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INTRODUCTION

Did you know

e that hot springs near Wasatch Mountain State Park are heated by deeply buried

magma?

e that Utah once lay far south of the Equator?

e that glaciers flowed down canyons in and near the Park?

e that huge sheets of rock were pushed 20 to 40 miles eastward to overlie what

is now the Park?

e that Utah was covered by shallow oceans for hundreds of millions of years?

These questions are all part of the drama
written in the rocks in Wasatch Mountain State
Park. The purpose of this guidebook is to
introduce you to the geologic phenomena that
shaped the Park into what it is today--a scenic
textbook waiting to be read by the keen observer.

Geology is exciting because of change. The
earth may seem like a mass of lifeless rock to

most people, but to geologists, rocks are books
that come alive when they are read. The rocks
are the record of over 4 billion years of changes.
From them, we learn where ancient mountains
formed, when oceans swept the continent, and
how glaciers, earthquakes, volcanoes, and erosion
shaped the land.

Wasatch Mountain State Park
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USING THIS GUIDE

Key geologic concepts are explained in the section titled, Getting Started.
You will want to read it if vou are unfamiliar with fundamental principles of

geology.

The rest of the guidebook is divided into four sections. A few minutes spent

reading Section 1, A Tour through Time,

meaningful.

The sections are:

I. A Tour through Time.
Tells the story of the major geologic events that
molded the Park. It builds event by event from
the distant past to the present.

II. Road and Hiking Tours.

Helps observers identify and understand
geologic features that are near Park roads. It
includes four tours; three that start at the Visitors’
Center and one that starts at the Guardsman Pass
Road (Figure 1). The tours can be enjoyed in
any order as you drive, bicycle, or hike in the
Park.

will make the others more

III. Scenic Views.
Briefly explains the geology of prominent features
that can be seen from viewpoints in the Park.

IV. Appendix.
Contains three parts:

1) Descriptions of rocks and minerals found in
the Park.

2) Descriptions of geologic formations in the
Park. (Provided for those who want to explore
the geology on their own.)

3) References.

Figure 1 (opposite page). Map of Wasatch Mountamn State Park.  Routes of road and hiking tours arc: Tour [--Visitors’ Center
to Cummins Parkway via Cascade Springs; Tour 2--Visitors’ Center o Guardsman Pass Road; Tour 3--Guardsman Pass Road to

Wilson Peak; Tour 4--Visitors” Center to Cumimins Parkway via Snake Creck Canyon.

Wasatch Mountain State Park
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GETTING STARTED:
A FEW GEOLOGIC CONCEPTS

Understanding a few fundamental keys about geology will help you decipher
the rocks in Wasatch Mountain State Park, and read their story.

Key 1: Rocks. Rocks are divided into three
main groups: sedimentary, igneous and
metamorphic. Their names provide clues to

their origin:

"Sediments"” are fragments of older rocks
(such as sand) or plant and animal parts
(such as sea shells). Sedimentary rocks
form when sediments accumulate and are
cemented together.

"Igneous” comes from the Latin word for
fire. Igneous rocks form when hot, molten
rock (magma) cools. If the magma cools

below the ground it is intrusive rock; if it
cools on the surface, it is volcanic rock.

"Metamorphose” means change.
Metamorphic rocks form when intense heat
and pressure change one type of rock into a
different type.

Each group is divided into several different types
based on composition and texture.  Rocks
referred to in this guidebook are listed in the table
below.

Rocks found in Wasatch Mountain State Park

Sedimentary

Igneous

Metamorphic

limestone
sandstone
shale
mudstone
conglomerate
quartzite
dolomite
breccia
tufa

intrusive
granodiorite
volcanic

quartzite
marble
gneiss

For further information about these rock types, refer to the Appendix.

Wasatch Mouniain State Park

X1



Key 2. Geologic Formations. Geologists divide
rocks in an area into manageable packages called
formations. Each formation has unique variations
in rock types, mineral content, age, or fossils. A
formation may be thin or thick (formations in the
Park vary from a few feet to about eight thousand
feet thick), and may be local or extend for
hundreds of miles. Formations are named after a
feature, like a town, near where they are first
defined (for example, the Park City Formation).

Figure 2 lists the formations found in the
Park and correlates them with major geologic
events discussed in Sections I and II. A brief
description of the formations is given in the
Appendix.

Key 3. Sedimentary Environments of
Deposition. Sediments accumulate in low areas
protected from erosion. Most commonly, they
are deposited in oceans, lakes, or plains by rivers,

glaciers, wind, chemical
precipitation.

Every rock tells something about the
environment in which it formed. As you read
Section I, The Park Through Time, try to
visualize the types of rocks that were deposited in
each setting. In the Road Tours, look at the
different rocks and try to visualize the area at the

time they formed.

gvaporation, or

Key 4. Geologic Time. How does a person with
an 80-year life span comprehend the age of the
earth--4.65 billion years? It’s difficult! To help,
geologists have divided geologic time into named
blocks. The major divisions are called eras, and
they are further subdivided into periods. The
divisions are based on major changes in the tossil
record. The table below lists geologic eras and
periods and their time range.

Geologic Time

Cenozoic
Quaternary
Tertiary

ERA/PERIOD ITIME*

e

0-1.6
1.6-66

Mesozoic
Cretaceous
Jurassic
Triassic

66-144
144-208
208-245

Paleozoic
Permian

Devonian
Silurian
Ordovician
Cambrian

Pennsylvanian
Mississippian

245-290
290-320
320-360
360-408
408435
435-505
505-570

Precambrian

5704650

*millions of years ago

Wasatch Mountain State Park
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I. A TOUR THROUGH TIME

U ‘ hen the earth formed, it was little more than a hot, barren mass. As time

passed, continents grew, mountains rose and were eroded flat, glaciers and
rivers shaped the land, and plants and animals evolved. The rocks found in
Wasatch Mountain State Park span almost a billion years, and tell a story of

many changes.

Earth’s Beginning
4.65 to 3 billion years ago
(Early Precambrian)

Most scientists believe the earth formed
about 4.65 billion years ago, though its oldest
preserved rocks are only about 4 billion years
old. The first life forms, one-celled organisms

that didn’t need oxygen, developed near the end
of this period. No rocks found in Wasatch
Mountain State Park reflect this early period in
earth’s history.

Building the North American Continent
3 to 1 billion years ago
(Middle Precambrian)

During this time, the area that is now the
Park was near the edge of the early North
American continent. The continent was much
smaller than it is now. Most of the western
United States, including the southern two-thirds of
Utah, did not exist.

Continents "grow" during major geologic
events. Geologists know that the outer layer of
the earth is made of numerous large plates or
slabs that fit together like pieces of a jigsaw
puzzle. Unlike a puzzle, however, the earth’s
plates are constantly in motion, and the bounda-

ries between them are involved in intense
collisions. During the collisions, mountains are
built and continents increase in size.

Rocks from the Middle Precambrian are not
exposed in the Park, but are probably buried deep
beneath it. These rocks were originally volcanic
and sedimentary rocks. They were later
metamorphosed (changed by intense heat and
pressure) during plate collisions about 2.5 and 1.8
billion years ago. By the end of these collisions,
North America was much bigger than before, and
included all of Utah.

Figure 2 (opposite page). Time relationships and thicknesses of rocks found in Wasatch Mountain State Park. Major geologic
cvents are also illustrated. Gaps in the time line represent times when rock either was never deposited, or was eroded away before

deposition of overlying rock.
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Deserts and Mountains
245 to 66 million years ago
(Mesozoic)

Early to Middle Mesozoic--Time for a Change.
Early in the Mesozoic, western North America
was still a flat continental shelf covered with
shallow, warm sea water. But that didn’t last for
long--after more than 500 million years of relative
calm, it was time for a change. The North
American continent reversed directions, and
plowed westward into the Pacific ocean "plate."
The heavier Pacific plate plunged beneath the
lighter continent (Figure 8). The results were
immediate and dramatic. The collision faulted

and deformed the western continental margin,
torming a chain of large mountains and many
volcanoes.

Figure 8. When plates collide, the ocean plate, which is
heavier, plunges beneath the continental plate.

During this time of upheaval, the continent
gradually moved northward into the hot, dry trade
winds belt. In addition, the western mountains
blocked most of the precipitation. Consequently,
the climate changed from tropical to desert
conditions.

For much of the Mesozoic, Utah was
covered by a hot desert, or by salty, shallow,
restricted seas. From about 200 to 190 million
years ago, a huge, sandy desert spread across
Utah and surrounding states (Figure 9). This
desert was responsible for much of the scenic
sandstone in southern Utah’s National Parks.
However, the land was not always inhospitable.
At times there were plains, rivers and lakes.
Dinosaurs were common, and thousands of
dinosaur bones and tracks are found in rocks of
this age in eastern Utah.

Late Mesozoic--Sevier Mountain Building. One
of the most dramatic events in Utah’s geologic
history was an episode of intense mountain
building that started about 100 million years ago.
At that time, plate collisions along the west coast
intensified. Tremendous compressional forces
extended over 500 miles inland. Along the
collision boundary, which reached from Mexico
to Alaska, immense sheets of rock were folded,
buckled, and broken. Some sheets of rock were
thrust eastward as much as 40 miles (Figure 10).

This great mountain-building event is known
as the Sevier orogeny. (The word "orogeny" is
derived from the Greek "oro" meaning mountain
and "gen" to build. This orogeny was named
after the Sevier River region in central Utah.)
The Sevier orogeny holds economic interest
because oil and gas are trapped in many of the
tolds that formed near the front edges of the
“thrust sheets," and precious metals are
concentrated along many of the faults.
Contemporaneous with the mountain-building in
the west, the central continent bowed down, and

Wasatch Mouniain State Park
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Figure 11. The black areas show the location of Cenozoic
igneous intrusions that lie in an east-west-trending belt.
Mineralization along this belt brought prospectors into the area
120 years ago. (After John, 1989.)

Extension, Uplift, and Faulting. Ten to twenty
million years ago the western U.S. began to bulge
upward and tear away from the rest of the
continent. Instead of being compressed, Utah
was now stretching, and rising to nearly a mile
above sea level!

When the earth’s crust is stretched, it
fractures, forming a series of parallel mountains
and valleys that are bounded by faults. The
topography of Nevada and western Utah is
dominated by many such extensional mountain
ranges and basins (Figure 12).

Wasatch Mountain State Park sits astride the

Naeser, and others 1983). Of course, the
mountains never reached a height of 40,000 feet
because they erode almost as fast as they rise.
The Wasatch fault is as active today as it
ever was, much to the chagrin of city planners.
The range continues to rise and the valley
continues to subside, earthquake by earthquake.
Geologists have determined that there is a major
earthquake along the fault about once every 400
years. The absence of a major earthquake in the
historic past is good reason for concern today.

Glaciation. Glaciers invaded the Rocky
Mountains several times during the recent
geologic past. The last two glacial episodes
ended about 60,000 and 12,000 years ago. In
Utah, the glaciers were accompanied by large
fresh-water lakes in the basins west of the
Wasatch Range; the latest was Lake Bonneville,
a precursor of the Great Salt Lake.

The glaciers that developed in Wasatch
Mountain State Park were relatively small. Thus,
their features are poorly defined when compared
with nearby areas, such as the Uinta Mountains or
Big and Little Cottonwood Canyons (Figure 13).
The glaciers were small for two reasons: first,
the Park, on average, is at a lower elevation than

uplifted side of one of Utah’s most
impressive extensional ranges--the
Wasatch Range. Uplift along the
Wasatch fault, the most active fault
in the mountain west, has helped
shape the Park’s rugged mountains
and deep canyons.

Geologists have used igneous
intrusions near the Park to determine
the amount of uplift along the
Wasatch  fault. Microscopic
inclusions in the intrusions indicate
that rocks now exposed at the tops of

the mountains cooled as much as
36,000 to 40,000 feet below the
ground surface (from John, 1989;

Figure 12. Fault-bounded basins and ranges form as western North America pulls
away from the rest of the continent. Reno, Nevada moves about 4 inches away

from Salt Lake City every 10 years.
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Figure 18. Map showing a network of minc tunnels north of Bonanza Flat. People standing on a ridge north of the Park
would be astounded if they could sce the hundreds of miles of mining tunncls beneath their feet (from Boutwell, 1912).
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II. ROAD TOURS

The Road Tours describe the geology along major routes in Wasatch

Mountain State Park. Each Tour consists of geologic discussions at designated
stops and short explanations of teatures seen between stops.

All Tours, except Tour 3, start at the Park
Visitors” Center, where you should set, or note,
your odometer. Cumulative mileage is given in
the text. Landmarks are noted to help adjust for
differences in odometer readings.

To gain the most from the Tours, pull your
vehicle well off the road at each stop, then read
the discussions and explore highlighted features.
Have a passenger read explanations between

stops, or read ahead before leaving a stop. Do
not attempt to read while driving as the roads are
narrow with many blind curves.

The Park has a very irregular boundary.
This is primarily because much of it was
originally mining claims. In order to take
advantage of existing roads, the Tours extend
slightly outside of actual Park boundaries.

Note: If you have not already done so, you may want to take a few minutes to

read Section 1, A Tour Through Time, before you begin a Road Tour.

That

section overviews the geologic history of the Park and will help you better

understand features pointed out on the Tours.

Section I, Scenic Views,

describes views from within the Park. The Appendix contains more information

about rocks and geologic formations.

Wasatch Mountain State Park
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TOUR 1

TOUR 1

Visitors’ Center to Cummins Parkway
via Cascade Springs

Length: 18 miles

Driving Time: 2 hours (minimum)

Road Conditions: graded dirt roads; can drive in a
passenger car when dry.

¢ landslides

® normal faults

® thrust fault

® Cascade Springs

Features:

¢ Paleozoic rocks
* Mesozoic rocks
® petroleum source rocks

Tour 1 explores geologic features along Cascade
Springs Drive, Provo Deer Creek Canyon, and
the Cummins Parkway (a high ridge road with
spectacular views).

The Tour ends at a junction with roads to
American Fork Canyon (west) or to the Park

Visitors® Center through Snake Creek Canyon
(northeast); a  high-clearance  vehicle s
recommended if you choose to continue on those
roads. Tour 1 meets Tour 4 at this junction,
making a loop trip back to the Visitors’ Center
possible.

Wasatch Mountain State Park

17









general, limestone (the most common type) was
deposited when water covered the land, and shale
was deposited when the water was shallow or
absent. Sandstone, which interfingers with the
other rock types, was carried in during erosion of
an inland area. As you look at outcrops along
Cascade Springs Drive, use the table below to
help you identify the rock types.

Mile 6.7: Stop 2

Differential weathering. The different rock
types of the Thaynes Formation vary in their
ability to withstand weathering. Shale is soft and
weathers easily, while sandstone and limestone

are more resistant. As you look at rocks exposed
in this road cut, you will see that thin beds of
shale are weathering away, leaving small
sandstone overhangs. This is called difterential
weathering. On a larger scale, less resistant beds
such as shale often become valleys while the more
resistant beds form ridges. (See Figure 16 and
Mile 11.4)

Landslides in the Thaynes Formation. The
eastern slope of this mountain is an ancient
landslide. Tilted beds of shale, interlayered with
fractured sandstone and limestone, caused the
landstide. Water, percolating through fractures,
altered the shale to clay. The overlying rocks
slipped on the slick, tilted, clay surfaces--and the
landslide was born.

Rocks in the Thaynes Formation

Rock Type

Description

limestone:

sandstone:

shale:

brownish-gray, blocky,
“sugary"” texture on
fresh surfaces,
scratches easily with a
knife

light-brown to gray,
grainy feeling rock
(look closely-you can
see the tiny sand
grains)

reddish, purplish, or
greenish rock;
commonly thin, platy,
papery, or crumbly
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isitors often come to

Wasatch Mountain State
Park to golf or cross-coun-
try ski beneath the crys-
tal blue skies. Nestled
on the backside of the Wasatch
Range, the park is known not only
for golf and skiing, but also for high
mountain vistas, rugged canyons,

and brilliant autumn foliage.

The photos in this section feature
a variety of scenes in Wasatch
Mountain State Park. Geologic pro-
cesses — oceans sweeping over a fea-
tureless landscape, molten rock forc-
ing its way to the earth’s surface,
faulting and mountain building,
and sculpting by glaciers and water
— are the threads that wove these

varied scenes.




very rock contains

clues of its past.
Geologists study rocks

to unravel the clues

locked inside them.

1. Large crystals such as the quartersized ones in this igneous rock are evidence of magma that cooled slowly deep beneath
the earth’s surface. 2. Recycling is not a new concept — rocks have been doing it for millions of years! The rounded peb-
bles in this block of Tintic Quartzite were eroded from an older rock formation, deposited along a river, and then buried
and cemented to form this rock. The cycle continues today as water, plants, and ice fracture the rock again. 3. These
autumn leaves and ferns may someday be fossils giving geologists a clue about an ancient environment — ours!




4. Why did this pillar of Gardison Limestone form? Perhaps it has more natural cement or fewer internal fractures than
the surrounding rocks. 5. These ripple marks imply a watery past. The Woodside Formation was deposited in shallow
water near the edge of a vast ocean. 6. Angular, poorly sorted grains in this boulder of Big Cottonwood Formation reveal
that they were carried a relatively short distance by a swiftly moving stream. 7. These muddy limestones of the Thaynes
Formation were deposited in a shallow sea.




hether mountain biking, snow-mobiling, or sightseeing, visitors to Wasatch Mountain

State Park have access to mountain scenery that rivals the Alps.

The geologic processes that wove these scenes include earthquakes, which lifted up

the mountains, and glaciers, which shaped the craggy peaks and ridges.

1. Mt. Timpanogos is made of thousands of
feet of limestone, evidence of an ancient ocean
basin. 2. The Park Visitor’s Center contains
displays on wildlife, geology, and plant life.

3. Autumn colors frame Flagstaff Peak.




4. Mill Canyon Peak,
an impressive mountain
just west of Wasatch
Mountain State Park, is
primarily quartzite.

5. Cascade Springs is a
natural spring whose
numerous waterfalls
and lush vegetation
draw thousands of visi-
tors each year. Terraces
form from the deposi-
tion of calcium carbon-
ate in the water.

6. Pioneer and Sunset
Peaks are framed by
Snake Creek Canyon
and are part of an his-
torical mining center.




orces deep in the

earth can move
rocks along faults
or melt them into
magma. The
rocks pictured here record
brutal encounters with

some of these forces.

1. These fossil-bearing boulders of Gardison Limestone are in amazingly good shape considering there were once surrounded by
a rising body of hot, molten rock. Deep erosion has now exposed the boulders to stresses of another kind - freezing and thawing.
2. Natural fractures form as igneous rocks cool from hot, molten magma. Such fractures aided workers who quarried this
attractive crystal-rich rock for buildings in the Heber Valley. 3. As blocks of rock slip past each other, the powerful grinding




forms smooth, polished surfaces called “slickensides”. The best slickensides form quartz-rich rocks such as this coarse sandstone
bed in the Ankareh Formation. 4. Breccia, or shattered rock, records tremendous forces inside the earth. Quarty and calcite
fillings in fractures like these sometimes host silver and gold. 5. This striking fault near Provo Deer Creek marks a place
where rocks fractured and moved. The fault was unknown until road construction stripped away overlying soil and vegetation.




he tapestry of a rock’s

past begins to unravel
when it is exposed on
the surface of the earth
where freezing and
thawing water, glaciation, and
other erosional forces gradually

wear the rock into soil.

1. The curves of these aspens reflect the nearly imperceptible creep of soil down an oversteepened slope. Soil creep, an important
erosional process in the mountains, is enhanced by freezing and thawing of water - and by road cuts. 2. Thousands of years
ago this serene setting was covered by hundreds of feet of glacial ice. Soil from weathering rock and plant debris is gradually
burying the huge boulders left behind by the melting glacier. 3. Orange lichen blanket this outcrop of Gardison Limestone.
Lichen are one of the first plants to grow on barren rock. Acids they secrete aid in the slow process of weathering rock to soil.

4. Rock fragments, embedded in a flowing glacier, polished this jutting buttress of Weber Quartzite.
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TOUR 2

TOUR 2

Visitors’ Center to Bonanza Flat

via Pine Creek Canyon

Length:

8 miles

Driving Time: 45 minutes (minimum)

Road Conditions: graded dirt roads; can drive in a

passenger car when dry.

¢ hot springs

¢ glacial pond
¢ glacial debris
¢ igneous rock

Features:

Tour 2 explores geologic features in Pine Creek
Canyon and Bonanza Flat. Views along the route
are excellent, particularly in the autumn when the
trees are in color. Tour 2 connects with the
Guardsman Pass road between Brighton and Park
City. Roadside geology along that route is

described in the Geology and Scenery of the
Central Wasatch Range, Wasatch and Summit
Counties, Utah, by Miriam Bugden, available at
the Utah Geological Survey. Tour 2 also leads to
Tour 3, an excellent route for hiking, biking, and
4-wheeling.

Wasatch Mountain State Park
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rock (Figure 38). This quarry was abandoned
soon after it was started. Nearby tufa, which is
plentiful and much easier to cut and shape,
probably made these igneous rocks uneconomical
to quarry.

Lichen. Rock surfaces at this location are
covered with lichen (patches of small primitive
plants). There is even lichen growing in some of
the drill holes! Geologists use plants, such as
lichen, to help them date very young land forms
such as landslides and rock falls.

Mile 5.5: Stop 3

Glacial deposits. Notice the many different sizes
of rocks exposed in the road cut on the north side
of the road. Large angular boulders, small rock
fragments and finely ground rock "flour" are all
mixed together. Glaciers are noted for this kind
of poorly sorted deposit. A glacier can move
pebbles as easily as it can move large boulders,
and it grinds the rocks underneath it into a fine
flour. As the ice melts, it drops all the unsorted
material it is carrying. By contrast, if this road
cut were through a river deposit, the sediments
would be nicely sorted by size.

The glacier carried the dark-colored igneous
rocks seen here from the Clayton Peak intrusion,
located several miles to the northwest.

Valeo intrusion. A few hundred feet up the road
is a good view to the east of a hill of the Valeo
intrusion (Figure 39). The Valeo is a crystal-rich
igneous rock that formed when a body of magma
cooled beneath the earth’s surface about 35
million years ago. (See Tour 3, Stop 7.)

Freeze-thaw weathering. Note the thick pile of
boulders on the lower slope of the hill; it is

typical of igneous rock. Igneous rock has many
joints and pores that collect water. Each time the
water freezes (almost daily in this high country)
the ice expands, prying the rock apart.
Eventually blocks break off and fall down the
slopes. Freezing and thawing of water is the
dominant type of weathering in the high country
in temperate latitudes.

Mineralization. Look at the ridge to the east.
One hundred and twenty years ago it was alive
with activity.  Silver and gold had been
discovered in a vein on its north end! The vein
was associated with an igneous intrusion, and
since this ridge consists of several intrusions,
every part was scrutinized by prospectors. These
intrusions are part of an east-west belt of igneous
rocks that extends from the Uinta to the Oquirrh
Mountains. Scattered mineralization along this
belt brought wealth to a few and broken dreams
to many. (See Tour 3, Stop 2.)

Scenic Views. This is a good place to get a
panoramic view of the valley to the south and the
surrounding mountains. The following features
described in Section I, Scenic Views, can be
seen from this point: Heber Valley, Daniel’s
Canyon, surface above Daniel’s Canyon, Deer
Creek Reservoir, Provo Peak, Provo Canyon, Mt.
Timpanogos, Cascade Mountain, and Mill
Canyon Peak. In addition you can see down Pine
Creek Canyon to the Park Visitors’ Center and
across the wvalley to Round Valley near
Wallsburg.

Mile 5.9

Front edge of a glacier. The steep slope you
just drove up consists entirely of poorly sorted
glacial sediments. The top of this abrupt slope
marks the front edge of the glacier that once
occupied upper Pine Creek Canyon. As glacial
ice advances it acts as a conveyor belt,
transporting large amounts of rock debris toward
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Figure 42. Map showing the route and locations of stops in Tour 3.
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TOUR 3

TOUR 3

Hike from Guardsman Pass Road
to Wilson Peak

Length: 4 miles (one way)

Travel Time: 6 hours hiking (round trip)

Road Conditions: rough dirt road good for hiking

and mountain biking

* mining

e igneous rocks

¢ force of intrusions

¢ 700 million year old rocks

Features:

Tour 3 explores geologic features along a ridge
road in the northeastern part of the Park. The
tour is designed as a hike, but most of it is also
excellent for mountain biking. The easy to
moderate trail follows an unmaintained jeep track
for much of its length. The track is occasionally
used by vehicles to which hikers and bikers
should give right-of-way. Water is not available
along the route.

Start

The northern half of Tour 3 lies outside of park
boundaries. Please observe no trespassing signs
and stay on the suggested route.

The last 1/4 mile of the Tour is an optional
hike to the top of Wilson Peak. The hike is short
but strenuous, and there is no marked trail so
caution must be exercised. Views from the top of
the peak are spectacular.
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lead-silver ore. It lay near the surface and was
mined out in a few years. Additional ore has not
been found at this site (from Boutwell, 1912).

From its discovery in 1868 through 1982, the
Park City Mining District produced about 1.45
million ounces of gold, 253 million ounces of
silver, 2.7 billion pounds of lead, 1.5 billion
pounds of zinc, and 128 million pounds of
copper. At today’s value the total production
would be worth about 38 billion dollars (From
Bromfield, 1989). The district is currently
inactive, but there is more ore to be mined if the
price is right.

Do not attempt to enter any mine shafts. They

are extremely hazardous.

Igneous intrusions. When a body of magma
cools beneath the ground, the resulting rock is
called an igneous intrusion. The word "igneous”
is Latin for "fire" and "intrusion" means "forced
into."

Mineralization. Mineralization along the edges
of an igneous intrusion is common. As a body of
magma forces its way towards the surface, it
fractures the surrounding rocks. Hot fluids, laden
with dissolved minerals, are driven off from the
melted rock. As the fluids move through the
fractures, they gradually deposit minerals such as
silver, gold, calcite, iron, and quartz. The
fractures eventually fill, forming veins of
concentrated minerals. Whether the veins contain
valuable minerals such as gold or silver, or
relatively worthless minerals such as quartz or
calcite, will make or break a prospector’s dreams.

Look around the mine tailings and see if you
can see any indications of mineralization at the
Flagstaff Mine. The most common mineral seen
is quartz, which forms the white veins in the
intensely brecciated rocks near the mine. There
is also some limonite (a rusty-yellow weathering
iron-oxide). (See Tour 1, Stop 8.)

Mile 0.4
On this rise, there are a few low, knobby
outcrops of the Flagstaff Mountain intrusion.

Mile 0.5: Stop 3

The road swings north of Flagstaff Mountain.
Walk to the top of the peak (about 30 feet).

Flagstaff Mountain intrusion. These "granite-
like" rocks are named the Flagstaff Mountain
intrusion (Eocene). They formed about 39
million years ago when a body of magma, buried
about 1.7 miles below the earth’s surface, cooled.
The rock is classified as granodiorite, which is
similar to granite, but contains less quartz (Figure
44).

Pick up a fresh piece ot the Flagstaff Mountain
intrusion and try to describe what you see. What
characteristics would help someone else recognize
it?

When geologists describe an igneous rock, they
describe its visible crystals and the "matrix" (the
background in which the crystals are embedded).
Note the large, white, rectangular crystals. They
are plagioclase. Also note the dark-green to
black, fine-grained matrix.

View from the top of Flagstaff Mountain.
From the top of Flagstaff Mountain you can see
north into the Park City area, south to Deer
Creek Reservoir and west towards the peaks
along the Wasatch front. The peak with all the
antennas directly east of Flagstaff Mountain is
Bald Mountain.

Mile 0.8

The outcrop on the knoll just south of Flagstaff
Mountain is Weber Quartzite. It was brecciated
and baked by the magma around it.
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was encountered, how much was mined, and even
if mineralization was found. The mine in Figure
47 encountered much altered limestone with
strong limonite staining, but little economic
mineralization.

Mile 2.0

Boundary of Wasatch Mountain State Park.
Most of the mines within the Park boundaries
were barren or produced only a small amount of
precious ore.

Mile 2.1

The road crosses rubble and an occasional
outcrop of the Great Blue Limestone
(Mississippian). Some fossils are in the Great
Blue, though most of them are broken. Knobby
outcrops of Tintic Quartzite are visible to the east
through the quaking aspens near the top of Dutch
Hollow.

Trail to Dutch Hollow.

The open basin to the east contains a trail that
leads to Dutch Hollow. The upper part of the
trail is indistinct, but the trail can be found in
the stream drainage farther down.  An
unusually well-exposed chilled margin of an
intrusion is visible about 0.5 mile down the
trail. It contains breccia of both the Flagstaff
Mountain and Valeo intrusions.

Mile 2.2

Low saddle on ridge.
Junction. Take the road that angles to the left
through the trees and up onto the ridge.
The road straight ahead angles down off the
ridge and eventually back to Bonanza Flat.
(A less traveled road to the right, which splits
off a short distance before the junction) leads
north to mine tailings visible through the trees.

Mile 2.4: Stop 7

At the top of the low hill the road bends toward
the east; at this point, walk onto a little rise to
the west.

Valeo intrusion. There are excellent exposures
of the Valeo intrusion in a small prospect pit near
the top of the hill. The Valeo is one of four
intrusions found in Wasatch Mountain State Park.
These intrusions cooled at depths from 1/2 to 7
miles between 34 and 39 million years ago.

The Valeo is an unusually crystal-rich igneous
rock with several distinctive characteristics
(Figure 48). Look at a freshly broken piece.
Note the abundant crystals--the magma from
which the Valeo solidified must have been a
crystal mush. See if you can identify the
tollowing:

- many unusually large plagioclase crystals

(white, rectangular shape)

- small, round, glassy quartz "eyes"

- hornblende crystals (black, needle-like)

- biotite crystals (shiny, black mica, octagonal

shape)
The Valeo intrusion forms most of the ridge to
the south. Weathered surfaces of the rock look
"vuggy" (holey) because the plagioclase crystals
readily weather out.

Igneous dikes. A few igneous dikes cross the
ridge to the south. A dike is a narrow band of
igneous rock that "intruded" pre-existing rocks.
These dikes cut the Valeo intrusion after it
solidified. It is difficult to find the dikes, but as
you walk along, you may notice pieces of them in
the surface rubble. They are dark gray, brittle
rocks with fewer crystals than the Valeo.
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TOUR 4

Length:

Driving Time:

Road Conditions:

Features:

TOUR 4

Visitors’ Center to Cummins Parkway
via Snake Creek Canyon

9 miles

1 hour

paved and graded dirt road for
5.5 miles; rough dirt road
appropriate for high-clearance
vehicles for remainder

¢ view of Pioneer and Sunset
Peak

¢ Paleozoic marine rocks

¢ glacial boulders

Tour 4 explores the geology of Snake Creek
Canyon. The first 5.5 miles of the route follows
a paved and graded dirt road. After that, the

road steepens

and becomes rough, and

is

accessible only with a high-clearance vehicle.

There is a good place to turn around before the
road gets bad. Tour 4 meets Tour 1 at the
junction with the Cummins Parkway, making a
loop trip possible.
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I1I.

SCENIC VIEWS

Wasatch Mountain State Park is, by its setting, a park of

splendid vistas. Several roads cross or follow high open ridges
with excellent views. Since the same features can be seen from

so many locations, they are described here together.

Most of

these features are only mentioned by name in the road logs at
points where they are prominently visible. The list works in a
circular pattern around the Park, starting with Heber Valley

(Figure 55).

Heber Valley is a high mountain valley filled
with thick sediments, mostly deposited by the
Provo River. It is one of several deep, fault-
formed valleys that sit on the upthrown block east
of the Wasatch fault.

Daniels Canyon is located on the south side of
Heber Valley. This unusually straight canyon
roughly parallels the front edge of the Charleston-
Nebo thrust fault (See Tour 1, Stop 4). It is a
geologically young canyon, as evidenced by its
steep walls and narrow V-shape. It is eroding
headward, capturing streams that once flowed into
the Strawberry River. It is able to capture these
drainages because it is at a lower elevation than
the Strawberry River tributaries.

Surface above Daniels Canyon. The hills east
and south of Heber Valley form a flat to gently
rolling plateau cut by deep, narrow canyons.
This plateau is the remnant of an older
topographic surface that once extended over the
region. At that time drainages throughout the
area probably flowed into the Colorado River via
the Strawberry and Green Rivers, rather than into
the Great Salt Lake, as they do now. Continued

uplift on the Wasatch Fault is providing energy to
the Provo River and other Wasatch Front
drainages to erode headward, enabling them to
gradually capture more and more of the older
drainage system.

Provo Canyon (Figure 56) is one of several deep
narrow canyons that cut across the uplifted
Wasatch Range. The very steep canyon walls and
high relief (about 5000 feet from canyon floor to
tops of adjacent peaks) attest to the river’s ability
to cut down as fast as the range is elevated.

Deer Creek Reservoir (Figure 56) is located in
Provo Canyon south of the Park. The Deer
Creek dam was built in 1941, making it one of
the oldest large dams in the state. The reservoir
is about 6 miles long and is at an elevation of
5417 feet when full.

Provo Peak, Cascade Mountain, Lightning
Peak, and nearby peaks (Figure 56) are all
composed of Paleozoic rocks pushed 20 to 40
miles from the west along the Charleston-Nebo
thrust fault (See Tour 1, Stops 4 and 6). It is
interesting to note that the highest peaks in the
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IV. APPENDIX

The recognition of rock types and formations helps geologists determine
the geologic history of an area, the potential for geologic hazards, and
the location of economic resources. This appendix will help you locate
and identify the rocks, minerals, and formations found in Wasatch
Mountain State Park. (Also see Getting Started, A Few Geologic

Concepts.)

Identifying Rocks and Minerals

Minerals
Minerals are the basic building blocks of rocks.
They have distinct crystalline shapes and chemical
compositions. You can identify minerals by
looking at their shape, color, and hardness.

Biotite is a shiny, black mineral that forms
small, hexagonal crystals in intrusive igneous
rocks. It is soft, and can be flaked with a
knife. (It is a hydrous potrassium aluminum
silicate that contains some magnesium and
iron.)

Hornblende is a black mineral that forms
short, needle-like crystals in intrusive igneous
rocks. (It is a complex silicate that contains
aluminum, iron, magnesium, and calcium.)

Plagioclase forms large, white to pale-gray
rectangular crystals in intrusive rocks. (It isa
sodium calcium aluminum silicate.)

Quartz forms small, hard, glassy beads in
some of the intrusive igneous rocks in the
Park. Quartz is also the primary constituent of
sandstone. (It is made of silica bonded with

oxygen).

Calcite, a white to gray, sugary mineral, is the

basic constituent of limestone. It is easily
scratched with a knife. Crystals, when visible,
have characteristic 60° and 120° angles. (It is
calcium carbonate.)

Dolomite is a white to gray or brownish-gray
mineral similar to calcite. In fact, it can only
be discerned from calcite by the use of an acid
test. The Table of Geologic Formations in the
next section of the Appendix indicates which
formations contain dolomite. (I is magnesium,
calcium carbonate.)

Clay is actually a group of many related
complex minerals. Clay minerals are soft,
smooth, platy, and have an “earthy" smell
when moistened. Individual crystals are so
small they can only be seen under powerful
microscopes.  (Clay minerals are hydrated
calcium, sodium, or potassium aluminum
silicates, with many different minor
constituents.)

Rocks

Rocks are aggregates of one or more minerals.

In some rocks the minerals form large crystals.
In others the minerals are so small that individual
crystals can only be seen with the aid of a
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microscope. Minerals in sedimentary rocks are
typically rounded fragments of the original
crystals.

Igneous rocks.

Igneous rocks form when hot, molten rock, or
magma, cools and hardens. If the magma cools
above the ground, the rocks are called "volcanic."
If the magma cools deep beneath the ground, the
rocks are called "intrusive." Many intrusive
igneous rocks cool slowly enough that the
minerals grow into visible crystals. There is only
one kind of igneous rock in the Park.

Granodiorite is an intrusive igneous rock that
is similar to granite, except that it contains
slightly less quartz and slightly more iron and
magnesium. There are four different
granodiorite intrusions in the Park. They are
uniquely identified by variations in the size and
relative percentages of the minerals plagioclase,
quartz, biotite, and hornblende. Most of the
intrusions are "porphyry" (have large crystals
in a finer-grained ground mass).

Sedimentary rocks.
Sedimentary rocks are aggregates of minerals or
rock fragments eroded from older rocks, of
precipitated minerals, or of organic material.
They are classified according to the size and/or
composition of the sediments. There are several
basic types in the Park.

Conglomerate is composed of relatively large,
rounded clasts (pebbles or cobbles) that are
cemented together by a sandy or muddy
groundmass (the filling between the clasts).

Sandstone is composed of sand-sized grains of
rock. Grains are most commonly quartz, but
may be feldspar, volcanic rock, or other tiny
rock fragments. The cement is commonly

quartz, iron oxide, calcite, or clay. Sandstone
exposed within the Park is typically tan, gray,
light brown or reddish brown.

Siltstone is similar to sandstone except that
individual grains are too small to see with the
naked eye, and it generally has a higher clay
content. Residual iron oxide (rust) gives
siltstone in the Park a dark reddish-brown
color. Greenish-gray beds have less oxidized
iron.

Shale is similar to sandstone and siltstone, but
has the smallest individual grains. Clay
minerals are the most common constituent.
Clay minerals are platy, and tend to pack
together in layers, so shale typically breaks into
platy pieces. It is reddish-brown, gray,
greenish-gray, or purple.

Breccia is cemented angular fragments of other
rock. The fragments can be derived from
erosion of pre-existing rock, or from rock that
is crushed in place. In the Park, breccia is
found near some of the faults and around the
margins of several of the igneous intrusions.

Quartzite is densely cemented or welded
sandstone, conglomerate or siltstone.
Sedimentary quartzite forms by infusion of
large amounts of silica (quartz) cement carried
by groundwater. (See also, metamorphic
quartzite, below.) The quartzite in the Park is
primarily sedimentary quartzite.

Limestone is composed primarily of calcium
carbonate, the same material that forms hard
water deposits around your faucets. Calcium
carbonate is secreted by many types of plants,
such as algae, and by animals such as corals
and brachiopods (small sea shells). Most
limestone in the Park was deposited in oceans,
and is light to dark gray or brownish gray.
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Dolomite (or dolostone) is similar to limestone,
except that much of the calcium has been
replaced by magnesium. It is discerned from
limestone by the use of diluted hydrochloric
acid which reacts (fizzes) in contact with
limestone but not with dolomite.

Tufa is similar to limestone in that it formed
by the precipitation of calcium carbonate. It is
deposited by spring water and is light and full
of holes.

Metamorphic rocks
Metamorphic rocks are previously existing rock
altered by intense heat or pressure.
Metamorphism, near the igneous intrusions, has
converted some of the limestone to marble and

some of the sandstone to quartzite. The Mineral
Fork Formation contains clasts of gneiss.

Quartzite is densely cemented or welded
sandstone, conglomerate or siltstone.
Metamorphic quartzite forms by partial melting
and fusion of the quartz grains.

Marble is metamorphosed limestone. It is
white to light-gray, sugary, and easily
scratched with a knife.

Gneiss is high-temperature metamorphosed
rock that looks much like granite except that it
has bands of minerals that "swirl" through the
rock. It is found only in a few boulders in the
Mineral Fork Formation.

Identifying Geologic Formations in Wasatch Mountain State Park

The tables that follow describe bedrock formations in Wasatch Mountain
State Park. The information will help you recognize the formations at
locations other than those mentioned in the Road Tours. The formations
are arranged by time with the youngest rocks first. Thicknesses for
intrusive igneous rocks are generally not very meaningful, and have not

been given.
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Geologic Formations in Wasatch Mountain State Park

Formation
(Thickness in feet)

Description

Environment

Where to See

Pine Creek intrusion | light-gray granodiorite porphyry; abundant igneous Tours 2 and 3
crystals of plagioclase, hornblende, and biotite intrusion
"books"
Flagstaff Mountain dark-gray to gray-green granodiorite porphyry; igneous Tour 3
intrusion abundant crystals of plagioclase, some intrusion
hornblende, rare visible biotite
Valeo intrusion dark-gray granodiorite porphyry; very abundant igneous Tours 2 and 3
crystals of plagioclase, lesser amounts of biotite, | intrusion
hornblende, and conspicuous round quartz "eyes”
Clayton Peak dark-gray, medium- to fine-grained granodiorite; igneous glacial debris in
intrusion scarcely visible crystals hornblende, and biotite intrusion Pine Cr./Snake
Cr. Canyons
Twin Creek gray to buff limestone with some beds of shallow near railroad
Formation interbedded shale and limy sandstone marine tracks
(2500)
Nugget Sandstone homogeneous, medium-grained, buff to orange arid, sandy near railroad
(1500) brown sandstone desert tracks
Ankareh Formation lower and upper units are thin beds of red to coastal Tour 1
{1400-1700) purplish-red shale and siltstone; middle unit is mudflats
white, massive quartzite
Thaynes Limestone fine-grained, brown-weathering limestone and shallow Tour 1
{1000-2000) limy sandstone with a middle unit of grayish- marine
green to reddish brown limy sandstone and shale
Woodside Formation j red, dark-red, and purplish-red, thin-bedded coastal Tour 1
(300-500) siltstone, shale, and fine-grained sandstone mudflats
Park City Formation light-gray to buff, sandy and cherty limestone shallow Tour 1
(800-1000) with some interbedded limy sandstone and black | marine

shale

Weber Quartzite

gray to buff quartzite and quartzitic sandstone

edge of deep

Tours 1, 3, and

(1500-8000) with minor, interbedded cherty limestone ocean basin | 4
Round Valley pale-gray limestone with sparse nodules of white | shallow Tour 4
Limestone to orangish-red chert and silicified orangish-pink marine
(300-600) fossils; some beds of sandstone
Doughnut Formation | black shale grading upward into thin-bedded, dark | shallow Tour 4
(400-900) gray limestone similar to the Great Blue marine

Limestone.
Great Blue Limestone | thin-bedded, dark-gray limestone with interbedded | shallow south of Tour
(about 2800) black shale and sparse beds of quartzite; marine 1, Tour 3

weathers light gray; (partially equivalent in age to
the Doughnut Formation)
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(est. 1000-2000)

limestone.

Formation Description Environment | Where to See
(Thickness in feet)
Humbug Formation gray cherty limestone interbedded with buff- shallow Tour 4
(about 600 feet) colored, limy or quartzitic sandstone marine;
‘ some inland

erosion
Deseret Limestone light- to dark-gray limestone and dolomite with shallow mouths of
{600-900) abundant lenses and thin beds of chert; weathers | marine Snake & Pine

brownish gray; chert weathers black to brown Creek Canyons
Gardison Limestone thick-bedded, bluish-gray to medium-gray shallow Tour 3
(about 500) dolomite with upper beds of thin-bedded, marine
fossiliferous limestone

Fitchville Formation medium- to light-gray dolomite shallow near Cascade
(25-120) marine Springs
Ophir Formation greenish-brown to brownish-yellow sandy shale mud flat and | near Cascade
(300-400) with limestone and thin beds of sandy quartzite shallow Springs

marine
Tintic Quartzite white quartzite with some gritty to pebbly beds; beach and Tours 1 and 3
(about 1000) weathers buff or light brown coastal plain
Mineral Fork dark olive green sandstone with unsorted cobbles | glacial Tour 3,
Formation and boulders of quartzite, gneiss, granite, and deposit Stop 8

Big Cottonwood
Formation
(1000-1500)

sandy and pebbly quartzite with minor beds of
sandstone and greenish shale; {is up to 16,000
feet thick regionally)

streams and
rivers in a rift
valley

near railroad
tracks
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