Utah State University

Digital Commons@USU

All Graduate Theses and Dissertations Graduate Studies

5-1976

Quaternary Geomorphic Features of the Bear River Range, North-
Central Utah

Jerome Vernon DeGraff
Utah State University

Follow this and additional works at: https://digitalcommons.usu.edu/etd

Cf Part of the Geology Commons

Recommended Citation

DeGraff, Jerome Vernon, "Quaternary Geomorphic Features of the Bear River Range, North-Central Utah"
(1976). All Graduate Theses and Dissertations. 6658.

https://digitalcommons.usu.edu/etd/6658

This Thesis is brought to you for free and open access by
the Graduate Studies at DigitalCommons@USU. It has
been accepted for inclusion in All Graduate Theses and /[x\

Dissertations by an authorized administrator of N . .
DigitalCommons@USU. For more information, please IQ‘ .()Al UtahStateUniversity

contact digitalcommons@usu.edu. (\MERRILL-CAZIER LIBRARY


https://digitalcommons.usu.edu/
https://digitalcommons.usu.edu/etd
https://digitalcommons.usu.edu/gradstudies
https://digitalcommons.usu.edu/etd?utm_source=digitalcommons.usu.edu%2Fetd%2F6658&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/156?utm_source=digitalcommons.usu.edu%2Fetd%2F6658&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.usu.edu/etd/6658?utm_source=digitalcommons.usu.edu%2Fetd%2F6658&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usu.edu
http://library.usu.edu/
http://library.usu.edu/

QUATERNARY GEOMORPHIC FEATURES OF THE
BEAR RIVER RANGE, NORTH-CENTRAL UTAH
by
Jerome Vernon DeGraff

A thesis submitted in partial fulfillment
of the requirements for the degree

of
MASTER OF SCIENCE
in

Geology

UTAH STATE UNIVERSITY
Logan, Utah

1976



} ii

ACKNOWLEDGMENTS

The author thanks Dr. Robert Q. Oaks, Jr., for his field assis-
tance, advice, and critical evaluation of this manuscript; and Drs.

Clyde T. Hardy and Donald R. Olsen for their helpful suggestions,
assistance in the field, and review of the manuscript.

The perspective and information supplied by Dr. A. R. Southard,
Department of Soils and Biometeorology, Utah State University, and Dr,
Kenneth L. Pierce, U. S. Geological Survey, were invaluable in inter-
preting the evidence seen in the field. Dr. E. Arlo Richardson, State
Climatologist of Utah was generous with information on climatic factors
affecting the region. Drs., Jan A. Henderson and H. Charles Romesburg
Department of Forestry and Outdoor Recreation, Utah State University,
supplied data on vegetative cover and statistical analysis. Suggestions
and insights provided by Drs., Peter T. Kolesar and Richard R. Alexan-
der, Department of Geology, Utah State University, were greatly appre-
ciated.

Administrative help and programming assistance provided by Dr.
ILeon Huber, Utah Water Resources ILaboratory, made possible the com-
puter plotted canyons profiles. Dr. Joel E, Fletcher and Mr. Frank

Haws supplied hydrologic data.



iii

Various individuals were generous in allowing the author to cross
or examine features on their property., Mr. Elmer Riggs, Mr. F. Dean
McBride, Mr. Mervin Salvesan, and the Logan District Ranger Office,
Wasatch National Forest, have all assisted in providing necessary access,

The author is grateful for field assistance from the following
graduate and undergraduate students: K. C. Baum, Dave Bernard, Don
French, Dan Grudvig, Art Mendenhall, Mike McKee, Dick Poulson,
Doug Sprinkel, and Alan Sweide. Special thanks go to Don French for use
of his jeep. Chad Nichols was generous with his time and piloting skills

during the several aerial-reconnaissance flights,

Contractual support from the U. S. Forest Service, a Grant-In-
Aid of Research for Sigma Xi, The Scientific Research Society of North
America, and assistance from the Department of Geology and College
of Science of Utah State University provided the financial support to
conduct this investigation.,

The encouragement and help supplied by my wife, Sandy, was the
most important element needed to insure the successful completion of

this project.

Jerome V. DeGraff



iv

TABLE OF CONTENTS

Page
NECKNOWLEDGMENTS @ w: w0 o o e % (w0 & w0 w0 6w cé 1 om0 50 ow W ii
BIST OF TABLES o « @ o & % W s @ 6 & @) 2 a5 & 7z @ 7 s (& & vidd
LIST OF FIGURES. 5 ¢ @ v % 5 @ 3 9 & o 9 la 3 U % & & 66 & x
LIST OF PLATES &) s % @ s @ 4 % s o & o » % a /o s (& 3 @ s xiii
ABSTRACT . . &« i % s @ @ @ % & % o & % % % & » & & o % & xvi
INNERODECARIGNS 0 SRR s Rl 7 a8 BN S e E 1
General Staternent o i & s 3 % % w & w0 & v W v e e
L ocation and Accessibility . . . . . . . . . . . . .
Field and Laboratory Work

Previous Investigations ; .« & & 5 % 5 @ 5 ® 5 & &
Geologic Setting & & wi & ' & i & @ &

O =

CANYONS § o 7 9 ¢ /& & & @ & % & @ y 9 # % & @& & @ & W ¥ 17

Genleral Statement & a5 « @ ¢ @ @ @t & W ¥ G5 8 ¥ 8 4 6 17
Description . .« « &4 « 4 & « 4« & s = = « 2 o 2 = 2 u 21

High Creek Canyon . .« « +v « « o o o s » & o = 21
Oxkiller Hollow & & ¢ & & % & & & i/ & @ & s & 22
Cherry Creek Canyon., . « w &« = » # & v s » » 26
City Creek Canyon . . . . « ¢ & o o o o s « 26
Nebo Creek Canyon. s &« & s ¢ @ & % & % & = 29
Smithfield Canyon ., « s « o « ¢ & o & @ & % & 29
Binch Canyon & & s & & /& % & Wk % & @ = & s 32
Dry Canyon (North). . « + « = & ¢ « o « = « & 32
Hyde Park Canyon w % s % & & & % & @ & @ 4 36

Greeh Canyon . . w w & 7 = o » % @ % & W s 36
Logan Canyen . . «. a % & & @& & & 5 % & & & # B
Pry Canyon (South) g . o e o, & .3, & %, & $o& ¥ 6 46
FEroyidercel Ganyen 5, w » w @ » & m@ = 2 5 s 48

Millville Canyon . & % s @ & @ & & & & & ¥ & @ 48



TABLE OF CONTENTS (Continued)

Page

Blacksmith Fork Canyon . . . . . . « . . . Sl

Hyrum Canyon . . . « « & & @ &« @ @ & % % % B\

Paradise Dry Canyon. ., . . . +« 4« & « « + . 60

East Canyon . w -« - @ & & s'@ ¥ &8 @ & @ % 60

BOAlPSTS v o v el YD E A TS W e 3 oS 62
GLACIATED CANYONS AND CIRQUES. . . . . . . « +« +« . 76
General Statement . . . . 4 4 4 4 4 4 4 4 e . w 76
Description @ a & &« % % § & & i ¢ 60 & % ¢ @ & & & 7

High CreekCanyen . 5 & & s % & @ & & & & 3 7

Smithfield Canyon . w o % & w & % ¥ & & @ 4 81

Binch Canyoen “s » & 3 & 30 F ¥ & e oh e o4 s 81

Green Canyont . o @ % % @ % & © 4 § & & W ¥ 82

Loganm Ganyon . « w w o @ & wi & w1 & er o= s 82

Providence Canyon & s & w & i = & & % 5 & 3 84

Blacksmith Fork Canyon . . . + . . « 4+ . . 85

ANalysis v o o s own o m e e Ge w owm ow owm @ w W e % el e 85

NIVA TION CIRQUES 4: 5 w0 % /o= » w6 % o & d w (w @ i w & @ @ 88
Geneéral Statement s« « « = % o 3 w0 # W w5 @ W 88
Description & s & & # & & % @ 8 w & ® # % & % & » 90
Smithfield Canyen ., s w 2 @ 2 w % i 1 w5 2 90

Green Canyon . . s & @ & % & @& a @& 3 /& a i 90
LoganTanyon . o« w « @ & w ® o & @ % & & 90

Dry Canyon (South) wi s & & = 5 w % & & /@ s (@ 91

Apalysis . . . . . & & ¥ % ¥ # ¥ 9 & % § & o8 5w @ 91
PATLTERNED" DIAMICSTON & % » Mo sf 50 2 5 5 loc gf 0 2 s o ce 93
General Statermnent .- .' & & o 4 4 e ec e o wire=ve = e 93

Description . & ¢ & o = & o & & 3 5 & ¢ % s 5 & 95



TABLE OF CONTENTS (Continued)

McKenzie Flat . & w & w0 & @ ow 50 @ w5 6 & 7
Green Canyon . . . < . & % 5% ® 5 & # 5
Logan Canyon . « . « o & #% & % % % & (& % %
Blacksmith Fork Canyon . . . . . . . .
East Canyon . & & & & &% & @ & @ &

Analysis . @ % 5 5 ¥ 3 % 9 5 ¥ F W E M 5 F 4 & &
ALLUVIAL: FANS 5 5 4 4 o # % % 0% & & % & o & 5 u o

General Statement . . . . . +« « « o

Description 5 @ & &% 9 % @ W » & @ & & &5 3 # % &
Analysis o o 4 w o« @ x o s w @ W w4 e

I ANDSLIDES T T T N S R [ A R D S R R
General Statement . . . . . . . .

Description. . . . i v s 5 o ® = » 0 5 & @ 5 »
Logan Canyon . .. & w » i a s & 24 % 1w ‘e
Blacksmith Fork Canyon . . . . . .

East Canyon . . . . .« .« vl » s % it 5 % % @ @
Along the mountain front . . . . . . .
Analysis . . . . . « . . . < . @@ s w8 ow o3

QUATERNARY STREAM ALLUVIUM AND LAKE DEPOSITS .

General Statement . . . . « + 4 e 4 6 4 . 2 e . .
Description 5 & W 5 % 5 & % & & 5 &) & & % @ &

GEOMORPHIC DEVELOPMENT DURING THE PLEISTOCENE
AND HOLOCENE ; & s % % & % & 5 % @ & % ¢ 9 = # §

ISRERRATTURE CITED 2 & 4 5 & &5 % 3 & 3 & = &% 5 oo »

ERRPERNDINES o g e . 5. o goppn alaoge. o w v W o g b 5,2

vi

Page
9%
95
98

102
106
107

120
120
121
135
139

139
140

140
144
149
152
156
168
168
168

171

176

181



TABLE OF CONTENTS (Continued)

Appendix A. Computer Program for Generating
Longitudinal Profiles Along Canyon
Thalwegs on an EAI 590 Computer
Sysiteniy g =B 5 . oM T o s o ol oz

Appendix B. Tabulation of Alluvial Fan Measurements.

Appendix C. Climatic Equations . . . . . . . . . .

Page

182
189

198



Table

10.

I1.

L2,

952

viii

LIST OF TABLES

Page
Stratigraphic section in the Bear River Range 8
Williams' 1948 stratigraphic names and their current
equivalents ¢ w s @ ¢ W ¥ & & @ oE R ¥ Wk @ ¥ w0 10

Characteristics of canyons and drainage basins within
the Bear River Range . & w « = u % % + a « o o 5 @ 65

Hydrologic characteristics of drainage basins within
the Bear River Range . ., . . . . « v +v ¢ 4 « o« o 68

Linear regression statistical values for discharge
against drainage area models , . . . . . . . . . . 702

Description of glacial and nivation cirques in the Bear
River Range .+ w & @ & o @ @ o o o & @ s % o w s - 79

Physical dimensions and characteristics of patterned
diamicton sites . 5 o % & @ % 8 & 2 & & F B v o w 96

Patterned diamicton site elevation values compared with

aspect . u W oy Wi ow W & o & e ¥ Ao a ¥ oo o oa o ow e 109

Winter, Summer and annual temperature values compared
wathyalgpect . s w = @ ¢ = @ « & 20 » ‘& 5 w 2 w v = w116

Statistical evaluation of fan area as a dependent variable
using all alluvial fan values . . . . . . . . . . . . 122

Statistical evaluation of fan area as a dependent variable
using Hypsithermal-age fan values , , ., , ., ., . . . 122

Composition and character of alluvial fans of Hypsither-
mal-age in L.ogan Canyon , 5 & s 9 & % % # % 5 & 125

Composition and character of alluvial fans of Hypsither-
mal-age in Blacksmith Fork Canyon. , . . . . . , . 126



Table

14,

15.

16,

LIST OF TABLES (Continued)

Tributary canyons with and without alluvial fans .
Characteristics of landslides in the Bear River Range

The extent of the Bonneville shoreline up canyons,

ix

141

169



Figure

105
151 =
L4728
13.
14,
155,
16.
115/

1'&.

LIST OF FIGURES

Index map showing location of the study area
7.5-minute topographic map coverage of the study area
Locations of major folds in the Bear River Range . . .
Locations of canyons within the Bear River Range . .
Classification of profile changes . . . . . . . . . . .

Cross-valley profiles of North Fork of High Creek
Canyion, " 5 " 0 o e T 4 R ke onra en B A0 e w5 Aw

Cross-valley profiles of South Fork of High Creek

EGeyonf T Y R SR e .
Cross-valley profiles of Oxkiller Hollow . . . . . .
Cross-valley profiles of Cherry Creek Canyon. . . . .
Cross-valley profiles of City Creek Canyon. . . . . .
Cross-valley profiles of Nebo Creek Canyon . . . . .

Cross-valley profiles of Smithfield Canyon (lower reach)
Cross-valley profiles of Smithfield Canyon (upper reach)
Cross-valley profiles of Birch Canyon , . .
Cross-valley profiles of Dry Canyon (North)
Cross-valley profiles of Hyde Park Canyon . . . . . .
Cross-valley profiles of Green Canyon (lower reach). .

Cross-valley profiles of Green Canyon (upper reach).

Page

13
18

20

23

24
25
27
28

30

34
35

37



x1

LIST OF FIGURES (Continued)

Figure Page
LOE Cross-valley profiles of Logan Canyon (lower reach) . 42
20, Cross-valley profile of L.ogan Canyon (middle reach) . 43
21, Cross-valley profile of I.ogan Canyon (upper reach) 44
212 Cross-valley of I.ogan Canyon (Beaver Creek) . . . . 45
23. Cross-valley profiles of Dry Canyon (South) . . . . , 47
24, Cross-valley profiles of Providence Canyon . , . . , 49
25 Cross-valley profiles of Millville Canyon . . . . . . 50
26, Cross-valley profiles of Blacksmith Fork Canyon

(lower reach) § w & % 2 % & @ 4 % & 7& & w % % U o€ 53
205 Cross-valley profiles of Blacksmith Fork (upper reach) 54
28, Cross-valley profiles of l.eft Hand Fork of Blacksmith

Fork Canyon (lower reach) . . . . . . « . « . « . . 55
29 Cross-valley profiles of I.eft Hand Fork of Blacksmith

Fork Canyon (upper reach) ¢ = s /o) & i 5 & & i@ % @ 56
30 Cross-valley profiles of Hyrum Canyon along the Hyrum

SeCtION « uw % e % o m % o w om s el W %5 € w0 & 5 ¥ 5 @ 58
Bil 5 Cross-valley profiles of Hyrum Canyon along the Green

SECLiON , .o u wi o w = » © & ® @ w oW w W K A % B % Wl 59
Bi2n Cross-valley profiles of Paradise Dry Canyon . . . . 61
33, Cross-valley profiles of East Canyon . . . . . . . . 63
Bt Comparison between discharge and drainage area for

canyon streams which do not cross the Logan Peak
syncline .« m & o v e % oo oumom o o8 om & o w8 w ¥ % 69



xii

LIST OF FIGURES (Continued)

Figure Page

315, Comparison between discharge and normal, and adjus-

ted drainage areas for canyon streams which cross the

Logan Peak syncline. % & & « 3 & & ¢« 5 & % s @ & 4 § (1
36. Comparison between discharge and normal, and adjusted

drainage area for all canyon streams v s « = & % & @ & 3
37. Elevation ranges of patterned-diamicton sites compared

WIEh TSPECE . wx mmonoe 3mom » 1 @ 62 » m 2 5 @ ox o w N o 108
SI8% Mean and extreme elevation values for patterned-diamic-

ton sites compared withaspect . . . . . . . .+ .+ . « . 111
59 Mean elevation, potential insolation and percentage of

total area of patterned-diamicton sites compared with

ASPEC B s w1 » o D e s e s i R e R % i am ) s oo e ) L2
40. Temperature values for Winter, Summer, and annual

periods compared with aspect . . . . . . . . . . . .117
41. I.andslides and stratigraphic units in the Bear River

Range . w oy s @ & ¢ & =0 » % % ow % % s e # e % e x e 198
42, I.andslides and aspect in the Bear River Range . . . . . 162
43, Landslides and elevation ranges in the Bear River Range 163

44, I.andslides and slope in the Bear River Range . . . . . 165



Plate

10.

1.

1525

15)8

14.

15.

16.

LIST OF PLATES

Map of geomorphic features in the Bear River Range,

Utah .

An oblique aerial view
the Bear River Range

An oblique aerial view
the Bear River Range

- - . L] . -

north along the western front of

L] . - - - - » » . " .

south along the western front of

. - . . . . - - - - . -

Longitudinal profile of the North Fork of High Creek

Canyon.

L ongitudinal
Canyon.

Longitudinal
L ongitudinal
Longitudinal
Longitudinal
Longitudinal
I ongitudinal
I ongitudinal
Longitudinal

ILongitudinal

profile

profile
profile
profile
profile
profile
protile
profile
profile

profile

of

of

of

of

of

of

of

of

of

of

An oblique aerial view

An oblique aerial view

- " . . - .

the South Fork of High Creek

Oxkiller Hollow .

Cherry Creek Canyon .
City Creek Canyon . s w s
Nebo Creek Canyon . . . .
Smithfield Canyon . . . .
Birch Canyon & 3 w % w %
Dry Canyon (North) . . . .

Hyde Park Canyon

Green Canyon . & =@ & » & %
east up Logan Canyon. . . . .
west down Logan Canyon . . .

xiii

Page

Pocket

12

12

Pocket

Pocket
Pocket
Pocket
Pocket
Pocket
Pocket
Pocket
Pocket
Pocket
Pocket
41

41



Plates

17.

18.

19.

20,

2l

22,

23,

24,

25,

265

2510

28.

29.

30.

3 .

B12's

LIST OF PLATES (Continued)

xiv

Page
Longitudinal profile of Logan Canyon (main section) Pocket
Longitudinal profile of Logan Canyon (Beaver Creek
section) . . Pocket
Longitudinal profile of Dry Canyon (South). . . . . . Pocket
ILongitudinal profile of Providence Canyon. . Pocket
Longitudinal profile of Millville Canyon. . Pocket
An oblique aerial view east up Blacksmith Fork Canyon 52
An oblique aerial view west down Blacksmith Fork
Canyon 52
Longitudinal profile of Blacksmith Fork Canyon (main
section) . s w6 ¥ % & w @& 3 5 @ W . Pocket
Longitudinal profile of Blacksmith Fork Canyon (L eft
Hand Fork section) . . Pocket
Longitudinal profile of Hyrum Canyon (Green Canyon
section) . . Pocket
I ongitudinal profile of Hyrum Canyon (main section) . . Pocket
ILongitudinal profile of Paradise Dry Canyon ., . Pocket

View upstream of the South Fork of High Creek Canyon. 78

View of High Creek Lake from cliff at the head of South
Fork - - - - . L - - - . . - . - - ° - . L] L] . . 78

View northwest of nivation basin at the head of Smithfield
CRATYON . & w 10 o s 0o 5 © o K b w9 Bl o8 o8 o ow v o w90

View northwest of the material within the nivation basin at
the head of Smithfield Canyon . . . . . . . . . . . . 90



Plates

33,

34,

SO

36.

3575

38.

LIST OF PLATES (Continued)

An oblique aerial view of patterned ground in the

southern part of Bear Basin . . + . +« « + + + « o .

View south and upstream of the head of Mill Hollow

View of the alluvial fan segments at the mouth of Mill
Holllowi o . % 5 & 5 3 & » 7 o e # 5 5 8 5 ab 2 s

An oblique aerial view of the alluvial fan at Beaver
Bason . « ¢ ¢ ¢ 4 s & s s 8 s v s e e 4

View west of the landslide on the rim of Porcupine
Reservoir « « w % @5 = i % v & s % w0 % @ e

Closer view of landslide mass on the edge of Porcupine

Reservolr . . & v 4 v v v o « « s « o s« = = 2 &+ =

XV

Page

94

29

129

134

151

151



xvi

ABSTRACT
Quaternary Geomorphic Features of the
Bear River Range, North-Central Utah
by
Jerome Vernon DeGraff, Master of Science
Utah State University, 1976
Major Professor: Dr. Robert Q. Oaks, Jr.
Department: Geology
The Bear River Range, in north-central Utah, contains a variety

of geomorphic elements influenced by the geologic setting and events.
Controlling factors of the geologic setting include: (1) a syncline (west)
and an anticline with a crestal graben (east) within the part of the moun-
tain range studied, and an adjacent graben valley along the west side of
the range; and (2) bedrock of Precambrian and Paleozoic age in the core
of the range, predominantly of shallow-marine carbonates and covered
in the graben by shaly and conglomeratic rocks of early Cenozoic age,
with fanglomerates and lake deposits of later Cenozoic age. Geologic
events contributing to geomorphic development include: (1) (?) Bull
I.ake and Pinedale glaciation; (2) various levels of IL.ake Bonneville; and

(3) Hypsithermal climatic conditions.
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The eighteen canyons along the western front of the Bear River
Range in Utah, in sequence from north to south, are: High Creek,
Oxkiller Hollow, Cherry Creek, City Creek, Nebo Creek, Smithfield,
Birch, Dry (North), Hyde Park, Green, Logan, Dry (South), Providence,
Millville, Blacksmith Fork, Hyrum, Paradise Dry, and East. An
attempt was made to relate gradient changes along longitudinal canyon
profiles to lithologies, attitudes, or other structural controls. The
only consistent gradient change is a steepening of the gradient down-
stream from outcrops of Swan Peak Formation. A pronounced asym-
metry in cross-valley profiles probably results from micro-climatic
differences that cause north-facing slopes to be steeper than south-
facing slopes despite close similarities in structure and lithology across
canyons. Several canyons which do not cross the syncline axis have no
measurable discharge. Water from these drainages apparently moves
along the strike or down the east-dipping rocks of the western limb of
the I.ogan Peak syncline to emerge as springs added to the surface flow
in cross-axial canyon streams. leakage is probably concentrated in the
Lodigepole and Great Blue Formations.

Minor geomorphic elements within the Bear River Range result
from glacial, periglacial, and fluvial processes, and landslides. Peri-
glacial action has produced both nivation and patterned diamicton.

Glacial features are present in Logan Canyon and its tributaries,

Birch, Providence, and the South Fork of Smithfield canyons. In



xviii
addition to these previously mapped glacial areas, High Creek Canyon
was subjected to glacial modification in the upper reach of South Fork
tributary, and Leatham Hollow (Blacksmith Fork Canyon), in the upper
reach of its major southern tributary.

Nivation modified the heads of Smithfield, Green, Cottonwood,
and Dry (South) canyons by carving cirques floored by rock debris. Evi-
dence for glacial action downstream from these cirques is absent.

Patterned diamicton sites are widely distributed within the range.
There is no consistent relationship to exposed lithologies or physical
setting. The apparent relationship of slope aspect, elevation, and
solar radiation suggests an origin by a temperature-dependent process,
for near-identical temperatures were calculated for all patterned dia-
micton sites. Based, in part, on a reconstruction of Pleistocene tem-
peratures, the patterned diamicton sites probably are a form of patter-
ned ground resulting from frost action during glacial episodes.

Alluvial fans lie at the mouths of many tributary canyons. Based
on degree of soil development and relations to features of known age, a
sequence of fan development is recognized. Alluvial fans formed prior
to Wisconsinan time and repeatedly thereafter during interglacial and
glacial periods. Many of the fans formed after the Pleistocene under
the favorable conditions that existed during the Hypsithermal interval,

ILandslides in the study area are commonly old, inactive features.

Only a few sites are recent in age, or currently active. Slopes with a



xix
west-component aspect are more prone to movement than other aspects.
The most frequently disturbed lithology consists of Tertiary formations
which are often conglomeratic. A wide range of slope inclinations have
landslides, but the dominant slope is 20 to 24 percent. The main eleva-
tion range for landslides is between 6,000 to 6,999 feet.

Quaternary stream alluvium and Lake Bonneville deposits are
found along the eastern margin of Cache Valley and in the lower reaches
of most canyons. This material has been deposited since the Provo
phase of LLake Bonneville., In several places, lake or stream terraces
are mapped.

(215 pages)



INTRODUC TION

General Statement

The Bear River Range, north-central Utah, and the eastern
margin of Cache Valley, Utah, comprise the 595 square miles investi-
gated. Previous workers restricted their geomorphic studies to selected
areas or to certain processes and features.

The major geomorphic elements identified in this investigation
are compiled on a map at the scale of 1:48, 000 (Plate 1). This map has
a topographic base derived from the 7. 5-minute topographic coverage of
the area. Minor geomorphic features such as landslides, alluvial fans,
and glacial and periglacial featuresare included in this study. Geomor-
phic processes responsible for these elements are analyzed. A chrono-
logy through late Pleistocene and Holocene time is developed to outline

the events resulting in the features found in the region,

I ocation and Accessibility

The thesis area is in the north-central part of Utah (Figure 1).
The location falls within the Middle Rocky Mountain physiographic pro-
vince near the western boundary between it and the Basin and Range
province (Raisz, 1952). _'I‘he‘rr_la.inv p_hysic_al f.ea.tur.es. Within the area are

the western portion of the southern part of the Bear River Range and the
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—4-arr00




3

adjacent southern part of Cache Valley. The thesis area extends from
111° 301 00" to about 111° 52! 30" West longitude and 42°00'00" to 41°
30'00" North latitude. The 5200-foot contour interval is the western
boundary along the valley margin. It includes all of the following 7. 5-
minute topographic maps: Tony Grove Creek, Temple Peak, Boulder
Mountain, Hardware Ranch, Naomi Peak, Mt. Elmer, Logan Peak, and
Porcupine Reservoir (Figure 2). Additionally, the eastern parts of the
following 7.5-minute topographic quadrangle maps are included: Rich-
mond, Smithfield, Logan, and Paradise (Figure 2).

U. S. Highway 89 and 91, State Highways 61, 101, 163, 170, and
217, county roads, and town streets provide complete vehicular access
to Cache Valley. The mountain areas in the southern part of the study
area have few negotiable roads. State Highway 242 and unimproved
roads in Providence, Millville, Hyrum, Paradise Dry, and East canyons
provide vehicular access. Four-wheel drive vehicles can travel along a
number of trails through the southern part of the study area. Except for
the area between Blacksmith Fork and East canyons, the mountain land
is administered by the U. S. Department of Agriculture, Forest Service.
The rest of the land is controlled by the Utah Department of Fish and
Wildlife or is privately owned and difficult to enter.

The northern part of the area studied is controlled by the U. S.
Department of Agriculture, Forest Service. Except for unimproved
roads, in High Creek, Smithfield, Green, and Logan canyons, vehicular
; t‘ra..vel.is l_irAniAted to U. S. Highway 89. A number of small roads extend

to selected points from U. S. Highway 89, but do not connect to other
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roads. This northern mountain area contains many trails and roads
which can be negotiated by four-wheel drive vehicles. This part of the
thesis area is criss-crossed with established trails maintained by the

Forest Service.

Field and Laboratory Work

A variety of field techniques were used to investigate the Bear
River Range. Aerial reconnaissance flights were conducted over the
area in the gpring of 1974, spring of 1975, and fall of 1975, Over
eight hours of air time were logged in a Cessna 182 and Cessna 172.

The most important features were photographed for later scrutiny. The
ground survey took place from May through early November 1974. Some
additional examination of specific features took place during the spring
and summer of 1975, A number of areas, in the more rugged sectors of
the Bear River Range, had to be reached by foot or horseback. The dis-
tances involved often required several days in travel time.

Laboratory work primarily involved the examination of collected
material. Two thin sections were prepared from a rock sample collec-
ted at the mouth of LLeatham Hollow. Alluvial fans in Logan and Black-
smith Fork canyons were sampled to determine the relative amounts of
gravel, sand, and fines (silt-plus-clay). Factors such as the presence

of boulders, stratification, and angularity were recorded for each sam-

sieved fractions weighed again. Longitudinal profiles of the major



canyons were derived from the 7. 5-minute topographic quadrangle maps.
The numerical values were gained through use of a Hewlett- Packard
9801 A calculator system. Using a subroutine written by Dr. Leon Huber
(Appendix A), these values were used by an EAI 590 computer to gener-
ate large-scale longitudinal profiles for each major canyon in the thesis

area,

Previous Investigations

The geomorphology of the Bear River Range, Utah, has been
studied previously only in selected areas or for certain processes or
features. No previous work has attempted to deal with the main geo-
morphic elements of Quaternary age in the entire range in Utah.

Some geomorphic work has been included in studies dealing with
other geologic problems. J. Stewart Williams (1948) dealt with some
of the geomorphology in his study of the Paleozoic rocks in the LLogan
quadrangle. These and some additional topics such as landslides, were
discussed in his publication on the geology of Cache County (Williams,
1958a). Several landslides were identified during an investigation of the
geology of the Paradise 7. 5-minute topographic quadrangle (Mullins and
Izett, 1964).

Only three investigations deal with geomorphology exclusively.
Two unpublished M. S. theses deal with geomorphic features in the Bear

"River range. J. L. Young (1939) conducted a detailed survey of glaciated

areas between Blacksmith Fork Canyon and the Utah-Idaho state line.



He mapped erosional and depositional features resulting from glacial
action. Additionally, he tried to establish a chronology of Pleistocene
glacial events in this area. E. J. Williams (1964) studied the geomor-
phology of LLogan Canyon. His area included the segment from the mouth
to the junction with Tony Grove Creek, His study encompassed a variety
of geomorphic elements such as alluvial fans, glaciation, and solution
features. J. Stewart Williams (1962) mapped in detail deposits and
features of LLake Bonneville. He outlined a chronology of events relating

lake features to different levels of I.ake Bonneville,

Geologic Setting

The rocks of the Bear River Range are sedimentary in origin.
Rocks representing deposition during Precambrian and Paleozoic time
are widely exposed (Williams, 1948, 1958a), Carbonate rocks account
for about 55 percent of the thickness of the exposed stratigraphic column
(Table 1). About 40 percent of the section is sandstone and quartzite.
Shale and conglomerate comprises a minor amount of the rocks in the
Bear River Range. Refinement of the stratigraphy by recent studies has
subdivided the basic units described by Williams (1948) without changing
their character (Table 2). Past workers generally have assumed that
these same formations are present beneath the valley floor. This

assumption seems confirmed by recent geophysical studies (Peterson

and Oriel, 1970; Stanley, 1972). Except for some outliers of Paleozoic

rocks, only alluvium and outcrops of Tertiary and Quaternary



Table 1. Stratigraphic section in the Bear River Range.

Unit Pr1nc1p?.1‘ Thick-
composition ness
(feet)
Quaternary System
Post-lake deposits Alluvial deposits
I.ake Bonneville Group Lacustrine deposits
Provo Formation
Bonneville Formation
Alpine Formation
Tertiary System
Salt Lake Formation Sandstone, conglomerate 800*
and limestone
Wasatch Formation Conglomerate, mudstone, -
sandstone, and limestone 530
Permian-Pennsylvanian Systems
Oquirrh Formation Sandstone, limestone and 600°
shale
Mississippian System
Great Blue Formation Limestone 7252
Little Flat Formation Sandstone 800C
L.odgepole Formation Limestone 150
Mississippian-Devonian Systems
ILLeatham Formation Siltstone and dolostone 400°
Devonian System
d
Beirdneau Formation Dolostone and sandstone sy 087d
Hyrum Formation Dolostone 93 Ze
Water Canyon Forma- Dolostone and sandstone 495
tion
Ordovician-Silurian Systems
f
ILaketown Formation Dolostone 1,422
Ordovician System
b
Fish Haven Formation Dolostone 140
Swan Peak Formation Quartzite and shale 350%
Garden City Formation Limestone and dolostone 1,405

Cambrian System

St. Charles Formation Dolostone and quartzite 1;015



Table 1. (Continued)

e Thick-
Unit Prmc1pe'11' B
Composition
(feet)
Cambrian System (Cont. )
Nounan Formation Dolostone 1,d 25‘].
Bloomington Formation Limestone and shale 15 495‘?
Blacksmith Formation Dolostone 485’
Ute Formation Limestone and shale 7457
Langston Formation Dolostone, limestone 360°
shale, and siltstone "
Brigham Formation Quartzite and shale 2,549
Precambrian System
Mutual Formation Quartzite, purple and 336k
white
Precambrian quartzite Quartzite and shale Base not
exposed

Smithfield (Adamson, Hardy, and Williams, 1955)
Wellsville Mtn (Williams, 1948)

Paradise Quadrangle (Mullins and Izett, 1964)
Blacksmith Fork Canyon (Williams, 1971)
Water Canyon (Taylor, 1963)

Tony Grove Lake (Budge, 1966)

Green Canyon (VanDorston, 1969)

Green Canyon (Ross, 1951)

High Creek (Maxey, 1941)

High Creek (Maxey, 1958)

Birch Canyon (Galloway, 1970)

P il = (1= SRR o (I » M o Bt o B+



Table 2.
equivalents.

10

Williams!' 1948 stratigraphic names and their current

Time Units

Stratigraphic names
Williams (1948)

Current

Quaternary System

Tertiary System

Permian-Pennsylvanian

Mississippian System

Devonian System

Ordovician- Silurian
System

Ordovician System

Cambrian System

Precambrian System

Alluvium

Salt LLake Formation
Wasatch Formation

Wells Formation
Brazer Formation

Madison Formation

Jefferson Formation

Laketown Formation

Fish Haven and Swan
Peak Formations
Garden City Formation

St. Charles Formation
Nounan Formation
Bloomington Formation
Blacksmith Formation
Ute Formation
Langston Formation
Brigham Formation

Big Cottonwood Series

IL.ake Bonneville and
post-lake deposits

Salt I.ake Formation
Wasatch Formation

Oquirrh Formation

Great Blue and Little
Flat Formations
Lodgepole and Lea-
tham Formations

Beirdneau, Hyrum,
and Water Canyon
Formations

ILLaketown Formation

Fish Haven and Swan
Peak Formations
Garden City Formation

St. Charles Formation
Nounan Formation
Bloomington Formation
Blacksmith Formation
Ute Formation
Langston Formation
Brigham Formation

Mutual Formation and
Precambrian quartzite
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formations are exposed along the eastern valley margin (Williams, 1948,
1958a, 1962; Adamson, Hardy and Williams, 1955). The Quaternary
I.ake Bonneville Group and alluvium are exposed throughout the remain-
der of Cache Valley within the thesis area (Williams, 1962).

The thesis area includes parts of the Bear River Range and Cache
Valley (Plates 2 and 3). Cache Valley is a north-trending, rather flat-
floored valley which parallels the Bear River Range. The valley has
dropped relative to the mountains to form a structural graben (Williams,
1948, 1958a; Mullins and Izett, 1964). The offset has occurred along
faults along the valley margin adjacent to the western front of the Bear
River Range. This fault zone continues to be active (Cook, 1971).
Detailed studies have lead to the conclusion that displacement takes place
on several west-dipping normal faults rather than a single fault plane
(Williams, 1948, 1958a; Galloway, 1970; Mullins and Izatt, 1964; Men-
denhall, 1975).

The Bear River Range incorporates two major folds within the
study area (Figure 3). The Logan Peak syncline trends north-northeast
near the western front of the range. The mountain front intersects the
syncline just north of East Canyon (Williams, 1948). The Strawberry
Valley anticline runs almost parallel to the L.ogan Peak syncline along
the eastern part of the study area.

The tectonic evolution of the north-central Utah region can be
related to the r.na.,jt.)r. géélég'ic- events of the western United States ('Rc.)bv— -

erts, 1972). From the late Precambrian through Pennsylvanian- Permian
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Plate 2. An oblique aerial view north along the western front of the
Bear River Range.

Plate 3. A.n.obliqure'aerial view south aldng'the western front of the
Bear River Range.
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time, this area was almost continuously a site of shallow-water, marine
deposition. This conclusion is based on the origins and nearly continu-
ous ages of rock formations presently exposed in the Bear River Range.
Regional studies suggest that additional deposition through Triassic and
Jurassic time may have taken place. Although earlier tectonic events
affected this region, tectonic evolution of the present physiography took
place during the Laramide orogeny. Uplift of the ancestral Bear River
Range appears to have begun in the late Jurassic (Armstrong and Cress-
man, 1963). It is generally agreed that the folds now found in the range
are Laramide in age (Williams, 1958a). In the early Tertiary, north-
south normal faulting initiated the present overall Basin and Range topo-
graphy including the Cache Valley graben. Restriction of the early Terti-
ary Wasatch Formation to accordant summits and valleys within the
mountains and to downfaulted inliers along the valley margins, and the
middle to late Tertiary Salt LLake Formation to valleys and valley mar-
gins support this concept. The pediments cut out on the Salt Lake Forma-
tion along the margins of Cache Valley indicate subsequent periods of
quiescence. Renewed movement on the normal faults between Cache
Valley and the Bear River Range began in the late Tertiary and continues
through the present. Erosion has continued to shape the mountainous
terrain during this period.

ILake Bonneville was an important pluvial lake during the glacial

tions in level. Investigators have identified features and deposits
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associated with stable periods. The oldest stillstand recognized is the
Alpine level, deposits of which are called the Alpine Formation. Stu-
dies in the Salt Lake Valley indicate that the Alpine level may correlate
with the Bull Lake glaciation (Morrison, 1961). The Bonneville level
and the younger Provo level appear to correlate with the Pinedale glacia-
tion (Morrison, 1961)., Cache Valley contained an extension of Lake
Bonneville in north-central Utah. Extensive mapping in Cache Valley
by Williams (1962) has identified probable features of the Alpine level
near 5,100 feet, those of the Bonneville level near 5,135 feet, and those
of the Provo level near 4,800 feet. Some variation exists in the exact
elevation of the Bonneville level at various points in Cache Valley
(Crittenden, 1963). Age determinations suggest that the Alpine maximum
was around 37,000 years ago. The Bonneville maximum apparently was
between 25,000 to 14, 000 years ago. The Provo maximum is suggested
to have been about 12,000 to 11,000 years ago (Broecker and Orr, 1958).

Red Rock Pass is located in Idaho at the north end of Cache
Valley. Lake Bonneville overflowed at Red Rock Pass, and flooded a
considerable extent of the Snake River valley (Malde, 1968). This flood
is believed related to Lake Thatcher in Gem Valley, Idaho. Prior to the
flood at Red Rock Pass, I.ake Thatcher had formed as a result of block-
ing and disruption of the Bear River by lava flows, probably along the
present route of the Portneuf River to the Snake River. The impounded

water formed Lake Thatcher in Gem Valley and eventually overflowed
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into Lake Bonneville through Oneida Narrows. The draining of ILake
Thatcher took place about 27,000 years ago (Bright, 1963).

Some workers suggest that the overflow at Red Rock Pass
happened about this same time as a result of the additional lake water
and increased drainage via the Bear River (Malde, 1968). This concept
seems substantiated by radiocarbon dates and analysis of soil develop-
ment on related deposits. If the initial flood took place at this time, it
pre-dates the Bonneville level. The relationship of Lake Bonneville
and LLake Thatcher deposits in Gem Valley shows that the Bonneville
level extended into the valley through Oneida Narrows (Bright, 1963).
Sometime between 18, 000 and 11, 500 years ago, outflow through Red
Rock Pass took place (Bright, 1963; Broecker and Orr, 1958). The
outlet was subsequently cut to the Provo level. If the concept that the
Bear River drainage provided the necessary water to create an overflow
condition, then the overflow between 18, 000 and 11, 500 years ago may
have been the only Bonneville flood (Bright, 1963). It is possible that
the overflow at the Bonneville level was the second flood to drain through
Red Rock Pass (Malde, 1968). Based on the information accumulated,

at least one and possibly two overflows took place,
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CANYONS

General Statement

The eighteen major canyons which open into Cache Valley along
the western front of the Bear River Range constitute the main geomorphic
elements in this area (Figure 4). A systematic examination of these
features is based on a canyon-by-canyon description starting with the
northernmost and proceeding southward.

Cross-valley and longitudinal profiles are used to describe the
canyons. The cross-valley profiles are constructed perpendicular to
the canyon., Profile cross-sections are two miles apart, except for the
cross-sections of Logan and Blacksmith Fork canyons. Because of the
low gradients in these two canyons, the cross-sections are separated
by four miles.

Except for Logan and Blacksmith Fork canyons, all longitudinal
profiles start at 5000 feet along the margin of Cache Valley. Logan and
Blacksmith Fork longitudinal profiles begin at 4600 feet. The longitudin-
al profiles follow the thalweg from a point just downstream from the
mouth to the upstream end of the canyon. The locations of faults and
lithologic contacts noted along the longitudinal profiles are based pri-

~marily on mapping by Williams (1948). Some more recent structural
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mapping has supplemented this source (Mullins and Izett, 1964; Gallo-
way, 1970; Mendenhall, 1975).

Changes in the overall concave-up longitudinal profile of a canyon
are classified by gradient changes and curvature characteristics of pro-
file segments. The overall concave-up profile of a canyon is a com-
bination of planar, concave, and convex segments of varying length and
radii. The convex-up segments usually reflect anomalous departures
from the overall concave-up profile. With the aid of a French curve,
the convex-up segments were delineated along each profile. A convex-
up segment is defined as a profile segment consisting of three or more
consecutive contour intervals that fits a convex-up curve (Figure 5).

Gradient changes are defined on the basis of angle of change and
abruptness between concave or planar segments, Inflections are de-
fined as changes in slope that include two or more contour intervals in
segments immediately upstream and downstream from the point of inflec-
tion. If the upstream segment projects above the downstream segment,
it is an upward inflection. If the upstream segment projects below, it is
a downward inflection (Figure 5). More abrupt changes are defined as
treads or risers. Risers and treads are defined as abrupt changes in
slope that extend only one contour interval upstream or downstream
from the point of change. A tread projects above the downstream pro-
file. A riser projects below the downstream profile.

The locations of treads, risers, inflections and convex-up seg-

ments were determined with the aid of a French curve and straight edge.
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SEGMENT TYPE
PROFILE DESCRIPTOR Planar Concave Convex

Upward Inflection //UV/ Ul ut

, DI
Downward Inflection // oI

Tread /_/ /T/ T

Riser

Figure 5. Classification of profile changes.
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The examination starts at the highest point on the profile at the head of
the canyon and proceeds toward the lowest point at the mouth. First
the convex-up segments are identified along the entire profile. Begin-
ning again at the highest point, treads, risers, and inflections between

adjacent planar and concave segments are delineated.

DescriEtion

High Creek Canyon

High Creek Canyon is the northernmost canyon in the thesis area
(Figure 4). The canyon follows a general east-west trend from its
mouth upstream to the first major fork. The mouth is located in sec.
13, T. 14 N., R. 1 E. Within the Bear River Range, the main canyon
splits into the North Fork, then Bear Canyon, and South Fork, then Little
L eft Hand Fork, and Bullen Hole Fork tributaries. The North Fork
heads at 8, 920 feet on the west flank of an unnamed peak (9,454 feet)
located approximately 0.5 mile south of the Utah-Idaho state line. The
Bear Canyon branch heads at 8, 600 feet on the northwest flank of Double-
top Mountain (9,873 feet). South Fork heads at 8, 520 feet near High
Creek Lake (8,762 feet). Little Left Hand Fork heads at 9,000 feet on
the west flank of a peak (9, 736 feet) on the ridge separating it from
Steam Mill Canyon. Bullen Hole Fork heads at 8, 920 feet on the ridge
separating it from White Pine Canyon.

High Creek Canyon along the main course and the North Fork can

be characterized, in cross-section, as a narrow-bottomed, steep-walled



canyon (Figure 6). The same description applies to the main course and
the South Fork, except for the uppermost reaches of South Fork. In this
section, the canyon bottom is wider as a result of minor glacial erosion
(Figure 7). The overall drainage basin widens headward from the mouth.

The highest point in the longitudinal profiles is within the Nounan
Formation (Plate 4). There are nine convex-up segments.

The highest point in the longitudinal profile of South Fork of High
Creek Canyon is within the Garden City Formation (Plate 5). There are

eleven convex-up segments along the profile.

Oxkiller Hollow

Oxkiller Hollow is a small canyon trending generally east-west
(Figure 4). The canyon mouth is located in sec, 24, T. 14 N., R. 1l E.
at an altitude of 5, 000 feet. The head of Oxkiller Hollow is at an eleva-
tion of 8, 240 feet on the west flank of a peak (9, 210 feet) that lies west
of the South Fork of High Creek Canyon,

Oxkiller Hollow can be characterized as a steep-walled, narrow-
bottomed canyon along the entire course (Figure 8). The drainage basin
is rectangular in shape.

The highest point along the longitudinal profile of Oxkiller Hollow
is within the Ute Formation (Plate 6). There are three convex-up seg-

ments along this profile.
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Cherry Creek Canyon

Cherry Creek Canyon is oriented in a generally east-west direc-
tion (Figure 4). The mouth of the canyon is located in sec. 24, T. l4,
N., R. 1 E. The head of the canyon lies at an elevation of 8, 600 feet
on the southwest flank of Cherry Peak (9, 765 feet).

The bottom of Cherry Creek Canyon is slightly wider near the
mouth than along the main extent of the canyon. With this exception, the
canyon can be described as narrow-bottomed and steep-walled (Figure 9).
In plan view, the drainage basin widens headward from a point near the
mouth.

The highest point on the longitudinal profile of Cherry Creek
Canyon is within the Nounan Formation (Plate 7). There are eight con-

vex-up segments along this profile.

City Creek Canyon

City Creek Canyon trends east-west (Figure 4). The canyon
mouth is located in sec, 36, T. 14, N., R. 1 E. Location of the head is
at 8, 280 feet on the southwest flank of a peak (9,338 feet) along the north-
east southwest trending divide between Smithfield and Cherry Creek can-
yons,

City Creek Canyon is a steep-walled, narrow-bottomed canyon

(Figure 10). The drainage basin is rectangular in shape.
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Canyon is within the Bloomington Formation (Plate 8). There are five

convex-up segments along the profile.

Nebo Creek Canyon

Nebo Creek Canyon is oriented in a generally east-west direction
(Figure 4). The mouth of the canyon is located in sec. 1, T. 13 N., R.
1 E. The canyon head is located at 8, 080 feet on the southwest flank of
a peak (9,041 feet) on the divide between Smithfield and Cherry Creek
canyons.

Nebo Creek Canyon has low, moderately steep walls (Figure 11).
The canyon bottom is wider near the mouth than near the head. In plan
view, the drainage basin is rectangular in shape.

The highest point on the longitudinal profile of Nebo Creek Canyon
is within the Blacksmith Formation (Plate 9). There are ten convex-up

segments along the profile

Smithfield Canyon

Smithfield Canyon trends generally northeast-southwest in its
lower reach, but turns to nearly north-south in its upper reach (Figure 4).
The canyon mouth lies within sec. 23, T. 13 N., R. 1 E. At an elevation
of 8,960 feet, the head of the canyon is on the southeast flank of Cherry
Peak, northwest of Naomi Peak (9,979 feet).

Smithfield Canyon is a narrow-bottomed, steep-walled canyon

along the lower reach (Figure 12). The upper reach can be characteri-

zed in the same way except for the part near the head where the canyon
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bottom widens significantly (Figure 13). The drainage basin can be des-
cribed as widening headward in plan view.

The highest point along the longitudinal profile of Smithfield Can-
yon is within the Garden City Formation (Plate 10). There are seven

convex-up segments in this profile.

Birch Canyon

Birch Canyon trends east-west in its lower reach, but nearly
north-south in its upper reach (Figure 4). Location of the canyon mouth
is in sec, 26, T. 13 N., R. 1 E. The head of Birch Canyon is at an ele-
vation of 9,000 feet on the north flank of Mt. Jardine (9, 566 feet).

Birch Canyon can be characterized as a narrow-bottomed, steep-
walled canyon (Figure 14). In plan view, the drainage basin is rectangu-
lar,

The highest point on the longitudinal profile of Birch Canyon is
within the Jefferson Formation (Plate 11). There are eight convex-up

segments along the profile.

Dry Canyon (North)

Dry Canyon (North) follows an east-west trend (Figure 4). The
canyon mouth is located in sec. 36, T. 13 N., R. 1 E. The head of the
canyon lies at an elevation of 8, 720 feet on the west flank of Mt. Jardine
(9, 566 feet). The canyon is characterized as a narrow-bottomed, steep-

walled canyon along its entire course (Figure 15).
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The highest point on the longitudinal profile of Dry Canyon (North)
is within the Jefferson Formation (Plate 12). There are six convex-up

segments along the profile.

Hyde Park Canyon

Hyde Park Canyon trends generally east-west (Figure 4). The
canyon mouth is in sec, 1, T. 12 N., R. 1 E. The head of Hyde Park
Canyon is at an elevation of 8,800 feet on the southwest flank of a peak
(9, 208 feet) on the divide between Dry Canyon (North) and Water Canyon,
a tributary of Smithfield Canyon. The canyon has a narrow-bottom and
steep walls in the lower reach. In the upper reach, the overall canyon
bottom is significantly wider (Figure 16). The drainage basin is rec-
tangular in shape (Figure 4).

The highest point on the longitudinal profile of Hyde Park Canyon
is within the Laketown Formation (Plate 13). There are seven convex-

up segments along the profile.

Green Canyon

Green Canyon follows an east-west trend in its lower reach, and
a northeast-southwest trend in its upper reach (Figure 4). Location of
the canyon mouth is in sec., 24, T. 12 N., R. 1 E. At an elevation of
9,320 feet, the head lies on the north flank of a peak (9,378 feet) north-
east of Mt. Jardine (9, 566 feet). Green Canyon has one major tributary,

Water Canyon. In the lower reach, Green Canyon is a steep-walled,

narrow-bottomed canyon (Figure 17). The canyon bottom is significantly
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wider in the upper reach (Figure 18). The overall drainage basin widens
headward from the mouth.

The highest point on the longitudinal profile is within the Jefferson
Formation (Plate 14), There are nine convex-up segments along the

profile.

Logan Canyon

Logan Canyon is the largest canyon along the western part of the
Bear River Range (Plate 15). The canyon mouth is located in sec. 36,
T. 12 N., R. 1 E. The canyon trends east-northeast in its lower reach,
generally northeast in its middle reach, and nearly north in its upper
reach which extends into Idaho (Plate 16) (Figure 4). The canyon bottom
is at an elevation of 7,600 feet at the Utah-Idaho state line, where it
leaves the thesis area. ILogan Canyon has a number of large tributary
canyons. The three largest tributary canyons are Right Hand Fork,
Temple Fork, and Beaver Creek. The lower reach of the canyon can be
characterized as narrow-bottomed, steep-walled with high divides
(Figure 19). The middle reach has steep walls, a narrow bottom, and
lower divides than the lower reach (Figure 20). The upper reach has
a broad valley bottom, moderately steep sides, and high divides (Figure
21). The lower part of the Beaver Creek tributary canyon is quite

narrow-bottomed and steep-walled. It broadens with steep walls near

the head in Besver Basin {Figure Z2Y. 00 0 o0 i i e st
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Plate 16.

An oblique aerial view east up Logan Canyon

An oblique aerial view west down Logan Canyon
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Two profiles have been constructed for Logan Canyon. One pro-
file follows the canyon from the mouth, along the LLogan River channel,
to the Utah-Idaho state line (Plate 17). The other profile traces the
same path to the junction with the Beaver Creek tributary and thence
through Beaver Basin to the Utah-Idaho state line (Plate 18).

The highest point on the longitudinal profile of the main part of
Logan Canyon is within the Wasatch Formation, (Plate 17). There are
four convex-up segments along the profile.

The highest point on the profile along Logan Canyon and the
Beaver Creek tributary of the I.ogan River is within the Garden City
Formation (Plate 18)., There are four convex-up segments along the

profile,

Dry Canyon (South)

Dry Canyon (South) trends northwest-southeast (Figure 4). The
canyon mouth is in sec. 36, T. 12 N., R. 1 E. The head lies at an
elevation of 8, 560 feet on the west flank of Logan Peak (9, 710 feet).
Dry Canyon (South) is a canyon with a narrow bottom and steep walls
(Figure 23)., The drainage basin is rectangular in shape.

The highest point on the longitudinal profile of Dry Canyon
(South) is found within the Wells Formation (Plate 19). There are four

convex-up segments along the profile.
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Providence Canyon

Providence Canyon has an east-west trend in its lower reach,
but a north-south trend in its upper reach (Figure 4). Location of the
mouth is in sec, 14, T. 11 N., R 1 E. The head of the canyon is at an
elevation of 8,800 feet on the east side of Providence Lake, just west
of the crest of the Bear River Range. Providence Canyon has a narrow
bottom and steep walls along the lower reach. The upper reach has a
wide bottom and low, gentle sides (Figure 24). The drainage basin
widens headward from the mouth.

The highest point on the longitudinal profile of Providence Canyon
is within the Brazer Formation (Plate 20). There are nine convex-up

segments along the profile.

Millviile Canyon

Millville Canyon follows an east-west trend in its lower reach,
and a northeast-southwest trend in its upper reach (Figure 4). The
mouth of the canyon is in sec. 26, T. 11 N., R. 1 E. The head of
Millville Canyon is at an elevation of 7, 240 feet just northwest of a
peak (7,445 feet) along the divide between Blacksmith Fork and Provi-
dence Canyons. The canyon has a narrow bottom and steep walls
(Figure 25). The drainage basin is rectangular in shape.

The highest point on the longitudinal profile along Millville

convex-up segments along this profile.
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Blacksmith Fork Canyon

Blacksmith Fork Canyon is the second largest canyon in the
Bear River Range (Figure 4). The main canyon follows a general east-
west trend to the area of Hardware Ranch, where it turns south and then
east again (Plates 22 and 23). The Left Hand Fork tributary canyon
trends generally northeast to southwest. Location of the canyon mouth
is in sec., 11, T..10 N., R. 1 E., The head of Blacksmith Fork Canyon
lies beyond the eastern boundary of the thesis area. The point at which
Blacksmith Fork Canyon crosses the eastern boundary is about 2.0
miles due east of the mutual corner of R, 3 E., R. 4 E.,T. 10 N., and
T. 9 N. The main tributafies of Blacksmith Fork Canyon are Left
Hand Fork, Herd Hollow, Rock Creek, Curtis Creek, Mill Creek, and
Sheep Creek (Figure 4). The drainage basin becomes wider toward the
head of the.canyon. The main Blacksmith Fork Canyon is steep walled
with a narrow bottom along the lower reach (Figure 26). The divides
are lower along the upper reach than the lower. The canyon has a
narrower canyon bottom at the upstream end of the canyon along the
upper reach (Figure 27). Left Hand Fork Canyon has a narrow bottom
and steep walls along ;‘.he lower reach (Figure 28). The canyon bottom
widens and the walls are gentler in the upper reach (Figure 29).

Two longitudinal profiles were constructed for Blacksmith Fork

Canyon. One profile traces along the main canyon from the mouth to

the eastern boundary. The other profile follows along from the canyon

mouth and along Left Hand Fork tributary.
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Plate 22.

An oblique aerial view east up Blacksmith Fork Canyon

Plate 23.

An oblique aerial view west down Blacksmith Fork Canyon
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The highest point on the longitudinal profile along the main Black-
smith Tork Canyon is within the Nounan Formation (Plate 24). There
are three convex-up segments along the profile,
The highest point on the longitudinal profile along the Left Hand
Fork tributary is within the Wasatch Formation (Plate 25). There are

three convex-up segments along the profile,

Hyrum Canyon

Hyrum Canyon is a small canyon trending east-west in its lower
reach, and northeast-southwest in its upper reach (Figure 4). The
mouth of the canyon is in sec. 26, T. 10 N., R. 1 E. The canyon head
lies at an elevation of 7, 920 feet on the southwest flank of a peak (8,055
feet) on the divide between Blacksmith Fork and East Canyons. A major
tributary of Hyrum Canyon is Green Canyon. The Green Canyon tribu-
tary has low sides and a broad bottom in the lower reach. The walls
are steeper and the canyon bottom narrower in the upper reach (Figure
20). The drainage basin has a rectangular shape. Hyrum Canyon has
low, steep walls and a narrow canyon bottom in the lower reach. The
walls become steeper and higher in the upper reach (Figure 31.).

Two profiles have been constructed for Hyrum Canyon. One pro-
file follows the main Hyrum Canyon from its mouth to head. The other
profile traces along the Green Canyon tributary from the mouth of

. Hyrum Canyon. .
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Cross-valley profiles of Hyrum Canyon along the Hyrum
section.
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The highest point on the longitudinal profile along the Green
Canyon tributary to Hyrum Canyon is within the Brazer Formation (Plate
26). There are seven convex-up segments along the profile,
The highest point on the longitudinal profile along Hyrum Canyon
is within the Laketown Formation (Plate 27). There are nine convex-up

segments along the profile.

Paradise Dry Canyon

Paradise Dry Canyon has a generally northeast to southwest
trend (Figure 4). The canyon mouth is located in sec., 2, T. 9 N., R.
1 E. The head of Paradise Dry Canyon is at an elevation of 7,920 feet
on the northwest flank of a peak (8,102 feet) on the divide between
Blacksmith Ferk and East Canyons. Paradise Dry Canyon can be char-
acterized as a narrow-bottomed, steep-walled canyon along its entire
reach (Figure 32). The drainage basin widens from the mouth towards
the head of the canyon.,

The highest point on the longitudinal profile of Paradise Dry
Canyon is within the Laketown Formation (Plate 28). There are two

convex-up segments along the profile.

Fast Canyon

East Canyon is the southernmost canyon in the thesis area.
Within the area studied, East Canyon has an overall east-west trend

(Figure 4). The canyon mouth is in sec, 11, T. 9 N., R. 1 E. The

head of East Canyon lies outside the southern boundary of the study area.
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The canyon crosses the southern boundary near the dividing line between
R. 2E. and R. 3 E, in T. 9 N., at an elevation of 5,960 feet. A signi-
ficant part of the canyon within the thesis area is beneath Porcupine
Reservoir. As a consequence, no longitudinal profile was constructed.
Cross-valley profiles were made above and below the submerged part of
the canyon. East Canyon can be characterized as a narrow-bottomed,
steep-walled canyon along the reach within the study area (Figure 33).

The drainage basin widens from the mouth toward the head of the canyon.

Analzsis

An analysis of the longitudinal profiles shows that except for one
rock formation, there is no consistent relation between lithology and
gradient changes. The one consistent change is a convex-up profile
segment where the thalweg crosses the Swan Peak Formation. The Swan
Peak Formation is a resistant quartzite which results in a steep gradient
change downstream. The gradient change results from the improved
erosive power in the less resistant beds downstream from the Swan
Peak Formation. It is possible that some other rock units may cause
similar gradient changes. These changes could not be detected with the
current resolution of mapped stratigraphic information,

The physical description of canyons within the Bear River Range
leads tocomparisons among the canyons of varying sizes and ages.

Some facts about the drainage basin associated with each canyon reveals

relationships that are not obvious from the physical description alone
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(Table 3). It is clear that the longer streams have a lower average
grade. This is especially obvious in the case of Logan and Blacksmith
Fork canyons. Some variation in this generalization can be attributed
to the structures and the rock types exposed along the canyon. Green
Canyon has an average grade of 10 percent along a stream course 8.2
miles long. Paradise Dry Canyon has a 7 percent grade along a stream
course 8.3 miles long. The steeper grade for the same stream distance
in Green Canyon compared to Paradise Dry Canyon may be partly due to
differing resistances to erosion. Green Canyon cuts into dense, hard
dolostones. Paradise Dry Canyon is cut into more easily eroded lime-
stones., Additionally the dip of the beds in the two canyons is different.
Green Canyon is steeply eastward. The formations exposed in Paradise
Dry Canyon are nearly horizontal downstream and dip gently westward
upstream. The few exceptions to the concept that longer stream lengths
correlate with lower gradients probably can be attributed to these vari-
ables,

There are some differences in the shapes of canyons developed
along the western front of the Bear River Range. IL.ogan, Blacksmith
Fork, and East canyons are the only major streams that extend across
the Logan Peak syncline. Cross-valley profiles show that all other
canyons are narrow-bottomed with steep walls., Cross-valley profiles
of the lower and middle reaches of Logan and Blacksmith Fork canyons

also show narrow bottoms and steep walls, The main difference is in

the upper reach of each stream. In this part, those canyons that are



Table 3. Characteristics of canyons and drainage basins within the Bear River Range

Cényon Alt Mouth Alt. Head Ave. Grade Max. Stream Basin Shape

‘ (ft.) (ft.) (%) Length (mi.) (Plan view)
High Creek 5, 000 8,920 11 6.5 North Fork

5,000 8,520 9 7.8 South Fork triangular
Oxkiller Hollow 5, 000 8,240 18 3.4 rectangular
Cherry Creek 5, 000 8, 600 13 5,2 triangular
City Creek 5, 000 8, 280 15 4,2 rectangular
Nebo Creek 5,000 8, 080 16 3.7 rectangular
Smithfield 5, 000 8,960 9 8.4 triangular
Birch 5,000 9, 000 12 6.5 rectangular
Dry (North) 5,000 8,720 15 4.7 rectangular
Hyde Park 5, 000 8,800 17 4,2 rectangular
Green 5,000 9,320 L0 8.2 triangular
Logan 4,800 (7, 600) 2 (27.7) triangular
Dry (South) 5,000 8, 560 17 3.9 rectangular
Providence 5,000 8,800 1.1 6.5 triangular
Millville 5,000 7. 240 14 S rectangular
Blacksmith Fork 4,800 6,520 2 21.3 Left Hand Fork

: 4,800 6. 640 2 20. 5 Main stream triangular
Hyrum-Green 5,000 8, 000 9 6.2 Green section

5,000 7,920 7 8.1 Hyrum section rectangular
Paradise Dry 5,000 7,920 T 8.3 triangular
East 4,800 (5, 960) -— N. A. triangular

S9
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not cross-axial remain steep-walled and narrow. Each cross-axial
canyon exhibits wider, flatter bottoms with gentler sloping walls in the
upper reach, East Canyon is not extensive enough within the study area
to determine if the same circumstance is true for its cross-valley pro-
file.

A comparison of the canyon walls on each cross-valley profile
shows that marked asymmetry exists. The north-facing canyon wall is
consistently steeper than the south-facing wall. Studies of valley
asymmetry have attributed this phenomenon to structural, lithologic,
microclimatic, and other factors at different localities (Wilson, 1968).
In the canyons studied structural elements and rock formations are
essentially the same on opposite sides of the canyon. This factor strong-
ly suggests that microclimatic conditions are responsible for the cross-
valley asymmetry,

Vegetational evidence indicates that microclimatic conditions are
different between north-facing and south-facing canyon walls. Plant
communities are distinctly different on opposite sides of the canyon.
Communities on the south-facing are characterized by plants which
tolerate drier conditions. Communities on north-facing walls require
higher amounts of moisture, Additionally, the communities on the
south-facing walls typically cover the surface more sparely  (Henderson,
oral comm., Nov. 1975).

""""" The microclimatic conditions on south-facing and north-facing

walls which is reflected in the vegetation patterns are largely
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attributable to exposure to different amounts of potential insolation. A
south-facing slope would receive more solar insolation in the Northern
Hemisphere., This causes a higher evaporation rate, more frequent
freeze-and-thaw cycles, and shorter retention of snow cover than on
north-facing walls. The vegetation reflects the resulting differences
in temperatures and soil moisture. The effects of higher solar insola-
tion on the south-facing walls include more rapid weathering, more
landsliding, and more sheetwash on south-facing walls than on north-
facing walls., The resulting difference in erosion rates causes the north-
facing walls to be steeper in the Northern Hemisphere (Thornbury,
1954),

The hydrologic characteristics of the canyons show some marked
differences (Table 4). The drainage-basin area has been measured for
each canyon using 7. 5-minute topographic maps and a calculator-plani-
meter system. The average annual discharge in thousand acre-feet was
computed on the values obtained in the 1960-68 water years (Bjorklund
and McGreevy, 1971). Some values for the larger drainages were taken
from the U, S. Department of the Interior, Geological Survey Water
Supply Paper (1974). The average annual discharge was plotted against
the drainage area for canyons that do not cross the axis of the Logan
Peak syncline but have measurable discharges (Figure 34). A multiple-
linear-regression analysis with stepwise deletion of variables was used
on the p'oi-nfv:srté yiéld the -sliope', .in’te‘réerpt‘, and RV—-sq-ué.r-edv values for the

best fitting line (Table 6)., This computation employed the STATPAC



Table 4. Hydrologic characteristics of drainage basins within the Bear River Range.

Drainage Ave. Ann
, ) Cross-
Canyons Stream area discharge ;
; : Axial
(sg. mi.) (thous, acre-ft)

High Creek High Creek 21.4 19 no
Oxkiller Hollow - 2.8 N. S no
Cherry Creek Cherry Creek 6.5 4 no
City Creek City Creek Bl N. S, no
Nebo Creek Nebo Creek 4.0 N. 5. no
Smithfield Summit Creek 16.8 12 no
Birgh e 1.0 2 no
Dry (North) o om 4.9 N. S no
Hyde . Park —a 4.6 N. S no
Green -—- 13.9 N.S no
Logan Logan River 218.0 162 yes
Dry (South) o 6.4 N.S no
Providence Spring Creek 11.9 7 no
Millville --- 6.8 N. S no
Blacksmith Fork Blacksmith Fork River 260.0 79 yes
Hyrum-Green -—- L2t N. S, no
Paradise Dry --- 128 N. S. no
East Little Bear River 203.0 24 yes

* Average annual discharge is not significant (NS) enough to be measured
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library in the Burroughs 6700 computer. The line for this plot has an
R-square value of 92 percent. This is a very reliable fit in which most
of the points fall on or very near the line (Romesburg, oral comm.,
Nov. 1975). The same method was applied to a comparison of average
annual discharge to drainage-basin area for the three minor cross-axial
streams (Figure 35). The best fit line determined for these points has
a low R-square value of 17 percent, so that the line is not statistically
significant. Because the rock types, structure, climate, and precipita-
tion are essentially the same for drainages of both the cross-axial
streams and those that do not cross the syncline axis, another factor is
probably responsible for the difference in reliability between lines drawn
for plots of the same variables.

Ten canyons have not appreciable annual discharge (Table 4).
Despite the catchment size, no measurable discharges occur at the
mouths of these canyons. The water must move through the sub-surface.
Because the western limb of the Logan Peak syncline dips upstream in
each case, except in the headward portions of Providence, Millville,
Hyrum, and Paradise Dry canyons the water lost from these canyons
along permeable rock formations probably would either move eastward
or parallel to strike, and so ultimately would emerge as surface water
in the larger cross-axial canyons. Thus the drainage areas of the cross-
axial canyons probably also effectively include drainage areas of the

smaller canyons that lack discharge. When the appropriate areas of

canyons without discharge are added to the measured areas of
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cross-axial canyons, and the results are replotted for annué.l discharge
and drainage, the statistical values for the best fitting line yields an
R-square value of 67 percent (Figure 35, Table 5). A value of 67 per-
cent is considered barely reliable for some predictive purposes (Romes-
burg, oral comm., Nov, 1975). In this case, the improvement in

R-square values for the best fitting line supports the leakage concept.

Table 5. Linear regression statistical values for discharge against
drainage area models

Test Intercept Slope R-square
o
5 (%)
Canyon streams which do not 4, 64 59.5 92
cross the Logan Peak
Syncline
Canyon streams that cross the —5,83 T2s3 17

Logan Peak Syncline
Canyon streams that cross the —28.70 82.-1 67
Logan Peak Syncline includ-

ing added drainage

All canyon streams with dis-

charge 6. 68 39.9 81
All canyon streams with dis- 6. 74 39,1 82

charge including added

drainage

To further test the statistical reliability of this idea, all of the
canyons with average annual discharge values and drainage areas were
-cc.)n-‘lpax.-ed rsté.fis'ti'ca‘.ll-y .(Figufé 36) A line with an R'-Asq‘ua'.r.e value of

81 percent can be plotted using values for all canyon, so this indicates
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that the relationship of discharge and drainage area is consistent for all
drainages in this part of the Bear River Range. If the leakage concept
is valid, an improvement on this reliability should result from adding
drainage areas of streams lacking discharge to the appropriate cross-
axial canyons. Such improvement was found, although the improvement
is small (Figure 36, Table 5). Thus, the two lines of statistical evidence
support the leakage concept.

It would appear that the drainages that do not cross the syncline
axis and have no appreciable discharge lose water underground through
the rocks. Part of this water probably enters into the surface water
discharged from the large cross-axial streams. A number of large
springs add water to the surface flow in the large cross-axial streams.
This water probably includes water leaked from the non-discharge drain-
ages. Representative of these springs are Dewitt and Ricks springs in
Logan Canyon. Dewitt springs has an estimated average annual dis-
charge of 10 thousand acre-feet. Ricks spring has an estimated average
annual discharge of 8 thousand acre-feet (Haws, oral comm., 1975).

The leakage between drainage basins is controlled by the strati-
graphy of the Bear River Range. The water moving out of a small non-
cross axial drainage would move parallel to the strike or down dip of
the rock formation. Based on the mapped stratigraphic units, itis
suggested that leakage is primarily through the Lodgepole and Great

5 Biu'e '13‘-0Arr.nvat‘i<$n.s.b These iir-nes-tbr-lei rock unlts a..r‘e .sﬁl.)jéét‘td éélﬁtidn '''''''

features and are the source of many springs. On the assumption that
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these two formations were the main conduits of leaked water, drainages
with no appreciable discharge were added to the cross-axial drainage
that would intercept water along the specified rock formations. The
drainage are from Oxkiller Hollow, Birch Creek, Dry Canyon (North),
Hyde Park Canyon, Green Canyon, and Dry Canyon (South) were added
to the area for Logan Canyon. The drainage for Millville Canyon and
Hyrum-Green Canyon was added to the area of Blacksmith Fork Canyon.
Paradise Dry Canyon drainage area was added to the area of East Canyon.
The statistical results suggest that this assumption does not completely
satisfy the problem. It is quite likely that some part of the water from
drainages with measureable discharge is leaked along the Lodgepole and
Great Blue Formations. A more quantitative hydrologic investigation
should be able to apportion drainage area from non-cross axial streams
with and without measureable discharge to obtain an improved statistical
model. Although an analysis of leakage into the large cross-axial drain-
ages has not previously been attempted, the results are consistent with
ground water and other hydrologic factors operating in this region

(Fletcher, oral, comm., June, 1975).
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GLACIATED CANYONS AND CIRQUES

General Statement

The extent of glaciated terrain in the Bear River Range was
mapped and studied by Young (1939). He described the effects of glacia-
tion from Blacksmith Fork Canyon as far north as the Utah-Idaho state
line. Particular attention was given to the extensive glacial action in
I ogan Canyon and its tributaries. Young recognized and mapped the
glacial features and deposits in the upper part of Providence Canyon
and near Logan Peak. E. J. Williams (1964) compiled a detailed des-
cription of glacial features in the areas of Tony Grove Canyon. This
tributary of ILLogan Canyon contains some conspicuous and well-defined
glacial features. Both investigators recognized the effects of two
glacial episodes, the older much more extensive. These two events
were related to advances recognized in the Uinta, Wasatch, Teton, and
Wind River mountains, Williams specifically related the other features
in Tony Grove Canyon to the Bull LLake glacial episode, and the younger,
to the Pinedale glacial episode. The work of Holmes and Moss (1955) and
Blackwelder (1931) formed the basis for his correlations. Williams

noted the difficulty in distinguishing moraine from weathered conglo-
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where the glacial moraine is eroded from outcrops of the Wasatch
Formation.

Glacial deposits include lateral moraines, recessional moraines,
ground moraines, and erratics. The shape and gradient in glaciated
canyons is a conspicuous product of glacial erosion. Cirques are the
main erosional feature created by glacial ice. A number of cirques are

occupied by water for all or part of the year.

DescriEtion

High Creek Canyon

High Creek Canyon has been glaciated along the upper reach of
South Fork tributary (Plate 29). Glacial erosion in High Creek Canyon
and its tributaries has not been reported or mapped previously. The
head of South Fork is a cirque (Table 6). The back wall of the cirque is
an almost vertical cliff., Garden City Formation is exposed in the floor
and lower walls of the cirque. Swan Peak Formation and Fish Haven
Formation are exposed in the upper cirque walls. The cirque bottom is
occupied by High Creek Lake (Plate 30). The lake is dammed by a rock
lip of Garden City Formation. Glacial deposits are found downvalley,
from the lake to the lower limit of ice. Ground moraine.and-erratics
are the most prominent deposits. A number of small ponds and marshy

areas are present near the lower extent of ice in the canyon, Probable

recessional moraine and ground morainé have created poor -drainage - - - - - - . . -

conditions near the former terminus. These deposits, erratics and
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Plate 29. View upstream of South Fork of High Creek Canyon.

Plate 30. View of High Creek Lake from cliff at the head of South Fork.



Table 6. Description of glacial and nivation cirques in the Bear River Range.

s Cirque Cirque Relief Downvalley Ice limits
Canyon Tributary Feature pect- flloor min max Elev, distance
; elev, .
i) () {f6) (it) (mi)
High Creek South Fork glacial cirque N 8,800 240 - 1,000 74 000 1.8
Smithiield Main nivation cirque S 8,800 160 885  ----- S
j South Fork glacial cirque N 8,680 280 996 8, 200 0.6
Birch- Main glacial cirque N 7,920 1,040 =~ 1,645 7,200 0.7
Green Main nivation cirque SE 9,320 58 232 ----- ---
; Main3 glacial cirque SE 8, 848 352 718 8,480 0.6
: b
Logan NAainrs e st B ke s SR el D P - e 5,960 10.9
' Upper Spring Hollow glacial cirque NE 8,640 400 - 1,012 7,640 1.1°
Crescent Lake glacial cirque E 8,760 160 885 7,400 1.06
Steep Hollow glacial cirque E 8,640 280 = 1,233 7, 280 1.4
Hell's Kitchen glacial cirque SE 8,160 3005= L 22 7,440 0.8
Steam Mill glacial cirque E 8,640 360 - 1,096 6,880 3.2
Beaver C@reek v il e o s e i = S 6,920 2.8
White Pine glacial cirque E 8,400 560 - 1,400 6,400 4.0
Bunchgrass glacial cirque SE 8,400 80 - 1,350 6, 280 4.0
Tony Grove glacial cirque SE 8,040 440 - 1,939 6,240 4.6
Cottonwood-South Fork nivation cirque SE 8,920 200 P56 & @ ==see -
Cottonwood-South Fork nivation cirqueSE 8, 680 320 996  ----- ---
Cottonwood-Main nivation cirque E 8,440 160 902  ----- ---
Spring Hollow glacial cirque N 7,440 804 - 1,478 5,440 « !
’ Mill Hollow glacial cirque N 8,520 480 - 1,190 6, 280 0.9
Dry (South) Main nivation cirque N 8,480 120 800  ----- ---
Providence Main glacial cirque E 8,720 80 990 8,560 1,2

6L



Table 6. Description of glacial and nivation cirques in the Bear River Range (Continued)

: A Cirque Cirque Relief Downvalley Ice limits
Canyon Tributary Feature i- flloor min max Elev. distance
» ke (5 G (£8) (mi)
Blacksmith Fork Leatham Hollow glacial cirque E 7,000 200 - 1, 064 6,800 0.5

All tributaries designated as main indicate that the described feature is at the head of the main canyon.

The lower limit downvalley is only indicated for the farthest extent of glacial ice beyond the limits of
the glacial cirque. This elevation and distance is based on glacial erosion and deposits. Because no ice
moves from a nivation cirque, no downvalley elevation or distance is noted.

This glacial cirque is adjacent to the western head of the nivation cirque located at the head of the main
Green Canyon.

The source of the glacier for Logan Canyon is the Franklin Basin area in Idaho. This area is outside the
boundaries of the study area. Therefore, no description of the glacial cirque is given. The lower limit
of glacial ice downvalley is noted. The distance along which the ice extended is measured from the Utah-
Idaho state line.

5Upper Spring Hollow is the tributary adjacent and north of Crescent Lake Canyon. The name is not pre-
sently used on the 7. 5-minute topographic map. Upper Spring Hollow is the name used by Young (1939).
The lower limit downvalley indicates the elevation and distance where this tributary canyon joins the
Logan Canyon thalweg. This junction is outside the northern boundary of the study area.

The lower limit downvalley of ice indicates the elevation at which the tributary canyon joins the thalweg
of Logan Canyon. The distance is from the glacial cirque to the same point. This is true for all Logan
Canyon tributaries except Hells! Kitchen Canyon. The ice in this canyon did not join the Logan Canyon
glacier.

- :
Beaver Creek tributary contained ice from a glacial cirque in the Egan Basin area in Idaho. This source

area is north of the boundaries of the study area. The glacial ice occupying this tributary did not join

the main glacier in Logan Canyon. The downvalley ice limits are measured from the Utah-Idaho state

line, .

08
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the downstream change to a narrow cross-valley profile help define the
downvalley limit of glacial ice. Many of the glacial erratics are boulders
of Swan Peak Formation found high on the side slopes of the canyon.

This position and the size precludes their transport by water. The
absence of outcrops of Swan Peak Formation in the cliffs above the
erratics eliminates the possibility of their derivation from the upper
canyons walls. The most likely transport mechanism that satisfactorily

explains their location is glacial ice.

Smithfield Canyon

Smithfield Canyon contained a small glacier at the head of the
South Fork tributary (Table 6). This glaciated area was described by
Young (1939). The bedrock exposed in the walls and floor of the cirque
is the Jefferson Formation. The ice appears to have extended only about
one half of a mile down the canyon from the cirque. Only ground moraine

is recognized along the glaciated part of the canyon.

Birch Canyon

Birch Canyon contained a small glacier at the head of the main
canyon (Table 6). This feature was described by Young (1939). The
effects of ice and snow have produced a well-developed amphitheater,
The bedrock exposed in the walls and floor of the cirque appears to be
the Jefferson Formation. Ground moraine extends for a distance of

about one half mile down the canyon.
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Green Canyon

Green Canyon has a small cirque near the head of the main can-
yon. This cirque has not previously been described (Table 6). The
bedrock exposed in the cirque is the Madison Formation. The ice ex-
tended approximately one quarter of a mile down the canyon. The only

deposits appear to be hummocky areas of ground moraine.

Logan Canyon

Logan Canyon and its tributaries were extensively glaciated
(Plate 1). J. L. Young (1939) and E. J. Williams (1964) delineated
almost all of the areas affected by glacial activity in this drainage. The
main glacier down Logan Canyon came from a source in Franklin Basin,
The Franklin Basin is in Idaho north of the boundary of the study area.
The maximum extent of this ice down IL.ogan Canyon was just downstream
from the Tony Grove cattleguard near the present junction of the Logan
River and Bear Creek. The terminus is approximately 16 miles up
stream from the mouth of Logan Canyon. A small mass of glacial
moraine is found at this point. It may be a preserved remnant of end
moraine that has remained intact as a result of its location on the inside
of a meander bend.

Nine tributary canyons contained glacial ice (Table 6). Young
(1939) recognized and mapped glacial deposits and features in Upper
Spring Hollow, Crescent Lake, Steep Hollow, Hell's Kitchen, Steam

Mill, Beaver Creek, White Pine, Bunchgrass, and Tony Grove Canyons.
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With the exception of Beaver Creek and Hell's Kitchen canyons, the
cirques of these canyons expose Garden City Formation in the floor and
lower walls and Swan Peak Formation and Fish Haven Formation in the
upper walls. These same canyons extended into the main canyon and
contributed ice to the ILogan Canyon glacier. Hell's Kitchen Canyon has
only Garden City Formation exposed in the cirque. The ice extending
down this canyon did not reach the glacier in LLogan Canyon, The
source of ice for Beaver Creek Canyon is in Idaho north of the boundary
of the study area. The ice probably was generated in Egan Basin and
flowed into the Beaver Creek area, but did not contribute ice to the
main glacier in Logan Canyon., The maximum extent of this ice reached
a point about 24 miles from the mouth of Logan Canyon. This is near
the point where a stream from Stump Hollow presently joins Beaver
Creek. In addition to the glacial elements described by Young (1939),
some sand deposits are present near the point where the canyon would
have been blocked by ice. These deposits probably represent deposition
in a small body of water impounded by the glacier.

Mill and Spring hollows are the 11th and 12th tributary canyons
which contained glaciers. Both of these tributary canyons join the main
Logan Canyon at a point about four miles from the mouth of Logan Can-
yon., Because both of these tributary canyons join the main canyon well

below the maximum downcanyon extent of the LLogan Canyon glacier,
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neither tributary glacier extended completely down the tributary canyon
to enter L.ogan Canyon,

Spring Hollow has a prominent cirque (Table 6), Young (1939)
found some evidence to suggest that ice had flowed down Spring Hollow,
A prominent lateral moraine along the eastern margin of the canyon
helps to delineate the maximum extent of the glacier downstream., The
ice extended approximately one half of a mile from the cirque. The
bedrock exposed in the cirque is the Brazer Formation.

Mill Hollow previously has not been described as glaciated
(Table 6). The cirque area of Mill Hollow is more prominent than
nearby Spring Hollow. The bedrock exposéd in the cirque is the Brazer
Formation., Ground moraine of a few feet in thickness covers the can-
yon floor. A lateral moraine extends along the east margin of the can-
yon. The ice appears to have flowed down the canyon for a distance of

about a mile from the cirque,

Providence Canyon

Providence Canyon was glaciated along its upper reach., The
glacial elements in this canyon were recognized and mapped by Young
(1939). The cirque is at the head of the canyon by ILLogan Peak (Table 6).
The bedrock exposed is Brazer formation in the floor and lower walls
and Wells Formation in the upper walls. I ateral moraines as well as

ground moraine are found. The glacier extended down the canyon for a

distance of about two miles from the cirque.
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Blacksmith Fork Canyon

Blacksmith Fork Canyon had only one glacier within the boun-
daries of its drainage. This glacier was located in L.eatham Hollow, a
tributary to the Left Hand Fork of Blacksmith Fork Canyon. The cirque
of this small glacier is not as well developed as some other former
glaciers of comparable size, The ice modified the cross-valley con-

figuration. The only discernable glacial deposits are ground moraine,

Analzsis

The development of glaciers in the Bear River Range depended
on the balance of forces controlling accumulation and ablation. The
factors favoring accumulation and retention of snow were dominant at
the cirques mapped. In this area, solar radiation and wind patterns
seem to be the important factors favoring accumulation and retention of
snow.,

Glacial cirques face north, northeast, east, and southeast. No
cirques open to the west or have a west-component direction. The west
or west-component direction would allow direct solar radiation on the
snow accumulation area when diurnal temperatures are highest. It is
apparent that cirque orientations reduce the total amount of solar radia-
tion received and restrict direct radiation to the cooler parts of the day.

These orientations are favorable to retaining a maximum amount of
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There are two groups of cirques., One group is located on the
eastern side of the main ridge of the Bear River Range. The second
group is located on the western side of the main ridge. This group
includes the South Forks of High Creek and Smithfield Canyons, Birch
Canyon, and Mill and Spring Hollows. The location of cirques in both
groups appears to be influenced by wind patterns,

The group located on the eastern side of the main ridge of the
Bear River Range gave rise to the largest glaciers. The general pre-
vailing westerly winds are assumed to have controlled storm direction
during the glacial parts of the Pleistoncene. The greatest snow accumu-
lation would occur on the iceward or eastern side of the main ridge.
This seems to account for both the size and preponderance of glacial
cirques with this location.

The cirques in the South Forks of High Creek and Smithfield
Canyons, Birch Canyon, and Mill and Spring Hollows were not subject
to favorable snow accumulation based on the general wind pattern,
Snow accumulation for these cirques resulted from a localized wind
pattern. An examination of the topography around each site suggests
that wind was funneled into these cirques. This localized wind pattern
created a favorable snow accumulation site (Richardson, oral comm.,
March, 1976). Once sufficient snow accumulated a second attribute
unique to these cirques came into play. All five cirque open to the

north., A north orientation provides the greatest protection from solar
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radiation. Cirques with this orientation receive the least amount of
solar radiation during the year and have no direct radiation during the
warmest parts of the day. At these sites, snow accumulation resulting
from the localized wind pattern was protected from solar radiation by
the north-facing direction of these cirques. The existance of glacial
cirques at locations that would not normally be suitable appears to
result from this combination of localized wind pattern and favorable

orientation.
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NIVA TION CIRQUES

General Statement

Many localities exhibit a configuration and morphology suggesting
nivation activity (Plate 1). Nivation cirques are distributed throughout
the Bear River Range, where cirques and other glacial features are
found (Table 6). The main differences between glacial cirques and niva-
tion cirques appears to be aspect and elevation. These factors control
the persistence of snow fields and the amount of ice generated for a
glacier. All the cirques with large glaciers open with a north or east
aspect. The majority of nivation cirques open toward the south or
southeast. In those cases where nivation cirques have a north or east
aspect, the elevation or relief of the catchment area is significantly less
than the glacial cirques in the same area. These differences would
affect the amounts of solar insolation received, the temperature ranges,
and amounts of snow received from the prevailing winds, Such differ-
ences prevented these sites from generating sufficient ice for a glacier.
The permanent snowfield and ice that did form actively eroded promi-
nent basins. Nivation cirques are considered periglacial features

(Washburn, 1973).
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Description

Smithfield Canyon

J. L. Young (1939) recognized and described the nivation cirque
at the head of Smithfield Canyon (Plate 31, Table 6). The bedrock ex-
poced in the nivation cirque is Garden City Formation. The ice and
sncw that occupied this cirque have piled rock debris into a hummocky

topography within the cirque (Plate 32).

Grzen Canyon

A nivation cirque at the head of Green Canyon (Table 6) is on the
east side of the glacial cirque in Green Canyon. The bedrock exposed
in :his cirque appears to be the Madison Formation. This site is simi-
lar in aspect, and elevation to the glacial cirque in Green Canyon. The
probable reason for this site not becoming a glacial cirque is the signi-
ficintly lower relief between the floor and the top of the surrounding
wa.ls, This low relief reduced the amount of snow caught within the

basin.

I_ozan Canyon

Logan Canyon has three nivation cirques about the crest of the
Bear River Range at points opposite to nivation cirques or glacial cir-
ques in Smithfield, Birch, and Green Canyons., The first nivation cir-

- que is on the south flank of Mt. Elmer. The bedrock exposed in the .

basin appears to be Jefferson Formation. The second nivation cirque
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Plate 31. View northwest of nivation basin at the head of Smithfield
Canyon.

‘Plate 32. View northwest of the material within the nivation basin at the
head of Smithfield Canyon.
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is at the South Fork branch of Cottonwood Canyon. This cirque is
located on the east flank of Mt. Elmer. Jefferson Formation appears
to be exposed in this nivation cirque. The third nivation cirque abuts
the crest of the Bear River Range just north of Mt. Elmer. The bedrock
exposed in this cirque appears to be Laketown Formation., This niva-

tion cirque was described by Young (1939).

Dry Canyon (South)

Dry Canyon (South) has a nivation cirque at its head (Table 6).
This nivation cirque has Brazer Formation exposed in the floor and
walls. The ice and snow accumulation in this cirque carved an amphi-

theater and left deposits of rock debris.

Analysis

The possibility exists that some of the nivation cirques may have
been host to small active glaciers. This is particularly true of those
cirques which have aspects and elevations similar to nearby glacial cir-
ques. The nivation cirques described do not contain definite evidence
of glaciation. All nivation cirques display the morphology indicating
active nivation,

Nivations cirques developed where conditions were insufficient
for accumulating or retaining snow necessary to an active glacier. The

cient accumulation aeea. In many instances, a combination of these
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factors restricted the site to nivation rather than glacial activity, The
nivation cirque at the head of Dry Canyon (South) is representative of
poor location for glacial development. Neither general or localized wind
patterns were adequate to produce sufficient snow accumulation. Smith-
field Canyon nivation cirque has many attributes favorable to the develop-
ment of a glacier. This nivation cirque has a southwest aspect. It
appears that this unfavorable aspect was important enough to restrict
activity to nivation. Insufficient accumulation area can be illustrated

by the nivation cirque at the head of Green Canyon. The minimum relief
of this cirque is small compared to most glacial cirques., This factor
may have reduced the depth of snow that could accumulate. In each
instance, the same factors affecting the development of glaciers in the
Bear River Range controlled the development of nivation cirques. The
balance of accumulation and ablation restricted the nivation cirques to

ice and snow erosion at the accumulation site.
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PATTERNED DIAMIC TON

General Statement

Four canyons contain localities with a beaded or striped pattern.
On aerial photographs, the appearance of these areas is similar to
patterned ground associated with periglacial environments (Plate 33).
The term, patterned ground, is defined in the American Geological In-
stitute Glossary (1975) as:

A group term suggested by Washburn (1950) for certain
well-defined, more or less symmetrical forms, such as circles,
polygons, nets, steps, and stripes, that are characteristic of,
but not necessarily confined to, surficial material subject to
intensive frost action.

Patterned diamicton at sites in the Bear River Range most closely
resemble circles and stripes. Ground observations revealed that the
patterned appearance involved only regolith at these sites. The pattern
was much less apparent in ground-level observations. The mounds res-
ponsible for the pattern range from 13 to 66 feet across. The average
mound diameter is 40 feet, and total relief is only 1 to 3 feet. The
mounds are usually composed of sand, gravel, and cobbles. There is

little difference in grain sizes between the mound and intermound areas.

Only one site exhibits coarser material in the intermound area, but this

intermound areas during spring runoff (Southard and Williams, 1970).
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Plate 33. An oblique aerial view of patterned ground in the Southern
part of Bear Basin.
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The material both in and among the mounds appears to be derived from
the same source at each site; but the parent material varies among
different localities. These areas have besn designated on Plate 1 as
patterned diamicton of Quaternary age, in keeping with previous work
in this region (Southard and Williams, 1970; Williams and Southard,

1970).

DescriEtiOn

McKenzie Flat

One area of patterned diamicton is outside the confines of the
canyons in the Bear River Range. This site is on McKenzie Flat, a
pediment surface, just south of the mouth of East Canyon. This diamic-
ton field is within seecs. 13, 14, 23, and 24, T. 9 N., R. 1 E., and on
the Paradise 7. 5-minute topographic map. Table 7 summarizes the
physical dimensions of this patterned diamicton as site 1. The mounds
are aligned in beaded stripes down the slope. The regolith was derived

from the underlying Salt LLake Formation,

Green Canyon

Green Canyon is the northermost drainage basin. It contains
patchy areas of patterned diamicton. Most of the diamicton sites are

along the upper part of the canyon in the area adjacent to Mt. Jardine.

Table 7.
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Table 7. Physical dimensions and characteristics of patterned diamicton.

Site Upper Elev. Lower Elev. Slope Aspect Area
(ft) (ft) (9) (%) Acres Hectares
1 5,600 5,400 5 9 NW 204 83
2 9,200 8,400 23 42 SE 26 1
3 9.360 8,800 20 36 S 19 8
4 9,000 8,480 12 il S 45 18
5 9,440 9,:200 10 18 SE 26 11
6 9,160 8,360 22 40 S 51 21
T 8,560 8,440 4 7 SE 109 44
8 8,880 8,800 6 11 SE 6 2
9 8,080 8,000 4 7 SW 13 5
10 8,040 7,800 10 18 W 19 8
11 7,920 7,880 0 0 Horiz. 19 8
12 7,400 7,080 10 18 SW 58 23
13 8,320 7,840 14 25 SwW 38 15
14 7,800 7.5 560 9 16 SwW 58 23
15 6,200 6,160 5 9 W 19 8
16 6,600 6,480 4 7 SW 19 8
157 6,960 6,840 4 7 S 19 8
13 6,920 6, 720 6 11 E 51 21
19 7,560 7,480 5 9 E 13 5
20 T7; 520 7,440 5 9 E L 8
21 7, 520 7,440 5 9 SW 13 5
22 7,120 7,000 4 7 " 134 54
23 7,120 7,040 5 9 NE 13 5
24 7,280 7,200 4 7 SW 32 13
25 6,800 b, 720 0 0 Horiz. 45 18
25 6,880 6,760 8 14 NW 32 13
“““ R v R R L R U RN S R e | b T S
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Table 7. (Continued)

Site Upper Elev. Lower Elev. Slope Aspect Area
(ft) (ft) (®) (%) Acres Hectares
28 6, 640 6,560 6 1 NW 13 5
29 7,080 7,000 0 0 Horiz. 19 8
30 7,200 7,040 15 27 E 13 5
31 6,840 6,520 13 23 SW 70 28
32 7,160 7,040 0 0 Horiz. 45 18
33 7,080 6, 920 0 0 Horiz. 371 150
34 8,600 8,480 9 16 SW 38 15
35 8,520 8,400 6 11 S 52 13
36 6,960 6,800 5 9 NwW 19 8
57 7,080 6,840 7 1.2 w 32 13
38 7,200 6, 840 10 18 W 38 L5
39 7,688 7,400 0 0 Horiz. 346 140

The second site is on the south flank of Mt. Jardine, which forms
the western slope of Green Canyon. This location is on the Mt. Elmer
7.5-minute topographic map. The mounds are aligned in beaded stripes
down the slope. The regolith probably was derived from the Madison
Formation by nivation and weathering processes.

The third site is on the southeast flank of Mt. Jardine. This
location is on the Mt. Elmer 7.5-minute topographic map. The mounds
are aligned in beaded stripes down the slope. The regolith probably was
derived from the Madison Formation through nivation and weathering

‘processes, -
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The fourth site is on the east flank of Mt. Jardine. This location
is on the Mt. Elmer 7.5-minute topographic map. The mounds are
aligned in beaded stripes down the slope. The patterned diamicton
occupies a probable nivation basin. The regolith involved was probably
derived from the Madison Formation.

The fifth site is at the head of Green Canyon. This area is on
the ridge just north of Mt. Jardine peak. This location is on the Mt.
Elmer 7. 5-minute topographic map. The mounds are aligned in beaded
stripes down the slope. The regolith probably was derived from the

Madison Formation.

Logan Canyon

Logan Canyon contains areas with the patterned morphelogy.
Most of the areas affected are in the upper reaches of the drainage basin.
The physical dimensions of sites 6 through 22 are summarized in Table 7.

The sixth site is at the head of Cottonwood Canyon, a tributary of
Logan Canyon, near the main ridge leading toward Naomi Peak to the
north., This location is on the Naomi Peak 7. 5-minute topographic map.
The mounds are aligned in beaded stripes down the slope. The regolith
was probably derived from the Laketown Formation which underlies the
area.

The seventh site is about 1.0 mile due north of Tony Grove Lake

Naomi Peak 7. 5-minute topographic map. The mounds are evenly
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distributed within the area. The regolith was probably derived from the
underlying Garden City Formation.

The eighth site is in the basin forming the head of Steam Mill
Canyon. This location is on the Naomi Peak 7. 5-minute topographic
map. The mounds are aligned in beaded stripes down the slope. The
regolith was probably derived from the underlying Garden City Forma-
tion,

The ninth site is about 1.3 miles due north of Borden Reservoir
and approximately 1.0 mile due east of Barrel Spring. This location
is on the Temple Peak 7. 5-minute topographic map. The mounds are
evenly distributed. The regolith was derived from weathering of the
conglomerate member of the Wasatch Formation.

The tenth site is 0.5 mile northwest of the fourth site, 1.5 miles
due south of Temple Spring, and approximately 2.5 miles due north of
Trigaro Spring. This location is on the Temple Peak 7. 5-minute topo-
graphic map. The mounds are aligned in beaded stripes down the slope.
The regolith was derived from the conglomerate member of the Wasatch
Formation.

The eleventh site is 0.7 miles due north of Tin Cup Spring,

1.2 miles due south of the head of Log Cabin Hollow, and 6.3 miles due
east of Logan Cave. This location is on the Temple Peak 7.5-minute

topographic map. The mounds are evenly distributed over the area.
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The twelfth site is near the 7,430-foot summit between Blind
Hollow and Bear Hollow. It is 1.7 miles north of the Twin Bridges
picnic area in Logan Canyon. This location is on the Temple Peak
7.5-minute topographic map. The mounds are evenly distributed over
this area. The regolith was probably derived from the Laketown Forma-
tion which underlies the site.

The thirteenth site is 1.1 miles due south of Rex Reservoir,

3.2 miles due east of Lewis M, Turner Campground, and near the head
of Little Bear Creek Canyon. This location is on the Tony Grove Creek
7. 5-minute topographic map. The mounds are aligned in beaded stripes
down the slope. The regolith was probably derived from the underlying
Bloomington Formation.

The fourteenth site is in White Pine Canyon. It is about 2.6
miles upstream from the junction of White Pine Creek and the Logan
River. This location is on the Tony Grove Creek 7. 5-minute topographic
map. The mounds are aligned in beaded stripes down the slope. The
regolith was probably derived from glacial ground moraine composed of
rock material from several formations which outcrop in the upper part
of White Pine Canyon.

The fifteenth site is just south of the Utah State University Fores-
try Field State in Logan Canyon. It is adjacent to the IL.ogan River at the

mouth of West Hodges Creek. This location is on the Temple Peak 7.5-

‘minute topographic map. The mounds are evenly distributed over the
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area. The regolith was probably derived from glacial ground moraine
and stream alluvium.

The sixteenth site is near the junction of White Pine Creek and
the Logan River. It is about 2.1 miles due north of the Utah State
University Forestry Field Station. This location is on the Tony Grove
Creek 7. 5-minute topographic map. The mounds are aligned in beaded
stripes down the slope. The regolith was probably derived from both
glacial ground moraine and stream alluvium.

The seventeenth site is on the west slope of Logan Canyon about
2.7 miles due north of Lewis M. Turner Campground. This location is
on the Tony Grove Creek 7.5-minute topographic map. The mounds are
evenly distributed over the area. The regolith was probably derived
from both glacial ground moraine and stream alluvium.

The eighteenth site is just north of the twelfth site. It is about
3.1 miles due north of Lewis M. Turner Campground. This location is
on the Tony Grove Creek 7.5-minute topographic map. The mounds are
aligned in beaded stripes down the slope. The regolith was probably
derived from both glacial ground moraine and stream alluvium.

The nineteenth site is just north of the junction of Crescent Lake
Canyon and Logan Canyon. It is on the western slope of LLogan Canyon.
This location is on the Tony Grove Creek 7. 5-minute topographic map.
The mounds are evenly distributed over the area. The regolith was

prbbéﬁly cvlevrirvédrfl;o‘rn. b.ot‘hrgiaéi'al ground moraine and stream alluvium.
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The twentieth site is just north of the fourteenth site. It is
approximately 1.1 miles due south of the intersection of the Logan River
and the Utah-Idaho state line and on the west side of Logan Canyon.

This location is on the Tony Grove Creek 7.5-minute topographic map.
The mounds are evenly distributed over the area. The regolith was
probably derived from glacial ground moraine and stream alluvium.

The twenty-first site is just north of site fourteen on the east
slope of LLogan Canyon. It is about 0.5 miles south of the intersection
of the Logan River and the Utah-Idaho state line. This location is on
the Tony Grove Creek 7. 5-minute topographic map. The mounds are
evenly distributed over the area. The regolith was probably derived
from glacial ground moraine and stream alluvium.

The twenty-second site is at Beaver Basin. The western margin
of this site is adjacent to State Highway 243. The site is bisected by
U. S. Highway 89. This location is on the Tony Grove Creek 7. 5-minute
topographic map. The mounds are aligned in beaded stripes down the

slope. The regolith was probably derived from alluvial material.

Blacksmith Fork Canyon

Blacksmith Fork Canyon, like LLogan Canyon, has a large number
of patterned diamicton sites, Some of the largest sites are found in this
drainage area. As in the other drainage basins, the patterned diamicton

the twenty-third through thirty-eighth sites are summarized in Table 7.
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The twenty-third site is at Bear Spring. It is about 3.6 milzs
east on Dip Hollow Road from the road junction with the Saddle Creek-
Elk Valley Road. This location is on the Boulder Mountain 7. 5-minute
topographic map. The mounds are evenly distributed over the area.

The regolith was derived from the Wasatch Formation.

The twenty-fourth site is in sec. 21, T. 11 N., R. 4 E. at the
junction of two small unimproved roads. This location is on the Boulder
Mountain 7. 5-minute topographic map. The mounds are aligned in
beaded stripes down the slope., The regolith is derived from the Wasatch
Formation.

The twenty-fifth site is at Squaw Flats in secs. 29 and 30, 1. L1
N., R. 4 E. This location is on the Boulder Mountain 7. 5-minute topo-
graphic map. The mounds are evenly distributed over the flat area with
some alignment into beaded stripes along the sloping margins. The
regolith was probably derived from the Wasatch Formation.

The twenty-sixth site is just west of Squaw Flats. The area is
1. Sec: 25, T. 1l N, Rs 3 E. and sec. 30, T. 11 N., R. 4 FE., THis
location is on the Boulder Mountain 7. 5-minute topographic map. The
mounds are aligned in beaded stripes down the slope. The regolith was
probably derived from the Wasatch Formation.

The twenty-seventh site is just northeast of Squaw Flats along the
west side of the Hardware Ranch-Danish Dugway Road. The area is in

" secs. 20and 29, T. 11 N., R. 4 E. This location is on the Boulder
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Mountain 7. 5-minute topographic map. The mounds are aligned in
beaded stripes down the slope. The regolith was probably derived from
the Wasatch Formation.

The twenty-eighth site is on the north side of Blacksmith Fork
Canyon. The area is on a summit between Rock Creek and North Cotton-
wood Canyon in sec. 9, T. 10 N., R. 3 E. This location is on the Hard-
ware Ranch 7.5-minute topographic map. The mounds are aligned in
beaded stripes down the slope. The regolith was probably derived from
the underlying Brigham Formation.

The twenty-ninth site is on the 7, 088-foot summit on the south
side of Blacksmith Fork Canyon. It is in secs. 16 and 21, T. 10 N., R.
3 E. This location is on the Hardware Ranch 7. 5-minute topographic
map. The mounds are evenly distributed over the flat area. The rego-
lith was probably derived from the underlying Brigham Formation.

The thirtieth site is 0. 6 miles southwest of the seventh site. This
area is in sec. 20, T. 10 N., R. 3 E. The location is on the Hardware
Ranch 7. 5-minute topographic map. The mounds are aligned in beaded
stripes down the slope. The regolith is probably derived from the under-
lying Brigham Formation,

The thirty-first site is 0.8 mile southeast of the seventh site.

It is in sec., 21, T. 10 N., R. 3 E. This location is on the Hardware

Ranch 7. 5-minute topographic map. The mounds are aligned in beaded

underlying Brigham Formation.
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The thirty-second site is at the head of Curtis Hollow, a tributary
to Mill Creek. It is in secs. 29 and 32, T. 10 N., R. 3 E. This loca-
tion is on the Hardware Ranch 7. 5-minute topographic map. The mounds
are evenly distributed over the flat area. Some mounds are aligned in
beaded stripes down the sloping margins. The regolith was probably
derived from the Brigham Formation.

The thirty-third site is at Bear Flat. Bear Flat is the area at
the head of Fox and Bear Hollows, tributaries of Mill Creek. This
location is on the Hardware Ranch and Porcupine Reservoir 7.5-minute
topographic maps. The mounds are evenly distributed over the areas,
except for some beaded stripes down the sloping margins. The regolith
was derived from the Wasatch Formation.

The thirty-four site is 0.5 miles due west of Buck Spring. It
is in secs., 17 and 20, T. 9 N., R. 4 E. This location is on the Hard-
ware Ranch 7. 5-minute topographic map. The mounds are aligned in
beaded stripes down the slope. The regolith was probably derived from
the underlying Wasatch Formation.

The thirty-fifth site is about 0. 7 miles due north of Buck Spring
anc at the head of Petes Hollow. Itis in sec. 17, T. 9 N., R. 4 E.

This location is on the Hardware Ranch 7, 5-minute topographic map.
The mounds are aligned in beaded stripes down the slope. The regolith

was probably derived from the Wasatch Formation underlying the area.

The thirty-sixth site is 2.1 miles up South Cottonwood Canyon

from its junction with Blacksmith Fork Canyon. It is in sec. 20 and 29,
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T. 10 N., R. 3 E. This location is on the Porcupine Reservoir 7.5-
minute topographic map. The mounds are aligned in beaded stripes
down the slope. The regolith was probably derived from the Brigham
Formation.

The thirty-seventh site is 3.0 miles up South Cottonwood Canyon
from its junction with Blacksmith Fork Canyon. It is in sec. 29, T. 10.,
R 2 E. This location is on the Porcupine Reservoir 7.5-minute topo-
graphic map. The regolith was probably derived from the underlying
Brigham Formation.,

The thirty-eighth site is 3. 2 miles up South Cottonwood Canyon
from its junction with Blacksmith Fork Canyon. It is in secs. 29 and
32, T. 10 N., R. 3 E. This location is on the Porcupine Reservoir
7. f-minute topographic map. The mounds are aligned in beaded stripes
down the slope. The regolith was probably derived from the Wasatch

Formation.

East Canyon

The southernmost canyon containing patterned diamicton is East
Canyon. The second largest site is located in this drainage basin. The
physical dimensions of the thirty-ninth site are summarized in Table 7.

The thirty-ninth site is about 2.3 miles due south of Bear Flats
and 3. 7 miles due east of the eastern end of Porcupine Reservoir. This

The mounds are evenly distributed over the flat part of the area. Some
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mounds are aligned in beaded stripes along the sloping margins. The
regolith was probably derived from the Wasatch Formation,

The thirty-nine patterned diamicton sites that have been identi-
fied and mapped (Plate 1), occupy approximately 2,359 acres. Regolith
at each site was derived from carbonates, quartzites, conglomerates,
or unconsolidated material. Williams and Southard (1970) and Southard
and Williams (1970) noted the presence of a clay layer in the B horizon
of the soil profile at depths of 2 to 4 feet at some patterned diamicton
sites, This clay layer was attributed to the tuffaceous Salt LLake Forma-

tion, from which the soil had been derived at those localities.

Analxsis

Locations of the sites are not restricted to specific physiographic
settings. Patterned diamicton sites are found through a wide'range of
elevations, on a variety of slope gradients, and oriented in every direc-
tion (aspect) except north,.

A graphic representation of the elevation ranges of patterned
diamicton sites within the Bear River Range shows a seemingly random
distribution. However, if the elevation ranges are grouped according to
slope aspect, a distribution pattern becomes apparent, Different as-
pects encompass limited elevation ranges (Figure 37).

The elevation data for patterned diamicton sites can be evaluated

tion values establish the limits of sites for a particular aspect. These
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Table 8. Diamicton site elevation values compared with aspect.

Direction Highest Lowest Elevation limit extremes Ave. of midpoints
Slope faces elevation elevation Upper Lower of elev. ranges
FLAi‘ 7920 fe, 6720 ft 7288 ft 7167 ft. 7220 £,
NORi‘HEAST 7120 ft. 7040 ft. 7120 ft. 7040 ft. 7080 ft.

EASf 7560 ft. 6720 ft. 7300 ft. 7170 ft. 1232 ft.
SOUfHEAST 9440 ft. 8400 ft. 2020 fE, 8710 ft, 8865 ft.
SOUfH 9360 ft. 6840 ft. 8600 ft. 8176 ft. 8388 ft.
SOUfPIEAST 8600 ft. 6480 ft. 7604 ft, 7400 ft. 7491 it,

601
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extreme limits do not necessarily indicate the elevation of most of the
patterned diamicton with a particular aspect. A more representative
range can be constructed by using the mean of the upper values and the
mean of the lower values for all patterned diamicton fields having a
particular slope aspect. The range between illustrates the elevation
range of the majority of patterned diamicton. Another significant value
is the mean of the midpoints of the elevation ranges. This value best
represents the mean elevation at which patterned diamicton sites are
found on a particular aspect. A representation of the mean of the mid-
points of the ranges and the extreme values shows that distribution of
patterned diamicton is related to aspect (Figure 38).

The relation between elevation and aspect suggests a casual rela-
tionship between the elevation and solar insolation, To obtain values
for different aspects, the total annual potential insolation for each site
was compiled from prepared tables (Frank and Lee, 1966). The values
taken from the tables compensate for both the slope and the latitude of
each site. Insolation values for each aspect were averaged, and then
compared with the mean elevation for the same aspect (Figure 39). It
is clear that the elevation of patterned diamicton sites is strongly corre-
lated with the amount of annual potential insolation.

One anomalous point can be noted. The potential insolation curve
almost crosses the elevation curve for southeast-facing sites. This is

inconsistent with the relationship between the two curves for all other
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aspects. A re-examination of the southeast-facing sites revealed that
most of these localities were located within basin-like areas. This is
unlike the sites for other aspects. It is suggested that the location of
these patterned diamicton fields in a basin changes some of the effects
of insolation and temperature affecting the formation of patterned diamic-
ton. The basins would tend to accumulate a greater amount of snow than
slopes or ridge tops. This snow cover would tend to persist later into
the spring. This persistence would result from the shading effect of
the walls of the basin. The snow cover would become shaded in the late
afternoon when air temperatures are highest. This would retard the
melting of the snow. When the snow is removed to allow frost action to
form patterned diamicton fields, the diurnal air temperatures would be
too high for effective freeze-and-thaw cycles. If the site is at a higher
elevation than predicted based on the elevation and insolation curves for
other aspects, the temperatures would be colder in the late spring when
effective frost action would begin to form patterned diamicton. There-
fore, the higher than expected elevations of southeast-facing sites in
basins would produce lower diurnal temperatures in the late spring when
the snow cover is reduced sufficiently to allow patterned diamicton forma-
tion to take place., In this manner, elevation compensates for the higher
temperatures experienced in the late spring., This assumption seems
supported by the single nonbasinal site which faces southeast. The mean

elevation is 8, 500 feet at this location. If this value were used as the
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mean elevation for all southeast-facing slopes, the elevation curve
would be more consistent in comparison to the solar-insolation curve.

Among the 2,359 acres of patterned diamicton fields, there is a
variation in the percentage found on different aspects (Figure 39). The
percentage-of-area curve is similar to the curves for solar insolation
and mean site elevation. The higher values coincide with flat, south-
west- and west-facing directions. These highexl values probably are
related to daily variations in temperature. Higher daily temperatures
occur on southwest- and west-facing slopes in the Northern Hemisphere.
If the temperature is near freezing, this attribute of aspect increases
the number of freeze-and-thaw cycles for these aspects. Additionally,
the insulating effect of snow would be less on these slopes. Snow cover
would be more readily removed or reduced at the beginning of Winter or
end of Spring. Unlike east- or southeast-facing slopes, west- and
southwest-facing slopes would receive direct sunlight in the afternoon
when diurnal temperatures are highest. This results in a greater num-
ber of freeze-and-thaw cycles on these slopes. The greater number of
freeze-and-thaw cycles probably is responsible for the larger total area

of patterned diamicton sites on these slopes and on flat slopes.

In examining the interrelationship of aspect, elevation, and solar
insolation, the controlling variable appears to be temperature. Average
temperatures can be determined for Summer, Winter, and annual periods.

These average temperatures were calculated for each aspect. Dr. E.

Arlo Richardson, Utah State Climatologist, (oral comm., March 1975)
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provided the data and formulae necessary to compute these temperatures.
The formulae (Appendix C) compensate for differences in the general
temperature and pressure of the atmosphere, aspect, and elevation.
The values, for the temperature periods, were calculated for each as-
pect. All of these temperatures are an average of the temperatures at
sites facing a particular direction (Table 9). It is clear that this tem-
perature variation is not directly related to the average annual potential
insolation received on a particular aspect. A graphic representation of
the annual, Summer, and Winter temperatures plotted against aspects
shows a basically linear relationship for patterned diamicton sites
(Figure 40). The line generated for a particular time period duplicates
variations found in other lines. The greatest range in temperature is
7.1°F for average Summer temperatures. The smallest range in values
is 4.3°F for average Winter temperatures. Average annual tempera-
tures have a range of 5, 40F. The temperature data illustrate a balance
between aspect, elevation, and solar insolation. This balance provides
very nearly the same temperature range at each patterned diamicton
site. Thus, temperature probably is the primary factor controlling
the locations of these sites.

The genesis of many patterned diamicton fields is believed to be
frost heaving due to freeze-and-thaw cycles(Washburn, 1973). The tem-
peratures presently associated with patterned diamicton fields are too

high for active frost heaving.



Table 9. Winter, summer and annual temperatures compared to aspect,

Direcﬁon Ave, winter Ave. summer Ave., annual Ave, annual potential
slope faces temperature temperature temperature insolation (thous. Langleys)
FLAT 176" 8, 67.1°F. 42, 4°F. 247, 228
: o o o
NORTHEAST 16.1 F. 66,3 F. 41,0 F. 233,449
: o o) o
EASI‘ 17.6 K, 67.1°F, 42.4 F,. 246,637
: o o o
SOUTHEAST 14.4 F, 61.0 F. BT 269,026
: o o o
SOUTH 15.9 F. 63.2 F. 39.8 F. 282,320
: = fo) o) o)
SOUTHWEST L8, 7 Fs 6T+3 By 43.3 F, 266, 740
' o) o) o
WEST 118,53 . 68.1 F, 43 .3 F, 246,573
: o o o
NORTHWEST 1.7, 0 F. 67.7 F. 42,2 F. 228. 664

91T
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Patterned diamicton fields studied in the Bear River Range
appear to be inactive. Erosion is currently modifying these fields.

This conclusion is supported by present field observations and by a
previous investigation (Southard and Williams, 1970). If frost heaving
were responsible for the creation of the patterned diamicton fields, it
must have operated during a cooler period than the present.

Climatic conditions during the Pleistoncene would be compatible
with active frost heaving. Richmond (1965) suggested that the average
summer temperature in the Northern Rocky Mountains would have been
colder by about 17. 5°F at this time, whereas the average winter tem-
perature is assumed to have been about the same as current values.
Combining these values with the present temperature data provides an
approximation of the thermal regime during the Pleistocene. The aver-
age winter temperature at patterned diamicton fields is about 16. 5°F.

If the 17.5°F value is subtracted from the currently calculated average
summer temperatures for patterned diamicton sites, the summer tem-
perature during the Pleistocene would be about 47. 1°F. The Pleistocene
average annual temperature, at patterned diamicton fields, would be
approximately 31, 9OF. This value would be very favorable for producing
freeze-and-thaw cycles during diurnal temperatures variations (Wash-
burn, 1973).

It is clear that patterned diamicton sites in the Bear River Range
are inactive forms rcu‘r-re-nt-lyr svubj-ec‘tevd‘to‘ erosional modification. Their

location is closely correlated with the same temperature range. The
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temperature is a balance among elevation, aspect, and solar insolation.
Current temperatures are insufficient to create patterned diamicton.
This suggests that frost heaving during colder climatic periods is res-
ponsible for genesis of patterned diamicton in this area. Temperature
values calculated for the Pleistoncene would satisfy the temperature
requirement for frost heaving. Some additional activity may have
occurred, later, during the Neoglacial (Williams, 1958b).

The evidence suggests that relict periglacial features are found
in the Bear River Range. These features are farther south than the
limits usually assigned to periglacial activity associated with the Pleiso-
cene (Washburn, 1973). Similar features have been described on the
western Snake River Plain in Idaho (Malde, 1961, 1964). Although
patterned diamicton fields in the Bear River Range are at a lower lati-
tude, they are at higher elevations than the features described on the
western Snake River Plain. The temperature increases associated with
lower latitudinal localities may be compensated by the temperature
decreases associated with higher elevation. The limits of periglacial

activity may need to be revised to include north-central Utah.
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ALL UVIAL FANS

General Statement

Alluvial fans of varying sizes and ages have been mapped and
examined in the six drainages of the Bear River Range: Green, Logan,
Providence, Blacksmith Fork, Paradise Dry, and East canyons. The
features have been identified based on the definition in the Glossary of
Geology (1974):

A low outspread, relatively flat to gently sloping mass of loose

rock material, shaped like an open fan or a segment of a cone,

deposited by a stream (esp. in a semiarid region) at the place
where it issues from a narrow mountain valley upon a plain or
broad valley, or where a tributary stream is near or at its

junction with the main stream, or whenever a constriction in a

valley abruptly ceases or the gradient of the stream suddenly

decreases; it is steepest near the mouth of the valley where its

apex points upstream, and gradually decreasing gradient.
Tabulated for each fan are the area of the fan, area of its drainage,
stream length, streamflow direction, highest elevation of the drainage,
lowest elevation of the drainage, relief of the drainage, and drainage
gradient (Appendix B). By means of a computer-processed statistical
program, these data were analyzed for means, standard deviations, and
stepwise deletion of independent and dependent variables. Investigations
of alluvial fans in other parts of the country have related the fan size to

_ the size of the drainage basin (Bull, 1964; Denny, 1965). An evaluation

of this relationship and other influencing variables was attempted
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(Table 10). The same procedure was applied to only the fans that appear
to have formed during the Hypsithermal (Table 11). In all cases, the
correlation is tenuous at best. Low values for the coefficient of deter-
mination indicate that the linear regression best fitting the data points

has no statistical significance.

Description

The alluvial fans issue into the main canyon bottoms from smaller
tributary canyons. All fans exhibit a typical radiating fan shape in plan
view with the apex at the mouth of the tributary canyon. Most of the fans
have little or no apparent stratification, contain some large boulders or
cobbles, but consist chiefly of gravel, sand and fines. These factors
suggest that the fans were deposited by mudflows or intermittent streams.
During deposition of post-glacial fans, climatic conditions were probably
arid to semiarid and with sparse vegetative cover on surfaces subject to
periods of intense rainfall. Williams (1964) described a mudflow deposit
in the lower part of Grassy Flat Canyon. Grassy Flat is a tributary to
Logan Canyon. An alluvial fan probably formed from this mudflow. Sub-
sequent erosion by the Logan River has removed the fan., However, this
site provides good evidence for a mudflow origin of some small alluvial
fans.

Based on the variety of fan sizes, degrees of soil development on

alluvial fan deposition took place during several episodes. The most
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Table 10, Statistical evaluation of fan area as a dependent variable
using all alluvial fan values, *

Independent variable Corr.Coef. Intercept Slope Coef. Deter.
Drainage area .47298 —5.0324 L4267 22.3%
Drainage area x gradient . 54013 0.2208 . 5369 29. 2%
Gradient . 02440 ~0.9923 . 0127 00. 5%
Stream length .48312 9.81753 « 2527 23.3%
Relief . 47110 8,8831 . 2654 22.2%

* Both the dependent and independent variables are converted to natural
log values before statistical model is applied.

Table 11, Statistical evaluation of fan area as a dependent variable
using hypsithermal age fan values, *

Independent variable Corr. Coef, Intercept Slope Coef. Deter.
Drainage area . 57542 —4,5248 « 5200 33.1%
Drainage area x gradient « 55954 0.5264 . 5416 31.3%
Gradient ~ 537300 —1,2304 —.9472 13. 9%
Stream length w3979 9,9387 . 2674 29 1%
Relief . 46053 8.7083 « 1 P26 21.2%

* Both the dependent and independent variables are converted to natural
log values before statistical model is applied.
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recent episode probably was during the Hypsithermal. Some fans may
be as old as pre-Wisconsinan in age. To illustrate the chronology of
alluvial-fan deposition, it is convenient to begin with the youngest group
of fans and proceed to the oldest group.

Interprepetation of relative age from soil development on undis-
sected fan surfaces has contributed to the sequence of fan-building
episodes. Soil pits were dug on many of the alluvial fans. Dr. A. R.
Southard, Department of Soils and Biometerology, provided interpreta-
tions of soil development and relative age. Five criteria were used to
establish relative age. These criteria were employed on the assumption
that climatic condition were similar at all sites, and on the observable
condition that the source bedrock was composed predominantly of car-
bonate rocks. The five criteria were the thickness of the mollic epipe-
don within the same pedogenic setting, translocation of clay within the
profile, leaching of calcium carbonate from the upper horizon, thickness
of calcium carbonate accumulations in the lower horizon, and soil color.
Soil colors with greater red component generally are indicative of longer
soil development time.

The majority of alluvial fans formed during post-Pleistocene time,
Many lie below the Provo level of Lake Bonneville, but contain no inter-
bedded or covering lake sediments. In a few places, such as near the
mouth of Logan Canyon, dissection shows such fans to overlie lake

sediments at the Provo level, and hence to be younger than 11, 000 years

old.
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Several lines of evidence suggest that much of the deposition
occurred during the Hypsithermal (Flint, 1971). Many fans, in Logan
and Blacksmith Fork canyons, have been truncated along the toe by
stream action. In several places, the projected gradient of fans on
opposite sides of the main canyon appear to cross, and would block the
present stream course (Williams, 1956). The present stream would
need to downcut between 6 and 40 feet to excavate the current channel
through these fans. This suggests that, at some time, the Logan and
Blacksmith Fork rivers were intermittent or, even, ephemeral streams.
A significant period of semi-arid or arid climatic conditions would be
required to substantially reduce runoff to the extent that the streams
would be diminished to intermittent or ephemeral flow. Such conditions
also would favor formation of alluvial fans.

Several fans of probable Hypsithermal age were sampled to
determine the percentage composition of the material (Table 12 and 13).
The gravel and larger particles tend to be angular in all of the fans.
Where stratification was present it was poor and localized within the
exposed section. Based on the composition and character of the fan
material, the youngest fans probably formed through deposition of debris
flows or mudflows.,

In Blacksmith Fork Canyon, several fans of probable Hypsither-
mal age have two distinct levels. One level is graded to a point 6 to 12

fan segments were sampled (Table 13). The segment at a higher level
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Table 12. Composition and character of alluvial fans of Hypsithermal-

age in Logan Canyon.

Mileage*  Gravel Sand Fines+ Strat. Angularity Cobbles

Fan
%o %o %o
1 3.6 68.3 255 (b2 poor  sub-angular present
2 3.9 69, 1 3.8 7.1 none sub-angular present
3 4,2 79. 4 14.0 6.6 none sub-angular present
<4 6.4 73.1 2.9 5.0 none sub-angular present
5 7.4 63.9 30.1 6.1 none sub-angular present
6 9.1 65. 1 31.3 3.6 none sub-angular present
7 10,1 62.4 5l.9 5.7 none sub-angular present
8 10.4 675 291 3.4 none  sub-angular present
9 10. 7 58.1 g5 4 b, 6 none sub-angular present

Mean values 67. 4 27.0 5. 6

* Mileage values are east on U. S. Highway 89 from the corner of Main
street and 400 North in L.ogan, Utah

= Also includes all sizes larger than cobbles

4+ Includes silt and clay sizes
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Table 13. Composition and character of alluvial fans of Hypsithermal-
age in Blacksmith Fork Canyon.

Fan Mileage* Gravel Sand Fines+ Strat. Angularity Cobbles

%o %o
1 2.4 69.5 22.2. 8.3 none sub-angular present
2 SR 71,3 24.4 4.3 none sub-angular present
3 4.3 62.0 33.1 4.9 none sub-angular present
4 4.8 o5 2.1 3.3 none  sub-angular present
5 Gl 67..2 22:1 10,7 poor sub-angular present
6 5. T 63.6 28.2 Bu.2 poor sub-angular present
7 b 7 IS 2.2 6.9 none sub-angular present
8 8. 7 74, 2 Zl.1 4,8 none sub-angular present
9 8.7 1.6 19.3 4,2 none  sub-angular present
10 8.9 122 2Lo89 549 none  sub-angular present
L] 9. 2 76.5 19:5 42 none sub-angular present
12 9.2 79. 0 18.8 2.2 none sub-angular present
13 9.7 72,3 24. 8 2.9 none sub-angular present
14 10,1 02:9 22,7 - 3.4 poor  sub-angular present
Mean values Tl 5 23527 5.3

* Mileage values are east on Utah Highway 242 from the intersection of
Utah Highways 101 and 242,

= Also includes all sizes larger than cobbles
These samples were collected from fan segments graded to a higher
level than the segment of Hypsithermal Age located at the same site.

each particular site.
Includes silt and clay sizes.
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appears to be slightly older than the lower segment at each location.
The higher segment is less extensive compared to the lower segment.
The higher segment has a slightly greater percentage of gravel and a
smaller percentage of sand and fines than the inferred younger segment.
This would be expected, if subsequent erosion of the older, higher seg-
ment resulted in washing out of finer material that was deposited as
part of the lower segment.

Tab Hollow and Wood Camp Hollow are two tributary canyons
of Logan Canyon. An alluvial fan formed at the mouth of each canyon.
These fans are rather large and well above the farthest encroachment
of Lake Bonneville. In order to establish the relative age of each fan,
the soil development was examined. Both alluvial fans have a soil
development consistent with an age of formation during the Hypsithermal.
Each soil profile has a thick mollic epipedon. The soil structure was
subangular and blocky in each case. The upper 38 cm of the soil pro-
file of Wood Camp Hollow was non-calcareous. The upper 20 cm of the
Tab Hollow soil profile was non-calcareous. The higher point of un-
leached calcium carbonate there is attributed to a higher percentage of
gravel in the Tab Hollow fan material. The soil was slightly browner
at 38 cm in the Wood Camp Hollow soil profile (A. R. Southard, oral
comm.; 1975).

All fans of presumed Hypsitermal age are graded to levels

above the present stream, and are composed of subangular, essentially

unstratified material. This composition and percentages of gravel,
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sand, and fines suggest that deposition took place chiefly through
mudflows.

Some alluvial fans may have formed during the Provo phase of
Lake Bonneville. Mill Hollow is a tributary of Logan Canyon (Plate 34)
There are three distinct fan surfaces at different levels at the mouth of
this canyon (Plate 35). These fan segments form a fan complex repre-
senting three episodes of fan formation. E. J. Williams (1964) studied
this locality and concluded that the features were terraces built at the
Bonneville level by stream deposition. The configuration of these
features more closely resembles alluvial fans than alluvial terraces
(Amer. Geol. Institute, 1974). The lowest fan seoment at Mill Hollow
is least dissected. This segment is graded to a point about 20 to 25
feet above the present river level. Soil development on this segment
has formed a thick mollic epipedon. The color difference at depth is in-
distinct. The calcium carbonate has been leached from the upper 40 cm
of the soil profile. Soil structure is strong and blocky. The soil deve-
lopment on this fan segment is consistent with fan formation during the
Provo phase of Lake Bonneville. It has been suggested that insufficient
water was available to transport the material from Mill Hollow to LLogan
Canyon in sufficient quantities to form this feature (Williams, 1964).
However, a small glacier existed in the upper part of Mill Hollow. Late
Pinedale glaciation probably coincided with the Provo phase of Lake

' 'Bonneville. The meltwater from the Mill Hollow glacier or a permanent

snowfield probably would have been sufficient to supply material for
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Plate 34. View upstream south of the head of Mill Hollow.

~Plate 35, View of the alluvial fan segments at the mouth of Mill Hollow. .
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alluvial fan formation (Plate 24). In addition, erosive action of the
snow and ice would have supplied material for the fan deposit.

Spring Hollow is the upstream tributary canyon of Logan Canyon
adjacent to Mill Hollow. A fan complex resembling that in Mill Hollow
is present at the mouth of this canyon. The lowest fan segment at this
site corresponds to the lowest alluvial fan segment at Mill Hollow. It
is suggested that this also formed during the Provo phase of Lake Bonne-
ville. A small glacier existed in the upper reach of Spring Hollow. The
glacier or perennial snowfields would have supplied sufficient water and
material for formation of the lowest alluvial-fan segment at Spring
Hollow.

The fan segments representing alluvial-fan deposition during the
Provo stillstand of I.ake Bonneville appear to have developed due to
special circumstances, These fans had sufficient water and material
supplied by glaciers or permanent snowfields. Some other large tribu-
taries may also have formed alluvial fans. However, only the magnitude
of material that makes up the fans at Spring and Mill Hollow prevented
their removal during subsequent erosion,

A flat-topped terrace at the Bonneville level formed in the
mouth of East Canyon. An alluvial fan from a tributary canyon was
deposited on this terrace. This position implies that the fan is younger
than the Bonneville Formation. Soil development on the fan suggests that
~ the fan ﬁay have foi-rﬁeidrpi'iérv to the Provo Vph'a-se‘ and after the Bonne-

ville level (A. R. Southard, oral comm., 1975). This is partly based
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on the differences in soil development between the fan and the terrace.
Some other alluvial fans may have formed during this interglacial inter-
val, but subsequent erosion and deposition have obliterated these fans.

A number of fans associated with some large tributary canyons to
Logan and Blacksmith Fork canyons appear to be contemporaneous with
the Bonneville level of L.ake Bonneville.

The middle level or next highest level at Mill Hollow may be con-
temporaneous with the Bonneville level. The soil development is inade-
quate to provide a relative age for this level. The high proportion of
cobbles and gravel in the upper two meters of this fan segment prevents
a reliable soil development assessment. This level is graded to a point
some forty to sixty feet above the present river level. There are two
segments at this level at Mill Hollow. The segments clearly were con-
tinuous and have since been dissected. This dissection took place prior
to the deposition of the Provo level fan.

At Spring Hollow, two fan segments on either side of the canyon
mouth appear to be contemporaneous with the Mill Hollow middle level.
An erosional notch in the end of the upper segment was noted by Williams
(1964). This notch is not bedrock controlled and is at the same eleva-
tions as the Bonneville level shoreline. This suggests that the Spring
Hollow fan formed at or just prior to the Bonneville level.

Matched segments of a large alluvial fan lie at the same level on
- 6ppbsité sides of Leatham Hollow in Le-fth.aI‘]d- Fofkv, a -trvibuf:a;-ry- to

Blacksmith Fork Canyon. The two segments are separated by a lower
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surface which grades to the present stream level. The overall appear-
ance and size is very similar to fan segments of Mill and Spring Hollows.
The soil development at this alluvial fan suggests that formation was
contemporaneous with the Bonneville level of LLake Bonneville. A thick
mollic epipedon is found. The soil profile is non-calcareous in the
upper 100 cm. The soil structure is prismatic. There is a well develo-
ped argillic horizon. The lower soil profile has a brown color. The
degree of soil development supports a formation age of Bonneville level-
time (A. R. Southard, oral comm., 1975). Leatham Hollow like Spring
and Mill Hollows, has the special circumstances of a glacier located
within the upper reaches of the tributary canyon. In each case, the
material that was deposited to form the fan was extensive enough to sur-
vive subsequent erosion and re-deposition.

The highest fan segments at the mouth of Mill Hollow appears
comparable to the Alpinephase of Lake Bonneville, These segments
show the greatest dissection. Only small remnants remain. They are
graded to a point approximately some 60 to 70 feet above the present river
level. Analysis of soil development on this fan segment yields results
consistent with fan formation during the Alpine lake phase. A thick
mollic epipedon is found within the profile. Soil structure is prismatic,
A well developed argillic horizon is found in the lower soil profile. The

color is brown. The sool is hon-calareous between 35 cm and 70 ¢m.

paleosoil. Material washed from the nearby slope would tend to change
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the character of the upper profile including recharge by water rich in
calcium carbonate.

A similar high fan remnant is found at the downstream side of
Spring Hollow. The location of this remnant relative to the other Spring
Hollow fans and to the Mill Hollow remnant suggests that it was formed
during the Alpine phase of IL.ake Bonneville,

An old alluvial fan is found on the east side of Beaver Basin in
Logan Canyon (Plate 36). The head of this inactive fan is covered by a
thick stand of conifers, and the fan surface is slightly dissected. The
western toe of this large fan was truncated by glacial ice during the
maximum ice advance, probably Bull Lake or early Pinedale in age.
The distinct fan appearance is enhanced by the ice-trimmed toe and
stream courses along the sides. Additionally, the discharge of the
stream at the head is intermittent and small. These factors have pre-
served the fan morphology. Possible relict periglacial patterned ground
is found on the fan surface and adjacent parts of Beaver Basin (Williams
and Southard, 1970). The soil is comparable to that developed on some
pediments believed to be pre-Wisconsinan in age in Cache Valley
(Southard and Williams, 1970). Numerous soil pits were excavated by a
backhoe on this fan. The pits were usually dug to a depth of 8 ft; but

often reached a depth of 18 ft. No bedrock was encountered in these

matic soil structure is found in the profile. The soil colors are strong
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Plate 36. An oblique aerial view of the alluvial fan in the Beaver Basin.
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brown shades. The profile contains a strongly developed argillic horizon.

Effective leaching of calcium carbonate extends to a depth of 200 cm.

Analzsis

Alluvial fans have formed at different times during the Pleisto-
cene and Holocene. Representative of these fan-building episodes still
exist. It is probable that many of the tributary canyons with recent fans
previously had fans formed during earlier episodes. These fans have
been eroded away in the intervals between fan-building episodes. A
number of reasons account for the few representatives of early fan-build-
ing episodes that still are found in the Bear River Range. One factor is
the proximity to active streams. The Beaver Basin fan is formed in a
basin where only the small Beaver Creek flows. Neither this small
stream or the smaller stream at the fan source area are capable of
removing the amount of material deposited in the fan. This would not
be as likely if the Beaver Basin fan had been deposited in the main IL.ogan
Canyon. Another factor is the amount of stream discharge during per-
iods between fan-forming episodes. The small fans of probable Hypsi-
thermal age are at the mouths of small tributaries with insufficient dis-
charge to effectively dissect them. The largest tributaries have no
alluvial fans. It is reasonable to assume that fans which formed at these

tributary mouths have since been removed by the combined action of both

...........................

Range, it appears that the drainage basin must be at least five square
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miles in area to acquire sufficient flow to actively erode any alluvial
fan previously formed (Table 14). This tabulation excludes tributaries
where active glaciation may modify the situation. The third factor
accounting for the existence of fans formed during earlier episodes
deals with the circumstances under which such fans were deposited.
The alluvial fans at Spring, Mill, and ILeatham Hollows formed under
special circumstances. In each case, a glacier or permanent snowfield
supplied water and sediment in large quantities. The material forming
the fan was significantly greater than that deposited at the mouths of
tributary canyons of comparable size. This special circumstance created
features that were large enough to be preserved during periods of fan
degradation.

There appear to be seven episodes of alluvial fan formation in
the Bear River Range. The oldest episode was pre-Alpine in age. The
Beaver Basin fan represents the fans formed during this episode. The
second episode coincided with the Alpine stillstand of I.ake Bonneville
and the Bull Lake glacial advance. This fan-forming episode is repre-
sented by the highest fan remnant at Mill Hollow. Due to the similarity
of circumstances, fans were probably formed at Spring and Leatham
Hollows at this time. The third episode occurred after the Alpine still-
stand of L.ake Bonneville and prior to the Bonneville stillstand. There

are no representatives clearly identified with this episode. The fourth

large remnants at the mouths of Mill, Spring, and Leatham Hollows
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Table 14. Tributary canyons with and without alluvial fans,

Canyon Drainage area Fan area
(sq mi) (sq mi)
Right Fork -

Logan Canyon A bl L S R T
Rock Creek 14,10 S —_
Richards Hollow o~ iy SRR e R S PR R T
South Cottonwood-

Blacksmith Fork Lo P/ 1 B
Herd Hollow TAGel s m S TSR e
I_eatham Hollow 4,95 . 0242
Wood Camp Hollow 3,98 . 0037
Mill Hollow 3. 11 . 0464
Tab Hollow 2.49 . 0024
North Cottonwood-

Blacksmith Fork 2.41 . 0033
Chicken Creek 2.30 < 00117
Spring Hollow 2, 27 . 0292
Left Hand Fork No. 6 1.66 . 0040
Beirdneau Hollow 157 2015313

East Canyon No. 11 1< 26 0123
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represent fans formed during this time. The fifth fan-forming episode
took place after the Bonneville stillstand and prior to the Provo still-
stand. The East Canyon fan is representative of this group. The sixth
episode coincided with the Provo stillstand of L.ake Bonneville. The
lowest remnants at Spring and Mill Hollows represent fans formed
during this period. The seventh episode occurred during the Hypsither-
mal. The numerous small fans in Logan and Blacksmith Fork Canyons
are presentative of these fans. The four fan-forming episodes prior to
and between stillstands of Lake Bonneville and during the Hypsithermal
produced alluvial fans through deposition of mudflows and related agents.
The three episodes that coincided with LLake Bonneville stillstands pro-
duced fans under special circumstances. These fans were formed by
glacial meltwater and debris. Deposition probably occurred by mudflows

and intermittent stream flow.
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I ANDSLIDES

General Statement

Landslides are present in many parts of the Bear River Range.
Features too small to map at a scale of 1:48,000 are not included. Also,
the map does not include areas of slow mass movement such as soil
creep or solifluction. All the mapped features are one acre or larger
in size. Over 1,818 acres (2.84 square miles) of terrain have been dis-
turbed by landslides. Individual slides or flows range in size from six
acres to as much as 456 acres,

The classification of these features follows the system used in
the compilation of Utah landslides (Schroder, 1971). The classification
system is an adaptiation of the classes defined by Varnes (1958). The
classification system defines mass movements based on the speed of
the movement and the type of material involved. The speed of movement
is unknown for most of the features mapped. Depending on the material
involved, the mapped features are defined as a rock-slip, debris-slip,
or earth-slip. One of the mapped features, a debris-flow, was observed
to move rapidly. Another feature which is still active involves a number
of units moving at a slow rate. On the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>