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numerous other geological discontinuities that in-
duce weathering and the generation of flows that
transport material to the fan, rapidly enlarging the
drainage basin. In contrast, neighbouring fans dis-
play developmental Stages 1 or 2 depending on the
position of their drainage basins with respect to
minor discontinuities in the uplifted block. The fans
in the vicinity of Copper Canyon in Death Valley
also exemplify this scenario (Fig. 14.18). The largest
and most developed (Stage 2) fans have the largest
and most structurally complex drainage basins from
which significant sediment is produced. The smal-
lest fans in this area, in contrast, have small and
unstructured drainage basins and have reached only
Stage 1 in their evolution.

The typical fan stage does bear consistency along
basin margins. For example, the fans in south-
eastern Death Valley exhibit Stages 1 or 2 of de-
velopment, whereas the fans across the valley along
the Panamint Mountains all have reached Stage 3
(e.g. Fig. 14.3a and d). This relationship is caused by
active and recent offset along the mountain-front
fault on the eastern side of the basin, which has
caused lacustrine transgression and burial of fans,
initiating a new tectonic cycle (Blair 1985, 1987b). In
contrast, the Stage 3 fans along the Panamint Moun-
tains have been developing for a significantly longer
period of time due to their position along the
inactive side of the asymmetric Death Valley half
graben.

CONCLUSIONS

Alluvial fans are common landforms of deserts,
occurring where a channel emerges from an upland
drainage basin to a tectonically controlled mountain
front and valley. Primary processes that construct
fans are rockfalls, rock avalanches, gravity slides,
debris flows, and confined or unconfined flash-
floods, all of which are most commonly instigated by
sporadic and catastrophic heavy rainfall or snow-
melt. The types of processes active on a fan are
dictated by precipitation characteristics, drainage
basin bedrock geology, morphology and enlarge-
ment history of the drainage basin, and the effect of
neighbouring environments on the fan site. Fan
sediment is surficially modified under more normal
conditions by secondary processes, including over-
land water flows, wind erosion, soil development,
particle weathering, bioturbation, and groundwater
movement. The fan sediment may also be faulted or
tilted due to tectonic activity.

The constituent morphology of a fan is a direct

Conclusions 397

result of the operative primary and secondary pro-
cesses. Constituent forms include debris flow lobes
and levees, incised channels, smooth surfaces, rills,
and gullies. The overall fan form, or composite
morphology, represents the sum of all of the consti-
tuent forms. Composite morphology is characterized
by a fan-shaped planview, convex cross-profiles,
and radial profiles that have either a consistent slope
or down-fan decreasing slope that produces a con-
cave-upwards geometry. Fan slopes depend upon
grain size variations and the types of processes
operative on fans, both of which are primarily
dictated by the characteristics of the drainage basin.

Desert fans are divided into two general types.
Type I fans are constructed principally of clast-rich
and clast-poor cohesive debris flows and may also
have an incised channel. They commonly are pro-
duced by drainage basins underlain by volcanic,
clayey sedimentary, or pelitic metamorphic rocks
that weather to produce significant clay. Type II fans
are built mostly by fluid-gravity flows, including
incised channel flows and sheetfloods, along with
rock avalanches or non-cohesive debris flows. They
are the more common product of drainage basins
yielding little clay, such as granitic terranes. Secon-
dary reworking of the Type I or I alluvial fans
ranges from minor to extensive, A Type 1A or IIA
designation is given where the reworking is minor; a
Type IB or IIB designation is given where the
reworking of the primary processes by overland
flows is extensive.

Drainage basin enlargement through time results
in a predictable three-stage evolutionary scenario for
alluvial fans, which follows a precursor stage. The
precursor stage entails the accumulation of a talus or
colluvial cone at the base of a bedrock notch. If a
drainage basin becomes established by the enlarge-
ment of this notch, processes such as rock avalan-
ches, debris flows, and gravity slides may occur in
addition to rockfalls, leading to an incipient or Stage
1 alluvial fan. The ramp-like foundation upon which
the more common composite fan morphologies form
is produced during this stage. Debris flows and
sheetflooding dominate the construction of fans
during Stages 2 and 3, leading to decreased average
slopes. Incised channels are not present or are very
short in Stage 2 fans, whereas they are prominent
and characterize Stage 3 fans. The presence of
well-developed incised channels is a result of the
progressive growth of the fan through lobe pro-
gradation. This overall evolutionary scenario results
in fans that both lengthen and decrease in slope
through time in concert with their drainage basin
enlargement.




398  Alluvial fan processes and forms
REFERENCES

Ahnert, F. 1970. Functional relationships between denuda-
tion, relief, and uplift in large mid-latitude drainage
basins. American Journal of Science 268, 243-63.

Alexander, D. and L. Coppola 1989. Structural geology and
dissection of alluvial fan sediments by mass movements:
an example from the southern Italian Apennines.
Geomorphology 2, 341-61.

Al-Sarawi, M. 1988. Morphology and facies of alluvial fans
in Kadhmah Bay, Kuwait. Journal of Sedimentary Petrology
58, 902-7.

Anderson, S.P. and R.S. Anderson 1990. Debris-flow
benches: dune-contact deposits record paleo-sand dune
positions in north Panamint Valley, Inyo County, Cali-
fornia. Geology 18, 524-7.

Anstey R.L. 1965. Physical characteristics of alluvial fans.
Natick, MA: Army Natick Laboratory, Technical Report
ES-20.

Anstey, R.L. 1966. A comparison of alluvial fans in west
Pakistan and the United States. Pakistan Geographical
Review 21, 14-20.

Beaty, C.B. 1963. Origin of alluvial fans, White Mountains,
California and Nevada. Annals of the Association of
American Geographers 53, 516-35.

Beaty, C.B. 1974. Debris flows, alluvial fans, and revital-
ized catastrophism. Zeitschrift fiir Geomorphologie 21, 39-51.

Beaty, C.B. 1989. Great boulders I have known. Geology 17,
349-52.

Beaty, C.B. 1990. Anatomy of a White Mountain debris-
flow — the making of an alluvial fan. In Alluvial fans — a
field approach. A .H. Rachocki and M. Church (eds), 69-90.
New York: Wiley.

Beaty C.B. and C.M. DePolo 1989. Energetic earthquakes
and boulders on alluvial fans: Is there a connection?
Bulletin of the Seismological Society of America 79, 219-24.

Beaumont, P. 1972. Alluvial fans along the foothills of the
Elburz Mountains, Iran. Palaeogeography, Palaeoclimatolo-
8y, Palaeoecology 12, 251-73.

Beaumont, P. and T.M. Oberlander 1971. Observations on
stream discharge and competence at Mosaic Canyon,
Death Valley, California. Bulletin of the Geological Society of
America 82, 1695-8.

Beckvar, N. and S.M. Kidwell 1988. Hiatal shell concentra-
tions, sequence analysis, and sealevel history of a Pleis-
tocene alluvial fan, Punta Chueca, Sonora. Lethaia 21,
257-70.

Beehner, T.S. 1990. Burial of fault scarps along the Organ
Mountains fault, south-central New Mexico. Bulletin of
the Association of Engineering Geologists 27, 1-9.

Berry, M.E. 1990. Soil catena development on fault scarps
of different ages, eastern escarpment of the Sierra
Nevada, California. Geomorphology 3, 333-50.

Beverage, J.P. and J.K. Culbertson 1964. Hyperconcentra-
tions of suspended sediment. Proceedings of the American
Society of Civil Engineers, Journal of the Hydraulics Division,
90(HY6), 117-28.

Bierman, P. and A. Gillespie 1991a. Range fires: Accuracy
of rock-varnish chemical analyses: implications for ca-
tion-ratio dating. Geology 19, 196-9.

Bierman, P. and A. Gillespie 1991b. Range fires: a signi-
ficant factor in exposure-age determination and geomor-
phic surface evolution. Geology 19, 641-4.

Bierman, P., A. Gillespie and S. Huehner 1991. Precision of
rock-varnish chemical analyses and cation-ratio ages.
Geology 19,135-8.

Blackwelder, E. 1928. Mudflow as a geologic agent in
semi-arid mountains. Bulletin of the Geological Socicty of
America 39, 465-84.

Blair, T.C. 1985. Nonmarine sedimentological response to
tectonism in rift basins: a comparison of the Jurassic
Todos Santos Formation, Chiapas, Mexico, with Quater-
nary deposits in Death Valley, California. Golden, CO:
Society of Economic Paleontologists and Mineralogists Annual
Midyear Meeting 11, 11-12.

Blair, T.C. 1987a. Sedimentary processes, vertical stratifica-
tion sequences, and geomorphology of the Roaring River
alluvial fan, Rocky Mountain National Park, Colorado.
Journal of Sedimentary Petrology 57, 1-18.

Blair, T.C. 1987b. Tectonic and hydrologic controls on
cyclic alluvial fan, fluvial, and lacustrine rift-basin sedi-
mentation, Jurassic-lowermost Cretaceous Todos Santos
Formation, Chiapas, Mexico. Journal of Sedimentary Petrol-
ogy 57, 845-62.

Blair, T.C. and W.L. Bilodeau 1988. Development of
tectonic cyclothems in rift, pull-apart, and foreland
basins: sedimentary response to episodic tectonism.
Geology 16, 517-20.

Blair, T.C., J.C. Clark and S.G. Wells 1990. Quaternary
stratigraphy, landscape evolution, and application to
archeology; Jarilla piedmont and basin floor, White
Sands Missile Range, New Mexico. Bulletin of the Geologic-
al Society of America 102, 749-59.

Blissenbach, E. 1952. Relation of surface angle distribution
to particle size distribution on alluvial fans. Journal of
Sedimentary Petrology 22, 25-8.

Blissenbach, E. 1954. Geology of alluvial fans in semi-arid
regions. Bulletin of the Geological Society of America 65,
175-90.

Bogoch, R. and P. Cook 1974. Calcite cementation of a
Quaternary conglomerate in southern Sinai. Journal of
Sedimentary Petrology 44, 917-20.

Boothroyd, ]J.C. 1972. Coarse-grained sedimentation on a
braided outwash fan, northeast Gulf of Alaska. University
of South Carolina Coastal Research Division Technical Report
6-CRD.

Boothroyd, J.C. and D. Nummedal 1978. Proglacial braided
outwash: a model for humid alluvial fan deposits. In
Fluvial sedimentology, A.D. Miall (ed.), 641-68, Calgary:
Canadian Association of Petroleum Geologists Memoir 5.

Bull, W.B. 1962. Relations of alluvial fan size and slope to
drainage basin size and lithology in western Fresno
County, California. U.S. Geological Survey Professional
Paper 450-B.

Bull W.B. 1964a. Geomorphology of segmented alluvial
fans in western Fresno County, California. U.S. Geologic-
al Survey Professional Paper 352-E.

Bull, W.B. 1964b. History and causes of channel trenching
in western Fresno County, California. American Journal of
Science 262, 249-58.

Bull, W.B. 1972. Recognition of alluvial fan deposits in the
stratigraphic record. In Recognition of ancient sedimentary
environments, ] K. Rigby and W.K. Hamblin (eds), 63-83.
Tulsa: Society of Economic Paleontologists and Miner-
alogists Special Publication 16.

Bull, W.B. 1977. The alluvial fan environment. Progress in




Physical Geography 1, 222-70.

Bull, W.B. and A.P. Schick 1979. Impact of climatic change
on an arid watershed: Nahal Yael, southern Israel,
Quaternary Research 11, 153-71.

Burchfiel, B.C. 1966. Tin Mountain landslide, south-eastern
California, and the origin of megabreccia. Bulletin of the
Geological Society of America 77, 95-100.

Butler, P.R., B.W. Troxel and K.L. Verosub 1988. Late
Cenozoic history and styles of deformation along the
southern Death Valley fault zone, California. Bulletin of
the Geological Society of America 100, 402-10.

Caine, N. 1980. The rainfall intensity — duration control of
shallow landslides and debris flows. Geografiska Annaler
62A, 23-7.

Campbell, R.H. 1975. Soil slips, debris flows, and rain-
storms in the Santa Monica Mountains and vicinity,
southern California. U.S. Geological Survey Professional
Paper 851.

Cannon, S.H. and S. Ellen 1985. Abundant debris avalan-
ches, San Francisco Bay region, California. California
Geology. December, 267-72.

Christenson, G.E. and C. Purcell 1985. Correlation and age
of Quaternary alluvial-fan sequences, Basin and Range
province, southwestern United States. In Soils and Qu-
aternary geology of the southwestern United States, D.L.
Weide (ed.), 115-22. Boulder: Geological Society of
America Special Paper 203.

Costa, J.E. 1984. Physical geomorphology of debris flows.
In Developments and applications of geomorphology, ].E.
Costa and P.J. Fleisher (eds), 268-317. Berlin: Springer.

Costa, J.E. 1988. Rheologic, geomorphic, and sedimento-
logic differentiation of water floods, hyperconcentrated
flows, and debris flows. In Flood geomorphology, V.R.
Baker, R.C. Kochel and P.C. Patton (eds), 113-22. New
York: Wiley.

Cotecchia, V. 1987. Earthquake-prone environments. In
Slope stability, M.G. Anderson and K.S. Richards (eds),
287-330. Chichester: Wiley.

Denny, C.S. 1965. Alluvial fans in the Death Valley region,
California and Nevada. U.S. Geological Survey Professional
Paper 466.

Denny, C.S. 1967. Fans and pediment. American Journal of
Science 265, 81-105.

Derbyshire, E. and L.A. Owen 1990. Quaternary alluvial
fans in the Karakoram Mountains. In Alluvial fans ~ A
field approach, A.H. Rachocki and M. Church (eds), 27-54.
New York: Wiley.

Doeglas, D.J. 1962. The structure of sedimentary deposits
of braided rivers. Sedimentology 1, 167-93.

Dohrenwend, J.C. 1987. Basin and Range. In Geomorphic
systems of North America, W.L. Graf (ed.), 303-42. Boul-
der: Geological Society of America Centennial Special
Volume 2.

Dorn, R.1. 1988. A rock-varnish interpretation of alluvial-
fan development in Death Valley, California. National
Geographic Research 4, 56-73.

Dorn, R.I. and T.M. Oberlander 1981. Rock varnish origin,
characteristics, and usage. Zeitschrift fiir Geomorphologie 25,
420-36.

Dorn, R.I., M.J. DeNiro and H.O. Ajie 1987. Isotopic
evidence for climatic influence of alluvial-fan develop-
ment in Death Valley, California. Geology 15, 108-10.

Dorn, R.I., AJ.T. Jull, D.J. Donahue, T.W. Linick, et al.

References 399

1989. Accelerator mass spectrometry radiocarbon dating
of rock varnish. Bulletin of the Geological Society of America
101, 1363-72.

Drew, F. 1873. Alluvial and lacustrine deposits and glacial
records of the Upper Indus Basin. Geological Society of
London Quarterly Journal 29, 441-71.

Drewes, H. 1963. Geology of the Funeral Peak Quadrangle,
California, on the east flank of Death Valley. U.S.
Geological Survey Professional Paper 413.

Eckis, R. 1928. Alluvial fans in the Cucamonga district,
southern California. Journal of Geology 36, 111-41.

Ellen, 5.D. and R.W. Fleming 1987. Mobilization of debris
flows from soil slips, San Francisco Bay region, Califor-
nia. In Debris flows/avalanches: process, recognition, and
mitigation. J.E. Costa and G.F. Wieczorek (eds), 3140.
Boulder: Geological Society of America Reviews in En-
gineering Geology 7.

Fauque, L. and M.R. Strecker 1988. Large rock avalanche
deposits (Strurzstrome, sturzstroms) at Sierra Aconquija,
northern Sierras Pampeanas, Argentina. Ecologae Geologae
Helvetae 81, 579-92.

Fisher, R.V. 1971. Features of coarse-grained, high-concen-
tration fluids and their deposits. Journal of Sedimentary
Petrology 41, 916-27.

Fraser, G.S. and L. Suttner 1986. Alluvial fans and fan deltas.
Boston: International Human Resources Development
Corporation.

French, R.H. 1987. Hydraulic processes on alluvial fans.
Amsterdam: Elsevier.

Fryxell, F.M. and L. Horberg 1943. Alpine mudflows in
Grand Teton National Park, Wyoming. Bulletin of the
Geological Society of America 54, 457-72.

Gile, L.H. and J.W. Hawley 1966. Periodic sedimentation
and soil formation on an alluvial-fan piedmont in south-
ern New Mexico. Soil Science Society of America Proceedings
30, 261-8.

Gile, L.H., J.W. Hawley and R.B. Grossman 1981. Soils
and geomorphology in the Basin and Range area of
southern New Mexico - guidebook to the Desert Project.
New Mexico Bureau of Mines and Mineral Resources Memoir
39.

Goudie, A.S. and M.J. Day 1980. Disintegration of fan
sediments in Death Valley, California by salt weathering.
Physical Geography 1, 126-37.

Greenway, D.R. 1987. Vegetation and slope stability. In
Slope stability, M.G. Anderson and K.S. Richards (eds),
187-230. Chichester: Wiley.

Harden, JW. and J.C. Matti 1989. Holocene and late
Pleistocene slip rates on the San Andreas fault in
Yucaipa, California, using displaced alluvial-fan deposits
and soil chronology. Bulletin of the Geological Society of
America 101, 1107-17.

Harden, J.W., J.L. Slate, P. Lamothe, O.A. Chadwick,
et al. 1991. Soil formation on the Trail Canyon alluvial
fan. U.S. Geological Survey Open-File Report 91-296.

Hart, M.W. 1991. Landslides in the Peninsular Ranges,
southern California. In: Geological excursions in southern
California and Mexico, M.J. Walawender and B.B. Hanan
(eds), 349-71. San Diego: Geological Society of America
annual meeting field guidebook.

Harvey, A.M. 1984a. Aggradation and dissection sequen-
ces on Spanish alluvial fans: influence on morphological
development. Catena 11, 289-304.




400  Alluvial fan processes and forms

Harvey, A.M. 1984b. Debris flow and fluvial deposits in
Spanish Quaternary alluvial fans: implications for fan
morphology. In: Sedimentology of gravels and conglomerate,
E.H. Koster and R.]. Steel (eds), 123-32. Calgary: Cana-
dian Society of Petroleum Geologists Memoir 10.

Harvey, A.M. 1987. Alluvial fan dissection: relationship
between morphology and sedimentation. In Desert sedi-
ments: ancient and modern, L. Frostick and 1. Reid (eds),
87-103. London: Geological Society of London Special
Publication 35.

Harvey, A.M. 1988. Controls of alluvial fan development:
the alluvial fans of the Sierra de Carrascoy, Murcia,
Spain. Catena Supplement 13, 123-37.

Harvey, A.M. 1990. Factors influencing Quaternary fan
development in southeast Spain. In Alluvial fans - a field
approach, A.H. Rachocki and M. Church (eds), 247-70.
New York: Wiley.

Hawley, J.W. and W.E. Wilson 1965. Quaternary geology
of the Winnemucca area, Nevada. University of Nevada
Desert Research Institute Technical Report 5.

Hayden, B.P. 1988. Flood climates. In Flood geomorphology,
V.R. Baker, R.C. Kochel and P.C. Patton (eds), 13-26.
New York: Wiley.

Hayward, A.B. 1985. Coastal alluvial fans (fan deltas) of
the Gulf of Aqaba (Gulf of Eilat), Red Sea. Sedimentary
Geology 43, 241-60.

Hencher, S.R. 1987. The implications of joints and struc-
tures for slope stability. In Slope stability, M.G. Anderson
and K.S. Richards (eds), 145-86. Chichester: Wiley.

Hogg, S.E. 1982. Sheetfloods, sheetwash, sheetflow, or

. .2. Earth Science Reviews 18, 59-76.

Hooke, R.L. 1967. Processes on arid-region alluvial fans.
Journal of Geology 75, 438-60.

Hooke, R.L. 1968. Steady-state relationships of arid-region
alluvial fans in closed basins. American Journal of Science
266, 609-29.

Hooke, R.L. 1972. Geomorphic evidence for late Wisconsin
and Holocene tectonic deformation, Death Valley, Cali-
fornia. Bulletin of the Geological Society of America 83,
2073-98.

Hooke, R.L. 1987. Mass movement in semi-arid environ-
ments and the morphology of alluvial fans. In Slope
stability, M.G. Anderson and K.S. Richards (eds), 505-29.
Chichester: Wiley.

Hooke, R.L. and W.L. Rohrer 1977. Relative erodibility of
source-area rock types, as determined from second-order
variations in alluvial-fan size. Bulletin of the Geological
Society of America 88, 1177-82.

Horton, R.E. 1945. Erosional development of streams and
their drainage basins; hydrophysical approach to quan-
titative morphology. Bulletin of the Geological Society of
America 56, 275-370.

Hsu, K.J. 1975. Catastrophic debris streams (Sturzstroms)
generated by rockfalls. Bulletin of the Geological Society of
America 86, 129-40.

Hubert, J.F. and AJ. Filipov 1989. Debris-flow deposits in
alluvial fans on the west flank of the White Mountains,
Owens Valley, California. Sedimentary Geology 61, 177-
205.

Hunt, C.B. and D.R. Mabey 1966. Stratigraphy and struc-
ture, Death Valley, California. U.S. Geological Survey
Professional Paper 494-A.

Hunt, C.B.,, T.W. Robinson, W.A. Bowles, and A.L.

Washburn 1966. Hydrologic basin, Death Valley, Califor-
nia. U.S. Geological Survey Professional Paper 494-B.

Jacka, A.D. 1974. Differential cementation of a Pleistocene
carbonate fanglomerate, Guadalupe Mountains. Journal of
Sedimentary Petrology 44, 85-92,

Jarrett, R.D. and J.E. Costa 1986. Hydrology, geomorpholo-
gy, and dam-break modeling of the July 15, 1982 Lawn
Lake and Cascade Lake dam failures, Larimer County,
Colorado. U.S. Geological Survey Professional Paper 1369.

Jian, L. and L. Defu 1981. The formation and characteristics
of mudflow and flood in the mountain area of the
Dachao River and its prevention. Zeitschrift fiir Geomorpho-
logie 25, 470-84.

Jian, L. and W. Jingrung 1986. The mudflows in Xiaojiang
Basin. Zeitschrift fiir Geomorphologie Supplement Band 58,
155-64.

Johnson, A.M. 1970. Physical processes in geology. San
Francisco: Freeman-Cooper.

Johnson, A.M. 1984. Debris flow. In Slope instability, D.
Brunsden and D.B. Prior (eds), 257-361. New York:
Wiley.

Johnson, A.M. and P.H. Rahn 1970. Mobilization of debris
flows. Zeitschrift fiir Geomorphologie Supplement Band 9,
168-86.

Keefer, D.K. 1984. Landslides caused by earthquakes.
Bulletin of the Geological Society of America 95, 406-21.

Langbein, W.B. and S.A. Schumm 1958. Yield of sediment
in relation to mean annual precipitation. Transactions of
the American Geophysical Union 30, 1076-84.

Lattman, L.H. 1973. Calcium carbonate cementation of
alluvial fans in southern Nevada. Bulletin of the Geological
Society of America 84, 301328,

Lattman, L.H. and E.M. Simonberg 1971. Case-hardening
of carbonate alluvium and colluvium, Spring Mountains,
Nevada. Journal of Sedimentary Petrology 41, 274-81.

Lawson, A.C. 1913. The petrographic designation of allu-
vial fan formations. University of California Publications in
Geology 7, 325-34.

Lecce, S.A. 1988. Influence of lithology on alluvial fan
morphometry, White and Inyo Mountains, California
and Nevada. Unpublished M.A. thesis. Tempe: Arizona
State University.

Lecce, S.A. 1991. Influence of lithologic erodibility on
alluvial fan area, western White Mountains, California
and Nevada. Earth Surface Processes and Landforms 16,
11-18.

Leggett, R.F., RJ.E. Brown and G.H. Johnson 1966.
Alluvial fan formation near Aklavik, Northwest Territor-
ies, Canada. Bulletin of the Geological Society of America 77,
15-30.

Leopold, L.B. 1951. Rainfall frequency: an aspect of climate
variation. Transactions of the American Geophysical Union
32, 347-57.

Link, M.H., M.T. Roberts and M.S. Newton 1985. Walker
Lake Basin, Nevada: an example of late Tertiary(?) to
recent sedimentation in a basin adjacent to an active
strike-slip fault. In Strike-slip deformation, basin formation,
and sedimentation, K.T. Biddle and N. Christie-Blick (eds),
105-25. Tulsa: Society of Economic Paleontologists and
Mineralogists Special Publication 37.

Lustig, L.K. 1965. Clastic sedimentation in Deep Springs
Valley, California. U.S. Geological Survey Professional Paper
352-F.




Machette, M.N. 1985. Calcic soils of the southwestern
United States. In Soils and Quaternary geology of the
southwestern United States, D.L. Weide (ed.), 115-22.
Boulder: Geological Society of America Special Paper
203.

Mathewson, C.C., J.R. Keaton and P.M. Santi 1990. Role of
bedrock ground water in the initiation of debris flows
and sustained post-flow stream discharge. Bulletin of the
Association of Engineering Geologists 27, 73-83.

Mayer, L., L.D. McFadden and J.W. Harden 1988. Dis-
tribution of calcium carbonate in desert soils: a model.
Geology 16, 303-6.

McGee, W.J. 1897. Sheetflood erosion. Bulletin of the
Geological Society of America 8, 87-112.

McGowen, J.H. 1979. Alluvial fan systems. In Depositional
and groundwater flow systems in the exploration for uranium,
W.E. Galloway, C.W. Kreitler and J.H. McGowen (eds),
43-79. Austin: Texas Bureau of Economic Geology Re-
search Colloquium.

McPherson, ].G., D.B. Waresback and J.R. Flannery 1985.
Rift-controlled volcanogenic alluvial-fan sedimentation,
northern Rio Grande, New Mexico. Third International
Fluvial Sedimentology Abstracts Volume, 28-9.

McPherson, ].G., G. Shanmugam and R.J. Moiola 1987. Fan
deltas and braid deltas: Varieties of coarse-grained de-
ltas. Bulletin of the Geological Society of America 99, 331-40.

Melosh, H.J. 1987. The mechanics of large avalanches. In
Debris flows/avalanches: process, recognition, and mitigation,
J.E. Costa and G.F. Wieczorek (eds), 41-50. Boulder:
Geological Society of America Reviews in Engineering
Geology 7.

Melton, 1965. The geomorphic and paleoclimatic signi-
ficance of alluvial deposits in southern Arizona. Journal of
Geology 73, 1-38.

Miall, A.D. 1978. Fluvial sedimentology: A historical re-
view. In Fluvial sedimentology, A.D. Miall (ed.), 1-47.
Calgary: Canadian Society of Petroleum Geologists
Memoir 5.

Middleton, G.V. 1970. Experimental studies related to the
problems of flysch sedimentation. Geological Association of
Canada Special Paper 7, 253-72.

Middieton, G.V. and M.A. Hampton 1976. Subaqueous
sediment transport and deposition by sediment gravity
flows. In Marine sediment transport and environmental
management, D.J. Stanley and D.].P. Swift (eds), 197-218.
New York: Wiley.

Mifflin, M.D. and M.M. Wheat 1979. Pluvial lakes and
estimated pluvial climates of Nevada. Nevada Bureau of
Mines and Geology Bulletin 94.

Mudge, M.R. 1965. Rockfall-avalanche and rockslide-ava-
lanche deposits at Sawtooth Ridge, Montana. Bulletin of
the Geological Society of America 76, 1003-14.

Nash, D.B. 1986. Morphologic dating and modeling deg-
radation of fault scarps. In Active tectonics: studies in
geophysics, 181-94. Washington, DC: National Academy
Press.

Newton, M.S. and E.L. Grossman 1988. Late Quaternary
chronology of tufa deposits, Walker Lake, Nevada.
Journal of Geology 96, 417-33.

Nicoletti, P.G. and M. Sorriso-Valvo 1991. Geomorphic
controls of the shape and mobility of rock avalanches.
Bulletin of the Geological Society of America 103, 1365-73.

Nilsen, T.H. 1982. Alluvial fan deposits. In Sandstone

References 401

depositional environments, P. Scholle and D. Spearing
(eds), 49-86. Tulsa: American Association of Petroleum
Geologists Memoir 31.

Nilsen, T.H. 1985. Introduction and Editor’s comments. In
Modern and ancient alluvial fan deposits, T.H. Nilsen (ed.),
1-29. New York: Van Nostrand Reinhold.

Nummedal, D. and J.C. Boothroyd 1976. Morphology and
hydrodynamic characteristics of terrestrial fan environ-
ments. University of South Carolina Coastal Research Divi-
sion Technical Report 10-CRD.

Patton, P.C. 1988. Drainage basin morphometry and
floods. In Flood geomorphology, V.R. Baker, R.C. Kochel
and P.C. Patton (eds), 51-64. New York: Wiley.

Pierson, T.C. 1985. How debris flows stop. Geological
Society of America Abstracts with Programs 17, 623.

Purser, B.H. 1987. Carbonate, evaporite, and siliciclastic
transitions in Quaternary rift sediments of the north-
western Red Sea. Sedimentary Geology 53, 247-67.

Rachocki, A. 1981. Alluvial fans. Chichester: Wiley.

Rahn, P.H. 1986. Engineering geology. New York: Elsevier.

Rapp, A. and R.W. Fairbridge 1968. Talus fan or cone;
scree and cliff debris. In Encyclopedia of geomorphology
1106-9. New York: Reinhold.

Reheis, M.C. 1986. Gypsic soils on the Kane alluvial fans,
Big Horn County, Wyoming. U.S. Geological Survey
Professional Paper 1590-C.

Reheis, M.C., J.W. Harden, L.D. McFadden and R.R.
Shroba 1989. Development rates of late Quaternary soils,
Silver Lake playa, California. Soil Science Society of America
Proceedings 53, 112740,

Reheis, M.C. and E.H. McKee 1991. Late Cenozoic history
of slip on the Fish Lake Valley fault zone, Nevada and
California. U.S. Geological Survey Open-File Report 91-290.

Reneau, S., W.E. Dietrich, C.J. Wilson and ].D. Rogers
1984. Colluvial deposits and associated landslides in the
northern San Francisco Bay area, California, U.S.A. In
Proceedings of the 4th International Symposium on Landslides,
425-30. Toronto: International Society for Soil Mechancis
and Foundation Engineering.

Reneau, S., W.E. Dietrich, R.I. Dorn, C.R. Berger, et al.
1986. Geomorphic and paleoclimatic implications of latest
Pleistocene radiocarbon dates from colluvium-mantled
hollows, California. Geology 14, 655-8.

Reneau, S., W.E. Dietrich, D.J. Donahue, A.J.T. Jull, et al.
1990. Late Quaternary history of colluvial deposition and
erosion in hollows, central California Coastal Ranges.
Bulletin of the Geological Society of America 102, 969-82.

Reneau, S.L., T.M. Oberlander and C.D. Harrington 1991.
Accelerator mass spectrometry radiometric dating of rock
varnish: discussion. Bulletin of the Geological Society of
America 103, 310-11.

Reynolds, M.W. 1974. Geology of the Grapevine Moun-
tains, Death Valley, California. In Guidebook to the Death
Valley region, California and Nevada, 92-9. Boulder: Geolo-
gical Society of America Cordilleran Section Field Trip 1.

Ritter, D.F. 1978. Process geomorphology. Dubuque, IA:
William C. Brown.

Rockwell, T. 1988. Neotectonics of the San Cayetano fault,
Transverse Ranges, California. Bulletin of the Geological
Society of America 100, 500-13.

Rodine, J.D. and A.M. Johnson 1976. The ability of debris
heavily freighted with coarse clastic materials to flow on
gentle slopes. Sedimentology 23, 213-34.




402 Alluvial fan processes and forms

Rust, B.R. and E.H. Koster 1984. Coarse alluvial deposits.
In Facies models, 2nd edn, R.G. Walker (ed.), 53-69.
Toronto: Geological Association of Canada.

Ryder, ].M. 1971. Some aspects of the morphometry of
paraglacial alluvial fans in south-central British Col-
umbia. Canadian Journal of Earth Sciences 8, 1252-64.

Schumm, S.A. 1963. The disparity between the present
rates of denudation and orogeny. U.S. Geological Survey
Professional Paper 454-H.

Schumm, S.A. 1977. The fluvial system. New York: Wiley.

Sharp, R.P. 1942. Mudflow levees. Journal of Geomorphology
5, 222-7.

Sharp, R.P. and L.H. Nobles 1953. Mudflow of 1941 at
Wrightwood, southern California. Bulletin of the Geological
Society of America 64, 547-60.

Sharpe, C.F.S. 1938. Landslides and related phenomena: a study
of mass movements of soil and rock. New York: Columbia
University Press.

Slate, J.L. 1991. Quaternary stratigraphy, geomorphology,
and ages of alluvial fans in Fish Lake Valley. In Pacific
Cell Friends of the Pleistocene Guidebook to Fish Lake Valley,
Nevada and California 1991, 94-113.

Sneh, A. 1979. Late Pleistocene fan-deltas along the Dead
Sea rift. Journal of Sedimentary Petrology 49, 541-52.

Sorriso-Valvo, R. 1988. Landslide-related fans in Calabria.
Catena Supplement 13, 109-21.

Statham, 1. and S.C. Francis 1986. Influence of scree
accumulation and weathering on the development of
steep mountain slopes. In: Hillslope processes, A.D. Abra-
hams (ed.), 245-68. Boston: Allen & Unwin.

Strahler, A.N. 1957. Quantitative analysis of watershed
geomorphology. Transactions of the American Geophysical
Union 38, 913-20.

Terwilliger, V.J. and L.J. Waldron 1991. Effects of root
reinforcement on soil-slip patterns in the Transverse
Ranges of southern California. Bulletin of the Geological
Society of America 103, 775-85.

Thenhaus, P.C. and C.M. Wentworth 1982. Map showing
zones of similar ages of surface faulting and estimated
maximum earthquake size in the Basin and Range
province and selected adjacent areas. U.S. Geological
Survey Open-File Report 82-742,

Tolman, C.F. 1909. Erosion and deposition in the southern
Arizona bolson region. Journal of Geology 17, 136-63.

Topping, D.J. 1991. The deposits of large catastrophic
landslides as paleogeographic tools: an example from
Death Valley, California. Geological Society of America
Abstracts with Programs 23, A82.

Trowbridge, A.C. 1911. The terrestrial deposits of Owens
Valley, California. Journal of Geology 19, 706-47.

Van Arsdale, R. 1982. Influence of calcrete on the geometry
of arroyos near Buckeye, Arizona. Bulletin of the Geological
Society of America 93, 20~6.

Varnes, D.J. 1978. Slope movement types and processes. In
Landslides, analysis and control, R.L. Schuster and R.J.
Krizek (eds), 11-33. Washington, DC: Transportation

Research Board, National Academy of Sciences, Special
Report 176.

Walker, T.R. 1967. Formation of red beds in modern and
ancient deserts. Bulletin of the Geological Society of America
67, 353-68.

Walker, T.R. and R.M. Honea 1969. Iron content of
modern deposits in the Sonoran Desert: a contribution to
the origin of red beds. Bulletin of the Geological Society of
America 80, 535-44.

Walker, T.R., B. Waugh and A.J. Crone 1978. Diagenesis in
first-cycle desert alluvium of Cenozoic age, southwestern
United States and northwestern Mexico. Bulletin of the
Geological Society of America 89, 19-32.

Wallace, R.E. 1978. Geometry and rates of change of
fault-generated range-fronts, north-central Nevada. U.S.
Geological Survey Research Journal 6, 637-50.

Wallace, R.E. 1984a. Fault scarps formed during the earth-
quakes of October 2, 1915, in Pleasant Valley, Nevada,
and some tectonic implications. U.S. Geological Survey
Professional Paper 1274-A.

Wallace, R.E. 1984b. Patterns and timing of late Quaternary
faulting in the Great Basin Province and relation to some
regional tectonic features: Journal of Geophysical Research
89, 5763-9.

Webb, R.H., P.T. Pringle and G.R. Rink 1987. Debris flows
from tributaries of the Colorado River, Grand Canyon
National Park, Arizona. U.S. Geological Survey Open-File
Report 87-118.

Wells, S.G. and ].C. Dohrenwend 1985. Relict sheetflood
bedforms on late Quaternary alluvial fan surfaces in the
southwestern United States. Geology 13, 512-6.

Wells, S.G., L.D. McFadden and J.C. Dohrenwend 1987.
Influence of late Quaternary climatic changes on geomor-
phic and pedogenic processes on a desert piedmont,
eastern Mohave Desert, California. Quaternary Research
27, 130-46.

Wells, W.G. 1987. The effects of fire on the generation of
debris flows in southern California. In Debris flows/
avalanches: process, recognition, and mitigation, J.E. Costa
and G.F. Wieczorek (eds), 105-14. Boulder: Geological
Society of America Reviews in Engineering Geology 7.

Wieczorek, G.F. 1987. Effect of rainfall intensity and
duration on debris flows in central Santa Cruz Moun-
tains, California. In Debris flows/avalanches: process, recog-
nition, and mitigation, J.E. Costa and G.F. Wieczorek
(eds), 93-104. Boulder: Geological Society of America
Reviews in Engineering Geology 7.

Williams, G.E. 1973. Late Quaternary piedmont sedimenta-
tion, soil formation and paleoclimates in arid South
Australia. Zeitschrift fiir Geomorphologie 17, 102-25.

Yarnold, J.C. and J.P. Lombard 1989. Facies model for large
block avalanche deposits formed in dry climates. In
Conglomerates in basin analysis, .P. Colburn, P.L. Abbott
and J. Minch (eds), 9-32. Los Angeles: Pacific Section
Society of Economic Paleontologists and Mineralogists
Symposium Book 62.




