


FOREWORD

Preparation of this bulletin commenced in January 1964, with library research. It was followed by two
summers of detailed field investigation in which an effort was made to visit every known prospect pit, and
during which time exploration companies contributed generously from their fund of subsurface data. The authors
have been through the throes of writing and rewriting, or reinterpreting structural pictures, and the vicissitudes
of editing.

Without the patience and understanding of the authors, this bulletin would not have been possible. If, in
its final form, it is not precisely what the authors had in mind, I, the UGMS Director, in the interest of having
it published without further delay, assume full responsibility.

To all who have contributed to it, the authors, outside contributors, and particularly to the UGMS
editorial staff—editors, illustrators, and design assistants, I express my thanks, and in their behalf I express the
hope of the Utah Geological and Mineralogical Survey that this Bulletin No. 85, Land and Mineral Resources of
Sanpete County, Utah, will be of benefit to the residents of Sanpete County.

William P. Hewitt
Director
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LAND AND MINERAL RESOURCES
OF SANPETE COUNTY, UTAH

by Alan R. Pratt! and Eugene Callaghan?

ABSTRACT

Sanpete County has extensive mineral resources
for use as dimension stone, road construction ma-
terials and chemical minerals. Further investigation
of fossil fuels should be encouraged; evidence of gas
has been found, and coal mining was a pioneer indus-
try. Deep oil testing preceded by an understanding of
the complex geologic structures should be under-
taken. Arable land and groundwater, properly man-
aged, could be put to better use. The human re-
sources of the county could be developed with
introduction of new industries and better manage-
ment of the old ones. The spectacular scenic values
and possibilities for recreational development should
be explored.

SUMMARY AND RECOMMENDATIONS

It will be obvious to the reader that this inves-
tigation is in the nature of a reconnaissance, and, in
fact, the principal recommendation is that all facets
brought out in this investigation be subjected to
much more intensive study and analysis.

Factors worthy of further study in Sanpete
County are environmental conditions as they would
affect new people and new agricultural and industrial
ventures. Facts about the soil and the geologic and
scenic features are known. Facts about the climate,
warm and dry in the summer and briefly cold and
crisp in the winter, are on record even though no
particular effort has been made to exploit them. The
availability of water, variable in quality and quantity
as it is, and the regulation of its use, are factors of
prime importance. Industrial minerals, heretofore used
in many enterprises ranging from construction of
streets, roads and buildings to a frontier coal mining
industry to the feeding of poultry, warrant extensive
study. Minerals useful in chemical industries in partic-
ular should be investigated in connection with poten-
tial industries which may be introduced to the
county. Locations of specimen minerals of interest to
collectors should be made note of by those thinking
of developing the recreational potential. Information
about all of these features and more has been assem-
bled and presented in the following pages in the

1. Former field chief, Utah Geological and Mineralogical Survey;
presently medical intern at Sacred Heart Hospital, Spokane,
Washington,

2. Associate director, Utah Geological and Mineralogical Survey.

hope that it will be useful to government agencies,
planners and potential investors of money and man-
power in Sanpete County.

In spite of the preoccupation with the physical
features of Sanpete County, the most important re-
source of this area is its people.

If it is important that a community prosper, it
is important to provide reasons for people to live and
work in the community. To make this community a
pleasant place to be, recreation must be taken into
account. Residents aside, recreation as an industry is
worth considering. Sanpete County lies in a strategic
location, between the national parks of southern
Utah and Salt Lake City. Recreational activities that
make people stop—skiing, rock-hunting, camping,
hunting, fishing, photography — are all potentially
profitable for the county and could be made more
0. An extension of this concept is the development
of the area as a desirable place to retire to. For
many reasons—the dry, warm climate, the clean air,
wide open spaces with no bumper-to-bumper traffic,
the rural atmosphere—many people of retirement age
like to live in such an environment. Whatever their
income or requirements, whether a condominium
apartment facility, a closely knit community with
golf course, shuffleboard and a swimming pool, or an
acreage, they would spend money in the county,
money that did not cost the county anything. Other
states in the Southwest with less to offer have been
eminently successful in this area.

In making best use of the resources of Sanpete
County with the minimum of damage to and waste of
these resources, the importance of cooperation among
public and private groups cannot be overemphasized.
Experience elsewhere has shown that neither govern-
ment alone nor private organizations alone can do an
adequate job. A workable balance seems to be one
where government agencies (U. S. Forest Service,
Bureau of Land Management, Soil Conservation Ser-
vice, Water Pollution Commission, State Highway
Department, State water resource and flood control
agencies, county road and industrial control agencies,
planners and all the others) provide information, ad-
vice, a long-range point of view and regulatory con-
trol (occasionally in the form of money), and private
and citizens’ organizations (chambers of commerce,
conservation groups, private industry, subdividers, in-
vestors, and just people) provide the ideas, the initi-
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ative, the drive, and the money for planning and ex-
ecution of community and private projects.

The tried-and-true and the traditional all have
been tried in Sanpete County, often successfully, but
human resources diminish and times change, and
what worked well when the pioneer farmers and coal
miners entered the valleys in the mid-nineteenth cen-
tury is losing out to changes in our society. Loss of
population and income in the county are messages
written on the wall in letters too large to be ignored.

BACKGROUND INFORMATION
ON SANPETE COUNTY

Vital Statistics

In this section of the report, salient statistics,
taken in part from an unpublished profile of Sanpete
County by the Bureau of Business and Economic
Research, University of Utah, are presented to show
the present status of the human response to the geo-
logic environment. This is followed by summary
statements of findings with respect to each of the
categories of resources with recommendations for
their further investigation and development.

The people of Sanpete County have followed
the national tendency of rural to urban shift, largely
by migration of younger people, so that whereas in
1940, 23.5 percent of the population was 45 years
of age or more, in 1960, 35.7 percent was in this
age group. Agricultural employment dropped between
1950 and 1964 and nonagricultural employment in-
creased. In the 1960 census, the male labor force is
given as 2,693 and the female labor force as 936. The
enrollment in county schools fell from 4,230 in 1940
to 3,084 in 1964, but expenditure per student
increased from $75.26 to $401.08. In 1960, 74 per-
cent of the population had more than a ninth grade
education.

Total assessed valuation of property increased
from $11,286,004 in 1950 to $12,721,378 in 1964.
In 1962, personal income sources were labor 49 per-
cent, proprietorship 16 percent, property 18 percent,
and transfer payments (pensions, welfare, etc.) 17 per-
cent. Of total wages, government employment
accounted for 35.4 percent, trade 10.7 percent, farms
13.8 percent, manufacturing 19.4 percent, and other,
20.8 percent. In spite of the population drop, retail
sales increased from $8,260,000 in 1954 to
$9,694,000 in 1962.

i

Power facilities in Sanpete County are provided
by municipal plants in Fairview, Mount Pleasant,
Spring City, Ephraim and Manti. Utah Power and
Light Company maintains a 138-KV transmission line
across the southwest edge of the county and a
46-KV distribution system in Sanpete and central
Sevier valleys with connections to the municipal
plants (figure 1).

Maps

Most of the county will be covered by a series
of maps in preparation by the U. S. Geological
Survey. These maps, drawn to a scale of 1:24,000,
will be immensely valuable in the study of geologic
formations, engineering structures, plant sites, drain-
age, water supply and property lines. Already avail-
able are planimetric maps published by the U. S.
Forest Service, Soil Conservation Service and Bureau
of Land Management, and the Utah State Highway
Department, and topographic maps on a 1:250,000
scale by the U. S. Geological Survey

The distribution of geologic formations in San-
pete County is shown on the Geologic Map of Utah
(Stokes and others, 1963). Figure 2 is an index map
and a map showing areas owned by the state.
Detailed maps of small areas appear in several publi-
cations cited at the end of this report.

History Since 1849

The colonists were first attracted by the water
and the land of Sanpete Valley, well suited to live-
stock and grain crops. The discovery of coal west of
Wales in 1859 brought the Sanpete Valley railroad
from Nephi in the early 1870s; it reached Manti in
1893 and the Morrison coal mine near Sterling in
1894. The Union Pacific and Central Pacific railroads
were joined in 1869, and the Denver and Rio Grande
Western reached Salt Lake City in 1883. The Sevier
Valley branch of the Rio Grande was started at
Thistle in 1890, reached Manti in 1891, and contin-
ued on through the county, reaching the vicinity of
Marysvale in Piute County in 1896.

Manti, the county seat, was incorporated in
1851, and Sanpete County was organized in 1852.
By 1853 the white population was 765 and by 1895
it was 15,538. Exact population figures are given in
table 1. In 1898 there were 1,540 farms; in 1959
there were 999. Improved land totalled 60,000 acres
in 1898 of which 35,000 acres were cultivated and
25,000 in meadow. Most of this land was irrigated
by 31 canal and ditch companies. In 1959, 57,030
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Table 1. Population of Sanpete County, 1900-1965

Year Population
1900 16,313
1910 16,704
1920 17,505
1930 16,022
1940 16,063
1950 13,891
1960 11,053
1965 11,100
(est.)

acres were reported as cropland harvested. The wool
clip was 3 million pounds compared with 1.3 million
pounds in 1959,

Lever (1898, p. 35) states that exploitation of coal
deposits was an important factor in the growth and
development of the county. In 1894 five active coal
mines supplied the Salt Lake area. Stone quarrying
was begun for construction of the Manti Temple and
continued intermittently.

11

Town Population
Ephraim 1,801
Manti (county seat) 1,739
Mount Pleasant 1,572
Gunnison 1,059
Moroni 879
Fairview 655
Fountain Green 544
Centerfield 475
Spring City 463
Mayfield 329
Fayette 161
Sterling 137
Wales 130
Persons per sqg. mi. 6.9

The history of the county since the turn of the
century to the twenties was marked by stability, and
by population decline since. These changes reflect
changes in the pattern of agriculture. Sugar beets
were introduced and a sugar factory built in 1917 in
Moroni and dismantled in 1937. The sugar factory at
Gunnison was opened in 1919; it closed in January
of 1961. In spite of high sugar content of the beets,
the short growing season limited production to the
point that operation of the sugar plants was unprofit-
able. Livestock continue to be the main money crop.




Utah Geological and Mineralogical Survey, Bulletin 85, 1970

Sheep have declined and cattle increased. Turkeys are
the main source of agricultural income now (table 2).

ROCK UNITS AND GROUPS

The purpose of this discussion is to provide a
geologic background and environmental concept of
land and mineral resources as an aid in understanding
the economic characteristics of the resources and the
landscape. The reader should consult the cited refer-
ences for detailed descriptions and interpretations,
particularly Spieker (1946, 1949), Dutton (1880) and
Keroher (1966). The results of all available work
bave been compiled in the four sheets of the Geo-
logic Map of Utah (Stokes and others, 1963). Figure
3 shows the generalized regional correlations through
Sanpete County and figure 4, the Cretaceous-Tertiary
stratigraphy through the Green River Formation of
the region north and east of Sanpete County. Figure
5 gives four structural cross sections through Sanpete
County.

Jurassic

Two formations contain Jurassic rocks, mostly
of sedimentary origin. The Arapien Shale, which cor-
relates with the Carmel of the standard Colorado
Plateau section and the Twin Creek of the Wasatch
front, is divided into two members, the lower Twelve
Mile Canyon, and the upper Twist Gulch (figure 4).
The second formation, the Morrison, forms a ridge
west of Sterling.

These rocks of Jurassic age are important eco-
nomically in Sanpete County as the source of salt in
the Redmond Hills and as a possible source of
gypsum and shale which in the future may be used
commercially., The salts contaminate groundwater, and
water in contact with or derived from Jurassic rocks
may be unfit for some uses.

Stratigraphic units older than the Arapien Shale
have been penetrated by petroleum test wells in the
neighboring counties to the east, south and west. It
can be assumed with considerable assurance that the
Navajo or Nugget Sandstone, the formation immedi-
ately beneath the Arapien Shale, underlies the entire
county, and that the older Mesozoic formations,
many units of Paleozoic age and the Precambrian
basement extend throughout the county at great
depth.

Cretaceous

In the Cretaceous rocks, the striking feature is
a stratigraphic and structural transition (Spieker,

1946, 1949) between the west and the east parts of
the county roughly along the central Sevier and San-
pete valleys (figure 4). Coarse clastics (conglomerate
and sandstone) dominate the Indianola Group, equiv-
alent in age to sandstone and shale which are in part
of marine deposition, in the Wasatch Plateau. Various
units in the Indianola are separated by angular un-
conformities and are sliced by thrust faults. The vari-
ations in structure and stratigraphy are interpreted to
mean that the region west of Sanpete County was
tectonically active in Cretaceous time and supplied
clastic sediments rapidly to a subsiding basin of dep-
osition. Irregularities in the rates of relative uplift
and subsidence provided breaks in the pattern of dep-
osition of sediments, and unequal pressures on blocks
of sediments provided the conditions for thrust fault-
ing. Thrusts of deep-seated origin affected the older
rocks and the newly formed sediments (Roberts and
others, 1965, p. 1926-1956).

Armstrong (1968, p. 429-458) designated this
early Cretaceous structural disturbance the Sevier
Orogeny, and included the westernmost part of San-
pete County in the Sevier orogenic belt. Movements
on the thrusts for the most part were completed by
Upper Cretaceous time.

Rocks of Cretaceous age are important econom-
ically in Sanpete County for large coal deposits and
for potential petroleum and natural gas. In the Joes
Valley gas field, natural gas has been obtained from
the Ferron Sandstone Member of the Mancos Shale
and from the Dakota Sandstone. The North Horn
Formation near Wales and the Six Mile Canyon For-
mation near Sterling yielded coal. Coal occurs in
limited outcrops of the Blackhawk in the south-
eastern corner of the county and in the Blackhawk
Formation east of Mount Pleasant.

Tertiary

Deposition was continuous in the North Horn
Formation from Upper Cretaceous into Paleocene
time. In Upper Paleocene (Flagstaff) and Eocene
(Green River) time the region which had been so
active in Cretaceous time became sufficiently quiet to
permit lake basins to occupy all of Sanpete County.
Variable tectonic activity continued in the Upper
Tertiary, and smaller basins formed and received sedi-
ments. Near the end of the Tertiary or in the begin-
ning of the Quaternary, Basin and Range-type fault-
ing broke the area into longitudinal blocks which
were variably uplifted and depressed, leading to the
configuration of the landscape we now see. These
movements are continuing as shown by Recent fault
scarps along the west side of the Gunnison Plateau in
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Table 2. Status and categories of the land and means of livelihood in Sanpete County.
Area: 1,022,000 acres or 1,597 sq. mi. (U.S. Census)

a
sq. mi. percent

Federal land
Bureau of Land Management 260 16.3
National forests 648 40.
Coal land withdrawals 36 2.3

State land
Surface and mineral rights 49 3.
Mineral rights only 35 2.

Private land 569 35.

100.

[=)]

Qo N O

Agricultural land
Area of alluvial cover
Central Sevier Valley 100
Sanpete Valley 225

1959 1954
acres percent acres percent

Land in farms 654,132 667,457
Total area in farms 64.0 65.3
Cropland harvested 57,030 66,365
Cropland harvested to total farmland 8.7 9.9
Cropland pastured 19,189 14,972
Cropland not pastured or harvested 18,832 16,698
Total cropland 95,051 98,035
Irrigated land 59,519 72,301

Value of Agricultural Products Sold 1959 1954
All crops $ 736,368 $ 800,746
All livestock and livestock products 10,879,666 8,810,632

All farm products $11,616,034 $9,611,378

Percent of Agricultural Income 1959
Turkeys 34.
Beets 21,
Sheep and wool 18,
Dairy 14,
Crops 4,

[ R = I Y

Manufacturing 1963
Establishments

(3 with more than 20 employees) 17

Number of employees 214

Value added $1,631,000

a Approximations arrived at by the use of a Compensating Polar Planimeter.
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Figure: 3. Stratigraphic diagram from Great Basin to Colorado plateaus through Sanpete County showing generalized regional correlations
(after Spieker, 1949, figure 2).
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Juab County and at the north end of the Pavant
Range in Millard County and by recorded, though
infrequent, earthquakes (figure 6).

Quaternary

The unconsolidated or partly consolidated Qua-
ternary sediments that fill central Sevier and Sanpete
valleys and the smaller basins are valuable as reser-
voirs for groundwater and as sources of sand, gravel
and borrow material for construction purposes. The
soil cover on these sediments provides the base for
all agricultural activities except grazing and forest
crops.

The main valleys owe their configuration to tec-
tonic activity; they probably are still depressed rela-
tive to the adjoining highlands and provide recepta-
cles for the debris eroded from the highlands. The
process, started during Pleistocene time prior to the
highest stage of Lake Bonneville, is still in progress as
shown by the many floods recorded in the past 100
years. In Sanpete Valley and the smaller basins,
floods deposit boulders and coarse sediment in allu-
vial fans at the point where the stream reaches the
valley and carry the finer materials into the further
reaches.

Much of the crest of the Wasatch Plateau has
an elevation of 10,000 feet or more and was exten-
sively glaciated in Pleistocene time. The heads of the
canyons were rounded out into horseshoe-shaped basins,
some of which contain ponds and morainal debris on
broad, sloping floors.

STRUCTURAL ARRANGEMENTS
AND MODIFICATIONS

Explanatory Statement

The brief description of the complex structures
given here includes interpretation and is limited to
generalizations which will be modified or changed as
knowledge becomes more precise (table 3 and figure

7).

Tertiary and Quaternary Structures

The high plateaus, Wasatch, Gunnison and
Valley Mountains, mainly Paleozoic, and the central
Sevier and Sanpete valleys comprise the most obvious
features of Sanpete County. The Cedar Hills (Moroni
Upland) emerge from the Sanpete Valley and rise
toward the adjoining Wasatch Range. Tertiary rocks
and Quaternary sediments have collected in the San-

pete and central Sevier valleys after having for the
most part been stripped by erosion from the uplifted
areas.

The central Sevier Valley is an elongate struc-
tural depression. Tertiary formations dip toward the
valley on both sides and disappear beneath the Qua-
ternary valley fill which is as much as 600 feet deep.
Young and Carpenter (1965, plates 1 and 3) state
that the portion of the valley in Sevier County is
bounded by faults on both sides as the amount of
downwarp exceeded the amount of depression that
could be accommodated by bending of the strata. In
Sanpete County, faults may continue along the face
of the Valley Mountains but possibly not along the
opposite side of the valley. The strip of Jurassic
rocks of the Redmond Hills is interpreted by Young
and Carpenter (1965, plate 1) as a narrow wedge
thrust upward through the Tertiary section.

Sanpete Valley is an elongate depressed trough
filled with Quaternary sediments to a depth of more
than 500 feet in the Ephraim—Manti area with bed-
rock exposed at both ends of the valley west of
Sterling and north of Fountain Green (figure 8). An
arm of the valley containing the towns of Mount
Pleasant and Fairview branches to the north and ter-
minates against a ridge of bedrock separating it from
the Indianola Valley at the north end of the county.
The valley fill in this arm is shallow and hills of bed-
rock project through it. It appears that the westward
dip of the Wasatch Monocline at the east side of the
valley continues beneath it and into the Cedar Moun-
tains on the west side.

The main portion of Sanpete Valley follows the
arcuate escarpment of the Gunnison Plateau. On the
east side, Tertiary formations dip west into the valley
and disappear beneath the Quaternary valley fill. This
situation provides optimum conditions for artesian
groundwater storage beneath the vailey, On the west
side of the valley conditions are strikingly different.
The North Horn Formation dips west in the lower
part of the escarpment, but at the margin of the
valley the Price River Formation is turned up verti-
cally in places (figure 4). Outcrops of beds of the
Indianola Group accompany the Price River, and out-
crops of the Arapien Shale and Twist Guich Forma-
tion appear intermittently. These outcrops of Jurassic
rock appear to be continuous with the belt of
Arapien Shale that appears at Gunnison Reservoir and
continues south into Sevier County. Gilliland (1963,
p. 115-124) has interpreted this structure to be a
highly compressed anticline. The writers suggest an
alternative interpretation of a thrust fault zone to
account for the marked facies change between the
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Table 3. Stratigraphic column, Sanpete County.

Adapted from:

AGE ROCK UNIT SYMBOL GROSS LITHOLOGY THICKNESS
e (feet)
Upper Tertiary Axtell TQa Poorly indurated conglomerate of pebbles, cobbles, 0-200
(Sevier River) (Tsr) and boulders derived from all,
Middle to (Moroni) T,ap Complex of poorly indurated sediments consisting of 2,050
Upper Tertiary volcanic clastics and quartzite ranging from pebble
to large boulder in size. Rare volcanic bedrock out-
crops occur,
Upper Eocene Dipping Vat Tav Complex of pyroclastics, sandstone, limestone, 200
(Gray Gulch) (Tgg) bentonites, agglomerate
Upper Eocene Crazy Hollow Tch Sandstone, siltstone, shale, local conglomerate 600-1,000
sandstone orange to red and salt and pepper.
Eocene Goldens Ranch Tvg Voleanic conglomerate, welded tuff, minor flows and 625-725 (?)
limestone.
Lower to Green River Tgr Cream to tan limestone, some oolitic: blue grey to 100-4,250 (?)
Middle Eocene light blue shale; some siltstone and sandstone.
Paleocene (?) Colton Tc Sandstone and shales in shades of reds, browns, 300-1,000
lavender and bluish grey, 1,600 maximum
Paleocene Tlagstaff Tf Freshwater limestone, dark grey to cream and light 300-1,500
tan unfossiliferous, some lithographic; some dark
grey, fossiliferous. Minor gypsum, volcanic ash,
oil shale, and conglomerate.
Paleocene — North Horn TKnh Buff sandstones: red, grey, green shales; calcar- 400-3,000
Upper Cretaceous eous siltstone, limestone; coal; minor oil shale and 9,000 maximum
conglomerate.
r Price River Kpr Grey, buff, and red conglomerate, sandstone, minor 600-1,300
g shale.
e .
Castlegate o Ke Light colored sandstone (considered to be basal 200-350
% Price River).
o
>
Black Hawk @ Kbh Sandstone, shale, coal. 900-2,100
]
Star Point 2 Ksp Buff to grey massive sandstone and minor black shale, 250-1,100
South Flat Ksf Upper member contains sandstone, limestone, coal, 2,854
Lower two members contain conglomerate and sand-
stone,
%)
=
Masuk 1 § Kms Blue black to grey sandy shale with thin sandstone 0-1,300
2 ’E beds.
388
Upper Cretaceous < Emery o 'E 8 Ke Buff massive to thin bedded sandstone. 250-1,600
o
Bluegate r' 3 %‘ %", Kmbg Pale blue-green shale with thin sandstone, 0-1,800
£5 8
] =
Ferron =3 & K Buff to white sandstone with grey sandy shale; lo- 100-1,000
5 s cal lenticular coal.
FR
T
Tununk J &= Kmt Blue grey toblack shale with many sandstone layers. 0-600
Dakota Xd Brownish grey, conglomeritic sandstone, 0-400
Six-mile I . Ksx Buff to grey sandstone andconglomerate local coal, 2,700+
3078 Xiu
383
Funk Valley {5 k] 2 Kfv Buff to brown limestone; grey shale; local conglomer- 2,250
R kil ate.
A
g 2 15
AllenValley | & 3, &  Kav Grey marine shale. 620
EEE
L Sanpete Kspt Buff to grey sandstone; conglomerate; minor shale, 1,350
Jurassic Morrison Jm Varicolored shale, sandstone and conglomerate; 1,800
5 = white freshwater limestone.
=R
3y £
Summerville gg i’ g Jsu Chocolate to reddish ~brown sandstone and shale, 125-331
guQ © Some gypsum and minor limestone.
SiVs
Curtis ';Ié Q 'c g- Jeu Grey green conglomerate and shale and grey sand- 76-253
. e oR stone.
Upper Jurassic 2% %rg
Entrada i °ET Te Red shale and sandstone; massive red-brown sand- 265-844
“3398 stone,
3 e 2
Twist Gulch Jtg Siltstone, dark red; sandstone, white to grey. 3,000
T~
Jurassic Arapien - o & Ja Red to grey shale, siltstone, sandstone and lime- <3,000f
S, g 5 stone; local rock salt and gypsum.
50
o
Jurassic - Navajo }O 50 Jna Red, massive, cross bedded sandstone 400-1,000
Late Triassi¢ 88 e
Su2
20
ez
3 &

Gilliland (1963), Keroher (1966), Spieker (1949}, Utah Geological and Mineralogical Survey, Geologic
Map of Utah (Stokes, 1963), Vogel (1957), and Walton (1954).
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Mancos section found in the petroleum test well at
Moroni (see petroleum section of this report) and the
undifferentiated Indianola Group in the Gunnison Pla-
teau only four miles away. It is further suggested
that a concealed normal fault terminates the west-
dipping Tertiary formations near the west side of the
valley, providing a western limit to the artesian
groundwater reservoir beneath the valley.

Pre-Tertiary Structures

Formations older than the Tertiary are exposed
only in limited outcrops and have been penetrated by
a few test wells. Structural arrangements and modifi-
cations in Sanpete County can be interpreted from
the characteristics of sediments, exposed discontinu-
ities and well records. Observations made outside of
the county are useful, supplying explanations of con-
ditions in concealed areas. For a general review of
structural history in this area, the reader is referred
to Stokes and Heylmun (1958, p. 1-37) and Eardley
(1963, p. 19-29). The accounts of Spieker (1946, p.
142-160; 1949, p. 39-81; 1954, p. 9-13) apply more
specifically to Sanpete County; the cited references
describe local structural situations. Roberts and others
(1965, p. 1926-1956) have drawn particular attention
to prevalence of thrust faults in the Great Basin and
its marginal areas.

WATER RESOURCES
Introductory Statement

Water is in good supply in Sanpete County. All
available supplies are covered by water rights, and
those contemplating agricultural or industrial develop-
ment should take into account purchase of suitable
water rights. Supplies in the portion of central Sevier
Valley in Sanpete County may be regarded as
limited, but according to Marsell (1958, p. 32),
“Because of the great size of the groundwater reser-
voir in Sanpete Valley, both the alluvial source,
already partly developed, and the relatively new
source of artesian water from the underlying bedrock,
present production can be more than doubled with-
out endangering whatsover the potential groundwater
supply.” With careful management, the supply of
water could accommodate industrial expansion.

The entire drainage area of the San Pitch River,
a major tributary of the Sevier River, and a portion
of the Sevier River are included in the county. Num-
erous permanent and intermittent streams descend
into the central Sevier and Sanpete valleys from the

Wasatch Plateau, and intermittent stream courses
enter the valleys from the Moroni Upland (Cedar
Hills), Gunnison Plateau and Valley Mountains. In
recent years the San Pitch River has been dry below
Gunnison Reservoir.

The Wasatch Plateau annually intercepts as
much as 40 inches of precipitation, much of which is
stored as snow for a considerable part of the year
(Normal annual precipitation map, 1931—-1960, Utah
State Engineer and Utah Water and Power Board).
Average precipitation on the Gunnison Plateau is 25
inches; in the valley bottoms it averages 12 inches or
less. The frequent summer thunder showers add little
to the total water supply. As shown on the mean an-
nual runoff map by Bagley (1964, p. 55), 40 inches
of precipitation provide an average of 20 inches of
runoff, and 25 inches, 8 inches of runoff. Annual
precipitation of 12 inches or less yields essentially no
runoff. The rise in groundwater level in Sanpete
Valley in the last few years (Robinson, 1965, p. 65)
is attributed to increase in annual precipitation. An-
nual losses from evapotranspiration are estimated at
21,000 acre-feet for the Redmond-Gunnison basin,
30,000 acre-feet for the Gunnison-Sevier Bridge Res-
ervoir basin (Young and Carpenter, 1965, p. 49) and
80,000 acre-feet for Sanpete Valley (Marsell, 1958, p.
32).

The earliest comprehensive report on under-
ground water supplies in Sanpete County including
central Sevier and Sanpete valleys is that by Richard-
son (1907) who described the possibilities of artesian
supplies in the bedrock. The groundwater conditions
in the central Sevier Valley are covered by Young and
Carpenter (1965). Sanpete Valley is not included in
these recent reports but brief reviews on Sanpete
Valley by G. B. Robinson appear in Cooperative
Investigations, Report No. 2 (1964) and No. 3
(1965) published by Utah Water and Power Board. A
brief but informative account by R. E. Marsell
appears in the 6th Biennial Report of Utah Water
and Power Board (1958, p. 28-36). Sanpete Valley is
currently the subject of intensive groundwater investi-
gations by G. B. Robinson. During the summer of
1964 the senior author examined many of the springs
described by Richardson (1907), additional springs
located by the U. S. Forest Service and the U. S.
Geological Survey, and many others not previously
mapped or described. Locations of these springs are
listed in table 4, Temperature and discharge data on
the springs are taken from the cited references, from
Stearns and others (1937, p. 182) and the writer’s
observations.
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Table 4. Springs in Sanpete County.

Location Discharge Location Discharge
& g 2 g
[7) = & 2] Q = i
JdslEle | S| 5| o el E1E] S| 5| s
S|Efe]gl 8] & il Kl I O A
SW 6 125 3E U.S.F.S. SE 26 148 2E Richard 190
SE 10 128 3E Trickle U.S.G.s. NW 27 14S 2E 018 Ulcsargso%( 7
SE 10 128 3E Trickle U.S.G.S. SW 27 145 2E U.S. F.S.
NE 22 12§ 3E U.S.F.S. SE 27 14S 2E U.S.F.S
NW 27 128 3E U. S. G. S. NE 34 14S 2E U:S:F.S
SwW 32 128 3E U.S.F.S. SW 34 148 2E U. S G.S
NE 34 125 3E U.S.F.S. NE 12 14S 3E U.S. G.8
NE 7125 4F U.S.F.8. SW 14 145 3E U.S.F.S.
S g igg ig g g }? : NE 23 148 3E 12 Richardson (1907);
-S.F.S. U.S. G. S.
SW 8 125 4E U.8.F.8. SW 11 14S 4E 0.25% Richardson (1907)
SwW 5 128 SE U.S5.G.S. SE 22 148 4E 0.15% Richardson (1907)
SE 4 125 6E U.S.F.S. NW 27 14S 4E 0.2  Richardson (1907)
Nw 1 135 2E U.5.F.S. NW 27 145 4E 0.27 Richardson (1907)
Sw 1 135 Z2E U.s. G. s. NW 27 145 4E 1.5 Richardson (1907)
SwWo 1 135 2E U.S.G.S. SW 28 148 4E 0.61  Richardson (1907)
NE 14 135 2E Disc. in field NE 2 158 2E Richardson (1907)
NW 4 13S 3E U.Ss. G. S. SW 9 158 2E U.S.F.S
Nw 6 138 3E U. 8. F.8. Nw 132 155 2E 0.35 Richardson (1907);
NW 13 13S 3E  Dry 9/13/64 U, S. G. S. Stearns et al '
SE 18 138 3E Disc. in field (1937): U.5.G.S
NE 22 138 3E U.S.F.S. w 138 ichardson (1907)
NE 25 135 3B U s F s S 137 155 2E 0.08 Richardson (1907);
SW 27 138 3E U.S.G. s. (Sltssﬁs stal-
SE 2 138 4E 0.6 Richardson (1907) NW? 242 .
? 2 . :
NE 11 138 4B 12.1 Richardson (1907) 4 158 2E 0.45 Richardson (1907);
+ Stearns et al.
SE 11 13S 4E 20— Richardson (1907) (1937): U.S.G.S
NW 12 138 4E 12.1 Richardson (1907) SE - 26 158 2F 5E Disc. in field
NW 17 135 4E . U.S.G.S. NE 27 15§ 28 3~ Disc. in field
SW 29 13S 4E 3— Disc. in field NE 27 158 2E ]_oi Disc. in field
gg" 2 igg gg g g 11:: 2 SW 4 158 3E 2.4  Richardson (1907);
-8.F.8. U.S.F.S.
SW 7 13S 5E Disc, in field NE 5 i
NE 10 13S SE U.S.F.S. SW 25 iﬁﬁ §§ 0.6 %lc};arcé;soré (1907)
Sw 11 138 SE U.8.F.8. NW 3 158 4E 0.21 Richardson (1907)
NE 11 135 SE U.S.F.S. SE 5 158 4E  20= Richardson (1907)
SW 14 135 SE U.S5.F.S8. SE 5 158 4E 270% Richardson (1907)
NW 16 135 SE U.s.F.S. SW 7 158 4E 3.8  Richardson (1907)
NE 17 .135 SE U. 8. F.S. NE 8 158 4E 0.9  Richardson (1907)
Nw 17 138 5E U.S.F.S8. NW 11 158 4E  20% Richardson (1907)
NE 19 135 SE U.S.F.5. SE 12 158 4E 2.3? Richardson (1907)
SW 20 13S 5E U.S.F.S. SE 18 15S A4E U. 8. C. S
NW 21 138 SE U.S.R.S8. SW 29 158 4E s Richardson (1907)
NE 32 138 5E Trickle Disc. in field SW 29 15S 4E 16 Richardson (1907)
NW 2 148 2E 12.37 %ic};ardéoyww): SW 29 155 4E 27 , Richardson (1907)
. 8. G. SE 30 158 4E s Richardson (1907
NW 9 14S ZE U.8.G. S SE 31 158 4E 44 Riihiidioﬁ E1907;
SE 11 14S 2E U.8.G.8 NW 32 158 4E 30 Richardson (1907)
NE 21 148 2E U.S8.F.S8 SW 32 158 4E 20% Richardson (1907)
NW 21 145 Z2E U.S8.F.S NW 36 155 4E 20 Richardson (1907)
SE 21 148 2E U.S.F.S SW 6 158 5E 40 Richardson (1907)
Sw 21 148 2E U. 8. G. 8. SE 30 158 S5E %+ Richardson (1907)
NE 23 14S 2E 1.53 Richardson (1907) NE 5 16S 2E 25: Disc. in field
NW 5 16S 2E 25T Disc. in field
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Table 4. continued

Location Discharge Location Discharge
o, [o}
:é o) § i (] o § &
< 5,3 %: %, % g Source NE g % % E Source
e =2 -4 0] 0 | wn] & & O el
SE 35 188 2E Seep+ Disc. in field NW 5 16S 2E zsi + Disc. in field
NE 7 185 3E  60- Richardson (1907) NE 12 168 2E 6 (57) Richardson (1907)
NW 177 185 3E 8 Richardson (1907) NE 12 168 2E 6 (Trickle) Richardson (1907)
NW 17a 188 3E 20 Richardson (1907) NE 12 168 2E 6 (3 Richardson {1907)
Nw 17 185 3E 12 Richardson (1907) SW 18 168 2E 10i Disc. in field
NE 20 185 3E 5-10 Disc. in field NE 19 16S 2E 10i U. 8. G. S.
SW 21 185 3E 2-3 Disc. in field NW 19 16S 2E Disc. in field
NW 29 185 3E Disc. in field SW 19 168 2E Disc. in field
Sw 34a 185 3E Disc. in field NW 30 16S 2E 10{ U.S. G. S.
SE 18" 195 1E 8 Richardson (1907); SE 32 168 2E 5~ Disc. in field
Stearns et al. SE 2 168 4E U.S.F.S.
(1937) NE 14 168 4E U.S.F.S.
NE 23 19S 1E 60 Richardson (1907) SE 10 178 1E 10 Disc. in field
NW 1 198 2E 25 Disc. in field SW 11 178 1E 10+ Disc. in field
NW 1195 2E 25 Disc. in field NW 14 178 1 s+ Disc. in field
SE 4% 198 2E (900) Richardson (1907); NE 18 17S 3E Dry Richardson (1907)
Stearns et al. SE 7 17S 4E U.S.F.S.
. (1937) U.5.G.8. SE 8 178 4E U.S.F.S.
Nw 5 198 2E (37) 0.2 Richardson (1907) SW 26 17S A4E U.S.F.S.
SE 5 198 2E 0.25% Richardson (1907) st 192178 1E Young & Carpenter
NwW 9 198 2E 2.2 Richardson (1907) (1965)
SW 18 195 2E 180 . Richardson (1907) sw 13° 185 2 0.61 Richardson (1907);
SwW 18 198 2E O.li_— R%chardson (1907) Stearns et al.
SwW 18 198 2E 0.5= Richardson (1907) (1937)
SE 20 198 2E Young and Carpenter sw 13%188 28 10% Richardson (1907);
(1965) Stearns et al.
SW 20 198 2FE Dry Richardson (1907); (1937)
U. 8. G. S. SW 22_185 2E 10% 1.25% Richardson (1907)
NE 28 198 2E + Richardson (1907) NE 23a 18S 2E 20 Richardson (1907);
SE 33 198 2E + 0.14~ Richardson (1907) Stearns et al.
Sw 36 19S5 2E 10— Disc. in field (1937)
SE 28 198 3E U.S.F.S. SsE 237185 2E 20 Richardson (1907);
SW 32 198 3E U.S. G. S. Stearns et al.
SE 21 198 4E U.S.F.S. (1937)
NE 25 20S 1E Young and Carpenter NE 26 18S 2E 7 + Richardson (1907)
N (1965) SW 33 185 2E 1- Richardson (1907)
NE 4 208 5E 107 U.S8.F.S. SE 34,183 2E L 1.2  Richardson (1907)
NE 11 20S 5E 10— Disc. in field SE 35 188 2E (2500) 5.64 Richardson (1907);
Stearns et al.
(1937)

a. Thermal spring
b. Interpolated Richardson (1907)

23



Utah Geological and Mineralogical Survey, Bulletin 85, 1970

Surface Water

The average annual flow of the Sevier River
near Gunnison is 157,800 acre-feet (1917-1959) and
below Sevier Bridge Reservoir is 173,000 (1911-1959;
Young and Carpenter, 1965, p. 25). Except for 1958,
there has been no outflow of the San Pitch River in
recent years, although some contribution is made
through returned irrigation diversions.

Water is diverted from San Pitch drainage for
irrigation purposes by the Moroni and Mount Pleasant
Canal; storage reservoirs are the Wales Reservoir, Gun-
nison Reservoir northwest of Sterling, Gunnison High-
land Reservoir southeast of Sterling, and Funks Lake
northeast of Sterling.

Downstream and northward from the mouth of
the San Pitch River near Gunnison, the Sevier River
flows approximately seven miles northwest to the
Sevier Bridge Reservoir. This reservoir is approxi-
mately 17 miles long and % to 2% miles wide. When
full its area is 10,120 acres and at an 80-foot depth
contains 235962 acre-feet (Woolley, 1947). The
greater part of the Sevier Bridge Reservoir lies in
Juab County, behind Yuba Dam,

Along its course in Sevier Valley in southwest
Sanpete County above the mouth of the San Pitch
River, the Sevier River receives only intermittent trib-
utary flow from the Valley mountains and the Gun-
nison Plateau. A complex of canals, particularly Piute,
Westview, and Gunnison-Fayette, directs much of the
Sevier basin drainage in this area for irrigation.

Groundwater

The portion of the central Sevier Valley in San-
pete County is divided into two groundwater basins,
the Redmond-Gunnison and the Gunnison-Sevier
Bridge Reservoir. Sanpete Valley is a single enclosed
groundwater basin (figure 8).

Redmond—-Gunnison Basin

Young and Carpenter (1965, p. 17-18) describe
the Redmond-Gunnison basin, which includes the
uppermost two miles of the central Sevier Valley in
Sevier County:

The Redmond-Gunnison basin is a
Y-shaped depression; its northwest leg extends
down the Sevier Valley to about three miles
northwest from Gunnison, and its northeast leg
extends about seven miles up the San Pitch
River northeastward from Gunnison to the Gun-
nison Reservoir. The basin is 12 miles long and
ranges in width from 3 to 8 miles. The down-
stream boundaries are marked by the northern-
most outcrops of the Arapien Shale in the
project area.

Their geologic sections show the basin as under-
lain by the Sevier River or Axtell Formation (figure

5).

Groundwater under artesian conditions occurs
almost everywhere in the alluvium and in the Sevier
River Formation (Axtell) on the west side of the
valley. From west of Axtell north, the artesian area
increases in width as the confining silty clay cover
extends from the river to the east and the west.
About 150,000 acre-feet of groundwater is in storage
in the sand and gravel deposits of the Redmond-Gun-
nison basin, but the amount of water that could be
developed annually during a long period of time
would probably be less than 1,000 acre-feet (Young
and Carpenter, 1965, p. 70-72). Distance to the
water table ranges from 10 to 160 feet.

Gunnison—Sevier Bridge
Reservoir Basin

This groundwater basin is described by Young
and Carpenter (1965, p. 18) as extending from three
miles northwest of Gunnison to the Yuba Dam (Sec.
I, T. 17 S., R. 2 W.) about 18 miles and consisting
of two smaller basins. The upper basin lies in San-
pete County. The alluvium ranges to 500 feet in
thickness near Fayette and consists of fine-grained
material deposited in a lake retained by a bedrock
constriction across the valley as the Sevier Bridge
Reservoir narrows.

Artesian groundwater in the Gunnison-Sevier
Bridge Reservoir basin occurs in large quantities in
the alluvium in the center of the valley floor and in
lesser amounts under water table conditions in the
alluvium and in the Sevier River Formation (Axtell)
at the sides of the valley floor. The observed water
table ranges from 30 to 90 feet below the surface.
The confining material in the artesian area is a silty
clay ranging in thickness from about 20 to 80 feet, a
continuation of the material overlying the artesian
area in the Redmond-Gunnison basin. About 300,000
acre-feet of groundwater are stored in sand and gravel
deposits in the Gunnison-Sevier Bridge Reservoir
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112000’

Figure 8. Geomorphic regions.
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basin. The best aquifers are the beds of sand and
gravel between 40 and 425 feet below the surface.
About 15,000 acre-feet of water could be removed
annually without greatly affecting the flow of the
Sevier River (Young and Carpenter, 1964, p.
72-73).

Sanpete Valley

By definition (Robinson, 1965, p. 61), Sanpete
Valley includes the area north of Nine Mile Reservoir
near Sterling and the Arapien Valley in which May-
field is situated. The wvalley bifurcates north of
Ephraim; the northeasterly arm which includes Mount
Pleasant is nearly separated from the main valley by
breached westward-dipping ridges of the Green River
Formation. The widest part (eight miles) of the allu-
vial valley is at Ephraim.Ridges of bedrock separate
Sanpete Valley from central Sevier Valley. The west-
ward dip of sedimentary beds into and beneath both
portions of the valley provide optimum conditions
for artesian water storage in porous layers of the
Green River and Flagstaff formations, particularly as
the continuous supply of runoff from the high
Wasatch Plateau passes over the exposed edges of
these layers. Faults and associated structures along
the west side of the valley provide a dam against
further westward migration of artesian water, and
escape into central Sevier Valley is blocked by bed-
rock exposures of Green River Formation and
Arapien Shale in the vicinity of Sterling. Alluvial fill
is more than 500 .feet deep in the Ephraim-Manti
area (Robinson, personal communication) and pro-
vides an easily tapped reservoir of groundwater which
is recharged from the drainage along the Wasatch
Plateau front on the east and from the Moroni
Upland and Gunnison Plateau on the west. At the
time of Richardson’s investigation in 1906, the water
level in the valley floor was mostly 0-10 feet and
there was considerable marshland. The water-level
contour map by Robinson (1965, p. 63) shows the
water in the valley fill still close to the surface in
the low parts of the valley.

Robinson reports that in 1964, 1,500 wells in
the valley had an average discharge of 2 gallons per
minute. Total production in 1964 was about 16,000
acre-feet distributed as shown below. Well discharge
in 1965 was reduced to 12,000 acre-feet owing to
above-normal precipitation.
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The 16,000 acre-feet in 1964 were used as shown
below:

Water use Acre-feet
Irrigation 11,600
Public supply (pumped wells) 500
Industry (pumped wells) 400
Domestic, stock and some irrigation
(flowing wells and wells with
small pumps) 3,500
Total 16,000
Groundwater levels in wells in alluvium are

responsive to seasonal changes and to changes in pre-
cipitation. At times of high precipitation, surface
waters are used instead of underground water, and
recharging increases concurrently because of the
greater supply.

Artesian conditions prevail in many of the wells
in valley fill and in wells drilled in bedrock. The
westward dip of formations exposed in the Wasatch
Monocline on the east side of the valley has provided
unusually favorable conditions for artesian accumula-
tion in the porous layers of several formations.
Favorable beds in the North Horn, Flagstaff, Colton,
Green River and Crazy Hollow formations may be
water bearing. Marsell (1958) mentions three suc-
cessful wells: one in sandstone of the North Horn
Formation, another in sandstone of the Crazy Hollow
Formation and a third in the porous oolitic dolomite
of the Green River Formation. Springs emerge from
some of these geologic units and there is probably
leakage into the valley fill. The possibilities for ex-
panding water supplies, based on geologic and hydro-
logic conditions, appear to be good.

Springs

Springs in the alluvium occur at the intersection
of the surface and water table and are especially
responsive in their discharge to fluctuations in water
level. Richardson (1907, p. 25) described fault springs
originating in bedrock and so classified 30 of the 88
springs he lists for the entire central Sevier-Sanpete
Valley area, and states that discharge of fault springs
tends to be constant because they tap the deep cir-
culation. Discharge data are given in table 4. Young
and Carpenter (1965, p. 48) estimated annual dis-
charge from springs in Redmond-Gunnison basin to
be 4,000 acre-feet and for those in Gunnison-Sevier
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Bridge Reservoir basin, 12,000 acre-feet. They also
estimated groundwater storage conditions in sand and
gravel in the basins within Sanpete County in table 5
below:

Table 5. Goundwater storage conditions in sand and gravel in
the Redmond-Gunnison and Gunnison-Sevier Bridge Res-
ervoir basins (Young and Carpenter, 1965, p. 39).

Thickness of | Area under- Estimated
Basin saturated lain by aqui- | recoverable
aquifer fer (acres) storage
(feet) (acre-feet)
Redmond-
Gunnison 50 20,000 150,000
Gunnison-
Sevier Bridge
Reservoir 200 11,500 300,000

These data represent about half of the total
groundwater stored in the alluvium; the other half
occurs in more or less impermeable silt and clay.

Estimated annual groundwater discharge from
wells, springs, drains is presented in tables 4 and 6.

Thermal Springs

The temperature of the springs mapped by
Richardson (1907) ranged from 43°-73° F. Stearns
and others (1937, p. 182) classified 11 of these
springs as “thermal springs,” with a range in temper-
ature from 57°-73°F. Data are given in table 7
(adapted from Stearns and others, 1937, p. 182, and
Young and Carpenter, 1965, p. 18, 77).

Table 7. Thermal springs in Sanpete County.

Location
q’ —~—
2 2 5 1o
@ ) o 2 o3
- S § 2 | 83 £ &
~N ] [o} ] O o
— 2] = -3 no H ©
NW 13 158 2E 400 57-62
SwW 13 158 2E 400 57-62
NwW 24 158 2E 400 57-62
SE 19 18S 1E 1900 64
NE 23 18S 2E 40 59,62
SE 23 188 2E 40 59,62
SwW 13 18S 2E 285 62,73
SwW 13 18S 2E 285 62,73
NwW 17 18S "3E 30 59,65
SE 35 18S 2E 2500 61
SE 18 198 1E 8 61
SE 4 19S5 2E 900 64,72

Quality of the Water
in Sanpete County

Irrigation -

Characteristics of water applicable to irrigation
depend upon (1) total concentration of soluble salts,
(2) relative proportion of sodium to other concentra-
tions, (3) concentrations of boron or other toxic
elements and (4) bicarbonate concentration relative to
those of calcium and magnesium. Content of total
dissolved solids is classified below:

Dissolved solids

Class (ppm)

Fresh

Slightly saline
Moderately saline
Very saline
Brine

0 to 1,000
1,000 to 3,000
3,000 to 10,000

10,000 to 35,000

35,000+

Fresh water is suitable for irrigation, and if the
land is well drained, slightly to moderately saline
water can be used. Less than 0.33 ppm of boron is
not harmful to any plant but a concentration of 1
ppm is harmful to fruit trees. Concentrations of 3.9
ppm is toxic to all plants.

Domestic and Public Supply

The recommended maximum concentrations of
common chemical substances in water for human
consumption are:

Substance Parts per million
Chloride 250
Fluoride 1.2
Iron 3
Manganese .05
Nitrate 45
Sulfate 250
Dissolved solids 500

Hardness, largely related to content of calcium
and magnesium, is a factor in domestic and industrial
use. Carbonate hardness is expressed in terms of parts
per million of CaCO,. Water with less than 60 ppm
is soft, with 61-120 ppm is moderately hard, with
121-180 ppm is hard and with more than 181 ppm
is very hard.

27



Table 6. Estimated annual discharge of groundwater from wells in the Redmond-Gunnison and Gunnison-Sevier Bridge Reservoir basins (Young

and Carpenter, 1965, p. 50), and discharge in 1963 and 1964 from wells in Sanpete Valley north of Nine Mile Reservoir (Robinson,
1964, p. 64; 1965, p. 61).

8T

For 'étock, domestic, municipal
Mainly for irrigation and industrial use
. Total
Basin No. of Estimated discharge No. of Estimated discharge estimated
wells (acre-feet) wells (acre-feet) discharge
o
g 213 g g2l 3 | 2
2NN N AR N
& ™ & ™ B & [ A, = e
Redmond-Gunnison 3 200 700 3500 4200 153 0 300 0 300 4500
Gunnison-Sevier
Bridge Reservoir 0 205 0 35001 3500 18 24 | negli-| 400 400 3900
: gible
Sanpete Valley (1963)] 562 750b 8300 36001 11900 Sc - 1300d - 1300 13200
e
Sanpete Valley (1964) 8000 3600} 11600 4400

8 Concentrated near Manti, near Ephraim, south of Moroni, south of Fountain Green, and between
Spring City and Mount Pleasant.
Estimated.

C Public and industrial supply only; number for stock and domestic purposes unknown.
d Includes 400 acre-feet used for stock and domestic purposes.
€ Includes some pumped and flowing irrigation wells.
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Table 8. Chemical, biochemical, bacteriological and radiological analyses of surface water in the Sanpete County portion of Sevier Lake basin, 1964 (modified from Hahl and Cabell, 1965, p. 12-15).
, N
Dissalved Solids S/ Hardness as CaCOg3 o \ gﬁ Eh"' vRadioactivity (Picocuries per llter)_o/ .
F-} -] 'g (¢} B 2 [ \l
] £ 2 o} E L E g0 &3 5 “ © ol A - = 3 < -
= o @ g o Q o P 3 o |4 P =2E 3 \ g & 3 8 iy 3 g B . 3
S = . — @ 2 2 2 = =B 2 2 @ 9 ER ] z 2 3 kot 9 2 8
g cE 5l B 21288 |8 15 [en] 2 1528 $ $ | o |2 e8| 5 | 5% g letn]ges AbBs ety i | Ex]s 5 g 12 12 e |E_15% 8|8 8 |55 |5 13
o a 5 <2 sxl=a =2y o = -1 32 o 28 Sl 5= 5 0 s> 93 o w S w b “ T B E L 8 23 58 E S = a ) S _ 68 | 25 o g o0 5 5| £E3 3 55 a0 3 - = Za o & o a
G P e szl 88|22 =8 |25 |8 6a|3gl & |58 2l &) S g 58188 ¢ g | B2 E5 T3 5% |5E8| 88« | 4 1 B | 6| 8 |EF| & SE | SE| 28| 55| 221 33| B8 | 581282 2 SE S2 |5z 1388 5 A
& 88 |E3| A8 BE|28gE |22 |se|52]a8| L [de) 88| d2| &8 | E5lse | 88| E&F |28 82 85 | 28 (898|882 | B | o | 58| 8 2 |8<| S| o8 | S| B s | 2| de (S| &2 (w8 |2 & | 08E |Fa|=2a (23 | &4
: a8 El2e) 88 = 24 2 2 z & 2 L 2 £ g .
- B
WEST VIEW CANAL NEAR AXTELL, SANPETE COUNTY
B - - - - - . - - - - -~ s - . — -
SW} Sec. 13, March 11 | 1715 3.7 1 33 - - - 46 34 83 204 0 126 99 -- 0.9 4 — - 532 | 0.72 5.3 | 257 £.90 2.3 842 7.6 - - - a3 ig; - g:gg_/ -
T.205.,R. 1W. May 20 [1700| 26 14 - - - 47 27 70 228 0 92 68 - 2.2 | - - 436 | .59 ] a1 228 41 2,0 700 7.7 -- - - 65 - - - - - - - - -- 187 - usas - - - --
July 29 | 1740 e. 2B/ 8.8 - - 50 67 270 260 0 345 292 - 4.7 - 1,180 | 1,60 N:] .. 400 187 5.9 1,840 8.1 - - - 84 - - - - - e - - - as i vees - - -— -
Sept. 21 | 1630 e,2 8.9 - - - 55 67 351 238 0 353 430 - 5.0 _— - 1,420 1.93 .8 410 215 7.5 2,280 8.2 - == - - 52 - - - - - - - - -- - - - - -
SEVIER RIVER NEAR GUNNISON, SANPETE COUNTY
5 ) t
SE} Sec. 14, March 10 ] 1115 | 150 24 4.5 | 0.02 ] o0.01 | 94 54 { 211} 4.4 | 343 2 246 278 0.3 8.5 | 0.08 | 0.34 | 1,150 | 1.56 | 466 56 172 4.3 | 1,680 8.0 | 10 9,300 | 2.0 | 0.00 ] 34 | 0.00 0,00 { 0.00} 0.00]| 0.00] 0.01) 0.00| 0.00|0.02)0.0 | 284 88 spEY | 2.4 |.3.4 |30 23
T.19 8., R. 1 W. May 19 | 1200 | 212 19 3.4 05| .00 | 75 46 | 175} 4.3 | 205 3 211 215 .2 1.9 a0 .31 947 | 1.20 | 542 76 129 3.9 | 1,410 8.3 7.1 930 | 1.1 .00 | 63 .00] .00 00| cooj oo ori oo} 0o 33 oo foza7 o7 SDH .5 2,3 |16 24
July 28 | 1010 44 23 15| .01 | .00 137 56 | 618} 7.5 | 464 2 612 667 1|18 .00} .76 | 2.480 | 3.37 | 205 573 189 11 3,320 8.0 7.0 930 { 1.2 .00 | 66 .00 1 .00 004 .00 f oo f .o1| .00 00| .10 .0 f 384 2.5 | spH 1 1.8 4.1 10
Sept. 22 | 0945{ 78 24 32 .02 .05 f130 96 | 475} 7.4 | 462 3 490 571 .3 | 20 .80 ] .53 | 2,120 | 2.88 | 466 718 335 7.7 | 3,020 8.0 8.0 | 2,300 | 1.6 <00 | 50 <001 .00 S00f .00 .00] .04 00} .00} .10} .0 { 283 7.0 | SDH .8 3.5 7.1 7.0
SAN PITCH RIVER AT FAIRVIEW, SANPETE COUNTY
swi Sec. 35, March 8 | 1800 44| 11 - - - 61 43 20 390 0 29 14 - 2,1 | -- - 350 | 0.48 4,2 328 8 0.5 636 8.1 - - - - g - - - - - - - - - - iiﬂ- - gggz - - . 5.
T.13 8., R. 4E. | May 21 |1200] s8 62| — | - | - |0 | 10 7.8 264 | 6 14 3.6 | - | 12| -~ | -- 246 | .33 [ 39 230 4 -2 429 | 8.3 | - - - I A R A TRRUU R IO IR AR NN DS N N [stipuis I = =
Tuly 30 |osso| 4.6 13 [ I R o B 16 27 | o 30 15 — | s -] - 406 | -55]. 5.0 370 20 -4 690 | 7.9 - - = ool IR [ IR IR IR IR IR IR RN N B usces = = -
Sept. 23 [ 1645 1.1 13 - - - 24 43 24 258 | 12 35 13 - 1.1 ] - - 281 .38 .8 235 1 .7 538 8.4 -- - - 5 -
I PLEASANT CREEK NEAR MOUNT PLEASANT, SANPETE COUNTY
NW} Sec. 5, March 11 | 1100 Y 67| - - - 52 28 15 300 [ 17 10 -- 0.3 | -- -- 247 | .34 -- 244 0 0.4 445 8.1 - - - - :? - - - - - - - - - - f‘ég - gggg - = - -
T. 15 8., R. 5 E. May 21 | 1030 48 4.8 - - 52 15 3.8 222 0 14 2.3 — .6 -— - 206 .28 27 192 10 .1 350 7.8 - - - o - - - - - = - - = N usas _—
July 30 | 0730 12 4.9 -- - 46 23 8.7 261 [ 13 2.3 - .2 - -- 217 30 7.0 212 0 .3 405 8.0 - - - - 2 - - - - - . - - - - ad - uses — -- -
Sept. 23 | 1615 9.1 6.1 -- - - 40 26 12 262 0 17 1.7 - .1 -= -- 218 .30 5.4 208 0 .4 424 8.2 - - - - - - - -
I ’ SAN PITCH RIVER AT MORONI, SANPETE COUNTY .
SE% Sec. 10, March 11 | 1200 | 43 15 - - - 63 52 28 427 0 49 21 - 4.5 | - - 426 | 0.58 | 49 373 23 0.6 729 8.2 -- - - - gg - - - -- - - - - - - gfg - gggg - - - —
T.158.,R.3E. | May 21 |0930| 37 15 - -- - 67 41 28 380 0 53 20 - 3.0 | -~ - 400 | .54 | 40 336 24 .7 661 8.2 -- - -- - - T - - e - usas - - -
July 30 [ 0630 4] 21 - - 122 115 164 526 0 549 92 - 1.1 - - 1,340 | 1.82 1,4 776 345 2.6 1,770 7.8 - - - - 63 - i b . - B - - -~ 4017 - Uses - - - -
Sept. 23 | 1545 e.5 | 14 - - - 88 84 126 496 0 346 52 - a] - - 949 | 1.29 1,3 565 158 . .3 1 1,410 8.1 -- - .- - 60 - - - - - - - - - -~ - -— - -
l MANTI CREEK BELOW LOWER POWER-PLANT TAILRACE, NEAR MANTI, SANPETE COUNTY
NW} Sec. 19, May 21 | 0730 | 86 5.3 1 — - - 48 24 8.2 240 0 38 2.3 - 0.5 | -- - 244 | 0.33 | 57 220 23 0.2 414 8.0 - - - 39 - - - - - - - -- -- - {2; - g:g: - - - -
T. 18 S., R. 3 E. July 29 1915 | 22 5.4 | - - 43 30 6.1 206 0 70 2.5 - 2| - - 277 | .38 16 232 63 .2 447 8.1 - - - 6;1 - - - - - - - - - ol B - usGs - - _— -
Sept. 23 { 1430 3.1 4.9 - - -- 51 33 17 236 0 98 3.0 - .1 - - 322 .44 7.9 262 68 .5 513 8.2 - - - -- 5 - - - -- -- - - -
SAN PITCH RIVER NEAR MANTI, SANPETE COUNTY
NE} Sec. 3, March 10 | 1325 3.6 | 16 0.33 | 0.010 | 0.01 [100 | 118 90| =z.9 | s80 5 303 100 0.7 3.6 | 0.00| 0,20 | 1,080 } 1,47 | 10 734 251 1.4 | 1,510 8.2 4.5 430 | 1.2 | 0.00 | 32 § 0.00[o0.00 | 0.00 | 0.00 | 0.00 [o0.00]0.00 |0.00{o0.02]0.0 483 | 13 SDH 0.5 1?? 8.7 24
T.188.,R. 2E. May 19 |1335] 17 10 .45 .os| .03 [138 | 291 | 370! 8.8 | 782 4 977. 500 3.7 1.7 | .0 .30 | 3,040 | 4,13 § 140 1,540 892 4,1 | 3,670 8.0 2.3 430 | 2.1 .40 | 72 00| .00f .00] .00 00| 07| .00 .00f .a1} .o | 648 2.5 | spH .1 . 7.6 | 146
July 28 {1120 el 12 .27 .01 ,00 {137 55 29 489 4 162 36 .5 4.6 .00 .16 703 .96 1,9 570 162 .5 1,050 8.2 3.5 ] 4,300 1.6 .00 68 .00 .00 .00 .00 .00 .02 .00 .00 .10 .0 408 4,5 SDH .3 I.A% 3,9 18
Sept. 22 | 1115{ el 15 43| .03 .04 | 67 85 4] 3.0 | 481 2 137 37 .5 5.8 | .98 | .05 663 | .90 1.8 516 118 .8 950 7.9 4.8 390 |1 .05 | 47 00 .00f 00| .00 .oz | 00| .00f .00 | .10} .0 | 398 | 19 SDH .4 1.6 2.6 8.5
SAN PITCH RIVER NEAR STERLING, SANPETE COUNTY
SE} Sec. 17, March 10 | 1420 1.5 | 11 0.38| .02 .01 | 96 93 | 666 | 4.6 | 485 4 238 } 1,020 .04 1.7 )o.00] 0.20 | 2,450 | 3.33 9.9 624 220 12 3,810 | 8.2 | 10 4,300 | 1.1 | 0.00 |-36 | 0,00 }0.00 | 0,00 |0.00{0.00{0.01 f0.07} -~ |0.00|0.0 | 404 8.5 | sDH 0.4 3.0 4.1 17
T. 19 8., R. 2E. May 19 | 1450 53 14 1.9 .05 .02 70 89 155 4.5 | 412 4 254 202 .3 1.0 .24 .61 | 1,070 | 1.46 | 153 542 198 2.9 1,540 8.2 7.1 430 [ 1.6 .00 61 .00} .00 .00 .00 } .00 .00 .00 | 0.00 .92 .0 | 344 | 56 SDH 1.5 2.4 24 :‘61
July 28 | 1250 | 95 15 09 .or| .00 | 84 | 121 | 295 6.0 | 492 2 372 410 .4 54 .09 .34 |1,660 | 2.26 | 426 780 374 4.8 | 2,450 7.8 7.4 930 | 1.0 .00 | 77 .00 .00} .00} .o0f .00 .04| .00 .00 | .10 .0 | 406 2.5 | spH .2 4.3 | 7.8
Sept, 22 | 1210 49 18 29| .03| .03 | 68 | 129 | 325 7.0 | 485 8 | 390 420 .5 1.0 | 1.1 .21 | 1,680 [ 2.28 | 222 702 290 5.3 | 2,390 8.5 | 10 210 | 1.1 .05 | 60 .00 .00 f .00 .00 .08 | .02| .00 .00 .08f .0 [ 412 | 23 SDH - - - -
SAN PITCH RIVER AT FAYETTE CANAL DIVEESION, NEAR GUNNISON, SANPETE COUNTY
SE} Sec. 13, March 11 | 1645 | x162/ | 13 - -- - 79 84 446 376 0 295 632 -1 7.3 - -~ 11,740 | 2,37 | 75 542 234 8.4 | 2,870 7.8 - - - -- 43 - - - - - - -~ - - - 2(3:0; - 3:22 -- - - -
T.198.,R. 1 W. May 20 | 1745 | k23 15 - - - 51 26 95 244 0 107 92 -~ 2.4 - - 503 | .68 | 31 236 36 2.7 821 7.7 -- - -~ - 67 -- - - -- - - - - -] - 0 - usas = - - -
. July 28 | 1415 | k13 25 -- - -- 80 66 367 364 0 379 402 -1 9.1 - -- | 1,510 | 2,05 | s3 470 171 7.4 | 2,390 7.6 - - - - 80 - - - - -- - - o - vses - - - -
Sept. 21 | 1730 | k 1.9 | 20 -- -- - 75 77 523 282 0 435 675 3.2 -- - |2,020| 2,75 } 10 502 27t 10 3,250 8.2 -- -- - - 52 - -- - - - - - - -- - -
SEVIER RIVER NEAR FAYETTE, SANPETE COUNTY
SE} Sec. 25, March 10 | 1525 | 169 24 4.1 }0.03]|0.01 | 98 58 | 230 | 4.6 | 348 2 260 321 0.6 10 0.00{ 0,35 {1,240 | 1.69 | 566 484 i96 4.5 { 1,870 7.9 | 10 7,500 | 2.1 | 0.00 | 38 | 0.00|0.00 0.00 Jo.00 {000 Jo0.03|0.00|0.000.06]0.0 [ 288 | 82 SDH 4.3 2.4 {43 ¥ gg
T.18§., R. 1 W. May 19 | 1550 | 232 19 2.3 a9 .01} os2 53 | 190] s.0 |} 310 3 244 243 3] 4.3 647 .00 |1,070 | 1.46 | 670 422 162 4.0 | 1,540 8.3 7.0 980 | 1.1 ,00 | 66 00 .00} .00} .00) .00} .oo] .00} .00] .32} .o} 260 ]| 50 SDH 1.5 5.8 | 22 3
July 28 [ 1405] 60 20 .21 .02 .01 |123 | 133 | 495| 8.4 | 433 2 641 627 0] 24 01] .54 | z2,420 | 3.29 | 392 854 496 7.4 | 3,220 8.0 7.0 | 2,300 | 3.4 .00 | 79 00 .00f .o0f{ .00} .00 | .00] .00f .00{ .10} .o | 358 6.0 | SDH .5 2.9 3.7 13
Sept. 22 [ 1330 88 25 .32 .02 | .oz |i123 | 100 | 495f 7.8 | 444 2 521 622 a2 .85] .51 ) 2,240 | 3,05 | 532 720 353 8.0 | 3,120 7.8 8.6 430 | 1 .00 | 60 00| .00} .00} .00} .oo | .01 oo f{ .00 .10 .0 { 367 7.0 | spbH 4 1.0 3.8

Cubic feet per second (cfs): A unit expressing rates of vrater discharge. . One cfs is equal to the discharge of a stream of rectangular cross section 1 foot wide and 1 foot deep, flowing
water at an average velocity of 1 foot per second, One cfs flowing for 24 hours is equal to 1.9835 acre-feet.

Sodium and potassium: A single concentration reported for both sodium and potassium represents a calculated concentration of the two constituents reported as sodium. This calculated
concentration is computed by subtracting the equivalents per million of calcium and magnesium from the equivalents per million of bicarbonate, carbonate, sulfate, chloride, and nitrate,
and multiplying the difference by the equivalent weight of sodium.

Dissolved solids: The total concentration of dissolved material in water, ordinarily determined as the weight of residue remaining after a sample is evaporated to dryness and heated to
a predetermined temperature. Dissolved-solids concentrations reported by the Geolegical Surveywere determined by evaporating an aliquot of the sample to dryness and heating the res -
idue at 180° C for one hour; those reported by the Utah State Department of Health were determined by heating the residue at 105° C for 24 hours.

Parts per million (ppm): For dissolved constituents, the unit expressing concentration on a weight-to-weight basis, usually in milligrams of constituent per kilogram of solution. For
waters with dissolved-solids concentrations of less than about 7,000 ppm, this unit is nearly equal tomilligrams of constituent per liter of solution (mg/1). For fluvial sediment, the con-
centration is the ratio of the weight of sediment to the weight of water-sediment mixture, expressed in parts per million; one part per million is aunit weight of sediment in a million unit
weights of water-sediment mixture.

Tons per acre-foot (TAF): A unit expressing the weight of a dissolved constituent in an acre-foot of water. One TAF equals 735 ppm for waters having a dissolved-solids concentration
less than about 7,000 ppm.

Sodium-adsorption-ratio (SAR): For {rrigation water, SAR is an index of the sodium or alkali hazard to the soil; it expresses the availability of sodium ions to enter exchange reactions
with the soil.

Specific conductance: A measure of the ability of water to conduct an electrical current expressed in micromhos per centimeter at 25¢ C. Specific conductance is directly related to the
concentration of ions in solution and can be used as an empirical measure of the dissolved-~solids content of a water.

h. 'Hydrogen-ion concentration (pH): A measure of the degree of acidity or alkalinity of water as indicated by the hydrogen-ion concentration. A pH of 7.0 indicates that the water is neither

acid nor alkaline, pH less than 7.0 denotes increasing acidity, and pH greater than 7.0 denotes increasing alkalinity.
™i. Dissolved oxygen (D.0.): The concentration in ppm of oxygen dissolved in the water.

j. Most probable number (MPN) coliforms: An estimate,of density of coliform organisms by the dilution method. Expressed as density of coliform organisms per 100 ml,

k. Biochemical oxygen demand (BCD): BOD indicates the amount of decomposable organic mattet present in a sample and is determined by measuring theiquantity’ of oxygen required to ef~
fect the decomposition,

1. Alkyl benzene sulfonate (ABS): A widely used surface-active agent (common household detergent).

m, Chromium VI: The concentration of the hexavalent chromium ion only. .

n. Turbidity: A function of both the concentration and particle size of suspended material, turbidity is a measure of the interference to the passage of light rays througha sample as compared
to samples prepared with known concentrations of silica. The results are expressed as parts per million of silica (Si0,).

o. Picocurie per liter (pc/1): The unit equal to 1 x 10-12 curies per liter, A picocurie is that quanity of any radicactive isotope undérgoing 2.22 disintegrations per minute,

p. e: Estimated.

q. j: ;

r. k: Includes respectively the following Fayette Canal diversions: March 11, 3.6 cfs; May 20, 23 cfs; July 28, 13 cfs; September 21, 1.8 cfs.

s. USGS: United States Geological Survey.

t. SDH: Utah State Department of Health.

u. i: Analysis by U.S. Geological Survey, 0.2 * 0.1 picocuries per liter radium and 1,6 % 0.4 micrograms per liter uranium.

v. m: Analysis by U.S. Geological Survey, less than 0.1 picocuries per liter radium and 7.6 to.8 micrograms per liter uranium.
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Livestock Supply

Livestock can tolerate considerable concentra-
tions of total dissolved solids but the following may
be regarded a maximum for each livestock group.

Total dissolved solids

Class (ppm)
Poultry 2,860
Swine 4,290
Horses 6,440
Cattle, dairy 7,150
Cattle, beef 10,000
Sheep, adult, dry 12,900

In general, water with 3,500 to 4,500 ppm of
dissolved solids is regarded as poor and with more
than 4,500 ppm as unfit for livestock.

Industiial Supply

Requirements for industrial use vary with the
industry. Carbonates and silica are deposited as scale
or coatings in pipes and other surfaces. Fresh water
is desirable for processing and steam generation and
saline water may be used for cooling. Silica forms a
hard, adherent scale in boilers, and maximum concen-
trations for various operating pressures are: less than
150 psi (pounds per square inch), 40 ppm; 150-250
psi, 20 ppm; 250-400 psi, 5 ppm; and more than
400 psi, 1 ppm.

Groundwater

Young and Carpenter (1965, p. 87) summarize
the quality of groundwater in the central Sevier
Valley:

In the Redmond-Gunnison basin, water in the
alluvium near Axtell and in the northwestern part of
the basin is generally of acceptable quality for most
uses. In most of the remainder of the basin, however,
the water is not suitable for public supply or for
domestic use because of excessive concentration of
mineral constituents dissolved from the Arapien
Shale. This slightly to moderately saline water can
nevertheless be used on well-drained land. An uniden-
tified sandstone underlying the Sevier River Forma-
tion in the center of the valley also contains water
of poor quality.

The groundwater in the alluvium in the Gun-
nison-Sevier Bridge Reservoir basin is generally of
suitable chemical quality for irrigation and other uses.
The water from deep wells is of better chemical
quality than is water from shallow wells.

Robinson (personal communication) states that
the quality of water in Sanpete Valley, except that
affected by proximity to the Arapien Shale, is good
and tends to become better with depth in the alluvial
fill. Water from the Green River Formation may be
very hard.

Chemical, biochemical, bacteriological and radi-
ological analyses of surface water in the Sanpete
County portion of the Sevier Lake basin as per-
formed by Hahl and Cabell (1965) are given in table
8.

Surface Water

Analyses of surface water samples collected at
various places in Sanpete County are given in tables
9, 10 and 11. Where cold well water is available,
large quantities may be used for cooling towers and
air conditioning. Table 12 presents a range of water
requirements for industrial use.

Table 12. Industrial water requirements by units of
product (adapted from Ilinois Tech Adv.
Comm. on Water Res., 1967, p. 97).

Gallons of water

Industrial Product (per unit)
1 gal gasoline 7-10
1 case canning vegetables, No. 2 cans 25-35
1 kw electricity 80
1 beef animal 2,200
1 ton coke 3,600
1 ton paper 50,000
1 ton finished steel 65,000
1 ton rayon yarn 200,000
1 ton synthetic rubber 600,000

Industrial water requirements in Utah for
selected industries, published by the State Engineer
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Table 9. Suspended-sediment analyses for surface water in the Sanpete County portion of the Sevier Lake basin,
1964 (modified from Hahl and Cabell, 1965, p. 21-22).

Location Date of Time Water Temp.  Discharge Sediment Con-  Sediment Discharge
Collection (24 His.) (F) (cfs) centration (ppm) (tons per day)
Sevier River near Gunnison
SEY% Sec. 14, T.19S.,R. 1 W. March 10 1115 34 150 678 275
May 19 1200 63 212 619 354
July 28 1010 66 44 68 8.1
September 22 0945 50 78 114 24

San Pitch River at Fairview

SW% Sec. 35, T.13S.,R. 4 E. March 8 1800 32 4.4 23 0.3
May 21 1200 47 58 149 23

July 30 0830 54 4.6 24 3

September 23 1645 53 1.1 24 1

Pleasant Creek near Mt. Pleasant

NW% Sec. 5, T.15S.,R. 5 E. March 11 1100 45 - 40 —
May 21 1030 47 48 1,200 156
July 30 0730 53 12 13 4
September 23 1615 54 9.1 4 A
NW¥% Sec. 19, T. 18 S., R. 3 E. May 21 0730 39 86 617 143
July 29 1915 64 22 22 1.3
September 23 1430 54 9.1 26 6
Sevier River near Fayette
SE% Sec. 25, T. 18 S.,R. 1 W. March 10 1525 38 169 1,240 566
May 18 1550 66 232 726 455
July 28 1405 79 60 143 23
September 22 1330 60 88 172 41

*Methods of Analysis
B: bottom withdrawal tube S: sieve
C: chemically dispersed V: visual accumulation tube
P: pipet W: in distilled water
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Suspended sediment, percent finer than size mm. Methods of
0.002 0.004 0.008 0.016 0031 0062 0125 0250 0.500 1.000 Analysis*

Sevier River near Gunnison

|
3

|
S

18 23 - 31 - 75 97 100 -
San Pitch River at Fairview
— — - - —_ 87 94 97 100 — \"
Pleasant Creek near Mt. Pleasant
18 25 34 44 51 66 80 92 100 - VBWC
28 38 — 58 — 87 96 100 - - VPWC
Sevier River near Fayette
18 25 — 33 — 67 95 100 - — VBWC
30 41 56 72 86 100 - — - - SBWC
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Table 10. Trace element analyses of surface water in the Sanpete County portion of the Sevier Lake basin, 1964.
Location Date Time Discharge Temperature _ — — — g
(24 hours) (cfs) (°) 3 3 = 3 5 _ a = 2 g = s
~ et a = 3 54 ¢l g a 2 = e et
& g ~ s g o 2 = El — a pi) 7} 2z £ —_
a 2 = 3 2 - . £ e ) [ s£E iG] e g 3 G
g o E = g = o 5 F [ = @ 28 — 2 = N
=] = g el -4 = f=3 o= P [} = g ~
g > g8 5 o 8 o ] E = ° 2 a2 a2 | ] %
3 o] 2 IS 2 ) 9 ) 3 5 8 ] § 8 it g s
2 @ & ¢ 5] 3] o o o 5 ] = Z 5 3 8
San Pitch River at Fairview, Sanpete County
SWi Sec. 25, Mar, 8 1800 4.4 32 1.2 0,50 0.25 1.2 1.2 1,2 1.2 5.0 0.25 7.0 1.2 1.2 2.8 0.35 0.50 0
T18S, R1W July 30 0830 4.6 54 14 .51 .26 1.3 1.3 1.3 1.3 5.1 ,26 6.9 1.3 1.3 2.8 .59 .51 .1
Sevier River near Fayette, Sanpete County
SEf Sec. 25, Mar, 10 1525 169 38 1.2 0.50 0.25 1.2 .2 1,2 1.2 5.0 0.25 2.8 1.2 1.2 1.8 0.85 0.50 3.8 5.0
T188, R1W July 28 1405 60 79 7.9 W51 .26 1.3 1.3 1.6 3.8 5.1 .26 4.4 3.3 1.3 4.4 .90 .51 3.8 5.1
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Table 11. Chemical analyses of water from selected wells, test holes and springs in parts of Sanpete County (all analyses by
U. S. Geol. Survey; modified from Young and Carpenter, 1965, p. 77).

Parts per million -
Na + K ) N )
g 2 0 = 2 o | B s 2E|E o
X ) P 35 @ 5 = T @ |0 g 2= 3
Well or spring location 9 og o = © = 3 = —_ o o ~ | 0@ 20 |8 8w = v €
CE BE Bz o0 » |52 |5%|83 | 53 3 5. |88 |80 Em |S. 80|52 | EQ (5RO | 288|828
238 34 | BE| B8 | o |22 80182 25 32 |2d |BE (82 80 5B E2 a8 g0 1826 | ERE|EEE .
8 I S a a = 3 = @ g b & a &) = Z a m = a a5ES 5.
SWiSec 34, T178, R1W 9~ 3-57 |Qal |54 34 0.46 | 0.00 | 51 | 44 |143 8.7 |0.6 |227 | 48| 282 (0.5 | 2.5| 731| 308 122 | 3.6 | 1,440 8.1
NE} Sec 12, T18§, R1W 8-27-57 |Qal |55 17 .09 .00 | 38 | 39 59 2.3 .2 | 245 | 25| 114 .2 | 1.4| 417 256 54 | 1.6 775 7.8
SEL Sec 25, T18 8, R1W |[10-21-59 (Qal |54 17 - -~ |78 | 72 198 -- | 260 | 95| 432 -~ | 1.8]1,020| 492 279 | 3.9 | 1,580 7.4
NW$Sec 11, T198, R1W 10- 8-56 |Qal 51 22 .25 -~ 1214 |173 748 5.4 e 442 {833 (1,160 .1 189 3,460 1,240 883 9.2 5,440 7.2
SWiSec 23, T198, R1W 8-27-57 |Qal |50 25 .23 .00 [225 [153 | 765 17 -~ | 476 |822 1,130 .1 |64 [3,370]1,190| 800 | 9.7 | 5,360 7.4
9- 3-57 |Qal |53 34 11 .00 1116 [101 | 438 6.2 |1.6 |605 |518| 399 .5 (93 |2,010] 705| =209 | 7.2 | 3,280 7.6
SW$ Sec 25, T19 S, R1W 7- 2-58 |[Qal |52 34 .04 -- |202 |174 391 -~ | 514 | 996 | 402 -- |57 {2,510 |1,220 | 799 | 4.9 | 3,500 7.4
SE} Sec 25, T198, R1W |11- 5-59 |Tksl/ |- 15 - ~- 1359 | 60 1,700 -— 20 | 705 2,860 -- |57 |s,770 {1,140 |1,120 |22 9,230 7.9
SE} Sec 19, T18S,R1E 8-27-57 |Tf 64 13 .00 .00 | 49 | 43 99 1.9 .3 | 305 | 43| 152 .3 1 1.2 s53| 300 50 | 2.5 | 1,020 7.6
(spring)
SE} Sec 4,T19S,R2E —do-- |F22/ |67 13 .05 .02 | 38 | 19 94 3.8 4 |310 | 7M1 34 (1.1 1| 429 | 173 0| 3.0 711 8.3
(spring) Tgr
SE} Sec 20, T19§, R2E 8-28-57 |Tgr |55 19 .09 00 | 74 | 66 49 1.7 .2 | 450 | 107 37 .3 |23 598 | 456 87 | 1.0 978 7.5
(spring)
NE% Sec 4,T208,R1E 9- 3-57 |Qal |54 22 1.0 .03 |192 |143 {271 9.5 | 1.5 |458 |902 | 228 .6 |48 {2,040 |1,067 | 692 | 3.6 | 2,960 7.5
NE} Sec 25, T208S, R1E 12- 8-59 |Qal |53 25 - - |45 | 45 118 -~ | 396 | 65| 108 - |11 612 | 298 0| 3.0 | 1,030 7.7
(spring)

1. Undifferentiated Tertiary or Cretaceous Sedimentary rocks,

2. Fault Zone.

yein ‘A1uno) 9jedueS JO $90IN0SOY [BISUI pue pueT—ueyde[e) pue }jeig
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(Criddle and others, 1962, p. 47); (table 13) includes
the following items.

Table 13. Industrial water requirements.

Water Requirement

Industrial Product (in gallons)

1 ton ammoniated superphosphate 30
1 bbl beer or ale 300- 2,500
1 ton refined beet sugar 2,000- 34,000
1 ton Portland cement 750
1 ton copper 28,000
1 ton coke 1,400- 2,800
1 ton magnesium carbonate (from

dolomite, coke) 400
1 ton live hogs 6,000
1 gal oil produced from shale 10-30
1 gal milk 5
1 ton phosphoric acid 7,500-75,000
1 ton potash (from sylvinite) 4,000
1 ton soda ash (from salt, limestone) 15,000- 18,000
1 ton sulphuric acid (from sulphur) 2,500- 4,000
1 ton soap 500- 4,500
1000 kw of power steam generated 52,000-170,000

Mineral industries such as preparation of coal
for market or washing of sand and gravel require
large supplies of water but most of it is recirculated.

Harline (1966, table 3, op. p. 33f) has calcu-
lated withdrawal of water for municipal and indus-
trial use in Sanpete County as 5,257 acre-feet in
1960. His projection for 1980 is 6,514 acre-feet and
for the year 2020, 10,150 acre-feet, an increase of
93.1 percent over 1960. A major change in industrial
and population development would alter this projec-
tion materially.

Agricultural use will continue to account for
most of the water requirements of the county. Live-
stock require water ranging from 0.6 gallons per day
for poultry to 35 gallons per day for large animals
(Illinois Tech. Adv. Comm. on Water Res., 1967, p.
97). For much of the year the cattle and sheep pop-
ulations are dispersed in the ranges but at other
times are concentrated in valley pastures and feed
lots. In Utah, the State Engineer (Criddle and others,
1962, p. 23) estimates 650 gallons per day for each
farm family, 25 gallons for a cow or horse, 5 gallons
for a sheep or hog and 0.75 gallons for a chicken or
turkey. The amount of water required to mature var-
ious crops ranges widely depending on plant variety,
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weather pattern, length of growing season, latitude,
altitude, soil type, depth to water table and many
other factors, including, of course, efficiency in water
management.

The basic data for calculation of consumptive
use of water for crops and for municipal and indus-

" trial requirements for Utah are given in Technical

Publication No. 8 (revised) of the State Engineer’s
Office. Paul D. Christensen, extension soil specialist
of Utah State University, has provided (personal com-
munication) a table of consumptive water use in
Utah which includes a calculation for Manti in San-
pete County. Table 14 below is prepared from these
sources.

Table 14. Consumptive use of water for crops in San-
pete Valley based on weather data for Manti
(Utah State University, extension soil specialist).

Consumptive Use

Crop Plants (inches)
Alfalfa 26
Corn 25
Small grain (fall) 25
Small grain (spring) 20
Pasture 25
Peas 16
Potatoes 21
Small truck crops (1 crop) 13
Sugar beets 22
Tomatoes 22

Climatic factors governing plant growth

Mean monthly temperature °F

June 62.5

July 69.8

August 68.4

September 60.9
Altitude 5,585 feet
Latitude 39.250°
Average freeze dates May 7-Nov. 12
Average growing season 158 days-

Average annual precipitation 12.06 inches

A table supplied by the U. S. U. extension
agent for Salt Lake County, Joseph F. Parrish, taking
into account the effective rainfall and an efficiency
of 50 percent on the part of the farmer, arrives at a
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total water requirement 50 to 60 percent more than
the figure cited for consumptive use. Based on the
manner in which water is commonly applied in irriga-
tion, the State Engineer’s report (Criddle and others,
1962, p. 21) shows requirements for Utah in table
15 below:

Table 15. Water requirements for crops in Utah
(Criddle and others, 1962, p. 21).

Water Requirement

Crop Plants (inches)
Potatoes 31
Tomatoes 36
Peas 20
Spring grain 24
Sugar beets 36
Sorghums 27
Alfalfa (2 crops in 160 days) 36

The area of land irrigated each year in Sanpete
County is about 57,000 acres, and the U.S.U. exten-
sion agent, Mr. Dell Purnell, states (personal commun-
ication) that there is commonly a water deficit of
24,000 to 27,000 acre-feet. The lack of correlation in
the figures cited above underline the need for ac-
curate information on total water supply and the
reorganization of water management so that all water
in the county may be used efficiently.

Water-related recreation in Sanpete County
consists of fishing in the streams, ponds and reser-
voirs and of boating and swimming in the reservoirs.
A number of natural ponds a few acres in extent
occur in the Manti-LaSal National Forest in the sum-
mit area of the Wasatch Plateau. Small reservoirs in
this area include Ferron (90 acres), Gooseberry Lake
(52 acres) and Huntington (118 acres) (figure 1). In
the lowlands the reservoirs are larger but subject to
marked fluctuation of level and area. Wales (130
acres), Gunnison (395 acres), and Nine Mile Reservoir
(100 acres), and Funks Lake (78 acres) in Palisades
State Park (figure 1) are the principal reservoirs.
A small part of Sevier Bridge Reservoir is in Sanpete
County.

Most of the towns in Sanpete County are sub-
jected to cloudburst floods during the months of
July and August. The settlements are located on the
banks of streams and on alluvial fans. Records show
that Manti has been flooded at least nine times.

Earlier studies on flood control should be sup-
plemented by plans for maximum control of flood
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water and the necessary funding secured and con-
struction undertaken. Following enactment of the
Federal Flood Control Act of 1936, it has been
possible to include flood control in general programs
of water resource development. Federal agencies
directly concerned with flood control are the U. S.
Army Corps of Engineers and the Soil Conservation
Service; the latter is currently engaged in a flood con-
trol project in the county.

INDUSTRIAL MINERALS AND ROCKS

Construction materials, especially carbonate
rocks (limestone, dolomite, and dolomitic limestone)
and sand and gravel are abundant in Sanpete County.
The Sevier Valley in the southern part of the county
contains salt deposits. A welded tuff of volcanic
origin is being processed as a product called Azomite
and used in the poultry industry. Bentonite, arago-
nite, tufa and quartz occur in the valley at the south
end of the county. Reported occurrences of fullers
earth have not been confirmed in this study. Shale of
possible use in cement manufacture, sandstone and
quartzite conglomerate, though little used now, are
available for commercial use.

Carbonate Rocks

Limestone, dolomite, and dolomitic limestone
are widely distributed (figure 3) in two geologic
formations, the Flagstaff Limestone and the Green
River Formation. The Flagstaff Limestone, of non-
marine origin, caps much of the surface of the
Wasatch Plateau, where it is 300 to 800 feet thick
and contains beds of sandstone, shale, conglomerate
and gypsum. It also occupies large areas in the Valley
Mountains and Gunnison Plateau, where the propor-
tion of carbonate to clastic rocks is much smaller.
Most of these areas are relatively inaccessible, but
Flagstaff Limestone occurs in the Wasatch Monocline
along the east side of the central Sevier and Sanpete
valleys, where it may be reached in the tributary
canyons. Carbonate rock in the Green River Forma-
tion occurs in the margins of the valleys and is
readily available for quarrying. Carbonate rocks of
the Flagstaff Limestone are used now only for road
metal. Limestone has been used locally for lime and
until 1960 was quarried for use in sugar refining at
Centerfield. Carbonate rock of the Green River
Formation has some use as road metal or borrow
material and is intermittently quarried for dimension
stone. Localities of interest for carbonate rocks are
shown on the map (figure 9) and listed in table 16.
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Table 16. Analyses of carbonate rocks from the
Green River Formation and the Flagstaff Lime-
stone.

[}

Zo. percent _8
2z = % o ggg’)
% g ~ Omom g Eg
8 e 2 % 0 NEE - RN
A O = S & |aZ | 228«
Green River Formation

5 37.5 11.2 11.2 10.0 1,2 40.0 A
6 44,0 8.2 5.2 4,2 1.0 42.6 A
7 39.0 10.0 7.6 6.0 1.6 42.5 A
8 38.0 8.3 13.5 12.0 1.5 39.0

9 44,0 7.9 5.2 4,0 1.2 42.0

10 31.8 14,7 13.5 9.3 4.2 40.0

13 39.8 8.6 9.5 8.4 1.1 41.0 A
25 43.5 6.2 7.0 6.0 1.0 42.0 A
36 27.0 15.5 16.3 14,0 2.3 39.8 A
42 32.5 14,4 11.0 10.0 1.0 40.5 A
45 21.2 9.8 41.8 40.0 1.8 27.0

46 32.7 18.8 5.2 2.4 2.8 43,3 A
Flagstaff Limestone

1 52.9 17.9 3.4 41.8 A
2 31.0 1.8 9.6 41.4 A
3 32.8 18.6 5.6 42.9 A
14 33.6 16.8 7.4 3.7 3.7 42.2 A
15 31.5 20.2 4,0 3.0 1.0 44 .3 A
17 29.9 15.8 14.5 11,0 3.5 39.8

19 34.8 18.6 2.0 2.0 .0 44,6 A
20 54.5 0.8 1.0 1.0 .0 43.7

21 54.4 0.8 1.0 1.0 .0 43.8 A
22 54.5 0.8 1.0 1.0 .0 43.7

23 54.5 0.8 1.0 1.0 .0 43.7

24 54.0 1.2 1.0 1.0 .0 43.8

27 32.9 14.4 13.4 10.5 2.9 39.3 A
27 37.1 16.5 2.0 2.0 .0 44 .4 A
31 31.0 16.5 12.0 10.0 2.0 40.5 A
31 28.8 15.8 18.0 13.0 5.0 37.4 A
34 31.6 22.2 1.6 44 .4 A
37 31.2 17.4 9.8 6.0 3.8 41.6 A
38 54.2 0.8 1.0 1,0 .0 44 .4 A
39 54.0 0.8 2.0 1.0 1.0 43.2 A
40 48.7 3.5 6.3 3.0 3.3 41.5 A
48 51.1 3.1 2.0 1.0 1.0 43,8

49 54,5 0.8 1.0 1.0 .0 43,7 A
51 29.5 19.8 8.5 42,0 A
51 29.5 23.5 1.6 45.2 A
52 53.3 2.2 1.6 42.6 A
52 53.0 2.1 2.2 42.5
Theoretical limestone

56.0 44,0
Theoretical dolomite
30.4 21.7 47.9

3 Used to obtain an average Sanpete County Green River
and Flagstaff limestone analyses.

Carbonate Rock in Flagstaff Limestone

Analyses of 29 samples of carbonate rock from
localities in the Flagstaff Limestone listed in table 16

show the wide range in composition compared with
theoretically pure limestone and dolomite.

Twenty of the analyses, indicated in the right-
hand column of table 16, show the average, high,
and low percentages of major constituents as follows:

Average High Low

Soluble carbonates 94.4 99.0 82.0
Insoluble residue 5.8 18.0 1.0
CaO 39.4 54.5 28.8
MgO 12.4 23.5 0.8

Average, high and low percentages of SiO, and
Fe,05- Al,03 of 13 of the 20 samples are:

Average High Low
Si0, 44 13.0 1.0
Fe,03 - Al,03 1.7 5.0 0.0

According to Pettijohn’s (1949, p. 313) clas-
sification, the average carbonate of the 20 samples
included above would be classified as calcitic dolo-
mite. Individually, they would be classified as
follows:

Limestone 4 samples
Magnesian limestone 1 sample
Dolomitic limestone 2 samples
Calcitic dolomite 9 samples
Dolomite 4 samples

On the basis of petrographic examination,
Fagadeau (1949, p. 89-90) described the limestone
of the Manti-Willow Creek area as ranging from less
than 0.5 to greater than 40 percent of insoluble
material consisting of quartz, clay, chert, hematite
and carbonaceous material. Gill (1950, p. 125-126)
found the average percentages of content of 120
samples from the Manti-Spring City area to be:

Soluble carbonates 96.5
Argillaceous residues 2.8
Coarse residues 0.7
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The coarse residues consisted of transparent and
milky quartz, spongy and botryoidal silica and flakes
of red opaque hematite.

The qualifying terms, magnesian, dolomitic and
calcitic refer to proportions of calcite and dolomite
as mechanical mixtures, since the crystal structure of
these minerals permits very limited inclusion of the
magnesium atom in calcite or any appreciable vari-
ation of the ratio of calcium to magnesium in dolo-
mite,

The Flagstaff Limestone is well exposed in
cliffs in the deep canyons of the Wasatch Monocline
on the east side of the Sevier and Sanpete valleys. A
typical exposure forms the high north rim of Manti
Canyon east of Manti. For the most part, the out-
crop consists of massive beds one to six feet thick of
light to medium-gray, medium-grained to lithographic
limestone, some of which is fossiliferous. A bed one
foot thick and very dark gray is particularly fossilifer-
ous. Some limestone beds are separated by beds of
structureless mudstone one foot thick. Talus cones of
limestone blocks at the base of these high cliffs are
convenient sources of stone for local use.

High calcium limestone from localities 48 and
49 (figure 9, table 16) was quarried by Poulson
Brothers of Redmond and used in sugar refining at
Centerfield. Flagstaff Limestone in outcrops west of
Gunnison Reservoir, localities 20 to 24 is particularly
pure, containing less than 1.3 percent of MgO. It has
been investigated as a source of flux in making steel.
Limestone from these pits was probably used locally
for road metal. Dense limestone that appears to be
satisfactory for dimension stone occurs in several lo-
calities; one recommended by Wilson (1949, p. 103)
and known locally as the White Ledges, is in Six
Mile Canyon in Sec. 3, T. 19 S., R. 3 E. The stone
is in vertical cliffs, 200 feet high, extending for
6,000 feet. Wilson (1949, p. 103) says talus blocks at
the base of the cliff could be used for building
stone. The deposit could be reached by construction
of one-half mile of road from the Six Mile Canyon
road. Talus in Manti Canyon (figure 1) 1 to 1.5
miles east of Manti and in Twelve Mile Canyon 2.5
miles east of Mayfield is used for road metal.

Carbonate Rock
in Green River Formation

Analyses of 12 samples of carbonate rocks from
localities in the Green River Formation shown on the
map (figure 9) are listed in table 16. All these
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samples show a high content of MgO and insoluble
material. Typical samples were selected to show
average composition and range:

Percent
Average High Low
Soluble carbonates 90.1 94.8 83.7
Ca0 37.0 44.0 27.0
MgO 11.6 18.8 6.2
Insoluble residue 9.1 16.3 5.2
Si05 7.6 14.0 2.4

Of the 12 samples, 7 are classified dolomitic
limestone and 5 calcitic dolomite.

A sample of siliceous oolite from locality 45,
2.5 miles north of Mayfield, analyzed by Black and
Deason, assayers and chemists, show the following
percentages:

CaO 21.2
MgO 9.8
si0, 40.0

The carbonate oolites, 1.5-2 mm in diameter,
are either hollow or partly filled with granular ma-
terial and are cemented by medium-gray silica. The
oolites surround ostracod valves and occur in a bed 6
inches thick.

Descriptions of the carbonate rock of the Green
River Formation are given in the section on dimen-
sion stone. Typically, the carbonate rock occurs in
tan-colored beds in the upper part of the formation.
The beds average three feet in thickness, with beds
to eight feet thick. They are commonly separated by
layers of thin platy limestone or calcareous shale.
Some of the material contains abundant chert and
the analyses indicate the widespread occurrence of
silica. The amount of argillaceous material in the car-
bonate rock is small.

The carbonate rock in the Green River
Formation has been used for road metal and borrow
material. Material in a small pit two miles north of
Manti east of U. S. 89 consists of angular, platy
sandstone and shale fragments in the form of 20 per-
cent easily reduced boulders, .50 percent gravel and
30 percent fines. Another pit on U. S. 89 one mile
north of Sterling is 1,000 feet long and 15 feet high
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Table 17. Sample localities for carbonate rocks in Sanpete County.

Location .
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1 CN% 13 138 5E Flagstaff A
2 NE 31 138 5E Flagstaff A
3 Cs3 18 158 S5E Flagstaff A
4 SwW 1 168 3E Green River Building stone
5 SwW 1 168 3E Green River Building stone A
6 SwW 12 16S 3E Green River Building stone A
7 SE 23 168 3E Green River Building stone A
(2 quarries)
8 SwW 24 168 3E Green River Building stone A
9 NE 26 16S 3E Green River Building stone A
10 cs% 26 168 3E Green River Building stone A
11 SE 26 168 3E Green River Building stone
12 NE 35 168 3E Green River Building stone
13 SE 35 168 3E Green River Building stone A
14 SE 17 178 2E Flagstaff A
15 CN% 13 178 3E Flagstaff A
16 NE 5 188 2E (lime kiln)
17 NE 5 18S 2E Flagstaff A
18 NwW 4 188 2E (lime kiln)
19 NwW 16 18S 2E Flagstaff A
20 NwW 21 18S 2E Flagstaff Lime and gravel A
21 CW3 21 188 2E Flagstaff Lime and gravel A
22 SW 21 188 2E Flagstaff Lime and gravel A
23 NE 29 18S 2E Flagstaff Lime and gravel A
24 CE} 29 188 2E Flagstaff Lime and gravel A
25 Sw 6 188 3E Green River Building stone A
(2 quarries)
26 SwW 6 188 3E Green River Building stone
(5 quarries)
27 SE 7 188 3E Flagstaff A
28 SwW 8 188 3E Flagstaff Talus gravel
29 SE 8 188 3E Flagstaff Talus gravel
30 SE 8 1838 3E (lime kiln)
31 NE 9 188 3E Flagstaff A
32 188 3E Flagstaff (weathered boulders)
33 NE 30 188 3E North Horn (?) Magnesite claim
34 NE 15 188 4E Flagstaff A
35 Sw 20 188 1E Flagstaff Lime and gravel
36 sw 32 18S 1E Green River
37 Cs3 32 188 IW  Flagstaff A
38 cst 11 198 14W  Flagstaff A
39 SE 30 198 1w Tlagstaff A
40 NE 31 198 1w Flagstaff A
41 sSw 9 198 2E Green River
42 sSw 9 198 2E Green River A
43 CS% 9 198 2E Green River
44 NE 16 198 2F Green River
45 SE 17 19S 2E Green River A
46 SE 17 198 2E Green River A
47 NwW 2 208 2E Flagstaff Talus gravel
48 NwW 26 208 1E Flagstaff Lime and gravel A
49 Sw 26 208 1E Flagstaff Lime and gravel A
50 SW 3 198 3E Flagstaff White Ledges
51 cwi 21 195 4E Flagstaff A
52 CW3 13 208 5E Flagstaff A

39



Utah Geological and Mineralogical Survey, Bulletin 85, 1970

and exposes broken bedrock consisting of limestone
and 5 percent chert; the material yields 8 percent
boulders, 30 percent gravel and 62 percent fines.

Uses of Carbonate Rocks

Uses of the carbonate rocks of Sanpete County
for building or dimension stone and for aggregate or
borrow material are discussed in the appropriate
sections of this report. For most chemical uses, the
stone is calcined or burned with elimination of the
CO»; the relative amount of impurities in the original
rock is thereby doubled in the calcined product.
Typical analyses of commercial quicklimes are given
below (Boynton and Gutschick, 1960, p. 498).

High calcium Dolomitic

Component quicklimes, quicklimes,
(range percent) (range percent)

Ca0 93.25-98.00 55.50-57.50
MgO .30- 2.50 37.60-40.80
SiO2 .20- 1.50 .10- 1.50
Fe,04 .10- .40 .05- .40
Al,O, 10- .50 .05- .50
H,0 .10- .90 .10- .90
CO2 40- 1.50 40- 1.50

The Flagstaff Limestone from localities 20-24
and 49 might qualify for high calcium quicklimes.
Dolomite or limestone used for flux in the steel in-
dustry must contain less than 1 percent SiO2. High
calcium limestone for use in sugar manufacture and
other chemical uses should have at least 97 percent
calcium carbonate. Cement is prepared from a mix-
ture of limestone, shale, and sand with some minor
constituents. However, the amount of MgO in the
finished product must not exceed 5 percent (Clausen,
1960, p. 210) in all types of cement, and the alkalies
(K, 0, Na, O) must not exceed 0.6 percent.

Magnesite in North Horn Formation

The occurrence of magnesite boulders in Six
Mile Canyon (Locality 33) is discussed in the section
of this report on miscellaneous industrial minerals
and rocks.

Dimension Stone

After rock salt, the best known mineral product
of Sanpete County is dimension stone, chiefly lime-
stone (calcitic dolomite) from the Green River
Formation, and to a lesser extent, sandstone from
the Crazy Hollow Formation. The temple at Manti
(see frontispiece) is probably the best known building
made of the local limestone known as Sanpete White,
Manti Stone or Sanpete Sandstone. The limestone
was used in the Sanpete County courthouse, the Park
Building at the University of Utah, and in the inte-
riors of the Utah and California state capitol build-
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Table 18. Dimension stone quarries in Sanpete County.

Location
B g 2
© £ o S o
83l |8 % |5 5 8
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1 NwW 11 138 4E Crazy Hollow Sandstone
2 SE 3 148 4E Crazy Hollow Sandstone
3 NE 15 148 4E Crazy Hollow Sandstone
4 SwW 1 16S 3E Green River Limestone
5 SW 1 16S 3E Green River Limestone
6 SW 12 168 3E Green River Limestone
7 SE 23 168 3E Green River Limestone
(2 quarries)
8 sw 24 1658 3E Green River Limestone
9 NwW 26 168 3E Green River Limestone
10 CS 26 168 3E Green River Limestone
11 SE 26 168 3E Green River Limestone
12 NE 35 168 3E Green River Limestone
13 SE 35 168 3E Green River Limestone
14 sSwW 6 185 3E Green River Limestone
(5 quarries)
15 sSwW 6 183 3E Green River Limestone
(2 quarries)
16 NW 28 198 2E Crazy Hollow Sandstone
17 SwW 198 3E Flagstaff Limestone
18 NE 9 158 3E Moroni Sandstone
18 SwW 3 158 | 3E Moroni Welded
Tuff

ings (Hansen, 1964, p. 226). The sandstone was used
chiefly in buildings at Fairview, notably in the North
Ward chapel of the Church of Jesus Christ of Latter
Day Saints. Locations of dimension stone quarries are
shown on the map (figure 10 and table 18).

Limestone

Limestone is quarried from thick (up to eight
feet) massive beds of uniform texture. Unweathered
stone is light gray or nearly white in color, turning
to a light tan color on exposure. The stone is a
fairly porous aggregate of oolitic grains mostly less
than 1 mm in diameter. Bedding lamination is not
obvious, although there are fine-grained calcite
partings and thin black laminae of ferromagnesian
minerals in some of the material. The uniform struc-
ture is favorable for decorative carving as seen on the
facade of the Sanpete County Courthouse in Manti
(figure 11). The stone dresses to a smooth slightly
grainy surface.

The stone performs satisfactorily if protected
from excessive moisture or if not subjected to air
containing SO,. The exterior stone in the Park
Building at thé University of Utah has scaled badly,
and an unpublished study made in the College of
Mines and Mineral Industries shows that the scaling
was caused by the growth of gypsum crystals formed
by reaction of the calcium carbonate with sulfuric
acid created by the combination of water with SO
from the polluted air. No satisfactory way has been
found to prevent this deterioration. The stone also
deteriorates in courses close to the ground where
moisture in the rock is subjected to freezing and
thawing.
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Figure 10. Location of dimension stone quarries.
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Table 19. Gravel and borrow pits in Sanpete County.

- =
Location q Location i
o a o 2
i 2] 5 ] = o ] 3
2 g | £ 3 5 z « | 2 3 3
3 2| g " 3 g1t s | 2
o3 = 9 g2 [|= £ o < 3] 3 =4 g 2
sl Sfa|éle] s 5 SIS (8 é)e ]2 &
1 sSwW 9 128 | 4E | Qal Stream channel 45 Nw " 7 | 158 | 5E | Flagstaff (?) | Bedrock (?)
2 SE 20 12S | 4E Qao Alluvial terrace 46 NE 23 16S | 2E Qal Alluvium
3 Sw 1 33 128 | 4E Qao Alluvial terrace 47 SE 27 16S | 2E Qal Alluvium
4 NE | 36 128 | SE Flagstaff  Bedrock (?) 48 sw | 10 165 | 3E Qal River terrace (?)
5 NE 24 138 | SE Flagstaff Limestone 49 sSw | 10 16S | 3E Qal River terrace (?)
6 NE | 26 | 13S | 4E | Qal Stream channel 50 SE 10 168 | 3E | Qal River terrace (?)
7 NwW 1 148 | 4E Qal Stream channel 51 SE 10 168 | 3E Qal River terrace (7?)
8 SE 13 148 | 4E Qal Terrace gravel 52 SE 10 165 | 3E Qal River terrace (?)
9 NE 26 148 | 4E Qal Volcanic rock frag- 53 SE 22 168 | 3E Green River Talus
ments in sediments 54 sSw | 27 165 | 3E Qal Alluvium
10 Nw .25 148 | 4E Tiap Pyroclastics 55 NE | 21 178 | 2E Qal Stream channel
11 CN3*25 14S | 4E T;ap Pyroclastics 56 SE 9 178 | 3E Qal Stream channel
12 CN% 25 145 | 4E | Colton Shale and limestone (2 pits)
13 SE | 26 | 148 | 4E | T;ap Pyroclastics 57 sw | 10 175 [ 3E | Qal Stream channel
14 Sw { 25 148 | 4E Qal Volcanic rock frag- 58 SE 10 178 | 3E Qal Stream channel
ments in sediments 59 SE 16 178 | 3E Qal Alluvium
15 SE 27 14S | 4E Qal Alluvium 60 NE 21 178 | 3E Qal Stream channel
16 NE 35 14S | 4E Tlap Pyroclastics 61 NE 21 17S | 3E Qal Stream channel
17 NE 13 148 | SE North Horn Sandstone 62 Nw | 31 175 | 3E Green River Shale and sandstone
pits) 63 NE | 21 178 | 4E North Horn Bedrock (?)
18 Nw { 25 135 | 2E Qal Alluvial fan 64 SE 15 178 | 1w | Tertiary Sandstone and lime-
19 SE 6 148 | 3E Tiap Pyroclastics breccia stone
20 SE 7 145 | 3E Qal Stream channel 65 SE 35 178 | 1w | Qal Terrace
21 SE 7 14S | 3E Qal Stream channel 66 NwW 1 183 | 1W | Qag, Qao Terrace
22 NE 18 145 | 3E Qal Stream channel 67 NE 1 185 | 1W | Qag Terrace
23 SE 25 148 | 2E Qal Pediment 68 NE | 28 185 | 1W | Axtell Conglomerate
24 NE { 36 143 | 2E Qal Alluvial fan 69 sw | 20 185 | 1E Qlts Sand
25 NE 1 155 | 2E Qal Alluvium 70 Sw | 20 185 | 1E Flagstaff Limestone
26 sw | 33 148 | 3E Qal Alluvium 71 NE 3 18S | 2E Green River Shale and limestone
27 sw | 33 148 | 3E Qal Alluvium 72 NE 11 185 | 2E Qal Stream channel
28 Nw { 34 14S {3E T,ap Pyroclastics 73 NE 14 18S | 2E Qal Stream channel
29 SE 4 15S | 3E Qal Volcanic rock frag- 74 Sw | 13 185 | 2E Qal Alluvium
ments in sediments 75 NE 18 185 | 3E Qao Alluvial terrace
30 NE 9 158 | 3E Qal Volcanic rock frag- 76 SW 8 18S | 3E Flagstaff Limestone talus
ments in sediments (2 pits)
31 SW 3 158 | 3E Qal Voleanic rock frag- 77 SE 8 185 | 3E Flagstaff Limestone talus
ments in sediments 78 NwW | 21 18S | 2E Flagstaff Limestone
32 SE 3 158 | 3E Qal Volcanic rock frag- 79 cwi 21 185 | 2E Flagstaff Limestone
ments in sediments 80 SW } 21 185 | 2E Flagstaff Limestone
33 CN | 10 158 | 3E Qal Volecanic rock frag- 81 NE 29 185 | 2E Flagstaff Limestone
: ments in sediments 82 NE 29 18S | 2E Flagstaff Limestone
34 NE 10 158 { 3E Qal Volcanic rock frag- 83 Center 27 185 | 2E Green River Limey shale
ments in sediments 84 SE 28 183 | 2E T,ap Pyroclastic gravel
35 NE 11 155 | 3E Qal Alluvium 85 NE 33 185 | 2E Axtell Conglomerate
36 NE 22 155 | 3E GreenRiver Shale and limestone 86 NW | 34 185 | 2E Green River Shale and limestone
37 CN | 23 155 |3E | Qal River terrace (?) 87 SE 33 185 | 2E | Qatl River terrace
38 SE 23 158 | 3E Qal River terrace (?) 88 NE 5 195 | 2E Qal River terrace (?)
39 NE 24 15S [ 3E Qal River terrace (?) 89 NW 9 195 | 2E Qal Alluvium
40 | Center 25 158 | 2E Qal Stream channel 90 NE | 20 198 | 2E Qal Talus
41 NE 36 158 | 2E Qal Alluvial fan 91 NwW | 32 198 | 2E Qal Stream channel
42 NE 1 16S | 2E Qal Stream channel 92 Nw 2 208 | 2E Flagstaif Limestone talus
43 Sw | 29 158 | 3E Qal Alluvium 93 Nw | 28 198 4E Tf Bedrock
44 SE | 17 | 155 |4E | Qal Alluvium 94 Nw 1 15 | 198 | 1w | Qal Alluvial fan
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Moroni is large, sprawling and irregular and has been
exposed by surficial scraping. Shallow pits with a
maximum depth of 15 feet have been opened in
pockets in this material which contains subrounded
boulders (5 percent), gravel (65 percent) and 30 per-
cent fine material. The material is 82 percent lime-

stone and 18 percent sandstone. Some sand and silt
layers are present. The whole is poorly cemented by
calcite.

Another large pit in material of uncertain origin
is in SE% Sec. 20, T. 19 S., R. 1 E. (locality 102),
one mile south of Gunnison and is being operated by
Hales Sand and Gravel Company of Redmond. The
material is 99 percent limestone and 1 percent sand-
stone, occurring as 5 percent cobbles and 75 percent
gravel in 20 percent sand and silt. The gravel ranges
from subangular to rounded and is small. The deposit
contains scattered sand beds, but its generally un-
sorted nature suggests a mudflow origin.

A deposit, shown on the Geologic Map of Utah
as “Qao” (relatively older alluvial deposits; on ter-
races above active streams), has supplied a small
amount of gravel in north Sanpete County, in Secs.
20 and 33, T. 12 S., R. 4 E., three to five miles
south of Indianola (localities 2 and 3). The material
in these deposits varies according to geographic loca-
tion, but in localities south of Indianola it is 70-80
percent quartzite, with associated sandstone, lime-
stone and basalt occurring as 60 percent boulders,
cobbles and gravel, and 40 percent fine material. Un-
worked deposits of this group north of Fayette in T.
12 S., R. 1 W. contain more sandstone and less
quartzite.

A small concentration of gravel terraces occurs
two to three miles west of Axtell (localities 111,
112, and 113), designated on the Geologic Map of
Utah as “Qgs” (gravel surfaces; mainly terraces and
pediments undergoing erosion). These terraces are ad-
jacent to outcrops of Arapien Shale and the Dipping
Vat Formation. The terrace tops are 50 to 75 feet
above the surrounding alluvium and are composed
mainly of gravel-sized detritus composed of limestone,
sandstone, volcanics, quartzite and chert. A small
amount of gravel produced from these deposits
appears to have good commercial possibilities.

An alluvial fan type deposit designated on the
Geologic Map of Utah as “Qag”(colluvium and alluvium;
mostly stony and unfit for agricultural crops) occurs
at the west base of the Gunnison Plateau, two or
three miles due north of Fayette. This deposit is
composed of 50 percent silty soil and 50 percent
gravel occurring as sandstone, limestone and quartzite.
A few boulders up to three feet in diameter are
present. The material would make a fair fill material.

46

A small deposit of fine medium-brown sand,
one mile east of Fayette (locality 69), has been de-

scribed by Gilliland (1951, p. 54-56) as consisting of
50 percent subrounded quartz and 50 percent altered
feldspar grains. The material is unstratified, occupies
an area of about one-fourth square mile, lies 250 feet
above the floodplain and 150 feet above the adjacent
washes. Although Gilliland concedes the deposit could
be of aeolian origin, he regards it more probably as a
beach sand associated with a short-lived inundation of
Sevier Valley by ancient Lake Bonneville. He says the
deposit has been used commercially as a sand source
in manufacturing cement blocks and concrete.

Tertiary-Quaternary
Axtell Formation

The Axtell or Sevier River Formation is a con-
glomeratic deposit which in Sanpete County most
commonly occurs as -a dissected alluvial fan rimming
the western margin of the Sevier River Valley at the
foot of the Valley Mountains. A small amount also
occurs in the foothills below the Wasatch Monocline
southeast of Gunnison, and caps a small hill east of
the Gunnison Reservoir. Gilliland (1951, p. 51) de-
scribes the formation as a conglomerate composed of
boulders (many two feet in diameter), cobbles and
pebbles derived from local bedrock. The formation
ranges in color from gray to buff to orange-brown. It
is pootly sorted and lightly indurated in a silt and
clay matrix. It also contains thin sandstone beds. At
the localities examined by the senior author, lime-
stone was the most abundant rock type making up
the fragments. The Axtell Formation would make
good fill material and a fair road gravel. A large
gravel pit may be in this formation five miles south-
west of Manti (locality 85). The pit is 1,600 feet
long and 360 feet wide, and the exposed material
consists of 100 percent limestone occurring as 5 per-
cent boulders and 75 percent gravel in 20 percent
finer material. The material is poorly cemented by
calcium carbonate.

Moroni Formation

A sedimentary formation containing detritus of
volcanic rocks, boulders of quartzite, sandstone, chert
and metaconglomerate occurs in the Cedar Hills
(Moroni Upland) along the northwest fork of Sanpete
Valley northwest of Moroni. It is included in the
designation “early Tertiary andesite, trachyte, latite
pyroclastics” on the Geologic Map of Utah. It was
designated by Schoff (1951, p. 634-636) as pyro-
clastic rocks. Some 50 feet of tuff and breccia and
60 feet of white tuff occur at the top of the forma-
tion. The remaining 1,450 feet consist of conglom-
erate, boulders, pebbles of volcanic rock, and rocks
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Borrow material has been removed from a cut
N'% Sec. 25, T. 14 S., R. 4 E. (locality 12), which is
on the east side of the bedrock hill and immediately
west of the blacktop road. It is 800 feet long and 75
feet high. The upper 25-foot section is composed of
interbedded sand, volcanic gravel and ash, and prob-
ably belongs to the Moroni Formation; the lower
50-foot section is a mixture of light greenish-gray,
medium-grained, calcareous sandstone and white, very
fine-grained, thin-bedded limestone and probably
belongs to the Colton Formation. The limestone
breaks into thin slabby pieces yielding a material con-
sisting of 65 percent fine gravel, and 20 percent
coarse gravel and 15 percent boulders and fines.

A Tertiary breccia occurs in the Goldens Ranch
Formation, (Tvs) on the geologic map of Sanpete
County. Vogel (1957) describes this formation as
tawny colored limestone, sandstone, shale, siltstone
and conglomerate, derived from nearby “Tawny
beds” (probably the Green River Formation) and de-
posited as alluvial fan, stream channel and slump
debris. A large sprawling pit in this breccia occurs
just east of Utah Highway 28, three miles south of
the Juab-Sanpete County line (locality 64). The ma-
terial in the pit consists of 50 percent limestone and
50 percent sandstone, occurring as S percent suban-
gular to subrounded boulders and cobbles, 75 percent
gravel and 20 percent fines.

Salt

The earliest settlers quarried salt in the Red-
mond Hills, a low ridge in the middle of Sevier
Valley at the south end of Sanpete County and the
adjoining part of Sevier County. Approximately
10,000 tons per year from both counties are removed
and sold in rough blocks as quarried for cattle and
crushed for sheep. Crushed salt is used on roads and
highways in the winter. No attempt is made to refine
the salt for human consumption or industrial use.
Brief descriptions are given by Pratt, Heylmun and
Cohenour (1966, p. 48-58), Hite (1964, p. 210-211)
and Hardy (1952, p. 62).

Most of the salt is coarse-grained with a brick-
red color, but some discontinuous beds of white salt
to two feet in thickness and scattered pockets of
pure, transparent, halite crystals are found in the
quarries. Owing to intense deformation and flowage,
much of the salt has an oriented structure and is
drawn out into parallel acicular grains. Blocks of red
shale and siltstone representing former sedimentary
clastic beds may occur in the salt. A chemical anal-
ysis obtained by Gilliland (1951, p. 81) from a
sample taken from the Poulson Brothers pit just

south of the Sanpete County line in Sevier County
gives percentages of the constituents.

95.60 2.16 1.10 .51 .04 .04 .03
Total=99.48

Analysis of a sample from the Albert Poulson
pit in Sanpete County gives the following percent-
ages:

Na Cl Ca SO 4

37.57 59.36 .59 2.48

Total=100.00

Additional analyses undoubtedly would indicate
considerable variation in the distribution of impurities
in the salt. Gypsum is an obvious contaminant; it is
evident from the analysis that only a small amount
of red clay is required to provide the coloration. The
indicated content of MgCl, is small. The indicated
amount of iodine is sufficient for nutrition for cattle.

Salt occurs in discontinuous lenses and masses
in the Arapien Shale described elsewhere in this
report. The probable distribution of the salt horizon
(unit E of Hardy, 1952, p. 22) in the Redmond Hills
and the location of the pits are shown on the accom-
panying map (figure 17). Outcrops of the salt hori-
zon are discontinuous owing to erosion of this rel-
atively weak formation and to cover by much
younger sediments, mainly gravels and volcanic debris
of Tertiary age. The rocks associated with the salt
are mainly interbedded red and gray shale, red silt-
stone, gray calcareous sandstone, arenaceous limestone
and gypsum. The bedding is commonly nearly ver-
tical. Because of intense deformation, the salt has
flowed and has been broken and reorganized into dis-
continuous masses which do not necessarily reflect
the original distribution or thickness as deposited.
Hardy (1952, p. 62) estimates a possible thickness of
200 feet. Since the amount of salt found in the
known pits is sufficient for market requirements, no
effort has been made to drill through cover to deter-
mine the total amount of salt available to open pit
mining.
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Table 20. Occurrences of miscellaneous industrial minerals and rocks in Sanpete County.

Location
o 5
o,
z 2 3 3 8
T . g 3 2 o 3
S < 9] 2 c 5 g0
Sz > » & & i e 8
1 Center S.
boundary 12 158 2E Tufa
2 NwW 5 178 1w Goldens Ranch "Azomite" prospect (?)
3 NW 4 178 1w Goldens Ranch "Azomite"
4 NE 4 178 1w Goldens Ranch "Azomite" prospect
(2 pits)
5 NwW 3 178 1w Goldens Ranch "Azomite" prospect
6 SwW 26 178 1E Flagstaff Vuggy quartz
7 Sw 20 18S 1E Qlts Beach sand
15 SwW 15 198 1E Crazy Hollow Bedrock sand
8 NwW 15 19S 2E Green River Aragonite
9 SE 22 198 2E Green River Clay
10 SE 22 198 2E Green River Clay
11 Nw 27 19S5 2E Green River Clay
12 SE 27 198 2E Green River Clay
13 SE 28 188 2E Green River Clay
14 SE 28 198 2E Green River Clay
16 sSw 13 208 1w Gray Gulch (?) Bentonite pit
17 NW 24 208 1w Gray Gulch (?) Bentonite pit
18 cwi | 24 208 1w Gray Gulch (?) Bentonite pit
19 SwW 24 208 1w Gray Gulch (?) Bentonite pit
20 NE 30 18S 3E North Horn (?) Magnesite claim

diameter. The rock is a.medium pinkish-brown,
weathering to chalky white or brownish gray.

Crystals of quartz up to one-fourth inch in di-
ameter occur as vein fillings and incrustations of
cavities in chert at locality 6 (figure 19 and table 20)
northwest of Fayette. The material is of interest to
mineral collectors.

A prospect for silica sand has been staked on a
low hill one-half mile east of Gunnison (locality 15,
figure 19, and table 20). The rock is a medium-
grained quartzose sandstone in the Crazy Hollow
Formation described elsewhere in this report. Labora-
tory examination shows that it consists of 96 percent
subangular quartz grains, 3 percent black ferromag-
nesian grains, 1 percent feldspar and rare chert grains.
The grains are coated with clay.

As described by Crawford and Buranek (1942,
p- 6-9), magnesium sulfate occurs as efflorescences
and small pockets along with sodium sulfate and
gypsum, and traces of sodium chloride and alum on
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the north wall of Manti Canyon, three miles east of
Manti and opposite the powerhouse. These occur-
rences may be traced along the base of a cliff for a
mile or so. The material in the cliff is a dense lime-
stone or marlstone of the Flagstaff Limestone under-
lain by a bentonitic shale unit. A tunnel driven 100
feet into the shale revealed sparsely distributed small
pockets of magnesium sulfate or epsomite in the
shale.

METALLIC MINERAL PROSPECTS

Inasmuch as Sanpete County almost wholly
embraces outcrops of sedimentary rocks, mainly of
late Cretaceous and Tertiary age, with no granitoid
intrusive rocks and no significant occurrences of
lavas, its possibilities for workable deposits of metal-
lic minerals are not favorable. The county has been
prospected and some minor occurrences have been
found. All prospects and occurrences known to the
writer are shown on the map (figure 22) and listed
in table 21.
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siltstone and grayish-white, fine-grained sandstone of
the Arapien Shale near the contact with conglomerate
of the Price River Formation. The adit penetrated
the conglomerate, which has been shattered by fault-
ing and contains veinlets of pyrite and calcite. In
places the conglomerate is cemented by calcite, and
limonite gossan occurs in the weathered surface.
Three samples assayed showed gold, a trace to 0.01
ozfton, and silver, a trace to 0.80 oz/ton. Another
sample showed lead, 0.6 percent and zinc, none.

Prospects Near Gunnison

Several pits have been dug in rusty red, limo-
nitic-yellow or hematitic-black siltstone, sandstone
and calcareous shale of the Crazy Hollow Formation
(locality 15). At locality 16 east of Gunnison, a
short adit has been driven in shattered limestone con-
taining stringers of chert.

Prospects Near Fayette

Two pits in shattered Tertiary sediments (local-
ities 10 and 11) show a little calcite and limonite.
Assays showed no precious metals.

Big Horn Prospect

At locality 18 in the Wasatch Plateau, some cal-
cite veinlets occur in interbedded sandstone, lime-
stone and shale of the North Horn Formation. Assays
revealed traces of precious metals.

Lewis Claims
An outcrop of conglomerate of the North Horn

Formation or Price River Formation at locality 9
shows slight radioactivity.

FOSSIL FUELS

Coal and Lignite

Coal-bearing formations of Cretaceous and Pale-
ocene age are widespread in Sanpete County (figures
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24, 25). Coal was discovered in 1859. Mines near
Wales on the east side of the Gunnison Plateau were
reached by railroad in 1870 and the coal was moved
to the Salt Lake City market. Later coal was found
in the area east of Sterling and the railroad was ex-
tended into this area. Production virtually ceased by
the early 1940’s. No active mines were available for
inspection and the information given in this report is
taken almost wholly from publications by Richardson
(1905), Clark (1912), Spieker (1931) and Duncan
(1944). Although beds of the great Wasatch Plateau
coal field doubtless underlie the large part of the
county east of the Sevier-Sanpete Valley, they are for
the most part too deeply buried to be mined com-
petitively under present conditions. They are at or
near the surface in two localities on the west slope
at Sterling and Mount Pleasant, and in two canyons,
Ferron and Muddy creeks, on the east slope, in the
southeast corner of the county. The Wales field on
the west edge of the county is the only other ex-
posure of coal of commercial interest and here the
coal occurs in the North Horn Formation of Creta-
ceous and Paleocene age. The coal is all of bitu-
minous rank.

Gunnison Plateau

A single bed of coal two to seven feet thick
follows the east base of the Gunnison Plateau from a
point 1.5 miles west of Wales southward for 6 miles.
Averitt (1964, p. 46) describes the bed as “contain-
ing about equal parts of coal and shale. The bed
includes benches of coal 1%—2% ft. thick that are free
of partings, but even these benches are high in ash.”
Though ranked as bituminous and having a fairly
high ratio of fixed carbon to volatile material (fuel
ratio), its value is greatly reduced by a high content
of sulphur and ash. According to Burma and Hardy
(1953, p. 551) the coal occurs near the middle of
the middle unit of the North Horn Formation, associ-
ated with beds of shale, sandy and carbonaceous
shale with limestone, and resting on a locally pro-
found unconformity over highly deformed and
thrust-faulted beds of Jurassic and Cretaceous age
which crop out in a belt only a half mile wide at
Wales. The coal bed for most of its course dips
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10°~16° W. but dips as steep as 64° W. are recorded.
The coal is readily accessible in a number of canyons
cut in the face of the Gunnison Plateau.

Coal was found in a small area two miles east
of Sterling and mining began in 1887 (Wilson, 1949,
p- 10). A railroad was built to the mine in 1894,
The mine operator drove an adit 2,000 feet south-
ward from Six Mile Canyon. Operations were ham-
pered by a large flow of water and another adit was
driven as a drainage tunnel, but the cost of handling
the water forced the closing of the mine and only a
small amount of coal has been removed since the
early 1940’s. No data on total production are avail-
able. The water rights have been a valuable property
(Richardson, 1905, p. 284), and the Manti Water
Board is using the drainage tunnel water to increase
irrigation supplies.

The coal occurs in several seams separated by
thick sandstone layers in the middle unit of the Six
Mile Canyon Formation (Spieker, 1946, p. 128) of
Cretaceous age. The coal-bearing unit, about 300 feet
thick, is underlain by 2,000 feet of conglomeratic
sandstone and overlain by 425 feet of conglomeratic
sandstone. The dip in the mine area is 15°— 20° E.

Milburn Lignite Field

Lignite, consisting of dark gray to brownish
black, earthy, friable, poorly bedded material contain-
ing woody fragments, was prospected between 1955
and 1963, in Secs. 7 and 8, T. 13 S., R. 5 E. in Dry
Creek Canyon east of Milburn (localities 15 and 16,
figure 24). Some of the lignite was subsequently
mined, ground, and mixed with turkey feathers to
produce a soil conditioner. The bed in a prospect pit
(locality 16) is 1.1 feet thick and beds as thick as 14
feet have been found. The lignite beds occur in the
North Horn Formation. An adit on the north side of
the canyon in Sec. 7 (locality 15) shows 1.6 feet of
lignite containing clay partings and associated with
limestone. At locality 17, a lignite bed one foot
thick occurs in a highway cut.

PETROLEUM AND NATURAL GAS

Sanpete County is entirely underlain by sed-
imentary rocks and by units which elsewhere in the
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state yield petroleum and natural gas. With the dis-
covery of natural gas in Carbon and Emery counties
interest was stirred by the possibilities throughout the
entire Wasatch Plateau, and the Joes Valley gas field
at the eastern margin of the county was discovered
in 1956. The cumulative production of the two wells
(localities 12 and 13, figure 26) from 1956 to Jan-
uary 1, 1968, was 3,418,208 MCF. Nineteen tests
were made elsewhere in the county. Further details
of tests are on file in the Utah Geological and Min-
eralogical Survey and the Utah Oil and Gas Com-
mission. Discussions of stratigraphy and structure
appear elsewhere in this report and in many of the
cited references. The reader especially interested in
gas and petroleum is invited to read Walton (1954)
and pertinent chapters in Bulletin 54 of the Utah
Geological Survey, “Oil and Gas Possibilities of Utah,
Re-evaluated” (Crawford, 1963), especially those by
Christiansen and Walton. Bulletin 73 of the Utah
Geological and Mineralogical Survey (1964, p. 51-60)
gives a brief review of the petroleum and natural gas
resources of Utah.

The Dakota Sandstone in the Wasatch Plateau is
commonly 25 feet or less and may be absent in
some places (Katich, 1954, p. 44-45). The pebbles
commonly are 70 percent quartzite and 30 percent
chert, and may be as large as 2 inches in diameter.
The Dakota in the subsurface at Joes Valley is hard
and tight with low reservoir capacity (Walton, 1963,
p. 349).

No wells in the Sanpete County portion of the
Wasatch Plateau have been drilled deeper than the
Morrison, the formation immediately underlying the
Dakota. In the Gordon Creek gas field 10 miles east
of Sanpete County a strong flow of carbon dioxide
was obtained in the Sinbad Limestone in the lower
part of the Triassic sequence and in the Coconino
Sandstone of Permian age (Walton, 1963, p. 352).
The depth of these formations below the Dakota in
Sanpete County may be about 5,000 ft. The Manning
Canyon Shale, about 1,000 ft. below the Coconino,
also yielded gas.

Gas was found in the north Joes Valley struc-
ture (Walton, 1963, p. 345; Johnson, 1961) where it
was obtained from the Ferron and Dakota forma-
tions. In the Ferron the structure, which is a trun-
cated portion of a fold against a north-trending fault
in the east side, has a closure of 1,600 ft. with a
gas-water contact at 2,600 ft. above sea level. The
apparent size of the field is about 1 by 2% miles.
Six holes were drilled in this field (figure 26, local-
ities 7, 8, 12, 13, 15 and 18).



Utah Geological and Mineralogical Survey, Bulletin 85, 1970
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Figure 26. Drilling for oil and gas.
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A broad anticline trending ENE northeast of
Ephraim is truncated on the east end by faults of the
Joes Valley system and on the west by a complex of
faults marking the break into the Wasatch Monocline.
The closure is at least 300 ft. One well drilled near
the crest of the anticline (locality 17) tested both
the Ferron and Dakota without finding gas. Another
well (locality 11) drilled on the faulted flank of the
structure yielded a show of gas in both the Ferron
and the Dakota.

A curved fault trending north has dropped the
beds to the west on the westward slope of the
Wasatch Monocline producing a closure of about 300
feet. The structure has a length of about seven miles
and a width of more than a mile. A well (locality
14) drilled through both the Ferron and Dakota into
the Morrison in the north part of this structure is
said to show no gas, but it yielded 14,000 bbl/day
of water (Heylmun, Cohenour and Kayser, 1965).
Evidently the highest part of the structure has not
been tested.

The structure on the west side has a closure of
at least 200 ft. A well (locality 19) drilled through
the Ferron into the Lower Mancos or Tununk Shale
Member on the crest of this structure yielded no
show of gas. The structure on the east side of the
graben ends about six miles southeast of the other
structure and was tested by a well (locality 9) drilled
through both the Ferron and Dakota into the Mor-
rison, A show of gas was found in the Ferron but
not enough for commercial production.

An unnamed monocline in the southeast corner
of the county slopes northwest away from the Joes
Valley fault zone. A dry well (locality 20) was
drilled through the Ferron into the Frontier in an
area where this monoclinal structure is interrupted by
a group of faults.

Walton (1963, p. 352) has suggested that the
structures already tested should be drilled through
the Cretaceous section to test lower formations that
are productive east of the Plateau. Also he suggested
drilling untested structures where gas may have been
trapped by faulting.

Western Sanpete County

Possibilities for- finding commercial quantities of
petroleum and natural gas in that part of Sanpete
County west of the Wasatch Plateau and the Wasatch
Monocline are clouded by the complex structure dis-
cussed earlier in this report and by failure to find
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significant indications of gas or oil in the tests that
have been drilled. Two wells, one near Moroni (lo-
cality 16, figure 26; total depth 9,995 ft.) and one
near Levan in Juab County NEY% SWY% Sec. 17, T. 15
S., R. 1 E.; total depth 7,526 ft.) have been drilled
deep enough to reveal significant characteristics of
the subsurface formations. The test at Moroni was
favorable in that it showed that the Cretaceous
section found in the Wasatch Plateau, including the
Ferron and Dakota, persisted this far west; there was
a slight show of gas in the Ferron. The possible
structure is a closure of the Ferron against a fault
west of the well. The Levan test, spudded in the
Jurassic Arapien Shale, went through the nose of an
anticline, overturned toward the east, which includes
the Jurassic Navajo Sandstone, indicating strongly
that there is little chance for persistence of the favor-
able Cretaceous horizons, even beneath a possible
thrust plate, more than three miles west of Moroni.
The Levan test shows that the pre-Cretaceous forma-
tions continue through Sanpete County westward.
Another deep test outside the county is the Standard
Oil Company of California Sigurd unit No. 1 drilled
to a depth of 9,640 ft. in NE% SE% Sec. 32, T. 22 S,
R. 1 W. in Sevier County, penetrating 9,000 ft. of
Arapien Shale before reaching the Navajo Sandstone.
This is a probable thickening of the Arapien owing
to tectonic disturbance (Gilliland, 1963, p. 122).

The recognition of the Dakota and Ferron in the
test at Moroni is of special interest because it indicates
that these formations may occur under the portion
of Sanpete Valley east of Moroni and in the Cedar
Hills (Moroni Upland) northward to the belt of tran-
sition between these formations and the unfavorable
rocks of the Indianola Group. This region is covered
by Tertiary formations that make location of opti-
mum positions for drilling difficult. The probable per-
sistence of the Dakota and Ferron under this area at
depths corresponding to those in the Moroni test
(8,200 for . the Ferron and 9,700 for the Dakota),
makes this a promising area.

In the Upper Cretaceous rocks, the character-
istically marine shale of the Tununk and other
members of the Mancos change to dominantly sandy
and conglomeratic rocks of the Indianola Group.
Since the western area was tectonically active during
deposition of the marine phases of the Upper Creta-
ceous, there are many unconformities and thrust
faults which further tend to terminate favorable hori-
zons. Also their tectonic movements tended to
elevate the weak Arapien Shale into an anticline
(Gilliland, 1963, p. 115-123) or belt of thrusting
which further barred the extent of marine Cretaceous
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val two miles south in Pete’s Canyon. Here the lacus-
trine and paludal sediments of the North Horn have
changed largely to massive sandstone.

The occurrence indicates that petroleum source
beds and potential reservoir sandstones exist in the
North Horn Formation. In the right structural and
stratigraphic situation oil and gas accumulations pos-
sibly are present.

SCENIC AND
RECREATIONAL AREAS

Historical Development

The scenic and recreational areas of Sanpete
County may be counted as a significant part of its
resources and assets which are inexhaustable and
which can be made more valuable and remunerative
with development and publicity. These are almost
entirely geologic features.

Sanpete County is chiefly within a subprovince
of the Colorado Plateau called by Dutton (1880,
prefatory note, p. xi) the High Plateaus of Utah. The
west boundary follows the mountain front a short
distance east of U. S. Highway 91 or Interstate 15
from Nephi to the vicinity of Cedar City. The east
and south boundaries are drawn at the base of the
erosional escarpments facing the lower Canyonlands.
This general pattern is shown on the physiographic
map of the United States, U. S. Geological Survey,
1930.

The highest and probably most scenic portion
of the Wasatch Plateau is in Sanpete County. The
highest points are along the divides between drainages
reaching the Great Basin to the west and the Colo-
rado River to the east. The streams on the west side
of the divide have short, steep gradients; those on
the east side have more gentle slopes. Much of the
eastward drainage is interrupted by the structural de-
pression or graben of Joes Valley and by the upper
valley of Gooseberry Creek in the northeast corner of
the county near the summit. Although this great area
is called a plateau because the rock formations are
nearly flat, it is thoroughly dissected by the drainage
pattern. The summit area is underlain by the North
Horn Formation which weathers to somewhat sub-
dued slopes and light to medium brown colors where
the rock is exposed, and by the overlying, much
more spectacular Flagstaff Limestone. The white and
light gray-banded cliffs of the Flagstaff contrast with
the green woodland on the lower slopes and on the
narrow flat summits.
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The summit area ranges in altitude from 9,000
feet in the northeast part of the county to 11,300
feet 11 miles east of Ephraim. Much of the summit
in the southern part of the county is between 10,000
and 11,000 feet. The summit is well watered and
supports woodland and mountain pastures, lakes,
ponds, permanent streams and reservoirs. It is com-
pletely blocked by snow in winter. During the Pleis-
tocene, the heads of the stream valleys were glaciated,
producing the horseshoe-shaped basins outlined by
cliffs of the Flagstaff Limestone. Glaciation was most
widespread on the east slope, but there were glaciers
on the western slope in favorable situations. Glacial
erosion is responsible for the most scenic localities
and for most of the ponds and meadowlands.

The west boundary of the Wasatch Plateau is
determined by the Wasatch Monocline in which the
beds exposed in the summit area bend downward
sharply into the Sanpete and central Sevier valleys.
The monocline has been breached by many steep-
walled canyons providing spectacular scenery. Alluvial
fans at the mouths of canyons in Sanpete Valley and
hogbacks of the Green River Formation emerge from
the sediment cover or merge with the monocline
south of Sterling.

The prominent escarpment of the Gunnison Pla-
teau (San Pitch Mountains) rises abruptly 2,000 or
more feet above Sanpete Valley to a dissected sum-
mit area having an altitude of 8,000 feet or more.
The escarpment is breached by short, deep canyons.
The summit area is capped by the Flagstaff Lime-
stone, and evidence of the overlying Green River
Formation is preserved in the trough of a syncline in
the southern part of the plateau. Cretaceous rocks of
the Indianola Group underlie the summit in the north
part opposite Fountain Green. Older Cretaceous rocks
and Jurassic rocks are sharply upturned along the
base of the escarpment, but the North Horn Forma-
tion dips gently westward in the face of the escarp-
ment.

The Moroni Upland (Cedar Hills) rises gently
from both arms of Sanpete Valley to heights of
8,000 feet within Sanpete County. It is dominated
by a conglomerate containing boulders of volcanic
rocks and by beds of volcanic tuff.

The Valley Mountains rise from an alluvial
slope at the west side of central Sevier Valley. Again
the Flagstaff Limestone is the most prominent forma-
tion. Associated formations, including the Green
River, dip toward the valley. Hidden in the interior
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of the Valley Mountains is Jap or Japanese Valley.
an alluviated structural depression or graben, outlined
by faults on either side.

Central Sevier Valley is a structural depression
between fault zones, along which the beds of Terti-
ary rocks are warped downward into the trough of
the valley. A particularly interesting feature is the
salt-bearing Redmond Hills, in which a rib of Jurassic
~rocks has been thrust upward, bending the Tertiary
beds that were deposited against it and even elevating
terrace gravels. During the Pleistocene, the valley in
Sanpete County was flooded briefly by an arm of
Lake Bonneville. The Sevier River undoubtedly was
much larger then and brought in sediments or eroded
them out as the regimen and base level of the stream
changed.

Sanpete Valley is a structural basin in which
the west-dipping beds of the Wasatch Monocline con-
tinue under the valley fill and terminate against
buried faults at the west side of the valley. At times
in the history of the valley, erosion and removal of
sediment undoubtedly were dominant, but at present,
downwarping of the part of the valley along the
Gunnison Plateau dominates (figure 28). Conse-
quently, most of the material eroded from the sur-
rounding uplands is deposited in the valley and little
sediment is transported to the central Sevier Valley.

Scenic Areas

The outstanding scenic attraction of Sanpete
County is the high country of the Wasatch Plateau in
the Manti-LaSal National Forest, readily accessible in
summer from unpaved Skyline Drive which follows
the summit from Tucker on U. S. Highway 6-50 in
Utah County to Ferron Reservoir, a distance of 77
miles. Skyline Drive may be reached by canyon roads
from Fairview, Mount Pleasant, Spring City, Ephraim,
Manti and Mayfield. Three of these roads, from Fair-
view (State 31), from Ephraim (State 29), and from
Mayfield, cross the plateau to Castle Valley in Emery
County to the east. All provide striking scenic views.
From Skyline Drive, which is a mile in altitude above
the valleys adjoining the plateau, the -traveller has
superb views across the colorful Canyonlands to the
east and the desert ranges and valleys of the Great
Basin to the west. From the north county line south-
ward to a point opposite Fairview, Skyline Drive fol-
lows a narrow ridge of Flagstaff Limestone at an alti-
tude of 9,000 feet. From this point south to a point
opposite Ephraim, the drive is on the North Horn
Formation and climbs to 10,000 feet. From this
point southward, the drive is on the Flagstaff Lime-
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stone at altitudes between 10,000 and 11,000 feet.
The last is perhaps the most scenic portion. Most of
the valleys have been glaciated, and are floored with
mountain meadows, dotted with ponds and rimmed
with cliffs of white limestone, contrasting with a
forest cover of dark spruce or lighter aspen groves.
Wild flowers in season cover great areas and the vast
expanses of colored leaves in the early autumn are
breathtaking. The small lakes and reservoirs provide
opportunity for boating. Hunting for deer and elk
and fishing attract local and out-of-state people.
Manti-LaSal National Forest campgrounds are avail-
able in the scenic areas.

The unpaved road across the Gunnison Plateau
(San Pitch Mountains) from Wales to Levan provides
fine views of Sanpete Valley and the Wasatch Plateau
to the east and of the desert ranges and valleys of
the Great Basin to the west. The road enters the
plateau west of Wales through upturned, highly col-
ored beds of Jurassic and Cretaceous age, climbs
slopes of the North Horn Formation, which contains
the coal bed which was a factor in the early settle-
ment of Sanpete County, and reaches the Flagstaff
Limestone at the summit.

Of the many steep canyons which breach the
eastern escarpment of the Gunnison Plateau, Maple
Canyon west of Freedom is best developed as a tour-
ist attraction, complete with campground (figure 29).
The road enters the canyon through ramparts of
steeply dipping and colorful Jurassic and Cretaceous
rocks. At the north side is Box Canyon, a narrow
chasm 500 to 700 feet deep, cut in conglomerate of
the Price River Formation.

The agricultural valleys of Sanpete and central
Sevier are pleasant and interesting. Palisade State Park
at Funks Lake a mile east of Sterling has been devel-
oped as a tourist area. The canyon east of the park
is of interest to geologists who find here distinct
formations of the Cretaceous Indianola Group. Gun-
nison and Wales reservoirs are available for boating.

The Skyline Drive should be improved and
extended southward to State Highway 4 in Salina
Canyon and to Fishlake in Sevier County. This is one
of the most attractive scenic mountain routes in the
West, and properly surfaced, would provide a cool
summer route from the population centers of the
north to Bryce and Zion canyons. Winter sports areas
could be developed, greatly increasing and extending
tourist traffic. More attention should be given to
access and facilities in the canyons.
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