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Commonly Used Terms and Updated Lake Bonneville
Stratigraphy
Jack Oviatt
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(retired)



some commonly used terms

shoreline

wave zone
offshore
barrier

bar

spit

longshore drift
delta
underflow fan
embankment
wave-cut notch
cut-and-built terrace

erosional shoreline

constructional (depositional) shoreline
abrasion platform

constructional (depositional) platform
marl: stratigraphic unit or lithological description
Wentworth scale:

gravel (pebble, cobble, boulder)

sand (coarse, medium, fine)

mud (silt and clay, usually with some sand)
shoreline tufa

spring tufa
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https://en.wikipedia.org/wiki/Littoral_zone
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F1G. 6.—Section of a Barrier.

Gilbert (1890)



spit

https://en.wikipedia.org/wiki/Spit_(landform)

A HOOK. DUTCH POINT, GRAND TRAVERSE BAY, LAKE MICHIGAN

Gilbert (1890)



longshore current;
longshore drift

https://en.wikipedia.org/wiki/Longshore_drift



embankment
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lidar image from Paul Jewell
F16. 12.—Section of a Linear Embankment retreating landward. The dotted line shows the original position of the crest.

Gilbert (1890)
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wave-cut notch
(erosional shoreline)
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abrasion platform (erosional)

Cliffs Area of cliff
recession

http://thebritishgeographer.weebly.com/coasts-of-erosion-and-coasts-of-deposition.html
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shoreline terraces

http://www.mobileranger.com/santacruz/the-cool-staircase-shaped-hills-north-of-santa-cruz/



marl

stratigraphic: “The White Marl, a fine calcareous clay or argillaceous

marl, light gray or cream-colored on fresh exposer, nearly white on
weathered surface.” Gilbert (1890, p. 190)

lithologic: “ .. [a] loose, earthy [deposit] consisting chiefly of an
intimate mixture of clay and calcium carbonate, formed under marine
or esp. freshwater conditions; specif. an earthy substance containing
35-65% clay and 65-35% carbonate .. .” (Bates and Jackson, 1987)



Wentworth grain-size scale

cobbles and boulders
pebbles

sand

Silt

clay

>64 mm

2 -64 mm
0.0625-2 mm
0.004 - 0.0625 mm
<0.004 mm



water classification

category total dissolved solids

(mg/l or g/m?3)

fresh 0-1000
brackish 1000-10,000
saline 10,000-100,000

brine (hypersaline) >100,000

Freeze and Cherry, 1979



tufa, microbialites
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nine-year-old for scale

microbialite or tufa-

mound at Lakeside
(not associated with a shoreline,

sediments of Great
probably spring discharge) Salt Lake



Utah Geological Survey — Lake Bonneville (a)

West side attribute columns

Geologic Conference and Short Course
October 5 session —
Field identification — Shorelines.

Field methods and data analysis used
1987 — 2006

|dentification and characterization of
highstand shorelines of Great Salt Lake,

Genevieve Atwood

What we saw.
What worked.
What didn’t work.

Some images.
Some thoughts.

East side attribute columns




GOALS of the field work

Re: Coastal hazards
Contribute to the understanding of the
dynamics of shallow, closed-basin
lakes, specifically GSL.

Unique opportunity
Document evidence of the 1980s
highstand of Great Salt Lake.

Criteria: collect what we wished had
been documented for the 1870s
highstand.




What we saw;

Anthropogenic debris
Floated (flotsam) =
automobile tires, railroad ties, telephone poles, lumber, and plastics.
Entrained =
bowling balls, marbles, asphalt, concrete, and pottery.

Organic debris: from brine fly pupae cases to tree trunks.
Locally derived: windrows of sagebrush twigs and disintegrated organic matter.
Driftwood: tree limbs tree trunks carried across the lake from mainland sources.

Wave-deposited terrigenous debris.
Erosional scarps.

PRESERVATION: o
From 1986 — 1989, floated organic
material was nearly CONTINUOUS
around Antelope Island marking the
highstand. One could walk on fine
organic debris virtually uninterrupted,
with total confidence of highstand.

. W
After 10 years.... The continuous fine[® |
organic debris was lost. m

Fire. Erosion. Burial. Boy scouts.



Three types of debris:
Terrigenous (sand and gravels mostly), Anthropogenic, Organic




Elevation survey — 1228 locations

Debris
Both flotsam and badioad

® Flotsam only




The monitored elevation of GSL in both 1986 and 1987 was approximately 4212
fta.s.l. (1283.7 m a.s.l.). The elevation of shoreline evidence of that highstand

was rarely at that elevation. Why?

No wind, no waves, no work !

We had to distinguish the concept of
SHORELINE used by the Corps of Engineers
and others
From
SHORELINE used by geomorphologists
studying paleoshorelines of the Great Basin.

“Shoreline” meaning the hypothetical still-
water interface of water and land.

Versus
“Shoreline” meaning physical evidence left by
wave processes.




Comments about survey
markers.

Wish for a dog that could smell
brass.

Wonder whether road graders get
extra points when they take out a
survey marker. (Image on right.)

Be grateful for GPS.




Datums matter.
Be careful and compulsive.



£
!

Pre-LIDAR. We used the lake as datum.

The still-water elevation of GSL is monitored.
But.. check that the GSL really is... still !!
Redundant fleld-day monitoring. (Image on right.)
On a calm day, seiche can change local level.




Shoreline evidence of GSL is not at still-water elevation of the lake.

We surveyed the elevation of shoreline evidence approximately every 50 m
although 13 (erosional) stretches were spaced >0 .5 km.

Research Question:

“Superelevation” = difference from still-water elevation of lake level.
|s the variation from still-water elevation systematic?

What association can be made to explain patterns?



Antelope Island data set — for UofU dissertation.
All georeferenced into GIS
Technique = linear referencing
“Linear referencing is a method of storing distance and temporal data that adds a new dimension to line features.” ESRI.
1228 surveyed locations on inundation expressions of the 1986/87 shoreline
on Antelope Island
667 shoreline stretches characterized for 15 attributes
305 shoreline stretches characterized for geomorphic attributes such as fetch
and aspect
208 shoreline stretches characterized with geologic attributes such as
bedrock versus surficial materials
94 shoreline stretches characterized for their planform shape, such as
convex or concave

Great Salt Lake data set — also for UofU dissertation.
5 relationships of Antelope Island research tested
10 shore regions
20 contrasting coastal conditions
608 surveyed locations



667 shoreline stretches characterized for 15 attributes

- Abundance of locally-derived vegetative
debris,

- Abundance of lumber,

- Abundance of large, natural driftwood,

- Abundance of non-wood, anthropogenic
materials, such as plastic or rubber,

- Abundance of sand,

- Abundance of gravel,

- Size of largest particle moved by shore
processes of 1986/87,

- Substrate, i.e., terrigenous materials
underlying shore materials,

- Beach materials exposed along the
1986/87 shorezone, and

- Shorezone type (erosional, depositional,
or both erosional and depositional).

Classifications of abundance of materials
(above) were based on visual assessment
of amount of materials present, not
percentages of materials of the shore.




305 shoreline stretches characterized
for geomorphic attributes such as
fetch, aspect, shorezone slope.
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208 shoreline stretches characterized with geologic
attributes such as bedrock versus surficial materials

Bedrock

Tertiary
volcanic
sedimentary

!

Bedrock of % " - Tintic Quartzite
the shorezone

- 3 Farmington Canyon
Surficial Complex / metamorphic
-

e Bedrock




Great Salt Lake data set:
5 relationships of Antelope Island research tested
10 shore regions
20 contrasting coastal conditions
608 surveyed locations

om

Antelope
Island

Shores classified as generally high, ®@intermediate, and ™low shoreline superelevation.




Antelope Island research data set
What worked: LINEAR REFERENCING in GIS.

)

Diverse data sets can be referenced to a common “shoreline.’

POINT DATA
1228 locations surveyed for elevation of v— y——

shoreline evidence. “‘j

THREE SETS of LINE DATA .
667 shoreline stretches characterized for the 15 Y.
attributes.

4

305 shoreline stretches characterized for
geomorphic attributes such as fetch and aspect from
maps.

94 shoreline stretches characterized for their
planform shape, such as convex or concave.

POLYGON DATA 208 shoreline stretches

characterized with geologic attributes such as
bedrock versus surficial materials.




Ladyfinger Point

X Surveyed locations with geographic coordinates

A Surveyed locations projected to shore-route
— Shore segments characterized in the field

= Shore segments defined on geomorphology /'
= Shore-route /

390 f
————— Meter

The attribute sets (point, line and polygonal) were projected to the “shore route” so
differences in shoreline elevation could be analyzed with respect to diverse
attributes.

(Atwood, G., 2003, Columnar display of multiple attributes of linear features using ArcGIS, in 2003 ESRI International User
Conference: Redlands, Calif., ESRI Press, Proceedings of the twenty —third annual ESRI user conference.

Atwood, G., and Cova, T.J., 2000, Using GIS and linear referencing to analyze the 1980s shorelines of Great Salt Lake,
Utah, USA, in 4t International Conference on Integrating GIS and Environmental Modeling (GIS/EM4): Boulder, Colo.,
NOAA National Geophysical Data Center.)



Columnar Display of Twenty Characteristics of the 3 g EXPLANATION:

1986-87 Highstand Shoreline of Great Salt Lake 3 i hand e e s
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Partial set of attribute columns for the west side

Largest particles
Substrate

Beach materials
Shoreline
superelevation

64.385 km = Qkm |
Lady Finger Point

. | 10rganic debris

I

TN

(URTTRTRRAL (VAT

Linear Rej

East Side
columns

Associations are easy to
present but their meaning
is a challenge.

GIS provides tools to
highlight relationships.
(next slide).




() The upper display shows all

Westsdotfilocchams |~ Fastid ttbu colus attributes. The columns closest to the
-i' I| (R T ARILHE island are elevation data.
W IR ’ ; HI

.|

The lower display classifies the
elevation data in quantiles (higher
elevations in reds and oranges and
lower elevations in greens and
yellows).

Note how the elevation of shoreline
evidence of the 1980s highstand is
clearly lower (greens) on the east side
of the island and higher (reds and
oranges) on the west side.

Attributes portrayed as quantiles
showed associations. For example,
quantile classes of “slope immediately
off shore” had patterns similar to
patterns of shoreline superelevation.




TIPS to mappers:
Try to view evidence from
different perspectives

Satellite
From the air
On the ground

FROM the AIR.
Still-water elevation of
GSL and shorezone
features of the highstand.
Image taken (Atwood)
from helicopter survey

within a week of June 3,
1986 highstand.

S = Shoreline evidence
L = Lagoon

V = Vegetation change
RR = Ranch Road

OS = Older shorelines




ON THE GROUND.
The 1980s highstand left unequivocal
evidence. It contained anthropogenic
trash. We were not lost stratigraphically.
Without this evidence, the two shoreline
expressions (right) of the 1980s
highstand might have been mapped as
shorelines of different ages rather than
the same highstand event but

expressions of contrasting wave energy.

Unicorn | | BT
Point

Shoreline Superelevation
@ High > 4215 ft (1284.7 m)

Intermediate

@ Low < 4213.8 ft (1284.4 m)




It helps to see the
~ processes in action... In
real time.

Antelope Island’s cobble beaches are
erosional remnants of the swash
zone. Still-water elevation is at the
base of the cobble beach. Waves run
up the shore and carry away fines
abrading cobbles. This is a low-
energy beach. Buffalo Bay, 1998.



Stacked debris
indicated transport
direction.

But stacked debris is
ephemeral.
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The problem of
reworked terrigenous
materials.

We distinguished only one
patch of 1860s highstand
debris. Note change in patina.
Patina is ephemeral.

Two highstands to the same
elevation will not be
distinguished.

Succeeding higher highstands
rework prior ones eliminating
evidence of the earlier
highstand.




Highly recommended:

Have colleagues,
Have a buddy.

And always check out what GK
had to say on the subject.




This talk summarizes field methods and the GIS analysis of my University of Utah
doctoral research published in Miscellaneous Publication 06-9, Utah Geological Survey.

Committee members: Katrina Moser (chair), Marjorie Chan, Tom Cova, Paul Jewell,
Harvey Miller; and former committee members: Don Currey (deceased), Roger McCoy.

Field colleague: Don R. Mabey.

Field assistance: Roy Adams, Katie Andrews, Amanda Atwood, Tim Edgar, Alisa Felton,
Holly Godsey, Art Hantla and family, Paul Jewell, Matthew Mabey, Linda Martinez, Mark
Milligan, Ann Neville, Vicki Pedone, Pamela Poulsen, Jack Oviatt, Janet Roemmel,
Vicky Solomon, and Catherine Spruance.

Technical assistance: Mark Finco, Matthew Mabey, and Tamara Wambeam for GIS
assistance, and Julia Reid for assistance with SPlus statistical software.

Logistical support: Antelope Island State Park; Utah Geological and Mineral Survey; Lee
Brown and Dan Tuttle of US Magnesium; Jim Huizingh and Nathan Tuttle of Morton
Salt; Eric Beaumont and Tom Burton of Great Salt Lake Minerals; the Bleazard brothers
of Stansbury Island; and Bill Hopkins of Deseret Land and Livestock.

Readers of earlier drafts: Roy Adams, Lehi F. Hintze, Don R. Mabey, Charles G. (Jack)
Oviatt, and Dorothy A. Sack.

Funding and in-kind support: USGS data grant for satellite imagery; NSF grant to Chan
and Currey, NSF grant DEB-9817777.



Stratigraphy, Marker Beds, and Age Dating

Jack Oviatt
Kansas State University
(retired)



Lake Bonneville chronology

hundreds of radiocarbon ages reviewed

used: ages with known stratigraphic and/or geomorphic
context; ages of reliable materials; ages in shoreline
settings

not used: ages in cores; most tufa ages; infinite ages
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Radiocarbon ages of wood
or charcoal have fewer
potential problems than
radiocarbon ages of

= —
gastropod shells (or any Ui* s A =
carbonate materials). LI
Therefore, shell ages that are older than
wood ages at the same elevation
have to be incorrect; but they might

indicate radiocarbon reservoirs in the
water.



Oviatt (1991a); Oviatt, unpublished

| radiocarbon ages:

14,130 + 100 charcoal
mixed with soil and
sediment

e 14,650 + 190 charcoal
mixed with soil and
sediment

e 15,250 + 160 charcoa

e 15,320 *+ 140 charcoa

* 15,900 + 290 charcoa

e 19,840 + 400 charcoa

e >27,150 mollusk shells




accuracy and
precision

accurate

©

@
not precise

accurate

precise

not accurate
precise

not accurate

not precise



Radiocarbon Years Ago

atmospheric radiocarbon

B o o LEL L L L L LA B ) LA L l!lllll.lll|.|ll|lllll?lllllll]]llli
radiocarbon calibration 220 SH: Wellington, New Zsaland
' NH: Vermuntsee, Austria
9000+-------------14C Age of 9000 yrs ago calibrates to--~----, { 200
8000- g ﬂ
7000- 3 _ 180 i
Theoretically perfect <
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https://www.researchgate.net/figure/Radiocarbon-calibration-curve- Year (AD)

the-straight-line-shows-what-a-perfect-relationship_fig2 255483709 https://en.wikipedia.org/wiki/Partial_Nuclear_Test_Ban_Treaty



rounding of radiocarbon ages

maximum age range ~1600 cal yr

12980 + 70 1*Cyr BP =
15500 £ 250 cal yr BP

[example from Sunstone Knoll,
Sevier Desert; ages of Anodonta
shells, all from the same locality and
stratigraphic position]

12660 + 70 14C yr BP =
" 15000 + 280 cal yr BP

12490 + 130 *Cyr BP =
14650 £ 500 cal yr BP

middle of age range, rounded to the nearest 500 yr

|

14000 14500 15000 15500 16000

calibrated years data from Isgreen (1986); Godsey and others, 2011



core depth (cm)

50 1

Bonneuville flood

near Deep Creek,
western Ut

Newfoundland
Mtns. (NFM5)
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Hansel Valley Wash

Bonneville flood near Deep Creek, western Utah



Bonneville flood in cores
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Deciphering Paleo-winds:
The Promise and PitfaIIsJ
-~ of Lake Bonneville

Paul Jewell
Department of Geology andGeophysics
University of Utah

Lake Bonneville Short Course
October 5, 2018




Lake Bonneville as a record of
the Pleistocene climate of the Great
Basin?

What we do know:
- The Great Basin was colder during the Pleistocene

- The hydrologic balance was more positive (P > E)
than today

What we don’t know:
- The general nature of the atmospheric circulation



Paleoclimate variables:

 Temperature




Paleoclimate variables
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* Wind speed



Significance of understanding paleowinds

* Transport of aeolian material (including
toxic materials)

* Formation of common geomorphic
~ features (spits, shorelines, tombolos)

 Validating climate models and evaluating
- the differences between modern and
ancient climate

* Intellectually challenging (very few
proxies)




subtro
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=\ cool, moist




“Extra-tropical cyclones”. these do most of the geomorphic work




Existing paleowind proxies

Proxy Disadvantage

Loess/sand The result of relatively strong

dunes winds (> 6 m/s)

Fallen trees Strong winds necessary to
knock down trees

Most continental paleowind proxies have limited spatial
distribution: might there be something better?













Three mechanisms to precipitate tufa:

1. Water agitation (waves)
2. Photosynthesis (algae)
3. Rising temperature
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“Most Lake Bonneville
spits are oriented
to the south”

~— =Don Currey
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A. » westerly B.

hypothetical Lake
Bonneville island

longshore
transport \{1

spit

changein
shoreline
orientation

s S S 5

Most geomorphic work in aquatic environments

iIs accomplished by large storm events
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A geologist’s simplistic view of an extratropical

cyclone over Lake Bonneville
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A geologist’s simplistic view of an extratropical
cyclone over Lake Bonneville
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So the humble geologist begins his quest to
understand modern surface winds in the Great
Basin ...

Procedure:

Hourly wind records from 1946 — 2001 (up to ~ 5x10°
per station) examined for various Great Basin
ocalities

« 24-hour moving average filter to find periods of
extended high winds (i.e., storm events)

Beaufort Wind Scale: during10 m/s winds “large
waves form; white foam crests everywhere ...”.
These winds move sediment and cause
longshore drift.
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When did the switch happen? Why did it happen?

“Pleistocene strong wind paradox”




A North America Continental
Anti-Megamonsoon?

» High pressure over the continental ice sheet
would be quasi-permanent and intense

 Extra-tropical cyclones would be relatively
common leading to strong, unidirectional
winds (“katabatic” winds) over Lake
Bonneville capable of producing southward
directed spits

- If so, then the track of the Pleistocene jet
stream was south of Lake Bonneville (an
Important constraint on paleoclimate
reconstructions and GCMs)




Jet stream placement and atmospheric
circulation over North America during the
Pleistocene (as seen by an atmospheric
GCM)
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Numerical Ocean Circulation Model

(Global Scale
Modular Ocean Model

(MOM : GFDL)

Local Scale

Princeton Ocean Model 77
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Marine Environmental
Committee Model
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Somewhere along that long, lonesome
road of Lake Bonneville research ....




Geodynamics of Large Lakes:
Bonneville, Lahontan, and Minchin

Bruce G. Bills

Asteroids, Comets, and Satellites Group
Jet Propulsion Laboratory



outline

* objectives of geodynamics research
— ways of measuring “strength” of the Earth
— why large lakes are useful

— data requirements for models

» applications:
— Bonneville (western Utah)

— Lahontan (western Nevada)

— Minchin (western Bolivia)



basic problem

* on time-scales shorter than a day

— Earth behaves like an elastic solid
— from the surface to the core-mantle boundary

* on plate tectonic time-scales (millions of years)

— Earth behaves like a viscous fluid
— from the lithosphere on down

 how does that transition occur?



generic forcing model

Earth structure
filter




methods of probing Earth structure

type iInput output |time scale

earthquakes impulsive displacement seconds-days
displacement

tides periodic displacement, hours-weeks

gravitational gravity anoma|y
potential

ice sheets complex displacement 102-10% years
vertical load

large lakes complex displacement 102-10% years
vertical load




advantages of large lakes

* significant vertical deflection
— produced via loading
— recorded in shoreline elevations

« complex load
— spatial complexity
— temporal complexity

* temporal record
— sedimentary layers
— less destructive than glaciers



more advantages of lakes

* loads are easily reconstructed

— top surface is level
— bottom surface is existing topography

 shorelines are often traceable basin-wide

— decouples spatial and temporal problems
— internal consistency

* lateral variation in viscosity between basins
easily accommodated



main points

» lakes are important sources of information

— paleo-climate history
— rebound and rheology

» density and viscosity should both be adjusted

— both influence rebound
— spatial patterns of influence are separable

* |ateral variations in viscosity?
— contrasting geologic provinces

— lithospheric age variations



density versus viscosity

* density and viscosity

— both determine response function
— partial derivatives are separable

* density is reasonably well known a priori



A simple model of the Earth....










compare 3 large lakes

 Bonneville

— location: western Utah
— max volume: 9,000 km?3

— Max area.

 Lahontan

— location: western Nevada

48,000 km?

— max volume: 2,000 km?3

— Mmax area.

 Minchin

22,000 km?

— location: western Bolivia
— max volume: 4,600 km3

— Max area.

56,000 km?

max rebound: 75 m
max depth: 330 m

max rebound: 18 m
max depth: 110 m

max rebound: 32 m
max depth: 140 m



lake volume versus depth
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lake Bonneville load and rebound pattern

10 m contours
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lake Lahontan load and rebound pattern

2 m contours
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lake Minchin load and rebound pattern

5 m contours
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lake Bonneville
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Bonneville: Observation Sites
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Bonneville: Computed
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computed deflection (m)

Bonnewille: Observed vs Computed
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Bonneville: Residuals

80
70
60
50
40

30

(w) renpisax

-10
-20

300

200

100

-100

-200

-300

distance north (km)




distance north (km)

Provo: Observation Sites

300
200 LA |
¢ o‘ ‘o J $
o @
- *°® s, o N
o® ® * ®
PRI % o o
ee %o .
100 [ ° ° . _|
.o ¢ .
- ' ° I ¢ n
® e °
0 L ° : ° :‘. —
. . o o
. ., ® I
100 | S o -
* Y °
| ‘. ® b _]
. e o
® o
° .
-200 . 7
_300 | | | | |
-300 -200 -100 0 100 200

distance east (km)

300




deflection (m)

Provo: Observed

80
70 [ -
60 [ 7
I P |
50 [ e o 7
40 | LN e n
30 | o ee * .o .
® * [ ] ° . ®
B ..’ ° ° ® o oo N
ol Y Te b : Y ) b y Y | |
B - - . |
10 | ° ‘.. .. . . L ] L ] L ] ]
0 — ® . ® ° 1
-10 [ 7
20 | | | | |
-300 -200 -100 0 100 200

distance north (km)

300




deflection (m)

80

70

60

50

40

30

20

10

-10

Provo: Computed

® oo “.
® .
° o *
o O
¢ .
L] ‘.o ¢ ¢ o ® ) :Q
o , ° ™ * ® oo
® * ° * ® .
™ o * * ¢ ° .‘O
% °
o‘. PO *
o‘ b o P e o
. N P L4 °  *
° °
® °
[ 0‘
% o
®.
| ] | |
-100 0 100 200

distance north (km)




deflection (m)

10

-20

Provo: Linear & Quadratic Trend

80

70

60 [

50 [

40

30

20 [

10

‘..‘:“ﬁ‘ “ ."‘.:Q.... o e . * e
PR J PISa e B

L * e
?:’."“:

!

-300

-200

-100 0 100
distance north (km)

200

300




residual (m)

Provo: Residuals
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lake Lahontan



Lahontan rebound references

Isostatic rebound, active faulting, and potential geomorphic effects in the
Lake Lahontan basin, Nevada and California
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shoreline elevation pattern projected onto north-south line Fig 10
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residual (m)

shoreline elevation pattern projected onto east-west line

Fig 11
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Figure 12

observed versus computed elevations
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lake Minchin
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drainage basin
and present lakes
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Where Things are Going in Lake Bonneville and Great
Salt Lake Research

Jack Oviatt
Kansas State University
(retired)



gravel pit along Highway 30, 1.7 km west of
Grouse Creek Junction (113.9092 W, 41.4182 N)

sample JO11-08; Pyrgulopsis shells
(20160 + 80 14C; Beta-306758)

for scale, shovel handle is about 1.5 feet (~50 cm) long

GRAVEL 1 was deposited first in the shallow lake, then lake level was lowered so that waves
winnowed out the finer pebbles and left the boulder and cobbles, which show up as a line
on the wall of the gravel pit. Then lake level rose again and GRAVEL 2 was deposited,
followed by continued lake-level rise and the Bonneville marl was deposited (this is the
fine-grained lake bottom mud of Lake Bonneville). GRAVEL 3 was deposited by waves as
Lake Bonneville dried up and lake level dropped across this site.
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Bonneville stratigraphy
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ostracodes in Lake Bonneville
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ostracodes yield information about water
chemistry
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Cytherissa lacustris Limnocythere sappaensis

Candona adunca Fabaeformiscandona caudata

(formerly called Candona caudata)

Limnocythere staplini Limnocythere staplini

Limnocythere ceriotuberosa . .
Limnocythere ceriotuberosa

photos by Alison Smith
in Oviatt, 2017




Wendover core Knolls core Burmester core Saltair core 528 core
] i B u ] ]
CD? LV
Paoha Island QL-»F\ Natural Trap(?)
o —— \_'1 LV 309
’— KNL-1420
PP 60 ~
NG, =
”-
\ v,.;, LLC PP
_‘M- LCS®
% ‘ 120 ~
%o % U
2 %r ?
- = purager) AL !!'Schcm g
Bailey L{BUR-523 R s RO
| Mesa Falls 2,
o ‘5 =1NE T 180
oo Il
. — BUR6213 L #
B = Bonneville
CD = Cutler Dam 210 -
PP = Pokes Point  Hucklebeny Ridge [— o
_ 240
LC =Lava Creek. || Hogsback()
P = unnamed Pliocene lake F BUR8412
U = unnamed lake ] BURS7L11
m —
Upper Horse Hill
P
Nomlaki |l "

Thompson and Oviatt, unpublished; Oviatt and others, 1999; Williams, 1994; Bright, unpublished

Depth (m)

Eardley cores



Burmester core, large lakes

approximate millions of years
1 2 3

— T T T T T T 1
80 120 140 180 220

depth (m)

|
280



Bonneville and
pre-Bonneville
elevations

Currey (1982);

Scott and others (1983);
Oviatt and others (1987);
Oviatt, unpublished

elevation (m)

1650 -

1550 -

1450 -

1250~

Stansbury; 1380; 25,000

GSL - Gilbert; 1295; 11,500

GSL; 1280; historic

=5200

-5000

-4800

-4600

elevation (ft)



Proceedings Volume:2018 Lake Bonneville Geologic Conference and Short Course

REFERENCES USED IN OVIATT SHORT COURSE POWERPOINTS

Jack Oviatt

Kansas State University (retired), Manhattan, KS 66506

REFERENCES

Adams, K.D., Bills, B.G., and Oviatt, C.G., in preparation, New data on the elevations of the Bonneville and Provo shorelines:
an on-going NSF-funded project.

Bates, R.L., and Jackson, J.A., 1987, Glossary of geology: Third Edition: American Geological Institute, Alexandria, VA.
Bright, J., late ‘90s, unpublished identification of ostracodes from the Burmester core.

Currey, D.R., 1982, Lake Bonneville: Selected features of relevance to neotectonic analysis: U.S. Geological Survey Open-File
Report 82-1070, 31 p.

Currey, D.R., 1990, Quaternary paleolakes in the evolution of semidesert basins, with special emphasis on Lake Bonneville and
the Great Basin, U.S.A.: Palacogeography, Palacoclimatology, Palacoecology, v. 76, p. 189 214.

Dinter, D.A., and Pechmann, J.C., 2004, Segmentation and Holocene displacement history of the Great Salt Lake fault, Utah, in
Lund, WR., ed., Proceedings volume, Basin and Range Province, Seismic hazards summit II: Reno-Sparks, Nevada, May
16-19, Utah Geological Survey Miscellaneous Publications 05-2, p. 1-5.

Forester, R. M., 1987, Late Quaternary paleoclimate records from lacustrine ostracodes, in Ruddiman, W. F., and Wright, H.
E., Jr., eds., North America and adjacent oceans during the last deglaciation: Geological Society of America, Geology of
North America K-3, p. 261-276.

Freeze, R.A., and Cherry, J.A., 1979, Groundwater: Prentice-Hall, Englewood Cliffs, NJ.
Gilbert, G. K., 1890, Lake Bonneville: U.S. Geological Survey Monograph 1,438 p.

Godsey, H.S., Oviatt, C.G., Miller, D.M., and Chan, M.A., 2011, Stratigraphy and chronology of offshore to nearshore deposits
associated with the Provo shoreline, Pleistocene Lake Bonneville, Utah: Palacogeography, Palaeoclimatology, Palacoecol-
ogy 310, 442-450.

Isgreen, M.C., 1986. Holocene environments in the Sevier and Escalante Desert basins, Utah: a synthesis of Holocene environ-
ments in the Great Basin [M.S. Thesis]. Salt Lake City, University of Utah, 134 p.

Jones, B., Naftz, D.L., Spencer, R.J., and Oviatt, C.G., 2009, The geochemical evolution of Great Salt Lake, Utah, USA: Aquat-
ic Geochemistry, v. 15, p. 95-121.

Laccore, unpublished information (http://lrc.geo.umn.edu/laccore/)
Oviatt, C. G., 1987, Lake Bonneville stratigraphy at the Old River Bed, Utah: American Journal of Science, v. 287, p. 383-398.

Oviatt, C. G., 1989, Quaternary geology of part of the Sevier Desert, Millard County, Utah: Utah Geological and Mineral Sur-
vey Special Studies 70.

Oviatt, C. G., 1991a, Quaternary geology of the Black Rock Desert, Millard County, Utah: Utah Geological and Mineral Survey
Special Studies 73,23 p.

Oviatt, C. G., 1991b, Quaternary geology of Fish Springs Flat, Juab County Utah: Utah Geological Survey Special Study 77.
Oviatt, C. G., 1997, Lake Bonneville fluctuations and global climate change: Geology, v. 25, p. 155-158.

Oviatt, C. G., Habiger, G., and Hay, J., 1994, Variation in the composition of Lake Bonneville marl: A potential key to lake-level
fluctuations and paleoclimate: Journal of Paleolimnology, v. 11, p. 19-30.

Oviatt, C. G., McCoy, W. D., and Nash, W. P., 1994, Sequence stratigraphy of lacustrine deposits: A Quaternary example from
the Bonneville basin, Utah: Geological Society of America Bulletin, v. 106, p. 133-144.



Proceedings Volume:2018 Lake Bonneville Geologic Conference and Short Course

Oviatt, C. G., McCoy, W. D., and Reider, R. G., 1987, Evidence for a shallow early or middle Wisconsin lake in the Bonneville
basin Utah: Quaternary Research, v. 27, p. 248-262.

Oviatt, C.G., Miller., D.M., McGeehin, J.P., Zachary, C., and Mahan, S., 2005, The Younger Dryas phase of Great Salt Lake,
Utah, USA: Palaeogeography, Palacoclimatology, Palacoecology v. 219, no. 3-4, p. 263-284.

Oviatt, C.G., 2014, The Gilbert episode in the Great Salt Lake basin, UT: Utah Geological Survey Miscellaneous Publication
14-3,20 p.

Oviatt, C.G., 2015. Chronology of Lake Bonneville, 30,000 to 10,000 yr B.P. Quaternary Science Reviews 110, 166-171.

Oviatt, C.G., 2017. Ostracodes in Pleistocene Lake Bonneville, eastern Great Basin, North America. Hydrobiologia 786(1),
125-135.

Oviatt, C.G., 2018. Geomorphic controls on sedimentation in Pleistocene Lake Bonneville, eastern Great Basin, in Starratt,
S.W., and Rosen, M.R., eds., From saline to freshwater: The diversity of western lakes in space and time. Geological So-
ciety of America Special Paper 536, p. 53—-66.

Oviatt, C.G., and Jewell, P., 1914, The Bonneville shoreline. Geological Society of America Abstracts with Programs. Vol. 46,
No. 6, p. 746.

Oviatt, C.G., and Nash, B.P., 2014, The Pony Express basaltic ash: A stratigraphic marker in late Pleistocene Lake Bonneville
deposits, Utah: Utah Geological Survey Miscellaneous Publication 14-1, 10 p.

Oviatt, C.G., Atwood, G., and Thompson, R.S., in preparation, 2018. in Rosen, M.R., Park-Bousch, L., and Finkelstein, D.B.,
eds. Limnogeology: Progress, challenges and opportunities: A tribute to Beth Gierlowski-Kordesch. Springer Oviatt, C.G.,
Jewell, PW., 2016. Chapter 5. The Bonneville shoreline: Reconsidering Gilbert’s interpretation, in Oviatt, C.G., Shroder,
J.F.,Jr., Eds., Lake Bonneville: A scientific update. Developments in Earth Surface Processes 20. Elsevier. p. 88-104.

Oviatt, C. G., Thompson, R. S., Kaufman, D. S., Bright, J., and Forester, R. M., 1999, Reinterpretation of the Burmester core,
Bonneville basin, Utah: Quaternary Research v. 52, p. 180-184.

Oviatt, unpublished data and information Pedone, V.A., and Oviatt, C.G., 2013, South to north major flow direction in Lake
Bonneville: evidence from carbonate mineralogy and geochemistry: Annual GSA meeting, October, 2013.

Pedone, V.A., Oviatt, C.G., 2016. Chapter 16. Water Chemistry Changes Over Time and Space in Lake Bonneville During the
Post-Stansbury Transgression, in Oviatt, C.G., Shroder, J.F., Jr., Eds., Lake Bonneville: A scientific update. Developments
in Earth Surface Processes 20. Elsevier. p. 442-461.

Rey,K.A.,2012. Insights into the early transgressive history of Lake Bonneville from stratigraphic investigation of Pilot Valley
playa, UT/NV, USA. MSc Thesis, Brigham Young University.

Rosen, M.R., compiler, 2015, Sixth International Limnogeology Congress— Field Trip Guidebook, Reno, Nevada, June 15-19,
2015. U.S. Geological Survey Open-File Report 2015-1108, p. 1-60.

Schide, K.H., Jewell, P.W., Oviatt, C.G., Jol, HM., and Larsen, C.F., 2018. Transgressive-phase barriers as indicators of ba-
sin-wide lake-level changes in late Pleistocene Lake Bonneville, Utah, USA. Geomorphology 318, 390—403.

Schnurrenberger, D., and Haskell, B., editors, 2001, Initial reports of the global lakes drilling program. Volume 1. GLAD 1—
Great Salt Lake, Utah, and Bear Lake, Utah/Idaho. Covering Expedition GLADI1 of the Drilling Barge Kerry Kelts and the
GLADSOO Dirilling System, 10 August, 2000 — 4 September, 2000: Limnological Research Center, Minneapolis, Univer-
sity of Minnesota, 315 p. https://www.ngdc.noaa.gov/mgg/curator/data/kerry kelts/glad1/GLLAD1 Expedition Report.pdf

Scott, W.E., McCoy, W.D., Shroba, R.R., and Rubin, M., 1983, Reinterpretation of the exposed record of the last two cycles of
Lake Bonneville, western United States: Quaternary Research, v. 20, p. 261-285.

Shelton, 1966, Geology Illustrated: WH Freeman.

Spencer, R.J., Baedecker, M J., Eugster, H.P., Forester, R.M., Goldhaber, M.B., Jones, B.F., Kelts, K., McKenzie, J., Madsen,
D.B., Rettig, S.L., Rubin, M., and Bowser, C.J., 1984, Great Salt Lake and precursors, Utah: The last 30,000 years: Con-
tributions to Mineralogy and Petrology, v., 86, p. 321-334.

Thompson and Oviatt, unpublished data and information.

Thompson, R.S., Oviatt, C.G., Honke, J.S., McGeehin, J.P., 2016. Chapter 11. Late Quaternary changes in lakes, vegetation,
and climate in the Bonneville basin reconstructed from sediment cores from Great Salt Lake, in Oviatt, C.G., Shroder, J.F.,
Jr., Eds., Lake Bonneville: A scientific update. Developments in Earth Surface Processes 20. Elsevier. p. 221-291.

Williams, S K., 1994, Late Cenozoic tephrochronology of deep sediment cores from the Bonneville basin, northwest Utah:
Geological Society of America Bulletin, v. 105, p. 1517-1530.



Proceedings Volume:2018 Lake Bonneville Geologic Conference and Short Course

http://thebritishgeographer.weebly.com/coasts-of-erosion-and-coasts-of-deposition.html

http://www.mobileranger.com/santacruz/the-cool-staircase-shaped-hills-north-of-santa-cruz/
https://en.wikipedia.org/wiki/Embankment_(transportation)
https://en.wikipedia.org/wiki/Littoral_zone

https://en.wikipedia.org/wiki/L.ongshore_drift

https://en.wikipedia.org/wiki/Partial Nuclear Test Ban Treaty
https://en.wikipedia.org/wiki/Spit_(landform)

https://www.researchgate .net/figure/Radiocarbon-calibration-curve-the-straight-line-showswhat-a-perfect-relationshi

fig2 255483709


https://www.researchgate.net/figure/Radiocarbon-calibration-curve-the-straight-line-shows-what-a-perfect-relationship_fig2_255483709

	Commonly Used Terms and Updated Lake Bonneville Stratigraphy: Jack Oviatt, Kansas State University (retired)
	Shoreline Elevation Variability: Genevieve Atwood, Earth Science Education
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27

	Stratigraphy, Marker Beds, and Age Dating: Jack Oviatt, Kansas State University (retired)
	Deciphering Paleo-winds: The Promise and Pitfalls of Lake Bonneville: Paul Jewell, University of Utah
	Geodynamics of Large Lakes: Bonneville, Lahontan, and Minchin: Bruce Bills, Jet Propulsion Laboratory
	Where Things are Going in Lake Bonneville and Great Salt Lake Research: Jack Oviatt, Kansas State University (retired)
	Oviatt References



