i
i
!




CM??QY%BA::&O:’ -;SJL 1.3 ZCL
‘ { UNIVERSITY OF COLORADO LIBRARY
' CIRCULATING BOOK

<€




ARTH SCIENCES LIBRARY

WA

3564778



THE GEOLOCY OF THE CARTER LAKE AREA, COLORADO

By
Howard Ralph Etagner, B. A.,
University of Celorado, 1931

A Theeis Submitted to the Faculty of the Graduate
School of the University of Colorado in partial fulfull-

ment of the requirements for the Degree K. A,

Department of Geology
1953



o
Wﬁggﬁg%mVC“NTFNT°
angq \ ONTENTS
AR,

TN P OAUO L L v cn b nmuntnnn it n i bbb i o o o o e

Iocation, purrose, methode and acknoewledgments----
Regional Geography and Geology=-=----==eccecmcaccnn-
Phyelographyececec e e m e ccrrccc e me ——e
Tepography Contrelled by Tilted Sedimentary Beds--
Topography Controlled by Flat-lying Bedg~=c-cccec=a-

Topography Contrelled Ly Structurzl Featurese=-=--=

Topography Controlled by Solution-=-ecec-cccneaa e
Depocitional Formee-cemeccccncccmccnccncccmcccncnna
Drainage~e-=w=cwcee- e ————————————————
Descriptive Geologye==meememcacccccccccccncncae= i
ftratigraphyesececcccncnncaaan. S
The Fountain FormotioNeeceecccrcmmcaccnccaa - i

The Inglecide Formaticne-seeseccomccncncaa. -

The Iyone FormatiofNe-smececececmecccmncacan= .

The Iykine FormatioNee=ecmccncccmccmacccnce- i

The Morrison Formetione-=seecccccmmcccrecca- -

The Dakota Group=====e-=mcee-eccccccceceeea-" -

The Benton-Niobrara Formationgee--ececccecceca -
ftructurel Geology=~=memmemiemcrcccmen e —— v

General Features of Front Fange Structure~---
The EStructural FPeatures of the Carter
Ioke Areiewecerecccmcrnaa - -~ -

Combetency BT BOEAB oo i o o s e 0 05 o il b i 16 I

17.
17.
18.
19,
19.

o 4]
(o] e



Analysis of Front Range ftructure--se-sceccccccccncaa -=- 28,

Generul ConceptSec-ececncercacccnax - cmmew 28,
Development of Front Range Structure---cececcecccc-- - 38.
CUMMATYY = e = e e - - - - ——————— -——— AT,

Bibliogrsophy==mee=memmmmeccmmnn-. cmemeceenmeanen= 45,



MAPS AYD ILLUETRATIONE

Plate 1.
A. Taulted Dakota anticline
B. Anticlinal valley in the "Red Beds"....Frentiepiece.
Plate 2. |
A. Crogs-bedding in the Iyone sandetene
B. Crese-bedding in the Ingleegide sandstone e«eeece-ec-=5H,
Plate 3.
A. Flatiren Mountain
B. Dakota synclinal valley ceccccececcca= o 0 8.
Plate 4.
A. View of etrike fgult ehowing duplication of the
Daketa section.
B, View of the Morriecon Ridgeeiaccccewua o 17.
Plate 6.
A. Anticlinal fold in the Fountiin beds.
B. Thruset fault in the Dakota sandelone ceeececacaedide
Plate 6.
A. Squeezing of chale between folded
sandetone beds
B. Brcecciasted Dakota sandstone
C. Jointing in the Upper Daleta sandetone ---ce-ee— 26,
Plate 7.
A, View eof parallel northwest-trending
fault valleys.
B, View southeast along fault.ceeccmccccnccccnnnna- 28.-



Plate 1.

A, Faulted Daketa Anticline loeking south. The fault
2 :

trendes south up valley toward tep eof ridge.

iclingl valley lecking south. The
etructure: closes at the high peak in the center
background. The Fountain outcrips in the bettom
of the valley, The Ingleside forme the first
prominant ridge on the left and the Lyons the
ridge on the extreme left with the red Iycons
"traneitional zeone outcreprping between.

B. "Red Beds" ant



INTRODUCTION

The Carter lake area includes approximately thirty
square miles along the foothills of the Front Range of
northern Colorado, between the Big Thompson and Little
Thompéon Creeks. llore definitely the area includes sec-
tions 22, 23, 24, 25, 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 nerth 1/2 sections 21, 22,
23, and 24 of Township 4 north, range 70 weet, Carter
Iake ie locazted in the west central part of the area,

Within this area the sedimentary rocks, whoee up-
turned edges flank the east slope of the Front Range have
been distorted by the forces responsible for the Rocky
Mouptain uplift. Folds and faults tremnding north-south,
and northwest-southeaet alse occur. It wae for the pur=-
poee of describing these structures, and studying their
relationshipe to each other and to the general structure
of the Front Range that the etudy of this area wae unders=
taken, and it is with this problem that thie paper is
chiefly concerned. In mapping the various sedimentary
formations the problem of the correlation of the "Red
Beds" arose, and a brief study of thie problem wae made,
the conclusions of which are briefly,étated in this paper.

The field work was done during the epring of 193Z.
An enlargement of the United E£tates Geological Survey map

of the loveland Quadrangle was used as a base map. A



plane table and teleecopic alidade were used to map the
geological featuree. A triangulation net wae first estabe
lished, and the geological features were mapped by stadia
traverse, and in a few places by brunton and pace traverse,
and tied in to the triangulation net by resection. The
plane table map wae then tranesferred to the base map. In
certain placee slight. changee were made in the enlarged
topographical map.

Very éxcellent assistance was given by Mr. Allen Dakan,
who acted ae instrument man in moet of the field work. The
writer aleo expressee appreciation for assistance given by
Mr. Louie 0. Quam as inetrument men and rod man, Fonald Ives,
rhotographer, and to the other members of the Ceology Depart-
ment, Univeresity of Colorado, for theéir helpful suggeetions
and criticieme, .

General Geography and Geology

“The Rocky Wountain Province comprises a large part of
the eastern divieion of the North American Cordillera. It
lies between the Great Plaine to the eaet and the leolorado
Plateau, Great Basin and Columbia Plateou und Nerthern
Interior Plateau on the west." In CentraI}Wyoming the Green
River and Forth Platt Rivers separate the Rocky Mountains
into a northern divieion and a scuthern division. The
southern divieion, which reaches its'greateet development in
Colorado, ie formed Ly eceveral more-or-les® parallel ranges
trending in a north to northeast direction. The east front

of the system is formed by three separate ranges-- the Front .



Range, which continuee into Wyoming ae the ILaramie MNountains,
end Medicine Bow Range, and the Wet and Sangre de Cristo
Ranges. These ranges are offset westward in an echelon
arrangement, and are teparated by north and northwest trend-
ing valleye or parke, West of the Front Range lie North,
Middle, and South Parke, and west of the Wet Mountains is
Huerfano Park. These parke form a series of lowlands bve-
tween the Front Range element and the chain forming the west
side of the Rocky Mountains in Colorado. They represent
down-warped, or down-faulted parts relative to the large
domical uplift which is the essential structure of the
Colorado Rockies.

The main ranges are comrocsed of a core of granite,
gneies, and schist into Yhich have been intrded numerous
etocks and dikes, chiefly of monzonitic character. On the
flanke and in the down-warped portione of the system,
Paleczoic, Mesozoic and Tertiary sedimente occur. Some of
these sediments without doubt formerly extended entirely
over the major dome-like uplift, but have been cocmpletely
removed from moest of the mountain area by the extensive ero-
sion that followed the variocus elevations of the mountain
area.

Mezozoic formations are conformable in dip to late
Paleozoic formatibns. Where early Paleozoic beds outcrop
they are unconformably below the late Paleozoic beds.
Cenozoic beds overlap all the earlier series, and the entire
gsedimentary section overlies the pre-Cambrian metamorphic

and igneous rocke with a very decided angular unconformity.



PHYSIOGPAPHY

The topograprhy of the Carter lake area has been in-
fluenced by both the rock formations that outcrop along the
foothille and the structural features of the region. VWhere
the cedimentary bede have their normal east dip the more re-
sistent formations form long continuous ridges paralleling
the main mountain front, while the softer strata between
have been eroded to form parallel valleys. In other places
where the formatione have been folded and faulted, these
gtructures too are reflected in the topography, controlled
by certain resicstent beds. The important of these topograph-

ic forms will be described.

Topography Controlled by Tilited Sedimentary Reds

Strike Valleys

Along the west border of the area mapped, Chimney
Hollow, a strike valley extending for eix miles from the
Little Trhompson Creek north te Cottonwood Creek, has been
eroded out of the lewer part of the Fountain formation. To
the weet of this valley, eschistes and gneisses form a rather
rugged and high seriee of mountains of which Blue Mountain
and Bald lountain are the most conepicuous. The east side
of this valley ie a steep slope on which various resistant
membere of the Fountain formation form minor cliff-like
outcrops.,

A second important strike valley has been formed by the

erosion of the Lykins shale. Meadow hollow is of this



Plate 2.

A, Cross-bedding in Iyons formation on the north side
of Cottonwood Creek.

B. Crose-bedding in Ingleside formation, on nerth eside
of Cottonwood Creek.



erigin, and extende from ILittle Thompeson Creek northward
to Carter lLake. To the west this valley is bounded by the
ILyons-Ingleside dip-elepe, and teo the east by the west-
facing Dakota hogback. The Berthoud cut-eff road follows
a similar Iykine valley from the point where it entere the
foothills, northward, past Cottonwoed Creek. Minor strike
valleye have been formed in the lower Iyone formation west
of Carter Iske, and leocally in the soft middle Dakota shales.
Hoegbacks

The Lyone, Ingleside and toy of the Fountain fermation
constitute a resietent eeries of bede which are recsponsible
for the highest nerth-eouth hegback. Vhere it ie moet pro=
minant between Chimney Hollow and Meadow Holleow, the west-
facing escarpment is eteep, #nd ie lergely covered with talue
broken from the top of the hegiack. The eastern elope is a
more gentle dip-slope. Usually the lower Iyons and Ingleside
form the top of thie ridge, and the typical croesg-bedded
Lyone sandstone forme & miner ridge about half way down the
eastern slope. But, in some places, the typical Lyons and
Ingleside formations form equally p{pmin;ht-ridges. and the
result ie a double topped hogback, er a flat topped ridge.

Te the east, making the east eide of the Iykine valley,
the Dakota formation forms a secend prominant hegback. As
in the case of the Iyone-Ingleeide hogback, the escarpment
facee weet, and the east slope is a more gentle dip-slepe,
Large bleocks of the candstone and pebbly conglomerate that

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



along jeint planee, and now eccur half buried in the scil and
talue dewn the west slope of the ridge. These large blecks
of rock, sglowly creeping downward, are characterietic ef the
weet slepe of the Dakotz ridge throughout nerthern Colorade.
The lower part of the Daketa coneists of several con-
glomeratic and sandstone bede, any one of which may ferm the
tep of the main ridge. If the lewest cenglomerate forms the
crest, the other higher eandetones usually form miner ridges
down the east e#lope of the hogback. In other placee the con-
glomerate bed may be buried bteneath talue, and a higher sand-
stone forme the top of the ridge. Such a shifting of the re-
geponsible poeition from one ited to another causes a minor offe-
cetting of the main ridge fo the eaet as a higher sandstone
taekes the place of a lewer member, and westward as a lower bed
replaces a higher one on the crest. This occurs notably eact
of the Berthoud cute-off road. In this same location the
Morrison fermation in rlacee proirudee from oveneath the Dakote,
and forms the higheet part of the hogback. The rounded,
emooth centour of euch a Morrison ridge contraeste shaxply
with the usual sharp, low, broken, west-facing cliff formed
by the Dakota, and reflecte the mareive and uniform nature of
the Morrison shales and limestones. In such places the Dakota
fermation foerme a second preminant ridge a shert distance te
the east, and the result is either a double-topped ridge,
with a shallew valley between, or a rather {lat-topped ridge.
Thie condition is exactly similar to that caused by the

Ingleside and Iyons formatione deecribed above,



Topography Contrelled by Flat-lying Beds

The resistant Lyons and Ingleside formatione are nearly
horizontal at Flatiron Mountain, and have successfully proe-
tected the underlying rock fron erosion. '‘he result is a
very prominant, rather flat-topped mountain, bounded cn the
weet, north and eaet by high clifi{s overlooking éteep talus
slopee below. Toward the south these controlling veds again
resume their normal eaa£ dip, and in this direction Flatiron
Mountain merges with the normal Iyons-Ingleeide hogback, In
other places low, flat-topped mesas cccur which owe their ex-
istence to a protecting cover of flat-lying upper Dakota

sandetone.

Topography Controlled by Structural Features

Dakota Anticlinal Ridge

In the Carter lLake Area the sedimentary rocke have been
folded inte a long anticline trending almoet due north, run-
ning the entire length of the area. The south third of this
gtructure shows on the surface in the Dakot: formation. Here
the structure is almost perfectly reflected'in the topography -~
erosion has removed all the beds above the Dakota and this
bed now caps an anticlinal hill about three miles long and 3/4
miles wide. In most places the dip of this bed conforms very
closely to the general slope of the land, but in some places
gstreams have cut through this protecting cover into softer

ehalee below.
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A, Flatiron Mountain. The Iyons fermatien caps the moun=-
tain, with the Ingleeide forming the preminant cliff
gsomewhat below. DBetween the twe occure the platy
Iyons sandstope, and aleng the north face below the
Ingleside the Fountain arkose is well exposed.

B. Ieeking south aleng a syncline. Dakota dip slopes
on the east and west, and the upper Daketa forms
the top of the small flat mesas.



Anticlinal Valley

The pnorth end of the anticline mentioned above 1nvel§ea
the "Red Beds" on the surface. Here erosion has cut deep in-
to the axis of the structure forming a long deep valley bound-
ed on all sides by a centinuoue hogback of resistant outward
dipping "Red Bede." In the center of this valley, along the
axie of the anticline, erosion has cut into the Fountain forme

ation to within two hundred feet of the granite and schist.

Synclinal Valleye

Parallel to, and weet of the above mentioned anticline,
ie a syncline which forme the foundation for a synclinal
valley. The surface in thie valley is not, of course, exactly
concordant with the downuarped part of the Dakota formation
or Iyone formation, but is partly filled with shale of over-
lying formatione. The south part of this valley, weet of the
Dakota anticlinal ridge, has a flocr of soft middlé Dakota
ehale, and here and there a small mesa formed by a remmant
of the uprer Dakota aandet@ne etande above the ifloor of the
valley. The north half of this valley, west of the "Red Beds"
anticlinal valley, haes a floor of ILykins shale. The weet
limb of the anticline bounde the east side of thie synclinal
valley, and the normai eaet dipping hogback markes the west

side.

Faults Valleys
The influence of faulte on the drainage pattern is well

demonstrated in this area. Small faults have determined the



location of small gulliee, and iurge faults some of the larger
drainage liuﬁs. Trending northwest from Flatiron Mountain is
a major fault along which a tributary of Dry Creek has devel=-
oped a deep valley with low-sloping west side and a steep

east side. Other smaller gullies and streame follow fault

lines as can be seen from the map.

Topography Controlled by Solution

The Lykine formation im this area containe considerable
lime and gypsum. Expecially near the base, rather thick beds
of limestone have been quarried for leocal uese. The depressed
part of the Carter Lake drainage busin, which lies entirely in
the Iykine formation, was brobably the result of the solution
of part of thies lime and consequent settling of the surface.
Two facts support thie explanation. At two places east of
the lake, small springs exist in the Iykine formstion well be-
low the level of the lake, and which flow throughout the year;
and along the valley which rumns southwest from the north end
of Carter Luke numeroue fragments and large masses of a cal-

careous material reeembling travertine are found.

Depositional Forms
Several small gulliee have been cut through the lyons
ridge scuth of Carter Lake. In the cofter lower Lyons sand-
stone a2 northe-south valley of considerable size has been
formed., Apparently mest of the erosion and transportation of
the material cut out in the formation of this valley was by
water of torrential raine. Great fragments of angular Lyons

gandctone have been pilgd up to form low, rather flat-topped
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fans at the mouthe of theee small gulliee. The present etream
bed, dry except after raine, has a rather narrow channel
through thie debris. It is suggested that the unassorted ma-~
terial that compoees the fan has been washed rapidly from a=-
bove during short periode of heavy flow, and that the small
volume of water flowing intermittently between timee has cut

away a part of the fan to form the present small channel,

Drainage

Except for the small Carter Lnké Banin; Cottonweod Creek
on the north, and the Little Thompson Creek on the gouth drain
the area. These two streams are tributaries of RBig Thompson
Creek, which in turn flows into the fouth Platt River.
Cottonwood Creek and Little Thompson Creeks are consequent
streams, and have cut directly through the foothille belt.
Tya intermittent tributaries form = trellie pattern determined
chiefly by soft tilted redimentary rocks, and to some extent
by fault zonees.
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GEOIOGY

Stratigraphy

The sedimentary formatione of Paleozoic and Mesozoic
age, which are of chief interest in this small area, over=-
lie pre-~Cambrian gneicsees, schieste and quartzites. The latter
are continuous from the Wyoming«Colorado line gouthward to the
Little Thompeon Creek. Westward the metamorphic geries is
more or less continuous as far as the continental divide. Mi-
ca schiste, garnet eschiets, staurolite schists, and quartz
echists are the characteristic metamorphic rocke. Their age
is indeterminable. but from work in other districte they have
' been assigned to the Protefozoic Era. TYarther south still
older granitee form the floor on which the sedimentaries rest.

Considerable doubt exists regarding the ages, relation-
ghipe, and correlation of the "Red Beds" of northern Colorado.
Foseils are sparsely ccettered, the beds themeeclves change in
charactér laterally, and vertically, and the interfingering,
and thinning out of bede leads to confueion in their study.
feveral men have given this problem etudy, and their conclue
eione have tempered to a great extent, the ideas expressed in
thie paper. '

It seeme best, ae far as poeeible, to fellow the original
definition of these varioue formatione, and Fenneman's (1905,
pagee 22 to 25) definition of the Iyohs, Fountain, and Iykinse
formations for the Boulder Area, and Butters' (1913, page 68)
definition of the Ingleside formation are used. Where their



definitione definitely conflict with more recent information,

selight modificatione have been made.

The Fountain Formation

The Fountain Formatioen, named from ite type locality at
Fountain, Colerade by Whitman Croes (1894, page 2) and corre-
lated for the Boulder Dietrict by Fenneman (1913, page 22),
overlies the old pre-Cambrian metamor hic and granitic land
surface., Thie formation varies iv thickness, partly due te
irregularities of the surface on which it was depoeited and
partly due to uneven depoeition. One thousand to twelve hune
dred feet ie the approximate'thickness in the Carter Lake dis~-
trict. Thie formation is a coarse, purplieh-fed. conglomera=
tic arkose. Here and there, not continuoug for any great dis-
tance laterally, and in no particular~zone. occu¥ brickered,
shaly sandstones, mottled sandstonee, and gray sandstone beds.
The formation containe semi-angular pebbles, cobbles and
boulders derived from the underlying igneous and metamorphic
rocke., It is very poorly sorted, and rather maesive, and
showé cute-and-fill estructures. The above characteristice ine-
dicate torrentiasl depoeition from a nearby esource. (Knight,
University of VWyoming, believee the Fountain formation to be a
series of alluvial'fane.) ‘At various levels in the formae-
tion more resietant bede form leow, wert-facing escarpmente on
the steep west-facing slope. One such resistant bed near the
base and one near the top are fairly peresietent in the area,

Ne foeggils have been found in thie format;on from the Denver
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Basin region north, except at Box Elder Creek where Henderson
(1908, page 491) describes two foseil-bearing horizone. The
fossile are in chert pebbles, poseibly derived from older Mise-
iegippian beds, but Henderson believed the chert pebbles to
have been formed in place, and the foseils to be indigenous
to the Fountain formation. 'Iater (1920, page 68-=71) he ex-
pressee the idea that these fossils were derived from an
older Miseissippian formation, eroded before and during the
depoeition of the Fountain beds, and overlapped by them,
Foeeile from two localities definitely place the Fountain
formation in the Penneylvanian. At Manitou, Pennsylvanian
foeeile are found in the Cleneyrie esndetone which underlies
the Fountain formation in thie location, and in northern
Colorado the Ingleeide formation st tﬁe toy of the Fountain

yields Peaneylvanian foesils.

The Ingleeide Formation

At ite type locality at Ingleeide; Colersdo, Butters
(1913, page 68) describes the Ingleside formation as & seriee
of Iimeetonee'nnd cross-bedded light pink or red candetones
which are about 125 feet thick and are apparently conforme-
able above the Fountain. Southward this series thins, the
limestone horizons dieasppear, and are not present in the area
studied. A calcareous, salmon-pink, sandstone, occurring
near the top of the Fountain arkese, however, is probably
the equivalent of the Ingleside of the type locality, and

wae 80 mapped. At Dry Creek this erandetone ic comspicuous
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eand is easily recognicsed by ite colof. It ie crose-bedded,
and iep often covered with @ calcareous crusting. Here the
unit ie 140 feet thick, but thine rapidly te the gouth te
about five feet two miles north of Little Thompson Creek.
Above the Ingleeide a# described above, ie & friable, coarse
buff to yellowish sandetone which changes upward to a finer
grained red sandstone. In places some arkese mppeare at

thies horizon.

The Lyone Formation

Separating the Ingleside and buff-yellow esandetone from
the typical crose-bedded Lyone formation ie a eeriee of
bricke-red, platy eandetones and shaler. To the north this
geriee resembles the overlying Lykin£ chaleg very clogely,
but to the couth becomee more and more massive, and a mile
or two north of the Little Thompson outcropse ae a high eliff
below the Lyongé proper. The correlation of this transition
geriee is difficult. Apparently Fenneman (1905, page £3), in
his original definition of the Lyons included thie zone in
hies Lyons formation, although at Iyocne, Cclorado this tran-
gition zone is not well developed. Later writers tend to
restrict the name Lyons to the light-colored, cross~bedded
quarry rock. Hendersom (1920, page 76 to 78) apparently in-
cluded this formation in his Iykine fbrmation. following
Butters (1913, pages 69 to 70), and considered the crosse

bedded member a phase of the Iykine formation. Lee (1927
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pagee 6 and 34; plate 9 B.) included the traneition zone in
his redefined Ingleside, but thie wae cleirly not the intent
of Buttere, who originally defined the latter formatioen.
Farther north, lee (1927, puge 36) esuggeete that eimilar
brick-red beds below the Lyons may correspond to the Satanka
shales of Wyoming; and Thompson (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 abeve the Ingleside in various
placee in the area and to the north. Quam (1932, pages 13
to 15), in the Rabbit Mountain area includes the equivalent
horizon, here closely feeembling the typical lycns except
for the crose-bedding in the Lyones formation., Thie followe
Fenneman's original definition for tﬁia area. Houever, the
Little Thompeon marks a change in the character of this
geries of rocks. Southward it ie maseive, resistant to ero=-
sion, a little darker in color than the cross-bedded Lyons,

and with the Lyone forms a eingle mappable stratigraphic u=-

nit., Worthward thie lower horizon becomee eofter, more platy,

~and a darker brick-red coler, and erodes easily to form a

valley between typical Lyone quarry rock and the Ingleside.
Thie zone ic, however, continuous with and in the same posie
tion as the ceries defined at Iyons, Colorade as the Lyons
formation. For this reason this zone.hae been included in
the Lyones formation in the Carter Lake Area, and is called

in this paper the lower Iyons, or the red Iyons. The Typi-
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cal croee-bedded Iyone ie a light pink to almost white,
'quartzitic sandstone, estrongly cross-bedded. It is fine-
grained snd well sorted. At Cottonwood Creek this zone is
about 60 feet thick, and it thickene southward to asbout 150
feet at Little Thompson Creek. This increment is at the ex~
pense of the transition zone, or lower Lyone below, and the

Iykine formation above.

Iykins Formation

The Iykins formation ie in genersl a brick-red sandy
shale, eacily eroded, Near the base occure a maeeive, light
gray limestone, overlain by the "crinkly limestone". The
bulk of thies formation ie shaly and easily eroded and cover=-
ed with seil. Near the top ies & mass;ve ehaly sandstone,
rather resietent to erosion and uruelly exposed ac a low,
west facing escarpment well down the weet slope of the Dakota
hogback. Thie bed changee rather gradually upward to a sal-
mon pink, cross-bedded ssndetone, resistont enough to show
good continuous expoeures. The latter ie correlated with
the Jelm and Sundance of Wyoming by Lee (1927, puges 14, 15,
16, and 33.) Although in stratigraphic position and litho-
logic character it resembles that formation, since no foseils
have been found im it in Colerado, and since the bed cannot
be traced through the entire dietance, thie correlation seems
unsafe. Knight (1933) suggests that thie, and poesibly the
overlying white sandstone of the Morrison, be correlated with

the Jelm formation of the Iaramie basin. The poseibility ef



South view along etrike fault. Prominent ridge in
background is the Dakotsa anticline, and the woeded
ridge east of it is the Daketa hogback. Upper Dakeota
forme the low ridge in the velley, and the eglepe in
the foreground is Merrisen. Rabbit Mountasin just
appears on the digtant horizon.

Seuth view chowing rounded Morrison ridge with wooded
Dakota ridge to the east. The etrike fault of the
abeve photograph followe the valley west of the
Morrison ridge, and Fabbit Mountain ehows well en

the distant herizen.
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correlation of these structures with the Dolores and laPlata
formations of the Western Slope is alse suggested. Put again,
correlation of these widely separated bede on the basis of
etratigraphic position and lithological character does not
ceem wise. In thie report the salmon pink sandetone is in-

- cluded in the Lykins formation, and the white sandstene in

the Morriseon.

Morrison Formation o
There it a rather well defined break between the salmon
colored sandstone of the Iykins formation and the next higher
white sandstone, and in some places & thin bed of cherty con-
glomerate wae found at the'bottam of the latter. This suggests
a nonconformity between the Lykins and Horriéon. which the
difference in age of theee formatione further suggeets. The
white sandstone at the base is fine-grained, friable, and
cross-bedded. The change upward is rather abrupt to green,
blue, and gray limy clay rock which constitutes the greater
rart of the Morrison of this locality. Above the liorrison
a sharp change to the basal conglomerates of the Dakota for-

mation suggeste an unconformity here also.

The Dakota Group

The Dakcta formetion shows a division into zones which
may correspond to the Iakota, Fuson, énd Dakota formatiobs of
the Black Hills. The basal member consists of & massive

cherty conglomerate interstratified with crese-bedded coarse
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sandstone. Upward this becomes & hard, quartzitic, fine-
grained sandstone which usually forms the top of the Daketa
hogback~-~the conglomeratic phase, if always present, being
buried by talus., A thin softer sandetone intervenes between
thie and the tor member of the basal Dakota. The latter
sometimes forme the top of the Dakota ridge, but usually it
forme a minor ridge or terrace down the eaet #lope of the
main hogback. All the sandetones of the basal Dakota are
very similar, and where exposed alone ¢ nnet be distinguiched
from the other membefs of the basal group. #Abeve the basal
candetonee occur a eeries of black shales and éandy shales
of the Middle Dskota. Toward‘the top theee become a lighter
gray and merge inte friable, broiniah sandetones of the
Upper Dakota. The latter is a hard quartzitic sandstene.

In thie report the basal and middle sands were mapped as one

unit, 2nd the upper sandetone se & cecond unit.

Benton~Niobrara Formations

Above the Dakota occur 350 feet of black shale of the
Benton formation, which is capﬁéd by @& horizon of gray sandy
ehale. Above the latter, occur the bedded limestonee and
black shales of the Niobrara formation. The Niobrara is
the highest formation mappred in the area. To the east oécur
the Pierre, Fox Hills, and £till farther, the Laramie forma-

tion, acs described in other reporte on Northernm Celorade,
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£tructural Geclogy
Ceneral Features

The Front kange of the Reocky Mouptains rises in Wyoming
and increases height, relative to the plaine, to its climax
in northern and central Colorado. From the Poudre River re=-
gion to Colorado Springe the range maintaine aﬂ aQerage ele-
vation of over eleven thousand feet. Ffouthward the Front
Range becomes less prominant, the Wet Mountaine, and farther
gouth the Cangre de Cristoe Mountaine becoming the main moun-
tain front. Southward each of there ranges ie offset to the
west in en echelon arrangement. The main crest of the Front
Range, roughly paralleled on the west by the Park and Sawatch
ranges, liee in a north-south direction, and the generul trend
of its anticlinal axis, ae indicated by the etrike of the
eedimentory bede along the {lunk of the range, and by-the-tremd-
of~ite apticlinal axig. as dndiczted.oy-the-s8trike of.the.
gedimentsry beds mlong the flepk of -the-range, and by the
trend of the intermountain parks is also roughly nerth-
soutHh.

However, superimpored on this major northe-south uplift
are numerous structuree trending northwest-southeast. In the
main mountain area these trends are represented by faults,
the nature of which in mout caces it masked by the cryetalline
nature of fhe rocke. Many of these faulte in the Poulder re-
gion «nd southward are assgociated with the mineralization of
that area. Along the foothille this northweet-southeast
trend ie observed in felding and faulting in the sedimentary

rocke. Foth the folds and faults seem to die out teward the
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plaine, and increase in inteneity toward the crystalline
rocke. Also, the anticlines and gynclinee exprecseing this
trend in the sedimentsry rocke, may at their nor thweet end
paes into faults, especially where the axie pascee into the
crystalline rocks.

Thise feature of the structure of the foothille was firet
described by Marvine (1873, page 132)

"There are here several csuch ofieete or joge in the
mountain-border cauced by ite compenent ridges being ar-
ranged en echelon, north and south of each other. The
trend of these sgpans is somewhat weet of north, while their
echelon arrangement is such that a line touching their south-
ern ends trende eaet of north and west of south, with a flat
concavity presented to the east. Ae ie so often the case in
the West, theee peculisr topographic featuree are but the
gurface expreseione of a similar and important geologic
cauce. These ridgee, and the included valleye, indicate
that here the folding of the rocke have also taken place en
echelon. The ridgee are uplifted or anticlinal felds, the
valleye depressed or synclinal folde, both dyimg away esouth-
ward into the flatnese of the plaine, though the west side
of the westward eynclimal ie alwaye precerved in the normal
uplift along the main mountain buse, With such a structure,
end eince the sedimentary rocke have been, to a very great
extent, eroded from thesummite of the ridges end worm down
to & pretty uniform level, it ie neceegsary that the out-
cropping strata should be found bending around fhe southern
ende of the spure, their strike firet swinging westward,
that of the lower beds bending on etill farthe: to the north-
weet to form the eastern eside of shallowing synclinal basine,
which finally terminate to the north, the reverse in all re-
epects, to the anticlinal ende, while the uppermost bede,
those farther out, do not necesesarily bend around into the
gynclinale, but after turning somewhat weetward, again re-
sume their southern course with the others.

2 "The most intereeting feature of these folde, next te
their general echelon arrangement, ie the iact thut in the
than the esetern eide, and~may become a fault, the d ownthrow
being upon the western side. That ie to say, the tendency
of the forcee forming the folds seems to have been to lift
up the easstern relative to, and push it over against, the
weetern eide; and the expression of thie tendency hae been
either an abrupt downward bend of the west side, or a direct
downward faulting of the weet side, or by beth combiped,



And along the same fold theee three forms of arriving at
the same result are interchangeable."

Along the Front Range such echelon folds eccur in the
Poudre River region, twe in the Big Thompeon River area, in
the Carter Lake area, and in the Little Thompson Creek area.
Only emall echelon, and few major faulte are found in the
sedimentaries south ef the Little Thompeon. But, in the cry-
stalline area west of Boulder, several nbrthwest trending
dikee may haveryilled faulte parallel to the etructures fare
" ther north--Maxwell Heosier, and Livingestone dikee. It may
be of some significince that the Maxwell dike is almoet di-
rectly in line with a northwest tfending fault betweeh Green
Mountain and the Flatirone, southweet of Boulder. The faults
and echelon folds having thip trend are abundant enough inm
the region and large enough to constitute a characteristic
etructural feature of the Front Range. Any attempt to explain
the origib of the Front Range must coneider both the general
north-south trend of the range at a major unit and the north-
west-southeast etructures that have Leen superimposed on it.

Only in places have north-scuth miner structuree been
described. In the Carter Iake region, and at Rabbit Moun-
tain are north-south folds and faulte. At Golden, Zeigler
(1917, pagee 21 to 26) describes north-south strike faults of
high angle under thruet nature. And poesibly at DBoulder, if
Ze%’ler's interpretation of the elimination of part of the
etratigraphic section holde for this regiom, eimilar faults

may occur. The relationship of the north-south structures

to the northwest-scutheast etructures, ie not clear in most



Plate 5.

A, Axie of anticline in lewer Fountain bede in the
bottem of the anticlinal valley.

B. fmall fault in the basal Daketa sandstene.



placee. At Carter lake, however, the two sete intersect,
apd although a covering of alluvial material prevented a
gtudy of the small details an examination of the major fea-
tures dieclosed some facts thut may aid in the golution ef

this structural problem.

| The Structures of the Carter Lake Area

Both of the structural trends described above occur in
the Carter lLake area, and both are manifested in folding and
faulting. A long anticlinal axie extends through the entire
area from the south to the north. Along thie axies the Dakota
eandetone and the "Hed Bede" form three long narrow antie-
clines ceparated by down-warped saddlese. To the south, about
2 half mile north of Little Thompson Creek, the basal Dakota
sandstone, which cape the anticline in thie region, plunges
to the south. If projected in this direction, the axis
would show some offeet to the esst relative to the Rabbit
Mountain anticline. Theﬂggggi?ility‘that thege two etruc-
tures were f{eimed along the same axis, snd were offset by ‘
the Little Thompson Fasult wae not studied, but éuggeets
interesting epeculation. To the noerth, in section 14, the
Dakota antiélihe ﬁlungee with a low dip to the north, and is
finally cﬁt by two faulte trending na:thweet-southeaet. The
effect of thece two faulte is to raise the north side of the
anticline very abruptly, and irom section 11, the "Red Bedse"

form the anticline. About three miles farther nerth, in
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gection 23, south of Cottonwood Creek, the structure again
plunges rather rapidly inte & saddle, and re-emerges and con-
tinuee for a short dietance north of Cottonwood Creek. The
axic represented by these anticlines is about eight miles
long.

In general this long anticline ies symmetrical, except
where affected by faulting, and dipe rather egteeply beth te
the east and west. In the Daketa pertion of the structure,
east dips range from 45 to 80 degrees, and to the west the
dipre range from 30 to 60 degrees. In the part of the struc-
ture shown in the "Red Bede" the dips aleng the flanke range
frem 30 te 40 degrees west, and frem 25 to 40 degrees east.
However, in the QRed Beds", erogion hae cut deep along the
axis, and has exposed the lower part of the Fountain forma-
tion. In thece beds, clese to the axie of the structure,
the dips are noticeably steeper than they are higher in the
structure, and in general are steeper to the west than te
the east. West dips vary from 60 te 70 degreee, and east
dips average about 50 degrees. Thie gives the etructure the
appeérance of a parallel fold, and if such is its nature, it
diee out downward. These dipe along the axies may also be
explained by a fault in the underlying crystalline recks,

Agsociated with this anticlinal axis are two high angle |
thrust faults. The smaller of these ie roughly parallel to
the anticliﬁal axis, and a short distance to the east of it.
The esst side of this fault has been upthrown a little over

a hundred feet. The fault dies out to the south near the
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apticlipal axie, and to the north inra minor, badly fractured
and dietorted anticline. PFarther eacst a gimilar fault hae

» duplicated the entire Dakotz section, and part of the Morrison.

The maximum throw, just north of the road In section 13, is

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

dies out, and can be traced into a emall anticline in the

upper Dakota esandetone. To the north it is cut by the north

west-southeast faulte described belew, and on the north side

ef the latter, ie lest in the lLykine ghale, Here the Lykins

formation has a total thicknese of 1137 feet, nearly 400

feet more than normal, and indicates duplicatien of part of

the Iykine section by the foult,

The larger of the feulte just described, ahd tke anti-
clinal axie are cut by one or both eof two clesely spaced
northwest-scuthesst trending faulte. The gouth one of these
ie reflected in emall echelon folde in the Niebrara and upper
Dakota ridgee, but where the fault cute the bausal Dakota
this formation ie badly fractured, and ie offset about 600
feet. Continuing to the northwest, the upper Dakota, which
has veen duplicated by the etrike fuult described above,
terminates abruptly agalnet the south side of the fault.
£till farther to the northwest the basal Dakotz on the west
gide of the anticline ie also offeet, and chowe & very
marked change in dip. On the south side of the fuuit the
Dakots section dipe from 15 te 25 degrees to the eouth—
weet, and on the north side the eeme bede dip 70 degreee

southwest. The movement along thiec fault i¢ probably net



entirely vertical since the offeet on the south cide of the

fault ie down dip on one side of the anticline, and up dip

on the opposite flank.,.

S e

A second and parallel fault occurs between the Dakota
and Lyone beds along the southwest side of the "Red Beds"
anticline. The trace of this fault is in the Lykips ghale,
and the moveﬁeﬁf Waé pfobably largely vertical with the
north side rieing relative to the south side. Here the |
Lykine formation has been very definitély thinned by the \,
faulting. At one place the Lyons-Dakota interval is only %
410 feet, at least 700 feet of the Lykine and Mor.iseon
having been eliminated. In both directione this fault is
}Egt in tygmLykinslshale. The effect of these two faults
is to elevate the anticlinal axis on the north about
2000 feet, and to produce a weet offset of this axis on the
upthrown side of about 1000 feet.

Northeast of Flatiron Nountain & fault cute the cry-
sfalline rocks. A projection of this fault te the south-
east would have less than half a mile offset north of the
two‘faults described above, Rast and south of Flatiron

Mountzin are a small anticline and syncline in the "Red

Bede" which may represent an adjustment in the sedimentary



A. Squeezing ef shale between
candstenes near creet of
gsharp, broken feld.

B. Shattered basal
Dakota sandetone
in fault zene.

C. Jointing on upper
Dakota Dip flepe.
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bede to these separated fault zones.

The critical ares where the north-se.th and northwest-
gcutheast faulte intersect ie badly covered with eseil, and
the tracee of the faulte themselves are in eoil filled val-
leys. Consequently few direét obeervatione on theee faulte
were poseible. The lecatien of the faulte wae made largely
by pletting the cloeest outérope of the invelved sedimentary
rocks. That both sets of faulte were cauced by thrusting
forcee is indicuted by their zscociatien with steeply folded
anticlines, and by the great amount of maehing, brecciation
and glickeneiding in the fsult zones. Since the trace of
| the taults on the esurface i2 very little affected by the
topegraphy, it was concluded that the fault planes dip
eteeply; and the fact that the northwest-southeast fault ie
not offeet where it croeses the nerth-gouth fault ie the

enly indication of the relative agee of the two eystems.

Competency of Beds.

The lower section of "Ked Beds" are competent to the
extent of lifting their own weight, &#nd the c¢verlying ILykine
ehales in anticlinel folding. This is eeen in the north=
gsouth trending anticline in secticne 5 and 2. Here the
¥ountuin, Ingleside and Lyones formatione are involved in an
snticiine in which the folding eeeme to be of the coucentric,
or parallel type. Aleng the flahk of the anticline, in the
Lyons formation the dipe average 28 to 38 degrees east, and

28 to 35 degrees west. FErosion hag cut a deep valley aleng
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the axie of this anticline, in the bettom of which, near the
axie, the dipe average €5 degrees west and 40 te 50 degrecs
eacst. Thie steepening of the dip along the axie in the deep~
er etrata indicates concentric folding and a dyihg out of the
structure at a shallow depth. It appears that the folding
here tock place above the granite, and the granite itrelf may
show very Jdittle deformation. The cenclusion ie that this
basal eection of "Red Beds", under compresesional forcee,

elid over the granite and arched, uplifting ite own maese and
the overlying lykine eshale. The Morricson and Dakota forma-
tions were probably competent to fold under the losd of over-
lying Cretacean bLeds. The Morrison fermation i thick amd
maesive, and probably forme onme of the most cempetent forma-
tione in the region. DRven a minor degree of competency in
thie bed would give the more brittle overlying Dakota forma-
tion a tendency te arch upward rather than to bresk at once
into s fault. These two bede, the macssive Morrigon belew
gsupporting the Daketa formastion, constitute the mcst com-
petent ceriec of the area. The streeces transmitted by

these competent beds are abeorbed by‘the intervening Iykins
thales and overlying Benton, Niobrara and Pierre cthalee by

flow, snd minor fracturing uend folding.



Plate 7.

View northweet aleng two fault valleys. Eteep dip=-
ping Daketa forms the leng northweet ridge, and faults
eccupy the valleys on both gides. Iyone forme elepe
on extreme right background. VFote jointing in upper
Daketa in 1 ft foreground.

View southeast aleng the south valley eof above
phetograph. Fault rune from middle fereground to
the notch in ridge on horizen. Note abrupt ter-
mination of hegbacke south of fault.
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ANALYSIS OF FRONT RANGE STRUCTURE

Any attempt te go beyond the description of obeervable
features of etructures and to explaio the origin of these
- gtructures muet draw largely from inference. Thie it eepe-
cialiy true when the conclusione cannet be put to the test
of direct observation. We cannot observe the procese of for-
mation of mountain structures, nor can we have any direct |
evidence of the structural nature of the deformed rocks be=-
fore orogenic forces beceme active. Inference is uceful only
28 its cenclusione are retained ae tentative explanations
awaiting further evidence to subetantiate or dieprove them,
and ae it suggeets other lines of investigation and unsus-
pected reletionship. To be of such uece, inference sheuld.be
made only after all pertinent, disceverable facte have been
asesembled. The writer, in view of hie scanty knecwledge of
the great number of facte, and with the realization of his
lack of experience in interpretation, therefore hesitates to
enter thié field of structural geelogy. £nd it is only fer
the purpese of ocutlining some of the facters that msy have
influenced the development of Fronf Range structuree that

thie section is written.'

General Concepte *%\
Deformstion of the earth's cruet reduires the apprlica-
tion of forces grexst enough to overcome the recistence of thexnﬁﬁ%,
Ae the forces are applied the rocke are first placed in a

condition of etrain, and later, when the applied forces are
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great enough te overcome the resistence of the reocks--cohe=
gion, adhesion, frictione-yielding takes place by flowage,
folding and faulting. DRocke may exist for long periods of
time under increasing etrain before eguch relief ies effected.
The lecation of poeinte of yielding and the nature of the
gtructures developed devend on several factors., O0Of these,
the nature and direction of application of the furces and
gtructural conditicne of the rocke which may aid or prevent
yielding seem most important. It is first neceesary to have
gsome conception of the origin of mountuin making forcee, of
their probable direction of application and depth of effec~
tiveness in the regiJn, and of the nature of the rocke af-
fected.

It is beyond the scepe of this ﬁaper to diccues the va-
rious theoriees of the origin of mountain-making forcese. Sev-
eral theories are current which depend on volcanic action,
ehifting of continentes, and gruvity te furnieh the necessary
forces, The theory‘aeeumed in this discuesion holds that
these forces are get up through the attempts of a rigid outer
ghell of the earth to cenform to & ehrinking interior. The
effect ies to eset up forces acting tangentially to the earth's
surface in the rigid chellf In the yielding of the crust,
thie tangential force may be resolved into various horizon-»
tal or vertical forces. 8ince the cobtr&ction of the earth's
interior takes place s=lowly and centinuously, these forces
gradually incresee in intensity, and the outer thell is

placed in an incressing condition of etrainm. Eelief of this
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etrain by deformation of the rigid shell takes place when
the accumulating forcre become strong enough to overcome the
resistance of the outer shell teo such deformation. The ad-
Justment takee place by folding, faulting and fracturing
near the surface, and by flew below the zone of fracture.
There iz a gradual change between thece twc zones. In dif-
ferent lecations the depth to which the folds znd faults
vieible on the gurface extend, that ie, the depth through
which theese forces become active and accomplich relief of
strain in the rigid chell, may vary. Some mountaine seem
to have involved only & challew portion of the crest below
the place where they now exist as topographic features. ©O=- g
ther mountain etructures have deep "roots". The Front Rangei
seeme to be of the latter type. (Chamberlin, R. T., 1919)
Most of the sedimentary formations outcropping along
the ezet border of the Front Range have equivalente in inter-
mountain parke to the weet, and on the western slope of the
Celorade Reckies. It if net certain that the "Red Beds"
seriee was continuocue eover the mountuins before their uplift.
The Dakota formation may peesibly have been continuous. The
later Cretaceous sediments shew little change in character
acrose these gupe which suggests that they were depocited at
congiderable distance from ghore. The concluzion that possie
bly the Dakota formation, and certainly the Benton and higher

formationg were continuous acrosg the presert mountain area

seeme reasonable. If so, erocion has removed at least the
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Cretaceocus seriee frem the area along the creet of the pre-
sent Front Range.
\"  Longs Peak, on the continentsl divide, hae an elevatien
of 14,255 feet above spea level. On the plains where the
gsediments are nearly herizental the Dakota formation ie
réached at a depth ef frem 3000 feet (Darton,1905, plate 49)
to 6000 feet (Anthee Well). The Dekota formation here is at
an elevaticn of f}om cea level to 2000 feet. The uplift of
the mountain area naccerdingly wae st least 13000 fe?t with
;espect to the plaine. That is, the forces which buiit the
Front Range acted through & depth of at lesst 13000 feet be=
iow the sedimentory rocks; apd probably much more. This is |
in accord with Chamberlin (1919, page 42) who for the Lyons
area concluded that the deformed zone ie about 13 milee deep.
Abeve @ certain depth, depending on tempersture and
pressure conditicns snd the mineralegicaul compesition of
the rocke, relief of strese takee place vy fracturing, fold-
ing, or faulting. The deeper zones may yield by flow. Ac~-
cording te Daly, (1914, page 181) the cruet ie rigid enmough
ond .retains enough etrength to preserve cuvities and cracke
te & deprth of 17.2 to 20.9 miles belew the rurface. Willis
(1929, page 4€3) gives the depth of the zcne of fracture as
30 milee. It cannqt be safely assumed thit this total thick-
nesge will tranemit tangential forcee egually. There is &
gradual increase Gownward in the ability to tranemit tangen-
tial forcee due te the effect of the load, and aleng the

Front Range by the lecation of stromger crystalline rocks



at depth. Then still deeper the apility of the rock teo
tranemit tangential preesures is decreased by pressure and
temperature conditions favoring flow. So probesbly the depth
at which the maximum transmission of etreceee occure is at
ruch lees depth than the 20 miles or 30 milee. 1In this re-
gion we may conclude safely that this depth ic more than
10000 feet cince sedimente which were at thie depth at the
initiation of mount2in making movements show nc metamorphiem,
and the depth of maximum tranemiesion of force wae poesibly
well within the crystalline‘rock zone.

According to Willie (1891-'92, page £32), massive rocks
are immovasble in relation te a force that folds stratified
rocks. ESedimentory rocks yield more reudily by folding and
leter faulting because of their greater flexibility and
"flexibility ies a direct function of laminstion® (Wil;is,_
18¢1-'92, page 244). féseeme reoseible, then that &t iho in-
auguration of movemente, the surface rocks (gedimentﬁf?) »
being lese rigid, in better poerition te yield by verﬁiqal
mmveﬁent, and more flexible becauee of their bedding ﬁaﬁld
be the first to yield; amd co partially compensate the part
of the tsngentianl force active in thie zone. The deeper,
more rigid and brittle erystelline rocke would atill>be in
& condition of sestrain. Ae the forces increured in inteneity
the cryetzlline rocks aleo would yield--firet by moderate
bending, then by fracture and faulting, and in the end
faulting would predominate in guch rocke immediately below

the sedimentary rocke. Such movemente in the crystalline
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rocke would alce be reflected in the sedimentary rocke above
in a second set of etructures which could alee give relief

te ary etrain remaining in the latter after their initial
movement., Such difference in the time of yielding of the cry=-
gtalline rocks and sedimentary rocke would, of course, neces=-
sitate differential movement betsecn the two. In general
there ig little evidence for such movements along the Fron
Range. This 1ndicztee tha& conditions we“e favorable for

movement in both zonees eimultaneously. or that movement /

»‘fg!if_.ﬁi,n.@vqu{%?‘ﬁ%r’% in the crystalline zone. Locslly, however,
the sedimentary rocks may have yielded to a minor degree
first,

Since the sedimentnry rocks of the Front Fange recion
were deposited previous to the Laramide revolution and later
than any known previous orogenic movement it is almoot cere
tauin that at the time of the laramide revolution thece rockse
poesessed no major structural featuree which would affect or
direct the formation of new structures except thoee contingent
on conditions of depdsition. Consequently, if the forcee in
the laramide revolutionw;ére cimple campressionai iorcee, the
folds and faults formed should trend at right angles to the
direction of compression. If the forcee were rotational, the
etructuree should show the relstionships to the rotational
couple demanded by the direction and relative infensity of

those forces.

But we cannct be so certsin regarding the conditions in

the bagement rocke before their latest deformation. These
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rocke are pre~Cembrisn in age, end in their high degree of
metemorphiem ehew evidence of digsturbance in rre-Cambrian
timee. The "Red Bede" indicate additional elevatiorn and at
least locel mountaine-making in eerly Penneylvanier times,
Coneequently, we cannot eefely dieregard the reeeibility that
these'ro;ke elresdy poereetsged structural linese &t the time

of the ILeramide revolution.

There sre etill two poseibilitiee. The first that any
guck structuree were "hesled", or that they were not to le-
cated ae to afford relief to fercees in the Iaramide peried
of movement; and, gecond, thst ruch structures were so}lo-
cated and in condition to move again at thie time, snd new
etructuree would develop in the cryetalline rocks only when
geuch development were easier than mévement zlong these old
lines, ' ‘

Only very generasl conclueione are poseible, but they
may be stated as fcllowe!-

1. That in the FrentABnnge region tbe'depth of defor-
mation by faulting and folding waee great enough to include
a thicknees of crystalline rocks at lenst 2¢ thick, and pro-
bably =everzl timec as thick as the sedimentary cover,

2., That the tengential forces were active in the cry-
gtalline rocke with an intensity equal to or greater than
the eimilar forcee mctive in the sedimentary rocks,

%2, That movement was inaugurated in the crystalline rocks

or started in both crystalline rocke and sedimentury rocks
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simultaneouely, but that leczal conditione may have favored
movement in the sedimentary rocks before any mov:ement teok
place in the basement rocke.

4, That the sedimentary rocks at the time of the Laramide
revolution pocsezesed no major structuree other than bedding
andwdifference;hin thickneses.

5, That the crystalline rocke prebably poeseesed struc-
tures fnherited from previcur orogenic movements which may
or may nct have been located in a goeition which would af-

ford relief during the Iaramide revolution.

Development of Front Range Structure

With the sbove genernl concepis in mind we may now con-
sider in more detail the varioues conditions that msy have
contributed to the formation of the gtructuree of the Yront
hange. The facts which must form the baeies for further in-
ference, and which in turn must also be explained, may be
summarized as follows.,

.1. ¥erth-south trend of the Front Range

2. Formal east dipping, nortkh striking monocline in the
cedimentary rocks.

3. Presence of miner nerth-south trending 1olde and
thruet feaulte,

4. Certuin of the akove folde are of the‘gifallg;wtxgg,
indicating s relative shallow depth of folding.

5. Northwest-southeast trending thrust faults and
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echelon folde in which the deformation ie greatest toward
the northwest.

6. North-south folds and faultes older than the north-
weetesoutheaet trending structuree.

Firet 1t c¢an be assumed that theee two etructural
trende were develoned during two different periods of move=-
ment in which the forcee were of different nature. If the
forces were comprescional in an approximately horizontal
plane the anticlinee and faulte developed in adjustment
would trend at right angles to the comprescsion. If the
forcee were rotational, the structures developed would be
inclined to the direction‘of greatest compreseion as demanded
by mathematical analyeie of rotational forces. In this ex~
planation the rocks invelved are assumed to offer equal re-
sietance to theee forcee, uot possessing characteziafice that
would tend te loculize, give direction to, or determine in
any way the nature c¢f the structures developed. The differ-
encee in competency of varioue rock layers to tranemit the
forcee, the depth of deformation, and the depth of maximum
trunemiesion of forcee need not be teken into consideration,
Accoréing to this mathematical analysie the two cete of
getructures may be expleined by anm initial comprescional
force acting in an east-weet direction develeping the northe
geouth trending etructuree, and giving the north-couth trend
to the Front Range. A second period of deformation due to
rotaticnal forcee, either horizontal or vertical rotationm,

will explain the northwest trending structures. ¥e may
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coneider thies rotation as being due to a couple. An easte-
weet force coupled with a emsll north-south force or coupled
with a vertically acting force. The fact that thie idesn
agsumes equal reeistance and uniform yielding in the affected
rocke etande ae ite gresteet objection. As usually stated,
it does not confider.nll the factore in the problem.

A second explanation assumes identical forces through
the entire period of deformation, and explaine the devel-
oyment of various structures ae having been determined by
some pre-existing structural condition in the deformed zone.
There are again two rossibilities regarding the nature of
the forcee-~rotational forces, or simple compressional
forces, The assumption that the forpes caueging the ¥Front
“ange deformation were simple compresgsional acting in an
east-west direction adejuately explaine thé north trend of
the Front Tange and the north-south trending folde and
faulte, But, 2 north-gouth or vertical ccmponent must be
1ntrodﬁced to sccount for the northwest-southeast trending
structures,

It hae been euggeeted thost the difference in the com-
retency of the rocke to transmit the comvresceicnal ferces
gave rire to local rotational ferces. 1In thie connection
the perslétence of the direction and paralleliem of the lat-
ter structuree eceems sigrigicent. In a randem arrangement
of compretency to-traremit forcee suchk varalieliem ie diffi-
cult to explain, and would require that the ability ef the

rocke tc tranemit forces become constantly greater, or less
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along a north-south line. It seeme rather, that the great\

variatione in competency of rocks would produce rotational |
forces in one direction in ene leczlity, and in another di-

rection in a second locality.

A gecond poeeibility, on the sesesumption of original
compreer ional forces, ie that inhcrited structures ip the
cryetelline rocke were responsivle for the lecation and
development of enechelon folds and faulte.

There ie io far no definite evidence ¢f old gtructural
lines in the basement rocke. But, ae pointed out above, in
view of the evidence for several periode of disturbapce pree-
vious to the loramide reveolution, the poecibility wmust be con~
eidered. Tﬁe lategt of thece movements built a ceriee of moune
tain ranges which have been placed by varioue writere in
various regione in Central and Westernm Colorado. One of the
moet recent maps (Melton, 1925, pages 84-8¢) locates one
range in the position of the present Front Range, and a gece
ond range, trending nortkwest-southeaet from the northwest
corner of Colcorsde to South Centresl Calorado. If the main
gtructures in thece ancestral mountzains roughly parallel
their main trend, on the basis of these mape the must rée
cent faults exicting at the time of the Laramxide revolution
would trend northwegt-southeast,

What would be the effect of sim?le compressional forces
acting on a serigs of sedimentury rocke everlying granite
which had old fa%lt lines trending northwest-~southeaset?

First, the general effect would be to build up a mountain
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range trending north-seuth, probably lecuted in the ares
vnderlain by rocke weskened by previous movemente. The
northwest-gouthezet fault linee would te well lecated to
give relief to the cempreeeion. In grnercl, movement would
start in the crystalline rocke, and in eome places would
be along thece old fault planes. Any movemeni in the cry-
etalline rocks would te reflected in the ecdimentary cover,
and would give direction to the developing etructures. 1In
other leocalities where preliminary mov:.ment took place in
the cedimentary rocke before any movenent took plece aleng
deeper fault lines the early structuree in the cedimentary
cover would be north-south trending folds and faults, Such
structuree vwould be of rather ehallow depth, would nof in-
volve the crystalline rocke below, ahd gome degree of differ-
éntial movement between the two rock zenee weuid be neceseary.
TJeter, when movement €tnrted in the deeper crystaline recks,
the develorment of thesge north-south structures would préb&bly
come to an end, and new adjustments'WOuld be made along;ilnea
determined by the deeper faulte. A cecond get of structures
would develep trending northwest-southeast. Perhape in
placee the strain in the sedimentary rocks had been entirely
relieved before much movement teok place in the deeper recks,
In such ap event the later faulting in the crystalline rocks
would still be reflected in the cverlying gedimentary rocks
e upward diminishing folde,

The above theorv ig sdecuate to explain the north-south:

trend of the Range, the older north-southanticlines and
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thrusts, and the younger nerthweet-seutheast structures. In
addition it suggeete a reason for the dying out of en eche-
len feolds upward in shsles, and the increace in their dis-
placement lower in the stratigraphic esection toward the cry=-
gtalline rocks, frequently being replaced by faulte.

Eince the presence of old structurzl lines in a nerth-
weet-southeact direction in the crystalline rocke is assumed,
no definite conclueione can be drawn regarding this explana-
tien of the development of Front Range structures. Further
research along the following lines is suggeeted.

1. A etudy of the "Red Beds" for the purpose of lecat-
ing more definitely the Ancestral Rocky Mountains.

2. A study of the Metamorphic series te lecate any
gtructural trende in these reckes. |

3. A study of the fsults which pass from sedimentary
to crystalline rocke; especially in the crystalline rock
area, to discover any evidence of movement before Cretaceous
time.

4, A study of the mineralized veins and dikes of the
crystalline reck area to determine the number ef movemente
along these planes.

The poeeibility that the forces building up the Recky
Mountains were rotational in character muet be coneidered
next. By rotational ie meant & candifion of unbalanced
eppoeing ferces, the greater force from the eaet dirccted

toward the nerth end of the
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deformed zone, and the greuter ferce from the weet directed
teward the south end of the deformed zone, or viga versa.
The sume.effect would be accomplished by a rigid mass on the
east moving couthwestward squeeziné the rocke aguninet &
rigid mage on the west eide of the deformed area.

' If there were no gtructural features present in the%
rocke to influence the develoyment ef new etructures, such
f mdgemente would have a greater effect on the gener%l trend
‘ af the Front Range. Instesd of trending north-south, it
‘sould be skewed azeund to the weet, and the sedimenfary
tocks along the flanks would show a gresater echelen arrange-
m%nt. The nermal monoc’ine would be broken inte numeroue
eﬁechelon folds. Furthermor e, thie ides does nat %;nlain
the earlier north-south anticlines and th*ust Iauiwg.x

The experiments of Bailey Willis on Apnalachian Struc-ﬁ

tures indicates that felding may be localized 1n &/ seriee ;
ef gedimentury rocks by = change in the initiel dip of the ;
sedimente. Thig mey have eome eignificance in the problmm
here considered., The Cretacecus reocke are notichbly thicker
in North Central and Weetefn Colorade than in the regions
to the east. The changee from esst to west in the "Red
Beds" have not been studied. ¥Yhether or not a greater ac-
cumulation of weak cedimentsry rocke here waes sufficient te
localize the relief of meuntain making forces cannot be

known, but if so we have an adequate explanation for the

etructures of thie region., Rotaticnal forces, whosenmj.f
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effect waé to cause compresesion in an east-west direction,
were brought te bear on this portien of the exrth's crust.
The major movemente were localized by the grester thickness
of redimentary rocks (change in initial dip) and the re-
sulting structuree were given a north-south trend. The com~
penent causing rotation feound relief in the development eof
the northweet-southeaat trending structures. In further
examination of thie theory it is suggeeted that a more de-
tailed estudy of the "Red Beds" especially, and of the
Mesozoic seriee be made te determine the places of accumu-

lation of greatest thickness of sediments.

Summary

)fTHQ“Carter Iake area showe two cete of etructures--one
get is represented by folde and high angle thrust faulte
trending north-south, and probably of relatively eshallow
depth; and a second set of later development ie reprecented
by high angle faulte trending aprroximately northweste-gouth-
eaet. The origin of these etructuree and their relatiouehip
may be explained in the follewing ways:-

1. Two separate periode of movement:- The first, & simple
east-weet compreesional ferce, developed the north-eouth
structures; a gecond period of rotational etress formed
the northwest-southeaet structuree. The differences in
competency of variocus beds, the differcnces in ability

to trenemit force, the depth of deformation, the depth
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of maximum transmiscion of ferce, and the peseibility ef
control by older structuree are net considered.

2. One period of movement, or several periecds of movement
caused by similar forcee acting through a deep section
of sfedimentary and cryetalline rocks.

A. S8imple compressional forcee: Thie explaine the origin
ef 2ll north-south structurese. The northwest-eouth-
eaet structures may be explained by an auxilliary
theory.

_1) Difference in competency of sedimentary rocks te
tranemit ferces develeped the rotatien which {orm-
ed the northwest-southeast structures. This
does net explain the parallelism of thete struc~
turee, nor absence oI éouthwést-nertheast struc=-
tures.

2) Older structures in the basement rocks trending
northwest-coutheast moved during laramide revo-
lution to relieve compressional forcee, and in
this movement southeast structures in sedimen-
tary as well as cryetalline rocke were developed.

a., lecal conditions at Carter Inke permitted
folding in eedimentary rocke Lefore move=-
ment took place in the basement reéks. and
the ehallow north-éouth etructures were
formed.

b. Iater yielding in the crystalline recks
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formed the nerthvest-southeast etructures
'yhich were reflected in the sedimentery beds
above as faulte and enechelon folds. |

¢. In regione where north-gouth structures are
absent, movement was inaugurated in deeper 
cfystalline rocke.

d. In regions where nc echelon folds and faults
occur, movement was inaugurated in crystailine
recke, but no strucfuree exieted in the latter.
favorably lecated for new movement.

B. Rotational forces explxin echelen folds snd faults,
but does not explain the north-south trend of the Front
Range, the norfh-aeuth monoc;ine,'or ether minor north-
gouth structures, unless a second etructural condi-
tion ie postulated. This may have been a change in
initial dip in the sedimentary recke aleng a nerth-

south axis,
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