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INTRODUCTION

In 1966, Guidebook to the Geology of Utah
number 20, entitled “The Great Salt Lake”, was pub-
lished by the Utah Geological Society. The book,
edited by Dr. William Lee Stokes. contained ten in-
formative articles, each dealing with a specific topic
about the lake such as its history, biology, geologic
setting and sediments. As this book became unavailable,
the need for an update volume on the Great Salt Lake
became apparent. To fill this need, the Utah Geological
and Mineral Survey began to compile this volume in
February of 1978. Some forty-seven individuals, each
specialists in some aspect of the lake, or its environs,
have contributed to the articles in this compilation.

The resulting volume contains seven sections on the
history and recreation, geology and geophysics, chemis-
try, lake industries, hydrology and climatology, biology,
and engineering of the Great Sait Lake. It is hoped that
this volume on one of the great wonders of the world,
the Great Salt Lake, will be informative and of value
to many people.

As more knowledge is gained about the Great Salt
Lake through new or ongoing research programs, it is
the present intent of the Utah Geological and Mineral
Survey to publish periodic, though shorter, update
volumes.
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GREAT SALT LAKE: A HISTORICAL SKETCH

David E. Miller

Professor Emeritus of History, University of Utah

DISCOVERY, EXPLORATION AND SURVEYS

Reports and rumors of the existence of a huge
salty lake somecwhere in western America circulated
quite freely for more than a century before any white
man actually obtained authentic information about it
or visited its shores. Numerous maps purporting to show
such a lake appeared in print from time to time begin-
ning as early as 1710 with the La Hontan map. One of
the strongest and most prevalent traditions, based on
information gained from native Americans, centered
around Lake Copala. Since it seemed quite casy for
cartographers to draw maps of a lake no white man
had ever seen, it is not surprising to find these various
maps showing lakes quite different from each other in
size, shape and location.

The first authentic information regarding the
actual existence of such a body of water came from
the Dominquez-Escalante expedition of 1776 (Chavez
and Warner, The Dominquez-Escalante Journal, B. Y. U.
Press 1976). Attempting to open a line of communica-
tion between the missions of New Mexico and the
Spanish capital of California at Monterey, the missionary
explorers arrived near the present site of Provo, Utah
on September 23, 1776. The expedition had penetrated
the Great Basin by way of the Green, Duchesne, Straw-
berry and Spanish Fork rivers. Leaders of the group
learned from the natives that the lake on whose shores
they had arrived was connected with a larger body of
water directly to the north, the water of which was
extremely salty. The fathers did not choose to explore
northward since their intended objective seemed to lie
in the opposite direction. However, Miera y Pacheco,
cartographer of the expedition, drew a map of the area
reflecting the information obtained from the Indians.
On the map he drew a huge two-armed lake labeled
Lake Timpanogos (figure 1). The southern small arm
(present Utah Lake) was shown connected to the larger
northern arm (Great Salt Lake) by a strait of water
which subsequently turned out to be the 40 mile long
Jordan River.

Dominquez and Escalante evidently thought
they understood the natives to indicate that a large
river drained westward from the northern arm of Lake
Timpanogos and Miera drew such a river on his map

labeling it the “Tizon”. Miera also lifted the Buena-
ventura (Green River) out of its channel and discharged
it into Lake Miera (Sevier Lake). During the next half
century imaginative map makers developed a mighty
tradition about the Buenaventura and other mythical
rivers, variously named and located, draining Great
Salt Lake, Sevier and Utah lakes. This imaginative
geography was matched by equally imaginative *‘infor-
mation’ about Great Salt Lake, all of which had con-
siderable influence on those who eventually approached
its shores. The notion that the lake must be connected
to the Pacific by a subterranean channel at the head of
which a huge whirlpool threatened the safety of lake
craft was not dispelled until the 1870’s, long after
people should have known better. As a matter of fact,
“eye witnesses” reported the location of the whirlpool
about midway between Fremont and Antelope islands,
reporting that a “‘schooner was almost drawn into
it.” (Salt Lake Herald, June 10, 1870). The mythical
lake monster lasted even longer. It is indeed difficult
to kill myths.

While it is possible that Spanish explorers, Indian
slavers or furmen may have penctrated the region as
far north as Great Salt Lake during the half-century
following the Dominquez-Escalante expedition, and
some expeditions are known to have opened trade
with the Ute Indians located on the lower Provo River
and around Utah Lake, there is no record of such visits.

There is no proof that any white man set eyes on
Great Salt Lake prior to the fall or winter of 1824-25.
During that season a brigade of William Henry Ashley’s
trappers under the leadership of John Weber had follow-
ed the Bear River from its headwaters in the Uinta
Mountains all the way to the north end of Cache Valley.
Winter camp was established near the site of present-day
Franklin, Idaho. It was doubtless from there that Jim
Bridger (riding on horseback-not in a bullboat) was
dispatched to determine the ultimate destination of
Bear River. Bridger followed the stream to its point
of discharge into Great Salt Lake and returned to
report that he had reached an arm of the Pacific. This
erroneous notion was, of course, soon dispelled.

While James Bridger is the first white man known
to have seen the lake, others may have preceeded him.
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Indeed, Etienne Provost may well have beaten Bridger
to its desolate shores - but there is no definite proof of
this. It is known that Peter Skene Ogden encountered
Provost on Weber River at the present site of Mountain
Green on May 22, 1825 and learned that he (Provost)
and his twenty-five men had wintered in that vicinity
that season - 1824-25. (David E. Miller, “Peter Skene
Ogden’s Journal of His Expedition to Utah. 1825,
Utah Historical Quarterly, April, 1952). Provost and his
men might very well have followed the Weber to its
point of discharge in the lake, or at least to a point
from which the lake could have been seen. It is well
known that he and his men were treacherously attacked
by Indians somewhere in the vicinity during the fall of
1824. This incident has been “‘guessed” all over the
area - it might well have occurred near the mouth of
Weber River. It could also have been on the Jordan
River which at one time carried Provost’s name (Arrow-
smith map, 1835), but since Provost left no record of
his activities the question remains a moot one.

Earlier claims for Jedediah Smith and Peter Skene
Ogden as possible discoverers of the lake are now known
to be without foundation.

In 1826 four men in bullboats circumnavigated
the lake in search of possible beaver streams. After
three weeks of privation on the lake this party returned
to report that no major streams entered it from the west
and that they had found no outlet. Theirs is the first
report tending to more or less accurately place the
lake at the bottom of an interior basin.

After having discovered the Humbolt River in
1828, Peter Skene Ogden approached the northwest
arm of Great Salt Lake from present-day Nevada and
reported that the lake had no outlet (Ogden’s 1827-29
Journals published by Hudson’s Bay Record Society,
1971, London, England).

In 1833 Captain B. L. E. Bonneville sent Joseph
Reddeford Walker on an expedition to California via the
northwest end and west side of the lake. From infor-
mation obtained from that expedition emerged Bonne-
ville’s rather famous map of 1837 - the first to actually
show basic elements of the Great Basin and Great Salt
Lake with interior drainage only (figure 2). On this
same map the lake is labeled ‘““Lake Bonneville,”” the
earliest use of that title. It was doubtless from this
source that Grove Karl Gilbert conceived the notion
of giving Bonneville’s name to the huge predecessor of
Great Salt Lake. Gilbert, a better geologist than histor-
ian, mistakenly understood that Bonneville had been

the first white man to see Great Salt Lake. Actually,
Bonneville never did see the lake.

The first “scientific’’ examination of the lake was
undertaken by John C. Fremont in 1843. (John C.
Fremont, Report of Exploring Expedition, Washington
D. C., 1845). On that occasion Fremont, with four com-
panions, launched his “India rubber boat” on the lower
Weber River and paddled out to the island which now
bears his name. From the island’s peak Fremont and
Charles Preuss (cartographer of the expedition) scanned
the surrounding country with a spy glass and drafted a
map based on their observations (figure 3). This rather
remarkable map shows various lake islands quite ac-
curately placed as well as the mountains and streams of
the region.

Fremont’s report, published in 1845, called
attention to the fact that he had accidentally left the
cover of his spy glass at the island’s summit. As a result,
almost every visitor to the spot has hunted for the lost
object. But they seek in vain, for the brass cap was
actually found by Jacob Miller in the mid 1860’s when
the Miller brothers of Farmington, Utah were using
Fremont Island as a stock range. For many years the cap
was an object of interest in the Miller home. However, it
has subsequently been ““lost™ again.

While Fremont and Preuss were busily engaged in
mapping operations, Kit Carson and companions passed
the time carving “a large cross” on the face of a peculiar
rock formation near the island’s summit. Actually, the
cross, a true crucifix, is only about seven inches in
length. 1t is very well preserved and has been an object
of curiosity and interest for most people who have
climbed the steep slopes to the island’s crest (figure 4).

While at the lake, Fremont determined its ele-
vation (4200 feet above sea level) and obtained 14 pints
of salt from five gallons of lake brine evaporated over
a camp fire.

In 1845 Fremont was again exploring the lake.
(John C. Fremont, Memoirs of My Life, Chicago, 1887).
On that occasion he and his men rode horseback from
the mainland to the south end of Antelope Island which
he named in honor of a very successful antelope hunt
there. After an exploration of the lake’s south shore,
Fremont struck a course for Pilot Peak (which he named
after having pioneered the first expedition from the site
of present-day Grantsville westward across the Great Salt
Lake Desert). Unknowingly he had blazed a trail soon to
become known as Hastings Cutoff and famous because
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Figure 3. Fremont’s Great Salt Lake Map, 1843
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of the hardships endured by the Donuer Party of 1846.

One of the most significant cvents in the lake’s
history was the survey conducted by Captain Howard
Stansbury (Exploration and Survey...Great Salt Lake,
Philadelphia, 1852). In 1849 Stansbury circled the lake
on land. His descriptions of the desolation found along
the west shore arc very graphic. The following year
Stansbury and his crew made a complete survey of the
lake. Triangulation stations were established on everv
island and on significant points along the shors ¢
purposes of accurate cartographic work. The whole lake
was sounded for the first time. Stansbury also named
several of the islands: Fremont: Gunnison (For Captain
John Gunnison); Carrington (for Albert Carrington);
Stansbury; Egg, and Hat.

Since 1850 several important explorations of the
lake have been completed. Special mention should be
made of the Fortieth Parallel survey under the direction
of Clarence King in 1869-70 which made a complete
survey of the lake. At that time the lake was relatively
high and the map drawn as a result furnished an in-
teresting contrast with Stansbury’s 1850 map.

In 1878-80 Grove Karl Gilbert headed a group that
made a thorough study of the shore lines of ancient
Lake Bonneville (Lake Bonneville, 1890).

After 1880, numerous explorations and surveys of
the lake were made, chiefly for the purpose of water
analysis and study of the island bird rookeries.

Dr. T. C. Adams conducted a very significant
survey of 1934-35 as part of his study of water resources
of the Great Salt Lake region. At that time the lake was
at its lowest recorded level to that time. Adams super-
imposed his map, the King Survey map and Stansbury’s
map on the same sheet to graphically show the com-
parative lake arca at three periods of its history,

OCCUPATION OF THE ISLANDS

Several of the lake’s islands have been occupied
from time to time. During the 1890’s Alfred Lambourne
homesteaded Gunnison lsland, built a cabin of native
stone and attempted to establish a vineyard. He planted
over 1,000 vines of various kinds, but lack of water for
the plants destined the experiment to failure. While
Lambourne was making his vineyard attempt, George
Frary spearheaded a movement to harvest the extensive
guano deposits found on the same island. The Utah

Utah Geological and Mineral Survey, Bulletin 116, 1980

Figure 4. Kit Carson Cross

Guano Company, operated for threc years, shipped
rather significant quantities of guano to the mainland,
but the venture was not financially successful and had to
be abandoned.

Charles Stoddard filed a homestead claim on
Carrington Island in 1932, built a cabin (figure 5) but
gave up when the well drilled on the island produced
nothing but salt water. Attempts to settle Fremont and
Antelope islands have been more successful.

Antelope Island

John C. Fremont and his party were apparently
the first white men to visit Antelope Island, September
18, 1845. On this occasion he gave the island its name.
Although it was later commonly called Church Island,
(and still is by many people in the vicinity) the name
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Figure 5. Charles Stoddard Homestead on Carrington Island.

Fremont gave it has become very well established. After
Fremont, probably the next white men to visit the island
were members of the “Mud Hen” crew who made a brief
lake survey in 1848,

The first white man to live on Antelope Island was
“Daddy™ Stump, an old mountaineer, who was there
before the Mormon Church took over. Stump built a
cabin consisting of cedar post uprights and a dirt tloor,
near a fine spring. He also planted an orchard and a
garden. Peaches produced in this orchard were small, but
were Utah’s first homegrown peaches.

When the Mormon Church decided to use the
island for a stock range in 1849, Fielding Garr was sent
there as herdsman and caretaker. He built a five room
structure of adobe bricks made on the spot (figure 6).
The building still stands and may well be the oldest
building in Utah still being used for the purpose for
which it was constructed. The Church herd consisted of
cattle and horses collected as tithes and privately owned
stock placed under church care.

September 14, 1850 the General Assembly of the
State of Deseret met in the Bowery at Salt Lake City
and incorporated the Perpetual Emigrating Company.
Section seventeen of the act of incorporation states:
“The islands in Great Salt Lake, known as Stansbury’s
Island and Antelope Island, are hereby reserved and
appropriated for the exclusive use and benefit of said
Company for keeping of stock, and etc.” (L. D. S.
Journal History, September 14, 1850). However, leading
church men as well as the “Company” itseif pastured
their stock on the island. By 1856 this seems to have
become a common practice, the island being divided
among the various men for this purpose. Brigham

Young found it rather entertaining to take friends to
the island for weekend visits.

After several transactions and developments
through the years, most of the island eventually came
under the control of J. E. Dooly, and White and Sons
Company. The latter concern leased the Dooly holdings
and used the island as a cattle range until 1903. Purebred
stock was introduced and a fine herd of cattle roamed
the island. In 1903 White and Sons sold to Ernest
Bamberger. Shortly thercafter, the Island Improve-
ment Company was organized with J. E. Dooly as
president and general manager. For several years the
cattle industry operated under the name of “Island
Ranching Company”. However, the Anschutz Livestock
Company subsequently purchased the island’s ranching
interests.

The Island Buffalo Herd

One of the interesting features of Antclope Island
since the turn of the century is its herd of American
bison. The island had once been the native habitat of
both buffalo and antelope as attested by Osbormne
Russell (who made annual trips from Fort Hall, at
Pocatello, Idaho, to the mouth of Bear River to feast on
duck and heron eggs). (Osborne Russell, Journal of a
Trapper, and John C. Fremont). Buffalo had roamed
freely in the Great Salt Lake valley and along streams
flowing into the lake. Peter Skene Ogden was glad to
find them when in the lake vicinity in 1828, and the
Walker Expedition of 1833 killed many of them on Bear
River and on the northwest shores of the lake. These
animals, however, had long since left the Salt Lake
vicinity when the Mormons arrived in 1847.

It was early in the 1890’s that the idea was con-
ceived of restocking Antelope Island with buffalo.
William Glassman was evidently the first to promote the
scheme. In 1891 he purchased twelve head from “Buf-
falo” Jones of Texas and had them billed to Ogden.
However, they were missent to a small siding west of
Garfield. Two years later these animals were purchased
by John E. Dooly and J. H. White for planting on
Antelope Island. The buffalo were shipped to the island
in 1893.

J. W. Walker and George Frary were in charge of
this special shipment. A flat-bottomed cattle boat was
partitioned into special compartments to kecp the
animals in order during the voyage. “lt took several
trips to get twelve buffaloes across to the island’.



In stocking the island with buffalo, Dooly and
White had two purposes in mind, one of which was to
preserve  the rapidly disappearing “‘denizen of the
plains”. The other was for breeding purposes. An at-
tempt was made to cross the buffalo with hornless
Galloway cattle. This novel experiment was not suc-
cessful; only one “Cat-lo” was produced. However, the
first objective was achieved. The small herd grew rapidly,
and under very limited hunting and slaughtering permits,
it soon numbered over 300 head. Being almost com-
pletely isolated, the animals were not molested by
constant crowds of curious sight-seers and developed
much as they might have a hundred ycars earlier on
the open plains. In filming “The Covered Wagon” in
1922, Hollywood producers gained permission from the
island owners to shoot the buffalo scencs there, with
great success.

In 1926 the interest of the island owners shifted to
sheep and cattle at the expense of the buffalo herd. It
was decided at that time to conduct a “‘last great buffalo
hunt”. Sportsmen from far and near attended, paying
$300 each for the privilege of shooting their own game
on the island. The hunt was a great success, and the herd
was reduced to thirty cows and about twenty-five calves.
It has been kept at about this number since 1926.

Fremont Island

After Stansbury’s survey of 1850 there were no
reported visits to Fremont Island until 1859 when the
Miller brothers from Farmington, Utah decided to stock
the island with sheep and cattle. Others had possibly
visited the island, but it had not been put to any prac-
tical use. Henry W. Miller’s journal records the beginning
of this enterprise:

Figure 6. Fielding Garr Home on Antelope Island.

Utah Geological and Mineral Survey, Bulletin 116, 1980

In the Spring of 1859 1 went to the Island
known as Fremont Island in the Great Salt Lake
and explored 1it, accompanied by my brother
Daniel and Quincey Knowlton. I built a boat and
after we had shecared our sheep we took them to
the island. There were about 153 head. It was said
that there had never been any stock on that Island
before we took our sheep there. This island is
about 25 miles from Parmington and about six
miles north of Antelope Island, where the Church
had some stock. This I'remont Island is opposite
the mouth of Weber River. After we had taken our
sheep on the island, it became known locally as
Miller’s Island. It proved a good place for sheep, it
being about four miles from the mainland and no
wild beast on it to destroy the sheep. The herd in-
creased very fast in number and needed no herder
to take carc of it. We used to visit the Island every
tew weeks to clean the spring, and at times of
lambing, shearing and marketing we spent days on
the island at a time. (Journal of Henry W. Miller,
unpublished).

In this way, Fremont Island was occupied and for
the first time put to practical use. Henry W. Miller and
Daniel A. Miller formed a partnership for the enterprise.
Their sons and grandsons soon took the most active part
in the business, Jacob Miller being one of the most active
participants.

Probably the most romantic episode in the history
of the lake is the story of Judge U. J. Wenner and his
family who made their home on Fremont Island, 1884-
91. Mr. Wenner was afflicted with tuberculosis and
hoped that the fresh lake air might prove beneficial and
perhaps bring about a complete cure.

The Wenner family built a fine home from rock
found on the island (figure 7), moved their library and
fine furniture to the site and settled down to stock
raising. All went well for a few years; the judge’s health
scemed to be improving. Then quite suddenly he suf-
fered a serious relapse and died before help could be
summoned from the mainland. When help finally arrived
the body was laid to rest in a grave on the high ground
behind the house. Mrs. Wenner with her three children
left the island. (David E. Miller, editor, ““A Great Ad-
venture on Great Salt Lake”, Utah Historical Quarterly,
Summer, 1965 and Western Humanities Review, Oct-
ober, 1939). When her mother died later in 1942,
Blanche Wenner, who had lived on the island as a child,
decided to place her mother’s mortal remains beside the
judge’s grave. Subsequently Charles Stoddard, who was
leasing the island as a sheep range, built an appropriate
grave marker from stones taken from the old home and
built a fence around the grave site. A bronze plaque now
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Figure 7. Wenner Family Home on I'remont Island.

carries the vital statistics of the couple who had brought
civilization and romance to a desert island in the lake.

Fremont Island was also the scene of one of the
strangest episodes of Great Salt Lake history. This was
the exile of John Baptiste on that island in 1862. Bap-
tiste had been hired as a grave digger at the Salt Lake
City cemetery. However, because of some peculiar
mental quirk in his make-up, he could not leave the dead
buried and began digging into the graves and robbing the
corpses. Some of the stolen articles of jewelry and
clothing were then pawned in local shops and eventually
put up for sale by the broker. Naturally, people soon
began to recognize items they had buried with their
loved ones. Thorough investigation and search revealed
that Baptiste had robbed over 300 graves and had in his
possession several boxes full of clothing taken from
the dead.

The grave digger was tried and committed to exile
on an island in the Great Salt Lake. Henry W. Miller,
who then was using Fremont Island as a sheep range,
assisted the sheriff in transporting the prisoner to that
desolate place. Several wecks later, however, when the
Millers returned to the island to make a routine check,
Baptiste was gone. Apparently the exile had torn planks
from the cabin for a raft and escaped to the mainland.
He was never seen in the vicinity again.

GREAT SALT LAKE RESORTS

Since the arrival of the Mormons in Salt Lake
valley in 1847, Great Salt Lake has been relatively
popular as a place for swimming. Probably the chief
reason for this popularity is the extreme buoyancy of
the water. Enterprising people soon began supplying
bathing facilities at the most popular locations.

Black Rock was one of the carliest swimming
resorts, having been visited by Brigham Young and an
exploring party July 27, 1847. Although some bath
houses had been established there before 1880, it was
not until that time that a systematic attempt was made
to develop it into a satisfactory “‘watering place”. Old
eyesores such as tumbledown fences, stables and corrals
were cleared away and a hundred new bathing houses
were built of good lumber. Soon cottages were available
for rent by the season. Attractions at Black Rock
included: an elegant dance hall, a bicycle track, a pier
for boats, and “City Creek” drinking water.

About the same time, Garfield Landing was
developed as a swimming resort as well as a steamship
pier. A stecamboat, the “General Garficld”, was securely
moored to the 400 foot pier to act as a restaurant and
recreation hall. A Salt Lake newspaper announced
that $8,000 had been spent on improvements to provide
excellent swimming facilities.

In the immediate vicinity of Garfield Landing the
Union Pacific Railroad Company erected a resort known
as Garfield Beach at a cost of $75,000. It, as well as
Garfield Landing, was named in honor of U. S. Presi-
dent Garfield, who had cruised on the lake. Garfield
Beach rapidly developed into one of the most popular
lake resorts of its time. It boasted a hotel, dancing
pavilion, regular concerts during the summer season as
well as excellent swimming facilities. This resort was
located about 20 miles west of Salt Lake City.

Still farther west, on south shores of the lake,
another resort appcared. This was at Lake Point, the
location of the first wharf of any importance built on
the lake. It was to have been the chief pier for shipping
between Corinne and points on the south shore of the
lake. When John Muir visited Utah in 1877, Lake Point
was a popular resort and was visited by him. Mr. Muir
praised the resort, stating that it would become very
popular if people but knew half its merits. Fine hotels,
dance halls, bath houses, etc. were found there.

In 1866 the Lake Park resort was established west
of Farmington. Lake Park became the most popular of
all the lake resorts of that time. Founders of the new
recreation center were George Goss, Simon Bamberger,
Jacob E. Bamberger, W. H. Bancroft, and C. W. Benneit.
It was a $100,000 corporation and covered 120 acres.
This resort boasted the best in cverything: restaurant,
bar, orchestra, fine pier, pleasure boats, shooting gal-
leries, bowling alleys - in short, every attraction that
could be thought of to make a stay at the resort en-
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joyable. Later some of the buildings were moved to
Lagoon.

Lake Shore resort at Syracuse was constructed and
opened to the public on July 4, 1887. It was located
near the site of the Syracuse salt works and provided
bathing, boating, dancing, and the regular types of
recreation  associated with the other resorts. It was
largely because of its location, well off the Salt Lake -
Ogden railway line, that a spur was constructed from
Clearficld to the resort, and regular passenger trains
reached it from both Ogden and Salt Lake City. Some of
the pilings that supported the buildings can still be seen
at the entrance of the highway leading from Syracuse to
Great Salt Lake Park on Antelope Island. A large sign
placed at the site in 1978 gives a brief history of the
resort.

Saltair (figure 8), was the last constructed of the
old resorts as well as the greatest. The rousing success of
this new recreation center drove the others out of
business. Better location and first class facilitics pro-
vided more competition than the other establishments
could meet. Furthermore, the receding lake left most of
the resorts high and dry in the late 1890°s while Saltair,
built over the lake in five feet of water, still furnished
excellent swimming.

Pile driving for the structurc proved extremely
difficult because of a very hard, seven foot layer of
sodium sulphate just beneath a few inches of sand on the
lake bed. Steam had to be applied and holes melted

Figure 8. Saltair Resort
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through the “soda”. After the piles had been properly
placed the material settled around the uprights again
making them exceptionally solid. Although fire swept
the resort in 1925, these pilings were not destroyed and
the resort was rebuilt on them.

Saltair was built by officials of the Salt Lake and
Los Angeles Railroad Company at a cost of over
$350,000 and was completed in 1893. It had a five-story
pavilion with a dance floor large enough to accomodate
1,000 couples. One of its special attractions was its
unique electric lighting system.

Saltair rapidly gained in popularity: 160,000
persons were visiting it annually by 1900. For many
years, before the 1930-40 low cycle of the lake, “to visit
Utah without viewing the grandeur and beauty of
Saltair, the largest and most attractive bathing resort in
America, would be like visiting Jerusalem and neglecting
to see the site of the old Garden of Gethsemane”
(George Q. Cannon, City of the Saints). When the
lake fell to its low level during the 1960’s Saltair was left
high and dry; its popularity declined; it was literally
abandoned. Several attempts to restore the rapidly
deteriorating buildings failed and on November 12, 1971
fire destroyed all that remained. All debris has been
cleared from the area; nothing is now left of the once
proud ‘“‘Lady of the Lake™

Other Great Salt Lake resorts were: Sunset Beach,
established in the 1930’s, and Silver Sands, built in
connection with the Salt Lake Boat Harbor. These
resorts also suffered as the lake declined during the
1960’s and were virtually abandoned before 1975 when
the State of Utah acquired more than four miles of
south shoreline to create the Great Salt Lake Park—
South Shores. This park includes all the shore between
Black Rock and Saltair and is rapidly being developed
into better bathing and boating facilities. Of special
interest is a major development at the Salt Lake Boat
Harbor where slips for 200 sailboats of various sizes and
colors provide high quality sailing activity. Plans are
under way for an additional 300 slips.

ATTEMPTS TO PLANT SEA LIFE IN THE LAKE

Although no fish or large molluscs live in the lake,
attempts have been made to propagate oysters, fish, and
eels at the mouths of streams. Beadle, writing in 1879,
pointed out that:

Oysters have been planted at the mouths

of the rivers but when the wind has been up
stream, the dense brine setting in from the lake



David E. Miller, Great Salt Lake: A Historical Sketch

killed them. Jordan was stocked with cels a few
years ago, but they floated down into the lake and
dicd. One was picked up long afterward on the
eastern shore, completely pickled. The finder
cooked and ate it, and found it very palatable. (J.
H. Beadle, Western Wilds, 178-179).

That the eel discharged into the lake would be pickled is,
no doubt, true. However, that it would be eaten and
found palatable is very doubtful. Naturally, fish do
occasionally drift into the lake from the various streams
that feed it and from Farmington Bay through the
Syracusc-Antelope Island causeway. Skeletons of large
fish are often found along the shoreline.

Probably the earliest reference to the possibility of
planting oysters, salt water fish, crabs and lobsters in the
lake appears in the Descret News early in 1853, This
article suggested that the salty bays could be tempered
to suit the nceds of the various forms of life to be
introduced. At the mouths of rivers and in certain bays,
artificial dams could be constructed and the salt content
of the water controlled by strict regulation of the
amount of fresh water running into the embayment. The
article contains rather definite plans for the construction
of such dams, spillways, ctc. It further points out that all
types of shell fish as well as salt water fish could live in
the same ponds, producing enough sea food to supply all
the needs of Utah. Fish would find streams satisfactory
for spawning. Shad, salmon, and other salt water fish
are mentioned as especially adaptable to lake culture.

However, there are few references to actual
attempts to plant sea life in the lake. In August 1882 the
Deseret News carried this item:

Isish Commissioner Eugene G. Blackford
received an order from Henry House at Corinne, Utah
for two barrels of seedling oysters which he intends to
plant and cultivate in Great Salt Lake when a suitable
place can be found (August 12, 1882).

Much hope was held for the success of the ex-
periment. Two days later the Deseret News carried a
second article:

An effort is to be made once more to raise
oysters in the Great Salt Lake...A thorough trial
was made several years ago at the mouth of Weber
River. The seedling oysters arrived in good con-
dition and were planted and tended carefully. But
the conditions were found to be unfavorable. Too
much salt impregnated the water at a distance from
the river, the mud that washed into the lake from
the river’s mouth was unsuitable to bivalves, and

the oysters soon “petered” out leaving not a sign
of their existence.

It is possible that Mr. House may be more
successful at the mouth of the Bear River, than the
promoters of the scheme were at the influx of the
Wecber, but his attempt is not the first of the kind.
We should be very much pleased to be able to
chronicle the successful cultivation of the oysters
in the great saline lake of the North American
Continent.

Another brief reference to these failures was made in
1891: “Efforts have been made to propagate fish,
oysters, etc. in the lake, but without success. They
all die”. (A. B. Carlion, Wonderlands of the Wild West,
31). Very little publicity was given the attempts.

LAKE SHIPPING: FROM BARRIER TO HIGH ROAD
Boats and Boating

Great Salt Lake has been an asset as well as a
barrier to transportation. Shipping on the lake was a
relatively important activity during the second half of
the 19th century, and some rather grandiose schemes
were created to capitalize on the possibilities of using it
as a means of transportation for both freight and pas-
sengers. However, rapid development of railroads and
decline of the lake level became combined forces which
limited and almost eliminated lake boating as an eco-
nomic enterprise.

The earliest boat known to have plied the lake
waters was the bullboat of the four explorers who
circumnavigated it in 1826. While it is highly probable
that the other trappers at times launched boats on
the lake, there is no record of such activities. Rafts were
used by Indians to reach Antelope Island, as recorded by
Osborne Russell in 1841. When Fremont and his party
traveled to Fremont Island September 9, 1843 they used
an eighteen foot “India rubber” boat. Five years later
the first Mormon craft, the ‘““Mud Hen”, carried its crew
to some of the lake islands. 1850 saw Stansbury’s
“Salicornia” launched on the lake. This was the largest
craft yet to appear on Great Salt Lake and the first
to make extensive trips on its water.

With the settlement of Salt Lake Valley and
occupation of the lake islands many new boats made
their appearance. One of the carliest of these was Brig-
ham Young’s boat the “Timely Gull”. Built chiefly
as a ferry to transport stock to and from Antelope
Island, this 46 foot boat was launched on the Jordan
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River, June 30, 1854, and christened by Governor
Young himself. The new ferry was designed for a stern
wheel to be propelled by horses using a treadmill ar-
rangement. Dan Jones was placed in charge of the new
craft which soon began hauling salt, cedar posts and
cattle from its anchorage at Black Rock to and from
various points on the lake. The “Timely Gull” was
wrecked in a storm in 1860.

Early boating activities on the lake were limited to
the hauling of sheep and cattle to and from the islands,
freighting salt, transporting cedar posts from Prom-
ontory and other north shore points, and shipping ore
from mines opened on the west lake shore opposite
Carrington Island. Many sailboats were built and used
for these purposes, and piers and landing docks were
built to accomodate them. One dock was constructed at
Lake Park resort west of Farmington, with a railroad
connection. Lake Point and Garfield Landing on the
south shores of the lake, and Corinne on Bear River,
were other important shipping points.

With the coming of the railroad, more ambitious
schemes for lake transportation were formulated. As
railroad surveyors rounded the north shores of the lake,
General P. A. Connor saw a future profit in transporting
railroad ties and telegraph poles from the south end of
the lake to north lake points for use on the new road. As
a result, he built the first steamboat to ply lake waters.
This boat was called the “Kate Connor”. The venture
must have proved successful, for the next year Connor
constructed and launched a second steamer, the
“Pluribustah”, of 100 tons burden. The “Kate Connor”
was bought by Christopher Layton in 1872 for the
purpose of transporting sheep to Antelope Island. What
eventually became of the two boats is not known.

With the completion of the transcontinental
railroad the small town of Corinne began to assume real
importance. Located at the railroad crossing of Bear
River, the town fathers saw in their village the future
metropolis of Utah. They hoped to have it declared the
junction point of the Central and Union Pacific railroads
and laid plans for its future. Freight wagons were busy
bringing ore from Montana mines to Corinne for ship-
ment to smelters: rich ore deposits were being discovered
in the Oquirrh mountains south of the lake. In order to
capitalize on the orc business, a smelter was built at
Corinne to handle the rapidly growing ore trade. Closely
associated with the smelter was the plan to make ex-
tensive use of the Great Salt Lake as the cheapest and
casiest way to bring the ores from the south cnd of the
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lake to the smelter. This entailed the construction of a
large boat, the ““City of Corinne” for the purpose.

The “City of Corinne™ was a 300 ton Mississippi
River-type stern wheeler with two stacks and three
decks. Engines for the new boat were made in Chicago
and shipped around Cape Horn to San Francisco, reach-
ing Corinne by rail. From California came the redwood
for hull and beams. The 70 foot craft was launched on
May 24, 1871, and practically the whole valley popu-
lation turned out to witness the event. General J. A.
Williamson, Mayor of Corinne, officiated at the chris-
tening. “The first trip was made to Lake Point in 1872,
with machinery for the smelter at Stockton (Utah) and
the boat returned with ore from the Tintic district and
Nevada™. (W. P. A. Writers’ Project, Utah, A Guide to
the Stare, p 363).

The **City of Corinne’ made several trips between
Corinne and Lake Point, hauling cattle, ore, and pas-
scngers. The route, shown on maps of the time, was
from Corinne down Bear River, through Bear River Bay,
east of Fremont Island, then between Fremont and
Antelope islands to Lake Point or Black Rock on the
south shore. However, obstacles soon hindered the
progress of this new freighting venture: Bear River
waters decreased in volume and sand bars blocked its
entrance. The “City of Corinne” was unable to make
port with her heavy load of ore, and the project had to
be abandoned. Captain C. A. Dahl converted the “City
of Corinne™ into an excursion boat. As such it cruised
the waters of Great Salt Lake for many years, stopping
at the resorts where landing facilities were available:
Black Rock, Lake Point, Lake Park, and Garfield Beach.

Early settlers along the east shore of the lake
between Salt Lake City and Ogden often saw the boat,
ablaze with lights, and heard music from the orchestra
aboard. And in the daytime the American flag proudly
preceded the boat’s two smokestacks. Lower decks were
used for transporting herds of cattle and sheep to the
islands in the lake where they were pastured during part
of the year. (Kate Carter, ed., Heart Throbs of the West,
IV, 166).

Many prominent people cruised the lake aboard
the ““City of Corinne’’, among them James A. Garfield,
“who was, it is said, first nominated to the Presidential
office by a party of gentlemen and ladies with whom he
was making a cruise on the lake...”’, (August 12, 1872, C.
R. Savage, Views of Utah, 12). In honor of Garfield’s
visit the name of the boat was changed to “General
Garfield”. A few years later the craft was moored to the
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pier at Garfield Landing Resort to become a restaurant
and recreational center. In 1904 fire swept the resort
and the “General Garfield” was burned to the water line.

Another steamboat, “The Lady of the Lake™, was
launched on the lake on August 8, 1871. The craft was
built in New York and given a test run from a Brooklyn
pier June 23 before being dismantled for shipment for
Salt Lake City. According to the New York Herald the
new craft was the “‘smallest steamer afloat”, drawing
only 18 inches of water. She was only 50 feet long and
10 feet wide.

Numerous other boats, built and operated on the
lake, are mentioned in various accounts of Utah pio-
neers, but their history and activity remain virtually
unknown.

THE LUCIN CUTOFF

By the 1890s the railroad track between Corinne
and Lucin around the lake to the north had become a
major “‘bottleneck’™ on the whole transcontinental line.
The climb of over 600 feet to Promontory Summit
required three engines and restricted the load that could
be pulled. When the old line reached its capacity of
600,000 tons a year, railway officials began casting
about for a means of overcoming this obstacle.

Distance was not as important an obstacle as
grade, so the railway officials first considered building a
line southeast from Lucin to Salt Lake City by way of
the west shore of the lake. This would afford a level road
and only the southwest arm of the lake would need to
be crossed. The scheme was given serious consideration
before the Lucin-Ogden route across the lake was
selected. Plans for a cutoff had been made by Oliver P.
Huntington but the actual construction of the new road
was under the direction of Edward H. Harriman, presi-
dent of the Southern Pacific Company at that time.
After having made complete lake soundings and surveys
of the proposed new route, work was begun in March
1902. Approach to cither side of the lake was relatively
simple; the real task began when the first piles were
driven on August 2, 1902.

The Lucin-Cutoff shortened the route between
Ogden and Lucin by 43.77 miles and the time by seven
hours; 3,919 degrees of curvature were climinated and
1,515 feet of grade avoided. The sharpest curve on the
new line is at Promontory Point and is a curve of only
1.5 degrees, compared with curves of 10 degrees on the
old line. The steepest grade on the cutoff (21 feet to the
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mile) lics west of the lake. A climb of as much as 90 feet
to the mile was encountered on the old route.

The final rails were laid in about the middie of the
west arm of the lake on November 13, 1903. Celebration
of the occasion was held November 26, with hundreds of
celebrities attending. No special spike driving ceremony
was held. The road was turned over to the operations
department December 31, 1903, but regular runs were
not scheduled over the new line until March 8, 1904,
because of trouble on the fills. The first regularly sched-
uled train to cross the new cutoff was 25 cars bearing
Asiatic freight. Passenger service was not inaugurated
until September 18, 1904,

Note: The original paper by Dr. Miller included sections
on lake levels and the Great Salt Lake Authority. These
have been omitted because the same subjects are discuss-
ed elsewhere in this volume in greater detail.
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David E. Miller

IN MEMORIUM

Professor David C. Miller’s impact in bringing to life the early history of the intermountain area is immeasureable.
He was Chairman of the Department of History at the University of Utah, and Director of the Western History Center.
He also served as Secretary of the Organization of American Historians and as President of the Utah Academy. His
untimely death at the age of 69 found him still actively engaged in research on the history of Utah and of the west.



LEGAL BATTLE OVER OWNERSHIP OF THE GREAT SALT LAKE

Richard L. Dewsnup and Dallin W. Jensen

Assistants Attorney General, State of Utah

In the carly 1960’s the Burcau of Land Manage-
ment of the United States Departiment of the Interior
served notice on the Utah State Land Board (now
Division of Statc Lands) that it intended to survey a
boundary line along the Great Salt Lake to separate
state and federal ownership, and that it would locate
such boundary line at an clevation of 4201.8 feet above
mean sea level, which was the same clevation as the
water level on January 4, 1896, when Utah obtained
statchood. Utah believed that the State owned the
Lake, the water-covered bed, and the shorelands located
within the surveyed meander line as officially surveyed
and approved by the United State Government. This
claim was based on the “‘Equal Footing” Doctrine,
which holds, among other things, that all States re-
ceive at the date of statchood title to all navigable
waters and their beds. Since statehood, Utah assumed
control of the lake and shorelands, and had managed
them for various uses, including recreation, wildlife,
mineral development, grazing and a variety of other
purposes.

At this carly point in the contlict, the area in
dispute was a narrow belt of land around the lake lo-
cated between the statehood elevation of 4201.8 and
the higher elevation of the surveyed meander line.
The surveyed meander line did not represent a uniform
or consistent elevation, but ranged between about 4202
and 4212 feet above mean sea level, with an “‘average”
clevation of about 4205. The different elevations result-
ed from the fact that the meander line was surveyed in
segments by different surveyors over a period of several
decades. The water level of the lake fluctuated and
was at different elevations when the different segments
were surveyed--hence, a composite surveyed meander
line located at various elevations.

The acreage in dispute at this time, being the area
of “dry” or exposed shorelands located between the
statehood clevation and the surveyed meander line,
was approximately 150,000 acres. The United States
believed that this land was not a part of the lake at
statehood, and had not been a part at any time since
statehood.

Utah believed otherwise, and therefore “‘pro-

tested”” the proposed new survey by the Bureau of
Land Management, and this protest was adjudicated
through administrative procedures within the Depart-
ment of the Interior with an ultimate administrative
ruling which held that the United States owned all
of the shorelands located above the actual water’s
edge at any given time. This ruling was based on the
administrative conclusion that the doctrine of reliction
applied to the Great Salt Lake, and that the only feasible
boundary was the water level, however it might fluctu-
ate.

As a result of this decision the United States
actually enlarged its claim. Since the “‘actual” water
level of the lake in the 1960’s was far below the state-
hood level (sometimes more than 8 feet lower), the
federal claim could, depending on the water level at
any particular time, extend to more than 600,000
acres, as contrasted with the 150,000 acres earlier claim-
ed. This administrative decision caused much concern
in the State of Utah.

Over a period of several years, various efforts
were made in Congress by the Utah congressional
delegation to enact legislation that would disclaim
any federal interest in the disputed lands and thus
“confirm” in Utah title to all lakebed lands located
within the official surveyed meander line (which, as
indicated above, was located substantially above the
water's edge during the 1960°s and also above the
water level of the lake as it existed at the date of state-
hood). Largely through the efforts of Senator Frank
E. Moss, but with the support and cooperation of the
entire congressional delegation, the Great Salt Lake
Lands Act was finally passed and signed into law by
President Lyndon B. Johnson in 1966. That statute
did not confirm in the State of Utah title to any of the
disputed lands but it did provide, among other things,
that the State of Utah could elect either to purchase
the land from the United States at a price to be deter-
mined by the Secretary of the Interior or, as an alter-
native, to bring an original action in the United States
Supreme Court to adjudicate the respective claims of
ownership of Utah and the United States.

Utah elected to litigate, and filed an original
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action on March 1, 1967, The litigation was extremely
complicated and lasted for a decade before the final
round was concluded. The following brief sketch of
the litigation will illustrate the five principal phases
of the original action.

The first phase related to the procedures to be
followed and the parties to be admitted, and involved
difficult questions of the “*original™ jurisdiction of the
United States Supreme Court. Several private corpora-
tions and other parties attempted to intervene, and
the United States supported such intervention. but
the State of Utah opposed it. After extensive bricfing
and several hearings, Special Master J. Cullen Ganey,
Senior Circuit Judge of the United States Court of
Appeals located in Philadelphia, ruled in favor of Utah
by holding that the only admissible parties were Utah
and the United States. This determination by the Special
Master was upheld by the United States Supreme Court,
and the litigation then tumed to the merits of the
ownership questions.

The second phase of the case addressed the ques-
tion as to whether the Great Salt Lake was a navigable
body of water at the time the State of Utah was admit-
ted into the Union. Everyone had scemingly conceded
the navigability of the lake while the various Great
Salt Lake bills were being debated in Congress. How-
ever, the Justice Department decided to contest the
navigability of the lake on the theory that the shore-
lands were remote and barren, and that in most places
along the shore the water was so shallow for scveral
miles lakeward that it would be impracticable to con-
struct docks, wharves, piers or other facilities for mean-
ingful navigation on the lake. It should be noted that
this claim by the United States once again expanded
the federal claim. If the lake was not navigable, Utah
would own no part of the lake--and the United States
would own everything.

Thus, Utah contended in response that the lake
had demonstrated a physical capacity to support mean-
ingful waterborne commerce whenever and to the
extent that the need had arisen, or might arise in the
future. The evidence at the hearings on navigation
showed that both before and after the date of state-
hood the lake had been used for a variety of navigational
purposes, including recreation as well as transportation
of ore, railroad ties, guano and other supplies. One of
the most striking illustrations of the navigability of
the lake was the construction of the earth-fill cause-
way by the Southern Pacific Transportation Company
in the 1950’s, involving a fleet of water craft ranging
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from huge barges to tug boats, patrol boats and other
vessels. Special Master Ganey ruled that the lake was
navigable at the date of statehood and that as a result
thercof Utah obtained title to the bed, and the United
States Supreme Court affirmed this determination by
the Special Master.

The third phase of the litigation involved a dispute
as to the ownership of the brines and minerals in solu-
tion in the waters of the lake and also the minerals
contained in the bed of the lake. This phase did not
requirec scparate hearings by the Special Master, but
was a contest of legal theories directly before the United
States Supreme Court as to the necessary implications
and consequences that flowed from the Court’s carlier
decision on navigability. After briefs and motions
were filed with the Court, the United States withdrew
its claim to the brines and other minerals before the
Supreme Court issued its decision on the mineral con-
troversy. The Court thus entered a decree in favor of
the State of Utah with respect to mineral ownership.

Perhaps there should be some further clarification
at this time of the legal effect of the Court’s rulings on
navigability and mineral ownership. These rulings made
clear that Utah obtained title at the date of statehood
to the lake and its bed, including all minerals in the
waters and beneath the bed--but there had been no
determination as to the actual “boundary” of the lake
either at the date of statehood or at any other time.
The Great Salt Lake Lands Act contained a provision
which required the United States to issue a deed to
Utah, quit-claiming the federal interest, and further
providing that Utah either had to pay the United States
for lands purportedly conveyed by the deed or to
litigate the ownership claims and then pay for any lands
which the Court determined had passed by virtue of
the deed.

Since the question of a “boundary’ for the lake
had not yet been addressed in the previous hearings,
the Court simply concluded that under no theory
could the United States any longer claim the lake or
any lands covered by the waters of the lake at the date
of the deed. In other words, the United States could
not claim more than the shorelands located above the
water level at the date of the deed. Since the deed was
dated June 15, 1967, when the water level was at an
clevation of approximately 4194, this meant that Utah
owned everything within a boundary line located at
an clevation of 4194, and that the belt of land located
between 4194 and the surveyed meander line was
still in disputc. The disputed arca consisted of approxi-
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mately 600,000 acres.

In the fourth phase of the litigation, the United
States claimed the area remaining in dispute under
the theory of reliction. Reliction is a common law
doctrine which holds that the boundary of a navigable
body of water can change if through a gradual, imper-
ceptible and natural process the water level lowers so
as to expose shorclands that previously were water-
covered, and thus to permanently create new uplands.
While natural lakes ordinarily fluctuate to some extent
between high-water and low-water seasons during cach
year, they ordinarily are self-regulating in the sensc
that they have outlets as well as inlets, and when un-
usually high volumes of water flow in, then comparably
high volumes of water likewise flow out of the lake,
thus leaving the lauke within a normal range of seasonal
fluctuations.

But the Great Salt Lake is unique in that it has no
outlet and water can escape from the lake only by the
process of evaporation. Thus, during a period of several
wet years, the lake tends to rise rather dramatically,
and during a period of several dry years the lake tends
to shrink dramatically. If the doctrine of reliction had
been applicable to the Great Salt Lake as the United
States contended, the title of the United States and
other upland owners would follow the water’s edge as it
moved from day to day or month to month. But if
reliction did not apply, as Utah contended, the fluctua-
ting water level would have no effect on title to the
shorelands and the actual boundary, wherever located,
would be stable and permanent.

Special Master J. Cullen Ganey died after the
navigability hearings, and the Supreme Court appointed
Charles Fahy, Senior Circuit Judge for the United
States Court of Appeals for the District of Columbia,
as the new Special Master. Judge Fahy held hearings
on the reliction issuc and ruled in favor of the State
of Utah, holding that the fluctuating water levels of the
Great Salt Lake did not constitute reliction because
these processes were not gradual, were not imper-
ceptible, and were not permanent. This ruling was up-
held by the United States Supreme Court. The result
of the Court’s decision on this issue was to confirm in
Utah ownership of all shorelands located below the
actual water level of the Great Salt Lake at the date
of statechood, which, it will be remembered, was an
clevation of approximately 4201.8 feet above mean
sea level. This is to say that title was not quicted in
Utah to an additional 450,000 acres, which comprised

the belt of shorelands located between the eclevations
of 4194 and 4201.8. There still remained for adjudica-
tion questions as to the ownership of the shorelands
located between 4201.8 (the water level of the lake at
the date of statehood) and the official surveyed meander
line, consisting of approximately 150,000 acres.

This area was the subject of the fifth and final
phase of the case, and it is interesting to pause for a
moment and note the chronological transition of the
litigation. In the early stages, the United States expand-
ed its claims step by step, until it claimed everything
within the surveyed meander line. Then, in successive
decisions, the Supreme Court methodically cut back
the federal claims to the point that, when the fifth
phase of the litigation was reached, the federal claims
had been pared down to exactly what the initial Burcau
of Land Management claim was when first asserted in
the early 1960’s.

There was no legal precedent whatsoever in
Anglo-American jurisprudence to guide resolution of
the final phase of the conflict. The State of Utah based
its claim to the remaining lands on a host of practical
and equitable factors, emphasizing the various improve-
ments and developments that had occurred on these
lands by various agencies and lessees of the State of
Utah. The United States argued in favor of a boundary
line located at or slightly above the water level at the
date of statehood, contending that such a boundary
would accommodate an average annual fluctuation.

Special Master Fahy again ruled against the United
States and in favor of the State of Utah. The
United States, after reviewing the report of the Special
Master, decided not to file exceptions in the United
States Supreme Court, and the Court thus accepted the
report of the Special Master without further briefing or
argument, and entered a final decree in favor of the
State of Utah. This decree concluded approximately
ten years of litigation and was the capstone which
finalized in Utah ownership of all lands, brines and
other minerals within the waters of the lake and within
the bed and all shorelands located within the official
surveyed meander line.

As an aside, it might be observed that the Utah
Supreme Court rcached the same result as the United
States Supreme Court, in a decision rendered in 1971
resolving a dispute between the Statc of Utah and the
Hardy Salt Company.

Since the surveyed meander line is not physically



18

apparent on the shorelands, there are a number ot
small areas where future disputes might still arisc in
order to locate the meander line on the ground and thus
establish an identifiable boundary between state owner-
ship and claims by upland owners. The primary area of
prospective controversy probably will concern two or
three private duck clubs that might be utilizing lands for
private purposes that are located below the surveyed
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meander line.

While it might be necessary to resolve a few
minor conflicts such as these, the major battles have
been fought, and the State of Utah is the unquestioned
owner of the lake and its minerals, the value of which
was estimated several years ago to be in excess of $90
billion.



THE HUMAN PREHISTORY OF THE GREAT SALT LAKE REGION
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ABSTRACT

Until about 600 years ago, the marsh and lake
edge resources were of primary importance in the
subsistence economies of local prehistoric peoples.
Fluctuations in the level of the Great Salt Lake greatly
affected the availability of these resources; changes in
population density and settlement patterns can be
attributed in part to changes in the lake. The area was
probably initially occupied about 10,000 years ago by
Paleo-Indians who relied on a mix of big-game hunting
and coliecting of lake margin resources. By about 8,500
years ago, relatively sedentary Archaic peoples occupied
cave/rockshelters on the lake edge. Mid-Holocene
desiccation of the lake 5,500 to 3,500 years ago resulted
in a shift to a more nomadic lifestyle and to a reliance
on upland as well as lake margin resources. Flooding of
lake periphery resources resulted in the abandonment of
lake margin sites and a subsistence economy based on
upland flora and fauna. By about 2,500 years ago the
area had been virtually abandoned. A Formative Stage
Culture, characterized by small villages, domesticated
plants, and pottery, occupied the lake margin and marsh
areas between about 1,500 and 600 years ago. Their
subsistence economy was very similar to that of previous
area occupants; corn was not a dominant resource and
was apparently of minor importance. By 500 years ago
these people had been replaced by Shoshonians moving
in from the southwestern Great Basin. The Shoshonian
groups differed from earlier inhabitants in that they
relied more on upland resources, such as pinyon nuts,
rather than lake shore resources.

INTRODUCTION

The “prehistory” of the area immediately adjacent
to the Great Salt Lake is ordinarily limited to placing
pre-Columbian aboriginal groups in spatial and chrono-
logical perspective. However, this approach is primarily
descriptive and does not reveal the changing patterns of
human adaptation which occur in response to fluctua-
ting environmental conditions. Generally speaking, the
size and complexity of a culture is a product of envi-
ronmental conditions (that is, the type and amount of
resources available to the culture) and its technological
capabilities (that is, the tools and labor organizations
used to transform those resources into usable forms). As
a result, the examination of cultural change in an area
of marked environmental instability, such as the area

around the Great Salt Lake, can provide a clearer insight
into the processes of cultural evolution. The alternate
flooding and desiccation of the lake and of spring and
river-fed marshes on its periphery can be shown to have
greatly affected the history of pre-historic human
adaptation in the region throughout the ten thousand-
plus years of occupation. The examination of the
relationships between these environmental changes and
the corollary cultural changes is fascinating and reward-
ing in terms of understanding the nature of the culture.
[n addition to discussing the area’s prehistory, focus will
be on changes in the environmental conditions in and
around the lake; the effects these changes had on adap-
tation and settlement patterns, and the processes
through which these changes occurred.

A word of caution must be offered about the
interpretations which follow. The archeology of the
eastern Great Basin and western Colorado Plateau is
currently in a state of flux. Between 1975 and the
present, a number of new hypotheses have been offered
that radically conflict with previous widely accepted
interpretations. That these hypotheses are partially
contradictory is due primarily to the lack of an adequate
data base. As a result, the discussion which follows is
only my current interpretation of the prehistory of the
Great Salt Lake area; subsequent modifications are
bound to occur.

ENVIRONMENTS AND RESOURCES OF THE
GREAT SALT LAKE

The initial impression of the lake and the Great
Salt Lake desert today is usually one of stark desolation.
The barren salt flats and low-elevation fault-block moun-
tains appear to have insufficient flora and fauna to
support more than an extremely sparse population. This
is simply not the case, however; and this impression can
probably be attributed to the cultural biases of modern
civilization. We tend to see only those resources we are
accustomed to using. Therefore, clarification of the
nature of the resources available to the prehistoric
inhabitants of the area is a necessity. Specific environ-
mental data from the Great Salt Lake area cannot be
given here.

The first and probably most important resource
areas are the extensive marshes which surround the lake
and the Great Salt Lake desert (figure 1). The most
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Figure 1.

Aerial view of lake periphery marsh environments
near Bear River Bay. (Photo courtesy of Department
of Anthropology, University ot Utah).

obvious of these are the large Farmington Bay and Bear
River Bay marshes. In addition, a number of springs
found on the periphery of the Great Salt Lake desert,
such as Fish Springs in western Juab County, still
support relatively large marsh areas. Other spring-
supported marshes, such as those at Wendover, Utah,
have been modified to the extent that it is presently
difficult to conceive of the size of the marshes they once
supported. Extensive marsh areas are also found along
the Bear River which drains into the Salt Lake basin.
The area’s riverine marshes have been greatly reduced by
present day water control, which has altered the envi-
ronment to one more appropriate for European types of
resource utilization (Nielson, 1978).

Marshes are the single richest ecosystem yet
defined in terms of available energy, even when com-
pared with most types of intensive farming (Odum,
1963). The number of types of edible flora and fauna, as
well as the amount of each type, far exceeds that found
in other terrestrial ecosystems. As a single example, an
acre of cattails (Typha sp.) produces up to 4.896 kg
(10,792 lbs) of harvestable roots and tubers which can
be reduced to 2,494 kg (5,500 Ibs) of edible flour
(Claassen, 1919). This flour is equal to or exceeds rice,
wheat, and corn in nutritive value. Even more important
is that cattails grow rapidly throughout most of the year
and can rapidly replace those harvested (Niering, 1966;
Reimold and Queen, 1974).

Prior to the nineteenth century these extensive
and extremely productive marsh areas were the focus of
human subsistence and habitation. In one relatively
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small (50 mile) stretch of the central Sevier Valley, for
instance, there were more than an estimated 10,000
acres of cattail/bulrush marshlands (Nielson, 1978), and
estimates of the even more extensive marshlands which
surrounded Utah and Great Salt lakes prior to water
control have never been made.

The second area of resources is the margin of the
salt flats. These margin areas ring the entire Great Salt
Lake basin between the foothills of the fault-block
ranges and the true salt flats. They are flat to slightly
sloping areas of highly saline soils that support large
populations of salt-loving halophytic plants. Although
the variety of plants is limited, the distribution of the
few edible species is extensive. For example, pickleweed
(Allenrolfia sp.) is a low ground cover herb which is a
prolific producer of small edible seeds. These seeds,
readily collected and stored, are known to have served as
one of the basic dietary staples of prehistoric human
inhabitants (Aikens, 1970). Many of the spring marshes
are immediately adjacent to extensive halophytic-domi-
nated flats, and the utilization of both resource zones
was a relatively simple matter.

The third and relatively minor area of resource
utilization is in the mountains which surround the lake
basin. A variety of ecological zones are found on the
Wasatch Range to the east of the lake; on the Raft River
Mountains to the north, and the Pilot and Deep Creek
ranges to the west. These zones range from pinyon-
juniper forests through montane scrub oak, mountain
mahogany to Alpine zones on some of the higher peaks.
With a single exception, these mountains produce little
in the way of edible plant resources and were used
primarily as a source of game. The exception is the
pinyon forests which produce large quantities of edible
nuts. However, until the advent of protohistoric
Shoshonian groups, there is little evidence that pinyon
nuts were used as a basic staple, if at all.

The pattern of utilization of the various resource
zones is readily apparent from the distribution of the
more than 500 archeological sites that have been identi-
fied in the area (Madsen and Berry, 1974, 1975). Less
that 5% are at elevations above 1.850 m (6,070 feet).
By far the large majority of the remaining sites are either
in or adjacent to marsh areas at elevations of 1,275 to
1,375 m (4,200 to 4,500 feet). This limited distribution
is critical to understanding the impact of the lake on
prehistoric groups, and should be kept in mind in the
discussion which follows (figure 2).
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PRE-PROJECTILE POINT (EARLY MAN) CULTURES
(40.000 to 12,000 B. P.)

The presence of man in the New World prior to
the close of the last glacial stade has been one of the
more controversial topics in  American archeology.
Unfortunately, no sites clearly substantiate the presence
of human groups in North America prior to ca. 20,000
years ago. In every case there are questions as to whether
or not the artifacts are really of human origin or whether
or not the geological units are accurately dated.

In the area of the Great Salt Lake, the single
purportedly Early Man site is questionable, but it is a
good example of the type of evidence usually marshalled
in support of these claims. The site, possibly 40,000
years old, is located on the highest (1,610 m) (5,280
feet) Lake Bonneville terrace near Lehi, Utah (figure 2)
and has been described by Clark (1975). It consists of
two small, apparently wave-cut caves on the beach
terrace. Flakes and bifacially retouched stone tools were
found associated with fire hearths in the caves and on
the slope above the beach terrace. The human origin of
the artifacts and their association with the cave deposits
appears to be relatively well-established. However, the
estimated age of the site is based on some unfounded
assumptions. The first of these. that the beach is about
40,000 years old, is based on the assumption that dates
on carbonates, taken from cores in the Great Salt Lake,
date the lake when it was at the 1,610 m level. This has
yet to be adequately demonstrated, and work by others
(e.g., Morrison, 1966, Currey in this volume) suggests
the lake was at or about this level about 18,000 years
ago and again about 14,000 years ago. The second
assumption is that since the artifacts are on top of the
beach, they are the same age as the beach. Obviously,
the artifacts could have been deposited anytime after the
caves were cut and the water receded. In other words,
they could be any age from 0 to 14,000 years old, but
probably not 40,000 years old.

PALEO-INDIAN/BIG GAME HUNTERS
(ca. 12,000 to 9.000 B. P.)

The carliest widespread, well-recognized cultural
stage in North America has been variously termed
“Big Game Hunting” or “Paleo-Indian”. Information
concerning the technology and subsistence adaptation of
these peoples is extremely sparse. Little is known about
these groups except that they were adapted to the
hunting of large Pleistocene mammals such as the
mammoth and camel, and that they used well-made
“fluted™ projectile points to procure them. Most infor-

mation concerning these cultures comes from excavated
“kill sites” in the Southwest and High Plains areas.
Dating of those sites suggests that reliance on the killing
of large herbivores persisted from around 13,000 to
8,500 years ago. The sites can only be classed together
because of demonstrated reliance on Pleistocene mega-
fauna, but the large majority of the sites give little or no
indication of the overall subsistence adaptation or
settlement pattern. The fluted projectile points associ-
ated with the kill sites are quite distinctive. The best
known and most widely distributed of these points are
the Clovis (figure 3) and Folsom fluted points. Surface
finds of these points in the vicinity of the Great Salt
Lake suggest that Paleo-Indian groups may well have
inhabited the region.

In the immediate vicinity of the lake, the surface
finds are from the Curlew Valley north of the lake
(Butler, 1973), the Sevier Desert area near Delta, Utah,
(Madsen, Currey, and Madsen, 1976), and the Deep
Creek Mountain area southwest of the lake (Lindsay and
Sargent, 1977). Locations are shown in figure 2. Both
the Clovis and Folsom varieties of points have been
found, as well as a possible later Paleo-Indian biface
known as a Cody Knife. The presence of all three types
suggest occupation of the area throughout the entire
Paleo-Indian period.

Several sites on the western periphery of the lake
contain basal cultural deposits which date prior to
10,000 years ago. Danger Cave (Jennings, 1957), Deer
Creek Cave (Shutler and Shutler, 1963), and Smith
Creek Cave (Bryan, 1972) (figure 2) all contain dated
cultural materials of a nondiagnostic nature. These early
occupations have been attributed to later Archaic groups
because of the presence of overlying, readily identified
Archaic diagnostics (e.g., Fry, 1976), and because of the
assumed absence of large Pleistocene mammals (e.g.,
Jennings, 1966, 1978). However, neither of these
assumptions is valid, and in light of numerous finds of
megafauna which postdate the earliest cultural sites, the
sites may well represent Paleo-Indian occupations.

One of these fossil sites is of particular importance
since it occurs near a recessional beach of Lake Bonne-
ville. This site, in the Draper Formation near Sandy,
Utah, (figure 2) contained a mammoth dated from 6,000
to 8,800 years ago (Madsen, Curry and Madsen, 1976).

The probability of such contemporaneity is
strengthened by the association of Pleistocene mammals
and cultural materials at several sites in relative prox-
imity to the Great Salt Lake. At the Pine Springs site
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Figure 3.

Clovis projectile point from the eastern Great Basin
portion of Utah.

(Sharrock, 1966) in southwestern Wyoming, bison and
camel bones, found in association with Paleo-Indian
materials, were dated to ca. 9,750 years ago. At the
Wasden site in south central Idaho, fluted points were
found associated with mammoth remains (Miller and
Dort, 1978). This important kill site has been radio-
carbon dated to 11,000 to 12,000 years ago.

Another rarely used source of data is rock art.
Several rock art sites in Utah (figure 4) contain elements
which seem clearly to be representations of proboscid-
eans (Stokes, 1972; Madsen, Currey and Madsen, 1976),
and the existence of these sites gives ancillary support
to the probable co-occurrence of these animals and man
in the region. However, since rock art cannot be dated
and because it is rarely associated with cultural materi-
als, the art should only be used to support more con-
crete sources of information.

Figure 4. Proboscidean pictograph found near Moab, Utah.

In summary, several lines of evidence support the
presence of Paleo-Indians of the shores of Great Salt

Lake between 9,000 and 12,000 years ago. Although
most of the evidence for the Paleo-Indian culture is
derived from kill sites which give little indication of the
overall subsistence strategy, recently completed surveys
and excavations in the Great Basin area indicate that
Paleo-Indian groups were primarily adapted to lake,
spring, and river peripheries and were probably adapted
as well to the collection of marsh resources (e.g., Davis,
1976; Thomas, 1978). This means that Paleo-Indian
groups probably did not differ greatly from the later
Archaic cultures, and their adaptation to marsh envi-
ronments, such as that found around the Great Salt
Lake, is a pattern which has remained basically stable for
the last 10,000 to 12,000 years. Therefore, it may well
be that what changes did occur during Paleo-Indian
times and during the transition to the Archaic were the
result of lake level changes and the concomitant effect
on the availability of periphery marsh resources.

ARCHAIC STAGE (8,500 to 2,500 B. P.)

The Archaic Stage in North America is defined as a
broadly based subsistence adaptation, with subsistence
varying “from season to season as it focused first on one
species or community of species and then on another . . .
a fundamental lifeway, not geared to any one ecosys-
tem ” (Jennings, 1974;110-111).

Unfortunately, the term “‘Archaic”, based as it is
on a subsistence adaptation definition, is something of a
misnomer. In actual use, Archaic cultures have come to
be defined on the basis of technological and chronologi-
cal criteria. That is, cultures are assigned to the Archaic
Stage because they follow big game hunters and precede
agriculturalists; because they use tools such as the atlatl
(spear-thrower); grinding stones, stone vessels, basketry,
and skin robes; and because they lack other tools such as
fluted points, pottery, and the bow-and-arrow. This
confusion is due to the ambiguous definition of the stage
originally provided by Willey and Phillips (1955, 1958).
They defined the stage as a “migratory hunting and
gathering” type of subsistence adaptation, but the
criteria they used to distinguish this stage from others
are primarily technological, not economic/environmen-
tal. This confusion has led to the classification of both
sedentary collectors and big game hunters as Archaic
Stage cultures. The problem is much the same when
dealing with the ““Archaic” cultures of the Great Salt
Lake area. In terms of subsistence adaptation these
groups cannot readily be distinguished from preceding
and following groups, and technological and chronologi-
cal criteria must be used.



These criteria indicate that Archaic peoples
appeared in the Great Salt Lake area about 8,500 to
9.000 years ago, and occupied the area continuously
until about 2,500 years ago. Whether or not they occu-
pied the area continuously until the introduction of
agriculture about A. D. 400 is presently a subject of
contention.

Between 9,000 and about 5,500 years ago, the
focus of Archaic subsistence adaptation was the marsh/
salt flat ecosystem that surrounds the lake. During this
period Archaic peoples lived in cave/rockshelters ad-
jacent to the fresh-water springs on the lake periphery
(figure 5).

Simms (1977) suggests that during this period the
population around the lake was gradually increasing.
This hypothesis is based on the gradual increase with
time in the number of sites occupied on the lake peri-
phery. Only two sites, Danger Cave (Jennings, 1957) and
Hogup Cave (Aikens, 1970), date to the earliest period
of Archaic occupation. Basal dates suggested by Simms
(1977} for other sites are Sandwich Shelter (ca. 7,000
B. P.), Stansbury Caves I and I (ca. 7,000 to 5,000
B. P.), Promontory Cave No. 2 (ca. 7,000 to 5,000
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B. P.), Deadman Cave (ca. 7,000 to 5,000 B. P.), and
Fremont Island (ca. 5,500 B. P.) (see figure 2 for loca-
tions). All these sites were continuously occupied, so the
apparent increase in the number of sites cannot be
attributed simply to a shift of a group from one site to
another. Some evidence that entirely different groups of
people occupied the different sites (Fry and Adovasio,
1970), implies that the number of groups as well as
group size was increasing.

This increase in population appears to be tied
directly to changes in the level of the lake. Throughout
the early Archaic period the people lived almost entirely
on lake edge resources such as pickleweed, sedge, ro-
dents, and marsh birds. There is evidence that they used
some upland game, such as sheep and deer, and that
some of their tools were made of upland plant species.
However, there are no known upland sites occupied
during this early era; at best, these areas were supple-
mental. [t presently appears that these Archaic peoples
were relatively sedentary, and that the resources on the
periphery of the lake were sufficient to support a
growing population.

The size of this lake edge ecosystem and the
amount of available resources are inversely tied to lake

Figure 5. View of spring bog and surrounding salt flats from the mouth of Barn Owl Cave, Fish Springs, Utah. The environmental
setting is typical of Archaic sites on the periphery of the lake.
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level fluctuations. As the lake level fell from its Pleisto-
cene high, due to reduced precipitation or higher tem-
peratures, it gradually exposed fresh-water springs, more
extensive marsh habitats, and larger areas of halophytic
plant dominance. The amount of available resources was
actually increased. This increase in resources resulted in
a larger human population that was largely dependent on
the productivity of the lake periphery ecosystem.

This relationship between decreasing lake levels
and increasing resources is not continuous, however. As
the lake is reduced in size, a point of diminishing returns
is reached when the water table can no longer support
fresh-water flow in several of the springs, and flow is
much reduced or becomes brackish in many of the
others. Simms (1977) suggests that this point occurs at
around 1,280 m (4,200 feet), and that the decrease in
lake size had reached this point by 5,500 years ago. This
is in accord with general estimates for a mid post-
Pleistocene warm period (e.g., Antevs, 1955), and time
estimates of mid-Holocene desiccation of the lake
(Eardley et. al., 1957).

ft is not surprising then, that around 5,500 years
ago sites in upland areas began to be occupied, probably
the result of the combined pressure of increased popula-
tion and decreased lake margin resources. Lake edge sites
continued to be occupied, but apparently in a less
sedentary fashion. Subsistence adaption was more of a
classic ““Archaic™ type, in that it consisted of a migra-
tory shift from site to site, from one ecosystem to
another, as resources became available in differing areas.

Excavated upland sites are found in the fault-block
mountains west and south of the lake (Gruhn, 1972;
Sargent, 1978; Fowler, 1968; Heizer, Baumhoff, and
Clewlow, 1968; Shutler and Shutler, 1963); in the
Grouse Creek and Raft River Mountain area northwest
of the lake (Dalley, 1976); and in the Wasatch Range
southeast of the lake (Mock, 1971). They are situated in
pinyonfjuniper zones in locations that would allow
access to sage/grass communities and higher montane
resources. These upland sites apparently were used
primarily as hunting camps, although grasses such as
Indian ricegrass (Oryzopsis hymenoides), were also
collected. The preferred (or perhaps the most abundant
or the most readily procured) faunal resource was moun-
tain sheep. Deer and rabbit remains are also abundant,
and bison remains are occasionally recovered. Evidence
from these sites (e.g., Dalley, 1976) indicates occupation
by “family groups” rather than smail male hunting
parties. This strengthens the probability that these
sites are related to the lake edge sites through an occu-

pational pattern often referred to as a “‘seasonal” or
“annual” round. This Archaic pattern of group move-
ment from lake edge to foothills to lake edge apparently
continued from ca. 5,500 to 3,500 years ago until
another change, again probably caused by a lake level
fluctuation, occurred.

Between 3,500 and 2,200 years ago a period of
increased effective moisture known as the Neoglacial
period resulted in rising lake levels that reached 1,298 m
(4,260 feet) in elevation (Mehringer, 1977). At this level,
the high water essentially eliminated the majority of
marsh areas and halophytic-dominated salt flat margins
and flooded a majority of the peripheral fresh-water
springs. Resources around such lake edge sites as Hogup
Cave (Aikens, 1970) were eliminated, and there is
evidence that these sites were abandoned at this time
(Madsen and Berry, 1975). However, Archaic occupation
of the upland sites continued, and in all probability the
carrying capacity of these upland areas was somewhat
enhanced by the increased effective moisture. However,
there is presently no evidence of an increase in the
number of upland sites during this period, and a popula-
tion decline of unknown magnitude probably occurred
in the Great Salt Lake area. This scenario is strongly
supported by a recent study of projectile point densities
in lake periphery sites (Holmer, 1978).

At the end of the Neoglacial period, Archaic
occupation of the Great Salt Lake area apparently
ended. Why the region was abandoned is not clear at
present, but of the 25 to 30 excavated Archaic sites in
the general area, none give an unequivical indication of
occupation between ca. 2,500 and 1,500 years ago. The
cause is most probably a combination of cultural and
environmental factors. The carrying capacity of the
upland areas was again reduced; and while lake edge
resources were again available, after a thousand or more
years of upland occupance, these groups were probably
not familiar with or adapted to lakeside ecosystems and,
hence, could not and did not use them. The probability
of an occupational hiatus or of cultural continuity is
presently a matter of contention (e.g., Madsen and
Berry, 1975; Aikens 1976), but whichever case is ulti-
mately supported, it seems clear that the population
density of the area was markedly reduced after 2,500
years ago.

In summary, Archaic occupation of the Great Salt
Lake area began about 8,500 years ago and continued to
about 2,500 years ago (possibly later). Change in the
number and location of sites in and around the lake
suggests an increasing population until about 5,500 years
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ago, then a reduction in population, a moderate re-
growth, finally followed by a marked reduction in
population. The subsistence adaptation, settlement
pattern, and indeed, the very life-style of these Archaic
groups. were intimately tied to the lake and the effect its
level had on lake edge resources. Initially these groups
were basically sedentary and shifted to a pattern of
seasonal mobility only when the lake was reduced
beyond a point where it would not support a stable
existence. With the subsequent flooding of the lake edge
resources, a radical change to primary dependence on
upland ecosystems occurred. When these resources were
in turn reduced, Archaic groups essentially abandoned
the region.

FORMATIVE STAGE, SEVIER CULTURE
(1,500 to 500 B. P)

In North America (north of Mexico) post-Archaic
cultures are grouped together into what has been defined
as the “Formative Stage” (Willey and Phillips, 1958).
This stage is characterized by the advent of agriculture
(principally corn, beans, and squash), pottery, bow-and-
arrow, and settled villages. Due to the definitional
confusion which surrounds the Archaic, the transition
between the two stages is rather ambiguous. Fortu-
nately, this problem does not exist in the eastern Great
Basin. The apparent Archaic abandonment (or, at the
very least, markedly reduced occupation) of the area
makes it easy to separate the Formative Stage culture
found around the Great Salt Lake from the preceding
Archaic Stage.

The Formative Stage culture in the eastern Great
Basin has been defined as the Sevier Culture (Madsen
and Lindsay, 1977), and represents a redefinition of
cultural variants once classed with the Fremont Culture
(Marwitt, 1970). The following is modified from Madsen
and Lindsay’s (1977) definition: Settlement pattern is
characterized by villages located on alluvial fans in
intermontane valleys adjacent to marsh or riverine
ecosystems and by temporary encampments spread
throughout other environmental zones surrounding these
centrally located villages. The ratio of temporary camps
to villages is roughly ten to one. Subsistence economy is
based on collecting wild flora and fauna, primarily from
marsh environments, and is supplemented by corn
agriculture. Given the type of settlement pattern and the
lack of restrictions imposed by the seasonality of agri-
culture, the social organization probably consisted
of loosely confederated family aggregates. Architecture
is characterized by semisubterranean dwellings and
rectangular adobe surface storage units. Masonry is
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extremely rare. With the exception of some variation in
pottery types, the artifact inventory is fairly consistent
in all areas where the culture is found, and is character-
ized by plain and decorated varieties of coil-made gray
ware, corner- and side-notched arrow points, trough
metates, one-rod-and-bundle basketry, and a variety of
bone implements and ornaments. The Sevier Culture can
be identified as a distinct entity from about 1,300 to
650 B. P.

In the specific area of the Great Salt Lake, signifi-
cant variations in artifacts, architecture, and adaptation
have suggested a larger degree of interaction with the
Plains area and possibly even an origin in that region
(Aikens, 1966; Madsen and Lindsay, 1977). Distinctive
features include paddle-and-anvil pottery, shallow
basin-shaped dwelling structures, and an adaptation to
bison hunting. Prior to the definition of the Sevier
Culture, post-Archaic groups in the Great Salt Lake area
were described as the Great Salt Lake Variant of the
Fremont Culture (Marwitt, 1970; Fry, 1970). This
variant was divided into two temporal phases which are
characterized primarily by slight differences in architec-
ture, projectile points, and pottery (figure 6). Two
phases, the Bear River Phase (A. D. 400 to 1,000) and
the Levee Phase (A. D. 1,000 to 1,350+), have been
identified (Fry and Dalley, 1973). The earlier Bear River
Phase is more characteristic of the Plains, and the later
phase is characterized by features more closely resem-
bling southern areas of the Sevier Culture. The dif-
ferences between the two phases may be due to shift in
interaction with the Plains area to interaction with the
southeastern Great Basin.

The subsistence adaptation of these Sevier groups
greatly resembles that of the preceding Archaic peoples.
With the exception of a single site, all of the village sites
are located in marsh areas on saline soils which preclude
agriculture (e. g., Aikens, 1966, 1967; Fry and Dalley,
1973). The majority of these are on the 1,283 m (4,209
feet) contour (indicating the lake was probably slightly
below this level) in the Bear River Bay and Farmington
Bay areas of the east side of the lake. Protein resources
were primarily bison and large waterfowl such as the
Canada goose. Plants known to be collected were bul-
rush (Scirpus sp.) and goosefoot (Chenopodiaceae sp.).
Other, more perishable and/or less readily identified
plant types, such as cattails (Typha sp.) were also
probably collected. The exceptional site at Willard,
Utah, (Judd, 1926), contains adobe storage structures
and charred corncobs. This site suggests some reliance on
agriculture, but corn appears to represent a minor
portion of the overall subsistence economy. Other
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Figure 6. Paddle-and-anvil made vessel from the Levee Site,
Bear River Bay. Vessels such as these suggest an
origin from or extensive interaction with Plains
cultures. (Photo courtesy of Department of Anthro-
pology, University of Utah).

possible agricultural sites, in the Grantsville/Tooele area,
may be related to those on the eastern side of the lake,
and further research in these areas may demonstrate a
heavier reliance on agriculture than is presently indica-
ted.

The cave/rockshelter sites around the lake and in
the upland areas, such as Swallow Shelter (Dalley, 1976)
and Hogup Cave (Aikens, 1970) (figure 2), were oc-
cupied by Sevier peoples and appeared to have been used
as temporary base camps with hunting as the primary
focus. Depending on the location of the site, the primary
game sought was either mountain sheep, deer, antelope,
or bison. Grasses and other plants were also collected at
these sites, but they appear to have been of minor
importance. These temporary hunting camps appear to
be related to the marsh village sites in the overall sub-
sistence economy. At Crab Cave, in the Fish Springs
marsh area, there is evidence suggesting that hunting and
pinyon nut collecting occurred in the fall and that the
marsh areas were subsequently occupied during the late
fall and winter (Madsen, 1979). At present, the pattern
appears to have been one of a relatively sedentary
existence in and around the marsh areas, with occasional
movenient into other environmental areas to procure
meat and wild plants. This relatively settled condition,
supported by marsh collecting and hunting, has occurred
throughout the entire time-span of human occupation in
the area. The high degree of similarity between the

Archaic and Sevier subsistence economies argues for
some sort of cultural continuity between the two
groups.

After about 600 years ago, the Sevier Culture can
no longer be recognized in the eastern Great Basin. At
present there is no clear evidence why these people
disappeared, or indeed, what happened to them. There is
some speculation that they reverted to a nomadic way of
life due to environmental pressures, and may be recog-
nized as the protohistoric Shoshonian groups (Gunner-
son, 1969). However, current evidence suggests instead a
wholesale replacement of the Sevier peoples by Sho-
shonian groups (e.g., Aikens, 1970). The Sevier peoples
may have emigrated to other areas, or simply died out.
An examination of the unique basketry styles (Adovasio,
1978, personal communication) supports the latter
theory.

In summary, the Formative Stage in the eastern
Great Basin is represented by the Sevier Culture. Settled
village life was supported by the collection of marsh
resources and hunting, supplemented by agriculture. The
culture can first be recognized about 1,500 years ago,
and may have either developed in siru from an older
Archaic culture or may have resulted from an influx of
people from the Plains area and/or the Southwest. By
500-600 years ago the culture had disappeared and had
been replaced by the protohistoric Shoshonians.

PROTOHISTORIC SHOSHONIANS
(550 B. P. to present)

The best current evidence suggests that the pre-
decessors of the historic aboriginal groups in the Great
Salt Lake region arrived in the area about 500-600 years
ago. The Shoshonian peoples speak dialects of the
Numic branch of the Uto-Aztecan language family.
Linguistic analysis of the Numic languages suggests that
they diverged from a common language about 1,000
years ago, and that at that time, Numic-speaking peoples
lived in the southwestern Great Basin (Lamb, 1958;
Miller et. al., 1971; Fowler, 1972). This linguistic
hypothesis is supported by dates on distinctive Sho-
shonian pottery which indicate the Numic-speaking
peoples began to move north and east from their home-
land 900 to 1,000 years ago (Madsen, 1975). In the
Great Salt Lake area, Shoshonian pottery first occurs
about 600 to 700 years ago (e.g., Aikens, 1970).

Distinctive Paiute/Shoshoni artifacts, such as
pottery, have been found in association with Sevier
Culture materials at a number of sites, suggesting that
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the two groups co-existed in the region for a period of
several hundred years (Madsen, 1975). Although the two
cultures seem to have had somewhat different types of
subsistence systems, the large number of sites with both
Sevier and Paiute/Shoshoni artifacts suggests a relatively
large degree of interaction. In the absence of any indica-
tions of warfare or other violence, we assume that this
interaction was amicable.

The subsistence adaptation of historic Shoshonian
groups has been described in detail by Steward (1938),
and was probably very similar during the prehistoric
period. Briefly, subsistence was based on a mixture of
collecting wild flora and hunting. It was based on the
movement of small groups from one area to another as
differing resources became available. Occasionally, when
local resources were particularly abundant, these small
groups came together to participate in a variety of social
activities. However, Shoshonian subsistence and settle-
ment patterns were highly variable and substantial
modifications of this general pattern occurred. The
Shoshoni seem to have relied less on lake, river, and
spring edge resources than did previous groups, but there
were exceptions, such as the virtually sedentary Sho-
shonian groups on the shores of Utah Lake.

The small, mobile groups of Shoshoni  differed
from previous occupants of the region in their heavy
reliance on pinyon nuts. These nuts were extensively
collected in the fall and served as the winter staple. The
entire seasonal round revolved around the quantity of
nuts collected, and years of feast or famine depended on
variations in the yearly productivity of the pinyon.

Following years of poor pinyon nut production,
the Shoshonian groups relied on ephemeral grasses, such
as Indian ricegrass, during the late spring. Since the
productivity of these grasses is based largely on highly
variable precipitation. reliance on these resources rather
than the more permanent and more reliable marsh
resources necessitated a smaller group size and a more
migratory type of existence.

In summary, Shoshoni groups appeared in the
Great Salt Lake area about 500-600 years ago and
replaced or displaced Sevier peoples. Their subsistence
adaptation generally differed from previous cultures, and
was not particularly well adapted to the lake and its
spring and river tributaries.

SUMMARY AND DISCUSSION

The human prehistory of the Great Salt Lake area
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can be summarized as follows:

1. Brief Paleo-Indian occupation (ca. 12,000 to
9,000 B. P.); evidence of type of subsistence limited,
but probably combination of hunting Pleistocene
megafauna and collecting lake periphery resources.

2. Early Archaic (ca. 8,500 to 5,500 B. P.); basically
sedentary on lake periphery with subsistence focused on
marsh and lake-edge resources; growth of population.

3. Mid-Archaic (ca. 5,500 to 3,500 B. P.); migratory
hunting and gathering based on both upland and lake-
edge resources; population reduction.

4. Late Archaic (3,500 to 2,500 B. P.); upland
hunting and gathering subsistence and occupation; little
evidence of lake margin habitation or use; population
markedly reduced or regional abandonment.

5. Sevier (1,500 to 500 B. P.); sedentary village life
based on collecting of marsh resources and agriculture;
supplenmiented by seasonal procurement of animals.

6.  Proto-Shoshoni (550 B. P. to Present); migratory
hunting and gathering; the degree of sedentarism was
variable and dependent on local resources.

Throughout this prehistoric period, the Great Salt
Lake and the resources which surround it have been a
primary factor in the development of local cultures. The
only real exception to the lake/river margin adaptation
pattern was the Shoshoni subsistence system, which may
have been modified by displacement of the Indians by
European settlers. In a way it is unfortunate that the
Shoshoni groups were the only occupants of the area
when historic contact was made. They had arrived not
long before the arrival of groups of European origin and
maintained a subsistence economy that was in many
ways as dissimilar from previous cultures as the Euro-
pean subsistence economy was dissimilar. Archeologists
with a European cultural background, knowing only the
historic record of Shoshonian subsistence economies,
presented a somewhat biased view of prehistoric cultures
in the area. Past cultures are most often viewed as
“Desert Dwellers with Few Resources” (Jennings, 1978)
and statements such as the following are common:

“The Basin had long been an inhospitable land.
To those who lived here on the edge of subsistence, the
slightest change, an unusually dry period, for example,
could mean disaster. More than once. groups must have
moved out of this area. not knowing what lay before
them, but well aware that death lay behind them (Worm-
ington 195%).
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Such images are poetic but are quite misleading. Through-
out most of the prehistory of the Great Salt Lake area,
people appear to have led life-styles that were not nearly
so marginal.  While they were surrounded by desert
environments, they were not wholly adapted to them.
They lived by collecting lake/river/spring flora and fauna
and by hunting upland game animals. They were not
adapted to desert ecosystems, and it is something of a
misnomer to refer to them as desert dwellers. It is also
misleading to conceive of these groups as having few
resources, and, by implication, of living a hand-to-mouth
existence. The carrying capacity of the area was much
larger than the surrounding deserts, and it is evident that
at times in the past the region supported a large and
relatively stable population.

More importantly. the conception of “‘desert”
oriented groups precludes an understanding of the
importance the Great Salt Lake had in the subsistence
economy of past cultures, and the impact lake level
fluctuations had on the development of culture in the
area. It has been argued here that many of the changes
which occurred in the region were a direct result of in-
creasing and decreasing resource availability, and that
the quantity of these resources was a direct result of the
size of the lake. Only by focusing on prehistoric sub-
sistence adaptations (and on the environments to which
these adaptations were made) will we fully understand
the lifeways of prehistoric man in the region.
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RECREATION ON THE GREAT SALT LAKE

by Kenneth E. Travous

Utah Division of Parks and Recreation

INTRODUCTION

To “*float like a cork™ has become a world-wide
trade mark of the Great Salt Lake, as anyone can float in
its heavy. natural brines. For over 125 years. the lake has
been a major Utah attraction to visitors from around the
globe who enjoy its beauty and bathe in its waters.
Today, the Great Salt Lake State Park. consisting of the
Saltair Beach and the northern portion of Antelope
Island, provide excellent recreational facilities on the
lake not only for swimming, but for boating, hiking,
camiping, recreational vehicles. and other activities.

HISTORY OF GREAT SALT LAKE RECREATION

History records a number of legendary frontiers-
men reportedly seeing or hearing of the salty body of
water that is now known as the Great Salt Lake. and of
Indians bathing in the lake as an ablutionary experience.
It was not until the exploration of the lake by the
Stansbury Expedition in 1849, however, that mention
was made of a white man bathing in the salty water:

“We frequently enjoyed the luxury of bathing in
the lake. No one without witnessing it can form any idea
of the bouyant properties of this singular water. A man
may float. stretched at full length. upon his back. having
his head and neck. both his legs to the knee. and both
arms to the elbow entirely out of the water. The water is
nevertheless extremely difficult to swim in., on account
of the constant tendency of the lower extremeties to rise
above it. . . . After bathing it is necessary to wash the
skin with fresh water, to prevent the deposit of salt
arising from evaporation of the brine. Yet a bath in this
water is delightfully refreshing and invigorating
(Talmage. 1900. p. 35).”

The Resort Era

Eighteen forty-seven witnessed the settlement of
the Salt Lake valley by Brigham Young and his entou-
rage of Mormon pioneers. Just four years later, on July
4. 1851, Brigham Young led the first organized bathing
excursion to the lake. Morgan (1947, p. 348) relates that
the excursion attracted nearly the entire population of

Salt Lake City and lasted until afternoon of the next
day. The success of the excursion prompted plans by
some 1o build a bath house, hotel and boating facilities
on the lake; these plans were not immediately realized.

During the next twenty years or so, before the
first resorts were finally built, numerous accounts of
bathing or enjoying the beauty and unique properties of
the lake were recorded (Morgan, 1947, p. 348-352).

The Resorts
Lake Park

“Lake Park (see figure 1) was developed by John
W. Young in 1870 on the east shore. The resort featured
a saloon, cafe, train depot, roller skating rink, merry-go-
round, pavilion, pier. and dance hall with a 15-piece
orchestra. Lake Park was the home of the Salt Lake
Racing Club and sponsored several successful regattas.
As many as 10,000 spectators would turn out to witness
the sailing events. In addition, Lake Park featured the
City of Corinne, a three-decked stern wheeler over 130
feet long. From Lake Park, the City of Corinne ferried
excursioners to attractions on the lake, including a rival
resort of the south shore, Lake Point. Because Lake Park
was conveniently located on the railroad line from Salt
Lake City to Ogden, it was easily accessible to a Jarge
segment of the population.

“Lake Park’s pavilion was built over the water
with a pier connecting it to the shore. Because the
beaches were shallow and constantly covered with mud,
in 1888 it was suggested that wooden boards be laid on
top of the mud to make conditions more conducive for
entering the water.

“While these beaches were less attractive than the
sandy beaches of the south shore, Lake Park’s conven-
ient access nevertheless enabled it to enjoy a majority of
the tourist business during its existence. By 1894, Lake
Park had been left high and dry by the receding lake
level, forcing abandonment. Some of the abandoned
structures were moved from Lake Park to the outskirts
of Farmington and renamed Lagoon (figures 2 and 3).
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Figure 2. Lake Park Resort on eastern shore of Great Salt Lake.

Figure 3. Lagoon, near Farmington, Utah — 1898 gathering. Note pavillion that was moved from Lake Park Re-
sort. Similar structures can still be seen today at Lagoon.



Lake Point

“Another developmment started in 1870 was Lake
Point. a resort built on the south shore by Dr. Jeter
Clinton. Lake Point originated as a commercial port for
transporting ore as well as railroad and telegraph supplies
across the Great Salt Lake. Because the south shore
represented a good location from the standpoint of
water and land (Utah Western Railway) access, it was a
natural spot for a resort as tourist and resident interest
in recreation increased.

“Clinton's resort included a stone hotel, small
pavilion, pier, 100 bathhouses. and a train depot. The
abundance of fine sand in the Lake Point area contrib-
uted to the resorts considerable success. A visiting port
for the Cirv of Corinne, Lake Point later became home
port for the steamboat Kare Connor, which competed
with the Ciry of Corinne and ferried as many as 309
passengers to Stansbury Island and other islands on the
lake.

““Lake Point’s success began to wane in 1881 due
to the transfer of the Cirv of Corinne to a new home at
Garfield beach. By 1890 the lake had receeded far from
Lake Point’s pier and although the resort itself was
abandoned, other attempts were made in that year to
restore some of the activity in the Lake Point area. Land
speculator William Glassman announced the planning of
Garfield City, Salt Lake Beach, and Stansbury Beach in
the area adjacent to Lake Point. Building lots were
offered to the public for sale. Of the three proposed
developments, Garfield City was the only one to see any
progress. The success of this project was limited since
recreational emphasis along the south shore was shifting
toward the east with the development of Black Rock
and Garfield beaches.

Black Rock

“A development that enjoyed a long and relatively
successful life was Black Rock. Built on the south shore
by Alonzo Hyde and David Taylor, this modest resort
was in operation from 1880 to 1959 and included a
picnic bowery. refreshment stand, and bathhouses.
Rising more than fifty feet above the lake’s surface the
great rock was a prominent and charismatic natural
landmark. The panorama visible from the top of Black
Rock was magnificent. Its crevices were utilized for
shelter from the sun and wind and also served to provide
privacy for changing into swimming suits.
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“Black Rock resort survived longer than any other
in the lake’s history partly because it offered families a
simple beach and bathing facility without a great deal of
commercial development and expense. A combination of
poor maintenance of facilities and a receding shoreline
caused the resort to close in 1959.

Garfield

“Until the construction of Saltair in 1893,
Garfield was the most popular resort on the Great Salt
Lake. Built in 1881 on the south shore, Garfield fea-
tured a large pavilion built on pilings out over the water,
a pier, boardwalks, restaurant, lunch stand, picnic
bowery, casino, hotel, opera house and bathhouses. The
City of Corrine moved to Garfield in 1881 and was
renamed the General Garfield. The resort hosted sailing
regattas, sometimes in conjunction with other resorts on
the lake, had orchestras for dancing and dining, and pro-
vided facilities for national conventions (figures 4 & 5).

“After 1893 Garfield did not lose out completely
to Saltair in popularity. This may be attributed to the
fact that Garfield had one amenity unavailable else-
where--a beach! At Garfield, a bather could enter the
water either from the pier or from the beach, while even
at Saltair only pier access was available.

“Transportation to Garfield was adequate, but rail
connections to the eastern south shore resorts were
always better. By 1904, business had declined and when
Garfield was destroyed by fire in that year, it was not
rebuilt (Terracor. 1979).”” The General Garfield, moored
to the pier at that time, was burned to the waterline.

Lake Shore (Syracuse Resort)

“Often regarded as a competitor to Garfield was
Lake Shore, a resort built on the east shore of the Great
Salt Lake in 1887. Lake Shore included a substantial
pier, bathhouses, dance pavilion, and bowery. The resort
was easily accessible by train (the train continued on to
the pier to a Y-shaped turn-around), and it had a grove
of trees 300 yards from the shore that provided comfort
and shade for picnickers. Lake Shore, however was never
quite as popular as Garfield and was closed when the
lake receded (figure 6).

Saltair
“From its beginning in 1893, Saltair was one of

the most successful resorts on the lake. Its large victorian
pavilion was built entirely over the water . ... The first
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Figure 4. Garfield Beach Resort with dressing rooms on the shore and the pavillion over the water. The northern tip of the
Oquirrh Mountains are in the background.

Figure 5. Garfield Beach Resort pavillion with the General Garficld moored alongside.
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Figure 6. View of Lake Shore (Syracuse) Resort.

IFigure 7. Lakeside view of Saltair pavillion.
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floor of the pavilion contained restaurant stands, picnic
areas, and restroom facilities. The second floor included
dressing rooms, club rooms, parlors, and a large dance
hall. The third and fourth floors had spacious prome-
nades: the fifth, a massive cupola and observation deck.
(Terracor, 1979).”

In 1900, shortly after its construction, Dr. J. E.
Talmage recorded the following physical description of
the Saltair resort:

“The Saltair Beach resort is a monumental testi-
monial to the enterprising energy of Utah capitalists.
The pavilion is situated thirteen miles due west from Salt
Lake City, and may be reached by a twenty-minute ride
on the Salt Lake and Los Angeles railroad. The railway
here runs over a recently desiccated portion of the old
lake bottom, which preserves many features of actual
desolation, and affords an illustration of what the entire
valley was in the geological yesterday. . . .

“The train runs on a pile-supported track 4,000
feet into the lake before the pavilion is reached. The
buildings form a symmetrical group, with a large central
structure connected with a semicircular extension at
each end curving toward the lake. The architecture is
after the Moorish sytle, and the general effect is as
beautiful as the structure is substantial and serviceable.
The pavilion was erected in 1893 at a cost of a quarter
of a million dollars (figure 7).

“In length the buildings extend over 1,115 feet,
with a maximum width of 335 feet. The top of the
main tower is 130 feet above the water surface. Part of
the lower floor serves as a lunch and refreshment pavil-
ion: the area thus utilized is 151 by 252 feet. The upper
floor in the main building is used as a ballroom: its
dimensions are 140 by 250 feet. The dance floor is
domed by a roof constructed after the plan of that
covering the famed Salt Lake City Tabernacle, and the
proportions of the two vast assembly rooms are nearly
the same.

“On the semicircular sweeps which flank the
central pavilion 620 bathrooms are provided. The
bathing appointments are of the best, and the many
flights of stairs leading to the water reach the bottom
at points having a range of depth from fifteen inches to
four feet. Deeper water may be reached at some distance
outward. During the bathing season the observed tem-
perature of the water ranges from 50 degrees to 86
degrees F.
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“At night the pavilion is brilliantly illuminated by
means of electric lamps. There are 1,250 incandescent
lights and 40 ordinary arc lights, with one arc light of
2,000 candle power surmounting the main tower.

“As would be naturally expected, a resort of such
attractiveness is secure in the matter of patronage. The
records show an annual total of over 160,000 visitors.”

Recreation at Salrair: Aside from its physical
beauty and uniqueness, the Saltair story also has a
human interest side which was lived and relived by the
hundreds of thousands of people who frequented the
famed resort until 1925. One such individual was Mrs.
Alice Joplin (personal communication, November,
1979), who moved to Salt Lake City in 1911 and who,
as a young woman, remembers Saltair in its “hey day”.

“The only way you could get to Saltair in 1911
was by train. You couldn’t get out there by automobile
or anything else. The train ticket was 25 cents for a
roundtrip. It had several cars, six or eight, but it had one
that was a closed-in-car. The others were open and the
seats went along the car not across like they do now.
And the train went right on to the pavilion.

“The train went right on to the trestle and when
you got your bathing suit you would follow that trestle
and there would be steps to go down to the water. The
first one was six feet deep, and it got more shallow as
you went back toward the beach. Along the water there
was a rope for you to hang on to, because when you got
into the water you would bob so (figure 8).

“You could take your own suit if you wanted to,
but if you didn’t, you could get one at the bathing
window. That was 35 cents and included a room to dress
that was very primitive and a shower. You had to take a
shower, because you would be full of salt. All the fresh
water for the showers was tanked in. You were given a
tag, and when you were done bathing, an attendant
would let you into your room so you could shower.

“And I always wore a bathing cap and put a clean
handkerchief underneath it. And that was so if you got a
dose of salt you would have a clean handkerchief to
wipe your eyes. One time there was a man there from
the east and he got a terrible dose of salt. I took my
handkerchief out and gave it to him and said, ‘put your
finger in your mouth and wet it and then rub your eyes
with it’, and he handed me back the handkerchief and he
got out of that water too fast for words, and I never saw
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Figure 9. Dance floor and bandstand of Saltair pavillion. The dance floor was mounted on springs.
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him again. Of course, | guess that didn’t seem very
sanitary, but you had to do something quick to get the
salt out of your eyes. The eye, ears, and nose doctors got
plenty of business. So that was that!

“There was very little what you would call swim-
ming and no diving whatever because the water was like
hitting a board. Now there was lots of floating on the
back and one of our favorite pastimes was to make a
chain. There would be a leader and the next one would
hook his arms over the leader’s feet and then the next
one and the next one and then the leader would guide
everyone around.

“When you would get out and shower then you
would go back to the tables for lunch. There was a
restaurant there of sorts on the first floor that you could
buy your food, if you didn’t bring your lunch. We
always took a lunch and put it on a table on the lower
floor. The lower floor had tables for lunches, the top
floor was the dance floor, and if we had a coat or a wrap
we would put that on the table too, and when you
would come back it was always there. We didn’t have
much thievery then (figure 9).

“Then there was always a band there to dance and
that was free. You really got a lot for your money.
Sometimes [ think if you charge a big amount that you
don’t get the number of people. And you know that a
lot of families went out there and had their picnics.

“The dance floor was on springs. They had just
one orchestra on a regular day, but on the 4th of July
and the 24th and on Labor Day they had two, and when
one would stop for a rest the other would start. It was
really nice. The bands would play until 12 midnight.

“That’s when the last train would go back to Salt
Lake City. One time there was such a crowd that they
couldn’t get everyone onto the train, so a group had to
wait for the train to go and come back to get us and we
didn’t get home till 3 o’clock in the morning. So that
was that!

“And they had all kinds of concessions out there.
They had a roller coaster that was just terrible. We had
taken a girl out there with her boyfriend, and she
wanted to go on that roller coaster and he didn’t, but
she insisted so he went. And on that first dip she fainted
and he couldn’t stop the coaster so he put her on the
floor and held her down with his knees. He couldn’t do a
thing, he just had to wait till they got down to the
bottom so they could get her out, and that was that!”
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“Saltair was renowned for the famous bands
playing in its dance hall, but the hall was also used for
political ralties and conventions, acrobatic and gymnastic
shows, and various other events. Boat excursions and
amusement rides were also popular attractions. A fine
restaurant was featured aboard the ship “Leviathon”,
which tied to the pier at Saltair.

“Saltair faced and overcame very difficult site
constraints. Problems began with the driving of the
pilings for the resort and 4,000 foot walkway. Steam
had to be forced down through the lake bed to melt the
hard sodium underlaying the site before the pile founda-
tions could be driven. A few hours after the piles were
placed, the sodium hardened, creating a virtually im-
movable foundation. Dense waves and high winds
constantly threatened and damaged the building. The
pavilion had to be repainted annually due to the severe
nature of the microclimatic conditions (Terracor,
1979).”

On April 12, 1925, the Saltair pavilion was totally
destroyed by fire, an incident that was to mark the
diminishing use of the Great Salt Lake, and particularly
the use of recreational pavilions for the next fifty years.
Saltair was reopened in 1929, but never regained its
previous popularity due partly to the fact that between
1929 and 1935, the lake dropped another seven feet and
removed the visitor further from the water, by as much
as three quarters of a mile.

With the stock market crash in 1929 and the
resultant Great Depression of the 1930’s, very few
industries were able to make ends meet. Most affected
were those industries (i. e. recreational) that were
dependent upon expendable incomes in a time when few
people could afford anything other than the basics
needed for day to day living.

With World War [, priorities for the war effort
rerouted the trains and further reduced the number of
visits to the lake, and by the late 1940’s, the auto was no
longer a novelty. People were becoming more mobile;
Big and Little Cottonwood canyons were now accessible
to the Salt Lake valley residents and were to become the
primary recreational areas.

Efforts to keep Saltair financially afloat continued
until 1968 when the resort was finally closed to the
public. On November 12, 1970, the structure once again
burned and there remains now only a short section of
old railroad bed as a reminder of an era.



Sunset Beach

“*Sunset beach was located on the south shore in
1934. It provided modest facilities for families who
wanted to enjoy the lake at minimum expense. Access to
Sunset was entirely by automobile, and the lure of
simple beach facilities made Sunset both popular and
profitable. Although it survived a rising lake level in
1953 and the extreme low of 1963, Sunset Beach finally
closed in 1967.

Sand Pebble

“In 1969 a south shore resort named Sand Pebble
was built on a tailings test jetty constructed by Ken-
necott Copper Company in 1965. Facilities included
several small buildings that provided basic services. The
beach closed in 1972 after only four years of operation
when the rising lake destroyed its facilities.

Silver Sands

“Of all the resorts developed on the shores of the
Great Salt Lake, Silver Sands is the only one still operat-
ing. John Silver began work on Silver Sands in 1959
and was open to the public in 1964. At first, small tents
served as dressing rooms and fresh water was supplied by
a tanker truck which also pumped water to the showers.
The tents were later replaced by wooden cabanas which
were built on skids and joined together. In case of rising
water, a truck could tow them to higher ground. This
exemplifies Silver Sands development methods, unique
in the history of south shore resorts, which was based on
the concept of portable facilities.

“The development offered a number of activities.
Brightly colored amphibious vehicles provided tours
around the south shore. In 1966, a refreshment stand,
canoes. water bikes, miniature golf and go-carts were
added (the latter two proving unprofitable). Beginning in
1970, The Islander, a 57-foot catamaran touring dinner
cruise yacht, was featured. The yacht, which is no longer
operating, offered gourmet dinners and live Hawaiian
entertainment. In 1972, the marina was started using the
remains of the old Salt Lake County Boat Harbor
breakwater. In 1975, a concession-gift shop was con-
structed one- and-one half miles east of the original
Silver Sands resort.

“Silver Sands continues to be financially success-
ful. In 1965, over 200.000 people paid admittance to
the beach, and in 1972, Silver Sands had 480,000
visitors with an average revenue of 60 cents per person.
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Today, the concession-gift shop is very successful, with
south shore visitor totals of over one million people per
year. Together with facilities provided by the State,
Silver Sands provides services that make a large area of
sandy beach on the south shore available to the public.
These existing services and facilities, however, seem
extremely inadequate considering the potential visitor
demands at Saltair Beach (Terracor, 1979).”

Boating on the Great Salt Lake

The early history of boating on the Great Salt
Lake was concerned mainly with transporting freight
and passengers to and from the islands or from point to
point around the lake. The first vessel to be used for
recreational purposes was the City of Corinne, a 300 ton
Mississippi River type stern wheeler, that was used for
carrying freight until the waters in the lake and in the
Bear River became too shallow. It was then used as an
excursion boat in the deeper portions of the lake.

By 1877, the Salt Lake Yacht Club was a function-
ing organization which had goals not only to develop
an increasing interest in boating, but to enhance and
promote the facilities necessary for this to flourish. At
the same time that the yacht clubs were organizing,
rowing clubs were being developed. In 1888, the Missis-
sippi Valley Rowing Association held a regetta in the
lake (Morgan, 1947, p. 362).

But the same problems encountered by the resort
facilities also plagued the boating activities. The reced-
ing shorelines either kept the boatsman from his vessel
or prevented the boat from reaching waters deep enough
to navigate. It was also found that corrosion of metal
parts subjected to the brine made the maintenance of
motor powered boats an expensive activity. In the early
1900’s interest in boating on the Great Salt Lake dimin-
ished, but recent years have seen a resurgence of the
sport. There are now more than 200 sail boats anchored
on the lake year around at Silver Sands harbor, which is
hard pressed to find space for all those wanting to sail.
The advent of fiber glass and totally contained cooling
systems has made maintenance of power boats easier
and has encouraged their use (figure 10).

THE GREAT SALT LAKE TODAY

The 1970’s have witnessed the revival of the Great
Salt Lake as a recreational resource in Utah. Annually,
more than 1.000,000 people visit its shores to enjoy the
available recreational facilities. While interest in some
types of recreation, such as swimming, has remained
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relatively constant over the years, several new activities
have emerged. Camping, trail-biking and jogging have
increased significantly over the past few years. One of
the most popular of the newer sports has been the
annual National Sand Drags held near Sand Pebble
Beach, on the south shore of the lake. The National
Sand Drags draw large crowds every year (figure 11).

Antelope Island

The purchase of 2,000 acres at the north end of
Antelope Island by the State Park system in the 1960’s
provided another recreational area on the Great Salt
Lake. Antelope Island is reached by a seven mile road
that crosses the eastern portion of the lake from the
mainland west of Syracuse. This portion of the park
offers the visitor the opportunity to swim, sunbathe,
picnic and perhaps see and photograph local wildlife,
which includes a herd of buffalo, deer, bobcats, kit fox,
mountain lion and various species of birds and water
fowl.

The state today is faced with the problem of
providing adequate facilities and services for these areas,
such as parking lots, boat slips, picnic and camping sites
with shade, water and sewage. This problem is com-
plicated by the everchanging levels of the water in the
lake.

THE FUTURE OF RECREATION ON THE LAKE

Plans are being made that will ensure recreation
facilities on the lake in the future. But, what kind of
recreation will be popular, and what type of amenities
would the public like to see remain undeveloped? To
answer these questions, studies were made which led to
the following recommendations:

1. The lake appears to have a high potential for
the following types of recreational opportunities: sail,
power and air boating, swimming, and natural hot water
mineral baths. Recreation on the land includes hiking
and horseback trails, scenic overlooks, camping and
picnic areas with natural shade, bird watching, and the
establishment of primitive areas. Areas for trail bikes
and off-road vehicle activities should also be established.

2. Restrooins, showers and drinking water facili-
ties as well as roads should be built or improved and
maintained, and shade facilities should also be establish-
ed.

3. Brine flies, mosquitoes and other insects should
be controlled.
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4.  The development of the recreational, educa-
tional, historical and view sites around the lake to be
oriented towards the needs of tourists as well as Utah
residents; and that private capital will be attracted to
develop motels, restaurants and amusement parks.

Ross B. Elliott, the Director of the Utah Division
of Parks and Recreation discusses the future of the Great
Salt Lake in providing recreational facilities for the
citizens of Utah and for its visitors:

“To say that the Great Salt Lake has recreational
potential is truly an understatement. The earliest written
reports that we have available to us indicate that the
lake has long been a unique attraction.

“In the ensuing 100 years the depth of the lake
has fluctuated, but as a unique attraction, visitation has
not diminished. This is apparent from the lake’s visita-
tion records. In 1978 the Great Salt Lake South Shore
and Antelope Island were visited by 1% million people;
and visitation has increased annually.

“The combination of the lake’s unique geological
environment, its proximity to 80 percent of Utah’s
population, and its convenient access from interstate
highways all assure a growing popularity. The State
Legislature has responded to this increasing demand for
close-to-home recreation at the Great Salt Lake with
appropriations for development of the South Shore and
authorization for the purchase of the remainder of
Antelope Island.

“Quite frankly, the Divison of Parks and Recrea-
tion is excited about the possibility of recreational
facilities becoming a reality. The task before us, how-
ever, is not a simple one. With careful planning and
continued support from the legislature, we believe that
our development will not only provide the quality
experiences the lake’s visitors desire, but will also en-
courage complementary private development in the
adjacent areas (figure 12).

“We whole heartedly feel that the Great Salt Lake
can maintain the nation-wide stature it has long enjoyed.

“The appearance of the Saltair Beach District and
the Antelope Island District of the Great Salt Lake State
Park 30 years from now is left to your imagination. How
people may be “‘recreating” in these areas in the future is
pure speculation. Perhaps hang-gliding from the moun-
tains on Antelope Island or hot air ballooning over the
Great Salt Lake may be in demand. Will the hovercraft
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Figure 10. Great Sait Lake South Shore Marina — 1979. Note breakwater built by Parks and Recreation. Antelope Island is
in the background.

Figure 11. 1979 Sand drags held at Sand Pebble Beach on the southern shore of the Great Salt Lake.
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be as popular as skateboard riding down the road from
Buffalo Point? In any event the Division of Parks and
Recreation plans to meet the increasing demand for
safe recreation at Utah's great natural resource, the
Great Salt Lake.” (tigures 12 and 13)
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THE GREAT SALT LAKE COMPREHENSIVE PLAN

by Owen W. Burnham

Planning Coordinator
Division of Great Salt Lake, Utah Department of Natural Resources

ABSTRACT

After many years of litigation, the State of Utah
obtained sole ownership of lands and lake surface of
Great Salt Lake in 1975, The Utah Legislature provided
for preparation and adoption of a comprehensive plan
for development and management of the lake in 1975
through the Great Salt Lake Division of the Utah De-
partment of Natural Resources. This comprehensive
plan was adopted by the Great Salt Lake Board in
1976. The plan sets forth goals and policies to govern
development and usc of the lake and adopts a general
use plan for development of minerals, wildlife resources,
recreation and tourism, transportation and the hydro-
logic system.

INTRODUCTION

The Great Salt Lake has been considered one
of the unique geographic features of the Great Basin
since first viewed by white man. Resource development
commenced on the lake soon after the arrival of the
first settlers in the Basin. The lake has been the subject
of many hundreds of investigations and studies since it
first became known, ranging from specific scientific
investigations to general investigations of conditions and
potential for resource development of the lake. A
study conducted by the lake subcommittee (1973) iden-
tified in excess of 600 different reports and investiga-

tions which had been made pertaining to various subjects
of the lake.

The lake has been recognized as a unique resource
in the State of Utah. It has great potential for multiple-
use development including minerals extraction indus-
tries, recreational development, wild life management
areas and other related uses.

After many years of litigation between the State
of Utah and the United States governinent the Supreme
Court of the United States in 1975 confirmed the sole
ownership of the lake as resting with the State of Utah.
In response, the 1975 general session ot the Utah Legis-
lature enacted House Bill Number 23 which established a
division of the Great Salt Lake within the Utah State

Department of Natural Resources. The purpose of the
bill was stated as follows: (1) to establish policies
designed to accomplish the proper planning and man-
agement of the lake; (2) to direct the preparation of a
comprehensive plan for the lake in a manner which will
assure the maximum interchange of information and
would accomplish the goals set forth stated in the bill
as follows:

“The legislature determines that the Great Salt
Lake is a unique natural resource of the State,
locally and world renowned as a wonder of nature,
economically and esthetically productive through
mineral extraction, recreational activities and wild-
life resources, and intrinsically valuable as a natural
body of saline water. The Legislature recognizes
that the coordination must be done in a manner
which will ensure a balanced use of the resources
of the lake, within the constraints established by
nature and the needs of the people residing in the
lake’s area of influence, and retain the lake’s basic
identity as a unique natural body ot saline water.
To this end, the Legislature determines that the
public interest dictates that the State should adopt
an appropriate institutional arrangement, utilizing
existing agencies, divisions or authorities of State,
federal and local governments wherever possible,
to provide an affective, coordinated management
of the lake and its resources.”

In establishing the Division of the Great Salt
Lake, the Legislature provided for jurisdiction of the
lake below the official meander line. This meander line
has been established through a series of official land
office surveys beginning in the 1800’s with the last
survey made in 1966. The meander line does not pre-
cisely follow any given clevation but has varied with
the level of the lake at the time each survey was made.
The meander line varies betwecen the elevations of
4,212 and about 4,202 above mean sea level.

With the establishment and directive of House
Bill Number 23 the Great Salt Lake Division began
preparation of a comprehensive plan in July of 1975.
The plan was developed through the efforts of an
inter-agency technical team which was established
under the terms of the basic 1975 legislation. The
inter-agency technical team is made up of representatives
from various interests, both public and private, and
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includes representatives from several divisions of the
Department of Natural Resources, Department of
Transportation,  County Commissioners of the five
counties surrounding the lake and other representa-
tives who serve on the basic committees.

The following Goals and Policies for the Great Salt
Lake were adopted by the Great Salt Lake
Board on January 9, 1976, in harmony with the provi-
sions of House Bill Number 23 establishing the
Great Salt Lake Division and Board.

Goal One

To prepare, adopt, and maintain a general, com-
prehensive plan of the lake and its environs con-
sistent with Goals 2 through 4: to insure a continuing
planning process: and to keep lake plans and programs
responsive to current and future needs.

POLICY 1. Seck the cooperation and assistance of
concerned federal, state, county, and other public
agencies, private groups, and interested individuals
in developing and maintaining the comprehensive
plan, guidelines, rules and regulations, and ad-
ditional policies.

POLICY 2. Prepare, adopt, and maintain a general,
comprehensive plan of Great Salt Lake through
the use of commonly accepted planning practices
and procedures using existing and future studies
and information, and developing new information
as required, and in cooperation with federal, other
state, and county general plans.

POLICY 3. Encourage the tive counties surround-
ing the fake and the Great Salt Lake Division to
work harmoniously in the preparation ot com-
patible comprehensive plans for the use of land
surrounding the lake and adopt ordinances and
rules and regulations to effectuate those plans.

POLICY 4. Develop guidelines aimed at pointing
out the desirable direction of activities and opera-

tion for the lake in cooperation with other agen-
cies having jurisdiction on the lake.

POLICY 5. Adopt, in cooperation with other ap-
propriate federal, state, and local agencies, rules
and regulations relating to operations at the lake.
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POLICY 6. Definc and identify the Great Salt
Lake tlood plain and recognize it as a hazard zone
for management and development.

POLICY 7. Act as a central clearinghouse for all
studies, investigations, and activities related to the
lake and publish or encourage the publication of
information obtained.

Goal Two

To preserve, insofar as reasonable, the Great Salt
Lake’s basic identity as a useable and unique natural
body of saline water.

POLICY 1. Investigatc the desirability and the
physical, economic, and political feasibility of
procedures which would be used to control
the level of the Great Salt Lake, recognizing the
impact of extreme high and low water levels on

management, planning, and development of the
lake.

POLICY 2. Until approved and adopted pro-
cedures for controlling the level of Great Salt Lake
are found, the formulation of the comprehensive
plan and the ongoing planning process will recog-
nize varying lake levels resulting from nature’s
wet-year and dry-year cycles.

POLICY 3. Maintain contact with various agencies
having control of upstream water to insure a fore-
knowledge of any radical change of inflow into the
Great Salt Lake.

Policy 4. Encourage the management of present
and futurc up-stream storage facilities including
appropriate lakes, reservoirs, and underground
water basins to retain maximum water storage in
wet-year cycles and to encourage the release of
water on a planned basis.

POLICY 5. Evaluate alternative actions and make
a determination concerning modification of the
Southern Pacific Railroad causeway between
Promontory Point and Lakeside or maintenance
of the causeway as presently constructed.

POLICY 6. Give special consideration to the effect
on salinity and lake levels of existing and fu-
ture dikes or other man-made structures.
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Goal Three

To encourage, promote, and protect the harmoni-
ous and compatible development of recreation, industry,
wildlife, aesthetic, and other multiple uses of the lake
and its environs.

POLICY [. Advise existing industrial, recreational,
and other interests on the lake of flood plain
hazards and projected lake levels.

POLICY 2. Brief future tenants of the lake on the
problems identified in Policy 1 to enable them to
consider the same in their planning.

POLICY 3. Identify arcas of the lake and the land
surrounding it which should be allocated to the
most appropriate uses: give emphasis in grouping
harmonious uses together, but where nccessary
identify arcas which should be protected from en-
croachment of incompatible uses.

POLICY 4. ldentify and foster new uses which are
compatible with existing uses of the lake and its
shore lands to broaden the industrial and recrea-
tional-tourism cconomy.

POLICY 5. Support the recreational development
of Antelope Island, Farmington Bay, and the
south shore as an integrated recreational complex.

POLICY 6. Evaluate the lake its adjacent lands,
and its related resources to identity the locations
that would be most desirable for future industrial
development.

POLICY 7. Encourage oil exploration within the
boundaries of the Division's jurisdiction provided
the necessary safeguards are taken to protect
the environment of the lake.

POLICY 8. Support the maintenance and expan-
sion of existing state, federal, and privately man-
aged marshlands and rookeries now located on the
lake.

POLICY 9. Identity additional arcas, such as
Gunnison, Cub, Carrington, Hat, and Dolphin
Islands, that might be suitable for wildlife pro-
tection and propagation and that should be de-
veloped or protected from undue encroachment
by incompatible uses.
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POLICY 10. Support the development of better
public access to the facilities for the lake’s general
rcereation, hunting, and fishing areas.

POLICY 11. Support the establishment of an off-
limit zone around Gunnison and Cub Islands and
other areas as appropriate during the nesting sca-
son and maintain an appropriate off-limit zone
during the remainder of the year.

POLICY 12. Encourage and assist the establish-
ment of high standards of design, building con-
struction, and landscaping for all developments,
specifically considering, among others, the views
from highways, recreation areas, and boats.

Goal Four

To encourage acceptable standards of health and
safety of persons and property in the waters of the Great
Salt Lake and on adjacent shore lands.

POLICY 1. Encourage greater and safer water
recreational use of the lake through the provision
of adequate marinas, a navigational aid system,
education, and appropriate scarch and rescue
operations.

POLICY 2. Encourage appropriate rescarch to
define the status of pollution on the lake, to
understand the fate of pollutants in the lake,
and to assess the capacity of the lake to receive
waste.

POLICY 3. Consider the need for a water quality
management program for the lake itself.

20000000000090000

The actual development of the comprchensive plan
was begun by dividing it into elements including min-
crals, wildlife, recreation, tourism, transportation and
hydrology.

Subcommitices made up of represcntatives from
the Great Salt Lake Board, from the Interagency Tech-
nical Team, and from other organizations and individuals
having a particular intcrest in these elements, with the
help of the Great Salt Lake Division staff, developed a
preliminary plan for each clement. It became obvious,
carly in the studies, that all of the six clements would be
affected by and would affect the other elements of the
plan. This was particularly true of the hydrology ele-
ments dealing with actions recommended to manage
the lake during periods of unusually high level. (For
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further information on the detailed contents ot cach
of the comprehensive plan elements, the reader is
referred to the reference section of this report and to the
studies dealing directly with the comprehensive plan).

The general objective of the comprehensive plan
was to identify the areas of the lake which would be
suitable for the various uses such as mineral extraction,
recreation development, wildlife management areas,
industrial development, and other uses which may
become important in future years. The transportation
element and utilitics were intended to serve all of the
uses of the lake. It was found that the existing uses
were compatible and there were few areas identified
where there were serious contlicts of land use.

The Interagency Technical Team and the Board
of the Great Salt Lake considered input from other
interested individuals and agencies at more than 50
meetings during 1975-1976. A final comprehensive
plan document was prepared and was adopted by the
Board as a guide to present and future development
and management of the Great Salt Lake.

The comprehensive plan is considered as the basic
document to be used as a coordinating mechanism
among the many public and private agencies having
interest in and around the Great Salt Lake. Develop-
ment proposals which come before the Great Salt Lake
Board and the Interagency Technical Team are consider-
ed in light of the general plan and then are reviewed in
detail as to their affect on surrounding land uses and on
the future long-term development of the lake. The
Great Salt Lake Division has prepared and adopted a
management plan and procedure by which the pro-

posals for development by all public or private agencies
are reviewed and opportunity is given for comment be-
fore approval is given for development. The nature of
the comprehensive plan is such that it will require re-
view and updating on a continuing basis.

Rescarch on certain elements of the plan will be
carried into greater detail. For example, parts of the
hydrology element, dealing with actions necessary to
reduce chances of the lake level exceeding clevation of
3,202 feet, have been studied in greater detail during
1977 and 1978 after the comprehensive plan was adopt-
ed. Several research projects dealing with salinity dis-
tribution and the biology of the lake have also been con-
ducted and will form a basis for future decisions relating
to developinent of the lake.

Prevention of flood damage to facilities at or ad-
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jacent to the lake in the case of increasing lake levels was
studied in greater detail. A preliminary plan for manage-
ment of lake levels contemplates the expansion of evap-
orative ponding areas to be used in case of rising lake
level. The Great Salt Lake Division in cooperation with
other agencies is now preparing a contingency plan for
developing additional cvaporative ponding areas. The
contingency plan will be considered by the Great Salt
Lake Board and then recommended to the Governor
and the Legislature for the necessary funding.

In summary, the comprehensive plan coordinates
the many different interests and agencies involved in
development and management of lake resources. [t
cnables the long and short term cffects of proposals
to be reviewed and evaluated and it is the means by
which all of the agencies, both public and private, that
have an interest in the lake may be aware of what
others are doing as the resources of the Great Salt Lake
are developed.
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GEOLOGIC SETTING OF GREAT SALT LAKE

Wm. Lee Stokes

Department of Geology and Geophysics, University of Utah

INTRODUCTION

Great Salt Lake occupies the lowest spot in a
drainage basin of 22,060 square miles. Although the lake
is situated in the Great Basin province it receives very
little water from local sources; the rivers that keep it
alive come from adjacent portions of the Rocky Moun-
tains and Colorado Plateau. How the contributing rivers
come to occupy their anomalous courses across and
around the Wasatch Range is an unsolved geomorphic
problem. That the amount of water delivered to the
central low spot has been subject to great variation is
obvious from geomorphic and stratigraphic evidence, but
the causes of these volumetric changes is not fully
explained.

Geologically speaking Great Salt Lake is variable,
transitory, and ephemeral. Even within historic time
water depth has ranged through almost 20 feet and
consequent migrations of the shoreline have been
extensive. A map of the contours of the lake drawn
during the known historic high stage of 1873 is very
different from one depicting the low stage of 1963,
as shown in figure 1. A succession of water bodies has
occupied this particular space for at least several million
years (Morrison, 1966).

STRUCTURE

The present lake, as did the deeper parts of its
predecessors, occupies three interconnecting fault-
bounded depressions or grabens flanked by two parallel
horsts and crossed by two other discontinuous and
partly submerged horsts that give rise to the various
islands (figure 2). The Wasatch Range may be said to
confine the lake on the east side. The section of range
adjacent to the lake is Farmington Mountain, a relatively
narrow and straight horst of resistant Precambrian
crystalline rocks (Bell, 1952). Parallel with and immedi-
ately west of the Farmington Mountain Horst is the
Wasatch structural trough (Cook and Berg, 1961) mostly
filled by Tertiary and Quaternary sediments. This
depression is complex; according to geophysical inter-
pretations of the south and east part of Great Salt Lake
(Cook and others, 1966), it consists of a number of
subsidiary blocks designated from east to west as the
Farmington Graben, the Farmington Bay Horst, and the
East Antelope Island Graben.

The proximity of the Farmington Mountain
Horst has had expectable effects on the shape of Great
Salt Lake. An apron of alluvial material derived from the
mountains descends directly into the lake and has in
effect displaced the water westward. It is surprising that
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Figure 1. Map of Great Salt Lake showing area between 4200
foot elevation and historic high of 1873 (small dots)
and at historic low of 1963 (large dots).

the graben area has remained low enough to be even
partly flooded. Sediment supply has evidently not been
sufficient to entirely fill the space created by down-
sinking of the trough. The situation calls to mind the
relation of high and low spots along the eastern base
of the Sierra Nevada, the mirror-image equivalent of the
Wasatch Range, 500 miles to the west.

The next structure to the west is the Antelope-
Promontory Horst, which shows on the map as an island
chain. The southernmost member, Antelope Island, has a
long axis trending N18° W and is disconnected from the
land when lake level reaches 4,211 feet. A middle
member, Fremont Island, has a triangular outline and
longest dimension trending N71° W. To the north is
Promontory Point, a relatively wide peninsula extending
almost due north to separate Bear River Bay on the east
from the North Arm to the west.

West of the Antelope-Promontory chain the main
body of the lake occupies a complex graben for which
the designation Great Salt Lake Graben would seem to
be appropriate. The trend of this major depression is
N 30° W along an axis between Blackrock and Kelton,
which divides it into two fairly equal parts. It is signi-
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Figure 2. Map of Great Salt Lake and surrounding region, showing major structural features.
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ficant that if the water level fell to 4,175 feet, Great Salt
Lake would have a narrow ribbon-like shape about 6
miles wide and 66 miles long with the same trend as the
present main water body.

West of the Great Salt Lake Graben another
horst is made evident by the alignment of Stansbury,
Carrington and Bird islands, trending roughly N15° W.
This horst secems to narrow and terminate near the
center of the lake. The Stansbury-Bird Island Horst
separates the Great Salt Lake Graben from the western-
most graben of the system, occupied in part by Skull
Valley and in part by West Bay of the lake. The name
Skull Valley-West Bay Graben is proposed. The two
grabens merge north of the horst to form the North Arm
of the lake.

On the west, Great Salt Lake is bordered by a
complex series of low mountains consisting of the
Lakeside Range on the southwest (Doelling, 1964;
Young, 1955) and the Terrace-Hogup Ranges on the
northwest (Stifel, 1964). Although the general trend of
these ranges is slightly west of north, in conformance
with the outline of the lake, the group is clearly not a
simple horst like the Farmington Mountains to the east.
A topographic discontinuity between the Lakeside and
Terrace Mountains is known as the Threshold. Through
this gap the Great Salt Lake overflows into the Great
Salt Lake Desert when the water level reaches approx-
imately 4,215 feet.

The extreme northern edge of the lake is marked
by an anomalous, rather sharp, almost right angle bend
into Hansel Valley. This configuration creates Spring
Bay and is almost certainly controlled by late Cenozoic
faults. As shown by the State Geologic Map (Stokes,
1963), the faults bounding Hansel Valley curve west-
ward so as to confine the adjacent water body. The
strongest Utah earthquake of historic record (6.6 on the
Richter scale) had an epicenter in the southeast quarter
of T.12 N., R. 8 W., in Hansel Valley. The ground was
broken and there was a general subsidence of 20 inches.
Deformation of this sort could have easily created
Hansel Valley and Spring Bay in a geologically short
time period.

The known and inferred faults in and adjacent to
the Great Salt Lake do not fall into a simple pattern.
Although there is a distinct northerly trend to practi-
cally all faults and fault controlled structures, there isa
peculiar twist along a zone including the southern
Lakeside Mountains, Carrington [sland, Fremont Island,
and the Wasatch Range between Ogden Canyon and
Brigham City. The axis of major uplifts such as the
Stansbury Mountains, Stansbury Island, Farmington
Mountains, Promontory Point, and Antelope Island
trend within 20°W of north and presumably their
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bounding faults do the same. But this is not the trend of
the axis of the main water body of the Great Salt Lake,
or of the Farmington-Bear River Bay trough or of the
Wasatch Range north of Ogden River. All of these trend
more than 20° west of north. Spring Bay at the extreme
north end of the lake has an axis trending about N45° E.
While the meaning of these structural trends is obscure,
they are no more varied than those of most areas of
equal size within the Basin and Range province.

Structural Elements
Discovered by Gravity Surveys

Many structural features in and marginal to the
Great Salt Lake were named by Cook and others (1966).
These include the previously mentioned Farmington
Graben, Farmington Bay Horst, and East Antelope
Island Graben, all with trends parallel to Farmington
Bay. Other features with negative gravity anomalies
named by Cook and coworkers are Bear River Bay
Graben and Rosell Graben, so designated for their
corresponding surface features.

The Lakeside-Stansbury Graben (or the Skull
Valley-West Bay Graben), with the same trend as the
central water body, lies between the Lakeside Mountain
and the Stansbury-Carrington-Bird Island group. The
depression of Skull Valley extends southward well
beyond the Lakeside Range. The Tooele Valley Graben,
traced into the extreme southern part of the lake from
near Grantsville, trends about N45° E, somewhat out of
harmony with surrounding structure and is apparently
responsible for the blunt foot-like shape of the south
end of the lake. This creates a curious symmetry of the
north and south extremities of the lake that must be
coincidental.

With a few significant exceptions the inferred
configuration of the deeply buried bedrock surfaces
corresponds with the outline and water depths of the
lake. Thus the Farmington-Bear River Bay graben ap-
pears to determine the shape of the lake east of the
Antelope-Promontory alignment; the Tooele Graben
follows the trend of Tooele Bay and the southeast edge
of the lake, while the Lakeside-Stansbury (Skull Valley-
West Bay) graben occupies roughly the same territory as
West Bay. Two gravity configurations that correlate less
well with visible features are the Farmington Bay horst,
which has no surface evidence, and the Rozell Graben,
which is topographically higher than adjacent territory.

Structural Elements
Determined by Seismic Reflection
and Aeromagnetic Surveys:

in contrast to the gravity surveys which were
made by land-based instruments, the latest geophysical
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surveys were taken from water and airborn craft. Miku-
lich and Smith (1974) used air-gun and sparker devices
to take continuous seismic reflection profiles along more
than 750 km (450 mi) of traverse and have evaluated an
aeromagnetic survey retracing the same lines. Results of
these surveys coupled with the gravity surveys emphasize
the correlation of the lake basin with regional structure.

In addition to locating troughs and basins by
discontinuities along boundary faults, the seismic data
provide information as to probable contacts of (1)
unconsolidated Quaternary mud, clay, salt and sand: (2)
semi-consolidated Quaternary sediments: (3) consol-
idated Tertiary sediments, and (4) Paleozoic and Pre-
cambrian bedrock. The seismic reflection survey located
8 significant faults, five mainly north of the causeway
and three south of it (Mikulich and Smith, 1974, figure
12): (figure 2, this paper). The longest fault (4 on figure
1), trends an estimated 27 miles diagonally across the
North Arm. Fault 3, with the same trend, crosses the
causeway about 13 miles east of 4. Two faults, 2 and 1,
cross the area between Rozell Point and the Little Valley
Boat harbor. All these faults are downdropped toward
the central axis of the lake. Structurally, 4 of the north-
ern faults create a basin of Tertiary sediments near the
axis of the North Arm and 3 shallower Quaternary
basins offshore from Promontory Point (See Mikulich
and Smith, 1974, figures 7, 13).

Three normal faults (6, 7, & 8) were traced in a
S5-mile wide band immediately west of Antelope Island.
Except for the outermost fault, (8), these are parallel
with the southwestern shoreline of the island. Fault 8
trends N5 W essentially the same as (4) of the North
Arm. The arrangement of the southern faults creates a
graben next to Antelope Island and beyond this an
offshore horst with no surface expression (see Mikulich
and Smith, 1974, figure 1 1).

NOTE: The following sections on shoreline mountains
and islands of Great Salt Lake are abstracted from
Guidebook 20, Utah Geological Society. I thank R. E.
Cohenour and K. C. Thompson, (1966) authors of the
paper, Geologic Setting of Grear Salt Lake, for use of
this material.

THE SHORELINE MOUNTAINS

Great Salt Lake contains and is defined by
strikingly linear mountain ranges and intervening depres-
sions, all of which have a northerly trend. The eastern
shore is limited by the alluvial slopes of the northern
Wasatch Range. West of the Wasatch Range and across
Jordan Valley, to the south of Great Salt Lake, are the
imposing Oquirrh Mountains. Next to the west are the
broad and gentle alluvial slopes of Tooele Valley which
rise to the Stansbury Mountains, whose northernmost
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extension marks the southwest corner of the lake.
Still farther northwestward across the barrens of Skull
Valley are the Lakeside Mountains which define over
one-third of the west shore. Northwestward from the
Lakeside Mountains across a threshold area leading to
the Salt Lake Desert are the subdued Terrace and Hogup
Mountains which bound most of the western shore of
the northern part of the lake. The southeast slopes of
the Raft River Mountains, Curlew Valley, the Hansel
Mountains and Hansel Valley fringe the northwestern
arm of the lake. The Rozel Hills and Promontory Moun-
tains disrupt the rather orderly outline of the lake on the
northeast, thereby creating Bear River Bay which
terminates against the slopes of the Wasatch Range.

Wasatch Range

The Wasatch Mountains, an impressive barrier
range, are bounded by the continuous north-south
Wasatch Fault zone. More than 7,000 feet of relief is
presented between mean lake level of 4,200 feet and
nearby peaks which tower in excess of 11,200 feet. More
than 70,000 ft. of strata, ranging from Precambrian
through Tertiary, comprise the core of the Wasatch
Range. The structure of the range, though varied and in
places complex, can be explained by an early period of
essentially west to east compression followed by relax-
ation which allowed tensional forces and isotatic ad-
justments to prevail. The early period of compression
produced thrust faults, while the subsequent period of
tension favored the development of north-south normal
faults.

Oquirrh Mountains

The northern portion of the Oquirrh Mountains,
together with the northerly slopes of Jordan and Tooele
Valleys, limits the lake to the south and southeast. Coon
Peak, the highest point in the northern Oquirrhs, rises to
over 9,000 feet, or about 4,800 feet above the lake. The
mountains are steep and rugged, with many exposures of
limestone, the principal bedrock. The northern Oquirrh
Mountains are composed principally of thick units of
the Oquirrh Formation, of Pennsylvanian and Permian
age. Seven units of the Oquirrh Formation with an
aggregate thickness of 11,600 feet have been mapped.
Limestone, shale, sandy limestone, quartzite, cherty
limestone, and dolomite represent the dominant rock
types of the formation.

Structurally, the Oquirrh Range resulted from an
interplay of two earlier compressive forces which were
followed by the later Basin and Range faulting. The
earlier orogeny was directed eastward and produced the
broad north-south folds, which are the typical structures
of the central and southern portions of the range.
Following the eastward compression, forces acting from
slightly west of north, more or less along the present
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long axis of Great Salt Lake, created east and northeast
folds in the northern half of the range. The forces from
the north evidently were dissipated as the northern
block overthrust the central portion along the North
Oquirrh  Thrust (Roberts and Tooker 1961). The
Oquirrh Range is the site of the world famous open-pit
Bingham Canyon Mine and the “‘ghost towns” of Ophir
and Mercur.

Stansbury Mountains

The Stansbury Mountains rising on the southwest
edge of Great Salt Lake are narrower and less impressive
than the Oquirrh Range to the east. Rocks of Cambrian,
Ordovician, Silurian. Devonian and Mississippian periods
are present. These have been folded by west to east
compressive forces. Broad folds, localized reverse faults,
and major normal faults typify the internal structure.
The geology of the range has been described by Rigby
(1958).

Lakeside Mountains

The Southern and Northern Lakeside Mountains
fringe most of the south-western shore of Great Salt
Lake for a distance of about 30 miles. The highest peak
is Black Mountain, elevation 6,620 feet, a maximum
relief of 2,420 feet above the 4,200 foot level of Great
Salt Lake.

Twenty-nine formations have been recognized in
the Lakeside Mountains (Young, 1955, Doelling, 1964).
Doelling measured 7,003 feet of Cambrian, 3,094 feet of
Ordovician, 653 feet of Silurian, 2,562 feet of Devonian,
6,646 feet of Mississippian, 3,541 feet of Pennsylvanian
and 14,517 feet of Permian strata, for a total of 37,916
feet. An additional 5,377 feet of strata is inferred or
estimated, which totals 43,292 feet, one of the thickest
Paleozoic sections in Utah.

The structure of the Lakeside Mountains is domi-
nated by westerly dips and open north-south folds,
especially in the western blocks. Normal faults, trending
in broad arcs concave to the west, partially separate the
eastern and western portions of the range. The eastern
segments contain many transverse normal faults, several
north<asterly trending folds and one northerly trending
fold.

Terrace and Hogup Mountains

The Terrace and Hogup Mountains border a
portion of the northwest shore of Great Salt Lake. They
form a mountainous area about 16 miles long, with a
maximum width of 10 miles. Elevations in excess of
6.500 feet provide relief of 2,300 feet above mean lake
level. The Terrace Mountains were named for their
abundant and excellent display of Bonneville beaches
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not only at the major lake levels but also many inter-
mediate stages. Hogup derived its name from the un-
popular reputation of either a sheepman or early rail-
roaders who supposedly tried to dominate or “hog up”
the area.

Most of the bedrock exposures are late Paleozoic
strata. According to Stifel (1964) over 22,200 feet of
strata are exposed. The Pennsylvanian Oquirrh Forma-
tion, incompletely exposed, is the oldest. The lowermost
strata of the Oquirth Formation seen in the area are
orange-hued calcareous sandstone, tan to gray siltstone,
and pink to purple orthoquartzite. Younger Oquirrh
deposits are essentially clastic; the lower units are
calcareous siltstone, arenaceous bioclastic limestone, and
fine-grained crystalline limestone, all interbedded
with calcareous sandstone and orthoquartzite ; the upper
units are more siliceous. The Diamond Creek Sandstone
is comprised of orthoquartzite and calcareous sanstone.
Clear, well-rounded, and essentially well-sorted, fine- to
coarse-grained quartz granules in a siliceous cement
comprise the rock. In some intervals cross-bedding is
prominent. The Loray (?) Formation is a transitional
unit which has affinities with both the underlying
Diamond Creek Sandstone and the overlying Grandeur
Member of the Park City Formation. It is fine-grained
calcareous sandstone intermixed with silty and cherty
limestone and dolomite. The Park City Formation
consists of the Grandeur Member which is mainly
dolomite, silty dolomites and limestones, sandstone and
cherty carbonates. The Phosphoria Formation is repre-
sented by two members, the Rex Chert and the Mead
Peak Member. The Mead Peak Member contains two
phosphatic intervals, one in the basal 10 feet and the
other near the middle: the phosphate zones are separated
by 160 feet of siliceous carbonates. The upper portion
of the Mead Peak consists of laminated mudstone,
siltstone and shale. The Rex Chert Member is a sequence
of bedded chert, cherty siltstone, and cherty mudstone,
with a few strata of limestone and dolomite. The Gerster
Formation is the uppermost unit of the Permian system.
It is mainly crystalline and bioclastic limestone, silty
limestone, with intervals of cherty limestone and a few
beds of pure chert.

The oldest Triassic strata in the range, the Din-
woody Formation, though parallel in outcrop with
the Gerster Formation, overlies it unconformably. The
Dinwoody is 1,670 feet thick; it is exposed over an area
of three square miles, the best exposures being along the
axis of the West Terrace syncline in Section 5 of T.
8 N, R. 12 W. The Dinwoody is divisible into two zones;
the lower is mainly interbedded maroon and greenish
gray shale, with maroon and gray bioclastic and crystal-
line limestone; shale constitutes about 75% of the total.
The lower third of the remaining 1,320 feet of the
Dinwoody is comprised of strata much like the lower
zone, with a greater percentage of limestone; the upper
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part of this zone contains thin lamellar beds of greenish
yellow to buff, arenaceous (calcarenite) limestone.
Ripple marks are common in the calcarenites. An
incomplete section of the conformably overlying
Thaynes Formation is 330 feet thick. Approximately
80% of the formation is thin-bedded, silty limestone
with hues of yellow, green and gray: the rest of the
formation is gray bioclastic limestone.

Strata of the Pliocene (Salt Lake Group) are
poorly exposed but bentonitic clay, vitric tuff and fresh
water limestone or marl have been reconginzed at
scattered localities. Isolated remnants of basalt flows of
probable Pliocene Age are present in and near the
Terrace Mountains:; some of the smaller flows appear to
be related to the major normal faults.

Structurally, the Terrace Mountains consist of
two blocks which are separated by the Big Pass graben,
which trends nearly northwest just northeast of Tangent
Peak, the highest point of the western block. Long, high
angle, north-south boundary faults and minor east-west
normal faults are characteristic of both blocks. A typical
system of rotational faults, with pronounced arcuate
trends, is present in the western block. Broad north-
south folding is in evidence at the western and northern
limits of the western block; however, east-west and
northeast trends of fold axis are characteristic of the
narrower folds of all other segments and blocks com-
prising the mountains.

Rozel Hills

The Rozel Hills comprise a 16 square-mile area
forming a westward bulge from the northern side of the
Promontory Range. The bedrock of the Hills rises about
300 feet above the lake and consists of interbedded
basalt and limestone of the Salt Lake Group, of probable
Miocene-Pliocene age. The structure is simple and the
exposed strata dip 15 degrees to the northeast. This area
is interesting in that asphalt seeps occur in the lake off
the southern margin of the Hills. About twenty shallow
wells have been drilled around Rozel Point but to date
no sustained commercial production has been attained
(Slentz and Eardley, 1956).

Promontory Mountains

The Promontory Mountains form a range be-
tween four and eight miles wide, which, together with
the Rozel Hills, protrude about 30 miles southward into
Great Salt Lake. The mountains rise only 1,800 feet
above mean lake level. The area is sufficiently watered to
support grazing.

More than 33.000 feet of sedimentary rocks have
been measured in the Promontory Range (Olson, 1956).
Nearly 7.500 feet of younger Precambrian strata,
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probably correlative with that of Fremont Island, are
exposed in the southern tip of the range. Eleven Cam-
brian formations or units comprising over 11,315 feet of
strata are recognized. Almost half of the total is the
basal Prospect Mountain Quartzite, with the remainder
principally limestone, shale, dolomite and quartzite. The
Ordovician is represented by 2,200 feet of sediments
divisible into three formations consisting respectively of
limestone, quartzite and dolomite. One Silurian forma-
tion, the Laketown, is represented by 1,618 feet of
dolomite, with thick beds of black chert. The Devonian
System is represented by two formations, the Water
Canyon Dolomite, 639 feet thick and the Jefferson
Dolomite at least 940 feet thick, consisting of dark gray
dolomite, with interbeds of thin limestone and quartzite.
The Mississippian rocks consist of 5,100 feet of lime-
stone, calcareous siltstone and sandstone, subdivided
into the Madison Limestone (475 feet), the Deseret-
Humbug Formation (1,416 feet), the Great Blue Lime-
stone (2150 feet) and the Manning Canyon Formation
(1100 feet). The Oquirrh Formation (3,400 feet) prin-
cipally fine-grained sandstone, quartzite and the pre-
dominant crystalline limestone, represents the Pennsyl-
vanian System. No Permian, Mesozoic or Tertiary rocks
are found in the range.

Structurally, the Promontory Mountains are
relatively simple. Many north-trending and transverse
faults of large displacement outline large tilted and
faulted blocks. Although no mines are currently in
operation the Promontory District is credited with
almost a million dollars worth of zinc and lead ore.

THE ISLANDS OF GREAT SALT LAKE

The islands of Great  Salt Lake increase or
decrease in size and number as the lake rises and falls.
Provisionally all of the land areas which were islands
when the lake was at its historic high level of 4,212 feet
in 1875 are designated islands. The number of true
islands ranges from 8 at high water to none during low
water, a change encompassed in a water level difference
of 20 feet. The islands appear to float mirage-like on
mud or shallow water. The largest islands as defined
above are Antelope, Stansbury and Fremont; the smaller
ones are Carrington, Gunnison, Cub, Dolphin and Bird;
other tiny rocks or shoals are Egg Island, White Rock,
and Black Rock.

The islands are mainly uninhabited, but Antelope
Island is sufficiently large to support a permanent ranch.
Grazing is the principal use for the larger islands. Gun-
nison, Cub, Bird and Egg Islands are rookeries for the
California gulls (seagull) and pelicans. During low water,
Bird and Gunnison Islands are the only ones which
remain sufficiently isolated to offer security to the
sensitive birds.
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Antelope Island

Antelope Island, the largest island of Great
Salt Lake. lies in the south-ecastern part of the lake.
It trends almost north for 15.5 miles; is 4.5 miles wide
with the southern tip a scant 3 miles from the south
shore. The island is tied to the shore until the lake
attains an elevation of 4,200 feet at which time its 43
miles of shoreline encompasses approximately 23,175
acres of rocky hillsides, cliffs and alluvial slopes scantily
clad with desert shrubs and grasses. Two small rocky
islands, Egg Island and White Rock, lie respectively in
North and White Rock Bays of the northern and north-
western tip of Antelope Island. Their isolation makes
them desirable as bird rookeries.

The highest peak on Antelope Island is in the
northern portion, where Peak 6596, of the same
elevation, has a relief of 2,396 feet above a nominal lake
level of 4,200 feet. The average elevation of the island is
about 5,500 feet and the surface may be classified as
precipitous. Both the Bonneville and Provo levels are
marked by terraces and shoreline debris, respectively, at
5.200 and 4,820 feet: the shoreline features of the Provo
stage of Lake Bonneville are the mosi prominent and can
be traced without interruption around the island.

Antelope Island is largely composed of some
of the oldest rocks in the local geologic column. Two
sequences of Precambrian metamorphic rocks of dif-
fering age have been recognized. The older sequence, the
Farmington Canyon Complex. is tentatively dated as
Middle Precambrian (Eardley and Hatch, 1940a) with an
age of 1,580 million years. According to Larsen (1957),
units of this older terraine, by reason of their mineralogy
and moderate regional metamorphism, correspond to
the amphibolite facies. Larsen identified and described
three subdivisions, none of which he formally named.
The younger Precambrian sequence, less metamorphosed
than the older, contains a mineral assemblage corres-
ponding to the green schist facies. The tillite, dolomite,
slate and quartzite are tentatively correlated with the
Mineral Fork Tillite and Mutual (?) Formation of the
Wasatch Range.

Except for Quaternary alluvial and lacustrine
deposits, the only other rocks present are Tertiary
conglomerate and fresh water limestone.

Stansbury Island or Penninsula

Stansbury Island, the second largest in Great
Salt Lake, is attached to the southwest shores of the
present lake. It becomes an island when the lake rises to
4200 feet. The island is named after Capt. Howard
Stansbury, Corps of Topographic Engineers of the U.S.
Army, who in 1849 and 1850 headed an expedition
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charged with surveying the lake. Stansbury Island (or
Penninsula) is oriented north-south and is stightly more
than 11.5 miles long and about 4.5 miles wide; the
shoreline is about 24 miles long. The island comprises
22,314 acres of mainly rugged cliffs, rocky slopes and
desert beaches.

The highest point on the island is Stansbury
Peak at 6,645 feet above sea level, or 2,445 feet above
the present lake level. Abandoned shorelines are well
marked and the Bonneville and Provo beaches with sea
cliffs are prominently displayed along the north, north-
west and eastern sides of the island.

The island is a typical desert mountain; there
are a few fresh and brackish water seeps near the present
lake level along the eastern side but the western side of
the Island is essentially waterless. The island is uninhab-
ited and is used principally as a winter grazing area for
sheep. The average precipitation, accumulated principal-
ly in the fall and winter. is about 6 inches.

Rocks of the island are mainly early Paleozoic age.
Precambrian strata, mainly quartzite and shale of the Big
Cottonwood Formation, are present at the north tip and
along a portion of the northeast shore of the island. The
remaining northern third of the island is of Cambrian
rocks, consisting of a small outcrop of Tintic quartzite
but mainly of middle Cambrian limestone, shale and
dolomite. The central and southern third of the island is
comprised of Upper Cambrian to Upper Mississippian
strata, mainly limestone, dolomite, quartzite and shale.
The prominent quartzite ledge displayed in the southern
part of the island is Devonian in age. Fish plates are
present in thin dolomite at the base of the unit. This
quartzite has been mistaken in the past for the medial
Ordovician quartzite, the Swan Peak, and is of signifi-
cance because it is evidence for a penninsula-like land-
mass which extended westward from the ancestral Uinta
Mountains in Devonian time. It further demonstrates
that the lower Paleozoic miogeosynclines were locally
interrupted by transverse adjustments or forces prior to
late Paleozoic orogenies.

The structure of the island is fairly simple. The
southern half has been folded into a broad south-
ward plunging anticline. The northern half of the island
is comprised of a series of northwesterly trending fault
blocks in which the strata dip westerly. The faults in the
northern section are transverse in trend and may have
some strikeslip component.

Fremont Island

Fremont Island, the third largest island in Great
Salt Lake, lies near the eastern shore about 5 miles
north-northwest of Antelope Island and nearly 2 miles
southeast of the mainland at Promontory Point. The
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island is named after Colonel John C. Fremont who in
1845 made the first scientific observations of the lake;
he determined that its surface was about 4201 feet
above sea level and that a gallon of its water yielded
three pints of salt. Fremont Island, shaped like a flat-
tened isosceles triangle, trends northwesterly with its
apex to the north-east. It is 5.5 miles long. 1.5 miles at
its widest point and its 12 miles of shoreline encompass
about 2945 acres of rocky plateau-like desert. Fremont
Isiand is one of the most persistent true islands of the
lake: the water level must drop to 4.193 feet before it
merges with the mainland.

The highest point on the island is Castle Peak at
4995 feet, giving a relief of 795 feet with respect to the
present lake level. When Lake Bonneville was at its
highest level. Fremont Island was covered by 140 feet of
water, and at the Provo stage the island became two
small remnants comprising several hundred acres.

Fremont Island is comprised of late Precambrian
strata, some of which may be correlative with rocks on
Antelope Island and with the Precambrian on Promon-
tory Point. Eardley and Hatch (1940) described a
sequence of over 5,000 feet of dark phyllite, 700 feet of
tillite, about 1,700 feet of quartzite, chlorite schist, and
greenstone, and 100 feet of dolomite for an aggregate
thickness of 7,500 feet of Precambrian metasediments.

Smaller West Shore Islands

Five small islands: Carrrington, Bird (Hat),
Gunnison, Cub and Dolphin are distributed along the
west portion of Great Salt Lake. The largest is Carring-
ton Island. which is about six miles north from Stans-
bury Island. It is a rocky barren wasteland comprising
1,767 acres. Most of the time it is bound to Stansbury
Island by bars of oolitic sand. A lake stage of 4,199 feet
is sufficient to make it a true island. The highest point,
Lambourne’s Rock, is 4,720 feet in elevation, giving it a
relief of only 520 feet. From any direction the low
profile resembles that of a broad-brimmed hat. The
Island is composed principally of gneisses and schists of
Precambrian age. The younger rock lying along its
extreme castern limit is Tertiary basalt, approximately
105 feet thick. No Paleoczoic or Mesozoic rocks are
present.

Bird Island is a small circular island of 22 acres
situated 4.5 miles north of Carrington Isiand. A shallow
threshold of relicted algal bioherms (reefs) partially
concealed by oolitic sands separates it from Carrington
Island. It becomes isolated when the lake stands at 4,198
feet. The island is practically devoid of vegetation and its
relief is but 90 feet. The island is composed entirely of
Precambrian tillite, which here is a black slaty rock with
fragments of quartzite and other metamorphic rocks
ranging to boulders in size.
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Gunnison Island is a small island in the northern
arm of the lake. It is 7.5 miles due north of the railroad
siding at Lakeside at the north extremity of the Lakeside
Mountains. It is 155 acres in area; the highest point is 85
feet above Lake level. Bedrock consists of northerly
dipping sediments provisionally identified as Silurian,
Devonian and Mississippian in age.

Cub Island, a tiny exposure subsidiary to Gun-
nison Island, consists of Mississippian rocks.

Dolphin Island is a small island in the northern
section of the lake. It is 11 miles northwest of Gunnison
Island or approximately 3 miles from shore and due east
from the highest point of the Terrace Mountains. The
main portion of the island is three-quarters of a mile
long, one-third of a mile wide, and the maximum eleva-
tion is 4,235 or some 35 feet above mean lake level.
Stansbury (1853, p. 191) reports: “‘the island consists
mainly of conglomerate in horizontal strata and varying
much in the size of the cemented stone.”” Stifel (1964, p.
145) adds the following: “The island is formed essen-
tially of calcaresous tufa-cemented conglomerate, the
constituents of which are sub to well-rounded, large-
cobble to sand-sized clastics apparently derived from the
sandstones and black limestones in the eastern Terrace
or the Hogup Mountains. Wave action and south-flowing
currents formed small cliffs on the north end of the
island and produced two wing-like spits of gravel and
sand which extend to the south on either side of the
island. Oolitic sand is abundant immediately around the
island and on the surrounding flats.”

PRESENT SHORELINES

Bedrock

Outcrops of consolidated Precambrian and Paleo-
zoic formations are actually washed by lake water
at very few places, but a rise of 10 feet above the 4,200
foot level would create a number of rocky headlands.
Examples are the west-central side of Antelope I[sland:a
small stretch near Indian Caves on the west-central side
of Promontory Penninsula; the vicinity of Black Rock.
northern termination of the Oquirrh Range; Strongknob,
north of Lakeside, and stretches of the eastern side of
Stansbury Island which is the most rocky shoreline of
the entire lake.

Shoreline Deposits of Older Lakes

The Great Salt Lake is nested in the deposits of a
long succession of older and more extensive lakes. These
created numerous terraces, bars, spits, and deltas. Such
features built of material too heavy to be moved by
currents and waves of the present lake are still in evi-
dence on the shoreline. Examples are the north end of
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Antelope Island: much of the east, south and west sides
of Promontory Point, and marginal to Fremont Island.

Pre-lake Surfaces and Deposits

Alluvial fans and locally perhaps pediments
surrounded most ranges in the Great Basin before the
arrival of the interior lakes. These deposits may date
back to early Pleistocene or even Pliocene. Locally they
consist of material too coarse to be moved by lake
currents and may thus maintain their original forms to
the present time. Examples are the east central margin of
Antelope Island and stretches of eastern Promontory
Penninsula.

Younger (Post-lake) Alluvial Surfaces

Under existing arid conditions little or no sedi-
ment is brought into Great Salt Lake except by the
major permanent streams. Shorelines fringing alluvial
fans, deltas, and other sloping surfaces formed within
the Holocene are therefore rare. Examples of weak delta
fronts greatly modified by marshes and dikes are seen in
the distributory areas of the Bear River and Jordan
Rivers.

Aeolian Deposits

Winds blowing over the area come mainly from
the southwest or northwest; where conditions are right
for picking up sand and silt, this material may be heaped
near the shoreline. The west side of Stansbury Island has
some fairly large continuous dunes of oolitic sand and
there are discrete barcane dunes between Strong-knob
and the south end of the Terrace Mountains, These can
be washed by water only with a rise of lake levels by 10
feet or more.

Relicted Lake Bottom

Great Salt Lake is notorious for the barren shelv-
ing mud flats that constitute much of the shoreline.
These receive very little sediment and the water is too
shallow to exercise notable erosive effects. The shoreline
migrates great distances across such areas with even
minor fluctuations in lake level. Most of the north and
west shores of the Northern Arm, West Bay, and Carring-
ton Island are fringed by this type of shoreline. So also
are the shores of Bear River Bay not reached by distribu-
taries of the Bear River and most of the unmodified
southeast margin of the lake between the mouth of the
Jordan River and Stansbury Penninsula. Another large
tract is that connecting Stansbury Penninsula with the
mainland. A relicted lake bottom shoreline is to be
expected from the history and setting ot the lake, and it
is by far the most common type of shoreline.
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Artificial Constructions

Two of the most notable engineering construc-
tions on earth cross Great Salt Lake. One is the Lucin
Cutoff of the Southern Pacific Railway built on 28,000
wooden pilings in 1902-03. The second is its successor,
the modern causeway constructed of 50,000,000 cubic
yards of earth and rock in 1956-59. These have little
effect on the configuration of the Great Salt Lake, but
other less well known embankments do affect the
shoreline. One is the causeway built for the Western
Pacific Railway southwesterly from Black Rock to
the southwest corner of the lake. Along this for about
six miles the shoreline is perfectly straight when the lake
is slightly above the 4,200 foot level. Other embank-
ments with straight or angular configuration determine
the shoreline when the lake is a few feet above the 4,200
foot level. These are the dikes of the Farmington Bay
Waterfowl management area, the Harold Crane Water-
fowl Management Area, the Bear River Migratory Bird
Refuge, and Willard Reservoir.

Marshes

Marshes are characterized by abundant vegetation
and cannot exist when saturated with highly saline
water. Insofar as Great Salt Lake is concerned, vege-
tation tends to accumulate and trap sediment only
where there is dilution by fresh water sources. The most
extensive marshlands are associated with Bear River, the
waters of which disperse widely across the bay area. The
fresh water area has now been surrounded by dikes.
Most of the eastern shoreline from the vicinity of
Brigham City to the Salt Lake City Sewage Canal is
marshland fed by surface streams from the Wasatch
Range or by seepage from adjacent irrigated land. There
are important spring-fed marshes associated with
Locomotive Springs east of Kelton and adjacent to
Spring Bay.

Constructional Deposits
of the Present Lake

The Great Salt Lake is stirred by waves and
currents especially during storms when 8 foot waves
may be generated. The lake water, because of its heavi-
ness, up to 76 pounds per cubic foot, is particularly
effective in moving the lighter grades of sediment. Minor
spits, bars, and barrier beaches have been built along or
near the existing shoreline. Examples are Bridger Bay on
Antelope Island and much of the west side of Stansbury
Peninsula.

Several peculiar finger-like spits interrupt the
shoreline in various places. The most prominent is
attached to the shore between Stansbury Peninsula and
the southwest end of the lake. It trends due east and has
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an underwater extension well beyond the visible portion.
Another even larger spit attached to the east shore of
Spring Bay extends due west and is accompanied by a
smaller secondary spit about 3/4 mile to the north,
What may be incipient spits of similar nature give
cuspate contours to the shoreline east of the northern
Hogup Range.

These artificial-looking configurations must be the
result of opposing currents that are forced to turn away
from the shore as they converge and lose energy.

PROBLEMS AND SPECULATIONS
Location of the Great Salt Lake

A factual description of the tectonic setting of
Great Salt Lake as revealed by surface outcrops and
inferred subsurface configurations does not in itself
answer a number of important questions. Chief of these
is why the lake is where it is. An obvious answer is that
it is the lowest tract in an area of 22,000 square miles.
This begs the question: a better one is, why is this
particular area the lowest spot? Two possible answers
come to mind. It is low because the troughs it occupies
are structurally deeper and more actively downsinking
than any other in the vicinity. The second is that the
filling of these particular structural troughs has lagged
behind the filling of adjacent ones.

Now that geophysical surveys have revealed the
depths of most of the faulted depressions (grabens) of
northern Utah and the Wasatch Front, it is possible to
make meaningful comparisons among them. Without
designating the major grabens individually it is possible
to generalize that the Great Salt Lake Graben is no
deeper and probably even less deep than several others in
the near vicinity. Depth to bedrock under the main
water body is estimated at almost 7,000 feet (Mikulich
and Smith, 1974, p. 1001). Depth to bedrock in Curlew
Valley immediately north of and continuous with Great
Salt Lake Graben is approximately 6,000 feet (Cook and
others, 1964, p. 727). An estimated 12,000 feet of fill
occupies the Tooele Valley Graben (Cook and others,
1966, p. 66). The fill of Utah Valley is estimated at
about 5000 feet and that of Ogden Valley at about
6,000 feet.

Evidently localization of the lake i1s not due to
relatively greater downsinking beneath it. Considering
only bedrock configuration, the water body could just
as well be in Curlew Valley to the north or Tooele
Valley to the southwest, or even in the Great Salt Lake
Desert.

Many facts support the second possible explana-
tion, that the basin occupied by Great Salt Lake has
received relatively less sediment. Sediments now being
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deposited in the lake basin, as well as those penetrated
by drilling, are of the finest possible grades: mud, silt,
and evaporitic products such as halite and mirabilite.
The major rivers, the Bear, Weber, and Jordan, arrive at
low gradients almost free of coarse material. Any coarse
sediment these streams pick up in their higher reaches
settles out before it reaches the lake. Utah Lake is the
most effective settling pond of the system. Bear River
drops its sediment along numerous alluvial stretches even
before it gets to Cache Valley which was clearly an
effective dumping ground or sediment sink during
Bonneville time. The conclusion is that the sediment
ultimately delivered to Great Salt Lake Graben has been
insufficient to fill it and expell the water. Perhaps it is
not inaccurate to say that the lake is there because it
has nowhere else to go.

A more significant control of deposition in the
lake basin than that exercised by the large contributing
rivers is the nature of the nearby bedrock supplying
material to alluvial fans and other fringing deposits. The
interior islands and nearby Farmington Range, which
would be expected to contribute most of the locally
derived sediment to the lake, are of predominantly
Precambrian crystalline rocks, while those making up
nearby ranges are chiefly late Paleozoic formations
dominated by the excessively thick Oquirrh Formation.

High areas composed of the Oquirrh Formation
are surrounded by massive alluvial fans and sediments
(west side of Salt Lake Valley) or by great embankments
of gravel (Grassy Hills, Blue Springs Hills, Point of the
Mountain). Although there has been little drilling in
valleys flanked by mountains of the Oquirrh Formation,
it is safe to assume that the sediments of such valleys are
of much coarser grades than those under the Great Salt
Lake. The Oquirrh is mostly hard and brittle limestone,
dolomite, sandstone and quartzite, which fracture easily
to produce small blocks and chips that can be moved by
ordinary run off and shifted by ordinary lake currents in
the form of gravel and sand.

By contrast, Farmington Range, Little Mountain,
Fremont Island, Antelope Island and Bird Island are
resistant Precambrian metamorphic rocks, chiefly gneiss
and schist (Eardley and Hatch, 1940; Bell, 1952; Cohen-
our and Thompson, 1966). Mostly these rocks weather
in place to produce granular material or individual
boulders, as is seen in the margins of these uplifts.
Promontory Point is an intermediate case: the bedrock
here is Precambrian quartzite that does provide blocky
weathering products but on a smaller scale and with less
chippy fraction than does the Oquirrh Formation.

The puzzling fact that Great Salt Lake, one of the
most recent features of the Great Basin, is located upon
the Northern Utah Highland (Eardley and Hatch, 1940),
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one of the oldest features, is thus explainable as a result
of scanty sediment supply rather than of tectonics. The
fact that this area of faulted crystalline rocks appears to
have been the center of a long succession of Cenozoic
water bodies including Bonneville and Great Salt Lake
suggests that bedrock types, erosion products, and
sedimentation have been fairly constant for several
million years, perhaps ever since the Miocene. Although
all depressed areas were being filled by deposition, the
Great Salt Lake Graben, because of the nature of the
bedrock in surrounding uplifts, has always lagged behind
so as to be the low spot of the drainage system.

Possible Outlet

The sedimentary record of predecessors of Great
Salt Lake suggests that shallow bodies of fresh water
occupied the site for long periods of time before saline
lakes appeared (Eardley and others, 1973). Assuming
these fresh water lakes did not reach the depth of Lake
Bonneville and hence could not flow over Red Rock
Pass, it may be that there were other exit routes now
dammed and abandoned. Considering the general geog-
raphy, the obstructions in various directions and the
distance to major rivers, a northward course into the
Snake River seems the most plausable one.

Today this possible exit is clearly choked with lava
at its northern end and there are scattered exposures of
igneous rock southward to the Great Salt Lake. The
geophysical evidence that the Rozel Point flows are at
depths of 2,000 feet near the axis of the lake and have a
lobe-like configuration in conformance with the Great
Salt Lake Graben suggest that they could have con-
stituted a dam in late middle Tertiary time. Mikulich
and Smith speculate that flows or debris from the flows
may have reached as far south as the causeway (1976, p.
999). The flows have been dated on stratigraphic evi-
dence as Miocene-Pliocene (Slentz and Eardley, 1956).
No radiometric dates appear to have been taken. The
Snake River Plain, to the north, is underlain by lava and
sediments of late Cenozoic age, chiefly Miocene flows
(Mabey, 1976). The formation of this depression and
associated deposits could have effectively blocked
drainage from the south and ponded it to form water
bodies in northern Utah.

Overthrust Faults

Whether or not the trace of a major Laramide
overthrust fault traverses the bedrock below the lake is
an important unsolved problem. This fault is considered
almost as geological necessity to explain regional geo-
logic relations (Crittenden, 1972). The thousand-mile
long zone of thrust plates extending from southern
Nevada into Montana is interrupted in a significant way
in the vicinity of the Northern Utah Highland and Great
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Salt Lake. Segments are visable and mappable both
north and south but are absent or covered between the
Traverse Range and Ogden (Crittenden, 1972, p. 2878).
Visible displacements are seen in the Wasatch Range, but
the area west of the range has been depressed to the west
of the Wasatch fault zone and covered by alluvial fill and
lake sediments. It is thought that the fault trace passes
between Antelope Island and the Oquirrh Range - the
mountains are part of the allochthon, the islands are part
of the autochton (figure 2).

Since it is not possible to find evidence of this
great discontinuity in the almost continuous line of
uplifts on the west side of the lake or in the Promontory
Mountains, it is assumed that all of these are also al-
lochthonous and that the fault trace must turn eastward
toward the visible traces high in the Wasatch Range
above North Ogden. Crittenden’s conclusion, shown by
his regional reconstructions and cross-sections (Critten-
den, 1972, p. 2878), is that the fault circles Antelope
Island to pass south of Fremont Island and Little Moun-
tain. This course is entirely defensible but so far has not
been provable. It is understandable that it should escape
detection by geophysical means, as rocks in the over-
lying and underlying plates are not significantly different
in density and have shared the same history and move-
ments over the past 60 million years.

Possible geophysical evidence of the Nebo-Wood-
ruff thrust is seen in the peculiar zone of confused and
compressed structures identified along the west margin
of Antelope Island by Mikulich and Smith (1974). They
describe this in some detail and attribute it to rebound
along the nearby fault (on figure 2), to differential
compaction, and to a pre-faulting structure (Mikulich
and Smith, 1974, p. 998).

General Eastward Dip

Mikulich and Smith (1974, p. 997) state that “The
most consistent feature identified from the seismic data
of the southern part (of the lake) is the gentle 5° east-
ward dip of the Tertiary and Quaternary sediments’.
The seismic profiles leave no doubt as to the reality of
this inclination but other evidences for its existance,
particularly anything of a surficial nature, are difficult
to detect or decipher. The rebound of the Bonneville
basin after the withdrawal of the lake has been shown by
Crittenden (1963) to have caused a significant warp-
ing of the Bonneville shoreline. According to Critten-
den’s map, the post-lake rebound gave rise to a dif-
ference in elevation of 130 feet across the southern part
of Great Salt Lake between the Bonneville level on the
Lakeside and Wasatch Range. A uniform dip of 5°
across the same distance brings a decline of 340 feet.
Subtracting the tilt due to rebound from the total tilt
leaves a relative subsidence of over 209 feet to be
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accounted for by something that seems to have hap-
pened before the rebound began. Mikulich and Smith are
certainly right in concluding that crustal rebound alone
is an insufficient cause of the observed deformation.
However, no explanation for this tilting is apparent to
the writer.

Igneous Rocks

Geophysical evidence indicates more igneous
material in and adjacent to Great Salt Lake Graben than
might be expected from surface exposure. The basalt
flows cropping out at Rozell Point are indicated to
extend westerly and southwesterly in the subsurface for
20 miles to or beyond the causeway. They may even be
related to the remnant on Carrington Island. What is
apparently the same group of flows also extends north-
ward and northwestward out of the area of the lake. The
general configuration of the aggregate igneous mass
suggests that the Great Salt Lake Graben had a topo-
graphic expression in Pliocene time and that the gradient
southward along it was at least as steep as that existing
today. However, the relations of the Rozell flows to
other incompletely exposed flows to the north in Curlew
Valley and across the lake basin in the vicinity of the
Raft River Mountains, as well as the correlation of
basalt flows in Utah with the much more extensive ones
of the Snake River Plain, must remain entirely specu-
lative. It is possible that lava flows blocked and ponded a
series of lakes in the Great Salt Lake Graben during late
middle Tertiary time as mentioned in the section on
“Possible Outlets™.

A sharp magnetic anomaly immediately north of
Dolphin Island is interpreted by Milulich and Smith as
indicating a volcanic plug or volcanic ridge. This is
entirely compatible with other exposures of extrusive
rock to the north and northwest. The cause of anomalies
under Stansbury Island and Fremont Island is not so
easily related to igneous bodies. The Stansbury Island
anomaly may be caused by a buried igneous extrusion
but there is no evidence for this other than the anomaly
itself.
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West shores of Antelope Island, Great Salt Lake, looking south. The white curving beach circles Bridger Bay on the left;
the barren slopes and peaks are Precambrian Farmington Complex, Oquirth Range in the distance. Photo - Utah Tourist
and Publicity Council.

Desert ranges and Great Salt Lake Desert, Tooele County. North end Cedar Mountains in center; Newfoundland
Mountains surrounded by salt flats, distant right; Pilot Range with Pilot Peak on distant skyline. Photo - Utah Tourist
and Publicity Council (Dugway Proving Ground).



COASTAL GEOMORPHOLOGY OF GREAT SALT LAKE AND VICINITY

by Donald R. Currev, University of Utah

ABSTRACT

The Great Salt Lake coast is subdivided into three
shoreline zones: high, submerged, and historic, and the
geomorphic history of prominent features dating from
late Pleistocene Lake Bonneville and Holocene Great
Salt Lake is summarized. The initial transgression of the
Bonneville lacustral cycle, to a threshold-controlled set
of carlier Bonneville shorelines, caused extensive geo-
morphic modification of the coast. A subsequent mid-
Bonneville regression was followed by a final trans-
gression to a later Bonneville shoreline, at which time
the original, Bonneville-level threshold in southern Idaho
was breached and the lake regressed rapidly as down-
cutting established a much lower, Provo-level threshold.
During the ensuing stillstand an earlier and a later Provo
shoreline were separated by slight additional down-
cutting of the threshold. Increasing aridity finally
caused abandonment of the Provo threshold and regres-
sion to the Stansbury shoreline, and shortly thereafter to
the threshold of Lake Puddle, which was briefly fed by
inflow from Lake Bonneville. Further regression to
basin-floor levels and then a minor transgression to the
Gilbert shoreline concluded the Lake Bonneville saga.

Great Salt Lake apparently diminished to a large
playa surrounded by giant desiccation polygons during
one or more intervals of maximum mid-Holocene
aridity. Fracture zones near Dolphin Island and west of
Antelope Island also occur in the submerged shoreline
zone. Late Holocene and historic geomorphic features
include several shorelines, transverse and parabolic dunes
of oolitic sand, and bird-foot deltas at the mouths of the
larger influents, particularly the Bear River.

INTRODUCTION

The Great Salt Lake landscape is coastal in charac-
ter, perhaps to a greater degree than any other non-
marine landscape in the western hemisphere. Conspicu-
ous landforms and immense volumes of near-surface
materials owe their coastal character to processes that
have operated not only along the shores of the present
lake, but also along the shores of its much larger and
much smaller predecessors. Although the Great Basin
hydrologic region (figure 1) includes more than 150
other desert basins (Morrison, 1965, p. 265), none of the
other basins contains a lake that rivals Great Salt Lake in

area or in extent of active shoreline. During the last
major glacial-lacustral cycle, in late Pleistocene time,
none of the others contained a lake that closely rivaled
Lake Bonneville in area, depth, volume, and intensity of
coastal processes. The geomorphic history of some of
the more prominent features in the Great Salt Lake
coastal landscape, as reconstructed by ongoing studies, is
summarized in this chapter.

COASTAL ZONES

The coast of Great Salt Lake can be regarded as
extending from the highest level attained by Lake
Bonneville to the lowest level exposed in post-Bonneville
time. Furthermore, the Great Salt Lake coast can be
readily subdivided into three major zones (figure 2), viz.,
a high shoreline zone above the highest level reached by
the lake in historic time (about 1284 m, or 4212 feet), a
submerged shoreline zone below the lowest historic level
(about 1277 m, or 4191 feet), and a historic shoreline
zone in the altitude range between 1277 and 1284 m
(4191 and 4212 feet).

High Shoreline Zone

Several shorelines in the high shoreline zone are so
well developed that they are apparent to even a casual
observer. The conspicuous shorelines are all products of
the last major lacustral cycle, or Bonneville cycle, and in
large part acquired their distinctive form during the
maximum and regressive stages of that cycle. Shorelines
related to transgressive stages of the Bonneville cycle are
locally conspicuous, but are very discontinuous in visible
expression and are considered here only briefly. Shore-
lines related to pre-Bonneville lacustral cycles are pre-
served only in the subsurface at scattered localities and
are not considered here.

Bonneville Shoreline

Water bodies in the Bonneville basin during the
Bonneville cycle were limited in size by topography at
Red Rock Pass, in southern Idaho, where the lowest
point on the perimeter of the basin had an altitude of
about 1550 m (5085 feet) (Crittenden, 1963, p. E14).
The geomorphic features that developed along the shores
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of the largest water bodies comprise the Bonneville
shoreline (plate 1 in pocket), which in the vicinity of
Great Salt Lake is really a zone containing several
individual shorelines. The type locality of the Bonneville
shoreline can very appropriately be regarded as *‘the
great bar at Stockton, Utah™ (Gilbert, 1890, p. 97 and
plate 1X), 10 km (6 miles) southwest of Tooele. In the
vicinity of Great Salt Lake the upper limit of the Bon-
neville shoreline zone now ranges in altitude from about
1573 to 1623 m (5160 to 5325), orup to 73 m (240
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feet) above the original threshold-controlled altitude,
because of isostatic rebound due to subsequent de-
creases in water load. Many interpretations regarding the
number and age of lake stands in the Bonneville shore-
line zone have been proposed by previous workers and
have been summarized by Morrison (1965, p. 274, and
1966, p. 86). Ongoing studies utilizing available radio-
carbon dates place the ages of an earlier set of Bonneville
shorelines and of a separate later Bonneville shoreline
between 19,000 and 13,000 years ago.

45°—

Y Great Salt Lake
and Vicinity

Lake Bonneville

D Great Basin

R{ Red Rock Pass

100 200 mites

*... Continental Divide —

300 kilometars

Figure 1. Location of Great Salt Lake and vicinity within the Great Basin hydrologic region.
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.High Shoreline Zone

Historic Shoreline Zone

&7 1280-meter (4200-foot)
Average Historic Shoreline

Submerged Shoreline Zone

Figure 2. The three major coastal zones of Great Salt Lake and vicinity.



At localities with abundant beach deposits, such as
baymouth barriers and cuspate forelands, gravels were
laid down at three closely-spaced levels as the initial
Bonneville transgression haltingly culminated under
threshold control in the Bonneville shoreline zone. Away
from the stable threshold at Red Rock Pass, which was
subject to only negligible loading, the basin responded
to the enormous water load imposed by Lake Bonne-
ville—then approaching a maximum depth of about 350
m (1150 feet)-by sustaining substantial rates of iso-
static depression. Therefore, in what is now Great Salt
Lake and vicinity, between 64 and 225 km (40 and 140
miles) south of Red Rock Pass, lake stages that succes-
sively reached and were stabilized by overflow at the
Pass produced beaches at successively higher positions.
Of the three beaches that comprise the earlier set of
Bonneville shorelines, the lowest contains nearly half
of the total sediment: the second also contains about
half of the sediment and partially to completely overlies
the first at altitudes that average about 6 m (20 feet)
higher; the third, with less than 5 percent of the sedi-
ment, typically occurs as a single beach ridge or small
spit at the top of the morphostratigraphic sequence,
again about 6 m (20 feet) above the previous level.

At localities with less abundant deposits, geo-
morphic expression of the Bonneville shoreline is typi-
cally incomplete because the uppermost beach ridge is so
weakly developed. Wherever present, however, the
uppermost ridge seems to represent the same, relatively
brief event. Despite diligent search, ongoing studies thus
far have failed to detect a higher shoreline, however
faint, at any locality in the northern half of the Bonne-
ville basin. Following the brief stand at the uppermost
earlier Bonneville shoreline, a major regression to levels
considerably below the Bonneville shoreline zone
appears to have occurred in the midst of the Bonneville
cycle.

After significantly lower stages had intervened for
several thousand years, the Bonneville cycle waxed again
in a final transgression to the Bonneville shoreline zone.
Relatively limited geomorphic work appears to have
been accomplished by the final transgression, possibly
because equilibrium coastal landforms and materials
were already largely in place on the terrain that was
being transgressed. The final transgression culminated at
the later Bonneville shoreline. At sites favorable for
deposition, such as the north edge of the Stockton Bar,
where a good cross-sectional view is available, the later
Bonneville shoreline is expressed as a single beach ridge
inset into or superimposed on the much more massive
deposits of the earlier Bonneville shorelines. At many
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erosional sites, such as Long Bench (figure 3), near
North Ogden, the later Bonneville shoreline is a dis-
tinctive boulder-beach trimline on foreshore slopes that
date from the initial transgression. In the vicinity of
Great Salt Lake the altitudes of the later Bonneville
shoreline now range from approximately 1567 to 1606
m (5140 to 5270 feet), or up to 56 m (185 feet) above
the original threshold-controlled altitude and about 6 to
17 m (20 to 55 feet) below the uppermost of the earlier
Bonneville shorelines. The later shoreline was clearly
controlled by the Bonneville threshold, but was
positioned slightly below the earlier high shorelines
because net isostatic rebound during the preceding
low-stage interval had caused central-basin topography
to emerge relative to Red Rock Pass. The stand at the
later Bonneville shoreline was short-lived, being termin-
ated prematurely by a precipitous regression of Lake
Bonneville to the Provo level, about 105 m (345 feet)
below.

Along erosional segments of the Bonneville shore-
line, cliffs and shore platforms are developed far more
prominently in piedmont alluvium (figure 3) than on
bedrock. In alluvium, the cliff/platform junction appears
to approximate closely the highest water level. On
bedrock, the only evidence of the uppermost Bonneville
shoreline is commonly a faint erosional trimline. More-
over, at many bedrock localities the uppermost shoreline
is obscured by post-shoreline talus,and whatever visible
expression of the Bonneville shoreline does exist is due
to the two more protracted stands that occurred some-
what before and slightly below the highest stand.

Alluvial fan sediments, colluvium, and other
unconsolidated materials of non-lacustrine origin are
readily reworked during the transgressive portion of a
lacustral cycle. The most massive depositional features,
including Gilbert’s (1890, p. 135-153) “‘embankments of
the intermediate shore-lines,” appear to date from the
initial transgression, when the preexisting landscape was
in maximum disequilibrium with shore-zone hydro-
dynamics and, hence, was most vulnerable to wholesale
reworking by lacustrine processes. As the initial trans-
gression approached the Bonneville shoreline zone,
pre-lacustral materials were eroded, clay and silt sizes
were winnowed away in suspension, and, at many
localities, prodigious quantities of sand and gravel were
delivered to depositional sites by longshore transport.
Where clearly evident, directions of longshore transport
are shown by arrows in plate 1. Partial cementation of
gravels by interstitial tufa occurs widely in the Bonne-
ville shoreline zone, but tufa that is lithoid and nodular
in form seems to be localized mainly at the later Bonne-
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ville shoreline. Beaches at and ncar the Bonneville
shoreline appear to have been the sources of at least
some of the silica sand that comprises isolated parabolic
dunes high on the west slope of the Lakeside Mountains.

Streams, discharging runoff and sediment from
upland drainages adjacent to the coast of Great Salt
Lake, have shaped the Bonneville shoreline in two main
ways—by supplying sediments to beaches and deltas as
the shoreline was being formed, and by dissecting
segments of the shoreline during regressive stages and in
post-Bonneville time. Beaches were nourished with
sediments from incoming streams at many localities, but

deltas were able to prograde the Bonneville shoreline
only at the two localities where glacial outwash was
most abundant. A small fan-shaped delta was deposited
at the mouth of Big Cottonwood Canyon, about 5 km
(3 miles) downvalley from the termini of contempora-
neous glaciers. A compound fan-shaped delta was
deposited at the mouths of Little Cottonwood and Bells
canyons  in direct contact with contemporaneous
glaciers (plate 1). A recent study has shown that the
contiguous moraines and shoreline at Bells Canyon date
from the maximum of the last major glacial-lacustral
cycle (Madsen and Currey, 1979). Elsewherc in the
Great Basin, comparably juxtaposed moraines and

Pigure 3. Long Bench. 2.2 km (1.4 miles) north of North Ogden, showing a pre-Bonneville alluvial fan (upper
right) deeply notched by earlier Bonneville shorelines (A) and turther modified by the later Bonne-
ville shoreline (B). Transgressive boulder beaches (C) are overlain by lacustrine silts (D) that were not re-

moved during the rapid regression to the Provo shoreline (1), Aero  Service Corp. photo

13 Apr 1962

5-000077.
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shorelines occur only near Mono Lake, in eastern Cali-
fornia. At literally hundreds of localities, including the
two glacial outwash deltas, shoreline features have been
conspicuously dissected by cross-cutting drainage in
post-shoreline time.

Provo Shoreline

The shoreline having the greatest geomorphic
development, representing the lake level of greatest
duration, is the Provo shoreline (plate 1). The type
locality of the Provo shoreline is the Provo River delta,
in the vicinity of Provo (Gilbert, 1890, p. 126).
Probably during the later stages of the Bonneville-cycle
transgressions and certainly at the earlier Bonneville
shorelines and again at the later Bonneville shore-
line, lake levels had several times reached and been
controlled by the Bonneville threshold at Red Rock
Pass. What had begun as intermittent, non-catastrophic
overflow eventually led to hydraulic breaching of weakly
indurated geologic materials and rapid lowering of the
threshold about 105 m (345 feet). The resulting cata-
strophic flood, which severely devastated downstream
reaches of the Snake River drainage in Idaho, has been
termed the Bonneville Flood (Malde, 1968, p. 2). Much
of the regression from the later Bonneville shoreline to
the Provo shoreline was so rapid that at many localities
recently-deposited, fine-grained lacustrine sediments
suffered very little erosion at the edge of the receding
lake (figure 3). The lowering of Red Rock Pass ceased in
resistant bedrock at an altitude of about 1445 m (4740
feet), as indicated by ongoing studies, thereby estab-
lishing the Provo threshold and stabilizing the level of
Lake Bonneville at the Provo shoreline. In the vicinity of
Great Salt Lake the altitudes of the Provo shoreline now
range from about 1460 to 1501 m (4790 to 4925 feet),
or up to 56 m (185 feet) above the original threshold-
controlled altitude, because of post-Provo isostatic
rebound. As with the Bonneville shoreline, previous
workers have offered a host of interpretations regarding
the number, age, and duration of lake stands at the
Provo shoreline (Morrison, 1965, p. 274, and 1966, p.
86). Increasing numbers of radiocarbon dates gradually
appear to be placing the Provo shoreline in the interval
from about 14,000 to 12,500 years ago.

Exceptionally well developed depositional land-
forms, including spits, tombolos, cuspate forelands,
bayhead beaches, and baymouth barriers, occur at many
localities along the Provo shoreline. At localities with
extensive progradational sequences, beach ridges were
deposited at two quite distinct levels (figure 4). The two
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Figure 4. Evaporating Ponds Spit (Eardley and others, 1957, p.
1159), 5 km (3 miles) southwest of South Yordan,
showing a cuspate forcland with the carlier Provo
shoreline (A) and the later Provo shoreline (B) ac-

centuated by dikes. USDA-ASCS photo AAL-2MM-
27,9 Oct 71.

sets of beach ridges contain roughly equal volumes of
sediment, with the upper set having prograded first,
apparently under conditions of waning isostatic rebound
to waxing isostatic depression, and the lower sct having
prograded subsequently, but with no evidence of inter-
ruption, apparently under conditions of continuing to
waning isostatic depression. Wherever observed in the
Bonneville basin, the later set of Provo beach ridges is
consistently about 3.7 m (12 feet) below the carlier set.
The beach ridges at the Provo shorcline, therefore,
appear to record a slight downcutting at Red Rock Pass
following the isostatic ‘‘turnaround” that resulted from
unloading and reloading during the mid-Bonneville
subcycle. Abandonment of the Provo shoreline, from
patently hydroclimatic causes, seems to have been
relatively abrupt. The regression of Lake Bonneville
apparently continued with only minor pauses to the
Stansbury shoreline, over 110 m (360 feet) below.

Where erosion predominated over deposition at
the Provo shoreline—typically on steep bedrock head-
tands fully exposed to wave energy from the northwest,
west, and southwest -an crosion platform that attained
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widths of as much as 100 m (330 feet) is at many
localities the most conspicuous landform in the Great
Salt Lake landscape. The platform, which slopes gently
basinward from the cliff/platform junction, is a shelf of
truncated bedrock that is overlain by a shallow cover of
beach gravels. Almost invariably, the outer edge of the
platform is fringed with seemingly enormous quantities
of conglomeratic and lithoid tufa, generally as a double-
layered tufa drapery extending 10 m (33 feet) or more
downslope from the platform level. Development of the
erosion platform was very dependent on local variations
in exposure to wave encrgy, but development of the tufa
drapery tended to be quite consistent from place to
place. Individually and in combination, the erosion plat-
form and tufa drapery are almost unmistakable geo-
morphic signatures of the Provo shoreline. Traced
laterally to progradational segments of the Provo shore-
line, the erosion platform merges with the lower beach
ridge level. Isostatic “‘turnaround” coupled with a very
slight lowering of the controlling threshold apparently
provided optimum conditions for sustained local erosion
within a narrow altitudinal range at the Provo shoreline.
The erosion platform is, in general, overlain by remark-
ably little post-Provo coverhead.

Almost every Wasatch Front stream that entered
Lake Bonneville at the Provo shoreline deposited at least
a small delta, although much of the deltaic form was
subsequently destroyed by dissection as the streams
regraded downward in post-Provo time. The two largest
deltas, one at the mouth of the Weber River and one fed
by drainage from Big Cottonwood, Little Cottonwood,
and Bells canyons, are several tens of square kilometers
in area. All of the deltas are of the high-gradient, fan-
shaped type, and consist mainly of bed-load sands and
gravels. In many respects, the Lake Bonneville deltas are
more akin to alluvial fans than to the low-gradient,
suspended-load deltas that are typical of large modern
rivers. The relatively coarse sediments received by
Wasatch Front dettas included alluvium from high-
energy mountain streams, outwash from glacial and
periglacial sources, and materials from fluvial trenching
of higher beaches. In every case, deltas at the Provo
shoreline are larger than those at the Bonneville shore-
line, mainly because of the longer continuous stand at
the lower shoreline and because large volumes of up-
stream sediments were scoured and then redeposited as
streams regraded to the lower shoreline. The large size of
the Provo -level delta at the mouth of the Weber River is
probably duc in part to material scoured from Morgan
Valley and other upstream reaches of the Weber River
drainage, which had been heavily alluviated during the
peaks of the Bonneville cycle. The Big Cottonwood-

Little Cottonwood-Bells delta at the Provo level was in
part constructed of materials recycled from Bonneville-
level deltas at the same localities. Although glaciers and
Lake Bonneville probably were never contiguous after
the time of the earlier Bonneville shorelines, glacial
outwash must have continued to be locally abundant at
least until the abandonment of the Provo shoreline, by
about which time the main glacier in Little Cottonwood
Canyon had receded to what is now the location of
Snowbird (Madsen and Currey, 1979).

Stansbury Shoreline

The most conspicuous shoreline between the
Provo level and the surface of Great Salt Lake is in many
places the Stansbury shoreline, about midway between
(plate 1). The type locality of the Stansbury shoreline is
Stansbury Island (Gilbert, 1890, p. 134), where it stands
out on very steep slopes as a solitary tufa band with a
vertical width of about 10 m (33 feet). The Stansbury
shoreline is unrelated to any exterior threshold, posing
what was once termed the “Stansbury problem” (Gil-
bert, 1890, p. 187) and leading to a search within the
Bonneville basin for topography that might have pro-
vided interior threshold control at that level. No such
interior threshold has been found and the Stansbury
shoreline is now believed to have resulted from hydro-
logic equilibrium within its closed basin (Eardley and
others, 1957, p. 1164). Incomplete studies suggest that
in the vicinity of Great Salt Lake the altitudes of the
Stansbury shoreline now range from about 1347 to 1378
m (4420 to 4520 feet), implying about 31 m (100 feet)
of differential isostatic rebound since the shoreline
features were formed. The most recent stand at the
Stansbury shoreline clearly postdates the Provo shoreline
and probably occurred between about 12,000 and
11,000 years ago, according to the chronology that is
emerging from ongoing studies.

The Stansbury shoreline is notable for the vari-
ability of its geomorphic expression, which is usually as
beach ridges, erosion platforms, or tufa deposits, and
which ranges from very conspicuous to scarcely percep-
tible. The beach ridges, which are usually best developed
in bays, seem to mark the upper limit of the Stansbury
shore zone. The tufa-band deposits, which are most
conspicuous on the stecpest slopes, clearly mark the
lower limit, although interstitial tufa is common in
gravels throughout the Stansbury shore zone. The
erosion platforms, seemingly intermediate within the
zone, are not nearly as flat as those at the Provo shore-
line, and probably reflect a greater range of water levels
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due to the absence of threshold control. Additional
study will help to clurify the extent to which earlier
stands at or near the Stansbury level may have becn
involved in creating the assemblage of gcomorphic and
stratigraphic features that have customarily been as-
cribed to the Stansbury shoreline.

Lake Puddle Shoreline

Shortly after Lake Bonneville regressed below the
Stansbury shoreline, probably between 12,000 and
11,000 years ago, a lake formed in Puddle Valley, about
100 km (62 miles) west of Salt Lake City. Lake Puddle,
which had a maximum area of 114 kim? (44 squarc
miles) within a basin of 404 km? (156 square miles) and
a maximum depth of about 20 m (65 feet), was fed at its
north end by inflow from Lake Bonneville (plate 1).
The site of the inflow, now traversed by a paved high-
way 21 km (13 miles) north of the 1-80 interchange at
Low, is marked by a lobate, steep-fronted delta. Giant
ripples on the top of the delta arc indicative of high-
velocity inflow. The altitude of the Lake Puddle shore-
line, or diffuse shore zone, is now about 1340 m (4400
feet). Strong development of shore features was pre-
cluded by the lake’s small size and brief duration.
Precipitation within Puddle Valley basin, the maximum
altitude of which is now only 2015 m (6612 feet), could
not have been sufficient to prevent rapid dwindling of
Lake Puddle after Lake Bonneville fell below the inflow
threshold. The life span of this curious lake-on-a-
peninsula-in-a-lake may have been no more than a few
hundred years.

Gilbert Shoreline

Of the more frequently-mentioned shorelines in
the high shoreline zone, the Gilbert shoreline (plate 1)
occurs at the lowest altitudes and is generally the least
conspicuous. What can be regarded as a series of type
localities of the Gilbert shoreline has been described by
Eardley and others (1957, p. 1156-1157 and plates 1-3).
In the vicinity of Great Salt Lake the altitudes of the
Gilbert shoreline now range from about 1292 m (4240
feet) to about 1310 m (4300 feet), which implies that
up to 18 m (60 feet) of differential isostatic rebound has
occurred in post-Gilbert time. That magnitude of differ-
ential rebound, together with ongoing studies utilizing
radiocarbon dating, suggests that the Gilbert shoreline
dates from latest Pleistocene time, probably from
between 11,000 and 10000 yecars ago. The Gilbert
shoreline is clearly fresher than any of those above it
and, particularly on alluvial piedmonts, is clearly less
preserved than any of the visible shorelines below it.
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The Gilbert shoreline appears to represent a
transgression and fluctuating stand following an interval
of lower lake stages. Indications of this are seen in the
Great Salt Lake Descrt. for example, where it appears
that prior eolian dunes were flooded and reshaped in the
Gilbert shore zone. Cliffs and erosional platforms are
best developed where pre-Gilbert coastal materials were
poorly indurated, as along Bluff Road, near Syracuse
(figure 5). Nevertheless, cliffs and boulder-strewn
abrasion ramps are locally quite evident on well-exposed
bedrock headlands. At many localities, sand and gravel
from erosional sites was moved by longshore transport
to accreting beach ridges at adjacent depositional sites,
commonly at the heads of small bays. The largest
constructional features at the Gilbert shoreline are spits,
among the more notable of which are the distal portion
of The Fingerpoint, on the northwest shore of Great Salt
Lake, and those near Magna and Mills Junction, near the
south shore. Most of the large constructional features at
the Gilbert shoreline consist of two contiguous or
partially superimposed beach ridges, the crests of which
may be as much as 2 m (7 feet) above laterally-adjacent,
coeval abrasion platforms. Some of the beaches are
capped by dune sand, most of which is well stabil-
ized by vegetation. Deltas graded to the Gilbert shore-
line, most notably portions of the Bear River delta north
of Corinne, tend to be of the low-gradient, flood-plain
type, and consist mainly of suspended-load sediments.
The configuration of the Gilbert shoreline appears to be
almost completely unrelated to possible control by
ouiflow over an interior threshold within the Bonneville
basin, but ongoing studies do suggest the possibility that
surface water from the now-separate Sevier River system
may have last flowed into the northern half of the
Bonneville basin, via the Old River Bed that terminated
in what is now Dugway Proving Ground, during the
stand at the Gilbert shoreline.

Late Holocene Shorelines

Several shorelines, not mapped in plate 1, are
locally conspicuous in the altitude range between the
Gilbert shoreline and the historic shoreline zone. Al-
though the stratigraphy of these fresh-appearing shore-
lines has only recently come under intensive study, it
seems certain that most of them date from late Holocene
time. As such, they postdate not only the Gilbert
shoreline, but the principal geomorphic features in the
submerged shoreline zone (discussed below) as well.
Informal names and possible ages suggested by Currey
(1977, p. 87) for the two most conspicuous late Holo-
cene shorelines in Great Salt Lake State Park, on the
north end of Antelope Island, arc adapted for use here.
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The higher of the two, approximately halfway between
the modern surfuce of Great Salt Lake and the Gilbert
shoreline, is the Fremont shoreline, which may date
from between 5000 and 4000 years ago. The lower one.
approximately midway between the modern lake and
the Fremont shoreline. is the Eardley shoreline, which
may date from between 3000 and 2000 years ago.
However, it is quite apparent that when ultimately
resolved. the late Holocene geomorphic history of Great
Salt Lake will prove to be far more complex than is
suggested by this simple two-fold model.

On gently-shelving portions of the Great Salt Lake
coast the late Holocene shorelines generally occur as
low-relief erosional scarplets (figure 5) and as discon-
tinuous depositional ridges. In more steeply-shelving
areas the shorelines tend to be more strongly developed,
usually as boulder beaches at sites that were predomin-
antly crosional and as beach ridges at depositional sites.
As many as a dozen late Holocene beach ridges occur
locally in cross-bay and cuspate sets, such as at the south
end of Stansbury Island. At some localities the beach
ridges are capped by relatively inactive foredunes that

Figure 5. Davis County coast, 3 km (2 miles) west of Syracuse. showing the Gilbert shoreline (paralieled by Bluff Road, upper
right diagonal) and two prominent late Holocene shorelines (at left). The east-west highway (center) crosses Farming-
ton Bay (left edge) to Antelope Islund. USDA-ASCS photo AAK-21'1--37, 29 May 65.
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were essentially contemporaneous with the beaches, and
at others the late Holocene beach ridges have been
overridden by transverse and parabolic dunes that were
initiated later, within the historic shoreline zone. Aban-
doned channels on the surfaces of low-gradient deltas,
and alluvial terraces farther upstream, mark the former
courses of streams, such as the Jordan River, that were
once graded to late Holocene lake levels.

Submerged Shoreline Zone

There is much paleoclimatic evidence (e. g., Street
and Grove, 1979, figure 12a) to indicate that exception-
ally low lake levels occurred in the Southwest during
mid-Holocene time. A convergence of absolute dates and
age estimates places this interval—often referred to by
terms such as Altithermal, Hypsithermal, and Climatic
Optimum—between 7500 and 5000 years ago. Indeed,
there is a large body of evidence from many areas in the
western U. S. to suggest that two intervals of maximum
aridity about 7000 to 6500 and 6000 to 5500 years ago
were separated by an interval of increased effective
moisture about 6500 to 6000 years ago (Benedict and
Olson, 1978, p. 184). Given the documented paleo-
climatic history of the intermountain region, it is reason-
able to hypothesize that Great Salt Lake declined to
levels significantly lower than the historic shoreline zone
at least once during mid-Holocene time. Detailed strati-
graphic analysis of Holocene bottom sediments in Great
Salt Lake, which eventually can be expected to provide a
definitive test of this hypothesis, is still in its infancy.
However, two geomorphic features that occur widely in
the submerged shoreline zone-at altitudes below 1277
m (4191 feet)—do seem relevant to broad aspects of the
mid-Holocene history of Great Salt Lake and are dis-
cussed in the next two sections.

Mid-Holocene Playa

The floor of Great Salt Lake rivals the Bonne-
ville Salt Flats in flatness. The lowest and fattest part,
now at altitudes almost entirely between 1271 and 1274
m (4170 and 4180 feet) is about 100 km (62 miles)
long in a north-northwest direction, up to 26 km (16
miles) wide, and about 1450 km? (560 square miles) in
area (plate 1). On the floor of the south arm (Katzen-
berger, 1975) this submerged plain has a uniform slope
of about 0.2 m per km (1 foot per mile) to the east-
northeast, with the result that the edge of the plain near
Fremont and Antelope islands is about 3 m (10 feet)
lower than the edge near Carrington and Stansbury
islands. After adjusting for the east-northeast slope, the
residual local microrelief on the plain is almost every-
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where less than 0.4 m per km (2 feet per mile} and in
many places is essentially nil.

From a geomorphic standpoint, the planar floor of
Great Salt Lake is best explained by a very shallow or
transient water body, wherein wave base and particularly
the water surface itself frequently coincided with and
smoothly graded the bottom. Apart from now being
under 6 to 9 m (20 to 30 feet) of water, the floor of
Great Salt Lake is topographically indistinguishable from
many of the large subaerial playas that are flooded only
intermittently in drier regions of the Basin and Range
Province. The east-northeast slope of the lake floor
is of a magnitude and direction that can be readily
accounted for by differential isostatic rebound since
mid-Holocene time, although tectonism involving
subbottom fault blocks could also have been a factor.
Even at the lowest lake stages, salt marshes and saline
ponds would have been maintained along the eastern
margin of the basin floor by diminished, but still
significant, runoff from the Wasatch and Uinta moun-
tains. Elsewhere on the basin floor, ground-water-dis-
charging salt flats grading into moist, saline mud flats
would have been the most extensive surface types. As
the available evidence is reconstructed here, the floor of
Great Salt Lake was a playa landscape at least briefly
during mid-Holocene time.

Mid-Holocene Polygons

Polygonal fissure patterns, in every respect iden-
tical to giant desiccation polygons described from 39
playas elsewhere in the Great Basin (Neal and others,
1968), occur in the submerged shoreline zone of Great
Salt Lake. Polygons ranging from clearly visible to
partially veiled by younger sediments occur over about
400 km? (155 square miles) of the lake bed (plate 1),
and have been observed at altitudes as low as 1275 m
(4183 feet) on aerial photographs taken in November,
1965, when the surface altitude of Great Salt Lake was
12778 m (41923 feet) (figure 6). The polygonal
patterns tend to be irregular random orthogonal; most of
the individual polygons are between 15 and 100 m (50
and 330 feet) across, and the largely-infilled fissures
usually appear to be about 1 m (3 feet) wide at the top.
The reported tendency of fissure spacing to be about 10
times fissure depth (Neal and others, 1968, p. 83) and
the habit of desiccation fissures to develop above the
water table provide a basis for estimating former water
levels. On this basis, it can be inferred from observable
polygons that at the time of polygon formation water
levels were probably no higher than the adjacent playa
surface. The desiccation polygons and the playa surface
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would seem to have formed simultancously during one
or more mid-Holocene intervals of maximum aridity.

Fracture Zones

What appear to be fracture zones can be observed
on the bed of Great Salt Lake in two arcas (plate 1).
From near Monument Point. at the south end of Hansel
Valley. the Dolphin Island fracture zone has an arcuate
trend that averages approximately S 25 W over a dis-
tance of at least 21 km (13 miles). The zone includes
two prominent parallel lincars and a roughly parallel
pattern of what may be sink holes produced by solution
of evaporites or by ground-water discharge. The Dolphin
Island fracture zone was modified by, and therefore
predates, shore-zone processes during Holocene low-lake
stages. Topographic expression suggests that the bed of
Great Salt Lake may be downthrown or may have
subsided to the east.

From 4 km (2.5 miles) west of White Rock, near
the northwest end of Antelope Island, the White Rock
fracture zone trends N 30 W for about 1.6 km (1 mile).
The zone consists of at least 10 subparallel, en echelon

elements (figure 6), each of which appears to be slightly
downthrown to the southwest. The visible fractures in
the zone appear not to have been modified by coastal
processes and may be of very late Holocene age.

Historic Shoreline Zone

As described elsewhere in this Bulletin, the
shoreline of Great Salt Lake has ranged from a historic
high altitude of 1284 m (4212 feet) in 1873 to a historic
low of 1277 m (4191 feet) in 1963. Although a very
dynamic zone from the viewpoint of its human con-
temporaries, the lacustrine features of the histioric
shoreline zone are inherently less pronounced than
those of the high shoreline zone, where greater fetches
were conducive to higher shoreline energies. Some of the
geomorphic features in the historic zone, it should be
added, represent prehistoric shorelines within the zone.
In many gently-shelving areas partial planation of the
historic shoreline zone has tended to produce knob-and-
swale topography, with remnants of older lake beds
projecting above intervening washouts. On steeply-
shelving headlands erosional shorelines are marked by lag
deposits that range from distinctive boulder beaches to

Picure 6. White Rock Bay, near the northwest end of Antelope Island, showing submerged features, including mid-Holocene desiccation
° ) ] H 1 M 2 pyr o Q
polygons (center) and the White Rock fracture zone (left center). White Rock is at right center. Intermountain Aerial Surveys

photo GS-VBIV 2-192. 9 Nov 65.
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indistinct stone lines. Small berms, usually either of
oolitic sand or of gravel derived from oolitic beachrock,
are common constructional landforms. Shallow lagoons
are locally enclosed by barrier berms, particularly where
the coast is embayed. In terms of area, saline mud flats
are by far the predominant landform in the historic
shoreline zone.

At many localities in and adjacent to the historic
shoreline zone, lacustrine landforms are subordinate to
landforms produced by eolian processes. Water-laid
berms are buried by foredunc ridges at localities where
the wind has been able to transport ample quantities of
oolitic sand from the exposed foreshore to the vegeta-
tion line. Where copious quantities of sand have been
moved in that fashion the coastal landscape is dominated
by small dune fields (plate 1). Almost without excep-
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tion, sand dunes in the vicinity of Great Salt Lake are
predominantly oolitic and are oriented to receive on-
shore winds from the northwest (Dean, 1978, p. 104).
The dunes range from highly active to quite stable and
are primarily of the transverse type, with secondary
parabolic duncs projecting downwind from local blow-
outs.

Of final geomorphic note within the historic
shoreline zone are the mouths of the three largest
entering rivers, where predominantly fine-grained fluvial
loads and minimal lacustrine cnergies have combined to
produce deltas that locally approach the classic bird-foot
form. The most striking example is the Bear River delta
(figure 7), in North and South bays of the Bear River
Migratory Bird Refuge. Incipient bird-foot deltas occur
at the mouths of Weber River distributaries in the

[igure 7. Bear River delta, showing the inactive Old River Channel (upper left) and the active Mouth of Bear River (lower right),
with bird-foot distributary patterns of natural levees. Intermountain Acrial Surveys photo GS-VBIV 2-149. 9 Nov 65.
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Harold S. Crane, Ogden Bay. and Howard Slough water-
fowl management areas, and at the mouth of the Jordan
River, in Farmington Bay Waterfow]l Management Area.
At the mouth of the Bear River, greater quantities of
suspended sediment have resulted in higher rates of
deltaic progradation. In cach area, lacustrine energies
have been artificially minimized by dikes or causeways.

SUMMARY OF LATE QUATERNARY
GEOMORPHIC HISTORY

The geomorphic events reviewed above, which
substantiate major aspects of interpretations proposed in
the early 1950s (Morrison, 1965 and 1966, figures 2C,
2D, and 2E), but depart somewhat from previous
interpretations on the basis of information being devel-
oped by ongoing studies that are utilizing regional-scalc
morphostratigraphic, tectonostratigraphic, and chrono-
stratigraphic methods, are summarized schematically in
figure 8. Several transgressive shorelines (figure 8-1),

some possibly under threshold control, prograded locally
during the later stages of the initial Bonneville trans-
gression. The initial transgression culminated under
threshold control at three carlier Bonneville shorelines
(figure 8-2a), the uppermost of which is only moderately
developed. A subsequent regression to relatively low
stages during mid-Bonneville time was followed by a
final Bonneville transgression that culminated at the
later Bonneville shoreline (figure 8-2b), which was below
the earlier Bonneville shorelines because of intervening
net isostatic rebound. The later shoreline is weakly
expressed, its development having been arrested by
hydraulic failure of the Bonneville threshold (figure 8-D)
at Red Rock Pass, which produced a catastrophic flood
(figure 8-3) and a rapid regression to the Provo threshold
(figure 8-E). A long stillstand at the earlier Provo
shoreline (figure 8-4a) was continued at the later Provo
shoreline (figure 8-4b) after a small additional increment
of threshold downcutting. Growing aridity eventually
caused abandonment of the Provo threshold and regres-
sion to a fluctuating stand at the Stansbury shorcline
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figure 8. Schematic representation of late Quaternary fluctuations of Lake Bonneville and Great Salt Lake.
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(figure 8-5). Quickening regression lowered lake stages
briefly to the inflow threshold of Lake Puddle (figure
8-6) and then, stepwise through a series of minor shore-
lines, to levels approaching the floor of the basin, well
below the level of Danger Cave (figure 8-7) near
Wendover. A minor transgression that culminated in a
dual stand at the Gilbert shoreline (figure 8-8) was the
final episode in the history of late Pleistocene Lake
Bonneville. Little is known about the early Holocene
history of Great Salt Lake. It is probable that the floor
of the Lake was exposed as a large playa (figure 8-F),
with extensive surrounding tracts of giant desiccation
polygons, during one and possibly two mid-Holocene
intervals of maximum post-Bonneville aridity (figure
89). A complex sequence of shorelines, including two
or three that are locally quite prominent {figurec 8-10),
developed at relatively low altitudes in late Holocene
time.
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RECENT SEDIMENTS OF THE GREAT SALT LAKE BASIN

by J. Wallace Gwynn and Peter J. Murphy

ABSTRACT

Since man began to populate the Great Salt Lake
Basin and to alter the natural hydrologic conditions that
existed within it, the environment of deposition within
Great Salt Lake has changed significantly both physical-
ly and chemically. The basin contains as much as 12,450
feet (3,658 m) of sediments and has been accumulating
these sediments through most of Tertiary and Recent
time. The major sediment types found associated with
the present lake are clays,silts and sand, oolites, algal
bioherms, fecal pellets, and minor amounts of gypsum.
In addition, halite and mirabilite (Glaubers salt) are
intermittent sediment types whose presence in the lake
is dependent upon the salt concentration and the tem-
perature of the water.

INTRODUCTION

Climate change since the end of the Pleistocene
has greatly altered the nature and extent of lakes in the
Great Basin. The moist pluvial conditions that prevailed
during the time of the large, deep and freshwater Lake
Bonneville have given way to the present arid conditions.
The result of these changes is the relatively small,
shallow and highly saline remnant that is the Great Salt
Lake today. The natural changes in climate, areal extent,
depth and water chemistry have resulted in significant
changes in the environment of deposition in the Great
Salt Lake Basin.

According to J. A. Campbell (personal communi-
cation, 1978), “‘The Great Salt Lake Basin is one of the
largest and possibly the deepest intermontane basins in
Utah. Geophysical studies (Cook and others, 1966) and
drilling indicates that the basin is at least 12,000 feet
(3,700 m) deep in its decpest part. The deepest part of
the basin is mainly west of the Promontory Range and
Antelope Island and cast of the Terrace and Lakeside
Mountains and Stansbury Island. The basin is probably
part of a complex of fault-bounded basins which may
extend southward into central Utah and northward as
far as the Idaho border . . .

“In general. the basin fill consists of alluvial
deposits near the margins, commonly obscrved in
outcrops at the edges of the existing lake and on the
flanks of the uplifts. These interfinger with a great
variety of lacustrine, marginal lacustrine, and playa
deposits towards the central part of the basin which are
almost entirely obscured from view and are known

only from a few relatively shallow drill and core holes,
and from rare surface exposures along the margins of the
basin.

“Structural evidence summarized by Loring (1976,
p. 100) suggests that intermontane basins were formed
as early as Paleocene time in the Salt Lake Valley.
McDonald (1976, p. 283) believes that lacustrine sedi-
mentation occurred near Salt Lake City in the Eocene.
Studies of the Salt Lake Group by Adamson and others
(1955) and Slentz (1955) have defined as much as 9,000
feet (2,800 m) of clastic, volcanic, and local lacustrine
valley-fill of Neogene age near the margins of the up-
lifts. Even greater quantities of lacustrine sediments may
occur in the central part of the basin.

“The extensive literature on the Pleistocenc and
Holocene sedimentary history of the basin begins with
Gilbert (1890). The great variety of sedimentary rocks
have been further described by Hunt and others (1954),
Eardley and others (1957), Eardley and Gvosdetsky
(1960), and Eardley and others (1973), to name only a
few.”

The purposes of this paper are first, to discuss the
environments of deposition that have existed and
presently exist within the Great Salt Lake, and second,
to discuss the sediment types found in that area of the
lake bounded by the 4,212 foot (1,283.8 m) contour
(see figure 1).

ENVIRONMENTS OF DEPOSITION
BEFORE MAN’S INFLUENCE

From approximately 10,000 years before the
present time until man began to alter the lake and its
immediate environs, conditions in the lake varied only
with fluctuating lake levels resulting from seasonal and
long term climatic changes. Historically. the lake level is
known to have fluctuated over twenty feet (6.1 m), and
scasonally the lake level fluctuates through a distance of
several feet (less than 1 meter). With these variations in
lake level, large areas of mud flats are alternately sub-
merged and exposed: brine is diluted and concentrated,
and the arca of the lake varies considerably.

Structure of lake
Until about 1900, the lake could be divided into

four distinct bodies of water. The main body of the
lake. at an assumed surface elevation of 4200 feet
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I'igure 1. Map of Great Salt Lake showing 4212 foot elevation
contour enclosing study area.

(1,280 m) above sea level, was an uninterrupted stretch
of water some 75 miles (120 km) long, striking north
northwest, and 32 miles (51.5 km) wide. Its maximum
depth of about 30 feet was attained within a long trench
paralleling the axis of the lake. Farmington Bay, on the
southeast,was separated from the main water body by
Antelope Island, and Bear River Bay, to the north
of Farmington Bay, was separated by the Promontory
Mountains. West Bay (Stokes, 1979), in the south-
western portion of the basin, was separated by Stans-
bury and Carrington Islands. All three of these bays were
shallow and to varying degrees isolated by natural
barriers from the overall physical and chemical environ-
ment of the lake (see figure 2).

Sources of sediments

Five major sources of clastic sediment contributed
materials to the lake. These sources were: 1) the Bear
River, which entered through Bear River Bay: 2) the
Jordan River, which entered through Farmington Bay;
3) the combined Weber and Ogden rivers, plus other
minor streams, that entered along the east shore; 4) the
confining mountain ranges adjacent to the lake; and 5)
the Great Salt Lake Desert. Of these sources, all of the
streams originated within the Wasatch Mountains or the
north flank of the Uinta Mountains.

Utah Geological and Mineral Survey, Bulletin 116, 1980

Very little coarse clastic material entered the lake
by way of the major rivers, and much of the fine-grained
material was deposited in the bay areas. The remainder
of the sediment load, mostly clays, fine silts and organic
matter, was carried out into the lake and dispersed by
the lake currents. The mountain ranges adjacent to the
lake provided most of the small amounts of coarse
clastic materials found in the lake and along some of its
beaches (Eardley, 1938, p. 1359). Beach materials were
subject to redistribution in the littoral zone under the
influence of prevailing north-northwesterly winds. A
number of active and dormant spits and baymouth bars
are evidence for the longshore transport of beach materi-
als, and it appears that the prevailing transport direction
was, before the construction of the causeway, from
north to south.

Chemical environment

The chemical environment that existed in the main
body of the lake prior to the building of the causeways
is not well documented, but the lake was undoubtedly
more homogeneous than at present. The exchange and
mixing of waters was dependent upon currents which
circulated the water throughout the entire lake, and
were restricted only by natural barriers.

Vertically, the lake was probably oxidizing in
nature near the surface and reducing near the bottom.
The specific gravity of the brine varied with the eleva-
tion of the lake. As the elevation dropped below 4,195
feet (1278.6 m) the water became saturated with respect
to NaCl, and this salt was precipitated from solution
and deposited on the bottom of the lake. Because of
fresh water inflow, the water in the Farmington and
Bear River Bay areas was less saline than that in the
main lake. As the main lake level decreased to the point
of saturation, the bay areas greatly decreased in size but
remained undersaturated.

ENVIRONMENTS OF DEPOSITION
AFTER MAN’S INFLUENCE

Although no major climatic and meterological
changes have occurred in recent times, large scale con-
struction projects on the Great Salt Lake and urbani-
zation of the Wasatch Front have combined to alter the
physical and chemical environments of the lake. These
projects include the construction of the Southern
Pacific Railroad causeway through the center of the lake
in 1959; the Antelope Island-Syracuse causeway that
now isolates Farmington Bay from the lake proper; the
diking of large areas within Bear River Bay, and the
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dikes that now isolate the West Bay arca. Each has
created unique environments of deposition. These
environments are the north arm, the south arm, and the
three bay areas: Farmington, Bear River and West Bay.

Effects of artifical barriers

Construction of the causeway in Bear River Bay
has (1) temporarily increased the quantities of clastic
sediments being deposited in the upper reaches of the
bay and decreased the quantity of clastics being carried
and deposited out into the lake and (2) chemically and
physically isolated the bay from the lake. As a result the
bay is being filled more rapidly with sediments, and its
extent and depth are being decreased: the chemical
interface between the bay and lake waters has become
more abrupt. and the dikes now shelter the bay from
lake-generated storm and waves. Large quantities of well-
acrated fresh water from the Bear River continue to flow
through the bay. creating an oxidizing environment.

The construction of the Antelope Island-Syracuse
causeway has caused similar changes in Farmington Bay.
Since the movement of lake brines into Farmington Bay
has been restricted, fresh waters from the Jordan River
and small intermittent streams entering the bay make it
less and less saline. In addition, untreated urban wastes,
once disposed of in the bay, have severely altered both
the physical and chemical characteristics of the bay’s
water and bottom muds. Bacterial action on the organic
wastes in the freshened water has resulted in a reducing
chemical environment that is producing great quantities
of noxious hydrogen sulfide gas in the water and bottom
muds.

Diking projects along the eastern shore have
caused sediment from the Ogden and Weber Rivers to
be dropped behind the dikes at the Ogden Bay Water-
fowl Refuge. This area. once salt flat, is now a brackish
swamp.

North and South arms

The main body of the lake has been divided by the
Southern Pacific Railroad causeway into a north and a
south arm. The fill material of the causeway acts as a
semipermeable barrier that has shortened the fetch of
the winds that blow over the lake and altered the charac-
ter of the waves that they produce. Prior to the instal-
lation of the causeway, winds from the northwest built
waves that traveled the full length of the lake. In addi-
tion the presence of the causeway has disrupted the

Utah Geological and Mineral Survey, Bulletin 116, 1980

pre-causeway currents and a new set of currents now
operates independently in each arm of the lake (Katzen-
berger and Whelan. 1975). The longshore transport of
beach sands from north to south has been interrupted,
and any south to north movement of clays, fine silts and
organic debris must move through the two culverts that
cut the causeway.

The most dense brine in the lake is found in the
north arm, where it is relatively homogeneous from
surface to the bottom. At and beyond its saturation
density sodium chloride precipitates from the brine.
The upper portion of the water in the north arm is
aerated and is oxidizing in nature, but a reducing en-
vironment can be found at depth within the north arm.

In contrast, brines in the south arm of the lake are
less saline than in the north. but are stratified into two
distinct types. The upper brine is relatively clear and
odor free, and under present undersaturated conditions
does not precipitate sodium chloride nor will it precipi-
tate appreciahle amounts of mirabilite during the cold
winter months. The lower heavier brine is brown in
color, due to the organic matter suspended in it, and is
laden with hydrogen sulfide gas. There is a sharp transi-
tion zone or interface between the two brine layers.
The upper brine is well aerated and oxidizing in nature,
while the lower brine is reducing. Why there are two
layers is not fully understood, but may be related to
the absence of the semi-annual or annual temperature-
related turn over experienced in fresh water lakes.

The chemical differences between the north and
south arm brines are the result of a combination of
factors: 1) all major sources of surface and ground
water inflow discharge into the south arm of the lake;
2) evaporation is the only method by which large
quantities of water can leave the lake: 3) the causeway
acts as a semipermeable barrier to the movement of lake
brine; and 4) evaporation off the north arm has been
greater than inflow through the causeway structure and
culverts, causing a lowering of the north arm water
surface relative to the south arm water surface by as
much as three feet (1 m) during the past twelve years. As
a result, the salinity of the north arm brine has increased
relative to the salinity of the south arm brine.

The difference in head between the north and
south arms, together with the concentrated force of
south to north flow through the culverts. may also
influence the currents of the north arm. Investigations
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are presently being planned to determine if this influ-
ence is significant.

SEDIMENT TYPES

The sediment types within the environs of the
lake include the clay-silt-sand size materials (hereinafter
referred to as clastics), oolites, algal bioherms, fecal
pellets and gypsum crystals, as well as the soluble
salts, mirabilite and halite.

Clastics

Clastics constitute the major sediment type, by
volume, within the environment of the Great Salt Lake
these are found not only near the shore lines, but
constitute a large percentage of the lake bottom materi-
als and a majority of the deep basin fill. The areal
distribution of the clastics throughout the lake, and that
of oolites and calcareous algal bioherms, has been
discussed by Eardley (1938, p. 2011), and shown by
Stokes (1963, Geologic Map of Utah - N. W. quarter)
and by Hedberg and Perry (1971, p. 2). Figure 2, show-
ing the areal distribution of clays as well as oolites and
bioherms around the lake has been adapted from Eard-
ley (1938, p. 1311). Studies of shallow (to 30 feet - 10
m) and deep (to 600 feet - 180 m) subsurface sediments
in and around the lake were completed by Eardley and
Grosdetsky (1960) and by Schreiber (1958). Both of
these investigations show clastic type sediments to
predominate. More recent investigations by Dames and
Moore for the Amoco Production Company in 1974 and
1975, and deep drilling by Amoco in 1978, support the
findings of prior investigations.

Color

The physical properties of the clastic sediments
vary throughout the areal extent of the lake and with
depth. The color of the lake clastics including both
bottom muds and those from drill cores include shades
of brown, gray. red, blue, olive gray, yellow, green and
completely black (Eardley, 1938, p. 1334; Grim, 1960,
p. 517-183; Schreiber 1958, p. 11-12: and unpublished
reports by Dames and Moore for the Amoco Production
Company, 1974, 75). Whitish and light colored clastics
were also reported. The color of the materials was
observed to change laterally as well as vertically. The
color changes may be gradational, for example from gray
to black or from yellow to red or brown, or abrupt,
with knife edge transitions from one color to another.

The color of the clastics depends upon the color of
original source rocks, the environment of the time of
deposition, and the presence or absence of organic
material.

Particle Size

Particle size distribution in the clastic sediments
was studied by Eardley (1938, p. 1336) and Schreiber
(1958, p. 13-18). Like the color, the size distribution of
the clastics varied and was dependent upon the collect-
ing locality.

In nine representative clastic samples collected and
analyzed by Eardley the coarse to very fine sand fraction
accounted for 6.4 to 53 percent of the bulk sample,
with an average of 20 percent; the silt size ranged from
7.7 to 33.7 percent with an average of 21.8 percent; and
the clay size material ranged from 7.7 to 35.4 percent
with an average of 15.7 percent. The remaining portion
of the samples was composed of acid soluble carbonate
minerals, and ranged from 26.1 to 70.0 percent and
averaged 41.4 percent. (NOTE: Eardley had removed the
carbonate fraction of the samples by dissolving it with
hydrochloric acid prior to making the size analyses).

The same size fractions described by Schreiber
from shallow cores were reported as follows: the coarse
to fine sand fractions represented S to 53 percent of the
samples; the silts, 34 to 70 percent, and the clays, 12 to
25 percent.

The size distribution of the sediments has been
observed to vary much the same way as the color of the
sediments.

Plasticity and Structure

Plasticity, a mechanical property of the sediments,
was observed by Dames and Moore investigators (1974,
75) to be gradational, ranging from “slight” to “high”.
Clays with slight plasticity were stiff and those with high
plasticity were soft.

The structure of the sediments was observed to
vary between ‘“no apparent structurc” and “blocky”.
Voids, cemented layers, embedded salt and gypsum
crystals, and laminations were also seen in the cores
(Dames and Moore, 1974, 75).

Organic Material

Some lake sediments, especially those containing
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black organic material, may eminate a foul odor due to
the presence of hydrogen sulfide gas. The gas is attribut-
ed to the action of anaerobic bacterial action on the
organic material in the sediments. Such odors have been
observed throughout the Great Salt Lake, but they are
especially noticeable in the sediments of Farmington
Bay and those in the main south arm of the lake. The
source of the organic material is believed to be, at least
in part, the raw sewage that was emptied into the lake
for many years prior to the construction of treatment
plants. Other sources of organic material in the lake are
the remains of brine shrimp and algae.

Mineralogy

The mineralogy of the clastic sediments can best
be considered by dividing them into two size fractions:
one containing the sands and silt, and the second con-
taining the clays.

Sand and Silt. The sand and silt fraction contains
detrital mineral grains that Eardley (1938, p. 1359)
believes ™. . . retlect the nature of the rocks of the
nearest shore. but probably contain some admixture
from more distant regions by wind transport”. During
his study of the lake sediments, Eardley reported the
identification of at least thirty different mineral species
in the silt-sand fractions. of which biotite and muscovite,
micas, chlorite. epidote. hornblend. orthoclase, plagio-
clase, quartz, tourmaline, zircon and calcite were the
most abundant. It is evident from the mineral assem-
blage that the predominant source of the coarse grained
sediments was from the Pre-Cambrian metamorphic
rock outcrops around the lake. In addition to single
mineral grains. specific rock types were identified which
included felsites, schists, slates and shales. Qolites,
brine shrimp fecal pellets and eggs, diatoms, glass shards
and abundant organic matter were also identified.
Schreiber (1958) and Eardley and Gvosdetsky (1960)
reported similar coarse grained mineral assemblages.

Clay. The clay fraction of the lake sediments
contains both clay minerals and clay size chemical
precipitaties which exist together.

The clay mineralogy of the lake has been studied
by Grim and others (1960), Hedberg and Perry (1971),
and by Fardley (1938). The clay minerals identified by
Grim include the following species: montmorillonite,
illite, kaolinite and possibly chlorite. Attapulgite-sepio-
lite clay minerals were not found in the lake. Of the clay
minerals, Grim made the following conclusions:

Utah Geological and Mineral Survey, Bulletin 116, 1980

1. The clay mineral assemblage of the lake bottom
scdiments is very similar to that of the post-Provo age
sediments.

2. The montmorillonite shows relatively poor
organization, probably due to the high sodium content
in the lake, especially in samples containing consider-
able organic material or those found immediately below
the surface (of the lake). Better organization of the
montmorillonite was found in samples from the bottom
or below the bottom of the lake.

3. Montmorillonite is more abundant in the
vicinity of basalt outcrops, suggesting it may be, in part,
detrital; and some may have formed from the alteration
of volcanic ash.

4. llite is detrital and is generally well organized.

5. Kaolinite is almost certainly detrital as the
brines are not compatible with its formation. It is
possible to confuse the identification of kaolinite with
that of chlorite.

6. Attapulgite and sepiolite minerals were not
found in the lake sediments.

Hedberg and Perry (1971) studied both the clays
of the brine-sediment interface and the clays being
transported into the lake by its three major tributaries.
They determined that the lake clays contained 51
percent K-mica, 39 percent montmorillonite and inter-
stratified illite-montmorilionite, and 10 percent kao-
linite. They also concluded that no attapulgite-sepiolite
minerals were present.

The clay minerals from the lake were compared to
those found in the three major rivers that flow into the
lake and it was observed that K-mica was slightly more
abundant in the lake sediments while kaolinite and
montmolillonite were less abundant.

The clay-size chemical precipitates which consti-
tute the remainder of the clay size sediments are mainly
the calcium- and magnesium-carbonate minerals arago-
nite and dolomite. These minerals are formed from ions
in the lake brine, which precipitate under the proper
conditions of temperature, pressure and ionic concen-
trations. Calcite, the other dimorphic form of calcium
carbonate, was not found as part of the chemical clay
size precipitate assemblage (Eardley, 1938, p. 1338).
Even though the majority of the calcium and magnesium
carbonate precipitation in the lake can be accounted for
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through physico-chemical processes, Eardley (1938, p.
1343) suggests that lake bacteria may also play an
important part in the formation of carbonate com-
pounds.

Oolites

Oolitic sands are a distinct and somewhat unique
sediment type found in and around the Great Salt Lake.
The areal distribution of oolite deposits, as depicted by
Eardley (1938), is shown in figure 2.

At the time of Eardley’s observations in 1933, the
oolites extended from the shoreline elevation 4,197 feet
to a maximum depth of twelve feet below the surface of
the lake. In general, oolitic sands are confined to the
shore areas of the western portion of the two main arms
of the lake. Because these sands are sorted and relatively
clean, they make excellent recreational beaches. The
eastern portions of the lake (the areas generally east of
Fremont Island, Bear River Bay and Farmington) are
devoid of oolites.

Oolite beds up to 18 feet in thickness have been
measured in the vicinity of Badger Island, and near the
south shore recreation areas oolites have been measured
to depths in excess of six feet. Eardley and Gvosdetsky
(1960) reported the presence of layers of oolites, in a
nearly continuous core taken near the south end of the
lake, to a depth of 600 feet. 1t was tentatively concluded
by the authors that these sediments were deposited as
early as the Aftonian stage of the Pleistocene.

Oolites appear as rounded, light colored grains and
range in shape from nearly spherical to cylinderical; their
surfaces are usually smooth, like a miniature pearl, but
sometimes they are mottled and speckled. The external
shape of an oolite can usually be attributed to the shape
of the nucleus around which concentric layers of cal-
cium carbonate have formed. Figure 3 shows the shape
of typical oolites from several unspecified locations
around the Great Salt Lake.

The size of oolites, sometimes measured as their
long diameter, ranges from .015 to 1.5 mm (Eardley,
1938, p. 1364), but the variation is not this great within
a given sample. The average size is approximately 0.31
mm. Oolites collected from various locations around the
lake may have different sizes. Eardley noted that the
largest oolites were from the sandbar on the west shore
of Antelope Island.

The basic structure of an oolite is similar to that
of a pearl, although oolites are not formed within the

body of a living organism. The nucleus or central core
is usually a mineral fragment or possibly a tiny brine-
shrimp fecal pellet. The minerals most commonly found
as the nuclei material are quartz, feldspars and calcite.
The outer shell is built around the nucleus material in
the form of concentric layers of aragonite. Through the
microscope the concentric layers of some oolites are
seen to have been replaced by, or to have superimposed
upon them, a radiate structure. This structure is thought
to develop as aragonite changes to its dimorphic counter-
part, calcite. Figure 4 shows examples of the various
types of nuclei materials found in oolites, and examples
of various types of internal structure.

The chemical composition of the outer shell
consists mainly of calcium carbonate, though some
calcium-magnesium carbonate (dolomite) is also present.
Other mineral species that have been found in minor
quaniities include clays, gypsum and amorphous silica.
The latter is found as a residual product after oolites
have been dissolved in hydrochloric acid, and may or
may not represent a decomposed clay material. Detailed
discussions concerning the internal structure, classi-
fication and chemical makeup of oolites are presented
by Eardley (1938) and by Carozzi (1962).

Theories to explain the formation of oolites within
the environs of the Great Salt Lake have been preposed
by a number of investigators, and are reviewed by
Eardley (1938, p. 1386-7), who considers the oolites to
be a product of the unique physical and chemical regime
of the lake.

Algal Bioherms (Biostromes)

Algal bioherms are calcareous structures, mainly of
algal origin. Their distribution is shown on figure 2 as
paralleling that of the oolites (Eardley, 1938) and they
are restricted to the same main western portion of the
lake. Their depth of occurrence within the lake is also
similar to that of the oolites. extending from near the
surface to depths of 10 to 12 feet.

The bioherm structures are built principally by the
blue-green colonial alga Aphanothece Packardii (Carozzi
1962, p. 246). L.ooking down at the structures, Carozzi
describes them as follows: ** ... an upper surface matted
over with a brown to pink gelatinous filim of algal cell
secretion. From this film extend filament-like gelatinous
masses, of the same color, 0.5 to 1.5 inches long, attach-
ed at one end and rhythmically waving in the slightly
agitated water.” Below the living surface, the nonliving
portion of the structure is solidly seated on the bottom
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Figure 3. Oolites collected from six different localities around the Great Salt Lake, locations unspecified - all photos same scale.
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Core composition and internal structure of colites.
a. Oolite with a quartz tragment nucleus.

b. Oolite with a calcite nucleus.

¢. Oolite with a fecal pellet nucleus.

d. Oolite with dominant concentric ring structure.
e. Oolite with both concentric and radiate structure.
f. Qolite with dominant radiate structure.

Photos a - ¢ all have same scale.
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of the lake. Figure 5 shows an extensive arca near the
south end of the Great Salt Lake covered by algal
bioherms.

Figure 5. Algal bioherms near the south shore of the Great Salt
Lake.

Rather rigorous descriptions of the algal bioherms
are given by both Eardley (1938, p 1392-1401) and by
Carozzi (1962, p. 246-252). Carozzi states: ““The mor-
phological zonation of a characteristic Aphanothece
biostrom along the shores of the Great Salt Lake
indicates that these algal colonies have no typical growth
pattern of their own but merely reproduce and frequent-
ly exaggerate an underlying topography carved in firm
argillaccous and oolitic sands”.

Algal bioherms are composed mainly of calcium
and magnesium carbonates, precipitated by the living
alga. Eardley (1938, p. 1400) suggests that “the algae
extract carbon dioxide from the water during photo-
synthesis and that this is the cause of calcium and mag-
nesium carbonate precipitation’.

Fecal Pellets

The fecal pellets of the tiny brine shrimp are a
very common component of the lake sediments. Fecal
pellets cover the entire floor of the Great Salt Lake,
including the areas generally east of Fremont Island and
in Farmington Bay.

Utah Geological and Mineral Survey, Bulletin 116, 1980

Chemically, fecal pellets consist mainly of calcium
and magnesium carbonate. similar to oolites. plus
occluded, fine, white clay and small mineral fragments
(Eardley, 1938, p. 1404). These inorganic materials
represent a substantial portion of the material ingested
by the brine shrimp along with algae bacteria and other
nutrients. For a more complete discussion of fecal
pellets, refer to Eardley (1938, p. 1401-1408).

Gypsum

Gypsum (selenite) is a minor constituent within
the lake sediments. It is found around the shores of the
Great Salt Lake, where it occurs in the soft sodium-rich
muds or clays. Rozel Point on the north shore of the
lake. west of the Promontory Range peninsula, is es-
pecially known for gypsum crystals (Eardley and String-
ham. 1952). The crystals are also found on the south-
eastern end of Stansbury Island (Eardley, 1969). Gyp-
sum or selenite crystals have been reported from numer-
ous other locations around and within the lake in canals
or cores taken from the lake bottom muds.

Many of the crystals are clear and well formed;
others contain gray-green mud inclusions and may show
poor crystal definition because of weathering. Selenite
crystals break very casily revealing a flat shiney, internal
cleavage surface. Their size varies from one eighth of an
inch up to six inches in length (figure 6). Schreiber
(1958, p. 18) describes the size and crystal form and
depth of burial of selenite crystals observed in the coarse
sand fraction of lake sediment cores.

Gypsum sand dunes, found in the Great Salt Lake
desert near Knolls, Tooele County, have been described
by Jones (1953, p. 2530), as follows: **. . . The dunes are
composed primarily of gypsum crystals and cleavage
fragments, oolites, with minor amounts of shell frag-
ments and fine quartz, derived from lake waters during
the waning stages of Lake Bonneville in the area of the
present Great Salt Lake Desert . . . Figure 7 shows a
sample of the gypsum dune material.

Halite

Depositon of halite (sodium chloride). an inter-
mittent sediment type within the lake. is dependent
upon the chemical concentration of the brines. When the
lake brine becomes saturated with respect to sodium
chloride. at about 340 grams per liter of total dissolved
solids, halite precipitates (figure 8) and scttles on the
floor of the luke.
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Figure 6. The size, crystal form, and cleavage of Great Salt Lake gypsum crystals.
a. Large gypsum crystals, b. Small gypsum crystals, ¢. Close-up view of gypsum crystals, d. Close-up view of broken crystal
— showing perfect basal cleavage.
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Figure 7. Photomicrograph of gypsum sand grains collected
near Knolls, Tooele County, Utah.

During the early 1960’s, about the time that the
Southern Pacific Railroad causeway was being com-
pleted and following a relatively dry period, the entire
Great Salt Lake became sufficiently concentrated to
deposit a thick blanket of salt over much of the bottom
of the lake. The quantity of salt deposited during this
period of time was estimated by Goodwin (unpublished
UGMS report) to be approximately one billion metric
tons. This figure is in agreement with the calculated
quantity given by Whelan (1973, p. 7). As the lake level
began a rising trend in 1963, the concentration of the
brine decreased and, when it was no longer at saturation,
salt was taken back into solution from the deposits at
the bottom of the lake.

The damming effect of the causeway caused the
south arm of the lake, which receives the majority of the
fresh water inflow, to become dilute faster than the
north arm. As a result the salt on  the bottom of the
south arm was dissolved first. In carly 1976 the salt crust
on the floor of the north arm was completely dissolved
(W. M. Katzenberger. personal communication). How-
ever, as the clevation of the lake began its scasonal
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Figure 8. Sodium Chloride crystals precipitated from Great
Salt Lake brine.

decline, the water in the north arm was again saturated
and began to reprecipitate salt.

1976 also marked the start of a cyclical decline in
lake level that has continued through 1978. The salt
concentration of the north arm has remained at or near
saturation since mid 1976 and salt has continued to
precipitate. At the end of 1978, the thickness of the salt
on the floor of the north arm has been estimated to
exceed five feet.

It is not known if the downward trend of the lake
will continue until the south arm is concentrated suf-
ficiently to reach saturation. Due to the effect of the
present causeway, however, the north arm is expected to
remain at or near saturation. and sodium chloride will
remain as an integral part of the bottom sediments in the
Great Salt Lake for the time being.

Mirabilite (Glauber’s salt)

Mirabilite (sodium sulfate with 10 waters of
hydration) is a seasonal sediment type found in the lake
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(figure 9). Like sodium chloride. it precipitates from a
concentrated or saturated brine, but does so only during
the very cold winter months and as the water warms up
cach spring. the salt goes back into solution. Mirabilite
deposits are normally formed on the bottom of the luake,
but during storms. long windrows of “soda” have becn
reported to form along the southern shores of the lake.
Only the north arm of the lake is at present sufficiently
concentrated to allow any appreciable precipitation of
mirabilite.

Figure 9. Mirabilite (Glaubers Salt) precipitated from Great
Salt Lake brine during the winter months.

Mirabilite precipitated trom the lake waters may
be preserved as a deposit when the salt is separated from
the mother liquor, or when the temperatures remain
low. Mirabilite deposits are known to exist on the south
shore and west of Promontory Point in the north arm of
the lake.

Wilson (1957, p. 5) describes two deposits of
mirabilitc on the south shore of the lake, one in Salt
Lake County and the other in Tooele County, as fol-
fows: ““The sodium sulfate deposits occur as hard, brittle
beds of Glauber’s salt mixed with sand and clay. The
beds are covered by pervious sand composed of well-
rounded grains and. in places, are underiain by clay. The
beds seem to have been formed by variations in seasonal
climatic conditions. Sodium sulfate crystals precipitate
from the brines of the Great Salt Lake during the

wintertime when temperatures are low. The crystals
float on the water and are deposited on the beaches by
prevailing winds from the north west. As the tempera-
fures rise in the spring, the salt dissolves in its own water
of crystallization. With the aid of rainwater it is carried
down through the loose sands and reprecipitates where
temperatures are fower. The distance below the surface
where precipitation occurs appears to be about 20
inches”. In the same vicinity, Glauber’s salt was en-
countered while the pilings were being driven to support
the Saltair pavilion. The method employed to penetrate
the “‘soda” is discussed by Miller (1969, p. 16; also
Miller, this volume).

The second mirabilite deposit is located west of
Promontory Point in Box Elder County. The deposit was
discovered in about 1900 when the causeway trestle was
being built across the lake. It was again encountered
while the solid rock-fill causeway was being built across
the lake in 1955-59. Eardley (1962) described the
deposit as lying 15 to 25 feet below the bottom of the
lake. interbedded with the soft lake-bottom clays, and
having a maximum thickness of about 32 feet. The salt
bed extends about 9.5 miles from a point one mile west
of Promontory Point, and is bounded on the east by a
fault.
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Frontispiece:

A SUMMARY OF PLEISTOCENE, FOSSIL VERTEBRATE
LOCALITIES IN THE NORTHERN
BONNEVILLE BASIN OF UTAH

by Michael E. Nelson, Department of Earth Sciences and Sternberg Memorial
Museum, Fort Hays State University, Hays, Kansas 67601

and James H. Madsen Jr., Paleontology Branch of the Antiquities Section,
Division of State History, Salt Lake City, Utah 84101

ABSTRACT

Late Pleistocene, fossil vertebrate localities in the
northern Bonneville Basin of Utah are documented to
facilitate and stimulate further, detailed studies. Infor-
mation for each locality includes specific fossil material
recovered, published references, and general comments
by the authors of this paper.

INTRODUCTION

This compilation of fossil vertebrate localities in
the northern Bonneville Basin of Utah is an outgrowth
of the ongoing, cooperative research by the Division of
State History (Utah) and Fort Hays State University
(Kansas). Nearly all of the exposures listed (figure 1)
are depositional features of late Pleistocene, Lake

Artist L. A. Ramsey’s interpretation of some Pleistocene Mammals on the shore of Lake Bonneville. Note Mammoth in fore-
ground and in the background from left to right are a horse, deer, camel, bighorn sheep (male & female), and a Musk Ox.
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EXPLANATION
{16) Fossil verrebrate locolity

Soit Lake Bose 8 Meridion |
Bose from AMS sheets

Figure 1. Outline map showing some fossil localities in the northern part of the Bonneville Basin.
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Bonneville sedimentation in northern Utah. No attempt
has been made to document other localities, either in the
southern Bonneville Basin or outside of Utah. Additional
information on late Pleistocene faunas relevant to a
paleontological study of the Bonneville Basin can
be found in Miller (1976).

ANNOTATED LOCALITY AND SPECIMEN LIST

In addition to the value of documenting known
information on this segment of the Pleistocene Lake
Bonneville fauna, it is our intent to stimulate further
thoughts, deliberation, and publications on the Pleisto-
cene fossil vertebrates of Utah.

1. Clarkston, Utah; exact locality unknown: Elevation: unknown.

Blackwelder, Eliot, 1939.

Mammoth, Proboscidean (no number): tusk fragment.
Comments: Specimen cannot be located.

2. Logan City Cemetery; SW¥%, Section 26, T. 12 N., R. I E., Cache County, Elevation: 4780'+.

Nelson, M. E. and J. H. Madsen Jr., 1978.

Musk Ox, Symbos cavifrons (USU 1347): horn core and cranial fragment.
Musk Ox (?) Bootherium sp.indet. (USU 3529): one of the best preserved specimens of Bootherium

known from Utah.

Comments: Collected from deltaic gravels of the Provo Formation. A fragment of the Symbos
horn corn yielded a radiocarbon date of 7080 * 160 years B.P.

3. Bear River City, Utah; exact locality unknown, but near “edge of town”. Elevation: unknown.

Blackwelder, E., 1939,
Mammoth, Mammuthus sp.: tooth

Comments: Specimen cannot be located.

4. Weber River; Section 20, T. 5 N., R. 1 W., Weber County. Elevation: unknown.

Feth,J. H., 1955.

Horse, Equus niobrarensis (7). suggested age of Alpine Formation might be pre-Wisconsin.
Comments.: Specimen misidentified and reassigned to E. caballus of recent origin
(written communication, G. Fdward Lewis).

5.  Warner Gravel Pit; exact locality data missing, but apparently from southeast of Bountiful, Utah. Elevation: un-

known.
Pack, F. J., 1939,

“Horse”, Equus sp.: recovered from deltaic beds of Provo Formation.
Comments: We are unable to authenticate this account, as the specimen has been lost

6.  Foss-Lewis Sand and Gravel, Woods Pit; east of Bountiful, in SE%, SW4%, SE¥%, E¥ Section 31, T. 2 N.

R. 1 E. Davis County, Utah. Elevation: 5150'+.
Nelson, M. E. and J. H. Madsen Jr., 1978.

Bighorn Sheep, Ovis sp. (UVP 003, 008, & 019): partial skulls with horn cores. A radiocarbon
date of 14,410 = 110 years B.P. has been established for part of UVP 003.

Musk Oxen, Symbos cavifrons (UUVP 8501): partial cranium.
Comments: The sand and gravel operation is quarrying aggregate from at least two different
Bonneville formations. The Qvis specimen was collected from the Provo? Formation, while
the Musk Oxen probably came from the Alpine Formation.

7. Concrete Products Company, White Hill Pit; south of Bountiful in SW%, NW%, Section 12, T.1 N, R. 1W,,

Davis County. Elevation: 4420'+.
Nelson, M. E. and J. H. Madsen Jr., 1978.
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Musk Oxen, Symbos cavifrons (UUVP 8531): horn core and fragments.

Comments. Collected from Alpine? or Provo Formation.
Bighorn Sheep, Ovis sp. (UVP 007 Pr.): skull with horn cores complete, but lacking facial region. A part
of one horn core has yielded a radiocarbon date of 19,760 200 years B.P.

Monroc¢ Gravel Pit, North Salt Lake; Salt Lake County, NEY%, SEY%, NWY4, Section 24, TIN, R1W, Elevation:
4880! (e).
Bighorn Sheep, Ovis sp. (UVP 040): scapula, (UVP 041): premaxillae, dentary, and nasals, and (UVP
023 Pr.): horn core.

North bench area of Salt Lake City; SW¥%, SW%, Section 29, T. 1 N.,R. | E., Salt Lake County. Elevation:
49501+,
Bighorn Sheep, Ovis sp. (UUVP 8502): skull and horn cores.

Hardman Gravel Pit, now the site of the Ensign Elementary School overlooking the Salt Lake City Cemetery;
NEY%, NE%, NEY%, Section 32, T. 1 N., R. 1 E., Salt Lake County. Elevation: 4900'*.
Pack,F.J. Jr., 1939.
Buffalo, Bison sp.: discovery of two skulls was reported. One specimen has since been lost; however,
the other is on display in the Utah Museum of Natural History (figure 2).

Figure 2.  Artists conception of Bison antiquus.
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11

12.

13.

Camel. Camelops cf. hesternus: two discoveries of jaws and teeth were reported. but this find is
unsubstantiated. The original material cannot be found.

Mule deer, Odocoileus hemionus: the skull of a “deer”, as described by Pack, was re-examined by us
in the spring of 1978 and determined to be of recent origin.

Bighorn Sheep, Ovis sp.: there were reported discoveries of numerous skulls.

Stokes, W. L. and K. C. Condie, 1961.
Bighorn Sheep, Ovis catclawensis: at least ten specimens of mountain sheep collected in the gravel
pits were tentatively assigned to the species, O. catclawensis.

Stokes, A. D.and W. L. Stokes, 1969.
Bighorn Sheep, Ovis canadensis: additional material and information available necessitated assigning

the sheep to O. canadensis rather than Q. carclawensis as previously reported by Stokes and Stock
(1961) (figure 3a, 3b).

Musk Oxen, Svimbos cavifrons (UUVP 8536): assigned a musk oxen skull reported by Pack (1939)
to this species.

Nelson, M. E. and J. H. Madsen Jr., 1978.

Musk Oxen, Symbos cavifrons: assigned 5 musk oxen specimens in the University of Utah Collections

to S. cavifrons.

Musk Oxen, Bootherium sp. indet. (UUVP 8532): a single horn core of this enigmatic bovid was

reported.
Comments: Evidence suggests thar quarrying operations in the now abandoned Hardman Gravel
Pit were in the Alpine Formation. Morrison (1965 ) believes the deposition of the Alpine For-
mation began about 68,000 years B.P. and ended about 33,000 vears B.P. Although this quarry
has produced specimens of approximately 15 Bighorn sheep and 6 musk oxen, it will probably
not, at least in the near future, again yield vertebrate fossils of consequence. The continued
northward expansion of Salt Lake City has resulted in this classic area being subdivided and
landscaped for residential and school construction.

University of Utah Medical Center Addition; SW¥%, Section 33, TIN., R. I E., Salt Lake County. Elevation
49607 (e).
Rodent, ? Citelius sp. (UVP 047): ulna of a small rodent collected from a transgressive gravel of the
Alpine Formation.

Fort Douglas Military Reservation, east of Salt Lake City; NE%, Section 4, T. 1 S., R. 1 E., Salt Lake County.
Elevation: 4820'+,

Musk Oxen, Symbos cauifrons (UVP 045): large tibia

Fort Douglas Military Reservation east of Salt Lake City; SW%, SW¥%, Section 3, T. 1 S., R. 1 E., Salt Lake Coun-
ty. Elevation: 4820'+.

Big horn Sheep, Ovis sp. (UVP 009): fragment of horn core.

Mouth of City Creek Canyon; SW%, SW¥%, SW4, Section 31, T. I N, R. 1 E., Salt Lake County. Elevation: 4294'+,
Madsen, D. B, D. R. Currey, and J. H. Madsen Jr., 1976.
Mammoth, Mammuthus sp.: tusk fragments submitted for radiocarbon analysis yielded an age of
14,150+800 B.P.
Bighorn Sheep, Ovis canadensis: at least two of the specimens described by Stokes and Condie (1961)
were from the Bonneville (7) Formation near the mouth of City Creek Canyon.
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Figure 3a. Artists conception of Bighorn Sheep, Ovis canadensis.

Iigure 3b. A typical fragment of an Ovis (Bighorn Sheep) Horn core. scale is S centimeters.
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Figure 4a. An extinct species of trout, the Bonneville cutthroat,
(Salmo calrkii), which lived in Lake Bonneville.

Figure 4b. Vertebrae of the Bonneville cutthroat {selmo clarkii) in place as found in Black Rock Canyon
on the south end of the Great Salt Lake.
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15. Downtown Salt Lake City; NE%, Section 1, T. 1 S., R. 1 W., Salt Lake County. Elevation: 4335'+.
Chadbourne, P. A, 1871.
Musk Oxen, Symbos cavifrons (UUVP 8536): this “buffalo skull” found by workmen constructing
a house was in reality the skull of a musk oxen.

Hay, 0. P., 1927.
Musk Oxen, Symbos cavifrons (UUVP 8536): a photo of the skull described by Chadbourne (1871)
appeared in Hay’s treatise.

Nelson, M. E. and J. H. Madsen Jr., 1978.

Musk Ox, Symbos cavifrons (UUVP 8536): the Chadbourne specimen was assigned to S. cavifrons.
Comments: More than likely the specimen came from the sand and gravels of the Provo For-
mation. No absolute dates have been assigned to bracket the duration of deposition of the
Provo; however, Morrison (1965a, 1965b) believes it to be younger than 25,000 years B. P.

16. Ure mammoth locality, Salt Lake County, SW%, SW%, SWi, Section 17, T, 1S, R. I E, Elevation: 4310" (e).
Mammoth, Mammuthus sp. (UVP 037 Pr.): partial lower molar dredged from an irrigation canal.

17. Black Rock Canyon; NWY%, NW%, SW', Section 20, T. 1 S., R. 3 W., Elevation: 4760'%
Bighorn Sheep, Ovis (UUVP 8526): partial skull and broken fragment of a metapodial.
Comments: Associated with other fossils representing a bird, fish. (Smith, et. al. 1968)
(figure 4a, 4b ), gastropods, and ostracodes. The skull has been stolen from the University
of Utah Collections, however, photographic evidence remains (figure 5). The metapodial
is missing and presumed lost.

18. Southeast Salt Lake City; Salt Lake County. SW%, SW¥%, NE%, Section 11, T. 2 S., R. 1 E. Elevation: 5020'+.
Musk Oxen, Symbos cavifrons (UVP 038): dentary.

i

Figure 5. Heavy equipment operators examing a skull of the Bighorn Sheep (ovis). They uncovered in
Black Rock Canyon west of Salt Lake City, near the south end of the Great Salt Lake.
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19. Harper Sand and Gravel Pit, Southeast Salt Lake City; Salt Lake County. NE%, NE¥, SW¥%, Section 11, T. 2 S.
R. 1 E., Elevation: 4600'+
Mammoth, Mammuthus sp. (UVP 039): tusk fragments, a sample of which has been submitted for
radiometric analysis.

20. Sorensen Construction Gravel Pit; SE¥4, SE%, SW¥%, Section 8, T. 2 S., R. 1 W., Salt Lake County. Elevation:
4535+,
Stokes, W. L. Megan Anderson and J. H. Madsen Jr., 1966.
Buffalo, Bison (Simobison ) antiquus (UVP 032): cranial fragment with horn cores, a sample of which
has yielded a radiocarbon date of 11,930 + 210 years B.P.
Comments: Probably collected from Provo Formation.

21. MONROC Gravel Pit, Kearns; E¥2 SWY% Section 13, T.2 S., R. 2 W,, Salt Lake County. Elevation: 4750'+,
Nelson, M. E. and J. H. Madsen Jr., 1978.
Musk Ox, Symbos cavifrons (UUVP 8535): this is a partial skull of a large, mature male.
Comments: Several additional, partial skulls (UVP 011, UVP 012, UVP 013, UVP 016, Pr.,
and UVP 017)of S. cavifrons, have recently been collected from the Provo Formation at this
gravel pit. A Carbon 14 date run on collagen extracted from a left horn core has given a date of
11,690 £ 190 years B. P. Also, partial remains {femur, tibia, pelvis, several vertebrae) of a very
large bear (UVP 015), which is similar to the genus Arctodus, and a horn core of Ovis (UVP
025) have been recovered (figure 6a, 6b).

(8]
(3]

Sandy Mammoth Site; NE%, SWi, SE¥%, Section 36 T. 2 S., R. 1 W, Salt Lake County. Elevation: 4360!'+
Madsen, D. B., D. R. Currey, and J. H. Madsen Jr., 1976.
Mammoth, Mammuthus cf. M. columbi (UMNH VP0OO018): a large, partial skeleton recovered (figure
7a, 7b).
Comments.: Bone fragments were dated at 14,150 + 800 B. P.

23. Sandy, Utah; NW¥%, Section 6, T. 3S., R. 1 E. Elevation: 4400'+
Camel, Camelops cf. hesternus (UVP0OO1): axis (figures 8a, 8b).
Comments: Discovered by a boy digging a pit in his backyard.

24.  Merrico Gravel Pit, Bluffdale, Utah: Section 20, T. 4 5., R. 1 W_, Elevation: 4520'+.
Horse, Equus sp. (UUVP 8521): miscellaneous vertebrae (figure 9).
Buffalo, Bison sp. (UUVP 8520).
Comments: specimens missing from University of Utah Collections.

25. Point-of-the-Mountain, south end of Salt Lake Valley; Section 23, T. 4 S, R. 1 W., I N_, Utah County
Elevation: unknown.
Nelson, M. E. and J. H. Madsen Jr., 1978.
Musk Oxen, Symbos cavifrons (DI 004): partial cranium.
Comments: Probably collected from gravels of a spit in the Bonneville Formation.

26. Pleasant Grove vicinity in Utah County; however, the exact locality data is missing. Elevation: unknown.

Stokes, W. L. and G. H. Hansen, 1937.
Musk Oxen (?) Bootherium bombifrons (7): cranial fragment.

Nelson, M. E. and J. H. Madsen Jr., 1978.
Bootherium sp. indet.: evidence inconclusive for assignment to B. bombifrons.
Comiments: Original specimen missing from Brigham Young University collections; however,

photographic evidence remains.

27. Orem in Utah County; exact locality data missing. Elevation: unknown.
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Figure 6a.  An artists sketch of the MONROC bear, Arctodus. (7)

Figure 6b. Photo comparing femur and thigh bone of the MON--
ROC bear (top) Arctodus (?7) with that of a young male
American black bear. Scale is 15 centimeters.
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Figure 7a. Pelvic bones of mammoth found in Sandy, Utah (courtesy of Utah Museum of
Natural History).

Figure 7b. Plaster cast being prepared prior to removal of Sandy mammoth pelvis (courtesy of
Utah Muscum of Natural History).
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Figure 8a. The camel Camelops hesternus, a less common element of the Pleistocene

Bonneville fauna after a sketch in the Los Angeles County Museum of
Natural History.

I'igure 8b. Camel axis, part of the first neck vertebrae, which support the skull. Found by Steve Dean of Sandy,
Utah.
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Figure 9. Horses are known from Bonneville sediments and their fossils are possibly one of the most recent
records prior to this animal’s extinction in North America.

Stokes, W. L. and G. H. Hansen, 1937.
Musk Oxen, Symbos cavifrons: reported an atlas, axis, and vertebrae collected.

Nelson, M. E. and J. H. Madsen Jr., 1978.
The material collected by Stokes and Hansen could not be located in the Brigham Young University Col-
lections.

28. Miscellaneous localities
King, Clarence, 1878.
Buffalo, Bison latifrons. reported from “subaerial gravels” in Utah. Elevation: unknown.
Comments: Probably not B. latifrons as the species is now known, but B. antiquus. The speci-
mei has not been located.

Pack, F. J., 1939.
Mammoth: north of Provo River bridge.
Comments: May be the Provo River bridge north of Provo, but exact locality and present
location of specimen unknown. Specimen is probably Mammuthus columbi

29. Utah Lake; SEY%, Section 12, T. 6 S., R. I W., Utah County. Elevation: unknown
Hunt, C. B, H. D. Varnes and H. E. Thomas, 1962.
Pocket Gopher, Thomomys talpoides: jaw found in silts of the Provo Formation west of Utah Lake.

30. Provo Utah;exact locality data missing. Elevation: unknown.
Nelson, M. E. and J. H. Madsen Jr., 1978.
Musk Oxen, Symbos cavifrons (BYUG-103): well preserved set of horn cores.

31. Slate Canyon; SW%, Section 8, T. 7 S., R. 3 E., Utah County. Elevation: 4750+
Stokes, W. L., and G. H. Hansen, 1937.
Musk Oxen, Symbox cavifrons (BYUG 834): partial cranium of “Bonneville age”.
Musk Oxen, Bootherium bombifrons: partial cranium.
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Nelson, M. E. and J. H. Jadsen Jr., 1978.
Musk Oxen, Symbos cavifrons (BYUG 834)
Musk Oxen (?) Bootherium sp. indet. (BYUG 102): the available evidence was not conclusive enough
to assign this specimen to B. hombifrons.
Comments: Specimens probably collected from Provo Formation as mapped by Bissell (1963).

32.  Springville, Utah; exact locality data missing. Elevation: unknown.
Nelson, M. E. and J. H. Madsen Jr., 1978.
Musk Oxen, Symbos cf, cavifrons (BYU 0884, BYUVP 0885): atlas and axis.
Comiments: Probably collected from the NW4%, T. 8 S., R. 3 D., Utah County in the Provo
Formation.

33.  Spanish Fork; exact locality data missing but approximately two miles east of Spanish Fork in Utah County.
Elevation: unknown.

Pack,F.J., 1939.
Mammoth, Mammuthus sp.: entire skeleton present in deltaic sediment of the Provo (?) Formation;
however, only the teeth were recovered.

Comments: Probably Mammuthus columbi.

34.  Payson Area; numerous reports, but no exact locality data. Elevations: unknown.
Pack,F.J., 1939,
Mammoth, Mammuthus sp.: leg bones from the southwestern part of the city of Payson.

Hansen, G. H., 1928.
Mammoth, Mammuthus sp.: several skeletal elements and two well-preserved tusks from the Provo
Formation. Assigned to Elephas primigenius by Hansen (ibid.).

Bissell, H. J., 1963.
Mammoth, Mammuthus sp.: several bones reported as collected near Payson
Comments. Probably all specimens belong to Mammuthus columbi [ Figure 5a).

35. Johnson Gravel Pit; NW%, Section 32, R. 1 E., T. 9 S., Utah County. Elevation: unknown.
Musk Ox, Symbos cavifrons (UVPQ10 Pr.): major part of cranium with left horn core.

36. Santaquin gravel pit, northeast of Santaquin in Utah County; however, the exact locality data is missing.
Elevation: unknown.
Bissell, H. J., 1963.
Musk Oxen, Symbos sp. (USNM 17914). partial cranium.

Nelson, M. E. and J. H. Madsen Jr., 1978.
This specimen is now in the collections of the U. S. National Museum.

Abreviations
UMNH ....... Utah Museum of Natural History
UUVP. . .... .. University of Utah. Vertebrate Paleontology
UvbP......... Division of State History, Vertebrate Paleontology
Pro. ... ... .. Privately owned specimen on record at the Paleontology Branch of the

Antiquities Section, Division of State (Utah) History
€ . Estimated
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WANTED

LUVP-%540

...an extinct musk ox that once roamed the shores of Utah’s ancient
Lake Bonneville. Skulls and postcranial bones of this and other

vertebrate fossils are often found in the sand and gravel pits of

Pleistocene age--12,000 to 75,000 years old--along the Wasatch Front.

If seen please notify

Paleontology Branch, Antiquities Section
Utah Division of State History

307 West Second South

Salt Lake City, Utah 84101 533-6000

Figure 10. “WANTED” poster circulated to educate the pubic and encourage support of preservation of Paleontological resources.
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Abreviations

SUMMARY: Although fossil remains of mammals from
Lake Bonneville sediments are somewhat common, the
fauna is not very diverse. At this writing, only musk
oxen (Symbos and Bootherium), bighorn sheep (Ovis), a
horse (Fguus), the mammoth (Mammuthus), buffalo
{Bison), a camel {Camelops), a bears  Arctodus),
a pocket gopher {Thomomys), and a small rodent have
been collected. In the future, excavation monitoring at
gravel pits in the Bonneville Basin, careful collecting,
and education of the public at large (figure 9) will
undoubtedly produce many more specimens of im-
portance to the interpretation of an endemic fauna now
largely extinct in North America.

What was the climate like? Had man the big game
hunter arrived in Utah? These are questions often asked,
and hopefully the information in this discussion will
help in the search for the ultimate answers.

The too frequent reference to lost or stolen
specimens is as frustrating to us as it must be to the
reader, but we feel it is necessary to accurately docu-
ment the present, known availability of all materials
useful for future study at the time of this writing.
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CURRENT HYDROCARBON EXPLORATION ACTIVITY IN THE GREAT SALT LAKE

Thomas L. Patton and Robert L. Lent

Amoco Production Company, Denver, Colorado

INTRODUCTION

The Great Salt Lake Basin is one of the largest and
possibly one of the oldest Tertiary basins in the Basin
and Range Province. Oil and gas shows in the area
of  the Great Salt Lake indicate that the basin is
prospective for hydrocarbons. However, until recently
the basin has gone untested due to the logistical prob-
lems related to drilling and seismic data acquisition.

Amoco Production Company has long been
interested in the lake but it was not until 1973 that
Amoco was able to acquire approximately 610,000 acres
of Utah State oil and gas leases under the Great Salt
Lake. Presently Amoco is carrying out an active
exploration program consisting of offshore drilling and
the acquisition of seismic data. This paper will review
Amoco’s current exploration activity in the lake and will
attempt to summarize the geologic thinking that has led
to this activity.

PREVIOUS EXPLORATION INTEREST
IN THE GREAT SALT LAKE AREA

Occurrences of hydrocarbons have been known
in the Great Salt Lake area (figure 1) for some time. In
the latter half of the nineteenth century, vague and
undocumented reports were made of hydrocarbons in
the arca between the Great Salt Lake and the Wasatch
Front. The only known reliable documentation of such
hydrocarbons during this period is found in the work of
Stansbury (1852) who described small quantities of
bitumen along the northeastern shore of the lake.

Just after the turn of the century, minor gas
production in the Ogden-Salt Lake City Trough and
reports of asphaltum seeps on the northeast shore of the
lake stimulated interest in the hydrocarbon potential of
the area. This interest resulted in the publication of
several short articles between 1904 and 1905 discussing
the asphaltic occurrences in  the Great Salt Lake
(Maguire, 1904, 1905 Gibbs 1905).

More comprehensive studies by  Richardson
(1905) and Boutwell (1905) were also published by
the U. S. Geological Survey. Subsequent publications by

Schneider (1921), Eardley and Haas (1936), Hansen and
others (1949) and Heylmun (1963) have continued to
maintain interest in the hydrocarbon potential of the
area.

Throughout the 1900’s, exploratory interest
in the Great Salt Lake was indirectly maintained through
the drilling of numerous wildcats in surrounding basins.
The Great Sait Lake Basin proper, however,
has received only limited shallow drilling at the basin
edge, and the deeper, more prospective reaches of the
basin have yet to be tested.

AMOCO PRODUCTION COMPANY’S
EXPLORATION ACTIVITIES
IN THE GREAT SALT LAKE

Amoco Production Company finds the Great Salt
Lake Basin attractive in that it is a large, untested,
Tertiary basin with an asphalt seep located at the basin
margin. Although encouragement for exploration in
the Pre-Tertiary rocks can be found in the Great Salt
Lake Area, Amoco’s exploration emphasis to date has
been directed towards the Tertiary sedimentary sec-
tion. An excellent discussion of the geology of the basin
is presented in this volume by William Lee Stokes.
However, a brief discussion of the Tertiary geologic
history of the region surrounding the Great Salt Lake is
germane to the understanding of Amoco’s activity in
the lake.

Tertiary Geologic History and Production Potential

In latest Cretaceous time the Sevier Orogeny was
ending and the Laramide Orogeny beginning (Arm-
strong, 1968), resulting in the destructional phase of
the Rocky Mountain Geosyncline. This initiated a
period of intermittent fluvial and lacustrine deposition
that has existed to thc present. Evidence of lacustrine
deposition during the Tertiary provides the most en-
couragement for exploration in the lake, and the fol-
lowing discussion will deal exclusively with the pos-
sibility that significant sequences of Tertiary lacustrine
deposits exist within the basin. For the purpose of this
paper the lacustrine deposits of the Tertiary will be
subdivided into two groups; the first group extends in
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Figure 1. Index map of the Great Salt Lake area.

age from latest Cretaceous to Late Eocene and possibly
into earliest Oligocene, while the second group of
lacustrine deposits was initiated in the Miocene and
continues to the present. The division is centered around
the Oligocene, a time of radical climate change and
volcanism. Lacustrine deposition during this epoch likely

occurred only in the deepest and most well developed of
basins.

The areal distribution of early Tertiary lacustrine

units is shown in figure 2. Extensive lakes were de-
veloped in eastern Utah, southern Wyoming and north-
western Colorado, while less well developed lakes existed
intermittently in eastern and central Nevada. Some of
these lakes had dimensions of several hundred kilometers
and depths of up to 30 meters (Ryder and others 1976).

The distribution of the late Tertiary lacustrine
units is shown in figure 3. These units are more inti-
mately associated with the area of Basin and Range
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Iigure 2. Early Tertiary lacustrine deposition in the area sur-
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Washakie and Green River basins lake complex. B. -
Humbolt Lake. C. - Newark Canyon Lake. D. - White
Sage Lake. E. - Sheep Pass Lake (after McDonald,
1976, Robinson, 1972, and Winfrey, 1960).

development and the geometry of these lacustrine
deposits commonly coincides with areas of graben
development. The lakes are generally long and narrow
and are bounded by steep-sided horst blocks.

Fouch (1973), and Ryder and others (1976)
discuss a model for facies development in the Uinta
Basin and its relationship to hydrocarbon production. In
this model, the development of those facies that are
prospective for hydrocarbon exploration in lacustrine
deposits appears to be intimately associated with
changes in climate and the degree of tectonic activity.
Periods of intense tectonic activity and an arid, cool
climate resulted in the extensive development of the
nonprospective alluvial facies, whereas periods of no or
mild tectonic deformation and hot humid climates
likely resulted in the maximum development of open-
lacustrine and marginal-lacustrine facies which are
more prospective for hydrocarbon exploration.

Lacustrine rocks that were deposited during both
the early and later Tertiary were associated with orog-
enies of significant magnitude: the Laramide and the
Basin and Range orogenies. Although differences in
the styles of the two orogenies effect facies development
(e. g. the long and narrow basins bounded by steep-sided
horsts developed during the Basin and Range Orogeny
would hinder the development of extensive open-
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I'igure 3. Late Tertiary lacustrine deposition in the area sur-
rounding the Great Salt Lake (after Feth, 1964,
and McDonald, 1976).

lacustrine facies), we feel that the most significant
difference that existed between these periods of lacus-
trine deposition was one of climate. Figure 4 shows that
the Paleocene through earliest Oligocene was char-
acterized by warm-temperate to sub-tropical climates
whereas the Miocene and Pliocene Epochs were domi-
nated by warm-temperate and cool-temperate climates.
It is suggested from this that the source and reservoir
facies produced in a lucustrine environment are likely to
have been extensively developed in the early, rather than
late, Tertiary lacustrine sequences.

Field and production data (though meager in the
Basin and Range Province) tend to support this as-
sertion. Production in the Uinta, Piceance, Washakie and
Green River Basins (figure 2) is well documented, and
adequate exposures of both reservoir and source facies
are abundant on the surface in these areas. Production
occurs from the Late Cretaceous - early Tertiary, Sheep
Pass Formation in Railroad Valley, Nevada (figure 2),
Fouch, 1977, Winfrey, 1960) and although reservoir
rocks are documented on the surface, the presence of
source facies is more difficult to establish. However,
Fouch (1977) has located source rocks in the subsurface
capable of generating four gallons of oil/ton. The Hum-
boldt Formation oil shales of northeastern Nevada
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(tigure 2) also have a history of limited production.
Winchester (1923) reports efforts by the railroad to use
the oil shales for fuel in the late 1800’s, and the efforts
R. M. Catlin in 1909-16 to retort oil from the shales.
Retorts of up to 86.8 gallons of oil/ton are reported by
Winchester (1923). The operation was eventually shut
down due to excessive overburden. Some of the other
early Tertiary lacustrine deposits of central and eastern
Nevada show encouraging geology for hydrocarbon
exploration: however, they have not yet produced.

Significant production is yet to be found in the
late Tertiary sediments in the region surrounding the
Great Salt Lake. While late Tertiary reservoir rocks of
marginal-lacustrine facies are abundant, areal mapping of
these reservoirs is hampered by the poor quality of
outcrops. Source facies comparable to those of the early
Tertiary appear to be essentially absent, although this
absence may also be related to inadequate exposures.

Postulation of Early and Late
Tertiary Lacustrine Sequences Within
The Great Sait Lake Basin

It is apparent that it would be desirable, though
not necessarily essential, to have an early Tertiary
lacustrine deposit within a prospective Tertiary basin.
We would like to postulate the presence of signifi-
cant sequences of both early and late Tertiary lacustrine
deposits within the Great Salt Lake Basin. This hypo-
thesis is based on surface geological and geophysical
data.

Early Tertiary

Although fragmented and restricted, surface
evidence suggesting the presence of early Tertiary
lacustrine deposits in the Great Salt Lake is cited by
several authors. McDonald (1976) suggests that:
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“extensive lake formation may have commenced im-
mediately west of the Wasatch Front by Late Eocene
time.” He has based this statement on the presence of a
Paleocene-Eocene snail collection (see also Heylmun,
1965) from a lacustrine limestone in the Salt Lake
Salient north of Salt Lake City. However, McDonald
restricts this deposit to the Eocene due to the presence
of volcanics in the section. Mann (1974) obtained K/Ar
age dates on volcanics found in the Salt Lake Salient
which overlie dense, light-gray limestones. The ages of
55.7 (£2.0) million years and 50.9 (x2.0) million years
indicate that local lacustrine deposition might have
existed as early as Early to Middle Eocene. Larsen
(1957) has assigned a Palecocene to Eocene age to a
limestone unit overlying colluvial conglomerates on the
east side of Antelope Island. The age assignment of
these rocks is based on a lithologic correlation with the
Wasatch Formation to the east. Although these deposits
are not extensive, they do suggest that conditions for
a lacustrine environment may have been present in the
area of the Great Salt Lake in early Tertiary time. If a
basin of large enough size developed during this time,
then significant sequences of early Tertiary lacustrine
rocks could be present.

Further evidence for early Tertiary deposition
within the Great Salt Lake Basin can be extracted from
geophysical evidence, although the lacustrine nature of
this deposition has to be inferred from the proximity of
the above mentioned outcrops on Antelope Island and
the Salt Lake Salient. Seismic data were acquired in the
Great Salt Lake Basin in 1973-74. Eight hundred and
fifty miles of data were recorded from a barge (figure 5)
using an airgun source, resulting in a 5 x 2 mile grid
covering the lake. Encouragement to carry out this
survey was stimulated by a similar though somewhat
more shallow survey undertaken jointly by the Utah
Geological and Mineralogical Survey, the University of
Utah and the University of Wisconsin-Milwaukee in
1968 (Mikulich and Smith, 1974). The results of the
Amoco survey are very good and indicate that a Tertiary
section in excess of 15,000 feet thick may be developed
within the basin.

We have difficulty in attributing a 15,000 foot
sediment thickness solely to late Tertiary deposition that
would have developed in a typical Basin and Range
graben that began forming only 17 million years ago.
Measured surface data in two of the thicker late Tertiary
sections in the eastern Basin and Range grabens suggest
that late Tertiary sediment thicknesses are generally less
than 10,000 feet. Heylmun (1965) describes a Salt Lake
Group (late Tertiary) sedimentary section in Rush



T. L. Patton and R. L. Lent, Current Hydrocarbon Exploration Activity in the Great Sait Lake 119

Figure 5. Geophysical barge used in the acquisition of seismic data on the Great Salt Lake in 1973-1974.

Valley in excess of 8,000 feet. This probably does not
represent the true thickness for this section as it may be
partially duplicated by faulting. Adamson and others
(1955) describe a Salt Lake Group section in the ldaho
portion of Cache Valley. This complete section of the
Salt Lake Group is slightly less than 9,000 feet thick.
Assuming that sedimentation rates in the late Tertiary of
the Great Salt Lake basin were not markedly different
from those of Cache and Rush Valleys, we can account
for no more than 10,000 feet of Tertiary fill in the
Great Salt Lake Basin from Salt Lake Group sedi-
mentation. Interpreting the remaining 5,000 feet of the
15,000 foot section in the basin as early Tertiary is not
inconsistent with other early Tertiary sediment thick-
nesses in the area. as seen from the isopach map con-
structed in figure 6.

The presence of early Tertiary sediments within
the Great Salt Lake Basin also dictates the necessity of
an early Tertiary structural basin. McDonald (1976) has
suggested that north-south trending folds that developed
during latest Cretaceous time may have been the site of
basinal development during the early Tertiary in the
Great Salt Lake area. Synclines were down-dropped
relative to areas of anticlinal development as com-
pressional stresses of the Sevier Orogeny waned. Ex-
amination of the literature reveals that there is field
evidence that normal fault movements of late Mesozoic
and early Tertiary age were taking place in northwestern

Utah (Loring 1976). Eardley (1963a) reports Eocene age
Basin and Range faults in western Utah and further
suggests that these faults remained active into the
Pliocene and Early Pleistocene. Schaffer (1960, 1962),
based on his work in the Silver Island Mountains in
northwestern Utah, considers it likely that Basin and
Range topography (similar to that of today) may have
existed in early Tertiary. O’Neill (1969) has documented
possible early Cenozoic high-angle faults with up to
7,700 feet of displacement in the Pilot Mountains.
Doelling (1964) has found Paleocene age normal faults
immediately adjacent to the Great Salt Lake in the
northern Lakeside Mountains.

Late Tertiary

Late Tertiary lacustrine deposition is very likely to
have occurred within the Great Salt Lake Basin. The
occurrence of marginal lacustrine facies at the north-
eastern margin of the basin (Slentz and Eardley,
1956) strongly suggests that an open lacustrine en-
vironment is to be expected toward the center of the
basin. Lacustrine deposition in the Great Salt Lake
Basin during the later Tertiary may have been enhanced
by the presence of the Ogden-Salt Lake City Trough.
This structural trough was probably well enough de-
veloped to act as a “‘catch basin” in Miocene to Early
Pliocene time for the large volumes of clastics derived
from the Wasatch Mountains.
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Figure 6. lsopach map of early Tertiary sedimentary deposits, Northwestern Utah. Names adjacent to control locations correspond to

the references cited for that location.

Hydrocarbon Occurrences
in the Great Salt Lake Area

The presence of a thick Tertiary section possibly
containing sequences of lacustrine rocks is encouraging
for hydrocarbon exploration in light of production
trom similar Tertiary lacustrine deposits in Nevada.
Shows of oil and gas immediately adjacent to the Great
Salt Lake Basin lend further encouragement to explora-
tion ctforts.

Numerous shows of gas occur throughout the
area in the Tertiary formations. Seeps of flammable gas
have been known for some time in the Great Salt Lake
area and arc documented and described by Richardson
(1905). It is not uncommon to encounter gas in drilling
shallow water wells, and there have been instances where
water wells have blown out because of this gas (e. g.
Ritzma, 1975; McDonald, 1976). Much of the shallow
cas can probably be attributed to bacterial activity:
however, gas shows reported in deeper tests are more
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likely of thermal origin. There has been limited gas
production from two small fields in the Ogden-Salt Lake
City Trough. The Farmington field produced, just before
the turn of the century, from sands between 400 and
700 feet deep. The field was abandoned in 1896 after a
cumulative production of 150 MMCF (million cubic
feet) (Richardson, 1905). Since the 1920’s intermittent
production of small quantities of gas has been produced
from several shallow wells in the area surrounding
section 35, T. 9 N., R. 4 W, west of Brigham City
(Eardley and Haas 1936: McDonald, 1976). The cum-
mulative production from this area is unknown and is
likely very small.

There have been several oil shows adjacent to the
Great Salt Lake Basin. Western Petroleum’s Nebeker No.
1 (section 21, T. 1 N., R. 1 W.) has been reported by
Heylmum (1963) to have encountered asphaltic sands
and gas at around 700 feet. The shows and asphalt seeps
located at Rozel Point on the northeastern edge of the
lake are extremely encouraging for Amoco’s exploration
effort in the lake. Early discussions and descriptions of
the seeps may be found in Maguire (1904, 1905), Gibbs
(1905) and Boutwell (1905). The Rozel Point oil field
was drilled in asscciation with these seeps. Intermittent
production since the discovery of the seeps has resulted
in a cummulative production of 2,896 barrels of oil
(Stowe, 1970). Production rates of S to 10 barrels of oil
per day are cited by Eardley (1963b).

The origin of the Rozel Point oil is yet uncertain.
The characteristics of the oil are as follows:

Dark brown

Specific gravity of 1.06
A.P. L gravity of9.0°9.4°
Softening point of 73°F
Non-combustible

The composition of the oil is:

32% non-oxygenated resins
50% asphaltenes
13.7% sulfur

4% isoparaffins

The character and composition of the oil, and the
fact that it is recovered from depths of less than 300 feet
strongly suggest that bacterial alteration has taken place.
Because of this, the results of Amoco’s attempts to cor-
relate this oil with other oils in the region are indeter-
minate. The age of the oil, however, is suggested to be
Tertiary (Hunt, 1978) and Amoco optical data on the

oil tend to support this assertion.

Assuming a Tertiary age for the oil, a likely lo-
cation for generation is in the Great Salt Lake Basin. We
feel that generation has taken place within the basin
with migration to the basin edge resulting in the seeps
at Rozel Point. Hopefully drilling in the lake will en-
counter accumulations at sufficient depth to escape the
effects of bacterial alteration.

The presence of high bottom-hole temperatures
and hot springs in the area (Heylmun, 1966) suggests
a high geothermal gradient, which would aid in genera-
tion from Tertiary source rocks.

Basin Configuration

Seismic data indicate that the Great Salt Lake
Basin is large enough to generate significant volumes of
hydrocarbons from the Tertiary. The basin is 70 miles
long, 20 miles wide and in excess of 15,000 feet deep.
The axis of the basin in the subsurface trends NNW fol-
lowing the present-day trend of the Great Salt Lake very
closely. The basin may be subdivided into two sub-
basins composed of an asymmetric southern sub-basin
and a more symmetric northern sub-basin. Good trap
potential in the form of structures and wedges can be
demonstrated on seismic profiles in both sub-basins.

DRILLING PROGRAM

Amoco has been mobilizing for the drilling opera-
tions on the lake since November of 1977. At the time
of this writing, the first well of a proposed six well
program is being drilled. The rig has been erected on a
mobile, floating platform 180 feet long by 90 feet wide.
This configuration allows for minimal time and expense
in changing locations.

The first test (Indian Cove State Unit number 1,
figure 7) is the evaluation of the Tertiary section on a
structural anomaly on the North arm of the lake (lo-
cation number 2, figure 1). The well will penetrate the
basement (Lower Paleozoic? or Pre-Cambrian?) at a
depth below 10,500 feet. We are anticipating generation
and expulsion of hydrocarbons from open-lacustrine,
organic-rich facies and marginal lacustrine “boghcad”
coals, resulting in migration into Tertiary marginal-
lacustrine clastic and carbonate reservoirs. Because
of the location and the depth of this first well, it is
questionable as to whether or not the postulated
sequence of early Tertiary rocks will be encountered. It
is hoped that future tests of both the structural and



Figure 7. Amoco Production Company’s Indian Cove, State
Unit No. 1. drilling six miles oft-shore in the Great
Salt Lake.

wedge anomalies of the remaining wells of the drilling
program will penetrate rocks of this age.
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ABSTRACT

A bottom gravity meter regional survey of the
Great Salt Lake (64 stations during 1968) resulted
in the compilation of a simple Bouguer gravity anomaly
map (with 5-mgal contour interval) and interpretive
geologic cross sections along four east-west gravity
profiles across the lake that provided information
concerning the geologic structures beneath the lake. The
large gravity low, that extends for a distance of about 70
miles, essentially the entire length of the lake, indicates a
large north-northwestward trending graben beneath the
lake, herein designated the Great Salt Lake graben. The
closely spaced gravity contours, with steep gravity
gradients, indicate that the graben is bounded on each
side by large Basin and Range fault zones. On the
northwestern side is the East Lakeside Mountains
fault zone; on the southwestern side is the East Carring-
ton-Stansbury Islands fault zone; and on the east side is
the East Great Salt Lake fault zone. All fault names are
newly designated. The large gravity low centers that lie
north and south of the gravity saddle that extends
between Bird (Hat) Island and the Promontory Point-
Fremont Island area, indicate that at least two Cenozoic
structural basins of deposition probably formed within
the great graben between the Dolphin Island-Rozel Hills
area and the Tooele Valley graben. The two basins are
designated the “northern Cenozoic basin’” and “southern
Cenozoic basin” to the north and south, respectively, of
the gravity saddle.

The geologic cross sections along the gravity pro-
files, based on a density contrast of 0.5 gm/cc between
the bedrock and valley fill, indicate that the maximum
thickness of the Cenozoic structural basins (valley fill) is
more than 7,100 feet and 9,700 feet in the northern and
southern Cenozoic basins, respectively. An assumed
larger or smaller density contrast would result in cor-
respondingly smaller or larger thicknesses, respectively.

The new gravity data over the Great Salt Lake,
used in conjunction with the previous gravity data over
the adjoining mainland (Cook and others, 1966), afford-
ed an interpretation of the continuity and interrela-
tionships of the geologic structures. For example, the
Great Salt Lake graben is continuous with the Tooele
Valley graben. Also, an arm of the northern Cenozoic
basin within the Great Salt Lake graben probably
extends southward, with some constriction, between the
Lakeside Mountains and Carrington Island, to connect
with the Cenozoic structural basin within the Lakeside-
Stansbury graben.

INTRODUCTION

During July and August 1968 a regional gravity
survey of the entire Great Salt Lake, Utah was made by
the U. S. Defense Mapping Agency, Topographic Center
(formerly designated U. S. Army Map Service) in cooper-
atien with the Utah Geological and Mineral Survey
(formerly designated Utah Geological and Mineralogical
Survey). Figure 1 shows an index map of the survey
area.

Sixty-four new gravity stations were taken at the
bottom of the Great Salt Lake, (plate 2, in pocket) using
a bottom gravity meter. The new gravity data were
combined with the gravity data on land peripheral
to the Great Salt Lake and along the Southern Pacific
Railroad causeway across the lake that was previously
published by Cook and others (1966).

The combined gravity data were used in compiling
1) a simple Bouguer gravity anomaly map of the Great
Salt Lake and vicinity (plate 2) and 2) four interpretive
geologic cross sections indicating the general geologic
structures under and adjacent to the Great Salt Lake. A
knowledge of the geologic structures will be helpful not
only in deciphering the tectonic patterns and geologic
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Figure 1. Index map of Utah, showing survey area.

history of the region, but also in the evaluation of the
potential for natural resources. For example, the exis-
tence of deep Cenozoic (including Quaternary and
Tertiary) basins beneath the Great Salt Lake makes the
area favorable for the exploration of petroleum and/or
natural gas.

TECHNIQUES AND BACKGROUND DATA

Using a LaCoste and Romberg bottom gravity
meter, readings at 64 stations were taken along east-west
profiles spaced approximately 5 miles apart. The stations
were at 2- and S-mile intervals on alternate traverses.
Plate 2 shows the station coverage over the Great Salt
Lake and surrounding areas. In the extreme northern
part of the lake, the gravity coverage was less detailed
than in other parts of the lake because of the difficulty
in taking gravity readings in the shallow water. In this
area, the wave action on the surface of the lake caused
motion of the water at the bottom and hence instability
(i.e., accelerations) of the bottom gravity meter that
prevented the taking of accurate measurements. To
await periods of perfectly calm surface water conditions
for satisfactory gravity measurements would have
prolonged the survey unduly.

Utah Geological and Mineral Survey, Bulletin 116, 1980

Figure 2. The boat G. K. Gilbert at dock in Little
Valley Harbor, Great Salt Lake. Telluro-
meter on tripod on top of cabin. Bottom
gravity meter and power winch inside boat
at stern. Note cable to pulley on wooden yoke
over stern of boat. Photograph taken by
K. L. Cook on August 4, 1968.

The G. K. Gilbert, a boat owned by the Utah
Geological and Mineral Survey, was used for the survey
(figure 2). The boat, which was 42 feet long, 13 feet
wide and 6 tons in weight, was propelled by two water-
jet-type propulsion engines and had a draft of 1% feet.
The gravity meter was lowered over the stern of the
boat on a cable that passed through a pulley to a power
winch (figure 3).

Horizontal control was obtained to an accuracy of
generally a few meters with a Tellurometer (Model
MRAZ3). The master was mounted on top of the cabin of
the boat (figure 2) and the two slave stations were either
on the mainland or on the islands of the lake. Vertical
control was obtained to an accuracy of half a foot with a
lead line dropped over the side of the boat.

Two principal base stations on land were used for
the survey (plate 2): (1) for the survey of the southern
part of the lake, the station was on the breakwater
forming the County Boat Harbor at Silver Sands Beach
and (2) for the survey of the northern part of the lake,
the station was adjacent to the wharf at Little Valley
Harbor (northwest of Promontory Point). Using LaCoste
and Romberg land gravity meter No. 123, these base
stations were tied to the Salt Lake City K base station
(at the Salt Lake City airport), which is a United States
National Gravity Base Net station (Cook and others,
1971). A description of the location of each of these
base stations is given in Appendix 1.
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Figure 3. LaCoste and Romberg bottom gravity meter
being lifted over side of boat before lowering
by cable and power winch into Great Salt
Lake. Note metal flanges on tripod legs of
instrument housing to facilitate stability in
muddy bottom of lake. Photograph taken by
K. L. Cook on August 4, 1968.

The gravity data were reduced during 1968 by the
Gravity Division of the U. S. Army Map Service in
Washington, D.C. to give simple Bouguer gravity ano-
maly values. In making the Bouguer corrections, an
average density of 1.22 gm/cc was used for the salt water
of the lake, and a density of 2.67 gm/cc was used from
the bottom of the lake to mean sea level. Listings of
the elevations of the Great Salt Lake during the gravity
survey, the density of the salt waters of the Great Sait
Lake during the summer of 1968, and the principal facts
of the bottom gravity stations are given in Appendices 2,
3, and 4, respectively.
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The simple Bouguer gravity anomaly values for the
bottom gravity stations were contoured on a map using a
S-milligal (mgal) contour interval. This map was then
fitted to the corresponding gravity map values of Cook
and others (1966) along the shores of the lake and the
causeway across the lake. The resulting simple Bouguer
gravity anomaly map, at a 5-mgal contour interval, is
shown in plate 2. Four profiles (A-A’ through D-D’,
plate 2) were selected for the construction of the inter-
pretive geologic cross sections, which were computed
using the two-dimensional modeling technique of
Talwani and others (1959).

The resulting interpretive geologic cross sections,
in conjunction with the characteristics and patterns on
the gravity map and the mapped surface geology, were
used to delineate the major geologic structures of the
region. The results of the gravity studies were also
compared with the results of the available seismic data
to provide as reasonable a geologic interpretation as
possible.

GEOLOGY

The Great Salt Lake lies along the active rift
system in the eastern part of the Basin and Range
province (Cook, 1969). The region is characterized by
north-south trending mountains and valleys which
generally are large horsts and grabens, respectively. The
mountain ranges are generally bounded by major Basin
and Range fault zones, many of which are seismically
active today.

North-south trending mountain ranges surround
the Great Salt Lake in most areas. These mountains,
which are generally composed of Paleozoic rocks,
include the Hogup Mountains, Terrace Mountains,
Lakeside Mountains, Promontory Mountains, Oquirrh
Mountains, and Stansbury Mountains (plate 2).

Several islands and peninsulas of the Great Salt
Lake are composed of Precambrian and/or Paleozoic
rocks (plate 2). Antelope Island, Fremont {sland, Car-
rington Island, and Bird (Hat) Island are composed of
Precambrian rocks. Stansbury Island and Promontory
Point are composed of Precambrian and Paleozoic rocks.
South Little Mountain is composed of Precambrian
rocks.

Volcanic rocks of Tertiary age are the principal
composition of (1) the Rozel Hills, (extending northwest
of Rozel Point) which lie along the northeastern margin
of Great Salt Lake and (2) the Wildcat Hills and Cedar
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Hill, both of which lie near the northern margin of Great
Salt Lake and off the map of plate 2.

Most of the surficial valley fill surrounding the
Great Salt Lake is Quaternary alluvium. However, several
isolated outcrops of Tertiary age (including the Salt
Lake group) occur along or near the flanks of the moun-
tain ranges adjacent to the lake.

Within several of the mountain ranges, major
north-south trending faults and minor east-west trending
faults have been mapped (plate 2). Examples of such
faulting are found in the Stansbury Mountains, Lakeside
Mountains, Terrace Mountains, and Hogup Mountains.

The Great Salt Lake is approximately 75 miles
long and up to 30 miles wide. At the time of the gravity
survey (1968), the lake had a maximum depth of 30
feet, and the surface elevations were 4,194 feet and
4,195 feet (i.e., a difference of 1 foot) for the north and
south arms, respectively (see Appendix 2). The Great
Salt Lake itseif is a playa lake, the remanent of the
historic Lake Bonneville which covered most of western
Utah and parts of Nevada and Idaho during Pleistocene
time. In modern times, the lake has receded to its
present size and has no outlet.

The Southern Pacific Railroad causeway, com-
pleted during 1959 between Lakeside and Promontory
Point, isolates the northern portion of the lake from the
southern part, except for two small culverts between
them. Because all surface water inflow is into the south-
ern part of the lake, the southern part is much less
saline than the northern part and at a higher elevation
(about 1 foot during 1968). The density of the lake
waters during 1968 was 1.21 to 1.23 gm/cc in the north
arm and 1.14 gm/cc (shallow water) to 1.21 gm/cc (deep
water) in the south arm (See Appendix 3).

INTERPRETATION
Gravity Patterns and Geologic Structures

The simple Bouguer gravity anomaly map (plate 2)
of the Great Salt Lake and vicinity contains gravity
patterns which correspond to geologic structures. The
correspondence of the broader gravity patterns with the
broader regional geologic structures of the Great Salt
Lake region, especially the land region peripheral to the
lake, are given in a previous publication (Cook and
others, 1966), and will not be discussed in detail here.
In the present paper, emphasis will be given to the
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correspondence of the gravity patierns and geologic
structures in the Great Salt Lake area proper. However,
the interrelationships of geologic structures and those of
the surrounding mainland areas will be treated briefly
to provide an overview.

On the gravity map (plate 2), the large elongate
gravity lows indicate grabens. These are generally Ceno-
zoic basins that contain sedimentary and/or volcanic
rocks of Quaternary and Tertiary age possibly up to
12,000 feet in thickness (Cook and others, 1966, p. 69).
The large elongate gravity highs indicate horsts, which
generally form the mountain blocks in the region. The
zones of closely spaced (“tight’’) gravity contours, with
steep gravity gradients, generally indicate Basin and
Range fault zones. These fault zones generally result ina
large density contrast between the rocks in the mountain
blocks and the valley fill material within the grabens.

The main trend of the gravity contours is north to
north-northwest and parallel to the principal Laramide
and older structures, as well as the major Basin and
Range faults in the region (Cook and Berg, 1961).
However, some locally pronounced trends are north-
eastern and are probably caused by Basin and Range or
perhaps earlier faulting.

Horsts. On the northwestern end of the Great Salt
Lake, the Lakeside Mountains horst (newly designated
herein) is indicated by an elongate northward-trending
gravity high (maximum of about -140 mgal) which is
more than 40 miles long. This high overlies the Lakeside
Mountains and extends northward over the lake to
include Gunnison Island, Cub Island, and the lake area
north thereof (plate 2). The horst is interpreted as one
large block that includes the Lakeside Mountains,
Gunnison [Island, and Cub Island as outcrops of the
horst.

On the western side of the Great Salt Lake, the
Carrington-Stansbury Islands horst (newly designated
herein) is indicated by the elongate northward-trending
belt of gravity highs which is more than 30 miles long.
This belt overlies Stansbury Island (-140 mgal) and
extends northward over Carrington Island (maximum of
about -130 mgal), Bird (Hat) Island (-133 mgal) and the
lake area north thereof. The horst is interpreted as one
large block that includes all three islands as outcrops of
the horst.

Along the eastern margin of the Great Salt Lake,
the continuous belt of gravity highs over the Promon-
tory Range (maximum of about -130 mgal), Fremont



K. L. Cook, E. F. Gray, R. M. Iverson, M. T. Strohmeier, Bottom Gravity Meter Regional Survey of the GSL 129

[sland (-130 mgal) South Little Mountain (-135 mgal)
and Antelope Island (-130 mgal) indicates a large es-
sentially continuous fault block throughout this area.
This interpretation was first suggested by Cook and
others (1966, p. 60). For convenience of nomenclature,
however, the newly designated “Promontory Mountains
horst” and “Antelope Island horst” shown on plate 2 are
used for the respective portions of the large block
covered by these topographic features, and a single name
is not given to the fault block as a whole. Moreover, the
existence of previously mapped east-west trending faults
within this large block indicates that the block is broken
in places. Even as recently as Basin and Range faulting,
this block has probably had internal faulting, but pre-
sumably on a minor scale. The same principle also
applies to the Lakeside Mountains horst and the Carring-
ton-Stansbury Islands horst.

Grabens. In a previous publication (Cook and
others, 1966), the following grabens and their cor-
responding gravity features were described; that dis-
cussion will not be repeated here, except in so far as it
concerns the overall tectonic interrelationships: the
Strongknob graben (minimum simple Bouguer gravity
anomaly value of about -155 mgal), the Rozel graben
(-165 mgal), the Bear River Bay graben (-160 mgal), the
Lakeside-Stansbury graben (-165 mgal), the East Antel-
ope Island graben (-160 mgal); the Farmington graben
(-195 mgal), and the Tooele Valley graben (-185 mgal)
(plate 2).

The Great Salt Lake graben (newly designated,
plate 2) is indicated by the large gravity low that extends
for about 70 miles from the Dolphin Island-Rozel Hills
area on the north to the Tooele Valley graben area on
the south (Cook and others, 1969). The graben con-
stitutes a large Cenozoic structural basin filled with
thick sequences of sedimentary and/or volcanic rocks.

In the region between Bird (Hat) Island and the
Promontory Point-Fremont Island area, the large Ceno-
zoic structural basin may have been separated at times
into at least two major Cenozoic structural basins of
deposition within the graben during its development.
This is evidenced by the gravity saddle and the constric-
tion of the main gravity low associated with the Great
Salt Lake graben. The “‘northern Cenozoic basin™ lies
north of the gravity saddle and the “southern Cenozoic
basin’ lies south thereof.

In that part of the northern Cenozoic basin
between the Hogup Mountains and Rozel Hills, the
gravity data indicate that the thickness of rocks in the
basin is relatively small in comparison with the area

within the same basin south thereof. The Bouguer
gravity values over the lake in this area are about -150 to
-153 mgal in comparison with values of about -140 mgal
over the Hogup Mountains and Rozel Hills, a difference
of only 10 to 13 mgal.

The gravity data indicate that the deepest part of
the northern Cenozoic basin, where the rocks are the
thickest, is probably in the area of the Southern Pacific
Railroad causeway, at a point about midway between
Lakeside and Promontory Point (plate 2). Here the
Bouguer gravity anomaly values form a minimum of less
than -165 mgal, in contrast with values of about -130
mgal over the Paleozoic bedrock in the Lakeside Moun-
tains to the west and the Promontory Mountains to the
east, a difference of about 35 mgal.

The gravity data further indicate that the southern
Cenozoic basin, within the Great Salt Lake graben, is
probably longer and deeper than the northern Cenozoic
basin. South of the gravity saddle (about -160 mgal)
between Bird (Hat) Island and the Promontory Poini-
Fremont Island area, the decrease of the Bouguer gravity
values along the axis of the gravity low, to reach values
of less than -185 mgal within the Tooele Valley graben,
indicates southward deepening of the basin. These low
values are in contrast with gravity values of about -130
mgal over Carrington Island and Antelope Island, a
difference of about 55 mgal. It should be noted that
along the axis of the gravity low, the values do not
decrease consistently; rather, there are two subsidiary
gravity low centers over the lake: 1) one (about -170
mgal) midway between Carrington Island and the
northern tip of Antelope Island; and 2) another (about
-175 mgal) midway between Stansbury Island and the
southern part of Antelope Island. These gravity low
centers are provisionally interpreted as being caused
by undulations of the bedrock surface and may be
related to subsidiary structural basins along the axis of
the main southern Cenozoic basin.

The Great Salt Lake graben is continuous with the
Tooele Valley graben, their trends departing from each
other by about 45°. An interpretive geologic cross
section along a gravity profile across the southern part
of the Tooele Valley graben by Cook and others (1966)
indicates the depth to bedrock to be 12,000 feet. A
density contrast of 0.4 gm/cc between the bedrock and
valley fill was assumed. A well (WGI on plate 2) within
the Tooele Valley graben and about 2 miles south of
this gravity profile, was drilled to a depth of 7,993 feet
without completely penetrating the valley fill of Ceno-
zoic age (Cook and others, 1966, p. 68). The great
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thickness of Cenozoic vaitey fill penetrated in the Tooele
Valley graben supports the interpretation that com-
parable thicknesses should occur beneath the southern
Cenozoic basin of the Great Salt Lake graben.

It should be noted that the gravity trough be-
tween the Lakeside Mountains and Bird (Hat) Island,
that extends southwest of the gravity low center over
the northern Cenozoic basin, indicates a southern arm of
the northern Cenozoic basin. This gravity trough con-
tinues southward, with some constriction between the
Lakeside Mountains and Carrington Island, to join the
pronounced gravity low center over the Lakeside-Stans-
bury graben. Such continuation indicates that this arm
of the northern Cenozoic basin probably extends south-
ward to connect with the Cenozoic structural basin
within the Lakeside-Stansbury graben.

Faults. The gravity data indicate many major Basin
and Range fault zones, which are shown on plate 2. The
location of each fault, indicated by the gravity data was
obtained from either the gravity map (plate 2) or the
interpretive geologic cross sections along the four
profiles (to be discussed later). Most of the faults shown
on plate 2 are newly designated but will be only briefly
mentioned.

The Great Salt Lake graben is bounded by the
following fault zones: 1) on the northwestern margin, by
the East Lakeside Mountains fault zone; 2) on the
southwestern margin, by the East Carrington-Stansbury
Islands fault zone; and 3) on the eastern margin, by the
Fast Great Sali Lake fault zone, which extends con-
tinuously from the Rozel Hills south-southeastward
along or near the western margin of the Promontory
Range, Fremont Island, South Little Mountain, and
Antelope Island.

The Strongknob graben is bounded on the east by
the West Lakeside Mountains fault zone. The Bear River
Bay graben is bounded on the west by the East Promon-
tory Mountains fault zone. The Lakeside-Stansbury
graben is bounded on the west by the East Lakeside
Mountains fault zone and on the east by the West
Carrington-Stansbury Islands fault zone. The Antelope
Island horst is bounded on the east by the East Antelope
Island fault zone.

Each of the Basin and Range fault zones are
generally comprised of individual step faults that form a
sinuous and/or braided pattern on the geologic map
(plate 2). The indicated locations and throws of the
faults and the configuration of the bedrock are shown
in the profiles.
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Profiles

Interpretive geologic cross sections were con-
structed along four east-west profiles (A-A’ through
D-D'. figures 4 - 7) across the Great Salt Lake, using the
two-dimensional modeling technique of Talwani and
others (1959). Simple two-layer models were assumed in
each cross section. A density contrast of 0.5 gm/cc was
assumed between the bedrock (bottom layer, with rocks
of pre-Tertiary age) and the top layer (valley fill, with
rocks of Quaternary and/or Tertiary age); vertical or
steeply dipping faults were assumed in all models. It
should be noted that all interpretive geologic cross
sections have a vertical exaggeration so that apparent
dips are greatly exaggerated. The water in the Great Salt
Lake is too shallow (less than 30 feet during 1968) to be
included in the cross sections.

The figure for each profile is divided into three
parts: (1) part “a”, which shows the “observed” simple
Bouguer gravity anomaly values, in milligals, with the
assumed regional gravity trend; (2) part “b” which
shows the residual gravity values, in milligals, after the
assumed regional gravity trend has been removed from
the observed gravity values; and (3) part “c” which
shows the interpretive geologic cross section with the
gravity station locations marked on the profile. In part
“¢” of three profiles, “contour stations” are indicated at
locations along those portions of each profile for which
the gravity control was based on contoured values only.
These values were taken from the gravity map (plate 2).

Because of the inherent ambiguity of gravity data,
the models should not be considered unique; however,
based on all available information, they are believed to
represent a reasonable interpretation of the structural
configuration of the contact between the valley fill and
the bedrock. For those faults alrsady mapped at the
surface (Stokes, 1963), the locations of the faults shown
on the profiles agree with those of the mapped faults.
For those faults interpreted from the shallow reflection
seismic survey over the lake during 1969, reported by
Mikulich (1971) and Mikulich and Smith (1974), the
location of the faults shown on the profiles generally
agree well with those interpreted from the seismic
survey, with a few notable exceptions that will be
discussed later. This seismic survey had a maximum
depth of penetration of only 4,000 feet below the
surface of the lake. It should be noted that the actual
number of faults along each profile, especially those at
great depth, may be more or less than those shown in
the profile. However, for the density contrast assumed
for each profile and the total thickness of the valley fill,
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the overall configuration of the bedrock surface is
considered reasonable. [t should be emphasized that if
the true density contrast between the top (valley fill)
and bottom (bedrock) layers of rocks is less or greater
than the assumed value of 0.5 gm/cc, the thickness of
the top layer (valley fill} will be correspondingly greater
or less, respectively, than that shown in the models.

Profile A-A’. Profile A-A’ (figure 4) extends for
about 29 miles along lat 41°28° N approximately across
the northern Cenozoic basin between the Terrace
Mountains and the western tlank of the Promontory
Mountains (see plate 2). The mode! shows the Great Salt
Lake graben with a small, buried horst in the bedrock
approximately midway between the Terrace Mountains
and the Rozel Hills. This sinall, narrow horst is apparent-
ly the northern continuation of the Lakeside Mountains
horst, a large block which forms the Lakeside Moun-
tains, and Gunnison and Cub islands, as discussed earlier.
The maximum depth to bedrock in the Great Salt Lake
graben along profile A-A’ is positioned just west of the
Rozel Hills, and is indicated as being about 3,600 feet.

Just east of the Grear Salt Lake graben is a small
horst which comes to within about 600 feet of the
surface. This horst separates the Great Salt Lake graben
from the Rozel graben, which lies under the Rozel Hills.
The Rozel graben has been described elsewhere in detail
by Cook and others (1966).

Profile B-B’. Profile B-B’ (figure S) extends for
about 38 miles at lat 41°15' N approximarely along the
Southern Pacific Railroad between the Olney siding,
west of Strongknob Mountain, and South Little Moun-
tain, east of Promontory Point (plate 2). The protile
passes through Lakeside and Promontory Point. Ap-
proximately 19 miles of the profile lic along the cause-
way which crosses the lake.

On the west, the model shows the Strongknob
graben, which has been described eisewhere in detail by
Cook and others (1966). To the east of the Strongknob
graben are successively, the Lakeside Mountains horst,
the Great Salt Lake graben. the Promontory Mountains
horst, and the Bear River Bay graben. Along protile B-B’,
the maximum depth to bedrock is apparently along the
deep western margin of the Great Salt Lake graben,
which corresponds with the deep eastern base of the
Lakeside Mountains horst. Moreover, the northern
Cenozoic basin is apparently deepest here; and the
maximum basin fill is indicated as about 7,100 feet. The
Bear River Bay graben has been described elsewhere in
detail by Cook and others (19606).

Profile C-C*. Profile C-C’ (figure 6) extends for
about 34 miles along lat 40°47" N approximately be-
tween the Lakeside Mountains and Antelope Island
(plate 2). The profile crosses over a narrow peninsula of
Quaternary rocks extending south of Carrington Island
and continues eastward for about 20 miles over the lake
itself. Beneath the western part of the profile is the
Lakeside-Stansbury graben, which has been described
elsewhere in detail by Cook and others (1906). Beneath
the cenural part of the profile is the Carrington-Stans-
bury Islands horst, the top of which is buried beneath a
thin cover of Quaternary rocks. The Great Sait Lake
graben lies between Stansbury Island and Antelope
Island. The maximum depth to bedrock along the profile
is approximately midway between the two islands and is
indicated as 7,600 feet. 1t should be noted that this
part of the Great Salt Lake graben is in the southern
Cenozoic basin,

Profile D-D’. Profile D-D’ (tigure 7) extends for
about 41 miles along lat 40°50" N approximately from
the Lakeside Mountains eastward acioss  Stansbury
Island (with a slight offset in the profile), the southern
part of the Great Salt Lake (with a slight bend in the
profile in the central part of the lake), the southern tip
of Antelope island, and along the road causeway be-
tween Antelope Island and the mainland (plate 2). The
profile crosses the following structures, successively
from west to cast: Lakeside Mountains horst, Lakeside-
Stausbury graben, Carringion-Stansbury isiands horst,
Great Salt Lake graben, Antelope Island horst, East
Antelope Island graben, and Farmington Bay horst. The
East Antelope Island graben and Farmmgton Bay horst
have been described elsewhere in dertail by Cook and
others (1966).

Along profile D-D", the basenient configuration is
strikingly asymmetrical. In particular, the Great Salt
Lake graben is deepest toward Antelope Island where
the maxtmum depth to bedrock is indicated as about
9,700 feet. It should be noted that although the maxi-
muin depth to bedrock within the Great Salt Lake
graben is greater along profile D-D "than profile C-C the
deepest part of the southern Cenozoic basin lies south of
profile D-D | where the Great Salt Lake graben joins the
Tooele Valley graben (plate 2). Consequently the
maximum thickness of the valley fill in the southern
Cenozoic basin probably exceeds 9,700 feet.

Summary of profiles

The maximum depths to bedrock indicated within
the various grabens along the four profiles A-A’ through



136

D-D' are summarized in table 1. Also in the table,
a comparison between the maximum depth to bedrock
indicated in this paper with depth estimates given by
Cook and others (1966) shows good agreement. The
discrepancy in the estimated depths to bedrock for the
East Antelope lIsland graben can be explained partly
because an assumed regional gravity trend is removed in
this paper. whereas none was removed by Cook and
others (1966).

Although the structures shown in the interpretive
geologic cross sections are considered a reasonable
interpretation, based on the available gravity and geolog-
ic control, they should not be considered a unique
interpretation. An equally good fit of the computed and
residual gravity could be obtained by assuming a larger
number of step faults than those actually shown. Also,
the angle of dip shown on the faults is subject to much
uncertainty, but the values assigned are considered
reasonable. For an assumed density contrast greater or
less than the value of 0.5 gm/cc used, the interpreted
locations of the inferred faults would not have changed
appreciably. However, the total throw of the postulated
taults would be correspondingly less or greater, respect-
ively, and the maximum thickness of the Cenozoic valley
fill in the central part of the grabens would be cor-
respondingly less or greater, respectively, than that
shown in the profiles.
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A significant result of the interpretive geologic
cross sections is that within the Great Salt Lake graben,
the maximum thickness of the Cenozoic valley fill in the
southern Cenozoic basin (indicated as about 9,700 feet
on profile D-D’) is much greater than that in the north-
ern Cenozoic basin (indicated as about 7,100 feet on
profile B-B").

COMPARISON OF RESULTS OF SEISMIC AND
GRAVITY SURVEYS

During 1969, an extensive seismic reflection
survey was made over the Great Salt Luke (Mikulich,
1971; Mikulich and Smith, 1974). The maximum depth
of penetration of the Bolt air gun used for this survey
was only 4,000 feet.

A comparison of the results of the seismic and
gravity surveys shows that most of the faults that were
indicated by the seismic data (not shown on plate 2)
correspond well with the faults interpreted from the
gravity data (shown on plate 2). In particular, the best
correspondence is noted for the larger, elongate, north-
south trending Basin and Range faults that delineate the
east and west margins of the complexly faulted Great
Salt Lake graben. Some of the individual step faults
along fault zones marginal to the graben probably have
vertical throws of 1,000 feet or more, and are indicated

Table 1. Summary of indicated maximum depths to bedrock along profiles.

Name of graben Profile Maximum depth to Estimated depth to
bedrock -- this paper bedrock (Cook and
(feet) ! others, 1966) (feet)?

Great Salt Lake (Northern basin) A-A’ 3,600 - —

Rozel A-A’ 3,900 >2,350

Strongknob B-B’ 6.400 >1,500

Great Salt Lake (Northern basin) B-B’ 7,100 - —

Bear River Bay B-B’ 5,800 >1,500

Lakeside-Stansbury c-C’ 3,500 >1,500

Great Salt Lake (Southern basin) c-C’ 7,600 ——

Lakeside-Stansbury D-D’ 7,000 >2,500

Great Salt Lake (Southern basin) D-D’ 9,700 ——

East Antelope Island D-D’

Tooele Valley N

8,100 6,100°

! Based on an assumed density contrast of 0.5 gm/cc between the bedrock and valley fill.
? Estimated from the Bouguer approximation and an assumed density contrast of 0.4 gm/cc or 0.5 gm/cc between the

bedrock and valley fill — — unless otherwise noted.

3Value along profile B-B’, figure 4, Cook and others, 1966, p. 70. Based on an assumed density contrast of 0.5
gm/cc. Also depths to bedrock of 4,600 feet and 7,900 feet are indicated for assumed density contrasts of 0.6

gm/cc and 0.4 gm/cc, respectively.

*Value along profile A-A’, figure 3, Cook and others, 1966, p. 66. Based on an assumed density contrast of 0.4

gm/cc between the bedrock and valley fill.
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by both gravity and seismic data at approximately the
same locations. The faults that show good correspond-
ence are in the following areas: 1) along the East Great
Salt Lake fault zone west of Antelope Island (along
profile D-D’) and west of Promontory Point (along
profile B-B’) and 2) along the East Lakeside Mountains
fault zone east of Lakeside (along profile B-B").

As expected, several faults interpreted from the
seismic data were not indicated by the gravity data
because the faults were in either Quaternary or Tertiary
sediments with insufficient density contrast on either
side of the fault. Also some faults interpreted from the
seismic data were of insufficient vertical throw to be
resolved in a regional -type bottom gravity survey.

SUMMARY AND CONCLUSIONS

The bottom gravity meter survey of the Great Salt
Lake made possible the compilation of a simple Bouguer
gravity anomaly map and interpretive geologic cross
sections along four east-west gravity profiles across the
lake that provided helpful information concerning the
geologic structures beneath the lake. The large gravity
low, that extends for a distance of about 70 miles,
essentially the entire length of the lake, indicates a large
north-northwestward trending graben beneath the lake.
The closely spaced gravity contours, with steep gravity
gradients, indicate that the graben is bounded on each
side by large Basin and Range fault zones. On the
northwestern side is the East Lakeside Mountains fault
zone; on the southwestern side is the East Carrington-
Stansbury Islands fault zone; and on the east side
is the East Great Salt Lake fault zone. All fault names
are newly designated. The large gravity low centers that
lie north and south of the gravity saddle that extends
between Bird (Hat) Island and the Promontory Point-
Fremont Island area, indicate that at least two Cenozoic
structural basins of deposition probably formed within
the large graben between the Dolphin Island-Rozel Hills
area and the Tooele Valley graben. The two basins are
designated the “northern Cenozoic basin™ and “southern
Cenozoic basin™ to the north and south, respectively, of
the gravity saddle.

The geologic cross sections along the gravity
profiles, based on a density contrast of 0.5 gm/cc
between the bedrock and valley fill, indicate that the
maximum thickness of the Cenozoic structural basins
(valley fill) are 1) about 7,100 feet in the northern
Cenozoic basin, along profile B-B" and 2) about 9,700
feet in the southern Cenozoic basin, along profile D-D".

An assumed larger or smaller density contrast would
result in correspondingly smaller or larger thicknesses,
respectively.

The new gravity data over the Great Salt Lake,
used in conjunction with the previous gravity data over
the adjoining mainland (Cook and others, 1966), afford-
ed an interpretation of the continuity and interrela-
tionships of the geologic structures. For example, the
Great Salt Lake graben is continuous with the Tooele
Valley graben. Also, an arm of the northern Cenozoic
basin within the Great Salt Lake graben probably
extends southward, with some constriction, between the
Lakeside Mountains and Carrington Island to connect
with the Cenozoic structural basin within the Lakeside-
Stansbury graben.

ADDENDUM

Since the final draft of the simple Bouguer gravity
anomaly map (Plate 2) and interpretive geologic cross
sections along the four gravity profiles across the Great
Salt Lake were completed (during April 1975), in
preparation for oral presentation at scientific meetings
during 1975 (Cook and others, 1975; Cook and others,
1976), the Amoco Production Company initiated a test
drilling program of the Great Salt Lake during May,
1978. Nine drill holes were planned, five in the north
arm of the lake and four in the south arm. The locations
of the test holes were apparently based on the results of
a deep reflection seismic survey started on July 25,
1973, by the Amoco Production Company.! This
survey used a specially constructed barge 60 feet long,
with a total of 14 air guns (7 air guns mounted on
each side of the barge). The depth of penetration was at
least 12,000 feet.

The locations of ali 9 Amoco test holes, presently
drilled or proposed, in the Great Salt Lake are shown on
plate 2. Some of the test holes are projected into the
appropriate nearest interpretive geologic cross sections
along the gravity profiles. At the time of submittal of

!The information herein concerning the
deep reflection seismic survey by the Amoco
Production Company is based on notes
taken by K. L. Cook during a joint lecture
by Craig Hansen and Charles (Bud) Ervin,
geophysicists of the Amoco Production
Company, Denver, Colorado. The lecture
was presented on December 3, 1974, as part
of a Great Salt Lake Seminar conducted at
the University of Utah, under the super-
vision of Professor James A. Whelan, Depart-
ment of Geology and Geophysics.
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Table 2. Amoco Production Company, State of Utah drilled or proposed well locations in Great Salt Lake (Source - Utah Geological and Mineral

Survey, August 1979 and Survey Notes, August 1979).

Well Designation

Section, Township. Range

NORTH BASIN
J-1
(South Rozel)

K-1
(North Gunnison)

D-1
(West RozeD)

Indian Cove No. 1
(IC-1 on plate 2)

West Rozel No., 2
(WR-2 on plate 2)

SOUTH BASIN®
E-1

I-1
G-1

H-1

C-NE-SW Sec. 21-8N-7TW

C-NE-SE Sec. 11-8N-9W

C-NW-SW Sec. 23-8N-8W

C-SW-SE Sec. 23-7TN-7W

S-NW-SW Sec. 15- 8N-8§W

C-NW-SW Sec. 19-3N-4W

C-NW-SW Scc. 15-3N-SW

C-SE-NW Sec. 29-3N-5W

C-NW-SW Sec. 11-3N-6W

Latitude N® Longitude wé Total Depth (TD) Lithology
deg  min deg min {feet) and Status! at TD
41° 24.36' 112° 3924 6.802 Palcozoic
(D) carbonates?
o : o v
41° 2004 112° 4921 4 492 Puleozoic
(D) carbonates
4 2436 112°  44.04° 8.503 2
(T)
41° 19.06° 112°  36.59° 12,470 Precambrian
(D) schists
41° 2525’ 112° 45.18° 2,700 (approx.) Rozel Point
(T) basalt®
40° 5856 112° 21.09" Proposed to -
12.0007
40° 59.42’ 112° 24.59° Proposed .
40° 5797 112° 26.66' Proposed -
o ' O ’
41 00.28 112 30.36 Proposed -

l(T) = Temporarily abandonced.

(D) = Dry and abandoned.

Source -~ Survey Notes, August 1979,

2 paleozoic carbonates at about 6,325 teet. Tested heavy oil from basalt at 2,300 feet depth. (Survey Notes, August 1979).

3Pump tests recovered 8,000 barrels of heavy oil at rates as high as 1,500 barrels per day from 2,300 feet to total depth. (Survey Notes, August 1979).

4palcozoic carbonates at 6,000 teet (Survey Notes, August 1979).

5 No Paleozoic rocks penctrated. Precambrian at 12 450 feet (Survey Notes, August 1979).

6Drilling.Y operations are scheduled to begin in late summer of 1979 (Survey Notes, August 1979).

7Survcy Notes, August 1979.

8Coordinates of latitude and longitude of the wells were determined from a map {on which the well locations had been determined from the citation by

section, township, and range) kindly furnished by Howard R. Ritzma, Utah Geological and Mineral Survey.

this paper for publication (August, 1979), the five test
holes on the north arm of the lake had been completed,
and the first test hole on the south arm of the lake was
still in preparation to be drilled. No well logs were
available because, under the terms of the state of Utah
land leases to the Amoco Production Company, these
data are to be considered proprietary until 7 months
following the completion of each well.

Table 2 gives 1) the names and locations (both by
section, township, and range and also by latitude and

longitude) of all 9 Amoco test holes in the Great Salt
Lake (both those already drilled and those proposed); 2)
the total depth of each test hole drilled to date (August
1979); and 3) miscellaneous lithologic information that
has been released by the Amoco Production Company.

it should be emphasized that in projecting the
Amoco test holes into the appropriate nearest geologic
cross sections along the gravity profiles, the projection
was made along the trend of the gravity contours (plate
2), and hence along the indicated trend of the geologic
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structure (i.e., Basin and Range fault zones). Because the
distances of the projections were necessarily large for the
two profiles (A-A’ and B-B’) along which the Amoco test
holes have been completed, and especially because the
complete well logs are not yet available, any comparison
between the available drilling data and the indicated
maximum depth to bedrock, as shown on the profiles. is
of limited value.

For example, test hole K-1, which is projected
onto profile A-A’ (figure 4), actually lies about 3 miles
south-southeast of profile A-A’ at a point within the
north Cenozoic basin where the lower gravity values
indicate a somewhat larger thickness of valley fill than
along profile A-A’. Similarly, test hole 1C-1, which is
projected onto profile B-B’, (figure 5), lies about 7 miles
north-northwest of profile B-B’; but here a comparison is
more ditficult. In particular, it is reported (Survey
Notes, August 1979) that in test hole IC-1 (1) no Paleo-
zoic rocks were penetrated and (2) Precambrian rocks
were penetrated at a depth of 12,450 feet.

These early drilling results indicate that the
maximum depth to bedrock shown along profile B-B’
(tigure 5) is probably too small and that therefore the
assumed average density contrast of 0.5 gin/cc between
the bedrock and valley fill is probably too large for the
northern Cenozoic basin. This indication has been cor-
roborated by the measurement of the density of a dense
gray siltstone core sample from Amoco test hole I1C-1
(the one projected into profile B-B’, figure 5) from a
depth of approximately 5,500 feet. The density was
2.54 gin/ce (J. W. Gwynn, Utah Geological and Mineral
Survey, August 14, 1979, personal communication).
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APPENDIX 1
DESCRIPTION OF GRAVITY BASE STATIONS
1 Little Valley Gravity Base Station

The station is located on U. S. government bench-
mark “BM 4205 on the land surface at Little Valley

s 3 -
5=z s 0 "
/7" Roag ™y H
Little Valigy. P i T
base station 7 W I
: 8™ // \\ /i
4208 1} AN BT
" \~-—\-——‘_—/
X “
Build!nq

Note: The coordingtes of
the USGS Gaging Station
are as follows:

Lat.  41° 15'30"

Long. li2° 29'58"

Sec. il
Sec. 14

T.6N. R6W.

500
[ e —— ——— |

Scale in feet

Figure 8. Sketch map showing location of Little Valley
gravity base station.
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Harbor northwest of Promontory Point (figure 8). The
benchmark is shown on 1) the U. S. Geological Survey
7-1/2 minute topographic quadrangle map ‘“Pokes
Point, Utah™ and 2) the map entitled “Great Salt Lake
and Vicinity, Utah™ published in 1974 jointly by the U.
S. Geological Survey and the Utah Geological and Min-
eral Survey. The coordinates of the station are: lat
41°15.53" N and long 112°29.90' W.

2. Silver Sands Gravity Base Station

The station is located at Silver Sands Beach near
the southwest end of the 60-foot-wide breakwater that
forms the County Boat Harbor about 0.12 mile (0.2 km)
southwest of U. S. government benchmark “BM 4209
that is shown on the 1) Garfield, Utah (1952) 7-1/2
minute topographic quadrangle map of the U. S. Geo-
logical Survey and 2) the map entitled “Great Salt Lake

Sloping
slabs §

3

%7
o
s 2 | —ms—
GAY e 5
t % é;}%bg B#Swﬂon 'g
o~ o “,/ oathouse T
® o 22; AN —
oS Z S
20 I —— o
S S /OZ >
) ) -~
8 G /AJ¢ (4195) §
(&

Note: Figure depicts
configuration of harbor
at time of survey.(1968).

Figure 9. Sketch map showing location of Silver Sands
gravity base station.

and Vicinity, Utah,” published in 1974 jointly by the
U. S. Geological Survey and the Utah Geological and
Mineral Survey. The station is located on top of a sand
bar that lies immediately southeast of the breakwater
about 120 feet northeast of the southwest end of the
breakwater (figure 9). The elevation of the top of the
sand bar is about S feet below that of the top of the
breakwater and was about 2 feet above the level of the
south arm of the Great Salt Lake on July 28, 1968
during the time of the gravity survey. The station, which
was marked in 1968 by a metal stake driven onto the
sand bar, is 15 feet southeast of the bottom of the
breakwater and 30 feet northeast of the northeast side
of the boathouse which in 1968 contained the water-
level marker for the Great Salt Lake in this area. The
coordinates of the station are: latitude 40° 44.11° N
and longitude 112° 12.81' W.

APPENDIX 2

Elevations of the Great Salt Lake during the grav-
ity survey (data supplied by Leonard Hedberg, Utah
Geological and Mineralogical Survey, August 1968).

Elevation of Great Salt Lake —South Arm (Boat Harbor
Gage) For Period July 1-27, 1968

Elevation (Ft.)

Date Above MSL
July Voo 4,19548
D e 4,195.45
2 4,195.45
4 4,195 .40
S 4,195 .40
B 4,195.40
T o 4,195.38
S 4,195.38
O 4,195.38
10, . 4,195.35
8 4,195.33
1 e 4,195.33
1 4,195.33
14 . e 4,195.28
1S 4,195.25
16, 4,195.25
L7 419528
IS 419522
19 . e 4,195.18
20 . o e 4.195.18
2l 4,195.13
2 e e 4,195 .05
2 e e 4,195.05
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24 4,195.05
L 4,195.05
20 4.195.03
2T 4,195.00
Considerable storm activity occurred during July 22-23.
Maximum elevation: . ... ... ... .. ..... 4,195.42
Minimum elevation:. .. .. ... ... ... .... 4.194 05
Elevation of Great Salt Lake — — North Arm
(Saline Gage) For Period July 28-August 9, 1968
July 28 0 4.194.30
2 4,194 .28
30 4.194.30
3l 4,194 30
Aug. ..o oo 4.194 .25
e 4,19423
R 4,19423
4 4,194 .20
S 4,194 .20
O 4,194.15
T 4.194.15
B 4,194.15
O 4.194.13

Large storm occurred on August 3, from about 6:00
p.m.. until midnight.

Maximumelevation . . . ............... 4,195.25
Minimumelevation:. . . ... ... .. ... ... . 4,193.32

APPENDIX 3

Data on density of waters of the Great Salt Lake during
the summer of 1968 (data supplied by James A.Whelan,
Department of Geological and Geophysical Sciences,
University of Utah, and Leonard Hedberg, Utah Geo-
logical and Mineral Survey, September 1968).

North Arm

Density varies from 1.21 to 1.23 gin/cc.
Average density is 1.22 gm/cc.

South Arm
Density of water from surface of lake to a depth of 20
feet is 1.14 gm/cc.
Density of water layer between this depth (20 feet)
and bottom of the lake is 1.21 gm/cc.

APPENDIX 4

Principal facts of gravity stations for the bottom gravity

Utah Geological and Mineral Survey. Bulletin 116. 1980

meter survey of the Great Salt Lake (as compiled by the
U. S. Army Map Service during December 1968) are
shown on table 3.

EXPLANATION

The listing contains consecutively, from left to right:

Station name.

Station number.

Latitude, in degrees and minutes.

Longitude, in degrees and minutes.

Elevation of Great Salt Lake, in meters, when station
was taken.

Depth to bottom of lake, in meters, at location of sta-
tion.

Observed gravity, in milligals.

Free-air gravity anomaly value, in milligals.

Simple Bouguer gravity anomaly value, in milligals
(using, for the Bouguer correction, an average
density of 1.22 gm/cc for the lake water and
2.67 gm/cc for the material between the lake
bottom and mean sea level).

Theoretical gravity at mean sea level, using the Inter-

national Gravity Formula, in milligals.

Notes: The observed gravity value at Salt Lake City
airport base station K was taken as 979.815.444 mgal
(Cook and others, 1971). Using this value, the ties to
the Little Valley and Silver Sands gravity base stations,
which were made with the LaCoste and Romberg land
gravity meter No. 123, resulted in observed gravity
values of 979,906.540 mgal and 979,825.407 mgal,
respectively, for these base stations. It should be noted
that the arbitrary (and incorrect) values given in the
listing for the latitudes and longitudes of these two base
stations only do not affect the accuracy of the values
of the observed gravity of these base stations.

The simple Bouguer gravity anomaly values used
in contouring the map shown on plate 2 over the Great
Salt Lake itself (i.e., for the bottom gravity meter sta-
tions only) were obtained by adding algebraically 4.36
mgal to the simple Bouguer gravity anomaly values
shown in the listing. This adjustment was made so that
the gravity contours over the Great Salt Lake would fit
smoothly with the simple Bouguer gravity anomaly
contours (obtained from the land gravity meter surveys)
over the land adjacent to the lake published by Cook
and others (1966). For these land gravity meter surveys
(Cook and others, 1966, p. 59), the reference for ob-
served absolute gravity was the U. S. Coast and Geodetic
Survey pendulum station No. 49, in the Temple Grounds
in Salt Lake City, for which the absolute gravity value
was accepted as 979 806 mgal (Duerksen, 1949, p. 8).
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STA NAME AND NUM

SILVER SAanDS 3000

Ney i
[ 2
NeD 3
M=1 4
M=2 s
n-y 6
M=y 7
Mo 8
Moy 9
£3 10
L2 il
ti 12

SILVER SaND 4000
SS2 HBR (ND 20000

K-t 13
K=2 i4
<=3 15
J=5 16
K=4 17
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K=§ 19
Jmy 20
1-12 21
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1-10 23
1~5 24
H=4 25
H=3 26
He2 27
Hat 28
Hela 29
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1-4 31
J=2 32
1-6 33
1=-7 34
1-8 as
-9 36
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Fi 38
F2 39
F3 40
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44496
42436
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494,80
49470
49470
49480
49470
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54454
60.00
60400
5737
57.88
88.19
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§7463
58424
§8e66
2¢U2
7480
Te40
7420
S+ 40
11460
11440
1160
11060
11e60
6010
8e10
3¢90
5e90
600
6400
6¢10
3.50
6000
2033
19673
2034
20409
14013
1993
149e97
15¢14
15440
15¢54
15463
24061
260206
26423
24474
24.8¢0
25401
25429
25400
28441
2858
28eb1]
33471
33.80
39.01
28041
28462
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P AL

LONG
EA

=111
=112
-112
-112
-112
~112
-112
-112
=112
-t12
-i112
-112
-112
LR R
-111
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=112
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=112
=112
=112
=112
=112
~112
-112
=112
=112
-112
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=11z
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-112
-112
=112
-112
=112
-112
=il
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-112
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=112
-112
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-112
-112
-112
-112
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1 TUDE FLEVATION
ST ¢+ METERS

60400 1278+715
23,38 127024715
22.07 12784715
16,10 12784715
26,00 12784715
24440 12784715
234,30 12784715
21460 1278715
20,00 12784715
19,80 12784715
18473 §2769724
21492 1278e¢724
23,31 12784724
60,00 12780724
6N,00 1278+478
31.87 12784654
27.27 12780454
23443 12784454
21452 12784654
29483 12784454
24439 12784654
1926 12784654
2655 12784654
1830 12789654
20470 12784654
22.50 12784654
35,10 1278¢454
2900 1278,648
32480 12784648
3760 127844648
4330 12784639
47470 127948639
37460 12790639
4150 12784439
41450 12784639
3310 12784639
3. i0 127844639
29430 127844239
27+20 12784639
31,00 1278639
61, 00 12784407
§Ne48 12784395
43,72 12784395
39,03 12784395
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THE GREAT SALT LAKE BRINE SYSTEM

by Paul A. Sturm
Research Geologist, Utah Geological and Mineral Survey

INTRODUCTION

The Great Salt Lake, a dessicated remnant of
Pleistocene Lake Bonneville, is a very complex saline
body of water. The interrelationships of the various
facets of the Great Salt Lake brine system are described
in the following sections:

History of Great Salt Lake Brines

Physical Characteristics of the Lake Brines
Composition of the Lake Brines

Dissolved Solids inflow to the Lake

Dissolved Solids Load (Salt Load) in the Lake
Brine Concentration Changes

UGMS — Great Salt Lake Research Programs
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HISTORY OF GREAT SALT LAKE BRINES
Introduction

The dissolved solids present in the brines of the
Great Salt Lake were derived, in part, from those salts
that were contained in the waters of Pleistocene Lake
Bonneville. Evaporation concentrated those dissolved
solids into what is now Great Salt Lake brine. Additional
dissolved solids were then and are still being brought
into the lake by inflow (i.e., rivers, groundwater, rain-
fall).

The Great Salt Lake is one of the most saline lakes
in the world. Table 1 shows the concentration in weight
percent (wt.%) and the percent of dissolved solids of a
Great Salt Lake (GSL) brine compared to brines of the
Dead Sea and the ocean. The dissolved solids data show
that the Great Salt Lake is quite similar in compo-
sition to the ocean, while both of these brines vary
significantly from Dead Sea brine in their proportions of
chloride, sodium, and sulfate.

Table 1. Typical brine compositions

Concentration in brine, Wt.% |g/100 g dissolved solids
Constituent GSL  Dead Sea Ocean | GSL Dead Sea Ocean
chloride 14.1 17.5 1.94 [55.2 65.1 55.4

sodium 7.6 33 1.08 [29.8 12.3 30.8
sulfate 2.0 0.7 0.27 7.8 2.6 7.7
magnesium 1.1 34 0.13 | 4.3 12.6 3.7
calcium 0.02 1.4 0.04 0.06 5.2 1.1

Total Wt. % 25.52 26.9 3.50
From tlint, 1971

Precauseway (1960) Conditions

Prior to the completion of the Southern Pacific
Railroad (SPRR) causeway in 1959, which replaced a
12 mile long wooden trestle, the Great Salt Lake was a
continuous, relatively homogeneous saline body of
water. Changes in concentration were dependent only on
inflow and evaporation. Somewhat more concentrated
brine was present in the western and northern portions
of the lake, where higher evaporation rates were ex-
perienced than on the remainder of the lake because of
the hot, dry summer winds coming from the arid regions
directly to the north and west. Precipitation, in contrast,
is heaviest on the eastern and southern portions of the
lake, which reduces brine concentration in those areas.
(A more complete discussion of precipitation and
evaporation patterns over the Great Salt Lake is con-
tained in Gwynn and Sturm, Solar Ponding Adjacent to
the Great Salt Lake and other papers, this volume). The
concentration of brine is also diminished by the fresh
water near the areas of major surface inflow, located on
the southern and eastern portions of the lake.

) P - o
Wooden railroad trestle across Great Salt Lake that was con-
structed in 1902 and replaced by a rockfill causeway in 1959.

Post Causeway (1960) Conditions

The central twelve mile portion of the SPRR
causeway was designed as a permeable rockfill structure
with two concrete box culverts to permit brine transfer
through the structure. The causeway has essentially
divided the lake into two bodies of water, the north arm
and the south arm, with each arm developing its own
physical and chemical characteristics.
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PHYSICAL CHARACTERISTICS OF THE
LAKF BRINES

Color, turbidity, head difference. density, and
south arm stratification are the major differences that
have been noted between the north and south arms since
the causeway’s construction.

Color

The color of the brine is the first and most dra-
matic difference that can be seen between the north and
south arms of the lake. The north arm brine appears
reddish-pink in color. whereas the south arm brine is
blue-green. The coloration in both arms is the result of
innumerable algae and bacteria of the few species which
are able to survive in these saline lake waters. The
blue-green species of algae are more suited to the lower
salinity of the south arm, and the red algae to the greater
salinity of north arm.

SOUTH ARM

CAUSEWAY

Utah Geological and Mineral Survey, Bulletin 116, 1980

Turbidity

The turbidity or lack of clarity of the lake’s brines
is measured by the depth at which a secchi disk, a 12
inch diameter white plastic disk. is no longer visible
in the brine. In the north arm, turbidity is mainly due to
the algae. etc. which cause the reddish-pink color of the
brine. The turbidity measurements throughout the north
arm vary from as much as three feet during the spring to
less than one foot during the fall.

The turbidity of the south arm varies both with
location and time. The inflow areas of the south arm
have the greatest turbidity due to finely divided sus-
pended sediments from the rivers. In general, the eastern
side of the lake is more turbid than the western side.
The turbidity of the south arm varies from four feet
during the winter to twenty-four feet during the spring
and into the summer. The high turbidity of the south
arm in the late winter is a result of suspended mirabilite

NORTH ARM

Looking west at the western end of SPRR causeway, near lakeside. Note darker coloration of south arm (blue-green) versus light-

cr coloration of north arm (reddish-pink).
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(table 2) and algae population. As the mirabilite dis-
solves during the spring and the newly hatched brine
shrimp consume the algae. the turbidity of the brine
suddenly decreases.

Density

The density (which is directly related to and is a
measure of ion concentration) differences that have
developed between the north and south arm brines of
the Great Salt Lake. since the construction of the SPRR
causeway, are an enhancement of precauseway con-
ditions, as previously discussed. The density of the lake
brine varies inversely with seasonal, yearly and long term
fluctuations in lake levels.

Head Difference

The head difference. or difference in surface
elevations between the north and south arms of the lake,
is most visible along the causeway. This difference is
caused by two factors. First, and most important, ap-
proximately 90% of the surface inflow to the lake enters
the south arm and causes an increase in volume which is
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not immediately transferred through the causeway to
the north arm. Second. the difference in brine density
between the two separated arms of the lake causes the
less dense south arm brine to be maintained at a higher
level than the more dense north arm brine.

South Arm Stratification

A density stratification or layering of the brine in
the south arm of the lake was first observed in 1965
(Hahl and Handy, 1969). Data prior to the construction
of the causeway. are insufficient to indicate whether or
not a density stratification was prevalent at that time.

The brine in the south arm is stratified into two
distinct layers. The top 20-23 feet is relatively clear and
odorfree. During 1979, the density at the 10 foot
depth varied from 1.089 to 1.110 g/cc. Below 20-23
feet, however, a sudden increase in density is measured.
Slightly below that increase, a discolored and fetid
(hydrogen sulfide-laden) brine is encountered which
continued downward to the bottom of the lake. The
density, at the 25 foot depth in the south arm varied
from 1.166 to 1.170 g/cc during 1979.

North end of cast culvert on SPRR causeway. Note drop in surface elevation (head difference) as the south arm brine flows into

the north arm.
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< CLEAR, ODOR-FREE
BRINE

< INTERFACE (~ 22"

TOP OF FETID
LAYER (~ 22.5%)

DISCOLORED, FETID
BRINE

DETRITAL MATERIAL
NEAR BOTTOM (~ 24

LAKE SEDIMENTS

Stratified column of lake brine and sediments. Note decreas-
ing clarity with increasing depth.

Table 2. Common minerals from the GSL brine system (natural
and processed).

Common Name Formula
Anhydrite CaSO0g4
Aragonite CaCOj
Arcanite (Potassium Sulfate) K,S0,4
Astrakanite (Bloedite) Nay S04 *MgS04°4H,0
Bischofite MgCl, *6H,0
Carnallite KC1-MgCl,*6H,0
FEpsomite (Bitter Salts) MgSO,4+7H,0

Glaserite (Apthitalite)
Mirabilite (Glauber’s Salt)

Na2 SO4 '3K2 SO4
Na; SO, *10H,0

Halite NaCi

Hexahydrite MgSO,4*6H,0

Kainite KC1-MgS04°2.75 H,0
Langbeinite 2MgSQ04 K, S04
Leonite MgSO4°K,S804°4H,0
Magnesium Sulfate MgSO4

Salt Cake (Thenardite) Na;SO4

Schoenite MgS04°K,S04°6H,0

Vanthoffite 3Nay SO4°MgSO4

Utah Geological and Mineral Survey, Bulletin 116, 1980

COMPOSITION OF THE LAKE BRINES
Major lons

The major cations (positively charged ions) in the
Great Salt Lake brines, in decreasing order of abun-
dance, are sodium (Na), magnesium (Mg), potassium (K),
and calcium (Ca). The major anions (negatively charged
ions), in decreasing order of abundance, are chloride (Cl)
and sulfate (SO,4). Each of these ions, in its relative
proportion to the other ions, forms an important link in
the brine chemistry of the lake. The minerals, most of
which contain waters of hydration, are formed from
these ions upon precipitation from the brine. The most
common minerals are listed in table 2.

Cations

Sodium: Sodium is the second most abundant ion
in the waters of the Great Salt Lake. During water year
1979 its concentration varied from a low of 40.0 g/l
(3.7%), to a high of 106.5 g/l (8.7%). Sodium chloride,
or common table salt, is the first and most common min-
eral to precipitate from evaporating Great Salt Lake
brines. If brine is sufficiently concentrated, sodium
sulfate, in the form of glaubers salt (mirabilite), will
precipitate naturally as a result of winter cooling. More
dilute brine requires colder temperatures for precipita-
tion of mirabilite. Other sodium bearing minerals that
can be produced through solar evaporation are astra-
kainite, glaserite, and vanthoffite.

Magnesium: Magnesium is the fourth most abun-
dant ion. The lowest magnesium concentration deter-
mined during water year 1979 was 5.4 g/l (0.50%) and
the highest was 11.9 g/l (0.97%). Magnesium minerals
begin to precipitate in industrial solar ponds after
approximately 65% of the water has been evaporated
from present north arm brine. The first magnesium
mineral to precipitate upon concentrating the brine is
epsomite, while other typical magnesium minerals, that
can precipitate after further concentration of the brine,
are kainite, schoenite, hexahydrite, and carnallite.
Magnesium chloride brine is the last major component in
the normal concentration path of Great Salt Lake brine.

Potassium: Potassium is the fifth most abundant
ion. During water year 1979, the potassium content of
the lake varied from a low of 2.9 g/1 (0.26%) to a high of
8.82 g/1(0.72%). Potassium minerals begin to precipitate
in industrial solar ponds after approximately 75% of the
water contained in present north arm brine has been
evaporated. Typical potassium bearing minerals pro-
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duced through solar evaporation are kainite, schoenite,
and carnallite.

Calcium: Calcium is the least abundant of the six
major ions. It varied in concentration from a low of 0.28
g/1 (0.026%) to a high of 0.45 g/l (0.036%) during water
year 1979. The calcium level in Great Salt Lake brine is
low as compared to the proportion of calcium in surface
inflow, because it readily reacts with carbonate and
sulfate ions to form nearly insoluable compounds.

Anions

Chloride: Chloride is the most prevalent of all the
ions. It varied in concentration from a low of 76.0 g/l
(7.0%) to a high of 190.7 g/1 (15.59%) during water year
1979. Besides with sodium, the chloride ion also pre-
cipitates with potassium and magnesium ions to form
complex salts in industrial solar ponds. Sodium chioride
co-precipitates with all other minerals as the pond brines
concentrate further. Other chloride salts that are found
in solar ponds are kainite, carnallite, and bischofite.

Sulfate: The sulfate ion is the third most abundant
ion in the Great Salt Lake brine system. Its concentra-
tion varied from a low of 10.2 g/l (0.94%) to a high of
25.0 g/1 (2.0%) duirng water year 1979. The sulfate ion
is particularly temperature sensitive, and will precipitate
readily with any of the major cations, especially upon
cooling of the brine. The most common sulfate salt is
mirabilite. A multitude of sulfate minerals can be
precipitated within solar ponds. The most common salts
are epsomite, hexahydrite, kainite, and schoenite.
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Waters of Hydration

The majority of the minerals precipitated from
Great Salt Lake brine contain waters of hydration, or
water molecules that are incorporated into the molecular
structure of minerals. Mirabilite (Na, SO, -10H,0), has a
very high degree of hydration. When warmed mirabilite
will completely dissolve in its own hydration waters.

Waters of hydration are a major concern when
considering the minerals from Great Salt Lake brine.
Water, thus incorporated into minerals, is effectively
removed from solution, and, depending upon the degree
of hydration, the type of minerals that will sequentially
precipitate from the brine are affected. Waters of hydra-
tion also effect the physical characteristics of some types
of minerals. When Great Salt Lake brine is acted upon
by either natural or man-induced forces, i.e., evapora-
tion, heating, cooling, etc., a great variety of minerals
can be produced. Table 2 lists some of these minerals.

Minor lons

The Great Salt Lake brine system contains many
minor or trace ions. Table 3 shows some of these ions
and their approximate concentrations in the three brine
types within the lake. The concentrations of these ions
are dependent on 1) the solubilities of potential com-
pounds containing these ions and 2) the supply of trace
ions to the lake. The solubilities of these ions are related
to both the composition and the concentration of the
lake brine.

Table 3. Approximate concentrations of trace ions in Great Salt Lake brines!,

Values in mg/l

BRINE TYPES NH, CO, NO, NO, Pas

Br* Li* B* asN HCO, CO, CO, Solids F OH as N asN Ortho
South Arm Shallow 60 20 20 0.3 650 ) 0 310 1.8 0 1.6 <0.05 0.6
South Arm Deep 105 33 33 4.5 500 S0 0 250 2.0 0 1.3 <0.05 1.9
North Arm 150 50 50 0.5 450 25 0 240 2.2 0 0.7 <0.05 0.5

Values in ug/l
Cr

As Ba Cd Cr as Hex Cu Pb Fe Mn & E E}_
South Arm Shallow 150 <500 <50 <100 25 170 <200 200 <50 <200 <5 50
South Arm Deep 250 <500 <50 <100 12 170 <200 <100 <50 <200 <5 60
North Arm 225 <500 <50 <100 12 170 <200 <100 <50 <200 <5 60

! From Utah State Division of Health Analysis Reports — Water Year 1979

* From UGMS Analyses



The inflow waters to the Great Salt Lake contain
concentrations of some ions, on a dry weight ratio, that
are greater than the dry weight ratio that exists in the
lake. This condition occurs when the cations in the
inflow waters, such as calcium, react readily with sulfate,
sulfide. and carbonate anions and precipitate from the
brine (i.e., CaSO,, CaCOj, etc.). The maximum concen-
tration at which these ions exist, as a dissolved species, is
dependent upon the solubility of the least soluble com-
pound of that jon in the brine of a particular concentra-
tion. The concentration of those ions that do not readily
react to form precipitates, such as lithium (Li), boron
(B), and Bromine (Br), is directly proportional to the
concentration of the brine. Such ions can be used to
monitor brine concentration because of their linearity of
concentration and because of their ease of analysis.
Other trace ions may be precipitated, or become more
soluable with increasing brine concentration, such as
iron (Fe) and zinc (Zn) respectively (table 3).

Radiochemistry

The radiochemistry, or naturally occurring very
low-level. low-intensity radioactivity that occurs within
the lake has only recently been investigated. A very
rudimentary investigation of several samples, utilizing
highly sophisticated radiation detectors, has shown
vertical stratification of various low-level radioactive
species in the lake brines. Further research is anticipated
and warranted to investigate this phenomena.

DISSOLVED SOLIDS INFLOW TO THE LAKE

The threc types of inflow to the lake, surface
inflow, subsurface inflow, and precipitation, each
contribute dissolved solids to the lake.

Surface Inflow
The Bear, Weber, and Jordan River systems, the
major sources of surface inflow to the Great Salt Lake,

contribute approximately 90% of the surficial inflow

Table 4. Great Salt Lake surface inflow data.

Utah Geological and Mineral Survey, Bulletin 116, 1980

and approximately 60-80% of the surficial dissolved
solids load entering the lake. The remaining surface
inflow and dissolved solids come from small streams and
canals. Arnow and Mundorff (1972) state:

“The water that enters Great Salt Lake in
the three main streams is quite different in chemi-
cal quality from the water in the headwaters of
these streams. Most of the runoff in the three
streams originates as snowmelt or rainfall on the
Uinta Mountains and Wasatch Range, and this
runoft is low in dissolved solids and ot the calcium
bicarbonate type — suitable for most any use.

In the lower reaches of the Bear and Jordan
Rivers, however, the dissolved solids increase
because of evapotranspiration, return flow from
irrigated lands, discharge of industrial and munici-
pal wastes, and groundwater inflow; and the water
type changes in these two streams as the major
dissolved constituents become sodium, chloride,
and sulfate. In the Weber River, however, the
dissolved solids do not greatly increase and the
water type remains the same.”

An approximate breakdown of the total surficial
inflow volume and contributed dissolved solid load for
water year 1964 is shown in table 4. The three major
river systems contributed 87% of the total surficial
inflow but only 59% of the total dissolved solids load
during that time. The other sources of surficial inflow,
springs, drains, and canals represented the remaining
13% of the inflow volume while contributing the re-
maining 41% of the dissolved solids load.

Table S shows the quality of water entering the
Great Salt Lake from the three major tributaries during
water year 1975, and illustrates the ranges of some
of the more common ion constituents. The total surface
inflow volume (table 4) represents 16% of the lake
volume. The total dissolved solids contained represent
only 0.05% of the dissolved solids load of the entire
lake. A standard surface elevation of 4200’ is assumed.

Percent Percent

Drainage of of Dissolved Acre Fect Tons Load
Source Area (mi?) Discharge Load (Thousands) {Thousands)
Bear River 6,800 53 37 940 795
Weber River 2,060 23 9 412 189
Jordan River 3.490 11 13 199 287
Other 9,150 13 41 219 878
Total 21,500 100 100 1,770 2,149

I'rom Hahl, 1968 — Data for Water Year 1964
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Table 5. Ranges of some dissolved solids constituents of major tributaries entering the Great Salt Lake (Water Year 1975).
Values in mg/l
Tributary Silica Calcium Magnesium Sodium Potassium | Bicarbonate Sulfate Chloride
High Low | High Low jHigh Low {High Low High Low { High Low High Low | High Low
Bear River
at Corrine 16 8 69 51 65 20 1300 59 22 7 372 211 67 31 { 460 85
Weber River
at Plain City 12 8 65 35 23 9 12 7 2 303 135 34 15 64 16

Jordan River
at 5800 So.

SLC 31 20 180 83 74 54 1220

140 21 i3 354 251 460 240 1310 190

Data From: Water Resources Data for Utah
U. S. Geological Survey Water Data
Report UT-75-1
October 1974 - September 1975

An average composition of surficial inflow to the
lake during 1960-61 is shown in the following listing. [t
is presented as dry weight percentages of the various
chemical constituents. Note that approximately 60% of
the dissolved solids load is sodium and chloride.

Dry Weight Percentages of Surficial Inflow Dissolved
Solids Constituents:

Silica 1.3 Bicarbonate 12.8 | Sodium 227
Potassium 1.5 Magnesium 3.7 Chioride 36.3
Nitrate 3 Sulfate 14.3 (59.0)

Calcium 7.1
From Hahl and Lantord. 1964

Subsurface Inflow

Very little is known concerning the amount or the
composition of dissolved solids in the groundwater
inflow to the Great Salt Lake. The estimates of subsur-
face inflow volume vary from 275.000 acre feet, re-
ported by Peck and Richardson (1966) as the average
for the years 1937-1961. to an average of 75,000 acre
feet for the years 1937-1973, reported by Arnow in
1977. Handy and Hahl (1966) reported a dissolved
solids foad of 1.2 million tons contained in 200,000 acre
feet of subsurface inflow during 1964. This flow for
1964 would have an average concentration of 700
ppm total dissolved solids.

The volume of subsurface inflow to the lake and
the dissolved load are very small compared to the total
volume and load of the lake. The estimated water

volume contributions to the lake, of 75,000 to 275,000
acre feet represent only .68 to 2.48% of the total lake
volume, based on a surface elevation of 4200 feet. The
1.2 million tons of dissolved solids reported by Handy
and Hahl (1966), represent only 0.03% of the total
dissolved solids load in the Great Salt Lake.

Precipitation (Rainfall)

The climate and precipitation patterns over the
Great Salt Lake are complex. Whelan (1973) states:
“The climate of the area ranges from temperate-arid
west of the lake, with an annual precipitation of 4.5
inches, to temperate semi-arid east of the lake, with an
annual precipitation of 16 inches™ (see Eubank and
Brough, this volume). Precipitation on the surface of the
Great Salt Lake is estimated to contribute 25 to 30% of
the total inflow to the lake. This represents approxi-
mately 6% of the lake volume as calculated for a lake
surface elevation of 4200 feet. Very little is known
about the dissolved solids contributed to the lake by
rainfall, however, windblown salts from the desert areas
west of the lake are possibly brought into the lake by
precipitation.

DISSOLVED SOLIDS LOAD (Salt Load)
IN THE GREAT SALT LAKE

The dissolved solids load or “salt load” of the
Great Salt Lake, the total weight of the jons dissolved
in the lake waters, is commonly expressed in terms of
billions of tons. The salt load varies through time as
mineral salts precipitation and dissolution occur. Some
precipitated salts may be prevented from dissolving
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for extended periods of time if they are covered by
a layer of sediments.

The total dissolved solids content of lake brine
is a measure of the total amount of ions dissolved in a
given quantity of water. This value is commonly ex-
pressed either in terms of weight percent (wt.%. i.e.
weight of ions per weight of brine) or as a ratio of ion
weight to brine volume. such as grams per liter (g/l).
The total dissolved solids content of the lake. has
fluctuated greatly during historic times due to changes in
the lake's surface elevation, and therefore its volume.
The reported dissolved solids content of the lake has
varied from 15% in the 1870's (elevation 4212 feet
above mean sea level (MSL)) to approximately 28% in
the early 1900's and 1960°s (elevation 4191 MSL), (Hahl
and Langtord. 1964).

Prior to 1966 no continuous lake brine monitoring
program was conducted. and very little can accurately be
said concerning any changes in brine concentrations. In
fact, very few samples. it any, of north arm brine were
analyzed before 1966.

Table 6 shows the lake sampling dates, lake eleva-
tion and volumes near the annual low lake level for each
water year from 1966 to 1979. These samples are
considered the best for yearly comparisons because
lake brines are in their most homogenous state at this
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time of year. Table 7 is a tabulation of total dissolved
solids concentration and total weight percent for the
three brine types. south arm shallow, south arm deep,
and north arm, and the load distribution between the
north and south arms of the lake from 1966 to 1979,

Prior to the completion of the SPRR causeway, in
1959, the lake reached saturation with respect to sodium
chloride when its elevation fell to, or below, 4196 feet
(Whelan, 1973). Near this elevation, the weight percent
dissolved solids in the lake remained fairly constant, near
28%. Data from 1966 to 1970 show a decrease in the
dissolved solids load present in the Great Salt Lake as a
result of the precipitation of halite. Even though the
annual high lake levels were above 4196 feet, for several
of these years. the rate of dissolution of the halite was
not sufficient to redissolve the halite precipitated during
those annual low lake levels. Lake volume is directly
related to lake elevation and is the single greatest in-
fluence on the brine concentrations of the lake. Brine
concentrations can be directly related to volume changes
until that point where the brine becomes saturated with
sodium chloride. Beyond that point, concentration is
not always directly related to volume changes, because
of the physical limitations of halite dissolution rates
as compared to halite precipitation rates from the brine.

From 1971 to 1976 the total tons of dissolved
solids increased. Salt that had been precipitated on the

Table 6. North and south arm sampling' dates near the end of Water Years 1966-1979 with respective lake elevations and volumes.

NORTH ARM SOUTH ARM

Shallow (<23") Deep (>23")
Water Sampling Elevation(?) Volume ) Sampling Elevation Volume (4} Volume
Year Date (MSL) (AF.x 10%) Date (MSL) (AF. x10%) (A.F.x10%)
1966 9-23 4193.0 3,640 10-27, 28 41934 6,691 164
1967 10-19 41934 3,740 10-7 4193.9 6,759 297
1968 9-28 4193.8 3,841 9-28 4194.4 6,831 421
1969 10-25 4194.2 3,946 10-24 4195.3 7,048 617
1970 10-25 4194.0 3,893 11-12 4195.2 7,043 595
1971 11-9 4196.0 4,450 11-3 4197.2 7,435 1,025
1972 10-25 4196.7 4,665 10-27 4198.3 7,786 1,291
1973 10-10, 11 4197.5 4,926 10-5 4199.3 7,964 1,521
1974 104 4197.8 5,027 10-1 4199.2 7,936 1,501
1975 10-10 4198.6 5,308 10-15 4199.9 8,123 1,641
1976 10-21 4199.2 5,535 10-13 4200.4 8,316 1,756
1977 10-17 4198.0 5,096 10-8 4198.8 7,800 1,414
1978 10-27 4197.3 4,859 10-6 4198.6 7,750 1,366
1979 10-17 4196.6 4,633 11-1,6 4197.6 7,584 1,118

' UGMS Great Salt Lake Sampling Program

* Taken from nearest semi-monthly reading as reported by USGS. All elevations are given in feet.
® Volume readings are total for a particular elevation. The volume displaced by precipitated halite is unknown and is therefore not taken
into consideration. The greatest effect will be in the north arm and south arm deep values.

* Does not include volume of bays.
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Table 7. Total dissolved solids tabulation! 1966-1979 near the end of the Water Years,
SOUTH ARM BRINE NORTH ARM BRINE
Total Percent

Water Shallow (<23) Deep 237 Tons Distribution
Year g/1t2) Tons(®) g/l Tons g/l Tons Dissolved North South
1966 277.95 2,528.7 3404 75.9 333.01 1,648.2 4.252.8 38.8 61.2
1967 255.80 2,350.9 323.79 130.8 339.18 1,724.8 4,206.5 41.0 59.0
1968 232.52 2,159.7 270.74 155.0 33447 1,746.8 4,061.5 43.0 57.0
1969 212.25 2,034.0 272.20 228.4 334.47 1,794.6 4,057.0 44.2 55.8
1970 199.14 1,907.0 288.64 2335 336.28 1,780.0 3,920.0 45.4 54.6
1971 164.63 1,664.3 258.95 360.9 315.68 1,910.1 3,935.2 48.5 51.5
1972 148.60 1,573.2 260.95 458.1 334.47 2,121.5 4,152.8 51.1 48.9
1973 138.35 1,498.1 259.77 537.2 339.62 2,274.7 4,310.0 52.8 47.2
1974 127.99 1,381.1 254.35 519.1 326.77 2,233.5 4,133.7 54.0 46.0
1975 125.51 1,386.2 261.08 582.5 338.80 2,445.2 44139 55.4 446
1976 120.38 1.361.2 272.67 651.0 343.44 1,584.7 4,596.9 56.2 43.8
1977 141.11 1,496.6 269.03 517.2 343.08 2,377.2 4,391.0 54.1 459
1978 143.08 1,507.7 255.29 474.1 334.72 2,211.4 4,193.2 52.7 47.3
1979 160.12 1,651.1 258.82 3934 341.44 2,150.9 4,1954 51.3 48.7

! Sampling dates and volume data are from Table 6.
2 Averaged values for all samples. (g/1 = grams per liter)

3 Tonnages: a)

Actual tons are x10°
b)
¢)
d) Tons=xg/l x volume (A

1) x 1.3597 tons/A.F.

Due to unknown volume of precipitated halite south arm shallow tonnages may be slightly high.
Due to unknown volume of precipitated halite south arm deep and north arm tonnages may be high.

* South arm deep g/l values may be unduely high because of sampling technique and relative depth of lake at sampling locations.

lake bottom in prior years slowly redissolved as the lake
level rose above 4196 feet. The rate of rise in lake eleva-
tion and the degree of mixing determined the short-
term or yearly concentrations of the lake brines. It is
believed that all of the sodium chloride capable of
being dissolved from the bottom of the north arm was
in solution during June 1976, a recent high lake level.
The salt from the bottom of the south arm was dis-
solved sometime prior to this date because of the lower
brine concentration in that arm. Table 8 shows the
tons of dissolved ions in the Great Salt Lake and their

distribution during June 1976 when the total dissolved
load was 4.66 billion tons. From 1977 to 1979 the
lake level lowered and the total dissolved load decreased
(see table 7), as the result of sodium chloride being
precipitated in the north arm of the lake.

The precipitation of halite in the north arm, at
present lake elevations, is a result of several factors.
First, the causeway restricts the lake currents that ex-
isted prior to its construction, and thus diminished the
mixing between the two arms of the lake. Second,

Table 8. Dissolved ion tonnages in the Great Salt Lake high lake level — June 1976.

SOUTH ARM BRINE NORTH ARM BRINE Percent Total
ION Shallow (<23") Deep (>>23°) Distribution Tons
g/l Tons g/l Tons g/l Tons S.A.S. S.A.D.| N.A. | Dissolved
K 2.92 351 6.29 18.4 8.48 68.4 28.8 15.1 56.1 121.9
Na 34.33 412.5 75.03 219.1 105.12 847.9 27.9 14.8 57.3 1,479.5
Mg 3.81 45.8 7.78 22.7 10.40 83.9 30.0 14.9 55.1 152.4
Ca 0.185 2.2 0.381 1.1 0.421 34 32.8 16.4 50.8 6.7
Ci 60.46 726.5 131.78 384.9 181.73 1,465.8 28.2 14.9 56.9 2,577.2
SO, 7.92 95.2 17.30 50.5 21.73 175.3 29.7 15.7 54.6 321.0
Li L0181 217 .0387 113 10520 419 29.0 15.1 559 .749
Br .0409 491 .0912 266 L1150 .928 29.1 15.8 55.1 1.685
B .0139 167 .0296 .086 .0400 323 29.0 149 56.1 .576
Total 109.70 1,318.18 238.72 697.16 328.09 2,646.37 294 15.3 55.3 4,661.71
Average 9% Distribution

Lake Volumes: South Arm Shallow (S.A.S.)) 8,837,000 A.F.
South Arm Deep (S.A.D.) 2,148,000 AF.
North Arm (N.A)) 5,932,000 AF.
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surface inflow to the north arm is primarily south arm
brine. not fresh water. Third. weather patterns over the
north arm result in low rainfall and high evaporation
rates. All of these factors tend to increase brine concen-
tration.

Precipitation of sodium chloride does not occur in
the south arm of the lake at the present time, because of
its diluted state, which is due to two main factors. First,
the inflow to the south arm comes as fresh water, and
second, weather patterns are not as favorable for high
evaporation rates as they are in the north arm. Thus,
concentration of lake brines to halite saturation, through
evaporation, will occur more quickly in the north arm
than in the south arm.

There was a steady increase in the percent of
the dissolved solids load in the north arm as compared to
the south arm for the entire period from 1966 to 1976
as shown in the “percent distribution” data in table 7.
This corresponds to the overall increase in lake volume,
and the accompanying dissolution of halite from the
north arm along with south arm ditution from inflow.
The “total tons dissolved” and “‘percent distribution™
data for both north and south arms are almost identical
for years 1972 and 1979, which have nearly the same
surface elevation. The total tons dissolved in 1972 is
slightly lower than that in 1979 possibly because, in
1972. dissolution of precipitated halite was occurring at
a slower rate than the precipitation of halite in 1979.

The reader should keep in mind that many poten-
tial sources of error exist in the calculation of the data
shown in table 7, such as the chemical analyses them-
selves. the volume computations for the lake, and the
assumption of overall homogeneity of lake brines within
the brine types designated.

BRINE CONCENTRATION CHHANGES
Seasonal Changes

The concentrations of the lake brines vary on a
seasonal basis with changing lake levels (see figure 1),
which are influenced by annual inflow and weather
cycles. Brine concentrations are lowest during the annual
high lake level which normally occurs between May 15
and June 15. During this time of year. inflow to the lake
far exceeds evaporation and the lake volume increases,
thus raising the lake elevation. Brine concentrations
are highest during the annual low lake level which nor-
mally occurs between October 15 and November 15,
when evaporation far exceeds inflow and the lake vol-
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tigure 1. Great Salt Lake Hydrograph for Water Years 1978
and 1979.

ume decreases. Table 9 illustrates the effects of high and
low lake levels, as well as the effect of cold weather on
the various ion concentrations.

After June, when evaporation from the lake nor-
mally exceeds inflow (i.e., rivers and rain) and the
concentrations of the brines increase with decreasing
lake elevations. This cycle ends approximately October
15 to November 15. The concentrations values listed
under Low (table 9) represent typical brines near that
time. A comparison of [/igh versus Low values for the
three brine types; north arm, south arm shallow, and
south arm deep. show the increase in concentrations
experienced by the lake brines due to evaporation during
the summer of 1978. Exceptions are the sodium and
sulfate values for the south arm deep samples. Excess
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Table 9. Typical seasonal changes in brine composition.
Location NORTH ARM CONCENTRATIONS'") SOUTH ARM CONCENTRATIONS
at 10 South Arm Shallow 10’ South Arm Deep 25’
Condition(?) High Low Cold High Low Cold High Low Cold
Date 6-21-78 10-27-78 3-9-79 7-14-78 | 10-6-78 2-6-79 7-14-78 10-6-78 2-6-79
Parameter
K 7.33 8.44 7.75 2.99 3.60 3.27 5.45 6.30 5.15
Na 101.75 103.80 97.00 40.70 47.40 44.50 79.60 79.50 79.80
Mg 10.99 12.02 11.37 4.57 5.04 4.87 8.52 8.62 8.33
Cl 183.63 184.34 179.02 73.58 80.12 78.70 140.03 145.34 141.80
SO, 21.72 21.81 13.25 9.71 9.87 9.59 17.44 16.46 17.61
Density 1.216 1.225 1.203 1.090 1.102 1.098 1.167 1.175 1.170

! Concentrations are given in grams per liter.

2 Condition — High - High lake level brine
Low - Low lake level brine
Cold - Winter cooled lake brine

sodium and sulfate present in the High sample, are prob-
ably due to the redissolving and remixing of the small
amount of mirabilite which precipitated during the
previous winter from the south arm shallow brines.

As the lake level completes its annual cycle from
November to May, a dilution of the Low lake brines
occurs. as inflow to the lake exceeds evaporation.
The lake brines also cool during the latter part of this
time with the coming of winter. The Cold data represent
the winter cooled lake brines. The coldest lake brines are
normally encountered in February.

A comparison of Low versus Cold data (table
9) reveals a slight dilution of all the Cold brines with
respect to all parameters except sodium and sulfate.
These two ions, sulfate in particular, show a greater drop
in concentration in the north arm and south arm shallow
brines during the winter cooling process when mirabilite
is formed at the surface. Once again the south arm deep
concentration values do not show a decrease with
respect to the concentrations of sodium and sulfate.
Some mirabilite, which was precipitated from the south
arm shallow brines. was redissolved in the warmer south
arm deep brines, and thus the concentrations of both
sodium and sulfate increased. The precipitation and
subsequent dissolution of mirabilite effect the concen-
trations of the lake brines fourth only to dilution,
evaporation, and halite precipitation.

Long Term Changes

The factors which have and will effect long term
changes in lake brine concentrations are changes in lake
elevation and the SPRR causeway. Both factors have
already been discussed to some extent in this paper.

A comprehensive discussion of historical lake elevations
by Arnow is contained in this volume.

The long term effects of the Southern Pacific
Railroad causeway on brine concentration are not
known completely, but preliminary data indicate that,
at present lake elevations, the causeway 1) permits the
migration of dissolved salts from the south arm to the
north arm and 2) will continue to maintain the concen-
tration of the north arm at a higher level than that of the
south arm. These conditions will most likely diminish
when the lake elevation decreases to a point where
south arm brines become saturated with respect to
halite.

UGMS—GREAT SALT LAKE
RESEARCH PROGRAMS

The Utah Geological and Mineral Survey (UGMS)
has conducted and is now conducting research programs
to investigate various facets of the lake’s environment
and its brines. The three research programs currently
active are: the quarterly sampling program, the temper-
ature monitoring program, and the incremental sampling
program.

Quarterly Sampling Program

UGMS began the first comprehensive study of
the chemical variations within the Great Salt Lake in
June 1966. For several years, the lake was sampled
at specified locations (see figure 2) at nearly monthly
intervals. Since this sampling program proved to be ex-
cessive, the sampling interval was reduced to four times
a year representing the high and low lake levels, and the
approximate mid-points inbetween. The number of
sampling locations was also reduced and optimized.
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Established sampling sites are located by either
dead reckoning or a marker bouy. Samples are taken
with a 12 volt DC electric pump connected to a weight-
ed hose which is marked at one foot intervals. Several
hose-volumes of brine are pumped to flush the hose at
each sampling depth to prevent contamination between
samples. The brine samples are collected in a one liter
polyethylene bottle and temperature and specific gravity
reading are taken and recorded for each sample depth.

Before 1967, samples were taken systematically
from the surface to the bottom: the vertical sampling
depth interval was either 3, 4, or S feet. By 1967-68
the sampling depth interval was standardized at 5 feet.
The present satndard sampling depths are now .5’
(surface), 5. 10", 15" .. . bottom.

Samples are analyzed for potassium (K*), sodium,
(Na%). magnesium (Mg**). calcium (Ca*t), chloride
(CI7), sulfate (SO;7), bromide (Br~), boron (BttH),
lithium (Lit), and specific gravity (g/cc). Analyses prior
to 1975 were conducted by UGMS presonnel, since
then the analyses have been contracted to private
laboratories.

The analytical methods history used for the UGMS
brine samples are given in table 10 . and are discussed in
more detail in a later article on analytical procedures.

The shear volume of data necessary to determine
trends and profiles within the lake is staggering. In the
thirteen years of gathering lake brine samples, Utah
Geological and Mineral Survey has had over 4,000 sam-
ples analyzed, and is now using a computer to file and
manipulate this information. Programmers are currently
working on new programs to fully utilize this data.
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Temperature Monitoring Program

Brine temperature data is collected during normal
UGMS quarterly lake sampling to monitor seasonal
changes. Table 11 shows selected data from water year
1979. The surface brines of the south arm varied from a
low of 29° to a high of 74°F, a variation of 45°F,
whereas the bottom brines varied only from 46° to 66°F
a variation of only 20°F. Overall, the south arm deep
brines remain warmer during the winter and cooler
during the summer than do the south arm shallow
brines. This data show the insulative properties of the
lake brines. The north arm “Winter” brines data in table
11 are not representative of what might be expected
had the samples been taken during the coldest portion
of the winter. Normally, brines below 10 to 15 feet
would be warmer than surficial brines, similar to the
temperature profile noted in the south arm. These data
for the north arm “Winter” brines show the temperature
profile reversal generally noted in lake brines during
early spring.

The Utah Geological Survey is also conducting a
program to monitor a vertical temperatures profile in the
south arm of the lake. A fifty channel digital recorder
was connected to thermocouple temperature probes
placed at four inch intervals from the bottom to one
foot up, two inch intervals from one foot to five feet
from the bottom, and one foot intervals from five feet
to twenty-five feet, the approximate brine depth at the
monitoring site. Additionally, two temperature sensors
were placed in the air at distances of four and eight feet
above the lake brine surface. Each thermocouple probe
was measured every two hours. Over one years data were
collected prior to the systems removal, due to thermo-
couple lead malfunctions. The data collected not only
demonstrated the overall characteristics mentioned in
the preceeding paragraph but also demonstrated the

Table 10. Analytical procedures used tor UGMS Great Salt Lake brine samples 1966 - 1979.

Laboratory Utah Geological Survey Chemical & Mineralogical Services American Chemical & Research
Years 1966 - 1974 1975 - 1978 1979 -
lons
K Atomic Absorption Flame Emission Atomic Absorption
Na Atomic Absorption I'lfame Emission Atomic Absorption
Mg Atomic Absorption Titratrametric (EDTA) Titrametric (EDTA)
Ca Atomic Absorption Atomic Absorption Atomic Absorption
Cl Titrametic (AgNO3) Titrametric (AgNO3) Titrametric (AgNO3)
SO4 Gravimetric (BaCly) Gravimetric (BaCly) Gravimetric (BaCly)
Li Atomic Absorption Atomic Absorption Atomic Absorption
Br Titrametric (NayS,03°5H,0) Titrametric (NayS,03*5H,0) X-Ray Huoresence
B Colorimetric (Quinalizarin) Colorimetric (Quinalizarin) Colorimetric (Quinalizarin)

From Whelan, 1973; and Whelan & Peterson, 1979
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Table 11. Great Salt Lake temperature (ol’) data tfrom UGMS quarterly samplings (Water Year 1979).

Season IALL WINTER SPRING SUMMER
Date 10-6-78 10-27-78 26-79 3-9-79 5-15-79 5§-25-79 8-19-79 9-1-79
Location sarT! NA-RTF SA-RT2 | NA-RT3 NA-RT3 SA-RT2 NA-RT3 SA-RT2
Depth (Ft.)
5 66 60 29 40 66 69 76 74
5 65 60 27 40 64 68 76 74
10 65 60 27 40 62 67 76 73
15 64 60 27 37 60 67 76 73
20 64 61 28 32 47 66 76 73
25 66 61 39 32 48 58 58 66
Bottom (F't.) 66 (30.5) 61 (29) 46 (31) 3227 48 (29) 48 (31.5) 55 (29) 62 (30)

L SA-RT2 - South Arm Sample - Research Tower Two
2 NA-RT3 - North Arm Sample - Research Tower Three

more subtle day/night temperature cycles experienced
by the lake. These data, as a data base for the lakes
temperatures, is invaluable. The data to date have proved
to be of sufficient worth that a more comprehensive

program with improved equipment is anticipated to start
in 1980.

Incremental Sampling Program

During October, 1978 a new monthly sampling
program was initiated to monitor the vertical concentra-
tion gradations and other phenomenon noted in the
south arm of the lake. This program was later expanded
to include a monthly monitoring program for the north
arm to observe, among other things, the mirabilite
formation during the winter and its dissolution during
the summer. The incremental sampling program is set up
as follows:

General: Monthly samplings are taken at Amoco
Production Company’s south arm weather tower (RT2),
and their north arm tower (RT3) (see figure 2). The
towers themselves are used by UGMS as a stationary
incremental sampling base. Once samples have been
collected they are allowed to equilibrate to laboratory
temperature before specific gravity measurements are
made. Selected samples are submitted for chemical
analysis. The density and chemical results have not been
fully analyzed as of this date.

South Arm Incremental Sampling: South arm
samples are collected at six inch increments from the
following intervals; from the surface to six feet, from
eight feet to twelve feet, from fourteen feet to twenty
feet. and from twenty-five to the bottom. The inter-
vening intervals. from six to eight feet, from twelve to

fourteen feet, and from twenty to twenty-five feet are
sampled at three inch increments. These last intervals are
sampled more closely because they are known or sus-
pected to have density changes. This method of sampling
insures a close monitoring of both subtle and dramatic
changes in brine composition. Figure 3 demonstrates the
gradations of density that occur in the south arm of the
lake.

Besides density changes, another phenomenon that
has been observed in the south arm deep brine (below
20-23') is the existence of a fetid layer (discussed earlier)
within the deep brine. This fetid layer is noted by a foul
smell and brown discoloration of the brine. The fetid
layer is found to exist, beginning from six to twenty-
four inches below the sudden increase in brine density
(interface) as shown in figure 3, and continues, along
with the increasing specific gravity, to the bottom
of the lake. (Also see Taylor, Hutchinson, and Muir,
this volume).

North Arm Incremental Sampling: North arm
samples are collected at six inch intervals from surface to
the bottom. Figure 4 shows two types of profiles that
have been encountered to date. The profile dated
December 20, 1978 shows what may be considered a
typical north arm brine concentration profile, character-
ized by a relatively homogeneous brine. The profile
dated July 20, 1979 demonstrates a brine composition
that is relatively homogeneous from the surface to
twenty feet. From twenty feet to the bottom, however,
the influence on the density of the brines by the dis-
solution of mirabilite, is readily seen. When comparing
the north arm and south arm profiles, please note the
different specific gravity scales used.



Depth below Surface in feet

Depth below Surface in feet

P. A. Sturm, The Great Salt Lake Brine System 161
0 ¥
*
- [ )
L ]
o L[]
L .
*
- H
ol : 2
5 ': o
L : ®
- . b
| . SHALLOW BRINE -
- : 5
- : July 19, 1979 3
i : incremental o
- . o
- 2
| : o
0 : INTERFACE r
[ : . . . TRANSITION _ ZONE ,
| S
" (13
| . sz
i DEEP BRINE : g5 <
- .. Sum
A . ra)
30 I 1 ] L i TR 1 b d ] L i I T | ] |. P |
1.086 1094 1102 1110 .18 1.126 1134 1142 1.150 1.158 1.166 1.174 1182
Specific Gravity {g/cc)
Figure 3. South arm density profile from incremental sampling program.
0 . .
R M %o
o : .
- December 20, 1978 :
i incremental ° . :
I o : July 20, 1979
B . ot incremental
20 : :
' ; o
30 _ L ] i 1
1.205 1.210 1.215 1.220 1.225 1.230

Specific Gravity (g/cc)

Figure 4. North arm density profiles from incremental sampling program.



162

CONCLUSION

The preceeding discussions have shown the com-
plexities of the various aspects of Great Salt Lake brine,
and have noted. to some degree, the interrelationships
that exist within the brine system. The considerable
amount of information that has been collected during
the past thirteen years will permit more accurate evalua-
tion of the Great Salt Lake brine system. Further
research efforts will only continue to broaden the
horizons of understanding about this unique saline body
of water, the Great Salt Lake.
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FACTORS AFFECTING THE CONCENTRATION

OF

GREAT SALT LAKE BRINES

by David S. Butts
Great Salt Lake Minerals and Chemical Corp.

ABSTRACT

The principal factors that affect and control the
concentrations of the brines within the Great Salt Lake
are 1) the Southern Pacific Railroad Causeway, which
essentially creates a two lake system, 2) water inflow
(from streams, springs and rainfall), 3) evaporation 4)
lake currents, and 5) mirabilite precipitation.

INTRODUCTION

The Great Sait Lake, located in northwestern
Utah, is a terminal body of water, (it has no outlet). The
Great Salt Lake has become saline with 1) salts that were
concentrated from the evaporated waters of Pleistocene
Lake Bonneville, 2) dissolved salts that are brought into
the lake by its tributaries; and 3) wind transported
salts. The concentration of the lake’s brines depends on
the balance between inflow into the lake, evaporation
from the lake, precipitation of salts, and factors which
control the movement or confinement of the lake brines.

PRE-CAUSEWAY FACTORS EFFECTING BRINE
CONCENTRATION

Prior to the construction of the Southern Pacific
Railroad Causeway across the lake in 1959, the salt
concentration of the north and south sections were
similar. Long term and seasonal lake level fluctuations
played, and still play, an important role in affecting
the concentration of the lake’s brine. At the time of the
historic high lake level of 4212"in 1873, the quantity of
water in the lake was much greater, with a lower salt
concentration than it had just prior to the completion of
the causeway in 1959, when the level of the lake was at
about 4195'. Seasonal lake level fluctuations, though
only of a magnitude of up to three feet, also cause
cyclical changes in the concentration of the lake brines.
The high seasonal lake elevations, with correspondingly
lower concentrations of salt, occur during the months of
May or June, and the low elevations, with higher
concentrations of salt, during October or Novem-
ber.

Observers noted, however, that the pre-causeway
brines were more concentrated along the western side of
the lake and at its northern end than they were along its
eastern side and southern end. The most important cause

for this difference in concentration was dilution of the
lake brines by the fresh water of the tributaries which
entered the lake from the east and south.

Other  factors which likely contribute to the
variations in concentration throughout the lake are
differences in the precipitation and evaporation patterns
across the lake, prevailing wind directions, and lake
current patterns.

POST-CAUSEWAY FACTORS EFFECTING BRINE
CONCENTRATION

Southern Pacific Railroad Causeway

In 1902, the Southern Pacific Railroad completed
a rail line across the central portion of the Great Salt
Lake (see figure 1). The structure was constructed as a
rock fill across the mouth of Bear River Bay (with one
opening provided) and into the Great Salt Lake proper
from both the east and west until structural failure of
the fill occurred. This left a section of open water
between the east and west fill sections of approximately
12 to 13 miles. An open, wooded trestle structure across
this distance was constructed. The trestle structure,
while supporting the railroad, did not significantly
block or alter the free movement of the lake brines. The
trestle structure eventually became in need of repair or
replacement, and in 1959 a rock fill structure was
constructed some 1500 feet north of the trestle. The
rock fill causeway was designed to allow free move-
ment of brines. The rising level of the lake and the
resulting increase in concentration of brines of the north
arm have resulted in a higher brine level, or head, in the
south.

This causeway has created a two-lake system, each
with its own characteristics. The north arm has become
a pink colored, very concentrated body of brine and the
south arm a less concentrated blue-green body of brine.

There is some mixing, however, through the
causeway structure itself, and through the two culverts
(which are 15 feet wide by about 22 feet in depth) that
were built into the causeway structure. Figure 2 illus-
trates the bidirectional flow that occurs through the two
culverts, provided that the flow is not blocked by debris.
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Figure 2. Bidirectional flow through the Southern Pacific Railroad causeway.

Figure 1 illustrates a hypothetical distribution of the
brine concentrations in the lake and shows the effect of
the causeway. The causeway acts as a barrier to winds,
reducing their fetch down the long axis of the lake. The
causeway also acts as a barrier to wind-blown brines,
reducing the amplitude of brine moving back and forth
in the lake (this movement is known as a seiche). In
addition, there exists a brown, dense, fetid layer of brine
beneath the southern brine body. It is not known if this
layer existed before the construction of the causeway, or
the reasons why it exists.

Water Inflow
Tributaries

There are no substantial tributaries that flow into
the north arm of the lake. In the south arm the con-
centration of the brine is effectively diluted by the
inflow of fresh water tributaries that enter the eastern
side and southern end of the lake (see figure 1). The
main tributaries that enter the south arm are the Bear,
Jordan and combined Weber and Ogden Rivers. Numer-
ous ‘other small tributaries enter within the same general
areas. During the spring months, when the winter snow
pack is melting, the rate of inflow is at its highest, and
the south arm brines become diluted as the lake ap-
proaches its high seasonal elevation. At the end of the

summer the rate of tributary inflow diminishes, the
level of the surface elevation lowers, and the brines
become more concentrated.

The north arm, however, has no significant tribu-
taries and receives the majority of its inflow as brine
from the south arm. This inflow is limited by the
causeway. As a result the north arm experiences smaller
seasonal water level fluctuations.

Ground Water

The amount of groundwater inflow, as compared
to other sources of inflow into the lake, is relatively
small. The greater portion of the ground water that
enters the lake basin as a whole, enters mainly from
aquifers south and east of the lake. The quantity of
ground water inflow into the north arm, is much less
than that to the south arm, and comes mainly from
areas north of the lake.

Rainfall

Precipitation, as rain and snow, accounts for
approximately 25 percent of all water entering the lake
and precipitation, as rain during the summer and snow
during the winter, acts to dilute the concentration of the
lake brines. The heaviest precipitation on the Great Salt
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Lake occurs from March through May of each year, with
a secondary high during October and November. The
average annual precipitation over the lake ranges from
10 to 15 inches. The amount of precipitation which
falls on the lake is not uniform. Waddell and Fields
(1977, p. 5) show that the amount of precipitation
received by the north arm is less than that received
by the south arin. This not only enhances the concen-
tration differences between the two portions of the lake,
but helps to increase the head difference between them.

Evaporation
Amount of Evaporation

The Great Salt Lake is a terminal lake and evapo-
ration is the only major means by which water may be
removed; salts can be removed only by precipitation or
by industrial use. Salts are thus retained in the basin.
Evaporation of the lake brines tends to balance the
water added by total water inflow. The balance between
total water inflow to the lake and evaporation determine
not only the seasonal fluctuations of the lake, but also
the long term levels, which in turn effect the concentra-
tion of the brines within the lake. If large amounts of
water are evaporated from the lake, for a given quantity
of inflow, i. e. evaporation exceeds inflow, the level of
the lake will drop and the brines, of both the north and
south arms will increase in concentration.

Rate of Evaporation

The greatest rate of evaporation from the lake
occurs during the hot summer months from June to
September and is aided by the hot dry winds crossing
the desert from the northwest and southwest. As with
rainfall evaporation is not uniform throughout the area
of the lake. Waddell and Fields (1977, p. 8) show that
the average annual freshwater-lake evaporation over the
north arm area of the lake is greater than that over the
south arm of the lake. (See Gwynn and Sturm, Solar
Ponding Adjacent to the Great Salt Lake, this issue).

The rate of evaporation, under a given set of
climatic conditions is effected by the concentration of
the brines. The more concentrated the brine, the lower
its evaporation rate will be. It would be expected then,
that under similar climatic conditions, south arm brine
would evaporate at a greater rate than the more con-
centrated north arm brine.

Utah Geological and Mineral Survey, Bulletin 116, 1980

Lake Currents

The water currents which move throughout the
lake have been discussed by Katzenberger and Whelan
(1975, p. 103-107). Tributary inflow, winds and pos-
sibly the Coriolis force contribute to the currents in the
lake caused by tributary inflow.

Tributary Inflow

Lake currents circulate the less concentrated lake
brines in a counter clockwise direction from the inflow
source areas. During their journey around the lake, the
brines evaporate and concentrate, resulting in more
concentrated brines on the west side.

In the south arm of the lake, tributaries enter
through Farmington Bay; along the south shore, west of
Antelope Island; and out of Bear River Bay, just north
of Fremont Island. The water entering the south end of
Farmington Bay moves generally to the north where it
enters the south arm proper through the bridged opening
in the Antelope Island Syracuse causeway. This fresh
water flow dilutes the concentration of Farmington Bay
and then dilutes the south arm brine with the less
concentrated bay water. The water entering the south
arm moves the water in the lake to the north.

The water entering the south end of the lake
proper through the C-7 ditch, Lee’s Creek and the
Goggin Drain (figure 1) not only dilutes the water of the
south end of the lake, but also initiates a northerly flow
along the west side of Antelope Island.

The water entering the lake from Bear River Bay
and the Weber River mixes with and dilutes the lake
brines north and east of Fremont Island, this added
volume of water moves the lake brines westward along
the causeway. The net effect of the principal tributary
inflow into the south arm is to produce the potential for
a counter-clockwise current.

In the north arm of the lake, the south to north
flow of water through the two culverts initiates a north-
ward flow of water along the west side of the Promon-
tory Mountains, as well as dilutes, to some degree, the
north arm brines.

Winds
Surface currents and waves on both arms of the

lake can be caused by prevailing winds from the north
and south as well as by canyon winds from the east. It is
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possible that these winds could provide a portion of the
force required to drive the south arm and the north arm
brines in a counter-clockwise direction within the lake,
but their effects are temporary.

Coriolis Forces

Any movement of brine in the north or south arms
of the lake must be effected by Coriolis force, the
resultant effect of which is to force the brine in a
counter clockwise direction along the east side of the
lake towards the north, and then down the west side
towards the south. During its journey around the lake,
the brine evaporates and concentrates, resulting in
more concentrated brines on the west side of the lake.

Mirabilite Precipitation

During the cold winter months, mirabilite
(Nay804°10 H,0) precipitates from the lake brines. At
the present time, only the north arm of the lake is
sufficiently concentrated to allow formation of ap-
preciable amounts of this salt. Mirabilite requires 10
waters of hydration, which effectively removes water
from the lake and effects, to a minor degree, the con-
centration of the lake brines. As the lake waters warm in

the spring time, the layer of mirabilite on the bottom of
the lake goes back into solution and forms a highly
concentrated sulfate-rich layer of deep brine which may
lie dormant near the bottom of the lake for several
months.

CONCLUSIONS

The Southern Pacific Railroad causeway, water
inflow, evaporation, lake currents and the crystallization
of mirabilite all influence the concentration of Great
Sait Lake brines. The causeway acting with increased
lake level (inflow greater than evaporation) has resulted
in a lake with two essentially differing bodies of water.
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CHEMISTRY OF GREAT SALT LAKE BRINES IN SOLAR PONDS

by David S. Butts
Great Salt Lake Minerals and Chemicals Corporation

INTRODUCTION

The chemistry of the brines taken from the Great
Salt Lake and evaporated in solar ponds is both simple
and complex. The crystallization of sodium chloride is a
relatively simple process, but if other salts containing
magnesium, potassium, and sodium are desired, then it
becomes essential to understand the chemistry of the
brines and the environmental influences on the solar
pond that affect the chemistry.

SOLAR POND CHEMISTRY

Chemical reactions in solar ponds are subject to
the effects of winds. rain, and temperature variations not
even considered in chemical handbooks or in classical
phase chemistry. Companies which produce only sodium
chloride, which is stable over a wide range of tempera-
tures, are not troubled greatly by erratic weather. Pro-
duction of other and more complex salts, however, is
greatly effected by weather conditions.

The main parameters which affect the crystalliza-
tion of minerals in solar ponds are:

Evaporation rate

Brine temperature
Average brine temperature
Brine day-night temperature cycles
Seasonal temperature changes

Brine depth

Brine sequencing

Residence time

Pond leakage and brine capture (entrainment)

Evaporation Rate

The general concentration path of Great Salt Lake
brines is shown in figure 1. As water is removed, satu-
rated ions crystallize as salts, bringing with them op-
positely charged ions and sometimes waters of hy-
dration. At the top of the figure are listed some of the
salts that are precipitated during evaporation. The
approximate brine concentrations at which these various
salts can precipitate are given. Since evaporation must
occur at the brine surface, crystallization of the salts also
occurs there. The higher the evaporation rate, the higher

the probability for supersaturation and salt formation.
These salt crystals eventually fall from the surface of the
brine and settle to the pond floor. The main points to be
noted are: 1) that the surface crystals are in equilibrium
with the surface brines, and 2) they may vary consider-
ably from predicted crystals based on variations in the
chemistry of the brine proper. Figure 2 shows a plot of
moles of magnesium chloride per 1000 moles of water
compared with other dissolved salts in the brine. Analy-
sis of the solar pond brine for concentration of mag-
nesium chloride, or magnesium, can be used by the pond
operator to show where a brine is along its concentration
path, and what total brine and individual salt chemistries
can be expected.

Figure 3 is a portion of the 25°C triangular sulfate-
potassium-magnesium phase diagram for the Great Salt
Lake brine system, and shows the minerals that are in
equilibrium with a brine at a particular concentration.
Both figures 2 and 3 represent typical brine concentra-
tion paths at summer time temperatures. Note that these
figures do not represent the entire brine concentration
picture. All of the factors previously mentioned will
cause modifications to these diagrams. The total effect
on the chemistry of the brine by the specific day-by-day
and season-by-season variations of concentration and
temperature which arise in a solar ponding operation
would require a lengthy discussion beyond the scope of
this paper.

Brine Temperature

Fluctuations in temperature result in changes in
ion saturation which cause selective precipitation or
dissolution of salts in a brine body.

Average brine temperature

Some of the crystals that are formed at the brine
surface by evaporation will tend to decompose or
dissolve once they drop to the pond floor. The decom-
position rate of these salts is dependent on factors such
as changes in both brine temperature and concentration.
The actual temperature range experienced by pond
brines is normally .60 to .80 times that of the air tem-
perature and may vary from top to bottom in a pond.
Many salt crystals are never at equilibrium with the
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Figure 1. Concentration path of some Great Salt Lake brines.

brines in which they are situated because of the tem-
perature changes they encounter as they develop.
The average brine temperature is generally the best
criteria in predicting the type of crystals that will be
precipitated on the pond floor.

Brine day-night temperature cycles

Under natural solar pond conditions the brine
temperature fluctuates with the air temperature, al-
though there is a lag time for temperature response in
the brine. This fluctuation in temperature results in
changes in ion saturation which causes selective precipi-
tation or dissolution of salts in the brine body.

For example, the air temperature may be 35°C
during the day and 15°C at night. Brine at Point A on
figure 1 may favor the formation of kainite
{(MgS0, -KC1-3H,0) during the daytime and schoenite
(MgS0, *K,S046H,0) at night. The sulfate ion is
particularily temperature sensitive and salts containing it
tend to precipitate at cooler temperatures. The result is a

mixture of both salts in a single pond from the same
brine. Another example is that under controlled labora-
tory conditions, brine from the north arm of the Great
Salt  Lake  will not  crystallize  mirabilite
{Na,S0,-10H,0) until the brine temperature reaches
2°C or lower. In solar ponds, however, this salt has been
observed to crystallize at brine temperatures above 7°C.
During the winter, as the surface temperature of the
brine becomes very cold (2°C or lower) at night, es-
pecially on clear nights, mirabilite will form on and just
below the surface and subsequently drop to the some-
what warmer brine at the floor of the pond. Because
there is insufficient activation energy in this brine to
redissolve the mirabilite, it remains on the floor.

Surficial cooling during the summer nights also
causes salts to precipitate, but the next day’s heat
generally provides sufficient activation energy to cause
total dissolution of those salts precipitated just a few
hours before. It is not unusual to find a quarter inch
layer of hexahydrite (MgSO,4 -6 H, O) at the bottom of a
solar pond in the morning redissolved by late afternoon.
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Figure 2. Typical concentration path of evaporated Great Salt Lake brines as a function of magnesium chloride concentration.

However, it is also possible for salts precipitated by
cooling to be later covered by salts precipitated by evap-
oration, which effectively prevents dissolution of those
salts that would normally redissolve.

Seasonal Temperature Changes

Some salts deposited in June, July, and August
will convert to other salts, with a possible total change in
chemistry, when they are exposed to colder winter
temperatures, and rainfall. Kainite, for example, may
convert to sylvite and epsomite, and become a hard-
ened mass; or if it is in contact with a sulfate rich
brine, it can convert to schoenite. Conversely, glaubers
salt will precipitate in the winter, but redissolve during
the hot summer months.

Brine Depth

The depth of brine within a solar pond can effect
the mineralogy of the precipitated salts. Even with
stiff winds, the highly saturated brines at the pond
surface do not mix easily with the brines next to the
pond floor. This is equally true in deep and in very
shallow ponds (less than three inches). Since crystals can
only grow in the supersaturated brines, unless the super
saturated brines extend to the pond floor, all new floor
growth will normally depend on crystals precipitated
from the surficial brine.

Crystals formed at or near the surface of the brine
are usually much different in both size and mineralogy
from those allowed to grow from the floor up. If the
supersaturated surface brines do not come in contact
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Figure 3. Typical concentration path of evaporated Great Salt Lake brine.

with the pond floor, the mineralogy of the pond deposit
will be far from uniform.

The depth of a solar pond also controls the size of
the crystals produced. Halite (NaC1) for example, when
precipitated in a pond under three inches or over twelve
inches in depth, will have a smaller crystal size than
when precipitated in a pond three to twelve inches
deep. The smaller crystals of halite are undesirable since
a premium price is paid for larger crystals.

Brine Sequencing

Whether a brine is concentrated in a single pond,
or in numerous ponds connected in series, has a pro-
found effect on the minerals that are formed. A single
pond fed raw brine from the lake, but held at a concen-
tration of seven percent magnesium, will only produce
halite, carnallite and hexahydrite. Four ponds operated
in series, however, will also produce epsomite, schoenite,
leonite and kainite. The differences between the mineral
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suites formed are because the minerals that are found in
the single pond, held at seven percent magnesium, are
those that are in equilibrium with that brine, as estab-
lished by the brine's phase chemistry. In a series of
ponds, each progressively more concentrated, minerals in
equilibrium with the various concentration stages will
form and be stable in those brines. Thus, a greater
number of mineral species can be produced. Once halite
has precipitated, it is stable in all greater concentrations
of brine.

Residence Time

Some salts require more time than others to
crystallize. Brine that is not given sufficient time for
crystallization before it is moved into another pond
which has brine of a different concentration will pro-
duce a different suite of salts. For example, if a brine
supersaturated in ions that will produce kainite, epso-
mite, and halite (reaction 1), is moved to another pond,
in which the resulting brine mixture favors carnallite
(reaction 2), then the kainite salts will be eliminated.
These chemical reactions are:

Reaction 1:

9.75H,0 + Na© +2C17 + 2Mgt T +K* + 250, =

MgSO,-KCl1 - 2.75 H,0 + MgSO, * 7H,0 + Na(l
(Kainite) (Epsomite) (Halite)

Reaction 2:

12H,0 + NaT +4C1— +2Mgtt + KT +50,7 =

MgCl, «KCl + 6H,0 + Mg SO, - 6H, O + NaCl
(Carnallite) (Hexahydrite) (Halite)
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Reaction one retains more magnesium as MgC1,
in the brine; reaction two retains more sulfate. In
reaction two, it is also interesting to note the effect of
waters-of-hydration on crystallization; forcing out salts
with high waters of crystallization results in higher
rates of crystallization. The hydrated salts remove
waters from the brine and further concentrate the
brine in much the same way as does evaporation.

Pond Leakage and Brine Capture (Entrainment)

Regardless of brine depth or ponding area, the
time required to evaporate nearly ninety percent of the
water from the present north arm Great Salt Lake brine
in a solar pond complex, under natural steady state con-
ditions, is approximately eighteen months. It is neces-
sary to evaporate nearly ninety-eight percent of the
water from present north arm brine to precipitate
bischofite (MgC1,+6 H,0). If pond leakage causes the
level of the ponding area to drop too quickly, it would
be impossible to reach saturation for bischofite because
of brine loss. Control of leakage is essential to assure
that the precipitated salts contain the greatest quantity
of the desired minerals for successful pond operation.

Entrainment also affects pond brine chemistry.
Brine entrained (or trapped) in the voids between salt
crystals in the pond floor is effectively removed from
salt production and affects the chemistry of salts that
will be precipitated as concentration proceeds.

CONCLUSION

The important chemical parameters that directly
or indirectly affect the chemistry of Great Salt Lake
brines are interrelated. Solar ponding control becomes
more complex as the brine concentration is taken past
the saturation point of sodium chloride to include the
precipitation of potassium and magnesium salts. A
thorough understanding of the brine chemistry, as it
relates to solar ponding, can be used to an advantage to
produce a desired product or products from the waters
of the Great Salt Lake.
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ANALYTICAL PROCEDURES FOR GREAT SALT LAKE BRINE

by Paul A. Sturm, Research Geologist, Utah Geological and Mineral Survey
with contributions by
J. C. McLaughlin, Great Salt Lake Minerals and Chemicals, Inc., Ogden, Utah
Ray Broadhead, Chemical and Mineralogical Services, Salt Lake City, Utah

INTRODUCTION

Since the discovery of the Great Salt Lake by
James Bridger in 1824, the salinity of the lake has been a
subject of continued interest. Not until John Fremont
came to the Great Salt Lake in 1843 was any investiga-
tion performed on the lake’s brine to determine its salt
content. At that time, he boiled five gallons of the brine
to dryness and produced fourtecen pints of “salt”.
Although quite unsophisticated, it was the first reported
analysis of the lake water. With the settlement of the
Salt Lake Valley came an increase in the advancement of
scientific knowledge about the lake and its chemical
makeup.

The methods first used to analyze the lake brines
were the standard procedures employed for nonsaline
waters. During the 1960’s, however, with the beginning
of active mineral extraction from the lake (beyond the
extraction of sodium chloride), it was found that the
standard water analytical procedures then being used
were not suitable for the analysis of lake brine because
the brine masked. enhanced or otherwise interfered with
the analyses, causing errors. To overcome these prob-
lems, industrial chemists developed either totally new
procedures or modificd existing procedures.

Today, the procedures used for analysis of Great
Salt Lake brines have been greatly improved, as have the
analytical instruments that are employed. To follow are
the various state-of-the-art procedures that are used or
can be used for the analysis of the major ionic compo-
nents of Great Salt Lake brine. Basic procedures are
given for the analysis of potassium (K), sodium (Na),
magnesium (Mg), calcium (Ca), chloride (Cl), sulfate
(80,), lithium (Li), boron (B), bromide (Br), sulfide
(S) ions and pH. The selection of the analytical pro-
cedure to be used for a particular ion is dependent upon
the instrumentation that is available, the degree of
accuracy required, and of course the availability of
laboratory funding. The following notes apply to some
or all of the analytical procedures listed:

1. Some of the following analytical procedures
make reference to ““prediluted Great Salt Lake brine™.
This is a forty gram sample of brine diluted to 500
milliliters with deionized water.

2. 1f Great Salt Lake brine more concentrated
than that naturally found in the lake, i.e. concentrated
solar pond brines, is to be analyzed, then further dilu-

tions will be required.

3. The following are not necessarily cookbook
analytical procedures but are generalized and will need
to be developed and refined by those using them.
Expertise with any of these procedures comes only with
practice.

4. All dilutions made in the following procedures
use distilled or deionized water unless otherwise stated.

DETERMINATION OF MOLE BALANCE
FOR CHEMICAL ANALYSIS

1. Summary of Procedure

After a complete chemical analysis of Great Salt
Lake brine has been completed, a cross check of the
accuracy of analysis is calculated. Only the major five
ions are considered in this calculation, i. e., K, Na, Mg,
(1, and SO,. The number of moles of each ion is calcu-
lated and the totals of the anion and cation moles are
compared. The current acceptable total deviation limit
for the lake industries and commercial laboratories is
plus or minus .0055 moles.

2. Procedure

This example, a determination of the mole balance
on an analysis of south arm brine collected October,
1978, is given to illustrate the procedure.

Ion Weight Percent Divalent Molecular  Moles of

Analyzed Weight of fTon = Jon

K 0.32 78.20 0041
Na 4.10 4596 0892
Mg 0.47 2491 0193

Total Moles Cation  .1126
Cl 7.20 70.90 1016
SO, 1.00 96.08 0104

Total Moles Anion 1120

3. Calculation

Total Moles Cation (.1126)—Total Moles Anion (.1120)=
Moles Imbalance (.0006)

If the mole imbalance is greater than plus or minus
.0055, then a reanalysis or restandardization of the ana-
lytical standards is in order.
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POTASSIUM (K1)

1.

A prediluted sample of Great Salt Lake brine is mixed with a standard lithium solution and aspirated into a flame

DETERMINATION OF POTASSIUM
BY FLAME EMISSION

Summary of Procedure

photometer which measures the emission of the potassium ion versus the standard lithium source.

2.

Reagents

A.  Three molar lithium nitrate standard

B. Standard potassium solutions of 2,000, 4,000, 6,000 and 8,000 ppm.
Apparatus

A.  Flame photometer with internal lithium standardization.

B.  Miscellaneous labware

Procedure

A.  Zero lithium standard while aspirating water

B.  Zero potassium readout

C.  Aspirate, 8,000 ppm standard and maximize readout and record

D.  Aspirate the 6,000, 4,000 and 2,000 ppm standards and record

E.  Aspirate the sample and record the reading.

Calculation

A.  Plot the readings of the four standards on graph paper

B.  Plot the sample value on the graph and determine the potassium value (ppm K)
C Calculate the weight percent potassium as follows:

ppm K x (internal dilution factor) x (predilution factor) _ WT. % K
Sample weight (g) x 10,000 )

1.

A one ml aliquot of Great Salt Lake brine is diluted to 100 ml and two ml of ionic strength adjuster (ISA) is
added. A potassium specific ion probe and single junction reference electrode are placed in the solution and the reading

taken.

DETERMINATION OF POTASSIUM
BY AN ION PROBE METHOD

Summary of Procedure

Reagents

A. 1000 s* potassium standard (1.9068g KCl, dilute to 1000 ml)=1.00g/1 K)
B.  Ionic strength adjuster (6M NaCl) (35.1g NaCl, dilute to 100 ml)

C. 0.1 normal AgNO; solution

* 8 = Micrograms per milliliter
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D. Reference electrode filling solution (2 ml ISA, dilute to 100 ml, add AgNOj; solution dropwise until
cloudiness persists)

3. Apparatus

Potassium specific ion electrode
Single junction reference electrode
Digital ionanalyzer

Miscellaneous labware

SO®

4. Procedure

A.  Calibrate ionanalyzer
1. Fill reference electrode with filling solution
2. Prepare standards
a. 100 8 K standard (1 m! 1000 3 K solution, dilute to 100 ml, add 2 ml ISA)
b. 100 5 K standard (10 ml 1000 & K solution, dilute to 100 ml, add 2 ml ISA)
3. Standardize ionanalyzer with 10 8 and 100 ¥ standards, millivolt reading difference should be
54 plus or minus 1. Record readings.

B. Dilute a one ml aliquot of Great Salt Lake brine to 100 ml and add 2 ml ISA.
C. Read the sample value on the ionanalyzer (reponse time about 2 min.)
D. Monitor the laboratory temperature; a 1°C change equals about 2% error. Recalibrate if necessary.

5. Calculation

A.  The grams per liter potassium is plotted (10 5 standard equals 1.0 g/l K; 100 ¥ standard equals 10.0
g/l K) versus mv out put.
B.  The weight percent potassium is calculated as follows: g/l K = (brine density x 1000) = %K

DETERMINATION OF POTASSIUM
BY TITRATION

1. Summary of Procedure

An aliquot of prediluted Great Salt Lake brine containing 20 to 25 milligrams potassium is precipitated with
an excess of sodium tetraphenyl boron (STPB). The solution is filtered; the filtrate is titrated with Zephiran Chloride to
determine the excess STPB present.

2. Reagents

A.  STPB stock solution (74.0g STPB + 2 liters H,O + 125.0g Al (OH);, agitate 10 to 15 minutes) (28
mls 20% NaOH + 10 liters H,0), filter STPB solution into the 10 liters of NaOH solution, dilute to 14
liters and let stand 48 hours).

Sodium hydroxide solution - 20%

Zephiran Chloride solution (20 mls of 17% Zephiran Chloride, dilute to 1 liter)

Titan Yellow (Clayton Yellow) indicator .05%

on®
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Formaldehyde solution - 37%
Standard potassium solution (69.000g KH, PO, dilute to | liter)

3. Apparatus

A. 10 ml microburet, pipets, erlenmeyer flasks
B.  Miscellaneous labware
4. Procedure
A.  Determine the ratio of STPB to Zephiran Chloride
1.  STPB solution (50 mi STPB stock solution + 25 ml 20% NaOH, dilute to 500 ml)
2. Titrate STPB solution with Zephiran Chloride (25 ml STPB solution, dilute to 50 ml, + 5
drops Titan Yellow indicator, titrate to pink endpoint)
B.  Determine the standard factor for STPB in terms of potassium.
1. 1.0 ml standard potassium solution + S0 ml STPB + S ml 20% NaOH + 2 ml formaldehyde
solution, dilute to 100 ml, mix thoroughly, and let stand for five minutes.
2. Filter on No. 1 Whatman into a dry beaker
3. Pipet 25 ml of clear filtrate, dilute to 50 ml, add 5 drops Titan Yellow indicator, titrate to
pink endpoint with Zephiran Chloride and record volume.
C.  Pipet an aliquot of prediluted sample + 50 m! STPB + 2 ml formaldehyde, dilute to 100 ml, mix
thoroughly and let stand 5 minutes.
D.  Filter the solution, pipet a 25 ml aliquot of clear filtrate, dilute to 50 mi, add 5 drops Titan Yel-
low indicator.
E.  Titrate to pink endpoint with Zephiran Chloride solution.
5.  Calculations
A. Calculate standard potassium factor: grams KH, PO, x purity x .2873 = mg K/ml
B. Calculate STPB to Zephiran Chloride ratio: 10.0 + ml Zephiran Chloride used in titration = ratio
C. Calculate standard STPB factor for potassium: mg K/ml + (50 ml Zephiran Chloride) x ratio = Stan-
dard Factor
D. Calculate percent potassium in sample

(50.00 — ml Zephiran Chloride x Ratio) x Standard Factor x Dilution _ %K
Sample Weight (g) x 10

SODIUM (Nah)

DETERMINATION OF SODIUM
BY FLAME EMMISSION - METHOD |

1. Summary of Procedure

A prediluted sample of Great Salt Lake brine is mixed with a standard lithium solution, and aspirated into a flame
photometer which measures the emission of the sodium ion versus the standard lithium source.

2. Reagents

A.
B.

Three molar lithium nitrate standard
Standard sodium solutions of 2000, 4000, 6000 and 8000 ppm.
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3. Apparatus

A.  Flame photometer with internal lithium standardization
B.  Miscellaneous labware

4. Procedure
A.  Zero lithium standard while aspirating water
B.  Zero sodium readout
C.  Aspirate 8000 ppm standard and maximize readout and record the reading
D.  Aspirate the 6000, 4000 and 2000 ppm standards and record the readings
E.  Aspirate the sample and record the reading

5. Calculation

A.  Plot the readings of the four standards on graph paper
B.  Plot the sample value on the graph and determine the sodium value (ppm)
C Calculate the weight percent sodium as follows:

ppm Na x (internal dilution factor) x (predilution factor) _ % Na

Sample Weight (g) x 10,000

DETERMINATION OF SODIUM BY
AN ION PROBE METHOD

1. Summary of procedure

A one ml aliquot of Great Salt Lake brine is diluted to 100 ml and two ml of ionic strength adjuster (ISA) is
added. A sodium specific ion probe and a single junction reference electrode are placed in the solution and the reading
taken.

2. Reagents

A. 1000 5 sodium standard (2,542g NaCl, dilute to 1000 ml) = 1.00 g/l Na)
B.  Ionic strength adjuster (20.0g NH,Cl, 50 mls H,O, 5 mls concentrated NH4OH, dilute to 100 mls)
C.  Reference electrode filling solution - manufactured lithium trichloroacetate solution.

3. Apparatus

Sodium specific ion electrode
Single junction reference electrode
Digital ionanalyzer

Miscellaneous labware

cOow»

4. Procedure

A. Calibrate ionanalyzer
1. Fill reference electrode with filling solution

2.  Prepare standards
a. 10 % Na standard (1 ml 1000 » Na solution, dilute to 100 ml, add 2 mi ISA)

b. 100 % Na standard (10 m! 1000 & Na solution, dilute to 100 mi, add 2 ml ISA)
3. Standardize ionanalyzer with 10 % and 100 ¥ standards, millivolt reading difference should be
) 57 plus or minus 1; record readings.
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B.  Dilute a one ml aliquot of Great Salt Lake brine to 100 ml and add 2 ml ISA.

C.  Read the sample value on the ionanalyzer (response time is about two minutes).

D.  Monitor the laboratory temperature, as a 1°C change equals about 2% error. Recalibrate if neces-
sary.

Calculation

A.  The grams per liter sodium is plotted (10 & standard equals 1.0 g/l Na, 100 8 standard equals 10.0
g/l Na) versus mv output.
B.  The weight percent sodium is calculated as follows: g/l Na + (brine density x 1000) = % Na

1.

DETERMINATION OF SODIUM BY
FLAME EMISSION - METHOD 11

Summary of Procedure

A prediluted sample of Great Salt Lake brine is prepared to contain from two to twenty ppm sodium and is
analyzed by the flame emission technique versus known standards.

2.

Reagents

A.  Standard sodium solution - 1000 ppm
B.  Working standard sodium solutions, made from 1000 ppm standard, at the following concentra-
tions: 2,4,6, 8,10, 12, 14, 16, 18, 20 ppm.

Apparatus

A.  Flame emission spectrophotometer (AA/ AE)
B.  Miscellaneous labware

Procedure

A.  Dilute the brine sample one to five thousand or greater, if necessary, to obtain the proper concentra-
tion range (less than 20 ppm), record.

B.  Using the 20 ppm standard, setup and calibrate the flame emission spectrophotometer.

C.  Aspirate the 2 through 20 ppm standards and record the readings.

D.  Aspirate the test sample and record the reading.

Calculation

A.  Plot the readings of the ten standards (ppm Na versus transmittance)
B.  Plot the sample value and determine the ppm Na value
C.  Calculate the weight percent sodium as follows: ppm Na x dilution factor _ Wt. % Na

Sample weight {(g) x 10,000
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MAGNESIUM (Mg™ )

DETERMINATION OF TOTAL MAGNESIUM
AND CALCIUM BY TITRATION

1. Summary of Procedure

An aliquot of prediluted Great Salt Lake brine containing 15 to 50 milligrams of magnesium is dilutcd and
buffered to pH 10. The sample is titrated with a standard Disodium Ethylenediaminetetraacetate (EDTA) using Cal-
magite as an endpoint indicator

2. Reagents

A 0529 molar magnesium iodate tetrahydrate standard (1.28 mg mg/ml)

B pH 10 buffer (67.5g NH4Cl + 300 ml H, O + 570 ml NH;OH, dilute to 1 liter)

C.  Calmagite indicator 0.05%

D .0430 molar EDTA standard (16.0g EDTA + 0.4g MgCI3 -6H, 0, dilute to one liter)

3. Apparatus

A.  Buret, pipets, erlenmeyer flask (250 m})
B.  Miscellancous labware

4. Procedure

A.  Standardization of EDTA
1. Titrate a 25 ml aliquot of the magnesium standard with the EDTA standard.
2. Calculate EDTA value (25 x 1.286/ ml EDTA = mg Mg/ml EDTA)

B.  Pipet an aliquot of sample into an erlenmeyer flask and add 75 mIH, O.

C.  Add 5 mlof pH 10 buffer and 5 drops of Calmagite indicator.

D.  Titrate the solution with the standard EDTA, swirling continuously, until a permanent blue endpoint
is obtained. Record EDTA volume.

5. Calculation

A.  The percent total magnesium and calcium is calculated as magnesium as follows:

EDTA titration volume (ml) x EDTA standard value (mg/ml) x dilution volume (ml) _ Wt. % Mg

sample aliquot size (ml) x sample weight (g) x 10

Note: If calcium has also been determined on the same sample, then the actual percent magnesium can be calculated

as follows:
{M‘%Ca x 24312 = Wt. % Mg
L24.312 40.08

CALCIUM (Ca™™)
DETERMINATION OF CALCIUM BY FLAME EMMISSION
1. Summary of procedure

A prediluted sample of Great Salt Lake brine is analyzed by flame emission using the standard addition
technique.
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Reagents
A. 200 ppm calcium standard (0.499g CaCO; + 100 ml H,O + HCI (to dissolve the CaCO,), dilute
to one liter.

Apparatus

A. Flame photometer capable of using nitrous oxide/acetylene flame.
B. Eppendorf pipet (200 microliter), disposable cups (25 ml)
C.  Miscellaneous labware.

Procedure

A.  Pipet 200 microliters of calcium standard into a plastic disposable cup.
B.  Pipet 200 microliters of water into a second plastic disposable cup.

C.  Pipet 20 mi of sample into each cup.

D.  Zero flame photometer

E.  Aspirate each cup and record the readings.

Calculations

A. Calculate the ppm calcium in the diluted samples as follows:

(Intensity of sample) x 1.98 = diluted Ca ppm
(Intensity of sample plus addition) — Intensity of sample

B. Calculate the ppm calcium in the lake brine
Diluted ppm calcium x dilution volume _

Ca
Sample weight (g) ppm

C.  Calculate weight per cent calcium as follows: ppm Ca + 10,000 = Wt % Ca

Note: A word of caution should be given as nitrous oxide/acetylene flame is extremely hot and potentially explosive.

l.

DETERMINATION OF CALCIUM
BY ATOMIC ABSORPTION

Summary of Procedure

A one ml aliquot of Great Salt Lake brine is diluted with water and further diluted with a lanthanum oxide
solution which reduces sulfate interference. The test solution is aspirated and correlated with known standards.

5

3.

Reagents

A. 1000 ppm calcium standard (2.77g CaCl,, dilute to one liter)
B

Lanthanum oxide stocks solution (29.3g La, 03, add 250 m1 HC1, dissolve, dilute to 500 ml
with H,0)

C. 20% La,Oj solution

Apparatus

A.  Atomic absorption instrument with calcium lamp.
B.  Miscellaneous labware
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4. Procedure

A.  Prepare working standards of 1, 5 and 10 ppm using the 1000 ppm standard, diluting with 20%
La,O; solution.

B.  Run a calibration curve on the atomic absorption unit, record.

C.  Prepare the brine sample
1. Dilute 1 ml Great Salt Lake brine to ten m! with water to make sample D-1
2. Dilute | mlof D-1 to ten ml with 20% La, O5 solution.

D. Run the brine sample on the Atomic Absorption unit and record.

5. Calculation

A.  Plot the standard calibration curve.
B.  Determine the value for the unknown as follows: ppm Ca +~ 10,000 = Wt % Ca

CHLORIDE (C1°)

DETERMINATION OF CHLORIDE
BY TITRATION

1. Summary of Procedure

An aliquot of prediluted Great Salt Lake brine containing 35 to 160 milligrams of chloride is diluted and titrated
with a standard silver nitrate solution using the Mohr method.

2. Reagents

0.1000 molar sodium chloride standard solution
Potassium chromate indicator, 5%

Methyl red indicator, 0.1%

Sodium Bicarbonate solution, 10%

Nitric acid solution, 20% by volume

0.1000 molar silver nitrate standard solution.

Mmoo

3.  Apparatus

A. Buret, pipetes, 250 ml erlenmeyer flask
B.  Miscellaneous labward

4. Procedure

A. Standardization of silver nitrate standard

1. Titrate a 25 ml aliquot of the sodium chloride standard with the silver nitrate standard.
2. Calculate the standard factor as follows:
3546 x 25

= mg Cl/ml AgNO;
Titration volume x 10

Pipet an aliquot of the sample into the erlenmeyer flask and add 75 ml water.

Add one drop of methyl red indicator.

Add the nitric acid dropwise until the test solution turns red, while swirling.

Add the sodium bicarbonate solution dropwise until the test solution just turns yellow, while
swirling.

Mmoo
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F.  Add 10 drops potassium chromate indicator.
G.  Titrate the solution with the standard silver nitrate, swirling continuously, until the first permanent
color change of the suspension from yellow, and record the volume.

5.  Calculation

A.  The percent chloride is calculated as follows:
Titration volume (ml) x AgNO; standard factor x dilution vol. _ Wt. % Cl

Aliquot size (ml) x sample weight (g) x 10

DETERMINATION OF CHLORIDE BY
A GRAVIMETRIC METHOD

1. Summary of Procedure

To a 25 ml aliquot of prediluted Great Salt Lake brine is added 75 ml water and 50 ml of silver nitrate solution.
The precipitate is filtered, washed, dried and weighed.

2. Reagent
A.  0.250 molar silver nitrate solution
3. Apparatus
A, Sintered glass filtering crucible, 250 ml beaker

B.  Analytical balance
C. Miscellaneous labware

4. Procedure
A, Pipet a 25 ml aliquot of the prediluted brine into the beaker
B. Add 75 ml water
C.  Stirring continuously, add 50 mi silver nitrate solution
D.  Allow the solution to digest for two hours
E.  Filter the precipitate with the preweighed filtering crucible
F.  Wash the precipitate liberally to flush excess silver nitrate
G. Dry the crucible at 110°C for one hour
H.  Allow the crucible to cool in a dessicator and reweigh

5. Calculations .

A.  Calculate the weight of precipitate
B.  Calculate the weight percent chloride in the sample
.247 x precipitate weight x dilution volume _ Wt. % Chloride
Aliquot size (ml) x Sample weight (g)

DETERMINATION OF CHLORIDE BY A
COULOMETRIC METHOD

1. Summary of Procedure

A 25 ml aliquot of prediluted Great Salt Lake brine is further diluted to 100 ml. A 100 microliter sample is

then placed jn a chloride meter and the milliequivalents (meq) of chloride determined.
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2. Reagents

A, Acid buffer with chloride (9g polyvinyl alcohol + .04¢g sodium chloride + 500 mls water
+ 6.4g nitric acid + 100 mis glacial acetic acid, heat and stir until dissolved, cool and dilute to one
liter).

B. 100 meq chloride standard (5.849¢ sodium chloride, dilute to one liter).

3. Apparatus

A.  Coulometric Chloride meter
B. 100 microliter pipet (eppendorf)
.C.  Plastic sample cups - 25 ml
D.  Miscellancous labware
4. Procedure

A.  Pour 15 ml of acid buffer into sample cup and immerse electrodes
B.  Activate conditioning switch
C Calibrate meter

1. Add 100 microliters of 100 meq standard

2 Activate the titrate switch

3. Take reading and adjust if necessary and rerun.

Dilute 25 ml of prediluted brine to 100 ml

D.
E.  Add 100 microliters of this sample to the sample cup
F Activate the titrate switch and record the reading (meq chloride).

5. Calculation

A.  The precent chloride is calculated as follows:
meq chloride x 17725 = Wt. % Chloride

SULFATE (S0,=)

DETERMINATION OF SULFATE
BY TITRATION

1. Summary of Procedure

An aliquot of prediluted Great Salt Lake brine containing 200 to 400 milligrams (mg) sulfate is titrated with a
standard barium chloride solution to an endpoint indicated by Alizarin Red S indicator.

2. Reagents

0.1000 molar ammonium sulfate (NH,SO, ) standard solution
0.1000 molar barium chloride (BaCl, ) solution

Alizarin Red S indicator - .2% (ARS)

Sodium hydroxide solution - 20%

0.10 molar perchloric acid solution

Methanol

mmTOE
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3. Apparatus

A. Buret, pipet, beakers
B.  pH meter with glass electrode
C. Miscellaneous labware

4. Procedures

Standardize the barium chiloride solution.

A.  Titrate 25 ml .l molar NH, SOy, diluted to 50 ml with water, with BaCl, as per procedure steps C - G.
Determine the sulfate in sample.

B.  Pipet an aliquot of the prediluted brine into a beaker, dilute to 50 ml.

C.  Add 50 ml methanol and adjust solution to pH 3.0 to 3.5 with perchloric acid

D. Add 5 drops ARS and titrate the solution to the first appearance of pink, while stirring.

E.  Continue stirring for five minutes and the color will revert to yeliow

F.

Continue the titration dropwise to the first permanent pink, (a completed titration is indicated by a pink
color to the precipitate).

G. Record the volume of barium chloride used.

5. Calculations

A.  Calculate the barium chloride standard factor
240.25 + ml of BaCl, titrated = mg SO, / ml BaCl,

B.  Calculate the percent sulfate in the sample
Titration volume x BaC1, factor x Dilution volume

Aliquot size (ml) x sample weight (g) x 10

= percent sulfate

Note: Because Great Salt Lake brine contains potassium, a correction factor must be used to accurately determine the

percent sulfate. See the accompanying table.

Table 1. Method for calculating corrected percent sulfate.

A. Calculate the ratio of % K / % SO4

B. Read the % SO4 error from the body of the table

C. Multiply % error by determined % SOg4 to get correction

D. Add correction to determined % SO4 to get corrected % SOq

RATIO % K /% SO4 VERSUS % SO4 ERROR

Ratio .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
.0 .00 .50 .68 12 .95 1.08 1.18 1.27 1.34 1.43
1 1.50 1.59 1.62 1.70 1.76 1.82 1.88 1.94 1.99 2.04
2 2.09 2.14 2.20 2.24 2.39 2.35 239 243 2.48 252
3 2.55 2.60 2.63 2.68 2.72 2.76 2.80 2.83 2.88 291
4 2.95 2.99 3.02 3.06 3.10 3.12 3.16 3.19 3.23 3.26
.5 3.30 3.33 3.36 3.39 343 3.45 3.48 3.52 3.55 3.58
.6 3.60 3.62 3.66 3.69 3.72 3.74 3.77 3.79 3.82 3.85
7 3.87 3.90 3.92 3.95 3.98 4.00 4.02 4.04 4.06 4.09
.8 4.11 4.14 4.16 4.18 4.20 422 4.24 4.27 4.29 4.30
9 4.32 4.34 4.36 438 4.40 4.41 4.44 4.46 4.48 4.50

1.0 4.51 4.53 4.54 4.56 4.58 4.60 4.62 4.63 4.64 4.66
11 4.69 4.70 4.71 4.73 474 4.75 4.77 4.79 4.80 4.81
1.2 4.82 4.83 4.85 4.87 4.88 490 492 493 4.94 4.95
1.3 4.97 4.98 4.99 5.00 5.01 5.02 5.02 5.03 5.04 5.06
1.4 5.08 5.09 5.10 S.11 5.12 5.12 5.13 5.14 S.15 5.18
L5 5.19 5.20 5.20 5.20 5.21 5.22 5.23 5.23 5.24 5.26
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DETERMINATION OF SULFATE BY A
GRAVIMETRIC METHOD

1. Summary of procedure

A five ml aliquot of Great Salt Lake brine is diluted, acidified, reacted with excess barium chloride solution,

digested, filtered, dried and weighed. The percent sulfate is calculated from the barium sulfate precipitate.

2. Reagents

A.
B.
C.

Hydrochloric acid, concentrated (HC1)
20% barium chloride solution
10% HC!1 solution

3. Apparatus

TOw e

Filter funnel and paper (No. 42 Whatman)
Porcelain cructble, tared

Muffle furnace and hot plate
Miscellaneous labware

4. Procedure

mmoOwe

G.

H.

Dilute a five mi aliquot of Great Salt Lake brine to 150 ml
Add 8 ml concentrated HC1 and bring to a boil

Add 10 ml of 20% BaC1, solution and bring to a boil
Allow sample to cool and digest for at least twelve hours
Filter the precipitate through No. 42 Whatman filter paper
Wash the precipitate on the filter paper as follows:

1. Two distilled water washes

2. One hot 10% HCI1 wash

3. One final distilled water wash

Place the filter paper and precipitate in a preweighed porcelain crucible and ash the filter paper
in the muffle fumace at 800 to 900°C until ashing is complete.
Weight the crucible and barium sulfate precipitate

5. Calculation

A.

B.

187

Subtract the weight of the crucible from the total weight to determine the weight of barium sulfate

precipitate as follows: grams BaSO,4 x 82.32 = g/1 SO,
Calculate weight percent sulfate as follows: g/1 SO, = (specific gravity x 1000) = Wt. % SO,

LITHIUM (Li*)

DETERMINATION OF LITHIUM
BY FLAME EMISSION

1.  Summary of procedure

A prediluted sample of Great Salt Lake brine is analyzed with a flame photometer using the standard addition

technique.
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2. Reagents

A. 200 ppm lithium standard (1.987 g LiNO,, dilute to 1000 ml)
3. Apparatus

A.  Flame photometer

B.  Eppendorf pipet - 200 microliter
C.  Miscellaneous labware

4. Procedure
A.  Pipet 200 microliters of 200 ppm lithium standard into a plastic disposable cup.
B.  Pipet 200 microliters of water into a second cup
C.  Pipet 20 ml of prediluted brine sample into each cup
D.  Aspirate water into the flame photometer and zero output
E.  Aspirate sample without lithium spike and record reading
F.  Aspirate water and zero output
G.  Aspirate sample with lithium spike and record reading

5. Calculations

A.  Calculate ppm lithium in original dilution as follows:
emission intensity of sample x 1.98 = ppm Li (in original dilution)
emission intensity of sample and spike — emission intensity of sample

B.  Calculate ppm lithium in sample

ppm Li (in original dilution) x 500 _ ppm lithium

Sample weight (g)

DETERMINATION OF LITHIUM
BY ATOMIC ABSORPTION

1. Summary of procedure

A one ml aliquot of Great Salt Lake brine is diluted to 100 ml and aspirated into an atomic absorption instrument
with lithium lamp. The lithium concentration is determined versus known standards.

2. Reagents
A. 1000 ppm lithium standard (9.936g LiNO;, dilute to 1000 ml)
3. Apparatus

A.  Atomic absorption instrument (AA) with lithium lamp

B.  Miscellaneous labware
4. Procedure
A.  Prepare working standards of 1,3,5,7, 10 ppm Li using the 1000 ppm solution.
B.  Run a calibration curve on the AA with the standards
C. Dilute a one ml aliquot of the Great Salt Lake brine to 100 ml with water
D.  Run the brine sample on the AA and record reading
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5.  Calculation

A.  Plot the standards calibration curve from the recorded values
B.  Determine the value of the unknown in ppm lithium

BORON (B***
) DETERMINATION OF BORON BY A

COLORIMETRIC METHOD
1. Summary of procedure

A prediluted sample of Great Salt Lake brine is added to a quinalizarin-in-sulfuric acid reagent, the color is allowed
to develop, and an absorbance reading is taken with a spectrophotometer versus known standards.

2. Reagents

A.  Quinalizarin stock solution (0.1g quinalizarin in 100 mls concentrated H, SO4)

B.  Quinalizarin test solution (10 mls stock solution in 500 mls of concentrated H,SO,)

C. Boron standards (boric acid solutions of 0, 1, 3,5,7, 10, 15 and 20 ppm B in H, 0 in 500 ml volumetrics
cach with 10g of MgC1,-6H,0, 10g KC1 and 10g Na,S0,)

3. Apparatus

A.  Spectrophotometer (optimized between wavelengths 615 and 650)
B.  Pipets, pipet bulb
C.  Miscellaneous glassware

4. Procedure

A.  Prepare a standard boron curve

. to2 ml of 20 ppm boron standard in a cuvette, carefully add 15 ml of quinalizarin test solution
to avoid splattering.
Proceed similarly with the other standards
Allow the color of the standards to develop for twenty minutes, stirring occasionally.
Standardize the spectrophotometer with the high and low standards.
Read the values of all standards and plot the results.

[V~ VI ()

B.  Unknown sample determination
1. Prepare the unknown solution as in A above.
2. Record the reading and plot the result to determine the ppm B.

5. Calculations
A.  The ppm B present in the original sample is calculated as follows:

ppm Boron reading x 500 = ppm Boron
Sample Weight

DETERMINATION OF BORON BY TITRATION

1. Summary of procedure

An aliquot of prediluted Great Salt Lake brine containing .3 to 1.0 milligrams (mg) boron is acidified and boiled
to remove CO,. The pH is adjusted, manitol is added, and the excess manitol-boron complex is titrated.
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Reagents

A.  Standard boron solutions 200 and 20 micrograms Boron/ml
B.  0.01 molar sodium hydroxide standard solution

C. 1 molar hydrochloric acid

D.  Mannitol, reagent grade

E.  pH 7.0 buffer

F.  Methyl red indicator - .1%

Apparatus

A.  Buret, pipets, beakers
B.  pH meter with glass electrode
C.  Miscellaneous labware

Procedure

Pipet an aliquot of sample into a 250 ml beaker and dilute to 150 m.L

Pipet 5 mls of 20 micrograms Boron solution into a beaker and dilute to 150 mls
Pipet 10 mls of 20 micrograms Boron solution into a beaker and dilute to 150 mls.
A blank of 150 ml water is also made.

Add 2 drops methyl red indicator to each beaker and boil for two minutes.

Cool to room temperature

Calibrate the pH meter to 7.0 with the buffer solution

Adjust the test solution and standards to pH 7.0 with .01 molar Na OH solution
Add 5 to 10g mannitol to the solution.

Titrate the blank, standards, and sample immediately with .01 molar NaOH to pH 7.0
and record the quantities used.

STTETOoOTmUO®Ee

Calculation

A.  Calculate standard boron value (micrograms B/ml NaOH): 100 micrograms B+ (ml NaOH — ml for

blank) + 200 micrograms B + (ml NaOH — m.l for blank) +2 = Standard value
B.  Calculate ppm boron in sample
(Titration m! — blank ml) x Standard factor

_ =ppm Boron
Sample aliquot x sample weight + dilution volume

BROMIDE (Br)

1.

A twenty gram sample of Great Salt Lake brine is diluted to 50 ml and buffered with calcium carbonate. Bromide
is oxidized to bromate by heating the sample with excess lithium hypochlorite. The excess lithium hypochlorite is

DETERMINATION OF BROMIDE BY TITRATION

Summary of precedure

reduced with sodium formate. The bromate is titrated with sodium thiosulfate.

2.

Reagents

A.  50% hydrochloric acid solution (50 mls HC1, dilute to 100 mls)

B. .8 N lithium hypochlorite solution (12g LiOC1, dilute to 500 mls)

C. 2 M sodium formate solution (13.6g NaCHO,, dilute to 100ml)

D. 1% sodium molybdate solution (1 g NaMoO,-2H, 0O, dilute to 100 ml)

E.  25% sulfuric acid solution (100 mis H,SO,, dilute to 400 mls)
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™

.05 N sodium thiosulfate {12.5g Na,S,0;-5H,0, .lgNa,COj, dilute to 1000 ml)
G.  Potassium bromide standard solution (1.489g KBr, dilute to 1000 ml) = (1 mg Br/ml)

H.  .5%starch indicator solution (1 g soluble starch, mix with 5 ml water to form a paste,
add to 200 m! boiling water, boil for one minute more)
|8 Calcium carbonate, reagent grade

J. Methyl red indicator .01% (.1g Methyl red, dilute to 1000 mi)
3,  Apparatus

A.  Buret, erlenmeyer flasks, pipettes
B.  Miscellaneous labware

4, Procedure
A. Standardize the sodium thiosulfate solution
1. Prepare two standards and a blank

a. 10 ml sodium thiosulfate solution, dilute to 50 ml in 250 ml erlenmeyer

b. 20 ml sodium thiosulfate solution, dilute to 50 ml in 250 ml erlenmeyer

C. 50 ml water in a 250 ml erlenmeyer

Add one drop .01% methyl red to each flask

Acidify slightly with 50% HC1

Add 15 ml .8 N LiOC1

Add 10 drops 50% HC1 and .1 to .2 gexcess solid calcium carbonate

Add glass beads and boil eight minutes on a hot plate

Remove from hot plate and add 15 ml 2M NaCHO, and boil for eight minutes more
Rinse inside of flask with water while boiling

Allow solutions to cool to room temperature

Add three drops of 1% sedium molybdate, lg potassium iodibe, and 10 ml of 25% H, S,
Titrate with sodium thiosulfate, adding 3 ml starch solution near the endpoint and record.

—_ S0 00 - O B W R

B.  Repeat the entire procedure with the unknown sample and record
5. Calculations

A. Calculate the standard factor for the sodium thiosulfate solution
mg Br'/ ml Na,S,0; = mg Br in sample
mi Na, 5,05 - Blank

B.  Average the two values for the 10 and 20 ml samples

C.  Calculate the ppm bromide in the unknown
(mINa,S,0; — blank) x (mg Br / ml Na,S,03)
grams of sample x 10,000

= ppm Br

Note: Development work is currently being conducted on the use of a bromide specific ion probe method for Great
Salt Lake brine analysis.
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SULFIDE (5%)
DETERMINATION OF SULFIDE WITH SPECIFIC 10N PROBE

I. Summary of procedure

An aliquot of Great Salt Lake brine (one to 10 ml) is added to a standard antioxidant buffer (SAOB) solution and
the mg/liter of sulfide is read directly from the sulfide ion probe meter.

2. Reagents

A.  SAOB solution, 25% (40.0g NaOH + 42.5g Disodium EDTA + 18.0g Ascorbic acid + 300 ml water,
dissolve and dilute to 2000 mls)

B. Sulfide standards
1. 500 mg/liter Si (:94g Na,S-9H, 0, dilute to 250 mls with SAOB sol)
100 mg/liter S™ (25 mls 500 mg/liter S™ in 100 mls SAOB sol)
10 mg/liter S~ (10 mls 100 mg/liter STin 90 mls SAOB sol)
I mg/liter S~ (10 mls 10 mg/liter S~ in 90 mls SAOB sol)

e

3. Apparatus

A.  Specific ion meter with sulfide ion probe and appropriate reference electrode
B.  Magnetic stirrer with stir bars
C.  Miscellaneous labware

4. Procedure

A.  Calibrate the specific ion probe and meter
1. 1ml10mgS7/ liter in 100 ml SAOB, calibrate to 10 position on meter
2. 1 ml 100 mgS~/liter in 100 ml SAOB, calibrate to 100 position on meter
B.  Determine the sulfide concentration of the unknown
1. 1 mlunknown brine in 100 ml SAOB, take the reading
2. If the reading is not between 10 and 100 mg/liter, add additional 1 ml increments, up to 10,
and divide the reading by the number of mls added.
3. If readings are less than 10 mg S™/ liter, the meter is then recalibrated for a 1 to 10 mg/ liter
range and the samples are rerun.

5. Calculation

A.  Readings (mgS~/Q ) are taken directly or divided by the number of mls used.
B.  Calculate ppmS~ as follows: mgS™/% + specific gravity = ppmS~

Note: SAOB is unstable and should be made daily. Also, brine in excess of 10 mls results in clouding of the SAOB.
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pH
DETERMINATION OF pH IN A 5% SOLUTION

1. Summary of procedure

A five gram aliquot of Great Salt Lake brine is diluted with 100 mls of carbon dioxide-, ammonia-free deionized
water. The relative pH is then determined with a pH meter and glass calomel clectrodes at 25°C.

2. Reagents

A. Carbon dioxide-, ammonia-free deionized water
B.  Standard pH solutions - 4.0, 7.0 and 10.0 buffers

3. Apparatus

A.  Constant temperature bath
B.  pH meter with glass calomel clectrode pair
C.  Magnetic stirrer with stir bars
D. Miscellaneous labware
4. Procedure

A.  Weigh five grams of Great Salt Lake brine into a 150 ml beaker and add 100 mls of the carbon
dioxide-, ammonia-free deionized water

B.  Stir the solution until dissolved and place the sample and buffers into the constant temperature
bath and equilibrate at 25°C.

C. Calibrate the pH meter at 4.0, 7. 0 and10. O with the buffer solutions

D.  Measure and record the pH of the sample to the nearest .1 pH unit

5. Calculations
None

Note: The indircct method for measurement of pH is necessary because of the interferences and instability experienced
when using non-diluted Great Salt Lake brine, because of its highly ionic species.



194 Utah Geological and Mineral Survey, Bulletin 116, 1980



HEAVY METALS IN THE GREAT SALT LAKE, UTAH

by Paul I.. Tayler, Lynn A. Hurchinson, and Melvin K. Muir

INTRODUCTION

The Great Salt Lake, located in the Great Salt
Lake Basin, is known as a dead sea because its high
salinity limits the flora and fauna around the lake. The
Great Salt Lake Basin, a closed basin that drains a large
part of northern Utah and parts of Wyoming and ldaho,
is the final repository of all organic and inorganic
materials both suspended and dissolved in the waters
draining into it. It therefore acts as a natural disposal
system. How well this system accomplishes the disposal
of suspended and dissolved materials is very important
to the health and welfare of the inhabitants of the
region.

Organic material brought into the lake is decom-
posed and consumed by bacteria and algae which are in
turn consumed by brine shrimp and the larva of brine
flies. Much of the waste from the arthropods serves as
nuclei for the precipitation of calcium and magnesium
carbonate particles that form the extensive deposits of
oolitic sands found in the lake. The simple biosystem of
the lake is so effective in dealing with the organic waste
that it has been investigated for use by industry as a
bioclarification process of salty waste waters.

The Great Salt Lake has also acted as a concen-
trator of inorganic soluble salts carried by inflowing
streams. Salt concentration in the lake is a function of
the variations in yearly stream inflow and the net
evaporation rate. Salt concentrations reached a recent
maximum level of 27.5% in December of 1963, which is
approximately nine time saltier than sea water. The
concentration and behavior of metals in the lake is less
well understood than that of the imore common salts and
has not been extensively studied. It is possible that
heavy metals in high concentrations could be amenable
to extraction by industry. It is also known that high
concentrations of certain heavy metals could possibly be
toxic to life forms.

Many areas within the drainage basin of the Great
Salt Lake are heavily mineralized. Much mineral wealth
in the form of lead, zinc, silver, gold, and copper ores
has been taken from the Wasatch and Oquirrh Mountains
in the area, and the weathering of these arcas has un-
doubtedly contributed metal salts to the streams flowing
into the lake over the thousands of years that the lake
has existed. More recently effluents from the mining,
milling and refining operations themsclves and from

other sources related to industrial development have
made additional contributions to the heavy metal loads
in the inflowing streams to the lake.

It is thercefore of interest to study and characterize
the concentration and behavior of various metals in the
Great Salt Lake and, in particular, to determine whether
they are being concentrated along with the more com-
mon salts or if they are being eliminated from the lake
waters. Metals for which concentration data in Great
Salt Lake have recently been made available include
copper, zinc, cadmium, mercury, lead, arsenic, molybde-
num, selenium, manganese, and silver. To help under-
stand the concentration and behavior of these metals,
studies of other parameters such as pH, specific gravity
and temperature have been made as well as the role
of carbonate, bicarbonate, dissolved oxygen and soluble
sulfides in the lake as they affect heavy metals.

A major difficulty was encountered because the
high salt concentration of the Great Salt Lake waters
interferes with the analytic determination of minor
elements. 1t was therefore necessary to develop accurate
and reproducible techniques for analyzing salt water for
metal concentration. Techniques for analysis of metals
of saline solutions were recently developed by Ken-
necott’s Metal Mining Division research center ( Tayler
and others,1977,1978),and are included in appendix A.

LAKE STATUS

The lake has been effectively divided into two
bodies of water, a southern and a northern arm, by the
rockfilled Southern Pacific Railroad causeway which
runs west of Promontory Point. The northern and
southern arms are noticeably different bodies of water,
with the northern arm having a higher concentration of
salts. Most of the available data deals with the industri-
ally and recreationally developed southern arm of the
lake.

Brine Layers

A unique feature in the south arm is the existence
of two brine layers. Dissolved salts in the lower layer are
more concentrated than in the upper layer. In July of
1976, the lower layer extended from a depth of approxi-
mately 25 feet to the bottom of the lake, and was
approaching saturation. The interface between the upper
and lower brine layers is identified by abrupt changes in
pH and density or specific gravity as illustrated in
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Figure 1. Specific gravity and pH in south arm of Great
Salt Lake.

figure 1, and by the distribution of soluble sulfide and
dissolved oxygen in the lake as illustrated in figure 2.
The pH decreases with depth with a large change occur-
ring across the concentrated brine interface. Specific
gravity increases with depth and is directly related to the
salt concentration of the brine. High concentrations of
soluble sulfide and depletion of oxygen are found in the
dense lower brine, while in the upper layer the brine is
well oxygenated with little or no soluble sulfide present.
The oxygen and sulfide concentrations at the 25 foot
depth are indicative of permeation of the sulfide into the
upper brine with subsequent oxidation depleting both
oxygen and sulfide constituents.

Soluble sulfides have also been detected near the
bottom of the lake in areas that do not undetlic the deep
brine layer. These soluble sulfides originate from under-
lying anaerobic sediments.

Heavy Metal Concentrations

Heavy metal concentractions for those elements
for which data is available aresummarized in table 1 in
terms of the structure of the lake, namely the south arm
upper and lower brines and the north arm brines. While
metal concentrations are low in all sections of the lake,
they arc higher in the lower layer of the south arm brine
than in the upper layer. Theoretically, soluble metals
should not be detectable in the presence of the soluble
sulfides in the lower layer, but the metals could be
present cither as solid particulates which pass through
filters or as soluble metals complexed by the salts in the
brine. The analytical techniques used were not sufficient
to differentiate between these two possibilities.

In considering the chemical characteristics of the
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Figure 2. Concentration of oxygen and sulfides in south
arm of Great Salt Lake.

lake, it is of interest to compare the average lake con-
centration of metals with Environmental Protection
Agency’s mining and milling interim effluent limitations
and guidelines. Table 2 compares the actual meta! con-
centrations of the lake with the permissable
effluent limitations. All total concentration and dis-
solved concentrations of the lake are significantly lower
than the effluent limitations, which implies heavy metal
toxicity in the lake brines is negligible. In fact the heavy
metal concentrations arc near drinking water standards.

Bacteriological Studies

Bacteriological studies show the presence of three
types of bacteria that are of interest: 1} bacteria that
produce soluble sulfide by reducing sulfates, 2) bacteria
that produce soluble sulfides from protein and 3)
glucose-fermenting bacteria that are active under anaero-
bic conditions. The results of the bacterial investigations
are summarized in table 3.

Anaerobic bacteria that produce soluble sulfide by
reducing sulfates were found in all areas of the lake.
Since the Great Salt Lake contains abundant sulfate, the
ubiquity of the sulfate reducing bacteria is significant
in terms of the production of soluble sulfides.

Anerobic glucose fermenting bacteria and bacteria
producing sulfide from protein have also been identified
in many of the parts of the lake. These latter bacteria
which utilize organic wastes for growth are particularly
noticeable in deep brines.
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Table 1. Physical and chemical analyses of Great Salt
Lake brine (ppm)

South Arm North Arm

Upper Lower Brine

Brine Brine
pH 8.1 7.3 79
Specific gravity  1.073 1.172 1.207
Bicarbonate 630 860 844
Soluble Sulfide 0.055 16.1 (1)
Oxygen 4.1 0.0 (1)
Copper? 0.009 0.018 0.001
Zinc 0.011 0.010 0.006
Cadmium 0.0002 0.0007 <0.001
Mercury 0.00003 0.0002 0.0002
Lead 0.002 0.005
Arsenic 0.100 0.205 0.210
Manganese <0.005 0.070 ()
Molybdenum  <0.010 <0.010 ()
Selenium 0.005 0.009 (1)
Silver 0.003 0.002 0.003

(1) no analyses
(2) heavy metal from soluble fraction

INTERPRETATION
Distribution of Metals

With no outflow from the Great Salt Lake, the
only water losses from the lake occur through evapora-
tion and through precipitation and settling of hydrated
solids. To understand the present metal distribution,
it is instructive to consider the concentration and
precipitation  of solids in  the lake. Table 4 relates the
present average metal concentration in the inflow into
the lake to the present lake concentrations. Major
industrial inputs are excluded from the present inflow
figures to more nearly approximate preindustrial con-
ditions which existed for the major portion of the lake’s
existence. The high concentration factor for sodium
chloride is indicative of its high solubility. The bicarbon-
ate constituent, on the other hand, shows a very small

197

Table 2. Effluent guidelines and metal concentrations in
the Great Salt Lake (ppm)

Interim Limitations Lake
Maximum 30-Day |Concentrations
Copper 0.1 0.05 0.006
Zinc 1.0 0.5 0.009
Cadmium 0.02 0.001 0.0002
Mercury 0.002 0.001 0.0001
Lead 0.2 0.1 0.004

concentration factor; the bicarbonate enters the lake in
nearly saturated concentrations and is a major constitu-
ent of all lake sediments due to its precipitation from
the lake waters as the brines are concentrated by evapo-
ration. The low metal concentration factors also indicate
perferential deposition of those clements in the Jake. In
fact, the concentration factors for copper, zinc and
cadimum are less than one because the dissolved concen-
trations of both elements are higher in inflowing waters
than in the lake itself.

If one were to assume that the lake level is in
rough equilibrium with the annual inflow (that is, the
water loss through evaporation roughly equals the net
inflow) and the net inflow roughly equals one-tenth the
total lake volume, then the concentration factors can be
interpreted as the number of decades required to bring
the lake to its present salt and metal concentrations.
This interpretation serves to highlight the fact that
contemporaneous precipitation of metals be
occurring.

must

Sediment analysis

Sediment analyses support the concept of prefer-
ential deposition. Table 5 summarizes the concentration
of metallics and sulfide found in the sediments. The
metal concentrations found in the sediments of the
south arm arc generally higher than in the north. This
would be expected if the metals are precipitated soon

Table 3. Results of bacterial investigations. (Tayler and others, 1977)

Sample Sediment Sample Sulfide Producing Sulfide Producing Glucose Fermenting

No. Depth Description From Sulfate From Protein Anerobic

1 27.5° Black mud Present 1,3 Present 2 Present 2

2 29.0° Black mud Present 1 Present 1 Present 1

3 11.0° Bioherm Present 1 Present 1 Absent

4 8.0’ Oolitic sand Present 1,4 Absent Absent

5 6.0’ QOolitic sand Present 2 Absent Present 1

6 9.5 Qolitic sand Present 2 Absent Present 1

7 15.0 Oolitic sand Present 2 Absent Present 2

8 18.0° Ooliti¢ sand Present 2 Present 1 Present 2
Key: 1. Developed slowly, 2. Many developed rapidly, 3. Mostly spore formers, 4. Typical Desulforibrio



198

Table 4. Concentration factors of heavy metals in the
Great Salt Lake

Stream Inflow Lake | Concentration
{(ppm) (ppm) Factor
Sodium 300 85,700 285
Chlorine 490 147,000 300
Bicarbonate 350 650 1.9
Copper 0.012 0.006 0.5
Zinc 0.014 0.009 0.6
Cadmium 0.002 0.0002 0.1
Mercury - 0.0001 -
Lead 0.0008 0.004 5.0
Arsenic 0.013 0.150 11.5
Manganese 0.005 0.009 1.8
Molybdenum 0 <0.010 -
Selenium 0.002 0.005 2.5
Silver - 0.003 -

after entering the lake, since approximately 90 percent
of the inflow occurs in the south arm.

The content of total sulfide found in the sedi-
ments in the south arm on the lake floor below 25 feet
of water is much higher than that found in sediments
deposited above the densc brine layer (table 5). The
sulfide concentration could account for the metal
deposition in the sediments below the lower brine but
does not account completely for the metal deposition in
sediments found above the deep brine layer. It is there-
fore likely that other chemical reactions such as ion
exchange with the clays, absorption by organics, or
chemical deposition with basic carbonates or chlorides is
occurring in the upper lake brine. These forms would
eventually be converted to sulfides through contact with
the soluble sulfides produced by anaerobic bacterial
activity in the sediments, particularly by the sulfate
reducing bacteria that were found in all sediment sam-
ples. Investigations of core samples will be necessary to
determine the rate and the extent to which the conver-
sion to sulfide is occurring in the upper brine sediments.

CONCLUSION

The Great Salt Lake has been concentrating
inorganic salts in its waters for thousands of years.
However, the total soluble concentrations of heavy
metals in the water arc extremely low. The heavy metals
in the lake, along with clays, organic materials and
carbonates, are precipitating to the sediments and deep
brines where anaerobic conditions and sulfides formed
by sulfate reducing bacteria immobilize the metals. The
lake thus avoids accumulation of heavy metals in the
lake waters and is nontoxic and self-cleansing. This also
means that concentrations of the heavy metals in the
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Table 5. Chemical analyses of Great Salt Lake sediments

(ppm)
South Arm North
Beneath Beneath Arm
Upper Brine Lower Brine
Copper 153 170 31
Zinc 88 97 61
Cad mium 6.5 7.6 7.0
Mercury 0.1 0.2 0.09
Lead 98 101 32
Arsenic 27 43 16
Manganese 175 175 (1)
Molybdenum 28 54 (1)
Selenium 0.6 0.8 ()
Silver 0.1 0.1 0.03
Sulfide i3 155 (1)

(1) No Analyses

lake waters are not sufficient for commercial exploita-
tion. Even heavy metal concentration in the sediments,
to which the metals are constantly precipitating, are not
sufficient for exploitation with present technology. The
unique saline condition of Great Salt Lake determines
the precipitation and immobilitation of heavy metals in
the lake.
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APPENDIX A

CHEMICAL ANALYSES FOR HEAVY METALS
AND OTHER COMPONENTS IN GREAT SALT LAKE
BRINE AND SEDIMENTS

Chemical analyses can be performed for both total
and dissolved concentrations. For total concentrations
the samples are analyzed without filtering. For dis-
solved concentrations, the samples are filtered to elimin-
ate suspended solids. Two filters are used to allow filter-
ing of the samples without blinding. A final paper filter
is used and is efficient to 0.45 microns. The term ‘‘sol-
uble metals” in these comments is defined as the metals
that pass through the 0.45 micron paper. Soluble metals
are, therefore, either physically dissolved or are contain-
ed in submicron particulates that pass through the filter.

The high salt content of the Great Salt Lake
waters and sediments invalidates normal procedures
for trace element analyses. It is therefore necessary to
modify procedures for sample preparation to avoid
interference from the high salt content during the
elemental determinations. As these procedures are
unique, they are described in detail.

Samples should be analyzed on site for carbonate,
bicarbonate, specific gravity, temperature, and pH.
Preservatives are added as necessary to the samples,
which are transported to the laboratory for further
analysis.

Carbonate-Bicarbonate

A 50 milliliter sample is titrated with 0.02 N
standardized acid to phenolphthalein end point for car-
bonate (American Public Health Association, 1971, p.
52-55).

Dissolved Oxygen

Standard Biochemical Oxygen Demand bottles
are filled with samples with care to prevent introduction
of air. These are preserved with 2 milliliters of mangan-
ous sulfate and 2 milliliters of basic sodium iodide.
At the laboratory 2 milliliters of sulfuric acid are added
to each sample and the dissolved oxygen is determined
by thiosulfate titration (National Environmental Re-
search Center, 1974, p. 51-55).

Suifide

A soluble and a total sulfide can be determined
on each water sample. Total sulfides are collected and
preserved with 1IN zinc acetate. Soluble sulfides are
collected in 1-liter bottles with care to prevent contact
with air. For soluble sulfide, samples are treated with 2
milliliters of 6N aluminum chloride and 2 milliliters
6N sodium hydroxide; the samples are rotated vigorous-
ly for 1 minute and then allowed to settle for 15 min-
utes. The clear supernatant liquid from this treatment is
then preserved with IN zinc acetate, and the flocculant
discarded.

At the laboratory, suitable aliquots are treated
with acid purged with nitrogen; the resultant hydrogen
sulfide is absorbed in 50 milliliters of zinc acetate solu-
tion. The zinc acetate solution is then analyzed by the
methylene blue colorimetric method, which employs
aminesulfuric acid and ferric chloride reagent to develop
the color (American Public health Association, 1971, p.
551-559).

Heavy Metal Determination

Arsenic, cadmium, copper, lead, manganese,
mercury, molybdenum, selenium, silver, and zinc can be
analyzed on soluble and total water fractions. Total
metal samples are preserved with nitric acid at the time
of sampling. The soluble samples are untreated and
unfiltered because of problems associated with on-site
filtering (very slow filtering rate). The preparation of the
soluble portion requires the development of a special
filtering system. The first filter used in this two-part
system, to remove the large coarse material, is a What-
man 540. The second filter, a Teflon FHLP from Milli-
pore Corporation, is positioned about one centimeter
below the first filter. This combination allowes for rapid
filtration without contamination.

After filtering the soluble sample, an extraction
step is required on all samples (total and soluble) that
are to be analyzed for arsenic, cadmium, copper, lead,
manganese, molybdenum, selenium, silver, and zinc.
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manganese, molybdenum, selenium, silver, and zinc.

A 100 milliliter sample is initially adjusted to pH
3.0. Fwe milliliters of a chelating solution, 1 percent
APDC (Ammonium Pyrrolidine Dithiocarbamate) and 1
percent DDDC (Sodium Diethyl Dithiocarbamate), are
added and the pH readjusted to 3.0. The sample is
then transferred to a separatory funnel and 20 mli
Methyl Iso-butyl Ketone (MIBK) added. The separa-
tory funnels are agitated for 2 minutes and left to stand
for 15 minutes. The aqueous layer is discarded, and the
MIBK layer is washed with 50 milliliters of distilled
water and agitated again for 30 seconds. The wash
water is discarded, and the MIBK layer is analyzed for
cadmium, copper, lead, manganese, molybdenum, and
zinc by flame atomic absorption (AA) spectroscopy
(Jenne and Ball, 1972, p. 90-91; Kinrade and Van Loon,
1974, p. 1894-1898; American Public Health Associa-
tion, 1971, p. 156-165).

Mercury is analyzed by the flameless, atomic
absorption, cold vapor technique on the total and
soluble fractions (National Environmental Research
Center, 1974, p. 118-123.

Arsenic and selenium are measured on both
portions by the sodium borohydride generation method
(American Public Health Association, 1971, p. 95-96).
This method is modified by the addition of 1 percent
potassium iodide (KI) solution as outlined by Wanchope
(1976, p. 33-37) to enhance the hydrogen selenide
evolution.

For silver analysis the MIBK is evaporated to
dryness and the residue digested in nitric acid. Con-
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centrations are then determined by the standard addi-
tions method on the flameless graphite-furnace of the
Maussman design.

Sediment Samples

Sediment can be collected and transported in seal-
ed bottles to the laboratory where the moisture content
is measured. A dried weight of each sample is digested in
nitric acid and analyzed for cadmium, copper, lead,
manganese, molybdenum, zinc, arsenic, selenium, and
mercury. The first six elements are analyzed by flame
atomic absorption (American Public Health Association,
1971, p. 156-165). These elements are high enough in
concentration to allow for dilution, which eliminates the
effect of the salt content.

Arsenic and selenium are measured on the digested
sample by the use of a graphite furnace AA (Fernandez
and Manning, 1971, p. 65-71). Mercury is analyzed by
the flameless cold vapor AA technique on digested sam-
ples (National Environmental Research Center, 1974, p.
134-138).

Silver is measured after extracting the digestate in-
to MIBK then proceeding with silver analysis as outlined
previously.

Sulfide in Sediment

Sulfides can be run as total sulfide using the same
procedure and apparatus as that in the water sulfide
analysis (American Public Health Association, 1971,
p. 551-559).



LAKE INDUSTRIES




CONTENTS

page
IV.LAKE INDUSTRIES
History and Technology of Salt Production from Great Salt Lake, by J. L. Clark and N. Helgren . . . . ... ... ... 203
Production of Magnesium from the Great Salt Lake by R. D. Toomey . ... .. ... . ... . ... ... . . ........ 218

Industrial Processing of Great Salt Lake Brines by Great Salt Lake Minerals and Chemicals Corp. by P. Behrens . . . 223

Solar Production of Potash from the Brines of the Bonneville Salt Flats by C. P. Bingham . . .. . ... ... ... .. .. 229

The Brine Shrimp Industry on the Great Salt Lake by P. A. Sturm, G. C. Sandersand K. A. Allen . . . ... ... ... 243

The Hill/Wendover/Dugway Range Complex by J. W. Gwynn . . ... .. ... .. . . i, 249



HISTORY AND TECHNOLOGY OF SALT PRODUCTION FROM GREAT SALT LAKE

by John L. Clark
Instructor at L.D. S. Institute of Religion, Tucson, Arizona

by Norman Helgren
Manager, Morton Salt Company, Salt Lake City, Utah

ABSTRACT

This study traces the development of methods
used to recover and refine salt from Great Salt Lake by
‘the industry, in general, and by specific companies. It
provides brief historical sketches of the major corpora-
tions and the cconomic and environmental factors
affecting their growth. A summary is given of present
day salt production methods and markets.

HISTORY OF SALT PRODUCTION FROM
GREAT SALT LAKE

Before the Mormons

Use of salt from Great Salt Lake in the pre-
Mormon period was so limited that the mere mention
of trappers, immigrants, or explorers using it becomes
historically significant. It can be reasonably assumed
that native Americans used the lake as a salt source,
but no evidence remains of any extensive developments
by them.

The first white men known to use salt from
the lake were mountain men from Ashley’s Rocky
Mountain Fur Company. During the late fall of 1825
a rendezvous site was established near the present site
of Ogden City. While camped in the area they boiled
away some of the lake brine in a kettle to obtain salt (1).

Early pioneers passing through Utah on their way
to California usually brought salt with them and, like the
trappers who preceded them, refer to salt only inci-
dently. The explorers in the inter-mountain region were
more directly interested in Great Salt Lake and its
nature and leave more complete descriptions of it
than did their mountain man and pioneer predecessors.

In John C. Fremont’s memoirs of his second expe-
dition west he reported floating in a specially prepared
rubber raft from a point near the outlet of Weber River
to what is now called Fremont Island (2). While return-

ing to the mainland the next morning Fremont filled a
five-gallon bucket with brine from which he intended
to make salt. Fremont described the process by saying:

Today we remained at this camp, in
order to obtain some further observations
and to boil down the water which had been
brought from the lake for a supply of salt.
Roughly evaporated over the fire, the five
gallons of water yielded fourteen pints of
very fine-grained and very white salt, of
which the whole lake may be regarded as
a saturated solution (3).

Fourteen (14) pints of salt were produced from 40
pints of brine, indicating a 35 percent solution. This
ratio of salt to water, and the subsequent chemical
analysis Fremont had run of the salt sample do not
correspond to modern chemical data in similar experi-
ments (4).

Although Fremont’s reports were published prior
to the settlement of Salt Lake Valley, and they were
studied by the Mormons in their preparations to move
west, it does not appear the availability of salt as a
resource to meet local needs or as a future commercial
enterprize had any significant effect on the decision to
settle the area.

Mormon Pioneers

The Mormons left Winter Quarters, Nebraska in
their exodus to the valley of the Great Salt Lake in
April of 1847. A pioneer group was selected to go west
in advance of the main body in order to find a suitable
route for the upcoming migration. This advance group
entered the valley between July 22-24 and immediately
began to explore the region and evaluate its resources.

Great Salt Lake, the most dominant feature of the
valley, was high on the list of prospective sites to ex-
plore. On July 28, Brigham Young and some of his
associates made a special trip to the lake to satisfy their
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curiosity as to the nature of this well-known landmark,
and to bathe in its bouyant water. William Clayton, a
Mormon chronicler, reports the brethren “suppose the
water will yield 35 percent purc salt. They gathered
some off the rocks, which is as pure, white and fine as
the best that can be bought on the market™ (5).

Salt found deposited on the shore of the lake
proved to be as important to the pioneers as that found
in the water. A committee which had been assigned to
extract salt from the lake and shore left August 9 and
returned August 13, “having prepared 125 bushels of
coarse white salt, and boiled down four barrels of salt
water to one barrel of fine white table salt” (6). William
Clayton recorded in his journal that the committee
found a large bed of beautiful salt, six inches deep, lying
between two sand bars. There appeared to be enough
pure salt in this bed to provide at least ten wagon loads
without further refining (7). There were no restrictions
on the use of this salt by the pioneers. Those who
required it would simply drive to the lake and take
what they needed. More enterprising individuals could
bring back an ample supply and sell a heaping bushel for
fifty cents.

These shore deposits yielded a poor quality, bitter
tasting salt due to the other minerals found in suspen-
sion in lake water. Only 84 percent of the percipitate is
sodium chloride. The other 16 percent is made up of
chlorides and sulphates of magnesium, calcium and
potassium (8). These latter minerals give salt a bitter
taste. To improve the quality and develop a profitable
commercial enterprise, attempts were made to set up a
salt boiling apparatus near the south end of the lake.

When the first salt boiling operation was set up is
not known, but it marks the genesis of salt production as
a serious commercial venture. There is some indication
that some type of permanent structure that would
identify a “salt works™ had been constructed near the
lake in 1847. A reference was made to it in a report by
several men exploring the lake the following year (9).
The Council of the Twelve made a decision in May of
1849 to “ascertain . . . the most suitable point to estab-
lish a manufactory of salt” (10). The indication from
this decision would be that whatever salt works had been
there was either no longer suitable or did not exist in
1849.

A permanent salt-boiling operation was apparently
established in the spring of 1850 by Charley White.
Neither Gunnison nor Stansbury, who were conducting
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government surveys on the Lake's south shore, mention
salt boilers until the latter part of June 1850 (11). In
Gunnison's account of the operation he reported that
White could boil 300 pounds of salt per day in his six
60-gallon kettles (12). Charley White operated his salt
works, which became the first established salt company

of record to operate on the shores of the Great Salt
Lake, until 1861.

In 1870, the Ninth Census reports only one
establishment producing salt in Utah (13). This opera-
tion could have been one owned by the Joseph Griffith
and William F. Moss families of “E. T. City" (Lake
Point). The Moss and Griffith salt works was a small,
home industry, most likely run as a sideline to a farm or
ranch (14).

By 1873, the Great Salt Lake had risen to its
highest point in recent geologic history, which diluted
the brine by about one-third. As a result, the salt boilers
had to burn about one-third more wood to obtain the
same amount of salt that was produced in the previous
two decades. The recently completed railroads were able
to import higher quality but cheaper salt.

GENERAL, TECHNICAL, AND ECONOMIC
DEVELOPMENTS 1860 - 1895

The salt industry received its first real impetus
from the discovery of silver in Montana. Beginning in the
mid-1860’s, mining camps around Butte experienced a
boom. The chlorination process for the reduction of
silver ore was developed about the same time, placing a
heavy demand on producers to supply the mills with
enough salt to reduce the ores. Utah had the raw mater-
ial and railroads provided a transportation system
capable of handling high-tonnage loads cheaply. As
tracks were laid to new markets, the demand for salt
increased, which in turn stimulated the search for
improved methods of production and refining.

By 1873, the level of the lake had risen to such an
extent that many of the natural salt beds were covered
with water. Dikes were then constructed across the
entrance of coves and along the shore of the lake so that
the periodic rise and fall of the lake could fill the pond
areas. The early salt makers depended on the northwest
wind which had the capability of raising the water on
the southern shore of the lake from one to one and
one-half feet for filling the ponds with fresh brine, but
the storms were not always dependable, and some of the
stronger winds caused the waves to wash away the dikes
and dissolve the salt that had been deposited (15).
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With experience, salt makers learned that carth
alone was unsuitable for constructing dikes, and planks
would not bear the weight of the heavy brine waves.
Jeremy and Cowmpany, organized in 1870, successfully
constructed its ponds by driving a row of cottonwood
stakes into the ground every two feet. A parallel row of
stakes was driven seven feet away from the first. A
lattice work of willows was woven on the stakes and
backed by several inches of tule (bullrushes). The area
between the two rows of stakes was filled with earth,
making a substantial dike that proved effective for
constructing ponds from five to one hundred acres in
extent. Cost of construction of this type was estimated
at one dollar per foot (16).

But the natural fluctuations of the lake were too
unreliable for filling the ponds. By the 1880’s, some salt
companies were using steam or horse powered pumps tq
fill their ponds with brine. In 1888, Inland Salt Com-
pany had established a central power source to run a
ten-inch centrifugal pump and the machinery in their
mill (17).

To remove the undesirable minerals from the
brine, Inland Salt Company, one of the most innovative
companies in the growing salt industry, specifically built
its pond system in 1888 to use a principle called frac-
tional crystallization (18). As the brine solution be-
comes more concentrated, calcium and magnesium
carbonate arc the first to precipitate, followed by
anhydrite. Sodium chloride, or common salt, is deposit-
ed in the next phase and is followed by the chlorides and
sulphates of magnesium, potassium, and perhaps sodium
which are deposited as complex mineral compounds
upon complete evaporation. By discarding this bittern at
the proper time, salt was produced that was reported to
have contained over 99 percent sodium chloride (19).

It was not until the Inland Salt Company invested
sufficient capital to develop a pond system that could
adequately use the fractional crystallization principle,
and to improve harvesting techniques utilizing the
“split”, a method of separating the new salt crop from
the bottom of the ponds, that the salt industry in Utah
really came of age.

Between the mid-1880°s and the tum of the
century, five factors coincided to change a highly
competitive business into one dominated by a monopo-
ly. Those factors were: First, a decrease in the silver-mill
market: sccond, an increase in the market for refined
grades of salt; third, available capital sufficient to
construct large plants geared to produce refined grades

of salt; fourth, over-production of salt during 1890,
1891, and 1892 finally, the depression of 1893.

By the early 1890s, salt companies in Utah could
be placed in two general categories. One was the specu-
lative-type producer who had entered the business to
take advantage of the silver-mill market, with emphasis
on tonnage rather than on quality. The other category
consisted of larger companies with huge production
capacities which enabled them to produce for the silver
mills and at the same time fill the needs of the new
market for refined salt. The Inland Salt Company and its
successor, Inland Crystal Salt Company, were such
organizations.

By 1890, Inland Salt Company’s first harvest came
on the market, doubling the average annual production
for the preceding five years. Its successor, Inland Crystal
Salt Company, doubled and then tripled Inland’s pro-
duction during the next two years, respectively. In-
creased production in a depressed market dropped prices
from the 1885-1890 average of $2.88 per ton to $1.88
in 1892 (20).

Production statistics of individual companies were
not published after 1892, making it impossible to be
precise in evaluating the effect of the depression. Avail-
able statistics, however, indicate that Inland Crystal Salt
Company produced over half of the annual output
during 1892 (21). Refined grades made up a much
higher percentage of sali marketed in 1893 than in
preceding years.

The smaller companies, unable to increase their
gross profits appreciably through expanded production
during the lean years of 1890-1892, were still attempting
to sell crude salt in a depressed market. The depression
prevented them from building or expanding refineries;
consequently, most of them went out of business or sold
out to the larger producers.

EARLY SALT COMPANIES ON THE SOUTHERN
SHORE OF GREAT SALT LAKE

There were over twenty different companies
producing salt on the shores of Great Salt Lake between
1880 to 1915. The men who organized the companies
were attracted to the salt busines by the ready market
for crude salt provided by the silver mills. A good share
of them invested no more capital than was necessary to
scrape up crude sait deposited around the lake and haul
it to a shipping point. Records from the period reveal
very little about these companies other than that they
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existed (22). The companies on the south shore of the
lake that developed salt production into a major enter-
prise are described below.

Jeremy and Company

Jeremy and Company was one of the first to
make a major investment in the production of salt. The
company was organized in 1870. It produced refined
grades of salt in a plant in Salt Lake City. This company
was one of the first to construct artificial evaporation
ponds which were located at North Point, three miles
north and east of the site of the old Saltair resort (23).

Jeremy and Company and its successor, Jeremy
Salt Company, had a refining plant that was unable to
meet the growing demand for refined grades of salt. The
company failed to compensate for lower prices by
expanding its pond facility to increase production, and it
faced overwhelming competition from the Inland Salt
Company. In addition, the depression of 1893 caused
many of the silver mills to discontinue operations, thus
eliminating Jeremy’s largest market for crude salt. In
1896 the company was sold to Inland Crystal Salt
Company (24).

Inland Salt Company

Inland Salt Company, organized November 21,
1887 by a group of Mormon entrepreneurs, was the
predecessor of the Inter-Mountain Salt Company, Inland
Crystal Salt Company, Royal Crystal Salt Company and
Morton Salt Company’s Utah branch.

Construction of the ponds began in 1888. These
ponds were the first specifically designed to utilize the
fractional crystallization process of salt making, al-
though pond systems of other companies built prior to
1888 imply some knowledge of the process (25).

By 1890. Inland was producing two-thirds of the
sixty thousand tons marketed by Utah companies (26),
but by 1891 the salt company was sold to buyers from
Kansas City for $200,000 (27).

Inland Crystal Salt Company

On July 1, 1891, Inland Salt Company was rein-
corporated and its name was changed to Inland Crystal
Salt Company. The valuation of the property was

increased to one million dollars (28).

The new officials installed one of the world’s
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largest rotary kiln driers in the mill as a part of a
§50,000 renovation program. The drier was forty-two
feet long, nine feet high, and five feet in diameter (29).
The new company introduced the brand name “Royal
Crystal” which appeared on the table and dairy grades of
salt. This change was significant because of its historical
duration. *““Royal Crystal” salt has been sold by Inland
Crystal Salt Company and its successors, including
Morton Salt Company, until the present time (30).

The new company also developed a process for
making salt blocks for livestock consumption. Salt was
molded into fifty-pound blocks using a patented adhe-
sive substance (31).

It can be assumed from existing records that
Inland Crystal Salt Company produced at least half of
the state’s salt until its merger with Inter-Mountain Salt
Company in 1898 (32).

Inter-Mountain Salt Company

In the fall of 1892, money from the sale of the
Inland Salt Company was used to develop Saltair Resort,
Saltair Railway, and Inter-Mountain Salt Company on
the shore of Great Salt Lake (33).

Inter-Mountain Salt Company operated success-
fully until March 2, 1898, when the plant bumed to the
ground. Plans to immediately rebuild on a larger scale
were dropped and the company merged with the Inland
Crystal Salt Company (34). The consolidated companies
were known by the name of Inland Crystal Salt Com-

pany.

Diamond Salt Company

Diamond Salt Company, located west of the
Inland Crystal Salt works, was incorporated February 2,
1901, with plans for establishing a sanitarium, bathing
facility, amusement park, and salt manufacturing busi-
ness. It appears the company intended to compete with
Saltair in the resort business and break the monopolistic
hold Inland Crystal Salt Company had on the salt
market. Within a year after the company was incorpo-
rated, ponds were built. If construction was started on
the resort, there is no physical evidence remaining to
indicate to what degree it had progressed. Most likely it
went no further than the planning stage. The company
sold its holdings to E. L. Sheets Company, which in
turn was purchased by Inland Crystal Salt Company in
1915 (35).
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Weir Salt Company

Weir Salt Company began its operation at about
the samme time Diamond Salt Company entered the
industry. Its works were located on the south shore of
the lake near Lake Point, Utah. The Weir Company had
problems from its inception. During construction of the
long ditch from the water’s edge to the pumping station,
it encountered the rockhard strata of sodium sulphate
that underlies the shore land around the lake. In ad-
dition ground water seeped into the canal and diluted
the brine. After Weir completed one hundred acres
of ponds and pumped water into them, it was discovered
the floor of the ponds was composed of a porous ma-
terial, and much of the brine would seep out before the
salt concentrated to the point of deposition (36).

Weir also began construction of a plant, but before
it was completed it was discovered the foundation
extended onto railroad property, and construction of
the facility was never finished (37). Deseret Livestock
Company later purchased the property and began
construction of its salt works on the same site in 1949.

The Sait Monopoly

The merger of Inter-Mountain Salt Company and
Inland Crystal Salt Company in 1898 established a salt
monopoly that lasted twenty years.

The role of the Church of Jesus Christ of Latter-
day Saints (Mormon) in Utah’s salt industry grew
steadily through the decade prior to 1898 until it
became the dominant influence in the emerging monop-
oly. At this time, the Church owned a significant
amount of stock, and Joseph F. Smith, a member of the
First Presidency, was President of the company (38).

Shortly after the merger, efforts were made by the
Church-controlled company to maintain and strengthen
its monopolistic position. Possible sites for competing
salt works around the lake were bought up to prevent
competing companies from becoming established (39).
Not completely successful in their efforts to ward off
competition by buying lake shore land, the company
purchased competing firms, or eliminated competition
through its ability to control the price of salt (40). The
monopoly was not significantly threatened until Morton
Salt Company moved into the area in 1918.

SALT COMPANIES ON THE EAST AND NORTH
SHORES OF GREAT SALT LAKE

Three sites around the east and north portion of
the lake have been used for salt production: Spring Bay,
on the extreme north end of the lake: Promontory
Point; and the mud flats west of Syracuse, Utah. The
companies using these sites supplied the peripheral
needs of the salt market, rather than competing with the
larger companies on the south shore.

The same salt producing site near Syracuse was
used by the following companies in succession: George
Payne from 1880 to the middle of the decade. William
W. Galbraith purchased the salt works from Payne and
sold it to Adams and Kiesel Salt Company in 1888. In
1899 Adams and Keisel sold their operation to William
B. Clarke, who did not continue production (41).

Other companies which produced from the east
shore of the lake were Deseret Salt Company, Gwilliam
Brothers Salt Company, which later re-incorporated as
the Solar Crystal Salt Company, owned by Payne,
Chesney, and Bills; and the Sears Utah Salt Company.
With the exception of the two companies named last,
none survived the turn of the century (42). Those two
were unable to compete with the Inland Crystal Salt
Company and terminated production
years.

within a few

From the turn of the century until 1939, there
was no significant activity on the eastern shore of the
lake. Inland Crystal Salt Company and its successors
were firmly-established producers, providing the market
with all the diversified products it required, and jealous-
ly guarding their position in the industry. From 1910
until 1930, the lake was high, leaving no relection land
below the occupied uplands available for use.

By 1939, the lake had become stabilized at the
bottom of a fifteen-year declining cycle, exposing large
areas of relection land. Available shore land encouraged
C. J. Call to organize the Ritz Salt Company. Promise of
a ready market supplying salt to O. P. Skaggs Company
prompted Call to petition Davis County for access across
Morton Salt Company land to the lake. A road and
ponds were constructed and plans were made for the
construction of a salt refinery, but it was never com-
pleted (43). Morton Salt Company, believing in the
riparian right of the upland owners, threatened to bring
suit against the Ritz Salt Company for trespass. Call sold
his holdings to Morton Salt Company in 1941 (44).
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Unwilling to give up his interest in the salt busi-
ness, Call moved to the eastern tip of Promontory Point
and built a few ponds betwceen the lake’s edge and the
tracks of the Southern Pacific Railroad (45). There is no
record available on how much salt was produced from
this site, or how long he was able to operate. It can be
concluded, however, that since the lake started into its
rising cycle in 1945, his ponds would have been washed
out ty 1950.

A. T. Smith, owner of Smith Canning Company in
Clearfield, Utah, became interested in producing salt for
his cannery and for sale on the regular market. With a
modest investment he constructed fifty acres of ponds
and a small mill at Syracuse. During its operation, the
company built up a small market among canneries,
stock raisers, and uranium mines; however its success
was hampered by a limited labor force during the
Second World War. In 1945 rising waters washed away
the dikes and 20,000 tons of salt were dissolved. The
Syracuse site subsequently has remained inactive as a
salt-producing area. In 1949, the small mill was disman-
tled and used in constructing the Deseret Livestock
Company salt plant at Lake Point, Utah (46).

The north shore has never been considered a
prime area for a salt operation due to its remote loca-
tion. However, the north end of the lake offered some
promise shortly after the transcontinental railroad came
through Utah in 1869. At that time, Corinne was ex-
pected to develop into an important railroad junction
and city of commerce.

House! and Hopkins Salt Company, encouraged by
hopes of Corinne’s future, constructed ponds east of
Locomotive Springs on the shore of Spring Bay. A
newspaper report indicated it was operating during
1871, although no further disclosure was found to
determine the duration of the company. No informa-
tion has been found of any other salt works using this
site until the late 1930°s (47).

In 1939 the Quaker Crystal Salt Company was
organized as a result of a severe earthquake at the base
of Monument Point on the northern shore of the lake.
Three warm springs of undetermined depth began to
flow. These contained from 11 to 15 percent sait.
Analysis of the spring water revealed grades of salt
suitable for cheese making and other uses for which salt
was at that time being imported into Utah. The com-
bination of a pure source of salt from the springs, and
the lake close at hand for conventional salt production
provided the stimulus necessary to organize the com-
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pany (48). However. the rising lake washed out large
sections of dike. and vandals stole equipment and in
1965 set fire to the mill. These problems had depleted
the company’s resources to the point that continued
operation could not be justified on the basis of antici-
pated profits (49).

During the late 1930’s and carly 1940’s, Great Salt
Lake had become stabilized at a historically low level.
Concentration of the brine had reached saturation point,
and salt was deposited on the botiom of the lake. The
concentrated nature of the brine encouraged Howard
and Harold Pence and Bulo Suttlemyre to organize Lake
Crystal Salt Company in 1947. The production and
refining operations were located at Promontory Point:
the sales and storage facilities were in Ogden (50).

Lake Crystal Salt Company’s location was such
that its feed brine was higher in salt concentration than
that of competing companies. Therefore, they required
only some 300 acres of crystallizer ponds with no invest-
ment for concentrating ponds (51).

Nevertheless, Lake Crystal’s production has never
been a significant factor in the salt market and has never
exceeded 30,000 tons per year. Recently, the Lake
Crystal operation has been purchased by the Carey
Salt Company, which in turn is owned by Canadian
interests.

Morton Salt Company

Intand Crystal Salt Company did not share its
dominant position in Utah’s salt industry with any
serious competitor until Morton Salt Company leased a
potash plant at Burmester, Utah, in 1918, and establish-
ed a competitive foothold. In 1923, Morton Salt Com-
pany purchased controlling interest in the Inland Com-
pany from the Mormon Church. By 1927, the remaining
stock was acquired, and Inland Crystal Salt Company
was reincorporated as a wholly-owned subsidiary under
the name of Royal Crystal Salt Company. Morton Salt
Company produced salt from its plant at Burmester and
also from its subsidiary plant at Saltair until 1933, at
which time production and refining facilities were
combined at the Saltair location. Although both com-
panies operated from the same plant, the separate
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identity of Royal Crystal Salt was maintained until that
company was dissolved in 1958 (52).

Technological innovations were introduced shortly
after Morton Salt Company came to Utah; however, new
developments were not due so much to paternalism of
the large out-of-state company as they were to the
initiative of local employees. In 1923 tractors were
introduced in the harvesting process by Ed Cassidy who
brought his farm tractor to the Burmester ponds to
replace the horses used in pulling the plows. Machinery
had not been used in the past because of the fear of the
weight breaking through the thin salt floor. Following
Cassidy’s successful venture the company purchased
some Fordson tractors with which to plow the salt, but
handwork was still being used to stockpile the salt (53).

The company consolidated its production facilities
at Saltair in 1933. Salt was harvested by hand at first
because of the need to revamp the pond system. In order
to withstand the extra weight of machines, the salt floor
had to be increased to a depth of eighteen inches and the
dikes heightened. Local inventors modified small farm
tractors that scraped salt into a bin which was pulled
across the ponds and dumped onto the stockpile. This
machine was replaced in 1938 by a local invention called
a “Hootin® Nanny”. In 1949 another machine also
designed by local men, called a “*Jackrabbit”, was used
until it was replaced by a commercially-manufactured
machine called the “‘scoop-mobile”. The “scoop-mobile”
was replaced in 1964 by a revolutionary new machine
called the “Palmer-Richards Salt Harvesting Combine”.
[t was developed locally by James Palmer and A. Z.
Richards, Jr., of the Solar Salt Company (54).

Other significant changes at the Saltair complex
came about as a result of two fires. After the Inland
Crystal Salt Company mill burned in 1926, the site was
changed from the west side of the ponds to the east side.
Again on January 25, 1949, the plant was destroyed by
fire and rebuilt. The new plant capacity nearly doubled
the 50.000-tons-per-scason figure of the 1926 refinery
(55).

Growth of the Saltair facility enabled the Morton
Company to retain a dominant position in the inter-
mountain salt market. Its monopoly faced a temporary
threat from several new developments around the lake
during the late 1930°s and carly 1940°s; however, none
of the new companies endured more than three or four
years. In the 1950’s and 1960’s Lake Crystal Salt Com-
pany from the north shore, Deseret Livestock Salt
Company, and Stansbury Salt Company from the

south and southwest shore gained a foothold in the salt
business and retained it. Fortunately, these new com-
panies organized at a time when the market was expand-
ing. In the decade following 1950, the market increased
50 percent. It doubled again in the next ten years.
Morton Salt Company increased its production in spite
of the competitive pressure (56).

American Salt Company

Crystal White Salt Company, the first in a series of
predecessors of American Salt Company, was organized
in 1938 by Ray B. Elderkin, with the intention of
producing salt for the California market (57). The new
company selected a site six miles from Grantsville on the
mud flats south of Stansbury Island. The west side of
the lake was sclected because of the purity and concen-
tration of the lake brine, accessibility to the railroad,
and the level, impervious nature of the mud flats (58).

The company had been unable to construct a
refinery or organize a sales force because of the limited
resources with which to operate (59), and when the
owner died, the company went out of business because
of lack of capital.

The properties of the defunct Crystal White Salt
Company were sold at a sheriff's auction in 1938 and
the new owners incorporated the Stansbury Salt Com-
pany (60). A refinery was built in 1950 on the north
side of the intersection of U. S. Highways 40-50 and the
Stansbury Island Road (61).

Stansbury Salt Company made limited progress
until it was contacted in 1954 by representatives of
chemical companies from the northwest. Hooker Electro
Chemical Company and Penn Salt Chemical Company,
both large users of salt in the Portland and Tacoma area,
investigated the possibility of acquiring salt from Utah.
They organized Chemical Salt Production Company and
engaged Stansbury Salt Company as an agent to build a
large, salt-evaporating complex adjacent to the Stans-
bury property. In 1955, the chemical companies invited
the stockholders of the Stansbury Company to merge.
The offer was accepted in December, 1956. The new
combine was incorporated under the name Solar Salt
Company (62).

Enlarged capital resources, made available through
the 1956 merger, enabled the local employees to express
their initiative in the development of novel ideas for salt
production. The old ponds built by Crystal White Salt
Company were abandoned in favor of the new pond
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complex constructed for the Chemical Salt Production
Company. The pond arrangement, dike construction,
harvesting equipment, and central stockpile comprised
an integrated operation to minimize handling of salt,
thus lessening production costs (63).

One of the newest and most radical developments
in the salt industry, local or nation-wide, was a salt
harvesting machine developed by Solar Salt Company.
James Palmer, primarily responsible for the design of the
revolutionary machine, had started out in the salt
business as an employee of Crystal White Salt Company.
After being hired by the Stansbury Salt Company, he
tried new methods in an effort to make the harvest more
efficient. Lack of capital meant cannibalizing parts from
old machinery to fabricate the experimental com-
ponents. With the mechanical assistance of Joe Peterson,
a fellow employee, a machine was developed that
loosened the salt, excavated it, and conveyed it directly
into trucks driven alongside. Mr. A. Z. Richards, Jr., one
of the owners of Stansbury Salt Company and co-owner
of Caldwell, Richards & Sorensen, Inc., helped redesign
and improve the machine. The Palmer-Richards machine
has proven its efficiency and is being marketed inter-
nationally (64).

In 1965 the company built a new $320,000 plant
which tripled the capacity of the project. In 1967 it was
sold to Mr. Ludwig, of National Bulk Carriers, over the
objections of the Utah stockholders who did not want to
sell their shares in the Solar Salt Company they had
helped to build (65).

The American Salt Company entered the Utah Salt
market in 1972, when it negotiated the purchase of the
Solar Salt Company. American Salt has its headquarters
in Kansas City and is part of the Cudahy Company
which is owned in turn by General Host.

This salt complex on the southern end of Stans-
bury Island has become one of the largest producers in
Utah. Through the initiative of its local employees and
with the capital provided by its new owners, it has
developed one of the most effective salt harvesters in the
industry. Like other salt complexes on the lake, it
started out as a locally-owned company and became
affiliated with large, national firms.

Lakepoint Salt Company
(Weir, Deseret, Leslie, Hardy Salt Companies)

Salt has been produced from the waters of Great
Salt Lake near Lake Point, Utah, since the pioneer
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period. Salt boilers were set up as a small home industry
to supplement the meager income of local farmers.
Subsequently, half a dozen companies have used the
location in an attempt to make a profitable enterprise
out of salt extraction.

Salt production using the solar-evaporation process
at the Lake Point site was first introduced by Weir Salt
Company in 1901. Nearly fifty years of dormancy
followed Weir's abortive attempt to enter the industry
before Deseret Livestock Company reactivated the site
in the spring of 1949 (66).

The porous soil underlying the floor of the ponds
has presented problems to the salt producers at the Lake
Point site since 1901, when Weir Salt Company en-
countered this condition, and the resulting seepage of
brine from the ponds was a contributing factor in the
demise of that company. This condition was corrected
by digging trenches to an impervious clay under-strata
and creating a bond between the dike material and the
clay; a seal was achieved that prevented seepage (67).

As with other salt makers, men at Lake Point
experimented with different methods of production.
One of the first salt-harvesting machines used at Lake
Point was designed by this salt company. Deseret Live-
stock Salt Company began using a central stockpile, and
each of its successors has followed suit (68).

In late 1952 or early 1953, ownership of Deseret
Livestock Company, including the salt works, was sold
to David Freed and David Robinson. Knowing little
about salt production, they offered that part of their
holdings for sale. Council McDaniel purchased the
company and reincorporated it under the name of
Deseret Salt Company. McDaniel operated the salt works
until the latter part of 1958, when he sold to Leslie Salt
Company (69).

In 1961, Leslie Salt Company, largest salt pro-
ducer on the west coast, was charged by the Federal
Trade Commission with creating a monopoly. The
complaint alleged that Leslie’s acquision of Deseret Salt
Company tended to creat a monopoly in the production
and sale of salt in the west. The procceding was settled
through a divestiture order requiring Leslie to sell its
Utah holdings. On November 2, 1965, Hardy Salt
Company, of St. Louis, Missouri, purchased Leslie’s Lake
Point plant (70).

In 1977 the Lakepoint Salt Company was formed
by purchasing the Hardy Salt operation at Lakepoint. A
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group of local investors teamed up with the former local
management of the American Salt Company plant to
start this operation. The existing Hardy plant was closed
down for several months while extensive revisions were
accomplished to return this plant to a profitable opera-
tion.

Great Salt Lake Minerals Company

Great Salt Lake Minerals and Chemicals Corpora-
tion, a division of Gulf Resources Corporation, entered
the sodium chloride market in 1970, and is now the
largest shipper of bulk crude salt in the area. They have
extensive reserves of salt as a byproduct from their
potash operation. Prior to this time, they had produced
only sulfate of potash, salt cake and magnesium chloride
brine. In 1979, Great Salt Lake Minerals constructed
a new salt processing plant which will produce a full
line of salt products.

SALT PRODUCTION METHODS

The original method of producing solar salt by
flooding an area and allowing the brine to evaporate
produced very bitter flavored salt. Salt producers learned
that by controlling the brine flow they could produce a
high quality salt and discard the “bittern”’.

This process is essentially fractional crystallization.
The water from the Great Salt Lake is pumped into a
series of concentrating ponds or “settling” ponds where
the most of the insoluble materials settle out. In some
arcas they are known as reservoirs or evaporators.
In these ponds the brine is concentrated by evaporation
of the water until the ** salt point” or saturation with
respect to sodium chloride is reached.

The brine then goes into the crystallizer ponds
where the salt is precipitated. These ponds were some-
times known as “garden’ ponds or pans. The crystallizer
ponds are operated either in series or in parallel depend-
ing upon the convenience of the operations. In a parallel
system each crystallizer independently receives brine and
discharges bittern. In the series systems, brine enters one
pan, flows through a number of pans, and bittern is
discharged from the last pan in the series.

In all the operations on the Great Salt Lake, the
ponds have a salt floor on which the salt is crystallized.
This is a great advantage as the salt provides a solid base
for harvesting equipment and avoids contamination of
salt with the natural dirt base. The Great Salt Lake area
is also blessed with ideal salt growing conditions, i. €.,
low rainfall, high net evaporation, large areas of flat

land, proper soil conditions and a brine that is three
times as strong as sea water.

The important control point is the density at
which the bittern is discarded. If the bittern is discarded
below the optimum level good salt is lost, or if it is
retained too long, the purity of the salt will suffer.

A technique developed by Utah salt makers to
increase the rate and ease of salt harvesting was termed
the *split”. Salt was allowed to build up a permanent
layer on the bottom of the ponds to a depth of several
inches. At the beginning of each season a thin layer of
very fine crystals was deposited, forming a split between
the floor and the large crystals of the annual crop. The
objective of this procedure was to form a cleavage plane
along which the upper layer of salt could be loosened. If
a split were not made, the crystals from the new crop
would interlock into the salt floor, making a hard,
continuous formation with no way of breaking it loose
without intermixing soil from under the pond (71).

Two methods were used to make the split. The
early pond men formed what they called a “sun split”
by draining the pond until a small amount of highly
concentrated brine covered the floor. The split was
created by precipitating a layer of very fine crystals to
the depth of one-eighth inch over the large, jagged
crystals below. After the fine crystals were deposited,
fresh, highly-concentrated brine was brought into the
ponds. The larger crystals of the annual crop built up on
the fine salt layer. A mechanical split was made by
dragging a rail across the floor of the pond. This process
knocked the edges off the crystals and formed a fine
layer of salt to separate the floor from the ensuing crop
(72).

The salt crop grows on both the floor and the
surface of the brine. The salt crystallizes on the surface,
where the super saturation is the greatest, and forms
“hopper” type crystals that fall to the floor and con-
tinue to grow.

In the Great Salt Lake area, the production season
normally starts in March when the pumps are started and
the ponds are filled. The salt making period is from May
to October, and the harvest takes place between Labor
Day and Thanksgiving. There may be a spring harvest
prior to filling the ponds.

The early harvests were accomplished by plowing
up the salt with a disc plow, and then shovelling the salt
by hand into wheel barrows and dumping it in smali
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Harvesting Royal Crystal Salt.

Bagging Royal Crystal Salt, early 1900s.

Harvesting salt by wheelbarrow.
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Harvesting sodium chloride (common salt) from solar ponds using Palmer-Richards harvester.

Windrowing, harvesting, with a modified Palmer-Richards harvester, and hauling salt to the plantsite.

Photos courtesy of Great Salt Lake Minerals and Chemicals Corp.
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piles along the edge of the ponds. Today specialized
harvesting machines pick up the 4 to 6 inches of crop
and load it directly on to large dump or bottom dump
trucks which unload at a stockpile area.

The salt can cither be washed at the time of
harvest or washed as it is processed. The salt is washed
with slightly under-saturated brinc by using screw
clarifiers, drag conveyors or wirc mesh belt. Washing
removes the “‘bittern” from the salt and also any insol-
uble material, leaving a salt with a purity of 99.7+%
NaCl. Sait is then dewatered by letting it drain in a
stock pile, or by using a centrifuge, mesh belts or
screens.

Some salt is sold as bulk air dried from the stock
pile, but a large percentage is dried, screened and pack-
aged to meet the various customer needs. It is dried in a
rotary type kiln. Finely granulated salt requires a grind-
ing or milling operation prior to screening.

Although solar salt uses little purchased energy, it
has a rather low yield based on the amount of salt in the
brine that is actually recovered and shipped. This yield
may be only 25%, and is the result of several factors
which include:

1. Seepage loss from ponds.

2. Unharvested salt - including salt on floors and
around edges of ponds.

3. Salt in discarded bitterns.

4. Salt losses in washing.

5. Salt losses in stock shrinkage (rainfall, etc).
6. Salt losses in drying (dust mainly)

7. Salt losses in processing (cull, spills, etc).

Every solar salt operation in the world has to
adapt its operations to varying conditions of weather,
soil conditions, initial brine strength and customer
requirements. The brine from the Great Salt Lake
changes year to year, and season to scason, even from
place to place. The brine at the south end of the lake
contains less than half the salt found in the north arm
above the railroad causeway. Pond acreage required to
produce an equivalent amount of salt is twice as great
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for southend producers as for those on the north por-
tion. The cyclic lake level also causes considerable
changes in brine content and in pumping requirements.
Pump locations have to be changed to accomodate the
fluctuating vearly lake levels. Nevertheless, salt com-
panies have operated successfully on the Great Salt Lake
for nearly a hundred years and there are still several
billion tons of salt left. There is some evidence that the
present operations are not even depleting the annual
inflow of salt to the lake.

MARKETS

The Utah salt market, except for large industrial
bulk users, is essentially serving the Intermountain West.
The bulk of the market is from the borders of Canada
and Mexico to California and Nebraska. Movement of
solar salt is increasing to the east duc to the competitive
advantage of reduced energy cost of solar salt compared
to solution or underground mined salt. The major
markets for solar salt are for water softeners, agricultural
uses, and industrial uses including ice control. Only a
small fraction is used in the food or table (retail) market.

Actually the Utah salt production, at present, is
just a small portion of the U.S. total production. Total
U.S. production is about 45 million short tons per year,
with Utah’s present production at 850,000 tons/year.
Total world production of salt is around 145 million
tons.
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| view of N. L. Industries magnesium plant located on the west shore of the Great Salt Lake. The large oval feature (center right) is a 210,000,000 gallon, segmented
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plant feed brine holding pond.
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PRODUCTION OF MAGNESIUM FROM THE GREAT SALT LAKE

bv Dr. Robert Toomey

NL Industries

INTRODUCTION

In 1940, NL Industries began to develop its
technology for the production of magnesium by
operating a government magnesium plant using the ferro
silicon process at Lucky, Ohio, during World War 11. The
company continued development of its expertise with
the formation in 1951 of a jointly-owned company, the
Titanium Metals Corporation of America at Henderson,
Nevada. Magnesium metal is used in the reduction of
titanium and the magnesium values are then recovered as
MgCl, . which is electrolyzed to recover both magnesium
and chlorine. In the 1960’s, NL Industries began an
active investigation into the possibilities of producing
and selling commercial quantitics of magnesium metal.
In scarching for additional sources of magnesium, NL
Industries became aware of the potential of the Great
Salt Lake. A review of the various sources of magnesium
led to the selection of the Great Salt Lake as the pre-
ferred place to locate a plant.

During 1965 and 1966, NL Industries conducted
pilot operations to select the best process for use with
Great Salt Lake brines. Solar ponds were constructed at
Burmester, Utah, and a pilot plant for producing cell
feed was built at Lakepoint, Utah. Product from this
pilot plant fed a proto-type cell at TIMET in Henderson,
Nevada. From this program a decision was
made in 1969 to build a magnesium plant at Rowley,
Utah, to utilize brine from the Great Salt Lake.

ROWLLEY MAGNESIUM PROCESS

Costs and reliability were both critical factors in
determining the process to be selected for the Rowley
plant. Even at this early stage considerable effort was
spent in reducing the energy consumption to as low a
value as possible per pound of magnesium produced.
From the early pilot plant work and through the initial
plant operation, process steps were selected and mod-
ified in order to reach these objectives. The present
Rowley process is described below.

Solar Evaporation
The first step in the process is the use of solar

energy to perform the major part of the concentra-
tion of the magnesium values. A 25,000 acre pond

system was built in the Stansbury Basin which is west of
Stansbury Island and south of Badger Island. This basin
is divided into three ponds where the desired brine
concentration of 7.5% magnesium by weight is achieved.
The progressive concentration of magnesium is ilius-
trated in Table I, which shows the relative concentra-
tions of the Great Salt Lake and the effluent from the
three ponds in sequence. The magnitude of this evapora-
tion step is illustrated by the fact that less than three
percent of the volume of the original Great Salt Lake
brine reaches the plant holding pond. In concentrating
the brine over 3,000,000 tons of salts are deposited
in the ponds each year.

Tuble 1. Percent of each constituent.

Great Salt Effluent Effluent Effiuent Pond No. 3
Lake Brine | Pond No.l| Pond No.2|to Holding Pond

Mg 0.4 2.0 4.8 7.5

K 0.3 1.5 3.6 0.8

Na 4.0 7.0 2.6 0.5

Li 0.002 0.01 0.024 0.06

B 0.0018 0.009 0.021 0.054

Cl 7.0 14.0 16.0 20.3

SO4 1.0 5.0 5.3 4.4

Because of the seasonal variations in weather and
temperature in Utah, evaporation of this quantity of
brine must take place within the three or four hottest
and driest months starting sometime in May. When the
proper concentration is achieved, the concentrated brine
is pumped to a holding pond, which can store up to two
years’ supply of brine. This storage is required to insure
an adequate supply of brine during a year when the
weather conditions would not permit adequate evapora-
tion. Additional separation of solids and concentration
is usually achieved in the holding ponds. Thus, the
concentration of magnesium is usually brought to an
excess of 7.5% Mg or 30% MgCl, with very little energy
input besides solar evaporation.

Feed Preparation

The feed preparation for the electrolytic cells
consists of further concentrating the brine, removing
unwanted impurities, adjusting for the correct pro-
portions of other salts with the MgCl,, and the melting
and final purification of the molten MgCl,. The process
steps are outlined in Figure 1. The brine is pumped in
from the holding pond and is first heated and concen-
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trated. After concentrating, it is reacted with CaCl, and
the resulting gypsum is precipitated and collected in a
thickener. This reaction is as follows:

Fquation |.

MgSOq + CaCly + 21,0 = CaSO4 - 21,0 + MsCl,

This step removes most of the sulfate, which is not
acceptable in electrolytic cell feed. Due to the concen-
trating and subsequent cooling a majority of the remain-
ing potassium and sodium values are also precipitated as
solids in the thickener. The potassium is precipitated
primarily as carnallite, KCl1+MgCl,+6H,0, and the
sodium as NaCl. The brine next passes through a liquid-
liquid extraction step whereby the boron values are
removed, as this impurity is also very detrimental to
clectrolytic cell operation. Next, the brine passes
through a preheater in which it is heated and further
concentrated prior to being fed to spray dryers. The
spray dryers convert the concentrated brine to a dry
MgCl, powder. This product contains about 4% MgO
and 4% combined water. The MgO is formed by hydrol-
ysis of MgCl, as shown:

Equation 2.

MeCly, + 1,0 = MgO + 2HCI

Utilization of energy in the feed preparation step
of the plant is extremely efficient. In order to ensure
the availability of some on-site power, part of our power
is generated in gas turbines. After producing power the
exhaust gases pass from the generator to the spray dryer
at approximately 930°F where the heat is used to form
the magnesium chloride powder. These gases leave the
spray dryer at about 550°F and are then used as the heat
source in the concentrating and preheating of the brine
prior to feeding it to the spray dryer. This gives an
overall energy utilization of over 90%. Gas burners are
available to operate the spray dryer when the turbines
are not in use.

The spray-dryed powder is stored until fed to a
melt cell. In this vessel the powder is melted and further
purified with chlorine and other reactants to remove
MgO. water. bromine, and other impurities including
most hecavy metals. This is a continuous process and as
powder is fed to the melt cell, molten salt overflows
from the melt cell through a launder and into a reactor
cell where the purification is completed. The reactor cell
vessels are brick lined and approximately 13" x 17" x 8’
deep. The melt temperature is kept at 1500°F by
providing sufficient alternating current to maintain this
temperature.

Removal of impurities is complex but can be
summarized by the following simplified equations:

Fquation 3.
MO + 120 + Cly > MeCly + 1ACO0,
Equation 4.
HyO + %C + Cly = 2HC1T + %CO,
Iquation §.
MgBr, + Cly = MgCl, + Bryt
The product continuously overflows from the

reactor cells and is fed directly to the electrolytic cells.
The specifications for this material arc as follows:

Bromine Less than 0.01%
Boron Less than 0.001%
Magnesium Oxide  Less than 0.2%
Water Less than 0.2%
Sulfate Less than 0.01%

HCI produced from the chlorination of water as
shown in Equation 4 is recovered as concentrated
hydrochloric acid which is subsequently reacted with
lime to produce the CaCl, needed for desulfation:

F.quation 6.

2HCH + Ca (OH); = CaCly + 2H,0

Production and Handling
of Magnesium Metal

Molten salt containing about 94% MgCl, is trans-
ferred to the electrolytic cells on a rigid schedule. The
cells at Rowley are essentially a modification of the 1.G.
Farben cell developed in Germany in the 1930’s. These
are normally referred to as 1.G. cells and figure 2 shows
a sketch of a typical cell. This cell consists usually of
three to five graphite anodes with steel cathodes on
cither side. Semiwalls extending from the top of the cell
down into the bath isolates two gas compartments. The
gas compartiments around the anode collect the chlorine
gas, which is generated on the anode surface. The
chlorine is then pumped to the chlorine recovery plant.
The cathode compartment collects the magnesium metal
which floats on the salt. The magnesium metal is
removed from the cells each day and sent to the found-
ry. (Sufficient air is passed over the cathode compart-
ment to remove any fumes and then through a scrubber
in order to keep the environment around the cells in
satisfactory condition). The metal transferred to the
foundry is conditioned, purified as needed, alloyed as
required, and poured into molds for shipment. These
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molds may vary from 16 pounds to 500 pounds or more
and may be in the form of special shapes in order to
serve specified end uses.

USE OF PRODUCTS

In 1977 the total free world consumption of mag-
nesium approached 220,000 short tons of which about
120,000 tons were consumed in the United States. The
plant at Rowley is the third largest in the free world and
represents about 10% of the world production and 20%
of the domestic production.

The largest single use of magnesium is for alloying
aluminum to provide strength, malieability, and cor-
rosion resistance. The aluminum beverage can is the larg-
est single user, but significant quantities of aircraft and
automotive sheet also require magnesium additions.

When magnesium is added to iron, brittle gray iron
is transformed into higher strength ductile iron. Auto-
motive crankcases, which used to be forgings, are now
ductile iron. Recently, magnesium has been injected into
steel to remove embrittling sulphur compounds.

Magnesium is used as a reducing agent in the pro-
duction of titanium, zirconium, hafnium, and beryllium.
Other chemical uses are as a grignard reagent, motor oil
additive, pyrotechnic material, and as consumable
anodes for cathodic protection.

Cathode

Chlorine gas

Cathode off gases J

magnesium
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As a structural material, magnesium is most viable
as a die casting for chain saws, lawn mower housings,
and the famous Volkswagen Beetle engine. Volkswagen
is still the largest structural user of magnesium for
engine and transmission components. NL supplies
magnesium to Volkswagen’s Brazilian plant for this
purpose. Extrusions, tool plate, sheet, and plate also
find a variety of uses.

While most of the magnesium produced is for
domestic consumption, NL has shipped material overseas
primarily to Europe, South America, and Japan.

A co-product to magnesium is chlorine, most of
which is recycled in the process: however, excess chlo-
rine (approximately 18,000 ton/year) is being sold in the
Salt Lake area and the western United States. Chlorine
has a variety of chemical uses and is also used in water
purification. The plant at Rowley provides a Utah source
of chlorine to replace that previously shipped in from
the Pacific Northwest.

Other by-products presently being considered
from the production of magnesium at Rowley, Utah are
CaCl,, HCI, lithium compounds, and bromine com-
pounds. In addition, millions of tons of salt are being
deposited in the ponds. These salts are largely sodium
chloride and various sulfates. Sales of these salts, direct
or after modification, will add potential income in
the future.
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Figure 2. Typical I. G. electrolytic cell used for the production of magnesium metal and chlorine gas.



INDUSTRIAL PROCESSING OF GREAT SALT LAKE BRINES
BY GREAT SALT LAKE MINERALS & CHEMICALS CORPORATION

by Peter Behrens, President

ABSTRACT

The Great Salt Lake Minerals & Chemicals Corpo-
ration (GSL) extracts mineral products from the brine
from the Great Salt Lake. Each product requires a
different separation and refinement technique in accord-
ance with its physical and chemical properties. A brief
outline of the history of GSL and of its industrial
process techniques is given.

INTRODUCTION

Natural saline brines or natural deposits of evap-
orite minerals are the chief sources of potassium which
can be converted to forms usable by the fertilizer
industry. The usable forms of potassium are the muriate
of potash (potassium chloride or KC1), and the suliate
of potash (potassium sulfate or K;S04). The most
commonly used fertilizer is the muriate form because of
its abundance and relative case of production. However,
because some soils cannot tolerate additional chloride or
have become poisoned from over use of the muriate
fertilizer, demand has been shifting to the use of potas-
sium sulfate. Sulfate of potash (SOP) has the added
advantage of providing two nutrients to the soil, i.e.
both potassium and sulfur in the form of sulfate.

The valuable quantities of potassium contained
in the Great Salt Lake has long been known: however,
the lake also contains an appreciable amount of sulfate,
which complicates the chemistry for production of a
relatively pure potassium chloride fertilizer.

This, coupled with the early demand for the
muriate (KC1), encouraged early producers to go west to
the Utah-Nevada border, where subsurface brines are
relatively low in sulfate. During World War I, when
essential potash supplies from Germany were cut off, the
U.S. Government built a potash plant at Salduro, near
Wendover, Utah. When the German supplies again
became. available, the Salduro plant could not compete
economically and was abandoned. Subsequent develop-
ment of the salt flotation process for physical separation
of potassium chloride from sodium chloride permitted
Bonneville Ltd. to compete successfully with the
Germans when it began producing muriate of potash
from its plant near Wendover, Utah in 1938.

Over the years, several small-scale attempts had
been made to exploit the resources of the Great Salt
Lake itselt. However, common salt production was the

only type of operation to persist until the present GSL
operation began in the 1960’s.

GREAT SALT LAKE MINERALS & CHEMICALS
CORPORATION

The present GSL operation at Little Mountain,
Utah, began as an exploration project of the Lithium
Corporation of America. Laboratory studies conducted
in 1963 and 1964 to examine the feasibility of com-
mercially extracting minerals other than common salt
(sodium chloride) from the Great Salt Lake led to three
years of pilot pond and pilot plant testing. These pilot
operations proved the economic feasibility of the
project. Construction of the commercial-scale ponds and
plants was started in May of 1967.

To finance such a large and complex venture,
partners were sought. A prominent, experienced German
company, Salzdetfurth, bought into the venture and
contributed significantly to its development. Later,
Gulf Sulphur Company merged with Lithium Corpora-
tion of America and founded Gulf Resources and
Chemicals Corporation of Houston, Texas, a diversified
resource-based company. Gulf Resources later acquired
and today has full ownership of Great Salt Lake Minerals
& Chemicals Corporation.

Mineral extraction by GSL

All of the salts that GSL produces are originally
found in the Great Salt Lake in a dissolved form: conse-
quently, the removal of water is the first step in each of
the refinement processes. Economy dictates that evap-
oration, or the process of water removal, be accom-
plished using solar energy. To this end, GSL uses a
complex solar pond system consisting of some 80 solar

ponds, comprising 17,000 acres of evaporation area,
shown in figure 1.

The solubilities of the minerals contained in the
brine vary with composition and temperature. As the
brine becomes more concentrated, salts precipitate; the
composition of these salts depends chicfly on temper-
ature and brine composition. Solar evaporation to
predetermined concentrations, or winter chilling of
concentrated brine, allows specific salt minerals or
mixtures to precipitate in solid form. These saits all
require additional refinement before they become
salable products; they must be harvested, stockpiled,
and subjected to in-plant processing to remove contam-
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Figure 1. Great Salt Lake solar pond complex.

inants or possibly change the chemical structure. These 4. Magnesium chloride brine, a highly concen-

products are then distributed to market throughout the
world.

The products currently produced at GSL, and
the uses for these products, are:

1. Common salt (sodium chloride, NaC1) is used
as an industrial chemical, for highway de-icing, water
softening, as a cattle and poultry food supplement, and
in the processing of foods.

2. Salt cake (sodium sulfate, Na;SO4), is used as
a detergent filler and in making paper and ceramics.

3. Sulfatc of potash (SOP) (potassium sulfate,

K,S0,), is used as a fertilizer.

trated solution of magnesium chloride (MgC1,), is now
being used in well drilling and in the sugar industry and
has a high future potential in the production of mag-
nesium metal, in refractories, and in magnesium chem-
icals.

The following sections will describe briefly the
processing steps that are required to produce common
salt, salt cake, sulfate of potash and magnesium chloride
salt and brine.

Salt (sodium chioride, NaCl)

As the waters of the Great Salt Lake are evap-
orated, they soon become saturated with common salt,
NaCl, and pure salt begins to precipitate. Further
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evaporation continues to produce pure salt until the
concentrated brine becomes saturated with more com-
plex chemical salts. Under normal summer conditions,
nearly 90% of the contained NaCl can be precipitated
from the lake water before contaminating materials
begin to precipitate. However, the pure solid sodium
chloride, which now forms the floor of the solar evap-
orating ponds, contains contaminants such as entrained
brine. This brine is partly removed by draining away
from salt windrows which are set up as a step on the
harvest operation, by draining away from the stockpile;
and more is removed by stockpile weathering. For most
applications, further in-plant treatment is required to
remove the vestiges of contaminants by washing the
product. The NaCl is then dried, sized for specific
needs, and conveyed to a distribution facility, from
which it leaves the plant site in bags or in bulk, by truck
or train. Figure 2 shows a schematic of the NaCl proc-
ess.

Salt cake (sodium sulfate, Na,SO,)

In winter, large quantities of mirabilite, a salt
mineral having the composition of Na,S04<10H,0
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(glaubers salt), precipitates as a solid in the Great Salt
Lake and in the solar evaporating ponds which contain
concentrated brine. The waters of crystallization in the
mirabilite account for over 55% of its weight, and, as
with NaC1, contaminants exist in the form of entrained
brine. So, in-plant operations are required to remove the
contaminants and to transform the heavy hydrous salt
into a lighter anhydrous form.

The contaminating brines are drained away in the
ponds by windrowing, and at the plant site by stock-
piling. In-plant purification consists of re-dissolving the
glaubers salt and filtering off the solid impurities.
Anhydrous sodium sulfate or salt cake is precipitated
from this saturated solution by ‘‘salting out” with
sodium chloride. The sodium sulfate is then filtered,
dried, sized and bagged or bulk stored for shipment by
truck or by rail. Figure 3 shows a schematic of the salt
cake process.

Sulfate of potash (SOP) (potassium sulfate, K,S04)

Potassium sulfate does not precipitate from the
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Figure 2. Sodium Chloride Process
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waters of the Great Salt Lake by simple solar evapo-
ration. As the lake water is evaporated, first common
salt, NaCl, is precipitated in a pure form. By the time
evaporative concentration has procecded to the point
that saturation in another salt is encountered, most of
the NaC1 has precipitated. It does, however, continue to
precipitate and becomes the major contaminant to the
potassium-bearing salts as they are precipitated. The
brine phase chemistry from the point of potassium
saturation becomes complicated, and a variety of potas-
sium double salts are possible, depending on brine
concentration, temperature and other factors. Chief
among the minerals precipitated that contain atoms of
both potassium and magnesium in the same molecule are
kainite, a double salt of sulfate and chloride (KC1-
MgSO, +3H,0); schoenite, a double salt of sulfate
(K,SO 4°MgS0,-6H,0); and carnallite, a double salt of
chloride (KC1-MgC1, *6H,0). Note that all the above are
highly hydrated; that is, they contain waters of crystal-
lization that must be removed. Purification also involves
removal of the considerable quantities of sodium chlo-

ride that are precipitated simultaneously after which the
salts must be chemically converted into potassium
sulfate.

The exact mineralogy of the precipitated salts
and their composition mixtures varies beyond reason-
ably precise control. Many of the complex salts are
stable only under fixed conditions, so that transitions of
composition may take place in the ponds and even in the
stockpile and early processing plant steps.

While weathering, draining, temperature and
other factors can be controlled to a degree, it is essential
that the plant be able to handle and effectively accom-
modate a widely variable feed mix. To do this, GSL has
developed a basic process comprising a counter-current
leach procedure for converting the potassium-bearing
minerals through mineral transition stages to a final
potassium sulfate product. This process is sensitive to
sodium chloride content, so a supplemental flotation
circuit has been provided to handle those harvest salts
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which are high in common salt content and to upgrade
them to the point where they can be handled by the
basic process. The potassium sulfate resulting from the
basic process is filtered, dried, sized and stored. Final
products may be compacted, graded and provided with
additives as desired. The products are distributed in bulk
or bagged, by rail or truck. Figure 4 is a schematic of the
potassium sulfate process.

Magnesium chioride (MgC1,)

In its natural state, magnesium chloride precipi-
tates in a highly hydrated form, bischoffite (MgCl, +
6H ,0) and is over half (53 weight percent) water.
Actually, solar evaporation alone can proceed to the
point where the residual brine is nearly of this com-
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position, with only vestiges of potassium and sodium
remaining, but with appreciable sulfate. As a practical
matter, since the concentrated magnesium chloride brine
is itself hygroscopic, an evaporative equilibrium is
reached in the solar ponds at about 35% MgC1,. At this
concentration, the heavy brine has value to the sugar
industry and to the drilling industry without further
treatment. The MgC1, brine is stored in deep ponds to
prevent excessive dilution from rains, thus maintaining a
high quality product.

For other uses, such as for the production of
magnesium metal or magnesium chemicals, purification
is necessary to remove the remaining potassium, sodium,
sulfate and trace elements. GSL has a plant to do this
purification and to produce a pure bischoffite (MgC1,
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Figure 4. Potassium Sulfate Production (K8Oy4, Sulfate of Potash).
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-6H,0) product, but does not operate it at the present
time. Future development of a market for purified
magnesium chloride may lead to startup of the plant.
This in-plant process is simply one of controlled vacuum
evaporation to crystallize first magnesium sulfate, which
is rejected, then pure MgCl,-6H,0, which is centri-
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fuged, dried and marketed. Figure 5 shows a schematic
of the magnesium chloride process.
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SOLAR PRODUCTION OF POTASH
FROM THE BRINES OF THE BONNEVILLE SALT FLATS

C. P. Bingham

Senior Geologist

Kaiser Aluminum & Chemical Corporation

ABSTRACT

Potash— bearing brine occurs in the salt crust and
the underlying calcarerous sediments of the Bonneville
Salt Flats. Although the principal dissolved salt is sodi-
um chloride, the brine also contains a nominal 1%
equivalent potassium chloride.

The Industrial Chemicals Division of Kaiser
Aluminum and Chemical Corporation operates a plant
which produces commercial muriate of potash from the
brine by a combination of solar evaporation and froth
flotation. In the process the desert brine is collected in
open ditches by gravity drainage; thence it is pumped
to a primary pond where concentration from 1% KCI
to 7.5% KC1 is accomplished by solar evaporation.
The concentrated brine is then transferred to a harvest
pond where solar evaporation continues until sylvinite,
a physical mixture of halite (NaC1),and sylvite (KC1), is
precipitated. The harvest pond is then drained and the
sylvinite is loaded into elevating scrapers and hauled to a
flotation mill. Here it is ground in ball mills and treated
by froth flotation to separate the sylvite from the halite.
The potash concentrate is partially dewatered by fil-
tration and gravity drainage and then dried in a rotary
kiln. A portion of the dried product is diverted to a
compacter plant where it is compacted and crushed.
Commercial products are standard muriate of potash,
coarse muriate of potash, and manure salts.

INTRODUCTION

Kaiser Aluminum and Chemical Corporation
(KACC) through its Industrial Chemicals Division
(Kaiser Chemicals) produces a nominal 77,000 mt
(85,000 short tons) per year of potash products by
solar evaporation of brines extracted from the Bonne-
ville Salt Flats. In this paper the physiography and
geology of the Great Salt Lake Desert are summarized,
the historical background of the present operation is
reviewed and the current plant operations are describ-
ed.

Location and Access

Kaiser Chemicals’ potash production facilities
are located in western Tooele County, Utah a few
miles cast of the Nevada State Line (figure 1). The
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Iigure 1. Location of the Bonneville Salt Flats and Kaiser
Chemicals’ potash.

nearest town is Wendover, Utah, approximately 4.8 ki
(3 miles) to the west. The office, shop and flotation
plant are located adjacent to old U. S. Highway 40
and the main line of the Western Pacific Railroad.
Interstate 80 passes about 0.8 km (0.5 miles) to the
north. The evaporation ponds and most of the brine
collection facilities are located south of Interstate 80.
Access to the plant from the east is by an interchange
off Interstate 80 and a portion of old U. S. Highway 40.
Access from the west is by a county-maintained part
of old Highway 40.

Physiography

The salt pan known as the Bonneville Sait Flats
is located near the westem edge of the Great Salt Lake
Desert, one of the many desert valleys included in the
Great Basin portion of the Basin and Range physio-
graphic province. The Great Salt Lake Desert is es-
sentially a single drainage unit which is separated from
the drainage basin of the Great Salt Lake by a low
divide. The desert is almost completely surrounded
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by mountain ranges whose maximum relief is about
2410 m (7900 feet) from the highest point in the
Deep Creek Mountains range at an clevation of 3,689 m
(12,100 feet) above sea level to the lowest part of the
desert at an elevation of 1,279 m (4,195 feet) above sea
level. Many of the mountain ranges were islands during
the high stages of Lake Bonneville.

Erosional and constructional features from four
long-term and numerous short-term levels of Lake
Bonneville are etched with varying degrees of clarity
on the flanks of the mountain ranges bordering the
desert.

The Salt Flats (figure 2) is bordered on the
northwest and north by the Silver Island Mountains and
on the other sides by the barren, level mudflat surface
of the desert. A few miles to the northeast a small
hill called Floating Island protrudes from the desert
floor.

The surface of the Bonneville Salt Flats is a salt
pan at an elevation of 1,285 m (4,215 feet) above sea
level. It represents the drainage sump for much of the
Great Salt Lake Desert basin. The area of the salt pan
varies from year to year and even seasonally within
the same year in response to changes in the amount of
precipitation. The maximum area of which we have a
record was 409 square km (158 square miles) in 1925
(Nolan, 1927); the minimum area of which we have a
record was 282 square km (109 square miles) in 1976
(Turk, 1977). Changes in area as great as 91 square km
(35 square miles) have occurred within a single year
(Turk, 1977). Thus the maximum annual variation in
the area of the salt pan represents 70% of the maxi-
mum long-term variation.

Climate

The climate of western Utah is classified as arid
continental. It is characterized by low precipitation,
low relative humidity and moderately large seasonal
fluctuations in the temperature. For the period from
1931 through 1975 inclusive the annual mean tempera-
ture at Wendover, Utah was between 11°C and 12°C
(52°F and 53°F) and the average annual precipitation
was about 12.3 ¢cm (4.9 inches). The highest temperature
recorded during this period was 44°C (112°F) in July,
1959 and the lowest temperature recorded was minus
28°C (-19°F) in February, 1933. The greatest annual
precipitation for the period 1912-1975 was 26 cm
(10.13 inches) in 1941 and the lowest annual precipi-
tation was 5.4 c¢m (1.77 inches) in 1926. Winds usually

Utah Geological and Mineral Survey, Bulletin 116, 1980

are light to moderate, though variable; but occasionally
the winds become very strong and gusty, particularly
during the spring months when they sometimes reach
destructive velocity and create dense clouds of dust.

History

All of the ecarly groups which crossed the Great
Salt Lake Desert en route to California, from Jedediah
Smith in 1826 to the ill-fated Donner-Reed party in
1846, encountered serious physical difficulties. Most
of their problems were caused by the soft, mushy
ground which is present over much of the desert. From
1850 until the railroad was completed across the salt
flats in 1909, the area was largely avoided in favor of
the longer, but easier, routes to the north and south.

Although the Great Salt Lake Desert was recon-
noitered by a scientific expedition under the leader-
ship of Howard Stansbury in 1849 (Stansbury, 1863)
and the Bonneville Salt Flats was mentioned by G. K.
Gilbert in his U. S. Geological Survey Monograph of
1890, apparently it was Gale (1914) who first recogniz-
ed the economic potential of the potash-bearing brines.
In 1925 and 1926 T. B. Nolan conducted a field study
of the potash brines and published the results of his
study in a U. S. Geological Survey Bulletin (Nolan,
1927). This report included the analyses of the brines
from 405 shallow test wells and a map showing the
outline of the salt pan. More recently, reports dealing
with the salt flats, either directly or indirectly, were
written by Eardley (1962), Nackowski and Mehrhoff
(1960, 1961), Nackowski (1962), Cook and others
(1964), Davis (1966, 1967), Kaliser (1967), Turk
(1969, 1970, 1973), Turk and others (1973), Lallman
and Wadsworth (1976) and Lines (1977).

The first production of potash from the brines
of the Bonneville Salt Flats was by the Utah Salduro
Company, a subsidiary of the Solvay Process Company,
in 1917. The Utah Salduro plant was located about
11 km (7 miles) east of Wendover. It operated from
1917 until 1921, at which time imports of potash from
Germany made it uneconomic.

Between 1920 and 1930 a company known
as the Bonneville Corporation made several unsuccess-
ful attempts to establish an economic potash operation
based on 100 square km (40 square miles) of salt flats
land acquired in fee by a special act of the U. S. Cong:
ress and 127 square km (49 square miles) of fee land
acquired from the Utah Salduro Company. The com-
pany became completely inactive after 1930.
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The present operation had its beginning in 1936
when Bonneville Limited was formed to take over the
land holdings of the defunct Bonneville Corporation.
Commercial potash production began in 1939 and has
continued up to the present time.

In February, 1963 Bonneville Limited was acquir-
ed by Standard Magnesium Corporation of Tulsa,
Oklahoma which in turn was acquired by Kaiser Alumi-
num and Chemical Corporation (KACC) in March,
1964. The plant is now operated as a unit of the In-
dustrial Chemicals Division.

GEOLOGY
Regional

As shown by the very generalized geologic map of
figure 2, rock strata cropping out in the mountain ranges
bordering the Great Salt Lake Desert range in age from
Paleozoic to Pleistocene. Paleozoic strata, although not
differentiated on the map, are mainly of sedimentary
origin and include every system from Cambrian to
Permian. Rocks of Mesozoic age are absent and those of
Tertiary age are principally of igneous origin.

Strata of Quaternary and Recent ages are, for the
most part, unconsolidated to poorly consolidated sedi-
ments of lacustrine, fluvial and alluvial origins. Deposits
from Pleistocene Lake Bonneville are represented by
terrace and deltaic deposits along the flanks of the
mountains facing the desert.

The Great Salt Lake Desert is underiain by poorly
consolidated, fine grained, calcarcous sediments of
mainly lacustrine origin. Dunes of windblown gypsum
sand are common features in the eastern part of the
desert. The western flanks of three small inlying hills
have been almost completely covered by the dunes.

Strata exposed in the Silver Island Mountains,
which is the closest range to the Bonneville Salt Flats,
include 7,100 m (23,000 fect) of miogeosynclinal
sedimentary rocks representing every system of the
Paleozoic, 850 m (2,800 feet) of Tertiary lacustrine
rocks, 410 m (1,350 feet) of Tertiary volcanic rocks and
minor thicknesses of Quaternary lacustrine and fluvial
sediments (Schaeffer and Anderson, 1960, p. 15).
Paleozoic strata are intruded by 5 small igneous stocks
and numerous igneous dikes.

Structure

The older rock units of the desert ranges have
undergone deformation by both folding and fauliing
with varying degrees of intensity. Major faults are
recognized on at least one flank of most of the ranges.
The Silver Island Mountains are bordered on their south-
east side by a major fault with a downthrow to the
east and displacement reported to be at least 335 m
(1,100 feet), and possibly as much as 1,525 m (5,000
feet) (Schaeffer and Anderson, 1960, p. 148-149).
The existence of this fault has been verified by the
data from gravity surveys (Cook and others, 1964).
These data have also indicated the presence of other
essentially parallel faults to the east, and that part of
the salt flats is underlain by a graben.

The surface of the Bonneville Salt Flats is a
salt pan representing the final precipitate from the
complete dessication of the western arm of Pleistocene
Lake Bonneville. At its maximum size, Lake Bonneville
covered an area of about 51,700 square km (20,000
square miles) and reached a maximum depth of about
305 m (1,000 feet). Gilbert (1890) first suggested that
isostatic compensation resulting from the dewatering
of the western arm could best explain the apparent
upwarping of the central and eastern parts of the sur-
face of the Great Salt Lake Desert. Eardley (1962) also
proposed the principle of isostatic compensation to
explain the present location of the salt pan. He specu-
lated that the salt pan originally may have deposited
near the center of the desert, but that the upwarping
of the central and eastern parts followed by cycles of
re-solution and evaporation gradually shifted the salt
pan westward until it finally came to rest in its present
position at the foot of the Silver Island Mountains.

Stratigraphy of the Salt Flats

Data from 14 deep brine wells and one oil test
well provide the stratigraphy of the salt flats to a depth
of 899 m (2,948 feet). From top to bottom they show
lacustrine sediments, fluvial sediments, volcanic rocks
and intrusive rocks. The sediments range from 268 to
434 m (880-1,425 feet) in thickness and are described
in the drillers’ well logs mainly as clay and gypsum
with minor sections of sand and conglomerate. The
deep brine wells were bottomed in what is described
in the drillers’ logs as conglomerate at depths ranging
from 326 to 625 m (1,070-2,051 feet). Turk (Turk and
others, 1972) suggests that the conglomerate is probably
volcanic breccia corresponding in age to the post-early
Pliocene and pre-late Pleistocene volcanic rocks de-
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scribed by Schaeffer and Anderson (1960, P. 143) in
the Silver Island Mountains. Shell Oil Company’s Sal-
duro Number 1 oil test well is reported to have pene-
trated 427 m (1,400 feet) of volcanic rocks from a depth
of 419 m (1,375 feet) before drilling into basic in-
trusive rock at a depth of 836 m (2,742 feet) (Heyl-
mun, 1965, p. 28).

The most important part of the stratigraphic
section from an economic standpoint is the top 6 m
(20 feet) which includes the salt pan, a sulphate (gyp-
sum) transition zone and the fractured clay zone. The
typical lithologies are as follows:

Salt pan

In cross section the salt crust is an asymmetrical,
lens-shaped deposit with thicknesses up to about 1.2 m
(4 feet). The composition of the crust is predominately
sodium chloride with variable lesser amounts of cal-
cium sulphate and very small amounts of potassium
chloride, magnesium chloride, and silt.

Sulphate zone

A gray to dark gray layer of calcium sulphate
occurs immediately below the salt bed in most parts
of the salt flats. Presumably it is mostly gypsum, but
the hemihydrate CaSO,-%4H,0 has been identified
in some samples (Turk and others, 1973, p. 68). The
maximum observed thickness of the layer is 61 cm
(2 feet).

South of Interstate 80 much of the salt crust is
overlain by a layer of loose gypsum sand up to 40 cm
(16 inches) in thickness and the sulphate layer which
usually underlies the salt is either very thin or absent.

Calcareous clay zone

The sulphate layer is underlain by beds of soft,
silty, plastic clay, oolitic sand, and coarse, nodular to
platy gravel. The clay beds are separated by sand or
gravel beds. Individual clay beds have thicknesses ranging
from 0.3 m (12 inches) to 1.2 m (4 feet). The sand and
gravel beds usually are less than 0.3 m (12 inches) in
thickness.

The clay beds are, for the most part, carbonate
muds. In each of 40 samples for which the mineralogy
was determined the predominant mineral is aragonite.
Dolomite, quartz, montmorillonite and gypsum are
present also, but in lesser, and often minor, percentages.

In the upper 3 m (10 feet) of the clay zone, the beds
are light gray, greenish gray, yellow or tan, probably due
to partial oxidation. In the lower 3 m (10 feet) the
clay beds change in color to blue gray, dark gray, or,
sometimes, black due to the presence of carbonaceous
material. Crystals of platy selenite gypsum up to 10 cm
(4 inches) in length are abundant in some of the clay
beds.

Oolitic sand beds are composed principally of
cylindrical shaped fecal pellets from brine shrimp.
Gravel beds contain both flat algal plates and irregular
shaped nodules. Aragonite is the principal mineral in
both the sand and the gravel beds. Individual sand and
gravel beds can be traced continuously for several miles
in the collection ditches, but they do not remain of uni-
form thickness throughout this distance.

The clay beds contain numerous vertical to sub-
vertical fractures, many of which extend from top to
bottom and provide connecting channels between sand
layers. Exposures in the walls of the collection ditches
show that some fractures are very tight and others are
open gashes up to 2.5 c¢m (1 inch) wide. Brine seeps
very slowly from the tight fractures and, sometimes,
actually gushes from the open fractures.

Hydrogeology

The Bonneville Salt Flats contain two brine-bear-
ing aquifers and one brackish water aquifer which are
important to KACC’s operation. They are (1) the
shallow aquifer comprising the upper 6 m (20 feet)
of lacustrine sediments, (2) the deep aquifer comprising
the “conglomerate or volcanic breccia zone and (3)
the alluvial aquifer located at the western edge of the
desert. The shallow lacustrine aquifer is the principal
source of the potash brines used by KACC’s Bonne-
ville plant. The deep ‘‘conglomerate” aquifer also
contains large quantities of brine, which is much more
dilute than the brine of the upper zone. Because it
contains less than half the quantity of total dissolved
salts and potash, although otherwise similar in chemical
composition to the brine of the shallow aquifer, brine
from the deep horizon is used mainly for filling and
maintaining the fluid level in the seal ditches. The
alluvial aquifer is the source of the brackish water used
for dissolving the mill tailings and leaching the carnal-
lite pond precipitates.

The shallow aquifer has characteristics of both a
confined and an unconfined aquifer. The sand beds
seem to be largely confined, but some leakage occurs
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from and into them through the fissures in the clay
beds. Brines occur in both the salt pan and the under-
lying calcarcous sediments. Tests have shown that the
salt pan usually has a much higher transmissivity than
the underlying calcareous clays, but that cven the clays
have higher transmissivities than normally would be
expected for such fine grained sediments (Turk and
others, 1973, p. 72). This is attributed to the combina-
tion of the fecal pellet sand beds and the vertical fissures
in the clay beds. Transmissivities in the shallow acquifer
determined from pumping tests range from less thun
500 gpd/foot to more than 100,000 gpd/foot. The
higher transmissivities are attributed to the presence
of the highly permeable halite of the salt crust.

The shallow aquifer is recharged scasonally by
infiltration of the precipitation which falls directly on
the surface of the salt flats and also by infiltration of
the runoff water from the Silver Island Mountains
which periodically floods the salt flats. The surface
water enters the subsurface both through vertical in-
filtration and through horizontal infiltration from
flooded collection ditches. It is believed that the brine
grade is maintained by the reaction of the infiltrating
fresh water and concentrated residual or ““pore” brine.
The infiltrating water also redissolves salts which pre-
cipitated as the upper beds were drained and partially
dried. The natural recharge procedure serves to renew
the supply of brine for the annual production cycle.
However, since it is dependent on natural precipitation,
the amount of recharge is variable. In very wet years
there is an abundant supply of relatively dilute brine
and in very dry years there is a very limited supply of
relatively concentrated brine. Lateral movement of
brines from outside the area of the salt pan is believed
to be a relatively insignificant source of recharge (Davis,
1967, p. 4).

Fourteen wells have been drilled into the deep
aquifer and four are presently in service. Aquifer tests
in 1970 and 1977 indicated that the transmissivity
ranges from 50,000 to 145,000 gpd/foot. This aquifer
has typical characteristics of a confined aquifer with a
piezometric surface approximately 18 m (60 feet)
below the ground surface and a storage coefficient
of approximately .0004.

The third aquifer of importance to the Bonne-
ville plant is located northwest of the plant along the
western edge of the salt flats where a Jarge alluvial fan
from the Silver Island Mountains is partially overlain
by lacustrine clays. This aquifer yields brackish water
containing 6,000 to 8,000 ppm dissolved solids, mostly
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sodium chloride, from depths between 24 m (80 feet)
and 67 m (220 feet). Some of these wells originally
flowed but the static water level is now 2-3 m (6-10 feet)
below the collar. Transmissivities determined from
pumping tests ranged from 160,000 gpd/tootto 475,000
gpd/foot and storage coefficients ranged from .00023
to .00046. These indicate that the aquifer is confined
(Turk, 1973, p. 3).

PLANT OPERATION

General

The production of commercial potash from the
desert brines is accomplished in a four-stage operation
consisting of (1) brine collection, (2) concentration and
precipitation by solar evaporation, (3) sylvinite salt
harvest and (4) concentration by froth flotation.

Figure 3 is an old aerial photograph showing
the plant and evaporation ponds as they looked in the
period 1964-1968. A diagramatic map of the plant
layout as it now exists is shown in figure 4, and a
general flow diagram of the production process is
shown in Figure 5.

Brine Collection

Raw brine is collected in an extensive system of
open ditches dug into the desert floor. The aggregate
length of collection ditches currently is about 152.4 km
(95 miles or 500,000 feet). Ditches are dug with drag-
lines to a nominal depth of 6 m (20 feet) and to the
nominal width of the dragline bucket, or between 1.5
and 1.8 m (5-6 feet). However, the ditches are gradually
widened by the continual dredging required to keep the
ditches cleaned of windblown sand and slump clay from
the walls. In current practice the adverse effects of the
windblown sand are reduced by constructing baffle
walls along the ditches. The baffle walls, which consist
of two levees about 9 m (30 feet) from, and parallel to,
the ditches on either side, act much the same as a snow
fence in that they intercept and stack the windblown
sand on the windward side of the levee.

The spacing of the collection ditches is designed
to balance the annual extraction rate with the annual
recharge from precipitation and thus maintain a peren-
nial supply of brine (See figure 4). However, the rela-
tively short duration of the brine production season at
Bonneville (approximately 180 days) makes it necessary
to space the ditches closer together than would be
necessary if brine collection were a year-round opera-
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I'igure 3. Oblique aerial photograph looking southerly to Kaiser Chemicals’ plant and solar evaporation ponds as of the 1965-1967

period.
tion.

The collection system operates by the flow of
brine into the ditches under a gravity head created
when the brine level is lowered by pumping. The usual
induced head during the production season is from 1.5
to 4.6 m (5 to 15 feet).

As collected, the raw brine contains a nominal 1%
KC1, although the grade may range from about 0.5%
KC1 for rain diluted brine to nearly 2.0% KC1 for some
of the late summer brine.

Brine Transfer

The brine is moved through the collection ditches
to six pumping stations strategically located around the
primary evaporation pond (See figure 4). At the six
pumping stations the brine is elevated to a seal ditch
which extends around the perimeter of the primary

evaporation pond. The seal ditch serves as both a
transter ditch for the raw brine and as a seal to inhibit
the leakage of brine from the evaporation pond.

The six primary pumps arc electrically driven,
single stage, mixed flow pumps having capacities ranging
from 5,000 to 10,000 gpm, depending on the pumping
head.

Seal Ditches

At the present time all of the evaporation ponds
are surrounded by seal ditches consisting of an clevated,
brine-filled ditch confined by two levees constructed of
mounded clay dug from the desert floor. To inhibit
the leakage of brine under the levees, seal walls are
constructed below the planned levees. The seal wall
consists of a narrow trench dug into the desert floor to
the bottom of the fissured clay and sand beds and then
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back-filled with clay. The back filling tends to break the
continuity of the natural channels in the aquifer and
greatly reduces the permeability of the ground. The
seal ditch is filled with brine to a level slightly higher
than the level of the brine in the evaporation pond to
balance the hydrostatic head of the heavier brines in
the pond. At the present time brine pumped from the
deeper aquifer is the principal source of brine used for
the seal ditches around the harvest, carnallite and
magnesium chloride storage ponds. However, the
primary evaporation pond uses mainly desert brine
supplemented only as necessary by brine from the deep
wells.

Evaporation Ponds

The first stage of the brine concentration takes
place in the primary evaporation pond. Here the raw
desert brine containing a nominal 1% KC1 is concen-
trated by solar evaporation until the concentration
reaches 7.5%.

The brines entering the primary pond, although
variable in composition, typically have compositions in
the following range:

Table 1
Weight %

Salt Dilute ‘ Typical L Good
NaCl 16.0 21.0 23.0
KCl1 0.7 0.9 1.0+
MgCl, 1.0 1.3 1.4
Other Salts 0.3 0.4 0.5
H,0 82.0 76.4 75.1

100.0 100.0 100.0

The raw brine is introduced into the primary pond
at the south end: thence, it is moved northward as solar
evaporation occurs with the resultant precipitation of
sodium chloride and concentration of potassium and
magnesium chlorides. The current primary pond occu-
pies about 3,040 ha (7,600 acresyand is divided into
three sections or stages of 1,000 ha(5,000acres), 960 ha
(2 400 acres)and 80 ha (200 acres) corresponding to the
increasing degrees of brine concentration and the re-
sultant decrease in volume (See figure 5). The staging
of the brine concentration permits better pond control
and insures against a total loss of brine in case of major
washout.

The brine is moved from one stage to another in
the primary pond and from one pond to another by
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means of brine elevators. A brine elevator is an electrical-
ly driven drag conveyor mechanism which moves the
brine up an inclined trough through a vertical height of
about 1.2 m (4 feet) maximum (figure 6). A dilute
brine is used to spray the elevator paddles and elevator
mechanism to inhibit salt buildup. Nevertheless the
elevators still must be desalted after every 8 to 10
days of continuous operation. In the current operation
five constant speed elevators are used to transfer the
brine from primary stage 1 to primary stage 2 and
one constant speed and one variable speed elevator
are used to transfer the greatly reduced volume of
brine from primary stage 2 to primary stage 3.

Although the actual rate of evaporation is quite
variable from year to year, a typical rate of evaporation
in the primary pond is about 2,720 mt (3,000 st) of
water per acre per year. At this rate about 15 cm (6
inches) of salt (predominately NaCl with minor CaSOy)
is deposited on the pond floor each year. As the floor
of the primary pond is raised by each annual increment
of precipitated halite, the hydrostatic head is increased
and erosion of the levee becomes more of a problem. As
a result, operating economics dictate that an old pond
be replaced by a new one every 8 to 10 years. The
fourth primary pond currently is in use. It became
operational in 1969 and is scheduled for retirement
in 1980 when the fifth primary pond, which is now



Figure 6. Brinc elevators in operation viewed from the discharge end.

under construction, is scheduled to become operational
(figure 4). Pond IV will then join retired ponds I, II
and 111 as part of the brine collection arca.

Concentrated brine is transferred from primary
pond stage 3 to the harvest pond when its specific
gravity reaches 1.245, the concentration at which
sylvite (KC1) begins to precipitate. The typical con-
centration of the brine at this stage is as follows:

Table 2
Salt Weight 97
NaC'l 12.5
K1 7.5
MeClL, 9.8
Other Salts 1.7
1,0 68.5

100.0
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In the harvest pond sylvinite, a physical mixture
of halite (NaCl) and sylvite (KC1), is precipitated.
Although in thcory sylvinite should contain about two-
thirds halite and one-third sylvite, the typical compo-
sition of the sylvinite laid down in our harvest ponds
is 70% halite and 30% sylvite. Typical cvaporation in
the harvest ponds is about 2,000 tons of water per acre
per year.

To support the heavy equipment used to harvest
the sylvinite it is necessary to lay a hard floor of halite
in the harvest pond prior to putting it into service.
This floor is usually slightly more than 30 cm (12
inches) in thickness. The harvest pond occupies an arca
of 220 ha (550 acres) and is divided into 23 sub-sections
of about equal area(figure 4). This permits harvesting
sylvinite from some of the sections while precipitation
continues in the others.
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When a section of the pond is ready for harvest-
ing, the remaining brine is pumped from it so that the
sylvinite is left as a slushy precipitate on the bottom.
The sylvinite sfush is then pushed into windrows by a
motor grader (figure 7) and subsequently picked up by
elevating tractor scrapers. The scrapers which have a
capacity of about 17.5 ¢cu m (22-23 vyards) each,
(figures 8 and 9), load and haul the sylvinite to the raw
stockpiles at the flotation mill. Haul distances presently
range from 488 m (1,600 feet) to 3,200 m (10,496
feet) and average about 1,463 m (4,800 feet).

s AR

Iigure 7. Motor grader pushing sylvinite into windrows as
first step in the harvesting process.

Sylvinite continues to precipitate in the har-
vest pond until the brine reaches a specific gravity
of 1.257, the concentration at which carnallite
(KC1-MgC1,+6H,0} begins to  precipitate. Before
this can occur, the brine is transferred to the carnallite
pond where evaporation continues. The typical com-
position of the brine entering the carnallite pond is as
follows:

Table 3

Salt Weight %

NaCl 4.0

KCl1 5.0

MeCl1, 18.0

Other Salts 1.0

H,0 72.0
100.0

Flotation Mill

At the mill the sylvinite is prepared for flotation
by wet grinding in ball mills to liberate the sylvite from

the halite. The ground ore is screened and the under-
size then goes through a two-stage froth flotation treat-
ment which floats off the sylvite and leaves the halite
as the tailing. The oversize is recycled through the
mill. Fatty amines are used as collectors in the flo-
tation cells. The flotation concentrate is washed, filtered
to remove cxcess water and then transferred by a belt
conveyor to a stockpile where further dewatering
takes place by gravity drainage and exposure to the
air. The halite tailing from the flotation cells is redis-
solved and transferred to a brine collection ditch for
recirculation through the pond system. Figure 10 is an
aerial photograph of the flotation plant with a large
stockpile of potash concentrate.

The drained concentrate is reclaimed from the
flotation stockpile and dried in an 18 x 24 m (60 x 80
feet) oil fired rotary kiln. A portion of the dried pro-
duct is diverted to a compactor where it is compacted
and then crushed to make a coarse granular product.

A relatively small quantity of sylvinite is sent
directly to the drier. It is dried and then stockpiled
separately for sale as a manure salt.

The dry products are conveyed to covered storage
sheds for separate stockpiling. Reclaiming is done by
belt conveyors fed through draw points in the floors
of the storage sheds. Practically all of the products
are bulk-shipped by rail in either hopper or boxcars.

Products and Markets

Currently the Wendover plant produces a standard
grade muriate of potash, a coarse grade muriate of
potash, and a manure salt. In addition, a small volume
of concentrated magnesium chloride bittern is sold for
use as a flame retardant and in sugar beet refining.

REFERENCES

Christiansen, J. E., 1962, Salt Flats investigations:
Utah State University Engineering Experiment
Station., Salt Flats Inventory Progress Report,,
pts. 6-13, January, 125 p.

Christiansen, J. E. and J. P. Thorne, 1960, Analyses
of soil, salt and water samples from Salt Flats area:
Utah State University FEngineering Experiment
Station., Salt Flats Inventory Progress Reportt,
pt 4, November, 36 p.

D. Thorpe, 1963, Salt Flats
Utah State University

_._ and J.
investigations. Summary:




Figure 8.

Self loading scraper loading sylvinite salts as second step in the harvesting process.

0ye

0861 ‘91T Und[Ng ‘AoaIng [eIoUIK PuE [e2130[090) Yeln



C. P. Bingham, Solar Production of Potash from the Brines of the Bonneville Salt Flats

IFigure 9. Close up view of a scraper loaded with sylvinite.

Engineering Experiment Station, Salt Flats Inven-
tory Summary Report, pt. 15,57 p.

. and others, 1960, Pumping tests on
Salt Flats: Utah State University Engineering Ex-
periment Station, Salt Flats Inventory Progress
Report, pt. 1, September, 46 p.; pt. 2, October,
66 p.

Cook, K. L., M. O. Halverson, J. C. Stepp, and J. W.
Berg, Jr., 1964, Regional gravity survey of the north-
ern Great Salt Lake and adjacent areas in Utah,
Nevada, and Idaho; Geological Society of America
Bulletin, v. 75, p. 715-740.

Crittenden, J. D., Jr., 1963, New data on the isostatic
deformation of Lake Bonneville: U. S. Geological
Survey Professional Paper 454-E, 31 p.

Davis, S. N., 1966, Brine production at Bonneville,
Utah: C. E. Bradberry and Associates, Consulting
Engineeers, Private Report for Kaiser Aluminum
and Chemical Corporation, 45 p.

..., 1967, Supplementary report on brine
production at Bonneville, Utah: C. E. Bradberry and
Associates, Consulting Engineering, Private Report,
for Kaiser Aluminum and Chemical Corporation,
31 p.

Eardley, A. J., 1962, Gypsum dunes and evaporite
history of the Great Salt Lake Desert: Utah Geo-
logical and Mineralogical Survey Special Studies
2,27 p.

Eardley, A. 1., V. Gvozdetsky, and R. E. Marsell, 1957,
Hydrogeology of Lake Bonneville and sediments
and soils of the Basin: Geological Society of America

241
Bulletin, v. 68, p. 1141-1202.

Ecton, J. V. and R. D. MacDonald, 1962, The solar
ponds of Bonneville, Limited, Private Report for
Bonneville, Limited, 51 p.

Fenneman, Nevin M., 1931, Physiography of Western
United States, McGraw-Hill Book Company, 534 p.

Gale, H. S., 1914, Notes on the Quaternary lakes of
the Great Basin, with special reference to the deposi-
tion of potash and other salines, in Contributions to
economic geology, 1912: U. S. Geological Survey
Bulletin 540, pt. 1, p. 399-406.

, 1916, Potash in Salduro salt deposits:
Engmeermg and Mining Journal, v. 102, p. 780-782.

Gilbert, G. K., 1874, U. S. Geographical and Geological
Surveys W. 100th Meridian Progress Report.

, 1890, Lake Bonneville: U. S. Geological
Survey Monograph 1,438 p.

Heylmun, E. B., 1965, Reconnaissance of the Tertiary
sedimentary rocks in western Utah: Utah Geological
and Mineralogical Survey Bulletin 75, 38 p.

Hutchinson, W. S., 1938, Bonneville Corporation,
Wendover, Utah: Hutchinson and Livermore, Mining
Engineers, Private Report, for Bonneville Corpora-
tion, 38 p.

Jones, D. J., 1953, Gypsum-oolite dunes, Great Salt
Lake Desert, Utah: American Association of Petrole-
um Geologists Bulletin, v. 33, p. 2530-2538.

Kaliser, B., 1967, Bonneville Salt Flats hydrological
study near Wendover, Utah: Utah Geological &
Mineralogical Survey Report of Investigation 385,
17 p.

Lallman, M. W. and Glen D. Wadsworth, 1976, Kaiser
Chemicals’ Bonneville potash operation: SME AIME
Fall Meeting and Exhibit preprint 76-H-302, 19 p.

Lines, Gregory C., 1977, Hydrogeology and surface
morphology of the Bonneville Salt Flats and Pilot
Valley playa, Utah: U. S. Geological Survey, open-
file report, 196 p.

Nackowski, M. P., 1962, Brine exploration-Bonneville
Salt Flats, private report for Bonneville Limited,
50 p.

Nackowski, M. P. and J. Mehrhoff, 1960, Brine supply
research-progress report, private report for Bonneville



242

Utah Geological and Mineral Survey, Bulletin 116, 1980

Figure 10. Aerial photograph looking northerly toward the plant buildings. Note the large stockpile of flotation concentrates.
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THE BRINE SHRIMP INDUSTRY ON THE GREAT SALT LAKE

by Paul A. Sturm, UGMS Research Geologist
in Cooperation With
Gail C. Sanders and Kenneth A. Allen
Sanders Brine Shrimp Company

HISTORY

Mr. C. C. Sanders. founder of Sanders Brine
Shrimp Company, was an enthusiastic tropical fish
hobbyist who managed his own tropical fish hatchery
during the late 1940’s. In 1949 Mr. Sanders heard of the
brine shrimp contained in the Great Salt Lake and
investigated their use as a better and less expensive food
for his fish. He found that the Great Salt Lake brine
shrimp (Artemia salina) was an excellent and nutritious
food for tropical fish.

In 1950 C. C. Sanders sent an article to *““The
Aquarium’ magazine describing this new source of fish
food. Shortly after his article appeared, requests for
frozen adult brine shrimp arrived from various parts of
the country. The Sanders Brine Shrimp Company was
formed to harvest, clean, package, and market the
shrimp.

HARVESTING AND PROCESSING
Adult Brine Shrimp

Brine shrimp can be found throughout the lake
during the summertime. The quantity of shrimp in the
lake is primarily determined by the concentration of the
brines and by the summer temperatures, which regulate
the amount of algae on which the brine shrimp feed. The
brine shrimp eggs begin to appear on the shorelines
approximately the first part of August and continue
through November.

The commercial harvesting of brine shrimp or
brine shrimp eggs from the Great Salt Lake is under the
jurisdiction of the Utah Division of Wildlife Re-
sources, which is responsible for the licensing of com-
mercial firms, for the enforcement of aquatic wildlife
proclamations, and for the collection of royalty pay-
ments from commercial firms. This royalty is in the
amount of four cents per pound (.45 kg) of dried shrimp
and/or eggs. Individuals are permitted to collect a
maximum total of ten pounds (4.5 kg) of unwashed
brine shrimp and or brine shrimp eggs per week for
non-commercial purposes.

In the early 1950’s the level of the Great Salt
Lake was at a high point and the adult shrimp were
harvested along the Syracuse road, which has now been
extended to Antelope Island. As the lake receded, access
to the lake from this road was no longer available.
Airboats were then used in the harvesting operation and
were launched from the Farmington Bay Bird Refuge.

Brine shrimp were harvested from the shallow
areas near the shore by using a hand net and scooping
the clusters of brine shrimp into small rubber or plastic
wading pools. The wading pools were taken to the main
harvest boat where the shrimp were separated from sand
and other debris. The shrimp were then placed on ice to
preserve them until processing could begin. The process-
ing of the adult brine shrimp entailed further cleaning
to remove debris, washing to remove excess salt, pack-
aging in plastic bags, and freezing.

The frozen brine shrimp were distributed world-
wide, but in 1965 the collection of adult brine shrimp
was discontinued because it became unprofitable, due in
part to the many difficulties encountered in handling a
frozen product and the inherent production costs and
shipping limitations.

Brine shrimp eggs

In 1952 the Sanders Brine Shrimp Company
started collecting brine shrimp eggs as well as the adult
shrimp. The eggs were sold to tropical fish fanciers to be
hatched and fed as a live food to their fish. Some eggs
were hatched by the company and the brine shrimp
nauplii frozen for commercial distribution, but this
product was soon discontinued because of low profit-
ability.

At that time the brine shnimp eggs were found to
be more concentrated at the north end of the lake as
the result of winds which blew the floating eggs in from
the lake and stacked them in windrows on the shoreline,
sometimes 1.5 - 2 inches (3.81 - 5.08 c¢cm) deep. But at
times rain and wind washed away the eggs, making
harvesting difficult if not impossible.

In 1962, when numbers of brine shrimp and eggs
at the north end of the lake declined due to increasing
salinity of the north arm, the brine shrimp/egg harvest-
ing operation was moved to the western shore of the
south arm of the Great Salt Lake to the areas shown in
figure 1.

Brine shrimp eggs are harvested by raking them
into piles on the shore for draining and bagging, and
then hauling them to the warehouse for storing and
aging. Initially, rakes, shovels, and wheelbarrows were
used in the harvesting operation. Improvements in
harvesting techniques have been made, and at present,
the Sanders Brine Shrimp Company uses two four-wheel
drive vehicles towing wagons for their harvesting opera-
tion.
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EXPLANATION
Brine shrimp harvesting area [1950-1965
v/
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To preserve the viability or hatch rate of brine
shrimp eggs, the harvested eggs are aged on special racks,
without washing. Water will cause the eggs to swell and
crack prematurely. After proper aging, the viable brine
shrimp eggs are separated from the bad eggs and debris
by selective screening and flotation. The eggs are then
washed several times to remove excess salts, immediately
dried to less than three percent moisture, screened, and
vacuum packed in metal cans. Processed eggs tend to
deteriorate after a year if not vacuum packed. Brine
shrimp eggs can also be preserved by freezing or by
placing them in a concentrated brine solution, although
neither of these processes is commercially feasible due
to cost and weight factors, respectively.

Table 1 shows the harvest figures for the years
1963-1978. At the present time there are four seiners
who have commercial licenses to harvest brine shrimp
and their eggs. These are: Robert Von Hein, Pioneer
Enterprises, California; Niels Knudsen, Brigham City,
Utah; W. Earl Pace, Salt Lake City, Utah; and Gail C.
Sanders, Sanders Brine Shrimp Company, Ogden, Utah.
The areas in which these companies harvest eggs is
shown on figure 1.

MARKETING

Brine shrimp eggs are used in the tropical fish,
mariculture, and aquiculture industries. The newly
hatched shrimp are fed to young fish to promote fast
development and are an excellent food source for
tropical fish. At the present time, the Sanders Brine
Shrimp Company distributes their brine shrimp egg
product nationwide and is investigating the potential
for foreign export.

HATCHING

Brine shrimp eggs are hatched in a solution of
approximately six tablespoons (125 g) of salt (NaCl) to
a gallon (4 liters) of water. The solution temperature is
maintained at about 80° F (24.3°C), at which tempera-
ture the eggs will hatch in approximately thirty-six
hours. The solution should be aerated to keep the eggs in
suspension.

THE BRINE SHRIMP INDUSTRY IN UTAH

Utah’s brine shrimp industry has been confronted
with the changes that man and nature have created in

the lake. Since the construction of the Southem Pacific
causeway, the increased concentration of the brines at
the north end of the lake has produced a poor environ-
ment for the brine shrimp. At the same time the brine
in the south end of the lake has remained more dilute,
resulting in premature cracking of the brine shrimp eggs.
In 1966, when the density of the brine in the south arm
was 1.175 g/cc, the viability rate of eggs harvested was
90%, in 1975, when the south arm density; was 1.087
g/cc, the viability rate was only 5% and the eggs were
not marketable. The above normal precipitation of that
year and resulting rise of the lake level nearly spelled
disaster for the brine shrimp industry. Only a small
quantity of marketable eggs was harvested in 1977.
Microscopic examination indicates that the eggs harves-
ted in 1978 appear to be of slightly better quality than
those of the 1977 harvest, but their actual quality
cannot be determined until after proper aging.

The future of Utah’s brine shrimp industry will be
determined by the concentration of brine in the Great
Salt Lake. If the lake level lowers, thus raising the brine
concentration, the brine shrimp industry will improve
and expand. If the level rises, thus lowering the brine
concentration, the industry could falter and die.

Table 1. Great Salt Lake reported shrimp and shrimp
eggs harvest and royalty payments 1963 - 1978

Year Pounds of Royalty
Shrimp/Eggs
1963 4,148 $ 165.92
1964 93,136 3,725.00
1965 170,150 6,806.00
1966 167,075 6,683.00
1967 90,660 3,626.00
1968 265 11.00
1969 49,600 1,980.00
1970 148,543 5,942.00
1971 135,165 5,407.00
1972 144,200 5,553.00
1973 880 35.00
1974 - 1976 144 261 5,556.00
1976 - 1978 30,529 1,237.00

7S;)urce: Utah Division of Wildlife Resources



Photo 1. Brine shrimp eggs are carefully raked
from the shoreline to prevent con-
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The Brine Shrimp Egg Industry e e e e e«

Photo 2. The eggs are piled away from the
shore to facilitate their bagging

prior to transport.

tamination with debris.
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After proper aging, the eggs are Photo 6. The cleaned eggs are dried to less than 3% moisture
cleaned by screening followed by and given a final screening.

flotation to separate good and bad

cggs.
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» o @ o o @ Harvesting Through Processing

Photo 3. Lggs are hauled by wagon to a central location for Photo 4. Bagged eggs are aged in a warehouse for a year prior
trucking to the processing plant. to processing.

Photo 7. The dried eggs are vacuum packed to preserve their Photo 8. The final product is packaged,

labeled, and made ready for ship-
ment.

viability.
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The Life Cycle Of The Great Salt Lake Brine Shrimp

Photo 1. Microscopic closeup of dried brine shrimp eggs — note Photo 2. Eggs in hatching solution swell to a spheroid shape,
the bowl shape. and begin hatching within 36 hours - see bottom of
photo.

Photo 3. Newly hatched brine shrimp (nauplii), grow one set Photo 4. Adult brine shrimp: Female (L) and male (R) — note
of flippers after each succeeding skin shedding. the egg sac on the female brine shrimp.



THE HILL/WENDOVER/DUGWAY RANGE COMPLEX

by J. Wallace Gwynn
in cooperation with the
HAFB Range Management Office

West of the Great Salt Lake in Box Elder, Tooele,
and Juab Counties lies the expansive Great Salt Lake
Desert (tigure 1). This area is a remnant of the floor of
the ancient, fresh-water Lake Bonneville, an inland sea
that covered much of western Utah, eastern Nevada, and
a portion of southern Idaho perhaps some 10,000 years
ago. Bench terraces formed by this lake at various
levels can be seen on the mountains around the present
Great Salt Lake and on the islands within it. In describ-
ing the Great Salt Lake Desert, Stokes (1977, p. 17) has
given the following description of the area, as a subdi-
vision of the Basin and Range physiographic province:

“The Great Salt Lake Desert...can be outlined a-
long fairly distinct topographic boundaries. Practically
all of the Great Salt Lake Desert section is an extensive
flat area floored by crystalline salt, wet mud, and silt.
A number of desert ranges that are more or less sur-
rounded by the flats are in this section. These include
Pilot Range, of which only the foothills are in Utah, the
Newfoundland Range, the Desert Range with a semide-
tached outlier called Crater Mountain, the Wildcat Hills,
and the Granite Range (see Stokes, this volume). A few
unnamed bedrock ridges that rise above the general level
are obviously the summits of buried ridges. Beneath the
barren featureless flats, the structure and stratigraphy
must be complex.”

One’s first impression of the desert as one drives
along the long, straight freeway from Knolls to
Wendover is that of quiet and lifeless surroundings, in-

‘terrupted occasionally by a passing vehicle or train.
Towards the western edge of the desert, approximately
eight miles cast of Wendover, is a rest stop that over-
looks the famed Bonneville Salt Flats. It was here that
the world land speed record of 622.507 mph was set in
October of 1970 by Gary Gabelich, in his jet-powered
racer, the Blue Flame. About two miles east of
Wendover are the Utah Salt Plant, which produces sodi-
um chloride, and Kaiser Chemicals’ potash plant and
solar ponding complex where potassium chloride salts
are produced from subsurface brines.

However, the greater part of activity on the desert
takes place at a distance both to the north and south of

the freeway on the combined Hill/Wendover/Dugway
range complex. This complex is composed of two sepa-
rate Air Force ranges and the Army-owned and managed
Dugway Proving Ground, used by the Air Force on a
share-use basis by mutual agreement (figure 2). These
three areas are shown on figure 1. The combined test
ranges cover about 2,650 square miles of unproductive
land which are nontraversable and “‘off limits™ to the
general public. It is one of the largest land-mass areas
held by the Department of Defense (DOD) in the United
States. In addition to the land included under the juris-
diction of the range, there are approximately 5,600
square miles of special use air space operated under a
joint-use agreement with the Federal Aviation Adminis-
tration to allow for multiple usage. Most of the land area
surrounding the complex is owned by the Bureau of
Land Management and is very sparsely populated.

The range complex supports a variety of testing
programs; and it is also used by various tactical Air
Force groups for combat mission training. All areas with-
in the complex have been designed for a specific use or
uses.

Hill Air Force Range: This range was initially
established in support of Air Force Logistics Command
(AFLC) and has been used extensively in Department of
Defense (DOD) munition testing programs. The range
area was withdrawn from the public domain in 1941 for
these purposes. Munitions testing within the range is
conducted in three general areas. Area (1) (figure 1)
is used for low and high altitude bombing, air-to-surface
gunnery and rocketry, radar bomb scoring, ground test-
ing of high explosives, explosive ordnance disposal and
service engineering testing. Area (2) is used for static
testing of rocket motors, high explosives testing, systems
propulsion evaluation and air-to-surface testing of inert
munitions. Area (3) is used for air-to-surface tactical
training and specialized testing. Tactical targets including
armored vehicles are located throughout the area in
fields, canyons and on roads adjacent to the west shore-
line of the Great Salt Lake.

Also, service engineering test flights are performed
to test aircraft and ordnance modifications. Such modifi-
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Figure 2.

cations generally result in weapon system improvenments.
In 1963 the Hill Air Force Range was configured to sup-
port a Minuteman solid rocket motor test, cvaluation
and storage program.

Wendover Air Force Range: Soon after World War
I1 began, Wendover Army Air Base was constructed and
activated for research and development on guided mis-
siles and similar weapons. The Wendover area became
one of the first Army/Air Force rocket test and evalua-
tion facilities. Heavy bombardment groups trained here
for combat duty in the European and Pacific theaters. In
December 1944, Col. Paul Tibbets and the crew of the
B-24 aircraft called the “"Enola Gay”, began their train-
ing as the first organization equipped for atomic warfare.
This group dropped the first atomic bombs on
Hiroshima and Nagasaki, Japan, in August 1945.

Today, this arca is used primarily for air-to-air
rocketry and air-to-surface gunnery, rocketry, missile
tiring and bombing (figures 3 and 4). A tactical range for
air-to-surface inert bombing and strafing missions is loca-
ted in the vicinity of Wildcat Mountain.

Dugway Proving Grounds: This arca was originally
selected for testing and evaluation of chemical weapon
systems primarily because of its scclusion and sparsity of
wildlife. A need for such a facility was recognized by
the Chemcial Warfare Service after Pearl Harbor. On
February 6, 1942 Dugway Proving Ground was estab-
lished. Testing of military weapons commenced shortly

Fighter aircraft over Hill Air Force Range. USAF photo.

thereafter. Limited biological testing began in 1945.
From 1947 to 1951 the arca was inactive, but in 1951
the area again became active in an intensive testing and
evaluation program. The mission of the Dugway Proving
Ground includes three aspects: (1) testing and evalu-
ation programs to assess the military value of, among
other things, chemical warfare and biological defense
systems, (2) research and development programs and, (3)
installation management and operations. Dugway sus-
pended open air biological testing about 1968.

Since that time the Army’s requirement for con-
trolled air and ground space has been significantly re-
duced. The Air Force requirement for a flight test range,
however, is increasing and, accordingly, it is now the
principal user of the Dugway area.

The Hill/Wendover/Dugway range is used regularly
by a number of other organizations located at Hill Air
Force Base. Among these are (1) 6514th Test Squadron
(Remotely Piloted Vehicle (RPV) Testing): (2) Detach-
ment 508, 301st Tactical Fighter Wing, (F-105 Fighter/
Bomber Training and Tactical Operations); and (3)
388th Tactical Fighter Wing, (F-4 and F-16 Fighter
Training and Tactical Operations). Off-base users in-
clude: (1) Tactical Air Command (TAC) aircraft from
surrounding Air Force bases conducting proficiency
training: (2) Strategic Air Command (SAC) bomber air-
craft combining training and testing requirements during

conventional munition deliveries; (3) Pacific Missile Test
Center (PMTC), U.S. Navy, DT&E of Tomahawk Cruise
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Figure 3. Munitions disposal on the north range.

USAF photo.

Missile: (4) U.S. Army ordnance testing to include con-
tainerization and stowage test program; (5) 396th
Aviation Company (Attack Helicopter), Utah Army
National Guard, aerial gunnery training; and (6) ldaho
Air National Guard, air-to-surface and air-to-air gunnery
training,.

Besides air and ground space, the Hill/Wendover/
Dugway range complex provides to users of the range
instrumentation and equipment, communication net-
works (microwave, telephone, radio and television),
static test facilities, data acquisition and processing,
personnel support structures, and the combined resourc-
es of Hill Air Force Base.

The test range represents a significant investment
by the Air Force within the Beehive State. Over $62
million in range instrumentation and facilities have been
installed to date. Several organizations of Hill Air Force
Base which include Range Management, Operations and
Maintenance, Civil Engineering and Security Police,
provide support to the range. Hill Air Force Base is
Utal’s largest single employer.

The term ‘“‘remotely nearby” has been used to
describe the geographical setting of the range complex.
It is sufficiently close or “nearby” to sources of man-
power, materials, transportation and other resources
to be supported in its activities, yet it is located a

Utah Geological and Mineral Survey, Bulletin 116, 1980

Figure 4. Target 13, used for live munitions with

impact-type fuzing only. Hill A. F. Range.
USAF photo.

sufficient distance or is sufficiently “remote” from
population centers (being separated from them by the
Great Salt Lake and the desert itself) to permit daily use
of the area for hazardous activities.

The Hill/Wendover/Dugway range complex is an
all important link in the military strength of the United
States and has been identified as a “Major Range and
Test Facility Base” by the DOD. As such, the DOD
soon will name the Air Force Systems Command as the
executive agent to manage it.

As weapon systems of the future become more
complex and sophisticated, they will in turn require
larger footprints (ground and air space) for their sub-
sequent testing, training and evaluation requirements.
The unique capabilities of this range complex are ex-
pected to play an increasingly vital role in the future.

REFERENCES
Stokes, W. L., Subdivisions of the major physiographic

provinces in Utah, in Utah Geology, Utah Geological
and Mineral Survey, v. 4, no. 1, 1977, p. 1 to 17.

P N T P P T PNl T S P P e 7l



HYDROLOGY
AND CLIMATOLOGY

P P S
e .
‘“ﬁf\\:\? \\\\\\\\\\\\x

)

)

.
v
=

i
)
' =

i
'
1
i

AT b} ‘t“-’m 7
S e
ot RSN
s B g

N




CONTENTS

page
V. HYDROLOGY AND CLIMATOLOGY

Water Budget and Water Surface Fluctuations of Great Salt Lake by T Arnow. . .. .. ... . .. . ... 255
Computer Modeling of the Great Salt Lake by N. E. Stauffer. Jr., .. .. 265
Lake Level Predictions of the Great Salt Lake by L. H Austin . .. ... ... ... . . 273

The Great Salt Lake And Its Influence on the Weather by M. E. Eubank, R. C. Brough. .. ... ... ... .. ... ... 279



WATER BUDGET AND WATER-SURFACE FLUCTUATIONS OF GREAT SALT LAKE
by Ted Arnow

U.S. Geological Survey, Salt Lake City, Utah

ABSTRACT

The water-budget equation for Great Salt Lake is:

Intlow (surface water, ground water, precipitation)=
Qutflow (evaporation) * Storage change.

The average annual inflow for the period 1931-76
was about 2.9 million acre-feet: 1.9 million acre-fect
from surface sources, about 900,000 acre-feet from
direct precipitation, and about 75,000 acre-feet from
ground water. The average annual outflow for the same
period, all by evaporation, also was about 2.9 million
acre-feet.

Storage changes are computed on the basis of
changes in the surface level of the lake. During the
period of historic record, 1847-1978, the lake surface
has fluctuated within a range of about 20 feet but has
shown little overall change. The lake surface would have
been about S feet higher in 1978 than it was in 1847 had
there been no consumptive use of water caused by man’s
activitics in the lake basin.

Since 1959 the lake has been divided into two
parts by a railroad causeway which has restricted the
natural circulation. This has resulied in a difference of
salinity and of surface level across the causeway. The
difference in surface level between the two parts of the
lake varies both seasonally and annually and has been
as much as 2.35 feet.

INTRODUCTION

The surface level of Great Salt Lake fluctuates
continuously, primarily in response to climatic factors.
The level reflects an equilibrium between the inflow to
the lake from surface and ground water and precipita-
tion directly on the lake, and the outflow from the lake
by cvaporation. Man’s activities have had a lesser effect
on the lake level.

During dry years the surface level drops, causing a
decrease in surface arca, and conscquently the volume
of evaporation decreascs. But less inflow is required
to raise the lake level a given increment. In contrast,
during wet years the surface level rises, causing an
increase of surface area, and consequently the volume of
evaporation increases. More inflow is required to raise

the lake level a given increment. For example, at the
historic low level of 4,191.35 ft, a net increase in inflow
of about 600,000 acre-feet was necessary to raise the
lake 1 ft: whereas at the historic high level of 4211.5 ft,
a net increase in inflow of about 1.5 million acre-fect
would have been necessary to raise the lake level 1 ft.
(See figure 1).
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Figure 1. Relations between the level, area,and volume of
Great Salt Lake prior to 1957. (Adapted from
Hahl and Handy, 1969, p. 10).

WATER BUDGET

The water-budget equation for a selected time
increment for Great Salt Lake can be written as follows:

Intlow = Outflow ¢ Storage change

The inflow comes from surface water that flows
into the lake, from precipitation that falls directly on
the lake surface, and from ground water that moves
upward through the bottom of the lake. The outflow is
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entirely by evaporation. The storage change is the
change in the volume of the lake during the selected
time increment.

Values for the elements of the water-budget
equation are discussed in the following pages for the
46-year period from 1931-76. Most of the discussion is
based on the results of computer-model studies of Great
Salt Lake made by Waddell and Fields (1977) and
Waddell and Barton (1978).

Inflow

Surface water constitutes about 66 percent of the
average annual inflow to Great Salt Lake, precipitation
about 31 percent, and ground water about 3 percent.
Figure 2 shows the distribution of inflow by source. The
total annual inflow during 1931-76 ranged from about
1.3 (1961) to 5.0 (1971) million acre-feet and averaged
about 2.9 million acre-feet.

Surface water

Approximately 92 percent of the average annual
surface inflow to Great Salt Lake is from the Bear (59
percent), Weber (20 percent), and Jordan (13 percent)
River drainage systems. The U.S. Geological Survey has
operated gaging stations on the main stems of these
streams upstream from the lake for many years. During
1971-76 records were obtained at numerous gaging
stations near the lakeshore in the three drainage basins.
Surface inflow to the lake during 1931-76 was estimated
by correlation of the short-term records obtained near
the lakeshore with the long-term records obtained
farther upstream. The locations of all gaging stations are
shown in figure 3, and the period of record at each site is
shown in table 1.

An additional 5 percent of the surface inflow to
the lake is from ten tributaries on the east and south
shores. Measurements made in these tributaries during
varying periods from 1950-76 were used as a basis for
estimating the inflow during 1931-76. These sites are
also shown in figure 3 and are listed in table 1. Surface
inflow from the remainder of the lakeshore is negligible.

Approximately 3 percent of the surface inflow to
Great Salt Lake is from five sewage plants. These all
discharge their cffluent directly into Farmington Bay,
cast of Antelope Island.

The total annual surface inflow during 1931-76
ranged from about 700,000 (1934) to 3.8 million (1971)
acre-feet and averaged about 1.9 million acre-feet.
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Precipitation

Inflow to Great Salt Lake from precipitation
directly on the lake surface was calculated by using the
average annual precipitation during 1931-76 for 68 sites
in a large arca surrounding the lake. A multiple-regres-
sion equation was derived to describe the average annual
precipitation as a function of altitude, latitude, and
longitude. The equation was used as a means of drawing
lines of equal average annual precipitation for the lake
arca. Then the annual precipitation directly on the
lake was computed for the period 1931-76 on the basis
of monthly lake-surface altitudes and areas during that
period.

The estimated annual precipitation on the lake
during 1931-76 ranged from about 500,000 (1966) to
1.5 million (1941) acre-feet and averaged about 900,000
acre-feet.

Precipitation that falls on the lakeshore runs into
the lake and must be considered as part of the inflow.
The amount is relatively small, however, and in figure
2 it is included in “inflow calibration”, which is the
factor used by Waddell and Barton (1978) to balance
their water budget for the lake.

Ground water

The ground-water inflow to Great Salt Lake was
estimated by adding inflow values for 13 segments of the
lakeshore.

The values in acre-feet per year are: 0 for Curlew,
Sink, and Skull Valleys, the lower Bear River basin, and
the northern Great Salt Lake Desert (west of Great
Salt Lake); 1,000 for Hansel Valley; 3,000 for Antelope
Island and Park Valley (northwest of Great Salt Lake);
4000 for Jordan Valley (Sait Lake County); 7,000
for Tooele Valley; 9,000 for the Promontory Mountains;
and 48,000 for the arca east of Great Salt Lake (see
Arnow and Stephens, 1974).

The total ground-water inflow to the lake thus is
estimated to be about 75,000 acre-feet per year. This is

assumed to be an average annual inflow value for the
period 1931-76.

Outflow
Qutflow from Great Salt Lake by cvaporation

from the lake surface was calculated primarily on the
basis of pan-evaporation data from 49 sites in Utah and



Table 1. Bar chart of gaging-station records, 1931-76 (From Waddell and Barton, 1978, table 2).

Station
No

10118000
10126000
10127110

10141000

10141050
10141100
10141150
10141200
10141400

10141500
10142000
10142500
10143000
10143500

10144000
10145000
10167000
10167500
10168500

10170000
10170500
10170700
10170750
10170800
10171000

10171600
10172500
10172600
10172630
10172640

10172650

Name

Bear River near Collinston
Bear River near Corinne
Bear River basin outflow across State Highway 83 near Corinne

Weber River near Plain City

South FFork Weber Canal near Hooper
South Fork Weber River near Hooper
Middle Fork Weber River near Hooper
North Fork Weber River near Hooper
Howard Slough at Hooper

Holmes Creek near Kaysville

FFarmington Creek above diversions, near IFarmington
Ricks Creek above diversions, near Centerville

Parrish Creek above diversions, near Centerville
Centerville Creek above diversions, near Centerville

Stone Creek above diversions, near Bountiful
Mill Creek at Mueller Park, near Bountiful
Jordan River at narrows, near Lehi

Little Cottonwood Creek near Salt Lake City
Big Cottonwood Creek near Salt Lake City

Mill Creek near Salt Lake City

Surplus Canal at Salt Lake City

North Point Consolidated Canal below Goss flume, at Salt Lake City
Surplus Canal at North Temple Street, near Salt Lake City

Surplus Canal at Cohen flume, near Salt Lake City

Jordan River at Salt Lake City

Parley Creek at Suicide Rock, near Salt Lake City
City Creek near Salt Lake City

Jordan River below Cudahy Lane, near Salt Lake City
Goggin Drain near Magna

Lee Creek near Magna

Kennecott Drain near Magna
Salt Lake City sewage canal

Period of record

— el < Al o vy < Ul o] | \O
o g <r = vy e \O O o~ o~ e~
=N = = =) o~ o = = = oo
— — — — — — — — — — —
L]
R
L ]
—————
.
copeehas
T i
p—
L

seesesese pecords available but not used.

3BT 1]BS 18AI5) JO SUOIIENION[,] 90BJING-Id]B M PUR 193png I91BA ‘MOUIY PaL

LST



Ground water

inflow calibrations\

INFLOW, in millions of acre-feet

Other tributaries and sewage

Weber River (10141050 plus
10141100 plus 10141150 plus

10141200)
Jordan River (10172600) plus Surplus Canal {10170800)
0 e e e L e e
YEARS 1931 1935 1940 1945 1950 1965 1960 1965 1970 1976

ligure 2. Annual inflow to Great Salt Lake from all sources, 1931-76. (I'rom Waddell and Barton, 1978, figure 7). Numbers in parentheses are gaging-station numbers listed
in table 1.
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bordering states. Short-term records were extended to
the full period 1931-76 by correlation with a site near
Lehi (about 30 miles southeast of Great Salt Lake),
and seasonal records were extended to the entire year by
use of ratios developed for a few sites where complete
annual records were available. Pan coecfficients were
applied, and a multiple-regression cquation based on
latitude, longitude, and altitude was used to draw lines
of annual freshwater evaporation for the lake. The fresh
water evaporation was then corrected for the effect of
salinity by applying the appropriate factors for each part
of the lake.

The estimated annual evaporation from the lake
for the period 1931-76 ranged from about 2.1 to 39
million acre-feet and averaged 2.9 million acre-feet. The
latter is equivalent to about 45 inch per year for the
average lake level during 1931-76.

A small amount of water has been withdrawn from
Great Salt Lake during the entire period 1931-76 and
evaporated for salt production, but in recent years the
amount has increased because of withdrawals for pro-
duction of other minerals. The total withdrawal for
mineral production in 1976 was about 71,000 acre-feet.

Storage changes

The final element in the water budget (storage
change) is the change in the volume of the lake. Changes
in volume are computed on the basis of changes in the
surface level of the lake, and figure 1 illustrates the
relation between volume and surface level.

A discussion of the record of water-surface fluctu-
ations and the effects of man’s activities on the level of
the lake is given in the following sections, which are
taken largely from a report by Arnow and Jensen
(1977).

WATER-SURFACE FLUCTUATIONS

Source of record

The historic record of lake-level fluctuations
begins in 1847. The level was determined indirectly by
Gilbert (1890, p. 240-241) for the period of 1847-75 on
the basis of reported observations of the depth of water
over the sandbars between the mainland and Antelope
and Stansbury Islands. This information was relayed to
Gilbert by stockmen who rode horses across the bars to
reach the islands. Gilbert related these oral reports to
later measurements by determining the altitudes of

Utah Geological and Mineral Survey, Bulletin 116, 1980

the Antelope and Stansbury Island bars, making sound-
ings on the Antelope Island bar, and relating the water
level there to gage readings near Black Rock and Farm-
ington. '

From 1875 to 1938 the lake level was measured
periodically by staff gages at six different sites. The level
has been measured continuously at the Salt Lake County
boat harbor since 1939 (figure 4), at Saline since 1966,
and at Promontory Point since 1968. The gaging sites
and the chronology of the record are shown in figure 5.

Figure 4. Photograph of continuous lake-level recording gage at
Salt Lake County Boat Harbor, 1972. (Photograph by
Verda Jensen).

Historic record

When the Mormon pioneers arrived in Utah in
1847, the surface of Great Salt Lake was at about 4,200
feet above mean sea level (figure 6). It rose almost 5 feet
by 1855 but then declined again to 4,200 feet by 1860.
From 1862 until 1873 the lake level rose almost 12 feet
to reach a historic high of about 4,211.5 feet. The
rapid rise of the lake from 1862-73 was of considerable
concern to the Mormon settlers. If the lake continued to
rise, they feared that Salt Lake City and adjacent
farmlands would be flooded. In the hope of being able
to avert such a calamity, they sent out an exploration
party to determine if the water could be spilled from
the lake into the vast desert area to the west. But the
lake peaked in 1873, ending the problem for the time
being.
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During the next 31 years the lake level declined
almost 16 feet and by 1905 it was at a then historic low
of slightly less than 4,196 feet. A series of fluctuations
followed, each time the lake declining to a lower level,
and by 1963 it had dropped to an alltime historic low of
4,191.35 feet. The fluctuations of the lake surface
generally reflected fluctuations of precipitation as
represented by the record for Salt Lake City (figure 7)
where systematic recordkeeping of precipitation was
started during 1874.

Many people thought that the lake was going dry.
Roads, railroads, wildfowl-management areas, and
industrial installations encroached on the relicted shores.
But then the lake began to rise again in response to
above-average precipitation, and by 1976 it had risen
almost 11 feet to slightly above 4,202 feet. Again fears
of a calamity arose, and studies were made of the
feasibility of pumping water out of the lake into the
desert to the west. But the lake began to decline in 1977
in response to unusually low snowfall during the pre-
ceding winter, again ending the problem for the time
being.
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EXPLANAT|ON
Number Gage Period of record
I Black Rock 1875-1876
2 Farmington 1876-1879
3 Lakeshore 1879-1881
4 Garfield 1881-1901
5 Midlake 1902-1903
6 Saltair 1903-1938
7 Salt Lake County Boat Harbor 1939-Present
8 Saline 1906-Present
9 Promontory Point 1968-Present
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112° § IYigure 5. Location of gages used to deter-

mine the level of Great Salt Lake,
1875-1978.

In the summer of 1978, the lake surface was at
about 4,200 feet, the same level that it was 131 years
prior when the pioneers arrived. Thus, the lake surface
has fluctuated within a range of about 20 feet but has
shown little overall change.

Effect of man’s activities
Consumptive use

The lake surface would have been about 5 feet
higher in 1978 than it was in 1847 had there been no
consumptive use of water caused by man’s activities in
the lake basin. Figure 8 shows the effect of such con-
sumptive use on the level of the lake for the period
1850-1965. The difference between the observed level
and the level adjusted for consumptive use reached a
maximum of about 5 feet around 1925 and has remain-
ed relatively constant since then. Thus, the lake surface
is about 5 feet lower than it would have been if man had
not caused evapotranspiration of water by impounding it
in reservoirs and marshes upstream from the lake and
diverting it for irrigation and other uses.
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Figure 6. Pluctuations of the surface level of Great Salt Lake,
1847-1978.
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Railroad causeway

The Southern Pacific Transportation Company
built a railroad causeway during 1957-59 between
Promontory Point and Lakeside (figure 3). The cause-
way, which replaces an open trestle, was constructed
mostly of gravel and sand fill capped with boulder-sized
riprap. It is breached by two box culverts, each 15 feet
wide. The causeway separates the lake into two parts;
about two-thirds of the lake is south of the causeway
and about one-third is north of it. Because the causeway
fill is permeable, however, brine can move both north-
ward and southward through the causeway.

The southern part of the lake receives most of the
freshwater inflow, whercas the northern part receives
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most of its water in the form of brine that moves
through the causeway from the southern part. These
factors, in conjunction with restriction of flow by the
causeway, have caused differences of salinity and of
surface level between the two parts of the lake. The
differences increased steadily throughout the 1960’s.
Since 1966, when measurements of the surface level
were started in the northern part, the southern surface
has been consistently higher and the difference reached
a maximum of 2.35 feet in June 1975 (figure 9). The
difference of surface level also varies seasonally, with the
minimum generally occurring during the fall and the
maximum generally occurring during the late spring.

CONCLUSIONS

The surface level of Great Salt Lake fluctuates in
dynamic equilibrium between inflow and outflow.
Although man’s use of water has affected the level
somewhat, the greatest effect is caused by natural
variations of climate. Unless climatic conditions or man’s
use change significantly from that experienced since
1847, the lake will not dry up or rise above the histor-
ically recorded high level.
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COMPUTER MODELING OF THE GREAT SALT LAKE

Norman E. Stauffer, Jr.

Chief Water Resources Engineer
Division of Water Resources
Utah Department of Natural Resources

ABSTRACT

During the 1970-1978 period, a number of com-
puter models were developed to simulate the hydro-
logic and salinity systems of the Great Salt lake. Most
of the models were developed in response to problems
of the industries around the lake concerning salinity
differences between the North and South portions of
the lake caused by the Southern Pacific Railroad cause-
way, and to flooding problems associated with the rapid
rise of the lake during this period. A review of a number
of these models was made to present an overview of the
modeling that has been done on the Great Salt Lake.
An attempt is made to summarize the objectives, abili-
ties, and limitations of these models and to present some
of the results from the computer simulations.

INTRODUCTION

A number of mathematical models have been
developed for computer simulation of the hydrologic
and salinity systems of the Great Salt Lake. The first
hydrologic models developed werce primarily for water
budget analysis accounting for inflows, precipitation,
evaporation, and storage change to determine lake
level fluctuations. These basic hydrologic  models
have been expanded to predict future lake levels by
modifying the inflows to simulate future conditions in
the Great Salt Lake drainage basin due to water de-
velopment projects and changes in water use patterns.
Hydrologic models have also been expanded to include
stage-damage analysis for estimating the flood damage
reduction that could be achieved by various management
alternatives. Hydrologic simulations have also been
developed using stochastic methods to provide the
surface inflow and precipitation estimates.

The first salinity models that were developed
for the lake centcred on modeling the dissolved and
precipitated salt loads in the North and South portions
of the lake and the flows through the culverts and cause-

way fill of the Southern Pacific Railroad causeway.

These models have been developed with the capability

of simulating the effects of providing additional culverts
in the causeway on lake salinities and relative lake
stage.

Some models have been expanded to include both
the salinity and hydrologic systems of the lake into
one simulation.

HYDROLOGIC MODELS

State and Federal Water Resources planning
agencies have for several years prepared mean annual
water budgets of the Great Salt Lake for water plan-
ing purposes. However, the first published results of
using a computer model for a water budget analysis
of the Great Salt Lake was made by Steed and Glenne
(1972). This model was based on mean monthly historic
flows for the 1944-1970 time period. Precipitation
and evaporation estimates were obtained from climato-
logical stations near the lake. The result of this model
was a refinement of a water budget for the Great Salt
Lake based on mean monthly values for a 26 year
period.

To facilitate the analysis of the hydrologic system
of the Great Salt Lake, the Utah Division of Water
Resources (1974) developed a hydrologic simulation
model of the Great Salt Lake. The model uses annual
data and is able to predict June Ist and October 1st
lake elevations for present conditions and with addition-
al upstream dcpletions to the system for the 1901-
1973 hydrologic period. The model was modified by
the Division (1976) to simulate removal of water by
pumping from the Lake during high lake stages
and the data base was expanded to include the 1851
through 1975 hydrologic period. The basic data required
by the program includes the inflow of the Bear, Weber,
and Jordan Rivers, precipitation at the Salt Lake Air-
port, and elevation-area-volume data for the lake.
Ungaged inflow and groundwater inflow are computed
as a function of gaged inflow with the latter including
lag-times up to three years. The Salt Lake Airport
precipitation is adjusted to mean lake precipitation.
Evaporation is computed assuming an evaporation
rate of 4.33 feet per year and adjusted as a function
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of salinity. A mean annual water budget from the
model for the Great Salt Lake for the 1851-1975 time
period based on 1975 levels of water use is shown in
Table 1. Lake stage probabilitics from the model for
the 1975 water use levels and for projected additional
water depletions of 250,000 acre-feet and 500,000
acre-fect are shown on Figure 1.

Table 1 Great Salt Lake Water Budget in Acre-lect
for the 1851-1975 Time Period Based on 1975
Levels of Water Use
Inflow
Gaged orcorrelated ... L. L. L. 1,950,000
Bear 605y, ..... 1.160,000
Weber [PANS T 490,000
Jordan  (15%)...... 300,000
Ungaged . . .. . ... . L. _.400,000
Fstimated Surface Water . ... . ... 150,000
Fstimated Groundwater . .. .. ... 250,000
Total Inflow . ... ... ... . ..... 2,350,000
Precipitation ... ... L .900,000
Total Supply .. ... .. ..., ... 3,250,000
Evaporation . . . . .. ... e 3,250,000

0

In 1971, the U. S. Geological Survey, in coopera-
tion with the Utah Division of Water Resources, began
a 7-year study to monitor the parameters controlling
the water and salt budget of Great Salt Lake. These
parameters included ground and surface water inflow,
precipitation on the water surface, outflow from evapo-
ration, and chemical quality of the surface water inflow.
In 1974, a digital computer model was developed on
the basis of preliminary inflow data by Waddell and
Ficlds (1977). The simulation has since been updated
by Waddell and Barton (1978) using additional data
collected for calibration of the model.

The model simulates both the hydrologic and
salinity systems of the lake using a simple budget
approach that combines the inflow and outflow para-
meters and computes the resulting lake level hydro-
graph and lake salinities for the 1931-1976 base period.
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[t can also be used to evaluate the water and salt balance
for various combinations of diked bay areas of Great
Salt Lake such as the Farmington Bay area created by
the recently constructed Antelope Island Causeway.

Results from this model indicate that the total
annual intlow to the Great Salt Lake during the 1931-
1976 period of 46 years ranged from approximately
1.3 to 5.0 million acre-feet and averaged 2.9 million
acre-feet. The average inflow consisted of 1,926,000
acre-feet from surface inflow, 870,000 acre-feet from
precipitation on the lake surface, and 75,000 acre-
feet from groundwater inflow. The total annual out-
flow from the lake by evaporation during the 1931-
1976 period ranged from 2.1 to 3.9 million acre-feet
and averaged 2.9 million acre-feet. Results of this
model pertaining to salinity and the Southern Pacific
Railroad causcway are described under the salinity
models below.

Hydrologic models of the Great Salt Lake have
been developed using stochastic approaches. Glenne
et al. (1977) developed a Markov model using hydro-
logical variables and a random rainfall generator. Good
agreement was found between the historic levels of
the Great Salt Lake and the model output for the
1875 to 1975 period using the historic annual preci-
pitation values as the random input. Development of
the model showed that lagging run-off with respect to
drainage area precipitation significantly improves the
model’s ability to reproduce historic lake levels. Specif-
ically annual lake inflow is best correlated with precipi-
tation in the previous years. The model lends itself to
sensitivity analysis of the equilibrium water level of the
Great Salt Lake. The model predicts that a sustained
10 percent change in mean annual precipitation over
the drainage area would result in a five foot change
in the mean annual lake surface elevation of the Great
Salt Lake.

The Utah Water Research Laboratory is devel-
oping a stochastic hydrologic simulation mode] for the
Great Salt Lake. The basic water balance equation for
the simulation is taken from the Utah Division of Water
Resources’ hydrologic model described above. The
annual surfacc and precipitation inflows for this simu-
lation are independent synthetic time series generated
by stochastic models. Efforts are currently underway
at the Utah Water Research Laboratory to use multi-
variate time series analysis techniques to reproduce
the cross-correlation between the surface inflows and
precipitation. This model has been used for stage-damage
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analysis of the Great Salt Lake which will be described
below.

SALINITY AND CAUSEWAY MODELS

Construction of the Southern Pacific Railroad
causeway across the Great Salt Lake has caused mi-
gration of salt to the North Arm. This has caused a
significant dilution of the South Arm brine by the
inflowing fresh water. The density gradient across the
causeway has resulted in a reverse southward flow «f
dense North Arm brine through the culverts and fill.
The reverse flow has maintained a stable dense layer of
brine at the bottom of the South Arm.

For development of computer models for simu-
lating salinity, the Great Salt Lake is divided into three
district bodies of water including the Upper South Arm,
Lower South Arm and the North Arm. A definition
sketch for the causeway model simulations is shown in
Figure 2.

The first published analysis of the flow through
the culverts in the Southern Pacific Railroad causeway
and salt balance of the north and south portions of the
Great Salt Lake were made by Hansen (1970). Equa-
tions were developed for estimating culvert tlows and
the necessary additional culverts required to equalize
the salinity and water surface clevations between the
North and South Arms of the Lake.

The efforts to simulate the exchange of salts
between the North and South Arms of the Great Salt
Lake with a computer model started with the work of
Waddell and Bolke (1973) of the U. S. Geological

Lake stage elevation.,

/
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Survey. They developed a model that would predict
the effects of the causeway on the salt balance of the
lake for simulated inflow and evaporation rates. The
model computes both culvert and causeway fill flows.
The equations for the causeway flows are based on
emperical relationships. The model has been used
extensively for predicting future lake conditions for
different lake stages and causeway modifications.
This model was incorporated into the U. S. Geological
Survey model described above of Waddell and Fields
(1977) combining beoth a hydrologic and salinity model
into one simulation.

A model has been developed by Glassett and
Smith (1976) based on theoretical hydrodynamics
for predicting salinities in the various portions of the
lake for different lake stages and for additional cul-
verts placed in the causeway fill. The basic parameters
which were modeled include: (1) the overall salt and
water balances, (2) the diffusion and mixing of salts
from the dense lower layer of the South Arm of the
lake into the more dilute upper layer, (3) the two
directional flow of brine through the culverts which
breach the causeway, and (4) the two directional flow
through the permeable causeway fill. This model has
also been used extensively for predicting future condi-
tions in the Great Salt Lake.

Another salinity model was developed by Jones
et. al. (1976). This model is very similar to the one
developed by the U. S. Geological Survey and used the
equations of Waddell and Bolke (1976) for culvert and
causeway fill flows. The principle difference is in the
treatment of the salinity layers in the South Arm. This
model simulates several layers in the South Arm instead

South Arm

2 v —_——
Jon o /
Culvert
Invert Plea
elevation—~

North Arm
C‘auseway—\u’

Lower South Arm

LMY

e

Figure 2. CAUSEWAY MODEL DEFINITION SKETCH of the GREAT SALT LAKE
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of two. The hydrologic portion of the model was based
on the work of Steed (1972).

Results from the above salinity and causeway
computer simulation models were used in the Great
Salt Lake Resource Management Study prepared for
the Utah Departiment of Development Services (1977).
The results from the models were not identical, and were
not expected to be. However, the models show the
same trends for different causeway openings and the
results were generally in good agreement. The results
from the models summarizing the effect of causeway
openings on salinity and elevation difference between
the North and South Arms as a function of lake stage
are shown on Figure 3, and indicate that with the
present openings in the causeway the salinity in the
South Arm will remain relatively low and will change
very little as the lake rises or falls. The results can
also be plotted as a function of new causeway opening
length for a given lake stage. Figure 4 shows the pre-
dicted salinity and elevation difference as a function
of new causeway opening length for a lake stage of
4,200 feet.

FLOOD DAMAGE MODELS

Stage-damage models for the Great Salt Lake
have been developed and incorporated into the Utah
Division of Water Resources” hydrologic simulation
model and the Utah Water Research Laboratory’s
stochastic hydrologic simulation model. These models
have the capability of predicting peak and low lake
elevations for (1) increased depletions due to upstream
developments:; (2) removing ‘‘excess” water from the
lake by pumping during high lake stages; (3) additional
openings constructed in the Southern Pacific Railroad
causeway: and (4) any combination of the above three
management alternatives. With this capability, the
effect of selected management alternatives at the lake
or on the tributarics can be simulated to determine
the reduction in flood stages of the Great Salt Lake
and flood damage reduction around the lake. There
are considerable differences in the results of these
two models. A description of these models and their
results is found in the Great Salt Lake Resource Manage-
ment Study prepared for the Utah Department of
Development Services (1977).

CONCLUSIONS

Several computer models have been developed
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to simulate the hydrologic and salinity systems of the
Great Salt Lake. The results from the various models
are generally in good agreement. With the hydrologic
data available and the hydrologic simulation models
that have been developed, the hydrologic system and
water budget analysis of the lake are very well defined.
The salinity and causeway models are believed to be
fairly reliable in predicting salinities in the future for
the present causeway conditions and with proposed
modification to the causeway. One assumption made
by the salinity models is that the elevation of the inter-
face between the upper and lower brines in the South
Arm remains relatively unchanged. Monitoring and
modeling of the interface should be considered a priority
item on future research pertaining to the Great Salt
Lake.

Other models have been developed for the Great
Salt Lake. Undoubtedly models have been developed
of which the author is not aware. However, the com-
puter models described in this paper are those which
government and industry have primarily been using the
past few years in resource management studies of the
Great Salt Lake.
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LAKE LEVEL PREDICTIONS
OF THE GREAT SALT LAKE

bv Liovd H. Austin

Water Resources Engineer
Division of Water Resources
Utah Department of Natural Resources

ABSTRACT

The Great Salt Lake lies at the bottom of a closed
basin. Due to the wide range of inflow to the lake, the
surface level, surface area and volume of the lake has
experienced wide fluctuations in the recent past. Efforts
have been made to predict future levels of the fluctua-
tions to avoid problems of development around the lake
that would be damaged by high lake levels. Recent
studies have predicted levels to elevation 4,212 feet in
the near future. The general consensus of researchers and
climatologists is that such predictions can not yet be
made with any degree of assurance. The data should,
however, serve as a warning that the lake could rise to
levels that would cause considerable damage to new and
existing development around the lake.

INTRODUCTION

The Great Salt Lake lies at the bottom of a closed
basin in northern Utah. The lake has a surface area of
approximately 1,500 square miles, a mean elevation of
4,200 feet, an average depth of 13 feet and is the 33rd
largest lake in the world.

Since the Great Salt Lake is a closed basin and its
only outflow is evaporation from the surface, the change
in the lake’s surface area, volume and stage reflects the
integrated effect of all processes of the hydrologic cycle
within the drainage basin. Historically these effects have
been displayed by wide fluctuation in the inflow to the
lake which have caused wide fluctuation in the surface
area, volume and stage of the lake. Since 1851, the total
annual inflow to the lake has ranged from 1.1 to 7.5
million acre-fect. The stage reached a high of 4211.5
feet in 1873 and a low of 4,191.6 feet in 1963. During
this period, the respective volumes were approximately
30 million and 9 million acre-feet.

fn 1973 when the State of Utah began the process
of formulating a comprehensive plan for the Great Salt
Lake, an Interagency Technical Team was set up to assist
in that process. A water resources subcomimittec was
assigned to report on the water resources which included
the problems associated with the then rising lake level

which had been increasing approximately one foot a
year since 1961. The central concerns voiced in the
planning process were, what will happen to the stage of
the lake? Will it reach the previous high level or go even
higher? Or, will it dry up as many had been predicting
just a few years earlier?

Work was started under the water resources
subcommittee and since carried on by the Great Salt
Lake Division to analyze the hydrologic data of the
Great Salt Lake and to review technical papers or
research on the state of the art of predicting future levels
of the Great Salt Lake. This paper will present an
overview of this information.

PROBABILITY ANALYSIS

Since the settlement of the Great Salt Lake Basin,
man’s activities have increased depletion of water which
has reduced the natural flow into the lake and, con-
sequently, has reduced the average level of the lake.
Because of these depletions to the inflow, the prob-
abilities of various lake levels are not the same as in the
past. To get around this problem in hydrologic studies,
historical data are adjusted to show the present man-
caused depletions as if they had existed over the entire
period being studied. The adjusted flows are then called
present modified flows. The hydrologic probabilities
presented in this paper are based on the present-mod-
ified flows data from 1851 to 1975 available in Appen-
dix B of the “Great Salt Lake Hydrologic System
Management Alternatives Report™ (Austin, 1977). The
present modified data were analyzed using the lognormal
method to determine the probability of future lake
levels based on past hydrology. The probability curve for
that data is shown in Figure 1.

The data show the lake stage would be equal to or
exceed elevation 4,204 feet 10 percent of the time. On
the low stages, the level would be equal to or less than
elevation 4,193.5 feet 10 percent of the time. The
probability for the lake level to cqual or exceed ele-
vation 4,210 feet is approximately once every 200 years.
The reader should be reminded that the probability
values are given for present-modified data. The same
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analysis of historical data shows that for the same
recurrence interval of 1 to 200 years the lake elevation
would equal or exceed 4,213.5 feet.

The probability analysis information is presented
in this paper to show what can be expected for future
lake levels from the analysis of 125 years of data, and
for use as a comparison with predictions of future lake
levels using other methods.

PREDICTING LAKE LEVELS

An excellent article summarizing the state of the
art of predicting future climatic changes was published
in National Geographic (Mathews, 1976). The impor-
tance of gathering information and what is presently
being done is well documented in the article. This author
concluded his findings by stating: “It may seem that
there are as many theories on climate as there are
climatologists, but experts agree on one point. They
cannot yet predict climate changes with any assurance.”
This should not say that it is not possible that one or
more of the theories may yet prove reliable and provide
for predicting future changes in climate.

This section will briefly present some of the
predictions made for the level of the Great Salt Lake. It
will not be the objective of this paper to attempt to
justify any of the material presented.

The Great Salt Lake
and Cyclic Changes

The objectives of the work of Weather Bank, Inc.
(Eubank, 1976) was to assemble data relating the lake
elevation changes to sunspot cycles, mean temperatures,
tree rings indices, and other natural cycles to determine
if any objective forecast of the lake elevations could be
made.

The contract with Weather Bank, Inc., was limited
and did not allow them to pursue any of the objectives
in great detail. A review of the predictions made for each
objective does show highly variable results with wide
confidence intervals in all cases. The work does sub-
stantiate the cyclic nature of the lake and suggestsa
complicated series of cycles of different periods super-
imposed on each other.

Their report concluded that without further
analysis they could only speculate from the complex
cyclic nature of the lake that it would continue to
experience a pattern of shorter cycles superimposed on
180 year cycles as shown in Figure 2.

Utah Geological and Mineral Survey, Bulletin 116, 1980

The Prediction of Future Water
Levels of the Great Salt Lake

The purpose of the work by Dr. Willett (Willett,
1976) was to apply available information from past
cycles of sunspots and climate, and data from other
non-outlet salt lakes in the middle latitudes to predict
levels likely to be attained by the Great Salt Lake in
the years ahead.

Although the contract with Dr. Willett was also
limited, he had done considerable work in this area and
was asked to extend his previous work to the Great Salt
Lake.

Based on longer-term solar-climatic and lake level
cycles, the Willett report presented the following long-
term predictions of the Great Salt Lake levels:

1. A primary high peak to be reached most pro-
bably some 15 to 25 years hence, substantially
higher than the 4,212 foot peak of the mid 1870’s
but well below the peak 4,222 foot level of
overflow into the western desert basin apparently
reached near the year 1700 at the end of the
Maunder sunspot minimum of 1670-1700.

2. A secondary minimum level, probably not be-
low 4,200 feet to be reached during the second
decade of the next century.

3. A secondary maximum peak, probably around
4212 feet, well below the predicted 4,216-18
feet peak, to occur probably about 2050-60 A.D.

4. A primary minimum level, possibly even lower
than the 4,192 foot minimum of the 1930-60
period, to occur probably during the period of
2110-2140 A.D.

5. Extremely high peak levels to be reached pro-
bably early in the 23rd and again near the begin-
ning of the 25th centuries. These peaks, particular-
ly the second one, may exceed even the 4,222
foot level of the Maunder sunspot minimum,
perhaps with a water volume of the lake several
times as great. However, if the subglacial cycle
reaches its peak at this time as seems probable, this
level will not be reached again for thousands of
years.

The work of Dr. Willett was based on historical
data rather than present modified data. If the lake level
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were to even approach levels near those being predicted,
a great amount of damage would occur to development
around the lake. Dr. Willett, as well as others, has con-
tinued to research correlations with natural cycles which
would add to our understanding of the Great Salt Lake
and predict future levels of the lake. Some of this work
is reported in the 1977 lInternational Conference on
Desertic Terminal Lakes held at Weber State College
(Greer, 1977) and in Utah Geology, volume 4, number
2,1977.

SUMMARY

The work of hydrologists and climatologists have
established much information about the probability and
nature of future levels on the Great Salt Lake. From
a hydrologic point of view the inflow/outflow com-
ponents of the hydrologic cycle that influence the rise
and fall of the lake are well defined. The problem,
however, lies in being able to forecast climatic con-
ditions that influence the inflow/outflow components.

Although it is generally agreed that these future
climatic conditions can not be predicted with any degree
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of assurance, the probability and predictive studies do
leave one clear warning. That is, the stage of the lake
could rise to levels where extensive damage would
occur to development around the lake.
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THE GREAT SALT LAKE AND ITS INFLUENCE ON THE WEATHER

Mark E. Eubank and R. Clayton Brough

WEATHERBANK, INC.

ABSTRACT

Although no in-depth study has yet been under-
taken to determine the specific amount of influence
the Great Salt Lake exhibits upon local weather phe-
nomena, nevertheless it appears that the lake does alter
local temperatures, precipitation, and wind patterns.
Examples: 1) The warming this 3,000-plus square mile
lake gives to the air above it is considerable. This may be
why extensive fruit crops around the lake are able to
be raised at elevations up to 5,000 feet above sea level.
2) When the temperature difference of the lake and the
air 6,000 feet above it is 35°F (19°C) or more, signifi-
cant precipitation (22.40 inches) occurs 60 per cent of
the time. 3) Numerous salt particles over and around
the lake allow for the formation of very large water
droplets, which when combined with lake induced
thermal instability and long overlake fetches of wind,
result in heavy “lake effect” storms. This is especially
true when this moisture laden air is forced into a cove
and up the mountain slopes south and east of the
lake. 4) The lake may double the amount of fog around
its shores.

THE GREAT SALT LAKE
AND ITS INFLUENCE ON THE WEATHER

In a recent poll of residents living near the shores
of the Great Salt Lake, over 90 per cent felt that the
lake did influence local weather. Scientists and laymen
seem to agree that this large salt water lake does have
“some” effect on the local temperature, precipitation,
and wind patterns. It seems amazing that there has
never been a serious scientific study to specifically
answer this question. Therefore, most of what can be
and is presented in this article is based on current
meteorological models and climatological theories,
as well as the findings of researchers who have investi-
gated other similar situations elsewhere in the United
States.

INFLUENCE ON TEMPERATURES

On a clear day, the air absorbs a certain amount
of solar energy. At night that solar energy is lost to
the upper atmosphere and the air cools rather quickly.
Around the shores of the lake, the air temperature will
commonly change more than 30°F (17°C) from the
high to the low, but the temperature of the surface

water (the top six inches) of the lake may change only
10 to 15 per cent of this value. Like the oceans, the
Great Salt Lake is a more efficient retainer of the sun’s
energy than the air. For longer periods, the lake temper-
atures do seem to follow the trend of the mean air
temperatures. Chart number 1 shows this relationship.
On the average, the lake temperature is 4°F (2°C)
higher than the mean air temperature at Salt Lake City
for the previous five days.

During an 11 year period from 1966 through
1977, the surface temperature of the lake varied from a
low of 22°F (-6°C) (February 11, 1976, North Arm) to
a high of 89°F (32°C) (July 29, 1970 South Arm). The
major reason for this wide variation is the fact that the
lake is quite shallow, with little mixing of the water
layers. There are few, if any, lakes in the world that
experience this much temperature variation.

During most nights, the lake is warmer than the
surrounding air, and sometimes by as much as 30°F
(17°C) degrees. Although it has never been specifically
investigated, the warming the lake gives to the air is
probably considerable when the 3,000 square mile lake
is 89°F (32°C) and the air above it is 60°F (16°C)!
This may be one reason why extensive fruit crops can be
raised around the lake at elevations up to 5,000 feet
above sea level.

INFLUENCE ON PRECIPITATION

The greatest temperature differences between the
water and the air above the lake occur in the fall and
spring, when the major weather patterns are under-
going large transitions. It is during these times that the
“lake-effect” appears to be strongest. It would appear
that there are three major lake-related phenomena which
could be possible candidates for causing the enhance-
ment of storms passing over the lake. They are: 1)
added moisture to the air from lake evaporation; 2)
natural seeding from salt crystals; 3) thermal instability
from the air-lake temperature contrasts. While all three
of these candidates may play a weather modification
role independently or in combination with each other,
many meteorologists believe that the thermal instability
produces the major effect.

Meteorologists have studied the role of storm
enhancement around the Great Lakes and have found



Utah Geological and Mineral Survey, Bulletin 116, 1980

T T t r : | 7 ; .
90°F—-'i  CHART NUMBER 1 | » lm o ‘ Li B |
1973 South Shore Lake Temperature and . | ! :
Salt Lake City Mean Air Temperature I
Lake water temperatur