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Pl· e 1 . 

F~ulted D· ~ct· Anticline lookinr Routh . he 
trends south up vqlley toi~rd to of ri ge . 

ult 

.B . " d Bede,. nticlin· 1 v· 11 y 1 oking outb . he 
Ptructur clo .. e. t he hi _ k in the center 
b· ckground . Th Oi.(nt in outcri . in the bottom 

f th . v • 1 1 y • Th In l eE id c f o rm" t he 1 i r E t 
:pro1 inant ridge on th. 1 ft • n th Lyon th 
ridge on the xtreme lei t i h the rcri Ly ns 
11 tr noitiun·l zone outcro ,ing bet\ .en . 



Ill'l'B OD UCT I ON 

The Carter 1£1ke a1·ea includes apJ;roximately thirty 

square miles along the foothille of the Front Range of 

northern Colorado , between the Big 'l'hompEon and Little 

Thompson Creeks . More definitely the areH includes sec­

tions 22 , 23 , 24 , £5 . 26 , and 27 , east 1/4 sections 28 and 

33 of Township 5 north , range 70 west; and sections 1 , 2 , 

3 , 4 , 9 , 10 , 11 , 12 , and the north 1/2 sections 21 , 22 , 

23 , and 24 of Township 4 north , range 70 weet . Carter 

lake is lo c::.:. ted in the west centrrAl part of the r3 rea . 

Within this area the sedimentary rocks, whose up­

turned edges flank the east slope of the Front Range have 

been distorted by the force"' responeible for the Rocky 

Mountain uplift . Folds and faults trending north- south, 

and northweet - southeaet el o occur . It ½OE for the pur­

pose of describing theee structures , and Etudying their 

relationships to eobh other und to the general structure 

of the }~ront RanL:e th1: t the Etudy of thif :.0 rev was under­

tuken , and it is ith this problem thut thi~ ~bper is 

chiefly concerned . In maprJing the voriouB sedimentary 

formations the problem of the car.relation of the "Eed 

Beds" arose , and a brief t,tudy of this problem vmt: made , 

the conclusions of which are briefly Etated in thie poper . 

The field work wa ... done during the spring oi 1932 . 

An enlargement of the United Eta.ter Geological Survey map 

of the Loveli~nd Q,u""drangle was used as a base map . A 
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plane table and tcleecopic alidade were uEed to map the 

geological features . A triangulation net w~e first estab­

lished , and the geoloeical featu:res wel'e mapped by stadia 

traverse , and in a few p laces by brunton and pace traverse , 

and tied in to the triar,gula tion net by resection . The 

plane table m~:1.11 was then tram:-fen·ed to the base map . In 

certain places slight- changee were made in the enlarged 

topographical map . 

. Very excellent nssistance w~s given ty Mr . Allen Dakan , 

who acted as instrument man .in moct oj the field r,ork . The 

writer nleo exvr-essee: approcirition io:r assistance given by 

Mr . Louie O. Quam as inctrument man and rod rrmn , ,onrld I ves , 

rhotographer , &Jnd to the other members of the Geology Depart ­

ment , University of Colorado , for th~ir helpful euggeetions 

and criticisms . 

General Geography and Geology 

"'rhe Hocky J!ountnin Province corn1,riEes a large pa.rt of 

the eastern division of the North American Coi·di ~l era . It 

lies oetween the G1eat Plaint to the eaet nnd the olorado 

Plateau , Great Basin . an<1 Columoia Pl, ... telu v.nd Northern 

Interior Plateau on the ·west . 11 In Central Wyoming the Green 

Riv ~r and North Platt Rivers separate the Rocky Mountains 

into a northern division and a southern division . The 

southern divicion ., which reaches its greatect developmerit in 

Co l orado . is formed by ceveral mo1·e - or-l esei paralle l ranges 

trending in a north to northeast direction . The east front 

of the c:,"tem is formed by three separate ranges-- t he Front 
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Range, which cor1tinues into Wyoming as the Laramie Mountains, 

end Medicine Bow Range, and the Wet and Sangre de Cristo 

Ranges. These ranges are offset wertward in an echelon 

arrangement, and are separated by norU1 and northwest trend ­

ing valleys or parkr:. WeEt of the Front Ratige lie North , 

Middle, arid South Parks, and Yrnet of the Wet Mountains is 

Huerfano Park. The~e parks form a series of lo¼landE be­

tween the Front Range element and the chain forming the west 

side of the Rocky MountainE in Co.lorado. They represent 

down -warped , or down - faulted parts relative to the large 

domical uplift which is the essential structure of the 

Colorado Rockie~. 

The main ranges are composed of a core of granite, 

gneiss, and schist into ~hich have been intrded numerous 

stocks and diker, chiefly of monzonitic character. On the 

flanks and in the down-warped portionr of the system, 

Paleozoic, Mesozoic and Tertiary Eediments occur . Some of 

these eedimentE without doubt formerly extended entirely 

over the major dome - like uplift, but have been completely 

removed from most of the mountain area by the extensive ero ­

sion that follo~ed the variouE elevations of the mountain 

area. 

Mesozoic for·mations are conformable in dip to late 

Paleozoic formation:.:;. Vlhrre early Paleozoic bedE outcrop 

they are unconforrnably below the late Paleozoic beds. 

Cenozoic bede overlap all the earlier serie:.: , e_nd the entire 

sedimentary eection overlies the pre - Cambrian metamorphic 

and igneouE rockE with a very decided angular unconformity. 
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PHYSI0GPAPHY 

The topography of the Carter Lake area hae been in­

fluenced by both the rock formations that outcrop along the 

foothills and the structural featureE of the region. Vihe1·e 

the Eedimentary beds have their normal eaet dip the more re­

Eistent formations form long continuous ridgee parallel ing 

the main mountain front, while the ~ofter strata between 

have been eroded to i orm panillel valleys. In other places 

where the formRtionD have been folded and faulted, these 

Etructures too are reflected in the topography, controlled 

by certain resistent beds. The illiportant of theee topograph­

ic forme will be described~ 

Topography Controlled by Tilted Sedimentary Eeds 

Strike Valleys 

Along the weet border of the area mapped, Chimney 

Hollow, a strike valley extending for six miles from the 

Little Thornpf'on Creek north tc Cottonwood Creek, has been 

eroded out of the lower part of the Ji"ountciin formation. To 

the weet of thiE valley, echists and gneissee form a rather 

rugged and high series of mountain£ of which Blue Mountain 

and Bald Iifountain are the most conspicuous. The east eide 

of thir valley ie a steep slope on which various resistant 

members of the Fountain formation form minor cliff-like 

outcrops. 

A secorid important etri ke valley hae beeri fonned by the 

erosion of the Lykiris shale. Meadow hollow is of this 
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Cross - bedding 
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of Cottonwood 
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in Inr;leside formation , 
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origin, and extende from Little Thor:np1rnn Creek northward 

to Carter V·, ke . To the west this vfilley i E bounded by the 

Lyons-Itiglet-i de dip-elope. e,nd to the east 'by the west-
... 
facing Dakota hogback . The :Berthoud cut-Gff roi1d follows 

a similar Lykins v:-llley fr Gm the point where it ente1·e the 

foothilla . northward , past Cottonwood Creek . Minor strike 

valleye have been formed in the lower· Ly one 1 onna t ion west 
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of Carter w, ke. and locally in the soft middle D& kote-~ ehhles . 

Hogbacks 

The J..oronc. Ingleside and to t of the l 'ountflin formation 

constitute a reeietent eerier of bedE which are responsible 

for the bigheet north-Eouth hogl>ack. \'!here it is moet pro­

miniant hetV',een Chimney Hollow and 1,e,~dow Hollow , the west ­

f.icing escarpment iP e-teep, and ie- lar4:ely covered with t :.i lue 

broken from 1he tor of "the hogi:.,a ck. The enetern elope is a 

more gentle dip-slope. Uf,:ua.lly the lower Lyons and Ingleside 

form the top of this ridge , and the typical croee-bedded 

Lyone si~ndstone f o:::-mf a miner ridge a.bout half way down the 

eastern slope . But, 111 eome pl.:1.cee , the typic:::i.1 Lyons imd 

Ingle1.:ide :form::1tionf forra equully promimrnt ridges, end the 

result is a double topped hogback, or D. fli;;t topped ridge . 

To the e~st, making the east eide of the Iukine valley, 

the Dakotfa formation forms a second prornlnant hogback . Aa 

in the caee of the cyone-Ingleside hogback , the eeca.rpment 

facee west, and the eQst elope ie a more gPntle dip-elope . 

Large blocks of the snnctotone and pebbly conglomerate thnt 

form the creet of this hogback have been broken away , ueually 



along joint planes , and now oceur ht~lf buried in the soil and 

talus down the west elope of the ridge . These lurge blocke 

of rock , rlo•ly creeping downward , ere characteristic of the 

weet slope of the Dakotu ridge throuf,hout northern Colorndo . 

'l'he lower part of the Dakota consittl, of eeveral con ­

glomer·at ic and rand stone beds , any one of v.hich m2y form the 

to:p of the ma in ridge . If the lowest conglomerate forms the 

crest , the other hicher candstoneo usually form minor ridges I 

down the east elope of the hogbsck . In other places the con­

glomero,te bed may be buried bene·~ th talus , ,m<i a higher sand­

stone forrrrn the top of tbe ridge . Stich a shifting of the re ­

sponsible position from one oed to another causes a minor off ­

netting of the main ridge to the east as a higher sandstone 

tukes the place of a lov,er member , ond wcetward as a lo rVer bed 

replacer, a higher one on the c1·est . Thie occurs notably eaEt 

of the Berthoud cut - off road . In this same location the 

Morrison formation in !laceo protrudes from oeneDth the Dakote.. , 

and formo the higbeet rert of the hogback . The rounded , ; 

emooth contour of euch a Morrison ridge contruete eha1ply 

with the usuvl r:harp, low , broken. weet - facing cliff formed 

by the DakotfJ , Dtld reflects the mau:ive unei unifol"ID nature of 

the Morrison shalce and limestones . In such placeo the Dakota 

formation forms a second prominant ridge a flhort distunce to 

the east, and the result is either a double-topped ridge , 

with a shallow valley between , or a rather flat - topped ridge . 

This condition is exactly similar to that caused by the 

Ingleside and I(y'onc formationc def3cribed above . 
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Topo0 ro.phy Controlled by :Flat - lying Beds 

The resiotant Lyorrn and Inr;leside fo:::-rnationE a:re nearly 

horizontal at Flatiron Mounttdn , and have tuct:efefully pro ­

tected the underlying rock fl'OL. ero!:,ion . 'ihe rosult is a 

very I)rominant , rc1ther 1' l a t-topped mountain , tJounded on the 

west, north and eaet ·uy high cliffs overlooking tteep tulus 

elopes below . Toward the south these controlling otdn again 

reeume their norrnnl east di 1 , and in this direction Flatiron 

Mountain ,r.. rgea with the normal Lyons•Inglec-iidei hogback . In 

other pleces lov1, flat-topped mesas occur ~Nhich owe their ex ­

istence to a protecting cove:r· of flat - lying UP1 -er Dakota 

sandstone . 

Topography Con tro 1 led by Structural Fea turee 

Dakota Anticli~al Rid6e 

In the Carter Lake Area the sed imentn1"y roe kt h~l.\l e been 

folded into a long anticline trending nlmoat due north, run­

ning the entire length of the area . The south third of this 

structure chows on the eurface in the Dakot; formation . Here 

the r:tructure is elmoct !Jerfectl.y reflected in the to pography-­

erosion ho.s remov 1d fall the bedf: above the Dakota and this 

bed now caps an anticlinal hill about three miles long and 3/4 

miles wide . In moet placee the dip of this bed conforms very 

cloeely to the general tlope of the lend, but in some places 

streams have cut through this r;rotect ing cover into Eofter 

ehaleo belo , •. 
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A. Flatiron . ountain . 'T'he LyonB formntion caps the moun -
tain , with the Ingleside 1 orming the promi mint cliff 
somewb~t b0low . P.etween the t o occurs the pl:1ty 
Lyonf: sandstone , EJnd along the north free belor the 
Ingleriide the Fountain a:r:kose i E well expored . 

B. looking soutr ulong t3 syncline . Dakot& dir, slopes 
on the east :and V1est , and the Ui,P<'l' Dakota fo:rws 
the top of the smoll flat mesas . 
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Anticlinal Valley 

The north end of the anticline mentioned above involves 

the "Red Beds" on the turface. Here erosion has cut deep in ­

to the axis of the structure forming a long deeJ> valley bound­

ed on all nideo by a continuous hogback 01 reoistant outward 

dipping ttRed .Bede . 11 In the center of thit V&.lley, along the 

axis of the o.t1ticline, eroE, ion has cut into the :Founto,in form­

ation to within two h 1ndr~d feet of the granite and Echict . 

Synclinal Valleys 

Parallel to, and weet of the above mentioned anticline , 

i a tiynclin.c ·which forms the foundation for a synclinal 

valley. The surface in thio valley lo not , of courte , exactly 

concordant v.. i th the dowm,arped part of the Dakota formation 

or LyonF formation, but ie pa .... tly filled with shale of over­

lying f orr:atione . The couth pa,tt of this valley, wtst of the 

Dakota ant icl inal ridge, haf: a flocr of so:f t mid ,~ le Dakota 

ehale , and here and there tt small mer;a formed by a remnant 

of the upper Dakota sandstone standt above the floor of the 

valley . The north half o:f thie; velley, wee,t of the "Red Bedstt 

ant icl innl valley , has a i loor of Lykins shale . The west 

limb of the anticline oounde the east aide of thie synclinal 

valley, and the normal eaet dipping hogback mark:a the west 

side . 

Faul ts Vall,iya 

The influence of f,ultE on ~he drainage pattern is well 

demonstrated in this nrea . Small faults have determined the 
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loc&.tion of ·mall gullies, and 1.; .... rge frults come of the lo.rger 

drainage lines . Trending north t from Fl· tirun Mountain ie 

a major fault along hich a tributary of Dry Creek bas devel­

oped a deep valley ,ith lo -eloping e~t side and a steep 

eat oide . Other flma.ller gulliee ta.nd strel'.'lino follow fault 

lines as can be seen from the map . 

Topography Controlled by £0 lut ion 

The Lykino formation in thi urea containc con iden1ble 

lime and gypsum . x-:xpec ially ne~ 1· t "i e base , rnther thick ede 

of limestone have been quarried . for locl l uEe . The depressed 

part of the Carter L ke drainage b sin, hich liee entir ly in 

the Lykir1e ronnation , waE prob· ly the result of the solution 

of pnrt of thie lime ;nd conoequent settling of the rurface . 

Two facts support thie explon°tion. ~t tlo places east of 

the lake, small springs exi ... t in the Lykine format ion \',el l oe­

low the level of the lake , Pnd which i low throughout the year; 

and along the valley hicb 1·un1:: eouthwec•t frc1:1 the north end 

of Carter :kike nume:rout f1•ac:ment and lal'{;e m· E.•se"' 01 a cal­

careous materinl 1·eeemblin travertirJe are found . 

Depo.itional Form 0 

evernl m, 11 gullie~ have been cut through the LyonF 

ridge outh of CarteI· Lake. In the t:oi er lowel"' Lyont ennd­

stone • nortl··- sou th valley of cone id err, ble c.• iz e has been 

formed . Appa:t ently most of the erosion o.nd tre.nsport tion o1 

the mo.terial cut out in the formation of thit1 valJey ' by 

v, ter of torrent ia.l raine . Gre· t fragment~ of n ··ul r Lyons 

Eandctone hove been p iled u p to form .low , rather :tlo.t-to ped 
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fans at the mouthc of these small gullirs . The present stream 

bed , dry except ofter rain P, has a ra tber narrow channe 1 

through thie debris . It hi sugbested tho.t the una.ssorted ma­

terial that compoeer, the fan has been washed raeidly from a• 

bove during short periodc of heavy flow , and that the small 

volume of water flowing intermittently between times has cut 

away n part of the fan to form the preErerJt emal l chfannel . 

Drainage 

Except for the small Carter Lake Basin, Cottonwood Creek 

on the north , and the Little Thompson Creek on the south drain 

the nrea . These two streams a.re tributL.:t'iee of Big Thompson 

Creek, which in turn flows into the South Platt River . 

Cottonwood Creek and Little Thompson Creeks are consequent 

st1·eams , und have cut directly through thr: foothi lle belt . 

The intermittent tribut&:t:ie:: for ., i.rellie pattern determined 

chiefly by soft tilted t·ed imentary roe kn . and to sorue extent 

by fault zoneo . 
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Str tigr phy 

The dimentary form tion of P leozoic ~nd Mesozoic 

ge , which are of chief intere"t in this sm· 11 : re· , vcr-

11 

lie pre - Cambrian n e i "f ec , c chi· t C! • nd qu. r z i tee . The latter 

l'e cont inuouc 1 rom th '/yo,oi n • - Colorado 1 i.ne s cuth:, 1 d to the 

Little Th mpson Creek . estw rd the m t&roorphic llerie is 

more or le continuou .. fr a the continent·l divide . 1-

ca 0 chi~t , • rn t schiete , st urolite chi ·t. , and quartz 

echi t nr the ch 1acteri tic ~et mor.hic rock . Their e 

i indetermin ble , but fro \wOJ'k in other di:..tricts thy h v 

'been a.eigned to the roterozoic Era . arther oouth ctill 

older rani te form the floor n \ hich h diment·,ries re t . 

Coneid uble dou· t exit r. ~rding t1e ges , rclntion-

hip , and correl tion of th "Rd edk" of northern Colorado . 

Fo Eila ·re par ely ,c.tt red , the cedo thelliLclves ch·nee in 

ch r cter l· ter" 11: , nd ver ic· 11.y , ur.d he iritcrfing ring , 

tnd thinnin out of beds le:n to confuri n 1n their otudy . 

"ev e1 • l men h ·ve iv n hi • problem tudy , n their· conclu-

eion hive t,m1ered to 

t i __.,, per . 

.1eat extent , the id xpres ed in 

It .seem bet, F , i r t tosci to follow the 01 i gin 1 

definition of the~e v· riou iorm.tionc , nd ]enneman ' e (1905 , 

p gee 22 to ~5) definition oi the I~onr , •ount~in , nd Iykin 

format i on for the -o•lde • Arc1 , nd Butter ' (191 , p· 0 e 6& ) 

d f i nition of the In le ide orrn· tion a1e u el . nere h ir 
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definitionr; definitely conflict with more recent information , 

slight modific:itione llave been m..,;,de . 

The Fountain Formation • 

The Fountain Formation, named from ite type loc.:..,lity at 

Fountain, Colorado by 'hhitman Croes (1894, page 2) and corre­

lated for the 3o•ilder District by J;'enneman (1913 , page :22) , 

overlies the old pre- Cambrian metamor 1 .. hic and granitic lund 

surface. This formntion varier. in thicknest, partly due to 

irregularities of the surface on which it was deposited and 

portly due to uneven deyoeition . One thousknd to twelve hun­

dx·ed feet ie the u1:r,:1roximate thickness in the Cnrter Luke dis­

trict . Thie forrr.ution is a coarse, purplif·h~red , conglomera• 

tic arkooe . Here atid there, not eonttnuouE' for any great dis ­

tance laterally , and in no particular zone, occuY brick~red , 

shaly sandstones, mottled r:andstorHH', nnd gray candstorie beds . 

The formation contains semi - angular pebbles , cobbles and 

boulde1'S derived from the underlying igneous and metamorphic 

rocks . It is very poorly eorted , and rather maesive, and 

shows cu t - and - f i 11 s true tu res . The above charn cteri e tics in­

dicate torrentb1l depos.ition from a nearby source . (Knight, 

University of \;yominr: , believee the Fountain formation to be a 

aeries of alluvial fans . ) At various levels in the forma -

tion more reeiet.t.nt bede form lo'ii, , we· t-f"'cing escnrfmente on 

the steep west-facing elope . One Fuoh resistant bed near the 

base undone near the top ere fairly pcrcistent in the nrea . 

No foesils have been found in thie formation from the Denver 
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Ba in region north, except at &x Elder Creek w:t.ei·e Hender on 

{1908, page 491) deacribee two fossil - bearing horizons . The 

foasile are in chert pebbles , posed ly derived from older Mise­

iseippinn beds, but Henderson believed the chert pebble~ to 

have been formed in place , and the fossils to be indigenous 

to the Fount a in f orma ion . Lot er ( 19}l0 , page 68--?l ) he ex.;. 

presses the idea: that theeo fossile were derived from an 

olrle:r Miss iasippio.n formation , eroded before and during the 

deposition of the Fountain beds , and overlanped by them , 

Foeeile from two loc=litieb definitely place the Fount&in 

formation in the Penneylv::ninn . At 111nnitou , Penn"'ylv~rn ian 

foeeils arc found ln the GJeneyrie c&ndstone thich underlies 

the Fountain formation int is location, and in northern 

Colorado the lngleeide formation ut the toJ., of the Fountain 

yielde Pe~nsylvani~n foesil~ . 

The Ingleside Formation 

At it a ty . e loca 11 ty a.t Ingleside, Colon:·d o , :Butters 

(1913 , page 68) dercribes the Ingleside formation no a seriee 

of limestones and cross- bedded light pink or red eandetonee 

1.r11h ich are about 125 feet thick :.:. nd are apparently conform­

able above the Fountain . Bouth~ard this seriec thins , the 

limeetone horizone ditap ·err , and arc not preeent in the area 

studied . A calcu.reouE , salmon- pink , sandstone , occurring 

near the top of the Fountain arkoee . ho~ever , i probably 

the equivalent of the Ingleside of the t ype locality. and 

wae so mapped . At Dry Creek thir; Gr.pd~tone iL conspicuous 
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and is easily recognised by ite color . It i~ cross - bedded , 

and ic often covered with a calcareous crusting . Here the 

unit ls 140 feet thick , but thins rapidly to the south to 

about five feet two miles north of Little Thompson Creek . 

Above the I ngleeide a& deecribed above , ie a friable , coarse 

buff' to ye llo\', i eh sa,nd stone which changes upward to a finer 

grained red sandetono . In places some arkose appears at 

this horizon . 

The Lyons l? orma t 1 cm 

Eeparating the Ingleside and buff - yellow eandt:tone from 

the typica l cross- bedded Lyone fo:rma.tion io a e,erieE· of 

brick- red , platy sandstonee and shnler . To the north this 

series resembles the overlying Lykins i::halec. very clooely, 

but to the couth becoi:,ec more r.rnd more massive , and a mi l e 

er two north of the Little Thompson outcrops as a high cliff 

belorJ the L,yone riroper . The correlation of this transition 

series is d.iffioult . Apparently Fenneman(1905 , page ~3 ), in 

his original def i nition of the l.iYom, included thie zone in 

hi£ Lyons 1ormation , although Rt Lyone , Colo:rado this tran ­

sition zone is not well developed . Later writers tend to 

restrict the name Lyons to the light - colored , croi2E.: - bedded 

quarry rock . Hendenrnn ( 1920 , pr:igr➔ ?6 to ?8) apparently in ­

cluded this formation in his Lykine formation . following 

Butters (1913 , pageo 69 to 70) 1 and considered the cross ­

bedded member a phar:e .of the Lykins formation . Lee (192'7 
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pagee 6 and 34; plate 9 B. ) included the traneition zone in 

his redefined Ingleside, but thie wae cle rly not the intent 

of l3utterE , who originally defined the latter formation . 

Farther north , Lee (1927 , puge 36) e-uggests that eimilar 

brick- red beds oelow the Lyonu may correspond to the Satanka 

shales of Wyoming ; and Thomp&on {1933) , on the basis of 

lithological character believes the red platy sandstone zone 

to be Fountain . Thie interpretation is supported by the 

occurrence of arkose beds above . the Ingleside in various 

places in the orea and to the north . Quam ( 1932 , pages 13 

to 15) , in the 'Raboit ;Mountain area includes the equivalent 

horizon . here closely resembling the typicr.il Lycns except 

for the cross - bedding in the Lyons formation . Thie follows 

Fenneman •s original definition for this area . Ho~ever , the 

Little Thompson m~rks a change in the character of this 

eerieo of :rockn . Southward it it: ma121eive , :resistant to ero • 

sion , a little darker in color thrai the cror,s - bedded Lyons . 

and with the Lyons f onns a s.ingle mappable stratigraphic u -­

nit . Northward thie lower horizon becoffieS eo1ter , more platy , 

and a darker bri ck- red color , and erodes easily to iorm a 

valley between typ i cal Lyons quarry rock and the Ingleside . 

Th is zone is , however , continuous ~ith and in the same poei ­

tion as the eeriee defined at tyons . Colorado a,a the Lyons 

formation . For thiE reo.oon this zone hne been included in 

the Lyon!:.' formation in the Carter Lake Area , and is call ed 

in th is paper the lower Lyons , or the red Lyons . The Typi -
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cal croe~- bedded Lyons ic a light pink to almost ~bite , 

· quartzitio sandstone , Etrongly cross - bedded . It is fine ­

grained Anti well t;ort ed . .At Cottonwood Creek th is zone is 

about 60 feet thick , and it thickene southwbtrd to about 150 

feet at Little ThOID.kJSOn Creek . Thie increment is at the ex ­

pense of the transl tion zone , 01· lower Lyons belov., and the 

Lykinn formation above . 

!vkins :Fonn1.;1.tion 

The Lykins formation is in gPneral a. brick- red sandy 

shale , eaeily Aroded , Bear the base occurs a massive , light 

gray 1.imestone, overlain by the "crinkly limestone",. 'l'he 

bulk of this formation le shaly and etH!ily eroded and cover­

ed v,ith sou . Near the tor if' a mar rive e·haly sandt:tone , 

rather reeietent to erosion anct u~ually expo0ed as a low , 

west facing eecr .. rpment well down the west slope of the Dakota 

hogba.ck . Thie bed cbanc;er rather gradually upward to a sal­

mon pink, croce - bedded s~ndstone. ~eeietont enough to show 

good continuous expoeures . The latter ie correlated with 

the Jelm and Sundance of '.'.yoming by lee ( 192? . puges 14, 15 , 

16 , and 33 . ) Although in stratigraphic posit i on and litho­

logic characte,r it resembles thlat form:::i.tion , since no :fossils 

have been found in it in Colorado, and e ince the bed cannot 

be traced through the entire dietance , this correlation seems 

unsafe . Knight (193:3} suggef.:ts trwt this , and r oesibly the 

overlying white sandstone of the Morrison , be correlated with 

the Jelm formation of the Laramie basin . 'The po11;,Eibility of 
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A. 

Plate 4 . 

South vie~ along strike fDult . P~ominent r1a~e in 
background is the Dakotr. ar.ticline , a.nd the yooded 
ridge esct of it ir, the Drkota hof,back . U1;pe!· Dakota 
farms the 1 ow r idi~e in tht v e lley , and the f lope in 
the foreground ii::: ~~or.,. iscn . TI::tbbi t Mountain just 
appei rs on the diPtint horizon . 

B. South view r.:h vi; in rounded ""on:ieon ridGe with , ooded 
Dakota ridge to the eaet . The r:.trike .fault of the 
above photograph follo,~ the vnlley west of the 
Morrieon ri ge , and l~abbi t lfiountn in ehows ;.;ell on 
the d ietunt horizon . 
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correlation of theee structures with the Dolores and Is.Plata. 

formations of the Wertern Slope is also suggested . fut a.gain , 

correlation of these widely separated beds on the basis of 

stratigraphic position and lithological character does not 

eeem wise . In thie report the salmon pink sandstone is in­

clud.ed in the Lyk1n.s format ion , 0 nd the white sandstone in 

the Morrison . 

.Merri eon li'ormat ion 

There is a rather well defined break between the salmon 

colored sandstone .of the Lykins formation and the next higher 

white sandstone , arJ;d in eome places a thin bed of cherty con­

glomerate was found at the bot torn of the latter . Thie suggests 

a nonconf ormi t;y between the Lykins and Morrison , which the 

difference in age of theee formations further suggests . The 

bite sandstone at the base is fine-grained~ friable , and 

cross-bedded . The change upward is rather abrupt to green. 

blue , ond gray limy clay rock which con st itutee the greater 

pa.rt of the Morrison of this loca.li ty . Above t.he 1torrison 

a sherp change to the basal conglomerates of the Dakota for­

mation suggests an unconformity here also . 

The Dakota Group 

The Da.kctri formation shows a division into zones which 

may correspond to the I..akota., Fuson , and Dakota formations of 

the Black liills . The basal member consists of a massive 

cherty conglomerate interrtratified w1th cross-bedded coaroe 



sandstone . Upward this beco ea a hard , quartzitic , fin -

grained sandstone which u ually form the top of the JB.kota 

hogback-- the conglomeratic phase , if always present , being 
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buried by talus . thin ofter eondEtone intervenes bet een 

thiE and the to member of the bneal Dakota . The latter 

sometime forms the to1 of the Dakota ridge, but usually it 

forms a minor ridge or terrQce down the ehEt Plope of the 

main hogback . All the rund tons of the baeal Dakota are 

very similar , n.nd :he.e exposed alone c nnot be dictin uiched 

from the other member of the baE:ol group . -Hbov e the bt:..sal 

candetor. e oceur eerie of blr1,ck eho.leE and andy hales 

oi the iddle D kota . To a. .. id the top theEe be..:ome a lighter 

gray and merge into friable , bro~nish sandEtones of the 

Upper Dakota . The latter iu u hard quartziti~ sandstone . 

In thie reio~t the basal and middle eands ,ere mapped ac one 

unit, and the upJer sondetone ae a cecond unit . 

Benton - N.io rara Formations 

Above the Dakota occur 350 feet of black chale of the 

Benton formation , hich iE capped by a horizon of gr y sandy 

thole . Above the latter, occur the bedded li estonee an 

black ehal of the iobrara formation . The NioorE1a i 

the hi he t formation m ped in the are& . To the eu t occur 

the Pierre , Fox Hill , and still farther , the Laramie iormn­

tion, ne deccribed in other reports on Northern Colorado . 



ftructu:u.1 Geology 

Cener, .. l Jiea tureo 
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The 11--:ront Imnge of the Hocky 1!ountains riEet-- in Wyoming 

and increases height , relative to the plains , to itr climax 

in northern and cent rbl Colorado . From the Poud re Piv er re ­

gion to Colorado Springs- the range me.inttiiins an ave:t'age ele ­

vation of over eleven thouoand feet . 8ou thwnrd the Front 

Range becoruec leso prominant, the WF::t Mourt tnirrn, ard fa.rt her 

couth the Cangre de Cristo Mountains becoming the mnin moun­

tain front . f:outhwurd ench of theee rringes iii: o1f set to the 

wret in en echelon arrangement . Tbe main erect 01 the Front 

Range, roughly parolle led on the west oy the Park and Sav,,atch 

ranges, lieE in a north-Douth direction , and the tenerul trend 

of itu anticline.ti a:xiG , a~ indiceted by the ::.:trike oi the 

eedi111ent r· ry beds olong the f 1: r k of the 1·ange , ru::.ct., • y.--the-.,t~end 

W:-- its anti cJ. i na.1 "<.a.>, is •~ n~ ,, .. i.tJd.t . .c;;;;,J,;~.d,,.,, .. ,oy., .. :t;J:143,.,,.str.ikE?. ,,,o.;t: ,. -the 

eed imen t;;, ry beds a.long- the 1.Lr::nk o:f •• the· ·range , and by the 

trend of the lntermounta in parkc is 

sou th. 

~lEo roughly no1th-

However, eupe1·im1rnced on this major north-south uplift 

are numerous 12truc ture e trending northwe st-cou theast. In the 

m,,.in mount:.Jin a:r-ea tbct,e trends are rep:r·er:E.nted by iaulta , 

the nature of which in mout cafeo is masked by trie cry£tt,.lline 

natu~c of the rocks . ~,ny of thene faults in the Boulder re -

gion tnd eouth~er~ are as 0 ocisted with the mineralization of 

that a:rea . .A long the foothills this northweet-southeuet 

trend iE observed in folding &nd r~ulting in the Eedimentary 

rocke. 2:oth the folds and faults seem to die out tov;a:-·d the 
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plains, and increase in inteneity to~ard the crystalline 

rocks . Aleo. the anticlines and E}nclinee expressing this 

t:.·end in the sediment f, !'Y :rocks , may at theil' nor thweet end 

pQss into faults , especially ,here the axie pasEes into t~e 

crystalline rocks . 

Thie feature of the etructu1c of the foothille was first 

deacri'ood by Marv ine { 1873 , page 132} 

"There are here sever~l cuch of1Eetr or joge in the 
mount&in-border cau ed by its com;;onent ridges being nr .. 
ro.nged en echelon , north rmd oouth of ea ch other . The 
trend of these s1,ans i somewhat west 01 north , while their 
echelon arrangement is such that a line touching their sou tl ,­
ern ends trends ~o.e:t of north and west of eouth , with a flat 
concavity pre~ented to the eaet. As iE so often the ca se in 
th lest , theEe peculi::; :r toiior;ra:phic featur-ee are but the 
surface expreeeione of A similar and im portant geologic 
ca.ut:Je . These ridget . and the included valleye , indicete 
thot here the foldina of the rocks have also taken place en 
echelon . The ridgee nr~ u~lifted or ariticllnal folds , the 
valley2 de:pres 0 ed or synclinal folds, both dyirg away Eouth­
ward into the flatneec of the p-l~ine, though the west side 
of the westward synclin8-l ie u1·.,1ayt1 preeerved in the normal 
uplift along the mu.in wountt1in bu.se . ilith snch a structure , 
end since the sediment:->r.:,· !Ocks hnve been . to u very great 
extent, eroded f rorn thecummi ts of the ridges and \\Ol'n down 
to a. prett " uni1orm le•·el , it i£ neceseHry that the out -
crop1 ing strata hould be f'ound bending around tile southern 
endE of the spure, their etrike firet s•inging ~eetward . 
that of the lo•er beds bendiDg on otill farthe · +o the north ­
west to fo:m the eastern Eide of shallowing synclinal basins , 
which finally terminPte to the north . the reve~ee in all re ­
epec ~, to the anticlinal ende , while t i e uppermost bedt , 
thos~ farther out , do not necesearily bend around into the 
synclinale , but ~fter turning somewhat weEtword , again re ­
sume their southern course \'d th the others . 
2 "The most inte~eeting fe~ture of these folde, next to 
tb ir generr"l echelon 0.rrnngemen t. is the fact th,:, t in the 
anticlinals the wefltern 8idE> of the fold is olwaya more abrupt 
than thg_e-Eetern side , DJJCL may become a fault , the do~~hrow 
being uvon the st-ern side . That ie, to say, the tendency 
of the forces forrning the folds seems to ha.vc been to lift 
up the e~.stern relative to, and push it ave. • gainst , the 
wet: tern Eide; and the expreo sion of this ten erJ cy ha e been 
either an abrupt do,.mrnrd bend of the \rnr•t side , or .:1 direct 
downv~ard faulting of the v~e2t t:ide , or by both combined , 



And nlong the some iold the6e three 1orms oi arriving at 
the same reoult are intcrche1ngea.ble . " 

Along the Front Range such echelon folds occur in the 

Poudre River reg i on , two in the Big Thompson F.i ver aret1. , i n 

the Carter I.;..1ke area , and in the Little Thompnon Creek area . 

Only smtill echelon , c:i.nd few major faults are found in the 

sedimentnri es couth of the Lit tlP- Thor:ipeon . :SU t , in the cry • 

st&.lline nrea west of Bouldei , sevcrnl nor hwcat trending 

dikes may have filled faults pRrallel to the etructures far ­

ther north--Maxwell1 Hoce-ie:r, and Livingstone dikei:: . It may 

be of some eignific: nee th&t the M:axwell dike is almoet di­

rectly in line with a northwest trending f~ult between Green 

Uountain and the :Flatirons, southwest oi Boulder . The faults 

and echelon folds havins tbiD trend are abundant enough in 

the region and large enough to conet i tute a churacterietic 

structural featu1e of the Front Ranr:e . Any a t tempt to explain 

the origin of the Front Range must coneidcr both the general 

north- south trend of the range ~Ea major un i t and the north­

west-southeast structures th•,.t have been euverimpor ed on it . 

Only in places have north- south minor DtructureF been 

descr i bed . In the Carter JekP region , and at Fabbit Moun ­

tain kre north- south folde and faultr . At Golden, Zeigler 

( 1917 , pages 21 to 26 ) deEcribcs north- south ctrike faults of 

high angle under thrust nature . ftnd poesibly at ~oulder , if 

Ze'14f le1· ' s interpretation of the elimination of 1,n:r·t of the 

etrntigraphic section holds for this region , eimilur faults 

may occur. The relationship of the north- south structures 

to the northwest - Goutheact Etructures, iE not clea1 in most 



Plate 5 . 

A . Axi of • nticline in lo ,er Fount in bedc in tr 
bottom of th ·nticl1nal v·lley . 

B. Small fault in th l kot· 



place£' . At Carter Ioke , howev,11:· , the t,,,o retf inten:oect , 

end althoue-h a covering of alluvial matericil prevented a 

study of the srt1Dll detuils an eX,ilmim1tion o:f the major fea­

tures diecloced eo.me iocts tha t may aid in the eolution of 

this Etructural problem. 

{/ The Structures of the Carter Lrdre Area. 

Both of the . structura l trends described above occur in 

the Carter I.a.ke ares , and both a:re manifcBted in folding and 

f nul ting . J\ long ant icl inal r~:-.. i s extendt through the entire 

areu fron the eouth to the north . /\long thir axis the D,,kota. 

Eandetone and the 11Hed Bede" form three long n( r:.:: ow anti ­

clines e:eparated by do•r,n - warped eaddlet . To the south , about 

e. hali milE n c:rth of tittle Thompr➔ on Creek, the baEa.l ::Jakota 

sandstone , nhich caps the anticline in thic region , plunges 

to the ~outh . If projected in thiF di~cction, the axis 

would chow come offset to the eost relative to the fabLit 

Mour:its.in anticline . 'l'he 1,otPibility that ther:3e two ctruc­

tures were fo1med 1:1 long the rm:ae a.xis , trnd were o1 foet by 

the Little ThompEon Fault wae not studied , but suggects 

interesting epeculation . To the north, in section 14 , the 

Dakota anticline plunges ~1th a low dip to the north , and ie 

finally cut by two faulte tr'=nding northwest - southeast . The 

effect of thetc two fnultE is to raise the north eide of the 

anticline vci-y a-i.bruptly , and from Eection 11, the 0 Tied Beds" 

form the anticline . About three milei: farther north , in 
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section 23 , south oi Cottonwood Creek , the structure again 

plunges rather rapidly into a saddle , and re - e$ergee and con ­

tinuec for a ehort distance north of Cottonwood Creek . The 

a:::ir- l'epreeented by thei::,e anticlines is ~bout eight milez 

long . 

In gent>rr~ l this long anticline is symrr.etr i cal, except 

where t~:!fected ·oy faulting , and dipe :ro.the:r· tteeply both to 

the ea~ t and we st . In the Dalrn ta portion of the etruc tu1·e , 

ear:t d .i r, a rarJge from 11:5 to 80 degrees, and to th"~ west the 

dips range ir0m 30 to 60 degrees . In the part of the struc ­

ture, shown in th~ "Red :BeJe 0 the d ipz a.long the :t lankE rbnge 

from 30 to 40 Jegrecs weEt , und !rom ~5 to 40 jcgrees east . 

However , in the "Red Beds" , erosion hoe- cut dee.p along the 

axis , end hoc exroEed the lower Ph1't of the I'ount,;!.il1 formi:J,­

tion . In there beds , clore to the axic of th~ structure , 

the dips are noti ceabl:1 1:;tee.J!er than they ci.::re higher in the 

structure , and in general are steepe~ to the west then to 

the east . !'/est dipe Yary f1·or.u 60 to ?O degrees , rind eest 

dips avcrog0 about 50 Jegrece . ThiE g i ves the £tructure the 

a.;:.>1.ea:r.r.u3ce of 11 ·,J.;::"'lJPl fold, and i:f such ic. its nc:ture , it 

diec out dov,nwa..1:·d . Ther:E clipa along the ax.is may also be 

explained by a fr .. ult in the unde:::·lyint crystalline rocks . 

thrust faults . 

Aseociated with this anticlinol axis are tlrn hi,;h a ng l e \ 

The emPllcr of thebe ie rout;'hly par~ llel to 

the anticlinal oxia , and a ehort distance tc the e~et of it . 

The ..ru,1st ride of this f:wlt has been upthr.oi.n a little over -
a hundred feet . The fault diee out to the south near the 



24 

anticlinal axis , und to the north in a minor, b~dly fractured 

and dit:torted onticline . Ji'o.:r·ther e~Et, u sinil.,r fault has 

dupliccted the entire Dakota &ection , and pa:ct of the Morrieon . 

The maximum tbrow, jutt north of the :road in rection 13 , is 

about 700 feet . To the south, in rection 24 , this fault 

die~ out, nni cun be traced into n rmell &nticline in the 

upper Dnkotn st:indEtone . To the north i.t i:.=: cut by the north 

weet - southeaet fnulte described below, and on the north side 

of the l:i tter , ir lost in the I,ykinc shale, Here the LykinE 

formation has o totr,.l thick:neze of 113? feet, nearly 40,) 

feet more than normel, &nd indlcuter duplicGtion of part of 

the l~kini: Ff'Cti on by the f ;,ult. 

The large1 of the f!:.ultr- just de.scribed , and tLe anti ­

clin::-1 axis are cut by on~ or both o:i: tv.o closely spaced 

northweet -eo Jthe~st trending faultb . The touth one oi these 

is reflected in emull echelon foldc in the Uiobrara and upper 

Dakot a ridfeS, but whex·e the fr:.1,ult cutr the busal :Dakota 

this formation is b~ Uy fractured , and is ofi'set about 600 

feet . Continuing to the northwest , the upper D;lkOt:->. . v,hich 

has t een duplic~ted oy the etrike i • ult Jeecribed above , 

terminates abruptly against the so~th 2ide oi 1he fault . 

f.till fartber to the north\,est the brsal Dakotu C>n the west 

side of the a nticli ne iF nlEo ofl~et , Dnd Eho½E a very 

murked change in dip . On the south side of the f~uit t he 

Dakot:: i:ection dipe from 15 to 25 degrees to the south-

weEt , and on the north cirlc the esme bedE dip ?O degreee 

E:outhweet . Tbe movement along thir. fault if' : :robably not 
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entirely vertical since the ofj ' Eet on the south Eide of the 

fault is dobn dip on one Eide of the anticline , and up dip 

on the opporite flank . 

t,( 

t 

A Eecond and parallel fault occurs between the Dakota 

and Lyons beds along the southwe st side of the "Red Bedstt 

anticline. The trace of this fault is in the Lykins shale , 

and the movement was probnbly largely vertical with the 

north side rising relative to the south side . Here the 

LykinE formation ho.s been very definitely thinned by the 

faulting . At one place the Ly0nE - Dakota interval is on l y 

410 feet, a.t least 700 feet o:f the Lykins and MoL ison 

ha v in g be en e 1 i m in ate d . In b o th d i rec t i o n s th i s f au l t i s 

loet iu the LykinE shale. The effect of the Ee two faults 

is to elevate tr1 e anticlinal axis on the north about 

2000 feet , and to produce a weft offset of this axis on the 

upthrown side of about 1000 feet. 

}Torthea:::t of ]'lat.iron Mountain a fault cuts the cry­

stalline rocks. A projection of this fault to the south­

eaet would have less than half a mile offset north of the 

two faults described above, East and Bouth of Flatiron 

Mountain are a small anticline and syncline in the "Red 

Beds" which moy reprei::ent an adjustment in the sedimentary 



B. Shattered bneal 
Dakota nandetone 
in fault zon c . 

A . Squeezing oi hale betv~een 
.andrtonee near creEt of 
::lmrp , oroken fcld . 

C. Jointing on upper 
Dakotn Dip Slope . 
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bedc to theEe eeprreted fault zones . 

The criticnl er-en '\l,herc the north- so .th arid northwest ­

ecuthcnet f~ultr interEect iE bodly covered with eoil , end 

the tn.,cer of t!1c f::tU lts the ,.•r elves are in Boll filled val -­

leyr . Consequently few dire ct obt'e.::::-v eit i orH: on these f nul ts 

¼ere poseible . The locotlon of the fault$ wae made l~rgely 

by }>lotting the cloc(!r.t outcror:-e of the involved sedilllentury 

rocks . That both t-etn of fault£ werB cnuccd by thrust i ng 

forces is indic:..;ted by their nseociation with steeply folded 

anti cli nee, ;;rnd by the e:rel. t arco ·mt of maeh ing , brecc iu t ion 

nnd slickeneiding in the fault zoner . Since the trace of 

the fault e on the Eurfa0.e it: very little effected by the 

to ,~-ograr hy , it wne concluded that the foul t planee dip 

Eteeply; and the fF.:ct tl:at the no1·thweet - toutheast fault is 

not offeet where it crosses the ncrth- south fault i~ t he 

only indicntion of the relative agee of the t"o Eyftems . 

Competency of Beds . 

The lo•er section 01 "hed Bede" ure ccmpetcnt to the 

exteIJt of lilting their own --weight , .,,r;ci the vverlytng Lykins 

£:hale!:· in anticlirn~l fol.dine . Thiv in Hecn in Uie noz:·th­

eouth trending anticline in eecti ns 5 0nd 2 . Here the 

:Founh, in, Ir;glefidc0 lrnd Lyon£ form:Jti,.mE. 1:n-e involved in an 

&nticline in ·,bich tlie folding flC'(InE to be of the concentr i c , 

or phrPllel type . Along the flank of the anticline , in the 

Lyons formation the dips averi;ige 28 to 38 degrees e<1Bt ; and 

28 to 35 degreee wet . Rrofion hoe cut o deep valley along 
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the axie of this anticline , in the bottom o1 ~hich, nenr the 

axic , the <li;-is aver·1ge f.5 det;rees v,est and 4G to 50 degl'ecs 

eaEt . Thie stee~enln3 of the di~ along the axiE in the deep­

er strata indic~tes concentric folding and o dylhg out of the 

structure at a challow depth . It appeurs that the folding 

here took p lace above the 6 ranite , and the granite itcelf may 

show ve-:.·::; ittle dcfo:rmation . The conclusion is that thiE 

basal section of "Bed BedEu , under co::nrre1.Hion1,,.l forcee , 

slid aver the grhnite end arched , uplifting itE o~c mses and 

tr:e overlying Ly kin c thal e . The Uo rri eon an<l Dako tn f o.rmu-

t i 0ne were probably cornp~tent tc fold unrler the loAd ci over­

lying Cretaceen beds . The Mo1·r icon fonnation ie tl1ick amd 

ma£sive, ond probably fo:rrr1P onP of the r.10st cci,.petent forma ­

tionc in the region . _we n a minor degree of com!)C tcncy in 

tbis bed ·would give the more brit•le ovr--rlyi.ng Dakota forma­

tion e tendency to urch upward rnthcr than to break ot once 

into B fault . '!:here two beds, the marElve lforrison below 

Eupporting the Dakota forr11 .. tion , conLtitut(" tt'e mctt com­

pPtent cer1e~ of the &Iea . Thr EtrePces tronEm itt(d by 

theFe corr.yetent bec!e a::e nor.orbed by the intervening 'Lykins 

Eihaler.; an-1 ove::--lyine :Benton, !.Hobrnr~ and Pierre chn lee by 

flo", bnd minor fracturing unc folding . 



Plate? . 

A. View northwePt along two fault valleyr . fteep dip­
ping Dakotu forms the long nortrrneF t ridge , .:md faults 

occupy the VHlleys on iJoth eidee . Lyoric fo1·ms slope 

on extreme right bc.ckground . rrote jointing in upper 

Dakota in l ft foregro~nd . 

B. View southeqet long the routh valley cf bove 
photograph . Fault runE from middle foreground to 
the nolch in ridge on horizon . Note abrupt ter­
mination of ho~backs eouth of fault . 



Any attenpt to o beyond t e deccr i ption of obe.rv ble 

features oi ctr·ucturec. urd to _exnlain tl:€ origin c1 tl:e e 

ftru •r~E ffUtt draw lu:·gely 1·om inferfnce . Thir iL espe -

ci lly rue when t1 e concln~ione c~rnnot be put to tLe test 
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of direct obGerv· tion . le cannot o 1.:ierv e the proccse; of for -

mat ion of mountain tructurei: , no1· ct1n :;e bave • riy ir·ect 

evidence of the Ftructural nature of be deformed Ioc'E be ­

fore oro~enic forces b ccme active . Inference ie ULeful o~ly 

s.o its concluc-ione ,':lre rctDined • £i tentative ex.pl,rnations 

~aiting further evidence to eubEtantiate or disprove them , 

and· E it ~uggertn other lineE of investigation and unsus -

pected relationship . o be of ~uch ure , in1erencc eh0ul 1 be 

ma.de only : fter all , ertincnt , d i r,cove:rable fuctc hov been 

u.scmbleJ . The writer , i~ view oi hie c·nty knc~le 6e of 

the great riumvcr of 1acte, an wit. the re lization 01 hin 

lack of experience in inter·p ... ctat icn , tho efore itr.tes to 

enter thit ield of Etructural geclocy . ~nd it iE only for 

the purpocc of out 1 i nini· c:on:c. oi the i • cto s th' t muy have 

influenced the elev cJ.opmctJt o:1 Front Rr nge <: true tt.:I eE tb t 

thi~ eection io ¼ritten . 

Genen~ l Conct ptt 

DefOI'!lic,tion of the e:.trth'L c:rurt 1equi:r·u:, tte upi--lic 

tion of forcet gre·. t enough to ovcr·c:o?"i,B the rc1::iEt nee oi the. 

Astle fo1c~~ are c~plicd the rockc a1e first placed in a 

condition of atrnin , 0nd lat I , when the applied fo1ces ere 



29 

grevt enough to overcome the resistence of the rocks --cohe ­

sion , n1ihe6ion, friction --yielding tuker; plncA by flo•;-;age , 

folding .nd faulting . Boeke mRy exist for long periods of 

time unde1· increasing strain before Euch relief is effected . 

The location of pointe of yielding and the nature of the 

rtructures developed depend on f:.ev eral factors . Of these , 

the TIE.l. tu1·e and direction of applic~ition of the f'c.,rces and 

Btructu.ral conditionc of the rocks -./bich tr:ay aid o:r· p:t·event 

yieldine sepm mo~t important . It io jirst necessary to have 

some conce ption of the oriftin o:t mounti;~in m&king 1orccE, of 

their prob•ble direction of fPiplication -3nd de:pth :- f effec­

tiveness in the recion , and of the nHture of the rocks af -

1ected . 

It is beyond the Ecope of thie pupe1 to ditcuee the va­

rious theorieE of the origin of mount~ in - meking forces . Sev ­

eral thcoriee: rne c ,.D-rent v.hich z!epend on volcenic action , 

ehifting of c ontinents , and gr r. vity to fu r nieh the necessary 

forceE . The theory aesumed in this diccueeion holds th t 

theE:1 E f 01·ceo a:i: e set up through the ~ttemrts of o. rigid outer 

tbell of tbe eurth to conform to .'.;-.. Elninkirig interior . Th e 

effect i£ to eet UJ> foroet acting tangentially to the earth ' s 

surface in the rigid ohell . In the yieldin~ of the cruet , 

thit tangent i al forc 0 may be resolved into various horizon­

t&l or vertical forces . Since the contr~ctiun of the ear t h ' s 

interior t a kee place flo~ly and continuouoly , these forces 

grsdually increece in intenaity , and the outer Ehell ie 

placed in an increLsing condition of etrain . Relief oi this 
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strain by defor:mat ion of the rig id shell t~kes plD.ce when 

the accurr,ulating forcre become strong enough to ovei-come the 

re81stei.nce of the outer shell to such def orms.tion . The ad­

justment take£ place by folding, f&ulting and f1·.£ccturing 

ne rr the eurface . and by flow below the zone of fracture. 

There i~ a groduul change bttgeen theEe t½o zones. In dif ­

ferent locations tte depth to which the folde ~nd faults 

vieible on the surface ~ztend , that ic, the depth through 

which ther.e f 01·cct be cane nctivc nr;d Bccom1.lir-h lelief of 

etraiq in the rir\.! id chell, may v;,:;,ry . Some moL,nt,.ins teere. 

to havH involvec: only n ~hallo\\. portion of tlJc creEt below 

the plt)Ce whe!·c they noY1 €:!,ist ar to.,(igraphic f,::,c.tureF. C­

thET' n:ountr;;in ltructures h::...ve deep 11 1·oots 11 • The li'ront r:unge'i 

seemE to be of the l,Jttcr type . {Chorube1·lin , R. T . , 191$,) 

~.rost of the zedimcnttry forrJ.ationc cutcroprinc ~long 

the euf:t border of the '.Front. H:1.nge hHve. equivalE•ntc iri inter­

mountain purkP to the WP£t, end on the ~estcrn elope of the 

Colon .. do Eockicf·. !1 it n~t ccrt;;.dn thet the "P.ed .Becle- 1' 

r;criec• was ccntirmous over the rncunh..ins bef0re their uplift . 

The Dnkota f'orm1:ttion mDy poE1::-ibly hs.vc been continuour. The 

lnter Cret~ceous sedimentn Dhow little change in ch~racter 

ncrosc theee g~pe ~hich E~ggeets that they were deposited at 

considerable dirtancc f::-cm £ho:tc. The conclu:_ion that possi­

bly the Dakotn foxnation, 8Dd cert~inly the Benton nnd higher 

fo:rn1a. t ion? we::·e· COP tin uous acrost: tbe preser,t mountain 9Te/il 

seems rEasonaLle. If oo, erorion hGE removed at lcaet the 
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C1et&.ceout:r seriet 1r'.n.: the urea along the c:ref:t of the pre .. 

sent Front Range . 

Longs Peak , on the cuntinental divide , hnti an elevation 

of 14 , 255 fcf:t above eea level. On the 1)1aine where the 

!cediments ,-ire ne;1rly hor-lzcntfl] the Di.,,.kotn formation if, 

reached at ri depth cf frot::: 3000 f'~et (Darton , 1905 , plate 49) 

to 6000 feet (Anthef! ·.~ell) . The Dtdcotn formation here is at 

an elevaticn cf from ero level to 2000 feet . The uplift of 
I 

tte mountain area ~cccrdi~fly ~as ~t leaet 13000 feet with 

respect to the rJlaine . That is , the forcei:, which built the 

Front H;;.nge acted tr<cn "eh e a t)pi h of ~ t leer.: t 13000 1 eet ue­

low the ~;;f•d i!nent [ ry roclrn, o.nd pro bi, b ly much more . Thie ir 

in accord with Cbuave::-lin ( 1919 , page 4~) who jor the Lyons 

are.:: .. cci1cluded th·:tt tbc defo1:med zone iF r-rnout 13 milec deep ~ 

Abcve ~ cert3in d~pth, depending on temperature and 

pre3~ure cJnditi0n5 snd lhe miner~logicul compoeition of 

the rocke , relief of ftresE t~~ee place ~y fracturing , fold ­

in&, , or f ::- ulting . 'T'he dc€per ?.ones mey yield by ilow . Ac ­

co11in~ to D&ly, (1014 , r~ge 181) th~ cr~Pt ie rigid enough 

und . ret:d ni: enough ::. t rength to p:re:1cerv E: c: vi ties r~nd cracks 

to h de1 tr, of 17 . 2 to 20 . 9 milFr: beJow the Purfnce . Will i e 

(1929 , p~5e 4f3) ~ives the depth of the z , ne of fractur e as 

30 mileE . It c.::innct ne sr:i.1.ely ar~umed. th:,t this toto l th i ck­

ness will transmit tan 7 cntinl forceE equally. There is a 

,. clu., 1 i· nc··e"c•= downward in the v,bilit.~ to tru.ntmit tungen-
;.j,. u l.,.c. - ..l t.-\....., r.; 

tinl forces due to the effect of the lond , and alo~g the 

Front Range by the locition of Ftronger cryetalline rockt 

• 



at depth . Then Ltill deeper the Ld:> i.lity of the r·ock tc 

t1:rr,pe:-et,:r~ conditioria fa oring flow . to ~:robob ly the depth 

riucb l~e:c deri tb then 1.bc !?0 miles o:::- ?O mile£ . In thiE! :.re --

10000 feet F"ir:ce flP.dimentc which\ c:re nt tbir (.ie~,th at the 

well 1.d tbin the c:ryrta11:ine rock zone. 

According to ~ illie (1891-'D~, page f3U) , mn~eive rocks 

z.ce hmnovpble :.n relati<rn to P force t1rnt fol::iEc rtr-atified 

r·oc kc. f!ed iment: -::y 1·cclce y if"} d more :i:·ewC: ily b;y fold .ing and 

le.ter fnulting be cnuti e of ·theli- g:rcntcr flexibility r,nd 

!!flexibility is~ di1·ect func t i ·m o:t lumin.stion•1 (Vi'illh . • 

.f ' ' 
1891-'92, pr,ce ~l44} . ! seems po?F ible, then that a t lhH in• 

81JE;UY:.ti :rn of mcvementP, thF! !'iU'face :rockf (ricdiment .-ry) 

being leee ri e id, in b~tter poB ition tc yield by vertical 

mov nent, ~n.i morP. :fle.;,,,.ible be cauee of' their bedding vrould 

be the fin:t to yi~l<l; rmd r:-o r1 [~.r 'ii:dly com1,e•nsate the part 

of the t: ngenti~l 1orce ~ctivo in thie zone . The decrer , 

rr:01·e rigid rrnd Lrittlc crystr,lline :rock' would still be in 

a condition of etrain. Ae the forcee incre&~cd in intensity 

the cryet~lli~e rockB also would yiPld•-1irft by moderate 

bending, then by frccturc ~nd faulting. and in the end 

faulting would r,rcdcninr~te in :;uc:h :::ockc irnmediate.ly li.:· lo•;; 

the eedimenta:ry roe kc . Such movements in the cryft&lline 
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rocke OJld ·-dco oe reflected in the Cl": irr.ent11y rocke bove 

in a E cond set of .. t1:uctur s r-hich co';:ld :1h,o . ive :!"elief 

to ·ny ::train rem::iining in tr:e l•tt:er· "f't<!.t' tb~ir lnltl1l 

rnov r;ro• r. t . c:uch if:f "l enc<! in he t ii. c o: y i cl j in-:- of the cry ­

eta lline r~cks . n, sc1imentnry rock~ ·ould, oi c~~r1e , neces ­

~i tn. te d if fel'ont in l mo• 1;msnt het e n -t,he t .,o. In .;t.,1Cl'c 1 

there io lit'·J.e ~vi•ienc,; ftn r.,uc:h rno\'e1enU alone; he :Front 
I 

for / 
I 

movement in both ?:ones rir,p1ltn.nf>our:ily, or th·,t """1ovcment 

wa 1nau u:ated in the cryat~lltnc rone. Loc•lly, he.ever, 

the 1..1edi. nt.uy rockz may ha.VE' yieldr.d to a mjno:r decree 

fil'fJt. 

Since the OPdiment· ry rocks of the Front Parrre region 

··er. rlcpoPitcct previou"' to the L.r- midc> :revolution ·ml 1 ter 

than :my kno . n TH't'Vious oro;:cr1lc movcr11ent it i::, ~1moct cer-

tuin th ta the ti.if' of the I.ar:~rrid~ r0voluti~•n thisrc rocln 

direct t1e foroontion oj n~ ct~uctureE except thoee contingent 

on con•iition1: of ,epor·i ion. Con:;e!1:..iently, H the foxcee in 

the T, r~r2L1c revu tut ion we1·e f'imple COlli}Wecsionvl icrces, the 

foltl:.=- -nd f·iults 1or!'ned t'houlo trend • t !·itht anc,lcri to the 

direction of cor1pr·er-:oio:1. If the orces .Ere rot, tion• 1 , the 

ctructuree Ehould show the relatianrhips to the ro ntional 

couple der:wnded by the direction antl 1·~1· tive intensity of 

those forcci . 

But we c·nnot be co cPrt· in reg~rding the conditiJnc in 

the be cement rocke befo!·c their h,test defonnntion . These 
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rockE Are prc-Crmtrian in ~re, rnd in their hith dEcree of 

mettJT,or:,binn rr-cVi e~1idence of disturb:>rJCE in rre•CnmLri.tn1 

tir•ltE . Tbe 11Ped Eeden indicate cdditioriul elevc'tion ,:nd t..t 

lenEt locrl Dount~in-mrking in eDrly Pe~nrylvPnirn timcl . 

Conroquentl), ~e c&nnot ESfely dirreznrd t~e 1ortibility that 

t:bcre roclrn r:.l!·e::;(ly pcrn:u;ecl r-tructltr·&l liner Ft the time 

of tr e Lr ::·urd .le rE'v o lv ti or. 

Tl1ere rre ctill two ro8Fibilities . The firtt that any 

~ueh vtructu1ee ~ere »he&ledfl, er tt~t they were not Ee lo­

cr,ted ar:= to rifford re;lief to forces ir the J,0::1--nrr:ide p·riod 

of ni0VErtcnt; r-tnd I r-ecorid, tlii: t f uch rtructu:;et v,e 1"e so lo ­

c:.. t ed irnd in conditiun to move -Again nt this tirJe , c~nd new 

structure£ :ould d1:velop in the cryEtri.lline rocks only v,hcn 

fuch d eve lor,ment 1,,ere eoE ier than mov er.wnt &.lonr the~e old 

On .!. y very gene1·a l concluri :'nE' ere poi::e:ible. but they 

m~y be ctated at followP:-

1. Th·,t in the 1'ront Lnnce recion the 1epth of dd·or­

mnt.ion ~Y fault inc nna folfinc war grent cnmJ[b to include 

-El thiclmeE:E of cryst, llini::, rockr ct le •i f't ~,r thick, rnd p:'.'o ­

bacly Ecvers.l tir;wc: i;,f t.1°ick at thr e~diwent.s,ry cove:r . 

2 . That UJe tv11g0nt;iel f o:r·cer ·were {iCtiYe in the cry ­

Etalline rockE with un inteneity equr 1 to or greater th8n 

thr eimi1nr forcPB active in the Bediment· ry rocks . 

3,That movement was inaugurated in the crystalline rocks 

or r:tarted in both cryetr•lline rocks nnd Ecdimentury r()cks 
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sin.ultr-;neoutly, but thDt loc ·t l cDndit ions may have favored 

aovement in the rciimentnry 1ocks before any movcmPnt took 

Jl~ce n the t~ee~cnt rockE . 

4 . Th•.:,t the rc::ii::ncnt·i.ry rocke :1t the time c:f the Laramide 

rrvolution pocrcreed no m&ior ~tructuree other than bedding 

~nd ~11f fe.r0ncer in thh krH:fE . 

5 . That ~te try~t~lline rcckc trcbubly ~0esce£~d Etruc­

tu:>:·ez i'nhc .rite,1 frc:D r,:·e':icur orocr>nic moven.entl:: ·Ahic.h muy 

or msy net have been loc~~ed inc ;oritiJn ~hich ~ould af ­

forrl relid' dv1ir,e tl::c L: ... :'.''<-dr:ide l"C\Olution. 

Develoµnent oi Front R9ogc Structure 

With the above gene~~l concepts in mind we may now con­

$ider in more detail the varioue conditions thot may have 

contributed to the 1 or-matiori of the rtructur-ee of the }' 1•ont 

J,angt . 'The f:~ctf' ~•.hi,,h muf':t form the b:.:.siE for fm ther in ­

fe!·ence, rmd. which in turn n:ust a.li:.o be expl3ined, m£.y be 

rsumrr;::- rizAd aE follov,e . 

41 . Pcrth- aouth trend of the Front Rangi 

2 . irormal e~.nt dip::;ing , north r:triking monocline in the 

e-edinentnry rockE. 

3 . Precence of miner north-eouth trending fQlde and 

tr.ru1.:t fauJ.tc . 

4 . Certbin of the atove folde are of the purallel type , 

indicating a relative rhallow depth of folding . 

5 . :t-rorthwest-southenet trending thrust faults and 



echelon folde in which the deformr i ion ie greriteet toward 

the northweet . 
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6 . 1:rorth- out:t folds nnd foulto older than 1he north­

w~et - Foutheact trending structuree . 

:Firr:t it c=in be an,u;ned. th nt thcr:e t ii o r t1·uctun.l 

t.1·ende were d v lo:>cd during t v.o dii'fccnt :1e1·iods of move­

Ment in ,tich the torccE here of different nature. Ii the 

forces -vwe:r-e cornp:re sc ionnl in an a.ppro.ximat ely horizontal 

plane the anticline~ -nd !&ult~ develo. Pd 1 n a ju~tment 

would tr·~nd ·t ri .;ht «nBlet to the com.n·esrion . If the 

forceE ~ere rot· tional, the structure~ devclo~ed ~ould be 

incl inert to the di:r·ect icn f 0 re[ tect coi·1 1n·eEsion us demanded 

by mathematica l unaJyiiE of ~otational force~ . In thie ex­

,1anation the rockE invol ed are Re~urn ed to ofier equ·l re­

tietnnce to there forcet, not rocse2cing cha acte: isti cs that 

vrnuld tend to loc·. li2e, givo direction to , or det "rmine in 

·ny .~y the nature of the structures developed . The di1fer­

ence a in corr.pct ency of v n :r i oue rock layers to trr- nemi t the 

for·cc-s, the de:pth oi deforrr.ation, ond the depth of maximum 

trunfmi~sion oi forces need not be tBken int conciJe!ntion . 

' .!...cco1din to tliic rnathcmotic:.:il ennlyEif; the h;o rete of 

f.3tructu:rei:: may i.Jr• ex-plt. ).ned uy nn initial com1,rei:.::iunii.il 

force acting in un ear t-,.e t di1·ection developing tl.e north ­

Eout t1cnd1ng ctrucju1es , and giving tte north-south trend 

to the Front n· nge . A second period of defor-mution due to 

1·otnt icnal force'--, either horizontal 01· vcrticul rota ti on , 

:Jill e:xplnin the no1·thwest t:::ending ftructurec. 1te may 
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conr:ider tr.if: 1·oti:.d. ion ut be_ing due to ti. COLt}.J le . l-n oast ­

Vi eet force coupled ivith a nm:ilJ. no1th-couth force o::· coupled 

with fl ~,.,.rt-ic 1·11y acti g fr.nee . The fi1ct ths.t thi£ idea 

?EStPne8 (~<1ual resist&.nce Find unho:r-m yi,,lding in the nffected 

:!'ocks rtnnds as ite e:reBteet objection. Af:' us1rn1ly stated , 

it rloeE not con•irter nll th~ fnctorE in the problPm . 

. A. f'econd e:xp hnnt ion <t1E'Eumee ident i.cnl fore es tri:rougb 

the entire r)eriod of defanY1ntion , and 1::x1=<lr:ine the (lr,rnl ­

opment of VRriour r:t:ructui:ef a!: lmving been detcrmin,~d by 

some pre - exif.t ing n-t:ructural c0ndit ion i.n the deformed. zone . 

"'l1exe ure ug-n in two :'oc r ibi litie:2 :r:eca:rding tbe nntu~·fJ of 

the forcce- - :rotr-tionrll fotcei:i, O!' E;im:_, le comp:rcr;riono.1 

:t or·ces. The a.crum·0ti0n th,•t th~ :forcer c:nn~ing the }'ront 

-r onc"' defo:nnr(tion 'tPre sirr1;,:;.c coroprcr;tionr.l uctin{; in an 

east - west directiGn udc~untely exrl~ina the north trend of 

the Yront Innge nnd tte north-eouth trendinG toldt and 

frul tf.' . But, a n 1)rth-::outh er 't.'ert ic·1 l cc:mrone,nt mutt be 

introduce:,,rl to &ccollnt fo1· the ncrthwest-soutbeost: trending 

structure!:: . 

It h0c b~en Fuggest 0 1 th~t th~ dif~crence in the com­

retency of th~ r·ocl{c to tr~ nrr;1it the comrreE'E'i'm::::tl forcee 

g~ve rire tc 1oc~l rot~ti0nnl forccE. In thie connPction 

t~0 re:eietence of ~he ~irectinn and nar□ lleliem of the lat ­

ter structurer eee~s ~ignigicsnt. In P random arI'&npemen t 

of co~ret~ncy to trnnFmit forcre ruct rarel1elirm iE diffi -

cult to explain, and wo~ld require thst t~e ~bility of the 

:rocks to tranEmit forces become conE:tmitly greuter , or less 
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along~ nnrth-acuth line . 

vnrintione in comp~tency of rocko ~ould produce rotational 

forces in one dirPction in one loc2lity, ~nd in another di ­

rect ion in c• rec ond lo c: 1 it.;! . 

~omrrcF~ionnl foi·cce, ie thLt inh~ritrd etructures in the 

1'hc::re ic :.·o 1:~r no definite evidence oi old ;;:tr-uctu:::·al 

lines in ti,€ b..~ten.ent rocb:, . Iut . ~H' pointed out above , in 

vie.1: of the evidnnce :for nevcral per iodi:. uf di:durb;;nce pre ... 

viouc to th,, J.:.::i·nr:dde :·i:volution , the pou:.ibility must be con ... 

mo~t ··eccnt rrwpn (lfolto:n , 192~ , F'lt_;ei:: 84-89) locatec one 

~culd trend ncrth~ect - tuutteaet ~ 

~hat ~ould be the oiiect of ei~ile coffi•icetion~l :orces 

actin 0 on R rerie& of tcdimentary rocke ~vc1lyin~ gr~nite 

Jiret t the aenerul effect would be to bu i ld up a mount&in 
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r· rw"" t ::r. ·,ri inr; north-~ ou L, p;robabl~r locr tcd in the u:n~u 

no:rtrner.;t-couthe;.:.et fau Lt lin~f:: 1;,onld Le 1;,cll lac: tcd to 

ehe 2·cJ.ir,f to the ccwprr::Tion. Tn f'l'":Pl', 1. novcmcni :·.ot.:ld 

cfre:pcr f·.rnl"'" 1 in,.,,e th(7 '=r>,::·1.v r-t:·ucture~ in the cediment.1ry 

cov~:-r· woul('l 'be nn!'tr1 -south t:rcndinc foln~ •rnr1 fnultt . Such 

er,ti·~l r1cve1ne11t betvveen tbr: h10 ·rock zonei: would "r.H: necessa!'y ~ 

the r1cvelo::-,mc-n o.f the!JP no:rtb-Douth rtructu1e::; vvould prob. b l y 

~lac~r thA ctrnin in the re1inentury rockr hrd been entirely 

relieved before rn ich ViO'?er:iPnt took place in ~-.he deeper :rockt . 

In s ch nn event the later faulting in the cryetalline rocks 

v,ould ntill be :reflected in tbe cyerlying r.edimentary rocke 

u;· .. &rd dimininhine folds . 

trend of the ~ange . the oJ~ -~ north - eouthanticlincE and 
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tr.rusts , ond the younger northwee:t - eouthe~ist structures . In 

addition it euggeet~ a reason for the dying out of en eche­

lon folds upword in ahales , End the increeee in their dis ­

placement lower in the stratlgr::1.phic eection toward the cry-

talline rocko , frequently being replaced by faults . 

Since the preeence of old ttructur~l lineE in a north­

we1:t - eoutheai:., t direction in the ci·yeb .. lline rock£: is assumed , 

no definite conclueionE can be drawn regarding thi~ explana ­

tion of the development of Jfront Range structures . Further 

research along the following lineE; iE; suggested . 

1. A etudy of the "Red Beds" for the purpoE•e of' locat­

ing more definitely the l\nceet1·al Rocky Mounttdns . 

2 . A study of tbe Metamorphic eerie s to loct~ te any 

structurQl trends in these rocke . 

3 . A etudy of the f&ulte which pass from sedimentary 

to crystalline rocks ; especially in the crystalline rock 

a1·eil , to discover any evidence of movement before Cretaceous 

time . 

4 . A etudy of tho miner· lized veins and dikes of the 

crystalline reek area. to detemine the number of movements 

along these planes . 

The porsibility thut the forcer building up the Rocky 

Mounta ins were rotation.nl in character muE1 t be conridered 

next . By rotation~l is meant c' condition of unbHlanced 

oppoeing forces , the ereu ter force frorn the eaet directed 

toward the north end of the 



rocki..· to · influenc(: tr.c dcYclo1rrt,.::nt o:!. r, p ·.;: (. t:1.·uctu:n~t: 1 ~uch 

; 

m~nt . The nonap l ~cncc1in~ wo~ld be ~roken int0 numeroue 

u1cci1r; Lon foli~ . 1'urthermo ·"'e, tliir. ide,; ('ON' not ·ex!i1'1in 
I 

r ~ I 

tLe c:~!.'licr no1·th~-ro1.tth rrnticlinP2. end th:r·w."t. :l:',nil t ,f.' . 

' 

tu::.·e:: in1ic:.1 er trwt: f:.lding rncy be locr lizcd in t,i eeries 

ci redimentdry rockr by q ch2~(e in tie initicl iir of the 

Pu.ne t·i r i:ific ncP in the problem 

41 

.Ee,:.is" 1wvc not been stuiicc. . •'._J1cther or not u grenter ac ­

curnu::.r.. ticn of v:c:.:i.k ecdiment.,c;ry rockl: here war eufficiF->nt to 

lcc:1lize the rt;lief of r.1cuntri in r:iol<ir.g f orcee CHnnot be 

!~r:o,·,·n , but if co 7!C h""Y'" nn .~dequa-:-e cxplci.nation for th e 

:: tr u c tu re P of th i r I' c r. i or. . Po t o t i on a 1 f o r c er: , w r o :~ e ma j o r 
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effect was to cause compress ion in an east- •eet direction , 

,ere brought to bear on this por tion of the e~rth ' s crust . 

The major movementc. were locolized by the gre::ster thickness 

of oedimentury rocks (change in initial dip) and the re ­

sultirig structures were given a north- south trend. The com­

ponent causing rotation found relief in the development of 

the northweDt - southeaet trending structures . In further 

examination of this theory it is euggetted that u more de ­

tailed f'tudy of the ''Red :Beds" especially , and of the 

Mesozoic --e ries be made to determine the placee; of a.ccurnu-

lo tion of greatest thickneEE of eedimente . 

Summary 

I Th~ Carter I.nke area showE two e:ets of structuree--one 

eet is repreeentod by foldEJ and l_iigb angle thrust firnl ts 

trending north- Douth , end probably of relatively ehallow 

depth ; ~nd a second set of late:1.: development ie reprecented 

by high angle faults trending approximately northwest- eouth­

eart . The origin of thee structures and their relationship 

may be explained in the following ways :-

1. Tv,o eepv rate period e of movement : - The f iret , a simple 

eaot - wect cornpreeeicnal force, developed the north- eouth 

structures ; n Eecond per iod of rotational etreGB formed 

the northwest - southeast etructures . The differences in 

competency of various beds , the diftercnces in ability 

to tran r::mi t f o:rce , the depth of def orrna t ion . the depth 
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of maximum tran misf..ion of force , and the poeeibi llty of 

control by older Ptructuree are not considered . 

2 . One period of mov~ment , or several periods of movement 

cauo d. by Eimilar forces acting thi·ough a. deep sec tion 

of rediment ry 9Dd cryPtalline rocks . 

A. Simple comprf~ ss i ona 1 1 o rce e : Thie exp la ins the origin 

of u 11 north- sou th structur·ee . The northweet - south-

e& et structures mny be explained by an auxillir1ry 

theory . 

1 ) Difference in competency of zedimentary rocks to 

transmit forces developed the rotation which form­

ed the northwest - southeast etructures . Thie 

does not c:xpluin the per&llelism of the1ce atruc ­

turee , nor abeence 01 southwest - northeast struc ­

tures . 

2) Ol der etructures in the bqEement rocks trending 

r10rthwest - i:outheast moved during I.arnmide revo ­

lution to relieve comr;reesional forces . and in 

thi movemP-nt f outhea st structure£' in ~edimen­

tary as ~ell as crystalline roc k s were developed. 

a . Locol conditions nt Carter Lake permitted 

folding in Eedimcntary rocks 1efore move ­

ment took place in the basement rockr , and 

the shallow north- Eouth etructuree were 

formed . 

b . fa.ter yielding in the c:.i:·ystalline rocks 
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formed the nort}J\, es t - southeast 12tructures 

which were reflected in the sediment~ry beds .. 
above as foulte and enechelon folds . 

c . In regione where north- □ outh Etructures are 

absent , movement was inaugu~nted in deeper 

cryEtftlline rock:F . 

d . In region~ where no echelon folds and faults 

occur , mov ment was inaugurated in crystalline 

rockE , but no ctructuree exicted in the latt~r . 

favornbly located for nev. movement . 

B . Rot · tionnl force~ e:xphin echelon folds and frulte , 

but does not explain the north- south trend of the Front 

~ange , the north- so~th monocline, or other minor north­

oouth structures , unless a second Etructurul condi-

tion ie po:::tuh ted . Thie may have been a change in 

initial dip in the 2edimentary rocks along a north­

south nxis . 



J3IBLIOORAPHY 

Andrews , E. C. 

1./ 1923 Contribution~ to the Hypotheses of Mount;-;iin 
F'or:ma. ti on . 

45 

Oeologicr1 l Society of Americ,:1 Bulletin, Vol34 
pages 381- 399 

Br cm son , E . B. 
1930 Juruasic-Triaer ic Conta ct in Wectern Wyoming 

(/1bstract) 
Geoloe;ic::l Society of America Bulletin Vol . 41 
page 120 

But t € r o , H . 1.11 . 
1913 ''Permi::rn or 1'Pe:!'mo - Carbonife:r·cust• of the .&:astern 

Foothillr of the hocky M.ount,,lins of Colo:r·.,do . '' 
Colorndo Geological Survey, Bulletin 5 , part 2 . 

CroEe, Whitman (and Emrnone s. r.) 
1894 "Pikts Peak Folio 0 , U. S . Oeologicel Sur~c~ , 

Geological Atlas of the U. S . , Folio.no . ? . 

Crost , Whitman , and Howe, Ernest 
1905 Red J3edr- of Southweste·:rn Colorado rrnd their 

Correlation . 
Geologic Society of A.ner ica Bullet in . Vol . 16 
pages 447 • 498 

Chamberlin , H. T. 
1919 11 Build i ng of the Colorado l,ockiee . 11 

Journal of Geology vol ~7 psgee 145- 164 , 
1922 Th(" \'/edge Theory of Diust.ro phi sm 

.Tournal of Geology vol33 p4ges 755- 792 

Daly , R. A. 
1914 "Igneoue Rocke and their Origin . " 

Da._rton , }I . H. 
1901 11Compurison of the Ctratigrnphy of the Els.ck 

Hills with that of the Front Range of the 
hocky Mount,,ins . " Abstruct . 
Geologic Society of America Bulletin . 
Vol lZ , pa&e 4?8 

1go5n Geology t,rnd Underground \'fa ter Resources of the 
Oen tra 1 Greu t Plo ins . n 

United States Geological Survey . ProfesEional 
Paper no . 32 



Eldridge , G, H, 
Emmons , S. T . 
Crose , Vlhi tman 

1896 "Geology of the Denver fus in 
United States Geology Survey Monograph 27 

Fenneman , N. ti . 
19J5 "Ge')logy of the Boulder District , Colorado . " 

United £tates Geological Survey . Bulletin 265 

Finlay, George I . 
190? 11 The Gleneyrie J!'orma t ion and its Beu ring on the 

Age of the Fount ~in Formation in the ?Aa.nitau 
F:egi on . " 
Journal of Geology . Vol 25 , pages 586-589 

Flint , R. F . 
1921 A Brief Review of Rocky Mountnin Structures . V 

J'ournal of Geo logy Vol . 32 , p~ges 410-4~~~ 

George, R. D. 
1915 Geologic l.falp of Colo:r·c..do 

Colorndo Geologt·cvl Survey . Scale 1/500000 

Hnbbe, 'f(. H. 

46 

1923 The Mechtmice of the Forrnation of Arcu.ate Mountains 
Geologic Socie.ty of America . :Bulletin . 
Vol . 34 pages 2·1i3 - 252 

Henderson, Junius ,, , 
19J8 ttThe Red Beds of Northern Colob1do 

Journ.:ll of Geology" Vol 25 . pi.gee: 491-492 
1920 "The Foothills :Formations of Nofth-Central 

Knight. S. H. 

Cclora<io" . 
Colorudo Geological Survey Bul~etin1 19 
p1:1ges 59- 96 

191? "Age G.nd Corre 1st ione of the ,ted Beds of 
Southeastern Wyoming 11 Abstre,.ct . 

Geologic Society of Americ,. Bµlletin 
Vol . 28 , pages 168 . 

1933-Correlation of the pink-gray massive s&ndstone be­
tween the Morrison &nd Ly kine f orm&ti on s in 
northern Colorcdo . 
Personal communication 

Lee , Willi"' T~ 
1913 "Type Secti0r of' the Mortison F·orm.;1tion . n 

Americ,;n Jcn.rn"l oi Science , 4th . ceries , vol.49 
pagee 183-188 



Lee , Willie T. 
HU? "P.el:ation of the Morrison ;;:ind f'undance J.>ormatioro" 

Waohington Academy Society lhlletin . vol. 7 
page 431 

1923 .Building of the Southern Rocky Mountains [/ 
Geologic Society of America Bulletin. vol 2.4 
pages 286 - 308 

192? ucorrelation of Geologic llormations Between J1-;,u3t­
Gentral Colorado, Central Wyoming . and Southern 
Montana . '' 

Leith IC , I<, 
1923 Structurnl Geology 

Revioed Edition , Henry Bolt and Co . Bew York. 

Link , Theodore A. 
1928 11 En Echelon Folds and Arcua te Mount<.i! in r-1. " 

Journal of Geology , vol . :36 , :pages 626 .. 538 

Marv ine , .4roh :a. 
1873 "Report of .Arch . B. Marvine , Ae,eistant Geologist 

Directincl th~ Midjle Park Division . " 

Mead , W. J. 

United States Geologic~d Survey of the 
Territories , F . V. Heyden Geologict . 

1920 "Notes on the Mechmnice - of Geological Structures" 
Journal of Geology , val. 28 , p~tgee 505- 523 

Melton , F . A. 
1925 "The Ancestral Mount a ins of Colorado and Bew 

Mexico" 
Journal of Geology , vol. 33 , Jn.,bes 84-89 

Mook , Charles Craig 
1916 Study of the Mo:rriton :wormation 

New York Academy of Science . Anm:i.ls . vol 2? 
pages 39-191 

Moree , R. 
1923 Jointing and the Application of the Strain 

Elli:peoid 
Journal of Geo logy , vol . 31, pages 666-669 

Nevin , C. M. 
1931 "Principles of Structural Geology" 

J'ohn Wi ley and Son . 

Q,u am , lo u i s O 

I 

1932 "Geology of the Rabbit Mount~·[. in Area . Colora.do . " 
Theeie for M. 8 . degree , University of Colon"do . 



Reeside , J ohn B. Jr . 
1931 "Suppa sed Mnri ne .Jurassic (Sundance ) in Jloo t 

hills of Front Range of Colorado . " 
American Association Petroleum Geology . 
Bulletin 15 , page~ 1095- 1105 

Stanton , T. W. 
1905 "The Morrison Formation and its Relations with 

the Comanche Series and the Dakota Formation . " 
Journal of Geology , vol. 13 , pages 65? - 659 

48 

1915 "Invertebrnte Fauna of the Morrison , Dakota and 
Sundance Format ions . " 
Geologic Society of America Bulletin , 
vol 26 , pages ?55 - 756 

1922 ttSome Problems Connected with the Dakota. 
Sand s t one . '1 

Geologic Society of America Bulletin , 
vol . 33 , pages 265- 2?2 

Schuchert , C. 
....,...._____ 

I\. 

1918 Correlations of the 
Formatione . 
Geoloric Society of 
vol , 29, page 256 

Mor1ison and Sundance 

Amr~·ica Bulletin , 

Thompson , Wa:rren o 
1933 Relationship o1 Fount.• in, IngleEiide and Lycns 

Formstionc 
Personal communication 

Tie,iie , A. J . 
1923 "A Study i n Cedimentation 01 the Red Beds of the 

Front Rnnge in Colorado . n 
Journal of Geology , vol . 31 , pagea 192 ~20? 

United States Geological Survey 
1908 Topographic Mp Loveland ~~un.drnngle . Sca,le 1/62500 

Willie , Bailey 
1891- 92 ''Mechanics of Applachian Structures . " 

tfuited States Geologic~l Survey . 13th Annual 
J1eport , p¢1rt 2 

\7illie , Robbin and 1/Hllis , .Bailey 
1929 "Geologic Structures," second edition 

McGraw Hill Book Co ., New York .... nd London 

Ziegler , Vi ctor 
191? nI.'oothille rt ructuree in Tfo rthern Colorado . " 

Co lor·:H10 School of Mines 'J unrterly 
vol.12, no . 21 








	geol_td_1933StagnerHGeologyCarterLake_m_001
	geol_td_1933StagnerHGeologyCarterLake_m_002
	geol_td_1933StagnerHGeologyCarterLake_m_003
	geol_td_1933StagnerHGeologyCarterLake_m_004
	geol_td_1933StagnerHGeologyCarterLake_m_005
	geol_td_1933StagnerHGeologyCarterLake_m_006
	geol_td_1933StagnerHGeologyCarterLake_m_008
	geol_td_1933StagnerHGeologyCarterLake_m_009
	geol_td_1933StagnerHGeologyCarterLake_m_010
	geol_td_1933StagnerHGeologyCarterLake_m_011
	geol_td_1933StagnerHGeologyCarterLake_m_012
	geol_td_1933StagnerHGeologyCarterLake_m_013
	geol_td_1933StagnerHGeologyCarterLake_m_014
	geol_td_1933StagnerHGeologyCarterLake_m_015
	geol_td_1933StagnerHGeologyCarterLake_m_016
	geol_td_1933StagnerHGeologyCarterLake_m_017
	geol_td_1933StagnerHGeologyCarterLake_m_018
	geol_td_1933StagnerHGeologyCarterLake_m_019
	geol_td_1933StagnerHGeologyCarterLake_m_020
	geol_td_1933StagnerHGeologyCarterLake_m_021
	geol_td_1933StagnerHGeologyCarterLake_m_022
	geol_td_1933StagnerHGeologyCarterLake_m_023
	geol_td_1933StagnerHGeologyCarterLake_m_024
	geol_td_1933StagnerHGeologyCarterLake_m_025
	geol_td_1933StagnerHGeologyCarterLake_m_026
	geol_td_1933StagnerHGeologyCarterLake_m_027
	geol_td_1933StagnerHGeologyCarterLake_m_028
	geol_td_1933StagnerHGeologyCarterLake_m_029
	geol_td_1933StagnerHGeologyCarterLake_m_030
	geol_td_1933StagnerHGeologyCarterLake_m_031
	geol_td_1933StagnerHGeologyCarterLake_m_032
	geol_td_1933StagnerHGeologyCarterLake_m_033
	geol_td_1933StagnerHGeologyCarterLake_m_034
	geol_td_1933StagnerHGeologyCarterLake_m_035
	geol_td_1933StagnerHGeologyCarterLake_m_036
	geol_td_1933StagnerHGeologyCarterLake_m_037
	geol_td_1933StagnerHGeologyCarterLake_m_038
	geol_td_1933StagnerHGeologyCarterLake_m_039
	geol_td_1933StagnerHGeologyCarterLake_m_040
	geol_td_1933StagnerHGeologyCarterLake_m_041
	geol_td_1933StagnerHGeologyCarterLake_m_042
	geol_td_1933StagnerHGeologyCarterLake_m_043
	geol_td_1933StagnerHGeologyCarterLake_m_044
	geol_td_1933StagnerHGeologyCarterLake_m_045
	geol_td_1933StagnerHGeologyCarterLake_m_046
	geol_td_1933StagnerHGeologyCarterLake_m_047
	geol_td_1933StagnerHGeologyCarterLake_m_048
	geol_td_1933StagnerHGeologyCarterLake_m_049
	geol_td_1933StagnerHGeologyCarterLake_m_050
	geol_td_1933StagnerHGeologyCarterLake_m_051
	geol_td_1933StagnerHGeologyCarterLake_m_052
	geol_td_1933StagnerHGeologyCarterLake_m_053
	geol_td_1933StagnerHGeologyCarterLake_m_054
	geol_td_1933StagnerHGeologyCarterLake_m_055
	geol_td_1933StagnerHGeologyCarterLake_m_056
	geol_td_1933StagnerHGeologyCarterLake_m_057
	geol_td_1933StagnerHGeologyCarterLake_m_058
	geol_td_1933StagnerHGeologyCarterLake_m_059
	geol_td_1933StagnerHGeologyCarterLake_m_060
	geol_td_1933StagnerHGeologyCarterLake_m_061
	geol_td_1933StagnerHGeologyCarterLake_m_062
	geol_td_1933StagnerHGeologyCarterLake_m_063
	geol_td_1933StagnerHGeologyCarterLake_m_064
	geol_td_1933StagnerHGeologyCarterLake_m_065
	geol_td_1933StagnerHGeologyCarterLake_m_066

