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4, LiDAR data are
collected from
airplanes carrying
lasers capable of
MEeasuring
pracisely the
travel time of laser
light te Earth's
surface. High-
pracision GPS
detarmines the
location of the
airplane when each
laser pulse is sent
out and received.

3. Recording GPS
receivers anchored
to stable bench-
marks are used to
make high-
precision {mm-scala)
measuraments of
lateral and vertical
position change
caused by plate
tectonics and the
isnstatic response
to changing glacier
rmass oner thme.

6. Landsat and
other satellites
collect passive
remote sensing
data, Multi-spactral
sensors on the
satallites quantify
the amount of light
at differant wave-
lengths reflected
by the materials
covering Earth’s
surface, such as
differing vegeta-
tion or lithology.
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Relative
age dating

___— Rapidly eroding
shoulder and scarp

Depositional colluvial
o wedge

Slope decline (rounding)
,/ of steep fault scarp

Thickening of
/ colluvial wedge



Signs of
landform
degradation

Rounded crest




Weathering rind




Additions
- Precipitation - Flood Deposits
- Dust - Organic Matter

Forest soils

s 1ype and degree of

elemental concentrations as organic acids,
_ generated from decaying organic material,
teri
in

zone of leach

it into the B horizon. Where forest soils
develop under coniferous forests and on sandy
soils, bright white, highly leached E horizons
are often present.

T s o] | develo pment

E - leached horizon, often sandy
or silty, white or gray in color
reflecting lack of grain coatings.

B — zone of clay and iron oxide
accumulation, blocky soil struc-
tures developed here, reddish

color. .
Grassland soils

Humic acids and dissolved cations

C - parent material, may be
oxidized if not saturated.
Additions
Losses - Precipitation - Flood Deposits
- Dissolved - Dust - Organic Matter

material lost

to groundwater
“A-mixture of decomposed
organic material and mineral soil,
- zone of leaching, dark color.

Grassland soils typically have large amounts of
decaying organic matter in dark and deep A
horizons because alkaline grass litter and dry
summers slow the decay of organic material.
These soils have high base saturation and thus
are fertile, producing much of the world’s grains.

B - zone of clay and iron oxide
accumulation, blocky soil
structures developed here,
reddish color.

Humic acids and dissolved cations

C - parent material, may be
oxidized if not saturated.

\> Losses

- Dissolved material lost
to groundwater

-




Soil development

Younger, Older, thicker soil,
thinner soil on old rock
Young _, An older soil
lava flow % ## is thicker than
' kab a younger soil.




Younger fan surface %% Older fan surface
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Calibrated
Relative Dates
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Lichenometry is a calibrated relative dating method, which relies on the observation
that lichens of a single species have similar growth rates. Thus, by calibrating a growth
curve on surfaces of known age, such as buildings and tombstones, the maximum width
of a lichen found on a surface of unknown age (such as a glacial moraine) can be used
for dating. Lichenometry can be used to date features between a few decades and a few
centuries in age.




Dating methods frequently used by geomorphologists

Method

Type

Age Range
(years)

Requirements/Assumptions

Radiocarbon (**C)
Cosmogenic nuclides

Luminescence

U/Th
Dendrochronology
K/Ar
Lichenometry

Amino-acid racemization
Rock weathering
Soil development

Numeric dating
Numeric dating
Numeric dating

Numeric dating
Numeric dating
Numeric dating
Calibrated relative dating

Calibrated relative dating
Relative dating
Relative dating

10* to 5 x 10*
10% to 10°
10° to 10°

10° to 10°
10" to 10°
10° to 10°
10" to 10°

10° to 10°
10* to 10°
10 to 10°

Organic material present in interpretable geologic
context

Continuous exposure of noneroding surface that
was free of cosmogenic nuclides before exposure

Quartz or feldspar exposed to light or heat before
burial

Carbonate minerals
Wood from trees
Potassium-bearing minerals

Lichens on both unknown and dated calibration
sites

Well-preserved shell material
Dated surtaces for calibration
Dated chronosequence for calibration
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Ring thickness (mm)
g5 | —4

Wetter growth
years
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Ring width index

In addition to dating tree ages,
tree ring analysis can be used to
decipher changes in ring width
related to climate (temperature,
water, and cold stress). The
thinning of rings over time needs
to be filtered out, usually by
detrending the data using a curve

fit. The resulting deviation from the
curve defines the ring width
index and is used for paleoclimate
interpretation, with deviations
above or below the fitted trend
interpreted as wetter or drier years,
respectively.




C-14 dating

maining

Percent of "*C re

2

1 half-life

Radioactive decay of *C
1/2 of “C remaining

2 half-lives

1/4 of "C remaining )
3 half-lives

1/8 of C remaining

4 half-lives
1/16 of “'C remaining

/

11,460 17,190
Years before present

5730 22,920 28,650




Optically Stimulated
Luminescence Dating

LT
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sunlight empties
traps

Burial shields
grain from  Cosrmic rays
sunlight

Filled traps
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Geological

luminescence signal
.___—-l-:

* Luminescence

' clock zeroed
by sunlight
exposure

Sample collection
and measurement

Burial period:

Increased trap filling ¢

by environmental rad.

Experimentally derived dose-response
relationship

Every sample behaves
somewhat differently and
has a different sensitivity to
radiation. Additive dosing is
done to test how much
luminescence is generated
from a unit dose of radiation.
Once the radiation sensitivity

Additive dose of radioactivity

and the luminescence of the
sample have been

Corresponding

TL intensity !
measuredin:
sample

determined, an age can be
calculated. Because ambient
light resets the luminescence
signal, all sampling needs to
be done in the dark and all
samples need to be
protected from light before
and after sampling.

Photons released




MEASURING RATES OF
GEOMORPHIC PROCESSES

Unit 2 — Continued




Sediment: Generation Vs Y|eId (Rlvers)




Step 1. River stages can be measured Step 2. Water discharge rating curves
are created from numerous measure-

manuall:._r by reading staff gauges or ments of discharge at a gauging station
automatically by stage recorders. Some These measurements are made at

recorders use floats that measure water different river stages using velocity
surface elevation directly; others use meters and measured channel cross

pressure transducers that measure the sections or by damming the river and
mass of water overlying the sensor. forcing flow over a weir for which the
stage-discharge relationship is known.
Discharge rating curves are remeasured
to ensure accuracy as channel dimen-
sions and thus the rating curve can

cha nge aver time,

1. Measurements of mean
daily stage height

2. Discharge rating curve
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Time (days)

River stage height




Step 3. Convolving
measurements of stage with the
discharge rating curve allows for
calculation of discharge over
time. Data are collected at
different time intervals and are
often reported as mean daily
discharges.

4. Sediment rating curve ®
®

Suspended
sediment load

Discharge

Step 4. Sediment rating curves
3. Mean daily discharge compare sediment concentra-
tion and water discharge and are
often quite noisy, due to varia-
tions in sediment supply to the
river. They are constructed by
measuring sediment concentra-
tions at different water
discharges. Sediment concentra-
tions can be measured discretaly
by sampling river water or
continuously using recording
turbidity meters. |
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Step 5. Sediment loads (mass/time)
are calculated hg.r mtdﬁpljgmgg

_ sedﬁtfeat*;:nnﬁratmm {mass/
wtuh‘rg}%mj mmr ﬂtﬂtﬁﬁﬁgﬂ'f

: ElﬁEﬁ ﬂaﬂy -,t:h‘ta am

summmj iﬂQWEvﬂh’ﬂHﬂHﬂdlhﬂﬂt
fluxes out of a drainage basin. Since
most sediment moves in large runoff
events, there can be great variability
in sediment F]%@%mem

5. Mean daily sediment load

Glabal Warmineg lnnagas S8 amy

Contempaorary sediment yields,
calculated from measurements of
riverine sediment flux over only
years to decades, may either over- or
underestimate long-term erosion
rates due to human impacts or

Time (days) climate variability.
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(s is a useful monitor of erosion and
deposition since the early 1960s, when the
isotope was delivered to the soil surface by
precipitation,'*Cs sticks to soil and thus
migrates no more than a few tens of
centimeters below the ground surface.
Using decay counting, geomorphologists
measure the inventory of *’Cs. If the
measured inventory is greater than the
amount delivered by nuclear weapons
testing, then the measured profileis a
depositional zone where eroded soil and
the attached *Cs have accumulated. If the
measured inventory is less than the amount
delivered by nuclear weapons testing, the
sampled profile is in an area that has eroded
since the 1960s.

Original

ICs jnventory). - {
/_[ Total

Original

"Cs inventory

Eroded material

Depaosited material
laden with ™"Cs

YCs inventory

inventory

Total '*'Cs

Distance




Apatite
crystal at

surface _
Erosion

Temperature

Once the crystal moves above
the closure temperature
range, fission tracks cease to

anneal and radionuclides are

retained. The fission track or
radiometric age of the crystal
reflects the time it took
erosion to remove the depth
of rock overlying the closure
temperature range. Using a
geothermal gradient
appropriate for the study
area, this depth/time
relationship can be
interpreted as a long-term
ergsion rate,

ronometry




Remote- Sensmg (e g LIDAR)

Fault scarp

|

R. Arrowsmith
R. Arrowsmith

A detailed topographic map with a 2-meter contour
interval shows the offset of Wallace Creek by the San
Andreas Fault.




The bottom line

Geomorphologists MUST be able to choose the right tool for the job
AND understand the geomorphic context in which the tool is used.

Because each tool has limitation due to unique field conditions AND
each tool brings underlying assumptions and biases, that if not
accounted for will likely produce incorrect
results/interpretaions/predictions!
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