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Preface

The Utah Geological and Mineral Survey (U@1S) acquired funding from the U.S.
Geological Survey under the National Earthquake Hazards Reduction Program to
place geologists in Wasatch Front County planning departments for a three-year
pilot program. Three geologists were placed in five counties beginning in June
1985. Mike V. Lowe worked in Davis and Weber Counties, Craig V. Nelson in Salt
Ilake County, and Robert M. Robison in Utah and Juab Counties. The U@YS provided
technical supervision for the program, but the geologists were staff members of
the county planning departments under the supervision of the planning director.

The purpose of the program was to demonstrate to local goverrments the
benefits of having a geologist on staff to aid in land-use planning as it relates
principally to geologic hazards. The tasks of the geologists were to: 1) compile
geologic hazards information and produce maps to delineate hazard areas, 2)
review engineering geology reports, 3) advise planners regarding hazards
ordinances, and 4) provide geologic expertise as required, including performing
engineering geologic site investigations for critical public facilities and
investigating hazard events. Under task 4, technical reports were written to
document investigations, and reports completed during the grant period (June 1985
to June 1988) are compiled in this Report of Investigation. They are grouped by
county, and locations are shown in figures 1 and 2. The reports were edited by
U&Ms for content and clarity, but the graphics have not been upgraded and are

presented here in their original form or in a reduced form to meet space
constraints.

Gary E. Christenson
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Project: leqnutln_; Agency:
Ward Road landslide Davis County Flood
Control
By: i) Lowe 0.5;3-86 County: Davis Job NDoi
USGS Quadrangle: Kaysv111e

At the request of Sid Smith, Director of Davis County Flood Control, a
one-hour field inspection of a landslide located in the NE 1/4 NE 1/4 NE 1/4 sec.
35, T. 4 N., R. 1 W. on the south side of an unnamed drainage just north of Ward
Road was made on February 25, 1986. The purpose of this field inspection was to
examine an active landslide which had been reported to Davis County Flood Control
on February 24, 1986, and assess the possibility of contimued movement an the
landslide. The scope of investigation consisted of a field inspection only.

The material involved in the landsliding consists of horizontal, cyclically
bedded silts and clays of lacustrine origin and colluvium formed on these
deposits. The horizontally bedded deposits are bottamset beds of the Weber River
delta of Pleistocene-age lake Bonneville. The slope on which the failure
occurred is vegetated, but has been oversteepened by stream downcutting and
lateral erosion, and by mass wasting. These processes have formed a wide,
flat~bottomed, steep—-sided drainage. The landslide consists of two separate
failures. For your information, a table and diagram illustrating the landslide
classification and terminology used in this memo are included (attachment 1).

The initial failure was probably an earth slide in colluvium mantling the slope
which partially liquefied and flowed into the drainage. Subsequent to this,
slumping of an intact block of the bedded lake deposits occurred at the base of
the main scarp of the initial failure. The main scarp is nearly vertical and was
estimated to be about 40 feet long. The scarps at the flanks are approximately
10 feet high near the head of the landslide. The larndslide deposit is estimated
to be about 50 feet long from head to toe, 40 feet wide near the head, and up to
4 feet thick.

Because the slope of the main scarp of this landslide is steeper than the
surrounding slopes, there is a possibility of further failure at this location.
No crown cracks were noted during the field inspection, although cracks were
noted along the west flank of the landslide. It is possible that future
landsliding may affect the drainage below the slide.



Preject: Requesting Agency: ]
Geologic hazards investigation for a North Salt Iake City
proposed water tank site, North Salt Engineer
lake City

By: . D“i:-ll-86 County: Davis Job NI_S.Z:

USGS Quatrangle: 41t lake City North

At the request of Fred Campbell, North Salt lake City Engineer, an
investigation of a proposed site for a l1-million gallon concrete water tank was
performed. The tank will be about 100 feet in diameter and, if conditions allow,
will be campletely buried. The site is north of Center Street and west of Davis
Boulevard in North Salt lake City in the SW 1/4 SW 1/4 SE 1/4 sec. 1, T. 1 N., R. 1
W. (attachment 1). The purpose of this investigation was to identify any geologic
hazards affecting the site. The scope of work for this investigation included a
literature search and a field inspection on February 28, 1986. During the field
inspection, three test pits were examined and logged. Gary Christenson (Utah
Geological and Mineral Survey) was present during the field inspection.

The site is northwest of the mouth of a unnamed drainage at an approximate
elevation of 4530 feet. The site is underlain by a variety of materials, including
fill (historic), alluvium (post-Lake Bonneville), and shoreline sands (post-Provo
stage of lake Bonneville, deposited about 14,500 to 13,500 years ago) (Currey and
others, 1984). These materials were exposed in the three test pits (attachment 2)
which were logged during the field inspection (attachments 3). The type of
materials underlying the shoreline sands in the bottom of the test pits is not
known, but may include silts and clays deposited by Lake Bonneville when the lake
was at it's maximm between about 16,000 and 14,500 years ago (Currey and others,
1984).

The site is at the southern end of the Ogden segment of the Wasatch fault zone.
This fault zone is considered capable of generating earthquakes up to magnitude 7.0
- 7.5, with surface fault rupture and severe grourd shaking (Schwartz and
Coppersmith, 1984). Zones of greatest deformation along normal faults such as the
Wasatch fault are found on the downthrown (west) side where grourd cracking may
occur in a zone several hundred feet wide. 1In this area a well-defined main fault
trace is not present, and the zone consists of several segments in a broad zone.
The site is about 900 feet west of possible faults or ruptures as mapped by Cluff
and others (1970). It is 200 feet east and 800 feet west of faults mapped by Van
Horn (1982) (attachment 4). No surface evidence of faulting is present at or
adjacent to the site, althaaghthesurfacethmxghaxttheaxeahasbeennbdlfledby
man. Trenching is not practical becausesonsareloosearﬂpmxetomvmgm
vertical cuts, particularly cuts to a depth required to adequately evaluate offsets
in the lake beds underlying alluvial-fan deposits. Deformation related to previcus
faulting events was not fourd in the test pits, and these lines of evidence indicate
that surface fault rupture has probably not occurred during recent prehistoric
earthquakes at the site. The most recent earthquake causing surface faulting along
the Ogden segment of the Wasatch fault zone is thought to have occurred within the
last 500 years (Schwartz and Coppersmith, 1984).

The site is located northwest of an unnamed drainage. Deposits from this
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drainage have formed the alluvial fan at the water tank site (Van Horn, 1982). The
site has been mapped as being in an area of minimal flood hazard by the Federal
Insurance Administration (1978), but same flooding may occur during cloudburst
thunderstorms. Kaliser (1976) has rated the site as having a low runoff potential.
This drainage was too small to be rated for debris flow or debris flood potential in
the study by Wieczorek and others (1983), but the hazard is low.

The site is bournded by slopes which show no evidence of instability. Materials
at the site consist mostly of coarse granular soils which are generally stable,
although cut slopes may be subject to caving and ravelling. Ground water was not
encountered in the test pits to a depth of 10 feet, and soils are well-drained.
Should lake bottom silts and clays be encountered during excavation, problems with
caving may be increased. Because of the lack of ground water, the site has a very
low liquefaction potential (Anderson and others, 1982).

In conclusion, because the site is along the Wasatch fault, the potential for
severe ground shaking accampanying earthquakes is high. The site is in Uniform
Building Code (UBC) seismic zone 3 and Utah Seismic Safety Advisory Council (USSAC)
seismic zone U-4, the zones of highest seismic risk in Utah in the respective
zonations. Construction should incorporate earthquake-resistant design required for
UBC seismic zone 3, with inspection and monitoring as outlined for USSAC seismic
zone U-4. With regard to surface fault rupture hazard, no deformation due to
surface faulting was noted in the test pits and no surficial evidence of faulting
was observed. To further evaluate the fault rupture hazard, it is recomended that
the walls of the open excavation for the tank be inspected by the Davis County
Geologist or other qualified engineering geologist for evidence of fault offsets.

If none are found or if those found predate the most recent prehistoric earthquakes
along the major fault trace as surficial evidence suggests, the hazard is reduced
and the site can be considered suitable. If major, recently active faults are
found, alternate sites should be considered. However, whether or not evidence for
faulting is fourd, the site is still within the Wasatch fault zone and, in the event
of a large earthquake, tank failure due to offset in the foundation is possible.

There is a low flood hazard from the unnamed drainage to the southeast.
Debris-flow hazards should be low, and slopes are presently stable. It is
recommended that a thorough soil foundation investigation be performed prior to
construction to evaluate ground-water conditions and engmeermg properties of soils
at the foundation level, and response of site materials to seismic ground shaking.
This report should also include recommendations for maximum cut slopes during
excavation and construction.
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Preject: Requesting Agency:
Gentile Street landslide Davis County Flood
Control
. atg: : . Job No.:
By: i) D (5-25-86 County Davis [
USGS Quadrangle: mysv:i.lle

At the request of Sid Smith, Director of Davis County Flood Control, field
inspections were made of a landslide located in the SW 1/4 SW 1/4 NE 1/4 sec. 23,
T. 4 N., R. 1 W. on the south side of the North Fork of Holmes Creek just south
of Gentile Street on February 25 and March 1, 3, 13, 14, ard 24, 1986. The
purpose of these field inspections was to examine an active landslide which had
been reported to Davis County Flood Control on February 24, 1986, and assess the
possibility of continued movement on the landslide. The scope of investigation
consisted of the field inspections only.

The material involved in the landsliding consists of horizontal, cyclically
bedded silts and clays of lacustrine origin amd colluvium formed on these
deposits. The horizontally bedded deposits are beds of the Weber River delta of
Pleistocene-age lake Bonneville. The slope on which the failure occurred is
vegetated, but has been oversteepened by stream downcutting and lateral erosion,
and by mass wasting. These processes have formed a wide flat-bottomed,
steep~sided drainage. For your information, a table and diagram illustrating the
landslide classification and terminology used in this memo are included
(attachment 1).

The initial failure on February 24 was probably an earthslide in colluvium
mantling the slope which partially liquefied and flowed into the drainage. ©On
March 2 ancther smaller earthslide in colluvium occurred on the west edge of the
initial lamdslide. At this time, small wedge-shaped slumps in the bedded lake
deposits also occurred about halfway up the main scarp of the initial landslide.
On March 14, lateral shear cracks on the east flank widened from 3 to 6 inches to
3 to 4 feet, but failure of this area has not yet occurred.

landslide dimensions were estimated on March 13. The main scarp is nearly
vertical and is about 90 feet long and about 110 feet high. The scarps at the
flanks are approximately 7 feet high near the head of the lardslide. The
landslide deposit is estimated to be about 80 feet long from head to toe, 90 feet
wide near the head and up to 5 feet thick. Water was noted discharging from the
lakedeposnsmthemamsmrpataboutthemdpomt The quantity of water
discharging fram the main scarp was estimated to be about 5 gallons per minute on
February 25, but on March 24 less than 1 gallon per minute was leaving the
landslide area.

Because the main scarp is steeper than the surrounding slopes, there is a
possibility of further failure at this location. Crown cracks were noted about 8
feet fram the edge of the main scarp, and lateral shear cracks were noted along
both flanks during the March 13 field inspection. It is possible that future
landsliding may affect the drainage below the slide. The February 24 event
blocked the drainage temporarily, but it reestablished itself by flowing arocund
the lardslide deposit.



Preject: . . Requesting Agency: \
Country Oaks Drive Landslide Iayton City Engineer
: : : . Job No.:
¥ Mike Lowe D o-g6 WY pavis D4
USGS Quadrangle: KBYSV ille

At the request of Bill Flanders, layton City Engineer, and John Zippro,
Director of Davis County Emergency Services, field inspections were made of a
landslide located in the SE 1/4 NE 1/4 NW 1/4 sec. 14, T. 4 N., R. 1 W. on the
south side of the Middle Fork of Kays Creek just north of Country Oaks Drive on
March 19, 20, 21, 26, and April 11, 1986. Bill Flanders, John Zippro, and Bruce
Kaliser, State Hazards Geologist with the Utah Geological and Mineral Survey,
were present during the March 21 field inspection. Gary Christenson, Utah
Geological and Mineral Survey, was present during the April 11 field inspection.
The purpose of these field inspections was to examine an active landslide, which
first moved on March 15 and had been reported to layton City on March 18, 1986,
and assess the possibility of continued movement on the landslide. The scope of
investigation consisted of the field inspections only.

The material involved in the landsliding consists of horizontal, cyclically
bedded clays, silts, and fine sands of lacustrine origin (Feth and cothers, 1966)
and colluvium formed on these deposits. The cyclically bedded units are offshore
sediments (Miller, 1980) deposited during high stands of lakes occupying the Salt
lake Valley during the Bonneville Cycle from about 30,000 to 10,000 years ago
(Currey and others, 1984). The slope on which the failure occurred is vegetated,
but has been oversteepened by stream downcutting and lateral erosion, and by mass
wasting. These processes have formed a wide, flat-bottamed, steep-sided
drainage. For your information, a table and diagram illustrating the landslide
classification and terminology used in this memo are included (attachment 1).

The initial failure on March 15, 1986 was prabably an earth slide in
colluvium mantling the slope which slid to the bottom of the flat-bottamed
drainage leaving most of the trees growing on the landslide mass in an upright
position. Subsequent failures have been earth slumps which have partially
liquefied forming earth flows at the toe of the landslide. These failures have
occurred periodically since March 15 and are still occurring.

ILandslide dimensions were estimated on March 21. The main scarp is nearly
vertical, is about 80 feet long, and varies in height from 13 to 20 feet. The
scarp at the west flank is approximately 11 feet high near the head of the
lardslide. The landslide deposit is estimated to be about 300 feet long from
head to toe, 80 feet wide near the head, 100 feet wide near the toe, and up to 15
feet thick. Water was noted discharging fram the lake deposits about 13 feet
below the top of the main scarp, and at other levels below this, generating small
earthflows onto the head of the landslide. The quantity of water discharging
fram the main scarp was variable depending on moisture conditions during previous
days. Residents reported that flows increased rapidly following precipitation
events.



In conclusion, this landslide is presently active. Because steep slopes
remain, water is present in the main scarp, and water exiting the main scarp in
the head area is infiltrating into the landslide, it is likely that further
failures will occur at this location during future wet periods. The main scarp
of the landslide is presently retreating southward between two residences,
causing damage to the back yards of both residences and a wooden fence separating
them. The main scarp is 50 feet from the fourdation of the house to the west ard
90 feet fram the foundation of the house to the east of the landslide. These
houses do not appear to be in immediate danger from the landslide. However, it
is possible that the houses could be affected in the future by the landslide. A
meeting of irwvolved residents was attended on April 11 to discuss mitigation
measures, and it was recammended that a consultant be retained to study the
landslide and recammend a permanent solution. Until mitigation measures are
implemented, residents should continue to monitor the landslide, particularly
during and immediately after wet periods.
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Project: R ng Agency:
Géologlc hazards investigation for a proposed water North Sait Lake City
tank site in SE 1/4 Sec. 12, T. 1 N., RlW.,North Engineer
Salt lake City, and, Addendum to 1986 memo Co
proposed North Salt Lake City upper water tank site.

By: _.. Date: 6-24-86 & County: . Job No.:
Mike Lowe 1-14-87 Davis B

USGS Quadrangle: a1t lake City North

At the request of Fred Campbell, North Salt Lake City Engineer, an
investigation of a proposed site for a l1-million gallon concrete water tank was
performed. The tank will be about 106 feet in diameter and, if conditions allow,
will be campletely buried. The site is about 750 feet south of the south end of
Gary Way in the SE 1/4 NE 1/4 SE 1/4 sec. 12, T. 1 N., R. 1 W. (attachment 1).
The purpose of this investigation was to identify any geologic hazards affecting
the site. The scope of work for this investigation included a literature search
and two one~hour field inspections on May 22 and 23, 1986. Fred Campbell, Rod
Wood (Public Works Director, North Salt lLake City), and Kay Iverson (ESI
Engineering, Inc.) were present during the May 23 field inspection.

The site is located at an elevation of approximately 5140 feet at the head
of a small qully (attachment 1). The site is underlain by gravels, sands, and
cabbles which were deposited as lakeshore embankments (Van Horn, 1982) when lake
Bonneville stood at its highest level about 16,000 to 14,500 years ago (Currey
and others, 1984). To the north of the site in the bottom of the gully, bouldery
to clayey silt alluvial-fan deposits which are younger than the Bonneville
shoreline have been mapped by Van Horn (1982). No subsurface irwvestigations were
conducted at the site and materials encountered at depth during excavation are
not known. However, exposures in the gravel pit just to the northeast of the
site indicate that the shoreline sands and gravels are quite thick and that the
excavation will be entirely in these deposits.

The site is at the southern end of the Ogden segment of the Wasatch fault
zone. This fault zone is considered capable of generating earthquakes up to
magnitude 7.0 - 7.5, with surface fault rupture and severe grourd shaking
(Schwartz and Coppersmith, 1984). Zones of greatest deformation along normal
faults such as the Wasatch fault are fourd on the downthrown (west) side where
ground cracking may occur in a zone several hundred feet wide. In the site area,
a well-defined main fault trace is not present and the zone consists of several
segments in a broad zone. Original fault mapping from air photos by Cluff and
others (1970) showed vegetation lineaments 600 feet west and 900 feet southeast
of the site (attachment2). Subsequent detailed field mapping by Van Horn (1982)
indicates the nearest fault to be 1,100 feet west of the site (attachment 3). No
surface evidence is present at or in the immediate vicinity of the site. No
evidence of faulting was found in the gravel pit exposures northeast of the site.
Trenching is not attempted because of the lack of surface evidence for faulting
and because the soils are loose and prone to caving in vertical cuts. The
shoreline platform on which the water tank will be placed is relatively flat and
should therefore preserve scarps related to previous surface faulting events.
The most recent earthquake causing surface faulting along the Ogden segment of
the Wasatch fault zone is thought to have occurred within the last 500 years
(Schwartz and Coppersmith, 1984). These lines of evidence indicate that surface

9



fault rupture has probably not occurred during recent prehistoric earthquakes at
the site.

The site has been mapped as being in an area of minimal flood hazard by the
Federal Insurance Administration (1978). Kaliser (1976) has rated the site as

having a low runoff potential. No evidence of debris-flow deposits were noted at
the site.

The site is bounded by slopes which show no evidence of instability.
Materials at the site consist mostly of coarse gramular soils which are generally
stable, although cut slopes may be subject to caving and ravelling. Gravel is
currently being mined northeast of the site. The water tank should not be placed
too close to the walls of the gravel pit excavation and measures should be taken
to prevent excavation near the foundation of the water tank after it is built.
Ground water was noted exiting the slopes of the gravel pit about 20 feet below
the natural ground surface near the site. Should perched ground water be
encountered during excavation, problems with caving may be increased. Anderson
and others (1982) have rated the site as having a very low liquefaction
potential.

In conclusion, because the site is along the Wasatch fault, the potential
for severe ground shaking accampanying earthquakes is high. The site is in
Uniform Building Code (UBC) seismic zone 3 and Utah Seismic Safety Advisory
Council (USSAC) seismic zone U-4, the zones of highest seismic risk in Utah in
the respective zonations. Construction should incorporate earthquake-resistant
design required for UBC seismic zone 3, with inspection and monitoring as
outlined for USSAC seismic zone U-4. With regard to surface fault rupture
hazard, no evidence of deformation due to surface faulting was noted in the
gravel pit exposures ard no surficial evidence of faulting was cbserved. To
further evaluate the fault rupture hazard, it is recammended that the walls of
the open excavation for the tank be inspected by the Davis County Geologist or
other qualified engineering geologist for evidence of fault offsets. If none are
found or if those found predate the most recent prehistoric earthquakes along the
major fault trace as surficial evidence suggests, the hazard is reduced and the
site can be considered suitable. If major, recently active faults are fourd,
alternate sites should be considered. However, whether or not evidence for
faulting is found, the site is still within the Wasatch fault zone and, in the
event of a large earthquake, tank failure due to offset of the foundation is
possible. Also, pipes carrying water from the tank will cross zones of possible
surface fault rupture and valves should be installed at the tank to shut off the
water should the pipelines become ruptured.

Flood hazard, debris-flow hazard, and liquefaction potential are low.
Slopes are presently stable. It is recammended that a thorough soil foundation
investigation be performed prior to construction to evaluate ground-water
canditions and engineering properties of soils at the foundation level, and
response of site materials to seismic ground shaking. This report should also
include recammendations for maximum cut slopes during excavation and
construction.
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Attachment 1
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Attachment 2

Prominent or Obvious Fault
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Map showing known (Class I) and suspected (Class II, III) traces of surface
fault rupture, Wasatch fault zone (from Cluff and others, 1970).
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Attachment 3 Base map from: U.S.G.S. 7 1/2 min. topo.

quad. Salt Lake City
North, Utah
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Map showing traces of surface-fault rupture, Wasatch fault zone, Utah
(adapted from Van Horn, 1982).
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Addendum to 1986 Memorandum Concerning the Proposed North Salt Lake City
Upper Water Tank Site, Jaruary 14, 1987

The purpose of this memorandum is to update the Lowe (1986) memorandum
concerning the proposed North Salt Lake City upper water tank site. The previous
memorandum concerned the originally proposed site, which has now been moved to a
new site approximately 1,000 feet to the south (attachment 1). The scope of
investigation included a review of pertinent literature, an examination of aerial
photographs (1985, 1:24,000 scale), and a three-hour field investigation of the
site which included an examination of three test pits, two of which were logged
by Northern Engineering and Testing, Inc. (1986). The principle differences in
the sites, which required further evaluation, are anticipated subsurface soil
conditions and potential surface fault rupture hazard. Conditions at the new
site are similar to the original site in cother aspects and recommendations in the
Lowe (1986) memorandum still apply.

Surface fault rupture at the new site required investigation because two
Utah Division of Water Resources reports (1979, 1986) included a map showing an
inferred fault crossing the new water tank site (attachment 2). The faults shown
on this map were compiled from several geologic maps which emphasize
pre-Quaternary geology. The inferred fault follows the Bonneville Shoreline, and
no surficial evidence in Lake Bonneville or younger deposits exists to indicate
the presence of a fault. A more recent surficial geologic map by Van Horn
(1981), which emphasizes Quatermary geology, does not show a fault at this
location (attachment 3). Because of the lack of surficial evidence for faulting
at the site, which is on a shoreline platform which would preserve such evidence
for faulting in post-Lake Bonneville time, no detailed subsurface investigations
were urdertaken.

Two test pits (attachment 4) were excavated at the new site as part of a
fourdation investigation by Northern Engineering and Testing, Inc. (1986), and a
third was excavated for this investigation in the vicinity of the suspected fault
as mapped by the Utah Division of Water Resources (1979, 1986). Unstratified
silty sand deposits containing some matrix-supported gravel-size particles were
encountered in all three test pits. In the northern test pit (test pit 2), the
silty sand deposits were underlain by a reddish-brown, indurated, clayey sand
containing gravel, cobbles, and small boulders. Cobbles were most camon at the
contact between the two types of deposits (Northern Engineering and Testing,
Inc., 1986). The silty sand deposits are most likely slopewash and colluvium
derived from the steep slopes immediately south of the site. The lower unit is
interpreted to be the Tertiary Wasatch Formation with a thin deposit of
Bonneville—-age shoreline gravels on it. The site was probably an erosional
shoreline platform during lake Bonneville time. Because of the thickness of the
upper slopewash unit in the test pit at the inferred fault (test pit 3,
attacment 4), it was not practical to attempt a trench in the area. No evidence
of surface faulting was found in the test pits. However, because the test pits
did not extend across the entire site, and because they only penetrated the
youngest unit for the most part, this is not conclusive evidence to confirm the
absence of faulting. Although unlikely, it is possible that evidence for
faulting may be found during the excavation for the water tank, and I wish to be
notified so that I can inspect the open excavation.

In conclusion, recammendations in the Lowe (1986) memorandum for the
previcusly proposed site also apply to the new water tank site. There is no
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evidence to indicate a surface fault rupture hazard at the site, but I would like
to inspect the foundation excavation to confirm this. consolidation tests
performed by Northern Engineering and Testing, Inc. (1986) indicate the silty
sand deposits may be subject to hydrocampaction. As we discussed on December 23,
1986, these deposits will need to be removed and replaced with compacted fill to
prevent possible problems related to differential settlement and/or
hydrocompaction. Please notify me when the excavation is open.

REFERENCES CITED

Iowe, Mike, 1986, Geologic hazards investigation for a proposed water tank site
in SE 1/4 sec. 12, T. 1 N., R. 1 W., North Salt ILake City: Unpublished DAvis
County Planning Cammission Memorandum, 6 p.
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Attachment 2
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Attachment 3
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Attachment 4
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Preject: leqnutln! Agency:
Kays Creek landslide near intersection of Davis County Flood
Fairfield Street and Church Street, layton, Control
Utah
By: ] Dné:_3o_86 County: Davis Job N&
USGS Quadrangle: Kaysville ,

At the request of Sid Smith, Director of Davis County Flood Control, an
investigation was made of a landslide located in the SW 1/4 SW 1/4 NW 1/4 sec.
15, T. 4 N., R. 1 W. on the north side of Kays Creek near the intersection of
Fairfield Street and Church Street in Layton, Utah (attachment 1). The purpose
of the investigation was to examine an active landslide which had been reported
to Davis County Flood Control on April 28, 1986, and assess the possibility of
continued movement on the landslide. The scope of investigation included 6 field
inspections (April 28 and 29 and May 3, 5, 9, and 21, 1986), monitoring of the
landslide with a Sinco Model 518115 Tape Extensometer which was provided by the
Utah Geological and Mineral Survey, a review of pertinent literature, and
examination of aerial photographs (1985, 1:24,000 scale). Sid Smith was present
during the April 28 field inspection. Bruce Kaliser, State Hazards Geologist
with the Utah Geological and Mineral Survey, was present during the April 29
field inspection.

The material involved in the landsliding consists of horizontal, cyclically
bedded silts and clays of lacustrine origin and fill placed on these deposits.
The cyclically bedded units are offshore sediments (Miller, 1980) deposited
during high stands of lakes occupying the Salt lake Valley during the Bonneville
lake Cycle from about 30,000 to 10,000 years age (Currey and others, 1984). The
fill contains abundant blocks of concrete and asphalt and appears to be thick.
The slope on which the failure occurred has been oversteepened by stream
downcutting and placement of fill. For your information, a table and diagram
illustrating the landslide classification and terminology used in this memo are
included (attachment 2).

The initial failure on April 28, 1986, was prabably a debris slide
predaminately in fill. The landslide formed three distinct blocks which moved
several feet toward Kays Creek. This movement apparently broke a buried pipe
discharging water from the Weber-Davis Canal near the east end of the lardslide.
Bruce Kaliser noted an area near the west end of the landslide where piping had
removed material prior to the landslide event which may have contributed to the
subsequent failure. The water from the broken pipe then eroded the bank of Kays
Creek near the east end of the landslide creating a nearly vertical scarp ard
washing large amounts of material into Kays Creek. The slide material did not
block the creek but did force the channel to the opposite (south) bank causing a
small earth slump in lacustrine deposits on the south side of Kays Creek,
directly across fram the broken pipe. This slump was first noted on May 5, 1986.
Measurements using the tape extensameter indicate that the upper block near the
center of the main landslide on the north side of Kays Creek moved about 1 1/2
inches between May 3 and 5, 1986. No other movements on the landslide were
detected, although small slumps and ravelling contimued to occur on the steep
scarp above the broken pipe through May 9, 1986.
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landslide dimensions were estimated on May 21, 1986. The main scarps of the
three blocks are about 350 feet long. Maximm height of the main scarps are as
follows: upper block - about 4 feet, middle block - about 3 feet, and lower block
~ about 1 foot. The scarp heights diminish to near zero at the west end of the
larndslide. The slide mass is estimated to be about 150 feet long from head to
toe. The erosional scarp above the buried pipe is about 25 feet high.

In conclusion, because the scarp above the broken pipe is steeper than the
surrounding slopes, and because crown cracks were noted up to 37 feet from this
scarp, there is a possibility of further failure at this location. Movement on
the landslide at this location will likely break the pipe again causing further
erosion and deposition of material into Kays Creek. Should landslide material
block the culvert where Kays Creek flows under Fairfield Street, a significant
amount of water could be backed up behind the road. This road was not designed
to act as a dam and such an event could present hazards to residents downstreamn.
The main landslide mass does not appear to be moving at this time, but could be
reactivated during future wet periods. Weight added above the head of the slide
cauld increase the danger of future landsliding, and it is recamended dumping of
fill in this area be stopped.

REFERENCES
Currey, D. R., Atwood, Genevieve, and Mabey, D. R., 1984, Major levels of the

Great Salt lake and ILake Bonneville: Utah Geological and Mineral Survey Map
73, scale 1:750,000.

Miller, R. D., 1980, Surficial geologic map along part of the Wasatch Front,
Salt Lake Valley, Utah: U. S. Geological Survey Map MF-1198, scale
1:100,000.
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Attachment 2

TYPE OF MATERIAL
TIPS OF MOVDAENT . DGINEERING S0ILS
REDROCX
Predominantly coarse | Predominantly fine
S e s e —— ——— — — — |
VALLS Rock fall Debris fall 'L Rarth fall
TOPPLES Rock topple Debris topple 1. Earth topple
ROTATICHAL o Rock slump Debcis slump H Zarth slusp
ONTTS B s
sLIpEs L Rock block slide | Debris block slide : Rarth block slide
TRARSLATIONAL -_";“;* t
. ONTTS Rock slide Debris alide : Zarth alide
i
LATERAL SPREADS Rock spread Debris spread 'L Barth spread
Rock flow Debzris flow | Rarth flow
FLOWS 1 ]
{deep creep) (s0il creep)
COMPLEX Combination of two or more principal types of movesent

ORIGINAL GIOUND\
SURFACE

Source:

Varnes, D. J., 1978, Slope movements types and processes, in Schuster,
R. L., and Krizek, R. J., eds., Landslides, Analysis and Control:
National Academy of Sciences, Transportation Research Board
Special Report 176, p. 11 - 33.
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Project: Regqmesting Agency:
Preliminary geologic reconnaissance of Davis Davis County Property
County property located in the W 1/2 SW 1/4, Manager
Sec. 12, T. 1 N., R. 1 W., just south of the
Concrete Products Company gravel pits.

By: Date: Ceunty: . Job No.:
Mike Lowe 12-16-86 Davis D7

USGS Quadraagie: Salt Lake City North

The purpose of this memorandum is to propose a preliminary evaluation of the
Davis County property located in the W 1/2 SW 1/4 sec. 12, T. 1 N., R. 1 W., Jjust
south of the Concrete Products Caompany gravel pits, to determine the need for
detailed investigations to evaluate gravel resources at the site. The scope of
investigation for this memorancdum included a three-hour field investigation of the
site on December 16, 1986, examination of aerial photographs (1985, 1:24,000 scale),
and a review of pertinent geologic literature, including a Dames & Moore (1985)
report for areas immediately north and east of the Davis County property. Davis
County is interested in selling the property and in order to determine the value of
the property, the extent of minable gravel deposits must be determined. The
economic feasibility of mining gravel deposits depends on the thickness and quality
of the gravel (poorly graded gravels are most desirable), and the presence and
thickness of unminable overburden.

Depth to bedrock is expected to be the primary factor controlling the thickness
of minable gravel deposits on the property. The property is located on the Salt
Lake salient which is a mass of bedrock protruding westward fram the Wasatch Range
into the Salt lake Valley. The salient existed during Lake Bonneville time and
probably had a significant effect on depositional processes in the lake. The
salient was an erosional headland during much of the Bonneville lake cycle, and thus
was not a site of deposition of thick shoreline gravels. It is anticipated that
bedrock will be encountered at shallow depths over much of the area. Pre-lake
Bonneville drainages on the salient were possible areas of deposition, but these
drainages have generally been reoccupied during post~ILake Bonneville time and
deposits have been removed due to erosion. Lake deposits on the Davis County
property are, therefore, likely to be generally thin, and probably reach their
greatest thickness in the northern part which is furthest fram the crest of the
salient.

During the field inspection a number suspected bedrock ocutcrops were identified
on the Davis County property. Two types of bedrock were identified. Northeast of
the pipeline road, tuffaceous mustone, siltstone, and sandstone is the predominant
rock type; southwest of the pipeline road well-cemented conglamerate is predominant.
These findings agree in general with Van Horn (1981) as shown on attachment 1. It
appears, however, that the tuffaceous mudstone, siltstone, and sandstone unit
contact may be slightly further southwest than shown on attachment 1. Dames & Moore
(1985) encountered tuffacecus bedrock at depths ranging fram 5 to 15 feet to the
north and east of the Davis County property. This also supports the hypothesis that
bedrock will be encountered at shallow depth on the Davis County property.

Elevation is likely to be the primary factor controlling the distribution and
quality of gravel deposits. Poorly graded (well sorted) gravels were deposited
primarily at shoreline elevations. In genheral, the longer the lake stood at a given
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elevation, the thicker the gravel deposits. Attachment 2 is a map showing the
expected distribution of surficial deposits on the Davis County property. This map
was enlarged 10 times from Van Horn's (1982) 1:24,000 scale map which was not meant
to provide site-specific information and same inaccuracies in contact locations
should be expected. It does, however, illustrate the type of surficial deposits
which are found on the property.

Attachment 2 indicates that two types of deposits are predaminant. The highest
quality gravel deposits are represented by the shaded area labeled bpgy. These are
nearshore gravels ard sands which were deposited when the lake stood at the Provo
Shoreline. Lake Bonneville occupied this elevation for approximately 1,000 years
(Currey and Oviatt, 1985), and in same areas, poorly graded gravel deposits of this
age may be quite thick.

The southeast and northwest ends of the property are covered predaminantly with
deposits labeled Ig in attachment 2. The deposits of this unit in the southeast are
above the Provo Shoreline, but those in the northwest are below the Provo Shoreline.
Sediments at the surface in the southeast part of the property were deposited when
Iake Bonneville stood at its highest level (Bonneville Shoreline, about 5,200 feet
in elevation) before dropping to the Provo Shoreline, ard at that time the property
was under several hundred feet of water. Fine-grained sediment was typically
deposited in such deep water, and exposure 4 (attachment 2) contained mostly sand
and silt, with very little gravel. This fine—grained deposit may cover most of the
surface in the southeast end of the property, but may be underlain by gravel
deposited during the Iake Bonneville transgression. If so, the thickness of the
overlying finer—-grained deposits is an important factor as this represents urminable
overburden.

Deposits at the surface in the areas labeled 1g in the northwest end of the
property consist primarily of Provo and post-Provo Shoreline gravel and sand. These
sediments probably overlie the same deep-lake silt and sand and Bonneville
transgressive gravel and sand found in the southern part of the property. Exposures
1 through 3 contained primarily poorly graded, moderately cemented cobbles and
gravels, at least 10 feet thick.

In conclusion, gravel deposits on the property are expected to be thin, but
this should be verified. Lake deposits are likely thinnest in the southern part of
the property and probably thicken to the north. Three types of deposits form most
of the unconsolidated cover on the property. The characteristics of these deposits
need to be better determined to evaluate the potential for minable gravel on the
property. It is recammended that four backhoe test pits be excavated at the
approximate locations shown on attachment 2 to determine the thickness and
characteristics of unconsolidated deposits at those locations. The results of this
investigation, which would require the time of the County Geologist and a Davis
County backhoe and backhoe operator, will be used to determine if a more extensive
gravel reserve investigation should be undertaken. If uses other than mining, such
as residential development, are anticipated for this property, it is recommended
that a camplete geologic hazards evaluation be performed. The Wasatch fault crosses
the northwestern corner of the property (attachment 1). Please notify me of your
decision.
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Attachiment 2

Explanation *

dg = post-Provo Shoreline stage
of Bonneville lake cycle
cobbly sand and gravel, 3
feet to more than 12 feet
thick.

bpgy = Provo Shoreline stage of
Bonneville lake cycle
cobbly gravel and sand with
occasional thin beds of silt

bm = Bonneville Shoreline stage
of Ronneville lake cycle
sandy silt and silty clay.

Lg = Undifferentiated lake ;Zj ﬁ
deposits of Little Valley?
lake cycle and Bonneville ,’_1:57

Take cycle.

\
4
s

Little Valley lake cycle?
cobbly gravel and sand.

ag

81 Exposure examined during
field inspection.

’*, Proposed test pit
location.

* Note: Unit descriptions have
been changed from Van Horn's
(1982) descriptions to reflect
modern Bonneville lake cycle
concepts. No additional field
work was undertaken to verify
this mapping.

~NJ
%\
bm

Pipeline
Road

Geologic map showing Quaternary unconsolidated deposits on Davis County

property and the location of proposed test pits to evaluate potential

gravel reserves (enlarged and adapted from Van Horn, 198, by Delta

Geotecnical Consultants Inc., 1986, with additional modifications for this report).
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Addendun to preliminary geologic reconnaissance of Davis County
Davis County property located in the W 1/2 SW 1/4, Property Manager
sec. 12, T. 1 N., R. 1 W., just south of the
Concrete Product Campany gravel pits.

Date: Ceunty: Job No.:

By: | .
Mike lLowe 3-13-87 Davis D8

USGSQuadragle: o1t lake City North

INTRODUCTION

The geology of the Davis County property located in the W 1/2 SW 1/4 sec.
12, T. 1 N., R. 1 W., was sumarized in a previcus memorandum (Lowe, 1986). In
that memorandum, it was proposed that the County Geologist perform a preliminary
evaluation of potential gravel resources on the property to determine if more
extensive evaluations proposed by geotechnical consulting firms (Chen &
Associates, Delta Geotechnical Consultants, Inc.) should be conducted. The
results of that preliminary evaluation are presented in this addendum. The scope
of work included a 4-hour field investigation on February 23, 1987, and a 2-hour
field investigation on March 12, 1987. Barry Burton, Davis County Planner, was
present on March 12. On February 23, 5 test pits were excavated and logged. The
approximate location of the test pits were plotted in the field on a 1:2,400
scale 1983 aerial photograph with contours. During the March 12 field
investigation, six new excavations of unknown origin were discovered in the
northern portion of the property. These excavations were examined in the field
and the approximate location later plotted on a 1:2,400 scale aerial photograph
with contours.

RESULTS

Attachment 1 shows the approximate location of exposures, test pits, and
excavations on the Davis County property. The characteristics of the four
exposures were reported in the Lowe (1986) memorandum. Attachment 2 is a
hydrograph of Lake Bonneville which explains terminology used in the following
discussion. The soil characteristics and geologic interpretations of the backhoe
test pits and excavations of unknown origin are:

Test Pit 1
0 - 5 feet, silt and clay
5 - 13 feet, beds of silt and clay alternating with beds of

fine to medium gravel. Approximately 20 to 25
percent gravel.

13 feet total depth.
The five feet of silt and clay at the surface is interpreted to be

Borneville Shoreline stage offshore deposits. The underlying 8 feet of
interbedded silt, clay, and gravel represents Bomneville lake-cycle transgressive
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phase nearshore and offshore deposits which reflect changes in lake level ard
seasonal variations in sediment load.

Test Pit 2

0 - 11 feet, unbedded silt and sand containing approximately 10 percent
matrix-supported fine and medium gravel.

11 feet total depth.
This unbedded silt and clay is interpreted to be post-Bonneville lake—cycle
slopewash and colluvium derived from the Provo Shoreline escarpment which is

located southeast of the test pit. The base of the Provo Shoreline escarpment
has an approximate elevation of 4,850 feet.

Test Pit 3

0 - 4 feet, unbedded silt and sand with approximately 10 percent
matrix-supported fine and medium gravel.

4+ feet, bedrock, backhoe refusal.

4 feet total depth.

The unbedded silt and clay is interpreted to be post-Bonneville
lake—cycle slopewash and colluvium derived from the Provo Shoreline escarpment to
the southeast. Evidently this area was an erosional headland during the Provo
Shoreline stage of the Bonneville lake cycle, and nearshore sediments were not
deposited.

Test Pit 4
0 - 4 feet, poorly-graded, well-stratified, fine to medium gravel.

4+ feet, bedrock, backhoe refusal.

4 feet total depth.

These well stratified gravels are interpreted to be Provo Shoreline stage
nearshore deposits.
Test Pit 5

0 - 10 feet, well-stratified, interbedded sand, gravel, and cobbles.

10 - 11 feet, unconsolidated, unstratified, reddish, silt and sard.

11 feet total depth.
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The interbedded sands and gravels are interpreted to be Bonneville lake-cycle
regressive phase nearshore deposits. The underlying reddish silt and sand is
interpreted to be weathered bedrock.

Excavations of unknown origin, northern group

In these excavations, bedrock was encountered at depths of three to five
feet. Sediments at the surface were predominantly Bonneville lake-cycle
regressive phase nearshore gravels and sands.

Excavations of unknown origin, southern group

In these excavations (5 to 10 feet deep), bedrock was not encountered.
Sediments were predominantly poorly-graded, well-stratified, Bonneville
lake-cycle regressive phase nearshore gravels which are well cemented in some
areas.

QONCLUSIONS AND RECOMMENDATTONS

Gravel deposits in the southern half of the Davis County property are thin
or mixed with large quantities of silts and sards. There is no indication that
minable gravel is present on this portion of the property. The landscape in
this portion of the property has only been slightly modified by man.

The thickness of gravel deposits in the northern half of the property
ranges from 0 to more than 10 feet. Areas where gravel deposits are more than 5
feet thick appear to be limited. It is unlikely that these deposits can be
econamically mined as part of a large-scale operation. Davis County could use
the thicker deposits as a source of gravel for county projects, however. The

landscape in the northern portion of the property has been largely altered by
man,

Based on this preliminary evaluation of potential gravel resocurces on the
Davis County property, it appears that significant gravel resources do not exist
on the property. It is therefore recammended that the more extensive
investigations proposed by geotechnical consulting firms not be funded by Davis
County and that other uses of the property be considered. Geologic hazards
should be considered in planning any development on the property. If permanent
structures are considered for the norther portion of the property, the Wasatch
fault should be accurately located so structures are not placed in the zone of
deformation associated with the fault.

REFERENCES CITED
Lowe, Mike, 1986, Preliminary geologic reconnaissance of Davis County property

located in the W 1/2 SW 1/4 sec. 12, T. 1 N., R. 1 W., just south of the
Concrete Products Campany gravel pits.
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Attachment 1

Explanation *

dg = Post-Provo Shoreline stage of
Bonneville lake cycle cobbly
sand and gravel, 3 feet to more
than 12 feet thick.

bpgy = Provo Shoreline stage of
Bonneville lake cycle cobbly
gravel and sand with occasional
thin beds of silt.

bm = Bonneville Shoreline stage of
Bonneville lake cycle sandy silt
and silty clay.

Lg = Undifferentiated lake deposits of
Little Valle{? lake cycle and
Bonneville lake cycle.

ag = Little Valley lake cycle? cobbly
gravel and sand.

e 1 Exposure examined during field
inspection on December 16, 1986.

B  Approximate test pit location,
excavated February 23, 1987.

®  Approximate location of new

excavations of unknown origin,
discovered March 12, 1987.

* Note: Unit descriptions have been
changed from Van Horn’s (1982)
descriptions to reflect modern
Bonneville lake cycle concepts. No
additional field work was
undertaken to verify this mapping.

{

¥

N

N3
L) o
Lot ]
S INE.
. N
4 3 0 5
W RN
o i 3
33 10T 48N SN e R Y

—
(8}

\

4

L=

(
(

)
S
b

C ‘1 \3})

\

S
=

AN

S

— <
-

)
L
y.

€00

Pipel-

400

= Road

CONTOUR BTERVALS D'

Geologic map showing Quaternary unconsolidated deposits on Davis County property
and the location of proposed test giits to evaluate potential gravel reserves

(enlarged and adapted from Van

orn, 1982, by

1986, with additional modifications of this report).

elta Geotechnical Consultant Inc,,

33



Attachment 2

1- Bonneville lake cycle transgressive phase.
2- Bonneville lake cycle regressive phase.
3- Stansbury deposits.
4- Bonneville deposits.
5- Provo deposits.
6- Gilbert deposits.
7- Stansbury Shoreline stage.
8- Bonneville Shoreline stage.
9- Provo Shoreline stage.
10-Gilbert Shoreline stage.
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Prejoct: . leqmtln; Agency:
Geology and geologic hazards, North Davis Refuse Davis County
District disposal site area, Davis County, Utah Cammission

By: Date: County: . Job No.:
Mike Lowe 1987 Davis D9

USGS Quadrangie: Kaysvil le

The North Davis Refuse District (NIORD) disposal site area, hereafter
referred to as "the study area", includes both the landfill and burn plant sites
(figure 1). The purpose of this report is to identify geologic hazards affecting
the study area, describe the subsurface geology of the area so that the proper
locations and depths of upgradient and leachate monitoring wells may be
evaluated, and determine the study area for a proposed slope stability
evaluation of refuse which has been placed in a small drainage in the northern
portion of the landfill site. The study area is located in the Ogden Valley
Segment of the Wasatch Front Valleys Section of the Basin and Range Physiographic
Province (Stokes, 1977). The Ogden Valley Segment is a north-south trending
structural trough which has been the site of accumulation of great thicknesses of
sediment since its inception in early Tertiary* time about 43.6 million years ago
(Eardley, 1955). The Wasatch Range and the west-dipping Wasatch fault bound the
trough to the east, and geophysical data indicate that Little Mountain may be
part of a horst which bounds the trough to the west (Feth and others, 1966). The
sediments filling the trough are predaminantly of fluvial, lacustrine, and
deltaic origin. Geophysical data indicates that, in some areas, these sediments
may be as much as 6,000 to 9,000 feet thick (Feth and others, 1966).

Quaternary Geologic History

The study area is located in a closed hydrologic basin, called the lake
Bonneville basin, and water flowing into this basin generally leaves the basin
only by evapotranspiration. The Lake Bonneville basin has been an area of
internal drainage for much of the last 15 million years, and lakes of varying
sizes likely existed in the area during all or most of that time (Currey and
others, 1984). Figure 2 is a schematic diagram showing the approximate time
periods of, and the approximate elevations reached during, the last three lake
cycles in the lake Bonneville basin.

The first lake cycle shown on figure 2, which inundated the study area, is
called the Little Valley lake cycle. This lake cycle occaurred sometime between
about 150,000 years ago and 90,000 years ago (Scott and others, 1983). It is
likely that during the Little Valley lake cycle, the study area was the site of
accumilation of sediments deposited into the lake by the Weber River, and that
part of the sediment mass below the study area is made up of sediments of this
age. No sediments of Little Valley lake cycle age, however, are exposed to
verify this.

The next to the last lake cycle in the Lake Bonneville basin, the Cutler Dam
lake cycle, occurred sametime around 75,000 years ago (Oviatt and others, 1985).
Work on this lake cycle is in preliminary stages and it is not known if this lake
reached the elevation of the study area.
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In the latter part of Pleistocene time, fram about 32,000 years before
present to about 10,000 years before present, a lake with a maximum depth of at
least 1,000 feet covered an area of about 20,000 square miles in what is now
northwestern Utah, northeastern Nevada, and southeastern Idaho (Currey and
others, 1984). This lake was named Iake Bonneville, and the period of time
occupied by the rise and fall of this lake is called the Bonneville lake cycle
(Scott and others, 1983). Figure 3 is a hydrograph of lLake Bonneville which
illustrates the terminology used in describing Bonneville lake-cycle events in
this report.

The part of the Bonneville lake cycle during which the lake slowly rose fram
the pre-lake Bonneville interlacustrine low stand to its high stand at the
Bonneville Shoreline (approximately 5,200 feet) is defined as the Bonneville lake
cycle transgressive phase (1 of figure 3). This transgression occurred from
about 32,000 to 15,000 years before present (Currey and Oviatt, 1985).

Bonneville deposits (4 of figure 3) refer to those sediments deposited in lake
Bonneville during the transgressive phase between about 20,000 and 15,000 years
ago at elevations presently below about 5,200 feet. A great thickness of
offshore silts and clays which settled ocut of quiet water was deposited in the
region during this time. BAbout 16,400 years ago lLake Bonneville reached an
external threshold near Zenda in southeastern Idaho (Currey and Oviatt, 1985).

This threshold control persisted at least intermittently for about 500
years, and the Bonneville Shoreline (C of figure 3) was developed during this
period (Currey and Oviatt, 1985). A temporary drop in lake level called the Keg
Mountain oscillation (D of figure 3) occurred from about 15,900 to 15,000 years
ago, after which the lake rose once more to the elevation of the Zenda threshold
(E of figure 3). The threshold was then destroyed (F of figure 3) by about 355
feet of downcutting and 2 miles of headward erosion, probably in less than a
year, dropping the level of the lake to about 4,800 feet and ending the
Bonneville lake cycle transgressive phase (Currey and Oviatt, 1985).

At the erd of the Bonneville Flood, a new threshold was established in the
vicinity of Red Rock Pass, and the lake stabilized, forming the Provo Shoreline
(G of figure 3) at an elevation of about 4,800 feet (Currey and Oviatt, 1985).
The lake apparently occupied this level until about 14,000 years ago when
climatic conditions caused a slow drop in lake level (Currey and Oviatt, 1985).
The part of the Bonneville lake cycle during which the lake slowly regressed from
the Provo Shoreline, from about 15,000 to about 10,000 years before present, is
here defined as the Bonneville lake cycle regressive phase (2 of figure 3).

Provo deposits (5 of figure 3) are defined as those sediments deposited while
Lake Bonneville stood at the Provo Shoreline, and those sediments deposited
during the slow recession from about 14,000 to 11,000 years ago. Provo deposits
in the study area consist primarily of deltaic gravel and sard which form a cap
over the Bonneville offshore silt and clay. These sediments form the flat
surface upon which both Washington Terrace and the study area have been
constructed. The Provo delta of the Weber River is the largest delta constructed
into lake Bonneville (Feth and others, 1966).

During the last 10,000 years (post-Lake Bonneville time), fluvial erosion,
fluvial deposition, and landsliding have been the daminant geologic processes in
the study area. As Lake Bonneville slowly receded from the Provo Shoreline, the
Weber River cut down and eroded laterally into the Weber River Delta until the
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river reached its present elevation and gradient. During this process, fluvial
sands and gravels were deposited over pre-existing sediments. The fluvial
erosion created the steep bluffs which are presently found on both sides of the
Weber River near the study area. These steep bluffs have been the site of both
prehistoric and historic landsliding.

Surficial Geology

Figure 4 is a surficial geologic map of a portion of northern Davis County.
Mapping was accamplished by air photo interpretation using 1985 1:24,000 scale
photos. Mapping has not been field checked. Previous maps which included the
study area (Miller, 1980; Feth and others, 1966; and Van Horn, 1975) were
examined and aided in the air photo interpretation for this study. Map units
have been reinterpreted using modern concepts concerning Lake Bonneville
geologic history. Surficial deposits in the study area include five types:
Bonneville lake—cycle lacustrine sediments (offshore and deltaic) and post-ILake
Bonneville fluvial, alluvial-fan, eolian, and landslide deposits.

The oldest sediments exposed in the study area are Bonneville offshore
deposits. These are predominately silt, clay, and sand which settled to the lake
bottom in offshore quiet water when Lake Bonneville stood at its highest level
about 16,400 to 15,000 years ago. These sediments are covered by Provo deltaic
deposits and post-lake Bonneville eolian sands. These Bonneville offshore
deposits are well stratified and sorted. Although covered by younger sediments
in most of the study area, these deposits have been exposed by fluvial erosion
and landsliding along the upper part of the bluff above the Weber River in the
northern portion of the study area.

The next oldest sediments in the study area, Provo deltaic cobbles, pebbles,
and sands, cover the Bonneville offshore sediments. These coarse-grained
sediments were deposited where the Weber River flowed into Lake Bonneville when
the lake stood at the Provo level, forming a triangle-shaped bench with the apex
of the triangle at the mouth of Weber Canyon. These sediments are exposed in the
western portion of the study area, but in most of the area they have been covered
by post-lake Bonneville eolian sand.

Post-Lake Bonneville older Holocene fluvial deposits form terraces along the
drainage of the Weber River in the northeast portion of the study area. The
highest and oldest terrace is found at the bottam of the bluffs in the northeast
portion of the study area. This terrace has been covered in most areas by
alluvial fan deposits, colluvium, and landslides. A slightly younger terrace is
found further north at slightly lower elevations. These deposits of gravel,
cobbles, and sand are older and generally topographically higher than modern
(younger Holocene) deposits of the Weber River which are found further north,
nearer to the river. Younger Holocene fluvial deposits are not found in the
study area. Near the mouth of Weber Canyon, the post-Lake Bonneville Weber River
deposits appear to lie directly upon pre-lake Bonneville fluvial deposits (Feth
and others, 1966). Apparently all Bonneville lake-cycle deposits have been
eroded away as the Weber River cut down through its Provo delta to reach its
present elevation.

Post-Iake Bonneville alluvial-fan deposits are found along the northern
portion of the study area at the mouths of drainages. The alluvial fans have
been grouped into two age categories based on morphology and crosscutting
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relationships. The older Holocene fans are generally inactive. Deposition
periodically occurs on the younger Holocene fans. Alluvial-fan deposits vary
from well to poorly sorted and grain size ranges fram clay to boulders.

Post-Iake Bonneville landslide deposits are found along the bluff above the
Weber River in the northern portion of the study area. The oversteepened slopes
along which the landslides occur were created by downcutting and lateral erosion
of the Weber River into it's Provo delta as lLake Bonneville slowly retreated to
lower levels.

Post-Iake Bonneville eolian sand deposits form northeast/southwest trending
longitudinal dunes which cover Provo deltaic deposits in most of the study area.
Cross bedding of the type cammonly associated with eolian deposits was abserved
in the foundation excavation for a Layton City water tank on February 10, 1986.
Iacustrine nearshore sarnds west of the study area may be a possible source for
the sard.

Subsurface Geology and Ground-Water Hydrology

Little information is available concerning the subsurface in the study area.
Figure 5 shows the location of cross section NW shown in figure 6. This cross
section is part of a ground-water recharge study by Clyde and others (1984) and
shows the top of the Sunset and Delta aquifers, the bottom of the Delta Aquifer,
and underlying and adjoining coarse—grained deposits at the mouth of Weber Canyon
which are believed to be hydraulically connected to the Delta Aquifer. These
hydrogeologic units will be used as a framework for discussing the subsurface
geology of the study area.

The basin in the northern Davis County area is underlain at great depths by
well-consolidated rocks of Precambrian and Paleozoic age. The top of these rocks
form the floor of the basin which is deepest near Ogden, becaming more shallow
toward the Pleasant View salient to the north and toward Farmington to the south
as shown in figure 7 (cross section A-A') (Feth and others, 1966). Geophysical
data suggest that the thickness of the valley fill reaches a maximm of 6,000 to
9,000 feet in the middle of the basin a few miles west of Ogden, and that it
ranges elsewhere fram a feather edge at the mountain front to about 2,500 feet
over the bedrock ridges that are thought to enclose the basin to the north,
south, and west (Feth and others, 1966). The depth to bedrock under the Weber
Delta (upon which the study area is located) is estimated to be approximately
2,500 feet (Clyde ard others, 1984). These rocks may be a source of ground-water
recharge to the basin, especially along the Wasatch fault zone on the east side
(Clyde and others, 1984).

Very little is known about the poorly consolidated and unconsolidated
formations that overlie the bedrock and make up the valley fill. Petroleum
exploratmrn wells near Farmington penetrated poorly consolidated rocks resembling
the Tertiary Salt lake Formation at depths as shallow as 810 feet (Feth and
others, 1966). The upper surface of these rocks appears to dip steeply to the
west in the Weber Delta area (Feth and others, 1966). These rocks have little
effect upon the principle fresh water aquifers and their regimen of flow (Clyde
and others, 1984). The exact position of the subsurface boundary between rocks
of Tertiary age and rocks of Quaternary age is not known.

Information concerning pre-Little Valley lake—cycle deposits is provided by
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the log of a water well located about 2 miles west of Roy, Utah (Clyde and
others, 1984). With the exception of the Delta Aquifer, few gravels or
coarse-grained sediments occur in these deposits in the vicinity of this well
(Clyde and others, 1984). The sediments below the Delta Aquifer are mainly sands
with interbedded clays, silts, and a few streaks of gravel. The proportion of
fine-grained sediments increases generally with depth as does the degree of
cementation (Clyde and others, 1984). The finer-grained nature of the sediments,
the higher proportion of clays, and increased ground-water salinity indicate that
formations beneath about 1000 feet conduct relatively small quantities of ground
water, at least near the middle of the basin (Clyde and cothers, 1984).

The Delta Aquifer is an unusually coarse—grained unconsolidated formation
that underlies all of the Weber Delta area (Clyde and others, 1984). It is
camposed mainly of coarse—grained sards and gravels with thin interfingering
layers of clay, silt, and sand, but contains some layers described in drillers'
logs as boulders and clay (Clyde and cothers, 1984). The Delta Aquifer prabably
represents a large alluvial fan of mixed mudflow and braided-streamflow origin
which has coalesced with minor alluvial fans and colluvium along the Wasatch
Front. It evidently formed near the beginning of a lacustrine cycle as increased
precipitation and runoff caused erosion of accumulated alluvial and glacial
sediments of the upper Weber Valley (Clyde and others, 1984). It is not known if
this lacustrine cycle is the Little Valley lake cycle or an earlier lake cycle as
no age dates are available. The uppermost 100 feet (not stippled in the geologic
profile, figure 6) of the Delta Aquifer contain deposits which are more
lenticular and are finer grained than the main body (stippled in the geologic
profile, figure 6) of the aquifer below (Clyde and others, 1984). This uppermost
portion of the aquifer prabably represents interfingering deposits of the
encroaching but widely fluctuating lake interrupting alluvial~fan deposition
(Clyde and others, 1984). The Delta Aquifer is hydraulically interconnected to
the underlying coarse-grained sediments and to the adjoining wedge of alluvial
deposits at the mouth of Weber Canyon (Clyde and others, 1984). The top of the
Delta Aquifer is about 500 to 700 feet below the land surface at most places
where it has been identified in logs of wells (Feth and others, 1966). The
aquifer ranges in thickness fram at least 300 feet along the eastern edge to less
than 100 feet west of the Weber Delta (Clyde and others, 1984). The Delta
Aquifer is probably fully saturated and confined except near the mouth of Weber
Canyon.

Sediments above the Delta Aquifer are predominantly fine-grained lacustrine
sediments, except near the mouth of Weber Canyon where these sediments were
either not deposited or have been subsequently removed. These finer-grained
sediments are interrupted by a shallower and less productive water-bearing zone
than the Delta Aquifer, called the Sunset Aquifer (Feth and others, 1966). A
contour map of the top of the Sunset aquifer indicates that it is not present
beneath the study area (Feth and others, 1966). In most places the upper surface
of the Sunset Aquifer is 250 to 400 feet below the land surface. Drillers' logs
indicate that the aquifer is fram 50 to as much as 250 feet thick and consists
largely of sand; mixtures of gravel, sand, and silt; or sand and silt (Feth ard
others, 1966). It is not known if these sediments are pre-Little Valley
lake—cycle deposits or pre- Bonneville lake—cycle fluvial deposits and early
Bonneville lake-cycle transgressive nearshore deposits as no age dates are
available. Like the Delta Aquifer, water in the Sunset Aquifer is under artesian
canditions, but the Sunset Aquifer is much less permeable.
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The basin fill between elevations of about 4,350 feet and 4,800 is
predominantly silt and clay with lesser amounts of sand and gravel. These
lacustrine offshore deposits are commonly well laminated and contain interbedded
layers of sard ard silt (Feth and others, 1966). Figure 8 shows the location of
figure 9 which is a topographic profile through the study area upon which the
logs of water wells have been plotted. Several of the wells penetrate Weber
River Delta deposits, including one in the study area, and show the predominance
of fine—grained deposits. These fine—grained offshore deposits are more than 300
feet thick in the study area as shown in figure 9. It is not known if all of
these deposits are of Bonneville lake-cycle age or if the lower portion is of
Little Valley lake-cycle age. These deposits characteristically have a low
permeability and do not allow water to percolate dowrward into underlying
deposits. The water moves dowrward to the upper surface of a clay unit and then
moves laterally to a point of discharge (Feth and others, 1966). Some water does
penetrate into the fine-grained offshore deposits forming local bodies of perched
watermthemterbeddedsarrlarﬁgravel lenses arnd this water cammonly
discharges in canyon walls or roadcuts (Feth and others, 1966). Landsliding may
be associated with this perched grourd water.

Provo deltaic sands, gravels, and cobbles are found capping the delta top in
the southwest portion of the study area. These permeable deposits are
characteristically 10 to 30 feet thick, although locally they can be 50 to 100
feet thick (Feth and others, 1966). Water falling on or flowing over these
deposits percolates down to the top of the offshore silt and clay deposits. A
shallow unconfined aquifer probably exists in the lower portion of the Provo
deposits in most areas but the depth to the water table is generally not known.
These deposits are covered in most of the study area by post-lake Bonneville
eolian sands as shown on figure 9.

The post-lLake Bonneville eolian sands are of variable thickness in the study
area. In the southern portion of the study area these deposits may be as much as
150 feet thick (Miller, 1980). Borehole data indicate that the sand is about 60
feet thick near the landfill site in the northern portion of the study area
(EMCON Associates, 1982). Like the Provo deltaic sand and gravel, these deposits
are very permeable and water falling on the surface where these deposits are
found generally percolates dowrward until reaching the Bonneville offshore silts
and clays. Occasional fine-grained lenses are found in these deposits and
perched aquifers cammonly form above these lenses.

More recent fluvial deposits of variable thickness are found along the
drainages of the Weber River. Although the Delta Aquifer has been covered with
hundreds of feet of deltaic and other deposits, the apex of the main Delta
Aquifer fan near the mouth of Weber Canyon has been reached by the incision of
the Weber River (Clyde and others, 1984). This is the primary recharge area for
the Delta Aquifer (Clyde and others, 1984).

The direction of ground-water flow in both artesian and water-table
aquifers in most of the southern half of the Provo Delta of the Weber River is to
the west and southwest. Near the bluff created by fluvial erosion and
landsliding, ground water in the water-table aquifer also moves to the north,
often along landslide rupture surfaces. Springs along the bluff in the northern
portion of the study area indicate a probable northward camponent to ground water
movement in the area of the landfill. Perched ground water may be found above
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fine—grained lenses in the eolian deposits. The direction of flow of this
perched ground water cannot be predicted.

Geologic Hazards

Potential geologic hazards in the Wasatch Front area include seismic hazards
(ground shaking, surface fault rupture, tectonic subsidence, liquefaction,
seismically induced slope failure and/or flooding), slope failures, problem
soils, flooding, and shallow ground water. This report presents a preliminary
evaluation of potential geologic hazards affecting the study area.

Seismic Hazards

The study area is in an active earthquake zone called the Intermountain
seismic belt which extends from northwestern Montana to southwestern Utah. 1In
the northern Davis County area, the largest magnitude earthquake during
historical time occurred in 1914 and was an estimated Richter magnitude 5.5
(Arabasz and others, 1979). Numerous smaller earthquakes have occurred in the
Davis/Weber County area within the last 120 years. Many of these earthquakes
cannot be attributed to known active faults, although faults capable of
generating earthquakes are present in the area. The Wasatch fault, which trends
north-south along the mountain front east of the study area, is the one of most
concern because of its recency of movement, potential for generating large
earthquakes, and proximity to the study area. It consists of a zone of faults
ard crustal deformation, sametimes as much as several thousand feet wide, and is
considered capable of generating earthquakes up to magnitude 7.0-7.5 (Schwartz
and Coppersmith, 1984). Other fault zones, such as the Hansel Valley or East
Cache fault zones, are capable of generating earthquakes which could cause ground
shaking damage in the study area.

Ground Shaking

Ground shaking is the most widespread and frequently occurring seismic
hazard and is responsible for the majority of earthquake-caused damage. The
extent of property damage and loss of life in an earthquake due to ground shaking
are determined by several factors including: 1) strength of seismic waves
reaching the surface (horizontal accelerations are the most damaging), 2) the
frequency, amplitude, and duration of ground shaking, 3) proximity to fault zones
or epicenters, 4) foundation materials, and 5) building design (Costa and Baker,
1981). Foundation materials are important because ground shaking can be
amplified by local site conditions, and the site response is influenced by the
nature and thickness of underlying unconsolidated deposits (Hays and King, 1982).

The severity of ground shaking is chiefly dependent on the magnitude of the
earthquake. Based on expected shaking levels at bedrock sites, the Uniform
Building Code (UBC) places the study area in seismic zone 3 and gives minimm
specifications for earthquake-resistant design and construction. The Utah
Seismic Safety Advisory Council (USSAC) places the study area in seismic zone U-4
and recamerds application of UBC zone 3 specifications with more stringent
review and inspection to insure campliance.

Both the UBC and USSAC seismic zonations are based on expected ground
shaking in bedrock. Unconsolidated deposits commonly amplify ground shaking
relative to bedrock, and the degree to which the amplification occurs deperds
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upon the nature and thickness of the unconsolidated deposits and on the frequency
(period) and amplitude of the seismic waves (Hays and King, 1982). It is
important to understand that when the fundamental mode of response of a building
has the same period as the amplified seismic waves, the potential for high damage
levels increases. Short period waves (0.1-0.2 seoonds) are most destructive to
1-2 story buildings, whereas waves with 0.2-0.7 second periods are most
destructive to 3-7 story buildings. ILonger period waves may cause damage to
taller huildings with relatively little effect on other structures.

Hays and King (1982) determined that amplification generally increases from
the mountains toward the center of the valley for seismic waves of all periods.
The specific results for the 0.2-0.7 second period band in the study area are
shown in figure 10. The actual values shown in figure 10 represent ratios of
horizontal spectral velocities at valley sites relative to bedrock sites. These
values can best be understood in terms of damage and level of ground shaking by
relating them to the Modified Mercalli (MM) intensity scale (table 1). Robison
and others (1986) used the following equation developed by Borcherdt and others
(1975) to relate horizontal spectral amplification (AHSA) to MM intensity:

I = 0.27 + 2.70 log (AHSA),

where I is the incremental increase on the MM intensity scale. Applying this
relationship to the study area data, the contour lines in figure 10 indicate an
incremental increase of 1.7 mten51ty units for the 3.3 contour. Algermissen and
Steinbrugge (1984) assigned a MM intensity of VII for bedrock for the magnitude
7.5 earthquake. Thus, it can be seen that the study area may experience maximm
Modified Mercalli intensities between VIII and IX (table 1). Donovan (1981) has
determined that ground shaking generated by earthquakes with epicenters within a
10-mile radius of the study area could be even greater, amd site specific studies
of ground shaking should consider these near-field affects fram local earthquake
sources as well as amplification due to site corditions.

Significant damage due to ground shaking could occur in the study area in
the future. It is therefore recommended that all construction should conform to
Uniform Building Code standards for seismic zone 3 with monitoring by regulatory
agencies as recammended by the Utah Seismic Safety Advisory Council for their
seismic zone U~-4. In addition, site-specific ground-shaking studies are
recammended prior to the construction of critical facilities, lifelines, schools,
and high occupancy or multi-story (>2) buildings.

Surface Fault Rupture

Studies along the Wasatch fault zone (Schwartz and Coppersmith, 1984) and
elsewhere indicate that the most likely areas for surface fault rupture are along
areas of previous (prehistoric) rupture. These areas are identified by mapping
fault scarps. Miller (1980) and Van Horn (1975) map a fault with the east side
down just east of the eastern boundary of the landfill site at approximately 2400
east. New United States Geological Survey mapping of the Wasatch fault zone
indicate that this scarp is not of tectonic origin. The nearest tectonic scarps
to the study area are along the Weber segment of the Wasatch fault, about 3,000
feet east of the study area (Nelson, A. R., personnel cammn. 1987). There is no
evidence of surface fault rupture hazard in the study area.
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Tectonic Subsidence

Iarge-scale tectonic subsidence may accampany surface faulting during large
as the downthrown block undergoes regional downdropping and tilting

toward the fault (Keaton, J. R., oral commmn., July 16, 1986). This subsidence
may occur over tens of miles from surface faults. Preliminary tectonic
deformation maps for the Wasatch fault indicate that predicted subsidence due to
the "characteristic" Wasatch earthquake (Richter magnitude 7.0-7.5) is less than
5 feet in the stiwdy area. Flooding caused by tectonic subsidence would occur
along the Weber River flood plain and may affect the northern portion of the
study area, but will not reach the burn plant or landfill sites. In the study
area, tectonic subsidence is most likely to affect tall buildings and
gravity-flow systems such as sanitary sewers, storm sewers, and canals.

Liquefaction

Liquefaction is a phenamenon which may occur during earthquakes of magnitude
5.0 and larger (Kuribayashi and Tatsuoka, 1975, 1977; Youd, 1977). Liquefaction
occurs when loose, saturated, fine-sand deposits are subjected to earthquake
shaking, causing the loss of essentially all shear strength as pressures are
rapidly transferred fram the granular structure of the soil to pore water
(Anderson and others, 1982). Depending on slope, three types of ground failure
are commonly associated with liquefaction (Anderson and others, 1982): (1) flow
lardslides (slopes steeper than about 5.0 percent), (2) lateral spread landslides
(slopes between about 0.5 percent and 5.0 percent), and (3) bearing capacity
failures (slopes less than about 0.5 percent). Clays in excess of 15 percent may
preclude liquefaction (Anderson and others, 1982), as do confining pressures at
depths below about 10 meters (30 feet) (Youd, T. L., oral cammun., May 19, 1986).
A liquefaction potential map of the study area (figure 11) indicates that the
liquefaction potential in most of the study area, including the burn plant site,
is very low. Anderson and others (1982) rated the area as very low because the
shallow ground-water table was expected to be well below the ground surface.
Ground water (probably perched) was encountered during foundation excavation,
however, and therefore the liquefaction potential at the site may be higher than
mapped. Also, much of the steep bluff above the Weber River is landslide and
steep topography. Anderson and others (1982) indicate that much of this area is
classified as high liquefaction potential, but it is not known whether the local
landslides along the steep bluff were initiated by liquefaction. Paleo
liquefaction features were identified in an exposure at the landfill site. It is
possible that flow landslides may occur in this area during seismic events. It
is therefore recommended that future refuse disposal cells be located away from
the edge of this bluff.

Seigmically-induced Slope Failure and/or Flooding

Earthquakes of magnitude 4.0 or greater are generally required to induce
slope failure (Keefer, 1984). The role of earthquake ground shaking in
initiating slope failures is not well understood and no studies assessing seismic
slope stability in the study area have been campleted. Those slopes most
susceptible to non- seismically induced landsliding are most likely to fail
during an earthquake, and it is recommended that all slope stability studies
include analyses under seismic conditions during both moderate and large
earthquakes. Preliminary seismic slope stability maps of the Kaysville 7.5'
Quadrangle indicate that the bluffs in the northern part of the study area have a
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high potential for earthquake-induced landslides (Tophan, D. E., oral commun.,
April 6, 1987). Landsliding will be discussed further in the slope failure
section of this report.

Flooding due to earthquake events may result from dam failure, tectonic
subsidence, discharge of ground water, and diversion of surface drainage.
Earthquake induced flooding in the study area is most likely to occur along the
Weber River due to dam failure upstream (U. S. Bureau of Reclamation, 1983). It

is unlikely that flooding due to earthquake events will affect either the burn
plant or landfill sites.

Slope Failure

Slope failures are common in the study area. The bluff in the northern
portion of the study area is part of the South Weber landslide complex (Pashley
and Wiggins, 1972). The Weber River has cut down and eroded laterally into the
Weber River delta leaving a steep 200-foot-high bluff between the flood plain of
the Weber River ard the gently sloping delta surface upon which the study area is
located. This steep bluff has been failing by a cambination of rotational slump
and earth flow landslides (Pashley and Wiggins, 1972). Figure 12 illustrates the
landslide classification used in this report.

As the river cut down into the delta, the presence of silty clay beds in the
lake deposits allowed the cut slopes to remain quite steep (Dames & Moore, 1985).
As the river cut progressively deeper, the height of the banks exceeded the
threshold of stability and landslides resulted (Dames & Moore, 1985). The
landslides were, and are, progressive because 1) the landslide masses which
accumilated at the toes of the slopes were carried away by the Weber River, hence
any self-stabilizing effect of "buttressing" the toes of the slopes were removed,
and 2) extensive perched ground water occurs within the sand layers within the
soil sequence (Dames & Moore, 1985).

Most of the bluff in the northern portion of the study area is considered to
be either landslide deposits or landslide headscarps (figure 4). Movement of one
slide often creates oversteepened conditions around its headscarp which promotes
additional movement of landslide movement in the scarp area. Earthquake ground
shaking can accelerate the larndslide process. Dames & Moore (1985) determined
that a horizontal acceleration, due to a seismic event, of as little as 0.05g (5
percent of gravity) can induce significant movements of old landslide deposits
along the bluffs above the Weber River. Earthquake-generated horizontal
accelerations of 0.05g have an approximately 95 percent probability of occurring
during a 100-year time period (dames & Moore, 1985). Combined with the fact that
topographic, soil strength, and ground-water conditions permit reactivation of
parts of old landslide deposits without earthquake shaking, the likelihood of
landsliding in the study area in the future is high. Miller (1980) has mapped
one landslide deposit along the bluff just north of the landfill site.
Examination of aerial photographs (1937, 1:20,000 scale; 1985, 1:24,000 scale)
indicate that most of the landfill site is located on a possible slump. If this
interpretation is correct, it is likely that this landslide is much older than
the landslide mapped by Miller (1980), and that the likelihood of reactivation of
the larger, older slump is lower. -

Areas of existing landslides indicating a landslide hazard occur within the
study area and are shown in figure 13. The burn plant is not in a landslide
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hazard area. The landfill site is in a landslide hazard area and future refuse
disposal cells should be kept away from the edge of the bluff where future
landsliding is most likely to occur. It is likely that the possible slump which
underlies most of the landfill site is old, possibly related to a seismic event
which occurred just after Lake Bonneville dropped below the Provo level when the
sediments were still saturated, and that the chance of further failure is low.
Refuse has been used to fill the drainage in the northeast corner of section 3,
T. 4 N., R. 1 W. (figure 14). EMOON Associates (1982) have recammended that a
seismic slope stability study be campleted for this fill. Because of the steep
slopes of both the fill and natural slopes, the evidence for past instability of
the surrounding natural slopes, and uncertainty concerning the techniques use to
fill the drainage, it is agreed that such a study should be funded. The slope
stability study should be campleted for both static and earthquake ground shaking
(dynamic) conditions ard should take into consideration the liquefiable nature of
the soils.

Problem Soils

Potential problem soils include collapsible soils and soils with a high
shrink-swell potential. Problems with soils can also occur due to differential
settlement when construction occurs on sediments with different characteristics.
Erickson and others (1968) mapped the soils in the Davis-Weber area, and soils in
the study area have only low to moderate shrink-swell potential.

Although no problem soils have been identified in the study area, same may
exist. Standard soil and foundation investigations should be oonducted prior to
development so that any problem soils may be identified and, if necessary,
mitigative measures may be suggested.

Shallow Ground Water and Ground-Water Contamination

A depth to shallow ground~water map has been produced for the study area as
part of the liquefaction potential investigation (Anderson and others, 1982).
This map shows that the depth to shallow ground water in the study area is
generally greater than 45 feet. It is likely that perched ground water is also
present above fine—grained lenses in same places the study area and that this is
the case at the burn plant site. The spring in the eastern portion of the
landfill site may be related to a shear zone along the eastern flank of the
possible landslide.

In order to monitor possible leachate migration from the landfill,
monitoring stations would be required along the bluff north of the landfill, as
well as west and southwest of the landfill. Wells to monitor baseline water
quality should be placed upgradient to the east and southeast of the landfill.
Bonneville offshore sediments examined in exposures in other areas of the Weber
deltaarepredani.nantlyfinegrainedani, ifthisisalsothecaseinthestudy
area, it is unlikely that leachate could migrate dowrnward through these sediments
and contaminate deeper aquifers because of the low permeability of the offshore
sediments and the artesian corditions of the deeper aquifers. It is therefore
most important to place monitoring wells in the water-table aquifer which exists
above these offshore sediments. It is expected that these sediments will be
encountered in the subsurface at elevations between 4,700 feet and 4,800 feet.
If the landfill site is an old landslide as suspected, these offshore sediments
may be encountered at slightly lower elevations. Detailed logs of sediments
encountered in the subsurface should be made for all wells so that perched
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aquifers may be identified and monitored. Samples of the Bonneville offshore
sediments should be collected during drilling and analyzed to verify their low
permeability in the study area.

Flooding

In the study area, floods are most likely to occur in response to cloudburst
storms or rapid spring snowmelt and runoff, with the most serious flooding
usually occurring along the Weber River. The primary cause of flooding along the
Weber River is rapidly melting snow from late April to early July (Federal
Emergency Management Agency, 1982)., The largest snowmelt floods of record on the
Weber River occurred in 1896, 1907, 1909, 1920, 1922, and 1952 (Federal Emergency
Management Agency, 1982). Flooding due to cloudburst storms may occur along any
of the smaller drainages in the study area.

Recommendations

Geologic hazards affecting the study area have been identified in this
report. The principle geologic hazard to the burn plant is earthquake ground
shaking. Minimum requirements for earthquake-resistant design and construction
are included in the UBC, but recent work indicates that these requirements may be
inadequate for constxuction in unconsolidated materials in the area.
Ground-shaking parameters used in the design of the burn plant were not reviewed
for this study. Ground-shaking damage may be lessened by securing machines,
shelves, and heavy furniture so that they cannot move and cause damage during
seismic events.

The principle geologic hazard to the landfill is slope failure. Future
refuse disposal cells should be placed away from the edge of the bluff. A
site-specific slope-stability study for the refuse now filling the drainage
should be conducted. This study should include the natural slopes immediately
surrounding the drainage and should be conducted for both static and dynamic
conditions. Possible liquefiable soils should be taken into consideration. This
proposed slope stability study may provide information useful in evaluating
setback distances from the edge of the bluff for future refuse cells.

As with any landfill, possible leachate migration is a major concern.
Upgradient wells should be placed to the east and southeast of the landfill site.
Monitoring wells should be placed to the north, west, and southwest of the
landfill site. All water-table and perched aquifers above the Bonneville
offshore deposits should be monitored. Detailed logs of the wells should be made
so that monitoring depths may be determined. It would be advisable to monitor
artesian aquifers as well as the perched and water-table aquifers. This may be
possible using existing wells, such as Hill Field # 4 (figure 8) or any of the
layton City wells which are located in section 3, T. 4 N., R. 1 W., to the
southwest of the landfill site.
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alluvial fan -

alluvium -

aquifer -

artesian -

artesian aquifer -

colluvium -

confining bed -

consolidation -

deltaic -

Eolian -

evapotranspiration -

GLOSSARY

A cone-shaped deposit of alluvium made by a stream where it
runs out onto a level plain or meets a slower stream. The
fans generally form where streams issue fram mountains upon
the lowlard.

A general germ for all detrital deposits resulting fram the
operations of modern rivers, thus including the sediments
laid down in river beds, flood plains, lakes, fans at the
foot of mountain slopes, and estuaries.

Stratum or zone below the surface of the earth capable of
producing water as from a well.

Refers to ground water under sufficient hydrostatlc head to
rise above the aquifer containing it.

One that contains artesian water.

A general term applied to loose and inccherent deposits,
usually at the foot of a slope or cliff, and brought there
chiefly by gravity.

One which, because of its position and its impermeability or
low permeability relative to that of the aquifer, gives the
water in the aquifer artesian head.

Any or all of the processes whereby loose, soft, or liquid
earth materials becare firm and coherent.

Pertaining to, characteristic of, produced or deposited by,
or derived from a delta. A delta is a landform created by
deposition at a river/lake interface.

Term applied to the erosive action of the wind, and to
deposits which are due to the transporting action of the
wind.

A term embrac;mg that portion of the precipitation returned
to the air through direct evaporation or by transpiration of
vegetation, no attempt being made to distinguish between the
two.
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fluvial -

glacial -

head -

Holocene -

horst -

interlacustrine -

lacustrine -

lake cycle -

lenticular -

liquefaction -

normal fault -

Paleozoic -
perched aquifer -

A fracture or fracture zone along which there has been
displacement of the sides relative to one another parallel
to the fracture.

Of, or pertaining to, rivers; produced by river action.

Pertaining to, characteristic to, produced or deposited by,
or derived from a glacier (a mass of moving ice).

Pressure of a fluid upon a unit area due to the height at
which the surface of the fluid stands above the point where
the pressure is determined.

Geologic Time Unit, see Geologic Time Scale, Table 2.

a block of the earth's crust, generally long campared to its
width, that has been uplifted along faults relative to the
rocks on either side.

That period of time between lake cycles when a lake is at
its lowest stard.

Pertaining to, produced by, or formed in a lake or lakes.

That period of time during which a lake rises from a
interlacustrine low stand to its highest stand, and that
period of time during which the lake recedes to the next
interlacustrine low stand.

Shaped approximately like a double convex lens.

A precess by which certain water saturated soils lose
transferred from grain to grain contact to intergranular
water as pore pressures increase.

(of an earthquake A quantity characteristic of the total
energy released by an earthquake as contrasted to
"intensity" which describes its effects at a particular
place.

A fault at which the hanging wall has been depressed,
relative to the footwall.

Geologic time unit, see Geologic Time Scale, Table 2.

An aquifer in which ground water is separated fram an
underlying body of grourd water by unsaturated rock.

The permeability (or perviousness) of rock is its capacity
for transmitting a fluid. Degree of permeability depends
upon the size and shape of the pores, the size and shape of
their interconnections, and the extent of the latter.
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le -

Pleistocene -
Precambrian -

Quaternary -

saturated -

seismic -

sorting -

stratified -

stratum -

surficial -

tectonic -~
Tertiary Period -
water table -

Pervious. Having a texture that permits water to move
through it perceptibly under the head differences
ordinarily found in subsurface water.

Geologic time unit, see Geologic Time Scale, Table 2.
Geologic time unit, see Geologic Time Scale, Table 2.
Geologic time unit, see Geologic Time Scale, Table 2.

A rock or soil is saturated with respect to water if all its
interstices are filled with water.

Pertaining to an earthquake or earth vibration, including
those that are artificially induced.

In a descriptive sense, the term may be used to indicate the
degree of similarity, in respect to same particular
characteristic (such as particle size), of the component
parts in a mass of material. A sediment is well sorted when
most of the particles which make up the deposit are about
the same size.

Formed or lying beds, layers, or strata.

A section of the formation that consists throughout of
approximately the same kind of rock material; a stratum may
consist of an indefinite number of beds, and a bed may
consist of numberless layers; the distinction of layer and
bed is not always obvious.

Characteristic of, pertaining to, formed on, situated at, or
occurring on the earth's surface; especially, consisting of
unconsolidated residual, alluvial, or glacial deposits
lying on the bedrock.

Of or related to deformation of the earth's crust.

Geologic time unit, see Geologic Time Scale, Table 2.

The upper surface of a zone of saturation except where that
surface is formed by an impermeable body.
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Figure 2. Schematic diagram showing a hydrograph of probable lake

levels in the Lake Bonneville basin for the past
1504000 years. Numbered solid lines above lake level
curves represent time periods of lake cycles described
in this report. Dashed lines represent interlacustrine
periods when lakes in the Lake Bonneville basin stood
at relatively low 1levels or were nonexistent.
(Hydrograph modified from Currey and Oviatt, 1985, and
extended past 35,000 years before present by Machette
and others, 1986, on the basis of recent stratigraphic
studies of pre-Lake Bonnevile deposits, with additional
modifications for this report),
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1- Bonneville lake cycle transgressive phase.
2- Bonneville lake cycle regressive phase.

3- Stansbury deposits.

4- Bonneville deposits.

5- Provo deposits.

6- Gilbert deposits.

7- Stansbury Shoreline stage.

8- Bonneville Shoreline stage.

8- Provo Shoreline Stage.

10-Gilbert Shoreline stage.
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Figure 3. Hydrograph of Lake Bonneville (adapted from Currey and

Oviatt, 1985) . Numbers show time periods of
terminology, and 1letters show time and altitude of
events discussed in this report.
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EXPLANATION
Al mab units are of Quaternary age.

Bonneville lacustrine offshore silt and clay.

- Provo deltaic sand and gravel.

Older Holocene fluvial sand and gravel.

- Thin post-Lake Bonneville alluvial-fan, colluvial, and landslide deposits
over older Holocene fluvial sand and gravel.

- Older Holocene alluvial-fan deposits.

- Younger Holocene alluvial-fan deposits.

- Post-Lake Bonneville ? eolian ? sand.

- Definite post-Lake Bonneville landslide.

- Possible post-~lLake Bonneville landslide.

Figure 4. Surficial geoloagic map of NDRD site study area, northern

Davis County, Utah.
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Sections showing approximate bedrock profiles and thickness of the

inferred from seismic and gravity data

Figure 7.
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shown in figure 9 (John 0. Reeve and Associates Consulting

Map showing location of topographic profile and water wells
Engineers, 1962).

Figure 8.
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Location of profile is shown in figure 8.
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TYPE OF MATERIAL

ENGINRERING 80ILS

ammi:x
Predominantly coarse | Predominantly fine
FALLS Rock fall Debris fall ! Earth fall
TOPPLES Rock topple Debris topple 1 Earth topple
ROTATIONAL rsv Rock slump Debris slusp H Zarth slump
SLIDES UNITS | pock block slide| Debris block slide | Earth block slide
TRANSLATIONAL [~ o !
UNITS Rock slide Debris slide ; Zarth slide
LATERAL SPREADS Rock spread Debris spread i Earth spread
— Rock flow Debris flow ! Barth flow
(deep creep) (soll creep)
COMPLEX Combination of two or more principal types of movement

ORIGINAL GROUND_
SURFACE

Slump and earth flow

Figure 12. Landslide classification and terminology (Varnes, 1978).
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MODIFIED MERCALLLINTENSITY SCALE OF 1931
{(Abridged)

Not felt except by a very few under especially favorable circumstances.

Felt anly bvafew persons at rest. especially on upper floors of buildings. Delicately suspended objects
may swing. :

Felt guite noticeably indoors. especially on upper floors of buildings, but many people do not recog-
nize it as an carthquake. Standing motor cars may rock slightly. Vibration like passing of truck. Dura-
tion estimated.

During the day Ieltindoors by many, outdoors by few. At night some awakened. Dishes, windows.
doors disturbed: walls made cracking sound. Sensation like heavy truck striking building: stunding
motor cars rocked noticeably.

Felt by nearly everyone: many awiakened. Some dishes, windows, etc.. broken: a few instances of
cracked plaster: unstable objects overturned. Disturbance of trees, poles and other tall objects some-
times noticed. Pendulum clocks may stop.

Felt by all: many frightened and run outdoors. Some heavy furniture moved: a few instances of fullen
plaster or dumaged chimnevs. Damage shght.

Evervbody runs outdoors. Dumauge negliwible in buildings of good design and construction: shight to
moderate in well-built ordinary structures: considerable in poorly built or badly designed structures.
some chimneys broken. Noticed by persons driving motor cars.

Damuge sheht in specially designed structures: considerable in ordinary substanual buildings with par-
tial collapse: great in pooriy built structures. Panel walls thrown out of frame structures. Full of
chimneys. factory stucks, columns, monuments. walls. Heavy furniture overturned. Sund and mud
ejected in smull amounts. Changes in well water. Disturbed persons driving motor cars.

Duamage consideruble in specially designed structures: well designed frame structures thrown out of
plumb; great in substantial butldings, with partial collupse. Buildings shifted off foundations. Ground
cracked conspicuously. Underground pipes broken.

Some well-built wooden structures destroved: most masonry and frame structures destroved with
foundations: ground badly cracked. Rails bent. Landslides considerable from river bunks and steep
stopes. Shifted sand und mud. Water splashed tslopped) over banks.

Few_ ifany (masonry). structures remun standing. Bridges destroved. Broad fissures inground. Un-
derground pipe lines completely out of service. Earth slumps and lund slips in soft ground. Rails bent
greatly.

Damage total. Waves seen on ground surfaces. Lines of sight and level distorted. Objects thrown
upward into the air.

Table 1. Modified Mercalli intensity scale of 1931 (abridged)
(Earthquake Information Bulletin, 1974).
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Project: Requesting Agency:
Preliminary geologic hazard investigation for Clearfield City
two proposed water storage reservoir sites, Engmeermg and
Clearfield City, Utah Inspections
By: Date: County: Job No.:
Mike Lowe 3-14-88 Davis D10
USGS Quadrangle: ]
Clearfield and Kaysville

INTRODUCTION

At the request of Jackie E. Bippes, Director of Clearfield City Engineering
and Inspection, preliminary geologic hazard investigations of two potential sites
for a two-million gallon buried concrete water storage reservoir were performed.
The Park Site is located in the SW 1/4 SW 1/4 sec. 36, T. 5 N., R. 2 W., at an
approximate elevation of 4,535 feet in northern Clearfield City (attachment 1).
The HAFB Site is located in the SE 1/3 SW 1/4 sec. 31, T. 5 N., R. 1 W., at an
approximate elevation of 4,760 feet on the socuthwestern portion of Hill Air Force
Base (attachment 1). The purpose of the investigation was to identify any
geologic hazards affecting the sites. The scope of work for this investigation
included a literature search and an examination of aerial photographs (1985,
approximately 1:24,000 scale). This report was reviewed by Gary E. Christenson
of the Utah Geological and Mineral Survey.

General Geoloqy

The Park Site is located just west of the western edge of the Weber River
delta, which forms the hill that rises east of the site, and is underlain by
Provo-age and younger offshore sediments deposited in Pleistocene lake Bonneville
about 15,000-13,000 years ago (attachment 2). Erickson and others (1968) have
mapped the soils at the site as fine sandy loam of the Kidman series. Sediments
at the site are expected to consist primarily of fine sands, silts, and clays
which have Unified Soil Classifications of ML, CI, and ML~CL. Clay units with
Unified Soil Classifications of CH may be encountered at depth during excavation
for the water storage reservoir.

The HAFB Site is located on the western edge of the Weber River delta and
sediments consist of Provo-age and younger nearshore and deltaic deposits
(attachment 2). Erickson and others (1968) have mapped the soils at the site as
well-sorted fine sand with a Unified Soil Classification of SP. Lenses of gravel
or silt and clay may be encountered at depth during excavation.

Geologic Hazards
Earthquake Ground Shaking

Because both sites are within the Intermountain Seismic Belt and near the
Wasatch fault zone, the potential for severe grourd shaking accampanying
earthquakes is high. Both sites are in Uniform Building Code (UBC) Seismic Zone
3 and Utah Seismic Safety Advisory Council (USSAC) Seismic Zone U-4, the zones of
highest seismic risk in Utah in the respective zonations. Recent work by Youngs
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and others (1987) indicates a maximm expected ground acceleration in the
Clearfield area (10 percent probability of exceedence in 250 years) of 0.7g. The
peak acceleration with a 10 percent probability of exceedence in 10 years is
0.06g, and in 50 years is 0.35g. These values should be considered by those
designing the structure to insure its seismic safety.

Liquefaction-Induced Ground Failure

Liquefaction potential maps by Anderson and others (1982) indicate that the
potential for earthquake-induced soil liquefaction is moderate at the Park Site
and very low at the HAFB Site (attachment 3). Soil liquefaction occurs in areas
of shallow ground water (less than 30 feet) and loose sandy scils as a result of
increased pore-water pressures. Ground failure may occur due to a loss of shear
strength as bearing pressures are transferred from the granular structure of the
soil to the pore water which fills the voids between the grains. The probability
of ground shaking levels sufficient to induce liquefaction occurring during the
next 100 years at the Park Site (0.12 - 0.20g) is 10 - 50 percent, and at the
HAFB Site (more than 0.30g) is less than 5 percent. The type of ground failure
which may occur as a result of liquefaction depends primarily upon the severity
and duration of ground shaking, and on the ground surface slope. Ground surface
slopes at both the Park and HAFB sites are between 0.5 and 5.0 percent (Anderson
and others, 1982), ard therefore liquefaction-induced ground failure could result
in lateral spread landsliding at both sites. Iateral spread landsliding could
damage the proposed water storage reservoir, and could also damage water conduits
attached to the reservoir. To prevent loss of water and subsequent flooding due
to conduit failure, valves at the reservoir designed to close if conduits are
severed should be considered.

The liquefaction potential maps are at a regional scale and, although they
can be used to gain an understanding of probable potential of a given area for
liquefaction during earthquake ground shaking, they are not designed to replace
site-specific evaluations. Mapped areas rated as having a low liquefaction
potential may contain isolated areas with a high liquefaction potential and areas
rated as having a high liquefaction potential may contain isoclated areas which
are not prone to liquefaction (Anderson and others, 1982). It is therefore
recammended that an evaluation of liquefaction potential for both of the proposed
sites be conducted as part of a soil foundation investigation.

Tectonic Subsidence

large-scale tectonic subsidence may accompany surface faulting during large
earthquakes on the Wasatch fault as the downthrown (valley-side) block is
downdropped and tilted toward the fault. This subsidence may occur over tens of
miles west of the surface~fault rupture. Preliminary tectonic subsidence maps
for the Wasatch fault zone (Keaton, 1987) indicate that the predicted subsidence
due to the "characteristic" Wasatch fault earthquake (Richter magnitude 7.0-7.5)
would be about 5 feet near the mountain front, decreasing toward the valley
center. Tectonic subsidence could cause a loss of head (less than 5 feet) in the
water system. Tectonic subsidence is, in this area, a poorly understood and
relatively rare event, occurring only during large surface-faulting earthquakes
on the Weber Segment of the Wasatch fault, and thus should not be a major
consideration in siting of the water storage reservoir. However, if a head loss
of less than five feet is critical at one site and not another, it may be prudent
to consider tectonic subsidence.
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Shallow Ground Water

Shallow ground water, associated with either the unconfined water-table
aquifer or perched grournd water, could occur at either site and adversely affect
cut-slope stability during construction of the reservoir. If encountered, ground
water may need to be drained from the site. It is recommended that the seasonal
high ground-water level at the chosen site be evaluated during a soil foundation
investigation, and recommendations given for mitigation of any hazards it poses.

Problem Soils

Erickson and others (1968) indicate that the soils at the surface at both
sites have only a low to moderate shrink-swell potential. Moisture sensitive
soils subject to hydmoatpactlon or with a high shrink-swell potential could be
encountered, and it is recamended that potential soil problems at the foundation
level be evaluated in a soil fourdation investigation. This report should
contain recamendations for foundation preparation and construction, and include
recommendations concerning cut slopes.

Other Hazards

Stream flooding, lake flooding, dam—failure inundation, debris flows,
landslides, rock fall, and surface-fault rupture are other geologic hazards which
affect certain areas along the Wasatch Front. Preliminary Davis County geologic
hazards maps indicate that these hazards do not occur at either of the proposed
sites, and need not be considered further.

Conclusions And Recommendations

In conclusion, the HAFB Site is slightly more suitable from a geologic
standpoint because the liquefaction hazard is very low, whereas it is moderate at
the Park Site. However, this hazard does not make the Park Site unsuitable
because structural measures can be taken to mitigate this hazard. Other hazards
present at both sites include earthquake ground shaking and tectonic subsidence.
The structure can be designed to withstand expected ground shaking levels at
either site. Loss of head due to tectonic subsidence accompanying a large
surface-faulting earthquake in the area can be considered if it is critical, but
need not be a major factor in choosing a site because the amount of expected
subsidence can only be estimated, and because the hazard is poorly understood and
relatively unlikely to occur. A site-specific soil foundation investigation is
recamended at either site to evaluate liquefaction potential and soil foundation
and shallow ground water conditions, and to make recommendations concerning
foundation design. Please contact me if you have any questions, and let me know
when the excavation is open so that I may inspect it as part of my data
collection effort.
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Attachment 2
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EXPLANATION
Bonneville offshore deposits: mainly clay, silt, and fine sand in thin beds.

Provo and younger offshore deposits; mainly clay, silt, sand, and, locally,
offshore sand bars.

Qpsf = Provo and younger nearshore and deltaic deposits; mainly sand and gravel.
Qsf = Post-Lake Bonneville salt flat deposits; mainly silt and clay with high
salt content.

Source: Davis, F. D., 1983, Geologic map of the Central Wasatch Front:
Utah Geoloaical and Mineral Survey Map 54-A, 1:100,000 scale.
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Project: Requesting Agency:
Report of Geologic reconnaissance: landslide Weber County
southwest of Gibbons and Reed Co. north pond, Engineering
west of Uintah, Weber County

By: Date: Ceunty: Job No.:
Mike Iowe 7-22-85 Weber w1
USGS Quadrangie:
Ogden

At the request of Curtis Christensen, Weber County Engineer, an inspection
was made of the north pond and surrounding area at the Gibbons and Reed Company
property west of Uintah (6194 S. 1550 E., Uintah Bench; figure 1). The pond
occurs naturally in a shallow depressmn along a flat-bottomed drainage. A man-
made embankment on the southwest end of the pond has increased the pord's size
and depth. Downstream to the southwest, the drainage has cut a deep qully which
is eroding headward (northeast) toward the pond (figure 1). Varge J. lowe (oral
commun., 1985), Office Manager for Gibbons and Reed Co., states that landsliding
and erosion have caused the head of the qully to move 60 feet closer to the pond
since 1980. To stop this erosion, an overflow drain was placed at the pond
outlet and water was piped to the base of the hill where it eventually was
discharged to the Weber River. However, in 1983 a landslide on the east slope of
the valley south of the pond destroyed the overflow pipe. As a result of the
1983 landslide, Weber County installed a new drain in the pond. This new drain
was placed in the bottom of the pond in order to completely drain it. A new
drainage pipe was also installed. This drainage pipe was buried in the gully
which runs southwest from the pond (figure 2).

The purpose of this study was to determine: 1) the nature of the 1983
landslide, ard 2) the extent to which pond leakage contributed to ground-water
conditions which may have triggered the slide. The scope of the investigation
included field inspections on July 10, 1985, and on July 19, 1985, and a review
of pertinent geologic literature. Gary Christenson of the Utah Geological and
Mineral Survey was present during the field mspectlon on July 19, 1985.

Personal cbservations made at the site during spring 1979 and 1980 and fall 1983
and 1984, were also used to evaluate the problem.

The pord is in the Washington Terrace landslide complex, an area of
extensive landsliding that has been studied previocusly by Feth (1955), Schroder
(1971), Pashley and Wiggins (1972), and Van Horn ard others (1972). A number of
conditions exist which make this area susceptible to landsliding. The materials
in which the landsliding takes place are cyclically bedded sands, silts, and
clays representing deep-water deposits of Iake Bonneville over which deltaic
cabbles, gravel, and sand have been deposited. The Weber River has cut into
these deposits as the lake retreated, creating a steep 200-foot high bluff.
Campounding the problem of slope steepness and slide-prone materials is the
presence of ground water. Many springs are found on the hillside where
impermeable clay beds in the lake sediments prevent further dowrward movement of
ground water and develop perched water tables in the slope. Schroder (1971)
states that the clays and sands in the slopes are prone to sliding when
saturated. Piping caused by exiting ground water may also contribute to the
problem. Iandslides in this type of enviromment usually consist of rotational
slumps which mobilize into earthflows, debris flows, or mudflows at the toe of
the slump.
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The 1983 landslide was probably initiated as a rotational slump but was
sufficiently wet to mobilize into a rapid earthflow at the toe. Additional water
was probably contributed as the drainage pipe at the top of the slump ruptured
(figure 2). The 1983 landslide is part of a larger landslide complex in the
valley south of the pond (figure 2). Extensive landsliding has occurred on both
the east and west slopes, and the main scarp of a valley-bottom slope failure
traverses cross-valley just below the pond. Springs are present at the base of
this scarp in the valley bottom, and it is likely that these springs drain a
perched aquifer that is recharged by infiltrating pond and stream water. Other
springs and seeps occur at similar and lower elevations in the east and west
slopes of the valley (figure 2). The source of this water may include some
seepage fraom the pond, but also includes areas on the bench top.

In conclusion, it is likely that ground water was a major contributing
factor causing the 1983 landslide. It is not known how much of this ground water
was attributable to pond leakage, but it is possible that draining the pond has
aided in stabilizing the 1983 landslide and other landslides in the area. A dye
test with dye placed in the pond (temporarily re-established through plugging of
the drain) and monitored at various springs could be performed to help determine
ground-water flow in the area. However, this would probably not conclusively
establish the role of pond leakage in the 1983 landslide. Also, draining the
pond has eliminated the possibility of overflow causing further headward erosion
in the gully. Such erosion could ultimately have led to the breaching of the
pond causing flooding due to outflow of pond water down the qully.
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Figure 2. Generalized map view of Gibbons & Reed north pond landslide complex.
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Project: Requesting Agency:
Investigation of landslide at approximately Webgr County
5931 South Weber Drive, Riverdale, Utah Engineering
By: Date: County: Job No.:
Mike Iowe 11-8-85 Weber w2
USGS Quadrangle:
Ogden

On September 30, 1985, at the request of John Reeve, Weber County Engineer,
an inspection was made of a landslide located along the bluff on the south side
of the Weber River in Weber County at approximately 5931 South Weber Drive,
Riverdale, Utah. The landslide is of concern to Weber County because there are
seven houses that have been or are being affected by the landslide. The purpose
of this inspection was to determine the factors affecting movement of the
landslide, particularly the extent to which water leaking from the Weber-Davis
canal may be contributing to this movement. The scope of work included a review
of pertinent literature, analysis of air photos, and a two-hour field
reconnaissance on September 30, 1985. Bruce Kaliser (Utah Geological and Mineral
Survey), Tom Hoover (Weber-Davis Canal Campany), Randy Daily (Riverdale City
Building Inspector), David L. Shank, Jr. (Dames and Moore), Max Holbrook
(property owner 5931 South Weber Drive), and John and Debbie Flynn (property
owners 5925 South Weber Drive) were contacted and provided information which
aided this investigation.

The bluff on which the landslide occurs is in an area referred to as the
South Weber Iandslide Camplex (Pashley and Wiggins, 1972). The landslide is a
rotational slump about 800 feet wide in gravel to clay-size sediments of the
Weber River Delta, deposited by the Weber River as it flowed into Lake
Bonneville. Downcutting by the Weber River into the delta following the
disappearance of lLake Bonneville has created steep slopes bordering the river
along which many landslides occur.

The landslide on South Weber Drive is a reactivation of an older landslide.
The time of initial movement of the older landslide is not known, but the
landslide was apparently stable until February of 1983, as the Flynn house had
been built on the toe of this landslide about 40 years ago, but no signs of
stress were noted by John Flynn until February 1983. At that time, renewed
movement by the landslide began and by June of 1983, according to Bruce Kaliser
(letter to Riverdale City Council dated June 28, 1983), active landsliding was
affecting seven hames on the landslide. Max Holbrook stated that movement on the
landslide contimued in 1985 and that most of the damage to this house located on
the toe of the landslide occurred in 1985. Instruments placed at the head of the
landslide by Bruce Kaliser indicate that movement continued into 1984 but that
the head of the landslide has not moved in 1985. From these abservations by Mr.
Holbrook and Mr. Kaliser, it appears that parts of the slide mass contimue to
move but that other parts have stabilized.

Factors which may have contributed to the 1983 reactivation of the landslide
include: 1) changes in ground-water corditions due to unusually high
precipitation, lawn water or other water applied to the surface from residences
on the lardslide or above it, and water which may be leaking into the landslide
area from the Weber-Davis Canal, and 2) disruption in the toe area caused by
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area fram the Weber-Davis Canal, and 2) disruption in the toe area caused by
construction of a new sanitary sewer along South Weber Drive or by other grading
and landscaping related to development. Factors which may be contributing to the
continuing movement on the landslide reported by Mr. Holbrook include the
camlative affects of several years of above-normal precipitation, lawn water
from surrounding residences, and water which may be leaking into the landslide
area from the Weber-Davis Canal.

Above-normal precipitation in 1983 and 1984 destabilized slopes and caused
the reactivation of many landslides in Utah. This excess precipitation is likely
to have been a major factor causing reactivation of the landslide in question. A
return to normal or below-normal precipitation in 1985 may be responsible for the
apparent stabilization of parts on the landslide as indicated by instruments at
the head of the landslide, although movement in part of the toe area apparently
continues as indicated by Mr. Holbrook. It is possible that renewed movement of
the 1983 landslide mass may occur.

lawn water from residences in the area may be infiltrating into the
lardslide area. The contribution of lawn water to the 1983 reactivation of the
landslide cannot be evaluated without knowing the aquifer characteristics which
determine ground-water travel time. Iawn water may be contributing to the
continmuing movement on the landslide, as reported by Mr. Holbrook, and a
reduction in the application of water to the surface may help to stabilize it.

The Weber-Davis Canal, which according to Tom Hoover was constructed over a
hundred years ago, flows west along the bluff above the landslide. The canal is
cement-lined through the area and, although the lining is cracked and
deteriorating in many places, the lining appears to be largely intact in the area
above the landslide. Water may be leaking through the canal lining and
infiltrating into the landslide area. The state of the canal lining in 1983 is
not known, but there are signs of recent patching in only one area above the
landslide. The contribution of canal water to the 1983 reactivation of the
landslide cannot be evaluated without knowing whether leakage is occurring or
knowing the subsurface stratigraphy and the aquifer characteristics which
determine ground-water travel paths and time. Water which may be leaking from
the canal could contribute to current or future movement on the landslide.
Various tests can be performed to determine if water is leaking from the canal in
the vicinity of the lardslide. Two such tests could be done by damming a section
of the canal above the landslide and either: 1) placing dye in the canal and
monitoring the flowing spring above the home at 5925 South Weber Drive, or by 2)
placing a known quantity of water in that section of the canal and monitoring
loss of water. Water which would have been lost due to evaporation could be
calculated so that water lost due to infiltration could be determined.
Camparisons of spring flow on the landslide with periods of flow in the canal may
also provide useful information. If the canal is found to be contributing water
to the landslide area, it could be reduced by repairing the canal lining in the
vicinity.

A sanitary sewer line was constructed in February of 1983 along South Weber
Drive by L. March & Sons, Inc. for Riverdale City according to Mrs. Flynn. This
line and South Weber Drive apparently cross the toe of the landslide in at lest
one place as movement on the landslide caused a section of the rocad to be
uplifted in 1983 (Randy Daily, oral commun., 1985). The location of this
uplifted section of road is near the east side of the landslide as marked by a
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visible bulge in the road and recent road repair. Bruce Kaliser (oral commun.,
1985), however, has stated that he has no evidence South Weber Drive and the
sanitary sewer line cross the toe of the landslide. Details of the sewer-line
excavation were not available from L. March & Sons, Inc. as the campany is no
longer in business and former company officials could not be contacted. Details
of the sewer-line excavation were requested from Riverdale City but were not
available. Debbie Flynn has stated that the sewer-line excavation was
approximately 15 feet deep and 20 feet wide, and that, because of heavy rains,
the excavation was left open for approximately three weeks. Max Holbrook, Randy
Daily, Tam Hoover, and John and Debbie Flynn have all stated that they first
became aware of damage to the hames on the landslide during or immediately after
construction of the sanitary sewer line. The coincidence of movement on the
landslide and construction of the sewer down South Weber Drive indicates that
excavation of the trench for the sewer line may have contributed to the
reactivation of the landslide. It is noted, however, that the heavy rains which
delayed construction could also have contributed.

In conclusion, several possible factors affecting the stability of the
landslide have been identified. Some methods for evaluating the extent these
factors are affecting the landslide have been suggested. Lining of the canal, if
fourd to be leaking, and a reduction of lawn watering may reduce infiltration
into the landslide and help to stabilize it. Emplacement and monitoring of
piezameters and monitoring of discharge from springs would be required to further
evaluate the role of ground water in landsliding. Comparison of these records
with climatological data and canal flow rates may help identify sources of
recharge, but these data may not be definitive in terms of determining the cause
of the 1983 movement. Much of the information regarding the history of landslide
movement for this report was obtained by interviewing the people involved. This
information conflicts in same cases and verification through field observations
arnd written documentation is generally not possible. In order to properly
document events for future use, detailed mapping and periodic remapping of
existing surface landslide features (cracks, scarps, etc.), systematic monitoring
of damage to homes, and/or instrumental measurement of ground movement is
recamended. To help evaluate the possible role of the sewer-line excavation in
initiating movement in 1983, subsurface investigations to determine the depth to
the basal slide plane and to better define the toe of the landslide are needed.
Based on the present investigation, the relative contribution of each factor to
the initiation and continuation of movement of the landslide cannot be
determined. However, because continued movement is possible, it is recommended
that the necessary studies be performed to determine if the slope can be
stabilized and if so, the best method of stabilization.
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‘ Project: Requesting Agency:
Canbe Road landslide Weber County
Engineering
By: Date: Coanty: . Job No.:
Mike Lowe 3-25-88 Davis w3
USGS Quadrangle: Ogden

At the request of John Reeve, Weber County Engineer, two ocne-hour field
inspections of a landslide located in the SE 1/4 SE 1/4 sec. 15, T. 5 N., R. 1 W.
just north of Cambe Road were made on March 13, 1986 and March 24, 1986. Jchn
Reeve and Bill Gordon (Dames & Moore Consulting Engineers) were present during
the March 24 field inspection. The purpose of these field inspections was to
examine the active landslide and assess the possibility of further movement. The
scope of work for this investigation included the two field inspections, analysis
of aerial photographs, and a review of pertinent literature.

The material involved in the landsliding consists of horizontal, cyclically
bedded clays, silts, and fine sands of lacustrine origin (Feth and others, 1966)
and overlying man-placed fill. The horizontal beds were deposited by
Pleistocene-age Lake Bonneville when the lake was at its maximum between about
14,500 - 16,000 years ago (Currey and others, 1984). Fill was later brought in
by man, first when the cemetery north of the landslide was initially constructed
and later when the cemetery expanded to the east. The slope on which the failure
occurred is vegetated, but has been oversteepened by stream downcutting and
lateral erosion during the Provo stage of Lake Bonneville as the older, higher
delta was incised between about 14,500 to 13,500 years ago (Currey and others,
1984). Grading for construction of Cambe Road may also have undercut the slope.
The slope has had a number of landslide events which have formed a landslide
complex about 800 feet long. Most of the landslide complex is not presently
active. The active part is located just west of the center of the older
landslide camplex. For your information, a table and diagram illustrating the
landslide classification and terminology used in this memo are included
(attachment 1). The initial failure was probably an earth slump which became an
earth flow at the foot of the landslide. The main scarp is nearly vertical and
was estimated to be about 120 feet long. The main scarp above the center of the
head of the landslide was estimated to be about 20 feet high, with approximately
17 feet of the material forming the scarp being fill, and the lower 3 feet being
lacustrine clays, silts, and fine sands. The scarp at the west flank is about 3
feet high near the head of the landslide. The landslide deposit was estimated to
be 100 feet long fram head to toe, 120 feet wide near the head, and up to 20 feet
thick. Water was noted exiting the main scarp at approximately the elevation of
the head. The volume of water was estimated to be 10 to 15 gallons per minute
on March 13. By March 24 flow had decreased to 1 to 3 gallons per mimute.

Because steep slopes remain and water exiting the main scarp in the head
area is infiltrating into the landslide, further failure at this location is
likely. Lateral shear cracks along both flanks and crown cracks above the head
were observed during the March 13 field inspection. This landslide is presently
affecting Combe Road where toe material must be periodically removed to keep the
road open. Continued growth of the landslide in the main scarp area may endanger
the cemetery road to the north which is presently 26 feet fram the main scarp.
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the cemetery road to the north which is presently 26 feet from the main scarp.

In conclusion, the Combe Road landslide is likely to continue to be active
unless remedial measures are taken. Cambe Road and, to a lesser extent, the
cemetery road may be affected by future landsliding. Remedial measures have been
suggested by Dames and Moore. The present solution, which is to remove toe
material as it affects Combe Road, encourages further landslide activity and is
not a permanent solution.
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Attachment 1

TYPE OF MATERIAL

ENGINEEZRING BOILS

BEDROCK
Predominantly coarse | Predominantly fine
FALLS Rock fall Debcis fall ! Barth fall
TOPPLES Rock topple Debris topple } Rarth topple
ROTATICHAL red Rock alump Debris slump H Parth slump
UNITS ¥ .
SLIDES Bock block slide| Debris block slide ! Earth block slide
TRANSLATIONAL MANY '
. ONITS Rock slide Debris slide : Earth slide
R S
LATERAL SPREADS Rock spread Debris spread ! Barth spread
Rock flow Debris flow | Earth flow
FLOWS ! :
(deep creep) (soil creep)
COMPLEX Combination of two or more principal types of movement
ORIGINAL GROUND,_
SURFACE
Source:

Varnes, D. J., 1978, Slope movements types and processes, in Schuster,
R. L., and Krizek, R. J., eds., Landslides, Analysis and Control:
National Academy of Sciences, Transportation Research Board
Special Report 176, p. 11 - 33.
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Project: Requesting Agency:

Causey Estates landslide Weber County .
Building Inspection

Dats:

, Colll . JobNo.:
MMike Lowe 6—2-88 “Vieber W4

USGS Qusdrangie: Causey L

At the request of Stuart Patterson, Weber County Building Inspector, a field
inspection was made of a landslide located in the SW 1/4 SE 1/4 SE 1/4 sec. 14,
T. 6 N., R. 3 E. (attachment 1) on the east side of the Skull Crack Canyon
drainage on June 6, 1986. Bruce Kaliser, State Hazards Geologist with the Utah
Geological and Mineral Survey, was present during the field inspection, the

of which was to assess the possibility of contimued movement on the
landslide. The scope of investigation included the field inspection of the site
and surrounding area, a review of pertinent literature, and an examination of
aerial photographs (1980, approximately 1:40,000 scale).

The material involved in the landsliding consists of reddish-brown, poorly
stratified, poorly consolidated, sandy clayey silt containing a few rounded
pebbles and some fine sand horizons. Mullens (1969) has mapped this area as
undifferentiated Wasatch and Evanston Formations (attachment 2) of Upper
Cretaceous, Paleocene, and Eocene ages (about 84 million to 36 million years
before present). The upper formation, the Wasatch, is mainly variegated mudstone
arnd scattered beds of conglomerate grading westward into reddish-~brown mudstone
(Mullens 1971). It is probable that the material involved in the landsliding is
derived from the reddish-brown mudstone facies of the Wasatch Formation.

The slope on which the failure occurred is a small ephemeral drainage. The
slope is vegetated with conifers, aspen, and smaller plants. The slope above
the head is about 16 percent, near the head is about 24 percent, and near the
center of the landslide steepens to about 30 percent. Most of the surrounding
slopes appear to be steeper. For your information, a table and diagram
illustrating the lardslide classification and terminology used in this memo are
included (attachment 3).

The timing of the initial failure is not precisely known, but information
from Huntsville residents indicates that it probably occurred on or near May 20,
1986, as this was the approximate date that Causey Reservoir and the South Fork
of the Ogden River turned reddish-brown. Mountain bluebells, which were buried
by about 6 inches of material from the landslide, had grown through the landslp.
No evidence was fourd that the landslide blocked the creek, although material
from the slide definitely reached it and was carried downstream as a mud flow
(rapid earth flow).

Scarp heights at both the head and flanks were approximately 15 feet. The
landslide was estimated to be 350 feet long and averaged 100 feet in width, with
the widest part about 150 feet wide and the narrowest part about 40 feet wide.
The slope of the scar near the head was about 38 percent. Several seepage areas
were located near the head of the landslide about 15 feet below the top of the
main scarp. The amount of water fram all the seepage areas combined was
estimated at about one gallon per minute. The earth-flow channel from the upper

86



main scarp is presently located. This was followed by a earth flow fram the left
flank about 100 feet below the present location of the main scarp. No evidence
was found that the landslide blocked the creek, although material from the slide
definitely reached it and was carried downstream as a mud flow (rapid earth
flow).

Scarp heights at both the head and flanks were approximately 15 feet. The
landslide was estimated to be 350 feet long and averaged 100 feet in width, with
the widest part about 150 feet wide and the narrowest part about 40 feet wide.
The slope of the scar near the head was about 38 percent. Several seepage areas
were located near the head of the landslide about 15 feet below the top of the
main scarp. The amount of water from all the seepage areas combined was
estimated at about one gallon per minute. The earth-flow channel from the upper
event measured 16.5 feet wide. The majority of the landslide mass reached the
creek channel and was carried downstream as a mud flow, but part of the landslide
mass near the creek was estimated to be about 15 feet thick. The mud flow from
the landslide event reached about 3,300 feet down Skull Crack Canyon, at which
point it became a debris flood which flowed into Causey Reservoir. Damage caused
by the landslide included broken trees more than 18 inches thick and blockage of
the upper part of the Causey Estates road at two locations. As of June 6, 1986,
access to two houses was still blocked off by mud-flow material. One house was
within 50 feet of being damaged by mud-flow material.

No crown cracks were noted above the landslide, but lateral shear cracks
were noted on both sides of the landslide. This would indicate that there is
some possibility of future failure but it is felt that the amount of material
involved would be much smaller than that which has already failed. Should any
failure occur in the future, it is possible that the road could again be blocked.
Future landslide events from this location present no danger to existing houses.
This landslide occurred in an area which gave no indication of landslide hazard.
Surrounding slopes are steeper than the area which failed. Although
reconnaissance of the area did not identify any other slope failures in the
vicinity, slope stability should be considered when siting future buildings in
the area.

REFERENCES CITED
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Attachment 3

TYPE OF MATERIAL

ENGINEZRING BOILS

BEDROCK
Predominantly coarse | Predominantly fine
m — e __
FALLS Rock fall Debcis fall H Earth fall
TOPPLES Rock topple Debris topple : Earth topple
ROTATIONAL red Rock slump Debris slump : Barth slump
sLIDES UNTTS H :
- Rock block slide | Debris block slide : Zarth block slide
po - — ey
TRANSLATIONAL MANY :
. oNITS Rock slide Debris slide : Barth slide
¥
LATERAL SPREADS Rock spread Debris spread : Earth spread
Rock flow Debris flow ! Barth flow
FLOWS | :
(deep creep) {soil creep)
COMPLEX Combination of two or more principal types of movement

Source:
Varnes, D. J., 1978, Slope movements types and processes, in Schuster,
R. L., and Krizek, R. J., eds., Landslides, Analysis and Control:
National Academy of Sciences, Transportation Research Board
Special Report 176, p. 11 - 33.

ORIGINAL GROUND,
SURFACE
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Project: Requesting Agency:

Proposed water tank site, NE 1/4, SE 1/4, SW Eden Water Works
1/4 sec. 22, T. 7 N., R. 1 E., just south of

the Wolf Creek Development near Eden, Utah

Date: Coun

By: | ty: Job No.:
Mike ILowe 7-9-87 Weber W%

USGS Quadrangle: Huntsville

INTRODUCTION

At the request of Jay Gould, President of Eden Water Works, an investigation
of a proposed site for a 500,000-gallon buried water tank was performed. The
proposed site is in the NE 1/4 SE 1/4 SW 1/4 sec. 22, T. 7 N., R. 1 E., just
south of the Wolf Creek Development near Eden in Ogden Valley, Weber County, Utah
(attachment 1). The purpose of this investigation was to identify any geologic
hazards affecting the site. The scope of work for this investigation included a
literature search, a one-hour field investigation on June 22 and a three-hour
field investigation on July 7, 1987, and an examination of aerial photographs
(1966, approximate scale 1:28,000; 1980, approximate scale 1:40,000). Mr. Gould
was present during the June 22 field inspection.

General Geology

The site is northwest of an unnamed drainage at an elevation of
approximately 5,180 feet, coincident with the highest level reached by
Pleistocene Lake Bonneville about 16,500 to 15,000 years ago (Currey and Oviatt,
1985). The unconsolidated sediments at the surface in the northeastern portion
of the site range in grain size from boulders to clay. These deposits have been
mapped by Sorensen and Crittenden (1979) as Holocene-age, bouldery colluvium and
slopewash which is in part made up of residual lag deposits from Tertiary rocks
(attachment 2). Some of the sediments at the surface in the northeastern portion
of the site are probably alluvial-fan deposits of the unnamed drainage southeast
of the site. This drainage has subsequently eroded down through these deposits,
and alluvial-fan deposition no longer takes place at the site. In the
southwestern portion of the site, these sediments are overlain by fill which
contains large boulders and cement blocks. No subsurface investigations were
conducted at the site and, therefore, the materials which will be encountered at
depth during excavation for the water tank are not known. Areas of weathered
Norwood Tuff in the general vicinity of the site (attachment 2), including
umapped areas about 100 feet southeast and 800 feet southwest of the proposed
site, indicate that the Tertiary Norwood Tuff may be encountered at shallow
depths during excavation for the water tank. The Norwood Tuff is a fine-grained,
easily erodible, white~to-buff weathering, volcanic bedded tuff which was
probably waterlain and in part reworked. It is possible that thin Bonneville
lake cycle nearshore deposits overlying the Norwood Tuff may also be encountered
during excavation.

Geologic Hazards

Earth e Ground
Because the site is within the Intermountain Seismic belt and near the East
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Because the site is within the Intermountain Seismic belt and near the East

Ogden Valley fault zone, the potential for sever ground shaking accompanying
earthquakes is high. The site is in Uniform Building Code (UBC) Seismic Zone 3
and Utah Seismic Safety Advisory Council (USSAC) Seismic Zone U-4, the zones of
highest seismic risk in Utah in the respective zonations. As a minimum,
construction should incorporate earthquake-resistant design required for UBC
Seismic Zone 3, with inspection and monitoring by weber County Building
Inspectors as outlined for USSAC Seismic Zone U-4.

Surface~Fault

The site is located near the northern end of the East Ogden Valley fault
zone. Detailed studies have not been conducted for this fault zone ard,
therefore, recurrence intervals and possible maximm earthquake magnitudes
associated with surface-fault rupture events on the fault zone are unknown.
Sullivan and others (1986) show the East Ogden Valley fault zone to be
approximately 4,000 feet east of the proposed water tank site (attachment 3).
Sorensen and Crittenden (1979) have mapped a number of scarps near the site and
southwest of the main fault which they attribute to surface faulting (attachment
2). lofgren (1955), Doyuran (1972), and Sullivan and others (1986) attribute
these scarps to landsliding. The land surface east of these scarps slopes toward
the northeast. The regional dip of bedrock units in Ogden Valley is also toward
the northeast, and therefore these scarps may also have resulted from
differential erosion in the Norwood Tuff, with more resistant beds forming
northeast dipping platforms over which surficial deposits have been deposited.
Exposures 800 feet southwest of the site indicate a dip of about 40° NE, similar
to the regional bedding dip. The scarps range fram 5 to 20 feet high and have
slopes of 9 to 14 degrees (Chen and Associates, 1982). Applying criteria
developed by Bucknam and Anderson (1979) and by Wallace (1977) concerning age-
dating of fault scarps using regression of fault scarp slopes with time, Chen and
Associates (1982) determined that the scarps near the proposed site would have
ages in the range of 11,000 to 100,000 years before present. Scarp regression
criteria can also be applied to landslide scarps and therefore, if the scarps are
due to landsliding, the slope failure probably occurred 11,000 to 100,000 years
before present. If the scarps are due to differential erosion, slope regression
analyses do not apply.

The origin of these scarps (faulting, landsliding, or differential erosion)
is a critical issue with respect to the suitability of the site for the proposed
water tank. If the scarps were produced by past surface-faulting, the site may
be within the zone of deformation associated with surface-fault rupture. To
determine this, a detailed trenching study to identify faults in the subsurface
would be required. However, Sullivan and others (1986) interpret the scarps to
be the result of shallow landslides or bedrock knobs protruding through the thin
surficial deposits rather than faults. No surficial evidence of faulting is
present at the site and most other investigators indicate that other explanations
for the scarps are more plausible (Lofgren, 1955, Doyuran, 1972). Because of
this, it is not believed that a detailed trench_mg study is necessary, although
the excavation for the water tank should be inspected for any signs of past
surface-fault rupture.

landslides
ILofgren (1955), Doyuran (1972), and Sullivan and others (1986) have
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presented evidence which support a landslide origin for scarps near the site.
Sullivan and others (1986) point ocut that landslides in the Norwood Tuff are
ubiquitous in the back valleys of the Wasatch Mountains. Based on scarp
profiling by Chen and Associates (1982), these scarps, if due to landsliding,
have not been active in Holocene time (last 10,000 years). More important,
Sullivan and others (1986) do not show the site to be within the boundaries of
the landslide (attachment 3). The dip (40° NE) which was taken from the drainage
ditch about 800 feet southwest of the site would support the conclusion that
landsliding has not occurred in the area, and the landslide hazard at the site,
therefore, should be considered low.

Soil Foundation Cornditions

Soil foundation problems may be the most significant potential hazard
affecting the site. The Tertiary Norwood Tuff and associated soils have a high
shrink-swell capacity and, if poorly indurated, a low bearing strength. These
materials are also erodible and may be subject to differential settlement.

Because the site is probably on bedrock and shallow ground water is not likely to
be encountered, the potential for liquefaction during earthquake ground shaking
is probably low. However, a detailed soil foundation investigation should be
performed to address these potential problems.

Other Hazards

Flood maps are not available for the unnamed drainage, but because it has
incised well below the proposed water-tank site, flood and debris-flow hazards at
the site are low. There are no bedrock outcrops or perched boulders which may
present a rock-fall hazard at the site. No reservoirs are present above the
site, and therefore, dam failure inundation need not be considered.

Conclusions and Recommendations

In conclusion, the principle potential hazards affecting the site which
should be considered in determining the suitability of the site for the proposed
water tank are potential soil foundation problems, earthquake ground shaking, and
possible deformation due to surface-fault rupture events. A site-specific soil
foundation investigation should be conducted at the site to evaluate soil
foundation characteristics and make recommendations concerning foundation design.
As a minimum, construction should incorporate earthquake-resistant design
required for UBC Seismic Zone 3, with inspection and monitoring by Weber County
Building Inspectors as outlined for USSAC Seismic Zone U-4. Although hazards due
to surface-fault rupture and landsliding are considered low, the County Geologist
should be contacted to inspect the open excavation for the tank to confirm this.
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Project: Requesting Agency:

Geoseismic Evaluation, Granite Fire Station Salt Iake County

Salt lLake County, Utah Fire Department
By: Date: County: Job No.:

Craig V. Nelson 8-25-87 Salt Lake County SIL1
USGS Quadrangle:

Draper
TINTRODOCTTON

The purpose of this report is to evaluate the geoseismic conditions of the
proposed Granite Fire Station site and suggest quidelines for building design.
The planned fire station will cover approximately 5,000 square feet, contain 2 or
3 bays, and house 6 personnel. The study was authorized by Mr. John Hiskey, S.L.
County Director of Public Works, and undertaken at the request of Mr. larry
Hirmman, Salt lake County Fire Department Chief.

The site is located within Salt lake County Planning Division's Surface
Fault Rupture Special Study Area (Nelson, 1987a; fig. 1). The special study
guidelines (fig. 2) recammend that a site-specific report addressing surface
fault rupture hazards should be performed prior to construction of any essential
facility, such as a fire station. Based on this, an initial appraisal of the
site (Nelson, 1987b; appendix 1), and discussion with county personnel, it was
determined that a detailed geoseismic study should be performed. The goals of
the study were to locate and map all active faults passing through the site,
determine the nature and history of faulting or other deformation, and recommend
mitigation measures if necessary.

The scope of work consisted of an initial field reconnaissance,
consultation with Public Works and Fire Department personnel, aerial photo
interpretation, a subsurface investigation (trenching), and preparation of this
report. The subsurface investigation consisted of an exploratory trench
excavated in an east-west orientation (bearing: N 85° E) across the proposed
building site perpendicular to the expected trend of faulting. Trenching was
extended about 50 feet (15m) beyond the eastern and western edge of the proposed
building location (fig. 3). The trench was 235 feet (71.5m) long and averaged 10
feet (3m) deep. A generalized graphical log of the south wall was
constructed at a scale of 1:50 showing the stratigraphy exposed by the trench
(fig. 4).

SITE QONDITIONS

General Description

The site occupies a 0.68 acre (0.275 hectare), triangular parcel of land
located in the SE 1/4 NE 1/4 sec.11l, T.3 S., R.1 E. Salt lake Baseline and Meri-
dian, (40° 34'20" North Iatitude, 111° 47'48" West Iongitude) in Salt lake
County, Utah (fig. 5). It is bounded to the east by Wasatch Boulevard, to the
north by an abandoned access road to Wasatch Boulevard, and to the south and west
by 9400 South (UT 209). Entrance is from 9400 South.

The elevation of the site is approximately 5180 feet (1580m) and has a
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The elevation of the site is approximately 5180 feet (1580 m) and has
a general slope of about 5 degrees to the east. Regional topography is
shown in figure 5. Vegetation consists of clusters of thick oak brush with
weeds and short grasses.
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Figure 1.

Surface Fault Rupture Special Study Area,
see Figure 2 for explanation (Nelson, 1987a).
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SURFACE FAULT RUPTURE and LIQUEFACTION
HAZARD AREAS

Compiled by
Craig V. Nelson, County Geologist
Salt Lake County Planning Division
August 1987
For more information call: 468-206!1

This map is a compilation of the most recent geologic information
available. It is for public information and general planning purposes
only. This map does not substitute for site specific data obtained from
special studies, and is subject to revision as new information becomes
available.

EXPLANATION

FAULTS: Solid line where location is known from scarps or frenching; dashed
where approximately located or inferred; dotted wuhere concealed. Bar
and ball symbol indicates downthrown side.

SURFACE FAULT RUPTURE Indicates ereas where site specific studies sddressing
SPECIAL STUDY AREA:  fault rupture should be performed pricr to construction.

LIRUEFACTION POTENTIAL:

HIGH >5e ¥ . N .
MODERATE 50 - 10 ¥ Approxinate probabilities that the critical ground

LOW 10-5Y acceleration needed toinduce liguefaction will be
VERY LOW sy . exceeded in 100 years.

Special Study Guidelines

Should a Site Specific Hazard Study Be Performed Prior to Construction?

Land Use Fault Study Liquefaction Area
(Facility) Area High Mod Low V. Low
Essential Facilities (usc 2312 (x))
& High Occupancy Buildings YES YES VYES  YES YES

(usT m-1, A~2, A-2.1)
Industrial & Commercial
Buildings YES YES VES NO NO

(over 2 storics or 15,000¢¢2)
Multi-family Residential

(1 or more unitzsacere) YES YES VYES KO NO
Other Ind. & Commercial

Residential Subdivisions YES NO X NO X NO NO
Residential-Single Lots &

Nulti-family developments Ko X NOX KO X NO NO

(less thon 4 unitssocre)

¥ recommended disclosure to buyers/residents

REFERENCES

ANDERSODN, L.®_, XERTDN, J.R., SPIT2ZLEY, J.C., ond ALLER, A.C., 198S, Lic’uefoetion potential mop for Scilt Lake
County, Utah: Utoh State University ond pomes 4 Moore, Finol Report for U.5. Geologicol Survey
Lorthquoke Nozords Reduction Progrom, Controct §11-08-0001-1%910, map 1:48,000.

CLUFF, L.5., WROGAXR, &.C., ond GLASS, C.C., 1870, Mosatenh Foult, northern portion, corthquoke foult
investigation ond evoluotion: HWoodword -~ Llyde 4 Associates, Baklond, CR, mop 1:24,000.

KEATON, J.R., CURRLY,D.R., oand OLIG, 5.J., 1927, PoleoseismiCity and earthquoke NHOXOrSs tvoluotion of the
West Valley Foult Zone, S0lt Loke urbon oreo: in press, mop 1324,000.

SCOTT, W.E., ond SHRDBA, R_RB,, 1835, Surficiol gcoologic mop of on oreoc olong the Wasoteh foult zone in
the $O0It Loke Volley, titah: U.S. Geological Survey Open- file Report ES-442, mop 1:2%,000.

Figure 2. Special Study Guidelines and Explanation
(Nelson, 1987a).
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™

Figure 3. Proposed building location and exploratory
trench orientation. The trench was extended
50 feet (15.2m) beyond the east and west edge
of the structure (scale 1 inch = 100 feet).
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Figure 5. Location and topography of the proposed
Fire Station Site (Draper Quadrangle).
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Surficial Geology

The site is underlain by Pinedale age (about 19,000 years old) glacial till
deposited by glaciers from Little Cottorwood Canyon (Scott and Shroba, 1985; fig.
6). Boulders up to 6 feet (2m) are scattered across the site. The till exhibits
a well-developed soil profile, and units cbserved in the trench (fig. 4) consis-
ted of:

1: Sandy silt with gravel (ML); dark gray, organic- rich, poorly
graded, numerous roots; soil A horizon (top soil) and localized areas
of fill. A

2: Clavey silt (MH); light gray, well sorted, thinly bedded (2-3mm)
micaceous laminae, same undulation of bedding and areas of minor
folding (soft sediment deformation?); appears to be water-deposited
sediment, perhaps water impourded by a recessional moraine.

3a: Clayey gravel with cobbles (GC); dark gray, non-bedded, soil B
horizon, some grussified quartz monzonite cokbles, a few burrows,
gradational contact with unit 3b; weathered glacial till.

3b: Clayey gravel with cobbles (GC); red-brown, non-bedded, B soil
better developed than in unit 3a, some grussified quartz monzonite
clasts, gradational contact with unit 4; this unit was found only in
the eastern part of the trench and may represent accelerated soil
development caused by saturation fram ponded water (unit 2); weathered
glacial till.

4: Clayey gravel and boulders (GC): gray matrix-supported boulder to
cobble gravel in sandy silt to silty sand matrix, very poorly sorted,
quartz monzonite clasts up to 7 feet (2.5m) diameter; glacial till.

The Unified Soil Classification System (USCS) symbols are explained in appendix
D. No lake Bonneville deposits were observed at this location.

EARTHQUAKE HAZARDS

The proposed site lies within the Intermountain Seismic Belt (fig. 7) on the
Salt Lake segment of the Wasatch Fault (fig. 8), near the western edge of the
fault zone. 1In this region the fault zone is a wide area (1200 feet; 366m) of
camplex branching faults. The Wasatch Front has been designated in the Uniform
Building Code (UBC) as a Zone 3 seismic area, where '"major damage" may result
from an earthquake (Modified Mercalli Intensity VIII or higher, appendix C).
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Explanation of Map Units

Symbol Deposit
ac Alluvium & colluvium
ap Gravelly terrace alluvium
at Sandy terrace alluvium
ay Flood-plain alluvium
afi Fan alluvium 1
af2 Fan alluvium 2
af4 Fan alluvium 4
af5s Fan alluvium 5
cdl Debris-flow deposits
cf Colluvium
es Eolian sand
f1 Artificial fill
gbo Glacial outwash
gdt Glacial till
lbg Lk. Bon. gravels & sands
rX Bedrock
*Age Code: H = Holocene
P = Pleistocene
u = upper
m = middle
L = lower

Age*
H/uP
uP
LH/uP
uH

ul
LH/uP
mP
L2?2P
UH
H/uP
H/uP
uH

uP

uP

uP
prepP

__oiats a2\l

X gdr Little Cottonwosd

. Canyon~-".
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Figure 6.

Surficial geologic map of the area around

the proposed fire station site (Scott and

Shroba,

1985) .




INTERMOUNTAIN SEISMIC BELT
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The Intermountain Seismic Belt,
by earthquake epicenters,

California,

Montana (Arabasz and others, 1979).

shown delineated
extends from southern
across the Wasatch Front,

and into
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WYOMING

L_ 41°

LY
Wasatch Fault 9

1. Collinston

2. Ogden

3. Sasit Lake City
4. Provo .

8. Nephij

8. Lesvan

Other Faults

7. Emst Cache

8. Strawberry Valley

9. Oquirrh-Boutter-Tintic
10. Oquirth Marginal

Figqure 8. The segments of the Wasatch Fault. The
site is located along the Salt Lake segment
(Schwartz and Coppersmith, 1984).
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The Characteristic Earthquake

Although the populated area along the Wasatch Front has not experienced a
large earthquake in historical time, geologic evidence indicates that there have
been repeated large-magnitude seismic events over the past 10,000 years.
Earthquakes are caused by strain slowly accumulating in the bedrock beneath the
valley, and when the strength of the rock is exceeded, the rocks fail along
faults. The stored strain is then suddenly released in the form of fault rupture
and generation of seismic waves radiating out from the point of initial failure.
Geologic studies along the fault zone have indicated that segments of the Wasatch
Fault tend to generate large earthquakes of essentially similar size (the
"characteristic" earthquake) repeatedly through time, followed by periods of
quiescence (Schwartz and Coppersmith, 1984).

The characteristic earthquake (magnitude 7.0-7.5) for the Salt Lake segment
occurs roughly every 2,400-3,000 years, causing the ground surface along major
faults to be displaced 6-15.6 feet (2-4.75m), and producing other earthquake
related hazards (see following sections). Doser and Smith (1982) suggest that
6.5 to 7.5 magnitude earthquakes in this area occur about 1,500 to 2,000 years.
Timing for the last event is not well established, but in a recent fault study
near Dry Creek, south of Bells Canyon, fault scarp diffusion modeling suggested
an age of about 900 years and carbon-14 dating yielded a maximum age for the most
recent event of about 1,890 years (Lund and Schwartz, 1987). The preferred
average for all segments along the entire length of the Wasatch Fault suggests an
average recurrence interval of 444 years, with the last major event about 300-500
years ago (Schwartz and Coppersmith, 1984).

Based on the available geologic data, the time since the last large
earthquake is approaching the estimated recurrence period. Therefore, it is
reasonable to suggest that a large seismic event may occur somewhere along the
length of the Wasatch Fault during the expected life of the proposed fire
station, and that it may occur along the Salt Lake segment.

No major and few minor earthquakes have occurred in this area within
historical time (fig. 9; Arabasz and others, 1979). Seismic records from the
University of Utah Seismograph Stations for a 12.4 mile (20 km) radius around the
site are included in apperdix B. The lack of seismicity in this area suggests
strain is accumilating and not being released by small and moderate magnitude
events.

Srface Fault Rupture

Surface faulting has occurred in the area around the site, and large fault
scarps representing the main trace and principal antithetic faults are found to
the east (figs. 1 and 6). Based on mapping of scarps, Scott and Shroba (1985)
indicate that no faults run directly through the site, but several trend in its
direction and if projected northward, would pass through the site. Inspection
using aerial photography of the area (1958 U.S.D.A. AAL 21V #15-17) confirmed the
location of faults as shown in figures 1 and 6, ard also suggested the presence
of two lineaments of possible seismic origin passing through the site.
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Figure 9. Earthquake epicenter plot for a 12.4 mile (20km)
radius around fire station site. Data fram
7/1/62 to 6/30/87 (U of U Seismograph Stations).

No evidence of major fault offsets were dbserved throughout the extent of
the trench excavation. This indicates that surface fault rupture has not occurred
during previous seismic episodes within the area traversed by the trench. The
main surface rupture has been on the faults to the east. Data from the 1983 Borah
Peak, Idaho earthquake suggests that ground rupturing tends to follow existing
faults, created during previous earthquakes. Based aon this evidence, it seems
reascnable to conclude that in the future, the site may not be subject to large
amounts of surface fault rupture. However, because of the coarse—grained,
unstratified nature of the glacial till, evidence of ground cracks and smaller
faults, with perhaps up to 6 inches (15an) of displacement, may have been present,
but not been abserved.

Grourd Tilting

The ground surface of the site is sloping at about 5 degrees to the east,
toward the mountains. The contacts between subsurface units also indicate back-
tilting of the surface to the east into the fault zone. Typically, land near the
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mountain front slopes into the valley, away from the mountains. The grourd at

the site appears to have been back-tilted by repeated movements on the major faults
east of the property. In order to reconstruct the original orientation of the
area (prior to tectonic deformation), an east-west topographic profile was
constructed (fig. 10). Projections of ground surfaces above and below the zone

of deformation suggest the site originally sloped 10-12 degrees to the west.

The glacial deposits at the surface of the site are estimated to be about
19,000 years old (Scott and Schroba, 1984). The amcunt of ground tilting during
this time can be estimated by adding the back-tilted slope (5 degrees east) to
the original surface slope (10-12 degrees west) -to get 15-17 degrees total back-
tilting over 19,000 years. Schwartz and Coppersmith (1984) suggest 7-8 major
seismic events have occurred aver this period, and this would imply that the site
may be subject to 2-3 degrees of ground tilting during each event. However, it
is not certain that this tilting occurred progressively with each earthquake, and
it is possible that more or less than 2-3 degrees of tilting may accampany the
next surface-faulting event.
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Grourd Shaking

The most potentially damaging hazard during moderate to large earthquakes is
ground shaking. The strongest ground shaking at the site would occur during an
earthquake generated by rupture of the Salt lake segment of the Wasatch Fault.
However, there are also many other active faults throughout the region, including
other segments of the Wasatch Fault, capable of generating seismic waves that may
reach the site. Because these waves can be transmitted long distances, ground
shaking is judged to be the most commonly occurring and greatest long-term seismic
hazard.

It is critical that the fire station be designed to withstand expected levels
of ground shaking without collapse so that the emergency equipment can function
after a seismic event. Recammendations in the Uniform Building Code are based on
expected levels of grourd shaking in bedrock. Based on grourd response data from
seismic waves generated by nuclear blasts at the Nevada Test Site, Hays and King
(1984) found that ground shaking in central valley areas may be amplified up to
10 times over that at bedrock sites. Their studies indicate that conditions in
the site area will not greatly amplify ground shaking from distant earthquakes as
is predicted further into the valley. Recent research, however, suggests that
for closer earthquake epicenters, the ground shaking at sites near the fault
rupture may be very severe (James Pecliman, personal commun., August 11, 1987).

The distance from the seismogenic rupture to the site becames a critical factor
in estimating ground response during rupture on the Salt Iake segment. A depth to
seismogenic rupture of 1.2 miles (2km) on a fault dipping between 45 and 65
degrees yields distances between 1.3 and 1.7 miles (2.2 and 2.8km; K.W. Carmpbell,
personal commun., August 24, 1987). For a zone within this distance from the
seismogenic rupture, given a 7.5 magnitude earthquake along the Salt lLake segment,
the peak ground acceleration is expected to be at least 0.6g, and perhaps over
1.0g, with peak horizontal velocities ranging from 55 to 150 cm/sec., and the dura-
tion of shaking may be up to 30 seconds (Campbell, 1987). This data suggests the
UBC's minimum structural seismic lateral load parameters for Seismic Zone 3 may
be insufficient at this site.

Licquefaction

Ancther consequence of ground shaking is the loss of bearing strength of
sediments, camonly due to liquefaction. Liquefaction occurs when ground-water
saturated, fine—grained sediments (silt and fine sands) are subjected to ground
shaking. As the ground accelerates, the fluid pore pressure between grains
increases, tending to lessen the grain-to—grain contacts and allowing grains to
slip past one another. In essence, liquefaction causes formerly solid ground to
behave like a viscous liquid. This can have a disastrous effect on structures.
large buildings can roll-over, buried tanks and pipes can "float" to the surface,
lateral spread lardslides can occur in areas of only a few percent slope. The
amount of ground acceleration needed to induce liquefaction is called the "critical
acceleration" (Anderson and others, 1986).

The site lies in an area generally rated as having a "very low" liquefaction
potential (Anderson and others, 1986). This means there is less than a 5 percent
probability that the critical acceleration needed to induce liquefaction will be
exceeded in 100 years.
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OIHER HAZARDS
Flooding

The Flood Insurance Rate Map (FIRM) of the area (panel # 490102 0458B, Salt
lake County) indicates the site lies outside both the 100 and 500 year flood
boundaries. Flooding due to dam failures was mapped by Case (1984) throughout
Salt Lake County. This study assumed a "worst case" scenario, with similtanecus
failure of all dams, as may occur during an earthquake, and streams at flood stage.
The site lies ocutside both map's inundation areas, so the flooding potential at
the site is rated as low.

Slope Stability

No evidence of past slope instability was cbserved at or near the site during
field and aerial photo reconnaissance. The gently sloping (5 degrees) ground
surface is considered to be stable under static conditions. The site lies outside
the potential debris flow hazard special study area (Nelson, 1987c). Any rock-
fall hazard from the steep mountain front or nearby moraines will probably not
impact the site, since the rocks will likely be caught in the graben or deflected
by the road fill along Wasatch Boulevard or 9400 South. Overall, potential slope
stability problems are rated as low.

Radon

Radon (Rn-222) is a radioactive inert gas that has been associated with
health problems, notably lung cancer. Radon gas is a decay product of the uranium
(U-238) series, and originates in uranium-bearing rock formations, such as the
Little Cottornwood Stock. Radon becomes a potential health problem when it is
released from rocks and is rapidly transmitted through the soil, through cracked
or porous foundations and basements, and into dwellings where it can be breathed.
While it is not known for certain if a radon problem exits in the area, the site
has been included in a potential radon hazard area (Sprinkel, 1987). Radon
contamination may be avoided by properly sealing basements and foundations or using
positive pressure ventilation.

QONCLIJSIONS and REOCOMMENDATTONS

The proposed fire station site is located within the expected zone of
deformation of the next surface faulting earthquake on the Salt lake segment of
the Wasatch Fault. Based on the most recent earthquake recurrence estimates, it
is possible that the site area will be subjected to surface fault rupture, ground
shaking, and ground tilting during the life of the structure.

If an emergency facility is built at this site, it is critical that it be
designed and constructed to withstand expected seismic forces to insure
survivability of the emergency equipment and personnel. In order to minimize the
potential for ground displacements, it is recammended that the fire station be
constructed as far to the west on the site as possible. A standard soil arnd
foundation engineering study should be campleted prior to foundation design and
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the very low liquefaction potential rating should be confirmed during this
investigation. A copy of this report should be made available to the county
geologist. It is suggested that the structure's foundation be made impermeable
to limit radon gas penetration, and alpha track etch cup monitors be installed
after construction. It is also recamended the building be designed and
constructed to withstand, without collapse:

1) small ground surface displacements (4-6 inches, 10-15cm)
2) 2-3 degrees of eastward tilting, ard
3) a minimum lateral acceleration of 0.6qg.

If the structure can be designed to withstand these seismic constraints
without collapse and insure the availability of emergency equipment, this site
may prove suitable for a fire station.

LIMITATIONS

The recommendations given in this report are based on the best information
available at this time. Our understanding of seismic forces is not camplete, and
the actions of earthquakes, like most natural phenomena, cannot be predicted with
precision. If new information becomes available, it is important the county
geologist be contacted to reevaluate these recommendations.
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To: Tom Sadler, S.L.Co. Fire Department

From: Craig Nelson, S.L.Co. Geologist

Subject: Proposed Granite Fire Station Location

In response to your request for recommendations concerning
the geo-seismic setting of the proposed Granite Fire Station,

I have reviewed geologic literature, examined air
photography, and conducted a brief field reconnaissance of
the site. The following recommendations summarize our

meeting of March 2, 1987.

The proposed site lies within the Wasatch Fault Zone near the
mouth of Little Cottonwood Canyon. Both U.S. Geological
Survey geologists (Scott and Shroba, 1985) and private
consultants (Cluff, Brogan, and Glass, 1970) have mapped the
fault zone in this area as a complex of branching faults up

to 1200 feet wide. Cluff and others’ map shows two fault
traces trending directly through the site. My air photo
inspection (using 1958 coverage) confirms the presence of

suspicious looking "lineaments" through the area.

Structures built straddling active Wasatch Fault segments
can expect to suffer displacement during the next major
surface rupturing earthquake. Research to date suggests:

1. The Salt Lake segment of the Wasatch Fault fails
about every 2400-3000 (Schwartz and Coppersmith,
1884) years during a magnitude 7.1-7.3 event.

2. The most recent fault study (near Dry Creek, south
of this site) suggested the last earthquake of this
type ocurred between about 900-1830 years ago.

3. It is expected that during the next surface faulting
earthquake the total surface rupture across the
fault zone will be between 6 and 15 feet. Although
most of this displacement might occur along the

117



Tom Sadler, S.L. Co. Fire Dept.
Re: Proposed Granite Fire
Station Location -2- March 4, 1987

eastern portion of the fault zone, lesser ruptures
can be expected along splay faults (buildings rarely
survive surface displacements of greater than 1
foot). :

Structures built within (or even adjacent) to the fault zone
can also expect problems. Large blocks of earth, termed
grabens, can be down dropped or severely tilted. Wasatch
Boulevard lies on such a block between Big and Little

Cottonwood Canyons. Tectonic subsidence, or back tilting
toward the fault 2zone c¢an also cause structural damage.
During earthquakes it 1is also possible for landslides to

occur on steeper slopes and impact buildings. Also, roads
across the fault 2zone can expected to be -damaged and
potentially impassable ({particularly access to, Little

Cottonwood Canyon).

While it is possible to place an exploratory trench
perpendicular to the fault traces, identify any faults, and
avoid placing a structure directly across a known fault, many
hazards (as previously mentioned) still exist within the

fault zone. Based on these factors, I cannot recommend this
site as suitable for construction of an emergency facility
such as a fire station. I would recommend choosing a site

further to the west, well away from expected =zones of
deformation, and I would be happy to assist you in finding a
geologically satisfactory location.

Please contact me if you need further information or have any
questions.
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APPENDIX B:

Earthquake Record of the Fire Station Area

July 1, 1962 through June 30, 1987
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EARTHQUAKE DATA FOR THE UTAH REGION

(Explanation)

The following data are listed for each event:

1e

Year (YR), date and origin time in Universal Coordinated Time
(utCc). Subtract seven hours to convert to Mountain Standard
Time (MST).

Earthquake location coordinates in degrees and minutes of north
latitude (LAT-N) and west 1longitude (LONG-W), and depth in
kilometers. "#" indicates poor depth resolution: no recording
station within 10 km or twice the depth.

MAG, computed local magnitude for each earthquake. "W" indicates
wWoud-Anderson recocrds were used.

NO, number of P and S readings used in solution.

GAP, largest azimuthal separation in degrees between recording
stations used in the solution.

DMN, epicentral distance in kilometers to the closest "station.

RMS, root-mean-square error in seconds of the travel-time resi-
duals:

- 2 2.1/2
RMS '[Zéwini) )/géwi) }
where:

Ri is the observed minus the computed arrival time for the i-
th P or S reading,

W, is the relative weight given to the i-th P or S arrival
time (0.0 for no weight through 1.0 for full weight).
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Earthquakes 20 km from La Caille area

yr date orig time lat-n long-w depth mag no gap dmn rms

62 906 305 41.19 40-35.94 111-58.94 7.0* 2.1 4 154 21 0.09
65 1122 1811 29.15 40-31.23 111-56.61 7.0* 1.7 5 133 28 0.23
69 922 1306 58.61 40-33.45 111-34.54 7.0* 2.0 5 150 32 0.58
69 1031 1314 24.45 40-41.35 111-40.86 7.0* 1.6 5 162 16 0.46
71 320 12 29.52 40-44.11 111-49.23 7.0* 1.2 5139 3 0.35
71 320 2128 35.89 40-44.36 111-49.58 7.0* 1.5 6 137 3 0.07
71 407 2132 4.76 40-43.27 111-48.82 7.0* 1.3 4 134 5 0.43
71 616 2117 30.27 40-38.84 111-48.18 7.0* 0.7 4 117 8 0.24
71 727 1532 18.76 40-29.74 111-59.67 7.0* 2.5 6 138 21 0.10
71 727 1832 7.13 40-26.71 111-57.73 7.0* 1.5 5 160 22 0.18
72 103 230 3.13 40-41.03 111-48.50 7.0* 1.1 6 123 9 0.60
72 207 722 8.75 40-39.05 111-35.08 7.0* 1.5 8 141 17 0.75
72 401 715 23.12 40-37.47 111-56.64 7.0* 1.8 8 151 16 0.84
72 721 1247 19.67 40-42.22 111-45.98 7.0* 1.2 6 149 9 0.32
72 901 2030 25.98 40-42.03 111-50.82 7.0* 1.5 5124 7 0.57
72 1004 2032 27.12 40-42.25 111-49.31 7.0* 1.2 4 134 7 0.11
73 629 2001 33.70 40-42.21 111-48.27 7.0* 1.8 5131 7 0.51
73 1103 733 10.95 40-39.11 111-47.00 7.0* 1.0 6 168 8 0.28
74 214 1637 47.24 40-43.71 111-48.81 7.0* 1.2 6 202 4 0.24
74 1031 944 46.59 40-26.86 111-56.69 17.8 1.0 5 138 9 0.12
74 1101 2110 17.15 40-44.43 111-44.07 1.0 1.3 5261 9 0.05
74 1118 6 23.81 40-27.16 111-55.48 1.9 0.1 6 138 7 0.23
74 1119 813 43.62 40-27.86 111-55.73 1.3 1.4 6 147 7 0.25
74 1209 1221 58.99 40-29.98 111-57.87 1.4 1.1 4 181 10 0.13
74 1209 1409 48.10 40-28.49 111-56.60 1.9 1.4 7 157 8 0.31
74 1220 2041 6.86 40-28.43 111-55.82 7.0* 0.3 3171 7 0.

74 1225 748 18.43 40-39.33 111-41.29 7.0* 0.6 8 273 8 0.16
75 123 2139 29.2]1 40-43.69 111-46.34 1.3 1.4 14 9 6 0.28
75 310 1940 3.33 40-44.09 111-44.98 2.3 1.8 16 163 8 0.15
75 429 1945 56.59 40-43.08 111-46.62 0.1 1.4 12 140 7 0.23
75 513 2347 40.57 40-40.25 111-40.07 7.0* 0.7 8 281 9 0.15
75 711 1132 20.73 40-39.31 111-36.89 7.4 0.1 6 305 7 0.08
76 403 737 38.09 40-33.14 111-33.80 6.7 0.5 7 117 7 0.13
76 513 431 26.48 40-34.13 111-34.98 1.5 O. 7 237 17 0.30
76 513 434 58.70 40-33.63 111-35.35 7.1 0.1 7 233 17 0.19

*

76 521 2000 54.71 40-44.13 111-46.63
76 716 1521 41.78 40-32.18 111-58.76
76 801 1621 26.30 40-27.83 111-58.43
76 808 922 12.86 40-28.25 111-58.03
76 809 655 40.03 40-28.69 111-58.24

14 98 26 0.27
12 83 13 0.32
89 11 0.18
7
9

Vo]
.
O oownmo

11 74 10 0.1
12 82 10 0.2
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N O DO
=
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Earthquakes 20

yr date orig

76
76
76
76
76

76
76
76
76
76

76
76
76
76
76

76
76
77
77
77

77
77
78
78
78

78
78
78
79
79

79
79
79
79
79

79
79
79
79
79

811
811
812
812
814

816
823
823
825
919

920
920
1008
1125
1125

1126
1209
205
208
402

402
1207
207
207
208

225
621
1118
303
327

406
420
427
512
512

514
514
515
606
623

30
100
134

2107
1433

2106
750
755

22

2107

343
647
2216
1934
1938

1018
1820
2345
1910
1005

2100
2108
32
2145
18

1616
1705
1813
2247
2104

103
1619
35
1706
2138

118
438
848

9
100

km from La Caille area

time

21.86
43.06
54.34
6.01
6.56

8.60
59.24
18.09

3.02
58.18

43.12
57.45
16.89
49.46
23.48

26.44
59.06
16.53
55.92
50.97

59.36
47.98
12.19
32.64
35.84

26.14
50.73
13.52
16.05
19.59

31.64
38.92
27.83
58.32
51.82

43.55
2.45
6.18
9.47

51.52

lat-n

40-28.16
40-28.08
40-28.28
40-27.35
40-28.25

40-28.18
40-27.91
40-27.45
40-29.04
40-27.99

40-29.63
40-28.04
40-34.11
40-27.95
40-28.42

40-28.36
40-28.25
40-29.56
40-28.06
40-27.61

40-27.58
40-43.89
40-27.11
40-33.05
40-34.50

40-44.44
40-37.97
40-26.77
40-28.15
40-27.96

40-28.95
40-29.18
40-28.69
40-28.26
40-28.40

40-28.75
40-28.81
40-28.81
40-28.58
40-28.87

long-w

111-58.26
111-58.16
111-58.15
111-57.82
111-58.33

111-58.39
111-58.54
111~-58.07
111-59.09
111-58.64

111-58.84
111-58.49
111~-39.50
111-58.65
111-58.68

111-58.68
111-49.14
111-52.54
111-50.21
111-58.86

111-58.53
111-47.67
111-57.40
112- 0.82
112- 1.07

111-48.03
111-36.23
111-53.73
111-53.73
111-52.86

111-53.32
111-53.19
111-52.75
111-55.97
111-55.33

111-55.88
111-55.36
111-55.09
111-53.80
111-52.42
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depth mag
6.5 0.2
6.3 0.9
6.7 0.6
6.7 0.4
4.9 -.1
10.3 0.5
6.6 1.3
6.9 0.4
9.0 -.3
8.6 0.1
5.9 -.5
8.6 -.4
2.2 0.4
7.5 0.1
5.6 0.
1.0 1.0
7.6 0.6
1.3 1.7
5.0 1.7
8.4 1.7
6.7 1.0
1.1 1.2
7.0* 0.9
9.7 0.5
3.5 0.3
1.2 1.7
6.8 0.2
3.7 1.0
3.1 1.7
1.0 2.0
0.8 1.5
0.1 1.5
1.1 1.2
9.2 0.4
7.1 0.6
9.1 1.3
8.8 0.9
3.7 1.3
3.3 0.7
3.4 1.3

vk oV, ~N~Jowwm

SG\O\\O\O

GG &

[
> 00

gap dmn rms
159 10 0.11
85 10 0.15
74 10 0.15
147 10 0.20
161 10 0.11
160 10 0.09
91 10 0.11
91 10 0.16
175 10 0.11
159 10 0.12
181 11 0.02
159 11 0.10
89 8 0.24
158 10 0.14
165 11 0.12
86 10 0.11
83 2 0.24
151 3 0.09
100 1 0.19
153 10 0.15
81 10 0.18
89 5 0.25
285 9 0.36
93 13 0.15
134 16 0.42
117 4 0.21
69 14 0.16
173 17 0.33
118 4 0.25
64 3 0.27
75 3 0.26
114 3 0.36
115 2 0.37
152 7 0.29
79 6 0.23
79 7 0.25
120 6 0.25
78 6 0.38
87 15 0.27
74 2 0.32
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yr date orig

79
79
80
80
80

80
81
82
82
83

83
83
83
84
84

84
85
85
86
86

87

718
1117
815
919
1120

1202
1209
321
321
517

801
929
1117
618
704

714
311
729
428
1126

106

2146
2220
2211

45
2035

2242
1836
656
705
2022

1604
2039
1955
1155

202

847
732
1437
633
2246

1957

km from La Caille area

time

5.94
53.41
26.86
37.11
38.54

48.93
34.92
10.26
14.04
17.63

33.44
3.12
6.07

42.06

59.79

9.97
55.31
43.69
49.39
27.02

53.54

lat-n

40-28.02
40-24.96
40-28.10
40-37.59
40-44.18

40-34.36
40-43.66
40-35.13
40-35.79
40-41.66

40-40.59
40-28.29
40-43.74
40-41.84
40-39.26

40-39.84
40-34.48
40-41.54
40-44.56
40-42.25

40-39.92

long-w

111-54.09
111-49.26
111-54.03
111-36.26
111-44.88

111-58.50
111-48.63
111-34.87
111-34.64
111-52.34

111-40.98
111-58.19
111-50.66
111-45.49
111-39.59

111-40.70
111-56.55
111-52.68
111-44.35
111-41.13

111-35.86

number of earthquakes

* indicates poor depth control
W indicates Wood-Anderson data used for magnitude
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depth mag
1.0 1.3
7.0% 0.1
0.3 2.0
7.7 1.0
1.4 1.7
3.5 0.4
7.1 1.0
1.7 0.5
1.9 0.3
7.4 1.0
1.9 0.8
6.5 1.3
3.8 0.8
3.0 1.2
2.3 0.8
1.8 0.7
2.1 1.0
1.7 0.5
2.8 0.4
4.9 0.5
5.5 0.6
= 101

no gap dmn rms

12
16
10
10
17
14
11

22

17

18

14

12

91
143
78
116
197

128
114

86
116
153

105
66
199
69
127

82
71
124
103
86

75

24
16
14
17

17
11
10
13
10

10
12

12
15
11
10

14

calculation
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The Modified Mercalli Intensity Scale of 1931
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1.

V1.

VII.

VI

XL

XIL

MODIFIED MERCALLI INTENSITY SCALE OF 1931
(Abridged)
Not fell except by a very few under especially favorable circumstances.

. Felt only by a few persons at rest, especially on upper floors of buildings. Delicately suspended objects

may swing.

Felt quite noticeably indoors, especially on upper floors of buildings, but many people do not recog-
nize it as an earthquake. Standing motor cars may rock stightly. Vibration like passing of truck. Dura-
tion estimated.

During the day feltindoors by many, outdoors by few. At night some awakened. Dishes, windows,
doors disturbed; walls made cracking sound. Sensation like heavy truck striking building: standing
motor cars rocked noticeably.

. Felt by nearly everyone; many awakened. Some dishes, windows, elc., broken; a few instances of

cracked plaster; unstable objects overturned. Disturbance of trees, poles and other tall objects some-
times noticed. Pendulum clocks may stop.

Felt by all; many frightened and run outdoors. Some heavy furniture moved; a few instances of fallen
plasier or damaged chimneys. Damage slight.

Everybody runs outdoors. Damage negligible in buildings of good design and construction; slight to
moderate in well-built ordinary structures; considerable in poorly built or badly designed structures;
some chimnceys broken. Noticed by persons driving motor cars.

Damage slight in specially designed structures: considerable in ordinary substantial buildings with par-
lial collapse: great in poorly built structures. Panel wails thrown out of frame structures. Fall of
chimneys, factory stacks, columns, monuments, walls. Heavy furniture overturned. Sand and mud
¢jected in small amounts. Changes in well water. Disturbed persons driving motor cars.

Damage considerable in specially designed structures; well designed frame structures thrown out of
plumb; great in substantial buildings, with partial collapse. Buildings shifled off foundations. Ground
cracked conspicuously. Underground pipes broken.

. Some well-built wooden structures destroyed; most masonry and frame structures destroyed with

foundations; ground badly cracked. Rails bent. Landslides considerable from river banks and steep
slopes. Shifted sand and mud. Water splashed (slopped) over banks.

Few, if any (masonry), structures remain standing. Bridges destroved. Broad fissures in ground. Un-
derground pipe lines completely out of service. Earth slumps and land slips in soft ground. Rails bent
greatly.

Damage total. Waves seen on ground surfuces. Lines of sight and level distoried. Objects thrown
upward into the air.

Source: Earthguake Information Bulletin: 6 (5), 1974, p. 28,
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APPENDIX D:

The Unified Soil Classification System
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Unified Soil Classification System.

MAJOR
DIVISIONS

GROUP
SYMBOLS

TYPICAL
NAMES

COARSE-GRAINED SOILS
More than 50% retained on No. 200 seive*

CLEAN
GRAVELS

s

GW

Weli-graded gravels
and gravel-sand
mixtures, little or no
fines

GP

Poorly graded graveis
and grave!-sand mix-
tures, littlie or no fines

GRAVELS
50% or more of
coarse fraction
retained on No. 4 seive

GRAVELS

WITH
FINES

GM

Silty gravels, gravel-
sand-silt mixtures

GC

Clayey gravels, gravel-
sand-clay mixtures

SANDS

CLEAN

SANDS

Sw

Well-graded sands
and gravelly sands,
little or no fines

SP

Poorly graded sands
and gravetly sands,
little or no fines

coarse traction

More than 50% of
passes No. 4 seive

SANDS
WITH
FINES

SM

Silty sands, sand-silt
mixtures

sC

Clayey sands, sand-
clay mixtures

FINE-GRAINED SOILS
50% or more passes No. 200 seive*

Liquid limit

SILTS AND CLAYS
50% or lass

Inorganic silts, very
fine sands, rock flour,
silty or clayey fine
sands

cL

inorganic clays of iow
to medium plasticity,
gravelly clays, sandy
clays, silty clays, lean
clays

oL

Organic silts and
organic silty clays of
low plasticity

Liquid limit
greater than 50%

SILTS AND CLAYS

inorganic silts,
micaceous or diat-
tomaceous fine sands
or silts, elastic silts

CH

inorganic ciays of
high plasticity,
fat clays

Organic clays of
medium to high
plasticity

HIGHLY ORGANIC
SOILS

PT

Peat, muck, and
other highly organic
soils
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Project: Requesting Agency: )

Dresden lane Fault Investigation Salt lake City

Planners

By: Date: County: Job No.:

Craig V. Nelson 1-24-86 Salt Iake SI2
USGS Quadrangle:

Fort Douglas
INTRODUCTION

As requested in a previous memorandum (Nelson, 1986), Delta Geotechnical
Consultants conducted a fault investigation study at the site of the proposed
Dresden lane apartment camplex at approximately 550 South 900 East, Salt Lake
City, Utah. Trench mvestlgatlons were conducted Jamuary 15-17, 1986. The
purpose of this memorandum is to document cbservations made durlng site visits
pending release of the consultants report.

Two trenches were excavated generally perpendicular to the trend of the
fault plane (fig. 1). Due to the consultant's perceived potential liability
problems each trench was backfilled at the end of the day. This time constraint
did not allow time for proper detailed geotechnical logging, only simplified
unscaled sketches of one trench wall were made. Only one trench was opened each
day, which eliminated the direct comparison of exposures between trenches. The
use of a large backhoe capable of trenching in excess of 5 meters proved valuable
when dealing with areas of relatively deep fill.

TRENCH EXPOSURES

Trench A

Trench "A" (fig. 2A) revealed one fault with bedded gravels and cobbles on
the upthrown block and fine-grained lake sediments on the down thrown block. The
actual fault plane was poorly defined in this trench, being contained in a
deformed zone 30-45 cm in width. The lake sediments showed evidence of drag
folding down to the west. Due to the disturbed nature of the upper meter of
sediment (fill) a camplete stratigraphic sequence was not available in either
trench. Initially this exposure was interpreted as a very old scarp with
onlapping lake sediments, but based on the features in trench "B" this
interpretation was revised. This again indicates the utility of having all
trenches open simultanecusly. This trench confirmed the location of one fault
but did not intersect the eastern fault indicated in Delta's 1984 report.

Trench B

Trench "B" (fig. 2B) was excavated across earlier trenches but at depths up
to about 4 m. This trench revealed three faults: an eastern fault in bedded
gravel and cabbles, a western fault separating the bedded gravel and cobbles from
fine—-grained lake sediments, and a fault across the gravel/cobble unit about 1.5
meters east of the west fault. The west fault is considered to be correlative to
the fault exposed in trench "A". Trench "A" probably did not extend eastward far
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fault exposed in trench "A". Trench "A" probably did not extend eastward far
encugh to expose the two other faults. Significant drag folding was present 1n
the lake sediments in a down to the west fashion. No distortion or fracturing
was noted in the lake sediment unit other than minor (a few cm) offset beds. The
west fault was in a zone of deformation similar to that noted in trench "aA".

University of Utah professor Don Currey was present during inspection of
trench "B" to aid in interpretation of the stratigraphy. Dr. Currey believes the
gravel /cobble unit represents pre-Bonneville alluvial fan deposits. The fine-
grained unit represents Lake Bonneville deposition beginning with a thin layer of
clean, well sorted gravel (initial transgression beach deposits), through shallow
water and into deep lake deposits. A red, poorly sorted, cobble and gravel unit
was exposed below the transgressive gravel layer in the downthrown fault block.
Dr. Currey interprets this unit as pre-Bonneville isotope stage IV deposits. I
concur with Dr. Currey's cbservations.

FAULTING
Displacement

Because units could not be correlated across the west fault the apparent
minimumm displacement must be greater than the trenching depth (about 3 meters).
Given the preferred average for faulting on the Salt Iake fault segment of 2
meters, it is reasonable to conclude there is more than one seismic event
represented by this fault.

The middle fault cut beds in the gravel/cobble unit. Distinct beds could
be correlated across this fault, resulting in an apparent displacement down to
the west of about 45 am. It is my opinion this fault is a secondary feature
related to movement on the west fault, similar to the drag effect exhibited in
the lake sediments but in the more brittle manner expected in coarse-grained
deposits.

The gravel/cobble bedding is poorly defined across the eastern fault making
correlation difficult. It is believed that no units correlate across the fault,
yielding an apparent minimum displacement of 2+ meters. This fault could also
represent more than one faulting event.

Timing

Dating the last movement on any of the faults is difficult. The upper
stratigraphy has been removed or disturbed, destroying any evidence from soil or

overlying units. Iacking firm data one must rely on circumstantial evidence to
get an estimate of most recent movement.

The most recent unit observed cut by the west fault is the deep lake sediment
unit, which is prabably of Bonneville shoreline age. This would place the maximum
faulting date at about 15,000 y.b.p. Because of the plastic deformation of the
drag folding in the lake sediments, it might be postulated that these sediments
were saturated when folding occurred. If saturation was due to Iake Bonneville
water, the lake would have to have been at or above the site elevation (about
4250'). This would correspord to the Gilbert shoreline level and place faulting
at about 10,500 y.b.p. If faulting were to occur in unsaturated fine-grained
sediments one would expect to see many small adjustment faults common in a brittle
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deformation event. This approximate dating also applies to the middle fault since
it appears to have been caused during a common event.

Dating the east fault is the most difficult. This fault cuts pre-Bonneville
deposits that have a minimum age of about 20,000 y.b.p. A minimum age for most
recent faulting might be estimated based on the amount of calcium carbonate filling
fractures along the disturbed fault plane, but I can only say that this fault does
not look "fresh", and can not venture any type of minimum date.

SUMMARY
From trench investigations, three faults have been found crossing the site
of the proposed Dresden Place Apartment Complex. Two of the three faults appear
to have experienced movement in more than one seismic event. An approximate date
bracket for two of the faults is proposed at between 15,000 and 10,500 y.b.p. No
timing parameters are estimated for the third fault due to lack of evidence.
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Project: Requesting Agency:
Preliminary geologlc hazard investigation for Utah_County Emergency
the Emergency Services Storage buildings Services
By: Date: County: Job No.:
Robert M. Robison December 1987 Utah Ul
USGS Quadrangle:
Orem, Pelican Point

This report is in response to a request fram the Utah County Emergency
Management Services to perform a preliminary geologic hazards evaluation for the
storage buildings owned by Utah County located in the NW 1/4 of the NW 1/4 of
Sections 5, T. 6 S., R. 2 E., SIB&M (fig. 1). The scope of the investigation
included a review of pertinent literature, aerial photography interpretation, and
site reconnaissance. The Utah County facilities are located on fine—grained,
laminated Iake Bonneville bottom deposits. Slope is very gentle, under 5%, and
vegetation consists mostly of ground cover.

Probably the most potentially damaging geologic hazard is earthquake ground
shaking. Rogers and others (1984) indicate site conditions in this area may ampllfy
ground shaking from 3.7 to 6.2 times that of bedrock (fig. 2), at least for seismic
waves with vibrational frequencies of 0.2 to 0.7 seconds. These waves are
particularly destructive to buildings 3 to 7 stories. The actual response of the
building to ground shaking would depend on the engineering design and construction,
as well as site geology.

Anderson and others (1986) include the site in an area of high liquefaction
potential. The rating is based on the proximity of the ground-water table and the
type of sediments at the site. A high rating means that the probability during a
100-year period for liquefaction to occur is >50% (Anderson and others, 1986). The
effect of liquefaction at this location would probably be a loss of bearing strength
under the foundation. The effects of liquefaction on the building may be cracking of
the floors and/or foundation, or possibly tilting of the structure, depending on the
type of building response and the severity and extent of the liquefaction.

The site is located within one mile of the shoreline of Utah lake. In 1984,
the lake reached a maximum flood elevation of 449 feet, but dredging projects along
the Jordan River have greatly reduced the possibility of inundation such that it is
not expected to exceed 4493 feet. If Deer Creek dam were to fail catastrophically,
the water level in Utah Iake would raise only about 8 inches (Case, 1985), which, at
the present lake level (4486.24 as of Oct. 20, 1987, Howard Denny, Utah County
Engineers office, personal communication), flooding would probably not seriously
affect the County storage facilities which are at about 4497 feet elevation
(estimated from 7 1/2 minute topographic map). It is possible that seiching related
to earthquake ground shaking may reach this elevation, particularly if tilting of the
basin occurs, but data are insufficient to evaluate this phenomenon.

No known faults have been mapped through the site. The nearest trace of the
Wasatch fault zone is about 3 1/2 miles to the east (fig. 3). Dustin and Merritt
(1980) make reference to faults in the site. However, surface fault rupture along
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the Wasatch fault could indirectly affect the site due to downdropping and tilting
of the basin toward the mountains causing a shift in Utah Lake to the east (fig.
3, Smith and Richins, 1984). Keaton (1986) indicates that if this were to occur
at the same magnitude as that of the 1959 Hebgen lake earthquake the area around
the county buildings may experience ponded water.

None of the hazards present are sufficiently serious to preclude use of the
site for storage. The principal factor to be considered is the possibility of
building collapse accompanying ground shaking, and an analysis of the compliance
of the structure to present seismic building codes may be advisable if explosive
or hazardous materials or materials of great value or critical importance dquring
an earthquake are to be stored there. Because the site is in a flat area 4 miles
fram the mountain front, the landslide, debris flow, and rock fall hazards are
very low.
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Figure 2. Map showing the relative ground shaking in
response to a theoretical earthgquake. The numbers indicate
average (mean) response of the cround relative to locations
in bedrock. Adapted from Rogers and others (1964).
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esting Agency:
Project: Requ g Ag

Geologic hazards in the Payson City Payson City
golf course area .

By: Date: County: Job No.:
Robert M. Robison March 12, 1981 Utah U2
USGS Quadrangle: ish Fork

This report is in response to a request fram Lorene Ellsworth, Planning and
Zoning Administrator for Payson City, to evaluate the geoclogic hazards in the
vicinity of the newly proposed Payson City golf course. The site is located in
Sections 22, 23, 26, and 27, T. 9 S., R. 2 E,, SIB&M (fig 1). The scope of the
investigation included a review of pertinent literature and aerial photos, and a
field reconnaissance conducted on March 3, 1987.

Geologic maps of the area have been prepared by Davis (1983) and Bissel (1963).
The site is underlain by Lake Bonneville beach deposits and pre-Bonneville alluvial-
fan material. Tithing Mountain, which is on the west side of the study area, is
camposed of Paleozoic limestone locally covered by this deposits of
alluvium/colluvium with small post-Bonneville alluvial fans at the mouths of
intermittent drainages.

Utah County is in an earthquake hazard area, and the site would be subjected to
strong ground shaking from a moderate or large earthquake within Utah or Juab Valley
or from large earthquakes outside the area. Ground shaking in the unconsolidated
deposits at the site may be amplified 2.7 to 3.7 times that in nearby bedrock (Rogers
and others, 1984).

Another hazard accompanying earthquakes is surface fault rupture along pre-
existing fault scarps. Several fault scarps have been mapped mainly along the
eastern margin of Rocky Ridge (Cluff and others, 1973), but none of the scarps
extend into the area designated for the golf course. Preliminary maps by Machette
(1986, personal commun.) show faults to the west; none are located within the golf
course areas.

Flood Insurance Rate Maps (FIRMS) indicate that the area is not in the 100- or
500-year flood plain and that only minimal flooding is expected. However, the Goose
Nest area is a closed depression; and if development were to make the enclosure
impermeable, drainage water may pond. Ground water is expected at depths below 50
feet, and the potential for liquefaction is very low (Anderson and others, 1986).

A small active landslide was noted in the SW 1/4 of Section 2, T. 9 S., R. 2
E., SIB&M. This slide was apparently in alluvium/colluvium covermg a slope which
exceeds 30%. Downslope soil creep was also noted on several steep slopes. No large
landslides occur in the immediate area of the golf course, but large slides exist
about 1 mile south of the site. These slides are in the Paleozoic Manning Canyon
Shale ard the Cretaceocus-Tertiary rocks, primarily the North Horn Formation. The
Manning Canyon Shale has caused slides in Provo City and Provo Canyon, and the North
Horn Formation is responsible for the Thistle Slide.
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The Soil Conservation Service (Swenson, 1972) has mapped soils within the
study area which have severe limitations for foundations for low buildings because
of high shrink-swell potential and/or restrictive slopes.

CONCLUUSIONS AND RECOMMENDATIONS

No geologic conditions exist which would preclude construction in the area,
but several hazards must be considered. Slopes in excess of 30% should be avoided
to help mitigate landslides and erosion. Care should be taken to control grading
and cut slopes as outlined in the Uniform Building Code (UBC). Soil foundation
investigations should be performed prior to construction particularly in the zones
of high shrink/swell potential ocutlined by the SCS (Swenson, 1972). Although no
recent fault scarps were mapped in the area, it is possible that faults with no
surface expression may exist, and the local building officials should watch for
evidence in excavations and inform the County Geologist if any faults are found.
If development should proceed toward the south, an additional geologic hazard
investigation should be conducted to delineate areas of severe landslide potential.
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Project: Requesting Agency:
A review of geologic hazards for a proposed Mapleton City
water tank for Mapleton City, Utah :

County: Job No.:

3 Robert M. Robison D'ffanuary 1988 Utah U3

USGS Quadrangles o nish Fork Peak

INTRODUCTTON

This report is in response to a request from Marjorie Stokes, administrative
assistant for Mapleton City, to conduct a geologic hazards review for a proposed
water tank for Mapleton City. Rollins, Brown, and Gunnell, Inc., of Provo, Utah is
the engineering firm hired to develop the site. The tank will have a 1 million
gallon capacity and will be buried 24 feet with the top of the tank at 4920 feet
elevation. The site selected for the tank is in the N 1/2 of the NE 1/4 of Section
27, T. 1 8., R. 3 E., SIB&M (fig. 1). The scope of this investigation consisted of a
site visit, review of pertinent literature, and aerial photographic mapping.

GEOLOGY

The site is located in Utah Valley along the east boundary of the Basin and Range
province at the base of the Wasatch Range. Utah Valley is a down-dropped fault block
separated from the Wasatch Range by the Wasatch fault zone (WFZ). The mountain to
the east which rises abruptly fram the trace of the WFZ is composed of Paleozoic age
Oquirrh limestone.

The material at the site consist of Lake Bonneville silt and clay (Mike Machette,
unpublished mapping, 1987; Davis, 1983), and is probably a remnant of a delta
deposited in Lake Bonneville by the Spanish Fork River. The sediments were most
likely deposited at the time the lake was near its highstand about 15,000 to 16,000
years ago. The deposits are light-colored, laminated, and well-drained. The soils
support grazing type vegetation and some field crops.

GEOLOGIC HAZARDS
Earthquakes

Ground-shaking is probably the greatest geologic threat to the area. Utah Valley
is located within the Intermountain Seismic Belt (ISB) which is a zone of diffuse
seismicity which extends from southern Nevada northward to central Montana and
includes the Wasatch Front. Also, ground shaking will occur at this site even if the
earthquake is centered on one of the other nearby segments of the WFZ. Youngs and
others (1987) reports that ground acceleration has a 10% probability of exceeding
0.70 g within a 250 year period.

Surface fault rupture is probably not a hazard at this site because the nearest
mapped trace of the Wasatch Fault is over 1/2 mile east (fig. 10). Two small north-
south trending parallel scarps were noted west of the site about 500 feet, which have
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Figure 1. Map showing the location selected by Mapleton
City for a water tank. Faults are depicted by heavy lines, with
the bar and ball on the downthrown side. Fault mapping adapted
from Machette (unpublished data, 1987).
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the general shape of a graben (a down-dropped block bounded by faults). No scarps or
lineaments were found beyond the edge of the hill where the water tank is to be
located, which indicates that the scarps are probably not tectonic in origin. They
are most likely the banks of a paleochannel of the Spanish Fork River cut when the
base level of the river was regressing to, or halted at, the ILake Bonneville Provo
shoreline at about 4800 feet. Seismic tilting may occur at the site (Keaton, 1987).
Tilting may be up to several degrees, as is evident at the mouth of Hobble Creek
Canyon.

Flooding N

The area has a very low potential for flooding. The flood insurance rate map
(FIRM) (FEMA, 1980) has categorized this area as zone "C", which corresponds to "areas
of minimal flooding". The site selected for the tank is well above the surrounding
terrain. Any flooding would be due to precipitation which fell at the site.

Iandslides

The sediments at the site selected for the water tank may be prone to landslides,
but none have been mapped in the immediate area. The laminated clay in the soil may
retain water which could induce slope failure, and care should be taken in the design
of site drainage to remove water from the area. The stability of cut slopes during
excavation for the buried tank should be addressed by the soil foundation investigation

Soil Conditions

The soil at the site has been classified as PaB, Parleys loam, surrounded by WhE,
Welby-Hillfield silt loam (Swenson, 1972). The PaB soil is characterized by 0-3°
slopes with the water table below 6 feet. Engineering properties which may be of
concern are a moderate shrink-swell potential and moderately slow permeability. The
WhE soil has 10-30° slopes, moderate bearing strength, low shrink-swell potential,
but a high erosion hazard. These soil classifications are only valid for the top

approximately 5 feet of material, and engineering properties below this level should
be investigated in the soil foundation report.

CONCLUSIONS AND RECOMMENDATIONS

No conditions exist which would preclude the construction of the water tank at
the site. The location is in the Uniform Building Code seismic zone 3, and should be
designed to withstand ground accelerations as indicated above depending on the
expected life of the structure. Grading should be engineered to divert water away
from the tank and not allow ponding, and site drainage should be designed to control
erosion. A standard soil foundation investigation should be prepared which includes
analyses for potential shrink-swell problems and stability of cut slopes. The
excavation should be examined for evidence of any buried faults which may not have
surface expression.

REFERENCES
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Project: Requesting Agency:
Evaluation of lineaments at the proposed Provo Utah (;ounty Board
City landfill, Goshen Valley, Utah of Adj.

By: Date: Caunty: Job No.:
Robert M. Robison April 20, 1987 Utah U4

USGS Quadrangle:

Goshen Valley North

INTRODUCTION

The proposed Provo City landfill is located in Goshen Valley, Utah, in Sec. 17,
T. 9S., R. 1 W., SIB&M (fig. 1). The site is about 2 miles west of the southern end
of Utah lake and approximately 2 miles east of the Tintic Mountains. Elberta City is
approximately 5.5 miles to the south.

The purpose of this investigation was to evaluate lineaments in Section 17 to
determine if they were formed by surface fault rupture. Several lineaments were
identified by the Utah County Geologist (Robison, 1986a) which may have been produced
by faulting. The Utah County Board of Adjustments (minutes dated January 13, 1987)
authorized an investigation of all lineaments. The Utah County Geologist had the
responsibility to locate exploratory trenches and make the interpretation as to the
presence/location of any faults fourd.

The scope of this investigation included a review of pertinent literature and
aerial photographs, field reconnaissance, and the excavation, logging, photographing,
and interpretation of eight trenches (fig. 2). Trench locations were selected during
a field reconnaissance on March 6, 1987, by the Utah County Geologist. Duane Whiting
of ESE, Steve Sevier of Elberta Farms, and Dale Stephenson and Carl Carpenter of
Provo City, were present when the trenches were sited.

Eight trenches were excavated on March 24, 25, and 26, 1987 (fig. 2) across
lineaments I1, 12, and I4. Lineament 13 had no surface expression or traceable
linear features, and hence was not trenched. Kimm M. Harty and Suzanne Hecker of the
Utah Geological and Mineral Survey logged trench #1 (fig. 2). Robert M. Robison
(Utah County Geologist) and John D. Garr (EarthFax Consultants) logged the other
trenches. EarthFax Consultants were hired by Envirommental Science and Ehgmeerlng
to participate in the investigation.

TRENCH LOCATTIONS AND DESCRIPTIONS

Trenches were mumbered from north-to-south on the eastern lineament (11, trenches
mumbered 1 to 4, fig 2.) and from south-to-north on the western lineament (12,
trenches mumbered 5 to 7, fig. 2). The eighth trench (number 2a, fig 2) was parallel
to trench number 2 to verify continuity of the sediments through a disturbed area.
Horizontal level lines were used for elevation control and reference to bedding and
features in logging trenches. The original scale of the trench logs was 1:50.

Five units were recognized in trench number 1 and were correlated in all of the
trenches. A detailed explanation of each unit giving the type of deposit, thickness,
color, texture and features, and genesis, is included in the appendix. A summary of
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the location and principal features in each trench is given below:

Trench Number 1. This trench was across the north end of lineament
L1 (fig. 2, Appendix A). Five stratigraphic units were delineated in this
trench. The continuity of the beds can be seen in trench log #1 (Appendix
A). Stringers of sand can be traced through the deposits. The fractures in
the clayey sediments may be the result of shrinking from desiccation, or from
liquefaction.

Trench Number 2. This trench along lineament I4 (fig. 2). A total
of 4 sedimentary units were logged in the trench. a large burrow(?) in the
central portion of the trench made linear continuity of deposits unclear. A
second trench (2a, fig. 2) was excavated parallel to trench 2 which had
continuous bedding in the region of the burrow. No logs were made of trench
2a, but photos (not included in this report) were taken.

Trench Number 3. A 5+ m high scarp was present at the site of trench
number 3. A 36 m long trench was excavated across this scarp to ensure that
any faults would be discovered (trench #3, Appendix A). Five continuous
stratigraphic units were logged in this trench.

Trench Number 4. This trench was located at the south end of
lineament I1 (fig. 2). Three continuous stratigraphic units were found.

Trench Number 5. Trench 5 was located at the south end of lineament
12 (fig. 2). Three sedimentary units were identified. Unit 1 was subdivided
into units 1 and la because of the presence of lacustrine(?) gastropods in
unit la (Apperdix A). Sand filled fissures were common.

Trench Number 6. Trench number 6 was located in the central portion
of lineament I2 (fig. 2). Three sedimentary units were found (Appendix A).
Fissures were camnon and most were filled with sand. Several small (< 2 cm)
fissures were open within unit 3.

Trench Number 7. Trench 7 (fig. 2) was located on the north end of
lineament I2. A 3 m (9 foot) scarp was trenched approximately 11 feet deep,
which revealed only eolian sand. The scarp was apparently a dune slip face
(lee slope). The trench walls were very unstable arnd no logs were made of
the trench. Photographs were taken of the trench but were not included in
this report.

DISCUSSION

Sediments and features of Pleistocene Lake Bonneville dominate the study area.
The western margin of the site is approximately at the Provo shoreline of the lake
occupied 14,000-15,000 years ago. Shoreline deposits are chiefly gravel which grades
eastward to offshore facies of sard, silt, and clay. Most of the lake sediments are
beneath this covering of sandy Holocene alluvium and eolian material. In addition
to these surficial deposits, trenches exposed sand and gravel. Deposits representing
the transgression of Lake Bonneville about 25 thousand years ago (unit 5, Appendix);
deep lake clays of the highstand about 15 to 16 thousand years ago (units 3 ard 4)
and the drop to the Provo Shoreline 15 thousand years ago, and the regression of the
lake out of the study area about 13 to 14 thousand years ago (unit la and 2). For a
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more camplete discussion of the history of Iake Bonneville see Currey and Oviatt
(1985) .

The lineaments identified for study varied in surficial expression and probable
origin. The aerial photographs used by Robison (1986) to identify lineaments were
taken in 1959, and the photos used by ESE were 1986 photos. Lineament mumber 1 (fig.
2) was less visible on the 1986 photo as compared to the 1959 photo, and was at a
slightly different orientation. Lineament number 2 (fig. 2) was more evident on the
1986 photos. In addition to surface faulting, possible origins of the lineaments
include grazing patterns, animal trails, fence lines, abandoned canals or ditches,
differential erosion of surficial material, or natural drainage lines. The change in
the character of the lineaments in the 27 years between the photos may be the result
of stabilization after previocus land uses or contimued erosion of natural features.
Also, several sand dunes are present roughly parallel to the lineaments.

No existing geologic or surficial maps indicate surface fault ruptures in this
area, and none were found in the investigation. Faulting at depth has been inferred
by Cordova (1970), but no faults were extended to the ground surface. Several
trenches exhibited layers of sediments with sand-filled fissures with little or no
offset. These fissures trended roughly parallel to lineaments, but none were found
which reached the ground surface and are not the cause of the lineaments. The sand-
filled fractures may be the result of either liquefaction or desiccation. If they
resulted from earthquake-induced liquefaction, the earthquake causing the liquefaction
would not necessarily have had an epicenter at the location of the liquefaction. A
large earthquake on the Wasatch Fault, about 12 miles east, would shake the study area
sufficiently hard to induce liquefaction when ground-water conditions were favorable.
The earthquake would have had to occur after deposition of the clayey sediments (units
3, Appendix A) about 13,000 to 12,000 years ago, but before the water table had
dropped, possibly about 10,000 years ago.

If the sand-filled features are the result of desiccation, then a triggering
earthquake is not necessary. The fissures could have formed any time following the
retreat of lake Bonneville from this level about 12 ka. Surface water or wind could
have carried the sand into the fissures. Iocally, some of the fissures were open (+/-
1 cm) within unit 3.

CONCLUSIONS AND RECOMMENDATIONS

The trenches revealed no features which could be interpreted as tectonic faults.
The trenches were sufficiently deep to encounter well-bedded late Pleistocene (Lake
Bonneville age) and Holocene sediments in which offsets due to faulting would have
been readily apparent. The lineaments must be the result of past land uses,
meandering drainages, and/or wind erosion and deposition.

Small sand filled fractures in trenches may be result of liquefaction during times
of higher ground-water or from desiccation as sediments dried. Under present
conditions, the liquefaction potential for this area is very low (Anderson and others,
1986). There appears to be no surface fault rupture hazard at the site, however,
trenches or other excavations produced fram the construction of the landfill should
be pericdically inspected by the Utah County Geologist to check for possible faults
in areas not covered by this investigation.
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APPENDIX

EXPLANATION FOR TRENCH LOGS

DESCRIPTION

Sand, silt (SpP, SM, ML): some organic
material, gravel present locally; unit may be
>l m thick; light brown to tan, Munsell color
is 2.5Y 7/2 (dry) to 2.5Y 6/4 (damp); if sand
is predominant, color may be 16YR 5/3 .
Material 1s eolian sand, loess and/or
alluvium, roots are present ana burrows are
abundant. This unit is the present ground
surface and is probably still being deposited.

Unit la has sand with features and color
similar to unit 1. This unit is bedded with
pockets of gastropods, indicating that it may
be lacustrine in origin and older than unit 1,
pessibly 13,000 to 14,088 years ago.

Interbedded clay, silty clay and clayey silt,
fine sand, (CL, CL-ML, SM): clay content
increases toward bottom of wunit, sand
increases toward top of unit; unit thickness
may be 2.6 m; color is green to gray, lower
unit is 5Y 5.5 to 6.1 with laminations of 2.5Y
8/2 , unit grades upward to 5Y 7/2; laminated,
may have sand filled fractures locally;
probably represents the regressive deposits of
Lake Bonneville, about 15,8006 -~ 14,0080 years
ago.

Blocky clay (CH): homogeneous, maximum thick-
ness about 1 m; brown to reddish brown 10YR
5/2-3; some laminations or mottling present;
may locally have sand filled fissures. CacCoO

horizon may be present at the top of unit;
these deposits may represent the deep water
cycle of Lake Bonneville, about 18,880 years
ago.
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Interbedded clay, silty clay and clayey silt,
some fine sand (CL, CL-ML, SM): clay content
decreases at the base of unit; resembles unit
2; thickness 1s about .9 m maximum;
laminated, cclor is green to gray, 5Y 6/1 with
streaks of 5Y 8/1 to 7/2; some sand filled
fissures present; this unit was probably
deposited in the deepening waters of the
transgressicn of Lake Bonneville, about 19,000
to 28,000 years ago.

Interbedded gravel, sand, (GM, SM):
bedded gravel, moderately to well sorted 1in
places, maximum clast size 16 cm; unit
thickness exceeds 1.2 m; light brown, 18YR
5/4 , a layer of red sand (oxidized 1ron
stain) may be present at the contact between
unit 4; liquefaction features (small diapirs)
may be present at the upper contact; this unit
may represent the transgressive gravels of
Lake Bonneville, about 20,090 years ago.
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ERRATA FOR TECHNICAL REPORTS OF THE
WASATCH FRONT COUNTY GEOLOGISTS
JUNE 1985 TO JUNE 1988

Utah Geological and Mineral Survey
Report of Investigation 218

December 1988

Due to an oversight, the following figures were inadvertently omitted from
the original report:

D-1 Attachment 1. Landslide classification and terminology.
D-2 Attachment 1. Location map.

Attachment 2. Test pit location map.

Attachment 3. Test pit logs.

Attachment 4. Map showing traces of surface fault rupture,

Wasatch fault zone.

D-3 Attachment 1. Landslide classification and terminclogy.
D-4 Attachment 1. Landslide classification and terminology.
SL-2 Figure Test trench locations, and fault exposures.

1.
Figure 2. Generalized trench diagrams, proposed Dresden
Place Apartment Complex.

U-2 Figure 1. Map showing locaticn of study area.



Attachment 1

TS OF MATIRIAL

DICDXIRINC S0ILS
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TorrLES Rocx topple Dubris topple ' garth topple
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LIS oxTTs T .
Sock block slide| Oubdria block slide : Zacth block slide
s = e cond
TRARSIATIONAL oxy t
- onTTs Rock alide Debris slide : Zarth alide
LATIRAL SYXEADS hock spcead Debris spread : Earth spread
Bock flow Debcis flow ! racreh flow
g% - {
(deep creep) (s0i]l creep)
O PLEX Combdination of two or more principal types of movemsnt
Landslide classification
and terminology
Source:

Varnes, D. J., 1978, Slope movements types and processes, in Schuster,
R. L., and Krizek, R. J., eds., Landslides, Analysis and Control:
National Academy of Sciences, Transportation Research Board
Special Report 176, p. 11 - 33.
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Attachment 3

Test Pit 1
OII - 46||
46" - 106"
Test Pit 2
On - Slu
51" - 97
97" -120"
Test Pit 3
Ou — 53||
53" -~ 105"

D-2

Test Pit Logs

Silty sand (SM); black, low density, nonplastic
moist.

Well-graded sand (SW); light brown, low density,
nonplastic, moist.

Silty sand (SM); dark brown, low density,
nonplastic, moist.

Well-graded sand (SW); light brown, low density,
nonplastic, moist; crudely bedded.

Well-graded sand (SW); brown, low density,
nonplastic, moist.

Silty sand (SM); dark to light brown, low density,
nonplastic, moist; some poorly graded beds.

Silty sand (SM); black, low density, nonplastic,
moist.
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Attachment 4

Salt Lake
Water Tank Si
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s dashed where inferred, dored where conceeed
i o . . . . . . ,
——————— FAULT, SHOWING OCIP —Long-Zashed where epprosimata’y lo-
cated; shor-dashed where inferred; doned whure concealed:
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only where surdicizl deposits appear 1o have been invoived in the
(aulting

LAKE BONNEVILLE SHORELINE SCARP ~Hachures point down-
slope

1873 SHORELINE OF GREAT SALT LAXE—Dotted wherz con-

S-688 cealed
X LOCALITY MENTIONED N TEXT

Map showing traces of surface fault rupture, Wasatch fault zone (frqm
Van Horn, 1982). Scale 1:24,000. See Van Horn (1982) for explanation
of surficial geologic units.
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Landslide classification
and terminology

Source:

Varnes, D. J., 1978, Slope movements types and processes, in Schuster,
R. L., and Krizek, R. J., eds., Landslides, Analysis and Control:
National Academy of Sciences, Transportation Research Board

Special Report 176, p. 11 - 33.



Attachment 1
TYPE QF MATIRIAL
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(dewp creep) (soll creep)
P LEX Combination of two of more principal ctypes of sovemant
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Source:
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R. L., and Krizek, R. J., eds., Landslides, Analysis and Control:
National Academy of Sciences, Transportation Research Board
Special Report 176, p. 11 - 33.
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Figure 1. Map showing location of study area.





