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Introduction.

Location.

The Rabbit Hountain srea, a8 mapped and des=-
cribed in this report, includes twenty-four scuare miles
of territory four miles east ofiLyans and two miles north
of Hygiene,Colorado. 1t is on the boundary line between
Boulder and Larimer counties, and includes the northwest
qguarter of township three north and the southeast quarter
of township four norths.in range seventy west of the sixth
principal meridian. The ares 13 readily accessible, since
it is bounded on the south by the Lyons-Longmont highway
and the Lyons branch of the Burlington rallroad, and on
the east by the main highway north from Hygiene. Farmers
in the area nave constructed roads wnlch make it possible
to drive an automoblle through the area. Host of the
points of interest can be seen without #alking far from
the car. The ares 1s within tventy miles of the State
University at Boulder, and is an excellent field example

for geological study.

Field and 0ffice Work.

During August 1930, J.E.Bimmons and the writer
prepured & reconnaissance map of the area using a Brunton

compass and pace traverse. The interpretation of some of



&

the structursl features, especially the feult in Little
Thompson Canyon, g@?e quastianeé by some members of the .
geology faculty of the University of Colorado, Consequente=
ly, it seems desirable to prepare a detailed structure @ap
and present & complete discussion of the geology of the
area. ‘

The field work on which this resort 1s based
was cdone during September 1831 and on Saturdays and holi-
days during the school year 1881-32. The maps were drafte
ed and the text written during the ﬁbring gquarter of the
same school yeur at the University of Colorado. The mapw
ping was done on a scale of one inch to one thousand feet.
A plane table and telescopic alidade were wused In the map=
ping. A triangulation net vas estaﬁlisn&d‘for control,
turee-point method of location was used, and the contacts

of the rock formations were mavped by linear traverse., The

o i

o Ly

Niwot znd Loveland yuadrangle topogra.ulc shsets of the

United States Geological Survey were used as base ma;s.

Acknovwledgaent.

lr.Howard Stagner acted as instrument:man in
surveying the area, snd much credit is due him for his
faituful assistance, The writer also wishes to acknow-
ledge his indebtedness to Hr, J.E.Simmons and Professor
%.0.Thompson who helped vith the reconnoissance work

done in 1930, and to the members‘gf the Geology Depsrtaent



Plate VI.

A. View of Dowe Pase anticline from the north. YNote

the Dakota ridge encircling the eroded anticline.

B. View of Dowe Pass anticline from Dell Flate. Yote

the duplicated Dakota orn the east limb.



at the University of Colorado for their helpful criticisms

and suggestions.

GEOGRAPHY.

Topography

The srea is in the foothills gone on the cast
side of the Front Runge of the Rocky Mountalins, vhere the
mountaing rise abruntly above the olains in roughly northe
.sauth~trending ranges, Along the front of the wountain
range the sedimentary rocks are tilted and dip eastward at
high sngles. Erosion has develooed a series of longitudi-
nal valleys along tune strike of the less resistant beds,
and the resistant rocks of the Fountaln-Lyons and Dakota
formations form parellel hogback ridges. Withia the
Rabbit Mountain area the foothills extend neurly tarce
miles east of their normal trend to the south, and are
duplicated and curved by folding. T X

Tane rellef of the area fgﬁéégﬁt one thiusand
feat.f{éabbit Mountain azlthough not the highest, is the
most conspleuous ridge because it is surrounded by low
lam@ on three sides, It is an anticlinal ridge joined tc'
the méﬁnt&iﬁs only on its northwest side., Erosioh has
worn away the overlying formations exposing the reslstant
Dakota sandstone which forms a gentle dip slope on the

west side. On the cast side, hovever, erosion has succeeds



in cutting turough this resistent fa:matiaﬂ vhere Iracs
tures had developed slong the crest éf the folde The
Dakota sandstones now outerop around an elliptical inlier
of Morrison, and form a cliff along the edst slde of the
maountaine.

#est of Rabbit Hountain is & broad synclinal
valley called gell Flats. This valley is about a mile
and a half wide and 1s surrounded on the west, north, and
éast side by ridges zbout siy nundred feet high., The
valley 1s open to the south and merges iato the plains,
It »1ll be noticed that both the ridge anc valley deserib-
¢d above are determined directly by the structure. That
is, the ridge is antlclinal and toe valley 1s synclinal.

\\ To tiie north is another aanticline ecslled Dowe
Pass., This fold has been eroded to a consicderable exe
tent. The resistant Dakota formation fséms a adgh ridge
encircling the fold execent oan the norto. Tue less resiat-
ant Morrison aad Lykins beds nave been eroded out, forme
ing & horseshoe-shaned valley encireling an ellitical
ghoped) hill. This hill is the core of the anticline, and
is composed of the Lyons sandstome wiich, because of its
greaster resistance to erssion, has not been worn out.

The hogbaek ridge zlongz the weatern border of
the man curves to the northrest and becomes higher and
wider. This cnange in strike and inercase in size is

due to a small asnticline and syncline vhieh will be re-



ferred to as the "Ridge faldswﬁ/

Little Thompson River enters the map ares in
the nortivest corner and follows a southeast course whieh' 
is determined in a large part by the structure of the under~
lying rocks. Frow the place the streem enters the aap
area its course is deflected to the south gast along a
fault trace. Fartioer south along its course the stream
follows the trough of a synecline foraed by the upturaning
of the beds along the fault. ¥here the fault plays out
into an anticline in section &4 ?h& strean has eroded 1ts
velley through the fold, ané finally haé cut the Dakota
hogback ridge. The valley of this stream 1ls wide where it
crosses the longitudinal valleys, but is guite narrow
where it cuts through the hogback ridges. it

Throughout the area there is & very close ree
lationship between topography and structure, and many eXe
amples of erosional adjustment to the structure of the une
derlying sediments are evident.

Relics of older topograyhic surfaces are also
preseat, A consplcuocus feature alaﬁg tne Front Hanpge is
the aceordance of the sumuits of the ridges. In the map
area the ridges are ajproximately 6000 feet in elevation.
The western ridges are slightly higher then those farth-
er east; so that a.plane conunecting the tops of the
ridges would slope eastward, This slooe 1s sesn to be
independent of the ty e of rock that aakes up the ridge.

As a rule along the Front Range the gyansuFountain hoge



back is the westernmost ridge and is the highest; but

. bere it can be shovn that sheres tue Dakotes ridge is dup-
licuted with one ridge west of Lyons~Fountain ridge and
another east of 1t, the vesternmost ridge is still the
alghest, and the most easterly ridge is the lowest; The
ridges are also lover near the amsin streams; 30 that they
seem to constitute ram&g%ntﬁ of a foraer rather?iev&l SUT-
face on which the present east-vest drainsge lines were ess
tablished.

This sncient plaln has been recognized along ﬁhe
entire Southern Rockies, and is celled the Rocky Hountain
'?eneplain. The highe;t ridges in the area mayped are ro=
bably parts of this great peneplain. ' »

Along the eastern edge of the area sre high flate
topped mesa-terraces thut extend eastward for many miles.
The highest of these terraces is well develo ed nafth»
gast of Rabbit Hountain on tﬁe south side of Little Thoupe
son creek. The 5400-foot contour (ine) outlines a rather
large fl&t%apged'area whiech extends southeast ilnto section
12, and 1s sejarated from its former extenslon -~ Table

dountainy by an old stream channel through vhich the highe-

way now passes. The little cirenlar flattopred hill north

,

of Little Thompsan creek is also s purt of the same sure
face. & lower level of terraces, which are much more ex-
tensive though not as conspicuous, have & general clevae
tion of 5200 feet near the wmountains. Tuese terraces

slope esstward at nearly a three-psrcent grade, and also



slope toward the major streams. They are covered with
debris brought from the mountalns by ernsion, and repre-

sent foramer floodplain 16?&15}

Drainage.

The area 1s drained by two main streams - Little
Thompson c¢reek and the 8t., Vraln River. These strenas
rise in the mountains to tue vest and flow eastward into
the South Platte River, They established their courses on
the pemapléim surface; and have retained their eaétward>
direction, cutting thraﬁgh the hogback ridges vhich are
along the front of the amountains, These streams sre,
therefore, superismposed on the present topography of the
foothills.

Nearly all the 6ther gtreams are intermittent,
They are mainly gullies that contain water only during
periods of melting snow or downpour of rain. Host of the
ercsion, except in Little Thompson Canyon,is due to these
intermlttent streams. They have worn out the soft beds
and have left the resistant sandstones which form the pre-

sent topographic features,

1. Fenneman, N.H., Geology of the Boulder District, Colo-
rado., U.5.0.8.Bull., 265,pp.1%-16(1904)

Lee, W.T., The Origin of the Debris Covered desas of
Boulder,Colorado. Jour. Geols vol.8,p.504



The drainage from Dell Flats and Rabbit Hountaln

flows to the St. Vrain River.

Climate and Vegetation.

The elimate of the ares is seal-arid and parti-
cularly dry because the altitude is not high enough to re=-
celve the increased precipitation of the amountains; @nd) be=
cause of its location, the arsa receives little water from
the mountain drainsge. Irrigstion is impossible, for the
area is above the level of the mountain streams. The annual
variation of rainfall is considerable, In gensral, April
and May ere the months of greatest precigitation. Generallyj%
the summers are very ﬁry}"tecausﬁ the inecreased insolation
has a parching eifect, and the evapmréting pouer of the airy
is great.

The vepetation is sparce and open. It consists
principally of coarse grasses, herbaceous growths, and
trees typical of the dry coarse soill of the foothills belt.
A distinet relationship bebtween the vegetation and the une
derlying rock can be noted. On the dip slopes of the hoge
back ridges, the thin sandy soll derived from sandstone

favors the growth of rock pine. Primitive bunch grass,



8piny shrubs, and cacti form the ground cover of these
pine~surinkled slopes. On the eroded slopes of these
ridges buck brush and lother)herbacecus growth are the dome
inant vegetation. The &eadews formed in the longitudinal
valleys are cultivsted in many pluces, bult grasses sre the
main natursal vegetétion. Poplars and willows grow along
the sides of the stream in Little Thompson canyon and along
the irrigation ditches. The narrow~leaved aottanwosd’is
 the iargest aa& @most common tree.

The faramcrs raise small crops of corn, wheat,
and vegetables. iost of the area is used as gasture(@andﬁ

for cattle and sheep.

<



UESCRIPTIVE GEOLOGY.

Stratigraphy.

The sedimentary rocks of the region consist
of late Paleozoic and Mesozoic sediments. The follovwing
table gives a summsry of the succession of formations:

Pierre(Interval to Hyglene ©£878) 5000

Niobrara 235
Upper Benton 528
Cretaceous Dakota , 423

Lower
Cretaceous? lorrisoan{may include Sundance) 238
, 251

Permian ? Lyiins | 568
Peansylvenisn = Lyons(asy include Ingleside) 235
Fountain 380

Pre-Camnbriasn Idah> Springs ¢ ?

The generalized columnar section (Plats)y)
briefly summarizes the cheracter of the rocks and their

@ost common tapograpnic expresgsion.
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The Pre~Cambrian Rocks.

T v

The oldest rocks ey)ﬂse f%ﬁ“tﬂc area are a series
of gneisses, schists, and (quartzites w

hien have been in-
truded by red granite and numerous pegmatite dikes, These
rocks are ex»osed by a fault along Little Thomvson creek in
sections 28, T. & N., R. 70 Wy and form & large mountain

to the‘northwesi called Blue Hountain., The series con=-
siéts of a light pinkish-~brown guartzite, dark gray to
black coarse-grained guartz gyutit& schist, and a very
dark, nearly black,\éggrtzité} The dark color of the |
guartzite is due to a high content of biotite and probably
some hornblende. 7%wbw¢**

These rocks are probably of sedimentary originsg
They éhsw very definitely the structure of bedding planes
wvhich di, eastward at asbout forty~five d@gre@s.

The metanor.hic rocks are similar to meusbers of
the Idaho 8prings formation that are exposed at the base
of the Fountain formation in Csal Creek Canyon. They are
much more highly metamorphosed and ajparently older than
a series of guartzite snd ﬁuartzite»canilomerate of Coal

Creek and South B oculder whlch Van Hise and others pro-

visionally classed as Alponkian.

1. Van Hisc,C.R., and Leitn,C.K., "Pre-Cambrian Geology
of North 4serica." U.8.Geol. Survey Bull.
360, p.827(1909)



THE CARBONIFEROUS SYSTEAL.
T.ﬂ.‘:* F”uﬂt&in F":‘rzaati{:,n’

!

G WAl S WB"
Overlying the metamorphic rocks with n angular
umcsnﬁormifgfﬂis the Fountain farmatian)%ﬁich extends
from Pueblo to the sscuthern part of Wyocaming., It vas named
by Whitman Cross from Fountain creek near Colorado Springs..
Tae Fountain of this area is ecuivalent to only the upper
cart of the Fountsin as nased by Cross.

The formation consists of coarse-grained crumbly
grits, arkosic sandstoﬁéﬁ, and’coﬁglamarates. It is dom~-
inantly red mottled vwith greenish-gray and purple., It 1s
irregularly bedde&jy né is composed of beds of arkosic
coarse-grained s&ndstoné, unassorted pebbles of quartzlitey
snd eroded fragments of older rock, with occaslonal zones
of finely bedded red ahaie.~ The material is very poorly
sorted. The small fragments are rather angular, but tae
large peblles shnﬂ considerable rounding. Torrential
cross-bedding is common. In many places there are examples
of channels three to flﬁé,fe&t deey, in a sandstone zone,
which are filled with coarse ccnglamerata. This charactere
-istie is referred to as cut-and-fill structure. Plate VI
slhiows two such channels. 'The formation is very variable
both vertically and laterally; its natare suggests, as

Tieje lhas pointed out, =a flaa&~plain;§egnsit.

1.Ticje, Asd., "The Hed Beas of Coloraio.® Jour. of Geol@;
vol.31,pp.192-207(1023)



Plate V11.

A, Cut and fill channele in the ¥Fountain formation.

B. Close-up view of the channeling. Yote that the
chonnel truncatee the beddiing planee of the sandetone
zone, and the conglomeruate becomes finer grained and
gradee into eandetone above.
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<iéhe Fountain formation was grouped with the
other red beds of the Front Range by the early workers
under the name, Wyosaing Formation, snd wes considered
Trisssic in age. The present Fountain is approximstely
ejuivalent to the Lovwer Wyoming of Eamons and Eldridgei:]
The formation is now known to be of Pennsylvanian sge, bee
cause Pennsylvanian fossils have bgen re orted from the
Fountain in several localities l, and some pebbles found
in the conglomerate contain fossils of Mississirsian Age,
showing that the Fountain 1s in part made up of reworked
Mississippian material., In northern Colorado, the Founte
ain 1is overlain by younger beds of the Ingleside forzation

wialch also contain & distinet Pennsylvanian fauna.

The Fountaln-Lyons Traasition.

Betveen the tyosical Fountain arkose and the
Lyons sandstone there 18 a massive sandstone zone vhich
is similar to the Lyons, except that it is not so nighly
cross~bedded. This zone has been shifted between the
Fountaln and Lyons formations by workers in adjscent
’areas. Some geologlsts include it wita the Fountain,
jgbme fggard it as basal Lyons, and still others have

7%

?'esignated it as a distinet formation. Butters dee

:;1f ﬁépderson, Junius. Colo. Geol. Sur. Bell.il9,pp.o4=

: ;"é. Butters, R.M,, "Permian or Permo-Carboniferous of the
i Eastern Foothills of the Rocky dSuntains in Colo-
; rado." Colo. Geol. Sur. Bull. 5,pt.2,pp.86-94

(1813)
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fined the Ingleside formation near the Colorado-
¥yoming line as, "a sandstone-limestone series extending
geograchically from bey.nd the state line to the narth, to
a point a little way north of Lyons.® Lee laxtem&ed the
Ingleside £o Morrison, Colorado, and regarded the transi-
tional zone between the Lyons and Fountain as belonzing to
this formation.

In August 1930, it »as the writer's privilege
to work with Professor W.0.Thompson on thé Lyous probleam.
Several sections along the foothills from Box Elder creek
to Lyons :ere measured and the Lyons rountasin contact was
curefully studied. The lithologlcal charactsr of the cone-
tact zone south of Btout aoaé.got_su&tifg extending the l
Ingleside formation farther in“th&t directions The Inzle=-
‘siéd formation consists of several liuestone beds separét&
ed by sandstones, and overlles the Fountain formation.
The limestone beds pinch out to the south, and tihe sande

s3tones seen to merge with the Fountain and Lyansvformatioﬁs.
THE LYONE SANDSTORE.

Overlying the Fountaln, and segara:qd from it
by the transitional zone descrihed above, is a series of
'cross~bedded, fine-grained f&d sandstones called ﬁhe Lyons
Formation. At the type loeation, the thickness fnby{thé”;
uppermost arkose bed of the transitional zone tb.€h§ Lyéhsmr
Lykins contact is 235 feet. Two rather distiaqt soﬁes can ;v
be identified in the formation. The basal nalf‘imﬁmere :



Plate VIII.
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LYONS SANDSTONE AT LYONS, COLO.

In A the cross-beddi
eroded upper surl
i-sloy
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massive vith beds from six inches to twe fect in thick-
ness, but the upper part is relatively thin-bedded. Both
are cross~bedded. The lover zonc usually has regular and
continuous cross~beds which dip south{éast and are not
curved. In tiis zone, the cross~bedding goes only part-
.way through and is truncasted by a younzer set of beds.
.This gives rise to smooth~faced wedge-shaped beds. The uo=
per zone of the formation is characterized by thinner
beds which are extrcamely cross-~bedded. The laainae are so
smooth-faced and regular in thickness that they make ex=
cellent flagstones and building stone.
» The sendstones are like tne sandstones of the
transitional zone in composition and consist of pure
quartz grains, welle-sorted and ceamented with silica. Iron
‘axide forms a film around tne grains and gives the rock &
pink to red color. Locally, small concretions about 1/8
ineh in dlameter are found in the sandstone. Thege cone
cretions consist of ferruginous soft-lumps of sgnﬁy 1roﬁ
oxide., Leaching of these has produced rings, buands, and
dendrite figures.

No fossils have been found in the Lyons except
amphidbien tracks which Hendersontidentifisd zs Limnopus 7

)
coloradensis (Henderson), but which Lee * says Gilmore

1, Henderson, Junius  "Eootyrints in Pennsylvanian Sande
stone of Colorado® Jour. of Geol. Vol.Z2,p0.826
220(1924) .

2 L&e,?ﬁT;, OQ- cit. :7.1?0
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has re-identified as Laoporus coloradensis(lenderson),
Gilmore zlso thinks that L. coloradoensis may be éynnny»»
mous with L. schucnerti from the Coconino sandstone of
the Grand Canyon, On this meager evidence, Lee regards

the Lyons as Pzralan in age.

Bection On Horth Bank of Little Thompson Creek
Hear Center of Sec. £8, T ¢ Ny R 70 ¥,

Strike N 1°E Dip 10° E,

Character Thickness in Feet
Sandstone, even bedded, hard and red 78
(t?ﬂASitiOﬂai to Lyons) _
Conglomerate and ark»se, pink, friable 53
Sandstone, red and hard, crossbedded £0
Conglomerate, arkosie, massive, reddish
Contain many guartsz pebbles 88
well rounded about 1“ in
dismeter,

Conglomerate, arkosic, light gray to
pink mottled and leached a7

Sandstone,mottled red and green,massive
contains juartz,p ink orthoclase
and museovite flakes 52

Conglomerate,coarse,dark red to greenish
gray, including boulders and
pebtles in lenses of coarse
conglomerate. Pockets or thin
beds of dark red shale. 179

Covered ' 243




b L

THE LYKINS FOrdATION.

The Lykins formation which overlies the Lyons

with apparent conforai

is very different lithologlcally.
It consists of rather non-resistant sandstones, shales,
and sandy shales which are quite calcareous and gypsifer-
ous at the base. As a vwhole, tols series is thin-bedded,
rather friable, and deep brick-red in color. It veathers
more easily than the underlying beds,and with the overlying
Morrison formation forms a longitudinal valley between
the Lyons and Dakota hogbacks, About 40 feet sbove the
base of the Lykins is a persistant very calcarszous sand-.
stone zone about twenty feet thick,»hich Fenneman lcallé
ed the "crinkled ssndstone." -It is very finely laminated
in red and pinkish-white bands which are twisted, broken,
and brecciated. Tﬁe lower 2art of this zone is & more
massive limestone wnich 1s folded and somewnat brecciated
and contains calcite veins. The top of the Lykins forma-
tion is marked by a slabby, dark red, finesgrained, ripple-
marked, sandstone.

Euttersgfound several fossils in the Lykins
f@:matian which Girty refers to the Pennsylvanian and

Permian. Eutters considered the portion above the

1., Fenneman, N.ﬁ.,\“Geolbgy of the Doulder District,
Colorzdo. U.S5.G.8.Bull.268,pp.24-26(1904)

2, Butters, R.M., Op. cit. p.71.
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"crinkled sandstone" as Permian in sge, and correlated

it with the Cutler formation of the 8an Juan region.

THE LOWER CHETACEQOUS OR JURASSIC.

The Morrison Forastion.

All the beds between the dark red sandstone at
the top of the Lykins formation and the heavy conglomerate
bed of basal Dakota are groured in the Horrison formation.
Tnis divislion follouws the originel description by El&ridgél
from the type locality at'ﬁmrrison, Colorado, .The contact
of the Lykins and MHorrison 1s marked by a distinet color
change and a disconforsity vhich regresents a long interval
of time. Most of the Triassic and Jurassic periods are not
represented in the stratigraghy of the Colorado Front ﬁange.‘
The basal bed of this group 1s s messive salmon-colored
sandstone which LeeQ called basal Sundance, and which
Henﬁersongthinks may be placed in elther the Sundance or
Morrison formations, or be considered as & distinet foraa=
tion. In tbe Boulder district4to the Bouth there is a white

sandstone at the base of the Morrison formation which has

"1, Eldridge,Geo, H., "Geology Of Denver BaASin®, U.B.G.Bs
Hon's 601.27,9.60(159& .

2e Lee, ’z’il.‘l'., 09. 01ttﬁ»16.
8. Henderson, Junius Colo.Geol.Sur.Bull.5,p.71(note)

4., Fenneman,N.i., Op.Bit.p.26,
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been quarried for building stone under the trade nsme of
"Doctor Bond Bandstone.® Lithlogically, tuls sandstone
is exsetly like the salmon-colored member at Lyons and
Rabbit Mountain. It is slightly cross-bedded, and shows
curved and truncated la&gnae, ahé is thought by many
seolorists to represeat an eollan deposit,

A thin white liﬁestcna bed overliies thls sande
stone in the Rabbit HMountain area, and sbove thls are
varieolored shales and clays vwhich grade agaln into 2 thin
vhite sandstone. Overlying this second sandstone is a
gray compact iimestone-member vhich weathers brown. The
next prominent bed is the "Sauri&n sundstone, " described by
Eldridge, vhich overlies a series of clays and shales
vhieh he ealled the "Atlantosaurus clays.® Tihls sandstone
is generally gray in color and shows zpecks of blue &nd
brown. It weathers white, aad 18 calcareous enough tO re=
act with acld. Above tiuls bed is 8 series of blue shales
and a brown limg $ nastone whieh are overlaln by the con~
glomerate bed of the Dasota Group.

The age of the Horrison foruatilon has caused
much dispute. The fossils, althaggﬂ abundant, are of a
srovineial tyre not common in other [oraations. O.G.

Siapson has summarized. the present gvidence and believes

1. Zimoson, G.G., Wihe hge of tne Morris-n Formation.”
Aner. J‘:‘uro Scio, Bth. 3@1"’ le.l?,pg.lQB*El‘f’
(1oz8)



that the available evidence is much stronger in favor of
upper Jurassic age than of lover Cretaceous, Knowltanl'
believes the dicotyledonous flors collected by Lee from &
- sandstone about fifteen feet froa the top of the foraa-
tion nesr Morrison, Colorado,finds its closest affinity
uwith the sgncali&d Eakat& flora ¢nd is lower Cretacenus

= ;
in age., T.¥. Stuntoﬁﬂ states that Yso far as Sﬁratigragny
and invertébrate faunas are concernad, éhﬁ dorrison is
sosewhat more likely to belong to the Jurassiec, than to
the Cretaceous; but their evidence is not conclusive on
tis polnt.® The United Stutes Geolopiczl SBurvey has fol-
loved Lee's sugegestion snd tentatively called the Morrison
Lover Cretacéaus, but the recent tendency is to consider
it Jurassic. W.G.Tcegeiman discussed the nroblem vith
Jotn B R&eside Jr., and they are agreed that the entire
formation should be corsidered Jurassic. Reeslde says
that tae members of the United States Gﬂmlagical Survey

vill hereafter follow this classificatiSn.a

1. Knoxlton, F.ﬁ}, Wh Dicotyleaonous Flora in e Section
of the Morrison Formation.® Amer, Jour. Scl., 4th.
sers., Vol.49:,0p. 139~184(1970)

Z. Stanton, T.V., "Invertebrate Fauna of the Horrison®
Bull., Geol. Soc. kuer. Vol. 26, p0.243-548(1915)

5. Toepelman, ¥.C., & Reeside, Join B. Jp., Personal
commnication,
1
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Basal Dakota
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UPPER CHETACEOUS SYSTEM.

Dakota Group.

The name Dakota has beesn apélied to a group of
beds along the Colorado Front Range, but it is doubtful if
all the beds so nemed are equivalent to the tysical Dakota
sandistone of eastern Nebraska. In the Rabbit Hountain
area this group 1s campasedAef three parts; & basal sande
stone and congloaerate zone, 2 medial black shale zone,'ané

an upper sandstone.

The Basal Conglomorate.

The bassl member consists of a massive hed of
conylomerate and sundstone, The sebbles of the conglonerw
ate zre well rounded and are usually from a quartef to a
half-inch in dlameter. They generally consist'cf chert,
flint, Jjasper, Quaftzite or fragments of granite, and are
mixed with finer-grained materisl. The conglomerate zone
varies in tidckness; it 15 in msny plsces lense like and
is in some places entirely sbsent. Tue coarse-grained
sandy material vwhich 1s present with thé ve&bl&s'becomes
the constituent material of ths'r&¢k above the bagse, Tae %

relatively thin conglosmerate is very firmly cemented vith

silica cement whieh aften is harder than the nebbles.

¥hen the rock is unweathéred, fractures pass through the
sebbles rather than bresking around them. The cnarseégraigﬁn
ed sandstone zone 18 very mussive &nd not as firaly cenente

ed as the conglomerat  dointing is very uistinet in hhiq i



santstone. On the top of Rabbit Mountaina and on other
ridges wihere erosion has exposed the surface of this sandie
stone as a dip slope, weathering has been more rapid along
the Joint cracxé, anG polygonal blocks stand out in & foram
resesbliing rougnh pavement blocks. The ssndstone is rather
snassive, slightly cross-bedded, anuﬁéansiﬂerﬁbla variation
fgan be seenj (but no one bed seéms to have a constent posis-
tion in the column, The uppir surface of thils sandstone is
slightly fiﬂér’”rﬂxu 6 and aore firamly cemented than the
lower part. 1t weathers to a bfgmniﬁh-r@d, and is besuti-

fully ripple-marked in some nlaces.

The Hedizl Shale.

Overlying thé ripple-marked upper surface of the
basal sandstone is a rather tick serics of black shales
vith sandstone stringers aand thin layoers of platy lises
Stone, HNear taei top this shale sone i3 dlstinctly sandy,
and is rusty-brown. Theve 18 a good exposure of these
snales along the south hank of Little Thompson canyon in
the northwest cuarter of gsection 2, To 3 Hey He 70 Wuj
butigg; very higily contorted, and do not represent the
true thickness of the mémhera(See plate X). T.H.Stsaton
has coll@cted the following fauna froa tais locality:

Inoceranus cowrnaieanus Crogin
Inoceramus bellvure:sis Heesice
Ostrea noctuensis Reeside

The faups of the Dakota group has recently been

1. Reesice, JanniBiJr.,mU.u};.S.?rGf.'aoﬂr 13T, 0p. 100w
3 ‘Joa(lja ¥ v
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and he believes that the fossils of the medial shale pre
of the same age as the Purgatoire fauna of Cﬂ%éﬁncheaﬂ
age. This relationship wus suggested by Hemdersﬂnl and
confirmed by Leeg, who also believes that this shale is
the same as the shale member of the Purgatoire foramation

of southeastern Colorado,

The Upper Bandstone.

The uppermost bed of the Dakota group 1s & rather
thin guartzose sandstunﬁayhighﬁig varlable gnéthicknass. It
seems to be especlally thin in the region of ﬁgbbit Hount-
ain, being thicker both north and south of this area. The
sandstone 18 composed of Juarts gr&ims;%;eﬁ&nt&d with
silica and is brownish in color. Iron oxide is also pre~
sent in the'rack, pecuring in smﬁll_light—erWﬁ spherical
specks whiech weatier out, giving the roek a vesicular ape
pearances This uoper bed is generally reddish in color,
is very resistant asnd contains crystalline qu&rtz'grain3.
It often reseumbles quartzite because of its hardness snd
tae shiny reflection frow the uartz grains.

Reeside reports finding :n ammﬁnite; ?achydisgus z
spt)in this sandstone,whlch sugpests its marine origin.
He states that the speeimen might belong to the Bashita

fauna or to a later one.

1. Henderson Junius, Colo. Cerl, Bur. First R&Qﬁrt,ﬁ.'
- 175(1803)

2. Lee, W.Bly " U.8.Gecl. Sur. Prof,Paper 149, np.l7
23(1087) |




25

Dakota Scetion on west side of Dell Flats
Along section line between 16 & 9 T.3
N”EU ?0, ﬁ:i
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THE COLORALG GROU#

The Benton Foraation.

The Benton foraatian overl ios the upper sand-
stone ‘of the Dukota groupe This formation consists of
blaeck shisle and inter~bedded thin limestoae; Toward the
top the eolor bécame& lighter, Betveen the derk shales of
the Benton and the wassive basal limw“*“n& of the Niobrara
formation 18 a sandstone bed which 1s not over ten feet
tialeck but 1s very persistant. It 2as found Lo ﬂccureégggfﬂY
§glace vhere) the contact of these two formations 1s exposed,
As Henﬁersanl pointed out, Lk three~fold division of the
Beaton formatiohakonsisting of the lover éandy shsles, the
medial shales containing Black hard limestone, and the up=
per sandy 8h@les§ seem to represent euivalents of the
Graneros shale, Gresuhorn limestonme, and Csrlile shale

and sandstone of the Pueblo (uadrangle.

¥ '

.The Niobrara Formation.

The Niobrars fcrmétianvcaasiats of %hrée vell
defined massive liuestbhe Leds separcted by rather tnick‘
beds of ligat-colored platy snalgs. Tihe gray limestones
are fina-grained and very ccmpaét¢ The limestonc Weat&ers
to a light-gray color, anc stands as a ridge which is

easily distiagulshed from #he black shiales

1.'ﬁendersan, Janius Opt. Cit. .85



of the Plerre formation. The mlddle limestone bed 15 us-
ually the thickest and forms a good marker bed.

The shales of the Niobrara formation are use
ually calcareous and platy. They are generally dérkwgray
but weather to a light-gray color. Near the top of the
formation, the shales become more sandy, and grade into
the darker buff weathering shales of the Plerre forma-
tion. DNumerous fossils are found in this forastion. In=-
oceramas defcrmis,ﬁgnd Ustrea congesta are the most come

mon forms.

THE MCOHTANA GROUP

The Plerre Formation.

The youngest rocks exposed in the area belong
to the Pierre Formation. This formation lies conformably
on the Niobrara, and has an average thickness of about
5000 feet. The interval below the Hyglene sandstone mem=
ber measured 2478 feet cast of Rabbit Mountain. ®his pore
tion of the formation consists of dark-brown to gray-
black shales at the base, which are rather sandy and
veather to a buff eolor. Approxisately two thousand feet
above the base is a lime concretionary zone about one
hundred feet thick. These coneretions are yuite ferrugine
ous, and, although they are dark-gray when freshly broken,
are generally dark-brown on the veathered surface. They

occur in zones along the bedding of the shale. Above the
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Section on north bank of Little Thomnson

Creek from Upper Daknota to Hygiene.

T
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Thickness in Feet

Plerre foraation « interval below

Banidstone, gray(Hygiene)

Shale, greenish grey, sandy
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Niobrara formatipns
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and black shale e

Limestone, dark gray, shal
Ostrea congesta

Shale, white platy
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weathers +hite
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STRUCTURAL GEOLOGY.

Reglionul.

The area mapped 1s in the foothills zone of thg

Front Range of Colorado. This range is ess @n*idlly a

great anticlinal uylift with local faul sing and bubsruin—

R s o —— i

ate folding. The range has becn greatly eroded, with the
result that the sediﬁentary rocks which probably once
arcied over the entire range have been entirely removed
over the crest of the range, thus exposing the Pre~Came.
brian crystalline rocks. The normzsl appeazrance of the
foothills 13 that of a mountain mass of ipneous and metaw
mor hilc rocks fringed by upturned sedimentary beds. Dif=-

ferentiasl erosion of these sedimentary beds has resulted

in hogback ridges and longltudinal valleys parzllielin

the mountaln trend. The dip of the sediments albng the
foothills 1is én the average about I8 to 50 degrecs sast,
uocally, ag at Boulner, Golden, and C&Stlé Roek, the dip

is very stee), gometines vertical and even overturngd. Imw
other places as at Lyons, the dip may be as léﬁ as 1%
degrees. These east-dip ing beds along thé east zide of
the Front Range have been referred to by Fennemen, xiegler
and others as the ™ormal monocline® and the Waaster 5

structure® of the Foothills region.

FOLDS BN E'CAELON.

In addition to the ®normsl monocline there




are many folds that form successive offsets along the
face of the range. Because of tinls arrangcacnt, they
were named "folds en echelon® by Dr, F.V.Hayﬂeﬁi. These
folds are generally spoken of as aminor wrinkles, but they
are nerha;s more imsortant in the structure of the southe
ern Rocky Mountalns tﬁan is generally believed, Heny
notable examples of echelon faiés along the Froat lange
may be polnted out, as for’examale: at Box Elder creek,
Fort Collins, Big Thompson river, Arkins, Rabbit Hountain
South Boulder, Canyon City, Hucrfano Park, and many other
smaller.fol&s. It has been ;oinfed out by R.T.Cnamberling
that in the Southern Rockies echelon arrangement is dis-
tinctly a major feature. Many of the mejor renges are in
en echelon arrangement. The Front Hange dies out to the
south in the vicinity oi Canyon City, and is sepsrated from
the Wet ﬂauqtaiqs by browg soutueast—plunping synecline,
Thie Wet HMountains &re again separated from the soutnern
Sangre de Cristo or Culebra Range by the Huerfana Park
syncline. It is also significant that aeny of the ranges
and most of the major faults have a northreste-soutneast
trend nearly narallel to the tread of the echelon folds of

the Front Range.

Local Structure.

V., Geol. Burv. of Terr, for 1369, 5.1f

1. Hayden,

2, Chamberlin, R.T., "The Building of the Roeky Mounte
ains®, = Jour. of Geol. Vol. 27,5.146 (LQIQ)




of a series of anticlines and synclines trending northe
'west—southeast. & glance at the structure contour map
(Plate 1II) reveals at once the echelon relationshin of At
the folds. The afig of the foldas deviate dbout thirty s R
degrees from the trend of the amadn axis of the Front
Ranges The anticlines are open to the northwest; but
plunge steeply to the southeast and die out in 2 sasrt
distanéa. The synclines also plunge to the soutneast,
onening up and disappesring. All the snticlines are as-
symctrical; some have their steep—dinning limb on the
east and others nave a steep dip on the west side., As
a generak rule, the west limb of tihe folds along the
Front Range is the steeper, and 1s often overturned.
Zieglerl states that every echelon fold he has seen has
a fault on the west limb of the anticline., Hirvine®
worked along tne Front Range froa the Big Thompson to the
South Platte River, and makes the followins statesent
about tuoe echélon foldss

"The most interesting f@atura‘of tuese folds,
next to thelr genersl &éhelan arrangement, is the fact
that in the anticlinal the vestoern side of the fold is
&lw&xs more. abrupt than the eastern side, and may bscome

a fault, the fownthrow being on the western side. That

"1, Ziegler, Victor. 7"Foothllls Structure im Nortnern
Colorado.” Colo. Bchool of Mines Lusrt. Vol. 18,
ps &1 (1917)
2« Harvine, Arch, k., U.5.Geol. SBurve. of Terr. Vol. p.
152 (1873)
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is to say,vthé tendency has been elther an abruct do&nJ
waré bend on the west sidey, or a cdireect downward faulte
ing of the west side, or both combincdf,

. Rabbit Hountain and the loug snticline to the
aorth, tae southern nose of which wss mapored, secm to be
exceptions to the rule so far as the dip om the west
liamb is coneerned,'bﬁt both pass into a faulﬁ to the
northwest.’ The.Rabbit Mountain anticline is peculiarly
different from the'ather nearby sntliclines, The east
liamb is much steeper than the west limb, but on its vest
side, separated from it by a very narrow syncling, 13 3
sasll narrov anticline which is both overturned and faulte
ed on the west sides A8 tue struéﬁura contour man snows,
the axis of Rabbit MHountain anticline is forked; the suort
axis trends nearly northe-southy but the west tine trends
about 45 degrees west of north, end is dn & direet line
with the fault in Little Thoapson canyon. The other folds.
navai}ather Straight axis, and as a rule are steeper on
the west side,

A struciure section ms)p hes been prepared to
shaow cross sections of the struecture alopg certain lines.
Sections A-i4' shous the structure slong a line through

Dell Flats and the center of Rabbit # untein, The Dakota




1 toras the West 1imb of

hogback of the noramsl monocline
a wide snallow syncline which is responsible for Dell
Flats, The east limb of tnis-synélige is overturned

and faulted. Bast of the fault the beds are arched into

a samall anticline and syncline, an&‘flatten out as they
arch upward to make the\}QWrdipﬁingwwest %;mb_af Habbit
Hountain anticlihe. The ;;;;;; are suarply f&iééﬁ‘dn the
east side of this large fold, and dip eastward at about
seventy degrees. The crosé«sectiom BeE' is drawn to ine
clude the south end of the Eoye fass and the north end of
the Rabbit Mountain anticlines. lere thé western mono=
eline is wrinkled into a small anticline and syneline,
which die out to the ssutthbut become aore pronounced to
the north. Ia this paper these folds are referred to as
the "Ridge Folds." Dowe Pacs antlcline, the main fold in'
tils cross=section, is en echelon with Rabbit Hountain
anticline. The axis of this fold trends about nérth thirty
&egrees”mgé;, and curves slightly egstward as it pitches

to tha.south. The west limb of the fold is mueh steeper
than'ﬁhé east, The fault referred to above cuts the east

oy
14mb,  end causes & duplication of tue basal congloaerate

1, There 1s a broad anticline west of Dell FLats and act
of Lyons, Colorado that was not mapped. Hemce, the
Datota ridge on the west zlde of Dell Flats is the
east 1limb of this anticlline, However, since this anti=
‘eline has Lyons sandstone on its crest, and tae Dakots
is not duplicated farther west ve may sneak of this
ridge as the "norasl®™ Dakota hopback,
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bed of the Dakota on the surface. As shown in the cross-
section, the throw of the fault is very slivht,/ and it
dies out a short distance north of this line. In section
S there i8 a flattening of the din whiéh forms a terrace.
This terrace occurs in a saddle where the Rabbilt Hountaln
anticline 1is se srated from the Dove Pass anticline by a
shullow syncline. ‘

Cross-section C-CY is drawn turough the center of
.Dowe Sass anticline, an& shmws the fault in Little Thompson
canyons This fault isg a high-angle thrust fault whicn has
the aopearance of an attequateﬁ fold. The beds are dragped,
up along the fault plane in such a manner that the Lyons
and Lykins formations are in nearly vertical position along
the {ace of & steep escarpment of Fountaln beds.

Along tha nortaern jart of the map, where section
D-DY is drawn, the fault guts across the axils of Dowe Pass
anticlineg The east 1imb of the fold is faulted and eroded
so tnat aést—digning Fountain beds are in contact with gfaw-
Qambrxan senists an& quartzites. In the northeast aarn&g-af
the map tnls croaﬁnsectien Crosses the southern end of dne |
other larga anﬁlaline;#hatﬁis en echelon to Rabbit Hountain,
and ezteﬂds asrthward for nearly four xile& bej@nd the borde

er of tnis ﬁay.
Drag Folds

In Little Thom> on canyon on the southwest side

of tne fault the Lyons sandstone Is upturned to a vertical



Plate 1X.

<L

Bl
Drag folding along the fault in Tittle Thompson.

A €hows the Iyons arnd Iykine bedes dragged upward againet

the Fountain
B. Ffhowe a closer view of the down drag of the Yountain.

C.. View looking northwest alcng the fault escarpment.



A. View showing the fault in Little Thompes
dies out.

southeast end where the fault

Yote the

increased.

B. Yiew showing the fault greatly
drag folding along the fault plane.



position due to drag by the fault, 'ﬁE@dﬁm X snows thae
Lyons sandstone standing on end and ubuﬁéng against the
fault. The guestion naturally arises vhether the folding
is all due to drag along the-fault, or vhether the fault
is due to fracturing along the stcep liab of an attenuated
foldé. 1t is very probable that the beds first folded but
there can be no doubt that the sresent position of the
beds is largely due to arage The fact tuat tﬁe fault.cuts
across Dowe Pess mnticline shomé that when the-fr&cture
ocecurred it vas not entirely controlled by thevfaldigg‘
Also, beds of the Fountain foramation in ﬁné hanglug wall
of the fault are not all affected to the same extent by
the dreg folding. ©Soae beds seem teo be neanrly straight,
and otners are bent downward several feet along tne fault
plane. This relation 1s snown in plate VII. At its
southern extension, ian the southvest quarter of section
&4, the fault plays out info an attenuated fol¢ which
seens to be nearly on the same axis as the west fork of

‘Rabbit Kountain anticline.
Reverse Faults.

The fault in Little Thoapson canyon, which has
been referred to many times, starts in the southwest guirte
er ol section 34Iand strikes about norih 40 degrecs west.

at 1ts southeastern end tha fault Gles out into an ate



tenuated anticline, but the turow increases to the northe
vests In section 28 where the cross-section D-D! is
érawn, the taror of the fault is nearly 1400 feet, and
farther an,y@ne Increasing fault can be traced into the
nore struct ureless pree-Cambrian rocks. Northvest of the
man ares, a;;reat riuge of pre~Ceambrian metamorphlc rocks
farmg}Blue iountain frhich) has a nortnwest trend, and is
asparantly in line with this fault., The fault can be
traced along the southwest side of Blue Hountain for
several thousand feet, where the sedimentary roexs abut

he
against the metamor hiecs and are dragged up Jﬂmiuut fault

plane,

This ty.e of fasul!t is often called & hinge or
scissor fault. It is most ilkely cdue to displacement
along the zone of amaxiaum shear resulting from rotational
stress in the horizontsel plsns. It 1s 2 high-sngle
thrust fault, and its strike of the gedimentary roeks.
Following the standard nomenclaturs of fauttal, this
fault is a dip slip, ah11<ue, reverse fault. The up~
turow side 1s to the northeast, and the fau*t nades
sligatly in this éirecticn, but ip most places appears
to be nearly vertical.

The hinge-like movement alony the fault has

resulted in slightly steepening the di» and elevating

1. Held, H.P., & Otuers., Report of the Commission on
-the Nowenclature of Faultse. Bull. Geol. Soec.

-



the sediments on the north side af«tne fault, Erosien
has caused 2 shifting of the wutcrags toward the dtreetioa
of dip. Hence, there is aa agaﬁreﬂt displacenent of haif

a maile tewdrd the east on the narbh side of uﬁ# fauiﬁ,

to horizontal @o

the faulting occurred the block on the northeast side of el
thn fgult stood htgasr than, tbﬂ lsnd on the. sauthwcat<aia¢

but when erosion wore. the grca dowh the autér&QS’“"thg X epmz
formations vere naturally;ahittaé(t@ward the down-dip

side. Tuis might i | £ the
Hoony Sl o
uslifted, e

leaving |

0 er |

1gn-angd

aide; bﬁi‘

traced ‘the d antl-

¢1&ﬁé f~;”t‘_   ”.“A H_ :[:;wfﬁﬁgﬁf‘HV 107%0 the northe
west Quartq» ¢t‘&¢at1en 3+ The faalt is not'evi@ant on

o rmied

the sd?rhna&““!ﬁ§ ﬁiﬁt liamb of the anﬂll unti&l&nﬂ xg
" by erokisn «! tﬁ% ﬂiﬂbr='w icrus*iot




Plate XI1..

;. View chowing the Dakota hcgback ridge north of the
Little Thompson canyon ae seen from the south side of the
canyon. Note the steepened dip on the north side due tb the

hinge fault..

B. View of hogback ridges and the strike valley formed

by erosion of the Viobrara formation.



strongly overturned, anl seems to disa;pear to the south.
It was found that betveen the Dakota sendstone and the
Niobrara limestone there 13 not room @naugh‘fmr the full
Athickness of Benton shales, It was thus inferred that
the vest 1limb of the anticline is orobably faulted.

Good evidence of the fault was found in the nortihvest
quarter of section 10, wiere a horisontal offset of 260
feet was found in the upper sandstone of the Dakota grau;;
Farther north, on the southcast side of Dowe Pass snti-
cline, the basal Dakota conglomerate bed is cuplicnted,
and & displacement of about fifty feot was measured.

Thls fault is unéouhtéély due to grest coupression and
sharp folding vhich stretched the beds beyond thelr tene

81le strength on the limbs of the folds.

Noramal Fsults,

Only one normsl fault vas mapped. It 1s about
half s mile south of the ccuntylline slony the seetion
line betueen sections £ and &. Ths fault strikes esstnard
and is tr&q%blﬁ for only a short ﬂistanée. The exact Cis-
placement 5£ the fault is very harc to determine, but it
is approximstely fifty feet. The north side is the downe
throw s8ides This fault §3 probebly dae té settling -and

adjustment after the period of <deformation.

ANALYSIS OF THL FORCES.

Any statement regarding the direction of the,



G

forces that produced the folds of this srea must take

into consideration not only the other folds of the foot.
nills afaa, but also the entire Front Range, if not the
entire Bouthern Rockies. It seems logical to belleve

that tae forces imvolved came from thé west, probably from
the Pacific Ocesn. This idea is sun srted both by fhc)
theoretigal reasoning andfée@uctians from fie¢ld observae-
tion. A great nuamber of the writers on mountain struct-
ure and mountain bullding believe the ccezn basins are

the ultimate source of the force.t Alss, a study of the
structure of the Rocky lMountains and the history of their
development tends to show that movement ococurred earliest
in the western part of the Hoeky Mountain area, and most .
of the great overthrusts of the R:icky Hountains are thrusts
from the west,

The local structure of the Rabbit Mountain Area
seens to 1naicaiﬁ that the forces which nroduced the folds
acted in an cast-west direction, and the fault in Little
Thompson creek 1s duc¢ to shiear. Rabbit Mountain strongly
suggests a force active from the west, because the steep
iizb of the fold i# ‘on the cast slde. Baile& willis 2

in his experdments on Aponlachian structure, obtained

1. Hobbs, V.H., "lechanlcs of the Formation of Arcuste
chntaiuai Jour. Geol, Vol, 78, »p.71-80; 166-188;
\,/ 103-908 (1914)
\/ Chamberléin, B.T., "The Wedge Tﬂewry of Diuﬁtro“nism”
2 Jour.»Geoi NVaol, 33,00.158=181 {1¢ “5}
Link, Theo. A. "En Echelon Folds anc Arcuate Mountains %
\jjurc Geol, Vel, 30, 4 ‘056{3“'5 8 (195"‘)

v}

o Willls, Bailey. "decaanics of Appalachizn Structure®
U,S.0eols Surve 13th. Aan. Repts ppe217-282 (1893),



&

some results that nearly duplicate the folding in Ralbbit
Hountain. (8ec figure 1 ). In this experiment the small
fold on the limb nearest the applied fsrce,ris a earinate
fold, and it 15 very likely that the small fold on the west
side of Rabbit Mountain is slso shallow. Dowe Pass fold,
on the other hand, suggests that the active force was fraﬁ
the east. The gteep limb of this anticline is on the ﬂﬂSf
side, and drag folding)devalopﬁé in the "medial Qhalss" of
tne Dakota grouwp on the east limb of this fbld, Suggw$ts
alfferential movement otithﬁ Qamgét@nb‘ganﬁstqaés,gﬁ-ﬁhaz
the unaer»séndatﬁnasvmaée west'wﬁth rﬁéﬂect to ﬁﬁ&jiaver
bed. (Dlate X). This also. suggssts & fcrea frm t;w
cast, ?{vmlly, the thmm mmlt m Little &m;:wn gregk,
unless it is reparded as unéérthruatiﬂg, must nave been
produced by a'tofCéﬁfram the east.

The.ﬂn echelon folds are belicved to te due to
. a lateral variation of tengential forces, vhich amounts to
robwtiondl eomprestibn in the nariaaatalkgiana‘ There are
many ways 15Awhxch nhis varistion aay ‘be accomplished.
Fenneman } ragar&gdmeeanlan folds aaj&nﬁiaating " that
there vasfﬁﬂncr§hfaou§ﬁ nregsure i&g@&@&&&aalto the doaine
Ak sasﬁﬁwaéiahrekéa%$¢" Hecent expériments shov that

sueh a cqﬁé@&iAset,éf forces is uaﬁyﬁaptssaxg to explain

YTeRE, Cit. 5. T

p i gﬁm&ﬁ%’;“



Platée XEIL

Views showing drag folding in the medial shale zone

of the Dakota group.




40,

echelon folds.

1f we sassume that the Rocky ¥suntains vere proe
éueed by lateral compregsion amsinly from the west, we
ﬂust assume that locally at least, forces from an vdat~
erly direction were also active elements., Link l ahovg
by laboraztory experiment how a variaztion of competency in
the beds along the strike of the folds may develop differe
ential transmi%%imn éf stress., In this manner rotaticnal
stresses may be set up in a norizontal plane, although the
forces in themselves are non~ra*aﬁiwnal. In sn arca as

it
this reort, @nm evidence)

L

liﬂited as the one cwnsidered 1&
is not elear whetaer rota*iuﬁal nr nnn*rotatianal forces

vere involved. Bifferential transmiaai@a of stress is

sugzpested along the-Frant Rang&wr ?ha regions at Boulder and
Gﬁlanﬁ, with the steeg and overturned beds, forn indentations
Aalong the front of the rauge wﬂere deformation did not eX=
tend as far eastwarﬁ. Th&s Qay be due to local reslstanc

to deformation in this aart of the Denver basx; The stregs
mey nol have been tranamittaé as raadily in the local strata,
sr there m&y have been a rele&as of stress due ta faulti

It is aisﬁ_suggeativewthat a xqmpg from the esst aight
h&ve'ﬁeaniéominant at these places. If this fere the case,
ratational force might have been the cause of the echelon

folds north of Boulder, Exporiments in ecaelon folding

I. Link, Thneo. Phn Fcielon Folos AnG. Arcuate Mountains
Jour. Geocl., Vol, 38, »0.586-508 (1923)

Willis, Bailey Op. Cit. p.495
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