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Preface

A civi l engineering historian would sugges t tha t geotechnical an d geological

engineering in Colorado began about 1,250 years ago, during the development o f the

first o f Mes a Verde' s prehistori c reservoirs . Th e them e fo r th e 200 6 Biennia l

Geotechnical Semina r i s "GEO-volution: Th e Evolutio n o f Colorado' s Geologica l
and Geotechnica l Engineerin g Practice. " Th e them e wa s chose n t o focu s o n

Colorado's storied past , th e difficul t engineerin g challenges overcome b y it s earl y
population, the current state of local geotechnical and geological engineering practice,

and ideas that will carry our practice into the future . Th e seminar papers presented in

this publication provide perspectives o n Colorado's uniqu e geology, on geotechnical

and geologica l engineerin g fo r th e challengin g groun d condition s presen t i n

Colorado, o n emergin g trend s i n th e loca l engineerin g practice , an d o n curren t

solutions to Colorado's diverse geo-problems.

Since 1984 , th e Geotechnica l Grou p o f ASCE' s Colorad o Sectio n ha s

organized a  biennial serie s o f seminars, i n collaboration wit h th e Rocky Mountai n

Section o f th e Associatio n o f Environmenta l an d Engineerin g Geologist s an d th e

Colorado Association o f Geotechnical Engineers . Th e seminar s have bee n attended
by a s man y a s 270 civil/geotechnica l engineers , engineerin g geologists , geologists ,

and other geo-professionals i n the Colorado region. The seminars have been held at

area universities or hotels and offe r th e opportunity for sharing ideas and experiences

among Colorado' s divers e geo-disciplines. W e look forward t o participating in Geo-

Denver 2007.

The GEO-volutio n Steerin g Committe e ha s bee n workin g t o organiz e th e

2006 Biennia l Geotechnica l Semina r an d thi s accompanyin g publicatio n sinc e
February 2005 . Th e Steerin g Committe e member s include d Loi s Boxill , Mar k

Brooks, To m Chapel , Dr . Christop h Goss , To m Holben , Lesli e Jansen , Dr . Bil l

McCarron, Mina l Parekh , Rebecca  Roland , Mar k Vessely , Chri s Wienecke , an d
Richard Wiltshire.

Richard L. Wiltshire, Minal L. Parekh, and Christoph M. Goss
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Geology of Colorado and Major Prehistoric Events

John L. Lufkin
1

1
 Lecture r o f Geology , Departmen t o f Geograph y an d Environmenta l Science ,

University of Colorado a t Denver, Campu s Box 172, P.O. Bo x 173364, Denver , CO

80217-3364; email: Iufk3@comcast.net

Abstract

Colorado embraces fiv e physiographi c provinces, whic h includ e the Great Plains ,

Southern Rocky Mountains , Middle Rocky Mountains, th e Wyoming Basin , and the

Colorado Plateau . Al l thre e majo r roc k types-igneous , sedimentary , an d

metamorphic— ar e widel y spread throughou t the state . Mos t o f the majo r structura l

features, includin g mountai n uplift s an d intervenin g basins , develope d durin g th e

Laramide Orogeny about 50 to 70 m.y. ago. Colorad o i s dominated by the Southern

Rocky Mountains which include 1 4 mountain ranges. Mos t of these ranges are cored
by Precambria n igneou s an d metamorphi c rock s wit h section s o f Paleozoic rock s

exposed along their flanks.

Structural basins , fille d largel y wit h Tertiar y clasti c rocks , ar e downwarpe d

features tha t include North , Middle , an d South Park ; Raton Basin ; Wyoming Basin ;

Peceance Basin; and the San Juan Basin. Durin g the following Tertiary period, about

40 to 25 m.y. ago, the crust was subjected to majo r east-wes t extension, formin g the

Rio Grande Rif t Zon e now occupied b y the Arkansas Rive r Valley and the San Luis

Valley.

Plateaus are found i n the western part of the state, and include the Roan and White

River Plateaus north of the Colorado River, and the Grand and Uncompahgre Plateaus

south o f the river. Thes e feature s are underlain by Tertiary sedimentary rocks , wit h

volcanic rocks locally.

The majo r historical events that have affected th e geologic framewor k o f Colorado

include th e Laramid e Orogen y an d th e K T Boundar y mass extinction. Durin g th e

close of the Cretaceous Period, the Laramide Orogeny affected th e western Cordillera

from Alaska to Argentina. I n Colorado the movement of mountain blocks was largely

vertical, as in the Front Range and elsewhere.
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GEO-VOLUTION

One of the greatest mass extinctions o n Earth occurred a t the Cretaceous-Tertiary

(KT) Boundary , 65 m.y. ago. Thi s boundary is marked by the worldwide occurrence

of a  1-cm-thick layer of clay containing anomalous amounts of iridium. A t least half

the genera living a t the time perished, and according t o the Alvarez theory, the mass
extinction resulte d fro m th e impac t o f a  gian t asteroi d tha t struc k th e Yucata n

Peninsula, leaving a crater 186 km (110 mi) in diameter.

Introduction

The purpose of this paper is to describe the basic geologic framewor k fo r the state

of Colorado. I n doing so, I will start with the majo r physiographic provinces, discuss
the origi n o f fundamenta l roc k types , an d the n procee d t o a  discussio n o f th e

distribution of major rock types and structures.

Physiography

Colorado embrace s fiv e physiographi c provinces (Figur e 1) . Thes e includ e th e

Great Plains , Souther n Rock y Mountains , Middl e Rock y Mountains , th e Wyomin g

Basin, an d th e Colorad o Plateau . Th e Souther n Rock y Mountain s dominat e th e

central par t o f th e state , an d includ e 1 4 mountai n ranges . Th e Colorad o Platea u

underlies th e southwester n corne r o f th e stat e an d i s compose d o f flat-lyin g

sedimentary rocks of Paleozoic and Mesozoic age. Th e Great Plains includes the High

Plains of the eastern border, the Colorado Piedmont, an d the northern extension of the

Raton Basin . Th e Middle Rocky Mountain Province occupies th e northwest comer,

and is featured by the Uinta Mountains.

Distribution o f Rock Types

Most o f the majo r structura l features , including mountai n uplift s an d intervening

basins, developed during the Laramide Orogeny about 50 to 70 m.y. ago. Th e eastern

half of Colorado, not discussed in this presentation, is dominated by the Denver Basin,

a major source of petroleum.

Before discussing  th e distributio n o f th e majo r roc k types , i t ma y b e helpfu l t o

briefly review how rocks form . Yo u wil l recall tha t the Earth's crust is composed of

three majo r roc k types : igneous , sedimentary, and metamorphic (Figure 2) . Igneou s

rocks are those that solidify  fro m molten material called magma. Whe n magma cools
and solidifies , i t form s a  wid e variet y o f igneou s rocks . Dependin g upo n o n th e

mineralogy an d textur e o f th e rock , geologist s classif y th e roc k a s granite , gabbro ,

basalt, rhyolite, etc. A  coarse-grained igneous rock with feldspar and quartz is called

granite, an d a  coarse-grained igneous rock wit h calcic plagioclase feldspa r an d dark-

colored accessory minerals i s named gabbro. Basalt , the main volcanic rock forming

the ocea n basins , i s th e extrusiv e equivalen t o f gabbro—blac k an d fin e grained ,

because it cooled rapidly on the surface.
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GEO-VOLUTION

Sedimentary rocks ar e those that for m o n the Earth's surface fro m th e weathering

and erosion of preexisting rocks. The y typically are deposited as sediments in shallow

marine water. Th e sediments are later buried and cemented to form solid rock. The y

are classified a s clastic o r chemical. Clasti c rocks, suc h a s sandstone, siltstone , an d

conglomerate, ar e thos e tha t featur e minera l grain s tha t ar e cemente d together .

Chemical rock s ar e those tha t ar e precipitated fro m sal t o r fres h water , an d include

limestone, rock salt, and gypsum. Coa l is also a sedimentary rock, but does not fit into

the regular classification, as such, consisting of decomposed plant remains.

Metamorphic rock s ar e thos e tha t hav e recrystallize d fro m pre-existin g rocks ,

under condition s o f elevate d temperatur e an d pressure . Unde r dee p burial ,
temperatures an d pressure s ar e elevated , an d a  sedimentar y rock , lik e shale , i s

unstable. Therefore , th e cla y mineral s i n thi s shal e underg o a  change , o r

metamorphism, whereby , th e cla y i s recrystallize d i n th e soli d stat e t o for m ne w

minerals o f the mic a group . Th e resultin g metamorphic rock, called a  mica schist ,

consists o f new mineralogy and usually coarser grai n size, with oriented mica grains.

A fine-graine d carbonat e rock , lik e limestone , however , i s recrystallize d t o for m

marble, consisting of coarse-grained calcite.

Southern Rocky Mountains

There ar e 1 4 mountain ranges i n Colorado whic h mak e u p th e Souther n Rock y

Mountain Province. Thes e include the Front Range, Park Range, Gore Range, Rabbit

Ears Range, Ten Mile Range, Williams Fork Mountains, Mosquito Range , Sangre de
Cristo Range, Wet Mountains , Spanish Peaks, Sawatch Range , Sa n Juan Mountains,

Elk Mountains, and West Elk Mountains.

Front Range

The Front Range, extending fro m Canon City northward into Wyoming where it is

known a s the Laramie Range, form s th e eastern boundary o f the Southern Rock y

Mountains. I t i s composed mostl y o f Precambria n gneis s an d othe r metamorphi c

rocks tha t hav e bee n intrude d b y severa l batholith s o f granite . Th e larges t o f th e

batholiths i s the Pikes Peak Batholith , which i s exposed ove r a n area o f 3,400 km
2

(1,300 mi
2
) and extends from Pikes Peak north to Conifer.

The range is bordered by steep reverse faults . O n the east side, the Golden Faul t
west o f Denve r dip s abou t 7 0 degrees wes t beneat h th e range , an d ha s a  vertica l

displacement o f about 3,048 m (10,000 ft) near Morrison. Las t movement on this faul t

zone occurred abou t 500,000 years ago. Wes t o f Colorado Springs, segments o f this

border faul t include the Rampart and Ute Pass Faults.

Rocky Mountain National Park is located west of Estes Park, in the northern part of

the Front Range . Th e popula r park i s carved deepl y int o Precambrian granite s and

gneisses. Trai l Ridg e Road , th e highes t pave d roa d i n Nort h America , climb s

westward over the Continental Divide , providing spectacular views of geology across
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