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ENGINEERING GEOLOGY OF PARK CITY,
SUMMIT COUNTY, UTAH

By Harold E. Gill ' and William R. Lund ?

ABSTRACT

Park City began as a mining community in the late
1860s and mining continued actively in the area for
more than 100 years. In the 1970s skiing surpassed
mining as the major industry in the area. Due to a
rapid increase in population and tourism, and subse-
quent need for additional facilities, pressure for de-
velopment in possible problem areas, such as flood
plains and steep hillsides, has increased. Develop-
ment in these relatively hazardous areas requires
early recognition of geologic constraints on con-
struction. It is the purpose of this report to provide
general information on geologic conditions and
hazards in Park City for use in making planning
decisions.

Park City is on the eastern slope of the Wasatch
Range in north-central Utah. Bedrock in the study
area consists of Pennsylvanian to Jurassic quartzite,
limestone, sandstone, shale, siltstone, mudstone,
and conglomerate, as well as Tertiary volcanic and
intrusive rocks. The area is on the north flank of the
westward extension of the Uinta arch, and beds dip
gently to the north-northwest. Quaternary glacial and
alluvial deposits (gravel, sand, silt, and clay) cover
approximately 25 percent of the area. The major
structural features in Park City are the north-trending
Park City anticline on the west and the Frog Valley
thrust fault on the east. Numerous northeast-
southwest trending normal faults are found in the
southern half of the study area.

Soils are predominantly gravelly, but fine-grained
materials (silts and clays) are found in valley bottoms
and along drainage channels. Expansive clays occur
locally in the alluvium-filled valleys. Rock materials
are resistant quartzite and limestone in the south and
less resistant shale, siltstone, and mudstone in the

! Geologist, Site Investigations Section, Utah Geological and
Mineral Survey.

2 Section Chief, Site Investigations Section, Utah Geological and
Mineral Survey.

north. Flood-prone areas are limited to land adjacent
to stream channels and to valley bottoms such as
Deer Valley and Park Meadows, where both flood
and shallow ground-water hazard are high. To the
present time, slope failure and erosion have not been
major problems. However, as development con-
tinues, especially on steeper slopes, care should be
taken to assure that grading and wetting of the
slopes, as well as removal of natural ground cover, do
not increase the hazard.

The rapid development of Park City as a recreation-
al area has resulted in the urbanization of mined
areas. Hazards associated with mining include open
shafts and adits, increased loading on slopes due to
waste piles, contamination of soil and water by toxic
elements in old mill tailings, and subsidence resulting
from collapse of abandoned underground workings.

Park City lies within a north-south trending belt of
seismicity known as the Intermountain seismic belt.
Although the city has not experienced a large earth-
quake in historic time, an earthquake of Richter
magnitude 6 is considered possible.

Snow avalanches occurred in the Park City area be-
tween 1884 and 1897, primarily because trees which
stabalize snow on slopes were removed for use by the
mining industry. At present, the slopes have reve-
getated and no avalanches have been reported on
slopes near the city since Park City Resort opened in
1963.

INTRODUCTION
Background and purpose

Park City is located on the eastern slope of the
Wasatch Range in north-central Utah, about 20 miles
(32 km) east of Salt Lake City (fig. 1). It originated as
a silver mining community in the late 1860s. Mining
activity peaked in 1929 and has decreased since that
time (Economics Research Associates, 1981).
However, considerable ore remains and may be
mined in the future. The first ski resort was devel-
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FIGURE 1.—Location of study area.

oped in 1963 (Park City Ski Resort), and during the
1970s skiing replaced mining as the major industry in
Park City. All mines are idle at present, but Park City
and the Snyderville Basin are experiencing renewed
growth with the opening of additional winter recrea-
tional facilities such as Park West Ski Resort and
most recently Deer Valley Resort. The mild summer
climate and spectacular mountain scenery attract
many summer visitors and full-time residents as well.

The 1980 census shows that the population of Park
City increased from 1193 in 1970 to 2823 in 1980. It
is estimated that the population will nearly quadruple
between 1980 and the year 2000 (Economics Re-
search Associates, 1981). The numt.r of full-time
residents, however, is not an accurate indication of
the importance of Park City as a growing Utah
community. During a peak month of the winter recre-
ation season, the average population of the Park City
and Snyderville Basin area was reported as 14,400 in
1981/1982, and is estimated to reach 23,470 by
1985/1986 and 47,180 by the year 2000 (Economics
Research Associates, 1981). On a percentage basis,
the number of housing units is expected to increase
faster than resident population due to rapid construc-
tion of condominiums for visiting skiers.

Portions of Park City are characterized by steep
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mountain slopes, expansive soils with moderate to
high shrink/swell potential, and shallow ground
water. As population grows, land suitable for devel-
opment will become more scarce and expansion into
possible problem areas is likely. For this reason, the
Utah Geological and Mineral Survey entered into a
cooperative agreement with Park City to investigate
engineering geologic conditions within the estab-
lished boundaries of the town which may have an
effect on future growth and development. This was
accomplished by preparing a series of maps that
identify geologic, hydrologic, and soil conditions of
importance to development, and provide an assess-
ment of slope stability, erosion, flood, seismic, and
mining-related hazards. The maps and accompanying
text are intended for general planning purposes, and
do not preclude the necessity for site-specific in-
vestigations. A geologic time scale and glossary of
terms is included in the appendix.

Previous work

Since the discovery of silver in the late 1800s, the
Park City area has been of interest to geologists. Bout-
well (1912) published the first extensive geologic
study of the Park City mining district and it remains
the standard reference for the area. Published reports
by Wilson (1959), Eardley (1968), and Bromfield
(1968) also discuss the geology of the Park City
mining district. The U.S. Geological Survey has
mapped the geology of the Park City East and West
and Heber 7.5 minute topographic quadrangles, por-
tions of which cover the study area (Bromfield and
others, 1970, 1971; Crittenden and others, 1966). A
great deal of geologic and hydrologic information has
been gathered by various mining companies, but
these data are available only through a contract/fee
arrangement with United Park City Mines. Baker
(1970) published the only hydrologic report pertain-
ing to the study area. The U.S. Geological Survey is
currently studying surface and ground-water hydrolo-
gy in the Park City area, but the report will not be
complete for several years. A map of flood-prone
areas in Park City has been prepared by the U.S.
Department of Housing and Urban Development
Federal Insurance Administration (1976) which
shows the extent of the 100-year flood (flood with a
one percent chance of occurring annually) on major
streams. A more comprehensive study, including
newly developed areas, is scheduled to begin during
the summer of 1984, with completion in about 16
months (James Harvey, oral commun., 1984). The
USDA Soil Conservation Service and others (1977)
have mapped soils in the area and have made engi-
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neering interpretations regarding erosion hazard,
slope stability, and land-use.

Scope of work
To accomplish the objectives of this study the fol-
lowing work was undertaken:

1. Review of available published and unpublished
reports, well and test pit logs, and maps pertaining
to geology, hydrology, and soils.

2. Contact with planners, building inspectors,
homeowners, and geologists familiar with local
conditions and hazards.

3. Monitoring of surface hydrology and flooding be-
tween early spring and late summer 1983.

4. Detailed field mapping using 1:12,000 and
1:20,000 scale black and white stereo aerial photo-
graphs and 1:2,400 scale photo enlargements.

5. Field inspection of existing excavations with de-
scription of 20 soil profiles to gather data on soil
types, erosion hazard, and slope stability.

6. Inspection of adits, shafts, and waste piles at 49
mine workings.

7. Drilling of ten 4-inch (10 cm) diameter auger
holes from 2 to 11 feet (0.6 - 3.4 m) deep in the
Prospector Square area of Park City to determine
depth and lateral extent of mill tailings. Soil sam-
ples collected were analyzed for toxic elements.

8. Analysis of data and preparation of maps and ac-
companying text.

GENERAL GEOLOGY
Physiography and Climate

The study area lies in the Wasatch Range section of
the Middle Rocky Mountains physiographic province
in north-central Utah (Stokes, 1977). The Wasatch
Range trends north-south through central Utah and
includes high alpine terrain with peaks above 10,000
feet (3050 m). Much of the higher elevations were
glaciated during the Pleistocene. Elevations in Park
City range between 6760 and 8495 feet (2062-2591
m) above sea level. Silver Creek (also known as
Poison Creek), which heads in Empire Canyon, is
the principal drainage in Park City. It flows from the
southern boundary of the study area northward to
Masonic Hill where it turns to the northeast, eventu-
ally joining the Weber River at Wanship about 12
miles (19 km) north of Park City.

Terrain in the study area ranges from broad alluvial

valley bottoms and low hills in the north to steep,
rugged mountains cut by deep valleys in the south.
Most of the mountainous area is underlain by resis-
tant quartzite and limestone bedrock. Deep canyons
such as Woodside Gulch, Empire Canyon, and Onta-
rio Canyon have been cut where faulting and folding
have made the bedrock less resistant to erosion.
These canyons were glaciated and show evidence of
scour by glacial ice. To the north, hills are rounded
with gentle slopes and low relief because of the less-
resistant bedrock (shale, mudstone, and siltstone)
found there. Alluvium and glacial outwash from the
mountains to the south were deposited along streams
forming broad alluvial valleys.

The climate is sub-humid, with annual precipita-
tion ranging from 20 to 25 inches (51-64 cm) in the
valley to 25 to 30 inches (64-76 cm) in the mountains
(Baker, 1970). The majority of precipitation falls as
snow during November through April. The dryest
period is generally May through September, when
less than 8 inches (20 cm) of precipitation falls.

Stratigraphy

Geologic units range in age from Pennsylvanian to
Holocene in the study area (geologic time scale,
appendix). Bedrock consists of Pennsylvanian to
Jurassic quartzite, limestone, sandstone, siltstone,
mudstone, and shale, and Tertiary volcanic and intru-
sive rocks. Unconsolidated materials consist of Terti-
ary gravels and Quaternary glacial deposits, landslide
deposits, alluvium, and colluvium. A geologic map
of the area is shown in figure 2.

Pennsylvanian — The oldest rock unit in the Park
City area is the Weber Quartzite. It crops out in the
southern half of the study area where numerous resis-
tant ridges consisting of medium- to thin-bedded,
pale gray, tan-weathering, fine-grained quartzite and
sandstone are found. The character of the rock indi-
cates a shoreline deposit, and its homogeneity shows
that conditions remained constant during its deposi-
tion (Boutwell, 1912). Limestone forms a subordi-
nate but significant part of the formation. The Weber
Quartzite is the principal water source in mines of the
Park City mining district (Baker, 1970, p. 18).

Permian — The Park City Formation is a sequence
of limestone, chert, sandstone, and phosphatic shale.
The formation was deposited during a transitional
period between stable conditions during the Penn-
sylvanian period and the more erratic conditions asso-
ciated with deposition of the overlying Triassic red
beds. The most extensive and characteristic expo-
sures trend southwest-northeast across the center of
the study area and form portions of Treasure Hill and









Masonic Hill. No single exposures of the entire for-
mation can be found in the study area and only the
upper Franson Member was observed in outcrop.
That member consists of light gray, buff-weathering
limestone and dolomite and tan calcareous sand-
stone. The Park City Formation is one of the major
ore-bearing units in the Park City mining district
(Boutwell, 1912).

Triassic — The majority of rocks exposed in the
northern half of the study area are of Triassic age.
They include, from oldest to youngest; the Woodside
Shale, Thaynes Formation, and Ankareh Formation.

The Woodside Shale is a sequence of interbedded
red shale, siltstone, and fine-grained sandstone repre-
senting an offshore deposit laid down during a period
of relative tectonic quiescence. The unit contains no
ore, but its capacity for ground-water storage report-
edly makes it an important factor in mining opera-
tions (Boutwell, 1912). The formation crops out in a
northeast-southwest band approximately through the
center of the study area in the vicinity of the Glen-
wood Cemetery and the new City Cemetery.

The Thaynes Formation is a calcareous sequence
of marine limestone, sandstone, and clastic sedimen-
tary rocks. It is comprised of an upper interbedded
limestone, limy sandstone, and siltstone unit; a
middle red shale and siltstone unit; and a lower green
micaceous shale. Its deposition was probably char-
acterized by crustal instability with frequent marine
transgressions and regressions. Only the upper limes-
tone and sandstone sequence and middle red shale
unit are in the study area. Some units within the
Thaynes Formation are fossiliferous and the fossils
plus the middle red shale unit distinguish the
Thaynes Formation from the otherwise similar Park
City Formation. The unit occurs in two small hills im-
mediately north of Utah State Alternate Highway 40
in the north-central portion of the study area. Dority
Spring and two unnamed springs discharge from this
formation.

The Ankareh Formation overlies the Thaynes For-
mation in the far northern portion of the study area
and is comprised of three members; the lower
Mahogany Member, the middie Gartra Grit Mem-
ber, and the upper (unnamed) red member. The for-
mation is comprised of shallow-water detrital sedi-
ments representing flood-plain, mud flat, and chan-
nel deposits. The Mahogany Member consists of
purplish-gray and pale-red, ripple-laminated, fine-
grained sandstone and purplish mudstone. Rock
from this unit has been used for landscaping in the
Park City area. The middle Gartra Grit Member con-
sists of a white to pale-purple, massive, crossbedded,
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coarse-grained to pebbly quartzite and conglomeratic
sandstone. The member occurs in channels in the un-
derlying Mahogany Member, indicating a period of
erosion after deposition of the lower unit. The contact
between the Gartra Grit and the upper red beds is
gradational. Due to its extent and characteristic
appearance, the Gartra Grit is considered an excellent
marker unit for stratigraphic studies. The upper
member consists of red and grayish-purple mudstone
and fine-grained sandstone. This member weathers
to gentle slopes and few outcrops can be found.

Triassic - Jurassic — The Nugget Sandstone over-
lies the Ankareh Formation in the northwest corner
of the study area where it caps Quarry Mountain. The
age of the unit is uncertain, and is considered to be
transitional between the Triassic and Jurassic
(Bromfield, 1968). The Nugget Sandstone consists of
fairly uniform pale-red to reddish-orange, fine-
grained to very fine-grained sandstone. Large-scale
crossbeds occur throughout the unit, indicating an
eolian dune depositional environment. The forma-
tion has been utilized for landscaping and as building
stone.

Tertiary — Tertiary gravel deposits consisting of
well-rounded boulders, cobbles, and gravels, chiefly
of quartzite and sandstone, unconformably overlie
the Ankareh Formation. The deposits are localized
and very thin. Cobbles of Nugget Sandstone are
common and the unit may be equivalent to or derived
from the Wasatch (Knight) Formation to the north
(Bromfield and Crittenden, 1971).

Oligocene intrusive rocks are found in the southern
portion of the study area. A small granitic intrusive is
located immediately east of the Deer Valley Resort
lower lodge, at the southern end of Frog Valley (fig.
2). A much larger intrusive, the Ontario Stock, is
located immediately east of the Deer Valley upper
lodge at Lake Flat. This intrusive consists of light-
gray quartz monzonite porphyry. Small dikes of inter-
mediate composition are also found near this location
(Bromfield and Crittenden, 1971).

The Keetley Volcanics of Oligocene age uncon-
formably overlie sedimentary rocks at the north end
of the study area. Rock types include flows, tuffs, and
volcanic breccias of andesitic to rhyodacitic com-
position. Residual soils have attained thicknesses of
several feet in many locations and outcrops of un-
weathered rock are rare.

Quaternary — Glacial moraines comprised of
boulders, cobbles, gravel, and finer material underlie
Ontario Ridge and are also found at the mouth of
Woodside Gulch and at the northwest end of Rossi
Hill (fig. 2). Apparently only in Empire Canyon did
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ice reach the canyon mouth (Boutwell, 1912). The
moraines in Park City have not been dated, but possi-
ble correlation with glacial deposits mapped by Mad-
sen and Currey (1978) in Little Cottonwood Canyon
approximately 7 miles (11 km) southwest of Park
City across the Wasatch Range indicates a late Pleis-
tocene age.

Two landslides of Quaternary age (fig. 2) are found
in Park City. The largest is located near the northeast
corner of the study area on a moderate slope under-
lain by the Ankareh Formation. It appears to have in-
volved both residual soil and weathered bedrock.
The smaller landslide is on the west slope of Masonic
Hill and is an earth slump in colluvium on a steep
slope. The failure is underlain by the Park City
Formation. A series of mudflows and debris flows of
late Pleistocene to Holocene age occurred in Iron
Canyon immediately west of the study area
(Schroder, 1971). The toe of the flow deposits,
termed the Iron Canyon landslide, terminates near
the picnic area north of Snow Summit Ranch. Failure
occurred in the argillaceous upper red member of the
Ankareh Formation.

Holocene sediments are found over much of the
study area (fig. 2). The deposits consist chiefly of
alluvial gravel, sand, silt, and clay. Fine-grained sedi-
ments in Park Meadows and Deer Valley Meadow
reach a maximum thickness of about 100 feet (31 m)
and an average thickness of approximately 60 feet
(18 m) (Baker, 1970). These sediments represent
alluvial material and local residual soil of silt and clay
derived from shale, siltstone, and mudstone bed-
rock. Silt and clay are also found adjacent to stream
channels where they were deposited during periods
of overbank flooding. Holocene silty and sandy gra-
vels cover much of the remaining area. They occur
predominantly as colluvium and alluvium at the base
of mountain slopes, and as clean gravel in stream
channels.

Structure

The Park City region lies on the north side of a
broad east-west trending uplift, generally considered
to be the westward extension of the Uinta arch. This
structure cuts across the north-south orientation of
the Wasatch Range (Bromfield, 1968). The dip of
bedding in the study area is generally to the north-
northwest, but has been altered by folding and fault-
ing in the southern part. The dominant structural fea-
ture in the area is the Park City anticline, which is
transverse to the east-trending Uinta arch. The axis
of the anticline plunges to the north and trends paral-
lel with and immediately east of Ontario Ridge. It ter-

minates slightly north of the mouth of Empire
Canyon (fig. 2). In the study area the limbs of the an-
ticline dip gently northeast and west at angles be-
tween 15 and 25 degrees. The anticline and associated
folding are thought to be of Tertiary age and may be
associated with the intrusion of porphyries in late
Eocene or Oligocene time (Wilson, 1959).

A major structural feature on the east side of the
study area is the Frog Valley thrust fault which trends
north-south along the east side of Frog Valley and
Deer Valley Meadow (fig. 2). On the ridge north of
McHenry Canyon (south of the study area) the fault
is mapped as a reverse fault placing Weber Quartzite
on the west against beds of Woodside Shale on the
east (Bromfield and others, 1970; Bromfield and
Crittenden, 1971). North of Frog Valley, the fault
trace is concealed by alluvium where it runs along the
east side of Deer Valley Meadow. No evidence for
displacement of the alluvium was observed. The fault
is again exposed north of Deer Valley Meadow where
the Weber Quartzite has been thrust along a low-
angle fault over the Park City Formation (Bromfield,
1968). Weber Quartzite north of the fault strikes
northeast and dips northwest while the Park City For-
mation and the Woodside Shale south of the fault
strike north and northwest and dip eastward
(Bromfield, 1968). The Frog Valley thrust fault is be-
lieved to be contemporaneous with other thrusting in
the area (F. Davis, oral commun., 1984) which has
been dated as late Cretaceous and early Tertiary
(Crittenden, 1976).

A number of southwest-northeast trending normal
faults found almost exclusively in the Park City For-
mation and Weber Quartzite were observed in the
southern half of the study area. No evidence of Qua-
ternary offset along those faults has been identified.
The nearest fault on which offset during the Quater-
nary is known is the Wasatch fault located approxi-
mately 16 miles (26 km) to the west (Anderson and
Miller, 1979).

ENGINEERING GEOLOGY

Various geologic considerations are important in
the location, design, construction, and maintenance
of engineered structures. These include rock type
and structure, soil characteristics and thickness,
topography, hydrology (both surface and ground-
water conditions), and seismicity. These factors were
used to evaluate slope stability, foundation con-
ditions, erosion hazard, seismic hazard, and mining-
related hazards that affect the Park City area.



Soils

Soils in the area range from relatively thin colluvial
gravel usually found on or at the base of mountain
slopes to thick, fine-grained alluvial soil generally re-
stricted to valley bottoms. The soil units identified by
the USDA Soil Conservation Service and others
(1977) in Park City have been modified based on geo-
logic mapping, air photo interpretation, and bor-
ing/test pit logs. They have been combined on the
basis of soil type and engineering characterestics into
four major groups (fig. 3). The groups are further
subdivided into deep and shallow soils based on a
depth to bedrock of 60 inches (152 ¢cm). The major
soil groups consist of (a) gravel, silty gravel, and
clayey gravel (Group I), (b) silty clay and clay
(Group 1D, (c) a mixture of clay, silt, and gravel
(Group III), and (d) a layer of silty clay overlying
silty and clayey gravel (Group IV). An “r” attached
to the group number designates an area of shallow
bedrock (e.g. Ir). Soil descriptions conform to the
Unified Soil Classification System (table 1).

Gravelly soils consist primarily of silty, clayey, and
sandy gravels (GM, GC, GP). Silty and clayey gravels
have permeabilities ranging from 0.6 to 6.0
inches/hour (4.2 x 10-4 to 4.2 x 10-3 cm/sec), while
clean gravels can have permeabilities as high as 20
inches/hour (1.4 x 10-2 cm/sec). Fines forming the
matrix for the clayey gravels exhibit low to moderate
shrink-swell characteristics and may have low shear
strengths (USDA Soil Conservation Service and
others, 1977). Gravelly soils occur on or near the
base of mountain slopes or as clean sandy gravel in
stream channels.

Fine-grained soils consist of silt and clay (ML, CL,
CH). These soils have permeabilities of 0.06 to 2.0
inches/hour (4.2 x 1075 to 1.4 x 10-3 cm/sec), low to
high shrink-swell characteristics, and low shear
strength (USDA Soil Conservation Service and
others, 1977). Fine-grained soils are found primarily
in valley bottoms and along some stream channels
where they represent overbank flood deposits.

Both gravelly and fine-grained materials have de-
veloped as residual soils over bedrock. Resistant for-
mations such as the Weber Quartzite and the lime-
stone of the Park City Formation generally have only
a thin residual soil cover. Less resistant rock units in
the northern half of the study area develop variable
thicknesses of residual soil depending on rock type
and slope. The Woodside Shale and Ankareh Forma-
tion have the deepest residual soils, commonly up to
several feet thick. Soil texture (grain size) depends
on the rock type from which the soil is derived.
Residual soil on quartzite will be sandy or gravelly,
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TABLE 1.—Unified Soil Classification System.
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while soil developed on shale and siltstone will nor-
mally be fine grained.

Hydrology

Surface water and flooding — The principal drain-
age in Park City is Silver Creek (fig. 4). The stream
course has been altered by man at several locations to
accomodate the railroad and city expansion. Most tri-
butaries to Silver Creek are small, but thick alluvial
fans have formed at the mouths of the larger tributary
canyons. At present most surface drainage is collected
in storm drains that empty into Silver Creek. In
addition, several surface water impoundments used
as retention basins for excess surface runoff have
been constructed in the study area. In Deer Valley
Meadow, the impoundments are small lakes and
ponds used for landscaping in and around residential
structures (fig. 5). Excess surface water from the
ponds flows along Heber Avenue and eventually
empties into Silver Creek. At Park Meadows and the
Park City Golf Course, impoundments are used as
water hazards on the golf courses. Excess surface
water from the city golf course flows to the north
along Utah State Highway 224. Surface flow from
Park Meadows enters a canal which eventually emp-
ties into Silver Creek east of Prospector Square.

Only four historical floods have been recorded in
Park City since the late 1800s (Wooley, 1946; Butler
and Marsell, 1972; Utah Division of Comprehensive
Emergency Management, 1981). The most damaging
(July, 1913) occurred when heavy rains flooded
homes and streets, crippled the electrical system, and
washed mud and boulders from the hillsides into the
town. The other instances of flooding were relatively
minor with heavy rain and hail causing road damage
and severe sedimentation in streams (Butler and
Marsell, 1972). In 1983 flood damage occurred in
Empire Canyon where Silver Creek overflowed its
banks (fig. 6). The bridge over Silver Creek at Heber
Avenue was also damaged, and a thick layer of debris
was deposited on the road. The flooding observed
during 1983 resulted from the rapid melt of an ex-
tremely heavy snowpack. Flood control improve-
ments have been made since publication of the map
of flood-prone areas in Park City outlining the extent
of a 100-year flood on major streams. In particular, a
large diameter storm drain has been installed in
Empire Canyon to handle excess flow from Silver
Creek.

Ground water — Nearly all rock units and uncon-
solidated basin-fill deposits in the study area yield
water to springs (fig. 4). Major exceptions are the
Nugget Sandstone, the Keetley Volcanics, and Terti-

ary gravel deposits that cap ridges in the area. Two
large springs discharge from the Thaynes Formation
in the northern half of the study area (Dority Spring
and an unnamed spring). During periods of snow-
melt, numerous small springs and seeps appear, espe-
cially in the highly fractured Weber Quartzite. A
detailed discussion of aquifer characteristics of rock
units in the Park City area is presented by Baker
(1970).

During this study, emphasis was placed on the oc-
currance of shallow ground water because of its im-
portance to construction. Structures built in areas of
shallow ground water run the risk of flooding and
foundation instability, especially near springs on
steep slopes and/or in clayey soils that exhibit high
shrink-swell characteristics.

Areas of shallow ground water were identified
from boring and test pit logs covering a 10-year
period (1972-82) and from field observations. Figure
4 shows those areas where the estimated seasonal
high stand of the shallow water table is from 0 to 10
feet (3 m) below ground surface. High ground water
occurs principally in alluvium in valley bottoms and
in colluvium at the base of slopes where springs dis-
charge and large areas of marshy or boggy ground are
found. Two such areas are Park Meadows and Deer
Valley Meadow. At the northern end of Deer Valley

Meadow several marsh and pond areas fed by ground
water are quite large and standing water remains
throughout the year (fig. 7, p. 16). Surface water im-
poundments in low areas further increase the water
table by trapping runoff which then infiltrates into
shallow aquifers. Site-specific investigations of
ground-water levels, including consideration of sea-
sonal variations, should be performed prior to con-
struction in areas shown on figure 4 as subject to shal-
low ground water.

Slope stability

Natural slope stability depends on material type,
slope angle, spacing and attitude of discontinuities
(e.g. faults, joints, bedding, soil fissures), and mois-
ture content. Dynamic processes such as erosion,
ground vibration, and human activity also affect the
stability of slopes. Slope failures result from either a
reduction of the resisting forces (shear strength) that
hold an earth mass in place, or an increase in the driv-
ing forces (shear stresses) that promote failure. Ex-
pansive soils, rock/soil discontinuities, high pore
pressures, frost action, and breakdown of intergranu-
lar cement (weathering) are all factors that contribute
to decreased shear strength. Increased shear stress
may result from undercutting or removal of lateral
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based on individual site investigations. Because con-
ditions vary from site to site, no recommendation is
made for a slope angle beyond which development
should not take place. Conditions at one location may
be such that maintainance of slope stability for a con-
struction site on 15 percent slopes is prohibitive;
while at another location, hard unfractured rock pro-
duces slopes stable at twice that grade.

Foundation conditions

The structural integrity and longevity of engineer-
ing works depends to a large extent on how well they
are adapted to their geologic surroundings. A critical
factor for all structures is the nature of the material
on which they are founded. The factors that deter-
mine the suitability of soil and rock materials for
foundations include bearing capacity, settlement and
uplift, ease of excavation, stability, and ground water.

Bearing capacity is the ability of the foundation
material to support a load without failing. It is usually
evaluated in terms of shear strength and compres-
sibility, and can be increased by mechanical compac-
tion of the soil. Soils are all compressible to some
degree, and are weak when compared to rock.
Therefore, some settlement should be expected for
all structures not founded on solid rock, and accom-
modations made in the foundation design. Methods
used to reduce settlement include compacting sub-
grade materials to a predetermined optimum density
and moisture content and spreading the base or foot-
ings of the structure so the foundation pressures are
small and evenly applied. Where settlement-prone
foundation materials exist it may be necessary to sup-
port the structure on piles, or to overexcavate and
recompact the unsuitable material. Settlement
caused by collapse of underground mine workings is
discussed in the Mining-related hazards section (p.
26) . Uplift of foundations may result from hydrostatic
pressure, expansive soils, and frost action. Preventive
measures include careful control of subgrade mois-
ture and density, overexcavating and recompacting
unsuitable material, directing surface drainage away
from structures, and using special foundation
designs. Ease of excavation has a direct bearing on
construction costs. Excavation difficulty in bedrock
depends on hardness, degree of weathering, and frac-
ture spacing. Textural (grain size) characteristics are
the most important consideration for soil excavat-
ability. Stability refers to the foundation material’s
ability to stand in an open cut, either temporary or
permanent, without failing. Cut slope stability is a
function of material type, slope angle, and cut height.
Ground water increases pore pressure and reduces
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shear strength, both of which are detrimental to slope
stability. Water’s ability to alter the physical and
chemical nature of soil and rock makes it a primary
factor in most types of ground movement. It initiates
swelling of expansive soils, is essential to frost
heaving, causes hydrocompactive soils to collapse,
and is a major factor in slope instability. A high
ground-water table limits land use and may require
special construction techniques to prevent basement
flooding and foundation damage.

The most common foundation problems encoun-
tered in Park City are: (a) expansive soils with mod-
erate to high shrink/swell potential, (b) frost sus-
ceptible soils, (¢) difficult excavation conditions, (d)
shallow ground water, and (e) soil creep. Soils ex-
hibiting moderate to high shrink/swell potential are
widespread in Park City. Most are located in Deer
and Frog Valleys and in Park Meadows where clay
and clayey silt soils are common (fig. 3). However,
coarse-grained soils containing as low as 15 percent
clay may also be expansive. When recognized during
the planning and design phase of a project, expansive
soils can be adequately managed and are usually not a
factor in land-use decisions.

Frost action causes uplift of subgrade soils that can
be particularly damaging to roads and lightly loaded
structures. The susceptibility of soil to frost action
depends on soil texture, temperature conditions, and
water supply. Most soils are affected to a greater or
lesser degree, with only coarse-grained clean sands
and gravels (SW, SP, GW, GP) being immune. The
soils in Park City are generally susceptible (USDA
Soil Conservation Service, 1970) and when combined
with the cold temperatures and wet conditions that
prevail during the winter months create a high poten-
tial for frost-related problems. The most severe prob-
lems can be expected where soils receive a continu-
ous supply of water to feed growing ice lenses and
where the proportion of silt in the soil is high com-
pared to other size fractions (U.S. Bureau of Rec-
lamation, 1974).

Bedrock crops out or lies close to the ground sur-
face in many areas of Park City. Unweathered rock
generally has high shear strength and low compres-
sibility, making it an excellent foundation material.
The primary foundation problem associated with bed-
rock is difficulty of excavation. Resistant rock units
in the study area include granitic intrusives, the
Nugget Sandstone, limestone of the Park City
Formation, and quartzite and sandstone of the
Weber Quartzite. Unweathered rock from those for-
mations is very hard and, unless highly fractured, re-
quires blasting to excavate. The Ankareh and
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Thaynes Formations, Woodside Shale, and tuff and
volcanic breccia of the Keetley Volcanics contain al-
ternating hard and soft layers that make excavatability
of fresh rock highly variable. When weathered, these
formations normally can be ripped and removed with-
out blasting. Difficult excavation conditions may also
be encountered in areas of very coarse- and fine-
grained soils (fig. 3). Coarse-grained soils in the
study area commonly contain cobbles and boulders.
While not a major consideration in large excavations
where heavy earthmoving equipment can be used,
boulders may cause problems in smaller utility
excavations. High plasticity clay soils are very hard
when dry and can be nearly as difficult to excavate as
shale bedrock. Clays also pose problems when wet be-
cause they are difficult to work and almost impossible
to compact.

All known springs and seeps and areas of shallow
ground water in Park City are shown in figure 4. Pro-
jects proposed for these areas should determine what
effect the ground water will have on foundation
materials. A second important consideration is the
effect that the project will have on ground water.
Changes accompanying development that may either
raise or lower the water table include concentration
and ponding of roof and pavement runoff, land
grading, installation of sewers and other underground
utilities, landscaping, and irrigation of lawns. Unanti-
cipated changes in the shallow ground-water table
can result in flooded basements, foundation settle-
ment or uplift, soil collapse, and water system failure.

Soil creep is the gradual but steady downhill move-
ment of soil and loose rock material on a slope. It is
manifested by the tipping of fence posts and other
rigid objects embedded in the soil, and signifies a
quasi-equilibrium state that can be easily upset and
turned into a landslide by construction activities such
as a deep cut or heavy fill. Creep is active on many of
the steeper slopes in Park City underlain by colluvial
material. Its effect on retaining wall and building
foundations is particularly evident along Woodside
and Norfolk Avenues south of Sixth Street. Creep
cannot be completely stopped, but its rate of move-
ment can be materially decreased by providing ade-
quate drainage to increase soil strength and prevent
periodic swelling and shrinking. The absence of
storm sewers and an integrated surface drainage
system in much of Park City contributes directly to
soil creep.

Two special foundation conditions affect small
areas of Park City. They are old mill tailings and
municipal refuse. Development has occurred on both
materials. The primary concern with mill tailings is
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the possible presence of chemical residues which
may be detrimental to concrete and other construc-
tion materials. The concern with municipal refuse is
that it is a low density material which is difficult to
compact and subject to deterioriation over time. Ex-
cessive settlement may be a problem under moderate
to heavy foundation loads, and special construction
techniques (piles, cassions, removal of refuse) may
be required. Methane gas produced by decomposition
of organic matter in the refuse also poses a hazard to
enclosed structures placed over such material.

Foundation conditions in Park City are variable
and need to be investigated on a site-specific basis for
all major construction projects. A complete soils/
foundation investigation should include:

1. nature of the deposits (geology, recent history of
filling or excavation on site),

2. depth, thickness, composition, and areal extent of
soil and rock strata,

3. depth, location, and seasonal/annual fluctuations
of ground water,

4. location and description of any underground
workings,

5. engineering properties of soil and rock strata af-
fecting the proposed project,

6. site preparation and foundation design recommen-
dations (including mitigation of frost action, high
ground-water conditions, and soil creep) where
appropriate, and

7. stability evaluation of natural and construction
slopes.

Soils/foundation reports should be submitted to
the city for review and approval before building per-
mits are issued and construction is allowed to
proceed.

Erosion hazard and erodibility

Background — Erosion and associated sedimenta-
tion can damage construction sites, degrade water
quality, carry polluting chemicals, reduce the capacity
of water conveyance and storage structures, and
cover downstream areas with layers of unwanted
sediment. Water is the primary erosional process
active in Park City. Erosion and sedimentation by
water involve the processes of detachment,
transportation, and deposition of sediment by rain-
drop impact and flowing water. The force of raindrops
falling on bare or sparsely vegetated soil detaches soil
particles (raindrop erosion). Water running as a thin
sheet across the ground surface picks up the particles
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and carries them along as it flows (sheet erosion). As
the water gains velocity and becomes concentrated, it
detaches more soil particles, cutting first narrow and
then wider channels in the ground surface (rill and
gully erosion) and adding to its load of sediment.
When runoff reaches a stream, it increases the
stream’s volume and velocity and may cause erosion
of the banks and channel (stream bank and bed
erosion). Sediment is deposited when the water is
slowed sufficiently to allow the soil particles to settle
out.

The susceptibility of a soil to erosion independent
of vegetative cover, topography, and rainfall energy,
is termed erodibility. Erodibility is determined by
size and gradation of soil particles, percentage of
organic matter, soil structure, and soil permeability
(USDA Soil Conservation Service, 1977). Clean,
well-drained, granular soils that allow runoff to infil-
trate rapidly usually have low erodibility. Clayey soils
also have low erodibility because the clay acts as a
binder to prevent detachment. Soils containing high
percentages of silt and fine sand are generally the
most erodible because the small, noncohesive parti-
cles are easily detached and transported.

Factors other than soil erodibility which are impor-
tant to erosion are vegetative cover, topography, and
climate. Vegetation inhibits erosion by shielding the
soil from raindrop impact and reducing runoff
velocity. Root systems help maintain the capacity of
soil to absorb water and hold soil particles in place.
Slope length and steepness (gradient) directly affect
runoff. As length and gradient increase, the amount
and rate of runoff also increase. Slope orientation in-
fluences vegetation type and density, depth of
snowpack, and rate of snowmelt. The frequency,
intensity, and duration of precipitation events are
fundamental to determining runoff amounts. Season-
al changes of temperature also help define periods of
high erosion risk. During the winter, precipitation
falls mostly as snow and little erosion takes place. In
the spring, the melting snow adds to runoff at a time
when the ground is still frozen and its absorptive
capacity reduced.

These factors (soil erodibility, vegetation,
topography, and climate) taken together determine
susceptibility to erosion and therefore define erosion
hazard. Erosion hazard is not a static condition, but
changes as the factors that influence it change. For
example, removal of vegetation and above-normal
precipitation both tend to increase erosion hazard
and may lead to serious erosion problems in formerly
stable areas. Conversely, slope terracing reduces
slope length and gradient and decreases erosion
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hazard. It is the ability to manipulate the factors af-
fecting erosion hazard that makes the control of ero-
sion possible.

Erosion potential in Park City — The erosion
hazard and soil erodibility map of Park City (fig. 11)
presents erosion hazard at the ground surface both
with and without vegetative cover. The map was de-
veloped by grouping the 41 soil types identified in the
study area by the USDA Soil Conservation Service
and others (1977) according to similarities in their
erosion hazard and soil erodibility ratings. Because
soil erodibility, and particularly erosion hazard, are
determined by a variety of factors, the map units
shown on figure 11 do not necessarily coincide with
soil map units on figure 3. Because of the many varia-
bles involved, the effect of site grading on erosion
hazard is not shown on the map. However, removing
vegetation, disturbing the ground surface, increasing
slope gradient, and exposing deeper, possibly more
erodible soils, all serve to increase the hazard from
erosion.

Soils in Park City exhibit low to moderate
erodibility. No high erodibility soils were identified
in the study area (USDA Soil Conservation Service
and others, 1977). Coarse-grained gravelly soils (GP,
GM-GC) generally have low erodibility ratings.
Clayey silt and clay soils (CL-ML, CL) are moderate-
ly erodible. In many areas of Park City mixed profile
soils containing both coarse- and fine-grained hori-
zons are common. In those areas, the erodibility of
the surface horizon is shown on figure 11, but be-
cause the soil characteristics change with depth, the
soil erodibility ratings also change. Such changes can
be significant where extensive site grading is planned.

The erosion hazard for Park City soils was evaluat-
ed with natural] vegetative cover, and with vegetation
removed (USDA Soil Conservation Service and
others, 1977). With vegetative cover, erosion hazard
for all soils ranked low to moderate. Coarse-grained
soils protected by vegetation generally have low ero-
sion hazard. Moderate hazard occurs only on steep
slopes (25 to 60 percent) where sufficient silt and
clay are present to reduce permeability and increase
runoff. Most fine-grained soils in the study area are
found where slopes are gentle or nearly flat (fig. 3).
The combination of subdued topography, cohesive
soil, and vegetative cover produces low to nearly non-
existent erosion hazard in those areas. Where fine-
grained soils occur on steeper slopes (greater than 15
percent), their lower permeability results in increased
runoff and erosion hazard becomes moderate.

When vegetation is removed, the erosion hazard
for Park City soils ranges from low to high. Most
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coarse-grained soils without vegetative cover have a
high erosion hazard. Moderate hazard is found only
where enough clay is present to act as a binder, or
where the proportion of 3-inch (8 cm) plus material
(cobbles) is high enough (50 percent or greater) to
inhibit erosion. When vegetation is removed from
fine-grained soils, the erosion hazard ranges from
low to high and is directly related to slope gradient,
The steeper the slope, the greater the erosion hazard.
For mixed profile soils, the erosion hazard rating
represents the soil type at the ground surface both
with and without vegetative cover. Where bedrock is
very shallow (15 inches or less, 38 cm), it often acts
as an impermeable horizon increasing both the
amount and rate of runoff, and the erosion hazard is
correspondingly increased for all soil types and
vegetative conditions. Erosion hazard from mine
waste piles and mill tailings are disscussed in the
Mining-related hazards section (p. 26).

Erosion and sediment control — Erosion and sedi-
mentation can be controlied in urbanizing areas if cer-
tain principles and practices are adhered to as the
land is developed. Five basic principles for minimiz-
ing soil erosion from construction sites identified by
the USDA Soil Conservation Service (1970) are: (a)
use soils that are suited for development and avoid
those that are not, (b) leave soil bare for the shortest
time possible, (c) reduce the velocity and control the
flow of runoff, (d) detain runoff on site to trap
sediment, and (e) release runoff slowly and safely to
downstream areas. General practices that have
proven effective in applying these principles include:

1. selecting land where drainage, topography, and
soil are favorable for the intended use, and then
carefully fitting the development to the site,

2. using areas not suited for urban development for
open space and recreation,

3. developing large tracts in small units to keep grad-
ing and vegetation removal at a minimum,

4. scheduling construction activities to minimize the
time bare soils are exposed, and to avoid site grad-
ing during high precipitation or snowmelit periods,

5. controlling runoff and conveying it in a manner
that does not erode the land surface,

6. constructing sediment basins on site to trap sedi-
ment and then safely releasing runoff to off-site
areas,

7. utilizing mulch, temporary cover crops, and engi-
neered structures to protect critical areas during
construction, and
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8. establishing permanent vegetation and erosion
control structures as soon as possible following
construction.

The methods and techniques used to control ero-
sion and sedimentation on construction sites are
varied and often complex. It is not the intent of this
report to examine them in detail, except to note that
they fall into two broad categories, mechanical
(engineered) and vegetative (agricultural) (USDA
Soil Conservation Service, 1970). Mechanical mea-
sures include special land grading, bench terraces,
subsurface drains, storm sewers, diversions, berms,
lined channels, waterway stabilization structures, and
sediment basins. Vegetative measures include mulch-
ing and planting temporary or permanent cover
crops. A combination of mechanical and vegetative
techniques are often required to effectively control
erosion and sedimentation in developing areas.

The erosion hazard and erodibility map shown in
figure 11 is intended to serve as a general planning
guide for future development in Park City. However,
before erosion control measures can be effectively ap-
plied on a site-specific basis, the actual factors con-
tributing to the erosion hazard for the site must be ac-
curately assessed and a plan developed to guide the
control effort. An erosion control report should be
prepared and submitted to the City for review and ap-
proval prior to issuing building permits for new con-
struction projects. The requirement could be waived
for projects involving minimal site grading and for
projects proposed in areas having low erodibility and
erosion hazard ratings (fig. 11, map unit 1-1/A). The
erosion control plan should include the following
information:

1. General location map; showing the site in relation
to nearby features such as waterbodies, drainages,
structures, roads, and utilities. Recommended
scale 1:1000 or larger.

2. Existing conditions site plan; showing topographic
contours, drainage, bodies of water, soil types and
distribution, vegetation, and cultural features on
the site. Scale would vary with size of site, but
generally not smaller than 1:100.

3. Grading plan and construction time schedule;
showing final as-graded topographic contours,
limits of proposed soil disturbance, limits of cut
and fill areas, areas of various construction phases,
location of proposed structures and utilities, and a
chart detailing the construction time schedule.

4. Erosion control site plan and time schedule; show-
ing location of areas to be seeded or mulched, type
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and location of all mechanical erosion control
measures, and a chart sequencing implementation
of erosion control measures with the construction
schedule.

5. Narrative text, providing details of the erosion
hazard at the site and proposed erosion control
measures.

The erosion control plan should be prepared in suf-
ficient detail to allow the City to evaluate its
effectiveness, for contractors to implement the re-
quired control measures, and for City inspectors to
determine compliance in the field.

Mining-related hazards

The Park City area has been the site of under-
ground mining since 1869, and recent rapid develop-
ment as a recreation area has resulted in urbanization
of many mined areas. There are four principal
hazards associated with these areas: (a) subsidence or
sinkhole development resulting from collapse of
abandoned underground workings, (b) slope failure
resulting from undercut slopes or increased surcharge
from mine dumps, (c) sedimentation in stream
channels, debris basins, and storm drains by mine
wastes and mill tailings, and (d) potential health
hazards due to contamination of ground water and
soils by toxic elements in mill tailings.

A comprehensive study of mining-related hazards
requires specific information on underground work-
ings including their age, condition, depth, length,
and location of adits and shafts. The Utah Geological
and Mineral Survey requested this information from
United Park City Mines and their response was that
the data is considered proprietory but can be obtained
through a contract/fee arrangement with the mining
company. This study includes a detailed field recon-
naissance of adits and shafts in the area. Available
topographic, geologic, and mine maps and aerial
photographs were utilized to locate the workings.
Several shafts and adits were discovered that were
not on the maps, and it is possible that others exist
that could not be identified from the sources used.
During the field reconnaissance each site was inspect-
ed and the condition of the portal or opening, as well
as any evidence of surface subsidence or collapse was
documented. Each waste pile was measured to esti-
mate the volume of material, and evidence of erosion
was noted. The results of the field reconnaissance are
shown in figure 12.

Collapse, subsidence, or sinkhole development —
Many older shafts were capped 50 to 80 years ago and
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four of those caps have failed within the past two
years. Age, quality of construction, and ground satu-
ration likely have contributed to the failures. One col-
lapse occurred during construction of the Silver King
Lodge (fig. 12, S15) immediately north of Park City
Resort, and nearly resulted in the loss of heavy con-
struction equipment. A second collapse occurred
during site clearing operations at Stein’s Lodge (fig.
12, S 9) in Deer Valley Resort, and once again con-
struction equipment was nearly lost. At both loca-
tions a new cap was installed and the lodges were con-
structed on the site. The most spectacular collapse oc-
curred in Empire Canyon approximately one mile
(1.6 km) southwest of the study area in August 1983.
A shaft 45 feet (14 m) in diameter and 1400 feet (427
m) deep was exposed (fig. 13). A chain link fence
was placed around the hazardous area and backfilling
is underway. This location was under consideration
for future development. The fourth collapse was 45
feet (14 m) wide and 40 feet (12 m) deep and is locat-
ed near the western boundary of the study area, west
of Creole Shaft (fig.12, S14). The collapse is approxi-
matly 1500 feet (458 m) from a residential area and is
easily accessible. At the time of inspection only
colored plastic ribbon had been strung around the
opening.

In the past, the portals of many adits were purpose-
ly collapsed following closure of the mine. This re-
sulted in ground subsidence at the entrance, and
many such abandoned adits are found in residential
areas in Park City. Not all adits have been closed in
this manner, and some present a hazard because they
are still accessible. The possibility also exists for col-
lapse during construction above underground
workings. However, to date there have been no
reports of damage due to such subsidence. Because
most mines are in competent rock and because they
were driven into steep hillsides, where they rapidly
become quite deep, the potential for collapse aftect-
ing the surface is considered low.

Slope Stability — Slope instability induced by
mining activity remains a problem long after mining
has ceased. Loading of slopes by mine waste piles
may induce slope failure, especially on slopes subject
to seasonal saturation. The waste piles themselves
may fail due to saturation or undercutting (fig. 12,
A-1 and A-13). Larger mine dumps, located on steep
slopes, may become unstable during seismically in-
duced ground shaking. Poorly designed roads also
pose slope stability problems. Evidence of slumping
and rock fall is apparent in the study area where old
mine roads had removed support from the slope.
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FIGURE 12.—Underground workings (continued).
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ADITS

MINE SHAFTS
Condition Evidence of Approx.
of surface waste pile
opening subsidence volume Remarks
S1  Open, 10yd?
50-75 ft 8 md
(15-23 m)
deep
S2 Closed Possible sinkhole No Rock fall hazard above
measure- opening.
ment taken.
S3 Open Waste pile  Old mill site; shaft en-
removed. closed by metal shed
with gate.

S4 Open, ap- 90 yd?® Minor soil creep over

prx. 30 ft (69 md) edge of opening.
deep (9 m)
S5 Closed 108 yd? 15 ft (5 m) to concrete
(100 m3) plug.
S6 Closed 40yd3
{30 md)
S7 Closed Waste pile  Located on SE corner of
disturbed, subdivision lot.
no measure-
ment taken.
S8 Closed 5yd?
(4m?d

S8 Closed No waste Stein’s Lodge built over

pile. shatft.

S10 Closed Evidence of settling, No waste Standing water in open-
concentric cracks pile. ing, origin unknown;
extend outward from shaft 300 ft (92 m) deep,
opening. plugged at 10 ft (3 m).

S11 Closed Extensive Waste pile failure may

waste pile, occur during seismically

no measure- induced ground shak-

ment taken. ing; deep gulieys cut
into face of waste pile,
shaft 820 ft (250 m)
deep.

S12 Open, 20  Partially collapsed or 150yd? Minor soil creep over

ft (6 m) settled. (115m3) edge of opening.
deep

S13 Open,20  Appears to have 480yd?® Extensive waste pile in

ft (6 m) collapsed or settled. (367 m?) steep canyon, potential

deep for failure during seis-
mically induced ground
shaking, minor gullying
down face of waste pile.

S14 Open,40 Shaft has recently 21,815yd® Extensive waste pile in

ft(12m) collapsed; 40ft (12m) (16,680m?3 steep canyon, potential

deep deep, 45 ft (14 m) in for failure during seis-
diameter; extensive micalily induced ground
sloughing of sides, shaking, minor guilying
entire north side down face of waste pile.
appears unstable.

S15 Closed, No waste Silver King Lodge built

apprx. 800 pile. over shaft.
ft (244 m)
deep

Condition
of portal

Evidence of surface
subsidence

A1

A2

A3

A4

A5

A6

A7

A8

A9

A10

A1

A12

A13

A14

A15

A16

A17

A18

A19

A20

A21

A22

A23

Openinto
hill apprx.
30ft{(9 m)

Closed

Closed

Closed

Closed

Closed
Open
Open
Closed
Closed

Open into
hill apprx.
301t
Closed

Closed

Open
Closed

Open

Closed

Closed
Closed
Closed
Closed

Closed

Closed

Roof collapse, extends up-
slope from portal apprx.
70ft (21 m); 10t (3 m)
wide, 3-6 ft (.9-2 m) deep.

Sinkholes extend upslope
from portal 150-200 ft
(46-61 m); 5-30 ft (2-9 m)
long, 3-10 ft (.9-3 m) deep.

Coltapse apprx. 15 ft (5 m)
to west and east of portal.

Partially closed

Partially closed

Settlement extends 15 ft
(5 m) upslope.

Possible settlement in
several locations.
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Approx.
waste pile
volume Remarks

10yd?3 Toe of waste pile has

(8m?d been removed by
roadcut, sloughing
onto road has
occurred.

1450 yd?® Soil moist, abundant

(1109 m3 vegetation; possibly
wet in spring.

310yd®

(237 md

110yd?® Minor soil creep

(84 md observed.

No meas- Within 1000 ft (305

urement m) of residence;

taken waste dump eroded
by creek.

350 yd® Minor soil creep

(268 m?) observed.

30yd? Minor gullying down

(23 m3) face of waste pile.

30 yd?

(23 m3)

90 yd?® Minor soil creep

(69 m3) observed.

30 yd?

(23m?3)

15yd3 Located close to

(11m?3) existing homes.

30 yd? Minor soil creep

(23 m9) observed.

30 yd? Road removed toe of

(23 m3) waste pile; sloughing
has occurred; minor
erosion around portal.

90 yd?

(69 m3)

15 yd?3 Abundant vegetation,

(11'm3) possibly wet in spring.

90 yd3 Soil creep has

(69 m?) obscured portal;
abundant vegetation,
may be wet in spring.

10yd3 Minor guilying down

(8 m?3) face of waste pile;
animal burrows
around portal.

15 yd?

(11 m3)

Waste pile

removed

110 yd3

(84 m3)

Syd? Prospect

(4 m3)

60 yd3

(46 m3)

55 yd3

{42'm3)

ADITS (cont.)
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Approx.
Condition Evidence of surface waste pile
of portal subsidence volume Remarks
A24 Closed Waste pile  Minor soil creep near
removed by portal; slope above
erosion. cut possibly unstable.
A25 Closed 15 yd3
(11 md

A26 Closed Settlement to within 30 ft 20 yd?® Minor erosion north of
(9 m) of a residence. (15 m?d) portal.

A27 Closed 15yd?

(11 m9d
A28 Closed 270yd?
(206 m3)
A29 Closed 90 yd?
(69 m3)
A30 Open30ft Portal partially collapsed. 30yd?
(9 m)into (23m?3)
hiil
A31 Closed 20yd3
(15 md)
A32 Open 30vyd?
(23 m?3)
A33 Closed 310yds Extensive waste pile
(237 m9 in steep canyon,
potential for seis-
mically induced fail-
ure; minor soil creep
upslope from portal.

A34 Closed Collapsed by mining Waste pile  Shaft ori?inally 1400
company, no surface removed. ft (427 m) long.
expression observed.

A35 Ciosed Collapsed by mining Waste pile  Shaft originally 800 ft
company, no surface removed. (244 m) long.
expression observed.

A36 Could not locate.

A37 Restricted access

A38 Restricted access

A39 Could not locate,

possibly removed by
road construction.

A40 Removed by road

construction

Ad1 Could not locate

A42 Restricted access

A43 Restricted access

A44 Restricted access

A45 Restricted access

Ad6 Restricted access

A47 Could not locate

A48 Restricted access

A49 Could not locate,

possibly removed by
road construction.

A50 Restricted access

A51 Restricted access

A52 Restricted access
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TABLE 2.—Toxic element concentrations at Prospector Square development.

Concentration
Element (ppm - parts per million, ppb - parts per billion)
Average soils Utah public
Prospector Square U.S. Geological drinking water
Survey (1979) standards
Utah Geological Utah State
and Mineral Dept. of Health
Survey samples samples
Water**
Seil* (Silver
Creek)
Arsenic 160-550 ppm A 250-440 ppm A 2 ppb less than 50 ppb
1-40 ppm
B 270-360 ppm B 6 ppb
Cadmium 100-185 ppm A 43-89 ppm A 5 ppb 0.15-0.2 ppm 10 ppb
B 46-85 ppm B 8 ppb
Mercury 0.47-1.78 ppm A 3.9-7.4 ppm A 0.1 ppb 0.071 ppm 2 ppb
B 1.6-13.3 ppm B 0.2 ppb
Lead approximately A 1340-4000 ppm A 5 ppb less than 50 ppb
10,000 ppm 1 ppm
B 1170-2500 ppm B 112 ppb

* A, surface; B, 12" below surface.
**A, upstream from tailings; B, downstream from tailings.

southeast in Strawberry Valley. Exploration of the
late Pleistocene Strawberry Valley fault by the U.S.
Bureau of Reclamation has uncovered evidence
which may show a history of repeated fault move-
ment with 3.3 to 9.8 feet (1 to 3 m) of stratigraphic
displacement on individual fault breaks. At least one
and possibly two surface displacement events have
occurred during the Holocene, the larger occurring
about 3 thousand years ago (Arabasz and others, p.
51,1983).

Earthquake hazard — In discussing earthquake
hazards, it is important to differentiate between the
terms risk and hazard. An earthquake hazard refers
to a source of danger such as a geologic process ac-
companying an earthquake; whereas earthquake risk
refers to the probability that peril or loss will occur in
the event of an earthquake. Earthquake hazards such
as ground shaking and faulting are beyond man’s
control, but earthquake risk can be mitigated by
human intervention such as avoiding hazardous
zones or engineering structures to withstand hazards.

The absence of faults showing evidence of Quater-

nary movement indicates that the principal earth-
quake hazard in Park City would be due to ground
shaking caused by an earthquake outside the area.
Hazards from ground shaking are produced by propa-
gation of large-amplitude seismic waves at the earth’s
surface. Damage occurs to materials and structures
that deform or fail from excessive strain produced by
passage of the seismic waves through the material
beneath the structure. If a building has a natural vi-
bration frequency that is about the same as that of the
passing wave, the building may develop natural reso-
nance which results in amplified ground motion that
can be destructive (Arabasz and others, 1979).

Other earthquake effects that may occur due to
ground shaking are differential ground settlement
that can deform or break building foundations; lique-
faction of saturated soils that reduce their strength as
foundation supports; and slope movements and snow
avalanches. In the Park City area, special seismic
hazards exist due to past mining activity. Ground
shaking may cause collapse of underground workings
and subsequent surface subsidence or sinkhole
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TABLE 3.—Earthquakes of Richter magnitude 2.0 or greater in the Park City area, 1850 to September 1983.

Index to Epicenter Location

numbers Maximum

in fig. 15 Date Magnitude intensity Latitude (N) Longitude (W)
1 11/11/32 37 v 40°31'04" 111°28'27"
5 5/24/53 4.3 \% 40°30'00" 111°30'00"
3 1/23/69 2.5 - 40°43'62" 111°37'92"
4 9/22/69 2.0 — 40°33'45" 111°34'54"
5 10/1/72 4.3 VI 40°30'36" 111°20'91"
6 10/1/72 22 — 40°37'09" 111°19'02"
7 10/1/72 25 — 40°36'35" 111°20'37"
g 10/1/72 2.1 — 40°32'56" 111°21"77"
9 10/3/72 2.4 — 40°26'35" 111°21'04”
10 12/24/72 2.0 — 40°26'10" 111°24'53"
1 12/19/74 2.0 — 40°26'27" 111°26'73"
12 1/19/75 2.0 — 40°50'35" 111°39'90"
13 771775 25 — 40°47'98" 111°35'25"
14 10/22/75 2.6 — 40°45'42" 111°37'36"
15 12/10/78 2.3 — 40°48'40" 111°33'22"
16 12/10/78 2.7 — 40°48'72" 111°33'91"
17 2/3/80 2.3 - 40°53'33" 111°36'45"

Source: University of Utah Seismograph Stations (1983).

development. Shaking could also cause downslope
movement of larger mine waste piles located on steep
slopes.

Due to the level of seismicity in the area, Park City
is in seismic zone 3 of the Uniform Building Code
(UBC) and the Utah Seismic Safety Advisory Council
(USSACQ) statewide seismic zonation. Utah is divided
into three (UBC) or four (USSAC) seismic zones,
with zone 1 being least hazardous (lowest projected
earthquake probability and magnitude) and zones 3
and 4 being most hazardous (highest projected earth-
quake probability and magnitude). Earthquake
hazard near Park City is thus considered high, with
an expected Modified Mercalli intensity of VIII or
higher (appendix) in UBC zone 3.

Avalanche hazard
Information on avalanche hazard in the study area
was obtained through interviews with avalanche con-
trol personnel at Park City and Deer Valley Resorts,
and through personal communication with long-time

residents of the area (Lund, 1979). Numerous snow
avalanches occurred in the Park City area between
1884 and 1897, primarily because trees which stabal-
ize snow on slopes were removed for use by the
mining industry. At least one destructive avalanche
is known to have occurred on the hillside immediate-
ly west of Park City between Woodside Gulch and
Creole Tunnel. It destroyed a large shed and damaged
a house on Woodside Avenue in either 1910 or 1911
(Lund, 1979). At present, the slopes have revegetat-
ed and no avalanches have been reported on slopes
near the city since Park City Resort opened in 1963
(limit of accurate record) .

Slopes in the populated areas of Park City do not
pose an imminent danger from large avalanches
(Mike Spurlock, oral commun., Chief of Avalanche
Hazard, Park City Resort, 1983; ski patrol personnel,
oral commun., Deer Valley Resort, 1983). However,
small point or slab avalanches may occur on steep
slopes under extreme snow and weather conditions.
Several avalanches have occurred on slopes within
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the Park City ski area, but the location of the slides
precludes any danger to the city. The slope nearest
Park City with the greatest avalanche potential is
located just outside the study area on the west side of
Negro Hollow. An extremely heavy snowfall with a
prolonged southwest wind would be required to de-
velop an avalanche hazard there. However, there is
no record of a failure at this location since the opening
of Park City Ski Resort, and if one did occur it is un-
likely that it could affect any area other than the ski
resort (Mike Spurlock, oral commun., 1983).

CONCLUSIONS AND RECOMMENDATIONS

Growth in Park City is expected to continue at a
rapid rate, and proposals for construction in areas
where geologic conditions are undesirable for devel-
opment are likely to increase. Development can pro-
ceed safely and efficiently if geologic constraints are
recognized and incorporated into the planning
process. Use of information provided in this report
during initial site planning will assist in early recogni-
tion of potentially hazardous geologic conditions and
mitigating measures can be instituted where
appropriate. However, the data presented in this
report are for general planning purposes only and do
not preclude the necessity for site investigations. It is
recommended that all proposed subdivisions and
major construction projects include a geologic/soils
report addressing all relevant site conditions. The fol-
lowing geotechnical conditions in Park City are of
greatest importance to planners:

1. Flood hazard adjacent to major drainages and in
some valley bottoms.

2. High ground water in valley bottoms and adja-
cent to stream channels.

3. Generally stable natural slopes, however, with
a potential for instability under changed condi-
tions resulting from development.

4. Area of fine-grained soils with high shrink-swell
potential and low shear strengths.

5. Chemical residues in old mill tailings which
may be detrimental to concrete and other con-
struction materials.

6. Low density materials in the old city refuse
dump which may settle under moderate to
heavy loads.

7. Low to moderate soil erodibility and erosion
hazard under existing conditions, and high ero-
sion hazard on some steeper slopes if vegetation
isremoved.
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8. Possible subsidence or sinkhole development
resulting from collapse of abandoned shafts and
adits.

9. Potential for failure on slopes loaded by mine
dumps and of the dumps themselves, or on
slopes undercut by mining activities.

10. Sedimentation due to erosion of mill tailings
and mine waste piles.

11. Possible health hazards from contamination of
ground water and soil by toxic elements in mill
tailings.

The following recommendations are made based on
the results of this study:

1. Ground-water levels, including seasonal
variations, should be determined prior to con-
struction in areas of shallow ground water.

2. Development in flood prone areas should be
avoided or measures taken to mitigate the
hazard.

3. Installation of surface drainage systems in de-
veloped areas and as new development proceeds
to accomodate runoff and help mitigate soil
creep.

4. Construction should not be allowed on pre-
historic slope failures until it is demonstrated
that development will not cause renewed
movement.

5. Slope stability analyses should be required for
all construction sites and rights-of-way on
slopes steeper than 15 percent.

6. Foundation investigations should be performed
on a site-specific basis for all proposed
construction.

7. An erosion control report should be prepared
and reviewed by the City before building per-
mits are issued for new construction.

8. Removal of vegetation, especially trees, from
steep slopes should be avoided to limit ava-
lanche hazard.

9. Negotiations should be entered into with
United Park City Mines and other relevent par-
ties to obtain all existing data on underground
workings in Park City.

10. Erosion control measures should be initiated to
protect the city’s storm drain system from sedi-
mentation resulting from the erosion of mine
waste piles and mill tailings.
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11. Development on mill tailings and mine dumps
should be prohibited until a determination is
made regarding the content and possible health
effects of toxic substances contained in them.

12. All construction should conform to specifica-
tions listed in the Uniform Building Code for
structures in seismic zone 3.
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APPENDIX

GEOLOGIC TIME SCALE
Age estimate of
beginning
ERA PERIOD EPOCH (millions of years ago)

Quater { Holocene 0.01
aternary Pleistocene 1.6
Cenozoic Pliocene 5.0
0 Miocene 22.5
Tertiary Oligocene 37.5
Eocene 53.5
Paleocene 65
Cretaceous 135

Mesozoic Jurassic 190-195
Triassic 225
Permian 280
Pennsylvanian 320
Mississippian 345
Paleozoic Devonian 395

Silurian , 430-440
Ordovician 500
Cambrian 570

Precambrian 4500
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Adit:

Alluvial fan:

Alluvium:

Anticline:

Aquifer:

Colluvium:

Compaction:

Compressibility:

Dike:

Eolian:
Moraine:

Normal fault:

Permeability:

GLOSSARY

Horizontal or nearly horizontal
passage from the surface from
which a mine is entered.

A cone-shaped deposit of alluvi-
um deposited by a stream where it
runs out onto a level plain or
meets a slower stream.

A general term for clay, silt, sand,
gravel or similar unconsolidated
material deposited during com-
paratively recent geologic time by
a stream or other body of running
water.

A fold in rock strata that is con-
vex upward.

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

Loose, heterogeneous, incoher-
ent mass of soil material and/or
rock fragments deposited chiefly
by mass-wasting.

Instantaneous reduction in pore
space by mechanical means.

Time-dependent reduction in
pore space as a result of loading.

Tabular igneous intrusion that
cuts across planar bedding or folia-
tion of the surrounding rock.

Resulting from the action of wind.

Mound, ridge, or other distinct ac-
cumulation of unsorted, unstrati-
fied glacial material, deposited
chiefly by direct action of glacier
ice.

A fault, with an angle usually be-
tween 45-90 degrees, at which the
hanging wall (upper block) has
moved downward relative to the
footwall (lower block).

Capacity of a rock or soil material
to transmit a fluid.

Regressive sea:
Residual soil:

Reverse fault:

Shear strength:

Shrink-swell:

Surcharge:

Thrust fault:

Transgressive sea:

Tuff:

Unconformity:

Volcanic breccia:
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Retreat of the sea from land areas.

Unconsolidated or partly weath-
ered material, presumed to have
developed in place (by weath-
ering) from the consolidated rock
on which it lies.

Fault with a dip greater than 45
degrees at which the hanging wall
(upper block) appears to have
moved upward relative to the
footwall (lower block).

The internal resistance of a mate-
rial to shear stress (movement of
one part of the body relative to
another part).

The capacity of a soil material to
increase or decrease in volume
with changes in moisture content,
generally a function of type and
percentage of clay.

Vertical pressure caused by the
weight of overlying material, as a
result of gravity alone.

Fault with a dip of 45 degrees or
less in which the hanging wall
(upper block) appears to have
moved upward relative to the
footwall (lower block).

Spread or encroachment of the
sea over land areas.

Consolidated pyroclastic (volcan-
ic material explosively ejected
from a volcanic vent) deposit of
volcanic ash and dust.

Surface of erosion or nondeposi-
tion that separates younger from
older rocks.

Pyroclastic rock that consists of
angular volcanic fragments that
are larger than 64 mm in diameter
and may or may not have a matrix.
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MODIFIED MERCALLI INTENSITY SCALE OF 1931
(Abridged)
Not felt 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 slightly. Vibration like passing of truck. Dura-
tion estimated.

During the day felt indoors 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, 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 fallen
plaster 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 chimneys broken. Noticed by persons driving motor cars.

Damage slight in specially designed structures; considerable in ordinary substantial buildings with par-
tial collapse; great in poorly built structures. Panel walls thrown out of frame structures. Fall of
chimneys, factory stacks, columns, monuments, walls. Heavy furniture overturned. Sand and mud
gjected 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 shifted 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 destroyed. 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 surfaces. Lines of sight and level distorted. Objects thrown
upward into the air.

Source: Earthquake Information Bulletin; 6 (5), 1974, p. 28.
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