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THE Front Range is the most striking geologic
feature of the Denver region. Visitors to the
metro area are always amazed how it rises
abruptly above the plains and dominates the
western skyline. It is along the margin of two
major geologic provinces of North America. To
the east is the stable platform of the North

American Craton that underlies the Great Plains.

The Front Range is the easternmost expression
of the Cordillera, the series of mountain ranges
that extend from Alaska to the southern tip of
South America. The Front Range is one of the
features that makes Colorado unique.

The geology of the Front Range was
first studied in detail by members of the Hayden
Survey in the 1870s, and has been the focus of
some monumental studies, including the
Geology and Ore Deposits of the Front Range
by Lovering and Goddard (1950). However,
since the publication of that report, one of the
most influential researchers of Front Range
geology was WILLIAM ALFRED BRADDOCK
(1929-2003). Bill Braddock taught structural
geology and petrology in the Department of
Geological Sciences at the University of
Colorado, Boulder. Bill was an expert in rock
mechanics and metamorphic petrology, but his
main area of research was in mapping the

northern Front Range. In the 1960’s through the
1980s, he and his students mapped in detail a
total of 5,700 km? (2,200 mi?) of the northern
Front Range (Figure 1). This extensive area
presented many challenging geologic problems
that demanded mental toughness, critical
observation, and persistent application of
“multiple working hypotheses.” The Front
Range also demanded physical toughness owing
to limited road access, more than 1,500 m relief
(5,000 ft), dense forest cover, and widespread
glacial deposits. Bill walked over essentially
all of Rocky Mountain National Park, and knew
all the best back-country fishing holes (see the
frontispiece).

His students knew Bill to be a very
perceptive and rigorous scientist, and he was the
major advisor of over 40 masters and doctoral
students. Of the participants at this symposium,
James Cole, Karl Kellogg, William Nesse,
David Schroeder, and our editor, Mary-Margaret
Coates, were all students of Bill Braddock. His
legacy is in the great number of geologists he
trained and the most detailed set of geologic
maps of the northern Front Range. This
symposium is dedicated to Bill and his
exceptional career.

REFERENCES

Abbott, J.T., 1976, Geologic map of the Big Narrows quadrangle, Larimer County, Colorado: U.S.
Geological Survey Geologic Quadrangle Map GQ-1323, scale 1:24,000, 1 sheet.

Lovering, T.S., and Goddard, E.N., 1950, Geology and ore deposits of the Front Range, Colorado: U.S.
Geological Survey Professional Paper 223, 319 p.

O’Neill, J.M., 1981, Geologic map of the Mount Richthofen quadrangle and the western part of the Fall
River Pass quadrangle, Grand and Jackson Counties, Colorado: U.S. Geological Survey Geologic
Quadrangle Map GQ-1291, scale 1:24,000, 1 sheet.

Schroeder, D.A., 1995a, Geologic map of the Granby Quadrangle, Grand County, Colorado: U.S.
Geological Survey Geologic Quadrangle Map 1763, scale 1:24,000, 1 sheet.

Schroeder, D.A., 1995b, Geologic map of the Strawberry Lake Quadrangle, Grand County, Colorado:
U.S. Geological Survey Geologic Quadrangle Map 1764, scale 1:24,000, 1 sheet.



PUBLICATIONS ON THE GEOLOGY OF THE FRONT RANGE By W. A. BRADDOCK

Braddock, W.A., and Eicher, D.L, 1962, Block glide landslides in Dakota Group of the Front Range
foothills, Colorado: Geological Society of America Bulletin, v. 73, p. 317-324.

Hedge, C.E., Peterman, Z.E., and Braddock, W.A., 1968, Age of the major Precambrian regional
metamorphism in the northern Front Range, Colorado: Geological Society of America Bulletin,
v. 78, p.551-558.

Peterman, Z.E., Hedge, C.E., and Braddock, W.A., 1968, Age of Precambrian events in the northeastern
Front Range, Colorado: Journal of Geophysical Research, v. 73, p. 2277-2296.

Braddock, W.A., 1969, Geology of the Empire Quadrangle, Grand, Gilpin, and Clear Creek Counties,
Colorado: U.S. Geological Survey Professional Paper 616, 56 p.

Braddock, W.A., 1970, Origin of slaty cleavage, evidence from Precambrian rocks in Colorado:
Geological Society of America Bulletin, v. 81, p. 589-600.

Braddock, W.A., Nutalaya, P., Gawarecki, S., and Curtin, G., 1970, Geology of the Drake Quadrangle,
Colorado: U.S. Geological Survey Geological Quadrangle Map GQ-829, scale 1:24,000, 1 sheet.

Braddock, W.A., Nutalaya, P., Gawarecki, S., and Calvert, R., 1970, Geology of the Masonville
Quadrangle, Colorado: U.S. Geological Survey Geological Quadrangle Map GQ-832, scale
1:24,000, 1 sheet.

Braddock, W.A., 1977, Dakota Group rockslides, northern Front Range Colorado, in Voight, B., ed.,
Rockslides and avalanches, volume 1: New York, Elsevier, p. 439-480.

Braddock, W.A., and Cole, J.C., 1978, Preliminary geologic map of the Greeley 1° x 2° quadrangle,
Colorado and Wyoming: U.S. Geological Survey Open-File Report 78-532, 9 p., scale
1:250,000, 1 sheet.

Braddock, W.A., and Cole, J.C., 1979, Precambrian structural relations, metamorphic grade, and intrusive
rocks along the northeast flank of the Front Range, in Field Guide to the Northern Front Range
and Northwest Denver Basin, Colorado: Rocky Mountain Section, Geological Society of
America, Forth Collins, Colorado, p. 105-121.

Pearson, R.C., Braddock, W.A., and Flanigan, V.J., 1981, Mineral resources of the Comanche-Big South,
Neota-Flat Top, and Never Summer Wilderness Study Area, north-central Colorado: U.S.
Geological Survey Open-File Report 81-0578, 78 p.

Hutchinson, R.M., and Braddock, W.A., 1987, Precambrian structure, metamorphic mineral zoning, and
igneous rocks in the foothills east of Estes Park, Colorado in Beus, S.S., ed., Centennial field
guide volume, Rocky Mountain Section: Geological Society of America Decade of North
American Geology Project series, v. 6, p. 303-306.

Eggler, D.H., and Braddock, W.A., 1988, Geologic map of the Cherokee Park Quadrangle, Larimer
County, Colorado and Albany County, Wyoming: U.S. Geological Survey Geological
Quadrangle Map GQ-1615, scale 1:24,000, 1 sheet.

Braddock, W.A., and Connor, J.J., 1988, Geologic map of the Livermore Mountain Quadrangle, Larimer
County, Colorado: U.S. Geological Survey Geological Quadrangle Map GQ-1617, scale
1:24,000, 1 sheet.

Braddock, W.A., Wohliford, D.D., and Connor, J.J., 1988, Geologic map of the Livermore Quadrangle,
Larimer County, Colorado: U.S. Geological Survey Geological Quadrangle Map GQ-1618, scale
1:24,000, 1 sheet.

Shaver, K.C., Nesse, W.D., and Braddock, W.A., 1988, Geologic map of the Rustic Quadrangle, Larimer
County, Colorado: U.S. Geological Survey Geological Quadrangle Map GQ-1619, scale
1:24,000, 1 sheet.

Braddock, W.A., Abbott, J.T., Connor, J.J., and Swann, G.A., 1988, Geologic map of the Poudre Park
Quadrangle, Larimer County, Colorado: U.S. Geological Survey Geological Quadrangle Map
GQ-1620, scale 1:24,000, 1 sheet.



Braddock, W.A., Conner, J.J., Swann, G.A., and Wohlford, D.D., 1988, Geologic map of the Laporte
Quadrangle, Larimer County, Colorado: U.S. Geological Survey Geological Quadrangle Map
GQ-1621, scale 1:24,000, 1 sheet.

Braddock, W.A., and LaFountain, L.J., 1988, Geologic map of the Crystal Mountain Quadrangle, Larimer
County, Colorado: U.S. Geological Survey Geological Quadrangle Map GQ-1623, scale
1:24,000, 1 sheet.

Braddock, W.A., Nutalaya, P., and Colton, R.B., 1988, Geologic map of the Carter Lake Reservoir
Quadrangle, Boulder and Larimer Counties, Colorado: U.S. Geological Survey Geological
Quadrangle Map GQ-1628, scale 1:24,000, 1 sheet.

Braddock, W.A., Houston, R.G., Colton, R.B., and Cole, J.C., 1988, Geologic map of the Lyons
Quadrangle, Boulder County, Colorado: U.S. Geological Survey Geological Quadrangle Map
GQ-1629, scale 1:24,000, 1 sheet.

Braddock, W.A., and Peterman, Z.E., 1989, The age of the Iron Dike — a distinctive Middle Proterozoic
intrusion in the northern Front Range of Colorado: Mountain Geologist, v. 26, no. 4, p. 97-99.

Braddock, W. A., Cole, J.C., and Eggler, D.H., 1989, Geologic map of the Diamond Peak Quadrangle,
Larimer County, Colorado, and Albany County, Wyoming: U.S. Geological Survey Geological
Quadrangle Map GQ-1614, scale 1:24,000, 1 sheet.

Braddock, W.A., Eggler, D.H., and Courtwright, T., 1989, Geologic map of the Virginia Dale
Quadrangle, Larimer County, Colorado, and Albany and Laramie Counties, Wyoming: U.S.
Geological Survey Geological Quadrangle Map GQ-1616, scale 1:24,000, 1 sheet.

Nesse, W.D., and Braddock, W.A., 1989, Geologic map of the Pingree Park Quadrangle, Larimer County,
Colorado: U.S. Geological Survey Geological Quadrangle Map GQ-1622, scale 1:24,000, 1
sheet.

Braddock, W.A., O’Connor, J.T., and Curtin, G.C., 1989, Geologic map of the Buckhorn Mountain
Quadrangle, Laraimer County, Colorado: U.S. Geological Survey Geological Quadrangle Map
GQ-1624, scale 1:24,000, 1 sheet.

Braddock, W.A., Calvert, R.H., O’Connor, J.T., and Swann, G.A., 1989, Geologic Map of the Horsetooth
Reservoir Quadrangle, Larimer County, Colorado: U.S. Geological Survey Geological
Quadrangle Map GQ-1625, scale 1:24,000, 1 sheet.

Bucknam, R.C., and Braddock, W.A., 1989, Geologic map of the Glen Haven Quadrangle, Larimer
County, Colorado: U.S. Geological Survey Geological Quadrangle Map GQ-1626, scale
1:24,000, 1 sheet.

Punongbayan, R., Cole, J.C., Braddock, W.A., and Colton, R.B., 1989, Geologic map of the Pinewood
Lake Quadrangle, Boulder and Larimer Counties, Colorado: U.S. Geological Survey Geological
Quadrangle Map GQ-1627, scale 1:24,000, 1 sheet.

Courtwright, T.R., and Braddock, W.A., 1989, Geologic map of the Table Mountain Quadrangle and
adjacent parts fo the Round Butte and Buckeye Quadrangles, Larimer County, Colorado and
Laramie County, Wyoming: U.S. Geological Survey Miscellaneous Investigations Map 1-1805,
scale 1:24,000, 1 sheet.

Braddock, W.A., and Cole, J.C., 1990. Geologic map of the Rocky Mountain National Park and vicinity,
Colorado: U.S. Geological Survey Miscellaneous Investigations Map 1-1973, scale 1:50,000, 2
sheets.

Raup, O.B., Braddock, W.A., and Madole, R.F., 1996, Brief geologic history, in Raup, O.B., Geology
along Trail Ridge Road, Rocky Mountain National Park — A self-guided tour for motorists:
Helena and Billings, Montana, Falcon Press, Rocky Mountain Nature Association, p. 9-11.

Madole, R.F., Braddock, W.A., and Colton, R.B., 1998, Geologic map of the Hygiene quadrangle,
Boulder County, Colorado: U.S. Geological Survey Geologic Quadrangle Map GQ-1772, scale
1:24,000.

Braddock, W.A., and Cole, J.C., (in prep., 2004), Geologic map of the Estes Park 1:100,000-scale
quadrangle, Colorado: U.S. Geological Survey Scientific Investigations Map, scale 1:100,000.



FIGURE 1. Quadrangles mapped in the northern Front Range by William A. Braddock and his students.
Included are the maps by Abbott (1976), O’Neill (1981), and Schroeder (1995a,b) listed in the references.



REGIONAL CRUSTAL CONDITIONS DURING EMPLACEMENT OF 1400 MA
GRANITES—A TALE ToLD BY THREE PLUTONS

James C. Cole, U.S. Geological Survey, Denver, Colorado

jimcole@usgs.gov

THE metasedimentary and metavolcanic rocks
of the northern Front Range record
sedimentation, folding, regional
metamorphism, and syndeformational
intrusion by intermediate calcalkaline magmas
of the Routt plutonic suite. The thermal and
deformation events were more or less
contemporaneous at about 1725 + 15 Ma and
probably reflect processes of accretion to the
older Wyoming craton to the north. Peak
metamorphic conditions throughout the region
produced sillimanite-K feldspar assemblages
in metapelites (in general) and widespread
partial melting that partially consumed biotite
and produced cordierite or garnet (or both) in
the restite assemblage. These observations are
consistent with regional peak temperatures of
about 650° £ 25°C and peak pressures of
about 5 £ 0.5 kbars (water-undersaturated
conditions).

Three plutons of Silver Plume Granite
intruded the highest-grade metamorphic
terranes in the northern Front Range at about
1400 Ma. None of these bodies produced
contact-metamorphic effects. | infer that P-T
conditions during emplacement resembled
those of peak metamorphism 300 million
years earlier, and that all three plutons were
intruded at about 15 km depth. The geometry
and style of each pluton is significantly
different and informative about prevailing
crustal conditions.

The Virginia Dale ring-dike complex
intrudes steeply dipping schists and gneisses
along sharp, near-vertical contacts. The
complex is subcircular, about 14 x 12 km, and
includes an early ring of hybridized diorite and
granite (with enclaves of country rock), an
outer ring of granite probably formed by
cauldron collapse, and an inner,
compositionally zoned core of granites that
show inward-dipping trachytic foliation
(Eggler, 1968). Late-stage granite-porphyry

dikes cut all rock types and are radial and
circumferential to the youngest core granite.
Petrologic analysis and high concentrations of
apatite, fluorite, and sphene indicate the
granites had relatively high fluid contents
(Eggler, 1968),

The Log Cabin pluton is a simple
ovoid body, about 32 x 22 km, that is elongate
in the general direction of foliation in the
surrounding metamorphic rocks (Abbott,
1970, 1976; Braddock and Cole, 1979; Shaver,
1988). External contacts are sharp and steep,
and the zoned granites within the pluton
display steep trachytic foliation parallel to the
margins. Abbott (1970, 1976) demonstrated
that the pluton locally pushed outward against
the wall rocks and caused preexisting folds to
tighten. Late-stage pegmatite bodies form flat-
lying sheets that discondantly cross-cut the
surrounding schists and gneisses.

The Longs Peak-St. Vrain batholith is
a large, irregular body, about 40 x 50 km in
plan, that is characterized by generally flat-
lying internal contacts and by numerous
sheeted sill complexes intruded along foliation
planes in the metamorphic country rock. Cole
(1977) and Braddock and Cole (1979)
demonstrated that emplacement of the Longs
Peak-St. Vrain batholith involved major
deformation, reorientation, and flattening of
the country rock that attended buoyant rise of
the viscous magma. Broad, open folds defined
by granite foliation and compositional layering
in the country rock formed during intrusion,
not by compression but by differential
buoyancy of magma and metamorphic rock.

The principal reason these three
plutons intruded in such different forms and
fashions can be related to water content of the
magmas. Magma viscosity is strongly affected
by volatile content (principally water) and
phenocryst content. Viscosity contrast
between country rocks and magma is the



greatest determinant of the degree of effect
that country rock structure will play on the
form and progress of the intrusion. The most
volatile-rich (and most fluid) magma was at
Virginia Dale, and the cookie-cutter form of
the pluton ignores all preexisting country-rock
structure. The granite of the Longs Peak-St.
Vrain batholith was relatively dry, about 50
percent crystallized when emplaced, and
nearly as viscous as the country-rock schists
and gneisses; thus, foliation in the
metamorphic rocks was widely exploited by
intruding sills, and the regionally steep
country-rock foliation was rotated to flat
attitudes as the granite rose through the crust
(Cole, 1977). The Log Cabin magma had
intermediate viscosity and was slightly
influenced by preexisting structure.

These three plutons were intruded at
about the same time and about the same depth
in a mechanically similar metamorphosed
terrane. The differences among them are due
to differing degrees of magma-country rock
interaction related to viscosity contrasts.
Regional stress appears to have been relatively
neutral. Andesitic dikes that cut the Virginia
Dale complex imply mild ENE extension, but
they are cut by the Log Cabin pluton and
dismembered and reoriented by deformation
around the Longs Peak-St. Vrain batholith.
Mylonite zones developed in the granite in
some areas are clearly related to late stages of
consolidation and do not require postulated
regional compressional stress fields.
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THE COLORADO FRONT RANGE: A WELLSPRING OF CHANGE IN LARAMIDE

CONCEPTS

Eric Erslev, Colorado State University, Fort Collins, Colorado

erslev@cnr.colostate.edu

DURING the last 50 years, the Front Range of
Colorado has played a pivotal role in the
development and testing of Laramide
concepts, owing to its excellent exposures and
proximity to the large and active Rocky
Mountains geosciences community. The
diverse Laramide features of the Front Range,
which include low-angle thrusting on the west
side of the range, high-angle thrusting on the
east side of the range, and the enigmatic
Colorado Mineral Belt, provide a fertile
substrate for new Laramide concepts.
Unfortunately, prior (e.g., Precambrian and
Ancestral Rocky Mountain orogenies) and
subsequent (mid-Tertiary and Rio Grande rift
events) periods of deformation and
magmatism can make it difficult to isolate
Laramide features.

In the 1970s, the debate between
advocates of horizontal shortening and vertical
tectonics coalesced around seminars in Denver
and field trips to the northeastern Front Range,
which is so beautifully portrayed in the
geologic maps published by Bill Braddock and
his students. The western part of the range,
which exposes low-angle Laramide thrust
faults with substantial overhangs, was largely
ignored because of the complications of
pervasive Neogene magmatism and rifting.
The vertical tectonics school correctly
emphasized the important role of basement
blocks in the northeastern Front Range, but
they also reinterpreted earlier work that
indicated reverse faulting in a vertical- or
normal-fault context. More recent work in this
area has showed that both the major and minor
faults are strongly dominated by thrust,
reverse, and strike-slip faults. Nearly vertical
faults do exist, but they are almost exclusively
strike-slip faults, not dip-slip faults as
predicted by the vertical uplift school.

The large reverse faults in the
northeastern Front Range provide an
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interesting dilemma in that they typically
bring the basin side of the fault up and the
range side of the fault down. This shows that
they must be secondary structures and are not
directly responsible for the uplift of the Front
Range. Comparisons with less reworked and
better-imaged Laramide arches in Wyoming
show that analogous reverse faults form zones
of stratal tightening on the sides of the arches
opposite to the major basin-boundary thrusts.
These backlimb-tightening structures can be
explained by inner arc shortening during the
bending of the hanging walls above low-angle,
listric basin-boundary thrusts that sole into
horizontal detachments near the Moho.
Application of this model to the Front Range
arch indicates that a triangle zone of thrusts
breaches the surface on the western side of the
arch and inserts a wedge of crust beneath the
arch, causing crustal thickening and uplift.

In the 1980s, a new concept of large,
100+ km northward displacements of the
Colorado Plateau during the Laramide re-
energized the geologic community. Evidence
for large amounts of strike-slip movement is
clearest in northern New Mexico, where the
Picuris-Pecos fault system displays 38 km of
right-lateral offset between distinctive
Precambrian metamorphic belts. This
displacement is clearly shown in aeromagnetic
maps, which also reveal several parallel zones
of equivalent right-lateral slip. Interpretations
of apparent Phanerozoic stratigraphic
separations have varied, and some
investigators find abundant evidence for major
right-lateral offsets whereas others find
contrary evidence. This disagreement suggests
that the basement offsets could be
Precambrian in age as interpreted by early
field investigators.

The extrapolation of these
hypothesized Laramide displacements
northward is problematic. At the latitude of



Denver, the Front Range is the best place to
accommodate lateral slip between the
Colorado Plateau and the craton. To the west
of the Front Range, the sinuosity of the Grand
Hogback and the lack of major Laramide slip
on the Gore fault system appear to rule out
major strike-slip displacements. The lack of
evidence for Laramide strike-slip along the
margins of the Front Range suggests that the
slip could be partitioned into the center of the
range, making the arch a giant Laramide
flower structure. But transverse Precambrian
lithologic contacts like the Pikes Peak
Batholith and the Iron Dike, which extends
from Denver to North Park, show no evidence
of major (>20 km) right-lateral displacements.
This lack of evidence has led us back
to New Mexico to take another look at the
Picuris-Pecos fault system. Seth Fankhauser, a
M.S. student at CSU, found that the
impressive, kilometer-thick breccias along the
southern part of the Picuris-Pecos fault system
are unusually well lithified, forming resistant
knobs instead of the more usual zones of
easily eroded Laramide gouge. The breccias’
induration combined with their metamorphic
biotite and lack of open-space fillings indicate
that temperatures of deformation exceeded
those seen by adjacent Paleozoic rocks. A
Precambrian age for these breccias has been
confirmed in Deer Creek Canyon (Santa Fe,
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NM) where Paleozoic limestones both
unconformably overlie the breccias and inject
them as clastic dikes. Local folding and
faulting of adjoining Paleozoic strata indicate
significant Phanerozoic reactivation of the
zone, but if one correlates the 38 km of strike
slip with the thick breccias, then the major
strike-slip event was Precambrian in age.

In conclusion, the Front Range has
and is continuing to play an important role in
debates on the kinematics of Laramide
basement-involved deformation. It has been
both the basis for and a critical test against
numerous models of Laramide deformation.
New roles for the Front Range will emerge as
we attempt to restore the Laramide foreland in
three dimensions, determine the nature of
Laramide lithospheric deformation, and
unravel the cause of the enigmatic, early
Laramide magmatism along the Colorado
Mineral Belt. In the end, Front Range research
will help elucidate the linkage between plate
processes and basement-involved foreland
deformation. But one note of caution needs to
be stated. When proposing new models, pay
careful attention to the interpretations of the
earlier field geologists. While they may have
been unaware of the plate dynamics that surely
drive Laramide motions, their field
observations have rarely been proven wrong.



