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EVOLUTION OF SEDIMENTARY BASINS—UINTA AND PICEANCE BASINS

Facies Analysis, Genetic Sequences, and
Paleogeography of the Lower Part of the
Minturn Formation (Middle Pennsylvanian),
Southeastern Eagle Basin, Colorado

By John A. Karachewski'

Abstract

Siliciclastic and minor carbonate rocks of the lower part
of the Middle Pennsylvanian Minturn Formation of north-
central Colorado were deposited in alluvial-fan, braidplain,
Gilbert-delta, shoreline, paralic, and offshore-marine
environments. These strata can be divided into twelve genetic
sequences within clastic units B (uppermost part), C, and D of
Tweto and Lovering (1977). The genetic sequences are
generally bounded by transgressive surfaces of erosion,
although locally they can be defined by paralic flooding
surfaces. They are characterized by thin transgressive units and
thick regressive units. Gradational regressive units formed by
progradation of shorelines or Gilbert deltas during relative
sea-level stillstands. Within nongradational regressive units,
the erosional stacking of marine or paralic deposits and
overlying alluvial-fan or braidplain deposits records either
autocyclic or allocyclic processes. Autocyclic processes are
probably related to avulsion of a braidplain or progradation of
an alluvial fan into a paralic or shoreline setting, whereas
allocyclic processes are probably related to regional
fluctuations of relative sea level. Lowering of relative sea level
results in erosional truncation of marine or paralic deposits,
whereas rising of relative sea level results in aggradation of
alluvial-fan or braidplain deposits. The thickening-upward
trend of Minturn genetic sequences and the stacking of
alluvial-fan deposits in the uppermost genetic sequences is
attributed to progressively increasing tectonic activity.

Paleocurrent analysis indicates that regional paleoslope
was toward the west or southwest; thus the siliciclastic detritus
was derived from the ancestral Front Range uplift. The north to

Manuscript approved for publication, June 18, 1991.

!Amoco Production Company, P.O. Box 800, Denver, Colorado
80201.

northwest trend of Gilbert deltas may be related to structural
activity on the Avon-Edwards high at the northern end of the
ancestral Sawatch uplift that resulted in development of a
longitudinal or basin-axis drainage pattern.

INTRODUCTION

The Middle Pennsylvanian Minturn Formation
consists of as much as 1,900 m of siliciclastic and minor
carbonate rocks that were deposited in marine and nonma-
rine environments along the eastern margin of the Eagle
basin in north-central Colorado during the ancestral Rocky
Mountain orogeny. Although the geology and stratigraphy
of the Minturn Formation at the type section (fig. 1) have
been described (Tweto, 1949; Boggs, 1966; Tillman, 1971;
Walker, 1972; Tweto and Lovering, 1977), the facies,
sedimentary environments, genetic sequences, and paleo-
geography of these rocks are poorly understood. This study
of the lower part of the Minturn Formation was designed to
(1) conduct a facies analysis in order to interpret
sedimentary environments, (2) determine the charac-
teristics, lateral relationships, vertical stacking patterns, and
controls on development of genetic sequences, and (3)
reconstruct the paleogeography of the southeastern part of
the Eagle basin.

Late Paleozoic Tectonic Setting

The late Paleozoic ancestral Rocky Mountains were
intracratonic uplifts that formed in Colorado and the
surrounding region (Mallory, 1972). The block uplifts were
mountainous areas of considerable relief that were

Facies Analysis of Minturn Formation, Eagle Basin, Colorado  AA1
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Figure 1. Geology of the Minturn-Vail area, Colorado.
Precambrian-Paleozoic contact in the Sawatch Range
schematic. Location of measured sections shown in detail on
plate 1. Modified from Tweto and others (1978).

apparently bounded by narrow, complex fault zones (Kluth,
1986). Major tectonic elements include the northwest-
trending ancestral Front Range and Uncompahgre uplifts
and the Denver basin, central Colorado trough, and Paradox
basin (fig. 2). The ancestral Sawatch uplift subdivided the
central Colorado trough into the Eagle basin, Aspen sub-
basin, and South Park subbasin (De Voto and others, 1986).

Within the Eagle basin, syndepositional faulting
produced abrupt thickness variations and facies changes (De
Voto and others, 1986). Based on interpretations of regional
seismic lines, Waechter and Johnson (1985) recognized
Pennsylvanian and Permian block faulting in the
southwestern part of the Eagle basin. The precise paleo-
geography of the Eagle basin cannot be determined because
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Figure 2. Ancestral Rocky Mountain uplifts and basins in
Colorado. Star indicates approximate location of study area.
Line A-B is line of stratigraphic section shown in figure 3.
Modified from Mallory (1972) and Johnson (1987).

many late Paleozoic faults were reactivated during the
Laramide orogeny and in the Neogene (Tweto, 1977, 1980).

Late Paleozoic Stratigraphy of the
Eagle Basin

The stratigraphy of Pennsylvanian and Lower Per-
mian rocks in the Eagle basin is shown in figure 3. In the
Minturn area, these strata include, from oldest to youngest,
the Belden (as thick as 61 m), Minturn (as thick as 1,921 m),
and Maroon (as thick as 1,281 m) Formations (Tweto and
Lovering, 1977). The Minturn Formation intertongues
basinward with the Eagle Valley Evaporite (Mallory, 1971;
Schenk, 1989).

The Lower and Middle Pennsylvanian Belden
Formation consists of black shale, limestone, and fine-
grained sandstone of marine and deltaic origin (Mallory,
1972). The Middle Pennsylvanian Minturn Formation
consists of conglomerate, sandstone, mudstone, dolomite,
and limestone of fluvial-deltaic to marine origin (Tweto and
Lovering, 1977). The Eagle Valley Evaporite consists of
limestone, gypsum, halite, mudstone, and sandstone of
marine to fluvial-deltaic origin (Schenk, 1987, 1989). The
Upper Pennsylvanian and Lower Permian Maroon
Formation consists of conglomerate, sandstone, and silt-
stone of fluvial and eolian origin (Johnson, 1987, 1989;
Johnson and others, 1988).
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Geology of the Minturn-Vail area

The Minturn-Vail area includes parts of three
geologic and geographic areas: the Sawatch Range, an
intermountain area, and the Gore Range (fig. 1). The
Sawatch Range is a Precambrian-cored anticline that
formed during the Laramide orogeny (Tweto, 1977). The
intermountain area near Minturn and Vail is a broad
syncline of Paleozoic and minor Mesozoic sedimentary
rocks. The Gore fault separates the intermountain area from
the Gore Range, an uplifted fault block of Precambrian
rocks.

In the Minturn area, about 3,200 m of Pennsylvanian
to Lower Jurassic rocks are preserved west of the Gore fault.
The Upper Jurassic Morrison Formation overlaps the Gore
fault and was deposited directly on Precambrian rocks of the
ancestral Front Range (Tweto and Lovering, 1977). The
Gore fault is a complex zone consisting of vertical to steeply
dipping faults (Tweto and Lovering, 1977). The extent of
back faulting along the basin margin during the late Paleo-
zoic is uncertain because onlap relationships near the Gore
fault are either poorly exposed or buried.

Minturn Formation

Stratigraphy

Because the Minturn Formation is not entirely
exposed in any one location, the type section of Tweto and
Lovering (1977) comprises several partial sections in the
area from Gilman to the Vail ski resort, a distance of about
10 km. The type section is subdivided into clastic units A
through H and eight carbonate units or members (fig. 4). I

examined clastic units A through D and the dolomite beds
of Dowds and the reef dolomite of Lionshead; clastic units
A and B, however, were only examined in reconnaissance
because of their poorer outcrops. Tweto and Lovering noted
that the probable equivalent of the Wearyman Dolomite
Member separates clastic units D and E. In contrast, based
on my stratigraphic study, the Wearyman Member of
Walker (1972) correlates with the lower part of clastic unit
D, but above the reef dolomite of Lionshead.

The Minturn Formation thins rapidly toward the Gore
fault, along which the lower half of the formation is missing
due to onlap against the old highland (Tweto and Lovering,
1977). Onlap relationships have also been recognized near
Copper Mountain (Bergendahl and Koschmann, 1971).

Lithology and Composition

The Minturn Formation consists of conglomerate,
sandstone, mudstone, and minor dolomite or limestone.
Conglomerates contain granules to uncommon boulders of
granite, gneiss, and pegmatite. Clasts of Cambrian through
Mississippian sedimentary rocks and quartz sandstone are
restricted to the basal part of clastic unit A (Tweto and
Lovering, 1977). The predominant rock type is a coarse-
grained arkosic sandstone that contains abundant granules
and scattered pebbles (“grit” of Tweto and Lovering, 1977).
The petrography of Minturn sandstones was summarized by
Boggs (1966). The mudstone consists of micaceous silt-
stone and minor claystone. Although the Minturn Formation
contains both dolomite and limestone, only dolomite is
present in the interval examined in this study.

Age

The Minturn Formation is Middle Pennsylvanian
(Atokan and Desmoinesian) in age (Tweto and Lovering,
1977). Diagnostic macrofossils and fusulinids are most
abundant in the Robinson Limestone Member (Tillman,
1971). I found molluscs and brachiopods at various
stratigraphic levels but no fusulinids.

Methods of Study

My facies analysis followed the methodology
outlined by Anderton (1985). Strata were described from 13
measured sections (fig. 1). Facies were defined on the basis
of lithology, color, rock unit or coset thickness, bed or set
thickness, texture (grain size and sorting), rock unit and bed
contacts, bed geometry, physical and biogenic sedimentary
structures, and fossils. Sedimentary environments were
inferred on the basis of geometry, facies sequences, facies
associations, and paleocurrent analysis.

Acknowledgments.—This paper is modified from a
Ph.D. dissertation submitted to the Colorado School of
Mines and completed under the guidance of Richard H.
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MINTURN TYPE SECTION

Jacque Mountain Limestone Member:
Mottled light-bluish-gray and pinkish
gray limestone. Contains oolitic, algal-
geget, sandy, and micaceous limestone

eds

v

Clastic unit M: Grit, conglomerate,
sandstone, and shale

“

1,567 White Quail Limestone Member
} Clastic unit G

Elk Ridge Limestone Member

1,518

g

Clastic unit F: Grit, sandstone, shale,
and siltstone

1,349

Robinson, Limestone Member: Several beds
of light-bluish-gray fossiliferous limestone,
1.5-19 m thick, and thin beds of dolomite,
separated by clastic rocks

1,122

v

Clastic unit E: Grit, sandstone, shale, and
siltstone, mostly in thin beds

870 Probable equivalent of Hornsilver Dolomite
Member: Thin dolomite beds in black
shale

769 <

Probable equivalent of Wearyman Dolomite
Member: Thin dolomite beds in black

shale

—~

Clastic unit D: Grit and conglomerate in
thick massive beds

454 =" " { Reef dolomite of Lionshead

This J Clastic unit C: Grit, sandstone, shale, and
study minor amounts of dolomite

312 Dolomite bed of Dowds

Clastic unit B: Grit, sandstone, shale, and
conglomerate; corresponds in general

with lower red zone
115

Clastic unit A: Sandstone, shale, and
dolomite, thin and even bedded

L o

Figure 4. Type section of the Minturn Formation showing
subdivisions and general character. Modified from Tweto and
Lovering (1977).

DeVoto. Reviews by Samuel Y. Johnson and Christopher J.
Schenk led to improvements in the manuscript and are
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Table 1. List of Minturn facies
[Letters of facies should not be confused with clastic units A through
H (fig. 4) of Tweto and Lovering (1977)]

Facies Description
A Horizontal to low-angle stratified conglomeratic
sandstone.

Structureless or crudely stratified conglomeratic
sandstone.

Structureless or normally graded sandstone.

Large-scale bottomset- and foreset-bedded sandstone.

Trough cross-stratified sandstone.

Tabular cross-stratified sandstone.

Horizontally stratified sandstone.

Low-angle stratified sandstone. Subfacies Hhcs—

Hummocky cross-stratified sandstone.

Ripple cross-laminated sandstone.

Flaser, wavy and lenticular bedded sandstone and
mudstone.

K Laminated or structureless mudstone.

L Dolomitic biostromes and bioherms.

TQmEoa w
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greatly appreciated. This study was supported by Chevron
USA Inc., Colorado School of Mines, Colorado Scientific
Society (Tweto Memorial Fund), Geological Society of
America, and Ukrainian National Association. Amoco
Production Company provided reprographic services.

FACIES ANALYSIS

The facies analysis is presented in two parts. The first
part includes descriptions of facies (table 1) and
interpretations of physical and biogenic processes. The
second part provides descriptions and interpretations of
sedimentary environments (table 2). Plate 1 shows the
distribution of sedimentary environments for each measured
section.

Facies

Facies A—Horizontal to Low-Angle Stratified
Conglomeratic Sandstone

Description

Rock units comprising horizontal to low-angle
stratified conglomeratic sandstone (light gray, light brown,
or pink) are 50 cm—55 m thick, whereas beds are 3-60
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Figure 28. Vertical stacking patterns of genetic sequences 1
through 12. Base of each genetic sequence reflects relative
landward versus seaward position with respect to underlying
genetic sequence.

100,000-400,000-year periodicity of Minturn (Kara-
chewski, 1990), Morgan (Driese and Dott, 1984), Eagle
Valley (Schenk, 1989), Paradox (Hite and others, 1984),
and midcontinent (Heckel, 1986) cycles corresponds to the
eccentricity cycle of the Milankovitch theory. Pleisto-

cene glaciations provide support for the temporal
correlation between the advance and retreat of glacial ice
and the effects on worldwide sea level (Evans, 1979; Imbrie
and Imbrie, 1980).

PALEOGEOGRAPHY

The paleogeography of genetic sequences RC4, 6A, 9
(9A), and 12 (plate 1) is discussed below. Paleogeographic
maps were constructed for time lines near the base and top
of each genetic sequence. The first map of each pair shows
the inferred extent of maximum flooding, whereas the
second map shows the inferred extent of maximum pro-
gradation. The modern Gore fault is shown on each map,
although the fault that bounded the ancestral Front Range
uplift may have been several kilometers northeast of the
Gore fault.

The inferred paleogeography of genetic sequence
RC4 is shown in figure 29. A relative rise of sea level
resulted in flooding of the study area and deposition of
mudstone in paralic (bay or estuarine) environments.
During maximum flooding, shoreline and paralic (coastal
plain) sedimentation was restricted to a narrow tract near the
ancestral Front Range uplift. During a sea-level stillstand or
slowly falling sea level, shoreline and paralic (coastal plain)
environments prograded, and the coastal plain was probably
traversed by small meandering (?) streams.

B v

Meandering stream (?)

Figure 29. Inferred paleogeography for genetic sequence RC4 during periods of (A) maximum flooding and (B) maximum

progradation.
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Figure 30. Inferred paleogeography for genetic sequence 6A during period of (A) maximum flooding and (B) maximum
progradation,

Braidplain
YU N

Figure 31. Inferred paleogeography for genetic sequences 9 and 9A during period of (A) maximum flooding and (B) maximum
progradation.

The inferred paleogeography of genetic sequence 6A  paralic (bay or estuarine) environments. In addition, blue-
is shown in figure 30. A relative rise of sea level resulted in ~ green algal biostromes flourished in west-central parts of
flooding of the study area and deposition of mudstone in  the study area. During maximum flooding, shoreline,
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progradation.

paralic (coastal plain), and braidplain sedimentation was
restricted to a narrow tract near the ancestral Front Range
uplift. A relative drop of sea level resulted in valley incision
and erosional truncation of paralic (bay, estuarine, coastal
plain) and shoreline deposits. A subsequent relative rise of
sea level resulted in aggradation of braidplain deposits.

The uncertain correlation between genetic sequences
9 and 9A hinders paleogeographic reconstructions. The
inferred paleogeography for these sequences is shown in
figure 31.

A relative rise of sea level resulted in flooding of the
study area and deposition of mudstone in offshore-marine or
paralic (bay) environments. In addition, blue-green algal
biostromes flourished in the southwestern part of the study
area. During maximum flooding, shoreline, paralic (inter-
tidal or supratidal), and braidplain sedimentation was
restricted to a narrow tract near the ancestral Front Range
uplift. Under conditions of relatively stable or slowly falling
sea level, the Gilbert delta of sections TEC1, SMC1, and
SMC?2 prograded toward the north into water about 15 m
deep. Based on this trend, one would expect deeper water
and offshore-marine deposits toward the northwest. Genetic
sequence 9A of sections NMC1, NMC2, DJ3, and DJ1
comprises offshore-marine deposits, but the overlying
Gilbert delta prograded into water only about 3 m deep.
These observations indicate that Gilbert deltas prograded
into variable water depths. The northerly trend of Gilbert
deltas is anomalous in that paleocurrent analysis of all other

Inferred paleogeography for genetic sequence 12 during period of (A) maximum flooding and (B) maximum

deposits yields a westerly to southwesterly paleoslope. This
northerly trend is attributed to development of a
longitudinal (basin axis) fluvial system that probably
reflects structural uplift on the Avon-Edwards high
(Schenk, 1989), a northern extension of the ancestral
Sawatch uplift.

The inferred paleogeography of genetic sequence 12
is shown in figure 32. A relative rise of sea level resulted in
flooding of the study area and deposition of mudstone and
minor sandstone in offshore-marine environments.
Contemporaneous with deposition, some of the deposits in
section DJ3 (310-325 m) were involved in slumping. Fold
axes from slump folds suggest an apparent (because of
two-dimensional road cut) northwesterly paleoslope.
During maximum flooding, shoreline and alluvial-fan
sedimentation was restricted to a narrow tract near the
ancestral Front Range uplift. A relative drop of sea level
resulted in valley incision and erosional truncation of
offshore-marine and shoreline deposits. A subsequent
relative rise of sea level resulted in aggradation of alluvial-
fan deposits. Within alluvial-fan deposits, clast imbrication
suggests a southwesterly paleoslope.

Previous paleogeographic reconstructions of the
upper Minturn Formation in the Minturn-Vail area were
based primarily on facies trends of carbonate rocks (Boggs,
1966; Tillman, 1971; Walker, 1972). These reconstructions
suggest that the depositional basin (Vail-McCoy trough)
was asymmetric; deeper water and greater subsidence rates

Facies Analysis of Minturn Formation, Eagle Basin, Colorado AA27



were along the landward margin of the basin, and shallower
water and slower subsidence rates were toward the center of
the basin. Shoaling conditions toward the center of the basin
were attributed to a structural high or platform, which De
Voto (1972) named the ancestral Sawatch uplift. Schenk
(1989) concurred with these paleogeographic recon-
structions, although he named this small intrabasin uplift the
Avon-Edwards high. Paleocurrent analysis associated with
my study demonstrates that siliciclastic detritus of the lower
Minturn Formation was derived from the ancestral Front
Range uplift and that the paleoslope was toward the west or
southwest. Although the Avon-Edwards high may have
influenced development of a basin-axis fluvial system, it
was probably of low topographic relief because it did not
shed siliciclastic sediment toward the northeast into the
depositional area of the lower Minturn Formation.

CONCLUSIONS

Siliciclastic and minor carbonate rocks of the lower
part of the Minturn Formation were deposited in alluvial-
fan, braidplain, Gilbert-delta, shoreline, paralic, and
offshore-marine environments. Twelve genetic sequences,
defined as paired transgressive-regressive units, were
recognized within clastic units B (uppermost part), C, and D
of Tweto and Lovering (1977). The sequences are generally
asymmetric and composed of thin transgressive units and
thick regressive units. Regressive units are subdivided into
gradational (25 percent) and nongradational (75 percent)
types. Gradational regressive units formed by progradation
of shorelines or Gilbert deltas during relative sea-level
stillstands. Within nongradational regressive units, the
erosional juxtaposition of marine or paralic deposits with
overlying alluvial-fan or braidplain deposits records either
autocyclic or allocyclic processes. The thickening-upward
trend of genetic sequences and the stacking of alluvial-fan
deposits in the uppermost genetic sequences are attributed to
an increase in tectonic activity. Waxing and waning of
Gondwana glaciers is an attractive mechanism to explain
the repetitive, high-frequency, base-level changes
associated with nongradational regressive units.

Paleocurrent analysis indicates that regional paleo-
slope was toward the west or southwest and that siliciclastic
detritus was derived from the ancestral Front Range uplift.
The north to northwest trend of Gilbert deltas may be
related to structural activity on the Avon-Edwards high at
the northern end of the ancestral Sawatch uplift, activity that
resulted in development of a longitudinal or basin-axis
drainage pattern.
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