
1

G422/522 Advanced Topics / Fans
The Influence of Climate and Tectonics on Fan Development

I. Introduction

A. Fans
1. storage compartments for sediment records
2. stratigraphic record of process

a. depositional style
b. erosional style

3. Morphology and internal stratigraphy provide record of tectonic and climatic variables

B. Influence of Tectonics
1. Classic: Fault Bounded Mountain Fronts

a. Basin Subsidence
b. Range Uplift

2. Tectonic Accommodation Space / Relief
a. Rates of Basin Subsidence
b. Relief / Mountain Watershed Development
c. Local Base Level Change

3. Tectonism - produces relief and accommodation necessary for fans to form

C. Influence of Climate (modulation of hydrologic regime)

1. controls watershed discharge and stream power
2. controls weathering rates and sediment production

a. vegetation control
b. hillslope stability

3. Local vs. Region climatic signals

D. Classic Sedimentary Basin Models
1. Steel and others, 1977

a. "major control on most sedimentation is tectonic"
b. Coarse-grained fan facies in tectonically active zones

(1) coarse-grained facies associated with fault-bounding tectonic activity
(2) fine-grained facies associated with tectonic quiescence

c. Early sedimentation models ignored climate factors
2. Blair and Bilodeau, 1988

a. Coarse-grained facies prograde into basins during tectonic quiesence
b. Fine-grained facies associated with fault-bounding tectonic activity

II. Late Pleistocene Climate Reconstruction of SW U.S.
A. Record

1. Pluvial Lake Development during last glacial
2. playas during current interglacial
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B. Controls on SW U.S. Climate
1. Position of Polar Front / polar jetstream
2. Seasonal behavior of Polar jetstream

a. "meridional" = seasonal migration of polar front
(1) northward migration = incursion of warm, moist tropical air

(a) present-day = "monsoonal" climate
i) summer storm systems

b. "zonal" = stable polar front
(1) strong, stable westerly airflow off mid-latitude Pacific

C. Pleistocene glacial climates
1. General glacial climate characteristics in SW U.S.

a. forcing of polar front to south / southwest
b. cooler temperatures (3-8 degree C cooler)

(1) decreased evaporation
c. increased precipitation (60-300% of present day)

2. Southward displacement of jet stream with strongly zonal, westerly air flow
a. Pluvial Lakes

(1) reduced evaporation
(2) consistent storm systems

D. Holocene Climates
1. Meridional air flow

a. seasonal flux of polar front
2. Monsoonal climate

a. penetration of tropical air into the SW during summer

3. Fan Activity / climate conditions
a. summer thunderstorms / localized
b. late summer tropical storm systems / cyclones
c. Geomorphic Fan Activity

(1) requires precipitation events / sediment delivery events

III. Vegetational Response / Hillslope Stability

A. Paleoclimate indicators
1. pine-fir = subalpine / montane forests
2. Pinyon-Juniper  = semi arid dry climate systems
3. desert shrub = desert conditions

B. Base Model
1. Stream Power / Runoff > Sediment Supply = fan degradation
2. Stream Power / Runoff < Sediment Supply = fan aggradation

a. Fan Aggradation a result of hillslope erosion in response to < in vegetative cover and >
summer storm activity (e.g. Holocene climate forcing)
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IV. Class Discussion

A. How to test for tectonic vs. climatic signals in alluvial fan records?










