been thrust to the surface in the lower part of the slide. However, most of the lower part
of the landslide is in undisturbed native soils. On June 8, the main scarp exceeded seven feet (2
m) in height (figure 3A), but continued offset throughout the remainder of 2005 increased the
scarp height slightly. The main scarp cut across the eastern half of the sewer-line corridor.
Landsliding displaced the downslope side of the sewer-line embankment, but the sewer line had
not been exposed in the main scarp face as of November 1. A house at 6110 N. Creekside Drive
is to the west-northwest of the head of the landslide, but not directly upslope.
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The toe of the landslide overrode the active flood plain of Gordon Creek. The downslope
tip of the slide was as close as 3.4 feet (1 m) from the southwest edge of the incised creek on
October 12, 2005 (figure 3B). A wooden bridge across the creek, used for a trail crossing, is
directly downslope of the landslide. Internal deformation features include an east-trending
graben in the lower part of the landslide (figure 3D). A broken and displaced drainpipe in the
lower part of the landslide (figure 3E) indicated about 3.9 feet (1.2 m) of shortening as shown by
the downslope distance the upper pipe was displaced at the break.

The Northern Sewer-Line landslide (figure 4) occurred in a location where Gordon Creek
cuts into the base of a relatively steep slope below the sewer line. The landslide is crescent
shaped, widening in a downslope (eastern) direction. On June 8, the main scarp zone of the
landslide was within a few feet of the downslope edge of the sewer-line corridor. The main
scarp zone (figure 4A) consisted of two parallel scarps separated by about 3 to 4 feet (1-1.2 m)
with roughly equal amounts of offset. The maximum offset on the upper (main) scarp on June 8
was about 4 feet (1.2 m). The toe of the landslide was being directly eroded by Gordon Creek on
June 8 (figure 4B). In the lower part of the landslide, shallow sliding into the creek had
removed all surficial soils and vegetation. As in the Southern Sewer-Line landslide, a drainpipe
was exposed in both the upper and lower parts of the slide. The pipe was broken in the lower
part of the landslide.

LANDSLIDE MOVEMENT HISTORY AND POTENTIAL FOR FUTURE MOVEMENT

Most of the landslide movement in 2005 preceded our initial site visit on June 8. Local
residents indicated that movement of the two slides initiated earlier in the year, roughly
coincident with the end of the snowmelt in the area. In early June, the UGS installed survey
stakes to measure landslide movement across the main scarp zone of each landslide (figure 5).
At the Southern Sewer-Line landslide, movement continued throughout the latter part of the year
(June 10, 2005, through January 13, 2006). The plot shows a gradual decrease in the rate of
movement in the latter part of June and movement at a relatively steady rate subsequently. Total
movement (stretching) during the measurement interval exceeded 4 inches (10 cm) and was
accompanied by additional offset on the main scarp (figure 2F). At the Northern Sewer-Line
landslide, the rate of movement slowed in the latter part of June in a similar manner as at the
Southern Sewer-Line landslide, but movement suspended by the end of the month.

Given the excess precipitation in the area in 2005 (6.4 inches of excess precipitation
between September 2004 and August 2005 at the National Weather Service Huntsville station),
ground-water levels in landslide deposits in the slope below the sewer line likely remained high
(shallow) at the end of 2005. Continued movement of the Southern Sewer-Line landslide
throughout the latter part of 2005 also suggests sustained high ground-water levels. Thus, the
necessary ground-water-level rise to reactivate the two landslides, or to cause a rapid increase in
the rate of movement of continuously moving slides, may be possible even with a below-normal
snowpack.
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FIELD METHODS

Landslide boundaries and ground deformation features were mapped using handheld
global positioning system devices with an approximate accuracy range of between 10 and 30 feet
at the time of the fieldwork. Maps of the two landslides and dimensions listed in this report were
derived using this method. Short-term variation in location was tested using duplicate
measurements from the same device and was typically less than 2 feet.
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Figure 1. Location map of landslide area abutting sewer line in the Highlands West subdivision
northeast of Creekside Drive in Mountain Green. Base from U.S. Geological Survey Snow Basin
7-1/2’ quadrangle map.
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Figure 2. Aerial photograph showing approximate locations of two small landslides between
Gordon Creek and buried sewer line northeast of Creekside Drive in Mountain Green. Northern
Sewer-Line (NSL) and Southern Sewer-Line (SSL) landslides shown. Locations and boundaries

of landslides approximate.
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Figure 3. Southern Sewer-Line landslide. (A) View to the northwest of main scarp of the
Southern Sewer Line landslide. Landsliding destroyed the eastern part of the sewer corridor
embankment, but had not exposed the sewer pipe as of January 13, 2006. House at 6110 N.
Creekside Drive visible in background. (B) View to the northwest of toe of the landslide. Lower
toe thrust/fold is approximately 5 feet high. West edge of Gordon Creek (not visible just to the
right of the edge of the photograph) was only 3.4 feet from toe on October 12, 2005. (C) View
downslope of right-flank shear cutting across natural slope. (D) View downslope of east-
trending graben in lower part of slide. (E) Broken drainpipe in lower part of slide. Upslope
pipe displaced about 3.9 feet downslope. (F) Recent offset of main scarp on November 1, 2005,
due to continued movement of slide in latter part of 2005.
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Figure 4. Northern Sewer-Line landslide. (A) View to the south-southwest of main scarp zone
of the landslide. Top of main scarp was only a few feet from the east edge of the sewer-line
corridor. (B) View to the south of toe of the landslide along Gordon Creek. Note drainpipe

exposed along south flank of landslide.
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Figure 5. Landslide movement and ground deformation between June 10, 2005 and January 13,
2006. Plot shows continuous movement (stretching) at survey stake station across main scarp of
the Southern Sewer-Line landslide (squares). The rate of movement slowed in late June, but
movement continued at a relatively steady rate through January 13, 2006. At the Northern
Sewer-Line landslide (triangles), movement continued through most of June, but likely
suspended by the end of the month. Subsequent minor shortening across main scarp zone is
likely due to collapse of extensional fissures separating soil blocks in zone.
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INTRODUCTION

On the morning of June 3, 2005, a pre-existing landslide on the north side of Black
Mountain in southeastern Iron County reactivated and generated a large debris flow, which
flowed approximately 1.6 miles down an unnamed stream drainage before encountering Utah
State Route 14 (SR-14) and Crow Creek (figure 1). Lund and others (2005) made a
reconnaissance on June 4, 2005, to document the event, determine its source, and evaluate the
resulting damage. The debris flow buried a 100-foot-long section of SR-14 with mud, boulders,
and large trees, and then continued down Crow Creek (Cedar Canyon) causing erosion and flood
damage to SR-14 at several locations and blocking culverts with large tree trunks and gravel-to
boulder-size debris (figure 1) (Lund and others, 2005). Water from Crow Creek and its
tributaries eventually diluted the debris flow and transformed it into a sediment-laden stream
flood. SR-14 was closed for a week for cleanup and repair. In this report, we designate the
source landslide as the Black Mountain landslide, and the landslide-generated debris flow as the
Black Mountain debris flow.

The purpose of this investigation was to examine the source landslide, determine its
triggering mechanism, quantify the volume and geologic characteristics of the resulting debris-
flow deposits, and evaluate the potential for future large debris flows. Other than the SR-14
right-of-way, the landslide and debris-flow deposits are on private land. Landowners selectively
logged the north side of Black Mountain in the mid-1980s.

CONCLUSIONS AND RECOMMENDATIONS

Based on our investigation of the Black Mountain landslide and debris flow, we conclude
the following:

* The lower part of a pre-existing landslide on the north side of Black Mountain reactivated
and catastrophically released into a steep, narrow mountain channel. Rapid movement
down the channel transformed the landslide into a debris flow. Upon exiting the channel,
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the debris flow quickly traveled down a low-gradient, unnamed stream valley where it
scoured additional material from the stream channel and removed mature trees. Upon
reaching SR-14, the debris flow overtopped the highway and then continued down Crow
Creek and Cedar Canyon. Water from Crow Creek and its tributaries eventually
transformed the debris flow into a sediment-rich flood that eroded the highway
embankment and blocked culverts with tree trunks and sediment.

Rapid melting of a 210%-of-average 2005 snowpack initiated landslide movement.
Infiltration of snowmelt water increased pore-water pressure in the pre-existing landslide
and triggered movement.

The lower landslide released an estimated 50,000 to 60,000 cubic yards (yd®) of material
into the steep, narrow mountain channel. We estimate that the remaining upper landslide
mass perched above the channel on Black Mountain contains an additional 155,000 to
160,000 yd® of material.

Timber harvest on Black Mountain likely had little influence on the stability of the pre-
existing landslide because of the deep rupture surface.

Based on snow climate, steep gradient, and low-strength material along the landslide
rupture surface, we believe that future downslope movement of the remaining Black
Mountain landslide mass is highly probable. Release of additional landslide material into
the steep, narrow mountain channel could generate future large debris flows. The 2005
landslide enlarged the pre-existing Black Mountain landslide, and future landslide
movement could do the same, making even more material available to generate future
debris flows.

The Black Mountain debris-flow deposit has different characteristics in the upper and
lower parts of the unnamed stream valley above SR-14. The upper valley deposit is
wide, has distinct tree trim lines, and has a rough surface, whereas the lower valley
deposit is narrow, lacks tree trim lines, and has a smooth surface.

Based on the size of the trees removed along the upper part of the unnamed stream
valley, a debris flow similar in size to the 2005 event has likely not occurred in that
drainage for 100 years or longer. However, investigation and age determination of
debris-flow deposits in the unnamed valley is needed to estimate the long-term debris-
flow frequency.

Based on pre-2005 debris-flow deposits observed in the field and on aerial photographs,
small-volume debris flows in the upper part of the unnamed stream valley below the
narrow mountain channel are relatively frequent.

The triggering event for the Black Mountain landslide and debris flow follows a pattern
similar to other snowmelt-generated landslides studied by Chleborad (1997). The 2005
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snowmelt pattern can be used to anticipate reactivation of the Black Mountain landslide
and possible future debris flows.

* The primary hazard associated with future large debris flows in the unnamed stream
valley is damage to SR-14 caused by direct impact and sediment burial. Hazards along
Crow Creek and Cedar Canyon (Coal Creek) include flooding, erosion, and creek and
culvert blockage.

* Building structures in the bottom of the unnamed stream valley is not recommended
unless the debris-flow hazard is reduced to an acceptable level.

* The short-term debris-flow hazard is controlled by reactivation of the Black Mountain
landslide and its ability to release large volumes of material into the steep mountain
channel.

* We recommend a detailed investigation to determine possible highway risk-reduction
measures and their cost.

DESCRIPTION AND GEOLOGIC SETTING

Gregory (1950) mapped the bedrock geology on the north side of Black Mountain.
Quaternary basalt caps the mountain, and Gregory (1950) showed the basalt is underlain, from
youngest to oldest, by the Kaiparowits, Wahweap, and Straight Cliffs Formations. All three
formations are of Cretaceous age. Gregory (1950) showed the area where the Black Mountain
landslide occurred as underlain by the Kaiparowits Formation. Moore and Straub (2002)
redefined the Upper Cretaceous bedrock units in Cedar Canyon, but they did not remap the north
side of Black Mountain. Moore and others (2004) mapped the Navajo Lake quadrangle east of
Black Mountain, and their stratigraphic column shows the informal “formation of Cedar
Canyon” (Paleocene to Upper Cretaceous) above the Straight Cliffs, rather than the Wahweap
and Kaiparowits Formations. Gregory (1950) and Moore and others (2004) described the
Kaiparowits Formation and formation of Cedar Canyon, respectively, as mostly sandstone with
interbeds of conglomerate, mudstone, and shale. Moore and others (2004) mapped numerous
landslides within the formation of Cedar Canyon east of Black Mountain. Gregory (1950)
showed the steep, narrow mountain channel (figure 2) directly below the Black Mountain
landslide as underlain by the Straight Cliffs and Wahweap Formations.

Surficial geologic deposits on the north side of Black Mountain consist of old landslide
deposits, debris-flow deposits, basalt talus, colluvium, and stream alluvium. Based on mapping
by Moore and others (2004) in the Navajo Lake quadrangle, these surficial deposits generally
range in age from late Pleistocene to Holocene. Colton and others (1986) mapped a landslide on
the north side of Black Mountain; however, that landslide is much larger than the 2005 Black
Mountain landslide because their mapping included the large basalt talus deposit that lies west of
the Black Mountain landslide. The pre-2005 landslide is evident on the 1998 U.S. Geological
Survey (USGS) (TerraServer USA, 2005) and 2004 National Agriculture Imagery Program
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(NAIP) (Utah Automated Geographic Reference Center, 2005) aerial photos, as are young
debris-flow deposits immediately below the steep, narrow mountain channel where it empties
into the unnamed stream valley. We identified two small probable 2005 landslides near the top
of the talus deposit.

BLACK MOUNTAIN LANDSLIDE

The Black Mountain landslide consists of two distinct parts, an upper and a lower
landslide (figure 2). The upper landslide (figures 2, 3) is approximately 560 feet long, 370 feet
wide, and covers an area of 5.6 acres. On June 3, 2005, the lower landslide catastrophically
released into the steep, narrow mountain channel (figures 2, 4), and quickly transformed into the
Black Mountain debris flow. The upper landslide moved downslope but did not release
catastrophically and remains perched on the mountain slope. A large evacuated area now exists
where the lower landslide was formerly located (figure 5). We estimate that the lower landslide
was 450 feet long, 200 feet wide, and 1.6 acres in area, and the volume of landslide material
released into the mountain channel was between 50,000 and 60,000 cubic yards (yd®). An
estimated 155,000 to 160,000 yd® of material remains in the upper landslide, which is now
perched above the narrow channel (figure 6). Based on the position of the pre-existing
landslide’s main scarp as indicated on 2004 aerial photos, the main scarp of the upper 2005
landslide extended an additional 400 feet upslope and slightly to the west. Both the upper and
lower landslides have steep gradients of 43% (23.3°) and 60% (30.9°), respectively. The
physical characteristics of the 2005 landslide are shown in table 1.

The upper landslide has a very rough surface and consists of clay-rich debris with angular
cobbles and boulders of basalt and sandstone (figures 3, 7). Where exposed downslope from the
main scarp of the upper landslide, the rupture surface beneath the upper part of the upper
landslide is shallow and movement only involved the upper few vertical feet of slope (figure 7).
The rupture surface dipped from 30 to 34°, and formed in weathered, soft, low strength, shale
and mudstone. However the rupture surface becomes significantly deeper downslope, and we
estimate it was 40 to 50 feet deep where the lower landslide catastrophically failed into the
mountain channel (figures 5 and 6). Timber harvest and subsequent loss of root strength likely
had little influence on landslide stability because of the deep rupture surface. Several springs
were present in the evacuated area and were discharging from the exposed rupture surface.

Field observations and Utah Highway Patrol aerial reconnaissance photos taken a few
hours after the landslide on June 3, 2005, indicate recent landslide movement. The photos show
a fresh main scarp with slickensides lacking snow cover surrounded by an approximate 3-foot-
thick snowpack (figure 3). At the top of the main scarp, the landslide pulled away leaving a
sharp break in the snowpack that resembles a snow avalanche crown line. Early news reports
stated that the debris flow may have been a snow avalanche, but the photos show that landslide
movement created the crown line in the snowpack. Shearing along the landslide’s left flank
churned up talus blocks and landslide material onto the snow surface (figure 3), which also
demonstrates recent movement.

146



BLACK MOUNTAIN DEBRIS FLOW

Once the lower landslide released into the steep, narrow mountain channel, rapid mixing
of the landslide mass quickly transformed it into a debris flow. As it proceeded down the 1200-
foot-long channel, the debris flow scoured additional debris from the channel bottom and sides
before exiting into the more gently sloping unnamed tributary stream valley to Crow Creek. The
debris flow continued down the valley, scouring additional sediment, taking out trees, and
depositing large volumes of sediment (figure 2). The debris flow plugged the box culvert under
SR-14 with sediment and then overtopped the road, depositing sediment and blocking the
highway (figure 8). Lund and others (2005) discussed the damages downstream in Crow Creek
and Cedar Canyon.

The steep, narrow mountain channel played an important role in the formation of the
debris flow by promoting mixing and acceleration of landslide material released into the channel
(figure 4). The channel is a distinct topographic feature at the head of the unnamed stream valley
(figure 2). The channel has an average gradient of 45% (24°) but steeper parts have gradients up
to 103% (46°). The channel also has several small, short vertical drops, which accelerated
mixing of material moving down the channel. Snowmelt water in the narrow channel and in the
unnamed stream valley below was incorporated into the flowing mass. Upon exiting the
channel, the rapidly moving debris flow superelevated (climbed) up onto the east wall of the
unnamed stream valley (figures 2 and 9). The debris flow then quickly traveled the 1.6 miles to
SR-14 and Crow Creek. The long runout distance is due to the initial high flow velocity of the
debris flow as it left the narrow mountain channel, and the V-shape of the unnamed valley which
kept the flow confined as it moved down the relatively low gradient (12.5% [7°]) valley. If the
debris flow had become unconfined, it likely would have quickly spread laterally, thinned, and
deposited sediment, resulting in a shorter runout distance. The physical characteristics of the
narrow channel and debris-flow deposits are shown in table 1.

The debris flow’s behavior and depositional style were different in the upper and lower
parts of the unnamed stream valley, and therefore, we mapped the deposits separately (figure 2).
The upper valley deposit covers and obscures the pre-2005 flow topography and previous debris-
flow deposits. The upper and lower valley debris-flow deposits are composed of gravel, sand,
silt, and clay with boulders and cobbles of basalt and sandstone. The debris flow demolished a
forest along the upper valley floor, and both upper and lower valley debris-flow deposits contain
tree trunks and woody debris. Both matrix-supported and clast-supported textures were observed
in the deposits.

The upper valley debris-flow deposit below the mountain channel is up to 550 feet wide
and locally up to 10 feet thick (figure 9). Below an elevation of 8800 feet the deposit narrows
and from 8440 to 8400 feet elevation a small lobe of material was deposited along the west edge
of the valley (figure 2). The upper valley deposit has an average slope of 16% (9°), an estimated
volume of 55,000 yd®, and covers an area of 13.7 acres. The deposit thins downvalley and is
only 1 to 2 feet thick immediately upstream from the lower valley deposit. The largest observed
boulder in the deposit is 22 feet long (figure 10). The drainage channel along the upper deposit
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was locally scoured up to 30 feet deep; however, the original channel depth is unknown.
Channel scouring incised into the 2005 debris-flow deposit, indicating that scouring was later in
the debris-flow event. The upper deposit is wider and has a rougher surface than the lower
deposit (figures 9, 11).

Along the upper-valley deposit margins, the debris flow removed mature, similar-aged
conifer trees, and left distinct tree trim lines (figures 9, 10, 11). Based on their size, these trees
were a minimum of 100 years old and likely were older (Burrows and Burrows, 1976), which
suggests that a minimum of 100 years has passed since the last large debris flow in this drainage.
We observed pre-2005 debris-flow deposits at an elevation of 8800 feet along the west margin of
the 2005 deposit. Relatively young conifer trees 4 to 5 inches in diameter are growing on this
deposit, which suggests that the deposit is relatively young and possibly related to a small-
volume historical debris flow. On aerial photos, we observed young debris-flow deposits
immediately below the steep, narrow mountain channel. These small-volume deposits likely
represent relatively high frequency, low-volume flows that occur more frequently than large-
volume flows.

The break between the upper and lower valley deposits is at an elevation of 8360 feet
(figure 2). Compared to the upper valley deposit, the lower valley deposit is narrower, thinner,
smoother, and lacks the demolished forest and tree trim lines (figure 12). The drainage channel
was locally scoured up to 3 feet deep, but erosion from the lower valley did not add a significant
volume of material to the debris flow. The lower valley deposit is generally 1 to 2 feet thick, has
an average slope of 9% (5°), an estimated volume of 18,000 yd®, and area of 12.9 acres.

A volume discrepancy exists between landslide volume that released into the mountain
channel (50,000 to 60,000 yd®), and the debris-flow deposit volume (73,000 yd®) in the valley
below. Part of this discrepancy is due to scouring of additional sediment from the steep, narrow
mountain channel and from the stream channel in the upper part of the unnamed stream valley.
A significant volume of tree trunks and woody material was also incorporated into the flow as it
passed through the upper valley area. An undetermined amount of sediment was transported
down Crow Creek, first as a debris flow and then, with the addition of more water, as a
sediment-laden stream flood. Finally, the Utah Department of Transportation removed an
estimated 20,000 yd® of sediment from various locations along the SR-14 right-of-way (Leslie
Heppler, Utah Department of Transportation, verbal communication, 2005).

The Black Mountain debris flow differs from most other large historical landslide-
generated Utah debris flows in topographic setting, sediment deposition, and origin of sediment.
Most other debris flows started in short steep drainage basins, eroded sediment from steep
drainage channels, and deposited sediment on alluvial fans. The Black Mountain debris flow
started as a large landslide on a steep mountain flank, traveled a sort distance down a steep
mountain channel, and then deposited sediment as it traveled a long distance down a low-
gradient valley. About 80% of the Black Mountain debris-flow volume was from the landslide
mass, which differs from most other historical debris flows where 80 to 90% of the debris-flow
volume is scoured from the drainage channel (Croft, 1967; Santi, 1988; Keaton and Lowe, 1998).
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PROBABLE LANDSLIDE CAUSES

Snowmelt infiltrating the subsurface is a major factor contributing to spring landslides
(Chleborad, 1997). Snowmelt provides a more continuous supply of water over a longer period
of time than does infiltration from rainfall (Wieczorek and Glade, 2005). The Black Mountain
landslide likely reactivated when snowmelt water infiltrated the subsurface and raised the pore-
water pressure in the landslide.

Black Mountain had an above average snowpack at the onset of the 2005 spring
snowmelt. The nearest snowpack, snowmelt, and temperature measurement site is at the Natural
Resources Conservation Service (NRCS) Utah Snow Survey Webster Flat SNOTEL site (NRCS,
2005a), 1.75 miles east of the landslide. The SNOTEL data are useful for evaluating the spring
snowmelt pattern. Regional spring snowmelt air temperatures are broadly the same for a given
elevation. The Webster Flat SNOTEL is at an elevation of 9200 feet, lower than the Black
Mountain landslide which is between 9450 to 9900 feet in elevation. On April 1, 2005, the
Webster Flat SNOTEL site had a snow-water equivalent of 33.4 inches, which is 210% of the
1977-2000 average (NRCS, 2005b).

The rate of snowmelt depends primarily on air temperature, which in turn relates to the
timing of snowmelt-generated landslides (Chleborad, 1997, 1998). A strong relation exists
between snowmelt landslides and rising spring temperatures in the central Rocky Mountains
(Chleborad, 1997; Chleborad and others, 1997). Figure 13 is a plot of daily snowmelt and
average daily temperature at the Webster Flat SNOTEL site, which melted out on May 27, 2005.
Even though the SNOTEL site melted out six days before the landslide and debris flow occurred,
the SNOTEL data can be used to infer temperatures and snowmelt patterns on Black Mountain.
At the Webster Flat SNOTEL, snowmelt generated an average of 1.54 inches of water per day
from May 14 through May 27, 2005. This period of rapid snowmelt corresponds to a significant
increase in average daily temperature (figure 13). The snowmelt rate at the Black Mountain
landslide was probably slightly less due to the area’s north aspect and higher elevation. The
average daily temperature remained high through June 3, 2005, (figure 14), which suggests rapid
snowmelt preceding the landslide and debris-flow events.

Aerial photos and field observations indicate an approximate 3-foot-thick snowpack
remained on Black Mountain on June 3, 2005 (figure 3). The remaining snowpack indicates that
only partial snowpack melting was sufficient to trigger landslide movement. A rapid rate of
snowmelt over several days may be a more critical parameter in triggering landslides than the
total volume of snow melted and water added. Melting of an above average snowpack in 1983
triggered numerous landslides in Utah, and Wieczorek and others (1989) observed that most of
those landslides triggered during the most rapid period of snowmelt.

Chleborad and others (1997) used a six-day moving average of daily maximum air
temperature with an optimum threshold of 58° F for anticipating the onset of snowmelt-
generated landslides. Their study concluded that most snowmelt-triggered landslides occur
within two weeks after the first yearly occurrence of this threshold. Figure 14 shows the six-day
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moving average of daily maximum temperature at the Webster Flat SNOTEL site. The first
occurrence of the 58° F threshold was on May 19, 2005. The Black Mountain debris flow
occurred on June 3, 2005, 16 days after reaching the temperature threshold at Webster Flat.
Sixteen days is longer than Chleboard’s two-week period for most snowmelt-generated
landslides, but Chleborad and others (1997) did observe some landslides triggering within three
weeks. Also the longer than two-week period may be due to the higher elevation and north
aspect of the landslide and therefore cooler temperatures as compared to the SNOTEL site. The
landslide also has a deep surface of rupture, and the time required to increase the pore-water
pressure at depth was likely longer.

HAZARD ASSESSMENT

Debris flows are fast-moving slurries of mud, rocks, and debris that travel down drainage
channels. Debris flows are particularly dangerous to life and property because they travel fast,
destroy and bury objects in their paths, and often strike with little or no warning. The
demolished forest along the upper valley deposit demonstrates the destructive nature of debris
flows.

Based on the results of our investigation, we conclude that future movement of the Black
Mountain landslide downslope toward the steep, narrow mountain channel is likely, and that the
release of additional landslide material into the channel could generate future large debris flows.
An ample volume of material (155,000 