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INTRODUCTION

As land development increases in the United States, and as more and more of our natural resources are extracted,
it becomes increasingly important to understand the constraints on land use that are imposed by our physical environ-
ment. A series of National Environmental Overview Maps, of which this map is one, presents some of the geologic,
hydrologic, and topographic data that will be useful in Tand use planning assessment of environmental problems on
a national scale.

The accompanying map indicates regions with slope stability problems that should be considered in large-
scale national planning, for example in evaluating areas suitable for nuclear reactors, solid waste disposal,
large open-pit mining operations, or major water development projects. Information shown on the map is highly
generalized, owing to the small scale and the lack of precise landslide information for much of the country,
which necessitated extrapolation of data over wide areas. This map therefore is not suitable for local planning
or actual site selection. However, more detailed maps of this general type can be valuable for planning at all
levels; in the absence of areal slope stability information, large amounts of money have been put into planning
and preliminary investigation, and actual construction, in areas ultimately found to be unsuitable for certain
kinds of development because of predictable slope stability problems.

The map shows areas of relative incidence of landslides and areas susceptible to landslides in the conter-
minous United States. For purposes of this map, landslides are considered to be downward and outward movements
of earth materials on a slope (see Varnes, 1958). Talus deposits, formed by falling or rolling of individual
rocks downhill, are not considered landslides unless the deposits themselves are thought to be moving. Other
types of movement that were not considered include: Tlandslides not related to present slopes, such as Tertiary
megabreccias; large gravitational thrusts; solifluction; snow avalanches; deep-seated gravitational movement
that does not form deposits of displaced material; water highly charged with debris where water is the trans-
porting medium, such as streams that form alluvial fans in many arid regions; and debris flows that may con-
tribute to alluvial fan deposits in arid regions. Some of the above types may have been included where the
original data used in compiling did not distinguish these from other kinds of slope deposits.

In compiling areas susceptible to landsliding, dip slopes which are susceptible to landslides when exca-
vated for cuts and foundations have not been shown unless they are otherwise prone to landsliding. Small, isolated
areas in the northeast and north-central areas of the United States containing clay in glacial Takes and marine
terraces have not been designated. For this reason, and because much of the till and moraine contain areas of
slide-susceptible clay, the region north of the line that marks the southern 1imit of Pleistocene continental
glacial deposits (fig. 1) should be considered as having numerous small areas susceptible to sliding although
these are not shown on the landslide map.

The map was assembled by the compilers w@rking part-time for about a year. It was made predominantly by
evaluating units shown on the Geologic Map of the United States (King and Beikman, 1975) in three categories of
incidence of landslides and two categories of susceptibility. (See explanation.) Units or parts of units having
more than 15 percent of their areas involved in landsliding were placed in the category of highest incidence;
units having less than 15 percent but more than 1.5 percent of their areas involved in landsliding were placed
in the middle category; and those with less than 1.5 percent of their areas involved are in the category of
lowest incidence.

The percentages that define the three categories of landslide incidence should be considered approximate,
inasmuch as it was necessary to extrapolate incidence for large parts of some individual United States geologic
map units from existing data as well as possible. Extrapolation was aided by use of unpublished information,
discussion with many geologists who had worked in various parts of the United States, and personal knowledge of
the compilers.

Published data were used wherever possible for evaluating the U.S. map units. In many places the percentage
of geologic map unit involved in landsliding, as shown on published maps, was determined by counting squares of
a superimposed grid. Geologic units on the source maps were then correlated with units on the geologic map of
the United States. In some places, notably Colorado and parts of California and the Appalachians, recent compila-
tion of landslides from aerial photographs provided detailed information on landslide incidence, but in many areas
information on landslides and their relationship to geologic conditions is sparse. Many published geologic maps
do not show landslides even where they are known to exist, because geologic mapping was previously directed pri-
marily toward mineral exploration or other investigations for which delineation of landslides was not a major
concern. In compiling the present map, particularly in parts of the western United States, it was necessary to
rely heavily on the relatively small percentage of geologic maps and reports that give detailed information on
slope stability conditions in scattered areas.

In the eastern part of the country not only available published data but also information from aerial

photographs, newspaper accounts, and fieldwork were used extensively to determine areas having various degrees

of landslide incidence and susceptibility. Many slopes in the Appalachian region that are underlain by various
rock types are covered by debris that is highly susceptible to shallow Tandsliding, particularly to debris flows
at times of abnormally high precipitation. Therefore, designations of incidence and susceptibility cut across
many formational boundaries and do not correspond as closely to the map units shown on the geologic map of the
United States as they do in most areas west of the Mississippi. No area in the eastern United States that has
significant relief and slope as well as surficial soil or debris can be considered safe from debris flows and
debris avalanches. Short-duration heavy precipitation can occur anywhere, anytime, to cause these types of slides.

General knowledge of climatic and topographic conditions, such as extent of desert regions, alluvial or
volcanic plains, existence of coastal cliffs, fault scarps, or steep-sided canyons, was used in extrapolating
categories of incidence and susceptibility wherever possible. In places where the map unit is known to have slid
under special circumstances, such as at the edge of steep cliffs, areas of high or medium incidence are shown as
dots or heavy lines without boundaries. The size of the dots or thickness of the Tines may be somewhat exag-
gerated in order to show them adequately on the map.

Slope and precipitation are known to be major factors influencing slope stability, but it was not possible to
give these factors full weight in the preparation of the landslide map. No slope map or detailed precipitation'
map exists at a suitable scale for the entire United States, and it was not possible to prepare them for use in
compiling of this map. Experience in California has shown that landslides in general are Tess abundant in areas
with less than 8 inches or 10 inches of preaipitation (Cleveland, 1971; Radbruch and Crowther, 1973). However,
in some arid regions, particularly in the Basin and Range Area, incidence of landslides may be high where precip-
itation is less than 8 inches or 10 inches per year, although susceptibility to future natural landsliding is Tow.
This apparent anomaly is due to the fact that much landsliding in now-arid regions probably took place during
Pleistocene time, when precipitation was heavier than it now is. This is not to say that existing landslides in
these areas cannot be reactivated by construction activity, excessive natural Toading, or erosion.

Susceptibility to landsliding was considered to be the probable response of the map unit to natural or arti-
ficial cutting or loading of slopes or anomalously high precipitation. No attempt was made to evaluate slope
behavior at the time of an'earthquake.

The susceptibility categories are largely subjective, as insufficient data are available for more precise
determination. These categories are shown on the map by 1line patterns. (See explanation.) The susceptibility
pattern was not shown where susceptibility was assumed to be comparable to incidence, for example, where areas
of the highest category of incidence were assumed to have high susceptibility and where areas of the lowest
category were assumed to have low susceptibility.

If a given map unit had a record of much more slope movement in one area than was recorded for that unit in
other areas, then the areas of lower incidence were shown as more susceptible than their recorded incidence. In
such circumstances it was generally unknown whether the lack of recorded incidence indicated a difference in natural
conditions for various parts of the unit or a Tack of information on landslides in part of the unit. However,
the assumption was generally made that anomalous precipitation or changes in existing conditions due to either
natural or artificial causes could initiate landslide movement in units that are known to have numerous landslides
in parts of their outcrop areas. The unit containing the slide-prone Chinle Formation in the western states
illustrates this particular problem and method of compilation. It is shown as having high landslide incidence
where incidence is known; where incidence is unknown, moderate susceptibility was assigned to the map unit con-
taining the Chinle Formation. In some few map units susceptibility is known to be very high although incidence
is low, for example where flat areas are underlain by the Pierre Shale in the northern Great Plains. In such
areas the susceptibility may be two categories higher than the incidence. (See diagram.) This is in contrast
to conditions in the Coast Ranges where slopes are steep and rocks are disturbed. Natural incidence is moderate
to high, and in general susceptibility is not appreciably greater than indicated by the natural incidence.

The placing of any area in the lowest incidencé and (or) susceptibility category should not be construed to
mean that no landslides exist there, or that there are no areas susceptible to landsliding. Even the Towest cate-
gory may contain some landslides, due to the presence of landslides unknown to the compilers or to the fact that
incidence was less than 1.5 percent. In general, the possibility is great that much more landsliding than is
shown exists in any given map area (except for the highest category) due to the overall scarcity of Tandslide
information in _many parts of the country.

Evaluation of the United States map units was made on the United States geologic map at a scale of
1:2,500,000. After this evaluation, the areas in the three incidence and two susceptibility categories were
extrapolated and reduced to the final publication scale of 1:7,500,000. Some generalization was necessary for
this reduction. Areas of high incidence and susceptibility were sTightly exaggerated, if necessary,in order to
retain them. Very small areas of lower categories within higher categories were eliminated, and boundaries were
simplified.

AUTHORSHIP AND ACKNOWLEDGEMENTS

The map was compiled and text written by Dorothy H. Radbruch-Hall, Roger B. Colton, William E. Davies,
Ivo Lucchitta, Betty A. Skipp, and David J. Varnes. They were assisted by L. W. Anderson, P. E. Carrara, J. A.
Holligan, Susan V. Lee, Elizabeth G. Newton, Richard M. Nolting, Gregory Ohlmacher, P. E. Patterson, G. R. Scott,
K. C. Shaver, and J. W. Whitney. The general geographic area of responsibility for each of the principal com-
pilers was as follows: Radbruch-Hall, Washington, Oregon, California, New Mexico, eastern Utah; Colton, Colorado;
Davies, area east of the Mississippi River; Lucchitta, Nevada, Arizona, western Utah, and southwest part-of New
Mexico lying within the Basin and Range Area; Skipp, Idaho; Varnes, western states between the Mississippi River
and the eastern borders of Washington, Oregon, Idaho, Utah, Colorado, and New Mexico. Any inquiries regarding
specific parts of the map can be addressed to the person having major responsibility for the area in question.
Coordination of compilation precedures and final assembling of the map and text was the respon3ibility of
Dorothy H. Radbruch-Hall.

The author-compilers are indebted to many persons too numerous to mention, both within and outside the
U. S. Geological Survey, for the contribution of unpublished information relating to landslides throughout the
country. A map showing landslides in the State of Washington was compiled by the Washington State Division of
Geology and Natural Resources from data in their files, and used with other data in preparing the map of
Washington. Maps of Missouri and Texas were compiled under contract to the U. S. Geological Survey by personnel
of the Missouri Geological Survey and the Texas Bureau of Economic Geology, and used with some modification
in the compilation.

SLOPE STABILITY CHARACTERISTICS OF
PHYSICAL SUBDIVISIONS OF THE UNITED STATES

Lands1iding in the United States may well be discussed in terms of the slope stability characteristics of
the various physiographic regions of the United States, inasmuch as the geological factors that influence slope
stability also influence the form ¢f the land surface. The regions used in the following synopsis are the physi-
cal subdivisions developed by Edwin H. Hammond, as shown on sheet 61 of the U. S. National Atlas (1969) (fig. 2).
Divisions and subdivisions generally are discussed in order of their position from west to east for large divisions
and from west to east or north to south for the subdivisions within each division. Rock:types, structure,’topogra-
phy, and precipitation, as well as landslide type and incidence, are mentioned in the brief description of each
subdivision, as these factors are major determinants of slope stability.

It is apparent from the map that certain regions of the United States are far more slide prone than others,
such as the Coast Ranges of California, the Colorado River Plateaus, the Rocky Mountains and northern Great Plains,
and the Appalachians.

Certain pronounced differences among the areas of high landslide incidence in various parts of the United
States are not apparent on the map. In the Coast Ranges landslides are mainly in tectonic melanges (containing
highly sheared rock) and in poorly consolidated younger (Tertiary) sediments. They include both small but damag-
ing debris flows that form at times of intense rainfall, and slumps and flows of great depth and areal extent;
some are more than 200 feet deep and cover many square miles. On the Colorado River Plateaus, large landslides
are primarily slumps and block slides where shales or other relatively soft rocks are interbedded with or over-
lain by more resistant rocks such as basalt, sandstone, or limestone. In the Appalachians of the eastern United
States many slide-prone areas are characterized by shallow Tandslides of large areal extent in weathered rock or
colluvium. They may cover many thousands of square feet but may be less than 10 feet in depth. The compilation
showed that certain types of rocks and certain geologic conditions favor landstiding wherever they occur on
slopes. Fine-grained clastic rocks--those consisting predominantly of silt- and clay-sized particles--are most
prone to landsliding. They are particularly susceptible if they are poorly consolidated, and/or are interbedded
with or overlain by more resistant but fractured and permeable rocks such as limestone, sandstone, or basalt.
Highly sheared rocks, partieularly tectonic melanges, slide extensively. Loose slope accumulations of fine-
grained surface debris slide throughout the country, particularly at times of intense precipitation.

Steep slopes facilitate landsliding, and for this reason many slide-prone areas in the United States are in
mountainous regions, although steep slopes alone are not indicative of susceptibility to landsliding; steep slopes
in hard unfractured homogeneous rocks may be very stable. If slopes are currently being steepened or undercut,
for example along active faults, wave-cut cliffs, or vigorously eroding streams, they may be very unstable, parti-
cularly in soft rocks.

PACIFIC MOUNTAIN DIVISION
Coast Ranges

The Coast Ranges, which border the entire western coast of the United States from the Olympic Peninsula south-
ward, vary greatly both in climate and type of geologic unit. Most geologic units are upper Mesozoic and Tertiary
sedimentary rocks, although intrusive and metamorphic rocks are also represented. Many of the Tertiary rocks are
poorly consolidated. Most rock units have been folded, faulted, and in places intensely sheared. Topography is
mountainous, with steep slopes and intervening flat valleys. Precipitation is seasonal, ranging from very wet in
parts of the northern ranges to semi-arid in the south, with periodic storms accompanied by intense precipitation.
The combination of steep slopes, soft sheared rocks, and periods of heavy precipitation combine to make this sub-
division, particularly the California portion, one of the most landslide-prone areas-of the United States. Active
Tandslides on natural slopes are common in all three categories of slide, fall, and flow. Much of the area is
highly developed, so that many landslides have been activated by works of man. The area is seismically active and
numergus Tandslides have been triggered by earthquakes, especially in California. Tectonic melanges, particularly
the mélange of the Franciscan Formation, are outstandingly slide prone.

Puget-Willamette Lowland

The Puget-Willamette Lowland extends from the Canadian border southward to Eugene, Oregon, between the Coast
Ranges and the Cascade Mountains. The climate is sub-humid to humid. In its southern part the Towland consists
of a series of alluvial valleys along the Cowlitz, Columbia, and Willamette Rivers, separated from one another by
Tow volcanic hills. The northern part is a flat glacial plain interrupted by the complex bays and inlets of Puget
Sound. Landslides are numerous along wave-cut cliffs that border most of the shoreline of the sound, particularly
where the cliffs expose glacial drift overlying clay. Elsewhere in the Puget-Willamette Lowland Tandslides are
few, with the notable exception of a number in Eocene sedimentary rocks at the southern end of the basin occupied
by Puget Sound.

Central Valley of California

The Central Valley of California is a long, northwest-trending flat plain lying between the Coast Ranges on
the west and the Sierra Nevada on the east. Climate is sub-humid in the north to arid in the south. The valley
is underlain primarily by recent alluvium although some Tertiary sedimentary rocks are exposed at its edges along
the fronts of the surrounding mountains. Landslides are few.

Cascade-Klamath-Sierra Nevada Ranges

The three mountain ranges included in this subdivision are quite different in rock type, topography, climate,
and landslide characteristics. The Cascade Range, at the north end of the subdivision, is primarily volcanic,
characterized by large recently active volcanoes along its length. Most of the rocks in the range are volcanic
in origin. The climate is subhumid to very wet. Mudflows have accompanied volcanic eruptions here in the past,
and the steep slopes of the volcanoes are presently subject to mudflows, rockfalls, and snow and rock avalanches.
Some of the older Tertiary volcanic and clastic rocks on the flanks of the range, particularly on the west side,
are prone to landsliding. Slope movement is minor in most of the rest of the province.

The Klamath Mountains, bounded by the Coast Ranges on the west and the Cascade Ranges on the east, contain a
variety of rock units, including serpentinite, granitic and metamorphic rocks, and Paleozoic and Mesozoic sedimen-
tary rocks. Topography is steep, with precipitous slopes, and climate is humid. Many of the rocks are jointed,
foliated, and faulted. Landslides are frequent, particularly debris slides and flows. Serpentinite commonly
slides where it is highly sheared.

The Sierra Nevada, which lies along the east side of California, has a steep east-facing front that rises
abruptly from elevations of 7,000 feet or Tess to more than 14,000 feet at its crest. The range slopes gently
westward to the Great Valley. Climate ranges from humid along the crest of the northern part, to arid at the south
end and along the east edge. The core of the range is a complex granitic batholith, surrounded by a variety of
rocks including Paleozoic sedimentary rocks, Mesozoic sedimentary and metavolcanic units, and Tertiary volcanic
flows. In general, landslides are not common, although some rockfalls take place on high peaks, and mudflows occur
in some of the easily eroded Tertiary volcanic mudflows and breccias. Large landslides are abundant in Tertiary
rocks on the steep northwest side of the Tehachapi Mountains, which are a horst at the south end of the Sierra
Nevada.

INTERMONTANE DIVISION
Columbia Basin

The Columbia Basin subdivision of northern Oregon and southeastern Washington is underlain primarily by
Tertiary volcanic rocks which are not in general prone to landsliding. Topography is predominantly flat and the
climate arid to semi-arid. Some large landslides have formed along steep cliffs of Columbia basalt that Tine
the Columbia River and its tributaries. Slide planes are generally in layers of tuff or fine-grained sedimentary
rocks interbedded with the basalt, which are rendered even more susceptible to sliding by upwarping and folding
of parts of the interbedded volcanic and clastic rocks. Some landsliding also takes place where Pleistocene
deposits of sand and silt filling valleys in the basalt are cut by the Columbia and other rivers. A similar type
of sTiding is well developed along Lake Roosevelt in northern Washington, where Pleistocene deposits fill valleys
in Paleozoic and Mesozoic igneous and metamorphic rocks.

Harney-Owyhee Broken Lands

The Harney-Owyhee Broken Lands resemble the Basin and Range Area in climate and structure, except that the
fault-block ranges are less pronounced in the broken lands. The rocks are predominantly volcanic in origin, and
lands1iding is minor. There are some landslides locally where sedimentary rocks are interbedded with or overlain
by basalts, along steep fault scarps, or along bluffs of tuffaceous Pliocene volcanic rocks.

Snake River Lowland

The Snake River Lowland, restricted to the southern part of the state of Idaho, forms an arid to semi-arid
plain which separates the high mountains of central Idaho from the subdued ranges of the southern part of the
state. Flat-lying Quaternary basalts, some only 2,000 years old, and thick Toess deposits form the major part of
the desert of the eastern plain where landslides are almost unknown. Interbedded volcanic rocks and tuffaceous
sediments of Tertiary and Quaternary age underlie the western part of the plain, and a few landslides have formed
along the canyons of the Snake River and its tributaries where downcutting through the inhomogeneous layers has
activated s1iding in the sediments and tuffs and slumping in the basalts. News-making slides of this type have
occurred along the bluffs of Salmon Falls Creek west of Buhl in the last four decades.

Some landslides exist, and more can be expected in the tuffaceous facies of the rhyolitic Tertiary volcanic
rocks which form the south border of the Snake River Lowland.

Basin and Range Area

The Basin and Range Area comprises most of the state of Nevada and parts of Oregon, Idaho, California, Utah,
Arizona, New Mexico,and Texas. The province is characterized geologically by fault-bounded tilted blocks whose
crests form linear ranges separated from each other by deep structural basins generally filled with poorly con-
solidated sediments.

Much of the Basin and Range Area is semi-arid to arid. Extensive areas, particularly the basins, receive
8 inches or less of precipitation per year. Most precipitation occurs in cloudbursts of high intensity and short
duration, so that runoff is heavy and saturation of the soil minimal. These conditions favor debris flows, parti-
cularly those that contribute to alluvial fans, rather than slides. The former are the rule, the latter the great
exception among current slope movement of the Basin and Range. The landslides tend to be concentrated in the more
northerly latitudes or at the higher elevations, where annual precipitation is higher than in the rest of the

Basin and Range. Many of them date back to the Pleistocene Epoch, when more pluvial conditions favored landsliding.

Minor recent sTiding occurs along edges of fault-bounded basins.

Volcanic sediments--especially airfall tuffs--and shales are the rock types most commonly involved in land-
sliding in the Basin and Range Area. Neither of these rock types produces landslides in the absence of a resistant
caprock because erosion quickly reduces slopes to very low angles. Caprocks typically are welded tuffs, mafic
lava flows, and resistant sedimentary rocks such as quartzites and massive carbonates. Also prone to sliding are
sheared and fractured massive carbonate and crystalline rocks. The resistance of these rocks to weathering enables
them to retain steep slopes; the presence of shear planes leads to mechanical failure.

Owing to the general scarcity of landslides in the Basin and Range Area, any area for which landslides are
reported is an anomaly. Therefore areas where landslides exist in amounts below the cutoff level established for
this map are marked by symbolic dots. These areas wouid not be singled out in other parts of the country where
landslides are more common.

A few exceptionally large and well-known Tandslides, including the Tin Mountain Tandslide west of Death Valley
and the Blackhawk landslide on the north side of the San Bernardino Mountains, both in California, 1ie in this sub-
division. They are shown as numbered landslides on the map.

Colorado River Plateaus

The Colorado River Plateaus form the colorful sub-humid to arid uplands of the Four Corners area of Utah,
Colorado, Arizona, and New Mexico. They include the scenic Grand Canyon, Monument Valley, Bryce and Zion National
Parks, and the Canyon de Chelly. Rocks range from Precambrian schists, notably in the Grand Canyon, through
Paleozoic and Mesozoic sedimentary units to Tertiary and Quaternary sedimentary, volcanic,and intrusive rocks.
The bulk of the plateaus consists of Mesozoic sedimentary rocks, predominantly interbedded shales and massive
sandstones. The rocks are nearly horizontal over wide areas, but in places have been deformed into monoclines,
broad folds, warps, and domes, intruded locally by igneous rock and cut by numerous faults. The plateaus are
largely above 1524 m (5,000 ft) in elevation, and are incised by many very deep, steep-walled canyons. Landslides
are numerous. Spalling and rock falls are common in canyon walls. Landslides are abundant in the soft shales of
the Triassic Chinle Formation, especially where it is overlain by the Wingate Sandstone, Navajo Sandstone or vol-
canic flows; in the shales of the Jurassic Morrison Formation and the Cretaceous Burro Canyon Formation, especially
where they are overlain by the Dakota Sandstone; and in the Cretaceous Tropic Formation and the Mancos Shale,
especially where overlain by sandstone of the Mesaverde Formation, although Tandslides also occur in other units
comprising interbedded shales and sandstones. Many flat plateaus capped by resistant rocks over softer ones are

rimmed by landslides. This characteristic feature of the Colorado River Plateaus is reflected on the map by the
distinctive pattern of heavy lines indicating high incidence. The classic Toreva blocks described by Reiche (1937)
Tine the edges of numerous mesas in this area. Landslides are predominantly rockfalls, complex block slides, and
debris flows. Two exceptionally large landslides in the Colorado River Plateaus area are the prehistoric landslide
in Zion Canyon, which dammed the Virgin River, and the Needles in southeastern Utah. The landslide in Zion Canyon
occurred in Chinle Formation overlain by Navajo Sandstone. The Needles consists of a system of faults and grabens
apparently caused by the Tateral flow of salt and gypsum from under the Needles area toward the canyon of the Colo-
rado River. As the load on the rock overlying the salt and gypsum in the canyon was decreased by downcutting of
the Colorado River, the evaporites squeezed up into an anticline whose axis follows the course of the river.

Upper Gila Mountains

The generally west- to northwest-trending upper Gila Mountains of Arizona and New Mexico 1ie between the Colo-
rado River Plateaus on the north and the Basin and Range Area on the south. Their climate is mainly semi-arid.
They consist largely of Precambrian sedimentary, metasedimentary and granitic rocks, and Tertiary volcanic rocks
of various kinds. Landslides are few.

ROCKY MOUNTAIN DIVISION

Northern Rocky Mountains

The Northern Rocky Mountains subdivision, which makes up most of northern Idaho and western Montana, consists
of numerous ranges with peaks rising to over 3810 m (12,500 ft) in altitude, separated in places by elongate val-
leys filled with Tertiary or Quaternary continental sediments. The ranges consist of folded and faulted Precam-
brian, Paleozoic, and Mesozoic sedimentary rocks, large masses of Tertiary volcanic rocks, Cretaceous and Tertiary
plutons, and metamorphic rocks. The climate varies from sub-arid along the northern border of the Snake River Low-
land to humid (alpine) in northern ranges.

In Idaho debris slides and flows are abundant in the travertine deposits and lake beds of the Medicine Lodge
Formation of Miocene age, and in the tuffaceous facies of the Eocene-OTigocene Challis Volcanics. A moderate num-
ber of landslides characterizes most of the rest of the Challis. Historic mudflows in argillized Challis took
place in the Thunder Mountain area. Smaller landslide areas are in welded tuffs which overlie soft Cretaceous
shales in the Centennial Range, in glacial deposits overlying the Idaho batholith, and in the Squaw Creek schist
west of the batholith.

" Extensive slumps and debris avalanches occur in the border zone rocks of the Idaho batholith. These rocks
have a high mica and/or clay content and, where highly weathered and fractured, they are easily dislodged by heavy
rain or snow. The batholith itself is relatively landslide free, although colluvium on granodiorite along the
south fork of the Salmon River has slumped in several places, and a few areas of griiss may be unstable. Small
rockfalls in granodiorite in the Sawtooth National Forest are not a major hazard.

In south-central Idaho north of the plain, landslide activity is locally concentrated in shales and shaly
limestones interbedded with massive Upper Paleozoic limestones, Landslides are reported in a few places in Pre-
cambrian Belt rocks. Argillites of the Prichard Formation form an area of potential sliding along the Moyie River
and an area of moderate Holocene landslide activity in metamorphosed Belt rocks is present in the Clearwater Na-
tional Forest. Many landslide scars and mudflows are at higher altitudes in Belt rocks in the Lemhi Pass area,
and in lacustrine and fluvial deposits of the intermontane basins in the Idaho-Montana border area.

In southwestern Montana the areas of Tertiary volcanic rocks contain a moderate number of slumps, as do
shaly parts of Paleozoic and Mesozoic sedimentary rocks in the disturbed belt along the eastern border of the
mountains. Landslides are especially prevalent on slopes where Lower Cretaceous Mowry Shale and Thermopolis
Shale underlie Tertiary volcanic rocks.

Thrust faults have moved massive Paleozoic limestone over Cretaceous shale in the disturbed belt west and
northwest of Great Falls. High cliffs of limestone exposed at the mountain front are unstable, so that the bases
of the cliffs are lined with deposits resulting from rockfall-debris flows. Such large, rapid slope failures are
common enough in the Northern Rocky Mountains of the United States and Canada to_constitute a significant hazard.
The Madison landslide, triggered by the Hebgen Lake earthquake in 1959, took at least 20 lives in the valley of
the Madison River west of Yellowstone National Park (Hadley, 1964).

A small part of the Northern Rocky Mountains extends into northern Washington. Landslides there are mainly
slump-earthflows in fine-grained terrace material of glaciofluvial and glaciolacustrine origin in the valley of
the Columbia River.

Blue Mountains

The Blue Mountains of northeastern Oregon are bordered on the north by the Columbia Basin, on the south by
the Harney-Owyhee Broken Lands, and on the east by the Northern Rocky Mountains. The climate is sub-humid to
semi-arid. The Blue Mountains were arched upward and faulted since Miocene time; subsequent rapid erosion has
cut steep gorges that are separated by sharp ridges or table lands. The area is underlain predor[ﬁnaqt'ly by Ter-
tiary sedimentary and volcanic rocks, with lesser amounts of sedimentary Mesozoic rocks. Landslide 1nc1der§ce and
susceptibility are very high in the Oligocene John Day Formation of the western Blue Mountains, and landslides
are prominent but somewhat less abundant in the Clarno Formation. Landslides are few in other parts of the prov-
ince.

Wyoming-Big Horn Basins

The Wyoming-Big Horn Basins province includes not only extensive areas of low relief between ranges of th
Middle Rocky Mountains but also some smaller mountain ranges and hilly areas. The general low relief and aridity
of the area lead to a Tow incidence of landsliding, but the rocks themselves are Tocally susceptible to failure.
Some areas of moderate landslide incidence lie on the west flank of the Power River Basin in northern Wyoming, on
the flanks of some of the ranges in central Wyoming where Oligocene and Cretaceous deposits have failed, and in
southern Wyoming and northwestern Colorado where Tertiary lake beds and other continental deposits of the Green
River and Wasatch Formations have been involved in considerable sliding and flowage.

Middle Rocky Mountains and Black Hills

The Middle Rocky Mountains occupy the northeast corner of Utah and northwestern Colorado, and also extend
north and northeastward from southern and central Utah and southeastern Idaho into northwestern Wyoming. They
include the Absaroka and Owl Creek Ranges and the Wind River and Bighorn Mountains of Wyoming, the Tetons and the
ranges to the south along the Idaho-Wyoming border, the Wasatch Range extending into southern Utah, the east-west
Uinta Mountains in northeastern Utah, and the highlands and mountains of northwestern Colorado. In Utah and
southern Idaho they are bounded on the west by the steep west-facing scarp of the active Wasatch fault. Many of
the ranges have peaks more than 3960 m (13,000 ft) in altitude; the topography is rugged to rolling, and local
relief is commonly more than 1524 m (5,000 ft). The climate ranges from semi-arid in the southern part to humid
in the high central and northern ranges.

At least one-half of the part of this province that 1ies in Wyoming, southeastern Idaho, and Colorado is
underlain by rocks that are either moderately to highly susceptible to slope failure or have moderate to high
landslide incidence. Rocks of many different types are involved, ranging in age from Cambrian to Quaternary.

In southeastern Idaho and southwestern Wyoming, Lower Cretaceous shales of the Bear River Formation and the
Gannett Group are landslide prone. Several Upper Paleozoic and Lower Mesozoic formations, including the Amsden,
Phosphoria, Anakara, and Stump, also are moderately unstable. The Tertiary (Eocene) Wasatch Formation has many
slumps and debris flows. Paleocene welded tuffs which overlie softer Cretaceous rocks are susceptible to slumping
where dissected, as along the Snake River adjacent to the Snake River Lowland on the south.

In northwestern Wyoming, soft bentonitic claystones and shales of Jurassic and Cretaceous formations are
particularly susceptible to slump-earthflow and debris flows. Also involved in extensive Tandslides are shales,
siltstone, and sandstones of early Tertiary age, especially where these are overlain by massive volcanic rocks.
Colluvial material and glacial detritus on slopes in the higher mountains, such as the Teton and Wind River Ranges,
are susceptible to mobilization by melt water and torrential rains to form slides and debris flows.

Very troublesome rocks in parts of southern Montana and north-central Wyoming are shaly sequences, such as
the shales of the Cambrian Gros Ventre Formation and the Gallatin Formation under massive Ordovician Bighorn
Dolomite and Mississippian Madison Limestone. Large landslides in these rocks along the Bighorn River have been
reactivated by creation of the Bighorn Reservoir. Other combinations of shale overlain by more massive rocks have
led to extensive slides, particularly where the rocks dip toward the valley and the massive rocks have been cut
free by erosion. The lower Gros Ventre Slide south of Teton National Park is a well-known example in which Pemn=
sylvanian Tensleep Sandstone s1id down on the underlying shaly Amsden Formation.

Other combinations known to be unfavorable in the Middle Rocky Mountains in Wyoming and Colorado are the
sandstone of the Cretaceous Lakota Formation over shales of the Jurassic Morrison Formation or the Redwater Shale,
as well as Tertiary sandstones, conglomerates,and volcanic rocks over shales of the Upper Cretaceous Niobrara and
Frontier Formatfons or the Steele Shale.

In Utah, landslides are numerous along the Wasatch Front and on the north side of the Uinta Mountains,
especially where Precambrian rocks have been thrust over Hilliard Shale and other soft rocks. In central Utah,
rockslides from steep cliffs are common, as well as slumps and flows where beds of soft rocks are interbedded with
or overlain by more resistant rocks. The Cretaceous Tropic Shale, the Tertiary Flagstaff Formation and the
Cretaceous-Tertiary North Horn Formation are particularly susceptible to landsliding.

Although the central core of the Black Hills domal structure is formed of stable igneous rocks, parts of the
surrounding belt of tilted sedimentary rocks are unstable; most notable are shales of Jurassic Morrison and Sun-
dance Formations.

Southern Rocky Mountains

The southern Rocky Mountain subdivision includes the Medicine Bow and Laramie Ranges of southern Wyoming, the
numerous ranges of central and southwestern Colorado, and the mountainous regions of northern New Mexico. It is
a region of complex geologic history and structure and of greatly varied 1ithology. Topographic setting ranges
from extremely rugged high peaks to extensive fairly level but high intermontane basins. Nearly the full range of
slope-failure processes have been or are now active within the region.

The areas of high susceptibility and incidence may appear more extensive for Colorado than for some other
states because larger scale maps showing actual distribution of landslide and related deposits have been prepared
for the whole of this state from interpretation of all available geologic maps and aerial photographs. (See
figure 3, a reduction of the landslide map of Colorado from 1:500,000 to 1:7,500,000). This has confirmed the
general impression that landslide deposits are rarely shown in their full extent on geologic maps, even those re-
cently prepared at large scales. In the greater part of the areas shown as having a moderate to high incidence
of landslides the initial slope failures occurred during some previous time of wetter climate, probably at the
time of waning glaciation. Although not now active, such areas are easily reactivated by even minor alterations
of the slope or ground=-water conditions.

The areas most extensively affected by slope failures appear to be those underlain by Cretaceous shales, by
Tertiary continental deposits, such as the Green River and Wasatch Formations, by Tertiary volcanic sequences,
particularly those that are hydrothermally altered or that include weak and permeable beds of agglomerate, and
those that comprise more massive volcanic rocks underlain by weak lower Tertiary and Cretaceous siltstone and
shale.

However, rocks of all Tithologies and ages are affected to some degree. Cliffs and canyon walls formed of
Precambrian igneous and metamorphic rock are subject to frequent small rockslides and rockfalls, as are steep
slopes of Paleozoic and Mesozoic carbonate rocks and sandstone, particularly where underlain by erodible shale
strata. . A particularly common combination subject to both falls and sTumps and prevalent also in the Colorado
River Plateau, is a massive unit, such as sandstone of the Mesa Verde Formation or volcanic rock, overlying a
soft unit, such as the Mancos Shale.

INTERIOR DIVISION

Upper Missouri Basin Broken Lands

The Broken Lands include most of central and eastern Montana, North and South Dakota west of the Missouri
River (except the Black Hills), and eastern Wyoming; all of it is tributary to the Missouri River. This semi-arid
region has a climate typical of the interior of the continent with hot summers and cold winters.

Much of the area is underlain by flat-lying Cretaceous and Paleocene shales, siltstones,and sandstones. The
clay-mineral content of many of these rocks is moderate to high, so that they are susceptible to slumps and earth
flows. The weak and erodible rocks have generally low to moderate relief, with some buttes and badlands; slopes
are generally moderate to steep only along drainage courses. For this reason the areas of moderate and high inci-
dence of landslides are confined mostly to the valley walls of the Missouri River and its principal tributaries,
although the intervening flatter areas are very susceptible to landsliding if slopes are steepened by man or nature.

Geologic units that are known to be very susceptible to landslides are the Pierre Shale, Bearpaw Shale, and
particularly, the Claggett Shale of the Montana Group, the Marias River Formation and Cody Shale, all of Upper
Cretaceous age, and the Fort Union Formation of Paleocene age. Pleistocene glacial lake deposits along the Missouri
River, especially in the vicinity of Great Falls, are moderately to highly susceptible to slope failure. Sliding is
common around the perimeter of buttes in southwestern North Dakota and northwestern South Dakota where the Oligocene
Chadron Formation overlies the Paleocene Fort Union Formation.

High Plains and Nebraska Sand Hills

This region of low relief is underlain at the surface nearly everywhere by flat to gently dipping Upper Ter-
tiary continental deposits. There may be local areas of small slope failures along stream valleys but landslides
of any considerable size are rare.

Rocky Mountain Piedmont

The Rocky Mountain Piedmont extends through eastern Colorado and New Mexico, from Wyoming on the north to
Texas in the south, lying between the Southern Rocky Mountains and the High Plains in the north and between the
Basin and Range Area and the High Plains in the south. This area of generally Tow relief, which slopes gently
eastward away from the Southern Rocky Mountains, is interrupted by some steep-sided valleys, dissected plateaus,
and Tow mesas. The climate is semi-arid. The principal bedrock consists of upper Cretaceous shales and sandstones,
some units of which are susceptible to sliding. Cretaceous and Permian rocks are involved in areas of slump and
earthflow along the Purgatoire River in southeastern Colorado, and Tertiary volcanic rocks are involved in failures
around the edges of mesas southeast of Trinidad, Colorado.

In the northeast corner of New Mexico landslides are abundant at the contact between the shales of the Chinle
Formation and the overlying Entrada Sandstone, as well as in the Pierre Shale, Large areas of the Chinle Formation
in east-central New Mexico may be susceptible to landsliding, although Tittle is known regarding the stability of
the Chinle in this area.

Dakota-Minnesota Drift and Lake-bed Flats

LandsTides are not common in this physiographic subdivision owing largely to Tow relief. Much of the surface
is covered either with Pleistocene glacial moraine or lake beds. There are some landslides and susceptibility to
landslides in northern North Dakota where glacial till and drift overlie the Paleocene Fort Union Formation.

North-Central Lake-Swamp-Moraine Plains

Glacial deposits mask most of the bedrock in this area except along Lake Superior and the northern part of
Lake Michigan, where massive Cambrian sandstone or Ordovician limestone form high cl1iffs along the shores of the
lakes. Rockfalls are common in these areas.

Pleistocene lacustrine clay deposits along the Take shores and inland in Wisconsin are highly susceptible to
earthflows and lateral spreading, although the incidence is generally Tow and the slides are small and isolated.
Slumps and earthflows have occurred in sedimentary deposits of glacial Lake Nipissing at the western end of Lake
Superior, and minor slides have been reported in terraces along the Red River Valley. Lakeshore bluffs in glacial
deposits are moderately susceptible to slumps due to undercutting by waves. Most of the bluffs along the east and
south sides of Lake Michigan are cut in sand dunes which are moderately susceptible to sand flows.

Southwest Wisconsin Hills

In these hills glacial deposits are thin and Tower Paleozoic rocks crop out extensively. The area is free of
landslides except along the Timestone and sandstone bluffs on the east side of the Mississippi River where incidence
of rock falls is moderate and susceptibility is high.

Middle Western Upland Plain

This part of the interior plains is rolling and dissected. Glacial deposits are thin except in valleys. The
province is underlain by Silurian, Devonian, and Mississippian sedimentary rocks and is bounded on the northeast
and north by an escarpment of Silurian rocks facing northeast toward the Mississippi River. Along this escarpment,
both in Iowa and in northeastern Missouri, there has been slumping of blocks of dolomite from the Edgewood Forma-
tion downward onto the underlying Ordovician Maquoketa Shale, which becomes plastic when wet. In central Iowa, in
the southwestern part of the province, some of the Des Moinesian shaly portion of the Pennsylvanian section appears
to be moderately susceptible to landslides, particularly where weathered and overlain by loess or till, but there
has not been much sliding.

STumps and debris flows are common in colluvium derived from deeply weathered shale of the Kope Formation
(Ordovician) along the Ohio River in and around Cincinnati. In north-central Ohio, in the vicinity of Cleveland,
block sTides and slumps occur along valley walls in Devonian shales and sandstones. In the Cuyahoga Valley south
of Cleveland lacustrine clays and silts are highly susceptible to earthflows and because of extensive construction
in the valley the incidence of slides is high.

Weathered claystone beds in cyclothems (coal-shale-sandstone sequences) of Pennsylvanian age along the I1linois
River are highly susceptible to earthflows and slumps. Increased development in recent years has caused a moderate
amount of sliding.

Along the east side of the Mississippi Valley is a thick deposit of loess which, along with underlying 1lime-
stone, sand and clays, is highly susceptible to earthflow and lateral spreading. Incidence is moderate south of
the Ohio River and low to the north.

Pleistocene marine clay in the upper St. Lawrence and Champlain valleys and lacustrine clay along Lakes Ontario
and Erie are moderately unstable, with small areas of lateral spreading and earthflow. Wave undercutting of the
Takeshore bluffs has caused a moderate number of slumps and earthflows. The gorge of the Niagara River below
Niagara Falls is highly susceptible to rockfalls; it contains numerous massive rockfalls in thick 1imestone of
Silurian age which is underlain by weak shale.

East-Central Drift and Lake-bed Flats

The broad, relatively undissected flats of this area are covered by thick glacial deposits. Most of the area
has only sparsely distributed Tandslides except in the vicinity of Chicago, where there are many small areas of
Tateral spread and earthflow in lacustrine clays. Similar conditions, but with low incidence, occur inland in the
highly susceptible silt and clay deposits Taid down in glacial lakes. Bluffs along Lake Huron and Erie are moder-
ately susceptible to undercutting by wave action and have a moderate amount of earthflow and slump.

West-Central Rolling Hills and Mid-continent Plains and Escarpments

These areas of Tow to moderate relief are underlain by a variety of Mesozoic and Paleozoic sedimentary rocks,
which are generally flat lying or only locally disturbed. In a broad way, the consolidated rocks are successively
older eastward toward the Mississippi Valley, but large areas in the north between the Missouri and Mississippi
Rivers are blanketed by Pleistocene loess and glacial drift.

Particularly susceptible to slumps and earthflows are: Tloess along major river valleys and their tributaries;
clayey ti11 on slopes underlain by shale; the Graneros and Kiowa Shales of Cretaceous age in Kansas; and some
Pennsylvanian shale units in southwestern Iowa, northwestern Missouri, and eastern Oklahoma,

EASTERN HIGHLAND DIVISION

Ozark-OQuachita Highlands

The Ozark-Ouachita Highlands extend southwestward from south-central Missouri through northwestern Arkansas into
southeastern Oklahoma. They are separated from the Eastern Interior Uplands and Basins and the Appalachian High-
lands subdivisions by intervening large lowlands of the Mississippi River Valley and coastal plains. However, the
geologic and geomorphic similarities betwen the two areas indicate that Appalachian geology and structure continue
westward beneath the Towlands to reappear in the Ozark-Ouachita Highlands.

From northeast to southwest, the region consists of three parts: (1) the Ozark Plateaus, including the St.
Francis Mountains of southeastern Missouri and the Boston Mountains of northwestern Arkansas, (2) the Arkansas
Valley, and (3) the Ouachita Mountains of western Arkansas and southeastern Oklahoma.

The Ozark Plateau is a broad dome on which carbonate rocks predominate; some igneous rocks crop out in the St.
Francis Mountains, and faulted and folded Pennsylvanian sandstones and shales make up much of the Boston Mountains.
Landslides are not common in the Ozark Plateaus, although a notable rockfall occurred in the carbonate rocks exposed
along the Gasonade River. There has been some sliding in Tower Paleozoic interbedded shales and 1imestones in the
dissected region near the Mississippi River. In the Boston Mountains the most susceptible unit appears to be the
Mississippian Fayetteville Shale. Around the border of the Arkansas Valley and in the Ovachita Mountains the more
susceptible units are Pennsylvanian shales, such as the Savanna Formation and the Johns Valley Shale.

Eastern Interior Uplands and Basins

Along the western edge of the Appalachian Plateau is-an area of low, dissected plateaus and plains underlain
by flat-lying shales, sandstones, and Tlimestones (Devonian<Mississippian), The shales weather deeply so that collu-
vium accumulates in small tributary valleys. The colluvium in Kentucky and Tennessee is moderately susceptible to
sliding when overloaded by fills. Along the Ohio River from Ashland, Kentucky to west of Cincinnati, Ohio, slumps
and debris avalanches are numerous in flat-lying shale-sandstone and shale-Tlimestone sequences in the Ordovician
and Devonian-Mississippian rocks.

Appalachian Highlands

The most extensive area of unstable rock in the eastern United States is in the plateau of the western part of
the Appalachian Highlands, (see fig. 2), where numerous landslides have developed in the cyclothems of Pennsylvanian
and Permian age, formed of repeated cycles of coal, clay, shale, limestone, and sandstone. The shales, especially
the red beds and shale-limestone sequences, disintegrate into clay rapidly upon exposure. Landslides in the weathered
rocks_ are very common with over 75 percent of the slopes in the area from Pittsburgh, Pa,, to Chattanooga, Tenn.,
showing signs of failure. Although most of the slides involve weathered bedrock, they are shallow, generally less
than 2.4 m (8 ft) thick. Commonly the material moves as a slab at a rate of a foot or two per year or less. The
slab i§ nqrma’lly underlain by material bearing water with a hydrostatic head of up to 2 m (6 ft). Damages run into
many mﬂhons of dollars per year, but fatalities are few as the slides move slowly. In Tennessee and Kentucky,
chuvwm along the flanks of the plateau area is as much as 30 m (100 ft) thick and often slides during construc-
t!on. Regional stress due to removal of Pleistocene ice sheets has accentuated the slope failures along the Ohio
River in the Allegheny Plateau area.

East of the plateau, the flanks of the Appalachian ridges and the Blue Ridge (see fig. 2), especially those
formed on sandstone and metamorphic rocks, are covered by extensive colluvium and scree deposits which are highly
suscep1_:1b1e to sliding. The geologic units are so closely spaced that they have been combined into areal units
gompahb]e wi?h the scale of the map. Most of the abundant slope movement in the colluvium consists of slowly mov-
ing debris slides, although the greatest damage and largest loss of life come from debris avalanches and debris

flows that result from persistent steady rain followed by sudden heavy precipitation. A single such storm, although
generally confined to a single small drainage basin, can cause from 100 to over 1,500 slides. In 1969 Hurricane
Camille resulted in 1,534 debris slides in an area of 38 square miles (93 km2) in the Spring Creek watershed in
eastern West Virginia. On the basis of debris slide areas observed since 1949 and storm frequency it is estimated
that more than 10,000 debris slides have occurred in the Appalachians in the Twentieth Century. Although all the
colluvium is highly susceptible to sliding, variations in incidence reflect differences in storm distribution,
vegetative cover, and changes by man.

In the Great Valley, east of the Appalachian ridges, (see fig. 2) the broad areas of Cambrian-Ordovician 1ime-
stones contain pockets of thick residual clay that is moderately susceptible to sliding. This clay forms numerous
small earthflows and slumps, especially along highway cuts.

Slumps and earthflows in marine and lacustrine clays along the valley of the Hudson River in New York have
caused extensive property destruction and loss of life.

Glacial deposits along the Finger Lakes in central and western New York are moderately susceptible to slumps
and earthflows due to undercutting by wave action.

Adirondack-New England Highlands

The granitic and metamorphic rocks of this area are unstable locally. Rock slides and debris avalanches are
numerous in the White Mountains of New Hampshire. Related mountain masses in Maine and in the Adirondacks in New
York are moderately susceptible to rock slides and debris avalanches, In the southern part of the area, rockfalls
at Storm King, N.Y., on the Hudson River have caused extensive damage and loss of Tlife,

'[he Pleistoceng clay deposits of the upper Hudson River Valley, extending northward into the Champlain Valley,
are highly susceptible to slumps and earthflows. South of Troy and Albany, N.Y. they have caused extensive struc-
tural damage and the loss of over 50 lives. Similar deposits 1ie in the upper part of the Connecticut River Valley.

GULF-ATLANTIC DIVISION
Lower New England
Tr}e coastal area of New England is a rocky terrain with a highly irregular shoreline. Away from the coast, the
Tand is rolling.with extensive plains of ground moraine and Pleistocene marine clay. The clays are unstable and on
steep slopes adjacent to major streams there are numerous large areas that are susceptible to small slumps and
earthflows. Slope failures in the clays occur along the valley of the Connecticut River in Connecticut and Massa-
chusetts and in the vicinity of Portland, Maine.

Gulf-Atlantic Rolling Plain

East of the Appalachian Mountains, the country is a dissected rolling plain formed on residuum from deeply
weathered metamorphic rocks bordered on the east by a dissected, terraced plain on thick deposits of sand, gravel,
and clay. Most of the area is free of landslides except for southern Alabama and eastern Mississippi where slumps
and earthflows occur in upper Cretaceous clay. In areas of similar clay of Tower Cretaceous age in Maryland and
Virginia the incidence of slumps and earthflows is high. Northward, in southeastern Pennsylvania on the north side
of Long Island, the susceptibility and incidence are lower but because of the dense residential development monetary
Tosses have been large.

In northeastern New Jersey large rockfalls occasionally drop from the faces of long, high c1iffs formed by
Triassic diabase sills.

Along parts of the Chesapeake Bay, especially the western shore, deposits of clay, sand, and gravel in steep
cliffs are moderately susceptible to slumps developed by undercutting by waves. Similar conditions exist along the
cliffs at Marthas Vineyard, Nantucket Island, Massachusetts and Sandy Hook, N.J.

High, rounded hills in the interior part of the plain in the Carolinas and Georgia are covered with thick
residual soil and colluvium overlying igneous and metamorphic rocks., The weathered metamorphic rocks, especially
mica schists and mica gneisses, are susceptible to earthflows, slumps, and rock slides. Still farther south, deep
loess deposits overlying sand, clay,and Timestone along the eastern side of the Mississippi Valley cause moderate
slumping and earthflow along steep river banks and road cuts.

West of the Lower Mississippi Alluvial Plain, lower Tertiary deposits are troublesome, such as the band of
galeocgneTrocks that trends southwestward in Arkansas, and the Cook Mountain Formation of the Eocene Claiborne
roup in Texas.

Along the western parts of the Gulf-Atlantic Rolling Plain in Texas, and in the disturbed belt along the front
of the Stockton-Balcones Escarpment and northward, clay-rich units of the Cretaceous sedimentary deposits are sus-
ceptible to slumping and sliding even on quite Tow slopes. Notable among these are the Del Rio Clay, the Taylor and
Navarro Groups, and the Eagle Ford Formation.

Gulf-Atlantic Coastal Flats

This area of low, dissected plains formed of sand, clay, and Timestone is generally free of landslides. A few
slumps occur along river valleys. Failures along dredged waterways have occurred in the Beaumont Clay along the
coast of Texas at the Houston Ship Channel and the Neches River Ship Channel.

Lower Mississippi Alluvial Plain

That part of the Lower Mississippi Alluvial Plain that Ties within the belt of prominent meanders of the Mis-
sissippi River is shown as susceptible to Tandsliding, although practically all slope failures are slumps and flows
of river banks owing to erosion by the Mississippi River and its tributaries. The upper alluvial valley down to
about Baton Rouge is shown as being more susceptible than the lower delta area because the upper fine-grained de-
posits are, in the upper valley, underlain by coarser sandy and easily eroded materials at depths to which the
river can and does scour; this scour causes slumps and earthflows of both the exposed banks and the deposits below
river level. In the Tower delta area, the upper fine~grained deposits are thicker, the river runs wholly within
them, and bank failures are much less probable.
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FIGURE 3.— LANDSLIDE DEPOSITS IN COLORADO
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Susceptibility was not indicated unless it was thought that disturbance of the area would result in more
lands1iding of the underlying material than the incidence category indicates. Therefore, no areas of highest
incidence show a susceptibility pattern; some areas of moderate incidence may show a high susceptibility pattern;
and some areas of low incidence may show either a high or moderate susceptibility pattern. An_incidence area with-
out a pattern may indicate a susceptibility that is the same as or lower than the incidence. However, because
landslides themselves generally have high susceptibility, areas of lower susceptibility than is indicated by the
incidence are rare: an incidence area without a pattern should therefore be assumed to indicate a susceptibility
approximately the same as the incidence. The way in which incidence and susceptibility categories are combined
are illustrated in the diagram.

,~"~\,-\
Southern 1imit of Pleistocene continental glacial deposits

Data for area east of the juncture of the Milk River and U.S.-Canada boundary from King and Beikman, 1974;
data for area west of this point from National Research Council, 1945, and Crandell, D. R., 1965, modified by
data. from Waitt, Richard, written communication, 1976.
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Selected landslides or landslide areas of special interest (Publications and personal observations describing
selected landslides are listed below by number. Numbers are shown on the map consecutively, starting in the north-
west corner and going southward in Washington, Oregon, and California; then from north to south in the Rocky
Mountains and the Colorado Plateau; from north to south in the Great Plains and the Midwest, to the mouth of the
Mississippi River; and from the Northeast southwestward along the Appalachians and south to Florida. Numbers in-
dicating a general reference for a state are in the northeast corner of the state).
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