
B R I G H A M  Y O U N G  UNIVERSITY  

GEOJ (3GY 
G E O L O G I C A L  S O C I E T Y  O F  A M E R I C A  

1 9 9 7  A N N U A L  M E E T I N G  S A L T  L A K E  C I T Y ,  U T A H  

E D I T E D  B Y  P A U L  K A R L  L I N K  A N D  B A R T  J .  K O W A L L I S  

V O L U M E  4 2  1 9 9 7  

P A R T  T W O  2 



MESOZOIC TO RECENT GEOLOGY OF UTAH 
Edited by 

Paul Karl Link and Bart J. Kowallis 

BRIGHAM YOUNG UNIVERSITY 
GEOLOGY STUDIES 

Volume 42, Part 11, 1997 

CONTENTS 

Triassic and Jurassic Macroinvertebrate Faunas of Utah: Field Relationships and 
Paleobiologic Significance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Carol M. Tang and David J. Bottjer 

Part 2: Trace fossils, hardgrounds and ostreoliths in the Carmel Formation 
(Middle Jurassic) of southwestern Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mark A. Wilson 

Part 3: Low-diversity faunas of the Middle Jurassic Carmel Formation and 
their paleobiological implications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Carol M. Tang and David J. Bottjer 

Part 4: Paleoecology of Lower Triassic marine carbonates in the southwestern USA . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  David J. Bottjer and Jennifer K. Schubert 

Structure and Kinematics of a Complex Impact Crater, Upheaval Dome, 
Southeast Utah . . . . . . . . . . . . . . . . . . . . . . . . .  Bryan J. Kriens, Eugene M. Shoemaker, and Ken E. Herkenhoff 

Stratigraphy, and structure of the Sevier thrust belt, and proximal foreland-basin system 
in central Utah: A transect from the Sevier Desert to the Wasatch Plateau . . . . . . . . . . . . . . . . . . .  T. E Lawton, 

D. A. Sprinkel, F! G. DeCelles, G. Mitra, A. J. Sussman,, and M. l? Weiss 

Lower to Middle Cretaceous Dinosaur Faunas of the Central Colorado Plateau: 
A Key to Understanding 35 Million Years of Tectonics, Sedimentology, Evolution, 
and Biogeography . . . . . . . . . . . . . . . . . . . . .  James I. Kirkland, Brooks Britt, Donald L. Burge, Ken Carpenter, 

Richard Cifelli, Frank DeCourten, Jeffrey Eaton, Steve Hasiotis, and Tim Lawton 

Sequence Architecture, and Stacking Patterns in the Cretaceous Foreland Basin, 
Utah: Tectonism versus Eustasy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l? Schwans, K. M. Campion 

Fluvial-Deltaic Sedimentation, and Stratigraphy of the Ferron Sandstone . . . . . . . . . . . . . . . . . .  Paul B. Anderson, 
Thomas C. Chidsey, Jr., and Thomas A. Ryer 

Depositional Sequence Stratigraphy and Architecture of the Cretaceous Ferron 
Sandstone: Implications for Coal and Coalbed Methane Resources-A Field Excursion . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  James R. Garrison Jr., C. V van den Bergh, Charles E. Barker, and David E. Tabet 



Extensional Faulting, Footwall Deformation and Plutonism in the Mineral Mountains, 
Southern Sevier Desert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Drew S. Coleman, John M. Bartley, 

J. Douglas Walker, David E. Price, and Anke M. Friedrich 

Neotectonics, Fault segmentation, and seismic hazards along the Hurricane fault in 
Utah and Arizona: An overview of environmental factors . . . . . . . . . . . . . . . . .  Meg E. Stewart, Wanda J. Taylor, 

Philip A. Pearthree, Barry J. Solomon, and Hugh A. Hurlow 

Part 2: Geologic hazards in the region of the Hurricane fault . . . . . . . . . . . . . . . . . . . . . . . . . . .  William R. Lund 

Part 3: Field Guide to Neotectonics, fault segmentation, and seismic hazards along 
the Hurricane fault in southwestern Utah and northwestern Arizona . . . . . . . . . . . . . . . . . . .  Meg E. Stewart, 

Wanda J. Taylor, Philip A. Pearthree, Barry J. Solomon, and Hugh A. Hurlow 

Fault-Related Rocks of the Wasatch Normal Fault . . . . . . . . . . . . . . . . . . . . . . .  James l? Evans, W. Adolph Yonkee, 
William T. Parry, and Ronald L. Bruhn 

Geologic Hazards of the Wasatch Front, Utah . . . . . . . . . . . . .  Michael D. Hylland, Bill D. Black, and Mike Lowe 

Bedrock Geology of Snyderville Basin: Structural Geology Techniques Applied to 
Understanding the Hydrogeology of a Rapidly Developing Region, 
Summit County, Utah . . . . . . . . . .  Kelly E. Keighley, W. Adolph Yonkee, Frank X. Ashland, and James l? Evans 

New explorations along the northern shores of Lake Bonneville . . . . . . . . . . . . . . . . . . . .  Charles G. (Jack) Oviatt, 
David M. Miller, Dorothy Sack, and Darrell Kaufman 

Quaternary Geology and Geomorphology, Northern Henry Mountains Region . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  Benjamin L. Everitt, Andrew E Godfrey, Robert S. Anderson, and Alan D. Howard 

Part 2: Wind Erosion of Mancos Shale Badlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Andrew E. Godfrey 

Part 3: Long-Term Measurements of Soil Creep Rates on Mancos Shale 
Badland Slopes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Andrew E. Godfrey 

Part 4: Vegetation and Geomorphology on the Fremont River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ben Everitt 

Part 5: Gravel Deposits North of Mount Ellen, Henry Mountains, Utah . . . . . . . . . . . . . . .  Andrew E. Godfrey 

Part 6: Monitoring flash floods in the Upper Blue Hills badlands, southern Utah . . . . . . . . . .  Gregory S. Dick, 
Robert S. Anderson, and Daniel E. Sampson 

Part 7: Dating the Fremont River Terraces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  James L. Repka, 
Robert S. Anderson, Greg S. Dick, and Robert C. Finkel 



A Publication of the 
Department of Geology 

Brigham Young University 
Provo, Utah 84602 

Editor 

Bart J. Kowallis 

Brigham Young University Geology Studies is published by the Department 
of Geology. This publication consists of graduate student and faculty research 
within the department as well as papers submitted by outside contributors. 
Each article submitted is externally reviewed by at least two qualified persons. 

Cover photos taken by Paul Karl Link. 

Top: Upheaval Dome, southeastern Utah. 

Middle: Luke Bonneville shorelines west of Brigham City, Utah. 

Bottom: Bryce Canyon National Park, Utah. 

ISSN 0068-1016 
9-97 700 23870124290 



Preface 

Guidebooks have been part of the exploration of the American West since Oregon Trail days. Geologic 
guidebooks with maps and photographs are an especially graphic tool for school teachers, University classes, 
and visiting geologists to become familiar with the temtory, the geologic issues and the available references. 

It was in this spirit that we set out to compile this two-volume set of field trip descriptions for the Annual 
Meeting of the Geological Society of America in Salt Lake City in October 1997. We were seeking to produce 
a quality product, with fully peer-reviewed papers, and user-friendly field trip logs. We found we were buck- 
ing a tide in our profession which de-emphasizes guidebooks and paper products. If this tide continues we 
wish to be on record as producing "The Last Best Geologic Guidebook." 

We thank all the authors who met our strict deadlines and contributed this outstanding set of papers. We 
hope this work will stand for years to come as a lasting introduction to the complex geology of the Colorado 
Plateau, Basin and Range, Wasatch Front, and Snake River Plain in the vicinity of Salt Lake City. Index maps 
to the field trips contained in each volume are on the back covers. 

Part 1 "Proterozoic to Recent Stratigraphy, Tectonics and Volcanology: Utah, Nevada, Southern Idaho and 
Central Mexico" contains a number of papers of exceptional interest for their geologic synthesis. Part 2 
"Mesozoic to Recent Geology of Utah" concentrates on the Colorado Plateau and the Wasatch Front. 

Paul Link read all the papers and coordinated the review process. Bart Kowallis copy edited the manu- 
scripts and coordinated the publication via Brigham Young University Geology Studies. We would like to 
thank all the reviewers, who were generally prompt and helpful in meeting our tight schedule. These included: 
Lee Allison, Genevieve Atwood, Gary Axen, Jim Beget, Myron Best, David Bice, Phyllis Camillen, Marjorie 
Chan, Nick Christie-Blick, Gary Christenson, Dan Chure, Mary Droser, Ernie Duebendorfer, Tony Ekdale, 
Todd Ehlers, Ben Everitt, Geoff Freethey, Hugh Hurlow, Jim Gamson, Denny Geist, Jeff Geslin, Ron Greeley, 
Gus Gustason, Bill Hackett, Kimm Haw, Grant Heiken, Lehi Hintze, Peter Huntoon, Peter Isaacson, Jeff 
Keaton, Keith Ketner, Guy King, Me1 Kuntz, Tim Lawton, Spencer Lucas, Lon McCarley, Meghan Miller, 
Gautarn Mitra, Kathy Nichols, Robert Q. Oaks, Susan Olig, Jack Oviatt, Bill Perry, Andy Pulharn, Dick Robison, 
Rube Ross, Rich Schweickert, Peter Sheehan, Norm Silberling, Dick Smith, Barry Solomon, K.O. Stanley, 
Kevin Stewart, Wanda Taylor, Glenn Thackray and Adolph Yonkee. In addition, we wish to thank all the dedi- 
cated workers at Brigham Young University Print Services and in the Department of Geology who contributed 
many long hours of work to these volumes. 

Paul Karl Link and Bart J. Kowallis, Editors 



New explorations along the northern shores 
of Lake Bonnevillel 

CHARLES G. (JACK) OVIATT 
Department of Geology, Kansas State University, Manhattan, Kansas 66506 

DAVID M. MILLER 
US. Geological Survey, 345 Middlefield Road, Menlo Park, Cal$ornia 94025 

ABSTRACT 

This field trip begins in Salt Lake City and makes a clockwise circuit of Great Salt Lake, with primary 
objectives to observe stratigraphic and geomorphic records of Lake Bonneville. Stops include Stansbury 
Island, Puddle Valley, gravel pits at Lakeside and the south end of the Hogup Mountains, several stops in 
Curlew Valley and Hansel Valley, and a final stop at the north end of Great Salt Lake east of the Promontory 
Mountains. Stratigraphic observations at gravel-pit and natural exposures will be linked to interpretations of 
lake-level change, which were caused by climate change. Evidence of paleoseismic and volcanic activity will 
be discussed at several sites, and will be tied to the lacustrine stratigraphic record. The trip provides an 
overview of the history of Lake Bonneville and introduces participants to some new localities with excellent 
examples of Lake Bonneville landforms and stratigraphy. 

INTRODUCTION 

Objectives 

The objectives of this trip are to (1) show key new locali- 
ties along the northern shores of late Pleistocene Lake 
Bonneville in an area where unusually complete preserva- 
tion of Lake Bonneville deposits and landforms provides 
new insights into the lake's evolution; (2) visit some classic 
sites; and (3) provide an overview of Lake Bonneville and 
selected Holocene lake features in the context of climate 
history and neotectonics. Lake Bonneville is one of the best 
studied late Pleistocene pluvial lakes and its record of wax- 
ing and waning is a powerful paleoclimate proxy. This pale- 
oclimate record plays a fundamental role in paleoecology 
studies and serves as a benchmark for testing local, region- 
al, and global climatic hypotheses. Geomorphic features of 
the lake serve as vital markers for recording neotectonic 
events because both age and paleohorizontal can be estab- 
lished with shoreline features. As a result, deposits and 
landforms of Lake Bonneville provide valuable clues for 
understanding Quaternary volcanism and faulting in north- 
west Utah. In addition, modem hazards, from flooding to 

contamination and salt-water intrusion, are best understood 
within the context of the complete Holocene record of Great 
Salt Lake. Our approach will be to look at a number of 
Lake Bonneville features around Great Salt Lake, including 
at classic sites and newly discovered sites, and set this in 
the context of climate, neotectonic, and hazard themes. 

Regional description 

Lake Bonneville was the largest of numerous late Plei- 
stocene pluvial lakes that formed in the Great Basin, a divi- 
sion of the Basin and Range physiographic province charac- 
terized by playas, lakes, and internally draining rivers in 
hydrologically closed basins interspersed with north-trend- 
ing mountains that includes western Utah, most of Nevada, 
and parts of adjoining states. Although much of the north- 
eastern part of the Great Basin was occupied by Lake Bonne- 
ville at its highstand (fig. l), the Bonneville basin now is 
marked by mountains separated by wide arid valleys, and 
few perennial streams. The three broadest lowlands are 
Great Salt Lake, the Great Salt Lake Desert, and the Sevier 
Desert. Thresholds between these lowlands provided some 

'with a contnbut~on by Dorothy Sack, Department of Geography, Ohlo University, Athens, Ohlo 45701. 
W~th ammo-acld results from Darrell Kaufman, Department of Geology, Utah State Un~verslty, Logan, Utah 84322 
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Figure 2. Major Quaternary lake cycles in the Bonnecille basin 
(mod$ed from Figure 3 of Machette and Scott, 1988), cletennined 
prirnurily from outcrop data. 

started developing during the Pliocene or latest Miocene, 
about 5 to 7 Ma (Miller et a]., 1992). Many of the ranges in 
northwestern Utah are bounded by normal faults that had 
Quaternary activity, and some have experienced Holocene 
activity (Christenson et d., 1987). The principal Holocene 
fault activity is along the Wasatch Front on the Wasatch 
fault (and related faults), but faults under Great Salt Lake 
and north of Great Salt Lake in and near Hansel Valley also 
ruptured during the Holocene. This western zone of recent 
faulting also contains Quaternary volcanoes (Miller et al., 
1995), reinforcing the possibility that it is a zone of magma- 
tism and rifting (Smith and Luedke, 1984) (see Stop 7 and 
fig. 24 below). 

Late Cenozoic precursors to Lake Bonneville 

The term Lake Bonneville is used here to refer to the 
last major late Pleistocene lake in the Bonneville basin, 
which existed between about 28 and 12 ka (Oviatt et al., 
1992; Oviatt, 1997). Earlier Quaternary lake cycles have 
been documented in the basin (fig. 2), but Lake Bonneville 
and Holocene lakes are far better understood because the 
older lake deposits have been largely obliterated by erosion 
or buried by younger lake deposits and alluvium. Long cores 
of sediments from the floor of the Bonneville basin collected 
by A. J. Eardley and his colleagues during the 1950s and 
1960s (Eardley and Gvosdetsky, 1960; Eardley et al., 1973) 

Figure 1. Map of Lake Bonneville at the Bonneville shoreline stage contain evidence of a number of pre-~onneville ~~~t~~~~~ 
(1 5 ka). lakes that occupied the basin, although reexamination of 

these cores by Oviatt and R.S. Thompson (unpublished) 
indicates fewer major lake cycles than Eardley originally 

controls on lake levels, but climatic factors provided the 
interpreted from the cores. On this field trip we will get a 

primary influence on the lake's budget of water influx and 
glimpse of deposits of several pre-Bonneville lake cycles (at 

evaporation. Rivers on the eastern side of the basin con- 
the Lakeside gravel pit; Stop 3), but we will spend most of 

ributed most of the water to the lake, because they drained 
our time on deposits and landforms of Lake Bonneville. 

the largest and highest mountains. 
The topography of the northeastern part of the Great 

Lake Bonneville studies 
Basin was formed by normal faulting that created alternat- - 
ing uplifted and downthrown north-trending structural Although evidence of a greatly expanded lake was noted 
blocks, referred to as basins and ranges. This topography by the Spaniards Dominguez and Escalante in 1776, the 
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Figure 3. Graphs of surface area and volume vs. elevation in the 
Bonneville basin. Data from Currey (1990, Fig. 16). Data points are 
for shorelines of Lake Bonneville and for high and low stands of 
Great Salt Lake. 

significance of shorelines far above the level of modem 
Great Salt Lake wasn't realized until Fremont and Stansbury 
explored the basin in the 1840s and 1850s (Sack, 1989). 
Other federally sponsored surveys during the late 1800s led 
to the masterful work of Grove Karl Gilbert, who named 
the ancient lake, Lake Bonneville, and spent many years 
studying its geology, geomorphology, and stratigraphy. USGS 
Monograph 1 (Gilbert, 1890) is the full report of Gilbert's 
studies and illustrates his amazing abilities as a scientist 
and observer. 

Since the publication of Monograph 1 many people have 
studied Lake Bonneville, and ideas about its history have 
evolved considerably (see reviews by Machette and Scott 
(1988), and Sack (1989)). It is worth noting, however, that 
after more than a century, during which Gilbert's hypothe- 
ses have been repeatedly tested, many of his ideas and con- 
clusions have withstood scrutiny and today stand as the 
solid framework of a robust body of knowledge about Lake 
Bonneville. 

OVERVIEW OF LAKE BONNEVILLE 

General Concepts 

At its maximum about 15 ka, Lake Bonnedle had a depth 
of over 300 m, a surface area of 51,000 km2, and a volume 
of approximately 6500 km3 (fig. 3). It had numerous bays, 
arms, peninsulas, and islands. The large rivers that emptied 
into the lake along the high mountains to the east produced 
tremendous volumes of clastic sediment, which dominate 
the stratigraphic records in valleys along the mountain 
fronts (Lemons et al., 1996). Over most of the area of Lake 
Bonneville, however, where no rivers discharged sedment, 
the source of shorezone clastic sediment was alluvium and 
weathered bedrock on mountain flanks, and impressive 
constructional shoreline features, such as spits, barriers, 
and tombolos (some of which will be seen on this trip) were 
deposited. In distal areas where clastic input was small, the 
dominant fine-grained facies is marl.2 Typically, coarser 
grain sizes were deposited close to shore where wave ener- 
gy was high, and fine-grained facies (marl) were deposited 
offshore, but there are exceptions to these general rules 
that depend on local geomorphic controls. For instance, 
dropstones from shore ice or rootballs of rafted trees are 
common in certain settings of the marl, and some fine- 
grained sediments were deposited where wave energy was 
low and fine-clastic input was high. 

A schematic stratigraphic column of a typical white marl 
section specific to a deep-water, or low-altitude, location is 
shown in fig. 4. At higher altitudes, early and late parts of 
the history are not represented. Refer to fig. 5 to place the 
stratigraphic units mentioned here in the chronology of Lake 
Bonneville. Coarse-grained littoral deposits at the base grade 
upward into sandy marl and laminated marl (early trans- 
gressive-phase and Stansbury marl), which grades upward 
into more massive marl (deposited during the deepest- 
water phases) that generally has a lower clastic content, and 
in many places is pink or dark green in color. The massive 
marl has an abrupt upper contact with a sandy laminated 
unit (the Bonneville flood unit) that in many places contains 
abundant reworked ostracodes. The sandy laminated unit 

2Gdbe1t named one of the Lake Bonneville shatigraphlc unlts the Whrte Marl, and 
the fine-gralned calcareous facres of the Bonneville Allofonnatlon u shll referred to 
rnformally as the white marl On this field tnp we wll examrne a number of expo- 
sures of the (stratigraphic unit) whrte marl, most of which will fit the definlhon of 
marl ("a soft, grayish to whlte, earthy or powdery, usually Impure calclum carbonate 
precipitated on the bottoms of present-day freshwater lakes and ponds largely 
through the chem~cal actlon of aquatrc plants the calc~um carbonate content may 
range from 90% to less than 30%" [Bates and Jackson, 19871). In Lake Bonnevllle, 
marl was deposited even dunng the deepest stages, calclum carbonate was probably 
precrpltated in the eprhmn~on, and mlnute crystals of calcrte or aragonite settled to 
the lake bottom In places the (strabgraph~c umt) whte marl contans over 80% calcrum 
carbonate, but in other places rt may conslst of calcareous sand, depending on the 
local Input of clast~c debns 
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Figure 4. Generalized stratigraphic column of the white marl 
showing facies that are likely to be encountered at a low-elevation 
site in the main body of Lake Bonneville (mod$edfi-om Oviatt et 
al., 1994, fig. 3). Typical ostracodes in the three main facies are as 
follows. Post-Bonneville flood (Provo deep-water marl): Cytherissa 
lacustris, Candona caudata, Candona adunca, Limnocythere ceri- 
otuberosa, Candona eriensis (?); Deepest-water phase (deep-water 
massive marl): Candona adunca, Limnoc~there ceriotuberosa, 
Candona caudata; Early transgressive ~ h a s e  (transgressive-phase 
laminated marl): Limnocythere staplini, Candona caudata. Ostra- 
code abbreviations used in subsequentfigures: genus Candona: C. 
adunca = Ca, C. caudata = Cc, C. eriensis = Ce, C. decora = Cd, 
C. rawsoni = Cr; genus Limnocythere: L. staplini = Ls, L. cerio- 
tuberosa = LC, L. sappaensis = Lsa; genus Cytherissa: C. lacus- 
tris = Cyl. 

grades upward into another massive marl unit (deposited 
during the Provo stage and initial regression), which grades 
upward into coarse-grained sediments (of the final regres- 
sion). Fossil ostracode faunas in these subunits of the white 
marl are distinctive (fig. 4), and are very helpful in intra- 
basin correlations (as the water chemistry changed with 
changes in lake volume and level, the ostracode assemblages 
changed [Forester, 1987; Thompson et al., 19901). Marl 
chemistry (carbonate content, relative proportions of differ- 
ent carbonate minerals, oxygen and carbon isotopes) also 
varies systematically and will be discussed at several stops 
on the field trip. For instance, for marl pecipitated in dur- 
ing periods of relatively low lake level, the percentage of 
total carbonate, the aragonitelcalcite ratio, and the relative 
values of oxygen and carbon isotopes are relatively high 
(Oviatt et al., 1994; Oviatt, 1997). 

Some of the shorelines .of Lake Bonneville have been 
mapped throughout the basin (Gilbert, 1890; Currey, 1982; 
Currey et  al., 1984), but many shorelines do not have 
regional signatures, and can be mapped for only short dis- 
tances along individual mountain fronts. Two of the mapped 
shorelines (Bonneville and Provo) are prominent because 
they formed during periods of overflow at the basin rim 
(near Red Rock Pass, Idaho), but other mapped shorelines 
(Pilot Valley, Stansbury, Gilbert) were not threshold con- 
trolled, and are difficult to confidently identify in many 
places. On this field trip we will observe good examples of 
all five of the above-mentioned shorelines, as well as num- 
erous examples of unnamed shorelines. 

As Gilbert (1890) noted, the major shorelines of Lake 
Bonneville are not horizontal on a regional scale, but are 
bowed upward in the interior of the basin-the Bonneville 
shoreline is 74 m higher in the Lakeside Mountains than at 
the basin rim (Red Rock Pass), and the Provo shoreline is 
bowed upward a maximum of 59 m (fig. 6). Gilbert correct- 
ly attributed the deformation to isostatic rebound following 
the removal of the Lake Bonneville water load, and subse- 
quent work has refined Gilbert's shoreline mapping and the 
modeling of the isostatic response (see Crittenden, 1963; 
Currey, 1982; Bills and May, 1987). 

History 

Lake Bonneville began to rise from elevations similar to 
modem Great Salt Lake (-1280 m; 4200 ft) after about 28 
ka (all ages discussed in this guidebook, except for historic 
dates, are in radiocarbon years B.E) (fig. 5). The Pilot Valley 
shoreline, which was first mapped in the vicinity of Pilot 
Valley (Miller, 1990), was ~roduced at about the level of the 
regressive-phase Gilbert shoreline sometime after 28 ka. 
The Pilot Valley shoreline is prominent in a number of areas 
in northwest Utah, but has not yet been mapped through- 
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Figure 5. Luke Bnrlrzetjille tirne-altihul;. cume rnodifiedfrurn O1.iatt et (d., (1992, ,fig. 3) aruf Ouultt (1997, fig. 2). El~cations clre nrljzuted 
jiw the eg~cts  o f  isostutic n>hound in the basin (Oviatt clt al., 1992), arzd ages are in  1-cdiocarbon !/em-s. Open circles tire cnrl?onute radio- 
carbon snrnpk;.~ (shell, &&I), solid circles are rlisserniriutetf orgurric carf~on surrlples, solicl syzcares itre tcoocl or charcoal samples, rmd cyperz 
triurigles are basaltic (shes. U l ,  U2, arlcl 173 are utinnttu~cl trumgressiue-pf-)c~seflt~ctzrntzo~ls. 

out the Creat Salt Lake basin. Lake Bonr~eville 11:tcI reached 
an elevation of a l ~ u t  1340 m (4400 ft) I)y 26.5 ka (fig. 5). 
Later in the transgressive phase the lake experienced a series 
of fluctuations, each on the order of 30-50 m (Stansbury, 
U1, U2, U3), before reaching its highest stage at the Bonne- 
ville slrorelitle about 15 ka. The lake briefly overflowed 
(probal,ly less than 500 yr) near Red Rock Pass, ID, as the 
Boi~neville shoreline fom~ed, catastrophically dropped about 
100 m wherr the alluvial-fan thresl.~old fiiltd about 14.5 ka, 
then continued to overflow noucatastrc~phicaIly at a new 
stable threshold chiring the formation of tlie Provo shore- 
line. During regression below the Provo shoreline the lake 
dropped past an intrabasin threshold, referred to as the Old 
River Bed th~*eshold, and the lake was divided into two sep- 
arate lakes, one in the Sevier Lake basin (Lake Gunnison), 
a11d one in the Creat Salt Lake basin, which received over- 
flow from the Sevier basin. The Gilbert shoreline formed ill 
the Creat Salt Lake basin during a moderate rise behiveen 
11 and 10 ka, 

The Bonneville shorclirre ranges wiclely in degree of 
dcvelopnient and preservation depending on local geornor- 
phic controls, such as wave energy anct direction, substrate 
resistance, slope, and sedimt~nt supply. The Provo shoreline 
is cornmonly the best developed, -100 rn (-330 ft) below 
the Bonneville. Provo and Stansbury shorelines are marked 
by prominent drapes of tufa and cemented beachrock, each 
with a marl "clutn$ below, The Gilbert shoreline is rporadi- 
rally developed, and where present typically has a relatively 
fresh-looking appe:trmce. The Pilot Valley shoreline is ex- 
posed sporadically across northem Utah at low elevations, 
dncl as the erwliest regionally developed shoreline, is an im- 
portant reference kmre for measuring isostatic defonnatiorr. 

Basaltic volcanic ash has been usehl in Lake Bonneville 
stratigraphic studies (Oviatt and Nash, 1989; Miller et al., 
1995). Thc E-lansel Valley ash (discussed below) tvas erupted 
from an unidentified vent in northern Utah a1,otlt 26.5 ka. 
Several other basaltic ashes (Pahvant Butte, Tabernacle Hill, 
and Pony Express) have been described in the Sevier Desert 
region in the routlrern part of the BonneviIIe basin. 
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Figure 6. isostatic rebound of Bonneville, Provo, Stansbury, and 
Gilbert shorelines. Modi$ed from Cuwey (1990, fig. 13). The fine 
lines labeled 1552 m and 1444 m associated with the Bonneville 
and Prouo shorelines, respectively, represent the unrebounded ele- 
vations of those shorelines. Lake Gunnison, in the Sevier basin, 
merf2owed into the Great Salt Lake basin during the development 
of the Gilbert shweline. The Lakeside Mountains are near the cen- 
ter of the Lake Bonneville water load, and therefore, the shorelines 
are rebounded the greatest amount in this area. 

and magnitude of water-budget shifts during the late Plei- 
stocene and Holocene. 

Although the timing of the final regression of Lake 
Bonneville is known to have occurred between about 14 
and 11 ka, the details of the regression are poorly under- 
stood because of the paucity of suitable datable materials in 
meaningful contexts. The isostatic response of the basin to 
loading and unloading is still being refined (Bills and May, 
1987). For example, the altitude of the Gilbert shoreline 
varies from place to place in a way that is not easily predict- 
ed by isostatic models. It is higher on the northwestern 
edge of the basin (4260 ft [I298 m] from the Pilot Range 
along the Utah-Nevada stateline to Curlew Valley) than else- 
where along north shore (4250 ft; 1295 m). 

Other unanswered questions include: (1) Where was the 
Hansel Valley ash eruptive center? See more discussion 
below-locating the vent is important in assessing regional 
geologic hazards. (2) The Pilot Valley shoreline (-4275 to 
4295 ft; 1303-1309 m), which formed early in the transgres- 
sive phase, has not been studied in detail: was its develop- 
ment regional in extent, and what is its age and paleocli- 
matic significance? (3) Was the rise to Stansbury very rapid, 
and were there significant lake-level fluctuations between 
the time of eruption of the Hansel Valley ash and the Stans- 
bury oscillation? (4) What is the origin of the double shore- 
lines at the Provo level, and how did isostatic rebound 
immediately after the Bonneville Flood affect shoreline 
development at the Provo? 

Unresolved questions OVERVIEW OF GREAT SALT LAKE 

A number of questions about Lake Bonneville history are 
still being pursued. The transgression of Lake Bonneville, 
and all the falling-lake events (or regressions), such as the 
Stansbury, U1, U2, U3, the post-Provo regression, and the 
post-Gilbert regression, were caused by climate change in 
the basin. For most of its history the lake was hydrographi- 
cally closed so that changes in lake level reflect shifts in the 
water budget of the basin. The Bonneville cycle as a whole 
was correlative with marine oxygen-isotope stage 2, and 
each of the major falling-lake events was correlative with 
the abrupt termination of an iceberg rafting event in which 
large quantities of debris were deposited on the floor of the 
North Atlantic Ocean (Oviatt, 1997). The iceberg-rafting 
events were associated with global climate changes (Bond. 
and Lotti, 1995). Therefore, the Bonneville-basin water 
budget was sensitive to global climate change on time scales 
ranging from at least 105 to 103 yr. The rapid response of 
Great Salt Lake to El Nifio forcing during the 1980s sug- 
gests that the basin has the potential to yield high-resolu- 
tion (decadal?) paleoclimate records if complete, unmsturbed 
sedimentary sequences can be identified and sampled. More 
work is needed (and underway) to help refine the timing 

Great Salt Lake is a shallow, highly saline lake in a hydro- 
logically closed basin, which fluctuates largely as a result of 
climatic and human-induced influences (see Gwynn, 1980; 
and Arnow and Stephens, 1990). A pair of thresholds north 
and south of the Newfoundland Mountains control over- 
flow to the Great Salt Lake Desert at -4217 ft (1285 m) 
altitude (Currey et al., 1984). At the average historical lake 
level (4202 ft; 1280 m), maximum depth is roughly 35 ft  (11 
m) and areal extent is 1800 mi2 (4600 km2) (Currey et al., 
1984). The lake lies in an arid basin, and input is mainly 
from rivers draining mountains east of the lake. Principal 
stream inflow is from the Bear, Weber, and Jordan Rivers 
(fig. 9); this inflow is roughly double the direct contribution 
to the lake from precipitation. The shores of the lake typi- 
cally have broad shallow mud flats that grade laterally to 
steeper areas, with the result that moderate lake-level fluctu- 
ations can produce either dramatic shoreline changes across 
the flats or very little shoreline change along steep slopes. 

Prehistoric Great Salt Lake 

The shoreline record that postdates the Gilbert-age lake 
deposits gives some information on major Holocene high- 
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Gilbert shoreline - 4250 

I I 

Figure 7. Holocene history of Great Salt Lake mod$.ed from 
Currey et al., (1984; see also Murchison, 1989). 

stands of Great Salt Lake (fig. 7). At Locomotive Springs on 
the north shore of Great Salt Lake, a wave-cut notch at 
4240 ft and a gravel beach at 4230 ft may be regressive 
shorelines of the Gilbert Stage but more likely are distinct 
Holocene lake highstands. A sand and gravel beach at 4218 
ft rests on Holocene lake muds and represents one of the 
Holocene high stands of Great Salt Lake. Elsewhere along 
the north shore of Great Salt Lake 4240-ft and 4220-ft 
beaches are very common. Currey et al., (1988) described 
evidence that a 4221-ft shoreline formed between 2.5 and 
2.0 ka. Some stands higher than the 4217-ft thresholds have 
taken place during the late Holocene, including the Little 
Ice Age highstand about 400 years ago (Currey et al., 1984). 
Atwood (1994) has been studying how the elevations of 
Great Salt Lake shorelines are affected by processes such as 
wind-generated lake-level changes, wind seiches, earthquake 
seiches, and diking or other human activities. An under- 
standing of these geomorphic processes is important for 
accurate reconstructions of ~aleolake levels, and for assess- 
ing geologic hazards associated with rises in lake levels. 

Historic lake levels 

Great Salt Lake typically has 1- to 3-foot annual varia- 
tion in lake level caused by seasonal variations in evapora- 
tion and influx. The hydrograph (fig. 8) for recordings at the 
southern end of the lake illustrates longer-term variation in 
lake levels, including the historic highs in the early 1870s, 
and in 1986-1987 (both rises reachedalmost to 4212 ft), and 
low in 1963 (4191 ft) (Mabey, 1986; Arnow and Stephens, 
1990). 

The Southern Pacific Railroad causeway bisecting the 
lake from Lakeside to Ogden artificially controls lake level. 
Most of the fresh water enters the south arm of the lake, 
and construction of the causeway in the 1950s, and modifi- 
cation in the 1980s, has caused lake levels in the northwest 
arm to be lower than in the south arm by several feet. In 
addition, the north arm has much higher salinity and slight- 
ly lower water levels. Several openings in the causeway 

Figure 8. Historicalfluctuations of the su&ce altitude of the south- 
ern part of Great Salt Lake. Data* the US. Geological Survey, 
1996 Web Site. 

allow water from the south arm to flow to the north at the 
surface, although dense saline water from the north arm 
also flows southward through the causeway openings. 

The high lake levels caused by floods of the 1980s were 
probably similar to the those of the 1870s, although the first 
lake-level gage was installed in 1875, so the pre-1875 levels 
are estimates (Mabey, 1986). In the 1980s, the lake rose 
rapidly during a five year period (1982-1986) from about 
4200 ft to almost 4212 ft (reported as 4211.85 ft) during 
1986, and then dropped just as rapidly to its present level. 
The rate of rise and fall during this flood event was greater 
than 2 ft per year, despite significant human water con- 
sumption. Similar rates for past recorded rises and declines 
in lake level demonstrate the rapidity with which lake levels 
change. Most population growth in the region took place 
during a time when the lake was below its average level, 
and the roads and buildings constructed at low altitudes 
and were considerably damaged during the lake rise of the 
1980s. To help control the damaging effects of high lake 
levels, a pumping plant was constructed in the southern 
Hogup Mountains to pump water from the lake to shallow 
basins in the Great Salt Lake Desert, which together acted 
as a huge evaporation basin (U.S. Geological Survey, 1987). 
Pumping during 1987 flooded roughly 600 mi2 (1700 km2) 
west of the Newfoundland Mountains. 

Shorezone features 

Oolitic sand is currently forming in shallow water around 
most of the margins of Great Salt Lake (Eardley, 1938; 
Gwynn and Murphy, 1980), except where clastic deposition 
and fresher water dominate near the deltas of the Bear and 
Jordan Rivers. In places, oolitic sand is reworked into 
eolian dunes at the shoreline. 

We will observe or pass close to a number of springs and 
marshes at the margin of the lake on this field trip. Most 
notable will be the marshes at the Public Shooting Grounds 
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at the north end of Bear River Bay. The Bear, Weber, and 
Jordan Rivers have built deltas along the east shore of 
Great Salt Lake. 

Ecology and contamination 

Despite its high salinity, Great Salt Lake supports a 
healthy ecosystem. Typical organisms include bacteria, blue- 
green algae, diatoms, brine shrimp, brine flies, and other 
aquatic insects. The lake itself, and the springs, deltas, and 
marshes at the margin of the lake, support a diverse avifauna. 

Restricted circulation in the lake, due both to natural 
causes such as shallowness and long islands, and also to 
artificial bamers such as causeways, has served to concen- 
trate contaminants in parts of the lake. Effective mitigation 
of contamination relies on traditional hydrologic principals 
such as knowing paths and rates of water input and circula- 
tion, and also a detailed knowledge of the chemistry and 
physical attributes of water in different parts of the lake. 
The unique waters may provoke unusual reactions with 
contaminants. 

FIELD TRIP GUIDE 

This trip will start and end in Salt Lake City, and will 
circle Great Salt Lake in a clockwise direction (fig. 9). We 
will use highway mileage markers for locating features dur- 
ing travel dong major routes such as Interstate freeways, 
and give odometer mileage for roads off the major routes. 
We reset mileage to zero after each stop. Elevations are 
given in feet throughout the guidebook because the USGS 
7.5-minute topographic quadrangles and benchmarks are in 
feet, and it is easier not to convert to meters (metric equiva- 
lents are given in parentheses). 

DAY I 

Travel west from Salt Lake City on 1-80, 

Mile 104. To the north, Saltair recreation park lies on 
the gently sloping shore of Great Salt Lake. It was built in 
the early 1980s as a partial replication of the historic Saltair 
park, and promptly flooded during the 1982 to 1986 rise of 
the lake. Despite attempts to dike around the building, it 
was damaged extensively. Water stood at least 5 ft deep at 
the building. Note how far the lake has now receded. Kenne- 
cott's copper smelter lies south of the freeway. Marshes 

Figure 9. Field trip stops and road route. Heavy lines are interstate 
highways; lighter lines are paved highways; dashed lines are grad- 
ed gravel roads. Average shoreline for Great Salt Lake (4202ft) is 
shown. Mountains (shaded) are outlined by the Provo shoreline. 
Adaptedfiom Currey et al., (1984). 

between the airport and Saltair are Holocene in age, and 
comprise part of the Jordan River dstributary system. 

Mile 93. In this vicinity both 1-80 and the parallel rail- 
road north of the highway were raised during the mid- 
1980s as the lake rapidly rose to its highstand of almost 
4212 ft during the early summers of 1986 and 1987. Note 
fenceposts still partly submerged. 

Mile 84. Exit here (Grantsville exit). Set mileage to zero 
at stop sign. Turn right (north) and follow paved road west 
and north through several bends. 

0.5 Pavement ends. Cross railroad heading north. 
4.2 Intersection; take left fork. 
6.0 Crossroads. Turn r i d t  (east) and drive to floor of 

gravel pit. Shorelines are visible on the moun- 
tain facing us. 

STOP 1. Stansbuw shoreline on Stansbury Island. 

We will examine exposures in Stansbury Gulch that show 
a section of the white marl and a wedge of tufa-cemented 
gravel that can be traced to the Stansbury shoreline. The 
exposures demonstrate that the Stansbury shoreline formed 
early in the lake history and that offshore stratigraphy can 
be linked to geomorphic features. 

Cream-colored sandstone outcrops form the west ridge 
of the short, steep valley, and gray limestone, the east. The 
tufa-cemented prominent shoreline high on the sandstone 
outcrops is the Provo shoreline, and the fainter shoreline 
about half way between the gravel pit (at the base of the 
mountain) and the Provo shoreline is the Stansbury shore- 
line. Both shorelines also can be seen on the limestone 
ridge. Most gravel exposed in the gravel pit at the base of 
the mountain was deposited during the initial transgression 
of Lake Bonneville. In some parts of the gravel pit, the 
white marl can be seen overlying trasnsgressive-phase 
gravel near the top of the exposure; the marl is overlain by 
a few meters of cobbles, which were deposited during the 
rapid regression of the lake. The white marl was truncated 
in most places during this regression event. 

Walk up Stansbury Gulch to the northeast. A jeep track 
traverses the east side of the valley and may be drivable as 
far as a pit in the diatomaceous marl. The stratigraphy and 
geomorphology of Stansbury Gulch have been described in 
several previously published guidebooks (see Currey et al., 
1983; Green and Currey, 1988). Two or three thin sand 
beds in the diatomaceous marl in the lower parts of the 
gully exposures can be traced up slope into thicker sand 
and then into a thick wedge of tufa-cemented gravel that is 
coincident with the Stansbury shoreline (fig. 10). A radio- 
carbon age of 20.7 ka (Currey et al., 1983) determined on 
gastropods collected from the sand at the lower end of the 
gravel wedge, in addition to the stratigraphic relationships, 
indicates that the Stansbury shoreline formed during the 
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Figure 10. Stop I-Schematic measured sections from the walls of 
the gully at Stansbury Gulch (modijied from Currey et al., 1983, 
and Green and Cumey, 1988). The sections are simplijied into 
three main units: lower marl (below the S tanshy  sand and grav- 
el); S tanshy  sand and gravel, including the thick tufa-cemented 
gravel; upper marl (which represents deep-water deposition 
between the time of development of the Stansbuy shoreline and 
the regression below the Provo shoreline); and Holocene colluvium 
and debris f i w s .  Two radiocarbon ages have been obtained from 
these sections: 20.7 ka on Pyrgulopsis (Amnicola) shells from the 
Stansbury sand; and 24.9 ka on fine-grained CaC03 from the 
lower marl (Green and Currey, 1988). 

transgressive phase of Lake Bonneville during an oscilla- 
tion in lake level. Stratigraphic and geomorphic interpreta- 
tions from other locations in the Bonneville basin indicate 
that the total amplitude of the Stansbury oscillation was on 
the order of 45 to 50 m (150-165 ft) (Oviatt et al., 1990), , , 

although the evidence at Stansbury Gulch is insufficient in 
itself to demonstrate this. 

The Stansbury oscillation is one of at least four major 
oscillations in lake level during the transgressive phase, 
each of which represents a significant change in water bud- 
get driven by climate change in the basin (fig. 5; Oviatt, 
1997). For example, the Stansbury oscillation represented 
surface-area and water-volume changes of about 5000 km2 

and 1000 km3, or relative changes of 18 and 50%, respec- 
tively (Oviatt et al., 1990). The other transgressive-phase 
oscillations had similar magnitudes, and represent climate 
changes probably associated with shifts in the mean posi- 
tion of storm tracks, which in turn were possibly deter- 
mined by changes in the size and shape of the Laurentide 
ice sheet (Oviatt, 1997). 

global climate change (European loess cycles and deep-sea 
records). However, a quick look at the core in 1993 con- 
vinced Oviatt and Bob Thompson (USGS) that Eardley et 
al., had missed the deposits of the deepest Quaternary lake 
in the basin (Lake Bonneville). That is, the white marl of 
Lake Bonneville is in the upper 6 ft of the core-an interval 
described by Eardley et al., as soil and interpreted as evi- 
dence of dry to shallow lake conditions. Therefore, in 1995 
Oviatt and Thompson reexamined the Burmester core (and 
other cores taken by Eardley in the 1950s and 1960s) and 
concluded that the core contains a record of mudflat, 
eolian, and marsh sedimentation interspersed with a few 
units of marl deposited in deep lakes. The original paleo- 
magnetic results, and recently obtained tephrochronology 
(Williams, 1994), provide age control for the past -3.3 Ma. 
We concluded that there were only four major deep-lake 
cycles represented in the Burmester core, including Lake 
Bonneville, during the last 700 ka, in contrast to 17 deep- 
lake events interpreted by Eardley et al., (1973) for the 
same time interval. It is obvious that much more work 
needs to be done on the pre-Bonneville lacustrine history 
of the Bonneville basin. 

Mile 81. Note the good view of the Bonneville, Provo, 
and Stansbury shorelines on the north end of the Stansbury 
Mountains, south of the freeway. The Provo shoreline is 
most prominent, and is draped by tufa-cemented beachrock. 

Mile 77. Morton Salt plant on the right. Salt and other 
minerals extracted from Great Salt Lake brines are a key 
industry for the region. 

Mile 62. Exit toward Lakeside. Reset mileage to zero at 
stop sign. Turn right and follow paved road toward Military 
area. 

View over Puddle Valley, an internally-drained 
valley within the Bonnedle basin. The two passes 
at the south end of Puddle Valley (one close by 
to the southeast and the other farther to the 
southwest where the freeway disappears over 
the horizon) are about 80 m below the Provo 
shoreline. The pass at the north end of the val- 
ley, which we will study at STOP 2, is lower. 
Muddy marl outcrops are in the road cut; ostra- 
codes indicate that the marl was deposited 
while Puddle Valley was innundated by Lake 
Bonneville. 
Cross Lake Puddle shoreline. Currey (1980) 
noted and named this shoreline, which does not 
match regional shorelines of Lake Bonneville 

Retrace route to 1-80 and enter freeway headed west. (see the contribution by Sack below). 
Near this location the 1000-ft (300-m) deep Burmester core 8.9 Bonneville marl capped by eolian sand in expo- 
was taken in 1970 by A. J. Eardley and his colleagues (Eard- sures along the road. 
ley et al., 1973). Eardley et al., attempted to correlate their 13.1 Reduce speed as we approach a high mound 
interpretations of the Burmester core with other records of with steep fronts north and west of the highway. 



This is a Inass of gravel (I-eferrt.d tit by Sack 
[bclow] as an inflow feilt~trct or har) tltat was 
ernplaced into a lakc in Puddlc lr;illcy. A5 the 
road clirnhs the grace1 ~iiorrt~tl, notch tlw steep 
southern fi-ont, nnrl that the niotlrrd has an 
ut~dtllating surface, with ,\vales filled I)y rnarl. 
The undulatiot~s are megaripple-like features, 
s~xtcccl 6 to 270 m apart. The. rrtarl is post- 
S~an~l-tbu~y in age, on the basis of ostrlicode stud- 
ies. 

14.4 Pass road on right to blrrathall ['ass. 
14.9 r I i ~ r ~ ~  ri&t (east) or1 gravel road, pass ririder 

pc)wer lines. 
15.1 Bvar left to a grnvt=l pit nrtcl 1):iss sign "No tres- 

passing-Government Property." Continuc into 
pit ;illd on the left. 

STOP 2. Stansbury osciIlation and catastrophic inflow 
at Puddle Valley. 

Lakc Uoniie\,ille's Pttddlc Kdley Connection 
by 

Dorothy Sack 
Depwtrner~t of Geography, 122 Clippinger I d ) s  

Ohio University, Athens, Ohio 45701 

P~rdcllc Valley is a 400-hm%losed clrninage lrasirr located 
approxirrtatc~ly 100 km west of Salt Lakc. City tlcar the cell- 
tcr of' the Lake 13ot1nt~villc basin. Its clevatiot~ r:utgc's from 
4317 ft (1316 111) on the valley floor to 6625 ft (2019 rn) at 
tllc higllcst peak in the Lakcsiclc Xfo~mtain\, which forni 
the vallry's eastern botrndary. Puddle \%lley is conlpletely 
srtmnrlcletl 1)): tl-litt is, ir~set into, the Bo~rnevillt~ basin. For 
lllost of tllc last deep-lake cycle P~rclc~le 'Clallcy \\>as it11 inte- 
grated subbasin of Lake Bonneville anct corttairrt.ci arb arm 
of tht. great lake (C,ill)ert, 1890; Curre!? ct id., 1984). Sliore- 
line. evidence rc\eals that an indeperlcltnt Lake Puddle 
(C:trrrry, 1980) itccr~piecl tllr v:dley at least hric~fly after its 
re-isolation ti-onr Lake Uonneville (Sack, 1"395), but today 
there is tlo nattzrally oceurri~tg pert~rrniitl or i~ltt~rtt~ittent 
surface \k7ater in the valley. 

Thu lowrest point oti Pucldle \%ley's drainage divicle lies 
irr tlii; r~lrnatiictl pass through w7hich the pavecl highwa~ 
exttxnds at the II~I-th eiitl of the valley. Tlre tllresholcl has a 
tnodcr~i elevation of al,out 4470 ft (1362 rn), wlrich is belo\v 
thcb ~riotk~rn loc:d elevations of all thl-r'ta major 1,akt. Botlrrc- 
ville sllorelincs, the Uonneville (5330 ft; 1625 ni), Provo 
(4925 St; 1501 tn), auttf Stanshttry (-4530 St; -1380 rn), a11tl 
iil-tove the post-Botrneville Lake Pr~cldle level 1390 ft (1338 
In) (Crrrrc,y. 1982; Sack, 1995). Pudclltb lJiilley hrcart~t part of 
tlie Uonnevillc basin when Lake Bonncville spilled ti-om 
the north over this threshold into Pttddle Mdley The inflow 
event is markecl in the pas5 by a 1.2-krr~ long spillway that 
slopes to tlrc soutli arid by a clisti~lctivt landform, first tlottd 

l>y C ~ U L ? . ~ ~  (1980), that is preserved just 1)c->yoncl tlzc encl of 
the spillwa? in Ptltldle Mdlcy 

Tlle Lake Uonrrevillr itiflow feature in Puddle Valley is a 
large-scale, tot~g~ie-shaped l-tar on \vhich are found giant 
current rippltss (fig. 1 I) .  'Fhe gravel bar, uhicll is 1.5 km 
long and up to 1.2 knr \vide, consists of a pan on the up-cur- 
rent side bordercd by a coritirruous lateral and lee-side. rirn. 
Elevations range fwnt 4400 ft (1341 111) at the distal b:lse of 
the bar to 4450 St (1357 111) at the crest of the liighest I d -  
fonn. iiloilg tlw I~igllway road cut, the moderately asytn- 
rncti-ieal giant current ripples range in height from 0.2 to 
5.2 m, in Ic~ngt11 from 6 to 271 nl, and in vertical form intlex 
(Lm) ftorn 15 to 71 (fig. 12). The ripples mnsist of grcivrl 
cross I)t*tis tlliit clip 9' to 24' to~v;irds Puddle \'alley (:lasts 
\amplecl from 14 .;etliment pits dug in the bedforms l ~ t l  art 
,ivcrage A xxis of 10 ern and the overall ten largest clasts 
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Figure 13. Pl~oto o f  grauc'l pit ~ X ~ ~ O S ~ I W  nt ,sfol) 2 (c'ccst of Putl(1le 
Valley threshold). 

age, and that the catastrophic inflow to Putldle Valley is also 
pre-Stansl~u~y or Stans1,ury in age. Cross-bedded sand at 
the base of the exposure is overlain I)y allout 65 cnl (2 ft) of 
sandy marl. A carl3oniite hivd ground in the upper part of 
the marl may mark the stratigraphic position of the Bonne- 

Figt~re 12. Measured cross section tlzrough ginnt czcrrent ripples on 
the Ptcddle Valley inflow /b(c7: 

had an average A axis of 35 cm. The surface of the bar com- 
plex is mantled with Lake Bonneville white marl, clastic 
lacustrine fine-grained sediments, and postlacust~ine eolian 
sandy silt. 

The dimensions of the giant current ripples, size of con- 
stituent clasts, and presence within the bedforms of lip-up 
fragments of pre-Bonneville Iiicustrine marl (R.M. Forester, 
1992, pers. comm.), tufa, and beachrock indicate that inflow 
was a high-velocity event accompanied by sudden cata- 
strophic failure of the threshold. Because evidence of the 
Stansbury shoreline con~plex, which formed between about 
22 and 20 ka (Oviatt et al., 1992), is found in Puddle Valley 
(Sack, 1995), the valley must have become part of the 
Bonneville lake basin before Stansbury shoreline time. 
Using the Lake Bonneville hydrograph (fig. 5) and the 
Puddle Valley threshold elevation, corrected for postlake 
liydroisostatic rel,ound (Currey and Oviatt, 1985), it is esti- 
mated that Lake Bonneville spilled into Puddle Valley and 
created the inflow I ~ a r  allout 25.8 ka and that the two basins 
re-isolated no later than a1)out 12.2 ka. 

ville flood-marl and sand al~ove this contact are coarser 
grained, and contain gastropotls typical of Pn~vo  and post- 
Provo deposits (St(lgnicok1 [[formerly L!y~nntreci] and P!yrgrrlosis 
[formerly Arnnicokr]). A sample of gastropods collected from 
the sand directly al~ovc the marl yielded a racliocarl,on age 
of 16,620 yr B.P (Beta-100449). This apparent age, which is 
several thousand years oldcr than expected, is inconsistent 
with the interpretation 1,ased on independent stratigraphic 
information (lithology, ostracodes, gastropods), ant1 suggests 
that at least some of tlie dated gastropod shells were 
reworked from older deposits. 

The hypothesis that some of the sl~ells might 1,e reworked 
is supported I,y amino acid analyses of a sul)sample of the 
gastropod shells. DnrreII Ktiufnian (Utah State University, 
unpublished data) found potentially two dinkrent age 
groups of shells for each of the two genera. For instance, 
the average ratios of alloisoleucine to isoleucine for a total 
of twelve analyses arc: for Stngnicoln, (group 1) 0.113 f 
0.001, n=2  and (group 2) 0.133 f 0.006, n=4; and for 
Pyrgzllopsis, (group 1) 0.149 f 0.002, n=4  and (group 2) 
0.164 + 0.004, n=2. Reworking was likely a common 

[end of contribution from D. Sack] 

process in Lake Bonneville, especially in certain environ- 
ments during the rcgressi\~e phasc of tlic lake, or during 
smaller-scale fluctuations. 

Marl exposed in the wall of the gravel pit east of the 
PuddleValley threshold (fig. 13) is tlie upper, or post-Stans- 
I~ury, marl as shown by the ostracode faunas. This indicates 
that the spits and 1)aniers in the vicinity of the pass (fig. 14), 
on which the marl rests, are pre-Stanslsbluy or Stansbury in 

Return to the pi~vetl road, reset mileage to zero, and 
turn right (north). 
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Figure 14. Stereo pair of Puddle Valley pass area. Aerial photographs were taken August 10,1953. 

0.5 Bear r i d t  on a gravel road. Paved road goes to STOP 3. Multiple barrier beaches at Lakeside quarry. 
military base. 

7.5 The large tombolo on the skyline to the east is at 
an altitude between the Stansbury and Provo 
shorelines, just below the Provo. 

8.4 Bear left at fork in road. Twin Hills (near Lake- 
side) lie in the distance to the north. Both have 
prominent Provo erosional platforms with sea 
stacks in their centers. 

Homestead Knoll lies west of the road. Home- 
stead and Cathedral caves, both in Homestead 
Knoll, have an important lacustrine and terres- 
trial record that is currently being studied by 
David Madsen (Utah Geological Survey) and 
colleagues. 

12.9 Continue straight (north) on main road. 
14.3 Turn right (east) on small gravel road toward 

pump house. Park about 150 ft past pump. Walk 
to edge of quarry (to the north). 

From the edge of the quany, look east at the architecture 
and stratigraphy exposed at the east and south ends of the 
quarry where deposits of at least five lake cycles are 
exposed. The youngest of these is the Bonneville lake cycle, 
which is represented by a transgressive-phase gravel bamer 
overlain by the white marl. Underlying the Bonneville de- 
posits is a sequence of at least four pre-Bonneville lacus- 
trine units that are ripe for study (fig. 15). 

Unit 1 is poorly exposed at the base of the east wall of the 
pit. It consists of coarse foreset gravel and minor carbonate 
mud that fills spaces between clasts. We know virtually 
nothing about the lake cycle created that it. 

Unit 2 consists of horizontally bedded gravel that thickens 
to the south into foreset gravel of a bamer beach. On the la- 
goon side of the bamer, and exposed in a bench that trends 
west from the east wall of the pit, the bamer is conformably 
overlain by a marl unit that dips to the south (fig. 16). The 
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Figure 15. Photo of deposits on east wall of Lakeside gravel pit. Numbers refer to gravel units rliscussed in the text (under Stop 3). 

marl is about 0.8 m thick, and grades upward into reworked 
lake deposits and lagoon fill about 1.5 m thick in which a 
calcic paleosol is developed. The paleosol is overlain by 
well sorted sand and gravel (unit 3?) of a younger lake 
cycle. 

Ostracodes from the marl (fig. 16) suggest that the lake 
in which unit 2 was deposited may have reached a level no 
higher than levels equivalent to the Stansbury shoreline of 
Lake Bonneville. Only two species of ostracode are present 
in the unit-2 samples, Limnocythere staplini, and Candona 
caudata (?), and the assemblage is dominated by L. stciplini. 
By comparison, this assemblage is found in the lower part 
of the Lake Bonneville marl, which was deposited before 
the lake reached the Stansbury shoreline. At lake levels 
higher than the Stansbury, the water chemistry changed, 
and other ostracodes begin to replace L. staplini (e.g., L. 
ceriotuberosa) (Forester, 1987; Thompson et al., 1990; Oviatt, 
unpublished data). Note that reconstructions of the Cutler 
Dam Lake cycle (-40-70 ka; fig. 2; Oviatt et al., 1987) sug- 
gest that it reached a elevation of no higher than about 
4400 ft (1340 m), which is roughly the elevation of the low 
point of the Stansbury oscillation of Lake Bonneville. The 
highest level attained during the Little Valley Lake cycle 
(-150 ka) was an elevation between the Bonneville and 
Provo shorelines (of Lake Bonneville), and ostracode 
assemblages from marl of Little Valley age are more diverse 
(Oviatt, unpublished data). Therefore, the ostracodes in the 
unit-2 marl suggest that unit 2 was deposited in a relatively 
low pre-Bonneville lake, possibly of Cutler Dam age. 

The lagoon sediments in which the paleosol is devel- 
oped, and which overlie the unit-2 marl, can be traced to 

the west across the floor of the pit, where they wade into 
silty lagoon fill that contains a white bed, 3 0 5 0  cm thick, of 
reworked fine-grained volcanic ash. Microprobe analyses of 
a sample of the ash suggest a correlation with one of the 
Mt. St. Helens ashes, which have been dated between -40 
ka and 150 ka (Mike Perhns, and Andrei Sarna-Wojcicki, 
personal communication, 1996). The possible correlates are 
a Mt. St. Helens C tephra, with a probable age between 40 
and 50 ka, and another tephra from a core from Carp Lake, 
OR, with an age estimated between 75 and 125 ka. 

Table 1 shows the results of amino acid analyses of ostra- 
codes from the Lakeside unit-2 marl compared with results 
from deposits of known age in the Bonneville basin and 
elsewhere (analyses and data by Darrell Kaufman, Utah 
State University). The ostracode amino-acid data suggest a 
marl age older than Lake Bonneville (which is also clearly 
indicated by the overlying paleosol), and younger than the 
Little Valley lake cycle (about 150 ka; Scott et al., 1983). 
The amino acid ratios are similar to those for ostracodes 
from deposits of the Cutler Dam Allofomation, which was 
deposited sometime between 40 and 70 ka (figure 2; Oviatt 
et al., 1987). If the correlation with the Cutler Dam Allofor- 
mation is correct, the overlying paleosol is probably correl- 
ative with the Fielding Geosol (Oviatt et al., 1987). Further 
refinements to the basin-wide chronology of the Cutler 
Dam lake cycle, and tests of the hypothesis that unit 2 in 
the Lakeside gravel pit is Cutler Dam in age, are needed. 

Units 3 and 4 are gravels that overlie unit 2 in the east 
wall of the pit, and also thicken to the south into foreset 
gravel. Each of the gravel units in the east wall, except unit 
3, has a boulder or cobl,le lag at its top, which was probal~ly 
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deposited by waves during the regressive phase of that lake 
cycle or during the transgressive phase of the succeeding 
lake cycle. A thin (-10 cm) fine-grained unit between units 
3 and 2 may be composed of eolian silt. Units 3 and 4 have 
not been dated and nothing is known about the sizes of the 
lakes in which they were deposited. 

Bonneville deposits (unit 5) at the top of the sequence 
also consist of horizontally bedded gravel in the east wall, 
but can be traced to the south into foreset gravel of a bam- 
er beach. Although the gravel barrier has not been dated 
directly, it is near the right elevation (4300 ft; 1310 m) to be 
possibly equivalent to the transgressive-phase Pilot Valley 
shoreline. Most of the gravel bamer has been removed, but 
the Bonneville marl on the back (lagoon) side of the bamer 
is well exposed. 

Ostracodes from the Bonneville marl in the Lakeside 
gravel pit permit correlations with typical white marl sec- 
tions elsewhere in the Bonneville basin, and demonstrate 
that although the marl on the bamer is thin and sandy, it 
has some similarities with other marl sections. For instance, 
the ostracodes at the base of the section consist primarily of 
Limnocythere staplini, which is typical of pre-Stansl~ury 
marl (--25---22 ka), and the ostracodes near the top of 
the section are typical of deep-water phases of Lake 
Bonneville (fig. 4). A thin carbonate crust about halfway up 
in the marl may represent the abrupt contact at the base of 
the Bonneville flood bed, and would therefore date to 
approximately 14.5 ka. However the crust probably formed 
long after deposition of the section; secondary carbonate 
precipitated at the contact between the less permeable sed- 
iments below, and the sandier, finely bedded marl above. 
We observed a similar carbonate crust at the Bonneville 
Flood contact at the Puddle Valley gravel pit. At the Lake- 
side gravel pit, however, the carbonate crust marks a level 
in the marl between deposits of approximately Stansbury 
age and deposits of Provo age, as determined from the 
ostracodes. Therefore, it appears that the massive marl de- 
posited during the deepest-water phase of Lake Bonneville 
is missing from this section. 

Return to gravel road, reset mifeage to zero, and turn 
north. 

0.3 Lakeside-Turn left along base of hill. Pass large 
quarry on left. 

0.7 Turn right and cross railroad tracks. 
0.8 Turn left parallel to railroad tracks. This road is 

private property and its use must be cleared 
with Southern Pacific Railroad. 

11.7 Pump station and canal. This system was built in 
1986 to pump flood water from Great Salt Lake 
westard to the Great Salt Lake Desert, where it 
would increase evaporation. The plan was suc- 
cessful in that it helped lower the lake faster 

pre- Bonnevi I I I 
mar l 

.- 
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Figure 16. Photo of older marl (unit9 marl) at Lakeside gravel 
pit. Ostracode samples are lettered (D = Ls, C = Ls, B = Cc, Ls, 
A = Ls, Cc). Seefigure 4 for explanation of abbreviations. 

than it would have on its own. Reduced precipi- 
tation and increased evaporation, starting in 
1987, further ensured the lake's decline to less 
destructive levels. Excellent exposures along the 
canal walls illustrate Holocene, Lake Bonneville, 
and pre-Bonneville deposits, as well as Miocene 
and Paleozoic strata and the faults affecting 
those older strata. 

13.9 Bear rivht on dirt road. 
14.1 Make acute right turn toward the north. BLM 

sign on the road reads: "Kelton 41 mi." 
15.1 Stop along road where quarry edge on left is cut 

by gully. 

STOP 4. Pilot Valley shoreline. 

This long (6.2 km) narrow quany, which was developed 
by the railroad in the early part of the 20th century to build 
the Lucin cutoff, beautifully displays a series of beach 
ridges that extend along the south flank of the Hogup 
Mountains (fig. 17). The beach gravels lie on loess and allu- 
vium in which a paleosol is developed (exposed in three 
places in the west half of the quarry) and are overlain by 
Bonneville marl, and therefore are early transgressive 
Bonneville features. They represent the earliest regionally 
correlatable beaches of Lake Bonneville, informally termed 
the Pilot Valley shoreline by Miller (1990). Here and else- 
where, the shoreline is marked by a set of two to four beaches 
that climb from about 4275 to 4295 ft in altitude, with maxi- 
mum development typically at 4285 ft. 

Here we examine some gully exposures on the back 
(lagoon) side of a barrier where the white marl lies on beach 
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Table 1. Amino acid ratios for ostracodes (Candona and Limnocythere) from deposits of various ages. 
Analyses and data provided by D a ~ e l l  Kauf;..n, Utah State University. 

Lab Lake Cycle 
No.* (age, ka) Locality  AS^^ ~ l u t  ~ l a t  1let 

Candona results: 
2030 post-Provo (12) Fielding 0.196 f 0.017 (2) 0.048 f 0.007 0.075 f 0.013 0.034 f 0.012 
2047 Bonneville (19) Black Rock 0.275 f 0.008 (10) 0.086 f 0.005 0.172 f 0.008 0.075 f 0.008 
2046 Bonneville (21) Little Valley 0.300 f 0.010 (10) 0.080 f 0.007 0.184 f 0.013 0.091 + 0.015 
2042 Bonneviue (-25) West Gully 0.299 f 0.011 (9) 0.082 f 0.009 0.194 f 0.023 0.095 f 0.014 
2096 Bonneville (?) Bear River 0.237 f 0.005 (5) 0.062 f 0.009 0.147 f 0.005 0.075 f 0.011 

2041 Cutler Dam West Gully 0.308 f 0.025 (2) 0.125 f - 0.361 f 0.037 0.114 f - 
(-40?-70?) 

2095 Cutler Dam Bear River 0.292 f 0.015 (6) 0.079 f 0.009 0.230 f 0.029 0.099 + 0.019 
(-40?-70?) 

2036 unit-2 marl (age ?) Lakeside 0.325 f 0.038 (4) 0.106 f 0.025 0.284 f 0.062 0.096 f 0.054 
2032 - (-70) Anna River, OR 0.304 f 0.013 (9) 0.124 f 0.017 0.223 f 0.036 0.096 f 0.014 

2043 Little Valley (-150) West Gully 0.481 f 0.030 (8) 0.175 f 0.015 0.424 + 0.033 0.184 f 0.039 
2037 Little Valley (- 150) Little Valley 0.417 f 0.010 (7) 0.194 f 0.013 0.478 + 0.021 0.233 f 0.041 
2056 - (- 150 ka) Anna River, OR 0.374 f 0.012 (9) 0.160 f 0.010 0.392 f 0.024 0.271 f 0.086 

Limrwcythere results: 
2103 Bonneville (-25) West Gully 0.242 f 0.006 (6) 0.043 f 0.002 0.127 f 0.002 0.024 f 0.002 

2101 Cutler Dam West Gully 0.223 f 0.012 (5) 0.066 f 0.005 0.192 f 0.013 0.026 f 0.003 
(-40?-70?) 

2148149 unit-2 marl (age ?) Lakeside 0.296 f 0.040 (10) 0.092 f 0.092 0.247 f 0.070 0.037 f 0.013 

2102 Little Valley (-150) West Gully 0.325 f 0.015 (5) 0.103 f 0.007 0.288 f 0.010 0.061 f 0.007 
2107/50 Little Valley (-150) Little Valley 0.359+_0.021(10) 0.139+-0.019 0.388f0.031 0.132f0.039 

*All samples were analyzed by Damell Kauhan at the Ammo Acld Geochronology Laboratory at Utah State Unlverslty; therefore, each lab number has the prefix UAL-, e g., 
UAL-2042. The samples were analyzed uslng a new reverse-phase HPLC procedure wh~ch 1s presented in Kauhan and Manley (m review) 

?DL rahos and standard dewations for aspartic acld (Asp), glutamic acld (Glu), and alanlne (Ala), the ratio value for lsoleuc~ne (Ile) 1s D-alloisoleuc~ne L-~soleucme (aIle/Ile). 
Numbers In parentheses ~nmcate number of separate subsamples prepared from each sample. Each subsample was composed of 0.1-0 2 mg of ostracodes (1040 md~wduals) 

gravel. The marl represents most of the Bonneville lake his- 
tory, as confirmed by stratigraphy and ostracode study (fig. 
17). The marl is about 6 ft (2 m) thick, and overlies gravel and 
coarse oolitic sand of the bamer complex (fig. 17). Ostra- 
codes from the marl permit correlations with other marl sec- 
tions in the Bonneville basin. An abrupt contact overlain by 
sandy marl probably represents the Bonneville flood contact 
(based on its field appearance and the ostracode faunas). 

Internal unconformities within the barrier-beach gravels 
may owe to overlapping beach development here. Figure 
18 shows two well-developed beach ridges; stop 4 is in the 
lower one, which clearly predates the white marl. Strati- 
graphic relationships for the upper beach ridge are unclear 
(that is, exposures do not indlcate whether the marl overlies 
it or underlies it), so it could be either a Pilot Valley, or 
Gilbert beach. 

These gravel beaches are the earliest widely developed 
beaches recognized for Lake Bonneville, and have been 

tracked across the northern Bonneville basin from Pilot 
Valley to the Rozel Hills (fig. 19). If they can be identified 
in other parts of the basin, they can serve as an important 
leveling marker because they formed so early in Lake 
Bonneville's history that little isostatic deflection should 
have taken place before their development. 

Reset mileage to zero and continue on gravel road to the 
northwest. 

0.9 Climb to crest of uppermost gravel beach of the 
Pilot Valley shoreline in this location; altitude is 
between 4285 and 4290 ft. 

8.1 Cross Provo shoreline, expressed as two bamer 
beaches. 

9.3 Cross tombolos below the Bonneville shoreline. 
The Bonneville is visible to the east and west of 
the tombolo. Tremendous Bonneville and Provo 
spits are visible to the north along the skyline. 
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Area of Stop 4 shown on aerial photograph taken 
1969. Small white arrows point to major gravel 

ear gravel pit climbs northwestward from lower to 
Area represented by photo is appro.timately 3.8 km 

Figure 17. Photo of marl section at stop 4 (Pilot Valley shoreline). 
LM = laminaterl (transgressive) m r l ;  DWM = deep-water marl; 
BF = Bonneville~ood becl; PM = Prom m r l  Ostracorle s(tmnp1es code sequence, is overlain by gravel of a lwmer indim 
are nutnhererl (5 = Ca, Lc, 4 = Lc, Cc, Cd, Calc, 3 = LC, Cc, 2 = 
Cc, Lc, Ls, 1 = Cc, LC, Ls). Seefifiure 4 for explanation of al?lnevi- cating that the beach is regressive. The beach is interpreted 

ations. as a local segment of the Gilbert shoreline because it has an 
appropriate elevation (4271 ft) and relative age (post-Bonne- 
ville). Gravel beneath the white marl at the Fingerpoint 

These form the upper part of a feature called the 
Fingerpoint, which we will cross after STOP 5. 
Bear right at intersection. 
Turn right on road to the Fingerpoint and Kelton. 
Cross Provo shoreline. 
Park on right side of road after dropping clown 
off the Gilbert beach. Walk southeast to the 
breach in the bamer beach. 

stop is transgressive in age and approximately the same age 
as the Pilot Valley shoreline. 

The white marl at this stop is somewhat different in 
appearance from the marl at other locations because it was 
deposited in a site that had considerable wave energy. 
Consequently the section overall is relatively sandy, and 
there are clean sand beds interspersed with the marl (figs. 
20 and 21). We interpret the sand beds as turbiclites, possibly 
generated by slumps off the large spits of the Fingerpoint at 

STOP 5. Stratigraphy at the Gilbert shoreline (at the higher elevations. Nevertheless, the ostracode sequence is 

Fingerpoint). easily correlated with that of other Bonneville sections (fig. 4). 
Data on the total carbonate, carl~onate mineralogy, and 

The exposure at stop 5 is a good contrast to the sequence sand content of a short core collected at the outcrop are 
at the Pilot Valley shoreline stop (stop 4). At stop 5, the presented in fig. 21. Note the abrupt increase in aragonite 
white marl, which consists of a typical lithologic and ostra- above the Bonneville Flood contact. Also note that the 
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Figure 19. Map showing known localitie,~ of the Pilot Valley shore- , 
line in NW Utah. 

aragonite curve peaks after the total carbonate curve peaks. 
Similar trends have been noted in other white marl cores, 
including those described by Spencer et al., (1984) from the , 

Great Salt Lake, who interpreted the rise in aragonite as 

*. COVI 

having been caused by the increase in MgCa ratio--Ca 
Figure 20. Photo of m ~ r l  section at stcrl, 5 (the Fingerpoint). DWM 

was quickly used up in the precipitation of carl~onates as 
= deer)-wciter mcirl; BF = Ronneoil/efloor/ bed; PM = Prooo I M ~ - / .  

the lake to lower and lower levels at the end Of The is unt/c>r[nin hy tran.~grc,ssioe Bo,lneril/e grace/, 
the Bonneville regression. and ooerluin by regressice graoel of the Cilhert skorelinc~. 

Reset mileage to zero. We will clrive to Utah Route 30 
and then to Tremonton for the end of Day 1. Continue 
northeast on gravel road. 

Crest of the Fingerpoint. Continue north toward 
Kelton. The Fingerpoint is a 9.5-mile long feature 
extending south from the Hogup Mountains as a 
series of platforms and beach ridges that repre- 
sent every major shoreline of Lake Bonneville 
and many more local shorelines (fig. 22). Looking 
upslope along the Fingerpoint, several huge 
gravel prominences mark spits and V-shaped 
barrier beaches that can be found by driving in 
that direction. Downslope, the Fingerpoint ex- 
tends southward to end in several recurved 
beaches, the lowest of which is the sand and 
gravel beach that formed during 1986-1987. 
Although some bedrock control for this enor- 
mous feature probably existed, the Fingerpoint 
is composed entirely of gravel in surf. 'we expo- 
sures. This is one of the more impressive exam- 
ples of enormous volumes of gravel transported 
by Lake Bonneville and its predecessors. 

posed of beachrock composed of cemented 
angular clasts of the Oquirrh Formation. Tails of 
lacustrine and eolian oolitic sand extent1 south- 
ward from the island. 

16.6 Climb across a Gilbert l~nmer  \,each and across 
a large double tombolo connecting the mainland 
(Hogup Mountains) to am island (Crocodile 
Mountain). 

23.2 The basalt-capped butte on the left is T&le 
Mountain. The I~asalt is prol)aldy Pliocene (Miller 
et al., 1995). 

24.2 Bear right (east) at the intersection. 
26.8 Continue straight through crossroatls. Kelton 

cemetery is on the right. 
26.9 Townsite of Kelton. Bear left. Kelton was a major 

railroad depot on the original transcontinental 
railroad across the Great Salt Lake I~asin before 
the Lucin cutoffwas built in 1904. 

27.1 Continue straight at road junction. Follow signs to 
State Rte. 30. 

1.0 Bear rivht at fork in road. 30.1 Route 30. Turn right to Curlew Junction, turn right 
3.1 Dolphin Island to the east is surrounded by at Curlew Junction, and follow Rte. 30 to 1-84 

mud flats. The high part of this island is com- (16 miles). Follow 1-84 east to Tremonton. 
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Figure 21. Lab data for a core through the marl section at stop 5. 
BF marks the base of the Bonneville flood bed in the core. 
Ostracode samples are numbered (11 = LC, C. sp., 10 = Ca?, LC, 9 
= Ca, Cc, LC, Cyl, 8 = Ca, LC, Cyl, 7 = Ca, Cc, LC, 6 = LC, Ca?, 5 
= C ~ , L C , ~ = L C , C C , C ~ , L ~ , ~ = L C , C . ~ ~ . , ~ = L C , C C , L ~ , I  = 
Cc, Ls). Seefigure 4 for explanation of abbreviations. 

DAY 2 

Travel west from Tremonton on 1-84. We will cross sev- 
eral basins and ranges on the freeway, and then return east- 
ward at lower altitudes nearer to Great Salt Lake. 

Mile 37. Exposures of Lake Bonneville gravel in the 
large quany pits on the north side of the freeway display 
the bewildering complexity of the beach gravels, including 
strongly cemented beds, and a variety of foresets and back- 
sets. This gravel is probably mostly of Stansbury age. 

Mile 34. Cross Provo shoreline as we climb the Blue 
Springs Hills. A barn is on the Provo platform on the north 
side of the freeway. 

Mile 26. Cross Provo shoreline as we descend into Blue 
Creek Valley. 

Mile 22. Cross Provo shoreline where it forms an exten- 
sive platform of sand and gravel in central Blue Creek 
Valley. Exposures near here, where Blue Creek gullied 
across the Provo barrier, display outstanding examples of 
rhythmically bedded near-shore sands, old alluvial units 
and paleosols, and a thick section of older (Little Valley lake 
cycle) marl. 

Mile 18.3. Cross Bonneville shoreline. 
Mile 17. Rattlesnake Pass. Black basalt K-Ar dated at 

13.0 f 0.3 Ma (unpublished USGS data) is exposed in the 

roadcuts. Ahead about 1.5 miles, another roadcut exposes 
the same basalt flows. There, loess deposits lying on the 
basalt apparently are those that yielded middle Pleistocene 
rodent fossils (C.A Repenning, oral communication., 1989). 
The loess contains several strongly developed calcic soil 
horizons. Normal faults at the west side of the roadcut dis- 
place basalt down to the west, and also cut a different 
(younger?) loess with less soil development. 

Mile 16. A fault is well exposed on the north side of the 
freeway in the road cut. The fault places Miocene basalt 
against the late Paleozoic Oquirrh Formation. 

Mile 13. Cross Bonneville shoreline. 
Mile 9. Cross Provo shoreline as we descend into 

Curlew Valley 
Mile 5. Take exit and turn left (west) across the freeway. 

Set mileage to zero on overpass. 

0.5 Turn left on small gravel road and through metal 
gate. (Permission required at Rose Ranch). 

0.8 Proceed through corral. 
0.9 Stop next to cut bank of gully on right. Walk 

about 100 ft  west to a place to descend the bank 
to the gully floor, and east along the base of the 
wall to study the Lake Bonneville section. 

STOP 6. Rose Ranch Section. 

Exposures directly downstream from Rose Ranch Reser- 
voir expose a complete Bonneville stratigraphic section at 
an elevation (4505 ft; 1373 m) close to the Stansbury shore- 
line. We will examine a section exposed near the north 
abutment of the dam where the base of the Bonneville sec- 
tion is not exposed. The base of the section can be seen by 
walking south across the dam to the south bank of Deep 
Creek, where a strongly developed calcic horizon, developed 
in loess, is exposed beneath the Bonneville sequence. 

Ripple-laminated to massive fine sand at the base of the 
Bonneville section (fig. 23) is overlain by about 0.75 m of 
brown, blocky mud with oxidized root holes, probably 
deposited in deltaic or marsh environments in the estuary 
of Deep Creek as Lake Bonneville began to rise at the end 
of the Stansbury oscillation about 20 ka. The blocky mud is 
overlain by 1.4-0.75 m of laminated sandy marl, then 
2.8-1.4 m of pink massive marl. A finely bedded sandy marl 
unit about 12 cm thick in the upper third of the massive 
marl may represent deposition during a fluctuation during 
the transgressive phase higher than the Stansbury shoreline 
(such as U1, fig. 5). An abrupt contact at the top of the mas- 
sive marl is marked by pebbles and sand and overlain by 
white marl about 1.2 m thick. The modem soil is developed 
in this unit. We interpret the abrupt contact as the 
Bonneville flood contact based on its abruptness and on the 
appearance of the ostracode Cytherissa lamtr is  in the marl 
above it (fig. 4). 
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Figure 22. Map and aerial photographs of the Fingerpoint, showing roads and shwelines. Aerial photographs taken June 22, 1953. Map 
from US. Geological Survey 1 :100,000-scale Newfoundland Mountains quadrangle, 1988. Contours in meters, interval 20 meters. 
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. . Mile 7. Snowville exit. Exit the freeway and set mileage 

Figure 23. Plzoto of Rose Ranch marl section at stop 6. BBM = 
broum, blocky mud; LM = laminated (transgressive) murl; DWM 
= deep-water marl; BF(?) = possible Bonnevilleflood bed; PM(?) 
= possible Provo marl. Numbered ostracode samples (8 = Cc, Lc, 
Ce?, 7 = Cyl, Ccla, Cc, Lc, 6 = Lc, Ca, Cyl, 5 = Lc, Lsa, Ccla, Ls, 
4 = Ca, Lc, Cc, 3B = Ca, Lc, Cc, Ce?, 3A = Ca, Lc, Cc, Ce?, 2 = 
Ls, Cc, 1 = Cr, Ls). See figure 4 for explanation of abbreviations. 

Here, and elsewhere in Curlew Valley, much of the marl 
section is preserved and locally exposed in gullies (Miller 
and Langrock, 1997a), an unusual occurrence in the 
Bonneville basin. A combination of factors probably led to 
this situation: (1) Deep Creek fed fine clastic material to the 
lake that led to fairly thick marl accumulations. (2) The low- 
gradient valley was not extensively eroded following lake 
withdrawal. (3) Deep Creek deeply entrenched the marl 
plains, and did not deposit appreciable sediment on the 
marl. 

Return to vehicles and retrace route to 1-84; enter free- 
way headed &. 

to zero at stop sign. Turn right (south) on paved road, then 
immediate right onto gravel road. Continue on main gravel 
road. 

6.3 Proceed south past road to left. 
9.6 View of Cedar Hill, a shield volcano about 1.2 

million years old, on the west (Miller and 
Langrock, 1997%). On the east is Johnson Hill, 
etched by a prominent Provo shoreline. Johnson 
Hill lies between Curlew Valley and Sage Valley, 
a small internally-drained valley. Sage Valley 
drained abruptly, creating a small sand blanket 
projecting into Curlew Valley. Erosion caused 
by the rapid draining, apparently during the 
rapid regression from the Provo shoreline, trun- 
cated several shorelines. 

13.2 Park on the bamer beach and look at the quany 
on the west side of the road. 

STOP 7. Stansbury shoreline and Quaternary 
volcanoes. 

Barrier beach deposits form a prominent shoreline here 
and mark the upper Stansbury shorezone. A benchmark on 
the east side of the road on the beach crest is 4497 ft (1370 
m). Structure within the barrier beach can be examined in 
the quany walls on the west side of the road. 

From at least 1.2 million years to 440,000 years ago basalt 
erupted intermittently to form the three shields along Cur- 
lew Valley just west of us, from Cedar Hill on the north to 
Locomotive Springs well to the south (fig. 24) (Miller and 
Langrock, 199%). In addition, basaltic ash (the Hansel Valley 
ash) was erupted from an uncertain location west of Hansel 
Valley and probably in Curlew Valley, on the basis of chem- 
ical similarity with Curlew basalts and the location of the 
ejecta blanket (Miller et al., 1995). K-Ar ages for the shields 
are 1.16 f 0.08, 0.72 f 0.15, and 0.44 + 0.10 Ma from north 
to south (Miller et al., 1995). The two northern shields 
retain summit collapse features, and individual flows can be 
traced down the flanks. The southern shield is small and 
may have been eroded more by waves of pluvial lakes; it 
shows only a flat summit that may once have been a crater. 
The Quaternary shield volcanoes of eastern Curlew Valley 
are similar in mineralogy and geochemistry but decrease 
systematically in age southward toward the Great Salt Lake, 
suggesting a progressive movement of an eruptive center 
with time, at a rate of about 2.1 cmlyear. The recurrence of 
eruptions in this system is not well determined, but the vol- 
canoes seem to have formed every 300,000 to 400,000 years. 
If the Hansel Valley ash is considered to be a minor event, 
the next large eruption is possible at any time (Miller et al., 
1995) and may be located in Great Salt Lake. Such an erup- 
tion could severely impact the Wasatch Front population. 



lkgrtt-P 34 S L ~ ~ P L . ~ C ~  i olcot~tr jknrrrr~, ant1 frtrilti of  t j i ~  C:r ctif Salt 
Lake rrtrn S, IJrirtiel 1'icllct~ c ~ s l i  loctrttorl W~lc.rrnot,, ~ r l  Crtrlr.ct 
\iillctj sho~ol hy c.zir.lr~\ ti-~tlt  I-irtlintzt~g I~nc.5 I"ilrlltr shoccvi tr?-r> all 
Fl(t/or c 3 r i ~ 7  

'i'lie lrtansel Kdlcy ash llas been idcntifictl in one expo- 
sarc. III eastens Crlrlcw hl1t.y and ill ro~lglll) a dorcan cupo- 
surcs to thc east ,tnd southeast in lian\cl arid 13111~ (:rcckk 
V~lleys, thc Ror,tl 1 tills, ,tncf at the Uc,u. HI\ t.r (fig5 9 'lnd 
84). It d \ o  has bccn idcntific.cl 111 cores from the south arm 
of Great Sdt Ixihcl (5pencc.r et ,d,, 1984: Ovi,~tt ;utd Naslr. 
1!)89), ,tnd tht. H~~~-iii(ast<~ ~ ' O I Y ~  dt the sollth llritrglll of t h ~  
I , i j \ ~ .  Tile c~~plostvt~ e'nrption th'rt r1istri))itte.c-i tlte t l,trt\c,l 
IT~~ll t~y ,tsh like]? \var cdrrsetl irstcractiori of rilaqnra mith 
water 111 the. 1rc;tr sr1t.f:tc.c~ 01 ,kt the rr~tl;icc~. A rotlrcatx ~titliiil 
water-ch;lrged lo\ila~icls of C;rirle\\r V,tllc? or within Lcthc 
t3olrnc~villt~ is liktel), I ~ t t  cvts 1r;tvt. lrot ) ttt tltsco\ tynltl a tfylir,i 
rirrg, c0;use pro\irn,tl deposits, or otller inclic<ttot .s of the 
t>rtrpti\e xent despitt~ extr.rl\r\e field \vtrrk. I t  is possil~lc 
[hat tlrc kian\ef ihl1c.y a\h c r~xpt io~~ \v,n triggc~rt~cl by tilt. 
lo'td of L,tke Uolllicvillc, rt~vcral 1)asaltie volcanoes Irr the 
Sevier Desert crrip"cc.1 iirlto Lake Bonn(,\ lilt, (O\r,itl ,ultl 
N'tsh, 1989). 

' T l r c h  s11tcdtX I olc,li~o orr \\<,st 1s ,i\,i)tii 7'20 h,i 
1'11(~ loxi k'iralt 1irll to tho ca,rrt rtf tIw roatl rr l > b i l -  

hthtetl Ir! Uonriet~rllt~ trr,n1 TItc Xl,u~itbl t;rllr.\ 
ctslr ir nt tllc Ihtrc 01 thv rn,ill 
C:rosr (:~ll>cxrt short*lrrrcb It 1s ,i lo\\ cjrrt or1 rht, 

\\ est d ~ ~ i t  ~ n c r t ~ ~ i $ t ~ i  rn pr otrrlr3<,ncc3 (>,tiitti , i r  d 
lou,~rtl Iloiiun~crlt 130rrii 
Rirm Icft on qr,r\cd ro,ttl jrr5t nor-tlt of tl-rc olrl ~ u i -  
ro,ltl llr;rde I,ocol~loir\ c >  Spr~trgr slrlcbltl ol<.,ulo 
(-4-10 L ~ I  Ilc-s to thv \out11 iZirl1er 'rrltl I,,~rtgn~cL. 
1$197c) 
l'roceed aero\r ,r I lolocciii* Grvat brdt l,,il\t' I ~~ t r -  
r.tc2r ltc~,~c.l~ ,tt ,d)ol~t 4240 ti ,iltrttidc It pc>std,rtcr 
tlie C;ilhthst r l l o ~ ~ ~ l ~ t i ~ ~ ,  1 ~ 1 1  I \  otllt'nt I\(' ~l~~d~ittb(i 
I'rocecd p t s t  Ilo11rrriicir.t l'ol~rt ircc Zl1l1c.r .trrtl 

I ,axicroc.l\, 19!)7d) H\ c.lr 11 rxxq \orrtli ti)\\'trd 
Lonc Rock, a goocl sectrim of trtarl, ~~icliiitlrlxr: thc 
l la~r\tll t 'llle) .till ,it tlrcl l ) r i i ( a ,  cdti he v x r ~ ~ t  H I ~ C * ~  

c~lo~tg \\a\ c-cut Xtltrlls forirretl In G~cat S,tIt l,,iki~ 
clut-~ng liicx I-rigll\t,~ncti of' IC)8(:, a~tri 1987 
13c~~u- left <it 40rL 
C;l~n~l> onto C;11l>t~t 13'11 r w  l~~~~ tc11  from C;~ll)<>r t 
chro\xonal notch 
(hlbc~t  f~~ i r r~c i  1)c,,ic,l1 tsrlJch to sorxtli ot xo,d It\ 
cwst I \  shehtl) ,ibo\-e -i9(<0 i t  "l i) t1~. curt, rt 
IIICTgCI \\ 1tlt tllf' 1c,\ (4 of tIl("ociCi 

STOP 8. JC~aulted Gilbert spit. 

Tht\ \to13 I \  ,it ,i dt~gr,tcir~rl \c<it i t  cri~,ttrct 131 thc 3 034 
IIctnrr.I Vcrllt,) tartl~ijrr,rkt~ and 1)1t'\1o11r idt11t111g CT cnt\ *Tiles 
f-€,utst~l \;rllt..! f,iult flri\ d~\~>l~let i l  t I ~ ( x  ri~ri't~c~ of the (;11I3~3 lt 

spit cio\trr to tlle curt 'Tilt. f,urlt \tr~kc'\ \ltgllt1\ c't'rt of tloi-tfl, 
'lucl rt\ \carp rr \lill)le\ north of t l ~ t q o ~ a t l  fcrl romc c!ist,ince 
In thc ti-rrrtl fl'rts coutlr of tlrt. ro'rrf, tltc n ~ r r t l  \%,I? cr,ukc>i! 
ar~tl nitltf \ ole,uroc\ lorrnc.cl In 19.34, flirt o r ~ h  \c,tttcbletl ch\ r -  
dcncc, for tire loc,ttto~t of the* f , t ~ r l l  c,trt ?cserl non '1"11~ 

L5X34 1 lctrijc,l I>illc>t ~ ~ ~ t r t l ~ ~ ~ t ~ ~ i h t ~  15 tlw ordt I I I \ ~ { ) I  ero~ 11 id- 
rrlptlrrrtrq \t1r\1fi~c C > \ C ~ I I I  111 ikortfi(*~-ll I tltll de41)~t~ t t ~ c  li~qh- 
14 ctct~\tl i c ~ i ~ r i ~ i c ~ ~ t ~  of tlrr, ri,gzoll ( C ' i t r ~ \ t c ~ ~ t \ i r t r  clt ,rl . 1987) 
I115torle fcllt th,trtl~cl~r,ihc,s t t ~ c * i r t r i ~  tlrc* rriag,rr,~trrdt~ b ant1 X,iigt>t.r- 

e\clits in 'Ilarrrcl \/:iIlc\ drrrt~lg 1!)0!f ,urtl 1%3 1 \ \I,d,,is/ t%r ,;I , 
lgg-!) Frcsclr~cx1~t srn,~llcr-rrt,tgr~~u(fc r.,irt!lc[rr,kt.s ( \ I  <dl a)ecbrtr 
In l)ro,ttlt~r zo1rt.s ln tl~e artl,~, rtrchiclrr~r: Bhic (heck,  Ii,irisel, 
'ltl(l (:1lrlc~\v \:lllix) 5 'klrd ~ ~ O l - t ~ ~ t ~ I  1) c -1 (><it S'lli 1 *~1\<> 'HNi t13C 

FEOLCI f flll'r ((;ltnrrc.nson txr .il , 1Clh;) 
Tire \l,u-c.11 193-1 rxiagn~tt~rfc h h c,irtl.;tlrr,il\e 111 I?;,~rr\c.l 

\:1Ilt3\ j(:111 rstc~rrsott t't ,il 19871 ~ ) I O C ! I I V ~ ~ ~ ~  5111i~i(,ta i ~ ~ l ~ t ~ i ~ c ~  
,tloiig four /one\, of \i lliell tlw roirc. \\lrcr c. \\ (, rt~j)~>fs<l 1 1 a I  

as r r i t ~ t ~ l ~  ,ts 20 irlcl~ct\ of do\\ru-ftr-tllt*-t~~~ii ofi\ckt Soritcb of 
tilt1 fil111t5, 11~cl11~111~g tl>l\ oll<x. il lO\\  l(l<~!l<V for t='itll<T cl1,- 



OVIA'IT AND MILLER: NEW EXPLORATIONS ALONG N. SHORES OF LAKE BONNEVILLE 367 

placements (Robison and McCalpin, 1987). The earthquake 
caused severe damage in local towns and ranches, and it 
even caused damage in cities along the Wasatch Front. The 
evidence for repeat faulting at this location makes it clear 
that a threat for hture earthquakes is real, but the pattern 
of recurrence is complex and not easily converted as a pre- 
dictive tool. The recurrence interval appears to be several 
thousands of years. 

Significant subsidence was noted by two types of studies 
following the 1934 earthquake. Adams (1938) compared by 
triangulation the nearby shoreline of Great Salt Lake in 
November 1934 to the shorelines surveyed by Captain 
Stansbury in 1850. Despite the lake being 6 feet lower in 

- 1934 than in 1850, the shorelines overlapped. Adams con- 
cluded that about 4 feet of general subsidence of southern 
Hansel Valley took place between 1850 and 1934, with sub- 
sidence locally as great as 6 feet. Complications caused by 
causeways and dikes constructed after 1850 were not 
accounted for, but Adams showed that soundings and shore- 
lines indicated little subsidence farther south in the lake. 
Adams (1938) also described the results of re-leveling the 
railroad grade across the mouth of Hansel Valley. Compar- 
ing 1911 and 1934 surveys, ground subsidence was 1.2 feet 
in lower Hansel Valley and could be identified to the west 
for 10 miles into Curlew Valley at diminished magnitude. 
These data suggest that only about one quarter of the 84-year 
subsidence record was produced during the Hansel Valley 
earthquake of 1934. A 1953 railroad levelling showed re- 
gional upl@ of this same area west from the Hansel Valley 
fault (Bucknam, 1979). 

Another potentially profitable approach for examining 
the neotectonic record would be to carefully level lake- 
shore features, such as the Gilbert spits, beaches, and abra- 
sion platforms. Such a study could identify long-term subsi- 
dence and uplift relative to regionally established eleva- 
tions for these features. A reconnaissance analysis of topo- 
graphic data suggests that the west side of this fault is 
upthrown; elevations for the Gilbert spit and the 4240-ft 
shoreline to the east of the fault are consistent with regional 
values. Significant subsidence to the south, identified by 
comparing Great Salt Lake shorelines, may be a related but 
different manifestation of local tectonics. Careful study of 
shorelines since aerial photographs and satellite surveys 
began could address this problem over a time-span of sev- 
eral decades. 

The Gilbert spit begins at about this location and extends 
to the east about two krn. Wave energy from the southwest 
canied gravel northeast during the Gilbert lake's highstand 
to create this spit. As we drive east along the spit note the 
rapid drops of the surface to lower altitudes as we approach 
its terminus; these lower-altitude spits formed during 
regression from the Gilbert highstand or as other lake rises 
built onto the Gilbert spit. The 4240-ft shoreline is con- 

structed along the front of the Gilbert spit in many places, 
and forms much of the end of the spit. 

Reset mileage to zero and continue east. 

2.4 Bear left at intersection. Elevation of the spit sur- 
face is 4242 ft here. 

3.6 Stop along main road next to obscure road on 
right in greasewood plain. Take care not to drive 
in the greasewood; it destroys tires! Walk about 
1 mile along this obscure road and continue into 
Hansel Valley Wash as road ends. The first half 
mile of the wash has been modified by bulldoz- 
er, but eventually the wash turns to its original 
northeasterly orientation. Proceed up this origi- 
nal wash several hundred feet until the marl 
section is about 3 m thick as exposed in walls on 
the east side of the gully. 

STOP 9. Hansel Valley Wash. 

This marl section is notable for several features, includ- 
ing: (1) its lateral continuity for several km along Hansel 
Valley, (2) presence of the Hansel Valley ash near the base, 
and (3) soft-sediment disruption of the marl, possibly 
induced by seismicity. 

The Bonneville section at this stop is fairly complete 
because it was deposited on a low gradient valley floor at a 
relatively low elevation (4330 ft; 1320 m). Here we can 
observe the sequence of facies changes in the marl that can 
be see at many similar sections around the basin. Coarse- 
grained deposits at the base of the section are interpreted 
as marking the initial transgression of Lake Bonneville (fig. 
25). The coarse sand grades upward into blocky mud that 
contains oxidized root holes; we interpret this unit as hav- 
ing been deposited in a marsh or lagoon environment at the 
margin of the transgressing lake. Overlying the transgres- 
sive deposits is a sequence of laminated marl 3.2 ft (0.98 m) 
thick (early-transgressive and Stansbury), which grades up- 
ward into more massive, greenish gray to pink marl about 4 
ft (1.3 m) thick (deep-water marl). The upper contact of the 
massive marl is abrupt and the overlying bed of ripple-lam- 
inated sand and sandy marl is about 0.4 ft  (12 cm) thick (the 
Bonneville flood bed). Its upper contact is gradational into 
another massive marl (Provo marl), which coarsens upward 
and is disrupted in its upper part by modem soil develop- 
ment. Ostracodes and diatoms (fig. 25) support the inter- 
pretation of this sequence as a cycle, representing the trans- 
gression, deep water, and regression of Lake Bonneville. 

One thing to speculate on at this section is the origin of 
the ripple-laminated beds in the Bonneville flood bed (the 
12 cm thick bed between the two massive marls). Our 
interpretation is that during and immediately after the 
Bonneville flood, when lake level dropped catastrophically 
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Figure 25. Photo of Hansel Valley Wash marl section (stop 9). T = 
transgressive mud and sand; LM = laminated (transgressive) 
marl; DWM = deep-water marl; BF = Bonnevilleflood bed; PM 
= Provo marl. Lettered ostracode and diatom samples. Ostracode 
samples: W = Cyl, Ce, Ca, Lc, Lsa, V = Ce, Cc, Ca, Lc, U = Cc, 
Ce, Ca, LcLsa, T = Lc, Cc, Ca, Ce, S = Lc, Ls, Ca, Cc, R = Lc, 
C a ? , Q = L c , C a , C c , P = C a , L c , O = C a , L c , N = C a , L c , M =  
Lc, Ca, L =  Lc, Csp. ,  K = Lc, Cc, Ca, C d , J =  Lc, Cc, Ca, Cd, I 
= L c , C c , H = L c , C c , L s , G = C c , L s , F = C c , L s , E = L s , C c ,  
D = Ls, C sp., C = Ls, B = Ls, A = no ostracodes. See figure 4 
for explanation of abbreviations. Diatoms from Hansel Valley 
Wash section identifier1 by Platt Bradbury, May 27, 1992: W = 
Cyclotella ocellata (cold open water), V = Synedra acus fresh 
open water), S. ulna, Cyclotella ocellata, C. caspia??, Fragilaria 
brevistriata, l? leptostauron, C-G = Fragilaria brevistriata (shal- 
low, moderately saline water), l? construens v. subsalina, Epithe- 
mia, Mastogloia, Navicula, Amphora, Surirella, Pinnularia, others. 

by about 100 m, vast areas of fine-grained lake-bottom sedi- 
ments would have been stranded above lake level between 
the Bonneville and Provo shorelines. That sediment would 
have begun washing into the lake immediately after the 
flood (accounting for the thick marl and clastic deposits 
directly below the Provo shoreline throughout the basin, 
which we refer to as the Provo "dump as per Don Currey), 
and provided a source for slumps and landslides that would 
have created turbidity currents on the lake bottom. In 
Hansel Valley, slumping of fine-grained sediments both 
above and below lake level might have been enhanced by 
earthquake activity. 

Two cm above the base of the laminated marl is a thin 
(1 cm) bed of brown basaltic ash, which we have named the 
Hansel Valley ash (Miller et al., 1995) (formerly referred to 
as the "Thiokol ash" by Oviatt and Nash, 1989). We have 
found the Hansel Valley ash at many localities in northern 
Utah, including in the Burmester core at the south end of 
Great Salt Lake (Oviatt and Thompson, unpublished). At all 
known localities where the Hansel Valley ash has been 
found, including sediment cores from Great Salt Lake 
(Spencer et al., 1984), the ash bed is within a few centime- 
ters of the base of the Bonneville section. A radiocarbon 
age of 26.5 ka for a core sample collected near the ash 
(Thompson et al., 1990) is the best available age for the 
eruption. Exposures in West Gully in Hansel Valley suggest 
that Lake Bonneville was close to an elevation of 4380 ft 
(1335 m) at the time the Hansel Valley ash was erupted. 
Despite extensive field efforts, we have not yet identified 
the source vent of the ash, but its chemistry is similar to 
that of basalts in the Curlew Valley area (Miller et al., 1995). 

Note the common disrupted beds containing small faults 
and folds below and including the Hansel Valley ash. These 
features may have been caused by nearby small seismic 
events or larger distant events. Upstream several km, con- 
voluted beds and hummocky cross-stratification are com- 
mon in the section beneath the deep-water beds that lie 
below the flood bed. Robison and McCalpin (1987) sug- 
gested that these features indicate several local earth- 
quakes, some of which displaced parts of the marl section 
in a tributary gully to Hansel Wash (referred to as West 
Gully). 

Return to gravel road, set milage to zero, and turn south. 

0.9 Continue straight. 
5.8 Pass shortcut on left. 
6.5 Turn left on gravel road toward mud flat. 
11.2 Double Gilbert barrier beach. Quarry pit on the 

right is in one of the beaches. 
11.3 Continue straight. Route following the old rail- 

road grade is to the right. 
15.0 The Provo shoreline is expressed as wave-cut 

notches on both sides of the road. 
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16.4 Cross double Provo bamer beach. As in most 
places where the Provo shoreline is well exposed, 
it consists of two beaches about 10 ft different in 
altitude. Gilbert (1890) noted the double charac- 
ter of erosional segments of the Provo shoreline, 
but offered no explanation. Currey (Currey and 
Burr, 1988) has noted three or four steps in 
depositional Provo-shoreline segments at a num- 
ber of locations around the basin, and suggests 
that landsliding and scour in the overflow thres- 
hold at Red Rock Pass, Idaho, complicated by 
ongoing isostatic rebound, controlled lake level 
throughout the basin during the development of 
the Provo shoreline. This hypothesis could be 
further tested by basin-wide mapping, careful 
geomorphic study, and surveying of the Provo 
shoreline. 

The best available ages for the Provo shore- 
line suggest that it began forming after the 
Bonneville flood (14.5 ka), and that the lake 
overflowed at this level for 500 to 1000 years 
(Oviatt et al., 1992; Light and Kaufman, 1996). 
Overflow ceased and lake level began to drop 
rapidly between 14 and 13.5 ka. 

18.4 Cross Bonneville banier beach. 
21.8 Intersection with paved road; continue straight 

on the paved road. Golden Spike National Monu- 
ment, errected to commemorate the historic 
meeting of the transcontinental (Union and 
Central Pacific railroads), is to the right. We are 
driving along an unconformity cut into Miocene 
tuff during Pliocene time. Alluvial sediment on 
the tuff but beneath the Bonneville sediment 
yielded Pliocene fossils and volcanic ash (Nelson 
and Miller, 1990). 

23.3 Transgressive-phase spits of Lake Bonneville are 
well exposed to the south, at the north end of 
the Promontory Mountains. 

26.5 Junction; continue straight. 
28.5 Junction with State Highway 83. Turn right 

toward Brigham City. 
34.6 Stop on the right side of the road near exposures 

of red and brown sandy sediment of the marshes 
of Public Shooting Grounds. 

STOP 10. Gilbert shoreline stratigraphy and chronology 
(Public Shooting Grounds). 

At this stop we will briefly examine some exposures in 
roadcuts of sediments associated with the regression of 
Lake Bonneville and the transgression to the Gilbert shore- 
line. The road elevation is about 4230 ft (1289 m), for refer- 
ence. The platform roughly at eye level throughout the 

channel sands interbedded 

Holocene hlghstand 
beach sand 

bnneviiie regressive mud 

Figure 26. Generalized stratigraphy of road-cut exposures at the 
Public Shooting Grounds (stop 10). Mod$ed from Currey (1990, 
fig. 15). Heavy lanes represent unconformities. Radiocarbon ages of 
10.9, 11.0, 11.6, and 12.0 have been obtained on samples of gas- 
tropods and organic-rich sediments from the channel sands and 
coastal marsh deposits, which were deposited prim to and during 
the Gilbert transgression (Currey, 1990). 

marshes is a wave-cut surface left by the regression of the 
Gilbert lake. It is cut into a -2-meter-thick deposit of 
lacustrine sand deposited by the Gilbert lake. 

The general stratigraphic sequence in this area (fig. 26) 
has been described by Currey (1990). Reddish silty sedi- 
ments at the base of the section are interpreted as late 
regressive-phase deposits of Lake Bonneville. These are 
overlain by gray, organic-rich mud and channel sands con- 
taining abundant molluscs, which have been dated at 
11.9-10.9 ka (Miller et al., 1980; Currey, 1990). The organ- 
ic-rich mud was probably deposited in a marsh environ- 
ment, as suggested by the mollusk and ostracode faunas. 
Sand, interpreted as having been deposited during the 
transgression to the Gilbert shoreline (20 ft [6 m] above this 
site), overlies the marsh mud. The Gilbert shoreline was 
produced between 10.9 and 10.3 ka (Currey, 1990; Benson 
et al., 1992). All Holocene highstands of Great Salt Lake 
were lower than the Gilbert shoreline. 

Reset mileage to zero and proceed east on Highway 83. 

2.0 The Stansbury, Provo, and Bonneville shorelines 
are prominently displayed to the northeast on 
Little Mountain. 

3.5 Putrid hot springs are common near the road as 
we drive along the base of Little Mountain. East 
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of Little Mountain. flats ~roduced during the Bills, B.G., and May, G.M., 1987, Lake Bonneville: Constraints on litho- " 
Gilbert regression merge with a broad, low- 
relief delta plain of the Bear River. East of the 
town of Corinne, the road drops to the modem 
flood plain of the Bear River. Bear River proba- 
bly delivered the largest water and sediment 
influx to Lake Bonneville. 

13.8 Turn left to enter 1-15 southbound. Bonneville 
and Provo shorelines are visible to the east on 
the face of the Wellsville Mountains. A Gilbert- 
type delta graded to the Provo shoreline can be 
seen at the mouth of Box Elder Creek above 
Brigham City. Extensive quarries mark the 
delta. 

Mile 358. On the east are good views of fault scarps cut- 
ting Holocene alluvial fans at the base of the Wasatch 
Mountains. This segment of the fault has undergone repeated 
Holocene rupture, but the youngest identified event is 
3600 f 500 years ago (Machette et al., 1991). 

Mile 345. To the south is a view of the massive delta of 
the Weber River. It is composed mostly of silt and fine 
sand. The delta surface is about at the Provo shoreline. 

Mile 340. Views to the west are of Great Salt Lake, 
Fremont Island, and Antelope Island. Hill Air Force Base 
lies on a delta surface to the east. 
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