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GENERAL DISCUSSION 

Colorado House B1ll 1041 (C.R.S. 1973, 24-65.1-101, et. seq.) defines a geolog1c hazard 
as: " ... a geolog1c phenomenon wh1ch 1s so adverse to past, current, or foreseeable 
construction or land use as to const1tute a 519n1f1cant hazard to publlc hea l th, safety, 
or to property . ' Man's normal act1v1ty and presence 1n an area transform many natural 
geolog1c condit1ons and processes 1nto geolog1c hazards. Consequently, man's use and 
misuse of land have resulted in an 1ncreased awareness by land-use planners of the need 
to properly manage the use of land so that 1t w1l l have the least adverse effect upon 
the natural env1ronment and the act1v1t1es of man. As an a1d to proper land-use manage
ment, this map shows the var1ous bedrock format1ons, surficial deposits, and unstable 
and potent1ally unstable slopes 1n the Cra1g area. In addit1on, each mapping un1t 1s 
analyzed w1th regard to 1ts constra1nts to urban development . Th1s map 1s to be used 
ONLY as a gu1de for general land-use plann1ng purposes and NOT as a subst1tute for 
deta1led eng1neer1ng geo l og1c and soil and foundat1on 1nvest1gations in areas of pro
posed res1dent1al or commerc1al development. 
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SHEET 1- GEOLOGY 

EXPLANATION 
Contact between bedrock mapping units and between bedrock 

and surf1cial mapping units (dashed where approx1mate) 

Contact between surfic1al mapp1ng units and between 
bedrock and surf1cial mapping un1ts 

Active or inactive sand and gravel pit 

1978 

Geologic Constraints 
to Ur ban Development 

e Generally .present and/or generally susceptible to 
~ Occas10nally present and/or sltghtly susceptt~~e to 
lJ Generally absent and/or generally not suscepttble to 

~ya YAMPA RIVER ALLUVIUM: Gravel, sand, s11t, and clay depos1ted 0 n r'\ r'\ r'\ • • 
00 ~ by the Yampa RlVer w1th1n 1ts phys1ograph1e flood plain W W W W 
~ .... r=,==~,----~----~------------~~-.~~------~------------------------1-~~1-~~t-~~~~-4--~-4~~-+~~~ 
til Qal ALLUVIUM: Sand, silt, and clay deposited by the major tnbutari es 0 C"\ C\ n Q • 0 
0 of the Yampa RlVer wlth l n the1r phys1ograph1c flood pla1ns W W W W 
Q)~~~------------------------~----~----------------.--~r---t----r---t----r---t----r----1 latcl ALLUVIAL TERRACES: Gravel, sand, silt, and clay on benches adjacent to the phys1o- 0 r"\ C\ r"\ 0 = = 
~ graphic flood pla1n of the Yampa River (includes older and younger terraces) • W W .., • 
~=-----------------------------------------+-~~-+--~--~--+-~----1 

1""'""4 laatl ALLUVIAL FANS. Sand, s11t, and clay tlepos1ted by tnbutary streams where they enter 0 = = = • r"\ 0 
oS w1der alluv1al valleys (1ncludes older, younger, and coalescing alluvial fans) W W W W 

·sr===~--------------~~~--------~--~~--------~--------~----+----4~---+----1---~~~-+----1-----1 
t;::: [(i':J ALLUVIUM-COL LUVIUM : Sand, s11t, and clay depos1ted 1n alluv1al valleys n c::::l. • • • = 0 
~ . ~ by m1nor tnbutary streams and unconcentrated surface runoff W .., W 
ar-----~--------~-----------------------------------------r--~r---,_---+----r----r--_,--~ 

00 laasl LANDSLIDES: Deposits formed by the shearing failure and • I'"'!. = = 0 
subsequent downs l ope movement of a part of a slope .., .., .., 0 

00 !Ttul FORT UNION FORMATION: Interbedded sandstone, 0 = 0 0 
d s11tstone, shal e, and some thtn coal beds W 
c~=-----~--~----------------------------+---~-+--~--+-~--~~ • 
Jolo1 IKaal LANCE FORW\TION: Interbedded sandstone, S1ltstone, n n 0 = 0 = 0 

sha le, and some th1n coal beds W W W W 
~~---------------------------------------------------+---+--~~--r---+---+----r--~ 0 
0 ft<l=l LEWIS FORMATION: Predom1nantly shale, w1th a few th1n beds of sandstone. The surface • • 0 • 0 = 0 
~ ~~===S~--~e~x~p~o~s~"~r:e_o~f~p~r:o~m~i~n~~~n~t_s:a~n~d~s~t=o~n~e~b~ed~s~l~s~i~n~d~i:c:at~e:d~b~y~_:s:s:=:=:=~'~'====~s:s~=====:':'~--~~~_:~--~~~-t_:~~~~~-t~..,~~+-~::~ 

Q,} 'K=fl WILLIAMS FORK FORMATION· Interbedded sandstone, • = 0 I'"'> 0 = 0 
~ ~ stltstone, shale , and several thlck coal beds W • W 

UNSTABLE AND POTENTIALLY UNSTABLE SLOPES: Included in these areas are landsl1de deposlts, slopes expenencing so1l creep, rockfall, or extensive 
gullytng. and some moderate to steep slopes. Because of the1r 1nherent 1nstabt l1ty, ex1st1ng landsl1des have a hlgh probabtltty of reacttva t ton 
or accelerated movement 1f d1sturbed. L1kew1se, dtsturbance of slopes experienc1ng soil creep, rockfall , or gully1ng may cause accelerat1on of 
these slow but ongoi ng geolog1c processes. Although some moderate to steep slopes are presently stable, their topographic and geologic charac
tertstics such as degree of slope, aspect, and type and structural orientat1on of the sl ope-forming materials may favor the development of in
stab l l l tY and eve ntual fa1lure Tf t he present geologic condit1ons on the slope are altered. W1th proper geotechn1cal engineer1ng. however . many 
potent1ally unstable slopes can be safely developed. Therefore, 1f res 1dent1al or commerc1al development 1s planned 1n any of the above areas, 
qua l ifi ed geotechn1ca l personnel should be consu l ted to determ1ne those slopes that should be avo1ded and those that can be developed if certa1n 
precaut1ons are taken to assure the1r present and future stab1l1ty. (For add1tional comments on potentially unstable slopes , see be l ow). 
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DISCUSSION OF GEOLOGIC CONSTRAINTS 
TO URBAN DEVELOPMENT 

POTENTIALLY UNSTABLE S LO PES 
The presence of numerous landslides clearly ind1cates 
that the potent1al for slope fat lure extsts 1n the 
Cra1g area. Although some slope fai l ures can be at
tr1buted to natura l geologic conditions and processes. 
many are caused by the act1v1t1es of man. Increas1ng 
t he mo1sture content of a slope by l awn and garden 
irr1gation, remov1ng support from the base of a slope 
by extens1ve cuts, and adding we1ght to the upper 
parts of a slope by f1lls or permanent structures are 
maJor causes of modern slope fa1lures. Ma1nta1n1ng 
the stab1 l 1ty of natural and man-made slopes 1s essen
t1al for the safe and effic i ent deve lopment of land. 
Accord1ngly, geotechn1cal 1nvest1gat1ons should be 
conducted 1n areas of proposed res1dent1al or commer
ctal development where potent1ally unstable slopes 
are known or suspected to exist. These 1nvestigat1ons 
should determtne what m1t1gat1on measures, 1f any, 
will be necessary to prevent the development of an 
unstable slope cond1t10n Dur1ng constructton , all 
earthwork should be supervised by qual1f1ed geotech
n1cal personnel to assure the stabtl1ty of cuts and 
adequate compaction of f1ll mater1al . 

E X PANSIVE S OIL AND R OCK 
Certa1n types of so11 and rock possess the un1que 
ab1l1ty to expand and contract 1n response to changes 
1n mo1sture content. Expans i on of certa1n clay 
mtnerals such as montmor1 l lon1te, often called 
benton1te. 1s caused by the chem1cal add1t1on of 
water between the th1n subm1croscop1c clay sheets 
that form the structure of the m1neral. If a dry 
mass of benton1te becomes saturated, water mo l ecules 
are 1ncorporated between the clay sheets, result1ng 
in an increase in volume Conversely, dry1 ng of the 
clay by removal of the water from the clay structure 
w1ll cause shr1nkage. Swelltng and shr1nk1ng may 
occur any number of t1mes w1th1n a s i ngle sotl or 
rock mass In the Cra1g area, many of the bedrock 
units and surf1cial deposits contain sign1ficant 
amounts of benton1te . Although some heavtly loaded 
structures may be able to res1st the expans1ve pres
sures of swell1ng soils, lightly loaded structures 
such as single-fam1ly homes, apartments, condomtntums, 
and most commerc1al bu1ldtngs w1ll not be able to 
res1st such pressures. Consequently , 1mproperly 
des1gned foundations, roads, s1dewalks , and subsurface 
ut1l1t1es may expertence damage as a result of these 
clay so11s. Therefore, all areas of proposed res1den
t1al or collfl1erc1al devel opment should be 1nvest1gated 
by a qual1f1ed s01l s eng1neer pr1or to design and 
construction to determ1ne what m1tigat1on measures, 
if any, w1ll be necessary to assure the present and 
future safety of all structures and ut1l1t1es. 

COMPAC T ING SOILS 
Certa1n types of sotls tend to compact when loads are 
placed upon them. The maJority of the colluv1al 
depos1ts found tn th1s area are formed by unconcen
trated surface runoff at the base of relat1vely steep 
sandstone r1dges Because these depos1ts have not 
been subJected to a concentrated flow of water, sort-
1ng and compaction of the so1l part1cles d1d not occur 
at the t1me of depos1t1on. Consequently, s1mple 
1oad1ng by permanent structures or saturat1on by lawn 
and garden 1 rr1 ga t 1 on or leak 1 ng water and sewer 11 nes 
may cause compact1on of these so1 l s. If th1s compac
t1on 1s excessive, severe damage is l1kely to occur 
to foundatl ons, roads, s 1 dewa lks, and subsurface 
ut1l1t1es. Because proper s1te preparat1on and 
foundat1on des1gn can m1n1m1ze or el1m1nate damage 
caused by compacting soils , the recommendat i ons of 
a qual1f1ed so1ls eng1neer should be closely followed 
1f res1dent1al or commerc1al development 1s to occur 
where these sml s are present. 

E R OSION 

particularly suscept1ble to rap1d eros1on as ev1denced 
by the numerous gullies that have formed 1n these 
mater1als. Therefore, adequate erosion-contro l mea
sures should be tmplemented for res1dent1al or commer
clal development occunng tn these mater1als . If 
such deve l opment is proposed 1n areas where gullytng 
1s now occuring, 1t 1s essential that permanent 
structures be placed at a safe d1stance from exi st1ng 
gull1es and that conttnued gul ly1ng be arrested. 

DE POSITION 
Depos1t1on 1S the process whereby earth mater1als are 
laid down 1nto beds, ve1ns, or 1rregular masses. The 
major1ty of depos1t1on 1n the Cratg area occurs as a 
result of changes 1n the velocity and phys1cal cha rac
ter1st1cs of a stream. thus causing mechantcal set
tling of its suspended and bed loads. Although depos
, t1 on occurs a 1 ong a 11 r1 ver and stream courses in the 
area. 1t 1s part1cularly ev1dent on all uvHl fans. An 
alluv1al fan fGrms when sed1ment be1ng transported 1n 
a relat1vely steep, conf1ned channel is depos i ted at 
the mouth of the channel where 1t enters a more gently 
slop1ng, broader alluvial valley . AlluvHl fans are 
extremely abundant 1n the phys1ograph1c flood pla1ns 
of the Yampa R1ver and Fortificat1on Creek. In fact, 
ITKlSt of the Clty of Cra1g 1s located on a large al
luvlal fan formed at t he mouth of Fort1f1cat1on Creek. 
Some alluv1al fans have deeply 1nc1sed channels or 
man-made d1vers 1on or flood-control structures that 
are capable of transport1ng large amounts of water 
from the tr1butary stream across or around the fan. 
However, most of the alluv1al fans 1n the area have 
netther deeply 1nc1sed channe l s nor adequate man- made 
d1vers1on or flood-control structures, and the prob
abtllty of extenstve floodlng and depos1t1on on the 
fan 1s relat1vely h1gh dunng penods of heavy runoff. 
Therefore, any development on alluv1al fans should be 
preceded by deta1led hydrolog 1c 1nvest1gat1ons by a 
qual1f1ed hydrolog1st to determ1ne what m1t1gat1on 
measures, 1f any, can be 1mplemented to prevent 
flood1ng or depos1t1on on all or any part of the fan. 

HIGH G ROUND - WATER TABLE 
A relattvely h1gh ground-water table ex1sts a l ong 
most maJor streams and 1n other low-lying areas. 
Many areas adJacent to the Yampa R1ver and Fort1f1ca
t1on Creek are character1zed by marshes, stand1ng 
bod1es of water , and extremely slow surface runoff. 
Dewater1ng systems w1ll probably be requ1red tn areas 
where ground-water levels are above proposed excava
tlon depths. Construct1on of basements w1ll not be 
pract1cal in areas where ground-water levels rema1n 
relatlVely h1gh throughout the year. In areas where 
a hlgh ground-water table ex1sts only per1odically, 
basements may be feas1ble 1f subsurface drainage 
systems are prov1ded . In areas where relatively 
impermeab le bedrock l1es near the surface , a perched 
ground- water table may develop on top of the bedrock 
surface fo l low1ng lawn and garden 1rr1gat1on. Th1s 
cond1t1on should be recognized prior to deve lopment 
so that subsurface dra1nage systems can be 1nstalled 
to prevent basement flooding. 

S A ND AND GRAVEL RESOUR CES 
Depos1ts of sand and gravel of commerc1al value are 
known to occur only 1n the present phys1ograph1c 
flood pla1n of the Yampa R1ver and on the terraces 
adJacent to it. Numerous depos1ts of good to excel
l ent qual1ty sand and gravel have already been ex
tracted from the flood pla1n , and the probabil1ty of 
add1t1onal concentrat1ons of good qual1ty sand and 
gravel is relatively h1gh. Therefore, any res1dent1al 
or commerc1al deve l opment planned w1th1n the phys1o
graph1c flood plaln of the Yampa R1ver should be pre
ceded by subsurface 1nvestigat1ons to determ1ne lf 
commercial sand and grave l depos1ts are present. 

Bass, N. W. , Eby, J. B , and Campbell, 
M. R., 1955, Geology and m1neral 
fuels of parts of Routt and Moffat 
Counties, Colorado: U. S. Geol. 
Survey Bul 1. 1027-0 , p. 143-250, 
scale l :62,500. 

Eros1on 1s the process whereby earth mater1als on or 
near the ground surface are removed from one location 
and transported by water, w1nd, ice, or grav1ty to 
another locat1on. Runn1ng water 1s the pr1mary 
eros1onal agent 1n the Cra1g area, and erosion occurs 
whenever stream velocities are great enough to p1ck 
up and move part1cles of rock and sotl. Valleys 
conta1n1ng depos1ts of alluv1um and colluv1um are 

SCALE 

Sand and gravel are also found on the terraces adJa
cent to the phys1ograph1c flood pla1n of the Yampa 
R1ver. Although most of the read1 ly ava1lable depos
its have been extracted, any proposed development on 
these terraces should be preceded by subsurface 1n
vest1gat1ons to determ1ne 1f m1neable deposits are 
located beneath the s1te . In most cases , m1ned areas 
on these terraces can be recla1med and used for 
res1dent1al or commercial development, or any number 
of other land uses. 

I: 12.700 
M1ller, A. E., 1977, Geology of Moffat 

County, Colorado: Colorado Geol. 
Survey Map Ser. 3, scale 1:126,720. 

Tweto, Ogden, 1976 , Geologic map of the 
Craig 10 X 20 quadrangle, northwest
ern Colorado , U. S. Geol. Survey 
M1sc. Geol Inv. Map I-972, scale 
1:250,000. 
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SHEET 2- SURFACE DRAINAGE 
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GENERAL DISCUSSION 

Urban1zation of a drainage bas1n can drast i cally increase the amount and rate of surface runoff, 
which, in turn, can increase the potential for flood1ng and 1ts adverse effects on l1fe and 

property. In sorre cases, natural floodways are i gnored by urban planners and developers. In 

other cases, natural f loodways are mod1f1ed by rerouting channels and/or constr1cting flows 
w1th br1dges and culverts. Unfortunately, many such man-made structures are not des1gned to 
carry the anticipated peak discharges res ul t ing from the current and future urbanization 1n 

upstream areas . Consequently, man's use and m1suse of land have resu lted in an increased aware
ness by land-use planners of the need to properly manage natural stream channels and the1r flood 
plains. As an aid to proper management of these areas , this map shows many of the natural and 
man-modified stream channels in the Cra1g area. princ1pal and secondary drainage basins, and 
flood- and sheetflood-susceptible areas that shou l d be avoided, controlled, or used 1n a manner 

that will minim1ze their impacts upon man and the natural environment. This map 1s to be used 
ONLY as a gu1de for general land-use planning purposes and NOT as a substitute for detai l ed 
hydrologic investigations in areas of proposed res i dential or commercial development. 

EXPLANATION 

F LOOD - AND S H E ETFLOOD- SUSCE P T I BLE AREAS 

These areas include alluvial fans and the physiographic flood plains of s1gnificant streams. 
Although man has removed much of the evidence of modern flooding, it is l ikely that most of 

these areas either have been inundated by ma1nstream flood waters or have exper1enced extens1ve 
sheetfloodlng dur1ng the last 500 years, and in many cases. the last 100 years. 

Many areas adJacent to major stream channels w1 l l be inundated by flood waters during future 

f l ood events. These areas will generally experience higher velocities and greater f l ow depths 
than areas farther from the ma1n channel. Consequently, bu1ld1ngs, ut1lities. and roads near 

maJor streams w1ll probably experience more severe and extensive damage than structures farther 
from the ma1n channel where velocities and flood depths are less. It should be noted that 
structures such as bridges, culverts. and borrow d1tches along highways often create a false 

sense of security with regard to a potent1al flood hazard. Although t hese structures can 
usually contain moderate amounts of r~noff, they are generally 1ncapable of handl1ng flows 
generated by a maJor f l ood event 

Many alluvial fans and over bank areas w1l l exper ience only sheetflooding dur1ng periods of 

heavy runoff. Although maJor destruct1on probably w1ll not occur, sheetflooding can result 
1n extensive property damage from basement flood1ng and deposition of sediment and debris. 
It is also common for irngation ditches to overflow or breach during periods of heavy r.unoff, 

thus creating a sheetfl ood hazard to areas below them. The Craig Ditch, which extends from 
Fortif1cat1on Creek to Cedar Mounta1n Gulch across the northern part of the c1ty , may create 
such a hazard to property below it. 

Therefore, if resident1a l or commercia l development is planned ln any flood- and sheetflood
suscepti ble areas , hydrolog1c 1nvest1gations should be conducted to determine the severity of 

the hazard, and determine what measures. if any. are necessary to prevent damage from flood1ng. 

Perennial stream 
-- · ··~-·· ·-~ Inter1mttent stream 

- - ·· · -~ · · · --+ Incised or generally conf1ned intermittent stream channe l that enters 

- ···-···--"· - ·· ·-<! ----

-

an all uvial fan, colluvial slope. or other more gent ly slop1 ng 
surface where the directi on of flow 1s poo rly def1ned 

Cana l , ditch, or other s1gn1fjcant man-made channel 
Earth dam and reservoir 

Pnncipal drainage div1de 
Secondary drainage d1vide 

General d1rection of flow of maJor stream 
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