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THE GEOLOGY OF UTAH LAKE: llIPLICATIONS FOR RESOURCE MANAGEMENT 

lolillis H. Brimhalll 

LaVere B. l-lerritt
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ABSTRACT 

Utah La..lee _!~t_~ remnant of Lake BonneVillfr$7 which it originated 

about-·S-; 000 -;:ars ag) 
.'--- - .-----....~ ... __ ._ , •. _ __ ~ _ _ ' ..... r -~~· ... ·,-

Analysis of sediment cores reveals significant variations in lake salinity 

and sedimentation rates. Notable examples are a very dry, high-salinity period 

between 5000 and 6000 .years ~go; a major freshening, wet period between 2700 

and 3000 years ago; and a very dry, high-sa1ini ty p~riod beoveen 1400 and 

2600 years ago. Smaller variations are interspersed thro~gh,~~the~lal&.~:~~ .... hist()q. .. 
;':;(".tJ39~J . ....... ' .) 

_ -Long-term sedimentation rates are generally about ~·~~E. .. Y!"~ ___ i.~._ll10s_t- _-- / 
., . (();·~7e;:;;;:..)--·-" 

o~e lake but post-colonization rates appear to be about~~peryea~~ 

(~;aults in the lake appear to be lm~ering ·:the· lake bottom~t 'ab~u~:~th~': '~;iinEt) 

'--__ !:~t.e as · sediment has been filling it,. ······ :B~tt~m s·eclunenEs--coiiSi:S·t ·'of'·· .. alYout · 60 
-----:--~ . / "-- ~ .--_ .. ---,,-,----- .---

percent calci~-carbona:tEf'·iif' ·lhe·-·l~ke proper, much of which precipitates from ------_.-... -.... . - .. ,~ . . -_. - ' --~ 
---~--. -.------.-.-~ ... ----.-----------~ .... -.-~.-.-----.: .. --.. --,-.- ................ ".- .:..... 

the water itself. ' 

The lake bed faults are similar in character to those of the Wasatch 

Fault which bounds the valley and mountains a few miles to the east. Lake 

bot·tom springs and seeps are localized, in ·the most part" alon~ the eastern and 

northern lake margins where all major tributaries occur and groundwater recharge 

is largest. Only limited spring activity appears to be associated with the 

faults. 

In a geological sense, Utah .Lake is an old lake - shallow, turbid. and 

slightly saline -- and has been since its "birth" with the demise of Lake 
. \ . . 

Bonneville approximately 8,000 years ago. 

1 
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GEOLOGIC HISTORY AND SETTING OF UTAH LAKE 

Utah Valley, of which Utah Lake occupies more than one-fourth, 

lies near the junction of three of the great physiographic provinces 

of North America. To the west sfretches the Great Basin, a vast 

expanse of arid intermontane valleys extending from the Wasatch Moun­

tains to the Sierra Nevadas. To the east lies the western portion of 

the Rocky Mountains, expressed in central Utah by the high peaks of 

the Wasatch Mountains rising above the Wasatch Fault~ one of the largest 

of the fractures of the earth's crust in North America. Not far away 

to the southeast is the colorful Colorado Plateau Province. The rich 

and varied physiographic setting 'of the valley and its lake suggests 

that they are heirs of a rich and varied natural history, the prin­

cipal parts of which, for present purposes, is that associated with 

the past 30,000 years. 

Utah Valley and its companions in the Great Basin were born in 

the aftermath of convulsions which seized the crust in central Utah 

some 70 million years ago as North America moved wes~ard and collided 

with the lithosphere of the western Pacific Ocean. Huge sheets of 

sedimentary rock, crumpled in paroxysm, formed the ancestral Rocky 

Mountains of the region. Later, some 30 million years ago, the crumpled 

rocks began to be blocked into intermontane valleys by high angle 

faults, one of the most famous of which is the Wasatch Fault which 

bounds Utah Valley on the east (Fig. 1). Recurrent movements on these 

faults continue to the present time, and. - -ffut:5 -maintain tile 

intermontane basins in spite of erosion and infilling of sediments 

from the highlands. 



Oal 

Qol 

IX) 
(505H~ 

BAY 

lITAH 
LAKE 

EL. 4487 

DpOF-

o I S 4 , M'LtS . ,. 

T-Pc 

T-Pc 

(XPlAHATIOI 

~ Oua.ernor, Alluvium 

IT-P~I Tertiary to PI.combrian Bedrock 

- Fawt Zone 

Fig. 1. A simplified map of the geology and drainage in the 
vicinity of Utah Lake (modified from Fuhriman et. al. 1980). 

Note (x) marks the approximate location of the core taken in Goshen Bay. 



The high angle faults are the principal structures contributing to 

the intermontane physiography. Rock waste eroded from the rising moun-

tains has been transported downward and deposited in the valleys. 

Probably sediment as thick as several thousand feet occupies the central 

portions of Utah Valley (Cookr K. ~and Berg~961); similar 

thicknesses of rock have been worn away from the ever-rising mountains. 

A dynamic equilibrium seems to have been maintained for some 30 million 

years between the uplifting of the mountains and the downdropping of the 

valley on the one hand, and of erosion and infilling on the other. 

Lake Bonneville (Fig. 2), the ancestor of Utah Lake and the Great 

Salt Lake, occupied the intermontane basins to a greater or lesser 

extent from about 75,000 years ago to.about 8,000 years ago (Gilbe~. 

188~SS~ 1968). Lake Bonneville coincided in time with 

Wisco~sinan Stage of the Pleistocene Epoch; that is, with the last 

stage of the Great Ice Age which so profoundly affected planet Earth 

during the past 1 million years or so. 

The size and depth of Lake Bonneville is recorded in the layers 

of sediments accumulated on its margins and floor. The lake was largest 

during times of coo!, wet climates; smallest in times of warm, dry 

climates (BiSS~ 1968). The level and extent of the lake fluctuated 

through three principal levels, designated the Alpine, Bonneville, and 

Provo substages (Fig. 3). At its highest level, some 30,000 years ago, 

Lake Bonneville spilled over into the Snake River drainage at Red Rock 

Pass near Preston, Idaho (Fig. 2), and quickly dropped from about 1555 

meters (5200 feet) above sea level to about 1460 meters (4800 feet) 
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Fig. 3. Elevations associated with the principal substages and lesser fluctuations of Lake Bonne­
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10,000 y~ars ago. Utah Lake originated 1n the aftermath of Bonneville's passing, and is associated 
with the Holocene Epoch. 10,000 years ago to the present. (Adapted from Bissell, 1968) 
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where the lake stabilized at the Provo substage, with fluctuations~ 

until about 8,000 years ago. 

The relatively long period of stability of Lake Bonneville at the 

Provo substage led to the formation of some prominent benchlands, such 

as those at Drem, Mapleton, and Spanish Fork. These alluvial bencblands, 

formed where the rushing rivers met the lake, are among the most striking 

topographic features of Utah Valley. 

The climates of North America generally became warmer and drier at 

the end of the Pleistocene (Great Ice Age) Epoch some 10,000 to 12,000 

years ago. Ice sheets formerly occupying much of the northern portions 

of the continent began to retreat. In the Great Basin, Lake Bonneville 

passed fram existence, and in the aftermath the Great Salt Lake and 

Utah Lake were formed. 

Utah Lake~ born and orphaned of Lake Bonneville, records its nearly 
r~~--

ct7l / 10.; 000 y of history in its sediments~ Hansen (1934). was first 

- ----....--recognize that variations of sand, ·silt, clay, and plant remains, 

including wood, exposed in a test pit northwest of the mouth of Provo 

River, associate with strong chang.es of the level of the lake and of 

changes of climate in the region during the past few hundred to thousands 

of years. Hansen did not assign ages to the variations; the carbon 14 

dating method was not available at the time. 

Bolland (1974) collected a core sample, 500 cmAdeep, at a point 

about 2.5 km (1.6 miles) west of Geneva in the late summer of 1970, to 

study the presettlement history of Utah Lake by means of sediment changes 

and variations in fossil diatoms. The core (Fig. 4) consisted of nearly 
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are believed to associate with low levels of the lake as compared to recent levels. 
The sand and peat layers below 450 cm are believed to correlate with the altithermal, 
3 t:lme of extreme aridity described by Antevs (1948). (Adapted from Brimhall, 1973). 



(~O/~) 
uniform gray silt to a depth of 450 cm. Below that depth. to 510 cm~ 

~ A 

the core consisted of fine quartz sand with a small layer of peat at 

Ct'l3 -""" ) 
490 cm. The change from silt to sand and to peat clearly indicates 

A 

that at some time in the distant past, Utah Lake was much lower and 

smaller than at present, since the sand and peat must associate with an 

ancient shoreline which must have persisted over a considerable period 
(0,. dt'1- It .) 

of time. Bolland submitted a sample of the peat, weighing 1.8 grams, 
Ii 

to Radiocarbon Ltd., Spring Valley, New York, for dating. The result 

was 11,400 ± 800 years. - -- ----. ------._----

Brimhall (1973) performed a chemical analysis of the major con-

stituents of the core and assigned some time lines based on apparent 

inputs of iron from the steel plant, phosphorus from sewage» and other 

-criteria, but evidence obtained during the summer of 1975 (Brimhall, 

Bassett, and Merri~ 1976) make these -data appear to be in error. 

~~elieveLJ.¥ t;I!." pl:"""at u"iters- that the 11.400 ± 800 year old 

dating of the peat layer is at least twice too large. Contamination 

of the sample with small amounts of detrital calcite could cause the 

result to be too high. 

Based on data from the latter study, and reassignment of time 

lines in the core, it is presently believed that the sand layer at the 

bottom of the core correlates with a very dry period recognized in the 

Great Basin some 4,000 years ago (Ante~ 1948). The beginnings of f 

Utah Lake are believed to associate with sediments about 4 m~ 

deeper than the bottom of the core sample, as shown in acoustical 

profile (Fig. 5). If this assignment is correct, as webelieve~ then 
(:LY fc:d) 

approximately 8.-5 m~A of sediment have. accumulated since the beginning 
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Fig. 5. Acoustical profile of sediments in the vicinity 
of the sample collected and analyzed by Bolland (1974) and 
Brimhall (1973). The reflection at about 4 meters is believed 
to correlate with the sandy layer (51) described by the above 
workers, and the second, stronger reflection at about 8.8 
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the Provo Formation, deposited in the waning stages of Lake 
Bonneville. 
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of Utah Lake. The average rate of accumulation of sediment is approx-

mately 8.5 m~ (28 feet) in 10,000 years, or 0.00085 ~ (0.033 inch) 

per year (0.85 mm per year). 

Assuming a linear rate of deposition, the sane layer with its c~ 

tained peat was deposited between 5300 to 6000 years ago during a l~ 

dry period called the lIa l t ithermal" by Antevs (1948). .....__----.-:--

Variations of the calcium content of the CQres between 18 and .R(_ ~7 '-----_ .. _---------- _.-
percent (Fig. 4) are believed to associate with fluctuations of lake 

'------- -------l~:!~_ cau~d bL~2.rt:term wet-a-n-::~--::d:-ry--c-y-c-::l;-e-s-o-f='. - s- e-' v-e-r-a-:;l-y-e-a-r-s~ durat· 011, 

not as large as those associated with the sandy and peat lay~rs. Rises 

in calcium content associate with decreased inflow during dry -periods, 

continued large evaporation loss from the lake surface; and thus, an 

increased concentration of salts in the lake, including calcium and car-

bonate, hence, increased precipitation of calcite (calcium carbonate). 
:L.~ 

~er natural conditions, lake lexel could vary at 1~a~mQt8Fa 
- A 

(6.6 feet) since the fl.o~ rate in the outflowing Jordan River is _..a---------------
function of lake l~l. The lake level is a function of inflow, outflow, 

and- evaporation over time. 

Inspection of the calciumprofile~ig. 4)reveals some pronounced 

variations of concentration in the upper half of the core.. Unusually 

high concentrations occur bea~een 120 and 220 om (47 and 87 inches), and 
-------------------------------------------------------~----'-. ,/ 

unusually low concentrations are present between 230 and 250 em (90 and 

98 inches). Assumi~g that the high concentrations correlate with 10w 
'--- ------_._-------- --_._------------ -
lake level and size, and the low concentra~io~~wi~h higbL_lak~_!~vel and 

_~ __ _ _ ~~ • _____ ... ----'-- ' __ " __ '~'Mn_' _ •• ~ • ___ .'''' ~._ £ 

size, and assuming an a~~C!.g~-~~Aime~ion-T:at;e-of O.85-mmt-}tea.r- <-O ... 033-

fu7jr) --~-~:-:ppr~matelY true, then the_ lake_ was small and shallow 
,------~_--. -.------~---~.---- __ _ _ _ ._.l 

between 1400 and 2600 years ago, and larger and deeper betwee~ 27QQ and ,,------- ~,,~ .. _. ~. :a_~------------ ~ 

" '-.\ 

3000 years ago. 

I( 
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The profile also reveals that the level of the lake has fluctuated 

to a lesser extent than the above extremes during the past 1000 years. 
(rr·GM.) -, 

The sharp peak at about 25 croAis believed to associat~ w!~~ a very_ dry 
--.-- .~ . ......------ ------

period in the southwestern U.S. some 400 years ago, based on tree ring 
~---~,-,,,,,------ "'-.. -~-.. --.----" 

,, ~~~ .. ~ •.. (S~h~CUl/~~ It should be noted J however, that the upper 10 
~-~.-= - (3-;;r~ r---' ---------.----1 
QQRtimeters~!_~~~_~as impe~~y obtained since the sedi-

............... - ~-..... ... ~ ..... --" .. . ~" 

ment-water interface was not sharply defined. 
....... '" ~(~' .: .. ,~ .... _ .•.• O;'f.' . ·h,. ... ~ ... t'iin\II~~~~·~~-"~ . . -,..,...~_~_' 

Reports have been made commonly in the news media in recent years 

th~t_Utah-Lak-e uas a cJear blue lake in precolonization times~ but the 

ge~!~g~~~l aspects of the lake as reflected in its sediments, make the 
"r' _______ .. __. • ____ -~--------'.-

claim seem ~oubtful. Most of the reports by early settlers of the 
,;:--- -~-.--------.---........ 

pristine quality of Utah Lake associate with diary accounts in which 

observers viewed Utah Lake from such distant points as Point-of-the-

Mountain, or from nearshore localities where rivers empt'ied into the 

lake. Under these conditions, it is understandable that observers 

would conclude that the lake was clear. But the sediments in the lake, 

most of which were accumulated well before the coming of man into the 

valley, record that the lake has been a geologically old lake for a 

long time, stretching back to Lake Bonneville, and perhaps beyond. 

is believed that geologic~l factors are still the controlling factors 

in the lake, although human interaction and impact on the lake are 

important in some local areas of the lake, particularly along the 
--~ 

eastern shoreline. 

Although Ut~h Lake has existed less than 10,000 years, a relatively 

short time in the span of geologic time, it is nevertheless an old lake 

11-



from a geological point of view. The chief characteristic contributing 

to its senescence is its' shallowness. At present, its average depth is 
~# 7 -rnJfr=t:< 

about (9 flet) (Fig. 6), which contributes greatly to its turbidity, large ____ A _ .-

evaporation losses, hence slightly saline waters~ and warm summer tem-

peratures, hence abundant .communities of algae. 

-"-In summary, . the geological setting and history of Utah Lake is rich 

and varied. The lake lies in one of the most scenic regions of North 

America. Climatic changes occurring in the region over the past 75,000 

years, and especially the past 10,000 years have been spectacular, for 

they range from very wet to very dry, and the record of these ~hanges 

is ~ in the sediments of the lake as well as in other natural 
A 

systems such as tree ring growth. 

It is clear that these prehistoric changes occurred essentially 

independent of the influence of man except in the past century or so. 

Natural forces still appear to dominate the lake as a whole although 

S,9J!1SL:m.a-1.1-caused influences are locally important" aa& 'the potential 
"'-"""-"'--

--~--------.. -'"""'""---,.,--,,--~~ 

exists, under the influence of continuing growth of populations in the 

.,t;n,. 
surroundings, tA eeuse man-made influences to dominate. Whatever the 

outcome in the future, the geological history of Utah Lake will continue 

to give a useful perspective on the management of the lake and its 

resources. 
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SEDIMENT CHARACTER AND TRENDS IN UTAH LAKE 

Previous Work. Bissell (1942) published a preliminary report on the 

character of the sediments in Utah Lake. Sonerholm (1973) has described 

the broad outlines of the mineral compositions of the sediments of the 

lake, and their distribution. Bingham (1975) has described the major 

trends of the particle sizes contained in the sediments, and their dis-

tribution through the lake. Brimhall (1973) has studied the character 

of sediment in a core sample, 520 em deep, to determine the broad outlines 

of the Holocene (recent) geologic history of the lake, and Brimhall, et. 

al., (1973) conducted a reconnaissance study of the sediments of Utah 

Lake, Holocene to upper Pleistocene age, by means of an acoustical pro-

filer. The latter investigation yielded significant information, here-

tofore unavailable, on the character and distribution of deep-water springs 

and of the geologic faults in the lake floor, both of which are' ·of impor-

tance to resource management • 

. Sediment Types. Utah Lake is characterized as a-C..ill:hon~~ke;.. 

because the principal constituent of its sediment is calcium carbonate, 

CaC0
3

, whose mineral name is calcite. The compound as found in the lake 

is not pure, but ' carries small concentrations of magnesium, stronti~, 
--~,-.: • ...,-~"",,-~ ,......~~.pIO.....-' 

and other impurities. Quartz and other forms of sili~a is generall~ the 
~ .---

next most abundant constituent, followed by clay minerals of the illite 
---"~- ------------

and montmorillonite and mixed ~a~eI types. ----------'"'--------_._--- ........... ..,---



Locally, near the mouths of the major rivers joining the lake and 

near the existing shorelines where wave action if vigorous, quartz is 

concentrated in long, narrow ribbons of sand. 

The shallowness of the lake intensified the interaction of the 

water with sediment. During heavy storms the waves generated on the lake 

have sufficient amplitude to stir much of the lake floor, which contributes 

to the strong turbidity of the water, which in turn imparts the impression 

of pollution although this turbidity results from a natural process. The 

sediment-water interface on the lake floor is not generally sharply 

defined, but is gradational. Core samples collected during the summer 

1975 in~icate that the transition zone from water to sediment .is usually 

about 0.5 

ition zone r~ges from thin to thick soup. ~e upper margins of these 
___ - - .---... " • • ~ __ ~_ ............ _ • • _. _ •. _~¥ ... , _ _ ~_ . .... _" ... " ..... oP- "' ..... j;~"......,.-.it:._r_ ,..,.,."",,~.....,.~or ... :.-~,-~ 

sediments are frequently stirred by storms and by bottom-~~ell1n~Qrganism~ 
--~~ ....... "- .v ......... ,_ ... "'-=................" . . .. . ....,,--"'~_r-'P:'f:!'-r-' __ - . .- . ~.-----,.",,~ 

This is" a leadi~g--~f;;~t~i:- · "i~ ' the turbidity ·(quality) of the water; and 

the condition is due in the main to natural rather than man-caused processes. 

Based on the character of sediment core samples and the configuration of 
- ~ . ..-.. . -.",--,.----. -. . ; - ,- ~...... "'--..... 

the valley floor, it appears that this condition has existed throughout 
- --------".~ .. " .-~'--.'.-~----, .•... -~ •. ,..=''''''' ..... '~-.. -,~.... , ~--.---.-----

the life of the lake. - ----. ..-.-----. ..-...... -----..... _-- ... -.'. 



Distribution of Calcium Carbonate. Sonerholm (1973) collected 140 samples 

of bottom sediment from localities spaced on a I-mile grid~ and analyzed 

them chemically to determine the ~lemieel composition of individual samples 

and the distribution of the elements throughout the lake. From these data, 

he" determined the mineral constituents and trends for the lake as a whole. 

The contour map of calcite content ratio shown in Figure 7 is a stacistical 

trend surface map which shaws only the broad patterns present in the data. 

Throughout most of the lake calcium carbonate exceeds 50 percent ] 

(dry weight) of the sediment. I~~al "ar~~, the co~nt~~ti:: 
exceeds 70 percent. The first and largest of these extends from the 

middle of the lake opposite Provo Boat Harbor to the western midportion 

of Goshen Bay • . The second and smaller area lies in the northwestern portion 

of the lake between Pelican Point and Saratoga Springs. The pattern 

observ.ed is easy to explain. Ca.lcium is transported to the lake by surface 

lake, and the sediment ·and bedrock beneath the lake are composed in the 

main of limestones arid, to a larger extent, sandstones, or combinations. 

Most of the calc~~ a~~i es n solut~on,. but some arrives as particular J 

~er sU5.p~ded in sur.!su;_e._w.a,ce~ . .- Calcite is precipitated from. lake 

~-----------------q~~ 
water as evaporation increases the calcium and carbonate concentrations,.. ___ - ---' i""'O-.--­i' , _~riJ/;/I.iP.m> 

·~d by calcite dep~~iti.ng aIgaEt' cin(f·o~niicro-o;;~sms abundantly 
'-- "'. ________ ..... -.,.~ ............. ....,....._ ........ --<1:----4' ' ..-_lft"u - · ~........-c4A1SItt dtp:rl.t~\Cfi . ~.~ ~ ~ei " d 

present in the interior of the lake. 
~------ -~-----

The particles thus formed are tin~, 
~---- $a 

ranging in the silt and clay size (from less than 1/16 mm to submicrosco ic" 

~ --------------------~-------
dimension) • Such particles are too . small to settle readily in the near::,.. 

_~ ___ ~-----... -, .. ----------. __ ~ ...... _.-..... ~ ......... _ .... ~._~ItJIU'''_ 

shore regions where wave action is vigorous. Conseque~ly. they acc~ 

~--------------------
more in the central parts of the lake. 

17 



7 
Fig. ~ Sixth degree trend surface map of calcite concentra-

tions in Utah Lake sediments. Contours are in weight percent, 
dry sediment. (Adapted from Sonerholm. 1973) 
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of the lake. 

The unusually high concentration of calcite in the northwestern 

portion of the lake associates with ~ thermal springs~ striking 

faults (see later section of this paper), and with an unusually large 

concentration of organic matter in the sediments, presumably derived 
Aiqfar 

from (:sac. • I! biologic activity in the area (Bingh~ 1975). 

Distribution of Silica. Silica, as used in this report, means any of 

the several forms of silicon dioxide present in the lake sediments. 

Th.ese Il¥lY. ~c~ud~ .. quart~,~. __ Si02' ... Q.I~~hY-(lr.~t;.~E.-~~~dl or ~rJ>!!~ f~~_._~f 

v.ariable composit.ion~wbiah"",ma·!y.-;b,e._associated with organisms such as 

diatoms which gather silica from water and sediment to form their shells. 

Inasmuch as calcium carbonate generally exceeds 50 percerit of the 

sediment, and silica comprises most of the remainder, the distribution 

of silica shows an inverse pattern to that of calcium carbonate; in 

short, the carbonate dilutes the silica. Silica ranges from near 50 

percent of the dry weight of sediment in the nearshore regions to less 

than 15 percent in the regions occupied by high carbonate concentrations. 

~~t Again, the pattern is not difficult to explain. Quartz is a hard, 

durable mineral, as are the other forms of si1ica, when compared to 

calcium carbonate. Moreover, the individual grain sizes tend to be 

larger than those associated with carbonate. Thes~ two factors, plus 
~ W"f1ML1UUh? ~ 

the input _Qf~~rtz in sediment from the major rivers, tends to deposit .- --=-~ I[ 
~~ the (,~~ ~ i: a f0 '5?~e-Ilearshore portions of the lake. ~"iIWgQlJQrs tQQ 

/ 
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.eDer8~T sf !;he us.ea3:ft efte Jle81'8Joun~'e tePte13 to conCEntrate tile sjJi.ca 
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Distribution of Clay . Minerals. The term "clay" is used commonly in 

two different meanings, both of which are used in literature bearing 

on this report, so a clarification must be made as to the meaning of 

the term. Clay on the one hand refers to any natural inorganic sub-

stance whose constituent particles are less than 1/256 mm in size. 

Clay, on the other band, refers to any of a family of minera~ alumino-

silicates whose constituent elements are structures in sheets and whose 

individual particles are typically less than 1/256 rom in size. In 

this paper, the term clay refers to the latter definition. 

~~. The clay minerals of Utah Lake, ranging generally between 5 and 
{-.... -----. .."""-.~----.... ----~~~~ •. ~- -.~" -fl~"". 

10 percent (dry wei&~)~ belon Q-!he illite, montmorillonite, and 
\--------.--,,-;..~ - -.... 

mixed layer types. ::-----------. 
The pattern of clay mineral distribution in Utah Lake is not 

easily defined because, among other things~ it is a minor constituent 

diluted by carbon~te and silica .. Areas of high concentration, -9 percent 

River, arid near the mouth~_""g.~., the _Pro:'l.o-=-~~ American Fork Rivers 
~ , .• ~ . .............-- ~ .... _ ........... _. ___ , ....... - - -~~~_, __ .. ________ ... __ - 'lr 

(Sonerh~ 1973). It is clear that the source of the clay minerals 

is the detritus carried by the major rivers emptying into the lake. 

Longshore currents tend to disperse the clay minerals to the deeper 

waters adjacent to the shorelines. 



Bingham (1975), studying the distribution of particle sizes of 

sediment, reports that most of the sediment of the interior of the lake 

is composed of particles in the silt and clay size range. He, of course, 

uses the term clay in the first of the senses described above. It is .----­clear that_m.y._~l1 of Bingham's "clay" is in reality ver fine grained 
t:. ··-·""'~I·_,---"'., .. ~ ... ---~. C;1o,.;,l. ........ ~~~~~...01 ~ .... .., -,~ 

calcium carbona,ta ............ ~ 
~,<1".-. _"""""'- ....... ~:.. .............. ~ ...... -" ....... llll .. _._.,-. 

Minor Constituents. Minor constituents of the sediment of Utah Lake 

are numerous, but in the main, they consist of calcium sulfate, probably 

as gypsum, iron oxides and/or sulfides, and organic material of varying 

kinds. 

~~ Of course, ,,!ater is, a major constituent of the natural sediment. 

It r~es !.!~~m a few percent t,Q as mu,c,h . a~ .. 15_R .. ~£.tm,t..2£~:.~_~:pendin . 

on sediment type and location. 

An area of relatively large organic concentration is present to 

the southeast of Saratoga Springs (Bing~ 1975). Provo Bay carries 

a large concentration of organic material due to natural and man-caused 

. biologic activity. Powell ' and Benjamin Sloughs also bear large concen-

trations of organic matter. 

Summary Statement on Sediment-Community Relationships.' Bingham (1971-) 

concludes that available evidence leads to the conclusion that plant 

communities of the lake do not associate with specific sediment types. 

Invertebrate animals, he says, tend to be more selective. Worms, midge 

flies, gastropods, bivalves and ostracods prefer the carbonate muds of ----------- .------ - , - .... , 
1Io£_1U~ 

the open lake. SmaJlcr..Y.,§J:acean.s...-at;e--faund- itt-&fte-sma.,.l J ., .• 1Q~, 
~-.. 



~sures of tufa, hard rock deposits of calcium carbonate, in the 
~. ... - - ~_."'<lo.~_t . ...e.<",," ........ ""~·'''·;>-=''''~··~~-'''''''--~~--

vicinity_o.~ird Island and Lincoln Beach . 
... -------.~- '~. "I: ~ __ ~ __ ,_. _,... _ __ .... ~ ,. _ • .t''' 

The present writers believe that a detailed study would reveal a 

stronger association between sediment types and various plant and 

animal communities. The properties and distribution of sediments. in 

broad outline, have only been learned in the past few years, and much 

remains to be learned of the plant and animal communities present in 

the lake. 

Sedimentation Rates. Accumulation of one stratum upon another in 

sequence of time permits the calculation of an average rate of sedi-

mentation when the absolute age of two different strata can be deter-

mined. In the instance of the core samples from Utah Lake~ the upper-

most stratum associates with the present time. The age of older, 

deeper .. layers may be determined by radiocarbon dating, by association 

with known geological or climatological events in the past, by intro-

duction of components such as chemical contaminants or pollen grains 

from plants introduced by man. etc. 

Sedimentation rates in geologically young lakes (deep and not 

subject to large sediment inflows) are typically a few tenths to a few 

hundredths of a millimeter per year. In Utah Lake, a shallow and 

----------------------------geologically old lake. sedimentation rat es are expected to be much 
~----------- I ~ I ~ ---
higher, probably in the range ofen~mall~8~e£ to Qae eefttimeter per 
--------- -- It /'(- ------=--
year, depending on the portion of the lake under consideration._.. Rates ------- . c-
are likely to be highest in the vicini 
l-----.. ---.----.. -------··-.-..--·-·· ...... · .. *-'-...... -----..-· ...... -,.~ 

of the mout s of the maj or 

rivers, and in the deeper p..:ar.=..:t..;;;s~o-f~t:;;.;;h.;..;e~b;;..;a:..:...s=:-l.~·n:.:.......w_h_e.:...r __ e~g:.:.:r:...:a_v....:.i....:t:.!y~p~u=-l=-l=-=~,.,. the ..-----------_. -".- -,.-.-' 



Acoustical profiling during the summer of 1975 (Brimhall, Bassett, 

and Merri~ 1976) permitted 

tent layer, the upper surface 

the recognition at depth of a very persis-

(:J-t ~ 41/} fu/) 

~ ,. 
of which ranges between e~t and ~iteen 

'" /I. 

m~l\deep, and whose thickness 
Ct6~3.a-F!J mM. The stratum is believed 

appears to range between 5 and 10 

to associate with a dark gray, silty 

clay which was found at that depth during exploratory drilling for ·the 

proposed Goshen Bay dike (U.S. Bureau of Reclamati~ 1964). The 

position and lithology of the stratum suggest that it is the clay unit 

of the Provo Formation (Hunt. Varnes and Tho~ 1953~S~~ 1963). 

deposited in deep water some 10,000 years ago just before the demise 

of Lake Bonneville. If the assignment is substantially correct, and 

the age is likewise correct, the average sedimentation. rate in ,the ~ 
( tJ" ()!J I g:;;;Ql (). p~-""" ) 

deeper portions of the lake ranges between 0.8 and 1.5 mm per year. 4 . _ 

These ·-values are consistent with rates observed in similar lakes, and 

with the known inputs of clastic and dissolved material to the lake 

(Fuhrim~ et al.; 1975). : ,lJP . 
I' --f CO~/3Rr) . 

The average sedimentation rate, 3.3 em/year, calculated by Brimhall 
_~~ ____________ ~~~~.~~:-~~---ft . ~ 

c------'- ~e, l:> 
(1973) is now believed to be a&= t ~ times too large. Most of the 

It 
------~~----------------.-----------------~ 

~~~~~er can be reconciled wi..t!lJ;he rates-;p~elY 

assigned above by reassigning the vert to the upper 25 cm~6f 
..... _"'''''''---.-.- ~~~-... ':'....." ... ~- .---..... 

sedfuent instead of the uEper 2:20 must he eID.phasized that all of 

~--.---------
these assignm~nt_s_ ilre te ~v<e, but the latest assignments are most ,... __ -.-----'~.~JO ---... 

consistent with new knowledge gained in 1975, and with comparison of 

Uta!~ Lake with similar lakes. One of the most urgent problems associated 

with the lake is the matter of establishing its pre-settlement history 



(f;bfd) 
~eans of taking several core samples to 20 mftQr&Adeep~ to deline~~~ ----------------- --_._ --_ .... _---
_that-hj.s-tory. In the...;neantime, the sedimentation rates and history of 

the lake must remain known only within ~ broad terms. 

17 
During the summer of ).9]), &eUQ~eQQ shallow core samples, ·.ranging 

-- (/.2::Z; 4-7~ I "..' ~ 
~~ 30 em to 120 c~ were collected in ~~::~~~a=~~~: .. ~b,.~~~ke. Cores 

taken :~:~~~~ the Geneva wast ,e po.n~!..ho~~~~~~ cinder or 
~,.-Ql>/.' 

a~ra~~~_~~t~;.~~te~ f ,2r the natura~_2!_~!t~ sediment, 

of about 5. mm per year. Another core taken southeast of Saratoga 
~~~~'~:»~-"'o\IO'tfUr. ...... ~o::'~ 

, .... _.-,~.,..,~~---- r .~: 

S~rin~s ill ' ~Tt~~ rich sediment showed a J;dgb1y organic. layer ~. 

depth of 400 mm. Tentatively, this layer is assigned to a low level 
'. . _-.. - .,'" ~ , .... "" ,-..,.~, .. A ,,..~ 

"'~ .... "'!"O,"J"~~.. ...,..~ 

of the lake thought to ·~~iSt' about a 400 "years ago when drought conditions 
___ ~_,~.'_"'-""''''.'''''''''''''.''''"'':f'''J ... ".''''f __ ~-''''''' '''''''= ..... .... "'"" ..... _--' .. , ... ____ .( .......... . 

p~~~~~_~~~ChUlf ~?56). ~f t~e as~~r:.:;~~ct, 
the average sedimentation rate at this locality~ is about 1 ~ per year • 

.... ~~.; ..... _ ......... ...... _ •.• -.-1'1',,-' .~f, ..... ,.,.:· -"':'"·~ .. 4.:", ..... t __ ~ ~~~;;~"'<'«l..-~:r""t~~''ff:I!'"'~~''"tI'oo-..~~,.;~~--'-''' 

,,}DIP Features in the o;h~~res are not easily recognized, and so no 
.... ' ..... ":'04 ..... ~~ J1 .... ;,.···~-:>':····-''':~-· ··' ... • .. ·~~· ... -... •• ....... ~.,~~ .. ~. ~1ISf .. 'lf-....w .... -......,-p~t'WW'~A.~~~_~~_--' 

additional information is available' from them at this time • 
. _--~.....-- ... . -.'.~ ... , " . ~" ...... ~ . .:..,..<: .. _ ... -....".",..,.. ...... "-.""'!C ..... ~ __ ""."... '} 



GEOLOGIC STRUCTURES IN LAKE SEDIMENTS 

Previous Work. Two geologic maps of the bedrock and alluvial deposits 

in Utah Valley have been published. That of Hunt, Varnes, and Thomas 

(1953) describes the northern half of the valley whereas that of Bissell, 

(1963) describes the southern half. Neither of these maps show faults 

or geologic structures in the vicinity of Utah Lake or of the rest of 

the valley except for the Wasatch Fault at the base of the Wasatch 

Mountains. The absence of the structures from the maps does not mean 

that these investigators concluded that none exist, but rather that 

erosional processes make them unrecognizable. 

The measurement and description of gravity anomalies in the 

vicinity of Utah Valley lead Cook and Berg (1961) to recognize the 

probable existence of faults in the floor of Utah .Lake. Stokes (1962) 

plots three inferred faults extending in a general northwestwarddirec­

tion along the east side of Utah Valley. The first of these stretches 

between the east side of West Mountain to the vicinity of Saratoga 

Springs. The second, from Payson to the middle of Utah Lake, and the 

third, from the mouth of Spanish Fork Canyon to Orem, American Fork, 

and Lehi. Markland (1964) demonstrates the probable existence of a 

fault near Arrowhead Resort. 

Cluff, Brogan, and Glass (1975) investigated the Wasatch Fault 

in Utah Valley with respect to land use planning. Cluff, Hintze, 

Brogan, and Glass (1975) have also investigated the Wasatch Fault 

in northwestern Utah as regards recent to current seismic activity . 

and recerit fault displacements in Pleistocene strata. Geomorphic 



evidence, as well as tree ring data, indicate that recent faults in 

the zone of the Wasatch Fault may be no older than a few hundred years. 

Faults. As an outgrowth of a reconnaissance study of the deep-water 
_vC.J. 

springs of Utah Lake by means of a sonar-like device (Brimha~ M88sott' 

ana Ucrritt!:; 1976), an unusual opportunity was afforded to study the 

faults and other geologic structures present in the strata underlying 
. (3 2 r:!) 

the lake to a depth of as much as 25 mJtcr~. The faults beneath the . -r It 8) 
lake are sometimes remarkably displayed (Fig.~ by the reflection 

. '\ 
profiles obtained by sending pulses of sound waves into the lake floor, 

and by recording the reflections, or "echoes" from the strata and 

structures beneath. 

Heretofore, geologic ~tructures of this kind, less than 10,000 

years old (Pleistocene to Holocene age), have only been inferred to 

exisf'in the lake floor by extensions of faults observed in bedrock 

or alluvium in the lake surroundings, and by geophysical measurements 

such as gravity anomalies. Now, for the 'firs~ time, the existence, 

character, and distribution of the faults in the lake floor have been 

observed. This section sets forth these findings and reports their · 

significance as they apply to the history of Utah Valley and the 

management of the resources of the lake 'and its surroundings. 
q 

Three major faults (Fig. ~) are herewith designated as the Bird 
. 1, 

Island Fault, the East Goshen Bay Fault, and the West Goshen Bay Fault, 

which along with several minor faults and a few folds which were 

discovered, mapped and characterized by acoustical profiling in the 
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Fig.~ The East Goshen Bay Fault, 2.4 km west of Lincoln 

Point. The top of the profile marks the present lake floor. The 
lower, dark layer on the left, whose top is 8 meters below the 
floor, is offset on the right by about 5 meters to a depth of 13 
meters" This stratum, a persistent marker stratum throughout the 
profiles, is believed to be the clay unit of the Provo Formation, 
uppermost Pleistocene age. 
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Fig. ~ The principal geologic structures present in the floor 
of Utah ~~e, and the location of the presently known spring areas. 
(Adapted from Brimhall, Merritt and Bass~ 1976) 



summer of 1975. These structures exhibit characteristics which are 

consistent with faults mapped elsewhere in the valleys by previous 

workers~ and they add considerable detail to the knowledge of the 

structural geology of these valleys":p 

~~he faults are furthermore of considerable interest as regards 

resource management inasmuch as some of the major areas of the lake 

appear to be controlled to some degree by the distribution of faults 

in the lake floor. 

q 
Bird Island Fault. ·Bird Island Fault (Fig. ~ extends northeastward 

f\ 

from the eastern part of Goshen Bay to the west side of Bird Island. 

It then continues northward opposite the mouth of Provo River, and then 

passes slightly west of north to the vicinity of the mouth of the 

American Fork River~ 

~~ <'The western side of the fault is downthrown relative to the eastern 

. side. Observed Holocene displacements (past 10~OOO years) range from 
~ ~ ~b·M) . o. 1----- (I'~ f-:!) 
~ mQters1.to less than QRe Bali mate~. Generally~ the larger displace-
~ r~ A 

ments occur at the .. extremities of the fault .. 

The eastern fork of the Bird Island Fault leaves the main fault 
. ~ (I.~~) 

and passes southward about 3 ·kilomete.s north of Bird Island, and is 
A " 

inferred to pass to the west of the Island toward the east side of West 

Mountain. The fault is . clearly evident in the acoustical profiles 

just eastward of Lincoln Point. Since the eastern side of the fault is 

~ ~ (~·~P!A 
downthrown nearly . tw6~ete~, it i§ clear that the block including West 

A 1\ 

Mountain and Bird Island stands structurally high (horst). 



One could be lead to believe that the coincidence of the northern 

portion of the Bird Island Fault where thermal springs exist with a 

~ ..d.d~ 
major spring~ on the eastern side of Utah Lake (Brimhall~ ~e. 

aaaB4d~)f""·.L_.~k 1976) accounts for the location of the springs, but the 

writers are of the opinion that the fault is at most only a contributing 

factor. Hydrologic and sedimentation factors are thought to be dominant 

because only a minority of the spring areas .is shown to be directly 

associated with the fault. 

East Goshen Ba~lt. The East Goshen Bay Fault forks at a point about 
1 .. {" I/,t~) 9' 

ttllS efta ""eftS half k;10mQ~ west of Bird Island (Fig. ~). The main 
.f\ 1\ 

portion extends southward from the juncture to a position west of, and 

parallel to, the Bird Island Fault in the eastern section of Goshen Bay. 

Adjacent to West Mountain the two faults are in such close proximity 

that they may be expressions of a compound fault rather than two separate, 

distinct fault~ 

00-« CWestward of Lincoln Point, the fault exhibits approximately ~ 
j-~(16~) 
mQte~of displacement. The western side of the fault is downthrown to 

- 1\ 

form a portion of the Goshen Valley Graben. 

From the juncture, the east fork of the East Goshen Bay Fault passes 

first northeastward then northwestward through the approximate midsection 
s-L (3t/~) 

of the lake to a point about fi~e kilemeEers~northeast of Pelican Point. 
A'~ . 

The west fork of the fault passes northward of the juncture to the 

vicinity of Pelican Point where it appears to rejoin its partner north-

east of Pelican Point. 



The interior block bounded by the two forks of the fault is displaced 

downward relative to the other blocks; hence, the interior block is a 

graben designated as the Pelican Point Graben. It represents the lowest 

point of Utah Valley from a structural standpoint. 

Displacements of the faults bounding the graben range from about 
I ~ O.S-~ 

~ ~ete£ (3.3 feet) to less than QRe half mQtQ~ (1.6 feet). The larger 
A ~ 

displacements are found on the southern side of the graben. In genera1~ 

the displacements are smaller than those associated with the Bird Island 

Fault. 

The section of the lake occupied by the Pelican Point Graben appears 

to have very little spring activity associated with it (Brimha~ et. ~ 

1976). Spring activity along other portions of the fault 1ikewis.e appear 

to be slight. 

West Goshen Bay Fault. The West Goshen Bay Fault extends from the 

southern portion of Goshen Bay, where it may converge with and join the 

East Goshen Bay Fault (Fig. 9), to the vicinity of Pelican Point where 

.it appears to join the east and west branches of the East Goshen Bay Fault. 

The eastern side of the fault is displaced downward which makes the block 

bounded by West Goshen Bay Fault and its partner to the east, a graben 

which is designated as the Goshen Bay Graben. Displacements on the fault 
. ~ ~ O_1-~ 

range from approximately ~eteFB-(6.6 feet) to less than gee half meter 
/\ :1 ~ h.-- /\ 

(1.6 feet). Southward of Pelican Point ~ or s.ilf kilometers- (3.1 or 
" A 

3.7 miles), the fault is replaced with a monocline which dips gently to 

the east. 

3/ 



Spring activity along the fault is very weakly expressed as shown 

by the reconnaissance study of Brimha::r et. a1 (1976). 

Minor Fau1ts.e The East and West Jumbers Point Faults, through minor 

faults in terms of lenth, exhibit some of the most spectacular disp1ace-

ments to be found in the' lake. Figure 10 shows the acoustical .profi1e 

obtained over the northern portion of the West Jumbers Point Fault. A 

similar fault is displayed on the southern section of the East Jumbers 
.,s-h"'­

Point Fault. Displacements on the faults ranged from about fioe metQr~ 
A 

to about 1 m~ (16 to 3.3 feet). The eastern blocks are displaced 

downward relative to the western. The unusual offsets on these faults 

indicate that the section of the lake occupied by these faults is active 

tectonically. The only other fault to compare is the East ·.Goshen Bay 

Fault just west of Lincoln Point (Fi~ 8) • 

None of these faults, as observed in profile, exhibited spring 

activity at the several points transected, although it is entirely 

reasonable to suppose that there are springs at places along the faults. 

Another small fault, named the Saratoga Springs Fault, lies about 

~ 
1 M41ome~Qr (0.6 mile) east of Saratoga Springs Resort. The eastern side 

/ ..--... 
of the fault is displaced downwa'rd approximately eft: .meter- (3.3 feet) 

as seen in profile. Almost cert.iin1y, some spring activity is associated 

with the fault, but such activity was not determined conclusively in the 

acoustical profile transects. 
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Fig. iC.. A spectacular fault on the north end of West Jumbers 
Point Fault. The right-hand, eastern block is displaced downward 
about 2.5 meters. The lower dark layer between 7 and 9 meters on 
the left side, is believed to be the clay unit of the Provo Formation. 
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DEEP-WATER SPRINGS OF UTAH ~~ 

During the summer of 1975, a 23-transect reconrtaisance study of 

Utah Lake was made by means of a sonar-like device (Brimha~ et. ~ 

1976). It was possible to infer spring and seep areas from the profiles. 

The distribution of the areas containing springs is shown in Figure 9~ 

Inspection of Figure 9 reveals that less than 10 percent of the 

floor of Utah Lake is associated with springs or seeps. Most are located 
lew" 

in a zone 1 to 3 kilemetQrs (0.6 to 1.9 miles) from shore on the eastern 
A 

and northern portions of the lake. 

The reason for such a distribution is clear when it is realized 

that the principal watersheds contributing to the lake occur in the eastern 

and northeastern zones. The springs/seeps occur in response to availability 

<:: 
of water, to the thinning and wedging of permeable, water-bearing strata 

in a lakeward direction, to the thickening of fine-grained strata to con-

fine the trapped water in a lakeward direction, and to the deve10pmertt of 

a hydraulic pressure by the aquifers sloping toward the interior of the 

lake. 'Thus, the 'springs/seeps occur principally as the result of prevailing 

sedimentary and hydrologic conditions. 

Occasionally the springs/seeps are clearly controlled by faults, ·but 

in general, the pattern is weak. The northern extension of the Bird Island 

Fault coincides with the concentration of springs/seeps along the eastern 

side of the lake, but the fault in this section is weak in·'that its dis.­
{). J-~ 

placement is typically less than ORe halE mebe£ (1.6 feet) and the springs! 
A 

seeps ar~ widely ' scattered on opposite sides of the fault. 

It is noteworthy that the faults showing the greatest displacements, 

the Jumbers Points Faults, the East Goshen Bay Fault west of Lincoln 

Point, associate only slightly, if at all, with springs. If a strong 



association were present, the investigation during the summer of 1975 

would have revealed it. 

Three separate attempts were made in late August, 1975~ to sample 

water from springs previously located by the acoustical profi~er. but 

the results were inconclusive. Vertical profiles, made with a portable 

Hydrolab water quality probe, showed no significant variation in con­

ductivity from the surface of the lake to the inferred mouth of the 

spring/seep areas at three different localities investigated. The 

quality of water and the quantity of water beirigdischarged from the" 

deep-water springs is stillun~own, and awaits furtherinves~igation. 



IMPLICATIONS FOR RESOURCE MANAGEMENT 

The geology of the lake includes its geologic history and setting, 

physiography, drainages, groundwater patterns, sediments and strata, and 

geologic structures (faults). These form a physical base upon which the 

plant and animal communities, including those of man, live and adapt~ 

and they form the principal boundary conditions, subject to change by 

interaction, which impose upon the management of the resources of the 

lake. 

The following items summarize some principal implications for 

resource management imposed by geological conditions known at the 

present time. 

The Life of the Basin. A significant question regarding Utah Lake is 

this:_ .. -.. How fast is the ·lake basin filling up? What is the expected 

'- life of the basin 'as present cons~ituted and operated? AvailabJ~l~ 

(atJ31;e)~ 
geological data indicate a ·rate of infilling at about 1 mm~per year 

/lV~ 
over the past 10, 000 years, although :In is" til s.,..P · • the rate has~mbr'f/ 

than doubled with the settlement and urbanization of Utah Valley. It 

is equally clear, however, from the character of the faults present in 

the lake floor, that the valley is deepening relative to the mountains, 

at the same time it is receiving sediment. The displacement on the 

faults indicate an approximate equality of deepening and infilling, or 

an approximate -state of dynamic equilibrium existing between deepening 

of the ~asin by the faults and the infilling of the basin by transport 

and deposition of sediment derived from the surroundings. This trend is 



consistent with the overall geologic history of the region which has 

been characterized by recurrent movements on the Wasatch Fault since jts 

origin some 30 million years ago~ 

,--------------
~,1(So " the depth of the lake, relative to the elevation of the present 

shoreline, will probably remain constant for the foreseeable future. 

~e1 This do~s not mean, however, that the resources of the lake could 

not be improved by artificially deepening the water. 

~ 
Faults Crossing Proposed Goshen Bay Dike. Although t;he.. proposed Goshen 

Bay ~ike will cross some faults and folds. ~ is- belie'!:'!.lJ'!I t;he '~it;e;a;&-}.-­
that they do not pose a serious threat to the safety or operation of ~ 

~ dike. Displacements would likely be no more than a few tens of 

centimeters, and probably much less, unless an earthquake of catastrophic 

proportions were to strike the area. Small displacements» if they occur, 

can be" repaired quickly. 

The Geological Condition of " "the Lake. A point commonly, almost per-

vasivel~ , misunderstood by laymen and many experts as well» is that 

Utah Lake is a senile lake in the geological sense. It is a very 

shallow lake. " It has a very large surface compared to volume. It is 

characterized by " high evaporation rates. It is characterized by higb 

rates of sedimentation. The exchange of impurities between water and 

sediment is likewise large. 

Many mistakenly believe that the lake can be restored to a pristine 

state characterized by the waters of the mountain lakes of the region. 

The essential point missed is that Utah Lake cannot be returned to that 

37 

]1 



condition. The natural history recorded in the sediment cores and 

------------------~-----------------
profiles show that the lake has been in much the same as its present 

_ . . - ...... -- ~ 

-------_.------------.---------
condition for centu~ This natural evidence opposes statements 

••.••• ,..,:.,,!.o.. ~"'~~" _"" ~ . - -"- ;,01.: ............... ,..... -

purportedly derived from diaries and jou~als of early settlers and 

observers that the lake was characterized by clear, blue water. Careful 

analysis of the conditions under which such observations were made indi-

cates that most of them were made from some distant point such as the 

Point-of-the-MOuntain where, even today, the lake has a clear, blue 

·aspect, especially when incident light from the sun bears a critical 

angle just after sunrise or just b.efore sunse~ 

~&«c-Reports of clear water and sandy beaches were made mostly in the 

vicinity of the Provo River or other river inflows where .the wide plume 

of clear water extended away into the lake. Under most of the conditions 

in which. such observations were made, the water would have a clear aspect. 

The character and conditions of observations, both from eyewitness 

accounts and from the natural record left in the sediments of the lake 

can be reconciled to the effect that the lake is and has been geologi-

cally old since its inception, with the water being turbid but which may 

appear clear locally or completely depending upon the vantage point and 

conditioris under which the lake was observed. 

The foregoing should not be construed to mean that there have been 

no significant ~hanges in the clarity of water in Utah Lake with the 

changes of level occurring over the past few thousand years; it simply 

means tr~t the lake has not been a completely clear lake, in the same 

sense that many mountain lakes are .clear, throughout most, if not all, 

of its history. 



Sediment Character and Distribution. Research completed within the 

past three years has delineated the broad patterns of composition and 

grain size distributions of minerals being deposited on the lake floor. 

In all but the nearshore regions, the areas close to the mouths of the 

major rivers, and in the vicinity of Bird Island, calcium carbonate 
< 

exceeds 50 weight percent. Silica and clay compose· most of the rest. 

In the same regions occupied by the calcium carbonate, the grain sizes 

are mostly and about equally in the silt and clay sizes, between 1/16 

and 1/256 mm, and less than 1/256 mm, respectiv~ 

~Q «Lrn the nearshore par tions of the lake, silica in the form of sand 

is the most abundant constituent. Particle sizes are dominantly in the 

range between 1/16 mm and 2 mm. 

It. Ctfs belie~ by the writ;_d-!hat these relationships have a 

larger bearing on the character of the .plant and animal communitites 

than is presently realized, principally by reason of the lack' of de-

tailed study necessary to establish the relationships. A very real need 

for the near future is to map the lithologies of the nearshore regions 

in detail. When that is done, the base is laid for detailed study of 

the plant and animal communities. II! is bea._ .1 J ti:aL-etie :P&£iE%&.ki8 

... thE (GUlLS o£ &;L!ieWs _tftMl t'PBI. 

Geologic Faults in the Lake. The geologic faults discovered and mapped 

in the floor of the lake during the summer of 1975 pose the same kind 

of threat that other faults pose in the valley, but none beyond those 



customarily assigned. That they exist and are consistent in character 

?Od distribution with the Wasatch and other faults bordering the valley 

is interesting and informative. 
~-~ 

.The faults exhibit displacements up to five m8tQ~~ (16 feet). during 
1\ 

the past 10,000 years or so, but it is unlikely that such displacements 

were achieved as . the result of a single event. It is conceivable that 
. ~ 

the floor of the lake could violently heaved by an earthquake, and that 
A 

large lake waves coulo.be produced, but, even if such did occur, the 

damage to the shorelines would probably be incidental to the damage wrought 

elsewhere in the valley by ground vibrations and movements. 

The location and character of springs in the floor of the lake is 

more determined by existing hydrologic and sedimentation factors than 

by faults. The faults do appear to contribute substantially in a few 

places, however. In the event of strong earthquakes in the valley, it 

is not anticipated that the effect on springs in the lake floor would 

be large. 

Acknowledgement: This article was originally completed in slightly 
different form for the Mountainland Association of Governments as 
MAG Technical Working Paper #12. That work was funded in part by a 
208 ~reawide Water Quality planning grant from the u.s. Environmental 
Protection Agency. 
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Order Trichoptera (Continued) 
Family Rhyacophilidae 

Rhyacophila pellisa . Ross 
Rhyacophila 'verrula Milne 

Order Hemiptera 
Family Corixidae 

Family Gerridae 

Family Hesoveliidae 

Family Saldidae 

Family BelostomaU dae 

Order Odonata 
Family Coenagrionidae 

Family Aeshnidae 
Aeshna palmata Hagen 

Family Corduliidae 
Somatochlora semicircularis 

Order Megaloptera 
Family Sialidae 

~ialis sp. Latreille 
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TABLE 8 

AQUATIC INVERTEBRATES OF UTAH LAKE 

Phylum Protozoa - one celled organisms 

Class Sarcodina 

Amoeba proteus 
Amoeba limax 

Class Flagellata 

Euglena vir_idis 
Heterom:ma sp. 
Chilomonas sp. 
Epipyxis sp. 
Eudorina sp. 
Pleodorina sp. 
Volvox sp. 
Ceratium hirudinella robustum 

Class Ciliata 

Holophyra 
Prorodon sp. 
Urocentrum sp. 
Paramecium caudatum ---
Saprophilus 
Stentor 
Tintinnidum 
Gastrostyla 
Stylonvchia 
Vorticella campanula 
Charchesium sP. 
--~---

Phylum Porifera - sponges 

Class Demospongia 

Spongilla lacustris (L.) 
Meyenia fluviatitis 
This sponge is found along 
the Lincoln Beach area on 
the underside of rocks and 
is very numerous. 
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more ,polluted except at the point where it is diluted by 

Diamond Fork Creek. Th.\ring the surrrrner t the Spanish Fork 

River is abruptly polluted at the point \-lhere irrigation 

water returns. 

1 
INTHODUCTION - In a study of Ut,ah Lake it 'VTaS concluded that 

the 'Hater quality of the Lake has declined. The biological 

life of Utah Lake has under~one drastic chang'os in the past 

100 years. Provo Bay, for example, has changed from a 

good quality fishing area for largemouth bass and cutthroat 

trout into a carp feeding ground. Jordan River, the LakeTs 

outfloH t will no longer support the .quality trout fishery 

that was enjoyed by the early settlers. 

The study was not able to detect any di~f:Ll1ite trend as': 

far as chemical pollution 1-ras concerned. ' Hm,rever, it found 

that the biota of the lake reflected changes that 1--rere possibly 

caused by changes of \-Jater chemistry. 

OBJECT - This project consisted of investigating the chemical 

water quality of str,eams tributary to Utah Lake in order to 

establish the sources' of Utah Lake 's ' chemical pollution. 

Besides determ:i.ning the relative quality of tributary streams, 

the investigation 'vas to identify Hhere two of these streams, 

the Provo River and the Spanish ,Fork River, pick up chemical 

pollutants. 

}lany other obJectives could have been chosen consistent 

with the data gathered. These objectives include the follovJing: 

variation of chemical water quality of streams with geo;Logical 
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formations and terrain; chemical quality of municipal and 

industrial vIater from point of origin to final effluent; 

variat20ns of specific chsmicals ina stream· l,rith time of 

year and 1vith distance along the stream; variations of specific 

chemicals bet~'Teen all tributary streams; quantities of chemical 

pollutants (involving discharge mGasUrem~311ts); . and effect 

of leaching in northern Utah Lake sHamps. Org8.nic pollutio~'1 

studies 'vQuld also be of value in conjunction with some of 

the above objectives. 

PROCI.!,J)URES - Data were obtainod from three sources. The first 

data source was the Brigham Young University 1.ibrary. The 

follotving five pUblications were found: Ha.ter, HastetoJa.ter-­

Chemical and _Radiol<2.fsical Anal,yses ,,_1965 Ta~~l?-ti~; 1:. 

Com:e:\).ation of 'Chemical QuaIi ty Data f~! G~?und and Sl~~~_. 

Haters in Utah j !tecords of Selecte~ itl~lls and Springs, 

Sel~_cted Drillers' Log_s of Hells, and Ch,?mical Analyses of 

~~d al}.d Surface \I}'aters, ~\l~orthe·rn Utah V?-lley, Ut8.h CQ.untr, 

Utah: and ]rrigp.t~on Haters of Uta~Their Quali~y and Use. 

The second source of data was direct inquiry of agencies 

involved in water quality • The Utah State Engineer's Office 

in the State Cal)itol had no information. ffhe Utah State 

Division · of Health on 72 East 400 South in S:'tlt Lake City 

. ·(care of Louise Slack) vIere able to furnish subsequent copies 

of \'Ja:t:~:r.LJ\Jt'lsteH~~er-";Chemical and Ra~~l2f£.ical Analysis. 

Mr. Cordova of the U.S. Geological Survey located in the 

Federal Building in Salt take City reported that .they had 

no data which the ~uthor did not already have. ''l'heProvo 



office of the U.S. Bureau of Heclamation produced a large 

amount of unpublished data. 

The third source of, data vTaS from the chemical analysis 

of, water se.mplos by the author. A water testing kit 

obtainable from the Bach Chemical Company; Box 907; Ames, 

Iowa 50010, was used accordine to the accompanying explicit 

instructions for determining the follo\'Jing items: , pH, turbidity, 

total alkalinity as CaC03, chloride, dissolved oxygen, total 

hardness as CaCO), nitrate, nitrite, phosphate, and sulfate. 

Large inaccuracies '\,Vere detected in the determination of low 

concent.ro.tions of nitrate ions unless a larger percentage of 

sample 'Hater than suggested 1,ras used. Total dissolvod solids 

were determined by utilizing the electrical ovens, dessiccator, 

and analytical ba1ance belonGing to the Civil Engineering 

Department. Conductivi ty vTaS determined by utilizing the 

BTlJ Agronomy DepartmentTs resistivity meter. Resistivity 

values v.Jere recorded in terms of electrical conduct:i_vi'(,y at 

25°C by the follo~Tinr; conversion equation: 

EC25 = K x f
t 

~ Ht 

K = the conversion factor constant for a particular 
rosistivity cell. 

= electrica1 conductivity at 25°C in units of m..hos 
per centi:neter. 

R25 = resistivity at 25°C in units of ohms. 

f = a temperature convestion factor as found on the 
t table in AppcT1cl ix J\ • 

. The K factor for the resistivity meter that 't.,ras used 
was found by deterr;1in~ng R2 r.- by this meter for several 
sa~:nples, determi?dng SC2:5 f6r these sanD. samples on 
Dr. Raymond B. Farnslvortn t s direct indicating cOnductivity 
meter, .;J.nd then usin['; this equat:i,on: ' K = EC25 x H25 
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RESULTS - The analysis Has made in terms of micromhos 'per 

centimeter since electrical conductivity is a meaSUTe of the 

total ion concentration. For vTater of 10H or intermediate 

salt content tho approximate relationship bet~'leen conductance 

and parts per million of ions to Hater by w.f)::.ght is as folloHs: 2 

6 
where EC x 10 

EC x 106 = t:-10 
::: electrical conductivity in micromhos 

per centimeter 

and ppm::: parts per millio~1 of ions to Hater by 
vreight. 

The streams tributary to Utah Lp.1<e shot,m in Figure 1 

have been analyzed; the conductivity values at the mouths of 

these streams is shown in Figures 2 and 3. Figm>es 4, 5, 6, 

15, and 18 shm.] the variabi1ity of this data. Notice the 

b..., streams. 

and some of its tributaries 1'lOre 

given special study. Figure 7 ShOHS the conductivity values 

obtained for the tributaries. Notice that the values increase 

and then decraase along ·the length of Diamond Fork Creek. 

Fig'L1re 8 ShOHS the annual variation of conductivity along 

the length of the Spanish Fork HiveI' and at the mouths of 

tHO tributaries. Notice the shape of the farnilyof curves, 

and observe that the Spanish Fork River at its mouth does not 

fit ·this family very well. The variability of the data is 

shotm in Figures 9 through 15. 

A. special study Has also conducted on the Provo River. 

Figure 16 shows the peculiar Hay that the conductivity vD;ries 

vnth t~ne and length on this river. Figures 17 and 18 show 



FIGURE 1 

TRIBUTAfjIES OF UTAH LAKE 

White 
Lake 

'i..J 
o 

.§ 

~ 
Geneva Steell s effluent<)~ 



675 

FIGURE 7 

NOV~~B~R 20, ]969, ~ATER QUALITY AS 

XEASURED BY ELECTRICAL CONDUCTIVITY 

IN 1~ICROI\1HOS PER CENTIHETER 

675 

\ 
830 . 

tunnel to 

Scale': ~n= 1 mile ' 



~ 

" 

1900 

1800 

1700· 

1600 

·15°0 

~1400 

~ ...., 
~ 1300 
o 

~ 1200 
0) 
o 
1j 1100-· 
o 
H 

~ 10001 
~ .. 

~ 
or! 

~ 
-rI 
~ 800· 
.jJ 

FIGURE 8 

s • C .Nr :'10l!'I'B ' 

~ 
. ~ 

o 
o 

~---iS.F.R. ABOVE D.F.CR • 
---IS. F'. R. RELO','V D. F. GIL 
_---1]). t'. C::'~. Arf ;.:ourrB 

. rI 600 
(!j 
o 

-rI 

t 500 

a 4001 · 

3001 
200 . 

S.F' .R • . :: SPAt';ISB FORK >:IVER; . S.C. ::: SOLDIER 
CREEK; 1) • :r . C~. ::: DIJ~~v:'OND FORK C}<E::~K; 

100 ---: ExrrHAPCLAT ED· v ALU 2S 

o . --+-=--:-1 . ! I ! I I I !. I 
Jan Feb f·1ar Apr . Eay June vU) y Aug 3cpt Cct Nov Dec 

Time of Year 

CBE:lICAL " \';~T~<R ·~.UALITY OF SFT\~;ISP FORI< 'r;IVER j\i-JD 
TJ~IBU']:'.l\RJF.s · lIS r'E;~I,.sUl\FD BY ELEC'fh'ICAL COnDUC1' IVITY 

rr'FISTLE GR1: EK AT. t'~Ollrr 
(I ~\ VERj~GE VALUE) 



FIGURE 12 

30.0 

200·· 

100· . 

o -.~.--. ~+--. , I · I I I I I I 
Jan Feb I'lar Apr . i'l~y June Ju].y Aug Sept Oct Nov Dec 

Tims of' Year 

CBEt1·ICAL VJATERG~UJi.LITY OF SPANISF FOEK I~IVER AT POLE · 
CANYCN ROAD AS ~·f; F:f\SllR ~·D BY l',LECTHICAL COKDUC'l'IVITY 



~ . 

ieco 
t ·. · .... _.'. 

300· 

200· . 

100 

FIGURE 13 

o -,~ . . ,. J---+!---+f--~---'~-~-+--+---.4 
Jan Feb ~1D.r . Apr :·lay June Ju]y Aue Sept Cet Nov Dec . 

Time of Year 

CPE:"ICAL \'jJ\TFl~ (~UAII'IY OF SPANISH FORK RIVER j,T MOUTH 
OF' C t'" i: YON j~ S ~: EA:~ U.t-;' 2:D BY l;:LECl'I C I~ L ~ · CN [)u err I VI1'Y 



FIGURE 15 

• 

, , 

~ i bvO

r ! ' 
,
4130°1 t )2Cv-

~ ! 1100 . 

A~ I 
,:J 1000 . 
"Il!' N', •. 

In , .. ... . 9DO· 
:, 

Bool 

/) 
Q 

,10· 
' .. , 

~ !-
"..f 
.,;, I 
~ 

700t " top 
C I 0 
u 

600t ,... 
d 
tJ 

I .,... 
J. 
~) 500-+-
u 
0 

fj lt OO 

300 

200 · 

100· 

o . --~-_ -.,..t-.~-+--~+-.--+----~--+-- I I l----+-~ 
Jan Fe b i·la r Ap :- ;::DY J u ne J u J y Au g .3 e pt Cct li ov De c 

Tir18 of Year 

CHErn:CA.L :,I,: A'l'ER ,;'UAlITY OF SPft. NISF FOEK RIV ER AT ITS 
, i;:C)U'I'H AS :,m;\SU R?D EY f '~ Ll-: C'~' SIC AL , COj-: DlJC TIVII Y 



- . -.- -.- '- ~ •• • __ _ . - - •• • • • • __ • __ _ __ . .... __ • ____ • • _ • • • ____ ... ..... . ___ --..-.. . .. ____ _ .. . ___ • ••• _ __ _ _ ....... _ . . .. _ __ •• • • • _ ...... ___ .0 _ __ 4 ___ _ _ •• - . .. ... . -. -- . '-.- ' --" '--" - - - - - -- . _ - .-.. . . --: - ....... _ . _ . -- ... .. _---- -------_ .. . . ..... . .. .----.-.... ,~- ...... - ... . _ _ . ....... _ ... --- ....... _ "' ... . ... _-- - --.-_ . . .. _._. __ • •• - - - _ • • ---

.- . .. .. -. _ .-- ... . -._-- _ . . 
I 



. --.-.------_._ .. ---.----.--.,-.. --~---

. ..... # - :- -~- :-:~' :: -- .:";"::"::::::::~:~-~ '- .~ . ~ _ . .... _.:: _-;::.. 7. :. ~.: ::-..::.:. : :=---::-:.:::..: .. ::.:..:;:::-:.::::~.~~:: --: .. : :"':::':::":" .--.:;:' . :~ ~:":':"':"':':':' ; :':.~ '.: .... , . :. . "-.~- - -.. - ~ -- -- .. --.-:.:-:..- .:":. : ' -~ .. :.::-=--.~~-- .. -.. ::::-.:-: ::-.. ~ ... . ~ .... :- -': .+-:-. - '-". : :::'::"'-- .. . ~. --::'~. - -:::~-'~===--- •• ----::.--.:... ..: . -.- .. -----:..;---r .... - ...... -~~ 
: ,,\ .. ~ ::~;.~:; :~.:. ;./.! j:., -:' ( .: ~ :': " ~; -;. : : .I,,:; -('(,},,;}: ::i~~ ·: :~:.:i E)t.~~ L=(!~:E;fL t i 

t; I s~j ~'. i~ -1' i£; ! t~ ~ i~~~~i;~~~ri;,! ~ i ~ ~,i~;,!Jr.~.·~.f.{.; ... ,':-i,.~ .. ;: ~~.~ .. ~ •. :.·.::.,;:.!~~.~.:.~ .. : .. ,'.~~J--i.! ~irj~l~~ ~~ri -:i?. :.,': ;f.· .. ·.:.!.!,: ~ . 
':::';, <, ,--, :;} ; ;~ : ;'8 ,-' r:·:~)~~ ?~::;:112 ~~ i . ~:J ! (5 lUi ~=~ .~ .. , - - ~~ ! :.,::: ~' : .. " ~ ;) ~; . -

.... . j ~ :..:-- ; . ,-! . ..- ~ - ' i!.~.i ___ ._L. __ ____ ._L _______ ., ___ ._. ___ .. . '~ .(;::.,_ .. . _._ .. _ .. __ ~._.:.._._ ... !_. __ . ___ ._ ... __ ___ .... ____ . ______ . _~ ____ ~~ __ ___ _ . _______ , ._--- ------ ... __ :... . . . ... _ .. .--- ._-.... - -;--, .. .. _. . .. . . 
,/ • / . ':' .t'>~r 1.; 1. q : ': C-7 / :,' , . \. \ ~ ~ I 'J a ! ~ 3 : / '3 i 0-"" o · 3 :-'/J-/ 6 3 a'; ;;1 ...1c-Jb , i3/~ i 7lf,;J i 6,00 : C,3,5; ~ o{7. 7 ; . .; bO . . . 1 

---- . -- - --~---- -.. ---. -.. ~-- !--.-.. ~ ....... _ . .... ... ~--...---;-- .. -',.--.- i---.. -------<-..... ------.. ~.--~ .. - . . _- -.- --_ .... . _ ... __ .; .. .. _._-- .-... ~- -.. -,- ", - ---- -... - ... --\.- .'------~-. -~- ... - ... ---.-... ,~ .... -_ .... --_ .. ;- - - ~ -" ' 1-'~ -----.- . ~- .. . - . _- - ~- - •. ' - , - - . t' 
f: - - i ~ ~! ~ 

. ' ... -------------"- ... -- --.L _______ .. _" _ . _.~ __ ._L ___ ~_ .;._ .. ____ '_... . _ _ _ :. ___ ,,_~ ______ ~ ______ '. ___ . _______ ____ , _~ __ ._ .... ~ ~ ." .. _ .. .... ~ .......... o.i • • ____ .... ___ ~. _ .. _ t ...... --.. -.-... ... ---··----·- r-- .. - . .. ... - .. -......... ------.. -- -.. ., - - .-.~ -.. - . . .! . f ' ~ 

------ .. - .. --.-. -- . ---- .------~ --.--- _______ .; .. ___ ._J __ .. ___ . i ____ ! __ ... __ ~-_--!---.... ,------:-- .. ···--- :·------i--------; .. ---·- :-----·-·--;-·----; .. -·--:·----i----· .. '.-._ .... ---;--.. _.-_.; .. - ... .... -.... ; 
'! J . ! ~ ; , 

.~ ' _ ' ~ i _, .,, _ .. ... ; • • ~ • ____ _ _ . .... ___ ____ i _ .. _~ __ ~;_ .. ___ __ . . _ ... _ __ ~ .. _ ... ______ .. ____ ~ __ I __ • _ ________ ... _ _ _ ... ! __ _ . __ . ~ r _ _ • _ _ ___ _ • __ .... _ __ • 

~.: __ ~-.- _ _ ._ . . ___ . ~ __ .. ~!:., _ _ _____ -L~~·.~·.::.,.·.:·:~~~~~~1=~=~.·,·.~~=~~-J·--·-· .. -- j:~~·~-~=~;,l=~~~=!I=~~ ·.~~i.;~~~-.= ~ I . i 1 ! ,. 
o · i . , ----:-:---- --;---.-: ----r·----;----r----!-~--- ---:---------l---·---i·--------~ 

. ___ .. _ .. .. _ .. . . __ i _________ ._ ; ... _ . ___ .~ ... ___ ._ .. : ______ ; _____ ' ___ .... _ ,;_ ..... ___ . _______ _ , . 
) t -- - - ... ----. -- ---. - .- - - -- - - - .. . .. -·------1---· ... ·-.--~~ ---- ~.---------- - .-.--- -- .. ,..-:----- --- ---..... ~-·-l · ~- ...... -:-. 

; 
~-: ~.~! ""': : . 

t 
i. "'~ I .. :.:e\ ~ . ",: 

\ . ,:1 c:;] ' ... ~ , ., 
~~~ ~ 

i- ~.~ . ; 

,. '. ! 5:~' ~ ... : -. ; ;-- ~.! ~ ,.1'; 

r--- ; : ..... ·1 "':-; .~ . 

.~ 

r ':...; ; .. 1 :' - ~ ( ,r .~. 
~.'} :~.: t-:_7 

• __ .. .. .. .. .. .. ___ ... . ... ____ .. ___ ,,_. ~ __ . _ . _____ .• .. - .. _____ .. _ ....... ___ ' ___ . • ___ .. _f _ ______ ;_ ... ____ l. ____ .:· ______ ;. ____ ' ... ___ .. _: ______ _ ~" _ ... . __ ! ____ ~ 

~; : I ! . ~ ~ ._--... - -~ . . -.----. -------;--- -- ~ -: --------- --·--1------------ --.-- ------... ... . -.-----.(-------: -..... ----I----.. --'-------.. -----: -----·i-·-- --- [------j--.. -.--

~ · ·--··-- ·- .. --·--;----·---;--.. ---j--·---l------.l---.-· _.} _____ ; ... _ e_ --L .. -.-... -;' .. -.. ... ; .-:-.. .. .... {-.. - ... -.; ._. ___ .e. ; __ . ... __ .. _ ' .---. .. - ~-.-.. --; .-.-----;----;-!- ----- .~.-----:.-~ .. --... -_ ... --.-..- .-~-- .-------. 

;-~-------.---. ~.-. - .. -~--l---·-;--·--- -;----·~---·-,.i--·---Jl----.. :,;.'-~---~--.. -:-.----.. ",---.---:-... -----"i-·- ·-:---;.':'--.. -l<,;- ---+----'.-.~---.,.:,: ----;----; ---:--'- ' ._-_.-i __ - t 
.-.------.-.- .. - - .. --- -- .. "._.- .. .1_' .. _ .... _ ... _ .. __ ..... _1. ........... ..1.._ ...... __ .... 1.. .... . _ . __ f 

~-----.----' -;---·---h--·· J --~=~r---l=--r=~I=~~- ;----;-- · 1-' . ----. f=:=:~~i~-~=:I=-= =:-:=:~=~!===:~~---: -.-- -1----:. ----· I----~ 
:----==t=-:=j=i==J-- __ .!~=;=I .. -_-=t . -~~~-, ==:-t~'=J=:=j-----~=~t==-!==:-;=---.i==-t~~-~!=~~~ 

! ; . !. I: ; ! : I ( ; 

.'~ ..... -.-.. -------.-:---~=~:-_i=~C .. ~~:=~-_I-_ .. ~:~ __ ~=.~:~==~.---=~_~: ~ .• ::-- .~=~;=~. --~~~C=·t==i=~~~I~_-_=r~ ~ _r=-.... I-=-.;=~J~~] 



F 
;'-""":~ ,c: 'J·::: ·,l 

:__~;L':~~_~; ,~-o~::-';~;l~~'T~-~:~~ream~~~-,,-~ =C7~--,c-t"·-::::·:~'':=~===:==-==~-=----:~ij-;;-;1~~;it!~§ _l~ i:;jJl:~-=::l~" ST-~,l. --L~'( i~{~-~~_; _::~:-~~=_=-, __ =~ ~~-- r "-~ -I 
\ . \ _., '!:.-j i I -----·----r----...-------::;--r---... -----1 \ i! .!! ...-;--,! luI 

II /~O/ ' .:.} 1/7' [.); I i !/0(" 1)1 " '"'/1 ! </ /'I! . . I : -'-----!-.-- --.. ------------- - .----- . ' . I 

. ·-.. ·---------i--- - .' I! : i I I ;:! 1 !! I . i i 



v:; :: . . -·!'":1 

~:.I:~ . :·~ ·.J ..'.. 

I ,. 
- .-- - -- - .-~ ... . . - .. --.---------.-.----.--------------.------.- ------------._------'-- -----------------.•• --- ---- ----.-.---- ---------.----------.•. -.-------, .. ".-- ~T 

: ///~-
I 

~'; :1 i 
; ... . : ."..-...... ! 

''':':'': :.--:': . 
! . :::~ \4.) , 

~; 2 1 
t/: 

I 

!:.c1 f 

~! 
,.. - . '- -( t 

() ~~::: [ 
~: . (f.~ ! 

.-- . .. --.--.------j- -----.-.~- .. ----. ____ : ____ ~ _____ i ____ --.- --~---.-~- ---- -;.---- ----.--.-- ---;------ - - --1--------- - ----.. ;.------1----·-------- -- .. -- -------~ (-.. -- ----.---; 
:. ' , : : : i ! i ,t i _ _' ____ , _ . .:._. _ ! _______ , ____ • __ ). _____ . ___ •. _ ._ ; ________ i ______ .. ______ . - .. --.. - .1--~ . - ... -.- ! .•.. - -- --~~.: 

" .- ~. ---------- - --------· .. ·-- .. ·--·- ·-··--i-------,--·----r --"---1- -'--- ·"T·-·----···--·--l- -- I -"' 1 - - ! . 

- -·-- -~~~~~::~--=--=j=;-=C-~!=:=-~t=~=!=::=i~==]=r==-~i=i==!~=-I=~-:==:-~~-~-=:-: ;~~---i==-~I==T==C-.-:--- . -: 
, I : t I ~ 1 ; I : i I I I : ; ; • I ! I 1 ! ' 

... -. _-----. -... --.- ~-- ... ------:-----:-----!-------I----j-----1----·-:--·----(---· i----t=:: __ ~_=:.:=--~.t---~~j=~~=;_~~~~~:~=~--~~~.i~~~~J.-~~=~:----=i=--= 
. -----, . -------... --. --- - ------ - . -- . ---- - ------.-- - - . • ---- .-- ,--- - .. ' - ---- .- .- -.----.. . - - - ' . I 

~---------! -~-:-~-' -j---·-·--i-----~ ·---I-.. -~--!·----;---- l-----·~ : ---l--··i·----i----i---·~-C.·· ·i---i-------!----+----:--·--i----. 
:------------. --------.---L---i.·.------i----·--~ -----: .. ---.---j------.;.----... -.- ---- .... -... - -.- --.... -'---' --- --;----- -T--·-.. ---(---- ----- ---;----... ---- -.. -.-. ----" -_. ' .. --·-·-.. ··-!------r--·---· 

I • _ .. _____ ... _ .. _ .. ___ . _ _ __ .• __ ._ - .... _ __ . _ _ ! ______ . __ _ 

' .. 4---·---·-~--·; ---.. ----,------;--·---1---·-;----1---- -----i----i------:;----- i·._- -. -.-~_-._;_--. _-_--_-_·_T_-__ -_-_-_-.J~-__ -~~-( __ -_-~_-._-.-_;,I~-~_--.. ----.J_-_-_-.-__ =_-; .. _____ 1. __ .. .. ____ '. _______ .... !.. __ ._ .L. ___ . __ . 
:---------;--.-------;-----j--... -·:-·---l-------l----- l··-----:-----i~---_j----·- - I - I -1- ~i - ,- -- ; . 1 ! ! ! 

---~~~--:=;-===~~j~- -·:=---t~ ___ -; ___ ~i- .= __ ~~_-~j~~~~F~_~~!-__ ~t~~I~J-__ ~~_i~~-~l~~ __ t=~_~I_ ~~=t __ :l--~=i~~--t= 
: .. ~,- - - .. ---... -.- .-.-!P .... -.-- .. - ... ---~--.. -- ~-------;------<- i: I ' 1 . I ! • I ; 

i i . I !! . I ' i ! . 1 I • i . ~-=~~_-~~_i~= __ ~=:--~t~J= ____ :-=[:j=[=-]=~I=_ __ i=~l~~:_--!=~C=~CJ~__ i=~=I-=T-=-j=--~_C __ . 
. , 



~-~ .--- _. - : .•. --. . ----~-----------.. - .--------- -- . - ~ - .. - - -

.?~ ~;"~Ci: :~ ~~:)t;H~C<I.\ICN .JY ~)!:~.:il :"~ If-.IG ~OlN1.'. ! _~p.~.~s.h .!?.~~~iv~.~~~~_~_p_~~~~ . .!~_~~,~ __ ~~_~.'...._~~~._~_~_~ __ i.E~·-·~i~~~~!_j1:6.5;------:1 
.. -..--._-_ ... _-- , 

.- .. Br.idge)_jus.t _South .. o:f .. Spanish-- Fork- .. , Utah ... _._...:-. ... _._ .. __ . ___ ... _. __ ~ __ .. __ __ ._ .. _..,;._ ._.:.. __ . ___ ._...,..._. ______ ~ __ .. ________________ ~_ . ____ .... ___ .. ___ __ . j 
. . - _ •• ' .• --. I 

. . ! 

;:::G~J';ICE C· ~i' SN'ir~[ .~~~ .. Stream. l 
-.-: : :: .- .·.7.:~ .-:_~~.~. :.-:' - : ..... ~;: _._'*::::- .~ .... =:__.::.--.............. ..... '.' .. -. ., , ~ . . ~ '" .... - -.......... - ... ----....... .. 

: .:: ~ ,'" f 

~~.~l.; . :.! ;;~~~.1 }.~).-~. L'-~ ,. ,\ 1 i3 j::: :~": i 1\ Cl : ... : ..... " 
((~ (. ) ~ ~~, f{: -!:c r":1 ,--! _ t:J C:~ ;'.~ 1:;-:-: t..-i 

~: ~~ ~~ C:~ 
~. :- ) , ... -; 
, ... ~ 

I 

.. _ ._ . ; .. _-_.-.- .--... -.... . . ,. ---.... , ... ',-' .... -..... :--.... . - ;._-_ ._.'-.. . '1 7 
{ i : ," . . . ; t . 

_ . _~ _ ____ . _______ ...- : __ ~ ._~_;. _ ____ • ____ .• , .... __ ~ _ ... ... _ .... ... ~ ? _ •. ~ __ •• ' . _ . . _ . __ • ', .. _. ____ :_ . __ ....... _ ~ _ .... __ .• __ . __ t ___ .... _ _ . . __ _ ___ ._ .. . i~ .. . ~ _ ____ :._ ... -.--- .. . _ .. --.. ----i,------.. ---~- _. ~ ) __ ... ___ ...... ~ . : . __ ._. __ .. ~ . .. .... _ ,"" _ .~. 

--.. ---- ..... --;-.. -- .---- :,1~-----.... -- .--,.1--.. ----.:-: .. ... -_; ___ ..... " ... ___ .. _: .... _ .. ..... t ...... _:--_ .....! · 1 l ! ! - 00 - ,,_; - --"--- -.--.---( ----. r - ... -.-----'----------------.:.-- .. ;- " . 
___ .. _ . ___ ........... __ .. __ ~ _ .. ... __ ... • ...... __ _ ...... __ • _ _ .. _ .. --.1_ ... _ ____ • _____ _ . . .. ___ ~ . _ •• , .... w _ ___ . , _____ . ~ ._ ._ ... ___ ; ._ ... .. _ .. _ i __ i i : ' ,. __ .. ........ .. . ; :: i j ' ,'-' ---1'------.-;----------r---:-- -_. ---i r'"-r'--' -- : 

" --"'-'._- - ;._-_ ... -----... . ... ' - - -- _______ .f_ , ___ "" - ... - . • ---- ~--- ---:------.:---...... ----- :------- ----·- ·1-·· ... ·-·-- - ~- .... -----,------;-- _·"-t -------. --. -- -----. ,---- ,--- - --:. - --"'-- ... --: .. ----.. - --
, ; :: . i · ; 

:=~~~~~-I~~---i."! - ·.l;j.- :~=i.:-:~~-i:.:.~-~-~::~--~--;. :-. -~[~,C=~1-- ]~_~f:;~::~~-_~!~--;,t--;:::-~ii,;~;[ ---I _~-I~~J-_~];--! -.• ~ . 
! I I • . ! I · i j " I:: 

(--.---~~-.~--.!-~---------- . --.-- :-.... -- -; .. ------- -'---""- :-- ..... --- --'-- -"-i' --. -._ .. -_.,,-~·; .... -.... ·-·-i·· .--... --j-.--.--.... -j . ~.-... 

, --._"--- ~ ' -"-'----- ~ --'----" ---- ; 
. - ..... _--- -------.. ---~----. -_. ---- -- _ ---.. ---.. '.- ----.... ______ '. __ .j. ___ ~! ___ ._ .~ ____ ~ ~_. _ . ---:.l ___ ! ____ ~ ____ .. _; .... _ .... ______ ! ___ _ 



;-'-;C:j;:'C~' : c,~ -.' : :: .!\/:~·'~~.E; .. stream .. _.:. ._ .. ~_. ____ .. _ ... _ .. _ ... _ .... __ ._ I 
.. .. ...... '":{ ' - . ~ ":;1" .. . ' .. •• ;' -" .-.-.--.-- -"' •••• - '-"--~'~T~ 7-:~~~'-:~::-::-.-:_~::~~ -.7'::::7::·~D~·*)·'1:!~~·C: t~~:::~~:~ :~l\-~~j~.~~-:~:[~:>{.7~~Rr-:~~j,~'--[}~:-ZIl':=--:::::=-~::~-=-:~=.-~;~ ;:::=-.:::.;:-=::.-=.~ =:7:f:::~':-:~:: j 

I ! r·.:") I !.;..: ~ ! 
i (' e 
! ( 1 ~~~ as ;;:~ ~,-\ :-1 i 
i r~~ ~~ ;:-: . ;-' (~}::::I '.--' i Hr.. f£: f:;:.1 : ~~i C:r) ~ 
,< -:;("\ :~':~;i '0.-< r' ,.., ~ ' L . tr~~",,~ J ,.: ~~! . t:\·::; ~ z.~ \.,,) :~.~ . ,-: ~~\; ~~ ::. '_.' i:;' ; .: ~' :': £:.~ r-. i ,.:.; :,~ .. '. :.' 

f • f • " :_ ::~ , • - . • ~ t ._ J ~.:~ ~ ~k~~ ,". i r. ~ ~J ~ . C.::? 
~l· ~-~.\.~ .. ;~:·,: :. f·.~j.· :~~'~ . . . -. U! FT-" ~.';. ,.I-! ,~ •.• :~.: : .... !" ~·;~~I.,".~ i.~ •. :,._:....1' " ~ ~-:~ ! ~:" ~~5 ! ;-:) r.:..~:-~. ~ .. ~: 1-1 I~ .::.;; ~ ... , ;; ~! - -- ~;:::. U E') ,--':.-, ~ .. ~ Ii 

~. j r:: ;,. .: ~ ! C!} " . 71·" 1 . .. _' 

~ .. - I " . 

. . III ,. ~ . , ... ! 

!:;J/~/tr3i .. l .. ____ j_. __ .. 1.~ ____ .J.7]~f· __ · ____ ·l_ .... __ .·!. -.-.- .. ~.-----.--~~~-~/--j.--.--l .. :2-'Zl.--.. -~-_,~:b.~::J:.' ~~~1(l~<f-·;-- .. -- ·:·-· .. ·-·--(l~ · -·li9.9·~-- ;tl§-)=:~~ ··-.. 1 
1/ /~t>/e9 ~/6 ~()); i,. lZ'15':%:'~! 15~~i I I > ' .1 l..l 1 ! l I j I'! : ' i i 7 i 

- '-~ - ... -.. - --... - .. ~ -.-~- : .. -.--:.----~..:::---: :_L __ .. . ;_ .:.~ .. --l--·-.. ·i·· .... ...... ' -- .--.... .. '" .,- - ... -..... ' --._ ...... -. "-"-:'-'--'-'-r- ----.;-... _ .. _ .. _ ~. __ . _____ ... _J ___ '_'j_' __ --; -_._ .. ,--... - ... .' " .. ---: .. -.. -...... ,, ~- . .. -.. , '--'1 

-.. - .~--~ .. -.~ .- ... _ ..... __ ~ .. ~ : . i i .. _. __ . __ .. '. _____ ; _____ .-.....L __ . ____ !._. ___ .. _i _____ .. ~._~_ ••• __ .. __ ; _ _ . .. __ __ 1_. . ~ ~ .; .. . __ .~: .t..~_ -. __ .. __ .f •• _._ •. _....__! .... - .... --- ·---~-.. ·--.. -~·-··---· .. ···-·--r--.. -·T .. ·--··j-···--.... . I ' . i· .. .. _- . . -.... _ ...... ( ............ -.... I i 
·.--------.-.. '-.-------... '--.... . -.. .1.-.-----;.--... -1--.. -·---··l----;----.. -:-· ---,---·- ~ -·-·--.'- .. ----.. ----··----J-----!· .. --· .. -~-----'----·-;·---.!·-·-·--;-----:.--·--·-i·-----1· 

_____ . _ . ______ .... _ _ • ~_.. . . ... . . .1 ___ ~ . ___ ... i _ ___ _ .. . . ... __ ._t ..... _ __ .... __ i_ .. _______ .~. ______ l __ ._~ ... _~ .. _ .... _. ___ ... ~_ .. _,__ _ ____ . ___ ;. _______ .. _. ~-- .... --_. ~...: _ ... _._~ _ ..... __ ._. _j .. _. ____ : ______ . _____ ... ~ _----~. --.----.... ~ 
' ------," ! ' . 

=~~:=,.~-.------.. I_---i-~~·j=---:=~i~-.. -· ---f-~~=:=--=i.:~==;==:~=:C · i=~~;=~l~---~j~~ . -·:~=--.!==:~=:'=-~-.~=~--l 
- - - . -.- .. ~ . --- .. - ... -.. -- ... ----- -- .- -.- '.--.. ~ -----. . - .--_._ ....... _--.. - ' ....... -.. .... .. -_ .. - - .... _- ; ----i------.----- .- :----.-- --: ____ ... : ____ .J...._. ___ .{ .. __ .:...._ .. _; _____ :-____ ._ .. ~- . __ ~.~~----__ ... ;-___ ... _._L~_ .. .. ! 

!, . ____ ,,'. ___ .: ____ '. _______ ·,i ____ · ____ ._._._.----.. ~ •. ----.. -.'---.--_ --,L-.-.. _. _____ ... _!,_.~ ____ :,. I I I .------------· t~· --- .. ----,---:-"'"'"---- .--.. ,------.-..................... -

- , 

; • l 

.. --.--- .;----.---j--. .. ~ -j : 
- . . . - ._.-- ....... . ... . - ... ... -.,1-.. _--__ . _I ... __ --:_~--

i , 
._ .. ____ .. . :. _______ .J .... ___ .... ____ ; _______ \_...: ... ____ J _ , .. _ .. __ .... ~ _____ ._ .. _ ...... ___ . _ ..... _. 

i j 

----- -... ---- ---:----.--~. ----.~ .. -.. ---;-----.- :-------!------'---..:----_\ .. ---' 



•• _ •• • • - - - •• __ •• • _ .... r _____ ._~~_. _____ • ____ - ______ • _____ _ 

:, . . ' ~ ·\··.· '.i:. ',,·"···~·~'ir;i7 .. " ";";" '~:'~'~~' 

;, ; ~;;J"C;J' j)jf, :) cnJ:?rJ~lI(;~:; . C? SJ1!.~il1?;G I~GIlnl:: ~_ ~E~~~~_!~!.~_.~~!~.!" __ ~~ .... ~~~:.Y..<?~~._~.~n.~?.r:_._~?~~._J~:-~~~~ ... -<-!-~-?- .. ~-... lP-~~-:-:?,-.~:~· , .. ~~~~~~:E~J· 
., 

....... .. S • L. B •. -. &_.M • .) ____ .. __ .~. ____ ~ _____ ._. ___ . ___ . ______ .. _. ___ .. _._ .. _____ . ________ ~. ____ . ___ .. __ .. _ .. __ .... __ :-__ .. __ ... ________ . ___ ~. __ ... _._ .. _____ .. __ .____ r 
. ' . ,--. , I " , r-t .,.,..., f"' • .......... ..-:t st I 
; .. ".j\J ~ .... ,1~ V~· lJ..!'.~·~:.. .. l.~~ ~ ream. 

'l 

I,: :::::'1 (: .::'--::,,! ;;')~ f.:; i--' '-.. ::~ ; ~'I 9~ :3 ' ; 1=-.; .. ~~:;.-I ; ~.:~ i ~-:j ; .... : ,~~ H, 

"~ ,~ ::,,; ~: : ~i ~~~ i ~ ~i ~.,~.j':'~l ::~,i.:.-.~.~.: ~. ~ i~ ~!~'2:g ~ ! ~§~ ~:~ tii i~.·~.l~~.:::.",·.:.. ~fi~\! [i~ i 7;;· ;~ , ·l .•. ·~.~,:>: ~! 
.:' .: I',: . ~'~~ ;-.~.!.._.ji ! '--l .. _. _ __ !.:" .~"'.; •. :;~: .... . ... j_: _ ..... . ... , ..... , ;;.:-::; 

:) ~~.. C ... t '- !--.. : i-· ~.. '-.' 1:-; ' .. -, ~;:..., ..... -' 1 

: •. - -- .--. 

_~{~/.~_~; _____ ;7 FL~ ' _ : 7'13 i j,g '! ~;;';;-I i i 1'99 : 41 ~ ~J ; lil i : I,:~ ?. ~_'!'9. __ ._"._ ..... __ ..... _ : /,~! , 11 [ ~~ . .:../( ._J 

. 2(!/J(' 0_; , ;!~-r--i£~~:~,I).~==:~;;~:=~~:~;;,-,iJjt:~~/i:~j-~~:~~~=-.:T:.-iL:E2 : ____ :._ ... :_. _._: :~. ~!J:rJG£L;; .. ' 
/.l.ls/~o : . !JS: 1?91; ~? 31 lC;3'l; : "L.// l it 9./! 'II ~ )/;:I'2 i 2-7 I l : :~,,~ t7.._ .. .J I/H. ·1 i ! 

: '-'" " . .. - .... . '-- .... -:--.--_ .. _--.-.. · - -:-- · -~·· .. - ·-----;_· .. ----i-··· .. ..;- '- ;-.. ..... - .. .. : .. .. "'i-"' - " -! .. / -< .--." _ .. "" - -- ... ;--- --"-~-I------ " .7. .. ' - '''- ',- ' -- . . - .... . -.----. :-----1·--.. ----,·· .. ··.. .. ..... .... ..-~ 

._///.Jt)/69 :. /~iD ; ;7·5"~$7o : q.5' 1 . ~C0,/; . : . : I , ' . .. .. . .. . -.:,i.------:-.. -.--... - i ...... ~ ... . . - .i ........... ;-.. __ .... .. __ .;._.7 __ ..... 
j 

. . It 

t , . 

~ , . , > 

-.- .. ---------~----- -- .. - ;--. ;"--- '" ._-------_._--- .... _! ..... - -p,-- ... ---. --.-.. ~~--
---- -_._----_._.- ~---";'"'---. 

-- -'- -- .... . - -.-.. .. -: ... ---.-. .. ____ .' .. _" ... _ . . __ ._....,.- _. __ .. .._ .". ___ .. _____ . ! . ' .. _ .. :. ____ .. __ .;. ___ ._ ... i .... _ .•••• _ .1.. . .... ~_ .. , , • ..... - .. ----; ~ ... -. --- - ;---"'-"-1---"'''--:-_- i 
: • \'. !' 1 • • i 1 . . " ,. ,. : . ___ • __ ...... ____ ' . •. _ ... . , . ! __ _ . __ .. i) j '---... --... -.. - ~----~-~---'-.,-----!------,'-.-.--!--.----;~- _.-.- '---._-;._-- ----- '------ ... -- ---.. -.. ---..... --- _ ..... ~ , ,.~ ... -~.-----. - ?-·-· - .. · ·····- .. ' - .. --.... -i ...... -----... -

--- .. - ;=-:::~:=J ·~:t=~=-=-=i_=:=i~=~=! ~~:=~ ___ ~; =·=~-,:=-=~:==---~:=~·=.~-~.:J~=-=-i.==:==:=~-j==j=-=.=!=~:=;=---J--=-~ 
: I I '; ! I ' ! 

~-~-~~=~-~~~~-~~t~~~~~t-~~~~ 
_ . . .. -" '~ r .. -~, .. - ... --_ .... ______ • _ _____ ... _._~ __ • __ ~-_. _ • • ::.. ... L . ....: ___ .. ; .. . _____ __ i._. __ .. __ ......... _ ... '. __ :_._L_ .. __ ._~: ____ .. _) _____ J ____ ~ ___ ... __ 1 __ . -J-___ : ____ I. ___ ~._! ____ J ..... ___ .. 



.... , ..... High.,..-J'ay .. _50,.6, .89_ .Inter.s~ect.ion __ ..... ,_'--'---~- ' --"------------'--"-'-'-'""7----'-'-.- ____ ___ .. .. __ . __ .. __ .. _ ... ____ ._. __ . __ . _____________ . __ ._._ ... _ ..... _ ... _ ... _ ... . _. ____ . ______ . __ ._' 

St:rerun :-:~ C~ IJ :, ': (. _~ ~~; l~'-~~ ;:;!~~.:~~~.~.:~~ .' !~ : 

, . ; .. 
, ' 

.. ' __ '_ ._ ... _ .. w_ .... _______ ,_"' ___ ~ .. .. _ ... .... ..-_ 
•. ~ .. - ... ::: ... ~- . ... . - r· .. - " ~ .. . ..... - .. ... . . ..... __ .... -~: :: . .. _ A:.."':~:~~.:.:~: .-::-: ... ::::~~=_-::.:-:._: ::: .-:-.. _:=:_::;.::. :-::::~.:":":"':~:::::-... :: ... . :-.:_ '.-:' .- -. :.-:.--:--."":'::::::::':-.-;: •. :.:-::-':-_'.::"':::::-... ::=:::::::":.~_-=:-:::-:-=~-:~ .• "::"-:. :'-~-:~.:::"--::::"""7:":.'_-::-... :"':-::::-:.""~-=_-::=--=''::: ='::-:-: .':'::: ::-=:-::::: ... ~-:.::-_:-;-.: ... ==-.-..... ~~ 

. ~ ~) r!l:~·~-:/.eI~I\j t; (~:) ~Q"~ }1~,~~I .. ~L . ~!~(·~·~~i~i·'·~·S )?l~~:~~ ':Lj~:i~S"i~: 

>, i ~'~ f?; ::~; i i~2 G i ,~ cr, !- -- - -r;;~:rt~-T:s-!~:~-----;-;;;-----~;~:l~11---(~r~~---'-'-:,--- r-,-.;--; ~:-;---; ~!- --:~:-------i $ , 
~d ' - 1 ::-!~ i ,-;:,~.) <: 1 :-: -,.... :~.: ',;-11Q ! HO !~~1'-' J ; ,.:.:,.,.-, : f:=;"" ~", ,.,. ' . I H ';--" i . ! ~~~,....", 1:-::: ~~! ! ~.~: 0 : c... ! L-. _ ' ••• •• :~ f-it ! :-~,! ;"~ r "\ ~ ~ . r·,. ~. _-i_~ I,r_~~·.;.· ,'-j' .; _ .. ,~:::~!. f)". t .!._, r " ' t) ......... ::. ... -< .•.. : ~ '- ~~ ,,.... .• L-. - .... ~ ... ~::::('~\;:::. , ; ....... ~ ' .. ~.', , ......... '. ;:~: r ... : :.-;-' .. '_ .:. ,.vr.'! ",_. ... -f _ 1 ... . ;:. ,....,..:' 
t:~ ~. . ' I" "; ' .. ... ... . ' !,:: ,'---, : ..• - . - .. , . ,- , •. , \ , .. '. . . __ ., i · , ..... , 'tJ t .... );,.. - \ :',.-.. . ,:'. 0;._ .. ':. ' ', .•........ ~ I- -I ,-... ' ,.t_. !.":.-.' I:' 

;._1 r'" I ",. :;-; :~~: : ~' . ~ .- ... ·I~.~I ~ ~~~j • . :. :::.: ~:-~ ~ :~ ';',:- . ':"~ F·· ... :·::····i :"~'f-" ",()': ; • ..' . :':"';(" '': : ..... . ~,..., ~:. . ~ t •• • . ;. \'}:: •• >.:.:~.:, :,'.;.:-." ' .. ,:.::"",,"\: ' '''-:; :., ') ,'- ,.- .... .~-.,.. ... " ;c;:: :":~ . ..:.:~ .:~ .: 

~ '-' ;~ ;-; j s~ ~ :;:; : ~j ,-, :"2:; ! ~?'! ~ ,:, i~"7; ~]i~;:~: ~~ i i;~ ~ i ~~:;: >i:' r~ ~ d:-:" i fl (~: :c>, ~~ V c;~; ';r' S ~;: li :!su: 
O._-i ________ .i ___ .'-_"._: .. --~~'_l •. - •• '_'.'-_'. ___ ._j ____ !..~';;'~ _.; t1_.(/-._., ; .. _i~:~.~.·_··': ;.;_. ~~~;.' ___ _ --:~j _._\. ____ ... _._ ~t ... ~ .• _____ i ____ :::-' _ : ~t: , b~ i(.'·: , '::0 ', ', I ;--; 

~ .- if- !676-f<feS'O[ . :q~?: - , ' . i . ! .. ,---i----!--!.-·· -. '----. ~ .----.. --(.--.-.: .. -...... -+.~ 
· /l1~o,&'ljj_!!f~_! ____ ·-- ---- -r- --··;·- -;---.-.--.:----.--.. -.-----0-.----- .- ... -----.--... -:-..... --.- .. --- ..... ... -... ---- ... . .. '- .. -.- .... ' .. -- .. .. '.- . .. .' 

- ...... -_ .. ------:-.-.... -.--- ·-~---l----;-----;~--'-!-----~ ---·---~;---·'- ~.- -- ---\--·---·1-- ... -- -,.---.-!-.. ---... :-- ---l- --.-~~~~~~._ .. _____ ~:~ __ ... ..... _ ... _ .. 
_ ... __ ~·~=J=~~=-~~~c=__=c_[~~~c=-T~~:I~~·~·-r=--r·---i ·---:---_L-:~~:.~·~~=T_=:J:==~_ , ______ !--.---- ---- . --- - .• -~--=~ -.. 

j ; ; Ii, ! i ..... ,-.i .... - '_" -· .. --- ····~----!-·--·-- - --· i-----I·----·- .. f·---·-1---· -r-·-:-T .. ··-· .. --;·~·-··---i·-·-·~l·-·- · ·-.. · .. ··;---··l-·-:- ··-(----·~ ;·-·--- ·-T-· ··-~·- ·(·'-- .. ·;-I--- -'" i ! 

_ ____ _ _____ • _ . __ • ______ ' ~._~_." ... _ , __ ..... _ .. _ _ _ p • • ___ • _ __ .~_. __ • __ !. ____ ._-;-_-..... ,_. __ ~ __ --...:..-__ ' ___ .. _ . ___ ...,.._. __ . ____ ... ' ___ ---:_ .. ____ -.:_ . _ ._._ ~ __ : ___ ..• ___ ... ____ _ . __ . . , I .. . ____ .: _ ______ • 

! I 1 ~ --... --. -~--;--.- ..... .. -.-0,----' -.--.-. . I 

-.--------- - - -----.-- .----. t ..... - .•• ."" • .•.•. - •.. -~ (-·-·---. '1-.-.--.-·i.----- ~ .. --.--.---.----. --_1 --.-. -----. -... ( ........ -. ·-r----·-·--:-l--.. --.. - ··i~- .. -...... -'-.... _ ... ' -- .. .... . _ i •• ---• .0. 00.---.. -. '(-'."_." ...... -- -- . 

'====·-----)--~;---,=~;=-~=j-==i==:==;=~~=:~--~=::==1=-:~=~i==-=:-=:~:=~I=--=-~:====~:-~=-:::-==1= 
. .... ... ___ . __ ~ ... _~_ . ___ ._ : ...... __ . __ -=---=-- __ ... _. . . ~_. ___ ._._.. . __ -...... . __ .' .... __ ._ . - .. ' . _ .. ____ ~- ____ . __ ~ _ .. ___ ._ .. ___ ._. _ .. ___ .... _. ~ .. ___ .. _~. __ ~ ____ .: _ .. _ ...... ___ -_or . ___ - . __ .: -_____ .... __ .. _ .. _ .. ____ . ________ ,'_" ,_, _ .. _ ... _ ... . . -_. __ ._ .... -. ___ ._.i •. ____ • . 

·'·--------·--:-l·----'----;-.. ·-L--.--i----' . ____ + __ J_~ ___ !----L--·--;----~---·-;---;-·-·---l--···-··i··- ...... ... --- . !; "--" -.. , .- -._. 
~ ',: ,: l... . . -~I:,: ... ----- · !j~---- ----.;,: ... -----.. ;~-----,~.---.-.,:.~-.--- .~.: ------.. :,.---.-. --... ;,; --.-----.. ,: .' .. '----:-Ti ---- :I;" '---~!:~~'----. '-i,',"- '~~~~"".'.'.~-~'~-~~ :.,~~~~~~~-!.- .-._.-.- :.' .... --. _ .. · ... ---------'t--·--.. -------:-·---· ... --"-----....·-

! ; : i ' I i; I I I ! I I I . l : . i ' . i ; ; ! I 

". _~-~:~~=,-__ ~=~-=-t=J:_=:=t:_=~-i~-=~i~~J==_j= __ ._._!~==_=!==~L=:_~C==·i.-=-~i~·~~~:t=t=~~i=j=_=i·-_==j~-=--i_~ 
: , ; i ' Iii i 1 : i'; I : I : ' , , , : : 

'. '.'.. .- .. . --!. -- .. ;- ----;--·-~---;---·I---~----1---.:---_1----;-:----.----i----~~--~---.--~---~----!----!---;-.- --... ~---:--
..... _ .. .. _ .. __ . _.1 . ..... _____ _ ._ .• _ •... __ ._._ . ..J __ .. ___ , _____ . __ ._._ .. _,,_!_ ... _ ... __ ~. ' ........ _ ... J ...... __ . _ ...... ·.l _ __ ..... __ __ ... __ .;. ___ .. __ ; .. __ ._ .. _J._._. __ i_ ... ___ .: ____ ......:._ .. ___ . ____ : __ . ___ , __ ._. _____ :_._. 



.- ... --... -~-~-.. -.. -.- -.-- .... ---~-- ... -.. --.. -.. --...... --- . ..-..~ .. ~.- --. ... -- .- .. --........ ---- .. -----:-.. -.. --.-----.. -----.. ---.---.---~---- ... -.--.-------.. ---.- .-~-----' -" -----.. . -.... --.. ----.. -..... - .--~-'" .-..... ---.. ---~--

" :~ :-..... 

;.:J - , 

'd 
H 
f: -! 
.~.~: 
t ", ~ .... 
, ..... :1 
j • .. < 
~-..... ~ 
~:'i CI~! 
~.:; 
l--: 

~. __ .• _-.. ~'" !--___v__ ~_.- .. _.-- ~ .. ~----! 

/ O~ 'r " ~I"'l • " " f. " . /" ' /7 I / /' '-:::-> ....... / ;-;:> il'.. : -:J I 
· 0/t.-:' , ... S""D i "" : "" ~ l.-:~..;;.(..? ; " i ~ 2()2. : · I/;'·i~_? i(;CS : "" ,/ 7 : &91~; • " __ . __ ___ . . '-;_.r,.5_-----:-~-.~--I::---~ 

/ 
"'---"~l 

! 
_ t _",_<, ___ ~J 

·,----·"r'"---·.. ! . i 

; r i ~ --_. '---" -" . -----.---- ----_. '-' ' - ' . .... .. , .. ..., " 
I I : 

l ! I l I ! : i ' I : I . ~ l ' ! : I I i I 

~~ -=~----'~=-~=i=-~ - '- -.. -:~~~~= ::~-~-~;-~J=-----i- ~;~~=i~--='=--=~}- -+~----== ---i -==-l~=~=!=-- J=~--~-f~-~~~~~~s ~i=- -I 
---,,==~=j--------l=~=~=·~:~~=!===r==!=- - --i~ ___ :=-=!~==r~~"j -----L-=],==J==I=t--~: ===i:~-~~J~~- -j=----:-~ 
~~~~- £~~ ___ :i= ___ ~~r- -j~~--l=-l--~- . ~~~--~~:---=::-~!=-~=!~~~~;-~~=:~==~,:-~---=:==~~- :---~~~:i~~~i;c~~--~"-l · ~ 

- ~. --~ :=:-:~~~-==!~:=--i:=-l==~l·· -, ·"l-. =:~=:-1==r---i-=:=i=-=t=~-=:==i:=i=---:~-:==r~=i-=r · ,-i-~~ 
- ; : Iii : ; J I 1 : ; I ~ j i : iIi 1 i < 

_~-. --.. . . _._-.. _ -- .... , .--.---_----' ____ --!~. ____ .... _.~ __ .. __ :. --_~-:....._-- ... .-:-.- --... :.-__:_--.... -~--....:...-._ .. . ~ __ ~ ._ .. ___ .1 ..... __ ._.:...._~.--___ ~~~. ___ ._ ~~ ______ ~_~ _ .. __ .... ! ____ : ____ ~ _____ ~ _______ ~ ..... -~--l .... --...-.. ; ... . . -.-.-..~ 



~(~ ~~\ ' ~';:~~'~ir:p~':'[ C~1 (;f';:s~i::l ::'i 'n:rGir'~iojjn' !> 1o~~~.~.1.e _~ee_k ' ~~~~_~~~~o. ~_~·:.Jlig4¥~Y7"§2~'I'hi~;t.:Le_._Cre:ek-:_Bri?ge_.O * 2 o' mile$ .. "'_ ...... -: ___ :_ ~ 
.'. ,.' - . ",,'- .,~,-:. ' 4'~ 

. fx:om J~~' .-~ .• _ HighwaY_..5_Q,.6.i_ . __ ... __ ' -.~-.. -- -_._ ... _. " '---------------------.-:---.. ----.-.~~-.:--- --'" .,--... -. --- '---~.--~-- i 
! 

·i , ,' t! ~ · : (/.1.:;" ;·:j /.";'/:l~~.~;~-
. i -' .:.:~..;. .. ::;.-.:. :':. :::y::-'::~-;:::"t " 

o 
~ :~ 

~ ~ ~ ,~.! "; '1 ~::) :::~ _' 
' f_ , ;,:. f.!. : . ':.( 

~!~ ~ 
G .. , ~.".:~ 

- I 

,- : " r,> 
I I / I \ •• ·! ! I \-~ , ' -, / .-'1 ! ~_), I _ -' • I ; . , ! ' ! ; • 

f _ i-------'!---i------~ ·-" ---; -----t -~.--j __ -.=_--; -------; -----·;--·-_--i·-·--i-----~-- --:-----1---;-:---; ----~---·-·-r-~~-~---- ~ :--.,-_.j 
I . .... ,Ir-, t . ' : ~ : V'2'''-;~ 1 ' /~':;'O ! ~;?26 jS{~, ~ i 13 ! . :206 ;/6 ~~~9 I 12. i .23 ! ~~ ~ 

',~ .I ;:C~- -'=--1- .... f~;r---r=~&!=--=!?2~~:~/ -'=1-~-3~:=~ii29~!:?~{~~~!~i:- ; --:~~-~~ =~~-=~36:=+3~-T~-~ 
f · li?'- ; I'- en : P - j !,';> - , ~ l ! I . . • : ! . i · ! ' , j 

; , , '- ; 1 . __ .. '... . : .. ... -. -------.-~ ~---!" .. ---·---·-r-·--.. -r-· -.';" . T' 

' .-- .-- ;-- - .• . - .. - . i"' - ,- - '." {-: ...... --.. , ..... ---!.- .. --.. .. - f .; ... _-; 

I . ! ! ! ., I . I ; I : ! ! I I ! 1 : I . ~ i : ! ! .. 

:=-~-~_~:~-_~[- 1-- J--:~I~ - J~=-J- !---~~ -_r-~~:~=~J --J -=J- ~I~~r-_~T- -;~~~:T-=~-t~J ___ c_-: 
: '; ' : I ! ! i ; j ! i ~ i ! i,l i ~ , ; f 

" --.. ----: --.. ----:·----i-:-:..·--;---;- .. ·--· -;---.--:----;-----.,!-----.;----:- -·----;----·- :---- -·-i---·-· --;-- -- ·~ ; - '---'- '-;-"-"-j ·:..--.. -i-··- ·· -- ~ -----·-;-·---··--·l:--- -
I ! 1 ; ' Ii; i I . : j i ! : i I ! : i 1 

.. ··· .. -·---;---------;·-----;-·-·--.. ;-·-.. ~·-;· .. ·-~·--i .. -·-- ··-;- ----;-----·; ·----;----1----1-----·;---·-·r·-~--·l---·--t·---:---!-----i-~- ·-t----;---- ~-7-~;---
. . I I , . , I I l \. I I I : • l , I 

--_-- ==~: i ~=~-==!=-==C=--i=t~~~=t=-~li:-==J:=; =i--=C=:C-=J~=_=C=:=!=---i==!==:=-~i=----; . __ i----:= . ~ ; i } . I ~ . ) i;: J ~ i : . i ! ~ ~ 1 : ! 

-- -"~==-C -:---~t~~t-=-J ·· -- i --~t_= __ CI--j:~~----i-- t __ J==t= __ L_ -r_ --t:=:=-!----~L .i=J.- ·1=~ 



. ·':.Ci? };,·,~ ~C·(~Jj?i,'~CCi·l C~F ;~~~A~·i.i.:;}. J2\;G- . PO~nYi.\:! .. Soldier_.Greek.. O. 25--miles
7
upstrerun .. from-the._U. S •.. .Highway._89 .. __ S_o.1c:li:er. __ .C~e.e1<~._ . ___ ._ 

. _ .. Bridge . at .. .. Thistle ,. __ Utah _______ .. ~ _:, __ . __ ._. _._4. - . .:-.-___ ~,... ___ ... __ ._ .. _______ -.;.. ______ . ___ .. _______ ..... __ ...... _______________________ ~_ .. __ . __ _ ... -. ... __ .... _ .......... __ o: .. _-; ..... __ ....- .... ~_ ... . 

:.: I:~':] : " (~ '.', ~: . ; .... _~c:_:~.5.:~'·~.:·~.: ... :: :.~t!e~?:l :.~:::-~.:. :.::.::-;:~=:: .. _:::.=.~:_~:~:-,.:.::..:.:-. _____ . .. __ ._._ .. __ ._ ... _ ... __ ....... __ ... _ .. _ ... __ .,_ . .... ... .. _ ..... . _ . . _ ........ .. .... _ _ .. _ .. _ . ____ . ___________ . ___ .. _ .. ... . . .. .. _ .... _ .. _ ... .. _._._ ... _ .• _. 
-. ~ .- ' _., - -.- ~. . _. -f--- ··- --·r~~·- · -,-- .. ---.-.... -- .~ ... -~ .~ .. - .~ .. -' -. -.. '- '-- ~ ' .-~:~ L;i~-~irl~ ~~ ~:~(:~I:~~~ ' ·-~~.~~-~·l~~j~j~~:L~D.~~~~J~.~~I~~~~;-·r~2;~i·~·i-i~; ~;~~jfl~·# .-., .. -------... ---. ~. -.. --.-... _ .. ' .... ... --.-.~-. -- ~ ' --... -

::5 ~ ;::1 : :) i~; 1 ;~:-i ,~~~ ; : ~~" ..... -''1---'-' ' ·-r:iT--·~i--~§~ .. -,.~,·~.:,.~ .. ·:-~,~. -- - -.- . -.( .;.~.:;;., -.- - i~,,:~:,~, ,~ '~,'~. ,:' ~:-.~:--~:. ; -:·~,----r---·--· ·~,.~~.: " .. -~:~-.. ·:; ... '~~:;.~-_;--·; · ··:·~F--· i'·--·-~-·,j ;;: 
'c, ;:;. c,,~; ~:; ii:i..'2. ;-: c,' : : ti[dM.~, ~ i ;'::V, - C' , i'::! '" ;" j ~::;~." ' .0' .: r.,~ [," 

~~:.~ <:':' l ': l <; ~~:., \ :~.:; (]'.~ 0 i C.- ·i en t:t; r~ t~J. ; ... ~ ·i~i~ ~.'~~~. 1 ;-c-:-· t:. :;~ ;.::) .\"'! f~ ;I:':" 'I;':-;':'-':-~"';,~.,:~:~.\::;," 1 V~ >~ ~J'~ -' .:: .•.. ::-.: .. ~~.:. ~ .... ~.'~ .. :;j i,,,'-' ,;~.·:.:·2~ ~. : ;:: : '.;~:,- .~.:.} ; t~ ,'''. ~ :~ E~~ .,-. ~~ c.t~.,:~.;. "; , ' . i:-' , (:.' . .. IC.: ... ·.·.~!.:~::~ •. ·.-; I~.: .~.·.~.,.J.~., ;.~~ ~.:: :< .. ; .. ; ' . .' ~ :;. ~ U : __ ( .. - .~, .. _' ;<~:'i . _' _. - t .;~_/:.' ::IZ? ~:::: :3~ ; :j ' , !:~. ~ .•. c •. ~. : :.:.'./ -

. , ".": ':;, ~ ' . ; ~,~r ~;~; :.' ~':; - / '_ -, ... , g:; >-J i ~::· -": ~ ~·~ ! :.;'.3;):~:.'.'\~_/{~ . t~! ;l: ~;~';~ ' 1 :.~~'--" >:~ .1.~: ;" . ::; !~ '1 ~~ll. !:?,-=~'~' ~~"k3 ;-. ~ ;,'~~ ;>~ i ·;.D:-~· ;.\; . !.; ; .. ~ : :; I ~ .. , :>;'1 
"' . ~ ; :_ .... ~ t.:-.'.:-.,f :::~~ ~-~ .~;- .. ! .~ ;~.' . . : :;,y '.:J _ ~ __ , j 1): •••. ti '._. \ '~- ' -I . 4. ; .' ..... _""; __ ::: ~ ~' ; . 

f# '"\ ~ !.:~ ! -! :; ~ . ! :: -: :.'".! .l • I ~.4": I i I .. • ... t I 0 !~:...: ~ :; i ~E; ~ ~~~"! ! ;:; ~ : .. 0 _ ' r :.i. ~ ,[.",:.; 

-- _.----." ---:--... -....... -- ~----. :----.--.: :;---... -:-----;.-----; ~·~~·1-~~~-~:·~~~:+--:~--·: · .. --.. -·l·-~·~-· ; ----.. --: ' . ;. ~- -~-;:.- ;-=;-;- · : --7 ·~· -:· ·----·:---- ~--~~·~:=:.:.I-; -"""'-,-----,- .. . , 
~;~2.~:~(£i_ ... ____ ,. ____ .. ______ ~.:--~ .. I,~--.. --.. --:.---..:-::~;j.--.. -:£!:~~-~~_:- .. -.- ... - : /~ . ...; ... _._._ .. _?:-.!.~~:.: .. "':':·.~._;/;l:-. __ . __ ._'.---- __ -: .. -- .3V-.... ___ ... ~·3 ._;_? __ _ 

~:~~ 

, .. ~//: ;_ ;:~:/~'i .. ; .. Lt~~.P--).---. I __ ~' __ :.'SS ~; /;~f ?_; __ ~_;~§~I~I_,. ___ . !.---.---.. ;--------.------ ;---.----- -f---" ---·--F---·'-;'-·---·· .. '-. ---- - --;----- .... .. ----...... '1 ~ .-_ . . .... .. - (}. 

--.---- --·-· ·~--------- :-.. --.. j-----'~-·-.. --j----.. -·~l.· --.. ·-·-·-;----... -;.----.. --;------- ----.~-.. - ---'------j'--- --·"·"·---i·------;- ·----i------j---·---·- -_ . .' . ...... --. ---- ---.. " .. ~ . 
~ I !. i ; • ~ f .... ----...... -~--· .. · .. ----·---.. ---;-----~l;---- -- ! .. -·-.... ·-! .-- ---:- ..... ----, .. ---.. -... !-.--.-- -;--_.-. (-------T-·-.... -;--·---·-·:----:- .. -----·;------l'---· .. -.. --:--. ---.. . --.. .. ' ''' r ....... . 

.... ___ . _ . . __ .... __ .:_-_ ... -- .i._.-.. _- . .. .. --.. --. - ... ~----- ------ :.:- ... ... - ...... - - ~.--~- ... ~ -- -... ---.. i ---·---i---- .. --!·--·---- --------# ... - --- -'- ·-----j,---.. .. ·-- .... ---·:·----;----f-.. --!·----:-~·--- .. 

j ; t ! !! . , ' i •. . · .... ·· ···_· ... · ... -i- -· ... ---- ......... ;- .-----·---·-·-------.. ·-·------l----·-·:-·--.. -; .. -.. -----\"'· .. ---~T·-----~--- --·i-·---- · .. ----· .. - ·-·· · .. ,-----·I------:-.. -- ·-- .... ------ .---.-.. -.--.. - ... [#-... ---:---.... - ;.-.- ..... -
___ . _______ ... _________ i _____ ; _____ ... :_ .. .. _ ... _. ______ .. ; __ .. . _ .. i ._._ .. ... ; ........ ___ , _________ .. :_ .. ___ .... _ .. _.. .. ... .. ..... _: ... ___ .. _._ .. _____ --: ____ .. __ :. ____ ._:_. __ :: __ ... _:._ .. --... __ .'_ .... __ .. ....... __ -:--

.... 

J, . 
. __ ___ . __ ... 1 __ ... __ .i_ ~ ___ : ______ . ~ _____ \ ... ____ ._! ___ ..... _ ~ ____ .. __ . ~ __ ._._ .. :--_-...t.------.}. _ _ --.... _- ,-_--:--_--~--_ .. '.~--_- ___ .- .--_--.. .•.. ---_-.~ .--- ___ . . ~_~ _ ___ . .. __ . . _____ .. _ .... __ 

---------- - . .: " ~ ! ~ I 

:_:--____ ._._t_ .. ____ .,.. .... -; ______ ._;. __ . __ .! ____ ._.'_ ... _.--.: ... --.-- .. : -----~ --.. ---j----: .. ---- -_._-----; -_.--- ... --~---. -. ;---- ... --.. !----.-.. , . -.~-.-.. !----;.-----i-.~.-.. ;---.. - -.~-- -.-.-.;.-.-.. 
.. _ ... ____ .. ________ ' ... _____ . __ ~._. ___ ; _____ t ____ ;---_.;--.---__ ;---_i.-.. --__ 1 _____ .... : _:....... __ .: __ .. __ .; ._._._ ...... : .. _. ___ . __ . ___ __ _ L ____ . _ _ , ____ . __ ,.- , _ ___ ._.' ____ ...... . : _ _ _ ..... . . . : .. f 

f. f i -1 : l .. ,' 
·-·---·------l--·-· .. ---··~·j-----!--····--·~ ..... --·----.-... -------., .. -.--............ .... ~ .. ---. --.. _ .--..... _-._--.. --.--_ ..... ; ---"-'---r----"-' --:-.---.-:.-.. - .- .. : .. -... ---.. ;-.. --.-; ... -.. ... -:-; .. -.--.-. ~ - .. ---....... : .... --.. - .--,------ .. ' 

-- -:--~:,-~--~I-~-=~~~;:---:~:. ~~-_~j-____ ~!.:,_-~; .• '.~.-. J~----~i:~-_. ~.::!-- . :,:.:=.· .-~~:,:.~~-~.=~~~~= .• :I,~~.,;I~=~':!.~~~. ---~!.;.~. --~~.:'=-~~r::;.':~:=.';~-; .... i~=-
'----------. --->-··-~-:---·- '-----·!------I·--- .. ~ ----· 

, . '1'. 

'., _. _ ..... _ .. ... ..... __ . ~ .. _._ ... __ ,_ ..... _ .... L ___ ... _ .. ___ .. ___ : ___ .. _ .. .... -.. ----1"7.--.. l~. _ ___ .. ___ .. __ . ____ ._.l ____ !._.:.... ____ ' ___ ;..;.. .... _..;. ... _ . .:~_-...... j_-__ .:--_-i--_:__.:_.-:- ____ .!~ __ ... _'. ______ ; .... _. 



-24-

the variability of the data. 

The curves on the above mentioned figures were arrived at 

by a trial and error procedure as folloHs: first the points 

were plotted, next a reasonable curve was drmm, then the 

distances frot.'a tho line to the points above the line were 

measured, summed. and eompared to the sum of the distances from 

the line to the points below the line; these bolo sums Here made 

to be equal by shifting and/or changing the shape of the curve. 

For simple curves this balance of points vTaS attained for the 

full ' curve length. For complic'atod curves. as in Figure 18, 

a balance 't.Jas attained for segments of the curve. Data with 

too much variability as in Figures 4 and 5 were averaged and 

shov-m as a straight line.' 

DISCUSSION - The results concerning .Utah -Lake's direct tributaries 

are shot-m on Fj.gures 2 and 3. Provo River empties into Utah ' 

Lake 't\Tith a better chemical quality than any other stream, 

vlith Hobble Creek being the closest rival. The next feH 

streams in order of.highest purity are the northern tributaries 

of Provo Bay which in reality are mainly Provo River viater. It 

is interesting to notice that Geneva Steel's E!ffluent, 1-Thich 

was c,omposed mainly of Provo River vrater and v!ell water, had 

t'tnce as much chemical pollutant as did the Provo Riv~r at 

its mouth. 

Spring Creek and Steel 1·1ill Drain at Kuhnis have Im-ror 

ion concentrations during the SUW~ler than they have during the 

winter as shol·m on Figure :3. This pattern a1.50 appears in some 

of the curves on Figures 8 and 16. The pattern can be extrapolated 
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up DiamondFor~ Creek beyond the pol1utional inf-luence regions 

of man. Knm·ring that this pattern 'Has a natural phenomenon, 

it Has then noticed that the pattern probably varied in SOlle 

inverse relationship vrith discharge. This led to the conclusion 

that the low 'Winter f10i15 vJhich slovrly trickle through the 

rocks and soil leach more ion.s per unit volume than do the 

large, s~.,iftly moving SUrrill19r flO"ivs "'i;,rii::h correspondinely less 

('ontaetper cubic foot of Hater. This conclusion leads to the 

follo·,ving hypotheses: 

(1) ' A stream ;ilith this pattern is on3 of the follo"l1ing: 

(a) a stream chemically ~polluted by man, or 

(b) a stream . chemically ' polluted by man in fa:i_rly 

constant amounts. 

Ste~l Hill Drain at Kuhnis lind Spring Creek are 

suspected of being the latter tYI)8 since all vrater . 

origins near these croeks have a much higher chem­

ical purity as far as crul be detected by the data 

in Appendix B. 

(2) A stream ,dthout this pattern . is one of the follovling: 

(a) a st~eam of fairly constant discharge, or 

(b) a stream chemically polluted by man at a. high3r 

rate during the summer than during the winter. 

¥~ny of the strear.~ with straight line graphs on 

Figur.es 2 ~~d 3 are suspected of being the latter 

type. 

The ' results of a s.pecial study of Spanish Fork River and 

. tributaries are given on Figures 7 and 8. As sho";·]n on Figure 

7, Diamond Fork Creek has' a sharp increase in conductivity 
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from a point near its origin to a point just above Sixth 

'vIater Creek. It is believed that this increase in chemical 

pbllution was due mainly to sulfur springs since the ftuthor 

noticed a few such springs in this stretch of tho creek and 

observed no sulfur springs in any other stretch of this 

creek • Similarly, Sixth \>Jater Creek shovTs a large increase 

in 60nductivi ty. It is possible that this · increase "las also 

due to sulfur springs, in i-Thich case the t~tal number of io~)s 

entering Sixth We.ter remains fairly constant, and a large.r 

volume of ... rater comng dm·m Sixth 1tJater Creek 1-lOuld be corres­

pondi11[Sly ·purer in chemical q nali ty 0 • 

As expected, Diamond Fork Creek sho;'7s an increase in 

conductivity after receiving the rather highly · chemically 

polluted Sixth Hater Creek. Diamond Fork Creek continues 

to increase in conductivity lmtil it reaches Palmyra Camp­

ground, indicating · that the Hater coming dmm Honks Hollow, 

Red HolloH, and Hanrhodes Canyon is as a who1e more pol1uted 

chemically than Diamond Fork Creek. From Palmyra Ca.mpground 

to its mouth, Diamond Fork Creek decreases in conductivity, 

indicating that the water coming dor,..m Little Dia:1onc1 Crc:8k 

and Brimhall Canyon has a better chemical quality than Diamond 

Fork Creek has. Diamond Fork Creek empties into Spanish 

Fork River with a typical annual pattern and at .a .higher 

chenD.cal purity than the Spanish Fork River. 

Referring to the data in Appendix B, Soldier Creek constantly 

increases in conductivity as it travels do~·mstream. Soldier Creek, 

vTith a high conductivity, combines with Thistle Creek~ v.rhich has 
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a ilO-'; conductivity. and thus the Spanish Fork River is formed, 

Ad is shmm on Figure 8, the Spanish Fork River is diluted 
I . 

o~ly at one point--Hhcre Diamond Fork Creek enters. The 

S~anish Fork River shotvs the sanl,e annual pattern from its 

orl,igin to U ,S, Highway 91 at Spanish Fork. Utah, Then the 

annual pattern changes drastically as ShpW11 on l~igure 8. 

T1e Spanish Fork River at its mouth has the expected con­

ductivity values during the winter, but the st~mer values~ 

wHich are expected to be about 600micromhos per centimeter, 

i 
a~e three times this amount. These high values coincide 

Jth the irrigation season. Naps indicate that the irrigation 

r 1turn flmf enters the Spanish Fork River behteen Spanish 

Fork, Utah, and Utah Lake. The. irrigationvrater leaches out I · . 
a' jCOnSiderable chemical load, 

I The results of a specinl study of the Provo Hiver are 

given on Figure J.6. The Duchesne River water is shown 

tl indicate that we are not getting any chemical pollution 

i 1to the Provo River from ,a foreign drainage, The Provo 

R:tver near Hailstone is chemically fairly pure water and has 

a Idefinite annual pattern. 

The Provo River as it leaves Doek Creek Reservoir has 

tt}o interesting features. First it is noticed that the annual 

pqttern has shifted and is approximately ono month behind 

tl1e pattern at Hailstone. This is due to the de1ay of the 

w~ter as it ·travels through the reservoir. The second 

feature of this curve is that it indicates a much hi~her 

concentration of ions. This is caused partially by evaporation, . 

bl t the main cause is that ,most of the other tributaries 
I 
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into Deer Creek Reservoir have 'higher concentrations than 

the Provo River has. As seen in Appendix B, the northwestern 

tributaries of Deer Creek Reservoir are ' part.icularly high in 

conductivity. 

The Provo River at Burdock Diversion Da-rn also sho't-1S t1vO 

features of interest~ First it is seen that the water here 

is chemically purer than it 'tva's as it left Deer Creek Reser­

voir. This occurs since the tributaries in Provo Canyon dilute 

the Provo River water. The data in Appendix B substantiate 

this statement. Second it is seen that there is not such a 

large annual variation at this , point in the,river as there Has 

above Provo Canyon. One ' reason for this is that' Provo River1:.s 

tributaries in Provo Canyon have, an annual pattern that is out 

of phase from the Provo River t s annu8.1 pattern, due to the 

delay time in Deer ' Creek Reservoir. The sum of ,tvlO such curves 

when out of phase produces a curve vTi th a smaller amplitude 

and greater vJave length ~ 

The final curve in this study is of the Provo River at 

Geneva Road. This curve indicates that during the entire 

year a fairly large amount of chemical pollutants enter the 

river dm·mstream .fromHurdock Diversion Dam. The small huinp 

in the curve during the summer months, vThich is similar to the 

Spanish Fork River situation, indicates returning irrigation 

water. 

CONCLUSIONS 

1. Provo River is chemically the purest tributary 

to Utah Lake. 
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2. The Provo River is diluted as it travels through 

Provo Canyon, polluted as it continues tm·rard Utah Lake, 

and enters the Lako at a chemical purity approximately 

equal to the Provo River as it leaves Deer Creek 

Reservoir. 

3.. It is concluded that the summer increase in chemical 

pollution in the Provo River is caused by irrigation 

return f1m·,. 

4. Tributaries to Utah L?-ke in order of chemical 'purity 

following the Provo River are: Hobble Creek; the northern. 

tributaries to Provo Bay; Pm.J"ell Slough; all tributaries 

north of POHell Slough plus Spring Cr'30k (tributary to 

Provo Bay); 'the rest of the Provo Bay tributaries; , 

Spa.nish Fork River; , all Utah Lake tributaries south of 

Spanish Fork River • 

.5. Sixth Hater -Creek chemically pollutes Diamond Fork 

Creek e ' 

6. Diamond Fork Creek chemically dilutes Spanish Fork 

Ri:ver e 

7 • It is concluded that due to irrigation return flovl 

~~------------------------------------------------------the Span1sh Fork River has a chemical concentration during 
. ------... ---------.-~ ---,~-......,.--~~"""" --......, . 

the summer months of three times the value it would 

'< . 
ot.he~aye 




