Glaciation of western United States....

* How do we know where? And how do we know when?
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Donner Lake — view east from old hwy 50 overlook
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Past Climates and Dating Techniques



Two Isotopes of Oxygen The ratio 018/0Q16

is less here as compared to ocean

O18 heavier than ()16 90°
o'\® Ors
076‘ 0\3 O16 With Evaporation
. . Water Vapor diluted
0\3 O‘\6 Ois in isotope 018
018
Os, . Or1s Ocean more concentrated
0\ 076’ 016 in the heavier isotope 018

Each 018 and O are stable
isotopes - there are on average 400
016’s for each 018 in atmosphere..

As water vapor moves from the tropics to 5180 values
high latitudes, it is continually depleted in 018 (%o)
relative to O -

So the ratio of 018/0%6 js |ess in ice than it is
in oceans...

... and the ratio will change in the ocean
according to how much ice there is on the

How do we know when it planet... (and the temperature of the water
was colder - quantitatively? too)



Record of deltal®0 measured marine benthic foraminifera and shells — a ‘proxy’ for ocean temperatures
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Downward trend reflects cooling climate since
Paleocene-Eocene time ~50-60 Ma

And then significant downward trend in last 2-3 m.a -
the ‘ice ages’...
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The more recent history of the climate history (i.e. delta0® record) is more accurately
known with sampling of sedimentary layers that have accumulated on the seafloor

Average marine
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Time {thousands of years ago)
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Milankovitch’s Cycles

Precession
~21,000 years

Sun

T &,
Eccentricity ~41 b"quiry
100,000 - /000 years

400,000 years

Martinson 1987

https://biocycle.atmos.colostate.edu/shiny/Milankovitch/
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'STAGES of the Oxyge n-lsoto pe Record - Martinson, M.D. et al., 1987. Age dating and the orbital theorey of the ice ages: development of a high-resolution 0 to 3000,000 year chronostratigraphy.
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'STAGES of the Oxyge n-lsoto pe Record - Martinson, M.D. et al., 1987. Age dating and the orbital theorey of the ice ages: development of a high-resolution 0 to 3000,000 year chronostratigraphy.

Quaternary Research, 27: 1-29.

Major periods of Cooling

Stage 2 ~15-25ka
Stage 4 ~55-65 ka

Stage 6 ~125 - 135 ka
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This tells us when things were cold but does not tell us directly the age of glacial deposits like we looked at earlier
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Quantitative Dating of Glacial Deposits and Surfaces

Radiocarbon gets one back to ~40k

Glacial isotope record shows cold periods prior to that time

Terrestrial Cosmogenic Dating (TCN) dating methods allow dating of rocks
back to several hundreds of thousands of years — with caveats..



Most are familiar with radiocarbon dating — and that is used when organic material is found in geologic deposits — but it
only is useful to about 40ky — for older deposits — Cosmogenic rays offer another approach is applicable to older deposits
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Galactic Cosmic Rays
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Terrestrial Cosmogenic Nuclide (TCN)
Dating of Rocks on Surface.
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Production rate for '°Be at sea level =
~5.2 atoms/g of SiO, per year

Cosmic Rays

Quartz (SiO,)

Boulder, bedrock or sediment

About 500g of rock chiseled/drilled form outer 5 cm of exposed rock.

To first order — isotopes accumulate increase with time — so concentrations of
isotopes are measure of how long rock is exposed on surface.

Other geologic factors that effect the concentration and thus age
determination are

-weathering

-process of exhumation — rapid/gradual
-prior exposure before being deposited at place of sampling (inheritance)
-shielding of surface by sediment or snow and topography




Terrestrial Cosmogenic Nuclide (TCN)
Dating of Sediments deposited on surface — applicable to alluvial surfaces that have been ‘abandoned’ and absent of erosion
for some period of time- in alluvium, cosmogenic radiation generally reaches no more than about 2 m (more than solid rock)

o1 |
Samples are collected from
depth intervals and generally
250-500 um fraction separated
to measure the nuclide
concentrations.

Older

The shape of the curve
changes consistently with age.

The concentrations are

additionally a function of

-production and decay rates of
particular isotope

-inheritance

-Latitude

-Elevation

~2m -Density of sediment

<-—-Depth (m)

Concentration of Nuclide-—>
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Glacial moraine

Scarp and trailhead
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