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INTRODUCTION

W i t h i n  the f ie lds  of geomorphology and geology there is a

tendency to view the earth at either very large or very small scales.

S t u d i e s  e i the r  discuss areas covering a few square miles or

much larger regions of thousands of square miles . An area which

has dimensions of f i f t y  by twenty—five miles is seldom d iscussed

in detail. This report focuses on an area of this size , the Rampart

• Range of Colorado. The Rampart Range is frequently discussed as a

portion of the Colorado Front Range with little specific information

provided . In other presentations , only a very small segment of the

Rampart Range is described. Studies which do treat the Rampart

Range as an entity are often restricted to one aspect of its geology

or geomorphology.  The purpose of this report  is to describe

the geomorphology and geology of the Rampart Range in detai l as a

bas i s  for  add i t iona l  studies of the region . It is assumed t h a t  most

of the terms used in this report  are f ami l i a r  to the reader  and

tha t  d e f i n i t i o n s  are not required .

Many s tud ies  of geology and landforms in Colorado have

focused on e i the r  the nor thern  or southern par ts  of the Colorado

Fron t Range . Such focus can be re la ted to the mineral  wea l th  of

the “minera l  be l t ” to the west of Denver and Boulder , and the ore

deposi ts  of the Pikes Peak Massi f f  south of the Rampart Range .

Because the Rampart  Range is between these areas , the geologic

formations , history, and stratigraphy of the mountains have not

4
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been examined in detail and are subject to several interpretations.

To facilitate the analysis of the mountains a small portion of the

ad j acen t  Colorado Piedmont is included in th is  s tudy .

Locat ion and Borders of the Region

The Rampart Range is a roughly t r iangular  shaped segment of

the Colorado Front Range , between the mouth of the P l a t t e  Canyon

and the Ute  Pass area west of Colorado Springs (Map 1). The borders

of the range are formed by the plains on the east , a series of

f a u l t s  which extend through lJte Pass then northwestward to the

South P l a t t e  River , and the South P la t t e  River  i t s e l f .  Fenneman ,

in his  book , Physiography of the Western Uni ted  S ta tes ,  divided the

Colorado Front Range into three d i s t r i c t s ;  the Boulder D i s t r i c t ,

in the  no r th ;  the Georgetown Dis t r ic t , west of Denver;  and the

South Park Dis t r ic t , in the south .1 Wil l iam Morris Davis , in an

ea r l i e r  analysis of the Colorado Front Range , had separated the

highlands of the Pikes Peak Massif from what he termed the South

P l a t t e  Section .2 Therefore , the Rampart Range is a por t ion  of the

South Park or South P la t t e  Dis t r ic t  of the Colorado Front Range .

The Rampart Range gets its name from the more or less even unbroken

eastward facing escarpment or rampart which rises 1,000 to 2,000

1Nevin M. Fenneman , Physiography of Western United States
(New York : McGraw—Hill Book Co., Inc., 1931), p. 103.

2
William M. Davis , “The Colorado Front Range ,” Annals of the

Association of American Geographers 1 (1911): 39.

5
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f e e t  above the su r round ing  p lains.  When Davis observed the Rampart

Range fo r  the f i r s t  t ime , in 1877 , he wrote , “ It  is very s t r a n g e

to see how suddenly L~aey rise from a sea of land to the east ,

almost p r e c i p i t o u s l y .”3

One analysis of the Front Range, based on tectonic features

and f a u l t  zones , concluded that  the western  border of the Rampar t

Range occurs to the east of the  Ute  Pass Fau l t  zone. This view

d i f f e r s  f rom .tha t of Davis , who believed tha t  th .~ Ute  Pass Fau l t

marked the edge of the Rampart Range . In d e f i n i n g  the s tudy  region ,

i t  was f e l t  tha t  Davis ’ view presented a more va l id  reg ion .  The

area west  of the f a u l t  zone forms a d i s t inc t ive  subdiv is ion  of the

South Park D i s t r i c t  of Fenneman , which is general ly  lower in eleva-

t ion than the Rampart Range and tends to merge into the  low h i l l s

and rangas  su r round ing  South Park .  Use of the Ute  Pass Fau l t  Zone

as a border  p laces a large narrow va l ley ,  M anit ou  Park , w i t h i n  the

r eg ion .  Mani tou  Park is s ign i f i cant since i t  is an ou t l i e r  of the

sed imen ta ry  rocks which occur in the plains east of the Rampar t

Range.

The two large stream valleys of Plum and Monument Creek,

wh ich are subparallel to the eastern edge of the Rampart Range ,

have been included in the area considerod in this report. The

inclusion of this portion of the Colorado Piedmont provides a

3
R.J. Chorley, R.P. Beckinsale , and A.J . Dunn , The History

of the  S tudy  of Landform s, Vol I I :  The L i f e  and Work of W i l l i a m
M o r r i s  Davis  (London : Methuen and C o . ,  L t d . ,  1973) , p. 65.

• ~~~~~~~~~~~ ~: ~~~~~~~~~ . ~~~~~ 
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comparison with developments in the Rampart Range without adding

too large a segment of the Grea t Plains to t h- study.

The study region , as described , extends from 104° 40’ West

to 105° 15’ West and from 38° 50’ North to 39° 35’ North . The

overall appearance of the region is that of a trapizoid with the

north to south axis approximately 55 miles long and the maximum

east to west dimensions 25 miles.

The initial section of this study focuses on the geomorp hic

aspects of the Rampart Range including landforms , erosional surfaces ,

elevations , and drainage patterns. The second major section

deals with the geologic structure , history , and stratigraphy

of the region , whi le the conclusions include a discussion of th

relationships of the various components of geomorphologv and geology.

8
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GEOMORPHOLOGY

The geomorphology of the Rampart Range and adjacent plains

is primarily the result of faulting and differential erosion and ,

thus , varies greatly. Major streams of the Colorado Piedmont have

removed much of the sediments which are common over the renia inder

of the Great Plains , leaving behind isolated mesas , buttes and

escarpments. The valley of Plum Creek contains numerous mesas and

buttes which rise several hundred feet above the adjacent streams ,

whil e the valley of Monument Creek has only a few such features

(Photograph I). The two streams rise in a broad upland which ex-

tends eastward from the base of the mountains. This is the bouth

Platte—Arkansas Divide , or simply the divide ; and is almost 1,500 feet

higher than the lowest parts of the region . A one—half mile wide ,

200 foot deep, gap in the divide occurs adjacent to the mountains

near the town of Palmer Lake (Map 2).

Between the Rampart Range and the Colorado Piedmont lies a

two to four mile wide belt of dissected foothills. In this area

the sedimentary formations are commonly covered by gravels and

other recent deposits. Many of the formations have been folded

and faulted so that they dip steeply away from the mountains.

Differential erosion has made them into hogbacks , pinnacles and

sp ires which rise above the valleys . Hogbacks may be 500 feet

higher than the adjacent valleys and some pinnacl es over 300 feet

high er than the surrounding terrain (Photograph 2). Features

of this tvp~. are limited in occurrence and those in t h e  Garden of

9
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the Gods , P e r ry  Park , and Roxborough Park  have gained a g rea t  deal

of public interest. The area between the Garden of the Gods and

Perry Park contains only a few hogbacks , while these features are

more common nor th  of Perry Park (Photograph 3 ) .

Erosiona l Surfaces

• Rising to the west of these features is the Rampart Range.

• The steep escarpment of the range is impressive as is the relatively

level c res t  (Photograph 4). Early investigators called this surface

the Rocky Mountain peneplain , and Fenneman called it the South

• Park peneplain .
4 

Rising above the surface of this erosional

surface are a few ragged ridges of monadnocks . In the southern

part of the range , monadnocks such as Ormes Peak and Mount Herm an

rise only a few hundred feet over the erosional surface. North of

Mount Herman the accordant upland is much more apparent with only

Devils  Head and Noodl e Head r ising abov e the gener al eleva tion of

the range . Devils Head , at 9,448 feet , is the talles t peak in the

range .

It is commonly accepted that there are at least two erosional

surfaces in the Fron t Range . The Flattop peneplain is the older

surface , and the Rocky Mountain peneplain is the younger. Van Tuvi

and Lovering, 1n a study of the physiographv of the Front Range ,

concluded that there were five or eight erosional surfaces , three

incomplete surfaces and five erosional terraces . Isolated elevated

4
Fenneman , p. 98.
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peaks  r i s i n g  above the g e n e r a l  lcvi• I of the R a m p a r t  Range wer.- f - l

tO he :i eon t  inu a  t ion  of the  Cheyenn e  ~ o u i I  ta in  p en ep l a  in .~~ Their

v iew d id  n o t  gain wide acceptance and the mu l t i — s u r f - i c e  theory was

unsupported . The concept of more t h a n  one  e r o s i o n a l  s u r f ac e  in

the F r o n t  Range was a t t a c k e d  in 1947 by E. Walil strom , who felt that

folding and faulting of a single erosional surface could easil y

6p r o d u c e  the  a p p e a r a n c e  of two s u r f a c e s . T h i s  o n e — s u r f a c e  concep t

also failed to achieve acceptance and the belief in two or possibl y

three erosiona l surfaces is the most widely acknowledged.

The Rocky Mountain erosional surface in the study region is

highest a few miles north of Manitou Springs and then decreases in

e l e v a t i o n  nor thward  f rom about the Mount Herman area until it

reaches the Platte Canyon . The South Platte River separates the

low northern end of the Rampart Range from the Georgetown district

of the Front Range . A gradual decline in elevation toward the

town of Man i tou Springs marks the southern end of the Rampart Range .

The western part of the region includes the fault bordered

Mani tou Park. This area is distinct from the Rampart Range and has

a gently rolling nature with several mesas and buttes. The park

l ies  below the erosional surface while the mesas represent the

5F.M. Van Tuyl and T.S. Lovering, “Physiographic Development
of the Front Range ,” Bullet in of the Geological Society of America
46 ( 1935): 1307.

6
Ernest E. Wahlstrom , “Cenozoic Physlographic History of the

Front Range, Colorado ,” Bulletin of the Geological Society of
America 68- (July, 1947): 571.

16
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Rocky Mounta in  su r face .  One of the buttes , Thunder Butte , is higher

than any peak in the Rampart Range and stands 2 ,400 f ee t  above the

adjacent valley. Several westward dipping hogbacks occur , pa r t i -

cularly in the eastern side of the valley . Manitou Park slopes

gen tly toward the northwest and the South Platte River.

Eleva tions

Elevat ions in the stud y region vary f rom 5 ,600 feet at the

j unc t ion  of the South P la t te  River and Plum Creek to 9 , 836 fee t  at

Thunder Butte. The divide has an average elevation of 7 ,500 fee t

wi th  several mesas in the Plum Creek drainage basin reaching eleva-

t ions over 7 , 600 f ee t .  The Rocky Mounta in  erosiona l surface is

about 9,000 feet above sea level near Mount Herman , then decreases

to 8 ,000 fee t  or less near P la t t e  Canyon. Mani tou Park averages

7 ,500 fee t , wi th  several of the mesas in the area rising to over

8,000 f e e t .

Al though the top of the Rampart Range is believed to be an

erosional  su r face , i t  is not an area of easy travel  and local

re l ief  is in the order to 200 to 500 f e e t .  The Hayden Expedition

of 1873—75 considered this an unusual range and reported t h a t ,

“We are at a loss to compare it with any other for considering its

very modera te  height , a range more rugged or one more d i f f i c u l t  to

explore cannot be found .”7 The diff iculty is due to the submature

7
Gustavis R. Bechier , “South Park Drainage——Main or Middle

Fork of the South Platte River ,” in Ninth Annual Report of the U.S.
Geological and Geographical Survey of the Territories (New York :
Government Printing Office , 1877), p. 416.
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nature of the second erosional cycle as described by .~ll l i am Norris

Davis in 1911 . Initiation of the second cycle , accordin g to Davis ,

r e v i s e d  e a s t — f l o w i n g  s t reams and t h e i r  w i d e s p i~e ii ,

usually insequent branches have eroded young or
ear l y matur e val l eys from 500 to 1,000 feet in
d e p t h , w h i c h  submature ly  d i s sec t  the  highlands ,
giving them a relief of medium measure m d  a co.~rse
t e x t u r e d  form. 8

Most of the stream valleys in the Rampart Ran~~ fol low faults o r

joint patterns although some do cross faults . Travel along stream

bottoms w i t h i n  the Rampart Range is d i f f i c u l t  a t  t imes  as valle y s

are na r row  w i t h  l i t t l e  or no f l o o d p l a i n .  S t reams cxi i  the

mountains in a series of deep v—shaped canyons with steep gradients.

Many of the canyon floors contain large boulders and waterfalls

which make travel from the plains to the upper reaches of tim e

streams difficult (Photograph 5).

Drainage Systems

The drainage system of the region is dominated by f ive

streams . These are the South Platte River , Hor se Cre ek , Fountain

Creek , Monument Creek , and Plum Creek. The South Platte River is

one of the major rivers of Colorado . In the study region , only

Willow and Little Willow Creeks enter the South Platte from the

8Davis , p.  31.

9Glenn R. Scott , Quaternary Geology and Geomorphic History
of the Kassler Quadrangle, Colorado, U.S. Geological Survey Pro—
fessional Paper 421—A (Washington , D.C.: Governmen t Printing Office ,
1963), p. 4.

18
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p l a i n s , Horse  Creek , which is formed by the  u n i o n  of T rou t  and W - s t

C r e ek s  in  the n o r t h e r n  pa r t  of M a n i t o u  P a r k , is a large tr ibu t ,~rv

of the South  P l a t t e  R i v e r .  B e g i n n i n g  e i gh t  m i l e s  n o r t h  of Pikes

Peak , T r o u t  Creek t o g et h e r  w i t h  the  s m a l l e r  West Creek d r a i n  a t o t a l

of 200 squa re  m i l e s  of “ g e n t l y  r ol li n g  p l a t e a u  c o u n t ry .” 10 F o u n t a i n

Creek rises about seven mi les  n o r t h w e s t  of P ikes  Peak and d r a i n s

a 101.2 square mile basin , as i t  f lows th roug h lJte Pass .

Monument Creek is 37.5 miles long and begins eight miles

west  of the town of Monument at 9,350 feet.
11 Monument Creek drains

238 square m i l e s  w i t h  a pear—shaped w a t e r  basin  20 m i l e s  wide  and

- 12 . .23 m i l e s  l o n g .  The main tributaries of Monument  Creek f rom t h e

Rampart Range are : Deadman ’s Creek, West Monument Creek , Douglas

Creek , and Camp Creek. Kettle Creek , Cotton Creek , and Smith’ s

Creek d r a i n  the Black Forest area and are the main eastern tribu-

taries of Monument Creek.  A t r i b u t a r y  of bo th  Monument Creek and

Fountain Creek is the Shooks Run and Temp leton Gap system. Originall y ,

Shooks Run drained an area north of Colorado Springs into Fountain

‘°Bechler , p. 422.
~~Pikes Peak Area Council of Governments , “Open Space: Report

I, An Inventory of Park , Recreation and Open Space Facilities , Si tes ,
and Programs in the Pikes Peak Region ,” Colorado Springs , Colorado ,
1970. (Typewritten)

Army , Corps of Engineers , Flood Plain Information:
Monument Creek——Colorado Springs—— Colorado (Albuque rque , New
Mexico : U.S. Department of Army , 1971), p. 27.

S.. 
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Creek.  C o n s t r u c t i o n  of the Rock Island Railroad l ine partiall y

d i v e r t e d  the h e a d w at e r s  of the d ra inage  system toward  Monument

Creek . These imca dw aters were later complet ely diverted so that

w a t e r  now i l o w s  into Monument Creek above Colorado Springs .

Ilie i ma t ma lor stream of the region is Plum Creek. Plum

Creek s L i i  Is mm ~ ,ir the town of Sedalia where East  Plum Creek and

West P l u m  [reck unite. m d  ian Creek and Tarre Cr~ 1-k f w from the

f l l e l i f l t . ii n s  ami d en t e r  P l u m  Creek .  W e s t  P l u m  Creek h as  m o u n t a i n

er i g i n  and t h e  v a s t  m a j o r i t y  or i t s  t r i b u t a r i e s  i i . .-  a l s o  f r o m  the

m o u n t  n s .  Tit , sc t r i b u t a r i e s  i n c l u de :  Garb € r Creek , •Lick s on Creek ,

and S p r i n g  ( r..- . .-~ • Ea st  P lum Creek a lso  beg ins  in  the  m o u n t a i n s

bu t  i s  p r i m a r i l y  a s t r e a m  of the  p l a i n s  and d r a i n s  108 square  m i l e s

above ti le town of C a s t l e  Rock . M a i n  t r i b u ta r i e s  of F i s t  P l u m

Creek are  shorter than those of West Plum Creek and include Sellers

Creek , C a r p e n t e r  Creek , and Cook Creek. The en t i r e  P lum Creek

- 13
basi n , above Louviers , has a 302 square m ile area .

S t rea m s  f l o w i n g  into Monument Creek from the mountains tend

to have s t eep e r  g r a d i e n t s  and commonly f low at r i g h t  angles  to the

t r e n d  of t he  range , w h i l e  those e n t e r i n g  Plum Creek sy s tem from

the  m o u n t a i n s  f low obl iquely across the m o u n t a i n s  and t h r o u g h  less

rugged valleys .
14 Stre ams en ter ing Trout Creek from the Rampart

Range flow in narrow gulches and the streams of the northern part

13U . S .  Army , Corps of Engineers , Chatfield Dam and Reservoir
(Omaha , Nebraska : U.S. Department of Army , 1966), p. 10.

14 B echl er , p. 417.

21
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of the park have nor. v—shaped valle ys. One of t h e  mor e  s p e c t a c u l a r

valleys of the study region is formed by t h e  Sou th  P l a t t e  R i v e r  in

the Platt e Canyon . This , “narrow and tortuous ’ canyon  h i s  “ rough

and p re c i i~Lt ou s  w a ll s . ” 15 The canyon c o n ta i n s  a n a r r o w  f l o o d p l a i n

in some areas and in others it has none. A very narrow and rough

section i s  downstream from the town of South Platte. Here the

cany on  w a l l s  ar . .  1, 000 to 2 , 000 f e e t  h i g h) 6  V a l l e y s  of Plum

Creek  and N onumen t Creek in the  p l a in s  have broad and sha l low cross

s e ( - t t o n s . S t re ams  which  or ig i n a t e  in the South P l a t t e— A r k a n s a s

d i v i d e  hay . .  n a r r o w , o f t e n  c l i f f — b o r d e r e d , upper  v a l l ey s  and broad ,

open v a l l ey s  d o w n s t r e a m .

As a general rule , the valleys of the region are asvrn€ trical ,

with a majority of streams in the mountains down c u t t ing their

channels into the bedrock , while Monument and Plum Creeks are more

actively cutting laterally. 17 In most streams some areas of

d e p o s i t i o n  occu r  in a d d i t i o n  to areas of channel  e r o s i o n .  Asym e t r i ca l

15 . ,,
Marius R. Campbell , The Denve r and Rio Grande Western

Route ,” Guidebook of the Western U.S., Part E, U.S. Geological
Survey B u l l e t i n  707.  (Wash ing ton , D . C . :  Government  P r i n t i n g
O f f i c e , l 9 2 2 ) ,  p. 20.

16
Warren L. Peterson , Geology of the Platte Canyon Quadrangle ,

Colorado. u . S .  Geological Survey Bulletin 1181—C. (Washington ,
D.C.: Government Printing Office , 1964), p. C—2.

17 Ecology Consu l tan t s  I n c. ,  “Factors  L i m i t i n g  Bio logica l
P r o d u c t i o n  i n  Monument  and Founta in  Creeks , El Paso County ,
C o l o r a d o . ” Colorado Springs , Colorado , 1974.  ( M i m e o g r a p h e d ) .

22
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east—we st v~-il ]evs of the Colorado Front Range were s t u d i e d  by b et h

D r . K . I) . Emery and D r .  A.  Strahlcr with different ..- onc lrm- - ions.

Emery f e l t  t i n t  wi t im a l l  o t h e r  t h i n g s  equal , steeper north—facing

s lopes  occur red  in  drier parts of North America as a result of a

greater amount of erosion on the south—facing slopes)8 Si r ah i e r

concluded t h a t  if all things i-ore equal , the slopes would be equal .
19

~: i t h i n the s tud y r eg ion  the east—wes t o r i en t ed  v :llevs tend to

have more g e n t l e  s o u t h e r n  slopes . R .R .  }-ladley, o f Ili e U . S .  Geologi-

cal Survey, feels this is because the “rate of remova l of surficia l

ma terials b y sheet erosion is 50 to 75 percent  g r e a t e r  on slopes

w i t h  s o u t h e r l y  or s o u t h e a s t e r l y  exposures than  on slopes that have

other exposures .”2° This erosion tends to force the s t r eam  c h a n n e l

s o u t h war d  c r e a t i n g  a s teep no r th  f ac ing  slope .

The drainage pattern of the region contains mans’ examp les of

c a p t u r e  or piracy. Pre—Pleistocene drainage was eastward across

the  Ramp ar t  Range via the ancestral Arikaree River into the Grea t

P l a i n s  of w e s t e r n  Nebraska .21 Dur ing  the ear l y P l e i s t o c e n e , the

18
Mark Meltorm , “Intraval ley Variation in Slope Angles Related

to N i c r o - l i m a t e  and Erosional  Env i ronmen t , ” B u l l e t i n  of the
G e o l o g i ca l  Socie ty  of America 71 (1960) : 134 .

19
Ibid ., p. 135.

H a d l e y ,  “Geomorphology : Eros ion  Ra tes  and Processes , ”
in Geological Survey Research, 1965. U.S. Geological Survey Pro-
fessional Paper 525. (Washington , D.C.: Government Printing
Office , 1965), p. 177.

Pear l , “Pl iocene Drainage of E a s t — C e n t r a l  Colorado  and
Northwestern Kansas ,” The Mountain Ceo1o~ ist 8 (1971) : 25.

j



I m e a d w a t e r s  o f  t ime  A r i k a r e e  were  c a p t u r e d  by L i m e  S o u t h  P l i t t e  R i v e r ,

P l u m  Creek , and Monumen t Creek , due to t h e i r  steeper ~rnd l e ft s .

These and other s t r e a m s  such as b ig  Sand’ Creek w e r e  ab le  to

rap idl y erode and remove t h e  tertiary deposits from lite r eg io n .

Du r i n g  t h e  deve lopmen t  of the  p r e s e n t  d r a in a g e  p a t t e r n , sev er a l

s t r eams  w h i c h  s cr e  e r o d i n g  t h r o u g h  th e  lmog backs  and  r i d ges e er ~

beheaded , le av i n g  w i n d  gaps such as those near Roxborou gh  Park.

L i t t l e  W i l l ow Creek previously flowed east and joined Willow

Creek , b u t  p i racy  las a l t e r e d  t h i s  p a t t e r n .

l i tr o u g hou t  t h e  Rock y M o u n ta i n s , e x p o s e d  co ntacls between

igneous and s e d i m e n t a r y  rocks as we l l  as c o n t a c t s  between

d i f f e r i n g  s ed imen ta r y  beds are the s i t e  of h u n d r e d s  ~ 1 npr in gs .

The numerous springs in the study region should also be consid ered

as a p a r t  of i t s  d r a i n a g e .  The most  famous s p r i n g s  oc cu r  in

or near M a n i t o u  Sp r ings  (Map 4 ) .  Here several  s p r i n g s  l ie

ad j ace n t to Fountain Creek and are responsible for the name of

t h e stream (Photograph 6) . Cheyenne Ind ian s  cal led the  s t r ea m

“ i~oL l in g  R i v e r ” and the  French term f o r  t h a t  Ind ian  name , Fountaine

Qui Bouille , was later shortened to the present , Fountain Creek.

Seve ra l n a t u r a l  sp r ings  occur w i t h i n  w h a t  is  now the  town of

Mani tou  Sp r i n g s .  Early r e p o r t s  i nd i ca t ed  t h a t  on ly  f e u r  s p r i n g s

were  present; however , s i x  n a t u r a l  spr ings  are in the area s i t u  t w o

springs separated from the main cluster of f o u r  s p r i n g s . T hic

springs which were revered by the Indians  add to t he  n a t u r a l

b e a u t y  of t h im r eg ion .  In at t e m p t s  to increa se this he iu tV ,

24
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numerous a r t i f i c i a l  spr ings  were drilled . Other springs in the

study region include one at Deckers and one in the Platte Canyon.

S t i l l  others  form the point  of or igin  of s t reams of the  p l a i n s .

Summary

The geomorphology of the study region is very heterogenous

in all aspects.  Elevations show great va r ia t ion  as does the

topography in the major drainage basins. Springs are concentrated

in a few loc~ tions as are the inspiring spires and pinnacles of

up tu rned  rock.

28
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GEOLOGY

Geolog ic analys is  of the Rampart  Range and adjacent portions

of the  Colorado Piedmont as presented  in this report is separated

in to  geologic s t r u c t u r e , h i s t o r y ,  and s t r a t i g r a phm y . There is

obviously a relationship between these topics and data presented

in one sec t ion  may be s i g n i f i c a n t  to the d iscuss ion in ano the r

section.

S t r u c t u r e

The geologic s t r u c t u r e  and h i s tory  of the Fron t Range has

been i n t e r p r e t e d  in many ways. The entire 200 mile  long Fron t

Range has been described as: an asymmetrical fault bordered

a n t i c li n ~- ;~~
2 an e longate  dome or narrow mass of crystalline rocks

s u r r o u n d e d  by sedimentary rocks with spur anticlines plunging in

a s o u t h e a s t e r n  d i r e c t i o n ; a f l a t , fau l t—bounded  arch a p p r o x i m a t e l y

f i v e  t imes as long as wide and eight times as wide as hIgh ;
23 

and

as a “mosaic  of f a u l t  bounded blocks .” 24

F. Hubert , “Petrology of the Fountain and Lyons Forma—
tions , Front Range , Colorad o,” Quarterly of the Colorado School of
Mines 60 (1960) : 24.

Maynard Boos and Marga re t  F. Boos , “Tectonics of the
Eas te rn  Flank and Foothil ls  of Front Range, Colorado ,” Bulletin of
the  Amer ican  Associat ion of Pe t ro leum Geologists 41 (December , 1957) :
2608.

24
William D. Thornbury, Regional Geomorphology of t h e  U n i t e d

S t a t e s  (New York:  John Wiley and Sons , 1965),  p. 337.
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Regardless of the interpretation accepted for the Front Range

i t  d e f i n i t e l y  is a f a u l t  bordered mass w h i c h  rises we l l  above the

topography  to the eas t and wes t .  The Range has ex t ens ive  f a u l t

systems which  together  w i t h  six major  g r a n i t ic  in t rus ions  have

been used by several authors to divide the range into  sub

units. An extensive study published in 1957 , separated t h e

Front Range into five large, fault bordered , en echelon,

tectonic segments. Within these five segments a total of fifteen

smaller tectonic units were identified . Two of t hese  u n i t s  are

inc luded  in the  s tudy  area : the Per ry  Park—Rampar t  Range  U n i t  and

the M anitou—Co lorado  Spr ings U n i t . 25 The R ampar t  Range itself has

been descr ibed as both a horst 26 
and as an anticline .

27 
In con-

s ide r i ng  the  l a t t e r  view , one geologist  s ta ted t h a t , “by p r o t e c t i n g

the sediments across the faults and around the end of the  Rampart

Range , an anticline is formed ,”
28 

This interpretation could be

questioned by the conclusion that the dip of sedimentary rocks

around the range might be the result of uplift of a horst and the

25 Boos and Boos , p. 2642,

26
1b -id ., p.  2657.

27 Throwbridge L. Grose , “Geologic Format ions  and S t r u c t u r e  of
Colorado Spr ings  Area , Colorado ,” The Mounta in  Geo log i s t  9 ( A p r i l —
July ,  1972) :  234 .

28
William A. Fowler , “Geology of the Manitou Park Area ,

Douglas and Teller Counties , Colorado ” (M.S.  Thesis , U n i v e r s i t y
of Colorado , 1952),  p.  24 .

30
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bending and f o l d i n g  of ad jacen t  beds . In e i t h e r  case , the  b a s i c

structure of the Rampart Range is that of a Precambrian core of

metamorphosed sediments and granitic intrusions with steep l y dipping,

upturned , and in p laces overturned Paleozoic and Mesozoic sedimentary

rocks along the eastern and western f lanks . Cenozoic sediments and

v o l c a n i c  rocks also occur but  in res t r ic ted  areas (Ma p 5) .

Sedimentary  rocks becom e less steeply d i p p i n g  eas tward  f rom

the  moun ta ins .  Adjacent  to the mountains , under  the Colorado  Pied-

mont , lies the Denver Basin , a s t ruc tura l  f e a t u r e  which  con t a in s

sed imenta ry  deposi ts  as much as 13 ,000 feet thick . Relief from

the base of the Denver Basin to the top of the Front Range reaches

a maximum displacement  of 21 ,000 feet near Denver.29

West of the Rampart Range lies the valley of M a n i t o u  Park .

The i n t e r p r e t a t i o n  of the geologic s t ruc tu re  of M a n i to u  Park depends

to some extent upon the interpretation of the structure of the

Rampart  Range and in turn the Front Range . If the Rampart Range

is considered as a hors t , Manitou Park is best described as a

graben.  Belief in the anticl inal  nature  of the Rampar t  Range

would lead to the  syriclinal  t roug h concept as the t r u e  s t r u c t u r e  of

the a rea .  Both theories  have supporters and logical explanations.

In e i t h e r  case , Mani tou  Park consists of a large area wh ich has

bee n lowered and covered in part  by many of the Pa leoz o ic  deposi ts

29 Steven R. Marcus , Geology of the Mountain  Zone of C e n t r a l
Colorado w i t h  Emphasis on Manitou Park. U . S .  Forest  Service Research
Paper RM— 113 (Fort Collins , Colorado: Rocky Moun ta in For est and
Range E x p e r i m e n t  S t a t i o n , 1973) ,  p. 3.
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which also are found in the Colorado Piedmont. No MesozoU and

only more  recent  Cenezoic  d e p o s i t s  a re  found in t h e  p a r k .

Embayments

The eastern flank of the Fron t Range is marked by several

embayments  or invas ions  of sedimentary rocks Into the Precambrian

core .  The l a rges t  emb aytnent , the  Canon C i ty  Embayment , marks  t he

sou the rn  end of the Front Range and separates it from the other

ranges of t he  S o u t h e r n  Rocky Mountain  P h y s i o g r a p h i c  P r o v i n c e .

Within the  Rampart  Range t h ree  s i m i l a r  cmb~~vrn~~i i t s  occu r , t h e  Ma n i t o u

Embayment , the Perry Park Embayment , and the Roxborough Embayment.

(Map 5 ) .

M a r i i t o u  Embayment

The s i x  by ei gh t  mile Mani tou  Embayment is best descr ibed  as

an ex tens ion  of s ed imen ta ry  rocks between two masses of  Precambr i an

igneous rock and , according to one concept , is formed by the  nose

of a southeast plunging anticlinal spur of the Rampart Range. This

spur , ca l led  the Mani tou  Spur or Colorado Springs Spur , forms the

southern  edge of the Rampart Range . The spu r contains a centrall y

loca ted  a n t i c l i n e  and a western  syncline . The f l anks  of the  spur

are covered by the sedimentary rccks of the  p l a i n s .  Two large

f a u l t s  form the southern and eastern borders of the Manitou Embay—

inent .  Thus , the  sedimentary rocks of the Manitou Emh avment l i e

between the southern end of the Rampart Range and the Pikes Peak

• 30Mass i f .

30 ,, . .W.O. Crosby, Archean—Cainbrian Contact near Manitou , Colorado .
Bulletin of the Geolo~ ica1 Survey of America 10 (March , 1R 99): 143.
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P e r r y  Park  Embaymen t

~rhe P er r y  Park  E m b a ym e n t  is a f a u l t  hounded four by m l  g u t

m i l e  arc-a of t i l t e d  s e d i m e n t a r y  r o c k .  W i t h i n  t h i s  embavinent , t Ie-

s o f t e r  ~l i , i  I es h a v e  been eroded and more  r t e i s t a n t  b eds have  forme d

c ues ta s  and hogbacks .  In places , t h e  beds have been f aul  ted so

t h at  t h ey  IijVe a l m o s t  v e r t i c a l  di p :1ng~ m s .  T a l l  p i n n a c l e s  h a v e

been created by differential erosion (Phot i g r I p h  7 ) .  Hogb acks

occur north of t he  P e r ry  Park  area , bu~ s e n t l  of t he  ar e a  t hey  are n o t

common as g r a ve l s  l y e  m -ov -red the sedimi at rv hm - i s .

Roxhorou gh  P a r k  E m h a v m on t

A l  t hough not  u l w t v s  c lass i f  ied as an eir h lvment , R o x b o r o u g t

P a r k  is a n o t h e r  a rea  where  f a u l t i  n~ has b r o u g h t  the s e d ! m c n t i r v

rocks into almost vertical posit4ons ( P h o t o g r a p h  8 ) .  h e r e n ar row

I r i d g v s , s p i r e s , and o t h e r  s i m i l a r  forma t ens create a natural

b e a u t y  w h i c h  is equa l to t h a t  in P e r r y  Pa rk  and  t i m  Garden of the

Gods .

Faults

The structure of the Rampart Range has been largely governed

by the  i n t r u s i o n  of the  P recambr ian  Pikes Peak b at h o l i t h  and the

various fault systems of the Front Range. The youngest and largest

of the  six major intrusive bodies in the Front Range , t h e  P ikes

Peak batholith covers 1, 250 square  mi les  and measures s e v e n t y— f i v e

by t h i r t y  m i l e s .  Not  all  of the b a t h o l i th  is in the Rampart Range

and not  a l l  of the Rampar t  Range has developed f rom th e  b a t h o l i t h .

34
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Th~ P i k es  P -ak  M i ss if has be en formed f rom the P ikes  Peak b a t h o l i  thi ,

wli  i i  e o l d e r  Pr e c am b r  ion rocks domina te  the  n o r t h e r n  p o r t i o n  of the

R a m p a r t  R o p e . The F r o n t  Range con ta ins  numerous  f a u l t s  as does

the s t u d y  rmpio n.

U te  Pass F a u l t  Zone

The l o n g e s t  f a u l t  is the U t e  Pass f a u l t  zone w h i c h  s enarat es

the  Rampar t  Range f rom o t h e r  p a r t s  of the  P i k e s  Peak h

The f o r t y — f i v e  m i l e  long U t e  Pass f a u l t  zone heg i i ~~ n - ar t}i~ his

of the eastern face of Cheyenne Mountain , about twelv~ m i l~ -~- south

of the  s t u d y  r e g i o n  and extends n o r t h w e s t  t h r o u g h  t i e  F r o n t  R a n g e .

The n a t u r e  of the  f a u l t  var ies  a long i t s  l e n g t h .  i t  l i c  h - n

m lass i f i e d  as a th rus t  f a u l t  near  Cheyenn e  M o u n t a i n  and  as -

r eve r se  f a u l t  in U t e  Pass .  A long  the  w e s ter n  s i d e  -f  M a n i  t o u  P a r k

the  n a t u r e  of the  f a u l t  once again  changes , and i n  t h e  nort h~ r a

p a r t  of the park the fault zone is almost vertical. The r H a t io n

of ar ea s  across  the fault zone is such that the R a m p a r t  R a n g e  is

always the downthrown block. This is especiall y a p p a r e n t  i n  t h e

Gte Pass area where the vertical separation has been estimated it

14 ,000 feet.
31 The fault is often difficult to obs m- r v - ; h o n- e v e r ,

it is easily seen on aerial nhotographs (Photograph 91 . The f a u l t

zone passes sou th  of the  v a l l e y  of F o u n t a i n  Creek for  p a r t  - f  i t s

course .  In M n n i t o u  Pa rk  i t  o ccu r s  as an 800 to 1 , 700 f o n t  wide f - m i t

7one w i t h  u n c ern e n t e d  b r e c c i a  In the  s o u t h e r n  p a r t  of t h e  I rk . Tin

31 Gro so , 734 .
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th row in M a n i t o u  Park v a r i e s  f r o m  severa l  hundred  to severa l

thousand feet and some strik e—slip motion has been reported .
32

Rampar t  Range F a u l t

Approximately one mi le south of the Garden of the Gods another

long and significant fault begins . This is the thirty—five mile

long Rampart Range fault which has an estimated vertical separation

of 15 ,000 feet.
33 

The western side of this fault is the upthrown

block and l i t t l e  s t r i k e — s l i p  mot ion has been assoc ia ted  w i t h  th is

34f a u l t .

Other Faults

The Rampart Range fault stops south of Perry Park but a series

of similar faults occur in the Perry Park embayment area. Some of

the faults in this area are reported to be thirteen miles long and

may be as much as twenty miles long. Faul ts  form the w e s t e r n  bo rde r

of t he  P e r r y  Park  Emb ayment;  however , smal le r  f a u l t s  s e p a r a t e  the

area from the Colorado Piedmont to the east. North of P e r r y  Park

another series of faults occurs along the eastern flank of the

Rampart Range . The Jarre Creek fault , which is a high angle reverse

32Marcus , p. 17.

33Grose , p. 234.

34
John G . Harms , “Sandstone Dikes in Relation to Laramide

F a u l t s  and S t ress  D i s t r i b u t i o n  in the Southern  Fron t Range , Co lo rado , ’
Bulletin of the- Geological Society of America 76 (September , 1965):
988.

39
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fault , brings Cenozoic sedimentary rocks into contact with the

Precambrian core of the range . It has been suggested tha t an

extension of this fault , so far undetected , extends north to the

northern edge of the study area and connects with the Golden—

M o r r i s o n  f a u l t  f a r t h e r  nor th .35 
Associated w i t h  a l l  the faults

along the  Front Range is the deformation of the sedimentary rocks

of the downthrown block by strike and dip faults.

As mentiDned , the Ute Pass fault zone forms the western edge

of the Manitou Park. The eastern border is formed by the Devils

Head or Moun t Deception fault zone. This fault zone is roughly

parallel to the Ute Pass fault zone with the western side of the

zone the downthrown block. The fault may be a high angle reverse

- - 36 . . -f a u l t  with steep dips to the east. Also wi thin Manitou Park are

two m i n o r  f a u l t s .  Trout Creek f a u l t  is five miles long and lies

midway between the Ute Pass fault and Devils head fault. Fish

Ha tche ry Faul t is shor ter and connec ts Tr out Cre ek Faul t and Ute

Pass fault.

In a d d i t i o n  to the major f a u l t s  described , the  e n t i r e  Rampart

Range and foothills are crossed by many smaller faults. Signs of

these  c u r v i n g  tens ion  f a u l t s  are  sags , gaps , and long stra ight

vall eys . Boos and Boos pointed to a series of east——west faults

across the Rampart Range near Woodland Park which were felt to

35
Glenn R. Scott , Bedrock Geology of the Kassler Quadrangle ,

Colorado. U.S. Geological Survey Professional Paper 421—B. (Wash-
ington , D.C.: Government Printing Office , 1963), p. 109.

36Marcus , p.  17.
40
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serve as a “hinge.”3~ The level Rocky Mountain Erosional Suriace

is north of these faults while to the south , the land descends t i

the plains as the Colorado Springs spur. Several of the faults

are believed to have originated in the Precambrian ; however , the

large movement along them is considered to have occurred during

the Laramide Orogeny. The faults are commonly considered t o  be

inactiVe S1Ji LC earthquakes in Colorado generally occur on t hi ~

western side of the continental divide.

Recent earthquakes within the Denver Basin have been linked

F to the disposal of liquids by means of deep wells at time Rocky

Mountain Arsenal and these earthquakes have had ep im - m- : i t m - r~ no r t h

of Denver. On 12 October 1966, an earthquake w i t s  r e m  n r d ~~1 l e a r

th~ town ol Castle Rock (39° l8’N 104° 4h ’W) with - l f i r . ~ of t : r - -

on the R i c h t e r  scale .
38 

Although Castle Rock lies nith t i t i  the DCI V I

Basin , it is located south of the ep i c e nt e r s  a ssoe l t ed n-i th t i e

Ro cky Mountain Arsena l (Map 5). Three e-irthquak es , il l with i i  i n t e - - , —

si  ty l e s s t han  four , have occurred in e i t he r  t i e  Gte Pa-~s m u t or

Rampart Range  fault s l i c e  1965. Thus , t i i m -sc f a u l t s  ~hou1d be COn-

s i d e r e d  active.
39 

Studies have shown that dis p l a c e m e n t  has occurred

al o n g  t im e R a m p a r t  Range t , i u l  in  r e m  c u t  t imes .  On the Air  F o r ce

37
Boos and Boos: 2660.

38 . - ,, . - - - - -F. A. h u u -se 11 , I-list - r v  of Earthquake Activity in he lm -r ide ,
Quarterly of ti m e Colorado S iitm ~ 1 of Mines 63 (1968) : 62 .

39
Pikes PeaK Area Council of G o v e r n m e n t s , “P r o~~e i t  TEAM :

Analysis of the Natur~ l Systems ,” Colorado Springs , Lolorado , m.d .,
(Typew r i t t e n ) .

.
~~~ , — ,,- 

~~~~~~~~~~~~~~~~ 
.
~~~~



r - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--

Academy grounds , a twenty—five foot shift in Quatcrnary gravels

lets been located with the  mot ion  cons idered  to be Y ar m o u t h  or

- 40younger in age.

Sandstone Dikes

Large dikes composed of sandstone are associated with faults

in the Ram part Range. The dikes tend to be vertical in nature

and vary trom a few inches to 300 feet in thickness and an - up to

eight miles in length.41 
These features often stand out as

ridges in Precambrian rocks . Many of the 200 dikes are found

in  a roughly linear zone from Manitou Springs into Manitou Park ,

which cl esm -ly follows the pattern of the Ute Pass fault zone.

Another pattern of similar dikes appears to follow the Jarre Creek

fault. Sandstone dikes which occur outside the Rampart Range in

42
the Front Range are also associated w i t h  fault zones . Gra ins

of worn and well rounded quartz form 90 percent of the dikes.

The sou rce  of the  q u a r t z  is believed to be a Cambr ian  age s a n d s t o n e

which was deposited over the Precambrian core. It is believed that

40Glenri R. Scott , Quaternary Faulting and Potential Earthquakes
in East—Central Colorado. U.S. Geological Survey Professional Paper
700—C. (Washington , D.C.: Government Printing Office , 1970), p. C—l4.

41
W.O. Crosby, “The Great Fault and Accompanying Sandstone

Dikes of Ute Pass , Colorado ,” Science (N.S.) 5 (April , 1897): 604.

V it anage , “Sands tone Dikes in the Sou th Park Ar ea ,
C o l o r a d o , ” Jo u r n a l  of Geology 62 (1952): 495.

42
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the development of reverse faults in tilese Precambrian rocks

created fis- trres which were filled by intrusions from the m-\ -~r 1 y iim ~

43
sands tone.

Geologi c H i s t o r y

The geo log ic  h i s t o r y  of the  Rampar t  Range and t i -  C o l o ra d o

Piedmont is subject to several interpretations . ltne of t ime  prob l ems

involved in the area is that the more recent pe-ni d~ (1 t ee tOiiic~~,

in  many casee , have destroyed evidence of earlier events . Also ,

agreement as to the exact nature of features such as f i i l t s  and

their causes have not been reached . The best method to mnil v z-

th e  h i s t o ry  I F  through am era by era and period by p ri o d pert raval

of the events believed to have occurred and the e v i d m - n e i -  supportin g

these beliefs.

Precambrian Era

During the Precambrian Era it is felt that a sequence of

shales ,sandstones,and limestones were deposited in a deep basin

where the Colorado Front Range and Colorado Piedmont now exist.

These’ rocks were then uplifted , folded , faulted and intruded 1w

several small bodies. As a result of these events , the rocks

underwent metamorp hism creating the Idaho Springs Formation. During

th e latter part of the Precambrian Era the Colorado Front Range

was intruded by at least six large bat~ o l iths of w h i c h  the Pikes

Peak ha t h o l i t h  Is the southern—most and most recent. Aft er the

43 -

Harms: 987. -

43
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i n t r u s i o n  of the  grai - i i t i c  masses , the ent  i n -  r eg ion  was aga in  up-

l i f t e d  and subsequen t ly  eroded to form a relatively smooth surface.

Paleozoic  Era

During the Paleozoic Era continental seas advanced and re-

treated over the area on several occasions . In the Late Cambrian

Epoch , seas advanced from the east and west. The area from Perry

Park to a point south of Canon City was the Colorado Sag or Colorado

Strait .
44

(Map 6) This low portion of the Transcontinental Arch

between the Siouxia Uplift to the north and the Sierra Grande Up—

lift to the south connected the eastern sea with a western sea.

Several of the Paleozoic sediments were deposited in the Colorado

Sag or along the edges of the Transcontinental Arch. The presence

of the arch explains In part the limited distribution of several

of the  PaleozOic format ions  wi th in  the s tudy  r eg ion .  S t a b i l i t y  of

the region has been the subject of differing interpretations ;

however , during the time of deposition of the Sawatch Sandstone

the area is commonly believed to have been stable. The Sawatch

Sandstone was deposited along the edges of the Transcontinental

Arch during the Late Cambrian Epoch .

During the Early Ordovician Epoch , the seas of the Cambr ian

period retreated . The return of the seas in the Late Ordovician

44
John D. Haun and Harry C. Kent , “Tectonic History of Rocky

Mountain Region ,” Bulletin of the American Association of Petroleum
Geologists 49 (November , 1965): 1783.

44
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1~

was -icc m m p a n i 1 -d hv  t h ?  d -p o s l t i o n  of t i -  ~ ~ i r o u L i ’~~- - ~t o n m ’ . l~ i .

Mani tou l ime-stone i t s marry c l m a r i u  t e- i 1s t  i c s  of a f o r m i t  i on  d e p o si t ed

in a low to mode’ r~i t o  O t t O  r gy  e ~v i rori mei m t - Th - r ,  i s  an o v e r l a p

di s conformit y between the Sawatch Sand stom. - and t 1 i ~ o f  t ou  Lime-

s tone . Th i s  d i s c o n f o r m i t y  r e f l ~ - c t  s o  re- -i on ~~f t i m - S a w - i t c h  is t h e

Canmhr j un Seas r e t r e a t e d  whi ch , .m - m - -rd in ~ t o  H a r m s , w a’ ~~~ ‘o

“ni - g i ormal f l i - su r e  and s t r u c t u r a l m ov e-rn ,  m t s .
0-

D u r i n g  t b -  S i l u r i a n , D e v o n t a n  and E a r l y  ~! l S 4 i s s i p t m l  in  P e r i o d s

the ’ r eg ion  was r e l a t i v e l y  s t ab le  and above ‘.~a t e r .  F r m m t  ions

w h i ch  may have  been created during this t ime span won .- removed hi

eros ion  and t o d a y  no f o r m a t i o n s  of these -  age-s - i r e  f o u n d  i n  th i -

.mr ea .  In tim e Late Ilississippian Epoch the sea r e a d y - u n ed and

tlim W i l l i ams  Canyon L i m e s t o n e  was depos it ed  over he ~ian i t o u

Limestone . li ter in the Mississi p p i an  Period the sea retr eated

47
and then advanced to recover the area . The a b s e n ce  of t h e

sea was accompanied by erosion of part of the Williams Canyon

L i m e s t o n e  c r e a t i n g  a d i s c o n f o r m it y  between t h a t  f o r m a t i o n  and the ’

M a d i s o n  L i m e s t o n e  above it ( P h o t o g r a p h 10) . A s i m i l a r  d i s c o n f o r m —

i t y  e x i s t s  below the  Mani tou Limes tone . - 
-

The end of the  Miss i s s ipp ian  Period and ear ly  p o r t i o n s  of t h e

45Marcus : 10.

46
John C. Harms, “S t r u c t u r a l  H i s t o r y  of the  Sou the rn  Front

Range , ” The Mountain Geologists 1 (1964): 94.

47
Il aun and Kent: 1785.
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P e n n sy l v a n i a n  P er iod  were  marked by the  r e t r e a t  of the e a s t e r n  sea

as land began to rise to form a large mountain range , which is

commonly called the “Ancestral Rocky Mountains .” During the forma-

tion of the mountains , the upper surface of the Madison Limestone

was transformed into a well developed karst topography with numerous

solution cavities and sink holes. This period of erosion is res—

ponsibie for the interesting caves in the Manitou Spr ings area. It

is felt that the upper portion of the Madison Limestone was removed

by erosion during the Early Pennsylvanian Epoch .
48 

In some areas ,

the entire sequence of early Paleozoic sediments were removed

exposing the Precambrian erosional surface .

During the Pennsylvanian Period the Ancestral Rocky Mountains

lay slightly east of present location of the Front Range w ith

structural relief in the region estimated at 5,000 feet.
49 

Arkoses

of the Fountain Formation were deposited above sea level on an

alluvial plain .50 This plain was formed by the coalescing of

alluvial fans on a p iedmont plain during a period of semiariditv .5’

Deposits of the Fountain Formation have been classified as follows :

48
Marcus : 14. —

49
W.W. Mall ory, “Outline of Pennsylvanian Strategraphy of

Colorado ,” in Gu l d c ’  to the Geology of Colorado (Denver , Colorado :
Geolog ical Survey m f A n.erica , 1960), p. 26.

50Ha rms , S t r u c t u r a l  H i s t o r y :  96.

51 - 
-

Fowler , p.  20 .
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SC) per  en t st F . - - urn P m n n n i . - l  conglomerates and s a n ds  toni-s , 17 p r

c u - n t  f l o o d  pin i n  c I - u V e \ ’  s i l t s  t o n e s  and sh al  es , and 3 per cent

dc- I t a i i  I ~iu c u St  r in c  c Iave -v sandstones and sil tst onn -s . The-

e a r l i e r  P a l e - o z o t i - as W i l l  as P r e c a m b r i a n  f o r m a t i o n s , which had

been up l i f t e d , p rov ided  t i n t -  m a t e r i a l s  used to c r e a t e  t h e -  F o u n t a i n

F o r m a t i o n . The Fountain Formation lies over t h e  M m i i  tou L im es to n e

a t  an a n g u l a r  u n c o n f o r m i t y  wh ich  in places exceeds 30 d e g r e e s . 53

The a n g ul a r  d i s c o n f o r m i ty  r e su l t ed  f rom the  u p l i f t i o p  and f o l d i n g

of t i m e  M n n i i tou L i m e st o n e  fo l l owed  by e r o s i o n  w h i c h  r d t c o d  a

smooth surface. Depos i t ion  of the younger sediments of t h e  Fountnin

Forma t inn was upor time eroded surface.

T i n e  ~\n~-e s t r al  Rock y M o u n t a i n s  and the  s u r fa c e  of po r t  ionS  of

the  upper  F o u n t a i n  Format ion  may have bi -c-n t c c t o n i c - ~ 1 lv  lowered

r a t h e r  than  eroded as the  Pe r m ia~u Lyons  S a n d s t o n e  l i e s  L - o i r O r l d l l V

above the  F o u n t a i n  Format ion . In the  P e r m i an  P e r i o d , se~m s  re-

entered the arc -i and the Lyons Sandstone ~-:.-m s deposited is a ~ . r i . -s

of c o a s t a l  sand d e p o s i t s  and e o l i a n  dunes . As the son n d -~- n i  ed

t h e  shales and 1 imestones  of the  Lykins  F o r m a t  ion w i-u - c du pes i ted

c o n f o rm a l l y over  t ime Lyons Sands tone  in a m a r i ne -  e n v i r o n m e n t .  Seas

r e m a i n e d  over the area during t h e  Late Fermion and Early Triassic

Epochs as the Lykins Formation has been classified as an upper

Permian and possible lower Friassic rock str-itigraphic unit.

52 M arcus : 15.

53
Hmi r m..-s , Structural History : 96.
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Mesozo ic  Era

D u r i n g  the Middle and L a t e  T r i a s s i c  Epochs another slight

u p l i f t i n g  of t h e  region occurred and any other Lower Trim ssi c sedi-

m ent s , i f  p r e sen t , were  removed . A p o r t i o n  of the  Lyk ins  F o r m a t i o n

was  t r u n c a t e d  d u r i n g  t h i s  t ime .
54

A r c t i c  Seas advanced and r e t r e a t e d  over t h e  area during the

Jurassic Period ; however , no marine deposits occurred or are

evident todiv .
55 

The sh ale and mar l s tone  members of the-  Ra l s ton

Creek Formation and Morrison Formation of t he  Upper  J u r a s s i c  wi-re

depos i te’cI in fresh water lakes and swamps of the reg ion . The -!vns mmnn

f— mci es of t i m e  Ralston Creek Formation was  d e p o s i ted  in s i u i l ] o ~

sal inc lagoons .  The con tac t  b e t w e en  -
~~~~ Ralston i r m - e P  f’cu r r r at i o n

and t h e  Lyk in s  is one of an o v e r l a p  u n c o n f o r m i t y . F o l l o w i n g  a

r e t rc - m t  in the  Late  Ju rass ic , the  A r c t i c  Sea g r a d u : mi l v  sp ri - -ad ;mc ross

t he  r eg ion  d u r i n g  the Early Cre taceous , a nd u n i t e d  w i t h  a sea ex-

t e n d i n g  n o r t h w a r d  f rom the Gulf  of Mexico .  This s p r e a d i n g  can he

traced by the sequence and ages of the Lower Cretaceous formations.

The lowe r member of the  P u r g a t o r i e  F o r m a t i o n  or L v t l e  F o r m at i on  is

p r i m a r i l y  of f lood  p l a i n  or i g in whi le  the upper  member of t h e

P u r g a t o r i e  Forma t ion  and Dakota Sandstone or South P l a t t e  Ferimu ti ci n

are of marine origin. These latter formations were deposited in -u

shallow seas or along coastal zones. The age of the  f o r m a t i o n s

54 Harms , S t r u c t u r a l  H i s to ry:  96.

55 Scot t , Bedrock Geology, p.  113.
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h e co m - .s y o u n g e r  F o w u r d  the  south i n d i c mt log a sou thward  s p r ain of

t ine sc - ms . til e S i- I separated during t h e -  i l i d d l e  C r e l u c e us i s  F i m e

1r~u m m ~~c m n t i ne i L ui A n Ii win t-~- f o r m e - d .56 in th e -  L a t e  C r e t n i  n~

E poc i  t ime  Si n us  rc u - ami c ecj  and th e - -  t h r e e  f o r m a t i o n s  of t i m e  l i en t on

G r o u p  w e r e  i l l  dep o s i t e d  in deep w a ter s .  A l t h o u g h  t i m e  ~ i~~b i I r.

i r m u a L i o n  is also of ic-op w a t e r  o r i gin , i t  lies d i s c o n f o r m : : .  I I

V e r  t i m e  B en ton  G r o u p ,  r e f l e c t i n g  a r e t r e at  and advance  of t i m e

seas . T ime -  e - - xt e n s i v e  P ie r re  Shale also inc ludes  beds d c - p o s i t e d

in !. - - p s i t e - r e ;  Ii ~ w e -v e - t , it is separated f rom ti m e i-~ io br a r a  Fore -c —

L i e u  by m u m o t l i e r  d i s c o n f o r m i t y  i n d i c a t in g  a n o t h e r  r i- t r e a t  i m n u  ad-

vance of t ime  seas , by the end of t i m e -  La te  G r e - L a c e - c u e  E p och t h e

re~~i.on 01 the Colorado Fron t  Range was p a r t  of a l a rge -  m a r i n e  b sin

w i t h  a t o ta l  o f 10 ,000 f e e t  of ma r ine  se d im e n t s .57

L aramide  Orogeny

The La te  Cretaceous also marked i n i t i a t i o n  of tie Larimide

Progeny as the p re sen t  Front  Range of Colorado began to r i s i - . L~ith

t ime in c r e - -- mse  in e l e v at i o n  the nat ure  of s ed imen ta t i on  in the region

changed . In c o n t r a s t  to the deep wa te r  P i e r r e  Shale , the Fox

l Ul l s  Sands tone  has a b rack i sh , shallow wate r  l imestone component

wh ich  was fo l l owed  by a regressive sequence of sandstones and coa ls

known as t h e  Laramie Format ion . 58

56 Ua un  and Ken t :  1791.

57Harms , S t r u c t u r a l  H i s t o r y :  96.

58Sco t t , B e d r o c k  Geology, p. 104.
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It is bid loved tha t at tim e bc-ginning f the Laramide Progeny

uplift was relativel y rap id ,crt-at[ng an angul ar unconformit y between

the  I a r a m i e  F o r m a t i o n  and the Dawson F o r m a t i o n  w h i c h  reaches  40

degrees near Colorado Sp r ings . Coarse cong l om u -y  t i c  beds at  t he

base of t h e  Dawson F o r m a t i o n  are  a r e f l e c t i o n  o~ t 1 u i s  r ap id  u p l i f t .

The rate of up lift slowed for a period as evidenced by the sand-

stones , shalt- a , and siltstones of the Austin Bluff s Member of the

Dawson Forma t-ion. Arkosic deposits of the Colorado Springs Member

of the Dawson reflect a lmmter increase in the rate of uplift. The

Colorado Springs Member , the major part of the Dawson Formation ,

was dep osit ed in a modera te  g r ad i en t  coallescing alluvial fan

e n v i r o n m e n t  u s s t reams  flowed from west  to east  f rom t h e  u p l i f t e d

Rampar t  Ron~ .

Because  only  the  lowest  p o r t i o n s  of the  Dawson Fo rma t ion

have been da ted  as p a r t  of the  Cre taceous , the upper  p o r t i o n s  indi-

ca te  t h e  c o n t i n u a t i o n  of t h e  La ramide  Orogeny i n t o  the Cenozoic

Era . As a measu re  of the  t o t a l  amount  of change  in r e - l i e - f  w I m i c h

took p l a c e  d u r i n g  the  Laramide Progeny ,  Scot t  s t a t ed  t h a t  25 , 000

fee t  of a r c h i n g  occur red  near  the cen te r  of the  F ron t  Range w i t h

1/ ,000 f e e t  of s i m i l a r  m o t i o n  pear  the  edges of t i n c -  r a u m g c - .
60

The exac t n a t u r e  of t ime f o rce  which  caused t h i s  g r e - u t  change

59 R o d n u - v J . E l i -b I e r , “Geomorp hology and E n g i n e e r i n g  Geology
o f t i m - - C o t t o n w o o d  Cr o c k  Area , Pikeview and Falcon N o r t hw e st  Quad-
r a n g l e s , El F m - i -u C o u n t e - - , Colorado ,” (M .  S.  Thes i s , Colorado  School
of ~-‘i n ~-s , 1 7 1 , p.  l i i .

60 S c o t t , B e d r o c k  Genlo ,~~~ p. 109.
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in structura l relief has been t h e  sub~ e - e t  of a gre-at dea l of i n v e s —

t i ~a t  i o u m and s p e c u l a t i o n. Initial theories we- re- e l t i - t u  ba~~ -d upon

i n c o m p l e t e -- I t o l d  work  and the  most  commonly h e l d  v i e w  proposed t h t

t ime  Co lo rado  Fron t  Range was the  r e su l t  of vertical uplift. L i t e r

stud ies expn- -ssed the opinion that lateral c o m p r e s s  ion  wa s  t h e

driving force- be h ind the creation of the Front Range. Alt h ough

the concept of vertical uplift continued to have .support. Walter

Bucher , in his 1933 hook , Deformation of the Earth’s Crust, pointed

out t h a t  in d e a l i n g  w i t h  the  Front  Range “a c c u r a t e , d e t a i l e d

s t ruc t u r a l  obse rva t ions  [were] s u r p r i s i n g l y  scant . ”61 In s p i t e  of

th i s , Buch ~-r  expressed his  suppor t  fo r  the  l m t e r a l  c o m p r e ssion

b e l i e f , and the  view became commonly accepted by many geologists .

The concept of vertical uplift began to reappear in geologic li ter-

ature in the early 1960 1 s. One leader in this renaissance , J .C.
Harms , based his conclusions in part upon t h e  presence  and ace- c f

s a n d s t o n e  dikes , The age of these dikes was the  s u bi e c ’e- of d i f f  r i n g

views . Glenn  Scot t  considered them to be of Cambr ian  ace and

presented his view that a period of instabilit:v in time Late- Cambri -uni

Epoch reopened Precambr ian  t ens ion  cracks in the bed rock .  Sands

from the Sawatch Sandstone then entered these cracks  te  form

sands tone  d i k e s. 62 Scot t  also s ta ted  tha t  near t i m e  peak of t h e

61
Walter H. Bucher , The Deformation of the Earth ’s Crus t

(Princeton , New Jersey : Princeton Universicy Press , 1933), p. 102 .

62
Scott , Bedrock Geology, p. 113.
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lut r amid e - Orog -nv ti me Precambrian faults were n - c -act  iva te - d and t ime

s - i n d st n u , - d i ke-s f a u l t e d . 63 
Harms d i sagreed  w i t h  t h is c o n c e p t  and

p 0 L f l t e d  ou t  t he  p resence  of s ed i m e n t s  w i t h i n  t he  s a n d s t o n e  d i k - -s ,

w h i c h  he be l i eved  to have been der ived f r o m  t I m e  P e n n s v l v a n m i u n

F o r n m a t i o n .  Based upon these  f r a g m e n t s , he f e -- I t  t h a t  t u e  d i k e - s

i n t r u d e d  t h e  P r e c a m b r i a n  core Sometime a f t e r  t i m e  end of t b ,  P - n u s v l —

v a n i a n  Pcr iod . S i n c e  the dikes are g e n e r a l l y  p a r a l l e l  t i  t he

L a r a m i d e  age f a u l t s , Harms concluded t h at  t hey  are p r o b a b l y  L m m r a m i d e -

i n  age . b4 
The occurrence of the dikes on the  u p t h r o w n  b l o c k  l e d

to  t h F  b e l i e f  t ha t  the i r  occur rence  was the  re-su i t  of d i p — s l i p

mov e-ment , “ a long  steeply westward dipping convex upward fault

,, 65s u r f a c e s .

One paper prov ided the lateral compression theory with a

driving mechanism , Continental Drift. It is proposed that as the-

continental block of North America began to override t h -  oceanic

p late- of the Pacific Ocean , the distribution of st re --ss through t h e

western United States led to the forcing of the relatively st :m hi e-

Colorado Plateau toward the east. This motion resulted in the

compression of materials between that plateau and the relatively in n—

mobile - l i d — c o n t i n m c n t a l  Cra ton .  As the  F ron t  Range n-as being fo rced

63
I b i d . ,  p. 114 .

64 Harms , Sands tone  Dikes: 996.

65
John C. H-i rma , “Structural Geology of the Eastern Flank of

the Southern Front Range , Colorado ,” (PhD Thesis , U rniver sbtv of
Colorado , 1951), p. 413.
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upward , t he- mdj mct -nt Denver u3as i i i  was b e i n g  d ep r e s s e d .  In t h i s  t i - i r~

the- s o u t h e r n  end o m the m Sc I t i m m u m u  L u  i n n s  Id)  h a -  Sou tim m t  t i m e -- ( C u n e m i  C i t  y

iLmnibaynu ent mark the yes t~-rn c-nd of time C i c i i i  t - I i meamnm e~ ut , a I a r0e- strike --

s l i p  f au l t .
0b 

L i t t l e -  c om p r ess i o n  o c c u r re d  south of I L  f a u l t .

The n a t u r e  of t h e  faul’s in t h e -  F r o n t  Range- has a l so  b en-n

i n t e - n s e - ly  s t u d i e d . Most  of t h e  f a u l t s , i n c l u d i n g  t ime Ute Pass

f a u l t  and R a m p a r t  Range-  f a u l t , a r e  b e l i e v e d  to he h i g h  a n g l e -  re-

v er s e  f a u l t s :  E x i s t e n c e  of such f a u l t s  can  be used to s u p p o r t

b o t h  t i n e - t h e o r y  of -ei - r t i ca l  u p l i f t  and t h a t  of l a t e r a l  c o m p r e s s i o n

is the  me thod  of c rea t ion  of the Fron t Range. The concept uniting

lateral compression and continental drift doe-s provide an exp la rnm—

tion for time I)enver Basin which also is believed to have reached

i t s  p r e s e n m t  c o n f i g u r a t i o n  by the  end of the  L a r a m i d e  Or ogeny .~~
7

Regard le s s  of the  method of f o r m a t i o n , the  Co lo rado  F ron t

Range p rov ided  the  source  of the arkosic deposits of the D awson

F o r m a t i o n  as the  “A n c e s t ri a l  Rocky M o u n t a i n s ” h a d  f o r t i me Fo u n t a i n

F o r m a t i o n .

Cenozoic Era

The Tertiary Period of the Cenozoic Era was marked by the

termination of the Laramide Orogeny . Near the end of the  Eocene

66
John K. Sales , “Crus ta l  Mechanics  of C o r di l l e r a n  F er e l a n d

Deformat ion : A Regiona l and Scale—Model Approach ,” Bulletin of the
American Association of Petroleum Geologists 52 (October , 196S) : 2~l23.

67
Charles A. Martin , “Denver Basin ,” Bulletin of the American

Association of Petroleum Geologists 49 (November , 196 S) :  1908 .
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Epoch , t h m e s u r f a c e  of p a r t s  of t b m e ~ Dawson Fo r m a t i o n  n-as covered

by a l ay e r  of r h i y o l i t e  or welded t u f f .  The source of this material

h m s  riot b e en u d e f  m i  t e l y  located . R i c h a r d s o n , in 1915 , su gges t ed

a source- near the divide between the Arkansas and Platte drainage

b a s i n s , but this has not been confirmed . Signal Butte , located

t h i r t y — f i v e  miles sou thwes t  of Cast le  Rock and o u t s i d e  the s t u d y

area ,is a late Tertiary intrusive plug and was suggested as a

source for the Douglas Rhyolite.68 
Another study concluded that

the  r i m y o l i t e - - or tuff is most closely related to ash flows found in

the  T h i r t y — n i n e  Volcan ic  Fie ld  a p p r o x i m a t e l y  e i g h t y  mi le s  f rom the

Castle Rock arc-a. However , this is not generally believed to be tim e

sou r ce a r ea , due to the  d i s t ance  involved.  R . B .  Tay lor , of t ime USGS

r e g i o n al  o f f i c e  in Denver , f ee l s  t ha t  the  source may be in the

Sawatch  Range , w h i c h  is even f a r t h e r  away . It  is poss ib le  t h a t

research  p r e s e n t l y  be ing  conducted may r e su l t  in -a d e t e r m i n a t i o n

of the source of the Douglas Rhyolite.

C o n s i d e rab l e  erosion fo l lowed  the deposition of the Douglas

R h y o l i t e  and resu l ted  in the  f o r m a t i o n  of t e r r a in  h a v i n g  as much

as 1 , 000 f e e t  of r e l i e f . 69 The Oligocene Epoch was marked by the

c r e a t i o n  of the  Rocky Mounta in  erosiona l surface and deposition

of the material eroded from the mountains over eastern Colorado

68Fred E. Walsh , J r . ,  “The Geology of the  Cas t l e  Rock Arm -a ,
Douglas  C o u n t y ,  Colorado , ” (M.S ,  Thesis , Colorado School of Mines ,
1969), p. 68.

69
Harms , St ructural History, p. 97.
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and i n  t im - Colorado Piedmont. Th e 300 fe~et thick sediments w~-re

( I ep O S i t e d  b y t h e -  a n ce st o r s  of t h e  present riv ers of th~ - rc , i o n .

T ime C a s t l e  Rock Conglome rate is of 01 i g o c e n u ’  u p - -  m m m d  n u s  f o r me d

from w a s h  and f huvia l deposits in the str e- - m m channels and on u dja—

cen t  a r e . u . -e of  t h u  r e - -p i on .  P r i m a r y  -;ource or this cm mrm t’ I r e -- m i t e

was t h e - - P i k e s  Peak g r i n  i t t  w b t i - i i  was ext - , t  m t  t h is m tr-

It 5’~~ S t i m e  r u n t -ms 1 -p o sit b O O  c t  ( l ~,- C t - - t ‘ t -  R i - c h ~ C o n g l - - t - - r a t e -

and Dcuugl m a  f-U~ - - i t  - vim i c i -  Is ‘ r,! m y  em- - p ‘ n a  t I ~~- or ‘ - - a f ! f ~ r i m u m

t u m n e m ’ r l p ! v  on t h e  t c -  s l u m —  - , t t  ‘~ d i f d e - .  C1 - ~~- , - l t t u.  t , ,

t n- u ’  f o r m a t  j o n —  O I  t m r  lie -v orm ‘ -r  ‘ ‘ u. ~- e - t  , - - mid up land --

or have r- t  i t t  - i -i -s h i n  c m  - i t  In-p ~~~ . - - - - ‘  - ~~~‘ ‘ -

d i v i d e  1 - i m - k t ~e1 t h u s p r o t -  I - . l ay -  - ‘ - ‘ I  -

moer e O p t - m u  m i d  m - - I i n g  e - p e  -

D u r  I n c  t i - u -  a t e  P 1 i i’’ , - ’ n u - t’ - . - - in  - -

m r - - u  i f  t h -  k - m ~~p rn R ung, - m d  a h ~-y - . - - -

r~-su it ed i i i  in n - - n-m , -d en -na  i ori t ’f  t , ~~~
. u -  - 

- 
- - . - dc, i t  -

t h ~ - South P l . u m t u -  Ri~~ - m and -.u -v e r jl - t  UI,- ~‘ i i • . F I !

and Sout  lu P a r k  m r , - . m  u n i  t i - m i  u s  m ’n , r i~~t -n m u  t~ x i t t  ml i i, ~~-m u ’ - ~ a m  s

a t  ~about t he  loc u t i o n  of I L . - p r - s ot  ‘
~ st  mmu -r ’ (‘i 0 . - M

The change- to a u ‘ o i e - r  c I Ima t e ;m nd s i p h t  up ii f t-SCI a in

t h e  g l a c i a t  ion of t h e  F i e n t  R u n u p - -  d u r i n c  IL. hi m i t e - n ’ :  I n C  P e r i o d .

70
J ohn A. Ames , Geolog y of the Dawson B utt e A rt- u , (. uu- ~t l.-

Rock Q u a d r a n g l e , Co lo rado , ” ( M . S .  Thes is , t’ n i ’ - - r - i tv of Ifli n ois ,
1950), p.  164.

71 Glenn  R .  Scot t , “N o n g l a c i a l  Q u a t e r n a r v  G~-m ’l o g v  ‘f t I i . - S ’ m i t h &  r::
and M i d d l e  R o c k i e s ,” In  The Qua t e r nar y  of t i m e  U n i t e d  S t a t e - s . ~d .  b l . L .
W r i g h t  and D. C . Frey ( P r i n c e t o n , N . J . :  P r i n c e t on  U n i ’ - u - m -  i t  Pr. ss ,
1965) ,  p.  2 4 7 .
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G l a c i a t i o n  was primarily the result of the changed  c l i m a t e -  r a t her

than the up lift , as the Rampart Range is believed to have been at

a lmos t  time- same elevation since the Pliocene. 72 Time Rampart Range

was not glaciated; however , there was a tremendous increase in

runoff and sediment loads in the streams of the region.
73 

These

increases , coupled with several changes in base level , have resulted

in the formationu of the pediments and terraces observable today adjacent

to the  moun ta ins .  The initial stages of glaciation deposited muc lm 01

the Nussbaum Alluvium over the vast majority of the Castle Rock Conglom-

e r a t e  and lower formations .
74 

Later erosion removed a great deal of

a l l u v i u m  and l e f t  the reworked ma te r i a l s  as the younger  a l l u v i a l

d e p o s i t s .  Tr ibu ta r ies  of the South P l a t t e  and Arkansas  R ivers  cu t

their valleys headward through these deposits toward the divide and

captured the eastward flowing streams to create the present drainage

pattern .
75 

These captures caused some of the lowering of base

level already mentioned .

72
Scott , Bedrock Geology, p. 112.

73 TI-momas N. James [James T. Neal), These Beautiful Hills
(Palmer Lake, Colorado : Filter Press , 1971), p. 9.

74
Paul E. Soister , Relation of Nussbaum Alluvium (Pleistocene)

to the Ogallala Formation (Pliocene) and to the Platte—Arkansas
Divide , Southern Denver Basin, Colorado. U.S. Geological Survey
Professional Paper 575—D (Washington , D.C. : Government Printing
Office , 1967), p. 45.

75P e ar l :  29.
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S t r a t i~~raphy

As one e n t e r s  the  Rampar t  Range and a d j a c e n t  are-an from tim -

e a st , th e  variety of rock formations is easily noted . This is

esp eci -il ly true in the Manitou Embayment. Faulting h as u-l i m i n at - d

se-qu e -nees  of fo rma t  ions in several  a r ea s  w i t h  t he  r e s u l t  t h a t  siam ~-

formations are r e s t r i c t e d  to onl y one or two l o c a t i o n s . In o t h e r

a r e -as r e - c c - n t  deposIts have buried older formations. Formations

also change  g rea t ly  in t h i cknes s  th roughout  the  r e g i o n  and may

v a r y b y as much as 3 ,000 f e e t .  As an o v e r v i e w  t o  t i m e  srratigrap hv

of the  s t m m d v  r eg ion  i t  should be noted tha t  the  f o r m a t i o n s  of P r e —

cambri an Era are covered in places by as much  as 13 ,0 00 f i - e t  of

sed ime n t a r y  rocks w h i l e  in others the Precambrian roci< n are e~m nn d .

A few of thme sedimentary formations are quite thin , twen t y—five ti

thirty f e e t , whil e- others are over 8,000 feet thick,

Precambr ian  Format ions

The Precambrian core of the study region consists of four

f o r m a t i o n s .

Idaj~~~~~~~~i ng s_ fo r m a ti o n

The o ldes t  of these , in f a c t , the  o ldes t  rocks  of t h e  e n t i re -

Fron t Range , oc cu r s  in the northern part of the study region out—

side the Pikes Peak batholith and in isolated patches on the top

of the batho lith. This is the Idaho Springs Formation wit h four

members; a basal hiotite—si llimate schist , a b iotite schist , a

59
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q u a r t z i t e -  member , mind ~m n m  upper member w h i c h  i s  a m i x t u r e  of q u a r t —

z it e s  and l i m e  s i l i c a t e - s . 76 A l l  of these- w er e -  formed by t i m e  m e t a —

morp h ism of o l d e r  se - q u e m m e e -s of sandstone-s , sha l Cs , and 1 imes ton m e s

which we-re de-po~ lt e-ei in a P recambr i an  b a s i n . 77 M e t a m o r p h i s m  and

t h e  c r e a t i o n  em f the Idaho Springs Formation is believed to h ave

approximate ly 1.5 billion years ago .
78 

The nature of the

Idaho Springs Formation var ies  g r e a t l y  f r o m  p l ace  to p l a c e ;  however ,

r1 the  R a m p a r t  Range the b i o t i t e — s i l l i m at e  s ch i s t  member is  a

ye l l owi sh  ~t r - u v , w a l l  f o l i a t e d  rock i n  which t i m e - foliations follow

initial be-dding. The biotite—sch ist member is re stricted in the

study region and has a light gray color which is mottl e d w i t h  b l a c k .

C o n c e n t r a t i o n s  c- f  h i o t i t e  m u  the  for m cit ion  i n d i c a t e -  t h e - o l d  b e d d i n g

p l a i n s .  Time quartzite member consists of q u a r t z  g r u e - - i s s , ho r r i b l e - o de -

g en i s s e -s , -m d gr a n i t i z e d  q uar t z i te s .  These v a r y  f r o m  l i g h t  g r u v

to hi  m e - -k , bu t  are most commonly medium gray . Roe - -ks  i n t hu  is g roup

wh ich a r t -  ge-ne -- r a l l y  even gra ined  occur  a long  the  ~- :uste- rn ed ge - -  - - I

the mountains in the northern part of the region . The upper member

is f a i r l y  complex  and inc ludes  a dark g ray  to dark  green a m p h o h oU t e .

T h i s  ~-mm p h i b o l i t e , wh ich  is a f i n e  to med ium grained gne-iss , is

often highly foliated . The lime silicates of t h i s  member i r e

76
Boos and Boos : 2610.

77 S c o t t , Bedrock  Geology, p .  113.

78D o n , i l d  H. Johnson , “Geology of the Devils  Head O un d r an g l e ,
Douglas Coun ty ,  Colorado ,” (M .S.  Thesis , Colorado School of Mines ,
1961),  p.  60.
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r e- s t r i c t e d  in them s t udy  r eg ion .  N e a r  t h u e  edges of thu . - Pikes Peak

b t m t h m n l  i t Im : m s e - n e-s o f granitized m e t a s e d i men t ar v  rocks suc im as

g r a n i t e -  g ne i u -m s and m i g m a t i t e  occur.  Compos i t ion  v a r i e s , b u t  most

o f these-  pa le -- red or grayish orange rocks are g r a n i t i c  i n  c o m p o s i —

t i o n  and we l l  f o l i a t e d . 79 The Idaho Spr ings  F o r m a t i o n  t ends  to

form rugged terrain where present .

Silv er Plume Granite

The remainder of the Precambrian formations of the- study

region are granites. The Silver Plume granite in the- e-x tr e -n ue --

northern part of the region is a biotite—muscovite granite of pale

red co lo r  of f i n e  to medium g r a i n.  C rys t a l s  of m i c r o c l i r u e -  and

b i u m t i t e  t end  to he somewhat a l igned . A s i m i l a r  g r a n i t e - -  m ay be

obse-rved near  Carpen te r  Peak , j u s t  south of R o x b o r o u c l u  Pa rk , and

fornis large-- rounded knobs with protruding feldspar crvstala .
80

P i k e s  Peak G r a n i t e

The most common granite of the region is t i l e -  P ikes  Peak

g r a n i t e  w h i c h  fo rms  the Pikes Peak batho lith . This i i -. a r e d d i s h

brown to p ink  moss that varies from a granite to q u a r t z  m o n z o n i t e .

P i k e s  Peak g r a n i t e  has a coarse , even g r a i n e d  to p o r p l m v r i t i c

t e x t u r e  w i t h  m aj o r  c o n s t i t u e n t s  of m i c r o c l i n e , o r t h o c l a s e , q u a r t : - - ,

and b i o t i t e - , The p i n k i s h  color of the f o r m a t i o n  i s  due to an

a b u n d a n c e  of f e ldspa r s  which occur in crystals up to on e-- i n c h  l o n g .

79
Scott , ~~~ ternary Geology, p. 80.

80
Ib i d . ,  p .  82.
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B i m e - t i t e  b o o k l e t s  may be as much as a ha l f  Inch in s i z e .  Q u a r t z

grains te - - n m l to be white or gray and one half inch in diameter. The

ave- rag e-- samp le of Pikes Peak g r a n i t e  cons i s t s  of 33 per cent  q u a r t z ,

53 per ce-nt microcline , 11 per cent b i o t i t e , and 3 per  cent

oligoe- lase .
81 

Pikes Peak granite weathers into rounded forms

through the process of exfoliation with the weathering occuring

along the  numerous joint systems of the formation . Weathered sur— 
—

faces  are o f t e n  rough due to the  pro tus ion  of phenocrysts. The

weathered material forms a very coarse angular gravel or grus ,

which nm - mv locall y be twenty—five feet thick . Pegmatite-s are not

cons idered  to be common in the Pikes Peak granite; however , they

do occur ne-ar the edges of the Pikes Peak batholith and in isolated

areas  w i t h i n  the large body.

Windy Point Granite

In several places on the crest of the Rampart Range , small

outcrops of another Precambrian Era granite occur. Time Windy Point

g r a n i t e  was named f o r  i t s  type locat ion at an e l eva t ion  of 12 ,000

f e e t  on the  s i d e  of Pikes Peak . This is a gray  to p i n k , p r o p h v r i t i c

granite or quartz monzonite with biotite occurring in rounded

82
clusters . Using the principles of ascendancy and descendancy, tht-

8lMarcus , p.  16.

‘ C i en c m R.  Scot t  and Reinhard A. Wofus , R e c o n na i s s a n c e  Ceoiog j c
Ma of C o l o r a d o ~~ prings and V i c i n i t y ,  Colorado,  Scale  1:62500 , U. S.
Ger ,loc ic al Survey M i s c e l l a n e o u s  Field Studies  Map MF 482 (I )env e -- r ,
Co l em n m1lo : P . S .  Geo log ica l  Survey , 1973) .
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occurrenc e of this granite and remnants of the Idaho Springs format m u m

h a ve  b e e u i  used to  suppor t  the view tha t  the present  top of t he - Ra um p a r t  -

Range wa s c Lose to tm mei structural top of the Pikes Prak b eu tluol i t i m . c ~

The s u r f a c e  of the Pikes  Peak b a t h o l i t h  p re sen t s  a re -lati ve -- l v

smooth erosional surface along Its sides on which the younger

se - i i i m e n t m m r v  rocks lie at an angular unconformity.

I

Paleozoic Format ions

Th e-re- are -- e igh t  fo rma t ions  of the Paleozoic  Era in t h e -  s t u dy

re- it i e mn. The’ oldest of the two Cambrian aged formations is the

Sm w m t cli Sands  tone .

Sawa tch i-h i riel ~~tone-

T i mi s formation is r e s t r i c t e d  in i ts o c c u r r e n c e -  and is found

only i n  ~tm c i t i ’ m m  Pa rk , Perry Park , the Manitou Embayment , and along the

foo t h i l l s  j u s t  e - c s t  of Colorado Spr ings .
84 A t h i c k  a r k o s ie

base - aneh a l i n e - grained sandstone upper member charact erize time-

Sawate - h .  I t  i s  a well bedded formation containing large subroundod

85
to  we - i 1  r o u n d e d  q u a r t z  g ra ins  in a very  f i n e  m a t r i x  a t  tim e ba ne - .

Color in th e-- base is white to light gray , while the upper sandstone

83Boos and Boos: 2657.

84
Marcus , p.  10.

85
\ F . Brainerd , H, L, Baldwin , and I. A. Kevte , “Pro—

Pennsy lvanian Stratigrap hy of Front Range in Colorado ,” Bulletin
of the American Association of Petroleum Geologists 17 (April ,

1933) : 379 .
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member is r ed , p i n k i s h , or bro~~ and c a l c m r e - e u u s  ~86 T h i c k n e s s  of

ti m e - -  S awa tch  va r i e s  f r o m  one hundred  f e e t  in P e r r y  P a r k  to t w e nt ’ —

f i v e  fee t mu t t ime Air Force- Academy and f o r t y — f i v e  fee t in Fill iams

Ce-anyon, in  the - ‘tanitou Embayment. In Manitou Park , tim e - o xp e -- s m mre - s

of the Sawatch Sandstone are as much as sixty—eigh t f e - c t t h i c k .

Of use in d e t e r m i n a t i o n  of the  geologic histor y and structure of

them reg ion is the  f a c t  t h a t  a long  the  e;u s t e r n  flank of tim e Fr eu m u t

Range t i me b ed.s of the  Sawatch Formation dip to t i m e -  e - u s t  w h i l e  in

Manitou Park the beds of this and other formations dip at low

a ngles  to t h u e  w e s t . 87

Peerless Pohomite

Aim overlap unconformity separates a thin , dark red , glauconitic

sand and c oar s e l y  granular  dolomite  f rom the  Sawatch  Sa n d s t o n e .
88

The - ig e -  of t h i s  eigh t to s ix teen f-Dot  t h i ck  layer  is u n c e r t a i n  as

some geologists place it in the Late Cambrian Epoch , w h i l e  o the r s

f e - -l it is Ordovician in age. The formation has been observed

p r i m a r i l y  in Manitou Park and within the Manitou Embavment. In

l8~ 4, Cross id ent ified this as the  U t e  Pass Do l o m i t e - .

later study of the Sawatch Sandstones outside the Rampart Range-

led to t h e  c o n c l u s i o n , based on foss i l  co r r e l a t i ons , t h a t  the  Ft c -

86
George L. Rohb , The Geology of Northern Perry Park , Douglas

County , Colorado ,” (M.S . Thesis , Colorado School of Mines , 1949),
p.  13.

87
Boos and Boos : 2661.

88Grose :  230 .
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Pass D o l o m i t e - of the Manitou Park area is in reality a part e - f  the-

Peerless Dolomite which occurs above t h e -  S a w a t c h  S a n d s t o n e -  in t i m e -

~mre - u north of Lead v i l l e , Colorado . What h iad been d e sc r i b e d  as t e

Pass D o l o m i t e  in the Williams Canyon ar e-a of th u e Manitou Enmbayment

was judged to be different in n a t u r e and i n c l u d e d  in cm Lower Ordo—

vician l imestone formation .
89 

Thus, the U t e -  Pass Dolomi te  has

be-en abando ned as a formation in t h e -- Rampart Range and the Peenle-sa

Dolomite which  occurs in the Manitou Park area replaced it.

Manitou Limestone

The Manitou Limestone , of which t h e  Lt te  Pass Do l o m i t e  is now

considered t he  basa l memb er , is a we-li bedded , fossiliferous dolo—

m i t - - and limes tone  of time early Ordovi c im un epo e-- iu. Color at the

base of the formation is rusty red while the upper parts are bu ff

to t i g i u t gray . The f o r m a t i o n  ciu. m mm gt-s u ps -mrd lv f rom a d o l om i t e  to

-a ca lcareous  sands tone , the n to a l i m e -- s to ne , and f i n a l l y  to an o t h e r

d o l o m i t e - . 90 Beds are thinne r towards the- top of the i-hmn itou Lime-

stone’ than cut the b :mse . It has been suggested , in a 1974 ar ticle , by

Gerha rd , that t ime M a n i t o u  L imes tone  in L i m e  Rampar t  Range is L i m e  c e - o u t S—

eastern facies of the two facies which occur within the formation. Time

lower unit of this three member facies is named the Helena Canyon

member and is a twenty foot thick segment of cong lomeri tic dolomite ,

89 UJoseph Berg and Reuben J, Ross , Trilobites from the Peer-
less and Manitou Formations , Colorado ,” Journal of Pale-ontology 3~
( J a n u a r y ,  1959) : 108.

90
Fowler , p. 11.
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d o l o m i t e -- , amid limestone . This  undoub t lv  c - o r r c - l : m t e - -s to t i m e  Ute-

Pass D o l om i t m -  as i n i t i a l ly  d e f i n e d  b y Cross . Above t h i s  member

lies the Ptum rmigan Cimert lowe r member which is gr mmv nma ssive dolo-

mite with “abundan t bedded che r t . ”91 The upper me mber , t h e  Lea v i c k

Tarn Dolomite is a gray to green , massive dolomitize cd limestone

c o n t ain i n g  some mud lumps . Thickness of the entire Manitou Lime- —

stone formation varies from time- 218 f e e t  at  the t y p e  l i - c a t i - i n  in

Williams Canyon near Colorado Springs , to 87 feet in N ;mnl tou Park

( P h o t o g r a p h 11). I n M a n i t o u  P ark  the- l imes tone  f o r m a t i on  occurs

as a narrow band of almost vertical rocks along tim e - - c-ast ern border

of the- park. On the eastern face of the Rampart Range the forma—

t ion  has been eroded i n t o  seve ral f l a t i r o ns  w h i c h  have be --en

quar r i e d  as sources of l i m e s t o n e .

W i l l i a m s  Canyor .  L imes tone

No rocks of the  Sil u r i an  or Devonian Per iods  have been lo-

cated within the study area. Thus, the two formations of the

‘ l i e - c s i s s i p p i ; m n  P e r i o d  l i e  d i s c o n f o r m a b l y  on the  o l d e r  f o r m a t i o n s .

The lower of these is the W i l l i a m s  Canyon Limestone and is r e s t r i c t e d

to i-l amu itou Park , Perry Park , and the Manitou Enubavmnent. This is

a thinl y bedded , limestone and dolomite with partings of gray

ca l ca reous  sh a l e  and sands tone  layers . 92 Colors vary from ligh t

C. Gerhmird , “Redescription and New Nomenc latm ure of
Manitou Formation , Colorado ,” Bulletin of the Am erican Associati on
of Petroleum Geoiogists 58 (July,  1974 ) ‘400 .

92 .T . S .  L e v i - r i n g  and E . N .  Godda r d , Geology and Ore Depos i t s
of the Front Range , Colo rado.  I~.S.  Geo logic  Survey P r o f e s s i o n a l
P — m p e r  223  (Wcms hi m e -g t on , D.C.: Government  P r i n t i n g  O f f i c e , 1950) , p . 3 2 .
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crc-am gray to p~uie reddish with gray mottling. The- ~c t r u c t m i r e -  is

microcr ystalline- to finel y crystal line with cimc- rt nodule -s a common

occurrence. The base of the formation is a congloni e-ri t ic do lomi tic

93 - . . .limestone. ihickness of the Will ianm s Canyon L i n i e - s t u m e -  v ;uries

from thirty to forty—five feet . The limestone forms a sm -all hog—

back in t h e  northern end of Perry Park , but in most parts of the

study region it forms subdued features.

Madi son  L i m e s t o n e

Also of Mississipp ian age is the Madison Limestone which

cons i s t s  of p ink , g ray ,  b u f f  or brown sandy d o l o m i t i r  l i m e s t o n e .

Althoug !m separated from the William Canyon Limestone by a discon-

formity , the two formations are considered as a sing le formation

in some studies. In other studies the Madison Limestone is re-

ferred to as a part of the Hardscrabble Limestone. The massive-

formation shows little evidence of bedding and is fine to medium

94 - -c ry s t a l l i n e  in s t r u c t u r e .  Some sandstone beds occur in this

cherty formation and tend to form steep escarpments where p r e s e n t . 95

The Madi son  L imes tone  is between eighty and one hundred feet thick

and is very restricted in the study region. I t occurs  only  w it hi n

93Geo rge B. Morgan , Jr ., “Geology of Williams Canyon Area ,
North of Manitou Springs , El Paso County, Colorado ,” (M.S. Thesis .
Co lor ado Schoo l of M ines , 1950) , p .  39.

94 C.rose: 2 30.

95 -B r a in e r d , et a l .  : 391.
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time M u n i t o u  Embayment  and a shor t  d i s t a n c e  n o r t h  - i  t h e -  emhayment

a long time- edge of the mountains .

Foun ta in Format ion

During t i e  P ennsy lvan ian  Per iod , t h i c k  be m2 s of s e d i m e n t s

were dc-posited on time - S i te  of the  Colorado F ron t  Range . li m e-

F o u n t a i n  For mat ion , the o ldes t  of these formations , is as much as

4,500 feet timick (Photograph 12). Most of time Pennsylvanian age

d e p o s i t s  - I r e -- not as r e s t r i c t e d  in t h e i r  d i s t r i b u t i o n  is the older

s e d i m e n t a r y  f o r m a t i o n s  a l ready descr ibed ; however , the- basal  mem-

ber of time Fountain Formation , the Glen Eyrie Shale- , i s  very

restricted and occurs only in the Glen Eyrie - por tion of the Manitou

E m b ay m e n t . 96 Time Glen Eyrie Shale has a maximum thickness o~ 362

f e - e - t  and cons i s t s  o f mult icolored shales w i t h  t h i n  sands tone  and

l i m e s t o n e  beds. 97 The rema inder of the F o u n t a i n  F o r m c u t i o m m  is a

complex of arkosic  conglomerate and arkosic  s a n d s t o n e s  w i t h  m i n o r

lenticular beds of red or green shale.98 Fragments of granite ,

qua r t z , and fe l d s p a r s , as well as mica pebbles occur within the

forma t ion . 99 Ar kosic conglomerates , which a r e  a ve ry  common rock

type  in the f o r m a t i o n , are reddish brown with cross bedding a

96 Boos and Boos: 2626.

97
Grose - : 231.

98 -Leve r i n g  and Goddard , p .  34 .

99 . -G e o r g e  I .  Fin lay ,  Colorado Spr ings :  A G u i d eb o o k  ( Co l orado
Sp r i n g s , Co lo rado : The Outwest  C o . ,  19 0 6 ) ,  p. Em. 
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common fe ature. The coarse grained arkosic sandstones a re - - ve -- I l ow i - c i

100 . - -g r a y .  I ron oxide  form s t h e  most c ommon cem ent  m l t h m u m c h m  s i l t - a

and c a r b o n a t e s  do occur as c e m e n t i n g  :uge -n ts)01 P o r t i o n s  of t i m e -

Fountain Formation which contain a s i l i c a  m e -no - m i t  t a - t i e - I  t am he

resistant to erosion and form sa- ve -r a l ci h -  unusua l - - c ¶~~ m l  ions

in the  s tudy  re -g ion , e .g  - , those in t i m e .  Ga rden  - - I he (h- .h

(Photograph 13) . Due to f a u l t  Ing and d i  f er a-n t i - u i  his ‘ i t  i~~~i

may lie ove r: sever al old . r format ions. i t re- st s on t t ue  W i  l i i  mis s

Canyon Limes  tone  in some a re - a s ai m -I c i t e - - -  - l~~m ‘-‘ in i t  - a I - - “i m t i on j~

o the r s .  In pl ace-s  w i t h  e x t a -i - i v e -  I wit i n -  • t u ! h - - m c t . a l r i  F a - r i s i t  iOn

may re -st  d i r e c t ly  upon t ime P r e c a m b r i a n  e- r . of ti - a - R a r- i ma rt R a ~m e~-

Lyons Sandstone

Permian Period deposits in the - R a mp -art R i c e  i r - m a  l i e  r e -p r e -

sented by the Lyons Sandstone and ivi ~ ins F r m m t  ions . The- Ly on s

Sandstone is older and censists of medium and fin. lv r aise - e l , r e - i

and white - quartzose sandstone. The lower nit m h e - r i i i  -~ b r i c k  r e~l

102massive sands tone  with cross bedding. Iron ox ide f-arscs t h e

cementing agent of this member .’°3 The middle membe r ci t h e  l yons

100Scot t  and Wobus .

lOl Sco t t , Quaternary  Geology, p .  88.

102F in a l y ,  p.  7.

103
D J  Varnes and Glenn R. Scott , General and Engineering

Geology of the United States Air Force Academy Site, Colorado. U.S.
Geolog ical  Survey Profess iona l  Paper  551 ( W a s h i n g t o n , D . C . :  Govern-
ment  Printing Off ice , 1967), p. 12.

7’
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is  a n  n r k . - J r  -on g l o m e r a t e  s i m i l a r  in m a tur e - to the-

E m n i n i m i um i - o m m t m . i t  i o n . Time upper  member is  c m whi le - t O r e - d d i s i m

st ron .glv a -rossb edded sandstone . 
104 Th ickness  of t i m e  f o r m a t i o n

var ic -s f r o m  116 f eet  near  the  mouth  of the  P l a t t e -  Cany on  to 8Sf)

f e - - e - t near  Colo rado  Sp r ings . The f o r m a t i o n  is absent in ~l an i t o u

Park. Large pronounced hogbacks mark the occurrence i f  t he  forma-

t i o n  in t he  n o r t h e r n  p a r t  of the  r eg ion .  In the Garden of the Gods ,

large sheets-of the Lyons Sandstone rise 250 feet above their

surroundings (Photograph 14).

Lykins Formation

The Lykins Formation is composed of five- distinct members .

Harriman Shale , a red arenaceous , th in bedded , silty shale with

one thin white or reddish sandy limestone bed , is the lowest mem-

ber of the  f o r m a t ion.  Impure limestones with very thin beds of

red siltst canes form the  Fa lcon  Limes tone  member .  Th i s  y e l l o w i s h

gray l imestone is either thinly laminated or massive in niture.

Be rgen S h a l e  is the m iddle member and c o n s i s t s  of thinl y bedded ,

red arenace-ous shales and mudstones. 
105 

The Clennon Limest cu e

member has a g ray i sh  orange to pink , or y e l lowish  brown and  gr m v

color with thinly bedded sandy limestone Liv-rs. Time- l ave -rs ar

commonly folded or faulted and contain nodules or red chert .
106

104
Crose: 231.

105Char les  H. E l l i s , “Geology and P e n n s y l v a n i a n  P a l e o n t o l o g y
of Perry Park , Col orado ,” (M.S. Thesis , lt ni versitv of Colo r cm eii - ,
1958), p. 25.

106
Scott , ()uaternary “eology, p. 91 .
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The r i p p e r m o s  I mt ue mh er  of the Lyki u s  Format ion  is t i m e  S t r a  I t m Shale

m e-mhe- r. This is a r e -dd lsh  brown s i l ty  s h a l e - - w ith la y -r n of l i t I m t

g m - i - c-n s i m ol  e - -s and g r ay i s h  orange s a n d s t o n e s .  Time S t r ai  ii S h a l e -  ~~e - m n

b er  is rim e- h t h i c k e r  titan other member s of the f o r m a t i o n  and  i n  ( a ll e-

l e - i c - m t  i o n  a c e- a u n ts  f o r  as much as 320 f e e t  of tile - t o t a l  4 6 3  l e t  of

th e~ f o r ma t i o n J 0 7  The Lyk i n s  Format ion  t h i n s  in t he  c u r e - c u  b e t w - - . -n

th e-- ~d - a m m i t o u  Embayrnent and Perry Park with an est iiiuca t c- d thickness

of 1 ,000 f e e t  near Manitou Springs , 180 to 200 feet at t im e - - A ir

Form -c- Am- ademv and 500 feet near the northcrn end of th e - - stud y area .

The Lykins as a formation tends to be easily eroded and forms a

vol Ic-v ha --t ie -- m e- tm more resistant formations . Tlie G leum i~i a mm Lirric-s ti-ne

member  doem s o c ca sL on a l l y form a small hoghack .

Overvi ew of Paleozoic Formations

The Lykins is i-he younges t of  the  P a l e cz o i c  Era f o r m a t i o n s

in the study region . Thus , the formations of Palt-ozoic age are :

t i l e  Sawatciu Sandstone , Mani tou  Limestone , P e e r less D o l o m i t e ’ ,

~ i l l i anu s  Canyon Limestone , Madison  Limes tone , Fouim tain

Formation , Lyons Sands tone  and Lykins F o r n c a t i e - - : c . Since S e -y e S 1

of these f o r m a t i o n s  a r e  very  r es t r i c ted  in t im e - dr  o c e - u m  re-nec ,

the  t h i c k n e ss  of  the  Pa leozo ic  rocks v a r i e s  g r e a t l y w i t h i n  th e

are--a (Table- - I). In the Colorado Springs area these rocks h ive - a

t o t i l  i -h i  -knes s  of 6 , ~h0 f ee t  108 w h i l e -  n e a r  J a r r e  Canyon at the -

N, Van San t , Refrac tory—Cla~~~~~~~~its of Colorado.
B u r m n m m i  of ~d i n e  R e p o r t  of Inves t iga t ion  5553 ( W a s h i n g t o n , D.C.:
G o v e r n m en t  P r i n t i n g  O f f I c e , 1959),  p .  11.

‘08Scott and Wobus .
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m m o r t h e r n  end of P e r r y  Park , the to t a l  t h i c k n e s s  is o n l y  3 , 100

- 109
I a - c  t

Mesozoic Formations

The Ma -- sozo ic  Era is represen ted  by many format ions; however ,

t h e r e  - are- none of the Triassic Period . Jurassic formations include

the Ralston Creek Formation and Morrison Formations .

Ralston Creek Formation

The Ralston Creek Formation has many facies w i t h i n  the study

r e g i o n  wi tim a shale—marlstone facies in the north and a gYpsum

f a d e-s in  the  sou th .  The gypsum f ac i e s  is a f i n e  g r e m i n e d  y e l l o w

sands tone  and si l t s t o n e  which conta ins  mass ive  gypsum beds as w e l l

as p ink and white spar bands . Near the center of t he  f o r m a t i o n  is

a ehert bed containing rounded masses of chalcedon up to one—fourth

inclu in diameter.UO 
The northern fad es is a ye- h ow—gray , dense

limestone with silty calcareous shales and fine grained sandstone

beds . Distribution of the facies varies greatly in i-ho- reg ion.

As a ru le- , t he  l i m e s t o n e  f ad es is dominant  to t h e -- north of l m e  Rart- i m r t

Range with the Gypsum f ac i e s  dominant  south  of t ime  r e g i o n . In the

nort imern pm a rt of the study region the limestone fad es occur as

f;m r south as Bear Creek. The gypsum facies is common be tween Bear

109
W illiam H. Ballew , “Geology of Jarre Canyon Are-a , Douglas

C i i m m n t v , ’ (M.S. Thesis , Colorado School of M i nes , 1957), various
p - a ~c, e - s.

110 -Ell c- -c , p. 29.
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~ mci he -er I r e - - c - k who c-c t i le  L ime - s tone -  f a c  i c - - he- c ome-- s dominant

m m c
~ 

faarm s t i m- .- mc aj or f u c i e --n b e t w e e n  h a-e r an d  J a r r e -  C r e e k s .  In

P~- r u v  Park , t i m e -  : ;yp sum fad e-s is d o m i n o a n t . 111 A tw -mut ~’ foot hi gh

exposure - of t i m e -  f o r m a t i o n  m t  the Air Force Ac ademy is p r i m a r i l y

gr-m V limes I on e - , he - cause it is a thin f ormation c-u i tim rej iea-iteJ ci m am m g e s

in  f a c i - -s and u i f f i cu i t  to t rac e , seve ral  i n v e s t i g a tor s  l u c u v e  

ice - -eu t i m e - - R.m I s t o m m  Creek Fo r rcc m t i - mc as m p a - m c i -  c -i I t c m i - - mm m c ci-- can  i iv

Jet ecteu Ne - a rm i so n Format . i 0mm .

M o r r i s o n  1 - a r m - a c t i o n

The Morrison Formation is of late Jurassic r i p e - - c m n d  occ u rs

th r n mu ~ iiou t the northern Great Plains . It is a mcmnv colore d mixtur e --

of massive , green and red , sandy shales , wh ite - - s-mrnist one s , and

l I~gr m v l imestones . 
- Scott , working in the Kcmssler Quadr angle

just north of Perry Park , observed f o u r  u n i t s  of  i -h i - -  i c - i r r i s o n

Foimu it I n c . The basal unit consisted of four rnm s sive to th ickl y

b e d d e d  m l  I m oe - is 4r sandstone l iv e - rn s e p a r a t e - e l  by Ii m ud s -f c- -P

or g r e e n i s h  p c - a .  Si  lt s t on e  l ay e r s  s e p c ur a t  e - d by h unds of red or

g r e - - r u s h gra y s i l t s ton e s .  A s e r i e - - s  ot ~ r e d d i s h  m’m av s i l t s t - m c -~

a mi d  gr ay c-i ay st o o e s  w i t h  1 i n m - s t o : l e -  and -‘ c i s t o m i e -  1 :- ve - rs f o m m i c t h e

scm - ce-ad unit. hard massive limeston e - s and sands: - - m m e - - - w i t h I im i--

- meat separmt ing lar~c- -r beds of ye- I low gr uv s i l t  s t - - n e -  and ci mvstone-

made up th e - third unit. The upp~ rmos t t am i~ censi sted - i t  red

I I I .Se otL , Bedrock Geology, p. 91 .

11
~~Rnbb , p.  16 .
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s i l t y  c l ay st o n e s  and sands tones . 113 Thickness  of the Morrison

Fu crmeit ion increases both northward and eastward throughout the -

Co l e -ic -ado Front  Range - and Colorado P i e d m o n t , bu t  in them Rampart

Range time formation is thinner and varies from 225 f e - e - t  i n  the-

south to 380 feet ttm the north.

Dakota Group

The- Cre - t ;m ce -ious Period is represented in the study region by

an ex t e n s i v e  sequence of depos i t s . Because of the- e- -xtensiv e- n r c - n

c-o ve ra - d  and t he  d i v e r s i t y  of f~lc i e - ’ s , t he d i v i s i o n  of C r i - t a c e o u s

roe -ks i n t o  f o r m a t i o n s  has been the sub le --c - t of a g r e - m t  deal  of d i s -

cuss Ic) fl.

I n i t i a l  geologic  i n v e s t i g a t i o n s  in i-lie- Colorado Plains and

foothills led to the identification of a sequence of a . c r l v  C r e t a ceo

r im - i ks in i t iall y called the Dakota group w h i c h  l i e  u n d e r  t h e  e c a s i lv

recogn i zed Benton Group. Studies in the southern porti on of the

I- c - m i t Range and in the Canon City Embayment led to the division

based on an u n c o n f o r m i t y  of the  Dakota Group i n t o  the Purgati -i rie --

Fo rm cmtion and Dakota Sandstone. Work in the northe rn pe a rtie m n of

the Colorado Front Range led to a c l a s s i f i ca t i o n  of the - -  Dakot m

Group as a five- member unit , named the Dakota Formation . The uncor

formity iso-P in the south is absent in the north. Thus , time - -re -- were

two c l a s s i f i c a t i o n  sys t ems  in use for the same sequence of rock— .

~~~~t e r n ar y  Geology, p.  93.
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lii m u m cut temp t te e - ri -- ~~-1ve the - prob ]a- mmms - -m e-u sed whee -m m working im m ;m re - -cm s

s e - m e - t m  run t i m e - R u r n p m l a r t  Range wh ere -- b ot im syste-un s - a r e - -  i n c - i l , - i  t i m  i r a

e l a s s i f  i c - r u t l i e - a m  -cy ~ r e -- rn was  p roposed  by Waagc 1mm 1h55 f o r  use -  t h m r - i - u c c l m —

omi t time t r e - m n  I R a n g e -  . The ui ew scheme has b e e -n u s e - - i l  m ae - ri -i f l’ e - r r r y

Park ,h mm t time - ol di r e l - i s s i f i c m ti -—an sys temic is me -ire - m cammom ul v use --h

- a u t h  i - f l i m i t  ar i a , r ime  D a k o t m m  P r i e - m m p  imac-i se - - v e r - m i  n m t i m r m l  l i t i m o —

p -n i t t e a l  d 1V ~ S i  oman and  t he  l o w e r  m i n i  I of t i m e -- g r o u p  i s  t h e  -- i m uc e-

t i c c - e - m m p l i o u t  t h e - -  d i s t r i b u t i o n  of t h e  f o r m a t  ion .  h e -p c-nd im ip up o n  the -

s h e - m ime - e - - mi mu k - i \ - e- e-! , t h i s  is e i t h er t i m e - - L y t  ic Forrn.i t ion

or t v m l e -  S m ndstme - n e member of the P u r g a t o r i e  F o r m c m a t i i e - n .  The re-

a m  i m c - i L - r  of t h e - -  Dako ta  G r o u p  h a s  a g r e a t e r  v a r i a t i o n  t h r o u g h o u t  the

P r o u d  Rmuce -- am i d in  the s o u t h e r n  p o r t i o n  of t i me  i r e - - c l  i s  e - p i r m t e d

i mit e a s e - c i e - m m e~ member of the Purgatorie Formal i-n rind t lmr e-e - - membe --rs

of t i m e - - Dak otm Sandstone. U n d e r  the  s y s tem  used in  L i m e  n o r t u c e - r m m

F r o n t  Range t h e  upper  u n i t  of t ime  Dako ta  Group f c c - m n  t l e - c  five

me-unbarred South Platt e Formation ,~~~
6 To f a c i l i t c m t e -  d e s c r i p t i o n  amid

a m im a ivs is of i-la Dakota Group, both the sout he--rn c u a d  n o r t h e r n

clas sifi cation svn te -- n a-c w i l l  be -- d i s cus sed  with cm d e s e r i r e - t i o n  of the

roe--k m m m i  I t s  I iwo I e-- e - - d

Time - Pur p mtor i - i - F o r m a t i o n  c o n s i s t s  of ho- lee-c r l y t l -i . S a d—

a t  - i - u - - mm-mb er and the upper Clencairn Shale -- member. i discon ferru t tv

s e -p a r - m t - -i t i m e  two m e m b e r s .  White t i e -  g r c a v  mass ive , f l u m e  to coarse

p r c m i m c d  sandsto ne —i and cong l - e -m - i- i rat ic s ;m n d s t o n e - - s  w i t h  i n f r e - r~u e - - n t

~t .  Waape , Dakota Group in N o r t i m e r n  Fre e -m i t l a c ~~~~~~~~~ t~~
h i l l s , C o l o r  i d e - .  U . S .  Geol op  i - i -a l  Surve y P r o f e s s  ionn l  °ipe -r e - 7

( 0  I ~h i ar t - i - i c . D . C . :  Government  P r i n t i n g  O f f i e -- e , 1 9 5 5 ) ,  v i r i - i a m~ p m g m - s .
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i r r e g u l m i r  beds of van —colored claystone- s mark the Lytle Sandstone

Member. The sandstones contain granules and pebbles of chert mod

q u a r t z i t e  w h i l e  the claystones are silty to sand y and re- d or green

in color. The Glencairn Shale member is a black to o l i v e -  b rown

shale- with thin , brown sandstone beds .
115 Silty shrub s and silt—

stones also occur in the Glencairn Shale member. 116

As used in the southern portion of the Front Range , the

Dakota Sandstone refers to a three member series of irmt erbed ded

h u f f , yell ow or gray, thin to thickly bedded , quartz sandstone -- and

gray shale. 117 Cross—bedding is a common feature as are hollow

i rons tone  nodules .  The quart z grains are held in a s i l i ceous
118 . -cem en t .  The Dakota sandstone is a very erosion r e s i s t a n t  forma-

tion and forms h ig h and lengthy hogbacks a long much of the sou the rn

Front  Range (Pho tograp h  15) .

The classification system used for the Dakota Group north of

Perry Park identifies the Lytle as a distinct formation. The only

difference between the Lytle in the no r th  and in the south is a

greater occurrence of claystones in the north. The other parts of

the Dakota Group are identified as the South Platte Formation wi th

f i v e  members .  The two lower members , the Plainview Sandstone-

115Van Sant , p . 12.
116Waage , p. 120.

117 .(, r o se :  231.

118Robb , p.  40.
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member and mm t h i cke r  unnamed member , are- s i m i l a r  to t im e- Glencairn

Shale  of t i m ~- P u r g at o r i e  Format ion .  The r e m a i n i n g  timre - e - members m e - f

the South P l a t t e  are the Kassle r sands tone , Van Bibber shale , rand

t ime - -  unnamed upper member. The South P l a t t e  Forma t ion  is a sequence -

of sands tones  and shales which also form h i g h  and long hogbacks .

One aspect of the Dakota Group which has led to the estab-

lishing of different subdivisions of the group is its distribution .

The group is common along the nor the rn  port ion of the Front Range

and in the area from the Canon City Embayment to the M a n i t o u

Embayment , but its distribution within the study region is l im it ed .

it  occurs on ly  w i t h i n  the  Man itou  Embayment , in P e r r y  Park , and i n

the ext reme nor the rn  port ion of the region. At the M cimii tou Emhay—

mciii-, t i m e -  Dcakoti Group varies from 100 to 200 feet in thickness ,

w h i l e  in t h e  nor the rn  part  of the region i t  is about 300 fec- t

thick.

Gre-ane-ros Shale

Another  large group of fo rmations which  have been the  subject

of d i f f e r i n g  i n t e r p r e t a t i o n s  is the Beoton Group which  was s e p a r a t e d

into three formations by G.K. Gilbert in 1896. In many later

studies the-se - Upper Cretaceous formations were considered as a

sing le unit; however , today the three formations are considered

v a l i d  but  o f t e n  mapped together . The Graneros Shale is the l owest

f o r m a t i o n  a nd cons i s t s  of hard black s ilt s t o nes  and o l i v e  b l a c k

clayey shabe with iron stained concretions in t i e - c  upper parts.H9

1’9 Var ne s  and Scott , p. 12.
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Brown cl i c . i r c -ou c  s ands tones  a l so  are- p c - c - s e - - n t  in  t i m e  f - i , r m ; m t  ion . 120

Gre-e- a m i mc a rn L i m e-m e- s tone

Above t i m e - -  Crane- - ron Shale  l ies the- Greenhor n  Lime - - s t e - n i- which

is p c - m v  l i m e s t o n e- c o n t r m i r m i n g  v e ry  d e n s e -- ye l low i s h  p c - c a y  s m c c m - -ctones

cand  s h a le -a s . The f o s s i l  i f e - - r e - u s  fo rm m mt ic - r m has he - m i d i v i d e d  into

i - h i r e -- c- members , the lower Lincoln Limestone member , the midd le

h a n - l a n d  S h a l e  m em b e r , and the  Uppe r  B r i d g e  C r e e k  Lim e -st o n e  m e m b e r .

The-- Lincoln Lime-stone member is composed of gray to bla~ k h ay

sim a le - s wit i m thin platy limestone at the- top and bottom . Ligh t

gray cha lky  shales  w i t h  one or more t h i n  beds of c h a l k y  lime --atone

c i m c a r c m c t e - - r i z e  time Hartland Shale Member. The Bridge Crc- -k Limestone

is a cherty l imestone and limy shale mixture.

Carlile Shale

The Carli t e Shale formation is the uppermost unit of the

Benton Group and can be characterized as a sequence of thinl y

bedded simales with calcareous sandstones .~~
’ Four members of the

C a r l i l e - - h av e been i den t i f i ed . The Fairpor t  Chalky Shale member

has a l t e - - r u a t i n g  beds of grayish yellow nodular  chalky man s and

tan  c h a l k y  s ima le s .  The Blue H i l l s  member is mm da rk  gr m - .- to  b l a c k

n onca lc ar eous  s i l t y  to shale wi th  t h i n  brown shale layers  amid a

thin gray line -- grained sandstone at i t s  base. Time Codel Sandstone

member is a tan gray or red finely crystalline limestone with sand

120 H al low , p. 49.

121 G rose: 232.
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grains .
122 

The Juana Lopez member forms the top of the C a r l il e - -

Format ion and is a g ray i sh  brown sandy l imes tone -  - om p me - se - - e - i o f S i c .  11

123f r a g m e n t s .

Distribution of one or more of the formations of time - - Benton

Group is widespread but all members seldom all occu r  in the same--

l oca tion . The Graneros  Shale is s i m i l a r  i - m e -  t he  Dakota  G r o u p  as i t

f a u l t e d  out  n o r t h  of Colorado Springs but  r eappea r s  in the northern

portions of the study area, The Benton Group is commonly mapped

as a s ingle un i t  and in most places f r o m  300 to 500 fe- e- - t  thick.

The Benton Group is easily eroded and forms broad v a l l e y s  be tween

more r e s i s t a n t  beds .

N i o b r a r a  Format ion

The Niobrara  Formation lies above the Benton Group and is

also separated in to  two members;  the  Fort Hays L imes tone  member

and the upper Smoky Hill Shale member. The Fort Hays Limestone

is a b lu i sh  gray to w h i t e  medium c r y s t a l l i n e, w e l l  bedded l i m e s t o n e

124c o n t a i n i n g  some b u f f  colored shales.  The Smoky H i l l  Shale -

member cons i s t s  of b u f f  calcareous shales w i t h  t h i n l y  l ay e r e d

limestones . The Niobrara Formation varies from a thickness of

450 fee t  near  Colorado Spr ings  to 530 f e e t  a t  t he  Ai r  Force  Academ y

122
Scott , Nonglacial Quarternarv Geology, p. 95.

123
Scott and Wobus.

124 B a l l e w , p.  52.
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m m m c i  571) f e - - c t  in the- i n c - t h e m  p o r t  ion  of time s t ud y r e - p m e m i . l i m e - -

I ~5Fort Hciys member f o r m s  cm “p e r s i s t e n t  g n o v  h o g b a c k ”  in  P e r ry  P a r k .  -

P i e r r e  S h a l e

Ab ove- t h e - c  N i o h r a r c m  lie-s time t h i c k e s t  f o r m a t  ion of time a~. l o r a d o

Piedmon t , time Pierre Shale . These soft , g r c m y , m a r i n e -  s h a l e--is c u r e

rc p o r t e - d  t o  b c  up io 8,000 feet thick. As a ge-n ercm l rule -- these

are dcmrk gray to blat- k c-lay shales , a r e - - n c m e - e - i o u s  s h al o r  and f i n e

g r c m  i ned c urgi 11 a ce o u s  sands tones  126 The- Upp e- r C r e t a c e --ous f o r m a t  ion

imas bee-n ne--parated into five sub—units or members . The Shari -mi

Spr i mmgs me mber at the bottom is a dark hro ce- e- t a - i  b l a c k  c l - mv shale-

w i t h  oval  g ray  c cm l c a r e o u s  c o n c r e ti o n s  and t h i n  h a v e - - r n  of y e -~- l  m a e -

h i n m o n g t c a . The second member is o f t e n  ca l led  the  r u s t y  zone - and is

compose-’d of e-~r m y to black shale with numerous ironstone- be -ds .

~c e r t i c a l  cy l i n d r i ca l  c o l u m n s  of gray f o s s i l i f - r e - a s  limestone-- i i i

black cicm v shale-s mark the Teepee Zone. As the name im a l i e -- ma time -

p r a y  s h a l es  of t he  Cone—In—Cone un i t  c o n t a i n  a b u n d a n t  c o n e — i n — c o n e

f o r m a t i o n s  as w e l l  as l ime  conc re t ions , t h in  s a n d s t o n e -  ~ and iron—

s t o n e s . The t r a n s i t i o n  cone consists of huff to grayish blue

s ima les  w i t h  t h i n  beds of f o s s i l i f e r o u s  sands tones  and l i m e - s t o nes .

Thicknesses of 8,000 feet for the Pierre- Shale have bee --n repe e- n te --d

from t he a r - - I  of  Jarre Canyon with 5,000 fee t m e -f t I m e -  f o r m a t io n

125
Ehit s , p. 36.

Ba itew , p. 55.

127 -F m i m i - a v , p. 403.
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r e -por ted  f r o m  the  Co lorado S p r i n g s  a rea .  The P i e r r e  Sha le

F o r m a t i o n  tends to form broad f l a t  areas .

Fox H i l l s  Sands to n e

D u r i n g  t h e  early geologic  research of the  Co lo rado  reg ion

tim e- Pierre Shale was included in the  Montana  Group  w i - t m  i-lie Fox

Hil l s  Sands tone .  The Fox Hi l ls  Sandstone has been d i v i d e d  i rm t o

two u n i t s .  B u f f  to o l ive—brown  sand y simales  w i t h  t i m i n , l imy sand-

s tones  f o r m  time lower unit. The upper  un i t  is an olive brown to

gray thinl y bedded soft sandy shale.
128 

An olive- to yellow gray

f i n e i— g r a i n e d  sandstone member which had calcium carbonate as a

cement and some cone—in—cone s t ruc tu re s  is p resen t  in the middle

of the  f o r m a t i o n .  This middle un i t  forms r idges or p r o m i n e n t

ese -cm rpme nts within the study reg ion .  Thickness  of the  Fox H i l l s

ranges  f r o m  250 f e e t  near Colorado Spr ings  to 185 f e e t  in the

nor th.

L aram ie  Forma t ion

A one word descr ip t ion  of the Upper Cretaceous L a r a m i e

F o r m a t i o n  would be complex . This  is a f o r m a t i o n  of i n t e r b e d dc d

ye l lowish  g ray ,  wel l  graded , f i n e  grained sandstones , olive gray i-c

pale yellow brown clayey shales , hard limonitie brown sandstones ,

white conglomerate and brown to black subbituminous coal. The

128Varnes  and Scott , p. 13.
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129
ce - ic a l li ce-I s , when present , are - -  t i m i n  amid 1 cut  i e - i i  lair i n  n a t u r e -

Some- small sandy i ronstone nodules occur ira t he  y e l l o w i s h  gr ;av

sandstones w h i c h  have e i t h e r  a c a l c i u m  c a r b o n a t e  or s i l i c a  c e m e n t .

The Laramje Formation varies in thickness from 250 f ee t near

Colorado Spri imgs to 650 feet at th e-  n o r t h e r n  end of the  s t u d y

re gi om m . The m i s s i v e  ye l lowi sh  gray sands tones  of t h e  f o r m a t i o n

fo rm s t eep  e s c a r p m e n t s  in several  areas.

Dawson Formation

The youngest Cretaceous formation in time study region is the

Dawson Formation , which ranges from late Cretaceous L e e - Pa l eocene

or Eocene in age. Th is formation was initially described as a

part of the Monument Creek Group by Hayden in 1872 , but was

separa ted  f rom the Cas t le  Rock Conglomera te  in 1910. li-u t he  Denver

area there is an interfingering of the Dawson Formation and the

Denver Formation . Studies have identified five members of time

Dawson F o r m a t i o n .  These f i v e  members do not  ex i s t  t h r o u g h o u t

time f e - - i r m a t i o n ;  the three  upper  members are in time P lurmm Creek

B as in  and the  t h r e e  lower members a r e  in the  Monume n t  Creek

area. buff , well cemented conglomerates and q u a r t z  sands tones

form t ime  Cragmore M e-amber a t  the base of time Dawsen. Cimert

nodule- s  i n c  common and w e l l  rounded in the Cragmore lie-timber which

has ci ~- i a m m g i o m e r t i c  base and grades in to  s a n d s t e a m i e - s l i e - m r  t ime-

1 I i )
-- Bal l ew , p. 59.
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top of t ime  member. 13° The Austin Bluffs Met-iber , which forms

them main portion of the Dawson near Colorado Springs , consists

of s o f t  o l ive—gray  to dark  brown f i n e  gra ined  mass ive l e m m L l e - —

u lar  sandstones , s i l t y  shale-s  and andesit ie :  s ilt s t o n e s .  Some

b en t o n i t c -  lc-n ses are  present  w i t h i n  the member.  The Colorado

Spr ings  Member has b u f f  to yel low , cross bedded , lenses of i r k o s i c

sandstones , pebble conglomerates , gray shales and a few coal beds.
’31

The arkosic units are medium to very coarse g r a i n e d  w i t l m  we l l

developed c r o ss b e d d i n g .  The next  member of the  Dm awson Fo r m - i - i o n

is  the  Bald M o u n t a i n  Member , a dense ligh t colored quartz pebble

conglomerate with a silt and fine sand matrix. The Bald Mountain

l3~Member is held together by a chalcedony cement. - -

The uppermost  member of the Dawson Format ion  is the  Doug la s

Rh y o l i t e - . Deta i led  s tudy  of the Dawson Formation has led some

ge-otogists to the conclusion that the Douglas forms a distinct and

separate formation. Regardless of its classification , the Douglas

Rhyolite- is a relatively hard , porous,fine textured welded tuff of

reddish gray to pink color.133 This Rhyolite serves as a cap on

several mesas and bu t t e s  of the region (Photograph 16) .

130Lawrence R. Ki t t leman , Jr .,  “Post—Laramie Sediments in the
Southern Par t  of the Denver Basin , Colorado , ” (M.S. Thesis , Univer-
s i t y  of Colorado , 1956 ) ,  p.  22 .

131Eichler , p. 23.

132K it t l ema n , p. 49.

‘33Ellis , p. 46.

69

— 
LS~~~~~~~e-~~~~~~~~~~~~~~~~~~~~~ - .



-~~~~ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —

~

__ _ _ _

- ~~~~~ - --‘ —
~~~~~~ --- ~~~~~~~~~~~~~ ~~~ 

.-
~ 

- 
~
•

~~~~~~~~

‘ g~- - ’ ~~.

~~~~~~~~~~~~
• .  ~~~~~~~~~~~~~~~~~~~~

S.

- - 
- -  

- I- - I- 

----- - - -



-- - —--- - - -~~ ------.- - - - .-- - ---- - ----~--— —-~~-- - -~~, - - ~~~~ - - - -- -- ---- - —~~~~~~ --—-—--

The - Dawson F o r m a t i o n  is wide  s p r e a d  ia -a the  h i g h me --r c i e v c m t io ns

of t i m e -  p la  ins  of t i m e - s t u d y  r eg ion  amid fo rms  the  uppe r p e r t  ions  of

s e - -ve -- r m l  mesas a n d b u t t e s as we ll  as t h e - - d i v i d e .  No e-- mp l e - - t c

s e e - t i  on of the-  Dawson has been loca ted  and time f i v e  members are

li e -mt constant over the area. The Cragmore Member can not he identi-

fied outside the Colorado Springs area and time Austin Bluffs member

e- - i manges fcmcies so frequently that it also is not recognizable

ou t s ide -  t h e  co lorado  Spr ings  area.134 Total thickness of the

Dawson F o r m a t i o n  has been computed at over 3,200 feet. Im me c o m p u t a —

i-jot -u was base-el on a well bore which  p e n e t r a t e d  2,400 feet of t he  for-

m a t i o n  iii an 1 m m  where 800 feet of the  f o r m a t i o n  w e r e  exposed above

the w e l l .  This  well was located near Palmer Lake on the  South

Pla t t e — A r k a n s a s  d i v i d e .  In the Colorado Spr ings  area , onl y an eSti-

ma ted l,lo O f e - m e t  of the f o r m a t i o n  occur.  Near  C a s t l e  i(ock , time Dawson

Forma t ion  is on iy  half  that thick , about 575 feet. The Dawson Forma-

t i on  Lends  to form steep slopes r a t h e r  than c l i f f s , bu t  in t he  la~~m m u —

imment Creek basin several erosiona l remnants of t Ime D mwson s ta n d as

large p i l lar s  (Pho tograph  17). The Colorado Sp r ings  :-memb er f o r m s

u n u s u a l  s L r u c t u r e s  or s h o r t  pinicles  called ~I hoo doos.~ ? l30

134 K i t t l e m a n , p.  37.

135
Ibid ., p. 19.

136W a lsh , p. 20.
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Overview of Mesozoic Forma tions

It is believed that only the lower 500 or so feet of the Daw—

son Formation are of the Cretaceous Period .
137 The Mesozoic Era

in the study region therefore is represented by ten formations and

one group : the Ralston Creek Formation , Morrison Formation , Dakota

Group, Graneros Shale, Greenhorn Limestone, Carlile Shale , N iobrara

- Formation , P ierre Shale , Fox sills Sandstone , Laramie Formation and

Dawson Formation. Thickness of these formations varies from 11 ,310

fee t a t Jarr e Canyon to 7,545 feet at the Air Force Academy (Table II).

Cenozoic Formations

Cenozoic deposits within the study region include the upper

part of the Dawson Formation , the Castle Rock Conglomerate , bo th

of the Tertiary Period , and gravels and eol ian deposi ts of the

Quaternary Period .

Castle Rock Conglomerate

Resting above the Dawson Formation in some areas is the

Castle Rock Conglomerate formation of the Oligocene Epoch.

Very resistant in nature, the formation forms the cap rock of

many buttes and mesas. This pink to brown ~~arse cross—stratified

boulder conglomerate contains arkosic sandstones as well as f rag—

men ts of volcanic rocks. Cementing the subangular to poorly rounded

materials of the conglomerate is a silica cement. A thin , unnamed

137 Varnes and Scott , p. 14.
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rhyoli te ashflow tuf f  of pink gray or maroon color is also prese nt

as is a “small amount of finely divided gold .”38 Total thickness

of the formation ranges from a few feet to three hundred feet.

Bald Moun ta in Gravel

The oldest of deposits of the Quaternary Period is the Bald

Mountain Gravel of brown clayey, silty and sandy gravels wh ich

occurs atop the Precambrian Pikes Peak Granite near the headwaters

of West Monument Creek. These deposits , which are poorly sorted

and poorly stratified , contain boulders three feet in diameter .

The gravels were derived from the Pikes Peak Granite and the Idaho

Spr ings Formation , while the larger rocks ar e of a volcanic or igin

and are believed to be from the Cripple Creek area.

Nussbaum Alluv ium

The Nussbaun Alluviam , considered to be possibly of Nebraskan

Age , is a brown or gray, poorly sorted , cobble and boulder gravel

which becomes a well sor ted coarse sand in valley fill areas.
C.

Deposits range from twenty to 145 feet In thickness and may be 450

feet above the present stream beds)
39 Containing fragments of

rh yolite and arkosic conglomerate materials from the arkosic Dawson

Formation and Castle Rock Conglomerate , the Nussbauin was believed

by Scott to have possibly been deposited on a south sloping

erosion surface.

138Lovering and Goddard , p. 42.
139

Scott , Nonglacial Quarternary Geology, p. 245.
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Rocky Flats Alluvium

The Rocky Flats Alluvium Is also of Nebraskan age and forms

dissected pediments of reddish brown, poorly sorted and well strati-

fied, fragments of Pikes Peak Gravel)40 The deposits contain

boulders up to twenty feet in diameter and are twenty—five to fifty

141
feet thick . Pediments covered with the Rocky Flats Alluvium

lie 250 to 380 feet above the nearest stream beds. Lehman Ridge

Gravels is a term used for these deposits on the Air Force Academy .

Verdon Alluvium

Pediments 190 to 250 feet above present streams are generally

covered with fifteen to thirty—five feet of Verdos Alluvium. These

are Kansan or Yarmouth in age and consist of fragments of Pikes

C 
Peak Granite which are generally in the form of coarse sands .

Boulders up to six feet in diameter occur)42 In some areas the

lower por ti on of these deposi ts may contain a layer of volcanic

ash.

Slocum Alluvium

The Slocuin Alluvium of Illinoian or Sangamon Age lies eighty

to 120 feet above streams. A well stratified composition of

reddish brown fragments of Pikes Peak Granite , this alluvium has

l4O~~~~ p. 245.

141Varnes and Scott , p. 20.

Ibid., p. 20.
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coarse gravel to sandy texture. Slocuin Alluvium may also include

reworked Rocky Flats or Verdes Alluvium deposits and occurs on the

flat and slightly dissected floors of several valleys.143 On the

Air Force Academy grounds this deposit is called the Pine Valley

Gravel.

Louviers Alluvium

The highest terraces within the study area are covered by

Louviers Alluvium. These Early Wisconsin Age deposits lie on

terraces thirty—five to eighty feet above present streams and con-

sist of a reddish brown well stratified coarse sand fad es and a

yellowish brown medium to coarse textured unconsolidated sand

facies. Deposits are three to 120 feet thick’44 and called the

Kettle Creek Alluvium on the Air Force Academy grounds .

C 

Broadway Alluvium

Broadway Alluvium or Monument Creek Alluvium Is of Late Wis—

consian age and is the middle major terrace lying twenty to forty—

five feet above streams. These deposits are believed to have been

laid down by the adjacent streams and are ten to twenty—five feet

thick. 
145

~
43

Scott , Nonglacial Quarternary Geology, p. 245.

l44~~~~ p. 245.

145
Varnes and Scott , p. 26.
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Pre—P ine~ Creek Alluvium

This is a light—brown silt and sand deposit of early recent

age with some pebbles . Fossil mollusks are also present. The

Pre—Piney Creek Alluvium is found on terraces twenty to twenty--

five feet above the present streams. In the southern part of the

study region these deposits are not identified .

Piney Creek Alluvium

The Piney Creek Alluvium of recent age is a silty alluvial

depos it on low terraces nine to twenty feet above streams and con-

sists of poorly consolidated light brown sands and black silts

w i t h  poorly consolidated humie or organic materials.’46 This is

also known as the Busted Alluvium .

Woodland Park Alluvium

Within the Manitou Park three terraces can be identified

which are cut by many streams and composed of Quarternary gravels.

None of these deposits have been correlated with the terraces of

c tern slope of the Rampart Range. The middle terrace was

ated as the Woodland Park Alluvium)47

Eol iari Deposits

In addition to the alluvium deposits , windblown deposits of

sand and b ess are also present . The larger sand deposits generally

lie east of Plum Creek and Monument Creek. Some occur between the

146
Scott , Nonglacial Quarternary Geology , p. 246.

147
Marcus , p. 18. 
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lower reaches of East and West Plum Creeks as well as west of

Monument Creek. The sands are yellowish brown quartz grains which

are stratified and range from medium to coarse grains. Thicknesses

range from less than ten to over thirty feet. In the area east of

Monument Creek , low dune—like ridges and irregular patches are

mixed with arcuate , barchan shaped and parabolic dunes all of which

are grass covered)48 Some of the longitudinal dunes may be as

much as seventy feet thick and over a mile in length.149 
The

pattern of the sands indicate deposition by northwesterly winds

during the Late Wisconsin or Early Holocene Age. Loess deposits

have been separated into three time periods. In the northern por-

tions of the region , a b ess of Sangamon age occurs be tween the

Slocum and Louviers Alluvium Deposits. This is a clayey silt of

moderate brown color which is often unmappable.15° The sourc e of

this material is believed to be the South Platte valley .151 An

Early Wisconsian age b ess is present between the Louviers and

Broadway Alluvium . A yellowish brown calcareous silty sand ,

this b uss is believed to have originated along the South

148
• Varnes and Scott , p. 27.

149
Eichler , p. 62.

150
Glenn R. Scott , Geology of the Littleton Quadrangle,

Jefferson, Douglas, and Arapahoe Counties, Colorado. U.S. Geological
Survey Bulle tin ll2l—L. (Washington , D.C.: Government Printing
Office , 1962), p. L—25.

~
51Scott , Quarternary Geology, p. 63. 
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Platte River and from exposed deposits of Pierre Shale.’52 The

b ess deposi ts found in the southern portion of the study region

are of Early H’,bocene age and are a light yellowish brown silt

with some very fin~ sands. A calcareous soil in the upper portions

153of the ten foot deposits.

Overview of Cenozoic Formations

The Cenozo ic Era in the study region is represented by two

for mat ions , nine alluvial deposits , and three eol ian or b ess

deposits. These formations are , from oldest to youngest: Dawson

Formation , Castle Rock Conglomerate , Nussbautn Alluvium , Rocky

Flats Alluvium , Verdos Alluvium , Slocum Alluvium , an older b ess ,

Louviers Alluvium , a younger b ess, Broadway Alluv ium , Pre—Piney

Creek Alluvium , Eolian Sand s, Piney Creek Alluvium , and the Post—

Piney Creek Alluvium . Total thickness of these deposits varies

from forty to eighty—five feet at Manitou Park tc 1,227 feet at

the USAF Academy (Table III).

Summary

The geolog ic struc ture , history , and stra tigraphy of the

study region is very complex and in part subject to several inter-

pretations . The effect of these aspects upon the geomorphobogy of

the region can be shown by several examples. One of the more ob-

vious examples is that the more resistant forma tions wh ich have

been upturned by structural upheaval form many dominant features

on the landscape.

153Scott and Wobus .
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CONCLUSION S

Extensive variation in all aspects of the geomorphobogy and

geology are present throughout the Rampart Range . The relations

between the variables are extremely difficult to determine and

measure. This report is intended to shed some light upon some of

these relationships by analyzing the geologic structure , history ,

and stratigraphy as well as geomorphobogy of a medium sized segment

of the Colorado Front Range.
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