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FOREWORD

Cache is the second county to have a geologic atlas published in this
%eries. The Utah Geological and Mineralogical Survey owes this circumstance
to the willingness, capacity, background, and intense interest of one of
its Advisory Board Members, Dr., J. Stewart Williams, Head of the Depart-
ment of Geology, and Dean of the School of Graduate Studies, Utah State
University, Logan, Utah.

Dean Williams has contributed much to the knowledge of Utah geology,
in general and to the stratigraphy of the Carboniferous of Cache County in
particular. He has made himself the outstanding authority on the general
subject about which this atlas is written. It was, therefore, fortunate
for the success of the "Geologic Atlas of Utah™ project that Dr. Williams
could take time from his now heavy executive responsibilities to lend a
helping hand to a favorite project which must depend largely upon the
gratis services of men like him if it is to succeed in our state.

The field work for similar atlases has been completed for Daggett and
Salt Lake Counties., It is expected that the drafting and texts for these
will be completed before publication funds are available for them, The
Atlages for Washington, Beaver, Sevier, and Uinta Counties are well under
way. Most of the other counties in Utah have been allotted to geologists
who are the best authorities that could be found on the counties assigned.

This is a unique demonstration in public=spirited cooperation on a
state=wide program, There has been no promise of a stipend or of other
monetary reward for the generous services of the scilentists who have and are
authoring these publications,

Dr. William Lee Stokes, Head of the Department of Geology, University
of Utah, authored the "Geologic Atlas of Utah--Emery County," Bulletin
52 of the Utah Geological and Mineralogiecal Survey. The Emery County
bulletin was the prototype for the series by which we hope to map in color,
on a minimum scale of 1/2 inch to the mile, the areal geology of the
state.

In the following pages, Dr., Williams has detailed a worthy sequel
to the bulletin on Emery County by Dr. Stokes.

As Director of the Utah Geological and Mineralogical Survey, I wish
also to acknowledge the wholehearted teamwork of the staff=-~largely of
part-time workers. Their cooperation has made it possible to process
this bulletin in record time for release at the 1958 Annual Convention
of the Pacific Division of the Am, Ass. for the Advancement of Sci., to be
held this year, June 16-20, at Logan, Utah. It is peculiarly fitting
that such a propitious occasion could be found for the release of a
geologic atlas of the county in which the convention is to be held.

Mr. Donald Gail Prince has worked night and day during all of his
available spare time to complete the drafting, and Miss Rosemary Van Dyke,
our junior manuscript typist to whom this bulletin was assigned, has been
tireless in her editing of the format and her final typing of the manu~-
script for offset printing. In this she has been ably assisted by her
senior associate, Miss Joann Despain. Others of the staff with less direct
responsibilities for this project have contributed cheerfully and well
whenever there was occasion for their services on this manuscript., Par-
ticularly, I should mention here the over-all care of Miss Elizabeth V.
Larson, Office Manager and Editorial Assistant of the Utah Geological and
Mineralogical Survey.

The format chosen for this atlas series is unique. It is, frankly,
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an experiment in an attempt to streamline information which hitherto has
been portrayed on cumbersome, unwieldy, and weather-vulnerable media.
The reasons for this experiment were adequately covered in the Foreword
to the Emery County bulletin., They will not be enlarged upon here,

Bulletin 52 (Emery County) has been well received. Its sales have
been even better than was expected. Reviews concerning it have been most
complimentary. However, in an attempt to incorporate some of the sug~
gestions growing out of the preliminary use of Bulletin 52, we have here
departed somewhat from the Emery County renditionm. It will be noted that
in this bulletin on Cache County there has been no text written on the
back of the colored maps. This was possible owing to the smaller size
of Cache County as compared with Emery County, necessitating fewer colored
maps to plot the areal geology on the same scale. Because of this saving
in map space, 1t was possible to provide more pages for text and still
stay within the limits of the number of pages that could be satisfactorily
bound by the inexpensive saddle stitch method. As a result, it will now
be possible for those geologists who so desire to "1lift" the map pages
from the center of the bulletin without interfering with the sequence
of the text which can be kept bound intact by bending back the staples
after the colored maps have been removed. The "lifted™ colored maps can
then be trimmed to fit into a pattern and pasted on linen or other suit-
able cloth backing so as to make a single map mosaic of Cache County.
Several geologists who have wanted to see all of Emery County as a single
map have suggested this procedure as a means of accomplishing their objec-—
tive so as not to have to buy a second bulletin to preserve the text

We have gone further in experimenting with innovations for Cache
County. We are publishing a single map of Cache County giving all of
the composite information shown on the thirteen individual colored maps
in this bulletin so that there will be little need for going to the time
and expense of constructing a composite map as above outlined. Cache
County was chosen for this latter experiment primarily because during
successive years there will be attending the Utah State University at
Logan a great number of students of geology who might be expected to pur-
chase and use the separate geologic maps for field work in the area.

The number of these separate maps which can be sold by the Utah
Geological and Mineralogical Survey will determine whether this partic=
ular experiment so persistently advocated by certain geologists will
be repeated for other counties. Certainly, if the expense of preparing
a separate geologic map cannot be repald through sales in a county con=-
taining a university with students doing graduate research in geology,
there is little likelihood that the additional expense of such a venture
would be warranted in other counties which do not have such & clien=
tele.

The Utah Geological and Mineralogical Survey will carefully analyz
the patronage it receives for separate geologic maps in comparison with
its sales of the bound volumes of the atlas with text. The Survey is
anxious to serve the needs of the people of Utah, but under its present
budgetary restrictions it must conserve its resources if it is to be
able to give the greatest service to the greatest number.

We shall welcome comments, suggestions, and criticisms not only
from our associates in the geological profession, but also from general
readers, high school students, and tourists who have occasion to try
to use this bulletin.

Arthur L. Crawford, Director
UTAH GEOLOGIGAL AND MINERALOGICAL SURVEY
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GEOLOGIC ATLAS OF UTAEH
' CACHE COUNTY!
By J. Stewart Williams?
ABSTRACT

Cache County is essentially Cache Valley and its surrounding drainage
area, Structurally the valley is a graben at the eastern margin of the
Basin and Range province, between the northernmost element of the Wasatch
Range, Wellsville Mountain, and the southern extension of the Malad Range,
Clarkston Mountain, on the west, and the Bear River Range on the east.

Wellsville Mountain and the Bear River Range reveal a section of
Paleozoic rocks tens of thousands of feet thick. All systems are repre-~
sented with the possible exception of the Permian. The Cambrian section,
with seven formations, has long been known through the studies of Walcott
and others; the Ordovician System is well represented, and the sole
representative of the Silurian in the Rocky Mountain region, the Laketown
dolomite, is well exposed., The Devonian System is thicker and more
diversified than in most western|areas. The Mississippian is represented
by thick deposits accumulated at the margin of the Oquirrh Basin. Over
6,000 feet of Pennsylvanian and perhaps Permain strata follow the Miss-
issippian in this basin. Triassic rocks were probably deposited across
the area, but later removed by erosion. In Jurassic time the sea remained
generally east of the area, and the growing mountains of the Laramide
grogeny rose across the future site of the valley during the Cretaceous

eriod. l :

| i

Early Terfiary rocks of the Wasatch groups are rather widely but
not well exposed in the eastern parts of the county, Late Tertiary rocks
of the Salt Lake group underlie foothill benches about the valley, and
reach a total thickness near 9,000 feet. Pleistocene Lake Bonnaville
occupied Cache Valley and its deposits control the surface geology at all
elevations below 5,135 feet. The total thickness of the Lake Bonneville
group, and other valley sediments younger than the Salt Lake group, is
not known. ;

Cache Valley is believed to have been repeatedly deepened by reactiva=-
tion of its boundary faults. This movement has disturbed the Salt Lake
group rocks, and created the foothill benches of the valley, Two erosion
surfaces related to the changing base level of the valley are recognized,
the Rendezvous Peak and McKensie Flat surfaces.

Cache County geology is notable for its thick and well-exposed sec~—
tion of Paleozoic rocks, and for its interesting geologic structures.
Its mountains are only sparingly mineralized, but their sedimentary
non-metallic resources will increase in importance. Geomorphic features
due to solution have significant development in the area.

“The maps for Cache County used in this bulletin were drawn on a
base adapted from outline maps furnished by the Utah State Road Commission,
The base, all of the color overlays and the necessary supplementary
drafting were financed from a grant from the University of Utah Research
Fund. Without this grant or without the cooperation of Utah State Uni=-
versity, in permitting Dean Williams to complete the geological research
and to write the text, this bulletin would have been impossible. The co-
operation of the Utah State Road Commission also greatly facilitated the
synthesis of the various projects.

2Head, Department of Geology, and Dean of the School of Graduate
Studies, Utah State University, Logan, Utah
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INTRODUCTION

Cache County is one of three Utah counties constituting the
northernmost tler and bordering the State of Idaho. It lies between
Box Elder County, a much larger county to the west, and Rich County,
a smaller county to the east. Cache County's area of 1,175 square
miles ranks it 23rd in size among Utah's 29 counties. However, it
ranks 5th in population, 8th in assessed valuation, 12th in area
of arable land, 2nd in area of irrigated lands harvested, and 3rd
in value of farm products.

Cache Valley lies at the eastern edge of the Basin and Range
Province (Fenneman, 1917). The boundary between this province and
the Middle Rocky Mountains, as drawn by Fenneman, follows the base
of the Bear River Range, South and Pisgah Hills, and Wellsville
Mountain around Cache Valley, including these in the Middle Rocky
Mountains and assigning Cache Valley and Clarkston Mountain to the
Basin and Range province. Structurally, all of the mountains sur-
rounding the valley are of the Basin and Range type, and Cache
Valley may be considered a Basin and Range type basin. Actually
Temple Ridge fault and the fault east of Bear Lake Valley appear
to belong to the system of faults that has created typical Basin and
Range topography farther west, and mark an incursion of this type
of structure into the Middle Roecky Mountains.

GENERAL GEOGRAPHY

Cache Valley is about 60 miles long with approximately 35
miles in Utah and 25 miles in Idaho. It is widest at the state
boundary, about 16 miles, and tapers to a point at both ends.
Lowest point in the valley, where Bear River leaves through the
gorge in Junction Hills, is about 4,400 feet; highest elevation in
the county is Mt. Naomi in the Bear River Range, 9980 feet. Most
of Cache Valley's towns are at elevations near 4,500 feet. The
valley connects to adjacent valleys north, west and south through
comparatively low passes (4,700 to 6,400 feet), but the major route
east through the Bear River Range, U.S. Highway 89, crosses the
summit and county line at an elevation near 8,000 feet.

The floor of the valley was smoothed by the deposition of silt
and clay from Lake Bonneville. About the lower central portion,
between 4,500 and 5,100 feet, the basal slopes of the foothill area
are marked with the horizontal land forms of the shore zone of the
lake-~deltas, bay-bars, and shore embankments. Above these the
well-dissected mountain faces display numerous small, steep canyons
between the deeper mouths of the major canyons that extend well
back into the bordering ranges.

Farming, and the industries related to it, and education,
occupy the energies of most of Cache County's 35,000 inhabitants.
Practically all land below the Bonneville shoreline, elevation
5,135 feet, is farmed; and in many sections where the foothill
benches present reasonably smooth areas of moderate slope, dry-
farming is carried high on the valley sides. Processing enterprises
associated with the farms include the manufacture of beet sugar,
evaporated milk and cheesej; the canning of vegetables; and the
dressing of turkeys, chickens, and trout for the market.
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Utah State University, founded at Logan in 1888, is Utah's
land-grant university. From a faculty of 7 and a student body of
139, it has grown to occupy an important position among the leading
colleges and universities of the country. Its present faculty of
several hundred, and its student body of 5,000, play an important
part in the economic as well as cultural 1life of Cache County.

Bear River crosses Cache Valley from northeast to southwest,
carrying the drainage of a basin that extends into Idaho and Wyoming.
High Creek and Summit Creek drain the Bear River Range south of
the Idaho line, directly to Bear River. Farther south, Logan River,
Blacksmith Fork River, and Little Bear River combine west of Logan
before emptying into the Bear just before it enters the exit gorge
through Junction Hills. Only small streams such as Wellsville,
Mendon, and Clarkston Creeks flow from the mountains along the west
side of the valley.

HISTORY O F EXPLORATTION

Cache Valley emerges in history as the hunting ground of bands
of Shoshoni Indians. When first seen by trappers in the early decades
of the last century, herds of buffalo and antelope grazed the valley
floor. Weber, Ogden, Bridger, Ferris, and other famous trappers
frequented the valley after 1824, when Captain Weber and his party
of the Rocky Mountain Fur Company first caught beaver in its streams.
These trappers not only gave the valley (and county) its name, when
they cached furs in the banks of the Little Bear River, but they
named the principal streams of the valley-—-the Bear River, Logan
River, Blacksmith Fork River, and Little Bear River. The history
of Cache Valley is interestingly and authentically related in a
recent book, History of a Yalley by Dr. Joel E. Ricks, from which
this and the paragraphs immediately following are abstracted.

The first emigrant train crossed the valley in 1841 when the
party of Col. John Bartleson left the Oregon Trail at Soda Springs
and followed the Bear River southward enroute to California (pl. V).
They followed the west bank of the river to the vicinity of Newton,
crossing Junction Hills to the site of Fielding and then continuing
westward. Captain Fremont in 1843 viewed the valley from the north
end, after travelling through Gem Valley from Soda Springs. In
1849, Captain Stansbury made a reconnaissance survey of the valley
as a possible site for a military post. Stansbury was impressed
with the resources of the area in soil, grass, timber, and water;
and his report probably directed Brigham Young's attention to this
northern valley some 80 miles north of Salt Lake City, where Young
and his original band of settlers had entered the Great Basin through
the Wasatch Mountains on July 24, 1847.

In 1855 the Utah Territorial Legislature granted Cache Valley
to Brighan Young as a grazing area, and that summer a group of
herdsmen brought 3,000 head of horses and cattle to the valley,
establishing the Elkhorn Ranch. But the winter was severe, and
before it was over, the herdsmen had driven the stronger cattle
back over the Sardine Canyon trail to the Ogden area, and most of
the herd had perished. The following summer permanent settlers
sent by Brigham Young and led by Peter Maughan entered the valley
(pl. VII) and camped on the site of Wellsville, September 15,
1857. Before snow came, Maughan's Fort had been constructed and
permanent settlement begun. In 1859, Logan, Providence, Richmond,
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and Smithfield were settled. The following year Hyrum, Millville,
Paradise, and Hyde Park were founded as was Franklin, Idaho. The
census of 1860 enumerated 527 dwellings, 510 families, and a total
population of 2,605 persons.

Within this and the following decade, the first geological
explorations were made in and about Cache Valley. The sounthern
half of the county was visited by Hague and Emmons of the Fortieth
Parallel Survey. During their reconnaissance they climbed Mt.
Pisgah and Wellsville Mountain, and traversed Logan, Blacksmith
Fork, and East Canyons and worked southward into Ogden Valley. The
northern half of the area was territory of the Green River Division
of the Hayden Survey and was described (1879, pp. 598-608) by Peale,
who worked northward from Logan Canyon in 1877. Several years
earlier parties of this survey had traversed parts of the area and
made brief reports, such as that of 1872 (pp. 18-21) describing a
journey through Cache Valley enroute to Yellowstone Park and that
of 1873 (pp. 199-200) reporting Bradley's examination of the "Gates
of the Bear River" through Junction Hills, as he travelled from
Ogden to Malad. Between 1872 and 1890, while he gathered information
on ancient Lake Bonneville, G. K. Gilbert visited Cache Valley
several times; and his completed report on this lake published as
the first monograph of the U. S. Geological Survey makes numerous
references to Cache Bay, an important component of this Pleistocene
water body which received the lake's largest tributary, Bear River,
and also discharged the mighty Bonneville River that drained it at
its higher levels northwestward to the Snake River (pls. XI, XII,
and XIII).

The second round of geological study, more detailed and partic=
ular than these early reconnaissance surveys began in 1906 when
C. D. Walcott camped in Blacksmith Fork Canyon, measured and described
the Cambrian formations and gave them names (1908) Most of the
other Paleozolc formations of the area were named by Richardson
in 1913 in his study of the Rich County area to the east. Mansfield's
study of the Western Phosphate Field (1927) expanded and systematized
ruch regional geological information. In 1948 the writer completed
a geologic map of the Logan quadrangle, which covers most of Cache
County. The accompanying report is largely devoted to the strati-
graphy and structure of the Paleozoic rocks, and names one new
formation and recognized several new members in the previously
recognized units. Subsequently, students encouraged and partly
directed by the writer, such as Hansen, Ezell, Bues, and Gelnett,
have completed mapping of the whole county. Others, such as Ross,
Denison, Adamson, and Haynie have contributed new stratigraphic
information. The wrlter has also mapped the Tertiary and Quaternary
units in Cache Valley in a manuscript yet to be published. This
report, then, summarized some 85 years of geological study in one
of Utah's smaller but more notable counties.

PHYSIOGRAPHY

GENERAL

The Utah portion of Cache Valley is essentially Cache County
and the inward drainage area surrounding it. Thus, the eastern
boundary of the county follows the water parting at the crest of
the Bear River Range southward from the Idaho line, separating the
drainage of Logan River, Blacksmith Fork River, and East Canyon
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Creek from the eastward drainage to Bear Lake. The boundary follows
Temple Ridge, Hayes Ridge, and Monte Cristo Ridge to a point opposite
the parting between the East Canyon Creek and Ogden River drainages;
thence it descends the western side of the summit on this parting,
and follows it westward across James Peak to the north rim of Ogden
Valley.

Along the west side of Cache valley, the county boundary
follows the cerest of Clarkston Mountain from the Idaho line to
Junction Hills, which it crosses on the water parting, and then

~ascends Wellsville Mountain, to follow its erest to a point opposite

Mt. Pisgah. Here it descends on the water parting between Dry Lake
Valley and Mantua Valley and follows the crest of the Pisgah Hills
southward into South Hills, following the ridges that separate
Mantua Valley and Cache Valley drainage. It continues thus to the
rim of Ogden Valley.

PHYSIOGRAPHIC DIVISIONS

The physiographic divisions of Cache Valley are shown on Figure
1. They may be summarized as in the following paragraphs.

Bear River Bange: This includes James Peak as its southern
terminus. Subdivisions are Front Ridge, between Cache Valley and
the principal north=south tributaries of Logan River and Blacksmith
Fork Riverj; Beaver Mountain, Temple Ridge, Hayes Ridge, and Monte
Cristo Ridge. The wide area between Monte Cristo Ridge and Front
Ridge is Ant Valley.

Richmond Bench: The foothill area developed on Tertiary rocks
along the front of the Bear River Range from the Idaho line to
Green Canyon. Crow Mountain is a high mass of Paleozoic rocks
protruding through the Tertiary rocks of the bench.

Paradigse Bench: The foothill area developed on Tertiary rocks
along the front of the Bear River Range from Blacksmith Fork to
Southeast Canyon. Its surface is considered part of the McKensie
Flat surface (pl. III). '

South Hills: The area of lower mountains between Ogden and
Cache Valleys and between James Peak and Willard Mountain (pls.
I, II, and IV). It includes South Mountain, north of James Peak,
and joins the Pisgah Hills at Clay Valley. 1Its higher parts are
remnants of the Rendezvous Peak erosion surface.

Pisgah Hi 2 An area of lower mountains east and north of
Mantus Valley (pls. II and VII). These hills join South Hills
at Clay Valley, and Wellsville Mountain between Mantua Valley and
Rattlesnake Hollow. They surround Dry Lake Valley on three sides.
Their higher parts are considered part of the Rendezvous Peak erosion
‘surface.

i Mountain: The northernmost extension of the Wasatch
Range (pl. VI). At the Bonneville shoreline on the north it joins
Juncetion Hills.

Junction Hills: The low ridge joining Wellsville Mountain to
Clarkston Mountain. The ridge was largely covered by Lake Bonneville
at its highest levels. Bear River crosses the ridge through "The
Gate of Bear River" or the Wheelon Narrows. Cache Butte is part of
the ridge.
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Clarkston Mountain: The southern extension of the Malad Range,
rising substantially above the lower middle part of the range south
of the Idaho line.

Clarkston Bench: The bench—-like area between Newton Hill,
Bergeson Hill, and Clarkston Mountain. Developed largely on Tertiary
rocks partly covered by Lake Bonneville sediments.

Newion Hill:s A small hill of Paleozoic rocks veneered with
Tertiary sediments, elevated adjacent the Dayton fault. It lies
at the southeastern corner of Clarkston Bench.

Bergeson Hill: An elongate hill of Paleozoic rocks venesered
with Tertiary sediments, elevated along the Dayton fault from the
vicinity of Newton to the Idaho line (pl. V).

Yalley Bottem: The lowest parts of the valley inside the
foothill benches. Largely covered by lake bottom sediments of the
Lake Bonneville group %pl. VIII).

EROSION SUTURFACES

Although Cache Valley is thought +to be a fault-valley or
graben, created by down-faulting of & valley block between mountain
blocks that remained high or rose, it none~the~less contains evi-
dence of having evolved at least partly through erosion. Thisg
evidence is in the form of remnants of graded surfaces, partly
covered with alluvium, and now well above the valley floor, which,
when under active formation, were graded to the then—-existing base=-
level of the valley. Two such surfaces are observed in Cache
Valley. They were named by Williams (1948, p. 1160) from localities
in the south end of the valley, but examples have been discovered
by other workers farther north, both in Utah and Idaho.

RENDEZVOUS PEAK SURFACE

Several of the higher peaks in South Hills are capped b
gravel containing larger boulders of Precambrian gquartzite (pl. I).
These gravel caps are mapped by Ezell (1953). They appear to
represent a pediment that sloped eastward from the crest of the
Wasatch Range in the vicinity of Willard Peak, toward an earlier
and shallower Cache Valley. The west—east profile of Rendezvous
Peak (Axel Beard Mountain on new topographic map series) appears
to show the slope of this old surface, and hence the name. Remnants
of the old surface in South Hills lie between 6,000 and 7,000 feet.
A sloping gravel cap at the north end of Wellsville Mountain in the
area mapped by Bues and Gelnett (1958) seems by position and
altitude to represent this same surface. Similarly, Hansen (1949,
p. 91), working on Clarkston Mountain, mapped patches of boulder
gravel on high shoulders of the mountain sloping from its crest
eastward toward the valley. 1In altitude and topographic position
these are similar to those in South Hills and are thought to repre=
sent the Rendezvous Peak surface.

McKENSIE FLAT SURFACE

At the south end of the valley, from the mouth of East Canyon
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around the base of, South Hills and Pisgah Hills to Sardine Canyon,
a lower and younger erosion surface seems to be discernible above
the features of Lake Bonneville and below the tops of the Hills
which are conceived to retain remnants of the Rendezvous Peak
surface (pls. III and IV). This has been called the McKensie
Flat surface. It is essentially coextensive with Hyrum Bench. It
lies mostly between 5500 and 6,000 feet. In this area, it seems
more terrace~like than pediment-like and might have been shaped
partly by the major streams of the south end of the valley working
against the base of South and Pisgah Hills. The valleys that inter=-
sect these hills including Clay Valley, Sink Valley, Devils Gate
Valley, and Dry Lake Valley, appear to be part of this cycle of
erosion that has dissected the Rendezvous Peak surface to late
maturity (pls. I and II). Wind=gaps north and south of Box Elder
Canyon might well belong to this cycle, which was interrupted when
Cache Valley was deepened to its present base-level, and Mantua
Valley was created in its McKensie cycle predecessor by the rejuvena~
tion of Box Elder Creek (pl. II).

Along the east side of Cache Valley the pediments developed
on foot=hill blocks of Salt Lake group rocks are considered part
of the McKensie flat surface. Plate III shows this surface from
Blacksmith Fork southward. While McKensie Flat itself is the work
of Southeast Creek, the pediment appears graded to the level of the
flat. No such pediment is present between Blacksmith Fork and Green
Canyons, but, north of the latter, it again appears and may be
followed into Idaho where Keller (1952, p. 33) has recognized the
McKensie surface in the vicinity of Mink Creek, and northwestward
across the Oneida Narrows. The pediments along the Bear River Range
have been dissected to the base=level of the existing valley.

In mapping north of the Idaho line,adjacent Hansen's area on
lower parts of the Malad Range, Prammani (1957, p. 38) discovered
patches of boulder gravel, apparently a continuation of those to

the south and west, and presumably deposited on a surface similar
to the Rendezvous Peak surface.

AGE AND CORRELATION OF THE SURFACES

The age of these surfaces, and their correlation with surfaces
recognized in adjoining areas, present interesting problems. In
southern Cache Valley the gravels of the Rendezvous Peak surface
do not reach the areas of Salt Lake group rocks, and the writer
projected the surface to the gently sloping area north of James
Peak, on which lie patches of Salt Lake group. Hence, he believed
the surface to be older than the Salt Lake group, and thus the
essential equivalent of Mansfield's Tygee erosion surface (1927,
p. 15). Subsequent work on the west side of the valley farther
north, by Bues and Gelnett, Hansen, and Prammani, has shown that
a high-~level surface or surfaces similar in altitude and topographic
position and covered with boulder gravel, bevel outcrops of the
Salt Lake group. This casts grave doubt on the original interpreta=-
tion and requires a post—Salt Lake group age for the surface in the
vicinity of rendezvous Peak, if it is the product of the same
period of erosion as the more northerly occurrences. If this
surface is post=Salt Lake group in age, it probably correlates best
with Mansfield's Gannet surface.

There is little reason to doubt that Eardley's Herd Mountain
surface extended over at least the southeastern part of Cache
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County (Eardley, 1944, pl. 9, fig. 1). The Rendezvous Peak sur-
ace, however, it appears to be too low to be a part of that sur-
face, and hence is probably younger and contemporaneous with the
Weber Valley surface. Both the Rendezvous Peak surface and the
McKensie Flat surface were probably developed while the Weber Valley
surface was forming, their distinciness as surfaces being due to
a different diastrophic history in the area of Cache Valley.

Those parts of the Salt Lake group in Cache Valley that have
yielded fossils apparently are of Pliocene age. However, parts
may be as old as Oligocene or late Eocene, the age of the Norwood
tuff (Adamson, 1955, p. 39). If the rocks beveled by the Rendeszvous
Peak surface on the Malad Range are Pliocene, +this surface is
probably early Pleistocene in age. If the oldest and highest
erosion surface in the aTea is Miocene in age (Eardley, 1944, p. 864),
a late Pliocene or early Pleistocene age for the Rendezvous Peak
surface is appropriate since it is in part contemporaneous with
the Weber Valley surface.

GENERAL STRATIGRAPHTIGC FEATURES

The geologic column in Cache County has not been completely
measured. The thick Precambrian section in James Peak, presumably
part of the Big Cottonwood Canyon Series, is yet to be studied.
It probably will total thousands of feet of quartzite, phyllite,
and related metamorphic rocks. The Paleozoic section, including
formations from Cambrian through Pennsylvanian and possibly into
the Permian, totals about 25,000 feet, mostly carbonate rocks with
considerable sandstone, but only minor shale. Almost all of this
sequence is marine. Mesozolc rocks do not crop out in the county,
but the Cenozoic is represented by at least 15,000 feet of terrestrial
sediments, most of which have been deposited since Cache Valley
was formed. The sediments of Lake Bonneville cap the valley fill
and are on the top of the column.

The thick Paleoczoic section in Wellsville Mountain and the
Bear River Range is due to the location of the area in the miogeo=
syncline of Kay (1951, p. 9), though close to the margin adjacent to
the Wyoming Shelf. The Cambrian section is well developed with 7
well-known formations. Ordovician, Silurian, and Devonian formations,
thin or absent farther east, are well represented; and the Mississippil
and Pennsylvanian rocks, deposited in the persistently sinking
Ogquirrh Basin, are extraordinarily thick. Perhaps even some
Permian rocks are present. The recent work of Adamson and Keller
has shown the Tertiary Salt Lake group to be surprisingly thick.

PRECAMBRTIAN ROCKS

Rocks older than Cambrian are not widely exposed in Cache
County. Largest area of outcrop is at James Peak at the south end
of the mapped area. Here, reconnaissance indicates that the contact
of these rocks with the basal Cambrian Brigham quartzite is obscure,
but that a thick section of quartzite and phyllite is present, pre-
sumably a part of the Big Cottonwood Canyon series, such as exposed
to the west of Willard Mountain (Eardley and Hatch, 1940). As one
approaches the county through Box Elder Canyon, these rocks are
visible at roadside in the lower part of the canyon.
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Whether the oldest quartzites exposed in the west face of the
Bear River Range at the Idaho line are older than Cambrian is not
known. Here they are over 4,800 feet thick (Williams, 1948, p. 1132)
with no observed lithologic change that would serve to separate the
lower beds from the Brigham quartzite. In the Idaho part of Cache
Valley Precambrian rocks are much more widely exposed, being present
in the Malad and Portneuf Ranges, and in inliers in the valley
bottom.

CAMBRIAN SYSTEM

A wide belt of Cambrian rocks lies along the east side of the
county in Beaver Mountain, Temple, Hayes and Monte Cristoc Ridges,
and in Ant Valley; and across the south side in South Hills. The
belt swings northward outside the county through Mantua Valley to
Honeyville and is continued again on the west side of Clarkston
Mountain. A great wedge of Cambrian rises from a point at the
mouth of Logan Canyon northward im the front of the Bear River
Range until at the Idaho line practically the whole face exposes
these rocks. Basal formation is the thick Brigham quartzite of
Lower Cambrian age, named by Walcott for the conspicuous exposure
in the Wasatch Front east of Brigham City. The Brigham appears
to be terrestrial, and its gradation into the overlying Langston
formation seems to coincide with the beginning of Middle Cambrian
time. It also marks the arrival of the shoreline of the itransgressing

Cambrian sea, which thereafter deposited the shale, limestone, and
dolomite of the Middle Cambrian formations, the Langston, Ute,

Blacksmith, and Bloomington formatlons, while the shoreline lay
farther east.

Above the transition beds lie the fossiliferous Plarmiganis
limestone and Spence shale members of the Langston formation whose
faunas are well known through the works of Resser and Maxey. The
Spence shale member is absent in Blacksmith Fork Canyon and south-
ward, as is the Plarmigapia limestone. The massive, light-gray,
brown-weathering dolomite which constitutes the major member in
the formation has been reported from as far-southwestward as the
Sheeprock Mountains, Tooele County, Utah, and as’ far northward as
Alexander, Idaho, the northernmost tip of the Bear River Range.

The shale and limestone of the Ute formation would be indis-
tinguishable from those of the Bloomington were it not for the
intervening massive Blacksmith dolomite. This conspicuous cliff-
forming unit is present in Cambrian outcrops throughout the county,
particularly at the top of Temple Ridge in Upper Logan Canyomn, in
Hayes Ridge farther south, and in Wellsville Mountain., The over-
lying Bloomington formation,with its thin-bedded limestone members,
constitutes the base of Beaver Mountain, and lies back of Temple
Ridge in "The Sinks," a long strike valley developed by solution
in this formation. Logan River largely heads in fissure springs
west of Beaver Mountain fed by solution channels in the Bloomington
limestone and other carbonate formations in the mountain. Three-
Mile Canyon in South Hills is another strike valley, here east-
west in direction, in this formation.

The Middle Cambrian - Upper Cambrian boundary is thought to
lie in the Nounan dolomite which overlies the Bloomington formation.
This dolomite crests the ridge at the county boundary east of "The
Sinks"™ and surrounds Temple Peak. It forms the high part of Rendez—
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vous Peak in South Hillg and with the overlying St. Charles forma=
tion is conspicuous in Clarkston Mountain.

During the Franconian age of Late Cambrian, the shoreline of
the Cambrian sea returned to the vicinity of Cache County, deposit~
ing the Worm Creek clastic member, taken by Richardson as the basal
member of the uppermost Cambrian formation, the St. Charles. Haynie
(1957) has shown that this member has beds that were deposited in
the littoral zone and that these quartzitic sandstone units thicken
and become arkosic northward, whence lay the land areas. After
this short interlude of near=shore environment, limestone and then
massive dolomite were deposited, making up most of the St. Charles
formation. These are conspicuous at the very mouth of Logan Canyon,
in the canyon a mile above Ricks Spring, at the top of Temple Peak
and in the southeast ridge of Clarkston Mountain.

This Cambrian section in Cache County is one of the thickest
and best known in the United States. Its study was begun by Walcott
in 1906, and has been carried forward by Resser, Deiss, Maxey, and
Hanson. Most accessible section is that in Blacksmith Fork between
the Hyrum City hydroelectric plant and the Hardware Ranch. But
better exposed sections lie in the west faces of Wellsville and
Clarkston Mountains and the Bear River Range north of Green Canyon.

ORDOVICTIAN SYSTEM

In Ordovician time the littoral zomne of the Cordilleran
geosyncline again approached northern Utah, there depositing in
the early part of the period a pair of formations that are readily
identified, and whose correlatives stretch far to the southwest
from the Logan area, along the shore—zone of the. old seaway. These
are the Garden City.limestone, largely of Canadian age, and the
Swan Peak formation of early Chazyan age.

The Garden City formation is generally thin-bedded and shaly,
with fragmental fossils, apparently the result of shallow water.
The shaly partings between limestone beds, a few inches to a foot
thick, enabled the early settlers to quarry a rough building stone
which built the Mormon Temple and Tabernacle, and the foundations
and walls of numerous other buildings. The principal quarry is
in Green Canyon, northeast of Logan, where a dip-slope made opera—
tions relatively easy.

Other conspicuous outcrops of the Garden City limestone are
at the mouth of Logan Canyon behind the hydroelectric plant of
Utah Power and Light Company and at the twin bridge section of
Logan Canyon, from Logan Cave to Ricks Spring, a stretch starting
and ending with interesting solution features developed im the
limestone and climaxed at the long dugway between two bridges, one
of the most spectacular parts of the canyon. The narrows of South
Canyon at the south end of Cache Valley are formed in Garden City,
as is Devils Gate Valley farther southwest. The formation makes
great c¢liffs in Wellsville Mountain east of Honeyville, and is an
important element in. Clarkston Mountain.

. Reuben James Ross, Jr. has made a detailed study of the stratig-
raphy of the Garden City formation and its trilobite faunas (1951).
He has in general distinguished three members; shaly limestone
below constituting most of the formation, followed by some 200
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feet of cherty limestone, followed by about 100 feet of dolomitic
limestone, which grades into the Swan Peak formation above. These
distinetive members may be followed throughout the area. Ross
recognizes faunal zomnes A-L, which have found correlatives in the
Pogonip limestone of northeastern Nevada.

The Garden City limestone grades upward through sandy lime-
stone into shale and sandstone of the Swan Peak formation, a thin
but striking stratigraphic unit. Most notable structure in the few
hundred feet of this formation is the fucoidal markings that char-
acterize the undersides of the brown quartzitic sandstone beds in
the middle member of the formation, separated by thin partings of
greenish~gray shale. These are unique in the section of northern
Utah, not being duplicated in any other sandstone unit. These
markings are essentially casts of concave impressions in the mud
that became the shale beds. While the majority of them are prob-
ably of organie origin, several inorganic processes, such as des-
iccation shrinkage, flowage, and intrusion of fluid sediments,
very likely contributed to the total pattern.

At the forks in Logan Canyona large slab of fucoidal quartzite
is displayed beside the road. Coulter {1955) has offered what is
probably a partial explanation of these structures, and Hardy (1956)
has pointed out some of its inadequacies.

The tripartite Swan Peak formation with a shale member below,
the fucoidally=-marked brown sandstone in the middle, and massive
buff guartzitic sandstone above, is the most readily identified
formation in the region. It greatly aids the interpretation of
structure in South Hills and Pisgah Hills, where a well-known out-—
crop occurs directly east of Mantua. Northward from Mantua valley,
it marks off the numerous transverse faults of the Dry Lake area
and appears near the crest of the ridge northwest of Dry Lake,
clearly offset by additional dip faults in that area. It may be
traced across the west face of Wellsville Mountain, terminating at
a transverse fault east of Honeyville. It crops out at the east
end of Wheelon Narrows in Junction Hills, and appears again near
the top of Clarkston Mountain. In the Bear River Range from
Providence Canyon north, it follows around the plunging Logan Peak
syncline, making conspicuous outcrops in the glaciated canyons
from Tony Grove Canyon north (pl. IX), and following down the
east side of the syncline %o Logan Canyon, where the large slab
of fucoidal quartzite mentioned above is on display adjacent Lo the
highway. In Blacksmith Fork, the unconformity above the formation
reaches low in the shale member so that only a small part of the
same remains in the section. In South Canyon the shale member has
normal thickness, but the quartzite beds have been removed by
erosion. A notable outcrop in Green Canyon, on a dip slope, exposes
a large area of ripple-marked beach. Here the brown quartzite was
quarried to provide a building stone of contrasting color used as
a trim for the temple and tabernacle.

The uppermost Ordovician formation, the Fish Haven dolomite,
lying above the unconformity representing most of Middle Ordovician
time, is in marked contrast to the two formations below. Its dark
gray carbonate rock contains only a few percent of clastic material.
It is massive without noticeable bedding planes. Tt appears every=-
where in the county above the Swan Peak formation, and its correla-
tives extend northeastward to the Black Hills and southwestward
far into Nevada. Best known outcrop of the Fish Haven is at the
forks in Logan Canyon where it forms a great cliff above the river.
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The Ordovician formations, as elsewhere in the world, are the
oldest to present fossils in a great variety. Ross has zoned the
Garden City formation with trilobites as has been related, and
Rousseau Flower is studying the cephalopods. The abundant grapto-
lites demand study at the earliest opportunity.

SILURTIAN SYSTEM

The Silurian System in northern Utah is represented by 1500~
1800 feet of massive, light and dark gray dolomite, named by
Richardson the Laketown dolomite from its occurrence in Laketown
Canyon southeast of Bear Lake. There is little variation in the
composition of the formation, which is over 90% carbonate. Dolomiti=
zation appears to have destroyed most of the large number of fos-
sils expectable in such a unit, except corals and stromatoporoids,
which are silicified. The fossils that have been collected indi=-
cate a Middle Silurian age, and it is not known whether Lower and/or
Upper Silurian are represented. Probably not, since no rocks of
these series are certainly known in the western states (Duncan,
1956). If they are not, disconformities lie under and over the
formation.

Dolomitization has created a "vugginess" in this formation
which has attracted petroleum geologists to its potentiality as a
reservoir rock. The widespread development of bioherms and bio-
stromes in the Silurian dolomites of the Eastern United States has
brought a search for such features in the Laketown., Both are well
developed in the formation in the Card Canyon area. A bicherm
from the formation across the Idaho line is reported to have pre-
served a varied fauna.

In Logan Canyon the Laketown makes picturesque cliffs on both
sides of the syncline. In the lower canyon the formation is beauti=
fully exposed from the American Legion home to the Logan City hydro=-
electric plant; in the upper canyon tributary Card Canyon in cut
is Laketown cliffs, and the ranger station stands in their shadow.
FParther north the dolomite constitutes the walls of cirgues in
the glaciated upper parts of Tony Grove, White Pine, and Steam Mill
Canyons; and Mt. Naomi, high point in the county, is supported by
these rocks. In Blacksmith Fork the Laketown cliffs lie just above
the forks in the main canyon. In Wellsville Mountain this forma-
tion is not conspicuous among the continuous c¢liffs of the steep
Wasatch Front. Clay Valley, east of Mantua, is a solution feature
in this formation.

The Laketown dolomite forms the sheer walls of the gorge through
which Bear River escapes from Cache Valley. It probably underlies
a considerable part of Junction Hills south of the gorge, and it
is thought to constitute the sheer face of Cache Butte. It forms
the e?stern part of the crest of Clarkston Mountain (Hanson, 1949,
p. 49).

DEVONTAN S YSTEM

The Devonian System is represented in northern Utah by two
formations, the thin terrestrial Water Canyon, and the thick marine
Jefferson. Both exhibit interesting stratigraphic features. A
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profound disconformity overlies the Devonian here, and as a result
the Jefferson formation shows marked variation in thickness between
Wellsville Mountain, South Hills, and Logan Canyon.

WATER CANYON FORMATION

Several hundred feet of silty, compact, white~ and buff-
weathering dolomite and dolomitic sandstone between the Laketown
beds below and the disconformity beneath the Jefferson formation
above, has been called the Water Canyon formation (Williams, 1948)
p. 1139). It is named from the left-hand fork of Green Canyon,
northeast of Logan. It has long been known as a source of fish
fossils, which were first described by Branson and Mehl (1931),
and have subsequently been studied by Bryant (1933 and 1934) and
Denison (1952 and 1953). All students have concurred in a Lower
Devonian age for these fossils. The fish fauna in the Water Canyon
formation appears to be the same as that in the Beartooth Butte
formation of Wyoming, and both have similar lithologies. Fish
collecting localities are listed by Denison.

The Water Canyon formation appears to represent a lithofacies
of the Devonian that increases in thickness southwesterly into east~
central Nevada where the "white weathering" Sevy dolomite, charac-
terized by the same lithotope as the Water Canyon, reaches a thick-
ness of 1500 feet (Osmond, 1954). Probably deposition of this
lithotope began in Silurian time in central Nevada and transgressed
eastward into Utah by Lower Devonian time.

The Water Canyon formation is conspicuous in Wellsville Mountain
from east of Honeyville southward into the Pisgah Hills. North of
Dry Lake, the compact tan~ and white-weathering dolomites of this
formation are readily distinguished; east of Mantua Valley, the
Madison limestone appears to rest directly on the Laketown dolomits.
In South Hills, east of Clay Valley, the Devonian rocks reappear
and thicken rapidly. The Water Canyon in this area is reported to
be 350 feet thick (Ezell, 1953, p. 19).

In Logan and Blacksmith Fork canyons outcrops of the formation
are readily accessible; just above the forks in the left~hand fork
in the latter, and about two miles below the forks, in the former.
On the west side of the syncline in Logan Canyon, the Water Canyon
crosses the river at the Logan City hydroelectric plant. Cotton-
wood Canyon, tributary to Logan Canyon, is in its upper part a strike
valley on the Water Canyon formation. Another excellent exposure
is at the turn in Green Canyon northeast of Logan, several miles
below the type area in Water Canyon.

JEFFERSON FORMATION

In the Logan Peak syncline, the basal bed above the Water
Canyon - Jefferson unconformity is a massive limestone intraforma-
tional breccia that weathers to a rounded contour, and overhangs
the weak sandy beds of the Water Canyon below. Thus, the discon=
formity and base of the Jefferson is conspicuously marked. Above
this breccia in Logan, Green, and Cottonwood Canyons, a fauna
including Jenticospirifer Utahensis, Atrypa cf. A, Mi riensi
and Fayosites limitaris marks this horizon as the Spirifer Argentarius
zone of the Devils Gate formation of Nevada (Merriam, 1940, pp. 67-
68; Cooper, 1942, pp. 1768-1769) and of Upper Devonian age.
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In the Jefferson formation of the Bear River Range are some
1700 to 2000 feet of interbedded dolomite and sandstone, with minor
limestone beds. In the lower half of this unit, dolomite, mostly
dark gray, is dominant, producing the Hyrum dolomite member; in
the upper half gray and tawny sandstone is predominant, creating
the Beirdneau sandstone member. The Hyrum dolomite is impressively
exposed in lower Blacksmith Fork Canyon; in Logan Canyon it forms
a conspicuous ridge northeast of the Logan City hydroelectric plant.
In both canyons the buff, comparatively thin-bedded sandstone of
the Beirdneau member makes the canyon walls at road level at the
middle of the syncline, where, because of the gentler canyon gradi-
ent, a reservoir is present. Near the top in both these sections,
casts of halite crystals are common in the thin sandstones, sug-
gesting littoral conditions at the time deposition of the unit
was completed.

In Wellsville Mountain there is no Beirdneau member. South-
east of Deweyville, the Jefferson is represented entirely by dolomite
and limestone, 700 feet thick, with a few thin beds of quartzitic
sandstone. The Water Canyon is recognizable at the west side of
the Wheelon Narrows, where the section passes under younger materials,
but no rocks as young as Devonian occur in Clarkston Mountain.
Southward the unconformity lowers to the Water Canyon at Dry Lake
and to the Laketown east of Mantua, eliminated all Devonian., In
South Hills the Jefferson reaches a maximum thickness of 950 feet,
both members being present near Sink Valley (Ezell, 1953, p. 19).

MISSISSIPPTIAN SYSTEM

Rocks of this system are thick and particularly well exposed
in Cache County. Both the Bear River Range and Wellsville Mountain
have notable exposures at Lower and Upper Mississippian. No rocks
this young are exposed in Clarkston Mountain. Near the axis of
the syncline in Logan and Blacksmith Fork Canyons, the continuous
sheer c¢liff of the lower third of the Lodgepole limestone of the
Madison group is noted by everyone. Beneath this "Chinese Wall"
Holland (1952) has distinguished the Leatham formation of lowest
Mississippian, which, however, is not present in Wellsville Mountain
(Beus and Gelnett, 1958). At Dry Lake in the Pisgah Hills a thick
and easily accessible exposure of the Brazer formation (Upper
Mississippian) has received considerable study (Williams and Yolton,
1945; Sadlick, 1955). Deposited in the edge of the Oquirrh Basin,
it. reflects the subdivisions of the Oquirrh Mountain section and
perhaps may to advantage be subdivided accordingly. A major uncon-
formity at the top of the Brazer formation halves the thickmess of
the Brazer formation &t the north end of Wellsville Mountain and
in the Bear River Range.

LEATHAM FORMATION

In 1952, Holland separated about 75 feet of shales, sandy
shales and nodular limestones near the base of what had been called
the Madison limestone, as the Leatham formation with the type section
in Leatham Hollow, a tributary to the Left Fork of Blacksmith Fork.
The "Contact Ledge" (Williams, 1948, p. 1141) heretofore considered
the basal Mississippian unit, is, according to Holland, Devonian in
age. The base of the Leatham is a thin bed of conglomeratic lime-
stone with abundant chert fragments, just above the "Contact Ledge,”
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and the top is the base of some 30 feet of arenaceous shale below
the "Chinese Wall." Holland considers the Leatham formation the
exact correlative of the Sappington sandstone of Montana, and
expects it to be rather widespread in the Rocky Mountain region.
However, Bues and Gelnett did not discover it in the Wellsville
Mountain section.

LODGEPOLE LIMESTONE

The "Chinese Wall" in the Bear River Range is the lower third
of about 850 feet of thin-bedded, cherty, fossiliferous limestone
long recognized as simply the Madison limestone, but better now
called the Lodgepole limestone of the Madison group (Strickland,
1956). Abundant fossils prove its correlation with the widespread
and well-known equivalents in the Rocky Mountain region of the
"Madison limestone" of Montana, more particularly with the Lodgepole
limestone of the Madison group.

Exposures in the western part of the county repeat the character-
istics of the Bear River Range exposures. The Lodgepole limestone
may be traced continuously from the Bonneville shoreline east of
Deweyville southeastwardly across the high part of Wellsville Mountain
down to the north side of Dry Lake; from the lower west flank of
Mt., Pisgah it caps the valley wall northeast of Mantua and is exposed
in Sink Valley in the South Hills.

The limestones of the Lodgepole are the most fossiliferous
in the county. Abundant fossils may be found at most any outcrop,
and these are indicative of the Kinderhookian Series of the Mis~
sissippian System. Some beds are coquinoid, consisting entirely
of fossil fragments. Zeller (1957) has recently zoned the Mississip-
pian rocks in Blacksmith Fork Canyon using endothyroid foraminifera.
He finds the Madison or Lodgepole characterized by a lower Grapu~
diferella zone and an upper Rlectogyra tumyla zone.

BRAZER FORMATION

The Brazer formation was named by Richardson (1913, p. 413)
for Upper Mississippian rocks in Brazer Canyon, Crawford Mountains,
Rich County, Utah. The name was extended to Cache County by Williams
(1943, p. 610) for all Mississippian rocks above the Madison lime-
stone. While part of the Brazer formation, so defined, is well
exposed about the deeper parts of the Logan Peak syncline in the
Bear River Range, the thickest and most accessible section was soon
discovered to be in the Pisgah Hills, especially east of Dry Lake.
This section, 3700 feet thick, was measured and divided into 5
members by Williams and Yolton (1945, p. 1145). Distribution of
fossils indicated that the Lower Migssissippian - Upper Mississippian
boundary lay close to the base of the formation. If the term Madi-
son group is adopted for rocks up through the Meramecian series,
as suggested by Strickland (1956), the type Brazer, apparently
equivalent to Unit No. 1 of the Dry Lake section, becomes part of
the Madison group, along with Units No. 2 and 3. The sections at
the north end of Wellsville Mountain and in the Logan Peak syncline
could properly be called Brazer by this definition, but the upper
part of the section at Dry Lake, Units 4 and 5, would require new
names.
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The formations recognized by Gilluly (1932) in the rocks above
the Madison limestone in the Oquirrh Range appear to be reflected
in the Dry Lake section to the extent that these units might be
given Oquirrh Range names. Unit No. 1 appears to be the equivalent
of the Humbug formation, and there is no Deseret limestone equiva-
lent unless it be the black phosphatic shale member. TUnit No. 2
may well be the equivalent of the lower Great Blue, with shaly
Unit No. 3 the equivalent of the Long Trail shale. Unit No. 4 is
apparently equal to the upper Great Blue limestone, and Unit No. 5
is largely equivalent to the Manning Canyon shale.

The basal unit of the Brazer formation as earlier defined and
as mapped for this report, in the Bear River Range, is a black shale
and mudstone member with thin beds of oolitic phosphorite, which
has been sampled both for vanadium and uranium, as well as phosphorus.
It has not been recognized in Wellsville Mountain or Pisgah Hills.
Best exposures of this member are in Providence and Millville
Canyons, and the most recent and complete sampling for phosphorus
has been reported by Cheney (1957, p. 36). An exposure of this
member in Laketown Canyon, Rich County, has the distinction of being
the richest uranium-bearing black shale sampled by the U. S, Geo-—
logical Survey (Mapel, 1956, p. 230).

The calcareous sandstone member above the black shale and the
basal member (Unit No. 1) of the Dry Lake section forms the west
slope of Mt. Pisgah clear to its crest. It may be followed north-
westward across Wellsville Mountain and makes conspicuous brown-
weathering taluses at the mountain base east of Deweyville. Weaker
than the limestones above and below, it has a smooth outcrop area.
There is a notable exposure of these rocks in Spring Hollow, Logan
Canyon, east of the synclinal axis where slippage on the basal
shale member down the 6° = 7° dip into the hollow has filled it
with great masses of calcareous sandstone rubble. At the toe of
these the big spring emerges. This member is well developed in
Laketown Canyon, together with the black shale member.

Units 2 and 3 are mostly represented in the thinner Brasgzer
sections in Blacksmith Fork (Parks, 1951, »p. 174) and northern
Wellsville Mountain (Bues and Gelnett, 1958) but the unconformity
has elimated Units 4 and 5 from these sections.

The basal shale member acts as an aquiclude about the Logan
Peak syneline, and thus is the locus of contact springs in many
canyons of the Bear River Range, notably Spring Hollow, Providence
Canyon, Millville Canyon, and Leatham Hollow.

The upper Brazer limestones form magnificent c¢liffs as viewed
from the forks on Blacksmith Fork (pl. X). They support a high
level rock terrace or bench about the central part of the Logan
Peak syncline, from which the highest peaks, Logan, Providence,
and Little Baldy, composed of Pennsylvanian rocks, rise. They form
the highest parts of Wellsville Mountain, and in them most of the
cirques have been cut (pl. VI). They may be readily distinguishedat
a distance from the weaker calcareous sandstones of the Oquirrh
formation above. They form the crest of the Pisgah Hills east of
Dry Lake, and the east flank of the same from Mt. Pisgah south.
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PENNSYLVANTIAN SYSTEM

This system is represented in Cache County by more than 6,000
feet of limestone and calcareous sandstone of the Oguirrh formation.
It occurs in a wide outcrop belt along the east side of the Pisgah
Hills and Wellsville Mountain (pl. VI); the Mississippian - Penn-
sylvanian boundary crossing the north end of Pisgah Hills near their
crest, and ascending Wellsville Mountain in Rattlesnake Hollow.
North of the highest peak, it passes to the west side and descends
to the Bonneville shoreline east of Deweyville. Thus, the whole
mountain crest at the north end is Oquirrh formation, as well as
the whole of the valley-side face north of Wellsville Peak. In
general, the calcareous sandstone of the Pennsylvanian is weaker
than the limestone of the Brazer formation below, and weathers to
notably smcother slopes.

One other area preserves Pennsylvanian rocks, the low part
of the Logan Peak syncline between Logan and Blacksmith Fork Can=-
yons. Here the highest peaks, Logan, Providence, Little Baldy
and Millville, are comprised of an unknown thickness of these rocks
resting upon the much wider platform created by the Brazer lime-
stone.

Cache County lies at the margin of the Oquirrh Basin where
the Pennsylvanian rocks change rapidly between a basin and shelf
facies (Williams, 1953, p. 38). The rocks of Wellsville Mountain
are clearly deposits of the Oquirrh Basin and belong to that forma=-
tion, although in earlier reports they have been called the Wells
formation, a shelf facies named by Mansfield in southeastern Idaho.
The nature of the rocks in the Bear River Range outcrops is not
known, but eastward in Laketown Canyon, Rich County, the shelf
facies, the Weber gquartzite is present.

Which series of the Pennsylvanian System are represented in
the Oquirrh formation in Cache County is not definitely known,
although much progress has been made on the problem. Certainly
the Des Moinesian Series is well represented in the basal part of the
section. The macrofossils identified by Williams and Yolton (1945,
p. 1152) and the microfossils identified by Chalmer L. Ccoper
(idem) from the beds below the Des Moinesian beds at Sardine Canyon,
indicate a Morrowan age, but Nygreen (1955) reports a Des Moinesian
fusulinid, MWedelkindellipa from below these beds, casting doubt
upon the validity of the earlier evaluation.

Fusulinids recovered higher in the section have been reported
as late Missourian (Williams, 1943, p. 617) or Virgilian (Bues and
Gelnett, 1958). Actually, Bues and Gelnett are the first students
to systematically search the entire section for fusulinids, and
their failure to find Missourian forms suggests the possibility
of a disconformity in the section. It is interesting to note that
Bostwick, studying the type localities of the Wood River formation,
likewise found only Des Moinesian and Virgilian forms (1955, p. 941).
Perhaps, likewise the top of the Oquirrh formation in Cache County
may be Permian. No Atokan rocks appear to be present, a feature
this section has in common with those along the Uinta Mountains.
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Typical Scene in Logan Canyon. Photograph thru the courtesy of Max Brunson, Photographer, 1.ogan, Utah.



TERTTIARY S YSTEM

Two groups of Tertiary rocks are recognized in this area:
the early Tertiary Wasatch group and the late Tertiary Salt Lake
group. The former 1is interpreted as the piedmont deposit of
streams draining the Laramide Mountains of early Tertiary time
eastward into the Green River Basin, before Cache Valley came into
being; while the latter appears to be sediments that have accumu=—
lated in the valley since its creation as a down—-faulted basin or
graben. The red color of the sandstone and conglomerate of the
Wasatch group is believed to indicate the warm humid climate of
the subtropics which existed over piedmont areas not far above sea
level; the lack of iron oxides in the matrix of Salt Lake group
conglomerates, and their substitution by calcium carbonate, is
partial evidence of the regional uplift gemnerally interpreted for
western North America in Oligocene or Miocene time, concommitant
with or somewhat before the creation of Cache Valley.

WASATCH GROUP

The red sandstone and conglomerate of the Wasatch group is
widely distributed over Cache County. In fact, it may have covered
the whole area at one time. Presently its outcrops on the west
side of Cache Valley are limited, but eastward in the Bear River
Range, it covers increasingly wider areas. Ant Valley, where the
headwaters of Blacksmith Fork approach the Ogden River drainage,
is covered with Wasatch conglomerate which at the southeastern
corner of the county is continuous across Monte Cristo summit with
that underlying the Wasatch and Green River Basins to the east.
Its thickness in this area has not been measured but is thought to
be several hundred feet. On the high country between the drainages
of Logan and Blacksmith Fork Rivers, stretching eastward from Logan
Peak, another continuous cover of Wasatch sediments extends eastward.
Here it seems thin because of the numerous inliers of Cambrian
rocks exposed through it. Upper Logan Canyon, where the river and
highway parallel Temple Ridge, is largely underlain by Wasatch,
visible in Red Banks, and again a mile up canyon and on the east
side of the road, beneath morainic material. The road to Tony
Grove Lake follows a westward extension of this formation which
reaches its extremity in the conglomerate cliffs visible above
Tony Grove Lake to the southwest. On the backslope of Temple Ridge,
the group is widespread, joining the continuous masses to the east.

No outcrops of Wasatch are known on the east side of Cache
Valley, but in South Hills, thin beds of red sandstone and con-
glomerate, between the light-colored Salt Lake group rocks and the
Ogquirrh formation are interpreted as Wasatch, for example along
the McMurdie Hollow road in Sec. 30, T. 10 N., R, 1 E. South of
this exposure in the same stratigraphic position are other outcrops.

Northwest of Wellsville, just above the Bonneville shoreline,
an erosion scar exposes red conglomerate visible widely (pl. VI).
Other patches of Wasatch lie along the mountain front largely
concealed by mantle. At the mouth of Pole Canyon, west of Mendon,
similar patches mark the end of an outcrop belt that may be followed
northwestwardly across the end of the mountain to points southeast
of Collinston. Here the formation appears to be several hundred
feet thick. Northward at the west end .of the Wheelon Narrows, and
on the opposite side of Junction Hills at Cache Butte, thin red
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rocks between the Salt Lake group and the Paleozoic rocks appear
to represent the Wasatch group.

The basal beds of the Wasateh group are of particular interest
in lower Cowley Canyon, on the divide above the canyon head at
the "White Bedgroumnd," also along the highway just above Laketown,
Rich County, and at several localities south and east of Cowley
Canyon to the boundaries of the Logan quadrangle, where they consist
of stromatolitic limestone. In lower Cowley Canyon concentrically
laminated masses are attached to the underlying blocks of Garden
City limestone; between and above these roundish bioherms, growths
from boulder to granule size, are intermixed with sand and gravel
or buried in a matrix of compact limestone. Most have pebbles as
nuclei. The stromatolitic particles are intermixed with sand and
pebbles in decreasing quantity upward, so that the stromatolitic
limestone grades into regular Wasatch conglomerate. In Sec. 21,
T. 12 N., R. 3 E., 83 feet of section was measured in this member
(Hilliams, 1948, p. 1144). At White Bedground numerous steeply
conical gnail shells have been coated with a laminated growth of
calcium carbonate. Youngsters collecting these have named the area
"Peanut Flat."

The only fossils known from the Wasatch group in Cache County
are snails from the basal limestone in Sec. 17, T. 9 N., R. 4 E,
They seem to indicate a lower Eocene age for these rocks (Williams,
1948, p. 1146).

SALT LAKE GROUP

The light-colored, younger Tertiary rocks of the area were
named Salt Lake group by Hayden in 1869 from outcrops in Morgan
Valley, some 50 miles south of Cache Valley. Vertebrate remains
found in these beds by Eardley and Clark in 1940 (Eardley, 1944,
p. 845) indicate an Oligocene age, much older than the generally
accepted age of the group, which was thought to be late Tertiary,
Pliocene. In 1955 Adamson, in a study of the group in Cache Valley,
visited Morgan Valley and recovered agriochoerid bones, perhaps
as old as upper Eocene (p. 39). Eardley has mapped these rocks
as far north as south Ogden Valley, perhaps within ten miles of
Cache County.

Light-colored Tertiary rocks, younger than the Wasatech group
are wide-spread in the foothill areas of Cache Valley, the benches
that surround the deeper parts of the valley. They have been
studied particularly by Adamson, and Keller and Prammani have made
important contributions. A tentative separation of the group into
three formations was made by Williams in 1952, and published by
Smith in 1953 (p. 75). The formations are, from bottom to top,
the Collinston conglomerate, the West Spring formation, and the
Cache Valley formation. The Collinston conglomerate is a thick
unit lying at the base of the group at the north end of Wellsville
Mountain. It is here apparently hundreds of feet thick. It is
thin to absent in Hyrum Bench. Above this an older unit of tuff
and conglomerate, about 1500 feet thick, and separated from the
still younger tuffaceous sandstones and conglomerates by an apparent
unconformity, is present. At the base it contains fresh water lime=~
stones. This is the West Spring formation, The thickness of the
Cache Valley formation is not known, but is presumably thousands
of feet.
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In 1952 Keller completed a study of the Salt Lake group in
northeastern Cache Valley at Mink Creek. Here he measured 5700
feet of conglomerate, tuff, and limestone which he divided into a
lower tuff member (2200 feet) and an upper conglomerate member
(3500 feet). In 1955 Adamson studied a thick section east of
Preston, Idaho, between Mink Oreek and the Utah line. Here are
some 7700 feet of tuff, tuffaceous sandstone, and limestone lying
on the Paleozoic rocks without a basal conglomerate, and overlain
by 1000 feet of conglomerate, apparently the equivalent of Keller's
upper conglomerate member.

In a synthesis attempted by Adamson, Hardy, and Williams (1955)
it was agreed that the Collinston conglomerate might be in part
a valley-side facies of the Cache Valley formation; that the West
Spring formation, not being recognized beyond its type locality
in Hyrum Bench was probably better merged with the Cache Valley
formation; and that Keller's upper conglomerate member deserved
formational rank as the Mink Creek conglomerate.

A basal conglomerate was discovered in Prammani's area at
the contact of the Paleozoic rocks, but it is only a few feet thick.
At Red Rock pass a much thicker conglomerate, presumably the equiva-
lent of the Collinston, lies on the Paleozoic rocks and is in turn
overlain by a tuff which may be the equivalent of part of the Cache
Valley formation. The pebble conglomerate at the base of the
section in Junction Hills bears little resemblance to the coarser
unit on Wellsville Mountain (Adamsecn, Hardy, Williams, p. 12).

In summary it may be said that the Salt Lake group in Cache
Valley has proven to be astonishingly thick, nearly 9,000 feet.
It begins with a basal conglomerate in places, which basal unit
may reach hundreds of feet in thickness. The basal conglomerate
has been named the Collinston conglomerate. The Cache Valley
formation, generally tuffaceous sandstone, tuff, fresh water lime-
stone-==~both compact and oolitiec~=~with minor beds of pebble con=-
glomerate, comprises most of the group. Along the northeast side
of Cache Valley it is overlain by another conglomerate, the Mink
Creek, some 1000 feet thieck.

Unfortunately no vertebrate fossils have yet been recovered
from the Salt Lake group in Cache Valley. Plants recovered near
Paradise have been studied by Brown (1949); snails and clams from
Junction Hills by Yen (1947); and ostracods from the same locality
by Swain (1947). Brown assigned the plant fossils to the Pliocene,
probably mid or late Pliocene. These fossils were collected from
the Cache Valley formation, and seem to indicate that for the most
part it is Pliocene, although parts of it, not now recognized, but
such as the West Spring formation, may be as old as the Norwood
tuff to the south in Ogden Valley.

GEOLOGTIGC STRUCTTURE

GENERAL

In keeping with the general pattern that has emerged from the
study of the geology of the western United States, geologic struc—
tures in northern Utah may be divided into (1) Laramide structures,
produced at the end of the Mesozoic Era in the Laramide orogeny and
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(2) younger structures, principally those faults associated with
the formation of the Basin and Range physiographic province, and
hence called Basin and Range structures. Both categories are
well represented in Cache County. As a matter of local discrim-
ination, Laramide structures are older than the Wasatch group,
while Basin and Range structures are younger., Laramide structures
are readily recognized in the Bear River Range where they lie beneath
the Wasatch cover. They are much more difficult to discriminate
from younger structures in the mountains west of the valley, where
this reference formation is so discontinuous as to be nearly.useless

The following tectonic elements may be recognized in the area
of Cache County. 3

The Bear River Range block

The South Hills =~ James Peak homocline

The Pisgah Hills =~ Wellsville Mountain homoecline
The Junction Hills homocline

The Clarkston Mountain homocline

The Cache Valley graben

It is thought that these elements are defined primarily by
Basin and Range faulting. However, each may be assumed to have
some Laramide structures, which may or may not be disceranible.

BEAR RIVER RANGE BLOCK

This block is separated from the Cache Valley graben by the
north~south trending East Cache fault zone. The zone continues
between the south end of this block and the South Hills-=James
Peak homocline. The block contains two major Laramide folds, the
Logan Peak syncline and the Strawberry Valley anticline. These
are part of the Idaho -~ Wyoming arc of folds and overthrust faults
(Eardley, 1939, p. 1294). The high~angle, north=south trending
faults of the block are considered to be younger than the Wasatch
group, and hence of Basin and Range origin. It appears from the
distribution of Wasatch conglomerate relative to the Temple Ridge
fault, for example, that the fault is younger than these beds, but
the actual extension of this and the other faults into the Tertiary
rocks is difficult to observe. Similarly the Klondike, Mud Flat,
Herd Hollow, and Hayes Ridge faults are thought to be Basin and
Range faults. Presumably there was some faulting associated with
the Laramide folding, but the field work accomplished to date does
not make possible recognition of these old faults. The east-west
trending fault between Dry and Logan Canyons in the face of the
range may possibly be a tear fault associated with the folding.

SOUTH HILLS - JAMES PEAK HOMOCLINE

This structural unit lies at the south end of the county
between Cache and Ogden Valleys. The general strike of the beds
is east-west, with a moderate northward dip toward Cache Valley.
At the base of the homocline lies the Precambrian Big Cottonwood
series, not far from, but not necessarily continuous with the Pre=~
cambrian rocks of the Willard thrust sheet to the southwest. To
the west the homocline is terminated in a series of north-south
faults against the Pisgah Hills = Wellsville Mountain homoecline.
This structural mass, as at present understood, is comparatively

simple, with one major north=south fault displacing it near the
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middle, and with one east=west fault repeating the section in the
southern part. Stratigraphically this block stands higher than
the blocks east and west of it; yet it is in Iine with the Cache
Valley graben, a topographic low.

The Laramide Logan Peak syncline of the Bear River Range may
be projected southwestwardly into the area of South Hills, but
the homocline there bears no trace of the fold. This seems to
require movement and perhaps creation of the homocline after the
folding. Whether this is in part Laramide movement is not known.
Conceivably the dip of the homocline could be of Laramide origin,
while the displacement athwart the truncated Laramide fold is
Tertiary.

PISGAH HILLS - WELLSVILLE MOUNTAIN HOMOCLINE

This large structure, in which Paleoczoic formations from
Cambrian through Pennsylvanian and probably Permian strike north-
northwestward and dip to the northeast, lies west of South Hills
and southern Cache Valley. In the vieinity of Mt. Pisgah its trend
swings to north-south, and sowth of Mantua Valley there is even a
slight swing toward the west. This homocline is separated from
the South Hills block by the fault zone through Sink Valley pre-
viously described. The homocline is bounded on the west by the
Wasatch fault zone, trending nearly north~south, and truncating the
homoeline in a steep escarpment. Likewise, it is thought %o be
bounded on the east by faults, named the Hyrum and Wellsville faults
in the writer's earlier report (Williams, 1948, pp. 1155-1156).
Recently Bues and Gelnett have discovered the Mt. Hughes fault,
generally parallel to the east face of Wellsville Mountain, but
at some distance from its border. At its northern end Wellsville
Mountain may be separated from Junction Hills by a transverse fault.

Principal interval structures in the large homocline are
transverse faults of no great displacement. These are most numerous
at the south end, from the south end of Mantua Valley to the north
side of Dry Lake Valley. In fact, both of these depressions may
be related to these fanlts. Farther north several faults of this
type have recently been discovered by Bues and Gelnett.

If the homocline represents a limb of a large Laramide fold,
or an overthrust mass moved eastward in Laramide time (Williams,
1948, p. 1151), it is easy to conceive of the transverse faults as
tear faults related to this movement. An example of such is the
Blackfoot fault, described by Mansfield (1927, p. 160). However,
there are transverse faults younger than the Salt Lake group at
the north end of Clarkston Mountain (Hanson, 1949) and the north
end of Wellsville Mountain, and these might belong to that genre.
On the west side of the homocline these faults do not have topo=-
graphic expression, as does the north-south Basin and Range Wasatch
fault, which would seem to be evidence that the transverse faults
are older. Where South and Pisgah Hills join, faults of both
trends intersect and terminate each other without a elear chrono=
logical relationship., The writer is inclined to believe these
transverse faults to be Laramide in age, but there is no conclusive
evidence now known.
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JUNCTION HILLS HOMOCLINE

The Junction Hills horst, bounded by a very youthful fault
escarpment on the west, and another perhaps less spectacular fault
escarpment including Cache Butte, on the east, contains another
homoclinal mass, this with a northeast strike and a northwest dip.
Paleozoic formations from the Swan Peak to the Oquirrh crop out
through the Tertiary cover.

If this picture of the structure here is real, it seems diffi-
cult to relate this to the two adjacent homoclines (both with easterly
dips) by high-angle faulting, either Laramide or Tertiary, and the
writédr is still inelined to believe that they may be related through
overthrusting.

CLARKSTON MOUNTAIN HOMOCLINE

This homocline, northernmost of the three along the west side
of Cache Valley, has been mapped in detail by Hanson (1949). While
having the same general trend as the Wellsville Homocline, it
involves only Middle Cambrian to Silurian rocks, and is much more
faulted than the Wellsville Mountain block. Hanson reports the
average strike as north 30 degrees west, and the average dip as
30 degrees northeast. He considers the range a horst, bounded
both east and west by Basin and Range faults. Faults within the
range he reports as having two general trends, north-south and
east-west, with the former more numerous. These internal faults,
he believes, largely antedate deposition of the Salt Lake group.
Hanson favors the hypothesis that includes the idea of post-Salt
Lake group transverse faulting between Junction Hills and Clarkston
Mountain (1949, p. 76). Similarly Adamson (1955) and Bues and
Gelnett (1958) have found post=Salt Lake group faulting on an east-
west trend at the north end of Wellsville Mountain,

The degree to which these three homoclines reflect Laramide
structures ig not known. They do not seem to be related to folds.
They may be individual thrust masses. The extent to which the
blocks have been rotated by Basin and Range faulting again is not
known, but the presence of the Wasatch group along the northeast
side of Wellsville Mountain only, suggest strong rotation toward
the northeast, after Wasatch time.

THE CACHE VALLEY GRABEN

With Clarkston and Wellsville Mountains essentially horsts,
Cache Valley appears to be in a general way a graben, bounded by
Basin and Range faults on both sides. Interestingly enough, the
graben appears to have formed in an area of older rocks. I% has
been pointed out that the rocks in James Peak and the South Hills
homocline are older than those east and west across the boundary
faults. Similarly to the north, Precambrian rocks oceur in the
valley bottom in Little Mountain, northwest of Preston, and in the
fault escarpment of the Dayton fault northwest of Westom (pl. V).
The Portneuf Range at the north end of the valley exposes wide
areas of Precambrian rocks.

That the valley block itself is broken by numerous north=south
faults, with a resulting unevenness in its floor, is attested by
the numerous hills or small mountains within the valley, such as
Cache Butte, Bergeson Hill, Crow Mountain, and Franklin Butte and
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Little Mountain in the Idaho part. This same unevenness creates
the Foothill benches, and brings Salt Lake group rocks to the
surface along the Cub River northwest of Richmond, in the small
hillock at Petersboro, and in the long hill south of the Hyrum
Reseryoir and the north end of Hyrum Bench (pl. IV).

RESUME oF GEOLOGIGC HISTORY

Northern Utah occupies a position near the eastern margin of
the Cordilleran geosyncline, & seaway that existed for hundreds of
millions of years in western North America. The history of thia
geosyncline is generally considered as starting with the Cambrian
period. The only geographic elements recognized for Precambrian
times are the Northern Utah Highland (Eardley, 1939, p. 1285) and
the Beltian geosyncline that lay east of the highland, and trended
from the Grand Canyon area northward through the Uinta Mountains
and into western Montana, The Big Cottonwood series was deposited
in this geosynecline, and hence in terms of the geography of Cache
County's site, the highland lay nearby to the southwest, while the
seaway covered the whole of the area. Glaciers on the ancient
highland deposited till in the margin of the seaway, producing
the Little Mountain tillite (Blackwelder, 1932) and the Mineral
Fork tillite (Crittenden, et. al., 1952) in the Central Wasatech
Mountains. Similar rocks have been reported from the Precambrian
of the Idaho part of Cache Valley. As the Paleozoic Era opened,
the Cambrian sea invaded the Cordilleran geosyncline from the south-
west.

THE CORDILLERAN GEOSYNCLINE AND ITS SHIFTING BASINS

As FRarly Cambrian time came to a close, the shoreline reached
northern Utah and the Brigham quartzite represents sand and gravel
deposited in the littoral zone. Through Medial Cambrian time the
shoreline lay well mnorth and east of the future site of Cache
County. The Worm Creek quartzite (Haynie, 1957) represents a brief
return of shore-zone conditions, but through the remainder of Late
Cambrian time the shoreline was far east of northern Utah.

The Swan Peak formation and the unconformity accompanying it
represent withdrawal of the sea through most of Medial and part
of Late Ordovician time. The returning Fish Haven sea was wide-
gspread over North America. Either the sea persisted here throughout
Silurian time, or its withdrawal in Early and Late Silurian times
has left no evidence other than the possible absence of sediments.
In Early Devonian time the terrestrial Water Canyon formation was
being deposited near sea level, and we are sure the sea did not
again cover northern Utah until Late Devonian time, The Jefferson
formation clearly records an epoch of increasing diastrophism
with nearby lands contributing much sand to the northern Utah sea.
Finally, at the end of the period, the area apparently became
emergent, and was rather strongly disturbed, at least moderately
warped.

After the widespread return of the seas in Early Mississippian
time, diastrophism again increased, elevating much of the area
east of northern Utah, and creating the rapidly sinking Oquirrh
Basin. This basin lay mostly west and south of the area of Cache
County. 1In it the thick Upper Mississippian sections of the Oquirrh
Mountains and Dry Lake accumulated.
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In earliest Pennsylvanian times the sea was restricted to the
Oguirrh Mountains region, the Uinta Mountains area, and north-
western Colorado. Cache County may well have been a part of a
highland adjacent the restricted basin. The Pennsylvanian seas
fluctuated and shifted. Cache County received sediments in the
Des Moinesian epoch, perhaps not in the Missourian epoch, but in
Virgilian and perhaps earliest Permian times. The extraordinary
Park City~Phosphoria sea with its deposits of phosphorite probably
%%ggred this area entirely, but its sediments are not now exposed

In Triassic time northern Utah shared the regional history.
There is little doubt that it was covered by the same sediments
exposed nearby in Weber Canyon and Bear Lake Valley. The same would
be true of the Jurassic Period, except that the Logan area must
have been near the western shore of the sea which deposited several
formations in southeastern Idaho.

LATE MESOZOIC OROGENY

Cache Valley was well within the orogenically active belt during
the growth of the great Laramide Mountains. When their growth ceased,
and the erosive agents were unopposed in their destruction, Cache
Valley soon lay in a heavily alluviated piedmont area, first levelled
by streams draining from the mountains to the Green River Basin to
the east, and then later buried under the debris the shrinking rivers
were no longer able to carry as they themselves brought low the
moisture=-collecting highlands. 1Into this piedmont area, probably
after a long continued erosion, Cache Valley was born as a sinking
faulted area between adjacent blocks that continued to stand rela-
tively high.

TERTIARY HISTORY

. The present drainage pattern of the Bear River Range is thought
tb date from this time, perhaps the Miocene epoch. Since then these
streams, and small ones from the western mountains, have carried
debris into the valley. Continuing diastrophism has repeatedly
tilted and jumbled the valley fill, but has never reversged the
injitial pattern which lowered the valley area and uplifted or held
fast the mountain blocks. The long history of this semi=arid valley
is contained in the thousands of feet of Salt Lake group rocks, the
gravels of the Cache Valley streams, the breccias and fanglomerates
of the mountain faces, the marls of ponds, and the oolitic limestones
of shallow lakes.

Bear River is thought to have first crossed Cache Valley when
the valley was deeply filled, and the bordering passes to the north
and west shallow and easily crossed. Subsequent diastrophism has
deepened the valley and superposed the river across the end of the

Portneuf Range at Oneida Narrows and Junction Hills at the Wheelon
Narrows,

ECONOMIGC GEOLOGY

PROSPECTING FOR METALS
Cache County is without a successful metals mine. Mineraliza=
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tion along the East Cache faults, and along faults of similar trend
in the Bear River Range block, has long been of interest to the
local prospectors, but has not proven sufficient +to support a
continuous mining operation. According to Arrington (1956) this
prospecting began within the first decade after settlement, was
stimulated by the coming of the railroad to the valley in 1872, and
reached a boom stage in the 1890's when Cache County included three
organized mining districts through which hundreds of claims were
filed. The most famous area is La Plata near the south county
boundary west of Ant Valley and east of James Peak, a ghost town
that is alleged to have had a population of hundreds for several
years. Heikes reports (1920, p. 218) only 8 tons of ore shipped
from La Plata (galena) and that the most important underground
developments produced no finds. Similarly 18 tons of lead ore were
roduced near Avon, and 10 tons at the Lucky Star Mine in Blacksmith
Fork, according to the same writer. The zinc deposit at the boundary
of Paradise Bench and the Bear River Range just south of the mouth of
Blacksmith Canyon is reported to have furnished two carloads of ore;
similar prospects lie in the boundary fault zone east of Providence,
and are reported to have furnished tons of high grade ore. Arring-
ton reports (1956, p. 237) that the Amazon prospect, in Logan Canyon
near the Temple Ridge fault, once produced a shipment of ore worth
$5,000. In addition to the slightly mineralized fault zones, other
prospect holes have tested the black shales in the Cambrian, Ordo-
vician, and Mississippian rocks.

NON-METALLIC RESOURCES

The non-metallic resources of the county are more real, though
they are as yet 1littlé developed. They consist of dolomite, lime-
stone, building stone, gravel, and clay.

There are thick dolomite beds in several of the formations of
the area. Some of these are exposed in accessible locations from
which the rock might be trucked away to a plant, or the railroad,
at little cost. These thickest, most accessible, and probably highest
grade localities were sampled by the author under a grant from the
Utah State Department of Publicity and Industrial Development. The
results have not hitherto been published. The analyses are sum-
marized in the following tables.
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FORMATION SAMPLED: Langston dolomite
LOCALITY: South of Mantua, Box Elder County, Utah (86c. 27, T. 9 K., R. 1 W., SLB&M)

Sample Description Silica R203 Calcium Magnesium
No. Oxide Oxide
1l.... fSamples 1 to 6, inclusive, came from a light 4.32 29.32 17.85
R2.... f gray coarsely crystalline dolomite of Lang= 4.00 27.40 16.92
3¢... ] ston, weathering with a brown rind. Samples 3.36 30.60 18.76
4eoso ] taken at approximately 25-foot intervals 5.44 30,00 16.47
5.... § across the outcrop behind a mine at this 3.80 31.28 18.87

6.... \locality. 2.92 31.40 18.46

PORMATION SAMPLED: Fish Haven dolomite
LOCALITY: Green Canyon, Cache County, Utah (Sec. 19, T. 12 N., R, 2 BE., SLB&M)

TEWDIS Jortical Accumulated Description S8ilica Ry03 Calecium Magnesium
No.  Interval Thickness Oxide Oxide
7 25 R25... Samplea 7 to 10, inclu~ caevenes 0.28 0.40 31.32 21.12
8 25 sive, came from a nassivee}...... 0.28 0.44 31.24 21.15
9 27 black crystalline dolomit 0.28 0.44 31.24 21.24
10 31 cesesreasenaage 0.28 0.48 31.48 20.84

FORMATION SAMPLED: Laketown dolomite
LOCALITY: Green Canyom, Cache County, Utah (Secs. 19 & 20, T. 12 N., R. 2 E., SLB&M)

Sample Verticel -Accumulated DPescription Silica Ry03 Calcium Magnesium
No. Interval Thickness Oxide Oxide
11 36 Samples '11 through 26, 0.32 0.64 31.44 20.84
12 43 inclusive, csme from & 0.28 0.52 31.32 20.81

48 light and medium gray,

66 generally well-bedded
13 68 ferystalline dolomite, 0.24 0.52 31.28 21.15
h¥A 76 generally thick-bedded. 0.20 0.48 31.36 21.14
15 117 Some beds show consider= 0.28 1.00 31.32 20,82
16 46 able porosity., Corals 0.56 0.80 30.40 21.35

181 and stromatolite present

17 49 in some beds, fossil 1.66 1.40 30.50 20.16
18 82 "shadows™ abundant in 0,98 0.80 30.54 20.88
19 110 1061,..|vthers, Internal 20 0.88 0.92 30,66 20,66
20 110 1171. . \quarried for 1ime. : 0.58 0.80 30,80  21.17
21 110 0.44 30.44 21.07
R2 114 1,08 23.10 16,10
23 52 0.70 30.30 20.99
24 32 0.72 30.30 20.89
25 50 0.76 30.20 20.59
26 69 B P I X 1.08 30.48 20.62

Note: 1600, feet combined total thickness of Fish Haven and Laketown

'FORMATIO! $SAMPLED: Upper St. Charles formation
LOCALITY: Green Canyon, Cache County, Utah (Sec. 19, T.-12 N., R. 2 E,, SLBE&M)

Sample Vertiecal Description Silica R203 Calcium Magnesium
No. Position . Oxide Oxide
29 Ou.......Generally thin-bedded limestone.......... 3.52 0.68 50.76 2.59
30 ...Light gray, medium-bedded dolomite....... 0.84 0.96 31,08 19.98
31 ....Light gray compact rock. Massive.. . 0.56 0.84 30.60 20,52
32 240........1ight gray compact rock., Massive. 0.56 0.92 30.76 24 .43
33 290.4.0.. .. Massive, light gray........ o 0.68 0.72 30.92 20.44
34 Light gray, compact,.secenseveacenns . 2,12 0.80 30,40, 19.87
35 . thin-bedded, 5 per cent chert...... . 2.20 0.64 30.36 20.46
36 420040040 .:iMasgive, apparently PUTE...ecevenianrssns 0.92 0.80 30.68 20,44
37 AT et eetaieesnesntoseotovratacassosacensvsaniaseasans 0.88 0.72 31.00 20.41
38 Generally mcttled thin=bedded, algal

shadows?,... ceensoe e 4,72 1.76 29.40 18.61
39 52 cieiiaercisannanns cieerenean 2,56 1.20 30,20 19.80
40 Massive to thin-bedded......... ceees 2.20 0.76 30.40 20.26
41 624veeesss Massive medium gray, coarsely crystallins

dolomite, N0 Cherbeceesaeetnecnscnaieaans 1.88 0.88 30,68 20.01
42 674euee....Top, just below contact of Garden City

LiMeSt0ne e resvaenrsssacnassronnmessnenes  2.44 0.88 28,84 18.46
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FORMATION SAMPLED: Figh Haven dolomite and Laketown dolomite
LOCALITY: Right Fork Blacksmith Fork Canyon, Cache County, Utah (Sec..3, T. 10 N., R. 2 E., SLB&)

. "

Sample Vertical Deseription Silica 3203 Calecium Magnesium
No. Position Oxide Oxide
43 15.........Figh Haven dolomite. Dark gray, ....... 0.60 0.68 30.92 20.96

medium crystalline..........‘........ .

4h 45, L.Same. . ieennna.n . .e 1.16 0.56 30.52 20.67
45 93.........Fine-grained, light grny, madiu 0.44 0.60 30.80 20.80
Base of Laketovn,.......................
46 2 9.56 1.20 27.80 18.57
47 AD2cuiaveceanacenasanconans 1.40 1.00 30.68 20.07
48 A5 Teaianeeanesesnceniansen 0.80 0.76 30.72 20.96
49 503 c0eccceneaanas 0,64 0.48 31.20 20.40
50 562uuinneirncnnanns 0,40 0.40 30.80 21,15
51 L I 0.42 0.44 31.00 20.68
52 837..004v...Mottled light and dark gray with silic- 0.76 0.48 30.96 20.95
: ified corals,. R R R R TR
53 932.iunnnn ceeenrersnaan 0.48 0.40 30.84 19.55
54, 108z2... cteseeaceanvsonnnn PPN PRI 27.28 0.60 22,80 14.77
55 1182...,.....5 per cent scattered chert at this...... 0.80 a.52 30,80 21,18
B 0 B
56 1232...0000..Masgive, light gray....... eveansianen 0.60 0.64 30.76 20.70
57 B S N chsanesn 0.80 0.52 31.12 21.02
59 1697 ...Dark gray, siliceous?....... ciaaeees 1.80 2.12 30.24 19.51
58 1797.evvsee..Top of Laketown £OTrmAtioN..svevesseaanss 1.52 0.84 30.72 20.11

FORMATION SAMPLED: Langston dolomite
LOCALITY: Right Fork Blacksmith Fork Canyon, Cache County, Utah (See. 7, T. 10 N., R, 3 E., SLB&)

Sample Vertical Description Silica R203 Galeium Magnesium
No. Position Oxide Oxide
60 Ovevesnves.First outerop at road level. Medium.... 2.90 3.40 29.80 18.34

gray, modium erystallin@.scecieocancaases
61 50.c....0...Light gray, fine—grained....cceevnecenas 1.08 2.20 30.80 19.48
62 80, .Coarsely crystalline, white, no chert... 0.80 3.60 30,72 18.44
63 110, Same.................................... 1.20 1.80 30.64 19, 56

64 145.

.Generally same, no chert or other impur~ 1.36 4.64 30,44 15.50

B TN

65 17540400 0eess.ht top of exposure and formation........ 0.48 0.76 30.80 20.72

FORMATION SAMPLED: Blacksmith dolomite
LOCALITY: Right Fork Blackamith Fork Canyon, Cache County, Utah (Sec. 7, T, 10 N., R. 3 E., SLB&M)

Sample Vertical Accumulated Description Silica RZOB‘ Caleiun Magnesium
No. Interval Thickness Oxide Oxide
66 61 61.... } Samples 66 to 73, inclusive,\.. 1.16 7.36 31.16 15.19
67 19 80.... { came from a medium to 1light |.. 1.40 1.28 30.80 20,12
68 105 185.... | gray, medium to finely cry- |.. 2.60 1.24 30.56 19.65
69 88 273.... | stalline dolomite; thin- %o |.. 2.20 2.16 30.72 19.29
70 50 323.... | thick bedded; little or no . 1.00 0.80 30.80 20.23
71 23 346..,. \chert. .. 1.32 1.28 30.64 20.01
72 50 396 1 iiiarnirtaatasinnt e ataeanaens 0.84 2.80 31.80 18,00
73 46 PN 0.88 3.36 30.92 18.61

FORMATION SAMPLED: Basal Nounan dolomite
LOCALITY: Right Fork Blacksmith Fork Canyon, Cache County, Utah (See, 1, T. 10 N., R, 2 E,, SLB&H)

Sample Vertical Accumulated Deseription Siliea RZOB' Calcium Magnesium
No. Interval Thickness X Oxide Oxide
Th 50 50.... {Samples 74 to 77, inclusive,}.. 0.72 0.72 30.72 20.10
75 110 160..,. lceme from & light gray, ) . 0.36 0,68 31.60 20.37
76 42 202.... VYthick=bedded dolomite. . 1.90 1.08 30.52 20.13
77 130 B 2 N 1.20 0.84 31.00 20.23

FORMATION SAMPLED: Hyrum dolomite member of the Jefferson formation
LOCALITY: Right Fork Blacksmith Fork Canyon, Cache Gou:nty, Utah (Sec, 1, T. 10 N., R, 1 E,, SLB&M)

Sample Vertical Accumulated Deseription S8ilica R203 ‘Calcium Magnesium
No. Interval Thickness “Oxide Oxide
78 75 {1low) 75. Samples 78 to 93, inclusive,\.. 10.00 2,04 31.24 14.76
79 75 (high) came from & light to dark ' 6.00 1.56 31.96 17.88
30 50 gray, thin-bedded to massive,}.. 4.48 2.04 31.00 18.75
8l 50 generally medium-grained AN 6.00 2.44 29.20 18.26
82 0 dolomite; some intraforma- .o 1.60 1.08 31.60 19.72
83 25 tional brsccla, some chert J.. 1.64 1.32 31.24 19.78
84 25 in a few of the beds. .. 2.10 1.44 30.68 19.78
85 25 certmsesterasaananen 1.20 0.80 31.32 20,88
86 25 cetsenan cieesein 1.20 0.88 30.80 20,62
87 25 2.00 0.92 30,72 20,10
88 25 2.40 1.24 32,20 18.73
89 25 8.20 2,00 28.96 17.85
90 R5 1.24 1.40 31,60 20,03
91 25 0.72 0,80 31,08 20.46
92 25 0.72 0.96 30.%6 19.84
93 25 6.80 3.16 28.92 17.53



Pure limestone beds are developed in the Brazer formation,
and these have been quarried for years in Providence Canyon, to
supply the factories of the Amalgomated Sugar Company.

Shaly limestone, with a mixture of clay and calcium carbonate
suitable for the manufacture of Portland cement, is present in great
quantities in the outcrops of the Garden City formation. These
are closest to the railroad in Green and Logan Cayyons. Even
larger areas of exposure are present in the Bear River Range, on
the east side of the syncline, but these are far from the railroad.

Another formation probably of the same composition is the
Bloomington limestone of Cambrian age. Exposures of this formation
in Smithfield and High Creek Canyons are close enough to the valley
to someday be exploitable,

Since the earliest days of settlement the canyons east of Logan
have furnished building stone for foundations, walls, and chimneys of
the homes, commercial buildings, and religious edifices of Cache
Valley. Principal contributors have been the Garden City and Swan
Peak formations, particularly from quarries in Green Canyon; the
Salt Lake group, east of Franklin, Idaho, and in Junction Hills;
and to some extent the Brigham quartzite from quarries in Blacksmith
Fork.

In Green Canyon, northeast of Logan,0rdovician rocks form dip
slopes into the canyon from its north side. Here the old-~timers
were able to strip off beds of limestone and quartzite, about one
foot thick, because of the shaly partings that separated them.
These sites provide by far most of the stone used for many years.
The light blue—gray Garden City limestone made a pleasing contrast
with the dark~brown Swan Peak quartzite. Both stones are used in
the Mormon temple and tabernacle.

Soft tuffaceous sandstone has been quarried in Junction Hills,
and on Richmond Bench, and has been used sparingly in buildings.
01d Main Building at Utah State University has lintels and balus-
trades made of this stone. 1In recent years, some builders have
utilized Brigham quartzite, with interesting color patterns from
Liesegang banding, for chimneys and trim. Near Junction Hills some
early ranch houses were built of blocks of oolitic limestone of |
the Salt Lake group.

SUBSURFACE WATER

GENERAL

Cache County may be divided into two subsurface water provinces,
(1) the mountains and foothills, where subsurface water is important
in springs only and (2) the valley proper, where underground water
may be obtained in gravity wells and artesian wells, and where
there are numerous seeps, swamps and ponds, and some artesian
springs. In the former province the regional water table is in
most places far beneath the surface, and wells would not be practical;
in the latter the regional water table is everywhere near the suf=-
face, and gravity wells may be obtained at shallow depth everywhere,
and artesian wells may be obtained most any place in the area. 1In
the former province a few of the smaller springs have been improved
for stock watering, or to supply municipalities, while the larger
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springs maintain the perennial streams. In the valley there are
some 1200 wells producing about 100 second feet (Peterson, 1946),
used for irrigation, stock water, and culinary purposes.

SPRINGS IN MOUNTAIN AREA

In general, the number and size of the springs in the mountains
surrounding Cache Valley are both large, because the mountain blocks
consist mostly of carbonate rocks which readily develop underground
drainage channels. This is reflected in the regimen of the principal
streams which provide flows of clear carbonate waters which are
well sustained throughout the year. In addition to the large
fissure springs in the limestone and dolomite formations, there
are numerous contact springs where water issues above shale members,
such as the Spence shale, the shale member in the Swan Peak formation,
and the shale at the base of the Brazer formation. In other occur=-
rences the water issues from beneath Tertiary rocks, morained, or
alluvial deposits.

In mapping the geology of the Bear River Range, the writer
made the following inventory of springs. It probably represents
the majority of the springs in the range, and shows that, in general,
few of the natural water sources have been improved.

On the following tables, the springs are listed under the
capacity of either small, intermediate, or large. A small spring
refers to a discharge of one gallon of water per minute to 45
gall ons per minute. An intermediate spring discharges 45 gallons
a minute to one second foot, and a large spring discharges any
amount over one second foot.
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NE 14
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SW 34
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13 N 3E E1/2 7

SW 8

7650
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6350

6650

7400

7000

6935
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6800

8700
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7500
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8500
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small

inter

small

large

large

large

large

large

large

large

small

large

small

small

inter=
mediate
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mediate

small
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small

small

small
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none

none

none

none

none

none

none

none

none
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none

none

none

none

none

none

none

none

none

trough

none

trough
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Filt
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Filt

tubular?
tubular

tubular?

tubular?

tubular?

tubular
tubular?
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tub#lar?
filt
tubular?

tubular?

tubular
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filtration

filtration?
filtration?

filtration
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By Nature

13N 4E
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12N 3E

12N 4R

SE 12

W 15
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NE 5
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Canyon
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Near head of
Ricks Canyon

Seep in
Wasatch
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Heads Temple Fork
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Small N=S fault Large spring above
in Laketown tufa terrace

Contact on
basal Brazer
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In addition to these springs well into the mountain block, a
series of large springs issue from the base of the mountain blocks
at the valley margin. These, of course, are particularly valuable
for irrigation. According to Peterson (p. 23), 27 such springs
discharge a total of 120 second feet,.

VALLEY PROVINGE

In the valley proper where earth materials are largely sedi-
ments of the Lake Bonneville group, with minor amounts of post=lake
alluvium, springs are perhaps subordinate to wells, but several
categories are of interest. Where coarse alluvium lies on lake-
bottom silt and clay, contact springs are common. The most notable
example is the deltas of the Provo formation in which large quantities
of gravel were deposited into the lake, as foreset and topset
beds, upon the bottomset beds of silt and clay. The gravel part
of the delta presents a rather steep front, and beneath this the
springs occur., The delta of the Logan River and the large composite
delta of the Blacksmith Fork = Little Bear are the most notable.
Similarly, where coarse post=lake alluvium in the form of alluvial
fans or stream channel deposits extends out on the old lake bottom,
springs occur at the end and sides of the deposit. Examples are
the alluvial deposits along High Creek, Smithfield Creek, and Provi-
dence Creek.

Large springs occur at several places in the valley, but
particularly southwest of Logan, where the only satisfactory explana=
tion of their being is that of artesian springsl They issue from
pools in well~formed depressions, and the low permeability of the
surrounding lake beds precludes their being water table springs.
Generally the pool is deep proportional to its width, and the water
is rather warm, about 60° F. A group of such springs feed Spring
Creek, which flows for 30 to 80 second feet. (Peterson, 1946,
pp. 28-30).

Artesian wells apparently can be obtained most everywhere in
the lower parts of the valley below 4500 feet, Most of the wells
are located between 4450 and 4500 feet. The typical well has been
jetted into the lake sediments. The pipe is 2-5 inches in diameter,
and only the upper part of the hole is cased. If the pipe is 2
inches, the flow is several tens of gallons per minute. For the
larger pipes it may reach several hundreds of gallons per minute.
Most wells are less than 200 feet deep.

The aquifers appear to be sheets and channel fillings of gravel,
grading valleyward into sand, +that have been deposited by the
streams of the valley during interlake ages, such as the present.
Aquifers thicken and coarsen toward the mouths of the canyons.
Isoplestic lines curve valleyward past the principal streams indi-
cating that they not only constructed the agquifers, but also now
recharge them. Since the canyon mouths have been fixed in position
since the earliest times of the valley, distribution of alluvium
on the valley floor has probably followed the present pattern for
a long time. This seems to explain why the most productive artesian
areas are opposite the mouths of the principal canyons. In southern
Cache Valley between Wellsville and Logan, Little Bear, Blacksmith
Fork and Logan Rivers have spread coarse alluvium widely over the
valley producing the most productive artesian area. Another area of
importance surrounds the alluvial fan of Summit Creek at Smithfield.
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Two principal aquifers are encountered in wells 150 feet deep,
one at about 60 feet, the other at about 120 feet. These vary in
thickness, generally thinning valleyward, but in the best artesian
wells are 10 or more feet thick.

TOPOGRAPHIC FEATURES DUE TO SOLUTIONS

Sclution valleys, sink‘holes, and caves are interesting geologic
features of Cache County, due to the ercsion of the widespread
limestones and dolomites. Several features of this nature are of
particular interest.

Logan Cave is the best known and most accessible cavern in
the county. It opens into Logan Canyon 14 miles above its mouth
and a few tens of feet above the canyon floor. It is about 2000
feet long, commonly 59 to 10 feet wide and sometimes 50 to 70 feet
high. It is developed in a zig=zag pattern on two sets of joints
in the Garden City limestone. A stream occupies its floor through
most of its length. Two levels are developed near the front.
Victor Church has mapped and described this case, and discussed its
origin (1942).

Providence Cave, located near the head of Providence Canyon,
is known to many who have hiked that way, but has not been described
by a geologist. There are numerous other alcoves or shallow caves
throughout the mountains of the county. The one from which Ricks
Spring issues in Logan Canyon is seen by many.

On the higher parts of the Bear River Range, particularly on
Temple Ridge, on Front Ridge near Mt. Naomi, and on and about Beaver
Mountain, there are numerous sink holes, swallow holes and, small
solution basins. Often these are related to faults, which at stream
level in the canyon also localize springs. Sink hole, fault zone,
and spring are parts of the system. At the east boundary of the
county along U. S. 89, Sink Valley or The Sinks is a long strike
solution valley developed on the Bloomington formation. It is
composed of numerous separate sinks.

In South Hills and Pisgah Hills (pls. I, II), where carbonate
formations of the whole section from Cambrian to Mississippian lie
badly faulted in these rather low terraines, solution valleys are
particularly well developed. These include Fry Lake Valley along
U. S. 89, the floor of which supports a perched water table; Mantua
Valley, which has been widened and deepened by solution and which
now intersects the regional water table and draws into itself
large springs on three sidesy; Clay Valley, just east of Mantua
Valley; Devils Gate Valley, southeast of Mantua Valley and scene
of an unsuccessful attempt to develop & solution valley into a
reservoir; and Sink Valley between Devils Gate and Clay Valley,
with a well-developed swallow hole into which the snow melt disappears
each spring. This is perhaps the largest development of such solution
features in a wide area.

LAKE BONNEVILLE IN CACHE YVALLEY

Cache Bay was an important part of ancient Lake Bonneville, an
Ice Age lake that occupied northwestern Utah for an unknown part of
the Pleistocene Epoch. Lake Bonneville was first studied by G. K.

-38=



Gilbert, and was the subject of his famous monograph (1890) the first
to be published by the U. S, Geological Survey. Gilbert's monograph
describes the major features of lake~formed topography in the valley
including the deltas of Logan River, the shore embankments near
Wellsville (p1. VI), and the outlet channel at Red Rock Pass
(pls. XI, XII, XIII). Another feature that particularly attracted
his attention was the "Gates of Bear River" because, at lower levels
of the lake, it connected the main body to its major tributary,
Bear River, and also to its outlet channel.

At their highest elevation, 5135 feet, the waters of the lake
lapped well up on the foothill benches (pl. III), and Newton
Mountain was a small island, while Bergeson Hill made a peninsula
north of a largely submerged Clarkston Bench. The north end of
Hyrum Bench was submerged (pl. IV), as was the lowest sectiond
Junction Hills. Logan and Blacksmith Fork Canyons made long, narrow
bays back into the Bear River Range.

The major elements in the history of the lake, as interpreted
by Gilbert, are still accepted by most geologists concerned with
the problem. The lake is thought to have risen to near 5100 feet
in its first cycle, then to have receded to a low level, probably
withdrawing completely from Cache Valley before returning in a
second cycle that carried to 5135 feet, the low elevation in the
basin rim at Red Rock Pass. Spilling now began, and an outlet
channel formed through the Paleozoic and Tertiary rocks of the rim
(Williams, 1952) (pls. XI, XIT, XIII). The cutting is thought
to have been comparatively rapid, so that before this cycle was
completed by another dessication, the outlet had been lowered to
about 4770 feet, its present elevation. There is evidence that
there has been a third cycle, bringing the lake up again to the
elevation of the outlet, the so-called Provo level. The lake has
not risen above Danger Cave, near Wendover, Utah and about 110
feet above the present level of Great Salt Lake, for over 11,000
years (Jennings, 1953). ‘

The only erosional landform produced by the lake in Cache Valley,
a sea cliff, is particularly noticeable at the Bonneville shoreline.
The depositional forms are shore embankments, spits, bay-bars and
deltas. At most places about the valley a shore embankment from
zero to tens of feet thick once covered the slope between the
Bonneville and Provo shorelines. It is now mostly dissected (pl.
III), and in places completely removed. The material in the embank-
ment depends, of course, upon the nature of the sediments available
in that particular part of the shore zone. Along the east side of
the valley the embankment is composed mostly of silt and fine sand,
generally buff colored. It is particularly thick between Logan and
Providence Canyons, and for a mile or two south of Blacksmith Fork
Canyon (pl. III). Around Hyrum Bench (pl. IV) and Clarkston
Bench, the silt and sand was obtained from the Salt Lake group,
and is lighter colored, reflecting a component of volecanic ash from
that tuffaceous material. Along the Mendon-Wellsville piedmont,
and southward along Pisgah Hills, +the embankments are gravel,
obtained from Tertiary conglomerates and the Oquirrh formation (pl.
VI). Here are many well-developed spits, invariably grown southward
from the headlands. Notable bay-bars cross the mouth of Sardine
Canyon, south of Wellsville.

The large deltas, shaped by a gravel top, and partly reworked
to a series of lower, smaller deltas by the parent stream as the
lake receded from the Provo level, are the most striking landforms
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produced by the lake. The one at the mouth of Logan River w
sketched for Gilbert's monograph. Logan City occupied the del
north of Logan River; River Heights, the area to the south. Ut
State University stands on the major surface at the Provo leve
while the town occupies three or more of the small recession
deltas. At the south end of the valley the deltas of Blacksmi:
Fork and Little Bear Rivers are merged, producing a flat of sever
square miles area with Hyrum at its northwestern extension., Rece
sional deltas on the Little Bear extend along that stream towa:
Wellsville; those along Blacksmith Fork as far north as Nible;
Natural levees along the Bear River, created as that stream follow
the shrinking waters of the lake across the valley from the lar,
sand delta in the north end of the valley to the gates of the riv
in Junction Hills, provide the higher sandy land on which the tow
of Lewiston, Cormish, Trenton, and Benson have grown (pl. VIII).

POST~-LAKE HISTORY

The geomorphic changes in Cache Valley since the waters -
Lake Bonneville disappeared have been small, The major strea
have maintained the channels which they first cut in the lak«
bottom sediments, reworking the sand and gravel in their flo:
plains., Intermittent streams from the steep mountain-face gulli
have in favored places built long tongues of poorly-sorted alluvin
out onto the old lake bottom. In Logan and Green Canyons relative:
large alluvial fans now occupy a large part of the valley flo«
which once was graded to a flood plain by the waters of the Pro
pluvial climate. This has been interpreted as evidence of tI
Altithermal age, some 8000 to 4500 years ago, when world clima-
in the middle latitudes was much warmer than at present (William:
1956). It is believed that the rigorous climate of that time, wi-
perhaps only half the precipitation of the present, so deplet:
the plant cover as to make rapid erosion by infrequent rais
inevitable, at the same time drying up the perennial Logan Riw
so that the alluvium from the steep canyon sides accumulated witho
interference.
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Breccia 78
Brigham City, 17, 19, 77
Brigham guartzite, 19, 77, 82
Brigham Young, 10
Brown, Roland W., 73
Brown quartzitic sandstons, 23
Bryants W, L., 27
Bues, Stanley S. and Gelnett, Ronald H., 11,
13, 15, 29, 31, 33, 35, 75, 76

Cache Bay, 11, 88

Cache Butte, 12, 25, 69, 76

Cache County, 5, 9, 11, 17, 21, 29, 35, 77,
78, 79, 82, 88

Cache Valldy, 30, 11, 12, 13, 15, 17, 21, 25,
69, 71, 73, %4, 75,76, 7%, 18, 82, 83,
87, 89, 90

Cache Valley formation, 71, 73

Cache Valley graben, 74, 75, 76

Cache Valley Precambrian rocks, 19

Cache Valley streams, 78
California, 10
Calcium carbonate, 69, 71, 82
Cambrian, 17, 19,:21, 77, 82, 88
rocks, 19, 69:
formations, 11, 21
outerops, 19
sea, 19, 21, 77
system, 19
Cambrian time, 77, 79
early, 77
late, 21, 77
lower, 19
middle, 19, 76
Canadian age 21
Carbonate formstions,
rock, 17,
watera, 83
Card Canyons, 25
Caves, 88
Cenozoic, 17
Central Wasatch Mountains, 77
Cephalopods, 25
Chazyan age, 21
Cheney, Thomas M., 33
"Chinase Wall" Holland, 29, 31
Church, Victor, 88
Clams, 73
Clarkston Bench, 13, 89
Clarkston Creeks, 10

19, 25, 88

Clarkston Mountain, 9, 12, 13, 19, 21, 23,

29, 75, 76
homoecline, 74, 76
Clay, 9, 87
Clay anlay, 12, 15, 25, 27, 88
Collinston, 69, 73
eonglomerata, 71, 73
Colorado, 78
Conglomerate, 71, 73
pebble, 73
red,
”Gontact Ledge " 29
Cooper, Chalmer L., 35
Cornish, 90
Coquinoid, 31
Corala, 25
Cordilleran geosyncline, 21, 77
Cottonwood Canyon, 27
Coulter, Henry W., 23

-Cowley Canyon, 71

Crawford Mountains, 31
Crittenden, Max D., 77

‘Crow Mountain, 12, 76

Cub River, 77

‘Danger Cave, 89

Dayton fault, 13, 76
Deiss, C., 21
Denison, Robert H., 11, 27
Des Molnesian, 35
epoch, 78
Series, 35
Deseret limestone, 33
Devils Gate, 21
Devils Gate formation, 27
Devils Gate Valley, 15, 88
Devonian, 17, 27
rocks, 27
system, 25
Devonian time, 77
early, 77
Deweyville, Utah, 29, 31, 33, 35
Diastrophism, 78
Dolomite, 19, 21, 25, 27, 39, 79
formations, 83
lower, 27
Dolomite limestone, 23
Dolomite sandstone, 27
Dry Canyon, 74

. Dry lake, 23, 27,.29, 31, 33, 77"
75

Dry Lake Valley, 12,
Duncan, Helen, 25

Eardley, A. J., 17, 71, T4, 77
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Maxey, G. B., 21
McKensie Flat, 12, 13, 15, 17
McMurdie Hollow, 69
Medial Cambrian time, 77
Mendon, Utah, 69
Msndon—“ellsville Piedmont, 89
Mendon Creek, 10
Mesozoic Era, 73
Mesozolc orogeny, 78
late, 78
Mesozoic rocks, 17
Millville, Utah, 11
Canyon, 33
Mineral Fork tillite, 77
Mink Creek, 15, 73
Miocene, 69
Miocens epoch, 78
Mississippi rocks, 17, 31, 79
Mississippian, 88
Mississippian time, 77
early, 77
Misgissippian System, 29, 31
upper, 29, 31, 77
lower, 29, 31
Misgourian, 35
Missourian epoch, 78
Montana, 77
Monte Cristo Ridge, 12, 19
Monte Cristo Summit, 69
Morgan Valley, 71
Mormon Tabernacle, 21, 23, 82
Mormon Temple, 21, 23, g2’
Morrowan age, 35
Mt, Hughs fault 75
M, Naomi, 9, 25 88
Mt. Pisgah, 11, 12, 31, 33, 75
Mud Flat fault, 74

Nevada, 23, 27
Newton, Uteh, 10
Rewton Hills, 13
Newten Mountain, 89
Nibley, Utah, 90
Non-Metallic Resources, 79-82
Rorth America, 69, 77
Northern Utah, 77
Norwood tuff, 17, 73
Kounan dolomite, 19
Nygreen, Paul W., 35

Ogden, Utah, 10, 12
Ogden River, 12,
Ogden Valley, 11, 12, 71, 73, 7%
Oligocene age, 17 69 71
Oneida v,h,rrous, 15, 75
Oguirrh Basin, 17, 29, 35
Oquirrh Crop, 76
Oquirrh formation, 33, 35, 69, 89
Pquirrh Mountain, 29, 77, 78
QOquirrh Range, 33
Ordovician time, 77
late, 77
Ordovician, 17, 21, 79
rocks, 82
Ordovician, 23
middle, 23
Ordovician formation, 23, 25
Ordovician. System, 21
Oregon Trail, 10
Osmond, John C., 27
Ostracods, 73
Overthrust, 74

Paleczoic, 17

Paleozoic Era, 77

Paleoszoic formation, 11, 75, 76
Cambrian thru Pennsylvanian 75

Paleozoic rocks, 11, 12, 13, 71, 73, 89

Paradise, Utah, 11, 73

Paradise Bench 12 9

Park City--?hosphoria Sea, 78

Parks, James M., 33

Peale, A, C., 11 .

#Peanut Flat," 71

Pennsylvanian, 17

rocks, 17, 35
Pennsylvanian Seas, 78
Pennsylvanian System, 35
Pennsylvanian times, 78
Permian, 17, 35

rocks, 17

strike, 75
Permian times, 78
Pettersboro, Utah, 77
Peterson, William, 83, 87
Phosphorite, oolitie, 33
Phyllite, 17
Physiography,11=~12
Physiographic Divisions, 12-13
Piedmont deposit, 69
Piedmont area, 78

Pisgah’Hills, 9 12, 15, 23, 27, 29, 31, 33, 35, 74,

75,.88
Plectogyra tumula zone, 31
Pleistocene, 11, 17
Pleistocene Epoch, 88
Pliocene age, 17, 71, 73
Pogonip limestone, 23
Pole Canyon, 69
Portland cement, 82
Portneuf Range, 19, 76, 78
Post-Lake History, 90
Post~Salt Lake group fanlting, 76
Prammeni, Prapath, 15, 71, 73
Precambrian, 17, 7

Big Cottonwood Series, 74, 77
Precambrian rocks, 74, 76

' Precambrian quartzite, 13

Precambrian 1

late, 1
Precambrian times, 77

Northern Utah Highland, 77

Beltian geosyncline, 77
Preston, Idsho, 73, 76
Prospecting for metals, 78
Providence, Utah, 79
Providence Canyon, 23, 33, 82, 88,8
Providence Cave,
Providence Creek, 87
Provo Forhation, ’g7
Provo pluvial climate, 90
Prove shoreline, 89

i , limestone, 19

Quartzite, 17, 19, 82

Swan Psak 82’

Weber, 25

brown, 23
Quartzitic sandstone, 21, 23, 29
Quaternary unit, 11

Range faulting, 74, 76

Range Physiographic province, 74
Range Province, 9

Range topography, 9

Range structures, 74

Rattlesnake Hollow, 12, 35
Reconnaissance, 17

Red Banks, 69

Red Rock pass, 73, %

Rendezyous Peak, 19~21

" Rendezvous Peak surface, 12, 13, 15, 17

Resser, C. E., 21
Resasr, C, E. *and Maxey, G. B,, 19
Resume of Geologic History, 77
Rich County, 9, 11, 31, 33, 35, 71
Richardson, G. 11 21, 25, 31
Richmend Bench lé
Richmond, Utah 10 77

Ricks, Joel E., 10’

Ricks Springs, 21, 88

River Heights, 90

Rocky Mountains, 9

Rocky Mountain Fur Co., 10

Ross, Reuben James, Jr., 11, 21, 23, 25
Rousseau Flower, 25

Sadlick, Walter, 29
8t. Charles formation, 21
Salt Lake City, 10

-9 7&-



Salt Lake group, 69, 71, 73, 75, 76, 82, 89 Uinta Mountains, 35, 77, 78

Salt Lake group rocks, 15, 17 69, 71, 77, 78 United States, 21,
Sandstone, 17, 23, 29, 71, 7’ U. S. Geological Survey, 11, 33, 89
Sappington sandstone, 31 Upper Cambrian, 19
Sardine Canyon, 10, 15, 35, 89 Upper Logan Canyon, 19
Sediments, Wasatch, 69 Utah, 13, 23, 27, 73, 88
Sevy dolomite, 27 Utah Geologlcal and Miner&logical Survey, 5-6
Shale, 17, 19, 23 Utah Power and Light Company. 21

. Spence, 83 Utah State Department of Publicity and
Sheeprock Mountains, 19 Industrial Development, 79
Shoshoni Indians, 10 Utah State University, 5, 6 10, 82, 90
8i1t, 9, 87 Utah Territorial Legislatnre, 16
Silurian, 17, 27 Ute formatiom, 19

Silurian, Middle age, 25
Silurian dolomites, 25
Silurian rocks, 76

Silurian System, 25 Valley Bottom, 13

Silurian time, 77 Valley Province, 87
early, 77 Virgilian, 35
late, 77 Virgilian times, 78

Sink holes, 88
Sink Valley, 15, 29, 31, 75, 88
Smith, Neal, 71

Smithfield, Utah, 11, 87 Walcott, C. D., 11, 19, 21
Smithfield Canyon, 82 Wasatch conglomerate, 74
Smithfield Creek, 87 Wasatch Basin, 69
Snails, 73 Wasatch cover, 74
Spail shells, conical, 71 Wagatch fault zone, 75
Soda Springs, 10 Wasatch froat, 19, 25
Seil, 10 Wasatch group., 69, 71, 74, 76
South Canyon, 21, 23 Wasatch Mountains, 10
Soutb Hills, 9, 12, 13, 15, 19, 21, 23, 27, 29, Wagatch range, 12, 13
31, 69, 74, 75, 88 Water, 10
South Hills homocline,76 Water Canyom, 25, 29
South Mountain, 12 formation, 27, 77
Southeast Canyon, 12 Woeber Canyon, 78
Southeast Creek, 15 Weber, Captain, 10
Solution Valleys, 87 Weber quartzite, 35
Spence shale, 19, 83 Weber Valley surface, 17
Spring Creek, 87 Medelkindellina, 35
Spring Hollow, 33 Wells formation, 35
Springs in Mountain Area, 83 Wellsville, 10, 69, 89, 90
Stansbury, Captain, 10 Wellsville Creek, 10
Steam Mill Canyom, 25 Wellsville fault, 75
Stokes, Wm. L., 5 Wellsville homocline, 76
Stravberry Vailey anticlinme, 74 Wellsville Mountain, 9, 11, 12, 13, 17, 19,
Strickland, J. W., 31 21, 23, 25, 27, 29, 31, 33, 35, 71, 73,
Stromatolitic partiecles, 71 75, 76
Stromatoporids, 25 Wellsville Mountain block, 76
Subsurface water, 82 Wellsville Mountain homochne, 7, 75
Summit Creek, 10, 87 Wellsville Peak, 35
Swan Peak, 76 Wellsville Rlver, 87
Swan Peak formation, 21, 23, 77, 82, 83 Wendover, Utah, 89
Swan Peak quartzite, 82 West Spring formation, 71, 73
Swain, F. M,, 73 Wheelon Narrows, 12, 23, 29 69, 78

"White Bedground," 71
White Pine Canyon, 25

Tear fault, 74 Willard Mountain, 12, 17

Temple Peak, 21 Willard Peak, 13

Temple Ridge, 12, 19, 69, 88 Willard thrust sheet, 74

Temple Ridge fault, 9, 74, 79 Williams, J. Stevart. 13, 19, 27, 29, 31, 35,

Terrestrial sediments, 17 n, 73 75, 89, 90

Tertiary, 71, 75, 76 Hilliams, 5. Stowart and Yolton, James, 29, 31,
rocks, 83 35

Tertiary conglomerates, 89 Wind gaps, 15

Tertiary cover, 76 Wood River, 35

Tertiary history, 78 Worm Creek, 21

Tertiary unit, 11 quartzite, 77

Tertiary rocks, 12, 13, 69, 71, 74, 89 Wyoming, 27

Tertiary Salt group, 69 Wyoming Shelf, 17

Tertiary Salt Lake, 17

Tertiary System, 69

Tertiary Wagatch group, 69

The Cordilleran Geosyncline and its Shifting Yellowstone Park, 11
Basins, 77 Yen, Teng-Chien, 73

"The Sinks," 19, 88

Three-Mile Canyon, 19

Timber, 10

Tony Grove Canyon, 23, 25 Zeller, E. J., 31

Tony Grove Lake,

Tooele County, Utah, 19

Topographic Features due to Solution, 88

Transverse fault, 75, 76

Trappers, 10

Trenton, 90

Triassic times, 78

Trilobite faunas, 21

Tuff, 71, 73
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Utah Geological and Mineralogical Survey
BULLETINS

BULLETIN 35 — Halloysite of Agalmatolite Type, Bull Valley District. Washington County,
Utah, by Arthur L. Crawford and Alfred M. Buranek. (A rare Pagoda Clay.) Price § .10

BULLETIN 36 — Directory of Utah Mineral Resources and Consumers Guide, by Alfred M.
Buranek and C. E. Needham. A mineral resource map with bulletin listing producers
and consumers of certain Utah minerals, metals, and non-metallics. Price $1.00

BULLETIN 37 — The Geology of Eastern Iron County, Utah, by Dr. Herbert E. Gregory.
Geology, geography andgpioneer history of Bryce Canyon ’National Park, Cedar Breaks,

and adjacent scenic areas. Price $1.50
PLATE II — Extra copies Reconnaissance Geologic Map of Eastern Iron County, Utah,
from Bulletin 37. (RS-37) Price $ .50

BULLETIN 38 — Stratigraphy of the Burbank Hills, Western Millard County, Utah, by
Richard W. Rush. A stratigraphic section of interest to geologists concerned with the
petroleum possibilities of the Great Basin. Price $1.00

BULLETIN 39 — Lower Ordovician Detailed Stratigraphic Sections for Western Utah, by
Dr. Lehi F. Hintze. A comprehensive study indispensable as a guide to the lower Paleo-

zoic stratigraphy of Utah. Price $1.50
BULLETIN 40 — Bibliography of Utah Geology, by Walter R. Buss. Contains appro:gimately
200 pages of references complete through 1950. Price $4.00

BULLETIN 41 — Geology of Lake Mountain, Utah, by Dr. Kenneth C. Bullock. Details an
area within_the triangle formed by connecting the great mining districts of Bingham,
Tintic and Park City. Price $1.00

BULLETIN 42 — Geology of Dinosaur National Monument and Viecinity, Utah-Colorade, by
G. E. and B. R. Untermann. A profusely illustrated 226-page scientific treatise by the
gifted Untermann team. *‘Billie’’ went to the U. of California for the educational equip-
ment to interpret her ‘‘native habitat, ‘Island Park,’ the picturesque heart of the Monu-
ment.”” Her husband, a geological engineer, the Director of the Utah Field House of
Natural History, was Ranger at the Monument for several years. This is their ‘‘labor
of love.” It should furnish a welcome background to the Upper Colorado River contro-
versy, and the proposed Echo Park Dam. * Price $2.50

PLATE II Extra copies Geologic Map of Dinosaur National Monument and Vicinity,
N.E. Utah-N.W. Colorado, from Bulletin 42, (RS-42) Price § .50

BULLETIN 43 — Eastern Sevier Valley, Sevier and Sanpete Counties, Utah—With Reference
to Formations of Jurassic Age, by Dr. Clyde T. Hardy. Deals cfﬂeﬂy with the involved
structures resulting from the intricate deformation of the Arapien shale and Twist
Gulch formations; covers the gypsum, salt, and oil possibilities of the area. Price $1.00

BULLETIN 44 — Geology and Ore Deposits of the Silver Reef (Harrisburg) Mining District,
Washington County, Utah, by Dr. Paul Dean Proctor. The latest and most compre-
hensive treatment of this world famous occurrence of silver in sandstone. Price $2.00

BULLETIN 45 — Geology of the Selma Hills, Utah County, Utah, by Dr. J. Keith Rigby.
The author of this careful research investigation was a special research fellow at Colum-
bia University for the Humble Oil Company. He is now a member of the faculty at
Brigham Young University. His distinguished achievements give prestige to his viewsld

, Price §1.

BULLETIN 46 — Uranium-Vanadium Deposits of the Thompsons Area, Grand County, Utak
-— With Emphasis on the Origin of Carnotite Ores, by Dr. William Lee Stokes. This
work by the author of our ‘‘best seller,” Guidebook No. 3, is of immediate and profound
interest to all students of fissionable materials. Price $1.00

BULLETIN 47 — Microfossils of the Upper Cretaceous of Northeastern Utah and Somth-
western Wyoming. A symposium volume by Dr. Daniel Jones and three graduate
students of micropaleontology, David Gauger, Reed H. Peterson, and Robert R. Lank-
ford. Beautifully illustrated by 16 full-page halftones with 11 full-page charts and
figures. Specialists who have seen the photomicrographs have declared this work out-
standing. Price $2.00

BULLETIN 48 — Lower Ordovician Trilobites from Western Utah and Eastern Nevada, b
Dr, Lehi F. Hintze. Profusely illustrated with photographs and drawings. A%‘{as;fc 13
its fleld. Price $4.00

BULLETIN 49 — In process.

BULLETIN 50 — Drilling Records for Oil and Gas in Utah, compiled by Dr.
Hansen, H. C. Scoville, .4nd the Utah Geolotgical and Miheralogical Szrvey. Glgggr%e tglé
records of the Oll and Gas Leasing Branch of the Conservation Blvlsion, U.S. Geological
Survey, Contains a map of each county on which has begg sggtted every oil well (and
. 'Ta

every dry hole) drilled in Utah prior to January 1, 19 bular sh
drilling record of each well, giving ‘‘tops," oil ‘{syhows," and all othel§ 3:%: g;’ tgg:og'ltlf
Price $5.00
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Bulletins — continued

BULLETIN 51 — The Rocks and Scenery of Camp Steiner, Summit and Wasatch Counties,
Utah, by Dr. Daniel J. Jones. A prototype for Boy Scout Manuals, prepared in quantity
at a nominal cost as a contribution to the better understanding of our outdoor heritage.
A glossary, block diagrams, cross sections, and tpen sketches supplement the text.
Featured are the filling of peat bogs, the carving of cirques, and the evolution of other
mountain topography near the Boy Scout Camp at Steiner, Uinta Mountains,PUj:sth,$ 25

rice $ .

BULLETIN 52 — Geologic Atlas of Utah — Emery County, by Dr. William Lee Stokes and
Robert E. Cohenour. Contains 40 plates showing areal geology in five colors on a scale
¥5-inch to the mile. Text by Dr. Stokes, the eminent authority on uranium and MesozZoic
stratigraphy in this area, explains the maps and gives latest information on oil,
uraniuin, and other mineral resources of Emery County. Temple Mountain, the $9,000,-
000 Pick Mine, and other uranium deposits occur on the rim of ‘‘the Sinbad’ of central
Emery County. Price $5.00

BULLETIN 53 — Silurian Rocks of Western Millard County, by Dr. Richard W. Rush. The
stlbc‘l:;visions of 1,000 feet of Silurian dolomites, and adjacent Ordovician andP Devoglllasrol
strata. rice $1.

BULLETIN 54 — The Oil and Gas Possibilities of Utah, Re-evalnated. A symposium by the
best available authorities in their areas, compiled by Dr. George H. Hansen and the staff
of the Utah Geological and Mineralogical Survey. Being edited.

BULLETIN 55 — Clays of Utah County, Utah, by Dr. Edmond P. Hyatt, formerly professor
of Geology, Brigham Young University. Dr. Hyatt, a graduate of the Missouri School of
Mines, has made himself the authority on Utah County clays. Bulletin 55 is the flrst
comprehensive treatment of its kind for Utah. Price $2.00

BULLETIN 56 — Geolo, of the Southern Lakeside Mountains, Utah, by John C. Young.
A critical examination of the structure geomorphologi&and history of a range blocked-
out on the southwest margin of the ‘‘Northern Utah Highland.” Price $1.50

BULLETIN 57 — Middle Ordovician Detailed Stratigraphic Sections for Western Utah and
Eastern Nevada, by Gregory W. Webb. The Swan Peak and Eureka ‘‘quartzites,’”’ are
‘‘spotlighted.”” "Porous members of these formations form possible reservoir rocks
for petroleum. Price $1.50

BULLETIN 58 — Geology of the Pine Valley Mountains, Utah, by Dr. Earl F, Cook, Dean,
College of Mines, University of Idaho. A classic description of ignimbrites — their cre-
-ation bﬁ Nature’s most violent moods — followed by the emplacement of an asymmetrical
laccolith beneath the ignimbrite blanket, on a floor of Claron limestone, believed to be
roughly the equivalent of the formation on which the tourist stands at the brink of Bryce
Canyon. Price $2.00

BULLETIN 59 — Phosphate in Utah, and an Analysis of the St‘ratigraph.; of the Park City
and the Phosphoria Formations, Utah — a Preliminary Report, by Thomas M. Cheney,
U.S. Geological Survey. The latest and most complete economic evaluation of Utah’s
phosphate deposits. Price $1.50

BULLETIN 60 — The Rocks and Scenery of Camp Hunt, Rich Cou.nt{, Utah, by Dr, Clyde T.
Hardy, Associate Professor of Geology, Utah State University, Logan, Utah. Dedicated
to the Boy Scouts of America. Non-technical, lucid, concise, stimulating. Price $ .25

BULLETIN 61 — The Oquirrh Formation, Stratigraphy of the Lower Portion in the Type
Area and Near Logan, Utah, by Paul W. Nygreen, written at the University of Nebraska.
The. Oquirrh formation of f’ennsylvanlan age is unique for its enormous thickness, the
intriguing possibilities it holds as a key to the mysteries of Pennsylvanian sedimentary
processes, to Pennsylvanian time and Faleogeography, and to the cause of vertical adjust-
ments of the earth's crust. A study of the zonation of its fossils, particularly of its fusu-
linids, is the foundation upon which this report is based. Price $2.00

BULLETIN 62 — Notch Peak Intrusive, Millard County, Utah — Geoloﬁy Petrogenesis, and
Economie Deposits, by Harry Merrill Gehman, Jr., written at Corne. Univers ty. Seldom
can one find. in so neat an area the geologic record of magma emplacement, thermal meta-
morphism, silication, the formation of aplite apophyses, pegmatization and ore %e OSi?fIs‘b

rice $1.
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GUIDEBOOKS

NOW AVAILABLE THROUGH

The Utah Geological and Mineralogical Survey

Guidebooks to the Geology of Utah

No. 3 (1948) ‘‘Geology of the Utah-Colorado Salt Dome Region, with Emphasis on
Gypsum Valley, Colo.,”” by Wm. Lee Stokes, University of Utah e

No. 4 (1949) “The Transition Between the Colorado Plateaus and the Great Basin i
Central Utah,”” by Edmund M. Spieker, Ohio State University.

No. 6 (1951) ‘“Geology of the Canfon, House, and Confusion Ranges, Millard County,
Utah,” a symposium by twelve authorities.

No. 7 51252) “Cedar City, Utah, to Las Vegas, Nevada.’”” A symposium by 17 special-
sts

No. 8 (1952) “Geology of the Central Wasatch Mountains, Utah.”” A symposium
volume by various authorities on this area, with roa&logs and definitive data
so arranged as to be of maximum use to a visiting geologist.

PLATE 1 Extra coples Geologic Map of Central Wasatch Mountains East of Salt
Lake Valley, Utah, with roadlogs; from Guidebook NoO. 8..ircceeen. (RS-38)

No. 9 (1954) “Uranium Deposits and General Geology of Southeastern Utah,”” The
occurrence, mineralogy, chemistry, origin and technology of the Colorado
Plateau-type uranium deposits —a symposium by AEC scientists and other
authorities, edited by one of the authors, Dr. William Lee Stokes, who in 1941
wrote his Ph.D. thesis on the Morrison formation from which has come 60
per cent of the uranium production to date in this region

No. 10 (1955) ““Tertiary and Quaternary Geology of the Eastern Bonneville Basin.”’
A re-examination of the ‘‘Salt Lake formation,”” and of events portrayed by it
and by younger valley fill. A symposium of Ph.D. theses and other special
research _on the volcanic, erosional, and sedimentary record of Bear River,
Ogden, Weber, and Jordan Valleys. Edited by Dr. Armand J. Eardley....co..

No. 11 (1956) ““Geology of Parts of Northwesterm Utah.” Stresses the Raft River
Mountaing and the Promontory region

No. 12 (1957) ““Geology of the East Tintic Mountains and the Ore Deposits of the Tintic
Mining Districts.”” Summarizes the published information on these famous
mining districts and contributes new data and ideas by modern authorities.
Emphasis has been placed on the regional environment of the districts, factors
controlling localization of ore in the mines, and exploration for new ore deposits

Field Conference Guidebooks Published by the
Intermountain Bssociation of Petroleum Geologists

4th (1953) “Guide to the Geology of Noxthern Utah and Southeastern Idaho.” Analyzes
the ‘‘Disturbed Belt”' of overthrusting in this region and the structural com-
plexities that may affect the oil and gas possibilities of the area.......ooveeeeecemceeeaee

PLATE I Extra copies Geoloéic MaP of the Northern Wasatch Mountains, Utah, and
Idaho, from above IAPG publication (RS-40)

PLATE II Extra cogles Geologic Map of a Portion of the ‘“Idaho-Wyoming Thrust
Belt,”" from above IAPG publication (RS-41)

 5th (1954) “Geology of Portions of the High Plateaus and Adjacent. Canyon Lands,
o Central and South-Central Utah.” Discusses the Clear Creek Gas Field and the
possibilities .of the areas to the south

PLATE 1 Extra coples Geologic Map of Portions of the High Plateaus and Adjacent
Canyon Lands, Central and South-Central Utah, from above publication, Ma
consists of four sheets; sets not to be broken - (RS—46¥
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Intermountain Association of Petroleum Geologists Guidebooks — continued

6th (1955) “‘Guidebock to the Geology of Northwest Colorado.” Descriptions and sec-
tions of the oil and gas fields of this area, prepared in cooperation with the
Rocky Mountain Association of Geologists.

th (1956) ‘‘Geology and Economic Deposits of East Central Utah.” Its oil, gas, and
uranium possibilities. Also papers on public land laws, gem occurrences, etc....

8th (1957) “‘Guidebook to the Geology of the Uinta Basin.” Up-to-date stratigraphic and
economic information on Uinta Basin oil and gas fields, gilsonite, and other
features of one of the west’s most interesting geologic areas. Articles on geo-
logic and tectonic history, _paleonmlo%y. etc. Numerous maps, charts, cross
sections, and other i{llustrative materia

Current Membership Directory — Intermountain Assoc. of Petroleum Geologists............

Index Map of Road Logs for Rocky Mountain States, field trip routes
of various geologic societies......

Reprints from the Symposium Volume on 0il and
Gas Possibilities of Utah

RS- 6. The Precambrian Rocks of Utah, 6 pages,
by Dr, Eliot BlacKWeIAer ... .o e e

RS- 7. Summary of the Cambrian Stratigraphy of Utah, 8 pages,
by Dr. Hyrum M. Schneider

RS- 9. The Carboniferous and Permian Rocks of Utah, 12 pages plus
2 tip-in maps, by Dr. J. Stewart Willilams .....cc..cccoes v

RS-11. The Cretaceous System of Utah, 10 pages,
by Dr. Harold J. Bissell

RS-12. The Tertiary of Utah, 8 pages, by Dr. J. LeRoy Kay.....coceoeceeeereee

RS-13. TheQuaternary System in Utah, 10 pages, by Prof. R. E. Marsell....

RS-15. Oil and Gas Leasing in Utah (Laws and Regulations), 8 pages,
by Attorney N. G. Morgan, Sr .

RS-16. Part I — Grand-San Juan Area, 24 pages
RS-17. Part II — Uinta Basin Area, 25 pages

RS-18. Gilsonite and Related Hydrocarbons of the Uinta Basin,
26 pages, by Arthur L. Crawford

RS-19. The Clay Basin Gas Field, 7 pages, plus 2 tip-in maps,
by M. M. Fidlar, Chief Geologist, Mountain Fuel Supply Co..ccceeeeeeee

RS-20. Part III — Utah Plateaus Area, 24 DPageS ..o oo eeaeeeennan

RS-21. Part IV — Basin and Range Area, 44 pages, by Arthur E. Granger,
Carroll H. Wegemann and C. Max Bauer, United States Geological
Survey, 44 pages

RS-22. Plate I — Colored Relief Map of Utah
RS-25. Plate IV — A Correlation Chart (of formations in Utah)...................

RS-27. Plate VI — Geology of the Egnar-Gypsum Valley Area,
San Miguel and Montrose Counties, Colorado
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RS-33.

RS-33a.

RS-34.

RS-37.

RS-39.

RS-43.

RS-50.

RS-52.

RS-55.

RS-56.

RS-57.

RS-57a.

RS-38.

RS-59.

Other Reprints
For Which There is a Charge

Geology of the West-Central Part of the Gunnison Plateau, Utah,
by Clyde T. Hardy and Howard D. Zeller (pages 1261-1278, with
folded map, Plate I, included, and bound with cover), from Bulletin

of the Geological Society of America e T5

Extra copies Plate I from above publication...

Lecture Notes, by the Intermountain Association of Petroleum Ge-
%}051521:5 0515;:}16 Symposium: 011 Well Logging, Testing, Completion;
e 1

Reconnaissance Geologic Map of Eastern Iron County, Utah, by
Herbert E. Gregory (Plate 2 of Bulletin 37 of the Utah Geological
and Mineralogical Survey)

Tertiary Well Logs in the Salt Lake Desert, prepared for publica-
tion by Joseph F. Schriber, Jr. Reprinted from private records
made available by the Southern Pacific Railroad

The Uinta Mountains and Vicinity, A Field Guide to the Geology,
by G. E. and B. R. Untermann

The Riddle of Mountain Building, by Armand J. Eardley. A newly
integrated concept of the basic cause of mountain building through
expanding columns in the earth’s mantle heated by the decomposition
of radioactive material deep in the earth, is here presented. Known
phenomena, such as the relationship of batholitic intrusions to moun-
tainous areas, to volcanic island arcs, to ocean trenches and associ-
ated gravity anomalies, are explained in relation to this mountain
building hypothesis

A Legal Guide for the Uranium Prospector, with an Analysis of
the Impact of the “Uranium Boom” on Mining Law, by J. Thomas
Greene — The Analysis is a carefully documented treatise for the
student of mining law, reprinted from the Utah Law Review, Vol.
4, No. 2, Fall, 1954

Tungsten Reserves Discovered in the Cottonwood-American Fork
Mining Districts, Utah, with a Discussion of the Influence of Scheelite
on the Character of Secondary Molybdenum Minerals, by Arthur L.
Crawford and Alfred M. Buranek

Tungsten Deposits of the Mineral Range, Beaver County, Utah, with
a discussion of the General Geology, by Arthur L. Crawford and
Alfred M. Buranek

Guidebock to the annual Brigham Young University geology field trip
to Bryce and Zion National Parks. Contains a geologic map of Utah
in color, a physxographlc map, text, block diagrams, and sketch illus-
trations of points in route and the canyons. Excellent for students,
tourists .............

Colored geologic map of Utah from the above guidebook. 10¢ each
in lots of 5 or more; in lesser quantities, each...

Index to Unpublished Geologic Thesis Mapping in Utah, by Lehi F.
Hintze. Can be used as supplemental overlay for U.S.G.S. Geologic
Map Index of Utah..oo.ooooooveieii

Hydrology of Lake Bonneville and Sediments and Soils of Its Basin,
hy A. J. Eardley, Vasyl Gvosdetsky, and R. E. Marsell, reprinted
from the Sept. 1957 Bulletin, G.S.A. Man'’s best time clock in years of
geologically recent events in the Great -Basin
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MISCELLANEOUS
Other Literature on the Geology of Utah

available through the
UtaH GEOLOGICAL AND MINERALOGICAL SURVEY

Symﬁoslum Volume — The Oil and Gas Possibilities of Utah, Complled by Dr. George H.
an§en and Mendell M. Bell. Bound volume sold out Reprints avallable as listed on a
previous page.

The Great Basin with Emphasis on Glacial and Postglacial Times. A bulletin of the University
of Utah (Vol. 38, No. 20). This symposium volume is composed of :

Part I — The Geological Background, by Eliot Blackwelder;
Part II — The Zoological Evidence, by Carl L. Hubbs and Robert R. Miller;

Part III — Climatic Changes and Pre-White Man, by Ernst Antevs.
Price $2.00

Low-Temperature Carbonization of Utah Coals. An exhaustive 872-page report of the Utah
Conservation and Research Foundation to the Governor and State Legislature. P
rice $5.00

Wildcat Map of Utah (42” x 50”) — Prepared by Utah Oil Report. Kept up to date. Every
oil well in Utah with latest information on status. Price $10.00

After Victory Plans for Utah and the Wasatch Front, by Dr. J. R. Mahoney and others.
Published by the Utah State Department of Publicity and Industrial Development —
A comprehensive summary for postwar development; two hundred seventy-five (9" x 117,
fine print) pages replete_with graphs and other illustrations dealing with (I) Wartime
Economic Changes and Postwar Industrial Readjustments in Utah; (ID) Agriculture;
(ITII) Water and Power; (IV) Transportation and Freight Rates; (V) Recreation and
Rehabilitation Areas; and (VI) Public Works. Supply limited. Price $2.00

The Western Steel Industry — Parts I and II, with Special Reference to the Problems of
Postwar Operation of the Geneva Steel Plant, by Dr. J. R, Mahoney (then, 1944-45),
Director, Bureau of Economic and Business Research, University of Utah; (later, 1954-55)
Senior Specialist in Natural Resources for the Library of Congress, Washington, D.C.
Scholarly, well-illustrated, exhaustively treated. rice $1.00

Measures of Economic Changes in Utah — 1847-1947. Charts, tables, graphs, and diagrams
summarize a vast collection of data on Utah's ““first hundred years.” Mineral, forest, and
farm products, education, taxes, state expenditures and receipts. plus population and
employment information are a few of the statistics here %resented. Published by the
Bureau of Economic and Business Research, University of Utah. Price $1.00

Glossar% of Selected Geologic Terms, With Special Reference to Their Use in Engineering,
by Dr. William Lee Stokes, Head of Department of Geology, University of Utah; and
David J. Varnes, Geologist, U.S. Geological Survey. Approximately 2,670 definitions
delineating current shades of usage for the most important terms in geology and geologic
engineering, a dictionary for those who would familiarize themselves with the science of
geology. N Price (paperbound) $2.75

Uranium, Where It Is and How Teo Find If, b&i Paul Dean Proctor, Ph.D., Geologist, Columbia-
Geneva Steel Div,, U.S. Steel Corp.; Edmond P. Hyatt, M.S., and Kenneth C. Bullock,
Ph.D., both of the Geology Department, Brigham Young University. A 96-page summary
of material the uranium prospector wants to know, a non-technical explanation of geologic
facts of interest to the layman. Contains 18 full-page maps.

Price (paperbound) $2.00; (flexible plastic) $2.50

Uranium, the World’s Expanding Frontier, by Armand J. Eardley, Ph.D., Dean of the College
of Mines and Mineral Industries, University of Utah; William Lee Stokes. Ph.D., Head of
the Department of Geology, University of Utah; F. W, Christiansen, Ph.D., Norman C.
Williams, Ph.D., Asgsociate Professors, Department of Geology, University of Utah; and
Clifford L. Ashton, LL.D., partner, law firm of Van Cott, Bagley, Cornwall, and McCarthy..
This volume is written for the layman, It is designed for the businessman interested in
the economics of uranium, and for the average citizen interested in the future of this
energizer of the atomic age and the impact it portends for the future of manlgnid. $2.00
rice $2.

The Red Hills of November — A Pioneer Blography of Utah’s Cotton Town, by Andrew Karl
Larson. An interesting, scholarly account replete with the incidents of ploneer life
in the town of Washington in Utah’s Dixie, and the adjustments forced upon the early
settlers by Nature's stern environment. Professor Larson is primarily an historian and
student of the soclal sciences but he has checked his geology with members of that &ro—
fession. Price (clothbound) $5.00

Gazetteer of Utah Localities and Altitudes, a University of Utah, State Instifute of Fine Arts,
and W.P.A, cooperative project. Lists locations and altitudes of many Utah towns, cities,
mountains, mines, lakes, streams, and other features. Published 1952. Price $1.50
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Free Reprints and Circulars of the Survey
Still Available Upon Request

Circular 23 — The Resinous Coals of Salina and Huntington Canyons, Utah,
by Alfred M. Buranek and Arthur L. Crawford.

Circular 24 — Utah Iron Deposits other than those of Iron and Washington
Counties, Utah, by Arthur L. Crawford and Alfred M. Buranek.

Circular 25 — The Occurrence of Celestite on the San Rafael Swell, Emery
County, Utah, by Arthur L. Crawford and Alfred M. Buranek.

Circular 28 -— The Molybdenum Deposits of White Pine Canyon, near Alta, Salt
Lake County, Utah, by Alfred M. Buranek.

Circular 35 — A Reconnaissance of the Geology and Mineral Deposits of the
Lake Mountains, Utah County, Utah, by Arthur L. Crawford and Alfred
M. Buranek.

Circular 36 — Fluorite in Utah, by Alfred M. Buranek.

Circular 37 — Metal Mining in Utah (1935 to 1950), by Dr. C. E. Needham and
Alfred M. Buranek.

Circular 38 — Diatomacecous Earth near Bryce Canyon National Park, Utah, by
Arthur L. Crawford.

RS-14. Location Plot (tabular list) of Wells Drilled in Utah (through 1948).

RS-23. Oil and Gas Wells of Utah (through 1948) plotted on map. Formerly
charge items, reprints RS-14 and RS-23 from the “Oil and Gas Possi-
bilities of Utah” are now superseded by our new Bulletin 50, Drilling
Records for Oil and Gas in Utah.

RS-28. Plate VII — Geologic Index Map of Utah
(showing U.S. Geological Survey Publications in Utah)

RS-29. Plate VIII — Geologic Index Map of Utah
(showing other than U.S. Geological Survey Publications in Utah)

RS-30. Utah Raw Materials of Interest to the Chemical Engineer—A reprinted
summary by Arthur L. Crawford, published in Chemical and Engineer-
ing News (Vol. 27, p. 3017, Oct. 17, 1949).

RS-32. Ozokerite — A Possible New Source -— A Challenge to Research, by
Arthur L. Crawford.

RS-44. List of Samples Available for study at the University of Utah Oil Well
Sample Library; samples from Utah and bordering sections of neighbor-
ing states.

RS-45. Geology in the Grade Schools, by Dorsey Hager. Reprinted from Science,
Vol. 114, No. 2949.

RS-48. Perfecting a Claim, reprinted from Uranium Magazine, November 1954,
for those who do not care to purchase our more exhaustive treatise
(RS-52, by J. Thomas Greene).

RS-51. The Mineral Industry of Utah —1952. The Utah chapter, prepared by
Paul Luff, Commodity-Industry Analyst, U.S. Bureau of Mines, under
a cooperative agreement with the Utah Geological and Mineralogical
Survey, for the “Minerals Yearbook” of the United States.

RS-53. 'f['hell\éligeral Industry of Utah — 1953, by Paul Luff. Sequel to the above,
or 1953.

RS-54. Underground Storage of Petroleum Products in Utah, Location and De-
sign, by Arthur L. Crawford. Will our petroleum storage facilities go
underground? Some practical considerations.

PLEASE NoTE: We are required by law to collect from residents of Utah a sales
tax of 2% omn all purchases. Therefore, when sending mail orders,
Utahns should add 2% to our listed prices.
ARTHUR L. CRAWFORD, Director
UTAH GEOLOGICAL AND MINERALOGICAL SURVEY
200 Mines Building, University of Utah Salt Lake City, Utah
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