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DESCRIPTION AND ENGINE?LRING GEOLOGY PROPERTIES
OF MA]P UNITS

PINEY CREEK ALLUVIUM (H?#RR HOLOCENE) --Gray to brown
humus-rich firmly compacted ¢lavey silt and sand.
Centains pebble Lemn:i in lewer part. Unmapped
depesits along amall r streams subject to fleod-
ing. Thickness as mueh as 20 feet (6 m). Top of
terrace alluvium is about 20 feet (6 m) above
ma jor streams

Permeability medium to jow. Fasily excavated.
Compressible where ri¢h in humus; however, com-
paction generally 1& easy where humus is lacking.
Foundation stability fnir to poor for heavy
structures; clavey parts of unit may have low to
medium swelling pp‘pe{tie. when wetted. Founda-
tion stability peer where close te arrvvos and
water courses. Slepe stability poer te medium.
Cut slepes stand vertically along deep arrovos
when dry, but slump vhen the base {s wetted.
Check dams nocessarv to prevent erosion. Saurce
of sand und gravel aleng large stresms
Topographieally lowest part of unit mapped
ad j@cent to larger st ns is called post-

Piney Creek alluvium, but is undifferentisted
here. 1t is sandier #nd less compacted than
Piney Creek Alluvium; thickness more than 10

feet (3 m). Post-Piney Creek alluvium subjeect

to seasonal flooding; alse, & shallow water
table loecally might thdcr the use of bame-
ments. Source of lun? and gravel along large
streams

COLLUVIUM (UPPER HOLOCEN

--Reddish-brewn beuldery,
bles, chiefly of Pikes Peak Granite south of
West Monument Creek. Oceours on steep slopes

Permeability high. vation and cempaction
moderately difficult for small power equipment
because of #teep slo and large boulders.
Foundation mtability fair to good. Daposits um
#teep slopes may be mubject to landasliding 1if
overloaded or wetted excessively. Resistsnce
tw eresion good owing te boulderm and vegetas-
tive gwver

FAN ALLUVIUM (UPPER HOLOGEN
derv, cobbly, pebbly
along meuntain frent @nd Fountain Creek

Permeabilitv high. Exesvation moderately difficult
for small power equipment because of steep slepes
and large boulders. Compaptieon moderately diffi-
cult beeause of large boulders and lack of fines.
Foundation stability fair te good; deposits en
steep slopes may be subject te landsliding 1f
underlying elavev shale wetted excessively.
Resistance to erosion falr

LANDSLIDE DEPOSITS (UPPH@ HOLLOCENE TO KANSAN GLACILA-
TION) --Reddish- to yellowish-brewn debris slides
and ecarthflows chiefly on steep slopes along
mountain front, on t flank of Dakotm hogback,
along edges of ped nte, and along valley of
Fountain Creek. All /deposits bouldery snd sandy,
but elav and #ilt content varies from abundant,
where slides {invelve shaly bedrock, te absent,
where #lides are derived from Pikes Peak Granite.
Uppur surface humm,au‘liv. Probably as much as 30
feet (9 m) thick |

Permeability low te hlgh depending on clay content.
Excavation moderately difticult fer small power
equipment because of steep slopes and boulders.
Gompaction moderately difficult becsuse of boul-
ders. Foundation stability very poer te good,
depending en moisturd conditiens, slope, and
load imposed. Some deposit®s may be subject to
further #1iding depending on mbove three tactors.
In additien, some slopes that have not slid, but
that are similar te those that have, mav be po-
tent{allv unstable under adverse load and muis-
ture vendition® and warrant investlgation befure
any exvavation or en‘ntruet&.n takes place.
Earthquake stability for beth existing slides
and potentially unst4able areas prebablv verv pour,
Resiigtance to erosion good If coverwd py boulders
and vegetation; fafr if vegetatlen lacking

SLOCUM ALLUVIUM (PLEISTOCENE--SANGAMON INTERGLACIA-
TION OR ILLINOIAN GLACIATION)--Moderatelyv reddish-
brown poorly sorted, moderatelv cempacted, strati-
fied gravel containing layers of ¢lav, =ile, and
sand, #nd ¢lav balls derived from shaly bedrock.
Near mountains, gravel contains larger and more
abundant boulders th&n te esst. Stones are
weathered and coated by caleium carbonate.

Upper part of most d‘pesits contain® a calcare-
ous soil, Thicknews as much as &0 feet (12 m).
Top of alluvial terrace or pediment gravel 80-

120 feet (24-36 m) above major streams

Q

--Reddish-brown beul-
s¢ sand on steep slopes
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Permeability high in gravel, but generally low
in ¢lavey and #ilty lavers. Excavation and
compuct fon generally easy except in bouldery
deposits. Foundation stability geed. Mate-
rial in vertival cuts generally slumps tv &
slope of 25 degprees or less after a short time.
Generally resistant te grofion. Source of sand
and gravel
VERDODS ALLUVIUM (PLEISTOCENE--YARMOUTH INTERGLAC LA-
TION OR KANSAN CLACIATION) --Brown peoerly serted,
moederately compacted, stratified gravel contain-
ing lenses of sand, silt, wnd clay. Deposits
near mountain® contain largest stones. Stones
are westhered and ¢oated by calecium carbonate.
Upper part of most depesits containsg a4 calcere-
ous soil. Thickness lecmlly near 100 feet (30
m). Top of alluvial terrsce or pediment gravel
160-200 feet (48-60 m) mbove major stresms
Permeability high in gravel, but generally low in
clay and #ilt lenses. Exeavation and cempaction
generally easy except im bouldery deposits.
Foundation stability good for small structures
but subject to collapse of structure when wetted
undér hesvy leads. Material in vertical cuts
generally slumps te & ®lope of 25 dugrees or
less sfter a short time. Resistant te eresion.
Swuriee of sand and gravel
ROGEY FLATS ALLUVIUM (PLFISTOCFNE--AFTONIAN INTER-
GLACTIATION OR NEBRASKAN GLACIATION)--Reddish-
brewn pebblae, e¢obble, and boulder gravel.
Largest boulders near mountains. Alluvium
poorly seorted, firmly peompacted, sand stratified.
Stones altered and costed by caleium carbonate.
Upper part of most depusits contains a calcare-
ous woil. Thickness lecally more than 50 feet
(15 m). Top of alluvial terrace eor pediment
gravel lies 260-280 feet (78-84 m) sbove modern
streams
Permeability moderately high. Excavation and com-
paction sasy except where boulders arg large.
Foundation smtability geed. Slope stability pvod;
¢ excavations stand in vertical walls for months,
but eventually slump te 25 degree slopes. Re-
sistant to grosion. Seurce of sand end gravel
NUSSBAUM ALLUVIUM (PLEISTOCENE--NEBRASKAN? GLACIA-
TION) --Brown well-stratified, fairly well sorted,
weakly compacted codrse sand and pebble gravel
between Williams Canven and Queens Canvon, where
gravel cempesed of fragments of Pikes Peak Gran-
ite, Precambrian bilotite gneiss, and lower Paleo-
zoic sandstune and l1imestone, Large boulders
abundant neasar mountain front. Stones sltered by
waathering and coated by ecaleium carbonate.
Upper part of most deposit® contains @& caloare-
ous woil. Thickness mere than 80 feet (24 m).
Top of pediment gravel in this area 550-700 faeet
(165-210 m) mbeve medern Streams
Fermeability good. Excavation and cempaction easy
except for some large boulders. Dusts badly when
used 48 road metal. Foundation stability good.
Slope stability fairly geod; vertical cuts stand
for & long time, then slump te & slope of 25
degrees or less. Fairly resistant te erosion.
Soures of sand and gravel
GRAVEL A1 DIVIDE (MIDDLE PLIOCENE! TO UPPER MIOCENE?)
--Brown elavey, silty, sandy gravel in extensive
paleovalley on line with West Monument Creek.

Poorly serted, poorly stratified, firmly compacted.

Coverad almost exclusively by grass. Contains
boulders as large #8 3 feet (1 m) in lower gray
part of ghannel fill, which possibly is Oligocene
in age (Chadron--equivalent te Castle Rock
Conglomerate). Finer part of gravel composed
chlefly of Pikes Pesk Granite, but centains meta-
sedimentary rocks and eother granitic rocks. Most
of larger stones consist of velcanie rocks derived
from Thirtynine Mile veleanic field &nd from
Cripple Creek volcanie field. Thickness nearly
100 fewt (30 m)

Pesrmeability probably lew. Excavation and compac-
tion essy. Foundation stabilitv good. Vertical
¢uts are stable for short time, then slump to
slope of 40 degrees. FEresion checks probahly
required. Source of road metal or fili, but not
of concrete aggregate

DAWSON FORMATION (PALEOCENE AND UPPER CRETACEOUS)--
White and yellowish-gray coarse sand, orange
hard thin ironstone layers, and light-green
claystone and siltstone. Thickness about
1,800 feet (548 m) northeast of quadrangle

Permeability probably medfum in the arkosic sand-
stone and low in the siltstone and claystone.
Furmation produred water at Air Force Academv;
svailability of ground water is discussed by
Cardwell and Jenkins (1967). FExcavation is
mederately difficult in unweathered ¢laystone
and siltstone and moderately difficule te Jdiffi-
cult in the sandstone beds; blasting may be
necessary in the cliff-forming arkosic sandstone.
Compaction moderately difficult in the clay-
stene and siltstone te very difficult in the
#andstone. Foundation stability good in the
sandetune, but probably peer in the clayvstone
and siltstone, which may have low to high
swelling properties. Soeme beds slake rapidly
on éxposure to alr, and caissons should be
poured seon after holes are drilled. Slope
#tability good in sandstone beds but peor in
claveteone and silcstone beds. Most beds,

@éxcept hard ssndstone, erode ecasily

LARAMIE FORMATION (UPPER CRETACEOUS) --Dark-gravish-
brown or yellowish-gray fine-grained iron-stained
sandetone, olive-gray elavstone, and subbitumi-
neug goal beds. Thickness &bout 250 feet (75 m)

Parmeability medium. Formation is & good aquifer;
avallability of ground water discussed by Cardwell
and Jenkins (1967). Excs#vation moderately difri-
cult in the h#rder sandstone beds where rippers
snd the largest tracked vehicles or, locally,
even blasting may be necessary. Compactien also
difficult exeept In the softer more shaly beds.
Foundation stability excellent on the sandstone
beds but peor in the olive-gray claystone beds,
which may have low te very high swelling poten-

timl. Slepe stability good except in shaly and
coaly beds. Resistance to erosion moderate to
exvellent. Source of conl sand clay

FOX HILLS SANDSTONE (UPPER CRETACEOUS)--Light olive-
gray thin-bedded friable sandv shale in upper 100
feet (30 m) and olive-brown massive frisble fine-
grained sandstone in lower 150 fewt (45 m). Con-
tains phosphatic pebbles throughout. Thickness
250 feet (75 m) or more

Permeabil ity medium. Formation is a good aquifer;
avallability of ground water discussed by Cardwell
and Jenkins (1967). Excavation of sandstone mod-
erately diffieult; rippers #nd large tracked ve-
hicles probably necessary. Compaction difficult
1f sandstonc breaks In angular blocks. Founda-

tion stability good to excellent. Slope stability
good exowpt in shale, which slumps somewhat from
a4 vertigal cut. Eresion resistance good

Kp F1ERRE SHALF (UPPER CRETACEOUS)--Predominantly shaly
heds econtaining bentenite beds. Upper part,
¢layey shale contalning fibrous aragenite and
gone—in-¢éne structure, underlain bv dark-gray
shalv sandstone sbove middle of formation. Un-
derlain by elavey shale containing large irregu-
lar gray limestone masses that weather inte
ponical mounds as high as 60 feet (18 m) called »
¢alled tepee buttes. Underlain by soft shaly
vellowish-brown sandstone below middle of for-
mation, Underlain by siltyv nonesalecsareous shale
vontalning ironstone nodules, then by a thin
ridge-forming wiltstene, then, &t the base, bv
olive-gray ¢layey calcsreous shale. Thickness
3,150-4,800 feet (960-1,463 m)

Permeability low., Exeavation and compaction samsy
except for tepee buttes. TFoundation stability
peoar; much of shale has low te wery high swell-

\ ing petential, especially the bentenite beds.

Slope atubility poor; vertical cuts mav cellapse.
Shale in slopes ne steeper than 5 degrees may
slide, if toe of the slope is removed. FErosien
reslstance poor; check dams are necessarv.
Source of elay for brigk and tile and of bloated L5
clay for m#mufacture of light-weight aggregate
Kn NIOBRARA FORMATTON (UPPER CRETACEOUS)

Smoky Hill Shale Member--Yellowish-brown seit thin-
bedded calemreous shale end interbedded thinly
lavered limestene. Seven units frem top te bet-
tom: (1) wellowlsh-orange ridge-forming upper
chalk unit; (2) yellowish-erange upper chalky
shale unit; (3) yellowish-gray ridge-forming
middle chalk or limestone unit; (&) dark-grav
middle shale unit; (5) grav ridge-ferming hard
platy lower limestone unit; (6) dark-gray fis-
sile to platy lower shale unit; and (7) gray
shale and limestone unit. Thickness probably
moere than 530 feet (170 m)

Permeability lew. Excavation falrly easy in shale,
but moderately diffieult in chalk snd limestone
beds. Small backhoe san excavate only with great
difficulty lower limestone te a depth of 10 feet
(3 m); the shale snd l1imestone unit requires more
power ful equipment. Coempaction sasy eéxcept where
lurge bloeks presment. Foundation stability
fairly good; hewever, the shale centaing sone
swelling ¢lay and bentenite beds. Slope sta-
bility good. Erosien resistance moderately poor;
check dams prebably nweded. Potemtial seurce of
cement rogk and smglter ]imestons

Fort Havs Limesteong Member--Grayv hard 1limastone
beds, 1-26 inches (2-65 ¢m) thick, separated bv
thin shale partings. Thickness abeut 30-40
fewr (9-12 m)

Permeability poer. Excavatien #nd compaction dif-
figult. Foundation stability excellent. Slope
stability excellent, except on #n undercut dip
sleope, Erosion remistance geod. Source of
cement rock and smelter 1limestone

Kcgg CARLILF SHALE, GREENHORN LIMESTONE, AND GRANEROS
SHALE (UPPER CRETACEOUS)--Total thickness about
300 feet (90 m)
Carlile Shale--In descending erder, Juana Loper
. Member, gravish-brown hard calcarenlite (sandy
limestone cemposed of shell fragments) Codell
Sendstone Member, vellowish-gray massive to
thin-bedded sandstone; Blue Hill Shale Member,
dark-gray noncalearpous shale containing large
septarian cone¢retions; Fairport Chalky Shale
Member, vellewish-gray soft calcareous shale

Greenhorn Limestone--In desgending arder, Bridge
Creek Limestone Member, gray dense 1imestone
beds and gray hard calcarsous shale; Hartland
Shale Member, gray shaly calcarenite; Lincoln
Limestone Member, grayish-brown thin beds of
hard calcarenite and shaly ecalcesrenite contain-
ing merker bentonite at base

Graneros Shale--Dark-gray hard clayey shale

The Carlile, Greenhorn, #nd Graneros Formations
share similar engineering pruperties as follows:
permeability lew except in the Codell. KExcava-
tion #nd ¢ompaction are moderately emsy except
in the Juana Lopez, Cedell, and Bridge Creek
Members, where difficult. Foundation atability
fair to poer, sand shale mémbers have some swell-
ing preperties; howegver, the Juana Lepes,
Codell, and Bridge Creek Members heve excellent
stability., Only the Juana Lopezx, Cedell, and
Bridge Creek stand well in vertical cuts and
resist erosion; all other units stable only in
#lopes of 5-10 degrees, or less, and erode
readily

Rdp DAKOTA SANDSTONE AND PURGATOIRE FURMATION (LOWER =
CRETACEOUS)

Daketa Sandstone—-Yellowish-brown fine-grained
crossbedded sandstone containing some shale (Dry
Creek Canvon Member) in upper middle part

Purgatoire Formation--Glenemirn Shale Member, at
top, contains shale, cluy, wnd some gypsum;
underlain by Lytle Sandstone Member, which con-
toains fine- te cosrse-grained sandstone and
pebbly beds

Permeabilicy is medium. Exesvetion difficult, and
blasting may be required. Cempaction difficult.
Foundation stability excellent, Slope stability
excellent except that rocks on dip slopes may
#lide if undercut. FErosion resistance excellent

Jmr MORRISON FORMATION AND RALSTON CREEK FORMATION (UPPER
JURASSIE)

Morrison Formation--Varipelered gray, maroen, and
green siltwtone and ¢laystone and thin beds of
sandstone, limestone, #nd conglemerate. Thick-
ness 225 feet (68 m)

Ralston Creek Formation--Sandstone, siltstone,
gypsum, #nd beds of |imestone containing red
jasper grains. Thickness 20 feat (6 m)

Permeability low. Excavation moderately difficult
below a 5- to 10-fuot (1.5-3 m) wesathersd szene.
Compaction fairly essy., Foundation stabilicy
pour te fair. Slepe stability moderately geood.
Erosion resistance fair; erosion checks probably
needed

LYKINS FORMATION (I'RIASSIC? AND PERMIAN) --Maroan and
green silty shale; white, marcon, and pink fine-
grained sandstene, limestons, snd gvpsum. Thick-
ness 180 feet (54 m)

Permeability low to medium. Execavation and compac-
tion difficult to impossible for #mall power
equipment such aa » truck-mounted backhoe or a
small tracked vehicle. Foundation stabilicy
good sxcept on the gypsum. Slopes on mowt beds
stand vertically feor long time. Fairly resis-
tant te erowion

Ply LYONS SANDSTONE (PERMIAN)--Red and yellowish-gray
fine-grained sandstone consisting of resistant
upper and lower ridge-forming units separated
by less resistant sandstone, sand lecally con-
glomerate. Thickness 700-800 feet (210-240 m)

Permeability medium. Excavation and cempaction
difflcult to impossible for small puwer equip-
ment. Foundation stability exvellent. Slope
stability and erosion resistance excellent

PRI FOUNTAIN FORMATION (PERMIAN AND PENNSYIL.VANTAN)--
Moderate reddish-brown arkosic .onglomerate,
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sandstone >

vellowlsh-gray coarse-gralned arkonl
and thin layers of pale-green snd dark reddish-
brewn shale. GClen Fyrie Shale Member, at base,
ponsists of gray sandstone, sandy shale, and

blark shale about 100 feet (30 m) thiek. Thick-
ness of formatien 4,400 feet (1,320 m)

Permeability medium to low. Excsvation and com-
paction very difficult to impossible for small
power equipment. Foundation stability exeellent.
Slope stability snd erosion resistance excellent

MISSISSIPPIAN, DEVONIAN, ORDOVILIAN, AND CAMBRTAN
ROCKS--Parts of this unit lecally are mapped
separately. Ineludes in desfending erder:

Leadville and Willisms Canvon Limestone (Missis-
slppian and Upper Devonian)--Both derk-gray
hard dense limestones. Thickness abeut 130
feet (39 m)

Manitou Limestone (Lower Ordevician)--Reddish-gray
thick- te thin-bedded or massive, dense or granu-
lar lime#tone, cherty in upper part. Limestone
locally deformed by solution. Thivkness about
185 feet (56 m)

Peerless Dolemite (Upper Cambrisn)--Dark-red
finely to goarsely crystalline granular glau-
gconitie thin-bedded dolomite. Thiekness about
40 fewt (12 m)

Sawatch Sandstone (Upper Cambriasn)--Reddish-brewn,
white, and green fine- to coarse-grained well-
bedded sandstone. Glauconitic in upper part.
Contains some delomite beds. Thiekness ashout
15 feat (7.5 m)

Engineering properties of Mississippian, Devenian,
Ordevieian, #and Cambrian reveks similar. Perme-
abllity low exeept in solution cavities. Exca-
vatisn and compaction diffieult; blasting re-
quired. Foeundation stability and slepe stability
excellent, excvept where solution has made caverns
and loose brecein zones in limestone. Erosien
resistance excellsnt., Leadville, Williams Canyon,
Manitou, and Peerless Formations seources of
crushed stone for use #% conerete aggregate

FRECAMBRIAN ROCKS

Fayalite Cranite (Precambrian Y)--Greenish-gray
medium- to goarse-grained ferrshestingsite granite
with miner fayalite altered te iddingeite. Forma
dike(?) in Pike# Peak Granite scuthwest of Ormes
Peak (Wobus, 1975)

Windy Point Granite (Precambrian Y)--Gray te pink
finely ervstalline porphvritie granite or quartsz
mengonite. Contains biotite in rounded .lusters

Fikes Peak Granite (Precambrisen Y)--Pink to reddish-
tan medium to cosrsely orystalline bictite or
harnblende-bintite granite or guarte mengonite.
Encloses many pegmatites that locally centain
crystal-lined miarelitic ecavities; weathers to
colrse grus. Contains some gabbruic or disbasic
dikes of Precambrisn age

Blotite Gneiss (FPre.ambrian X)--Grav plagiculase-
quartz-biotite gneiss. Locallv contains musco-
vite, sillimanite, garnet; minor interlavers
include hornblende gneiss and other variants

Al though mapped separatelv, all Precambrian recks
share similar engineering properties
Permeability low te nonexistent except s medium
to high along joints and other fractures, or
where rocks are wedthered, of in thin venecers of
alluvium or golluvium. Weathered laver (grus)
on Pikes Pesk Granite Iocally exveads 25 feet
in thickness. Weathering in other units is
thinner, especlally in the Windv Point Granite.
Excavation must be preceded by drilling and
blasting, except that in the weathered zone ex-
cavation without recourse to explosives is easy
to moderstelvy Jdifficult for small pewer equip-
ment. Compaction probably difficult st most
pites begluse of & lack of fines and because of
large bloegks. Feundation stability generally
excellent éxcept on steep slapes such as the
canvon walls of Fountain Creek, where wesathered
Pikes Pesk Granite is subject to landwliding.
Slope stability snd resistance te erosion excel-
lent except in the deeply weathered grus. Po-
tential flood hasard exists wherw deams are
founded on weathered Pikes Peask CGranite

CONTACT--Deotted where concealed; queried where loca-
tion is uncertain

FAULT--U, upthrown side; D, downthrown side. Dotted
vhere coneesaled; queried where sense of movement
and amount of offwet unknown

STRIKE AND DIP OF METAMORPHIC FOLIATION

STRIKE AND DIP OF BEDDING
Inclined
Vertical

MESOZOIC INVERTEBRATE FOSSIL LOCALTITY--Showing U.S.C.S
Denver ecatalog number. Fossils identified by
W. A. Cabban
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