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INTRODUCTION

Purpose and Scope of Investigation

I/
'; A well defined ground water unit exists along the eastern shores
“_of Great Salt Lake from the Lower Bear River Valley to Salt Lake City.
" Thomas (1948, p. 63) refers to this area as ""The East Shore Area',

'*'-Which he conveniently divides into three districts: the Bountiful district
in Davis County, the Weber delta district in Weber and Davis Counties,

“and the Brigham district in Box Elder County. This area is one of the

- most highly populated as well as agriculturally and industrially product-

' ive regions in the State of Utah. During the past decade its importance

- and value have been increased greatl

y by the developments of new indust-
1

-;:'t‘ies and the establishment of several military installations. These devel-
opments coupled with an increased population have brought about a corres-
- ponding increase in the demand for water which n
.ploitation of the ground water resources.

“ed the long range study of the ground water
Area.

ecessitated a greater ex-
This increased demand motivat-
conditions in the East Shore

As the first part of this project H. E. Thomas and W. B. Nelson of
‘the U. S. Geological Survey conducted ground water studies of the Bounti-
ful district, the results of which are published in the Twenty-sixth Bien-
‘nial Report of the State Engineer to the Governor of Utah. Current studies
‘are being made of the Weber delta and Brigham districts {Feth, 1954).

] The purpose of this report 1s to contribute to the East Shore area

study by compiling and correlating all available well data,

mapping the
‘surficial geology,

and studying the general ground water hydrology of north-
‘ern Davis County, which is the southern portion of the Weber delta district.

Liocation

i The area considered in this re
tremity of Davis County.
les wide extending from

port is located in the northern ex-
It consists of a strip of land four and one-half
_ the Wasatch Mountains on the east to the shores
f the Great Salt Lake on the west and is bounded on the north by the Weber-

‘avis County line. In respecttothe Salt Lake base and meridian it includes
northern parts of Township 4 North, Ranges 1, 2, and 3 West, and the
Southern parts of Township 5 North, Ranges 1, 2, and 3 West. Hill Air
Orce Base, Ogden Arsenal, U.S. Naval Supply Depot, Clearfield, Syra-
use, West Point, and Clinton are all located within its boundaries. U.S.
1ghways 89 and 91 extend north and south through the area, and Highway
t joins them from the east at the mouth of Weber Canyon. Numerous
» most of them section roads, form a grid pattern over the
making all points readily accessible by automobile (see in-




AN
7
-

OGDEN N
ooen

-

¥ MAPPED AREA .~
e s

F e j ) .
\ \

\

SALT LAKE

Ity N 7N
L~

INDEX MAP

HEH— —9 3 F—71
4 o 8 16 24 32

SCALE




Physical Features

Northern Davis County lies along the boundary of the eastern edge
the Basin and Range and the Middle Rocky Mountain physiographic
ovinces (Fenneman, 1949). That 1s this area includes a small part of
e west edge of the north-central Wasatch Mountains and an eastern part
the Great Basin. The present physical features of the area are the re-
1t of a combination of various diastrophic movements with attendant and
bsequent erosion. The last modifying agent was largely that of ancient
ke Bonneville, which once occupied most of western Utah. Except for
:h_e Wasatch Mountains the most prominent physical feature is a large,
‘conspicuous, gentle west-sloping delta built by Weber River during the
l.‘i_ongest still-stand of the ancient lake. Westward from the delta, fifteen J
minor terraces descending in successive steps to the shore of Great Salt T
' Lake plainly indicate the levels that the receding lake once occupied. Ex-
cept for a small area of reworked spits which have produced a series of
blow-out dunes, the terraces provide excellent farm land, which is one of
f;t_he reasons for the productiveness of this area.

Climate

i The climate of northern Davis County is temperate and semi-araid,
typical of the eastern part of the Great Basin near its boundary with the
‘Wasatch Range. Interpretation of data obtained at the U.S. Weather

i-ureau for Morgan and Riverdale stations 1s summarized in Figure 1. !
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Temperature, as well as precipitation, 1s irregularly distributed

. throughout the year, producing four distinct seasons. Actually, the pre-
‘ cipitation in Morgan and Summit Counties has more effect on the ground-
. water conditions in the Weber delta area than does that in Davis County.
The reason for this condition is that the headwaters which contrel the

1 volume of flow in the Weber River are located principally in the
4 counties.

former

The higher precipitation recorded at the Morgan station results
. from an average increase along the Wasatch slopes of about one inch for
~ each 160 feet rise in elevation and an avera

ge decrease in temperature of
10 F. for each 482 feet.

The prevailing wind direction is southwest during the entire sum-
mer, but it varies from northwest to southwest during the winter.

Throughout the year an almost constant wind issues forth from the mouth
of Weber Canyon and at times attains near-gale velocity.

Previous Studies

From 1776 to 1875 a number of exploratory and trapping expedit-

~ ions were conducted in the Great Basin. Padre Escalante (1776}, B.L. E.
Bonneville (1833), H. Stansbury (1852), E. G. Beckwith (1855), F. V.
Hayden (1872), F. H. Bradley (1873), and J. D. Simpson (1876) were among
. those to note various geologic and geographic features of this area. To
the writer's knowledge, however, the first person to publish a systematic

. study of the sediments and shore features of Lake Bonneville was G. K.

. Gilbert (1875), who wrote the first of a series of briefer publications lead-
- ing to his comprehensive monographic study (Gilbert, 1890, p. 438).

King, Hague, and Emmons, geologists of the 40th Parallel Survey
(1875), published the first map of the former outline of the ancient lake,
- but their pioneer studies were confined \ifholly to a belt one hundred
. Mmiles wide and should be considered as a general reconnaissance. The
. actual mapping of the lake features, however, was done by G. K. Gilbert,

_ Gilbert (1890) in his monograph on Lake Bonneville describes in

. 8reat detail the shore features, types of sedimentation, volcanic activity,
faulting, and a general history of the lake. He discusses 1n great length
. Many areas, but tells little of the Weber delta area.

Since Gilbert, various geologists have studied a number of areas
10 connection with Lake Bonneville sedimentation, but most of them are
- located south of Salt Lake City.

Davis (1903) described the Wasatch fault in some detail and postu-

lates a4 to the physiographic conditions before faulting and vertical dis-
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‘-]_a,cement- Blackwelder (1909) observed various overthrusts in the Ogden
area and mapped a number of transverse faults. A more recent publica-

on on the structure of the North Central Wasatch Mountains is that of
ardley (1939). He describes the structural trends and evolution of the

tire area and mapped a number of overthrusts adding to the work of
B ackwelder.

Eardley (1944, pp. 821-842) published a report on the general
ratigraphy, structure, and geomorphology of an area of more than 1,000
square miles located in the North Central Rockies. He briefly described

e physical features of the Weber delta, but studied 1t only from aerial
otographs.

H. E. Thomas and W. B. Nelson (1948, pp. 60-206) published the

st part of ""Ground Water in the East Shore Area' in their report on the
Bountiful district.

Their work consisted of geologic mapping, extensive
well tests, geochemistry, and generalized ground-water hydrologic studies.
‘Their report has been extremely useful in this study and has served as a
i

neral guide for this investigation, since many of the problems in the two
eas are very similar.

Investigations of the ground-water and geology in the vicinity of
den, Utah, were conducted by P. E. Dennis and H. R. McDonald (1950
d 1951) as a continuation of the East Shore area study. During the sum-

r of 1951, P. E. Dennis started mapping the geology along the foothills
the Weber delta area, but his work was discontinued August 25, 1951,

G. L. Bell (1952, pp. 38-51) made a rather detailed study of the
e-Cambrian rocks of the north-central Wasatch Mountains near Farming-
- His geologic map (Plate V) on the north includes part of the present
€a, and on it are showr the Bonneville and Provo shorelines.

Abstracts by H. J. Bissell, G. M. Richmond, R. B. Morrison, H.
Thomas, G. H. Hansen, B. E. Lofgren, and J. §. Williams published
the Geological Society of America (1952, pp. 1358-1375) revise some of

Stratigraphic nomenclature of Lake Bonneville and correlate it with
ke Lahonton and Quaternary deposits of the LaSal Mountains.

Ry

b C. B. Hunt (1953) studied the stratigraphy and paleontology of alluv-
al, cave, and lake deposits of late Quaternary age in an effort to better
ablish the Pleistocine-Recent boundary in the Rocky Mountain region.

Field Work and Methods

1 The field work which provided the data for this study was essent-
i .—-ilY completed during the summer of 1952 while the writer was working on




' a ground-water project for the U.S. Geological Survey. Adequate topo-
- graphic maps and aerial photographs were available providing complete
. coverage of the area.

In mapping the unconsolidated material the basic principles simi-
lar to those used in mapping bedrock geology were used; special attention,
however, was given to the delineation of shore lines and similar topographic
 features.

An integral and important part of this investigationincludes a detailed
- study of all tlie well logs in the area. From the data provided by these logs,
. the writer prepared and drafted an isometric fence diagram showing the sub-
. surface geology. Numerous well logs were made available by the State

. Engineer's office and the U.S. Geological Survey, but only the deeper and
strategically located ones were plotted on the diagram. A general diffi-

! culty encountered was that well drilling in this area was done by several

- different drillers, each using his own method of recording data. Obviously

- all have not recorded data in the same degree of completeness; thus the

- writer has attempted to interview each driller and study the various methods
- of logging in order to better evaluate each log.

! Discharge and temperature measurements were made of all the
- flowing wells in the area. This information, together with data on recharge
- experiments made available by the Bureau of Reclamation, provided a basis
 for estimating the ground-water reservoir capacity.

) All the laboratory work was conducted at Brigham Young University
and consisted of size grade analysis, in which standard sieves were used,

- and petrographic analysis of the sediments.
i
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GEOLOGY

General Relationsg

_ Only pre-Cambrian rocks and Quaternary unconsolidated sediments
By e exposed in Northern Davis County. The absence of Paleozoic and Meso-
oic sediments 1s explained by Eardley (1939, pp. 1285-1286).

“A feature of the structural pattern eaqually as promi-
nent as the Uinta axis 1s the buttress of pre~Cambrian CTrys-
talline rocks north and northwest of Salt Lake City. It stood
out as a highland through parts of the late pre-Cambrian,
Paleozoic, and Mesozoic time, and during the Laramide re-
volution it acted as a2 small semi-rigid shield midst an area
of fa'ling sedimentary rocks.”

Basin and Range faulting which began early in Cenozoic time had a
profound effect on the present land forms in this area. Since that time an

d playa lake deposits accumulating in the depressions (H. E. Thomas,
946, p. 77).

Volcanic activity was widespread throughout most of the state of
h during the Tertiary,and it is likely that much of Davis County is
derlain by volcanic debris, although no well has encountered such
terial.

Cold and humid climatic conditions interrupted the arid cycle of
rosion at least once and probably several times during the Pleistocene
och. Immediately atter the peak of the last of these glacial stages,
at is,the lowan substage of the Wisconsin stage (Bissell, 1952, p. 1358;

hmond, Morrison, and Bissell, 1952, p. 1369), great quantities of water
cCumulated in the basin forming closed lakes. The largest of these,
ke Bonneville, attained a maximum area of about 20,000 square miles
a depth of at least 1,000 feet. The shore lines and embankment de -
its built by this lake constitute some of the ma jor topographic fea-
€s in northern Davis County and the lake bottom sediments cover the
itire Salt Lake Valley.

Stratigraphy

Pre-Cambrian Rocks
a

P A crystalline complex ot meta-sedimentary rocks, meta-igneous
1-‘k5, and igneous rocks, named the Farmington Canyon Complex (Eard-




_' y, 1940, pp. 58-72), outcropsatvarious places along the Wasatch front,
locally below the elevation of 5,100 feet. According to Eardley (1944, P.
823), the foliation 1s north and northwest and generally parallels the bed-
g. Although the area has been mapped, the structure is very complex
‘and has not been satisfactorily solved. Eardley (1944, p. 823) states:

'""The sedimentary rocks of the ancient complex are now
metaquartzites, quartz schists, arkosites, conglomerate
schists, and metamorphosed graywacke. After sediments
whose thickness exceeded 10, 000 feet were deposited, they
were thoroughly injected by sills and dikes during a prolong-
ed orogeny which resulted in widespread development of fol-
iation and cataclastic structures."

j Bell (1953, pp. 38-40) classified these rocks according to "min-
'ra.l facies' and found zones of arteritic migmatite widespread in the
Weber Canyon area.

E Examination of various outcrops, road cuts, and exposures in the

Veber Valley project tunnel reveals highly fractured and brecciated rocks,
probably due to overthrusting and folding.

V

b
Tertiary (?) and Quaternary Systems
Pliocene (?) and Pleistocene Series
Pre-Lake Bonneville Beds

Underlying the fine silts, sands, and clays of the Lake Bonneville
Toup is a series of coarser sands and gravels believed by the writer to
€ in part Pliocene and in part Pleistocene in age. Virtually every well
n the area penetrates these beds, but none have drilled through them into
e Salt Lake formation of late Pliocene age (Yen, 1947, pp. 268-277)y so
- 18 possible that the lowermost part of these pre-Bonneville sediments
hay be very late Pliocene. The bottorn of the deepest well in the area is
75 feet below the Lake Bonneville group, indicating the thickness of the

ate Tertiary (?) and early Quaternary beds to be at least 675 feet and
08sibly more.

Well log data gives evidence of both lacustrine and fluviatile de-
its interbedded throughout the section. For the most part, the individ-
gravel beds do not continue over large areas, but interfinger with sand
clay. These fluvial deposits were probably spread over the valley dur-
Semi-arid periods which preceded and interrupted at least two pre-
Aneville lake cycles. Deposits of these pre-Bonneville lakes are record-
n all of the deeper wells as alternating beds of sand and clay and con-
tute the majority of pre-Bonneville sediments. They are concentrated
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ard away from the mountain front which would indicate that the pre-
neville lakes had smaller areal extent than Lake Bonneville itself. A
ber of the wells bottom in a coarse gravel which can be traced with a
onable amount of accuracy throughout the entire area. It thins to the
t and in places grades into sand, but it is still by far the most exten-
fluvial deposit of pre-Bonneville time.

None of the well logs examined contain evidence of volcanic debris
Ithough the writer did not have the opportunity to examine any of the cut-

=4

3

Quaternary System
Pleistocene Series
Lake Bonneville Group

The history of Lake Bonneville 1s recorded iIn northern Davis

unty by various shore lines and embankment deposits concentrated
ong the base of the Wasatch Mountains and in the wells themselves.

se deposits have been divided into three formations each of which

resents a different stage in the level of the ancient lake (Bissell, 1948,

55). They are, from oldest to youngest, the Alpine, the Bonneville,

the Provo, which correspond to Gilbert's Intermediate, Bonneville,
d Provo shore lines (Gilbert, 1890, pp. 90-152). In addition to these
rmations, the writer has mapped recessional shore deposits and lake
ttom sediments as separate features because of their particular rela-
nship to the present study.

The outstanding study of the various aspects of Lake Bonneville
d its related shore features is that of Gilbert (1890). As recognized by
silbert, the waters of the Quaterndary lake fluctuated through several
cles of high stages with intervening periods of nearly complete desicca-
n. At the highest stage, the Bonrneville Stage, Lake Bonneville remain-
at an altitude of 5,135 feet while wave-cut and wave-built terraces, as
as delta structures, were built around the shore lines and within the
$in (Bissell, 1952, p- 1358}, Prior to this maximum stage, and separ-
d by an interval of desiccation, the history is one of an oscillating

ter surface, characterized by extensive embankments built to an alti-
¢e of 5, 050 to 5,100 feet.

The Bonneville stage of the lake ended by an overflow through Red
ck Pass near Oxford, Idaho, and drainage northward into the Snake
er (Williams, 1952, p. 1375). After a rapid drop of about 325 feet,
level of the lake stabilized at an altitude of 4, 800 feet (Provo Stage
Gilbert, 1890, p. 126). Subsequent desiccation, with numerous brief
Tvals of stabilization, has lowered the surface of this early lake to
B Present level of Great Salt Lake.
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Shore Deposits of Alpine Stage

The Alpine formation contains the oldest shore deposits of Lake
eville. Gilbert (1890, p. 135) refers to the temporary stillstands of
:"La.ke between the Bonneville and Provo levels as "Intermediate shore-
", but as far as stratigraphic position

and age are concerned "Inter-
diate'' 1s @ misnomer and describes onl

y its relative position between the
Hunt (1948} introduced the name “Alpine forma-
“for these sediments because of the excellent development of outcrop and
osures near the town of Alpine in Northern Utah Valley. The U.S. Geo-
al Survey has sub-divided this formation into four

members. In ascend-
order these are as follows: one largely of gravel,

one largely of sand,
e largely of silt, and another of clay (Bissell, 1948, p. l64). In the Weber

lta area the coarse textured sediments are not abundant
only a lateral facies within the formation.
d near the mouths of the larger streams, but by far the largest propor-
ion of Alpine sediments consists of silt, fine sand, and clay. For this rea-

n the writer has not sub-divided the lithotopes of the Alpine f
t has mapped this lithofacies as Alpine shore deposits.

and where present
Graveland coarse sand are

ormation,

Excellent sections are exposed along road cuts immediately north of
's Creek and north of Weber River where Highway 89 traverses the delta
n a dugway. The following section measured in the vicinity of the junction
‘Highways 89 and 30 is typical of the Alpine formation:

Section of the Alplnrc:z_.formation_Aexposed at the int

ersection of
the Hill FieldEogd_a_gﬁgl_hghway_&? {cente

r of Sec. [ - TAN - R1W).

Feet

Alpine formation
Sand, medium to fine grained, light brown to buff:
composed of sub - angular to moderately well

rourded fragments of predomirantly quartz,
Well-sorted.

Gravel,

granules range to three inches in diameter,
moderately well-rounded to sub - argular; poorly

sorted, composed mostly of fragments of gressic
rocks.

Sand, fine grained, light brown to buff, moderately

well-rounded quartz grains predominate; composed
mostly of fragments of gnessic rock.

Clay, light yellow to brown, hard and compact . . .. 0.5
¥ gnt y P

Sand, fine grained, light browr to buff, well-round-
ed quartz grains; well sorted .




Clay, light brown, highly calcareous, hard and
compact.

Sand, medium to fine grained, light brown to
buff, composed of sub - angular to sub -
rounded grains of gquartz; well sorted.

Clay, light yellow to brown, hard and compact,
weathers lighter and 1n blocky fragments.

Sand, medium to fine grained, light brownish
yellow, sub - rounded, quartz grains predom-
inate, laminated with iron stains about one-
fourth of an inch thick .

Sand, medium grained, light yellowish brown,
quartz grains moderately well rounded pre-
dominate, very loose .

Clay, light brown to buff, hard and compact .

Sand, medium grained, light yellowish brown,
silt lenses containing iron laminations inter-
bedded throughout.

Sand, medium to fine grained, light brown to
buff, quartz predominates, moderately well
rounded, well sorted and loose.

46. 1

The Alpine shore features were deposited unconformably and in

fashion upon pre-Cambrian rocks and pre- Bonneville alluvium.

0 a long narrow estuary that extended about fifteen miles up Weber
On the depositional environment during the Alpine stage in the Weber
area differed greatly from most of the other ma jor deltas of Lake
eville. The estuary extended into Morgan Valley, where it flared
and formed a depositional basin in which most of the coarse material
ed by Weber River was deposited. Thus only the fine sediments
carried out past the mouth of Weber Canyon to form the delta. Be-
most of the other major rivers were occupied only by short estuar-
Which soon filled up, the deltas built by them contain considerable
ats of coarsec gravel.

Although approximately three-fourths of the Weber delta is at
€ elevation as the Provo shore level, considerable evidence was
indicating that the bulk of the sediments comprising the delta 1s
in age. This evidence is as follows:




The remaining one-fourth of the delta above the Provo
shore line 1s lacustrine capped by eolian sand.

A strong pedalfer soil is present in various localities
separating the Alpine and Provo facies.

Well logs, road cuts, and excavations indicate that the
distinctive lithology of the Alpine constitutes the bulk of
the sediments of the delta. If the delta were of Provo
age, there would be a different lithofacies due to a differ -
ent environment of deposition.

The only change in lithology is a gravel bed approximately
thirty feet thick which caps the delta.

The exposed thickness of the Alpine formation near the mouth of
eber Canyon is approximately 450 feet. Well logs show that the same
pe of sediments continue westward to an altitude of 4,403 feet, which
ould make the total thickness of the Alpine formation approximately
7 feet. Throughout the entire section, the Alpine formation is character -
ed by excellent sorting and very distinctive bedding. In some places the
dividual beds are only a4 fraction of an inch thick. Size grade analysis
several different outcrops were made, the results of which are shown
Figure 3.

o
o
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Diameter in mm.

Bar-graph of Mechanical Analysis
of the Alpine Formation




Shore Deposits of Bonneville Stage

e Bonneville shore line (Gilbert, 1890, p. 94) represents the
vel that Lake Bonneville attained. During this stage of the lake

e hillslope embankment deposits accumulated at an elevation of

: ately 5,100 to 5,135 feet. These embankments contrast sharply
teep slopes of the Wasatch Mountains against which they were

d. This shore line marks the boundary between two different

‘land forms which makes it one of the more conspicuous topograph-

ces of the area. Above it is a stream-sculptured fault with steep-
nyons and narrow ridges, whereas below it there are wave-cut and
ilt terraces, bars, and deltas.

' The sediments deposited during this stage of the lake consist chiefly
ranging in size from very fine gravel to large boulders (Lane, et
p. 937). Road cuts and gravel pits show a concentration of the
ize clastics near the top of the section. The pebbles are highly
and only moderately sorted. Individual beds range from one to four
k and are separated by thin lenses of coarse sand, commonly con-
clay layers a fraction of an inch thick. Results of grade-size analys-

shown in Figure 4

Percentage

i 1 |
)
uy
gl N :\_(1

Diameter in mm.

Figure 4. Bar-graph of Mechanical Analysis of the
Bonneville Formation.
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The coarse gravel and boulders are also poorly sorted, but have a
ich greater degree of rounding than does the granule-size material. Loc-
- gand and clay lenses, mostly as intercalations, are found within the
ation, but everywhere the materials are concentrated as beach deposits
belt as much as 530 feet wide and resting unconformably upon the ear]-
deposited Alpine silty lithofacies. It is likely that meltwaters from
ntain glaciers carried large quantities of gravel and finer sediments
the lake. The coarse material was concentrated as a beach deposit at

base of the mountains and the finer textured sediments were transported

nto the deeper part of the basin during the wave-washing action.

<

As is shown on the accompanying geologic map (Plate I), stream
on has somewhat modified these embankment deposits since the lake
ded from its highest stillstand.

Several of the intermittent streams
e dissected 1t into segments,

whereas others have covered it with small
uvial fans. Streams issuing from the three forks of Kay's Creek have

peen most active in this fluviation.

E i

3 Due to an overflow which developed at Red Rock Pass (Gilbert, 1890,

71; Williams, 1952, p. 1375) the still stand of Lake Bonneville at the Bon-
ille level was short lived. Evidently the down-cuttin

rapid and the lake waters receded rather
ion was acquired on firm bedrock.

g of the overflow lip
quickly until temporary stabili-
A long stillstand resulted at an alti-

Iw of 4, 800 feet, and the Provo stage of the lake began.

Shore Deposits of Provo Stage

Extensive shore features named the Provo shore line by Gilbert
0, p. 126) represent probably the longest stillstand of the ancient lake.
ing this stage the waters dropped to an elevation of 4, 800 feet, which
too low for an estuary to extend up into Weber Canyon. This condi-

changed the environment of deposition somewhat from th
> and Bonneville stages.

1€ estuary leavin

e earlier Al-

Previously the coarse material was deposited

g only the fine sediments to be transported past the
Canyon. Now the entire load of Weber River reached

delta area, where wave action reworked large sements of the Alpine

te deposits and cut them down to the Provo level.

Gravel deposited during the Provo stage constitutes a central facies
aps the delta in the area of Hill Field and then grades southward and
rd into fine sand and silt (see geologic map, Plate I). The thickest

n of Provo gravel lies Just east of Hill Field,
of this lithotope was measured in an exposure
tions to the fine Alpine silt.

where more than thirty
which displays offlap
The discrete pebbles are as much as six
and the deposit is moderately well sorted. The entire
is relatively free from sand and is very compact. Sev-
* 8Travel pits in the area have been worked by the Air Force for construct-

' Purposesg.

b
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- A number of exposures in Hill Field Base and Ogden Arsenal indicate
ral thinning to the west accompanied by a facies change into sand and

As one might deduce, in this area the individual pebbles are smaller,
tion is not nearly so compact, and there is an abundance of sand mat-

The south and west portions of the benchland contain fine sand which
25 into clay on the flanks.

House excavations and pipeline cuts on the
ern border of the delta indicate that the Provo clay 1s at least seven

hick. It 1s extremely hard and weathers into ""blocky" fragments. The

as is typical of all the finer sediments in the delta area, is red to
wish brown in color.

In northern Davis County a well developed soil profile constructed
the Provo gravel and covered by lacustrine sediments testifies to the

ence of two separate cycles of sedimentation when the lake was at an
ation of approximately 4800 feet.

The first was apparently the longest
ng which the above mentioned gravel facies was deposited.

Desiccation
he lake permitted the soil to be formed on this gravel which in places is

four feet thick. The lake rose once again to approximately the same
ation depositing gravel sand and silt upon the soil profile and gravel of
previous Provo stage. Sediments of the second Provo stage range from

e over a foot to six feet thick. Sand constitutes the major part of this
hotope but in places it grades into gravel and silt.

Post-Lake Bonneville Torrential Deposits

Small alluvial fans are found overlying the stratified beds of Lake
ville opposite the mouths of all the larger streams. This debris is
" poorly sorted although the larger boulders, which range in size up
ve feet in diameter, are concentrated near the apices at the mouth of
anyons. A few of the larger boulders display moderate to good round-
but for the most part the material found in these fans consists of angu-
fagments of crystalline rocks derived mostly from the pre-Cambrian
sinington Canyon Complex. Channels cut by the three forks of Kay's

k contain considerable amounts of the finer debris which extends over
1€ out from the mountain front. The fans that were not confined to the
‘M channels but were spread over the lake sediments are much small -
- drea, nevertheless they contain a greater volume of material. Al-

‘.h the fans are numerous in this region, none are extremely thick. No
8 have been drilled through them,

h fan is not known. Of those that were measured, however, none
*eded twenty feet.

so the full thickness and stratigraphy

1
o

Recent Series

P By means of interstadial soils the different stages of Lake Bonre-
€ have beep correlated with the standard sequernce of substages of the
i
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consin glacial stage (Richmond, Morrison, and Bissell, 1952, p. 1369).
together with paleomtologic evidence discussed byHunt (1953, pp. 14-15)
s the time boundary between the Pleistocene and Recent after the last

vo stage. In this report the sediments deposited in post-Provo time in-
the recessional shore deposits, eolian deposits, Weber River terrace

rials, and deposits made by Recent Great Salt Lake. As the lake wat-

ubsided from the Provo level, Recent fan gravels, colluvium, fluvial

um, and soils accumulated. Eolian activity reworked the Alpine sedi-

s of the delta that were exposed above the elevation of 4, 800 feet.

al action of the Weber River cut into the delta and deposited gravel on

fferent terraces it formed as well as in an apron in front of the delta.
formation of lacustrine deposits on the bottom of the receding lake and
construction of shore features at temporary stillstands continued until
lake reached approximately its present elevation. In many places the
tigraphic relations of the Recent deposits one to another are not clearly

d. The following discussion concerns the separate stratigraphic units.

Recessional Shore Deposits

Since the Provo stage the history of Lake Bonneville has been one
radual, discontinuous recession during which minor,

but locally con-
uous terraces were built.

The most prominent of these is the Stans-

shore line (Gilbert, 1890, p- 134) at an elevation of about 4,538 feet

)wve sea level. Due to the relatively short duration of the lake at this
ation the feature was not sufficiently impressed to be everywhere ident-
le. Inthe Weber delta area there is virtually no indication of any shore
at this elevation as the delta has an almost uniform grade from its top
rethan 100 feet below the elevation of the Stansbury shore. Below the
tion of 4, 450 feet, however, at least thirteen minor terraces indicate
orary halts of the regressing lake. These terraces stand out very

minently on aerial photographs, being spaced approximately one-eighth

t mile apart. This equal spacing suggests rhythmic cessations in the
cation of the ancient lake, likely indicating a close relationship to

atic cycles. The average height of these terraces ranges from ten to

y feet except for the largest, which is thirty-five feet high. All are

osed principally of fine reddish
ith and grading laterally into cl
ctivity were very important in t

-brown to buff sand and silt interfinger -
ay. Both wave-cutting and wave-build-
he construction of these terraces. The
indurated lake bottom sediments deposited during Provo time we
'Y reworked to produce the new shore features.
8 of hand auger holes across several of the larg
to determine their exact composition and to se
Om top to bottom are in evidence,

re
The writer made a
er terraces in an

e if any facies chang-

In every case it was found that the
Ce proper is composed of medium to fine ~textured sand and that there

Oncentration of clay at the base. This basal clay in turn grades into
1 but does not extend to the next lower terrace. A possible explanation
tis facies change is the sorting action which took place as the terrace




was being built. (See Figure 5).

Original lake bottom

Wave cut &

/
terraces —
—
5

Wave built
terraces with
coarser material
deposited first.

Within the area are topographic suggestions of several spits, but
the material has been reworked by both wind and water to such a degree
that they can not be mapped with any certainty.

Lake Bottom Deposits

Sediments deposited on the bottom of Lake Bonneville during prob-

ably all four of the previously described stages are found between ele -
: vations of 4, 245 and 4, 212 feet. The boundary between lake bottom de-
. Posits and Recent lake sediments was taken arbitrarily by Thomas (1946,
- P. 105) at the highest historic shore line of Great Salt Lake, 4,212 feet
- above sea level. At the base of the last recessional terrace a hardpan
- layer extends as a band about one-third of a mile wide across the entire
 area. It is dark grayish brown and contains considerable amounts of
i CaC03 as a cementing material. Its exact thickness is unknown as the
'_. Writer was unable to penetrate it with a hand auger and pick, but expos-
- Ures indicate that it is over three feet thick.

Fine sand and silt are exposed on the surface from the hardpan to
‘the historic shore line of Great Salt Lake. Shallow streams cut across the
drea exposing the materials of the upper beds of the lake-bottom sediments.




A typical section is summarized below:-

Thickness
(feet)

Silty soil-dark brown 1

Hard compact sandy silt

Light tan fine sand with alter-

nating light and dark beds about
1/2" thick

Blue clay, light and brownish
at first becoming dark blue
with depth 4+ 11+

No attempt was made to correlate the sediments deposited during
individual stages of the lake.

As a group the fine lake -bottom sedi-

Eolian Deposits

Wind action has played an important role

€ as an agent of erosion and transportation of
sited by Lake Bonneville.

in post-Lake Bonneville
the sand Previously de-
Much of the Alpine formation of the delta

ation of 4, 800 feet has been extensively reworked by
ies of southwest trending longitudinal dunes.

that these dunes were not formed entirely b

part erosional remna
action of the wind.

es is mostly tied do
ivation,

Road and
y deposit-
nts produced by a furrowing blow -
The eolian material that caps these furrows and
wn by vegetation and in some areas it is under
Only in the southwest end of

€ Process of migration.
Jand 200 feet high, althoug
1 analyses are shown

the dune area is the sand found
The majority of the dunes range between
h a few exceed 270 feet.

Results of mecharn -
in Figure 6.

Most of the grains are quartz

nd frosting. Compared to the typi-
prising the longitudinal dunes is verydirty,
ity of small silt size particles present.

h show a fair degree of rounding a
Une sand the material com
bably due to the large quant

Eolian activity has also modified
sediments, obliteratin
of section 33,

1an sand has
ting dunes.
8tant a5 thoge

poovtions of the recessional terr-
g some of the lake shore features.
Township 4 North, Range 2 West,
produced a hummocky topography,

The prevailing winds in this area
blowing out of Weher Canyon,

In the central
a concentration of
without actually con-
are not as strong and
but vary from east to west.
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Diameter in mm.
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wn
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Diameter in mm.

Figure 6. Bar-graphs of Mechanical Analysis of
Longitudinal Dunes.
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oorlY developed blow-out dunes and small longitudinal dunes were ob-
gerved although the longitudinal dunes may be reworked spits. They
'jange in height from ten to twenty feet and seem to be migrating at a
low rate. The sand 1s loose and supports little or no vegetation. Size

ade analyses are shown in Figure 7. Over e1ghty percent of the grains
;\.: quartz which are well rounded and frosted.

Percentage

I
u)y

Diameter in mm.

Figure 7. Bar-graph of Mechanical Analysis of the
Blow-out Dunes.

Weber River Terraces

The most conspicuous effect of post-Bonneville erosion is the
lley cut in the delta by Weber River. This valley in places is
ghtly more than two miles wide and 300 feet deep. It extends essent-
ly due west from the mouth of Weber Canyor for a distance of about
h and then widens and merges
€ sides are extremely steep and are composed

8, except for four WeIl—developecL mappable
€r terraces along the southern flank. The upper terraces contain

Siderable amounts of loose gravel mixed in a fine reddish sand matrix.
TS of recent mudflows reveal that this gravel is not very thick and
@ries from Place to place. In the lowest terrace (elevation 4, 575 feet)
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twenty feet of well sorted gravel was measured. The individual pebbles

cobbles range in size up to six inches in diameter and are more tightly
ked than the gravel in the higher terraces.

The present river bed and floodplain are characterized by large

'5-,, of gravel interbedded with sand and in places covered with clay
| soil.

Deposits of Great Salt Lake

The sediments deposited by Great Salt Lake are exposed between the

ent shores of the lake and its highest historic shore line, approximately
12 feet above sea level.

The sediments which are accumulating in Great
Lake have been described in detail by Eardley (1938, pp. 1305-1411).

hey consist of clay, oolites, calcareous algae deposits, and faecal pellets
he brine shrimp, Artemia gracilis, and chemical precipitation.

Structure

Since the pioneer work by geologists of the 40th Parallel Survey
» 1878), the northern Wasatch Mountains have received a considerable
ount of detailed geologic study (Davis, 1903, pp. 127-175; Blackwelder,
), pp. 517-542; Eardley, 1944, pp. 880-881; Bell, 1952, pp. 38-50).
ese, Eardley and Bell have provided numerous details concerning the

ture of the bedrock geology, and the interested reader is referred to
publication for details.

The Wasatch Fault

The great frontal fault which follows the west base of the Wasatch
e from Nephi on the south to Collinston on the north is well known
the writings of several eminent geologists. Gilbert (1890, pp. 340 -
discusses the fault scarps in the lake sediments in which he found
derable displacement of both the Bonneville and Provo shore features.
tributes the deformation to epeirogenic movements along the major
of the Basin and Range, more particularly the Wasatch fault. From
bservations he concludes that the recent uplift of the Wasatch Range
: eater than that of any other range in the basin (Gilbert, 1890, p. 60).

Davis (1903) described the Wasatch fault and visualized a vertical
acement of approximately 10, 000 feet.

€re was extensive peneplanation and that the present drainage was

He concludes that before fault-

Oped afterwards. Eardley (1944, pp. 180-181) in a more recent pub-
On concluded that prior to faulting the Wasatch Range was a maturely

€Cted mountainous area with extensive pediments extending valleyward
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his Weber Valley surface). He also noted that the maximum displace-

t of the Wasatch fault at the mouth of Weber Canyon is approximately
3. 000 feet.

The writer has traced the Wasatch fault along the foothills and has
ted that lake sediments not only have been deposited against the footwall
ck of this large fault, but also contain numerous fresh scarps. The

eted spurs above the Bonneville shore line have a westerly slope rang-

from 30° to 40° and clearly indicate that the major displacement occur -

d prior to the inception of the ancient lake. Recent movement in some
alities likely along or near the Wasatch fault, however, has displaced

lake sediments and has produced a scarp which follows the base of the
untain through the entire area. The major displacement of the lake

diments ranges from 25 to 75 feet with downdrop to the valley, but num-
ous small minor faults that essentially parallel the Wasatch fault are
resent along the mountain front with a displacement of approximately ten
et. A few springs rise along the fault just south of Weber River where
1e scarp forms a topographic low near the beginning of a small indenta-
ion at the mouth of Weber Canyon. The origin of this indentation is ex-
lained in Figure 8. Eardley (1944, p. 883) concludes that the aspect of
h a re-entrant depends on: '"(1} the position of the fault in relation to
mountains and flanking pediments; {2) the throw of the fault; (3) the
vation to which alluvium accumulates, and {4) the extent of dissection. "
ber Canyon, according to this concept, was a major transverse valley
iring the Weber Valley surface stage similar to that shown in Figure 8.

Deformation‘ of the Delta

As far as three miles westward from the mountain front deforma-
of the Weber delta is evidencd by dis

placement ranging up to approxi-
tely 100 feet.

In the area considered by this report the actual displace-
nt was not determinred, but in segments of the delta immediately to the
th and south, fault scarps are traceable for a considerable distance.
se faults also trend essentially north and south and most likely they

the Wasatch fault Lefore leaving the delta area. A possible explana-
L Wwhy the Weber River swings abruptly rorth after extending five miles
M€ West from the mouth of the canyon is that it is controlled by a major
t. No direct evidence for the existerice of a fault in that area was ob-
ed; however,

the deltaic sediments are very fine and the scarp would
be obliterated by erosion.

1 Gilbert (1890, PP. 365-370) describes the effects of broad epeiro-
BC undulations which have raised the Bonneville shore line in places and

Wered it in others. No topographic control of the Bonneville shore line
8 available to the writer and o attempt was made to establish the exact
ution of that feature. It is, therefore, impossible to state whether the
'e line has been raised or lowered in the Weber delta area.

§




Figcre 8. Development of re-entrant and
fault scarp after Eardley

l.  Extensive pedimertation. 2. Normal faulting. 3. The
Scarp 1s buried and in part disected. Alluvium has accumu-
lated up the valley somewhat ever over the upthrown block.
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Slumping

Large scale slumping and landsliding along the margins of the valley
Weber River through the delta have produced a number of sag ponds
general hummocky topography. Gilbert (1928, p. 34) suggests that
ficial movement of the unconsolidated material may be responsible
tting off these slides and that it is not necessarily due to movement
bedrock. In mapping the sediments of the delta it was found that the
ents are for the most part very fine grained, ranging from clay to

d fine sand. This is covered in part by a veneer of gravel capable
rbing large quantities of water. Movement of the water in the gravel
nward until the fine sediments are encountered and then the majority
movement is down the dip of the beds until 1t outcrops at the margin.
ne sediments are thus extensively lubricated, which together with the
ing steep slopes is ideal for the occurrence of slumping and landsliding.

The hummocky topography along the Alpine shore line also strongly
sts that slumping was prominent in that area. Road cuts reveal minor
. showing the slump type displacement. To the writer's knowledge no
amount of slumping of the Alpine shore features along the foothills
ccurred in historic time, but it was undoubtedly very active during
movement along the fault.




SURFACE WATER

The only perennial stream that flows through the area considered
report 1s the Weber River which drains an area of approximately
square miles. Most of the head waters are located 1n Morgan and
it Counties and receive water from a number of small glacial lakes
e among the lofty peaks on the northwest slopes of the Uinta Range.
its source the Weber River flows through a steep, rugged canyon,
st northward, then gradually swinging due west. It enters the Salt
Valley through Weber Canyon, turns abruptly north, joins Ogden
», and meanders on to Great Salt Lake.

According to Utah Water and Power Board (1948, p. 115) Weber
!J discharges annually about 450, 000 acre - feet of water into the
t Salt Lake. Woolley {1924, pp. 213-216) states that the discharge
ber River at Devil's Slide, Utah is as follows:

Year Discharge in Sec. Feet Run-off in
Max. Mir. Mean acre feet

1905-1906 3,150 73 529 383, 000
1906-1907 4,620 945 685, 000
1907-1908 2,110 426 309, 000
1908-1909 5,120 027 744, 000
1909-1910 2,550 594 429, 000
1910-1911 2,270 80 444 321,000
1911-1912 8,910 -—-- 510 370, 000
1912-1913 2,460 105 417 302, 000
1913-1914 3,420 88 640 463, 000
1914-1915 1,420 48 302 219,000
1915-1916 1, 940 .- 276 201,000
1916-1917 4,102 “-- -- - 549, 000
1917-1918 2, 28~ 69 379 274,000
1918-1919 1,630 31 289 209, 000
1919-1920 5,500 105 596 433, 000

- Weber County Canal receives water from the Weber River and trans-
8 it out to the farm land to be used for irrigation. It 1s constructed of

te so little water escapes in seepage. The only other canal in the
18 the Hooper Canal located at the western end of the area. It also

‘: tle or no effect on the groundwater conditions.
}'
i3 Minor intermittent streams drain the west face of the Wasatch Range

"#Ve cut through the Bonreville gravels and in places have constructed
on the lower Alpine terraces. The largest of these streams, the
. South, and Middle Forks of Kay's Creek have succeeded in excavating




channels through the fine Alpine silt of the Weber delta, forming a
tic pattern along its south edge. Hobb's Resevoir has been con-
d in one of the northern branches of these channels and a relative-
ge quantity of melt water 1s caught and stored each spring for irri-
use during the summer.

Westward near the lake a separate drainage system has resulted
eepage. Irrigation water, after being spread over the bench land,
ates downward until it encounters an impermeable layer of clay.
ent is then essentially westward down the dip. At the margin of

1ajor recessional terrace efluent seepage occurs and has begun to
» the fine sediments. Numerous tributaries form an accentuated den-
: pattern which collect into one stream that flows southwestward into

ke.

A number of small, intermittent, derdritic-patterned streams have
developed all along the shore of the Great Salt Lake between its his-
¢ and present level. These separate patterns are roughly parallel and
without a doubt beer: developed from seepage similar to that described

Springs

- A few springs worthy of mention exist in the area and presumably

most of the year. Several thermal springs known as the Hooper Hot
B8 are located near the shore of Great Salt Lake in the extreme north-
corner of the area. The largest of these flows approximately sixty
8 per minute and has built a mound about twelve feet high and approx-
'Y one quarter of a mile in diameter. An east trending channal about
Ve feet wide and three feet deep has been cut in the mound and serves
nduite for most of the discharge. Most of this water is spread over
emely flat area east of the lake producing general swamp conditions.
=mperature of the water is 139° F and is said to be highly charged
tMinerals, although no chemical analysis was made for this study.

Surroundi,r;,g the large spring are more than a dozen minor springs
ing mounds. All do not produce waier and there seems to be ro

t alignment indicated on aerial photographs. The temperature of
maller springs is lower tharn the large one, probably due to their

rate of flow. According to Stoddard (1952, personal communication),

drilled most of the wells ir: the area, the water from the wells which
intermittent aquifer is approximately six degrees higher in the vicin-

€ Hooper Hot Springs than that of the Syracuse wells which tap the
quifer elsewhere. This indicates a fairly large irfluence of the ther-
Pring s upon the ground water of the surrounding area.

-;‘ SPrings from the Wasatch fault near the mouth of Weber Canyorn dis-
* @PProximately fifteen to twerty gallons per minute. This water has
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Water table ¢ -

Water ta@e

0 5 1 Miles
[ L L 1
Scale
Explanation
sand
oy
Figure 9.

Profile of Largest Recessional Terrace Showing
Clay Beds Which Cause Effluent Seepage.
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y farms in the past, but |
present time most of 1t is wasted.

A number of springs occur along the margins of the benchland which

e result of seepage primarily from perched water tables.
cussed subsequently.

amount of water poured o

These will J
The flow of these springs is directly related to I
ut upon the benchland and as previously men- .-
ed has a considerable influence upon the slumping problem of the area,

e of the water from these springs is utilized for irrigation of the farm-
s in Uinta Valley and eventually finds its way into Weber River.

Several fresh water springs are located i

sidered to be one of the main natural discharge outlets for the principle
ers of the region. According to local farmers, these springs have de-

iased in number and volume of discharge since the large scale utilization
ound water in the area has taken place.

n Great Salt Lake and are

GROUND WATER

G__fineral Relations

i
" In northern Davis County the uncolsolidated sediments that form the
lley fill yield by far the most important supply of groundwater. All wells
drains constructed for water supply within the area obtain water from
€ sediments. Water does occur, however, in the bedrock that makes
mountain range and underlies the unconsolidated sediments. To the
er's knowledge, this water has never been utilized, but it does play a
role in recharge. Unconfined water in the valley fill was the first
Indwater to be used by the early settlers. They obtained this water from
low dug wells, a few of which are still functioning. By far the most
POrtant supply of groundwater comes from the artesian aquifers of pre-
Mheville sediments. These aquifers are eéncountered at various depths
to an elevation of 3500 feet. The following discussion is therefore
ted prima.rily to confired water, but because the occurrence of water

€ bedrock and unconfined water differs in many ways from confined
» they will be briefly considered first.

Water in the Bedrock

- The bedrock formations
hieﬂy gneiss and schist (s
EI'meabllity of these rock
ey fil]; however,

This water i
“Pltation upon th

that make up the mountains in the area
ee Stratigraphy, pre-Cambrain rocks).
s is generally much less than that of the
groundwater does occur in them in fractures and

s derived chiefly from downward penetration of
€ area of outcrop and from perculation from residual




29

mantle that covers the bedrock (Thomas, 1946, p. 144). Croft (1946,
8) observed that "(l) practically all water from rains or melt snow
ses through the soil mantle (Regolith) before it becomes available to

m flow; and (2) the mantle has a high capacity to retain water that

rwise would be available for stream flow. " "The major logs of water
the Farmington water shed 1s that which enters the mantle each year

to be retained there by capillarity and later lost by evaporation and
jsportation.' When the mantle reaches its field capacity,

iters the bedrock, but may later appear as springs or seeps,
, beds of streams.

reams.

gravity water

especially
Thus it becomes an important source for those

The ability of the regolith to retain large quantities of water de-

ses the surface runoff which in turn decreases the recharge of the prin-
e artesian aquifers,

Unconfined Water

A number of shallow wells have been dug in the Lake Bonneville
ments ranging in depth from ten to thirty feet. These wells penctrate

zone of saturation and obtain water from sands and gravels under water
e conditions. No measurements of the water table fluctuations were
lable, but during the summer of 1952, the writer found the water table

be approximately six feet below the surface in several places in the bot-
land. The movement of the unconfined water is generally westward

from the mountain front although certain movements with a southern
mponent most likely exist off the face of the delta.

Well logs indicate that clay beds, although not continuous over ex-

€ areas, are wide spread and obstruct the downward movement of the
nfined water. In several places these clay beds are near the surface
efluent seepage occurs, producing general swampy conditions. This

ition prevails below the last recessional terrace due to extensive irri-

1 in the valley. Stoddard (1952, personal communication} states that

€ the bottom lands were irrigated the swamp condition did not exist.
Figure 9)

Pe'_r:c'tl_eﬁ Water Tables

As was previously explained,
Y. sili, and fine sand,
ally into sand.

‘table upon the

the Weber delta is composed mostly
capped by a thin veneer of gravel which grades
This lithologic relationship has produced a perched
delta from which a few dug wells obtain water. In

§ the perched water table is close enough to the surface to form a

“SWamp condition characterized by growth of cat-tails, willows, and
rass.

Movement of the perched water is (1) north to the margins of
ta Valley

3 where springs and seeps are produced, (2) west off the distal
tion of th

7 e-delta, and (3) south off the deltas flaunk. In some areas the

and westward movemernt of the water reaches the surface and has
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.oded small channels. The grain size of the material above the confining
y is important in relationship to the movement of the perched water body.
2 coarse Provo gravel to the north permits greater movement than the

r sands to the south; therefore the movement in a northern direction

| somewhat accentuated. This has caused some of the sl

umping and land-
lides that are discussed in the section on structure.

b Recharge experiments conducted by the Bureau of Reclamation

3) indicate another perched water table along the flood plain of the Weber
er. It is encountered in the Kindell, Bryarn, and Dye wells about two
miles west of the mauth of Weber Canyon. This water table is from twenty -
ve to fifty feet below the surface and fluctuates with the flow of Weber River,
indicating that the river loses water in this section. It appears one hundred
t higher thanp the projected water table of Observation Well No. 1 and the

1l Field Wells. Contrary to the gereral slope of the ground surface, the
slope of this water table is toward the east where it ""spills over the lip" and
ntributes to the lower water table.

CONFINED WATER

General Relations

i Water under artesian pressure is encountered at various horizons
a8 deep as the deepest wells have penetrated. A study of the wells logs
veals that the individual sand and gravel aquifers do not continue over
de areas, but lens out and interfinger with each other. Because of this,
discussing the confined ground water conditions, it is convenient to group
individual aquifers pos Sessing common hydrologic characteristics into
lifer zones. These zones are separated by aquicludes which act as a con-
ng layer although within them there are a few permeable sands that sup-
Water to several wells. Lake Bonneville sediments cover the floor of
valley to a depth ranging up to approximately 150 feet. Generally these
iments are very fine grairied and act as a confining layer for the aquifer
OW. A few small sands are found within the Lake Bonreville sediments
ch act as aquifers and supply water to a small number of shallow wells.
Principle aquifers, however, are all located in pre-Bonneville sedi-
nts and have been grouped intc (1) the shallow aquifer zone, (2) the inter-
diate aquifer zone, and (3) the deep aquifer zone (see Plate II). The cor-
ng layers separating these zones are predominately clay, but some al-
*hating sand beds are Present in certain localities.

The deepest wells within the area are located near the distal por-
O of the delta and supply water for the various communities and mili -
*Y establishments. The more shallow wells are scattered out in the
Hley floor and provide the water to the small farms within the ares.

{l
i
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Aquifers in Lake Bonneville Beds

A few small wells obtain water under slight artesian pressure from
beds of sand within the Bonneville sediments. Some of the oldest wells in I
the area obtain water from these quifers. A few of these are still flowing. l
Generally the pressure head in these wells is not over three feet above the
land surface and the discharge is small. The water from these aquifers is,
however, the coldest ground water obtained in northern Davis County and |
is ideal for light culinary purposes.

Shallow Aquifer Zomne

Aquifers grouped in the shallow aquifer zone are generally located 5
from 80 to 250 feet below the surface. They immediately underlie Lake |\
Bonneville beds and represent alluvial fan and stream channel deposits of |
pre-Bonneville time. The accurate prediction as to the depth of this zone
is sometimes difficult in areas removed from wells because the contact
with the Bonneville clay is an uneven erosional surface. The uppermost 3‘
aquifers in this zone are located immediately below the Bonneville sedi- ‘l
ments and usually produce more water than any other horizon within the ‘{
shallow aquifer zone. The material at the contact with the Bonneville beds r
is predomirately sand and gravel in strong contrast to the fine clay above. ‘
The lower producing horizons within the shallow zone are characterized "
by alternating sand and clay, each being about ten feet thick. They prob- |
ably represent glacial and interglacial epochs of pre-Bonneville time. The |
shallow aquifer zorie is not traceable under the delta area for it looses its '
identity as it interfingers with coarse gravel and clay in that area. The f:
~ entire zone is much more productive in the northern part of the area where '
- 102 wells currently produce from it as comparedto 21 wells in the southern ‘
. part. This is probably due to the fact that the sediments in this area were \‘
~ deposited in the flood plain of the ancient Weber River and are more dir-

~ ectly connected with the recharge area than the fan sediments to the south.
. The average discharge of the wells from this zone is three gallons per min-
ute. The temperature of the water is approximately 55° to 60° F. A ser- !
- ious problem of "sanding up'" makes it very hazardous to attach a valve or
- Pump to the wells so most of them flow continually.

. The clay beds separating the shallow and initermediate aquifers

- ranges from 75 to 150 feet thick, This confining layer is not homogenous,
;ibl-tt contains several sand beds and lenses which act as small isolated aqui-
fers. Generally very little seepage passes through this confining layer as

?the temperature, pressure head, and chemical composition differ below |
‘and above it.

Intermediate Artesian Aquifer Zone

The intermediate aquifer zone is commonly encountered approximalely
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et below the surface. The water in this zone usually 1s under a con-

ably greater head than the shallow aquifer zone and supplies water to
jority of the wells in northern Davis County. Numerous beds of al-
ng sand and clay, each being approximately ten feet thick, character-

s the unit. Often it is 1mpossible to make exact correlation between the
wells only a short distance apart. Available evidence tends to indi-

. at the individual aquifers in this zone are more or less interconnected
rizontal direction as the water is under approximately the same head.
ost productive horizon, however, is a thick sand encountered approx-
y 400 feet below the land surface. The alternating sands and clays
into gravel approximately 100 feet thick beneath the delta. Well logs

eibe this gravel unit as being composed of alternating tight and loose .
ith individual pebbles ranging up to six inches in diameter. Many of

%ep industrial wells have their casing perforated and obtain water

ym this gravel although their major supply comes from the deep aquifers.

The clay separating the intermediate and deep aquifer zones is more

nuous than the upper clay unit although 1t does thin somewhat towards
st. (See Plate I1) This unit is usually encountered at an approximadte

n of 3, 800 feet and lithologically becomes more heterogeneous with

Beneath the delta, this clay is described as hard and blue in most

e well logs.

Deep Artesian Aquifer Zone

- Gravel underlying the hard blue clay constitutes the most product-
aquifer of the area. All deeper wells encounter these sediments, indi-
hey are continuocus and more or less blanket the area. Individual
re much thicker beneath the delta, but show the same facies change
west as do most other units. Logs of wells drilled out in the valley
te a general westward thinning with an increase in the number of
Il tongues of sand and clay within the gravel unit. All of the large
i{rsf ial wells obtain water from this zone, but those located on thedelta
to lift the water from 400 to 500 feet. The deep aquifer zomne is the
underground resevoir and constitutes the most reliable zone in the
. There is no problem of the wells "silting' and consequently a

"-':'- discharge is made available.

Fluctuations of Water Level and Artesian Pressure

i Changes in barometric pressure, compression of the aquifer, tidal

and earthquakes all cause fluctuation of the water level in artesian
northern Davis County. The most important fluctuations, however,

to the rate at which water is taker into or discharged from the under-
* 'eésevoir. Seasonal fluctuations and extensive discharging of wells

ba'blY the most important factors governing the quantity of water
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d underground. Extensive pumping of the larger industrial wells to-
r with a greater water consumption by the farmers in the summer

Its in & general drop of artesian pressure in all the wells during the
er months. Hydrograms from the various wells were not available
e writer, but generally, pressure heads drop from a maximum in

" commonly reaching a minimum 1in late July or August and then

ng to its maximurm again.

Ground Water Discharge and Use

~ Before any wells were drilled in the area, the only ground water dis-
jarge was through springs, seeps, evaporation, and transpiration. A num-
of springs are located out in Great Salt Lake and consequently their
r can never be utilized. Springs along the Wasatch fault and in the valley,
ver, serve as 4 source of water for vegetation and sometimes are re-
rerable for domestic use. Since the drilling of wells in the area, these
al modes of discharge have undoubtedly decreased, but have not dis-

ared.

No data is available on the quantity of water transmitted through the

permeable material that separates the aquifers. Loss of water in this

nner would take place only through the Bonneville bed as it would be lost
ugh evaporation and transpiration after entering the free water zone.

The movement of ground water, in the area considered, is generally
n its source near the mountain front, westward, and southwestward toward
t Salt Lake. The average rate of movement of water in the artesisn aqui-
in the Bountiful district is estimated by Thomas (1948, p. 140) to be stighi-
ore than one foot per day. This estimation could also be applied to the
T delta area since the two districts are very similar. The writer mea-
d the discharge of the majority of artesian wells used for agricultaral
0s€s in the area during the summer of 1952. This was in conjunction
2 general well inventory beirg conducted along the East Shore Area at
lme. Several previous inventories have been made--the results of
1 are presented in the appendix, Table 1. From these measurements
evident that the discharge has fluctuated appreciably from year to vedr,
0,65 wells were measured with a rotal discharge of 1, 019 gal/min. 1.
114 wells were measured with a total discharge of 1, 320 gaul/min. In
67 wells were measured with a total discharge of 609/min. These fig-
do not tell the complete story because the wells were not measured the
ime each year. A maximum discharge occurs in April and gradually
?aSes during the entire summer.

'... A record of the discharge from the industrial and military wells has
© “Pt since they were drilled. Records made available to the writer
€al the following:

¥
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'i'Clearfield depot is supplied by two wells, one capable of pumping
.l/min. and the other 1, 050 gal/min. When they are pumped sim-
sly, there is considerable interference with each other, but com-

ey are capable of pumping 2,400 gal/min. The drawdown is approx-
12 feet after pumping 1, 360 gal/min. for four hours. Since the wells
illed in 1942, there has been no change in the water level, indicating
ground water resevoir is not over developed in the general area.

'Hill Field is supplied by four wells, which combined, are capable of ‘
more than 4 m.g.d. In 1950 the use of water was less than 1.2 1
on an average, but reached 2.1 m.g.d. in July. Hill Field and Og -
enal wells are reported to yield 100-600 gal/min. per foot of draw-
0 ﬂAnnual pumpage in million gallons:

,- Hill Field Ogden Arsenal Year |

185. 0 1942 !
G676 63.7 1943
~ 480.3 143.7 1944 5
- 457.4 132.4 1945 |
I 112. 2 1946 |
268. 1 89.5 1947 |
i 327. 0 65. 1 1948
- 401.8 93.1 1949
L 427.2 1950
Recharge

' The ground water resevoir in northern Davis County is recharged
Principle sources: (l) penetration of precipitation and irrigation
nd (2) seepage from streams. Because the area considered by this

not a complete groundwater unit in itself, there is undoubtedly
und movement of water into the area from adjacent regions. This
ever, will not be considered as part of the recharge. Upward

of water along the Wasatch fault may also contribute to the re- ‘
but the writer believes that if dany 1t 1s small and may be neglected ‘
#Y Oone minor spring exisis along the fault zone.
dihe surface material throughout most of the area is relatively perm-
1 is very favorable for the rapid penetration of rain, melting snow,
ation water. This could be considered as the principle recharge
€€ groundwater resevoir as no influent seepdge from streams
the area. Penetration of precipitation and irrigation water con-
Very little to the principle aquifers, however, because the area of

Or these aquifers 1s rather restricted. It does contribute a large
i Techarge, however, to the shallow aquifers within the Lake Bonne-
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One of the chief reasons for mapping the geology of the area was

o determine the area of recharge for the principle aquifers. Dennis (1951)

::l evoted much of his time to this problem.

3 Dennis recognized that several geologic conditions restrict the area

'n recharge to certain portions of the mountain front. The presence of springs
‘along the margins of the bench lands together with the existing perched water
‘tables encountered by wells and test holes indicate that very little, if any re-
charge reaches the aquifers from the delta.

b According to Dennis, lakeward beyond the 300 foot contour, the hy-
ra.ullc pressure is upward, preventing any downward movement of the water
in that area. With thesetwoareas eliminated as recharge areas, the only other
ossibiiity' is a narrow belt along the mountain front and portions of the Weber
River flood plain. Much of the Alpine and Bonneville terraces along the foot-
ills are well above the present level of the streams. This would restrict
the recharge 1n that area to penetration of percipitation. It would, therefore,
| appear that recharge areas along the mountain front are restricted to the
eds of the streams. No discharge measurements have been made on the

ree forks of Kay's Creek; so the quantity of water coming from these
minor streams 1s not known.

The flood plain of the Weber River is by far the most important area
of recharge. The perched water table encountered in the Kendell, Bryan,
and Dye wells further indicates that most of the recharge in the Weber River
flood plain occurs within two miles from the mouth of Weber Canyon.

Recharge experiments conducted by the Bureau of Reclamation dur -
iuu February and March, 1953, reveal much concerning the problem. The
area selected for these experiments is located near the junction of Highways
and 30. The materials in this area consist of boulders, gravel, and sand,
ich extend down to an unknown depth. A conical pit thirty feet deep and
ing a surface area of three and one-fourth acres was used in both experi-
nts. Current meter measurements to determine the inflow and outflow of
ber River in a reach of one to one and one-half miles show a 4 to 15 per-
t loss of total flow.

Figure 10 1s a hydrogram of Observatior Well No. 1 showing the
Variation from January to Jure. Figure 11 and 12 respectively show loss
= Water in cubic ft/sec. in experiments 1 and 2 respectively.

It was concluded (Recharge Exp. | and 2, p.8) from these experi-

lents that appreciable quantities of water (probably from 20, 000 to 40, 000
“ e feet annually) can be stored in the groundwater aquifers. This, of
PUrse, is the groundwater resevoir of the entire Weber delta area and not
t northern Davis County.

"Water thus stored in the ground is not subject to
evaporation losses. Since there 1s now a tremendous




quantity of water in the aquifers, a quantity equal to that stored
can be drawn out without depleting the ground water basins. In
years of drought such as the 1930's several times as much
water could be drawn out of the ground than goes in; and then

in years of high precipitation such as the 1940's these depletions
could be returned to the groundwater basin by natural and arti-
ficial recharge. Thus long-time, holdover storage could be
accomplished with only a fraction of the cost that would be re-
quired by the use of surface resevoirs."
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Tigure 11.

Loss of Water in Experiment Ne. 1
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DEVELOPMENT POSSIBILITIES

Throughout Utah the Bonneville formation has been worked with
iderable success for its sand and gravel deposits.

In the area con-
red in this report, however,

the Bonneville formation is not product-
This is due to the relative scanty development of the Bonneville and
numerous outcrops of pre-Cambrian bedrock.
ng the Provo stage on the delta and recent depo
Weber River have been worked for sand and gra
.-austed. Together they constitute one of the
irces in the area.

The gravel deposited
sition on the flood plain
vel, but are by no means
major sand and gravel re-

Groundwater has been extensively developed in northern Davis

inty, but it is by no means completely exploited. Discharge records
ate that there has been little if any depletion of the groundwater

esources since the first wells were drilled, due to th

Weber River. Proper control of discharge,
 necessary, however,

e effective recharge

pumping, and drllling
to insure the continuation of this plentiful ground

supply. Recent recharge experiments conducted by the Bureau of
amation reveal that if necessary, artificial recharge by water flood-
could be instigated to build up any depletion. The most productive

on comes from the sands and gravel of the deep aquifer zone (see
late II) which should be kept in ‘mind for any future drilling.
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APPENDIX

Well Numbering System

i The system of well numbering adopted by the State of Utah is pre-
ented in the Twentieth Bunnial Report, p. 87, 1936.

The state is divided into four quadrents by the Salt Lake base and
idian. The northeast quadrent is designated by the letter A, which in-
des Township north and Ranges east, the northwest quadrent containing
wnship north and Ranges west is designated by B; and the southwest and
utheast are designated as C and D respectively (see Figure 13). Paren-
ses are used to enclose the township designation, which includes quad -
t, township and range. The number after the pParentheses indicates the

tion, and the small case letters a, b, ¢, and d represent, respectively,
he northeast, northwest, southwest, and southeast quarters. Succeeding
ters show location within the quarters down to the ten acre tract. If
1ere are more than one well within the ten acre tract, they are numbered
ording to when they were drilled.

Table 1

Inventory of Flowing Wells Considered in This Report Study

1 Coordinate Date Measured in Gal/ Min.
- Number Depth 1940 1946 1952

B-4-2) 4 ccd - | 675 4.0 7.3
' 4cdd -2 714 < s
' 5hbb -1 620 14.0 -
B 5bea -1 680 3.7 e L
B 6 abb - 1 150 2.0 S
H 6 acec - 1 363 12.0 — _——

! 6 caa « 3 250 13.0 —_— o

" 6 cba -1 350 12. 0 - —
" 6bedd -1 365 31.0 i
" 6dda -1 610 31.0 e S
i 6dad - | 372 17.0 s 5 _——
! 7 aaa - 1 ? 1.3 —— o
7 aad - 1 ? — i 2.3
" 7Tabe - 3 618 8.0
B 7acd -1 608 33.0 S— 10.0
B 7 acd -2 360 6.0 6.4 12.0
b 7 bab - 365 23.0 2.2
* " 7hbac -1 ? 21 — -
' ' 7bad - 1 ? - 3.3
B 7 bad - ;2 ? 5.0 9.5
B 7 bdce -] 577 36.0 5.0
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,, Coordinate Date Measured in Gal/Min.
i 1940 1946 1952

1.0

7
7

T ]
7 cdd
7 cdd
7 daa
7 dad
7 dcc
7 dcc
7 dcc
8 ada

8 abb
8 Lbh
8 bbe
8 rhd
8 bca -
8 bea
8 cab
8 cac
8 cch
8 cch
8 cdd
8 cdd
8 deb
9 wuyg -
9 cdd
9 ced
10 ¢be

23 cad
23 ddhb -
23 ddb
23 ddd
24 daa
24 dad
24 dca
24 dcc
24 dda
24 dad
24 dda
24 ddd
24 ddd
24 ddd
24 ddqg
25 aaq
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Well Coordinate Date Measured in Gal/Min.
. Number 1940 1946 1952
25 acd
. 25 acd
25 add
25 add
25 add
25 bac
25 bda
25 bdce
25 daa
25 dad
25 dbd
25 dda
26 aaa
36 aad
36 ada
36 add
36 add
36 add
36 daa
36 daa
36 daa
36 dac
36 ddd

I—'HNU)FMO\[\JI—li—‘HPdH‘b—'b—‘b—‘HI—‘F—‘K-JNle—'

19 cas
19 ¢kb
19 dbb
19 cbe
19 cdc
19 ded
21 daa
21 daa
21 daa
21 dad
21 dcd
21 dda
21 ddd
21 ddd
22 ccc
22 cbb
27 bbb
27 bbb
28 aaa
28 aaa
28 aad
28 acc

i
(W8]

3
jan]

o
o

Ul v
W

»—-»—n[\Jr—-Nﬁ-—n—-p—A[\))—‘t—l—r—-W[\Jp—dl—‘H»—»—Nl—
1
)
1

— R = e O W o W D
Sk OO MUV UGN O
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Number

(B-5-2) 28 acd
o 28 acd
T 28 ada
Al 28 ada
o 28 add
o 28 baa
t 28 baa
R 28 baa
B 28 baa
i 28 baa
! 28 baa
R 28 bcc
o 28 bed
o 28 bdc
o 28 caa
n 28 cba
i 28 cha
il 28 cbb
l 28 dba
A 29 aab
W 29 aab
! 29 aba
§ 29 adc
" 29 add
L 29 add
g 29 dda
! 29 ded
- 30 bad
A 30 bca
i 30 bda
' 30 caa
3 30 cad
! 30 cbhb
) 30 cdd
I 30 dbc
s 30 decb
31 abe
31 ach
31 acc
31 acc
31 ada
31 ade
31 add
31 add
31 add
31 baa

; Well Coordinate

— N =

»—-n—-p—-»—-N1—tp—u;—N|--:-——-L»Jb-d{\)b—l—‘Nl—'[\Jl—‘b—lr-Nl—dl—'l-Nv—‘h—'HNNOO'-JO‘U'!NP—"—‘N

— s

Depth

U

600
54
80
65

165

645
70

394

324

300
80

387

200

730

140

672

603

618

672

672
70
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Date Measured in Gal/Min.

1940 1946 1952
. 3.0 3.9
— 4.0 4.0
< 0.5 _—
- 1.0 1.0
% s 1.0 % s
5.0 4.3 2.6
- 7.2 3.6
cxcm 0.0 3.6
- 0.0 3.5
a5 10. 0 4.0
13.0 12. 0 -
— 1.0 —--
R 0.2 e
e 2.5 g
o 1.0 1.0
— 0.8 S
- 0.2 -
- 0.0 1.0
- g 8.6 -
m e 0.5 3.0
o s 0.0 5.8
—_— 0.5 3.0
- 0.5 T
S 1.9 S—-—
s 0.5 .
- 0.7 s
= " 2.0
s 3.3 —
37.0 mgs -
- 40 e
Eme 1.5 S
—— 33.6 -
S 5.4 ——
e e 30.0 —_—
2.2 4.8 .
7.0 7.9 - we
25 - o o
P 10. 7 -
— 33.4 Sme
- 0.5 s
14. 0 0.0 n
9.0 2.0 -
— 4.7 -
_—— 3.9 —
18. 7 16. 7 _—
- 2.2 -




(B-5-2) 31

31
31
31
31
31
31
31
31
31
31
31
31
31
Al
%1
31
32
32
32
32

;f:'Well Coordinate
\ Numtﬁz

baa
bch
bab
bde
cbc
cbhe
chc
ccd

ccd -

cda
cda
dbb
dchb
dcb
dcc
dda

dce -
aba -

bbe
kcb
cce

MNHHNHHNHHU)HNHWNHHHHL’J

Depth

400
627
220
327
503
510
440
275
327
300

75

75
380
611
73
620
690
672

Date Measured in Gal/Min.
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ABSTRACT

Northern Davis County lies along the boundary of the Basin and

ge physiographic province and the North-Central Wasatch Mountains
comprises the southern part of the Weber delta district of the East Shore
nd water unit and is one of the most productive regions in the State of

Jtah.

Subsurface studeis and geologic mapping have enabled the writer to
make the following conclusions:

3 Several lake and inter-lake stages probably due to glacial cycles
preceded the Lake Bonneviile epoch during much of the Pleistocene and
ably some of the Pliocene time. Sediments deposited during the lake
cle are predominantly alternating beds of sand and clay separated by
fluvial gravel and sand deposited during the inter-lake stages.

Large quantities of silt and sand characterize the Alpine formation
f the Lake Bonneville group. This is due, 1n part, to extensive erosion
ick mountain soils and in part to an estuary that existed up Weber Can-
which permitted only the finer material to be transported out into the
lley. The greatest part of Weber delta is composed of Alpine silt and
The Bonneville stage 1s higher than the Alpine and is characterized
‘embankment deposits of gravel, but was short-lived due to an overflow
h developed at Red Rock Pass. Stabilization was established at an
ation of 4800 feet producing the Provo level in which coarse sediments
redominate.

| Since the Provo stage sedimentation has been one of eolian activity
the delta area, fluvian action along the margin of Weber River and lacus-
e deposition in the receding lake.

The construction of an isometric fence diagram reveals three prin-
€ aquifer zones separated by impermeable silt and clay. Each zone
ains many individual aquifer zone is the most productive.

' The recharge of the principle aquifers 1s restricted to a portion of
'Weber River flood plain immediately west of the mouth of Weber Canyon
fiere large quantities of water are adsorbed by the permeable gravels.

7 The ground water resevoir in the darea is rot over-developed and car
“Creased with proper supervision of drilling, pumpirg, and artificial
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