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FOREWORD

This paper, the Geology of Rocky Mountain National Park
is one of several prepared by a special research group employed
under the Civil Works Program of 1933-34, by the Field Bivision
of Education, National Park Service, Berkeley, California. Its
purposc is to satisfy specialized needs existing in the National
Park Service and it must not, therefore, be judged or regarded
as a complete statement of the subject with which it deals.

The objective of this paper is the compilation of much perti-
nent information as will be helpful in the preparation of geologe-
dical museum exhibits at Rocky Mountain National Park, and more
specifically to outline the story to be interpreted by such
exhibits. It is thus designed to aid museum preparators and Park
Naturalists. For this reason the author has stressed what he con-
siders the major geoclogical features connected with the park and
the generalized geology of the area surrounding it. Consequently,
some readers may be disappointed in the paper, because of the lim -~
ited scope; or may discover the omission of certain features which
were not considered significant in the interpretation of the
landscaps. Neverthecless, such interest has been manifested in the
group of research pepers, of which this is a part, that it seems
worth while to make some of them available in mimeographed form.
Not the least valuable featurs of the paper should be its
bibliography.

_ The format of the paper has been slightly modified from
customary scholarly standards in order to save time and expense
in mimeographing., Footnotes have been virtually eliminated and
ci%ations and comments are included in parentheses in the body
of the text, ‘



A REPORT ON

THE GEOLOGY OF ROCKY LIOUNTA IN NATIONAL PARK
(By William L. Effinger)

INTRODUCT ION

Purpose and Scope:

The purpose of this report is to present a statement of the
salient facts of the geology of Rocky Mountain National Park.
Emphasis has beer placed upon certain phases of the subject which
might serve as a basis for museum exhibits eand exposition pur-
poses. The material contained in this report has been derived
from a critical review of the more important literature dealing
wi th the Rocky Mountains of Northern Colorado. A bibliography
of these papers accompanies the report and original sources are
often quoted in the text.

The work has beon carried on under tho direction of the Nat-
ional Park Service, Field D§vision of Education as part of CWA
project SLF-4.

Location and General Character:

Rocky Mountain National Park includes an area of approxim-
atoly 398 squarc milecs situatcd in the high mountains of the
Front Range in north-central Colorado. The rcgion extonds on
ei thor side of the continental dividc, lying betwoen Larimar,
Grand, and Boulder Counties. Estes Park, the eastern gateway,
lies approximately 50 miles north-west of Denver by direct line,
and is easily accessable by modern means of transportation.

Grand Lake is the western entrance. Several roads and many f ine
trails run through the park, opening up a vast scenic wonderland

of giant peaks, rugged ridges, and srarkling mountain lakes.

Thesc lzokes are fed by living glaciers and snow fieldsin shelt-

ered, steep walled gorges and cirquos. Animal life is varied

and abundant and the vegetation rarges in character fram that of

thc middle altitudes to thoc extrcme alpine. The lower valleys

are often carpeted with mecadows surrourndcd by great forost$, in marked
contrast to the barrcn and rugged pesks and rock strewn ridges of

the higher elevations above timber line.

The great snow-capped range extending through the center of
the park has a north-south tremd, its southern portion forming a



part of the continental divide. This ridge with its peaks, many

of which are over 13,000 feet elevation, forms the most prominent
topographic featare of the perk. The culminating point of the
higher eslevations is Longs Peak, named in honor of Col. S« H. Long
who conducted one of the esrliest explorations in this region.

It rises 14,255 feet above sea level. This peak is situated on

an castern spur extending a few miles cast from the main ridge.

The eastecrn descent from ths snow capped range is prccipitous,
while the western descont is more graduale The main range is flank-
ed by less commandi:g summits, arr:nged in ordcr of prominence,
down to the rank of foothills. Although somewhnt dwarfed by the
more majestic monarchs, the flanking ranges are exceedingly rugged,
the massive ridges often being separated by gorges whose walls rise
almost vertically, hundreds, and in some cases, thousands of feet.
At the higher altitudes are many rock-bound laikes, some occupying
basins at the bottom of the gorges, others perched high in the
craggy sides of precivices in tiic most unexpscted placcse The
changing color in thcsc Liigh 2ltitude lakes has well led to their
being cellcd "gems of thz mountains.”

In tho gorges and in many of the broadar valleys are found
conspicuous evidences of o2ncient glaciation. Great moraines have
been formed by glaciers carrying boulders and smaller fragments
of rock down the valleys and heaping them in great ridges at the
sides and end of the ice. In many places the rocks are polished
by the ice passing over them. For easily read records left by
ancient glaciers, the Rocky Mountain Nationzl Park is almost unique.

The lower slopes of the mountains are wooded wherever they
are not too precipitous for trees to take rocte At an altitude
of about 11,500 feet, known as tisberline, the struggle between
trecs and clemonts is scvcre. Here may be found many interesting
and curiously formed shrubs with gnarled and twistcd trunks and
branches, cither growing closc to the ground, or taxing refuge
bchind protccting bouldors a2nd ridgese. These are commonly imown
as timberline trees. On the slopass above ti berline may be found
a flora consisting mainly of descendants of arctic plants driven
southward during the Great Ice Age.

It was because this region displayed so many of the grander
features representative of the Rocky ilountains that it was set
aside as g n2tional park on Jsnuasry 26, 1915.



STRATIGRAPHY AND HISTORICAL GEOLOGY.

Some may revel 2lone in the wonders of the present scenery
of the park:; for others, however, this pleasure and inspiration
mey be greatly increased by the 2bility to perceive in each rocky
ridge and prniile, records of cevents which took place here mill-
ions of years 230 when these rocks and profiles werc in their for-
mativo stages To repicture this story of tne past 2nd the agents
which heve cper2ted to bring about the present state of things is
to real.y undersiand and eppreciate the meaning of scenery. The
geologicel feutures of this region have lcng been under the care-
ful scrutiny of many geologists and from their studies =z great
deal is kmown of its history, & history full of inferesting cvents
and shifting scenes. The characters of the prosent landscape are
forcign to this drama of the past; thoy ropresont only a very re-
cent shifting of the scenery. Recent in the geologist's language,
for, although these features have been in existence for many hun-
dreds of thousandsof years, it is but a very brief interval as
recorded by the geologist's clock. His only means of measuring
time is by the rate of deposition of sediments, by the evolution
of organisms or, morc rccently, by the usc of the disintegration
of radioactive minerals. The time concerned is of such length,
and the yardstick always subject to so much correction, that
time cannot be indicated in irtervals less than millions of years.
It is only in the latest of the geological epochs that events can
be more accurately dated, using here as a yardstick, thousands of
years. It is believed that the age of the earth is somewhere in
the neighborhood of two billions of years old. The immensity of
geologic time may be better grasped in the simile used by Jeans-
"Let the height of the Woolworth building represcnt geologic time.
We may thon lay a nickel on its tower to represcnt the time of
human existence. A thin sheet of paper on this will represent
all historic timec."

Just as human history is divided into various subdivisions
on the basis of important events, so geological history has been
subdivided into eras, periods, and epochs in accordance with the
important events in the history of the earth. A chart showing
the various divisions of geologic time and the names applied to
them is presented.



PSYCHOZOIC or RECENT ERA

GEOLOGICAL TIME

Mental Dominance

Pleistocens or
Glacial Epoch- Periodic glaciation
and appearance of

man,.

Pliocene- Cooling of climates.
CENOZOIC Miogene- Culmination of manm-
ERA als and land floras.
%% of Geol. Qligocene- Rise of anthropoids.
Time. Eocene- Spread of modernized
60,000,000 mammals,
years. Paleocene~ Expansion of archaic
N mammals.,
Cretaceous- Last of ammonites and
MES0ZOIC ERA dinosaurs.
7% Juraessic- Rise of toothed birds,
140,000,000 great expansion of
years. reptiles.
Triagssic- Rise of dinosaurs,
pterodactyls etc.
Permian-Periodic glaciation in s, hemisphere, ex-
tinction of trilobites, spread of primitive in-
sects,

Pennsylvenian-tlarr, humid, climate with extensive
coal making.. Dominance of spore floras. Spread
of reptiles.

Missisbippian-Spreod of ancient sharks and culmin-

PALEQOZDIC ation of crinoids.
ERA Devonian-Rise of umphibians, marine fishes, and pri-
mitive ammonites., First spread of forests.
17% Siluriun-Rise of air-breathing invertebrates. Spread
of Paleozoic reef-corals. First known oecur-
340,000,000 rerce of land plants,
years. Ordowician-zise of fresh-water fishes and ecorals.

Spread of molluscs. Culmingtion of trilobites.

Cambrian-zZise of shell-bearing molluscs. Dominance
of trilobites. Iirst appearance of well-known
marine faunas.

PROTEROZOIC ERA-Primitive MMarine Life. An early and late glacial

period.




ARCHEOZOIC ERA- The oldecst known life. Geologic history very ob-

scure. Archeozoic and Proterozoic include app-
roximately 75% of geologic time, or have a dur-
ation of 1,500,000,000 years.

GEOLOGIC FORMATIONS OF NORTHEASTERN COLORADO

Recent- Aluvium, river gravels, soils, etc.

- Glacial deposits

Pleistocene<

Pliocene

Miocene
Oligocene

Eocene

Upper
Cretaceous

L. Cret.
Jurascic

Triassic
Permian
Pennsylve.
Mississip.
Devonian
Silurian
Ordovician
Canbrian

*Nussbaum in part
:Nussbaum in part

\0galalla

Arikaree

White River
Denver, Dawson
Arapaho, Ruton (%)
l’iddle Park

Laramie
Fox Hills
Plerre
Niobrara
Benton
Dakota
Purgatoire
Morrison

Sundance

Lykins

Lyons

Fountain

not represented

not represented

not represented

Fremont, Harding, Manitou
Sawatch ss. and dolomite

Pre-Cambrian Big Thompson schist and granites.



One region such as that within the borders of the Rocky
Mountain National Park, contains a complete succession of the
rocks formed during the entire geological time. Deposition dur-
ing geological time seems to have predominated in certain areas
of the earth at the expense of others. These areas of greater
deposition seem to have been tho lower portions of the continent,
basin, or trough-like structures; and in thom, sediments gener-
ally were accumlating. In order to accomodate the deposition
of many thousands of feet of sediments which are known to have
accumulated, the floor of the basin must have been sinking in
relation to the surrounding areas which furnished the source of
the detrital materials. These predominantly subsiding areas have
been termed geosynclines. One of these, mown as the Cordilleran
geosyncline, is known to havo occupied the site of the prosent
Rocky Mountains oxtending from Moxico across parts of Arizona,
New Mexico, Colorado, Utah, Wyoming, Idaho, Montana, Alberta and
British Columbia, and northward across Eastern Alaska.. When the
continents were depressed in relation to sea level, the ocean
waters entered these troughs, and if the continent was extens-
ively depressed the waters spread bcyond the margins of the geo-
gynclincs flooding the adjoining areas. At othor times tho con-
tinents werc roised in relation to sea lcvel and the ocean waters
drained from them completely, usually lingering longest, however,
in the geosynclines. . During these times the surface of the newly
formed deposits would be subject to erosion, and portions of the
newly-formed sediments removed. These sediments cither wore
carried by the rivers beyond tho margins of the continent, or
some of the detrital matarial might be caught in the lower basins
gnd valleys as aluvium, and strcam and lakc doposits. These sub-
areal doposits, forming as they do above sea level, are known as
cont inental deposits, in contrast to marine deposits, those -
formed in sea water.

Rocky Mountain National Park is located almost on the east-
ern border of the Cordilleran gecsyncline; consequently mar inc
waters spread over it repeatedly and thick sedmimentary beds were
deposited. Within the boundaries of the park almost nothing re-
mains of the greater part of these formations with the exception
of the very oldest. This region has been subject to great de-
nudat ion during the later part of its history and the record has
been largely destroyed. However, in the surrounding region, es-
pecially the foothill region irmediately east of the park, most
of the formations which formerly covered the rocks now scen in
the park, are excellently rcprescnted. We may now take up brief-
ly the more important events taking place in this region in past



geologic tims.

Pre-Cambrian Tinme.

The formation of the earth was followed by long eras, the
history of which is veiled in the darlkmess of antiquity. Enor-
mous groups of ancient rocks, lying in ‘angled confusion below
the Paleczoic, fcra an impressive record . these early times.
When these rocks lic in their normal crdor of supcrposition, the
local histurs 1s act difficult to inturprot. However, as is very
often che casc,; th se reczks have sutferaed intcnee dolormation
dur ing the grea: 1longth 9¢ time since their formation, and have
becn iateuded by ignom.s masscs. They are like a manuscript that
has been scattered end torn, leaving us only "internal evidence"
as a clus to the oraar in which the recovered portions should be
fitted together. Murecver, the almost goneral absencc of fossils
leaves us with nu sccurc means of corrclating portions of the re-
cord now wiilly scpuratcd by erosion or by intorvening arcas of
younger rocks. We might casily compare the carly records of gco-
logic history, so vesct with difficultics, to thc bare inklings
of carly human hisfory. Vritten documcnts tcll clearly the story
of tho last two thousand ycars of man's development, butv biok
but back of thc last fiv:s thousnnd ycars strctch the millemnia
of forgotten civilizations kmown to us only through the ruins
they have left. The scattered implements of Paleolithic man
record chapters in the history of civilization no less real be-
cause they are not yet fully understood. They are too discon-
nected to Derrit a full synthecis of »re-hictory; however, by
means of constant rescarch in every part of the world, the veil
of tim: is being pushed back morc and more into antiquity.

Prc-Cambrizn time was very long, being cstimated at 1500
million years, or three quarters of all known geologic time.
It is not certain how many eras of time are represented; how-
ever, two have been generally recognized: the Archeozoic and the
Proterozoic.

The entire region of Rocky Mountain National Park is under-
lain by Pre-Combrian rocks; and all tho main peaks, with tho ex-
ception of Spccimoen Ibuntain, consist of various phascs of this
complex. Thesc rocks are covercd ovor in many of tho vallcys
and lowcr basins by glacial dcbris, rccont stroam deposits, and
soil; howovor, numcrous outcrops oxist in the bare rocks of tho
stecp walled valloys and gorgcs. Throc important phases have



been recognized, the oldest being a schistose complex known as

the Big Thompson Schist. This has been intruded by at least two
granitic intrusions, an older Longs Pcak Granite, and a younger

Mt. Olympus Granite. The Big Thoripson Schist has been described

by Fuller (Fuller, M. B., 1926) as a remnant of a former exten-

sive blanket of highly metamorphosecd sedimentary rocks that stretched
from an unknown shoreline at the east of the present foothills, west-
ward across the site of the front range to beyond Middle Park,

This formation is believed to have been originally a fine grained,
highly silicious sandstone with little conglomerate and limestone

at the east. These graded westward into fine grained shale.

The second important phase of the Pre-Caribrian rocks of North-
ern Colorado, the Longs Peak Granite, was pushed up as extensive,
intrusive masses into the sedimentary beds. It formed huge stocks
and batholiths which fingered into the strata as dikes and sills.
The third phase, the Mt. Olympus Granite, was intrudcd before the
Longs Peak Granite was entirely crystalized at all points, and some
time before thc metamorphic processes induced by the Longs Peak
Granite were complete. The Mt. Olympus granite intruded mostly
into the region immcéiatcly to the cast of the Longs Peak Granite.

From this fragmentary and greatly distorted record of Pre-
Cambrian time it is difficult to interpret much of the oldest
history. We would perhaps be safe in assuming that in this very
long time the scas sprecad over this region many times depositing
muds, sands and limestoncs to extensive thicknesses. These were
subsequently folded and distorted by mountain-making movements
and intruded by masses of molten magma which solidified into
granite., Toward the close of the Pre-Cambrian and during the
early and middle part of the following Cambrian, the granites
and metamorphoscd sediments deeply erodec,

Practically nothing has been found in the way of fossils
from the metamorphoscd scdiments of this rcgion. Luckily, how-
cver, not all Pre-Cambrian rocks arc as barren of fossils, and
although life was probubly not as abundant at this time as dur-
ing later times, numcrous indications of it have been found.
These consist of simple forms of plant life such as algae and the
lower groups of animals such as the proiozoans, spongcs, perhaps
some of the limey corals, and the worm-like creatures which rc=-
present the highest typs of life represented at this time, This



is not a very impressive array of creatures but it is signifi-
cant in indicating that organic life had not evolved very far
in these early times. The ancestors of numerous other groups
of animals must have been in existence at this time; however,
it is believed that they may have been lacking sufficient hard
parts to become preserved in the rocks, the soft tissues being
casily destroyed.

Paleozoic Era.
Cambrian Period:

Tarly in Cambrian time tho seas invaded the continental
borders and advanced slowly toward the interior. They did not
reach Colorado until nearly the close of the period, and as a
consequence, no lower, middle, or early upper Cambrian rocks
are found in the state. In later Cambrian timc the scas in-
vaded northorn and central Colorado, tho wators coming in from
the northwest. The waters of thc soa found the surface of de-
cayod rock much as onc finds the surfaco of tho lower granitic
arecas of today, strown with broken rock, sand, and clay, grad-
ing dovnward into the unweathorcd bedrock. The rivers which
formorly carriod the sodiments beyond tho region into the oceans
bordoring tho continont, now dropped thom in she shorc waters
of the invading sea. The waves worked over the residual sur-
face mater ial, and the sediments brought in by the streams,
sorting them and spreading them over the sea floor in layers
or strata of conglomerate, sandstone and shale. In some parts
of the sea the shore woters were clear and mado a frvorable ha-
bitat for animls and plants. The animals took lime from the
waters, madc it into their shells and othar parts, and as the
animals died, thosoc limy parts accumulated on the bottom. Cen-
tury aftor century thcsc accumulations grew, a nd thc waves broke
and ground many of them Into a mud-like mass and spread a mix-
ture of limestone mud, shells, and shell fragments over the sea
floor in layers which afterward consolidated into limestone
strata of the upwer part of the Carbrian formetion.

Cambrian rocks have not been recognized in the boundaries
of the park, but they are known to occur at numerous points a-
long the eastern slope of the Front Range in southemColorado.
Thore they consist principally of sandstone with somo shale and
a little limestomo. Thoy also occur bordering thc Prc-Cambrian
masses in the San Jusn Moumtains, zlong the Whito Rivor Flateau,






