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GENERAL 

Geologic hazard s are natura l geologic conditions that if 
unrecognized or inade~uately planned for can result in loss 
of l ife, damage to s tructures, or high maintenance costs, es
pecia l ly for homes, roads , and uti 1 it ies. The mapping units 
used on this map are a combination of genetically related 
features, processes, and/or condit ions that could cause pro
bl ems for human acti vities . Where appropriate, mapping units 
and their definition s conform to the terminology and definitions 
given in Co lorado House Bill 1041 and the Colorado Geological 
Su rvey's Gu i del ines and Criteria for Identification and Land 
Use Controls .!.!!. Geol09Tc Hazard and M1neral Resource Areas 
TRQgers and others, 1974) . In addition, hazard areas may in· 
clude geologic hazards that vary greatly in degree depending 
on natural variation within the area and on various man-caused 
changes tl1at may occur in the future. Because rrost of Douglas 
County is presentl y in the natural state or is being used for 
low-intensity uses l ike agriculture and grazing, most of the 
mapped hazards cause no difficulties for existing human activi
ties. No detailed quantification of geologic hazards is made 
in this study other than the table below which relates the de
gree of hazard to certain types of land use . In short, the 
actual degree of hazard depends as much, if not more, on human 
decisions affecting land use as it does on geologic factors. 

SUGGEST IONS TO MAP USERS 

This map should be used as an indi cator of locations 
where a particular geologic hazard may adversely affect cer
tain land uses. It is not intended to supplant detailed field 
investigations of individual sites. but rather to signal places 
where the indicated geo log ic conditions can be expected and 
should be spec ifi ca ll y addressed in advance of any land-use 
change. If this map i s used to designate geologic-hazard areas 
as specif\ed by H.B. 1041 (Rogers and others, 1974, p. I20-I2I ), 
then it i s suggested that this map' serve as a basis for further 
investigation of individual sites. Detailed investigation and 
evaluation may serve as the basis for actual designs, or such 
st udies might indicate that for ~conomi c or safety reasons the 
parti cul ar activity is not feasible. Land-use decisions in these 
areas should be based on technical reviews and planning evalu
at ion of detailed studies and speci fic site plans. 

EXPLANATION 

SUBSIDENCE AREA: Area where collapse of underground m1n1ng 
excavations can cause general lowering or severe dif
ferent ial sett lement of the ground surface. Precise 
delineation of these subs idence areas is difficult and 
requires dri l ling or geophysical investigations because 
the mining excavat i ons are concealed beneath the ground 
surface and in most localities poor or no records of 
mining or maps of mines are available. Moreover, because 
surface subsidence is ca used by surfaceward migration 
of col lapsing mine voids. subsidence effects can occur 
without warni ng or be sporadic. Subsidence common ly is 
intermittent, can vary greatly in rate, and can occur 
suddenly with little prior warning. Consequently, hazard 
zones with indefi nite boundaries only are shown on this 
map. 

Hazards in mine- subs iden ce areas are usually related 
to buckling, s preading, or cracking of rigid structures 
such as buildings, bridges, or roads; di s ruption of drain
age and utilities; or in some instances, loss of structures 
that fall into subs idence pits. 

In addition to subsidence caused by mining, some areas 
with certain surficial materials may settle or collapse 
if loaded or wetted. Most commonly, these material s are 
soil and eolian deposits ( loess and sand) located at or 
near the south or southeast . These subsidence areas are 
not mapped because of their simple association with drain
ages, their number, and the necessity for site-specific 
engineering-soils test to determine related hazard for a 
specific land use. 

SLOPE-FAILURE AREA: Area where landsliding, earthflowage 
and/or acceler ated creep are taking place. Evidence 
for s lope fail ure includes hummocky topography with 
distinctive abrupt changes in slope near the main 
scarps of l andslides, vegetation or man-made works 
disrupted by s lope movements, anomalous slope reversal(s), 
ground-moi sture conditions indicative of slope move-
ment, and microtopog~aphic features such as soil ripples 
and gro und cracks. 

Slope-failure areas are mapped only where ground
movement can be demonStrated unequivocally. Other 
slope failures undoubtedly exists but have not been 
recognized as such. Most of these slope failures 
probably are i ncluded under unstable or potentially 
unstable slopes. 

Slope fail ure areas are hazardous because s lope 
movements can damage or destroy buildings and/or 
the ir foundations and utilities. 
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ROCKFALL-ROCKSLIDE/DEBRIS AVALANCHE AREA: Area subject to 
falling, sliding, and/or avalanching of individual 
blocks of rock, accumulations of blockY material, or 
heterogeneous, granular colluvium. Includes areas 
with deposits of talus and debris contiguous to their 
sources . Areas mapped as this unit are characterized 
by very rapid to nearly instantaneous slope movements 
that occur during heavy rainstorms. Because of this 
association with periods of rapid water runoff. water
flooding and debris-flow haza rds are common locally 
in some parts of these areas . Lesser slopes do not 
usually indicate a lessening of susceptibility to 
these hazardous processes . Rockfalls occur on or 
near cliffs . Debris avalanches and rockslides usu-
ally are initiated on rock-rubble and debris-strewn 
slopes ranging from 20 to 45-degrees (36 to 100-percent) 
inclination. Materials mobilized by these types of 
slope failures can continue to move downward and out
ward as slurry-like flows that move away from their 
sources over gentler slopes. 

Hazards in these areas result from possibility of 
impact to structures by rapidly moving rocks and debris. 
These mass movements occur so rapidly that little, if 
any. warning of their impending occurrence is possible . 
Safe, intensive land uses such as residen t ial development 
in these areas are rarely possible. Other less inten
sive land uses may be safe, especially if occassional 
cleaning up of debris and/or partial to complete de
struction of structures is acceptab le . 

UNSTABLE OR POTENTIALLY UNSTABLE SLOPE: Slope with evidence 
for past slope movements or geologic conditions favor
able for slope failure. These slopes are characterized 
by phys1ography produced by landsliding soil creep, earth· 
flowage and/or by moderatel y to steeply sloping, poorly 
consolidated colluvium, alluvium or deeply weathered 
bedrock. Potential for s lope movement varies with slope 
inclination and aspect, local ground-moisture conditions, 
permeability of surficial materials and man-made modifi· 
cations of the ground surface, especially those that 
affect drainage and steepness of slope . 

Unstable or potentially unstable s lopes commonly co
incide with moderate-to-high erosion-potential areas. 
This coincidence appears to be related to changes in 
natural drainage usually made for road construction, 
agricultural management or from damage to or removal of 
natural vegetation by people and grazing animals. In 
many places modern accelerated gully and sheet erosion 
has r@ffiOved considerable amounts of material decreasing 
the stability of slopes. Lesser slopes included in this 
mapping unit are usually less likely to fail than steeper 
slopeS although 1 atera 1 spreads may occur where the 
ground has become water-saturated and is deeply incised 
by gullies. 

Unstable or potentially unstable slopes are hazard
ous because man-caused changes in the land surface can 
cause unexpected slope movements. Frequently this can 
result in considerable expense for many kinds of land 
developments or land uses. 

LOW EROSION-SUSCEPTIBILITY AREA : Area where modern erosion is 
minimal because surficial materials are thin, well indu
rated, or composed of exposures of res istant bedrock . 
These areas usually are underlain by caprock that forms 
mesas and buttes, or are underlain by thin pediment gravels 
composed predominantly of cobble to boulder-size clasts 
indurated by caliches or are exposures of resistant bedrock. 
In many locations stream bottomlands are aggrading by de
position of sediment produced by accelerated modern erosion 
in uplands. This aggradation locally raises stream base 
level . Extensive stream-bottomland areas are indicated by 
the marshland syrrbol. 

Many low erosion-susceptibility areas are characterized 
by materials that are difficult to excavate and by poorly 
defined surface drainage. These factors result in added 
expense for construction, drainage control, and sewage dis
posal . Additionally, low·lying areas near streams are 
usually not difficult to excavate but they are subject to 
occasional flooding and deposition of sediment. Flooding 
can damage buildings and roads and accumulations of sediment 
can divert flood water locally, interrupt or damage drain
age-control structures, and damage or destroy roads and 
utilities . 

D MODERN .ACCELERATED·EROSION AREA: Area undergoing gullying or 
sh eet eros1on that appears to be accelerated or aggravated 
presently by overgrazing, poor construction practices veg
etation removal or disturbance, or dams and other man~made 
changes in surface drainage. This erosional condition may 
be attributed to one or a combination of these causative 
factors. Erosion tends to be most pronounced on slopes 
where surficial materials consist of 1 to 5 m of poorly 
consolidated, sparsely vegetated soil and weathered-rock 
material(regolith), colluvium or alluvium derived from the 
sandy, arkosic, poorly indurated rocks of the Dawson Forma
tion. Susceptibility to erosion apparently is not directly 
dependent on slope. However, gully erosion is more common 
on steeper slopes or adjacent to or in drainage courses; 
sheet erosion is usually restricted to gently sloping areas 
where grass cover is sparse. Gul l ies are shown on the map 
as open (patternless) areas that nearly always coincide 
with places where drainage is poorly developed. 

GEOLOGIC HAZARDS FOR COMMON LAND USES 
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Hazards in modern-erosion areas result from excessive 
removal or depositio n of sand, silt, and clay. These ma
terial s can clog or bl ock (siltate) drainage-control struc
tures, damage or destroy vegetation cover, or be respon
sible for excessive maintenance cost for buildings, utili
ties, and roads. Erosional effect can severely_ damage the 
land surface necessitating costly rehabilitation work prior 
to use of the land for agriculture or residential develop
ment. Moreover, intensi ve land uses such as residential 
development can aggravate or increase erosion such that 
lessening of its affects on adjacent land may be diffi cult 
or impossible . Gullies frequently undercut unstable or 
potentially unstable slopes causing local small slope 
failures. This condition of slope instabili,ty is so com
mon in most areas that any slope directly above a modern 
gully should be considered suspect with respect to its 
slope stability. 

MODERATE-TO-HIGH EROSION-SUSCEPTIBILITY AREA: Area where 
potential for erosion to occur is moderate to high be
ca use of slope, composition· (arkosic grit., sandstone, 
claystone, and surficial deposits derived from these 
rocks), or p6or consolidation of surficia l materials, 
spa rse vegetation cover . and proximity and simi1arity 
to areas already undergoing accelerated modern erosion. 
Many parts of the mapped areas are in a state of immi
nent accelerated erosion because of widespread over
grazi ng, extensive areas of smal l-scale surficial 
slope failure (soil creep), surface modification by 
roads and drainage-diversion or impoundment structures 
(dams), and vegetation damage caused by off-road ve
hicles and other intensive human activities . 

Prediction of the amount or degree of erosion-related 
damage that may occur in a given area is not implied in 
the definition of this ma pping unit . The map boundaries 
for areas so mapped are generalized because the degree of 
erosion susceptibility in a given area is as dependent on 
effects of man-made land-surface modifications as it is 
on natural conditions. In many areas, susceptibility to 
erosion lessens with decreased slope, increased distance 
from drainage courses, and increased degree of consoli
dation of surficial materials. 

The coincidence of moderate-to-high erosion-suscepti
bility areas with unstable or potentially unstab l e slopes 
is due, in part, to increases in permeability caused by 
ground cracks resulting from slope movement and decreases 
in compaction of surficial materials. In many places it 
is apparent that erosion and slope movement(s) are re l ated 
processes and one may be the initiating process that acti
vates the other. 

The mos t important hazard-related factors in these 
areas are erosion and deposition of sediment, damage to 
vegetation. and increased maintenance costs of roads, 
drainage-control structures, bui l di ngs , and utilities. 
Erosion can be a severe esthetic and feasibility prob lem 
for planning many kinds of developments. 

DEBRIS-FLOW AREA: Area susceptible to occasional rapid movement 
of slurry-like mixtures of soil and rocks. incorporated 
woody debris, and water. Debris movement initiates typically 
as rockfalls, rockslides, and/or debris avalancnes and de
bris slides. These slope movements are coincident with in
tense rainstorms that occur during the late spring and 
summer . This rapid ly moving debris is typically capable 
of moving considerable distances downward and outward onto 
adjacent moderately to gently sloping areas (20 to 0-percent 
slopes). Depending primarily on the drainage development in 
the debris-flow area, debris flows can either be confined to 
drainage channels or spread out over relatively large areas 
before debris movement ceases. Debris movement during a 
given debris-flow event is very difficult to predict because 
of minor topographic irregularities. variable amounts of 
debris mobilized during a rain storm, and diversion of debris 
flow(s) by variations in channel geometry and/or effects 
of material already present in channels. Additionally, 
man-made land-surface changes can significantly alter the 
potential for debris flowage i n some areas. Debris-.flow 
deposits of various ages occur in the mapped debris-flow 
hazard areas. The age of these debris - fl ow events ranges 
from occurrences during thi s century and the past two de
cades to some that probably occurred a few thousand years 
ago. All of these areas are underlain by deposit s of un
questionably debris-flow origin or have physiography clearly 
indicative of such deposits. 

Hazards in debris-flow areas result from sudden impact 
by moving debris that injures people and damages or destroys 
buildings, utilities, and roads. In some cases defense 
structures or other measures can reduce hazards consi derabl y, 
possibly to acceptable levels . 

NOTE: Other hazards and discussion of individual hazard areas 
are indicated by notes on the map . 

Reference 
Rogers, W. P., and others, I9 74, 

identification and land-use 
and mineral resource areas; 
Pub . 6 , 146 p. 

Gu idel ine and criteria for 
controls of geologic hazard 
Colorado Geol. Survey Spec. 
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UTM GRI D AND 1971 MAGNETIC NORTH 
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EXPLANATION OF MAP IS PLATE 16. 
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NOTES 

This large landslide 
appear s t o be inactive. 
Intensive residential 
developme nt of th is 
fea ture coul d rea c ti
vate ito movement s. 

rss @ 
Ther e are many s mall 
areas of a cce lerate d 
creep and s mall-scale 
landsliding on steeper 
mesa sideslopes in this 
area. 

@ 
Mon t small drainage
ways ad j a cent t o mesa 
slideslopes are local
ized small debris-flow 
areas. 

EXPLANATION OF MAP IS PLATE 16. 
ALSO SEE NOTES ABOVE. 
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EXPLANATION OF MAP IS PLATE 16. 
ALSO SE E NOTE S ABOVE. 
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Small debris-flow areas, 
usua ll y 20 to 5 ac res or 
less, exist in or near 
drainageways downslope 
from most rockfal l-rock
slide a r eas . 
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EXPLANATION OF MAP IS PLATE 16, 
ALSO SE E NOTES ABOVE, 

NOTES 

Small debrio-flow areas , 
uoually 20 to 5 ac r es or 
less , exist in or near 
drainageways downslope 
from most rockfall-rock
s lide areas . 

® 
Man y pinnacles in the 
vicinity of Roxborough 
Park may present mod
erate to severe rock
fall hazards in their 
immediate vicinity . 

All canyons along the 
mountain frmt are highly 
flash - flood prone and can 
produce la~ge amounts of 
mobilized debris during 
heavy rainstorms . Ha
zardous debris fans are 
formed at the mouths of 
most of these canyons. 
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EXPLANATION OF MAP IS PLATE 16, 

ALSO SEE NOTE S ABOVE. 

NOTE 

Small deb ri s - flow areas , 
usually 20 to 5 a c re s o r 
less , exist in or ncar 
drainageways downs lop e 
from most rockfall-roc k
s lide a rea s . 
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EXPLANATION OF MAP IS 

ALSO SEE NOTE S ABOVE, 

PLATE 16. 

NOTES 

l~ ese l a nd~li d ec consis t rif 
large a reas of deep accel 
era t ed creep. S l ope move 
ment s appear t o occ ur onl y 
,l uring the lat e wi n ter and 
s r, ring month s of cs pccidll y 
we t vca rs . 

® 
Smel 1 dc br:-: s .J1 !'-~,.-.' at".ce st
us ua l l y 20 t o 5 ac r e s 
or less , e xist i n o r nea r 
dra inageways down s l ope 
fr om mos t rockf a ll - r ock
s l i de a reas . 

' 
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Base from U.S. Geological Survey 
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EXPLANATION OF MAP IS PLATE 16. 
ALSO SEE NOTES ABOVE, 

NOTE 

All canyon s along the 
mountain front a r e hi ghl y 
fla s h flood p r one and can 
produce large amount s of 
mobiliz i ed debri s during 
heavy rainstorms. Ha
zardo us debri s fa ns are 
formed at the mouths of 
most of these canyon s . 
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EXPLANATION OF MA P IS PLATE 16. 
ALSO SEE NOTE S ABOVE. 

NOTES 

CD 
Small debri s -flow a r eas, 
us ual l y 20 to 5 acres 
o r l ess , exis t i n or ncar 
drainagcways downslop e 
f rom most rockfa~l - ro ck

s lidc areas. 

All canyons a l ong th e 
mountain fr ont a r e 
highly f l ash flood 
pr one a nd can p roduce 
la r ge amDunt s of mo
bilized deb ris during 
heavy rains t o rms . Ha
za rd ous debri s fa ns arc 
formed a t the mouths of 
mos t o f these canyons. 
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EXPLANATION OF MAP IS PLATE 16, 
ALSO SEE NOTES ABOVE. 

8 S 

NOTES 

Small areas of rockfall
rockslide and uns table 
or potentially un
stable s lope exist near 
or in quarries. 

® 
Small debris-flow areas, 
usually 20 to 5 acres 
or l ess , exist in or near 
drainageways downs l ope 
from most rockfall-rock
slide areas. 

Subs idence near Castle 
Rock i~ caused by collapse 
of abandoned undergro und 
clay mines. As records 
of the exact loca tion( s) 
and extent of this min ing 
arc not available the 
boundaries shown on this 
map should be considered 
indefinite. 
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NOTE 

CD 
Small deb r is- flow ar eas, 
usually 20 to 5 acres 
or less, exist in or near 
drainageways downslope 
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NOTES 

Small debris-flow areas, 
usually 20 to 5 acres or 
less, exist in or near 
drainageways downslope 
from most rockfall-rock
slide areas . 

® 
All canyons along the 
mountain front are 
highly flash flood 
prone and can produce 
large amounts of mo
bilized debris during 
heavy rainstorms. Ha
zardous debris fa ns are 
formed at the mouths of 
most of these canyons. 
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.. EXPUNUION 

GE'OLOGIC HAZARDS .IN_ DOUGLAS COUNTY, COLORADO 
Coltrllllo iooloticol S11rvoy 

Opo11·fllo Report 
Ci5·0F·71·5 

GENERAL 

Geologic hazards are natural geolog ic conditions that if 
unrecognized or inade~uate l y pl anned for can resu lt in loss 
of life , damage to structures, or high maintenance costs, es
pecia ll y for homes, roads, and utilities . The mapping units 
used on t his map are a combi nation of genetically related 
features , processes, and/or conditions that could cause pro
blems for human activ i ties. Where appropriate, mapping units 
and their definitions conform to the terminology and definitions 
gi ven in Colorado House Bill 1041 and the Co lorado Geological 
Survey 1 s Guidelines and Criteria for Identification and Land 
Use Contro ls.!!!. Geol09Tc Hazard and M1neral Resource Areas 
TRQgers and others , 1974). In addition, haza rd areas may in
clude geo l og i c haza rds that vary greatly in degree depending 
on natural variation within the area and on various man-caused 
changes that may occur in the future. Because most of Douglas 
County is presentl y in the natural state or is being used for 
low-intensity uses l ike agriculture and grazing, most of the 
mapped hazards cause no diffi cul ties for existing human activi
ties. No deta iled quanti fi cation of geologic hazards is made 
in this study other t han the table below which relates the de
gree of hazard to ce rtain types of land use . In short, the 
actual degree of hazard depends as much, i f not more, on human 
decisions affecting land use as it does on geologic factors. 

SUGGEST IONS TO MAP USERS 

This map should be used as an indicator of l ocat ions 
where a particular geologic haza rd may adversely affect cer
tain land uses . It is not intended to supplant detailed field 
in vestigations of individual sites, but rather to signal places 
where the indicated geo logic conditions can be expected and 
shoul d be spec i fically addressed in advance of any land-use 
change. If this map is used to designate geo logi c- hazard areas 
as specif\ed by H. B. 1041 (Rogers and others, 1g74, p,. I20-I2I), 
then it is suggested that this map serve as a basis for further 
investigat ion of indi vidual sites. Detailed investigation and 
evaluation may serve as the basi s for actual designs, or such 
studies might indicate that for economic or safety reasons the 
particul ar activity is not feasible . Land-usedecisions in these 
areas should be based on technical reviews and planning evalu
ation of detailed studies and specific site plans. 

EXPLANATION 

SUBSIDENCE AREA: Area where collapse of underground m1n1ng 
excavat ions can cause general lowering or severe dif
ferent ial sett lement of the ground surface. Precise 
del ineation of these subsidence areas is difficult and 
requires dri l ling or geophysical investigations because 
the mi ning excavations are conceal ed beneath the ground 
surface and in most localities poor or no records of 
mining or maps of mines are avai l able. Moreover, because 
surface subsidence is caused by surfaceward migration 
of co llapsing mine voids, subsidence effects can occur 
without warning or be sporadic. Subsidence commonly is 
int ermittent, can vary greatly in rate, and can occur 
suddenly with little prior warning. Consequently, hazard 
zones with indefinite boundaries only are shown on this 
map. 

Hazards in mine-subsidence areas are usually related 
to buckl ing, sp reading, or cracking of rigid structures 
such as buildings, bridges , or roads; disruption of drain
age and utilities; or in some instances, loss of structures 
that fall into subsidence pits. 

In addition to subsidence caused by mining, some areas 
with certain surficial materials may settle or collapse 
if loaded or wetted. Most commonl y, these materials are 
so il and eolian deposits (l oess and sand) located at or 
near the south or southeast. These subsidence areas are 
not map ped because of their simple association with drain
ages, their number, and the necessity for site-specific 
engineering- soils test to detennine related hazard for a 
specific land use . 

SLOPE-FAILURE AREA : Area where landsliding, earthflowage 
and/or acce l erated creep are taking place. Evidence 
for slope failure includes hummocky topography with 
distinctive abrupt changes in slope near the main 
scarps of l ands l ides, vegetation or man-made works 
disrupted by s lope movements, anomalous slope reversal(s) , 
ground-moisture cond itions indicative of slope move-
ment. and microtopographic features such as soil ripples 
and ground cracks. 

Slope-failure areas are mapped only where ground
movement can be demonstrated unequivocally . Other 
slope failure s undoubtedly exist, but have not been 
recognized as such. Most of these slope failures 
probably are i ncl uded under unstable or potentially 
unstabl e slopes. 

Slope failure areas are hazardous because slope 
movements can damage or destroy buildings and/or 
their founda t ions and utilities. 
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ROCKFALL·ROCKSLIDE/DEBRIS AVALANCHE AREA: Area subject to 
falling, sliding, and/or avalanching of individual 
blocks of rock, accumulations of blocky material, or 
heterogeneous, granular coll uvium. Includes areas 
with deposits of talus and debris contiguous to their 
sources. Areas mapped as this unit are characterized 
by very rapid to nearly instantaneous slope movements 
that occur during heavy rainstorms. Because of this 
association with periods of rapid water runoff , water
flooding and debris-flow hazards are common locall y 
in some parts of these areas. Lesser s lopes do not 
usually indicate a lessening of susceptibility to 
these hazardous processes . Rockfalls occur on or 
near cliffs . Debris avalanches and rockslides usu-
ally are i nitiated on rock-rubble and debris-strewn 
slopes ranging from 20 to 45-degrees (36 to !DO-percent) 
inclination . Materials mobilized by these types of 
slope failures can continue to move downward and out
ward as slurry-like flows that move away from their 
sources over gentler slopes. 

Hazards in these areas result from possibility of 
impact to structures by rapidly moving rocks and debris. 
These mass movements occur so rapidly that 1 ittle, if 
any, warning of their impending occurrence is possible. 
Safe, intensive land uses such as residenti al development 
in these areas are rarely possible. Other less inten
sive land uses may be safe, especially if occassional 
cleaning up of debris and/or partial to complete de
struction of structures is acceptable. 

UNSTABLE OR POTENTIALLY UNSTABLE SLOP E: Slope with evidence 
for past slope movements or geologic conditions favor
able for slope failure. These slopes are characterized 
by physiography produced by landslid ing so il creep, earth
flowage and/or by moderatel y to steeply sloping, poorly 
consolidated colluvium, alluvium or deeply weathered 
bedrock. Potential for slope movement varies with slope 
inclination and aspect, local ground-moi sture conditions, 
permeability of surficial material s and man-made modifi
cations of the ground surface, especially those that 
affect drainage and steepness of slope. 

Unstable or potentiall y unstable sl opes commonly co
incide with moderate-to-high erosion-potential areas. 
This coincidence appears to be related to changes in 
natural drainage usually made for road construction, 
agricultural management or from damage to or removal of 
natural vegetation by people and grazing animals. In 
~ny places modern accelerated gu ll y and sheet erosion 
has removed considerable amounts of material decreasing 
the stabi lity of slopes. Lesser slopes included in this 
mapping unit are usually less li kely to fail than steeper 
slopeS although lateral spreads may occur where the 
ground has become water-saturated and i s deeply incised 
by gullies. 

Unstable or potentially unstable slopes are hazard
ous because man-caused changes in the land surface can 
cause unexpected slope movements. Frequentl y this can 
result in considerable expense for many kinds of land 
developments or land uses. 

LOW EROSION-SUSCEPTIBILITY AREA: Area where modern erosion is 
minimal because surficial materials are thin, well indu
rated, or composed of exposures of resistant bedrock. 
These areas usually are underlain by caprock that forms 
mesas and buttes, or are underlain by thin pediment gravels 
composed predominantly of cobble t o boulder-size clasts 
indurated by caliche, or are exposures of resistant bedrock . 
In many locations stream bottomlands are aggrading by de
position of sediment produced by accelerated modern erosion 
in uplands. This aggradation locally raises stream base 
level. Extensive stream-bottomland areas are indi cated by 
the marshland symbo l . 

Many low erosion-susceptibility areas are characterized 
by materials that are difficult to excavate and by poorly 
defined surface drainage. These factors result in added 
expense for construction, drainage control, and sewage dis
posal. Additionally, low-lyi ng areas near streams are 
usually not difficult to excavate but they are subject to 
occasional flooding and deposition of sediment . Flood ing 
can damage buildings and roads and accumulations of sediment 
can divert flood water locally, interrupt or damage drain
age-control structures. and damage or destroy roads and 
utilities. 

D MODERN ACCELERA! ED-EROSION AREA: Area undergoing gullying or 
sheet eros1on that appears to be accelerated or aggravated 
presently by overgrazing, poor construction practices, veg
etation removal or disturbance , or dams and other man-made 
changes in surface drainage . Thi s erosional condition may 
be attributed to one or a combination of these ca usati ve 
factors. Erosion tends to be most pronounced on s l opes 
where surficial materials consist of I to 5 m of poorly 
consolidated, sparsely vegetated soil and weathered-rock 
material(regolith), colluvium or alluvium derived from the 
sandy, arkosic, poorly indurated rocks of the Dawson Forma
tion. Susceptibility to erosion apparently is not directly 
dependent on s lope. However, gully erosion is more common 
on steeper .s lo~es or adjacent to or in drainage courses; 
sheet eros10n 1s usually restricted to gently slop in g areas 
where grass cover is sparse. Gul l ies are shown on the map 
as open (patternless) areas that nearly always coi ncide 
with places where drainage is poorly developed. 

GEOLOGIC HAZARDS FOR COMMON LAND USES 
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Hazards in modern-erosion areas result from excessive 
remova l or depositio n of sand, silt, and clay . These ma 
terial s can clog or block (siltate) drainage -control struc
tures, damage or destroy vegetation cover, or be respon
sible for excessive maintenance cost for bui ldings, utili
ties, and roads. Erosiona l effect can severe ly, damage the 
land surface necessitating costly rehabilitation work prior 
to use of the land for agriculture or residential develop
ment. Moreover, intensive land uses such as residential 
development can aggravate or increase erosion such that 
lessen ing of its affects on adjacent l and may be difficult 
or impossible. Gullies frequently undercut unstable or 
potentially unstable slopes causing local sma ll slope 
failu res . This condition of s lope instab ili.ty is so com
mon in most areas that any slope directly above a modern 
gully should be considered suspect with respect to its 
slope stability . 

MODERATE-TO-H IGH EROSION-SUSCEPTIBILITY AREA: Area where 
potenti al for erosion to occur i s moderate t o high be
cause of slope, composition· (arkosic grit., sandsto ne, 
clays tone, and surficial deposits derived from these 
rocks), or poor consolidation of surficial materials, 
sparse vegetation cover, and proximity and simi1arity 
to areas already undergoing accele rated modern erosion. 
Many parts of the mapped areas are in a state of immi
nent accelerated erosion because of widespread over
grazing, extensive areas of smal l-scale surficia l 
slope failure {soil creep), surface modification by 
roads and drainage-diversion or impoundment structures 
(dams), and vegetation damage caused by off-road ve-
h i c1 es and other intensive huma·n acti vit i es. 

Prediction of the amount or degree of erosion-related 
damage that may occur in a given area is not imp l ied in 
the de fin iti on of this mapping unit. The map boundaries 
for areas so mapped are generalized because the degree of 
erosion susceptibi lity in a given area is as dependent on 
effects of man-made land-surface mod i ficat ions as it is 
on natural conditions. In many areas, susceptibility to 
erosion lessens with decreased s lope, increased distance 
from drainage courses, and increased degree of consol i 
dation of surfici al materials . 

The coincidence of moderate- to-high erosion-suscepti 
bility areas with unstable or potentially unstable slopes 
is due, in part, to increases in permeability caused by 
ground cracks resulting from slope movement and decreases 
in compaction of surficia l materials. In many places it 
is apparent that erosion and sl ope movement(s) are re l ated 
processes and one may be the initiating process that acti
vates the other . 

The mos t i~rtant hazard-related factors in these 
areas are erosion and depos ition of sediment, damage to 
vegetation, and increased maintenance costs of roads, 
drainage-control structures, buildings, and utilit ies. 
Erosion can be a severe estheti c and feasibility prob lem 
for planning many kinds of developments. 

DEBRIS- FLOW AREA: Area susceptible to occas i ona l rapid movement 
of slurry-like mi xtures of soil and rocks, incorporated 
woody debris , and water. Debris movement initiates typically 
as rockfalls , rockslides, and/or debris ava l ancftes and de
bri s sli des. These slope movements are coinci dent with in
tense rainstorms that occur during the l ate spring and 
sulllller. Thi s rapidly moving debris i s typically capable 
of moving considerabl e distances downward and outward onto 
adjacent moderately to gent ly sloping areas (20 to 0-percent 
s 1 opes) . Depending primarily on the drainage deve 1 opment in 
the debris-flow area, debris flows can either be confined to 
drainage channels or spread out over relatively large areas 
before debris movement ceases. Debris movement during a 
given debris-flow event is very difficu lt to predict because 
of minor topographic irregularities, variabl e amounts of 
debris mobilized during a rainstorm, and diversion of debris 
flow(s) by variations in channel geometry and/or effects 
of materia l already present in channels . Additionally, 
man-made land-surface changes can significantly alter the 
potential for debris flowage in some areas. Debris,flow 
depos its of various ages occur in the mapped debris - flow 
hazard areas. The age of these debris-flow events ranges 
from occurrences during this century and the past two de
cades to some that probably occurred a few thousand years 
ago . All of these areas are underlain by deposits of un
questionably debris-fl ow orig i n or have physiography clearly 
indicative of such deposits. 

Hazards in debris-flow areas result from sudden impact 
by mov ing debris that injures people and damages or destroys 
buildings, utilities, and roads. In some cases defense 
structures or other measures can reduce hazards considerably, 
possibly to acceptable l evels . 

NOTE: Other hazards and discussion of individual hazard areas 
are indi cated by notes on the map. 

Reference 
Rogers, W. P. , and others, 1974, 

identification and land- use 
and mineral resource areas ; 
Pub. 6, 146 p. 

Guideline and criteria for 
controls of geo logic hazard 
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