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Alluvial Fan Stratigraphies

e.g., Death Valley

Denny,  Hunt Reynold, Hooke,  Moring, Bull, Hooke Nishiizumi Klinger, Machette
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Death Valley-Fish Lake Valley Fault System

Big Dip Canyon

Red Wall Canyon

S. Mud Canyon




Q2c surface

Red Wall Canyon Offset
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Be-10 ages for boulders on Q2c surface in Death and Fish Lake valleys
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Development of alluvial fans

Process-response model

Arid fan model

Increase aridity and temp =» Decrease soil moisture & decrease vegetation density =»

Reduced soil infiltration & exposes soil to erosion = Increases sediment supply & valley aggravation =
Sed. supply decreases as colluvium removed/or colluvium stabilized by higher veg. cover = Incision occurs

Fans begin to aggrade at wet/cool-dry/warm (Glacial-Interglacial or Stadial-Interstadial) transitions till
sediment exhausted and then incise — should have interglacial/stadial ages

Age (ka)
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Process-response model

Arid fan model
Increase aridity and temp =» Decrease soil moisture & vegetation density =
Reduced soil infiltration & exposes soil to erosion = Increases sediment supply & valley aggravation =

Sed. supply decreases as colluvium removed/or colluvium stabilized by higher veg. cover = Incision occurs

Development of alluvial fans

Fans begin to aggrade at wet/cool-dry/warm (Glacial-Interglacial or Stadial-Interstadial) transitions till
sediment exhausted and then incise — should have interglacial/stadial ages

Expected fan TCN ages for arid model
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Development of alluvial fans

Process-response model
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How good is the TCN dating?

Active channel boulder ages!

7.7+6.7 ka
18.5+1.8 ka
75.2+6.9 ka
So do we have much inheritance
on Q2c?
Depth profiles give
age of 6318 ka!
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So does amount of inheritance
vary over time, e.g., is it greater
in Holocene?
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South Mud Canyon Offset - Q3b

. '°Be ages (n = 18)

. OSL ages (n=7) ]
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Black Mts Fault

Badwater
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Badwater

Q4 - active channel
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Morman Point

10Be atoms
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Be-10 surface boulder ages Be-10 cf. OSL ages

A) Morman Point
' Q3b TCNages  (n=6)
Badwater Q4 active channel (n=8) ﬂ ! Qb TNages  n-9
ﬂ Q3c (n=5)
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Can we see regional correlations? And what’s the best time ranges?
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A) QAission Creek
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Mission Creek —Whitewater Chronology

Alluvial fan surfaces arranged by relative age
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What are the age limitations with TCNs methods?

Modemn Alluvium

Qa

Qyf | Most recent alluvial fan surface

Q‘?f Lower abandoned alluvial surface

- Upper abandoned alluvial surface

Qo | Ocotillo Formation

QTps | Palm Spring Formation

3 *t Mecca Formation

Crystalline Bedrock: Greenschist, Gneiss, and Granite

Mesozoic Neogene  Quaternary

0 1 2 3 Kilometers (after Gray et al.’ QSR, 2014)
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Mecca Hills Be-10 boulder ages
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Explanation

[] Qf2 alluvial fan surface
Qf1 alluvial fan surface

\/\\/ N\
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side)

e Normal fault cutting bedrock
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potential problems!

Qf2b Surface Age Qf3a Surface Age
Sample 108 age =+ error Sample 108 age =+ error
K2* 802 +2.1 K12 36.6 0.8
K3 534+1.7 K13 23.5+ 0.5
K4* 23.1+09 K14 176+ 0.5
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Mean age 60.9 + 6.6 ka
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Glacial lake outburst floods &
alluvial/ paraglacial fans

O 4
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Flash floods in mid-Holocene induced
by summer thunderstorms
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Standard reporting of TCN data

Table 1. Example of a Table for Reporting Analytical Results of Terrestrial Cosmogenic Nuclide °Be Geochronology

Sample Location Elevation | Thick- Production Rate Shield- | Denudation | Quartz® Be Carrier 10Be/9Bef 2 10Be Concentra- Aget)k
(°N/°W) (m above | ness® (atoms g yr!) ingd Rate (2) (mg) (x 101%) tiong,h,i (106 atoms (ka)
sea (cm) Factor | (mm yr') g-1 5i02)
level) Spallation® Muons©

EOS-1 37.5947/118.0571 1750 1 17.33 0.35 1 0 20.0923 0.2668 25.16 +0.36 2.23+0.04 1299+ 11.8
EOS-2 37.5946/118.0570 1752 2 17.21 0.349 1 0 20.3301 0.2671 24.60+0.32 2.16 £0.04 1264 £ 11.5
EOS-3 37.5947/118.0589 1730 2 16.94 0.346 1 0 20.0780 0.2657 26.36 +0.34 2.33+0.04 139.0 +12.7
EOS-4 37.5948/118.0588 1753 3 17.08 0.348 1 0 20.1309 0.2628 23.18+0.30 2.02+0.03 119.0 £ 10.8
EOS-5 37.5943/118.0537 1760 2 17.30 0.35 1 0 20.1210 0.2641 22.09+0.28 1.93+0.03 1124 £10.2
EOS-6 37.5950/118.0537 1729 3 16.79 0.345 1 0 20.1563 0.2641 19.21 £ 0.31 1.68 +0.03 100.2+9.1

3The tops of all samples were exposed at the surface.
BConstant (time-invariant) local production rate based on Lal [1991] and Stone [2000]. A sea level, high-latitude value of 4.8 at 1°Be g-! quartz was used.
cConstant (time-invariant) local production rate based on Heisinger et al. [2002a, 2002b].
9No geometric shielding correction for topography was necessary (horizon < 20° in all directions).
€A density of 2.7 g cm™ was used based on the granitic composition of the surface samples.
fIsotope ratios were normalized to °Be standards prepared by Nishiizumi et al. [2007] with a value of 2.85 x 10'2 and using a 1°Be half-life of 1.36 x 106 years.

2Uncertainties are reported at the 1o confidence level.

"A mean blank value of 53,540 + 10,845 9Be atoms (?Be/?Be =2.994 x 1015 + 6.03 x 10-'%) was used to correct for background.

iPropagated uncertainties include error in the blank, carrier mass (1%), and counting statistics.

IPropagated error in the model ages include a 6% uncertainty in the production rate of 1°Be and a 4% uncertainty in the '“Be decay constant.

kBeryllium-10 model ages were calculated with the Cosmic-Ray Produced Nuclide Systematics (CRONUS) Earth online calculator [Balco et al., 2008] version 2.1 (http:/hess.ess.washington.edu/).

Table 1. Sample Format for Reporting Analytical Results of Terrestrial Cosmogenic Nuclide '’Be Geochronology

(after Frankel et al. 2010, EOS)




Need to:

1) Fully understand controls on alluvial fan and terrace
development.

Can we make maps of different fan types?

s =SS inht ceiproblems (esp. young |andforms)

e “S os mherltance vary, spatially, temporary and
with material?

3). Understand weathering & erosion problems (esp. old
landforms)

4) Combine multiple dating methods (comparlson sites)
Do we need a database?




