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ABSTRACt 

The Garden of the Gods is looated northwest of Colorado Springs in 

the foothill belt of the Front Range in Colorado. The rocks exposed in 

this region inolude igneous and metamorphio Pre-Qambrlan rooks ot the 

mountain mass and Paleozoio and younger sedimentary rooks of the foothill 

belt and piedmont. Notable geomorphio features of the region are the 

mountaina, the basin-like piedmont, hogbacks of the foothill belt, and 

broad, nearly flat erosion surfaces. Struotural features of the region 

not in the Garden of the Gods include the Ute Pass fault, the Rampart 

Range anticline, and the Manitou Park syncline. 

Two principal thrust faults, a8 well as many minor faults, oocur in 

the Garden of the Gods. The Glen Eyrie fault extends for at least six 

miles northward from Fountain Creek. The average strike of this fault is 

N25W and the dip varies from 50 to 70 degrees west. The minimum strati

graphic separation and throw along this fault at Glen Eyrie are 4,500 

feet and 5,500 feet, respeotively. The Hidden Inn fault is a baok thrust 

which extonds tor 1.5 milos northward from the central Garden of the Gods 

to Glen Eyrie. It is older than the Glen Eyrie fault and has an average 

strike of North-South and dip of 60 degrees east. The minimum strati

graphic separation and throw along this fault north of the Garden are 750 

feet and 1,300 feet, respeotively. 

An analysis of the Glen Eyrie and Hidden Inn faults indioates that 

the pre-faulting struoture of the area was a slightly overturned monooline. 
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Ih1ffiODUCTION 

Location ot the Area 

the Garden of the Gods is an irregular area ot about 1.2 square 

miles located 4 miles northwest ot downtown Colorado Springs, Colorado. 

The area has long been of soenic interest to the general publio beoause 

of the unusual exposures of red sandstone ridGes which rise to as much as 

300 teet above the valleys, and variouB peouliar erosional forms, suoh as 

the Balanoed Rock in the western part of the Garden. 

Geologioally, the Garden is looated in the North-South trending 

foothill belt of the Rooky llountain Front Range, which is bounded on the 

east by the Colorado Piedmont. Beoause of the struotural oomplexity of 

this belt, it seomed advisable to study not only the Garden of the Gods 

but also the adjoining areas whore the sedi~entary strata have been 

obviously effeoted by teotonic movements. Therefore, the detailed 

geologic map (Plate 6) aocompanying this paper includes all but the 

extreme western portion of the Gardon of the Gods and the areas adjoining 

the Garden tor about 3 miles both north and south. Tho mapped area of 

about 9 square miles is looated with reference to various cultural nnd 

general geologic features on the index map (Plate 1). 
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Previous Work 

Many geo10gioa1 reports of a reoonnaiosanoe nature have inoluded the 

mapped area described in this paper and adjoining regions. Hayden (1869) 

first mentioned tho Garden of the Gods 1n his preliminary report of tho 

geology of Colorado and New Mexioo, and Crosby (1695) has desoribed the 

Ute (Pass) fault and aooompanying sandstone dikes. The moat detailed 

reoonnaissanoe geolog10 report is the Colorado Springs Folio (Finlay, 

1916) 1n whioh is inoluded a list of some work done prior to that data. 

A paper by Bloosoh (1919) was published in German oonoerning tho teotonios 

of tho Front Range in Colorado, in which he mentions some phases of the 

struotural geology of the Garden of the Gods. 

More reoent work done in the rag ion inoludes that by Roy (1940) on 

the Ute Pass fault and that by Gloo~in and Roy (1945) whioh desoribes 

the Red Creek area south of Colorado Springs. McLaughlin (1947) desoribed 

the Pennsylvanian stratigraphy of the Colorado Springs region nnd Maher 

(1950) desoribed the Pre-Pennsylvanian stratigraphy of that region and 

adjoining areas. Some aspects of the geomorphology of the region have 

been described by Tator (1952). 

A detailed study of the area desoribed in this paper Was bogun 1n 

1942 by D. J. Woods, but his work was interrupted by World War II and not 

subsequently oompleted. The present study is independent of work done by 

Woods. 

The mapped area is inoluded in the areas oovered by several topo

graphic maps published by tho United Statos Geologioal Survey. The 30-

minute Colorado Springs quadrangle (scale, 1:125,000) published in the 
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Folio (Finlay, 19l6) has been subdivided into tour, l5-minute quadrangles 

(scale, 1,62,600). The lS-minuto Colorado Springs quadrangle lies in the 

NWl/4 ot the 30-minute quadrangle and contains the mapped area. Each of 

the I6-minute quadrangles has been subdivided into four, 7.5-minute quad

ranglos (soalo, 1,24,000). Porticns of tho mapped area lie on all four 

ot those subdivisions ot the 15-minute Colorado Springs quadrangle, which 

has been divided into quarters as follows: NEl/4, PikeviewJ }wll/4, 

Casoado; SWl/4, Manitou, SEl/4, Colorado Springs. The 15- and 7.5-minute 

quadrangles were oompiled by multiplex methods from aerial photographs 

taken in JUly 1947. 

Soope of the Present Study 

Purpose ~!!!!. studt-

The present study was undertaken as a field researoh problem to par

tially fulfill tho requirements for the degree of Master of Soienoe in 

Geology at Iowa State College_ 

Throughout the study, emphaSis has been plaoed on the struotural 

geology ot the mapped aroa and its relationship to the general struotural 

teatures ot the Colorado Springs region. 

Hethods ~ 

The tield mapping was done on enlarged aerial photographs (soale, 

6.75 inches per mile) from whioh the acoompanying goo logic map (Plate 6) 

has been preparod. Stereosoopio ooverage ot the area with oontact prints 

of aerial photographs (soale, 2.3 inohes per mile) was also used and was 
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most helpful in local areas of oomplex structure. The aerial photographs 

were taken in July 1947, and are sold by the United States Geological 

Survey. Contaot prints whioh were used included the following, Symbol, 

GS-ET; Roll number, 4; Print numbers, 56 to 62, inolusive. 



7 

GENERAL GEOLOGY 

General Statement 

The major geologic features of the Colorado Springs region are tho 

mountain mass and tho basin-llke Colorado Piedmont which extends eastward 

from the mountains. The mountains rise abruptly from an elevation of 

6,500 teet at the edge of the piedmont to an elevation generally around 

9,500 feet with Pikes Peak, 14,109 teot, baing the highest point in the 

region. 

Ignoous and metamorphic Pre-Cacbrian rocks oonstitute the main mass 

ot the mountains, whereas Paleozoic and younger sedimentary rooks ot 

great variety underlie the toothills and the piedmont. In the vioinity ot 

Manitou the sedimentary beds are thickor and araally extend farther to 

the west than 1s usual along most of the mountain tront. This westward 

extension of tho sedimontary beds is known as the Manitou embayment. The 

Pre-Cambrian-Paleozol0 oontaot in this region is both one of deposition 

and faulting, the latter type being the more extensive. 

Principal geomorphic features in tho Colorado Springs region inolude 

the hogbaoks of the foothill belt and broad~ nearly flat erosion surfaces 

which slope away from the mountains. 
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Stratigraphy 

General statement 

Rocks whioh occur in the mapped aroa range in age from Pre-Cambrian 

to Upper Cretaceous. All periods of the Paleozoio are represented exoept 

the Silurian and Devonian. The Triassic is the only poriod of the 

.Mesozoic for 'Whioh there is probably no stratigraphic record. The strati

graphic relationshIps tor the uppermost Paleozoio or lowermost Mesozoic 

formations have not been definitely established. 

The mapped rook units used on the aooompanying geologic map (Plate 6) 

are listed in the stratigraphic table (Table 1). Eaoh unit oonsists of 

one or mora formations and unoonformities are indioated by a double line 

between two formations. The age, thiokness, and general lithology ot 

eaoh formation is given. A thiokness marked with an asterisk (.) is one 

taken from the geologic map (Plate 6) _hioh differs from a thiokness 

given in the Folio (Finlay, 1916). Additional information concerning the 

nine mapped rock units is given below. 

Pra-Cnmbrian 

The most abundant Pre-Cambrian rook ooourring in the Colorado Springs 

region is the Pikes Peak granite. This granite is ooarsely orystalline 

and oontains microoline parthlte and quartz as dominant minerals. It has 

been intruded into older gneiss, Gohiet, and quartzite whioh now ooour in 

isolated looal bodies within the granite. Looally, the granite weathers 

to form gruss whioh may oover the slopes to a depth ot one or mora teot. 



~-r-- COLORADO 8) 
WILCOX, R. E. M.S. Thesis (1952) 
Iowa State College 

9 "Structural Geology of the Garden of the Gods" 

Table 1. Stratigraphic Column of the Garden of the Gods Area 

Jlappecl 
roruUon A&e 

Tlcneu General 
Bock UnU (feet) LltholoQ 

Pierre 
Upper 

2500 grrv ehale 
- - buff-grrv cal-Po.t-.nton Ap11hapa - 400 

..;;.. .... ""1.B Jlhale 

fiapal 50 gar limeatone 

Codell 10 buff sandatone 

Carlile -150 buff-grrv cal-
Benton careous shale 

Greenhorn 50 grf\'1 limestone 

Granerol 
Cretaceoul roo black ilhale 

Dakota 100 white to brown 
aandstone 

Dakota lu.lon Lower 145 grfJY shale 
- white to brown . . 

Lakota CretRC80ul 145 RAnd.tone 

Kon1.on Morr11on Jura8l1ct -400 shale; sandstone; 
111118 f3 t 0 ntt 

L)'kinl L7k1nl -100 red shale and 

ferment eandstone 

L1On. Lyon. 8~ 
red to white 
sandstone 
red sandst one . 

Jountain 4370 and conglomerRte Jcuntain Pennl'11Tan1an 
Glen ITr1e 362 shale; sandstone 

Hardlcrabble 100 limestone 
Mlui8lipplan 

Willieml Can.7on ~ limestone 

Pre-JountMn Manitou OrdoTic1an 187 
limestone and 
dn1nm1.te 

Ute Pa81 14 red dolomite 
Cambrian 

red sandstone 
8awBtch 51 and dolomite 

Pre-Callbrian Pre-CambriM Pre-CambrlN1 -- granite 
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Three othor granite masses along with pegmatite and sy~nite dikes 

have been intruded into the Pikes Peak granite (Finlay, 1916, pp. 4-5). 

About 12 miles south of Colorado Springs there occur basalt dikes and a 

small body of rhyolite .hioh are younger than the granite. 

Pre-Fountain 

The Hardsorabble formation defined by Maher (1950) is in part 

equivalent to the Madison formation of other writers (Brainerd and others, 

1933; MoLaughlin, 1941). Thoso writers oonsider the Williams Canyon for

mation as Devonian in age rather than ~ississ1ppian. 

These Pre-Fountain sedimentary rooks oocur within the mapped area 

only in the vicinity of Glen Eyrie. Here thoy form a dip slope over the 

Pre-Cambrian rooks just \"lest of the hogbaok bolt of younger formations. 

The thicknesses quoted (Table 1) from Maher (1950) 'Were measured in 

Williams Canyon, 2.6 miles southwest of Glen Eyrie. 

Fountain 

The Fountain formation is the most extensive Paleozoio formation in 

the region, oooupying an area of about 4 square miles in the l~nitou 

embayment where its greatest thiokness 1s found. It 1s oomposed H ••• of 

a thiok series of red irregularly bedded ooarse-grained arkosio sand

stonos and oonglomerates sparsely intorbedded with thin shalos ••• " 

{Mclaughlin, 1941, p. 1941}. In the Manitou ombayment, oonglomerates 

composo about 16 per oent of the Fountain forention and are oonoentrated 

in the lower half of the formation (oaloulated from graphical data, 

MoLaughlin, 1947, p. 1953). 
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Atter making a detailed study of the Fountain nnd Glen Eyrie forma

tions, MoLaughlin (1947, pp. 1975-1980) concluded that these formations 

" ••• represent the landward parts of a deltaio mass deposited in a sub

siding trough east of the highland trom whioh the sediments were derived" 

(p. 1975). Evidence cited by him in support of this conolusion includes 

braokish-water faunas from the Glen Eyrie and the prosenoe of limestone 

beds 1n the Fountain (south of Colorado Springs) whioh are relatively 

extensive oompared with the irregular beds of sandstone and oonglomerate 

whioh ft ••• may be either subaerial or subaqueous deposits" (p. 1976). 

The more resistant beds ot the Fountain formation form low hogbacks 

1n the western portion ot the Manitou embayment where the dips are 20 

degrees or less. To the east the beds dip progrossively more steeply 

until they are nearly vortical and torm hogbacks up to 100 feet in height. 

Llona 

The Lyons formation oonsists largely ot non-arkosio quartzose sand

stone with minor amounts ot arkosic oonglomerate looally present in the 

middle portion of the forn~tion. Lowor Lyons sandstone is red to pink in 

color and forms all but one of the major ridges whioh ore up to 300 toet 

in height in the central Garden of tIle Gods. The one exoeption is ro~ed 

by upper Lyons sandstone which is White to gray in the Garden and char

acteristically contains silioa vein lets whioh stand out on the weathered 

rook surtace. In the vicinity of Glen Eyrie the ridges are somewhat 

lower and oontinue to deorease in height northWard where the upper Lyons 

sandstone is yellOW to buft in color. 
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Lykins 

The thiokness of the Lykins formation here used (100 teet) was 

measurod by paco traverse normal to tho strike along an old railroad cut 

just south of Fountain Creok whore the beds are nearly vertical. Finlay 

(1916, p. 7) givos tho thickness as "les8 than 200 feet". 

Tho formation consists largely of red shnle and sandstone; howevar, 

two exoellent marker-bods of limestone, 20 feet apart, occur near the 

middle of the fo~atlon. Tho lower of tho two limestones is generally 

more resistant to weathering and 1s about 35 toot from the base of the 

formation. These two marker-bods are olearly vioible on aerial photo

graphs and they were usod entirely tor mapping the Lykins contacts, the 

top and bottom contact linoo being plaoe~ just east and west of the two 

limostone beds. 

The middle portion of this formation typically fcrmo a low ridge 

about 25 feet wide. Locally, two sharp low ridges are found where the 

Shale between the two limestone beds has been removed. 

Morrison 

The Morrison formation consists larGely ot gray and maroon shale 

with lesser amounts of sandstone, limestone, and gypsum. It usually 

forms a broad valley betwoen the more resistant Lykins and Lakota-Dakota 

hogbacks. 

This formation was measured in the same manner and at the same looa

tion as the Lykins. except that the traverse was somewhat ourved. The 

thiokness estimated from this traverse 1s 400 teet. This thickness agrees 

with the width of outorop of nearly vortical strata on the geologic map 
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(Plate 6). Finlay (1916, p. 1) states the maximum thickness as 245 test. 

Ho.includes the gypsum in the Lykins formation which may acocunt tor Gome 

of the difference in thiokness, though where these seotions were measured, 

there is no gypsum. 

Dakota 

This group of rocks typioally forms one of the most oontinuous and 

highest hogbaoks in this region. The prinoipal ridge-forming formation 

is the Dakota which varies from a well-oemented to a quartzitio sandstone. 

The Lakota sandstones are generally less resistant than those of the 

Dakota and thereby form a lower hogbaok whioh looally may not be apparent. 

The Fuson shales and sandstonos usually form a shallow trough betweon the 

two sandstone formations. The thiokness of this unit varies somewhat 

depending on its proximity to a major fault. From a point one-halt roile 

north of Valley Reservoir No. 1 south to Fountain Creek, no Dakota hogbaok 

exists and the formations are irregular in oocurrenoe. This is probably 

the result of major faulting in and near this area whioh fraotured the 

Dakota and Lakota rooks to such an extent that they were eas1ly eroded. 

Benton 

The Graneros, Greenhorn, and Carlile formations are typioally found 

underlying a broad, relatively low valley between the Dakota aDd Codell

Timpas hogbaoks. The Greenhorn limestone, being more resistant than the 

shales above and below it, gene~slly forms a very low ridge noar the 

oenter of thiu valley. 
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The thiokness of the Carlile (150 teet ) was obtai nod as the differ

onoe between the approximate thiokness ot the Benton group (400 toet), 

taken from the geologio map (Plato 6) and tho total thiokness of the 

Graneros nnd Greenhorn (250 feet). Finlay (1916, p. 8) states the 

thiokness of the Carlile as 60 feot and that it " ••• is best exposed in 

the out at the reservoir southeast of the Garden ot the Gods •••• " At 

this locality (near Valley Reservoir No.2) the shale formations of the 

Bonton group are notably thinner than olsewhere in the region. 

The Cadell sandstone is one of the best marker-units in the Garden 

of the Gods area. With the overlying Timpas limestone it forms a promi

nent low hogbaok whioh is more continuouB than any other in tho area. 

Post-Benton 

Lower Apishapn occurs on the eastern side at the Codell-Timpa8 hog

baok. Pierre shale oomprises the bedrook of an aroa whioh extends east

ward from the Apishapa for one milo at the northern end and 5 miles at 

the southern end of tho mapped area. Upper Cretaceous formations above 

the Pierre inolude tho Fox lIille and Laramie sandstonos whioh are overlain 

unoonformably by the Dawson arkose of Tertiary age (Finlay, 1916, p. 10). 

Ge?morphology 

General statemen~ 

The hogbacks of the foothill belt are tormed by the resistant forma

tions ot the upturned and eroded sedimentary strata whioh dip eastward 

from the mountain front. The drainage of the foothill belt 18 generally 
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ot the trellis type, thouGh the overall drainage pattern of the Colorado 

Springs region is a dendritio one. The main oonsequent stream of the 

region is Fountain Creek whioh flow8 out of the mountains through Ute 

Pass into the Manitou embaymont and thenoe 40 miles southward into the 

Arkansas River at Pueblo, Colorado. 

Erosion surfaces 

The rathor extensive erosion surfaces whioh ooour in the Colorado 

Springs ragion and the processos whioh formed them have been studied in 

detail by Tatar (1949, 1952). Muoh of the following has been taken from 

those papers, and they should be consulted for a more oomplete treatment 

ot the subjeot. The writer 1s in aooord with the oonolusions reached by 

Tator. 

The surfaces are remarkably flat and slope away trom the mountains 

toward the major drainage lines of the region. The slopos range trom up 

to 600 teet per mile near the mountains to only a few tens of teet per 

mile on the extreme downslope portions of the surfaces. They are formed 

on the upturned sedimentary strata and in general truncate all formations 

without regard to lithology. One notable exoeption to this 1s the Dakota 

sandstone which typioally stands above the 8urfaoes and thereby forms a 

barrier to the drainage on the surfaoes. Although there are some bedrock 

surfnoes whioh are essentially free of alluvium~ mo~t of them are oovored 

rather uniformly by a tew tens or foet of coarse alluvium and some 

deposits slightly over 100 feet in thiokness exist. The alluvium is 

usually massive and is cooposed predOminantly of igneous and metamorphio 

rock fragments ranging 1n size from coarse sand to boulders one or more 

feet in diametor. 
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The processos which £ormed these surtacss are active at the present 

time in the stream valleys of tho region, widening the valleys and flat

tening their floors. Valley widening is acoomplished by retreat of the 

valley walls, caused by weathering and mass wasting of the wall material 

which accumulates at the base ot the slopes and is removed by the stream. 

The streams respond to the characteristioally local~ torrential rainfall 

and transport relatively largo volumes of weathered material in a short 

period of time; sometimes an hour or les8, atter which they contain a small 

amount of water or become dry. During times of torrential runoff the 

streams are capable of soouring deeper channels. If this scouring action 

eats through the valley alluvium to tho bedrock floor, it will be eroded. 

filion there is not enough water to carry the moving debris out ot the 

valley, it will be deposited in tho channel, thus torming a looal dam or 

ohannel plug. Those plugs are round in old channels and oommonly oonsist 

of bouldors and tree trunks noomonted" with finer matorial. Ovor a long 

poriod of time a stream will oooupy all possible ohannel positions on the 

valley floor. It the olimate is uniform during this tine the volume ot 

torrential runoff and therefore the depth of soour will also be uniform, 

and an essentially flat valley floor will be formed. A semiarid olimate 

such a8 now exists in tho region seoms to be tho ideal one for these pro

oeSS8S to operate effeotively. During a nore humid olimate a stream 

would flow oontinually. keeping its ohannel open and deopening only that 

one ohannel. An alternation of semiarid and semihumid olimatio oonditions 

would acoount for the various surfaoe levels found in the Colorado Springs 

region. 
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Remnants of older surfaoes Wllich are now baing destroyed by erosion 

in the Gardon of the Gods area may be seen west of the Dakota hogback. 

south of Fountain Creok and north of Glen Eyrie. Just south of Douglas 

Croek a larger Burrace remnant extends oastward beyond the Dakota hogbaok. 

East of the Garden, three different surface levels occur whioh are 001-

lectively known as "The Mesa". Muoh more extensive surfaoes may be seen 

south of Colorado Springs. 
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STRUCTURAL GEOLOGY 

General Statement 

The major struotural teature ot the Front Range has long been 

reoognized as an eroded monocline ot Laramide age (llayden, 1869). Sedi-

mantary strata onoe nearly horizontal were upturned in the zone whioh now 

torms the toothill belt and passed ovor the Pre-Cambrian oore of the newly 

uplifted mountains. Assooiated with this uplift were major faults 

generally in or near the foothill zone. Reoonnaissance work indioates 

that muoh of the present mountain tront is bounded on the east by zones 

of major faulting. 

The major fault along the mountain front in the Colorado Springs 

region is the ,Ute Pass thrust fault whioh generally strikes in a north-

northwesterly dire,otion and dips trom 25 to 60 degrees to tho wost. The 

minimum stratigraphic and horizontal displaoements along this tault are 

6,000 feet and 8,000 teet, respeotively (Roy, 1940). It has been traoed 

northward for slightly more than 50 miles, beginning at a point about 16 

miles south ot Colorado Springs (Glockzin and Roy, 1945). Thio fault has 

boen referred to as the Cheyenne Mountain overthrust by Roy (1940) and 

typioally has clastio dikes assooiated with it (Roy, 1946). These dikea 

have been found predominantly on the upthrown blook or along the fault 

plane. They are believed to have boen formed in fraotures resulting trom 

the fault movement into whioh quioksand-like material composed of water 
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and crushed rock was forced. The dike rook 18 usually fine- to medium

grained sandstone but may contain coarse sand and pebbles. 

In the Garden of the Gods area the sedimentary strata generally dip 

at a high angle. The strata in tho Uanitou embaymont to the west, however, 

dip at angles generally less than 25 degrees, indicating that this area 

was part of the uplifted mountain mass which underwent relatively minor 

deformation. 

Northwest of the l~nitou embayment the mountains are looally known 

as the Rampart Range. They were formed as a broad, North-South trending 

anticline about 8 miles wide whioh has since been stripped of its sedi

mentary oovor. This antioline is paralleled on the west by a doubly 

plunging, asymmetrical syno11ne which is about 20 miles long and 4 miles 

wide. Tho roughly elliptical area whioh it embraces is called lmnitou 

Park. Rocks exposed in tho syncline include steeply dipping older Paleo

zoies on the east 11mb, and essentially horizontal and gently eastward 

dipping Fountain beds in the conter and on the west limb, respeotively. 

The synoline is bounded on the west by the Ute Pass fault. 

A detailed study (Glookzin nnd Roy, 1945) of the struoture of the Red 

Creek area 20 miles south-southwest of Colorado Springs revoaled a thrust 

fault and local folding. This area is located at the southern end of the 

Front Range in Colorado. The Red Creek fault has been called a back 

thrust because it dips steeply away from the mountains rather than toward 

them as is more oommon along the Front Range. 

The two most signifioant unoonformities in the Colorado Springs 

region oocur at the Pre-Cambrlan-sedimentary oontaot and at the base of 

the Pennsylvanian rooks. The surface of the Pikes Peak granite on which 
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the Cambrian sodiments were deposited is a remarkably tlat one. It is 

well exposed in Queens Canyon (the valley ot Camp Croek west of Glen 

Eyrie) and in Ute Pass northwest of lmnitou. 

Tho Ponnsylvanian Fountain formation overlaps all oldor formations 

and in some plaoes rests on the Pro-Cambrian rocks. In the Hnnitou embay

ment it rests conformably on tho Glen Eyrie formation which lioD unoon

formably on Missio8ippian rocks (MoLaughlin, 1947). In the Rod Creok 

area, definite evidenoe of Pre-Fountain foldinG has boen found whioh may 

have influenced tho location of tho Laramide structuros (Glookzin and 

Roy, 1945). 

Faulting in the Garden of the Gods 

General statement 

Two main thrust faults, the Glen Eyrie and Hidden Inn faults, as well 

as many minor faults, are prosent in the Garden ot the Gods. The extreme 

southwest corner ot the area mapped is orossed by the Ute Pass fault, 

movement along whioh has caused the Fountain and younger sedimentary beds 

to be dragged eastward. 

Plate 2 is a reproduotion of an aerial photograph of the oentral 

Garden ot the Gods on which tho two main faults are traced. Eight struo

ture oross seotions of the area are given on Plates 4 a,nd 5 with corre

sponding lettered oross section linos on the geologic map (Plate 6). 
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Glen Eyrie ----
Hidden Inn .............. . 

o Feet 2000 

Plate 2. 48r1&1 photograph of the Garden of th. Gods. 
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.2.!!m. Eyrl,e taul t 

This 1s the major fault in the Garden of the Gods aren and it was 

traced for a distanoe of about 6 miles north of Fountain Creek. Finlay 

(1916, p. 12) states that it extends 10 miles north of Fountain Creek. 

The fault is here named after the Glen Eyrie eotate whioh adjoins the 

Garden to the north. 

Evidcnoe for the existenoe of this fault inoludes Pennsylvanian 

Fountain sandstone resting on JUrassio Morrison shales; significant dif

ferenoes in nttitude between Fountain beds which are closely assooiated 

arenlly; Pre-Fountain limestone in contaot with extreme upper Fountain 

rooks; and Pre-Cambrian granite in oontaot with middle Fountain sandstone. 

This fault 1s well exposed in a bully about 3 feot deep at a point 

300 feet south of Valley Reservoir No.2. Here the fault strikes about 

NOW and dips 50 degreos to the west. The Fountain sandstone on the 

western, uptbrown blook rests on upper Morrison sha1ss of the downthrown 

blook. The fault plane is very distinot. Eastward, the Dakota and Benton 

rooks have been greatly deformod so that hore they are only about one-half 

of their normal thiokness. The resistant Dakota beds are only looally 

distinguishable. 

The mapping of the fault south of Valley Reservoir No. 2 was based 

larGoly on inferenco. It was traoed direotly for about 1,500 teot along 

a creek, and thereafter passos beneath an urban area nnd oannot be traoed. 

The writer believes that the fault passes just east of the Banton group 

along the south side or Fountain Creek, and thenoe throuGh the Timpas and 

Apishapa formations into the Pierre shale, where it ends. Thero is no 
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evidenoe of faulting in the Denton or older rooks just south of Fountain 

Oreek, but the formations appear to have been dragged to the west. 

On the bottom of Valley Reservoir No. 2 the Fountain is still in 

oontaot with upper Morrison shale. The Dakota does not appear on the 

reservoir bottom, though just northwest of tho reservoir the Dakota beds 

are bont sharply southeastward and strike toward the reservoir. Finlay 

(1916, p. 12) states that Fouotain is in oontaot with Graneros shale at 

this reservoir. The present writer did not observe this relationship, 

but Graneros black shale does ocour at the north end of the reservoir. 

As measured in a gully botweon the two roads 1,000 feet northwest of 

Valley Reservoir No.2, the strike of the fault 1s 1~6W and the dip i& GO 

degroes west. From this point northwest and north to the vioinity of 

Glen Eyrie, the looation of the 1'ault trace was determined on the basis 

of attitudes of the Fountain beds in the hills northwest of the Hidden 

Inn. Beoause a consistent and significant dIfference in attitude exists 

between Fountain beds whioh are olosely associated areally, the fault was 

drown in the position shown on the geologio map (Plate 6). West ot the 

fault trace, Fountain beds dip generally less than 50 degrees east, but 

east of it tho beds dip more than 10 degrees east nnd some are overturned 

and dip steaply to the west. 

The Pre-Fountain limestones just west of the fault in the vicinity 

of Glen Eyrie have been greatly breooiated, an~ north of Oamp Creek, the 

valley along which the fault passes is floored with alluvium. On the 

west side of the valley, Pre-Fountnin rocks dip 65 degrees to the enst, 

nnd enst ot the valley, nearly vertical Lyons sandstone forms a high 

hogbaok ridge. No Fountain 1s exposed tor 8 distanoe of 3,000 feet north 
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of Camp Creek, but Fountain may be present undor the Valley. the grada

tional Fountain-Lyons contaot on a stream divide just north of the valley 

is near its eastern side, and tho rooks on the western part of this 

divide are of the Glen Eyrie formation and are either on the up thrown 

blook or represent part of a slioe. 

About 1,000 feet northwest along the fault traoe, granite is on the 

west and Fountain on the east aide of the fault. Both rooks are breo

oiated and the fault zone apparently dips steeply into the hillside to the 

west. Northwestward beyond this point for 1.5 miles the fault forms the 

contaot between tho granite and the Fountain for~ation. This fault oon

taot is oovered by soil and vegetation, but where this is removed the 

brecciated rooks charaoteristic of the fault zone aro apparent. 

Th~ average striko of the fault north of the Garden of the Gods 1s 

NIOW, but tho dip of tho fault oannot be aoourately measured beoause there 

are no exposures of the fault plane. Aotually, the writer doubts the 

existenoe of a fault "plane" north of the vicinity of Valley Reservoir 

No.2. The evidence seems to indioate that the fault plane, so well 

exposed near the reservoir, is replaoed northuard along tho strike of the 

fault by a fault "zon8~ in whioh the rooks are greatly breooiated. The 

writer followed this lone of breooiated material aoross irregular topog

raphy and reached the conolusion that the dip of this fault zone 1s to 

the west at an angle greator than 70 degrees. 

Finlay (1916, p. 12), 1n desoribing this fault near Valley Reservoir 

Ho. 2 states that the " ••• apparent overthrust relation may be due to 

compression and forward move mont of the granite mass ~f~A.r it was uplifted 

and faulted by normal displaoement, whereby the fault plane, formerly 
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vortical, was tilted •••• n He presents no evidence in support ot this 

statement nnd tho present writer found none. Thereforo, all of the exist-

ing field evidence indicates that the Glen Eyrie fault 18 truly a high-

angle thrust tault. 

The displacoment along the Glen Eyrie fault was caloulated on the 

basis of the formation thioknesses given 1n Table 1. It only dip slip 1s 

oonsidered, the stratigraphic separation is essentially equivalent to 

heave since the strata are nearly vertical. Just south ot Valley Reser-

voir No.2, the minimum stratigraphio separation is 2,000 toet and the 

minimum throw is 1,600 feot. These values were calculated using the dip 

of 50 degrees for tho fault, allowing for the thinning in the Dakota and 

Benton sections, and assuming that 250 feet ot upper Fountain has been 

faulted out (e8ti~Ate from the geologic map (Plate 6». At Glen Eyrle 

just north ot Camp Creek, tho cinimum stratigraphic separation is 4,500 

feet and the minimum throw 1s 5,500 feet, using the dip of 70 degrees for 

the fault. These oaloulations indioate that the displacement along the 

Glen Eyrie fault increases significantly trom south to north along its 

strike. 

Hidden Inn fault 
.;,;,;;;;,;;,;;.;.;;.;;. -

This thrust fault extends for about 1.5 mims north from the center 

of the Garden of the Gods to the valley of Camp Creek at Glen Eyrie. It 

is here named after the Hidden Inn which is located in the Garden and 

near ."hich this .fault; iQ ."ell exposed. This fault is probably the one 

referred to by Glockzin and Roy (1945, p. 825) as +.~~ Rampart Range fault. 



26 

This prior naming of the fRult was not brought to the attention of the 

present writer until after the geologic map (Plate 6) was oompLeted. 

Two unusual features of this fault should be noted. First, younger 

rooks have been thrust over older rooksJ and seoond, the fault dips 

steeply away from the mountains, thereby oonstituting a baok thrust as 

defined by Glockzin and Roy (1945). 

An exoellent exposure of the fault (Plato 3) 1s looated at the inter-

section of the fault traoe and oross section line L-M on tho geologic map 

(Plate 8). Here the fault plane strikes Rl5E and dips 80 degrees east, 

but 400 feet sou~the strike is North-South and the dip is 60 degrees 

east. Lower Lyons sandstone of the upthrown block rests on overturned 

upper Fountain beds of the down thrown blook. 

About 500 feet south of this exposuro, the fault trace passes into 

the Fountain formation and may be traoed about 200 feet farther. From 

this point in the Fountain southward toward the Glen Eyrie fault, thore 

is no evidence to indioate the exaot location of the fault traoe. Normal 

attitudes of the Fountain beds south of the Glen Eyrie fault indioate 

that the Hidden Inn fault does not extend into this looality and that it 

has been trunoated by the Glen Eyrie fault. 

Northward from the exposure first ~entioned above, the fault traoe 
• ,.' J • 

). 

was mapped as the F'ountain-Lyons oontaot and is nowhere woll exposed, 

though breooiation of the Lyons sandstone near the f&~l+' is oommon. All 

exoept part of the upp~r Lyons formation has been faulted out to a point 

about 1,000 feet south ot Camp Crook. From this point to Camp Creok" 

most of the Lyons formation is present. Thore 1s no evidenoe of major 

faulting in tho Lyons or Fountain formations north of Camp Creek and enst 
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Plate I. Bidden lml tault.. (!hI. Tin 1. 'GU~. Lyezaa 
"Del,tone. ely. of t.he e •• ""D, uptbron blook 
r ... on FOUDt.lna.ndatone. Ct.) 
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of tho Glen Eyrie fault in tho mapped aroa. This evidenoe indie~tes that 

the II1dden Inn fault has been truncated by the Glen Eyrie fault noar Camp 

Creek as it has beon in the central Garden of the Gods. 

The displaoement along the llidden Inn fault was calculated in the 

same manner as that for the Glen Eyrie fault. The maximum amount of Lyons 

sandstone faulted out betwoen the Garden and Glen Eyrie was taken as the 

minimum stratigraphic separation (heave) and the dip of GO degroes for 

the fault plane was used. These data give a stratigraphic separation of 

750 feet and a minimum throw of 1,300 feet. 

Other faults, 

Two main diaGonal faults as well as a myriad of small faults with 

displaoements ranging from less than an inch to a few tons of foet ooour 

in the Garden of the Gods. 

The two diagonal faults ooourring in the oentral part of the Garden 

are most easily traced near the two high Lyons hogbaoks just west of 

Valley Reservoir No.1. Of these two faults, the western one is more 

extensive and has a strike which varies from North-South to N30E. The 

strike of the east fault averages U60E. The dips of both faults as esti

mated from the topographio expression of the fault traoes are east to 

southeast at a very high angle. Most of the movement along these two 

faults is horizontal as indioated by drag in the Lykins formation. The 

vertical movemont whioh has ocourrod 1s normal displaoement. For the 

west fault, gap and offset equal about 200 feet eaohJ Bnd tor the east 

fault, offset is about 150 feot and the gap 1s probably loss than 100 

teet. Tho upper Lyoo8 sandstooe has overridden the Lykins formation on 



29 

the north side of this fault. The absence of the Dakota hogbaok north ot 

Valley Reservoir No. loan probably be best explained as the result ot 

movement along these two faults. 

The faulting south of Valley Reservoir No.2 1s so oomplex that only 

throe prinoipal onos aro shown on the map (Plate 6). The only formations 

traoeable for any appreoiable distanoe oro the Codell and Greenhorn. 

Varying lithology ot the Morrison, Dakota, and Benton rooks, whioh inolude 

muoh shale, and the olose proximity at the looality to the Glen Eyrie 

fault have been detormlnlng faotors in the dovelopment of this oomplex 

faulting. 

About 1,200 feet south of Camp Creek there is a small transverse 

fault in tho Lykins formation whioh may extend westward aoross the Hidden 

Inn fault, but tho tield evidenoe for this extension is not oonolusive. 

Tho Codoll sandstone has a rather erratio attitude throughout its 

extant and appears to be faulted in many plaoes. Some of these minor 

faults are indioated on the geoloeio map (Plate 6), but many of them are 

probably the result of looal slumping in the Codell formation. 

History ~~ faulting 

The writer believes that the bost possible reoonstruction of the 

pre-faulting struoture in the Garden of the Gods area would produoe a 

slightly overturned monooline whioh was uplifted near the end of the 

Mesozoio era. This monooline would be oertainly post-Benton in age sinoe 

the Benton rooks have beon upturned in the foothill zone whioh was formed 

during the period of monoollnal uplift. 
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The determination of the ages of the two major faults 1n the area 

was based on the following oriteria. The Glen Eyrie fault is known to 

out the upturned Benton rocks at Founta1n Creek which indioates that this 

fault is younger than the monooline. The Hidden Inn fault is older than 

the Glen Eyrie fault whioh truncates it, unless they are contemporaneous. 

This seems unlikely since the two faults dip in opposite diroctions and 

their displacemonts are such as to oppose Bach other. The younGest rooks 

faulted by the Hidden Inn fault are Permian Lyons sandstones, which places 

a max~m age limit on the fault as late Permian. 

It a simple monocline with nearly vertical dips in its steepest cen

tral portion 1s assumed, the Glen Eyrie fault may be reconstruoted quite 

satisfactorily using the data available in the vioinity of Valley Reser

voir No.2. However, this cannot be done if the data obtained at Glen 

Eyrie are used. The high angle ot the fault and the relatively gentle 

dip of ~le Pre-Fountain rooks would result in oontact between these beds 

and similarly dipping Fountain or Lyons bods, rather than vertical beds 

of these tormations. Thorefore, the monooline must not have been a normal 

monocllno throughout its entire extent. 

The Hidden Inn fault, as previously stated, is unusual in that 

younGer rooks have been thrust over older rooks. The older rocks (Foun

tain) must have been above the younger rooks (Lyons) in the unfaulted 

struoture, and this relationship would have existed if the monooline had 

beon slightly ovorturned eQstward. Evidence of overturned Fountain beds 

exists on the downthrown block of tho Illdden Inn fault, north of the 

Hidden Inn. At this locality good examples of overturned, stren~ oross-
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bedding were observed. This evidenoe strongly indioates thnt the Bidden 

Inn fault 1s younger than the overturned monooline. 

Movement along ~le Hidden Inn fault in the vioinity of Glen Eyrie 

would place nearly vertioal upper Fountain and lower Lyons beds in a 

position whioh oould be reaohed by the Pre-Fountain strata displaoed 

along the high-angle Glen Eyrie fault. This would result in the various 

strata being in the positions whioh are now observed. 

Other faults in the aren, inoluding the two prinCipal ones near 

Valley Reservoir No.1, are probably of the same age as the Glen Eyrie 

fault beoause they are closoly assooiated with it as notod on page 29. 

None of the faults in the area mapped has any known conneotion with 

the Uto Pass fault. In view of the similarity between the Ute Pass and 

Glen Eyrie faults, espeoially outside of the Manitou embayment, it soems 

quite possible that they are equivalent features at difforent looations 

along the mountain front. 

Evidenco to indioate the re'ason for the baok thrust relationship ot 

the Hidden Inn fault was Dot disoovered. It would be interesting to know 

if this fault was over oonneoted with or related to the Red Creek baok 

thrust (Glookzin and Roy, 1945) prior to Ute Pass and Glan Eyrie faulting, 

or whethor these back thrusts are simply minor features along the Front 

Range. 
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CONCLUSIONS 

(1) The Laramide monooline whioh torms the eastern margin ot the 

Front Range Was slightly overturned in the Colorado Springs region. 

(2) Two major thrust faults, the Hidden Inn and the Glen Eyrie 

taul to, oocur in the Garden ot the Gods._ 

(3) The Hidden Inn back thrust tault 1s a high-angle fault dipping 

east and is youngor than the monooline. 

(4) The Glen Eyrie thrust fault 1s a high-anglo fault dipping west 

and is younger than both the monooline nnd the Hidden Inn .fault. 
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Plate 4. Cross seotions ot the Garden or the Goda area. 
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Plat. 6. Oross seotions of the Garden ot the Gods area. 






