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INTRODUCTION

This trip will focus on Pennsylvanian and Permian depositional systems
and cycles in the Eagle Basin and northern Aspen sub-basin, northwest
Colorado. Strata to be examined include the Belden Formation, Minturn
Formation, Eagle Valley Evaporite, Maroon Formation (including the Fryingpan
Member), and the Schoolhouse Tongue of the Weber Sandstone. These units were
deposited in a broad spectrum of environments that produced subaqueous
evaporites, carbonate bioherms, clastics representing turbidite to shoreline
deposits, fan deltas, terminal fluvial fans, eolian sand sheets, loess fields,
and dune fields. Principal emphasis will be placed on 1) recognition of the
distinctive sedimentologic characteristics of each facies, 2) recognition of
eustatic, climatic, and tectonically controlled cycles, and 3) reconstruction
of basin paleogeography.

GEOLOGIC SETTING

Pennsylvanian and Permian tectonism in the western United States resulted
in development of the ancestral Rocky Mountains (Curtis, 1958; Mallory, 1972;
Tweto, 1977; Kluth and Coney, 1981; Kluth, 1986). Orogenic highlands in
Colorado included the ancestral Uncompaghre and Front Range uplifts, which
bounded the northwest-trending central Colorado trough, and the ancestral
Sawatch uplift (DeVoto, 1972), which subdivided this trough into several sub-
basins (Fig. 1). The Eagle Basin, generally regarded as the area in the
central Colorado trough north of the northern margin of the Sawatch uplift, is
one of these sub-basins. The Aspen sub-basin forms the area west of the
Sawatch uplift and is a southern extension of the Eagle Basin. Deposition in
the Eagle Basin and associated sub-basins was strongly controlled by local
tectonics, relative sea-level changes, and climate (Mallory, 1971, 1972;
Bartleson, 1972; Walker, 1972; DeVoto and others, 1986; Dodge and Bartleson,
1986; Johnson, 1987a, b).

The Belden Formation, mainly a dark gray or black shale of deltaic and
marine origin, comprises the Early Pennsylvanian fill of the Eagle Basin (Fig.
2; Brill, 1958; Mallory, 1972). The thickness of the Belden Formation ranges
from approximately 70 m on the eastern side of the basin to approximately 300
m in the central part of the basin. This variation in thickness is due in
part to the choice of upper boundary; along the eastern side of the basin the
first buff-colored sandstones mark the top of the Belden and the base of the
Minturn Formation, whereas the first gypsum separates the top of the Belden
from the overlying Eagle Valley Evaporite in the central part of the basin
(Bass and Northrup, 1963). The first gypsum in the central part of the basin
may be stratigraphically higher than the first Minturn sandstones.

Recently, Waechter and Johnson (1985; 1986) have suggested that the
Belden was a likely source for hydrocarbons. Rock-Eval pyrolysis data
summarized by Nuccio and Schenk (1986) indicated that the Belden contains the
proper types of organic matter to have been a source for both oil and gas.
Vitrinite reflectance data combined with burial history models suggest that
the Belden near Gilman, Colorado may have generated hydrocarbons in the Early
Permian. However, this was not the general case for the Belden across the
Eagle basin because of differences in burial history (Nuccio and Schenk, in
press).

In the Middle Pennsylvanian, the effects of local tectonism were more
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Figure 1. Schematic map showing the location of the ancestral Rocky Mountain
highlands and basins in Colorado. ASU = ancestral Sawatch uplift;

A-B is line of section for Figure 2. Adopted from Mallory (1972).
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Figure 2. Schematic diagram showing stratigraphy of Pennsylvanian to early
Mesozoic strata in the Eagle Basin. Line of section A-B is shown in
Figure 1.




pronounced and alluvial-fan and fan-delta deposits of the Minturn, Gothic, and
Maroon (lower part) formations accumulated adjacent to basin margins (Boggs,
1966; Bartleson, 1972). These basin-margin facies include interbedded
nonmarine coarse-grained clastics and marginal-marine clastics and carbonates
(Tillman, 1971) that pass laterally into evaporite and clastic deposits of the
Eagle Valley Evaporite (Mallory, 1971; Schenk, in press, a). The Eagle Valley
Evaporite comprises a series of sedimentary cycles that generally begin with
marine limestone, followed by laminated gypsum, and end with a sequence of
mudstones and sandstones. The clastic sequences generally begin with
turbiditic sandstones and interbedded mudstones (Schenk, 1986), grade to
nearshore marine sandstones, and finally to fluvial and eolian sandstones at
the top of some cycles (Schenk, in press, b). Some of the cycles do not
contain gypsum, and are composed almost entirely of clastics. The clastics
generally thin towards the center of the basin where the evaporites are
thickest. Several of the limestones in the lower part of the Eagle Valley
cycles have been correlated with thin limestones in the coeval Minturn
Formation (Schenk, in press, a).

Nonmarine rocks of the upper part of the Maroon Formation, largely a
sequence of nonmarine red beds, comprise the Late Pennsylvanian and Early
Permian part of the basin fill. The Maroon may be as thick as 4600 m in the
Aspen sub-basin (Fig. 1; Freeman and Bryant, 1977), whereas to the north in
the Eagle Basin, the thickness of the Maroon is considerably less, about 300
to 1000 m. The contact between the Maroon Formation and underlying strata is
markedly transgressive, which in part explains the major thickness variations
(Johnson, 1987a). In the area around Vail, Colorado, Tweto and Lovering
(1977) placed the lower Maroon contact at the top of a prominent marker
horizon, the Jacque Mountain Limestone; however, elsewhere in the basin the
contact is generally placed at a color change between underlying brown and
gray rocks and overlying red beds. The Maroon consists of interbedded fluvial
and eolian deposits (Johnson, 1987a, b, in press). Maroon fluvial systems
decreased in flow strength, flow depth, and discharge in the downstream
directions, characteristics of "terminal fan" fluvial systems in arid basins
(Friend, 1978). Facies and paleocurrent patterns indicate that the basin axis
was strongly skewed to the northeast in Maroon time. Maroon eolianites are
sand-sheet deposits throughout most of Eagle Basin and Aspen sub-basin.
Loessites and dune deposits form local basin-margin eolian facies that occur
adjacent to the Sawatch uplift. These basin-margin facies are best exposed in
the Ruedi Reservoir area (Fig. 3), where they will be examined on this trip.

The nonmarine Schoolhouse Tongue of the Weber Sandstone (Brill, 1952)
overlies the Maroon Formation over much of the Eagle Basin, and consists
mainly of yellowish-gray sandstone that is extensively oil stained. The
Schoolhouse Tongue has a maximum exposed thickness of about 70 m, but is
locally much thinner and is absent in the eastern portion of the Eagle Basin
and the Aspen sub-basin. The contact between the Maroon Formation and the
Schoolhouse Tongue is generally gradational and placed at the upper limit of
red beds. Over much of the Eagle basin, this contact is primarily of
diagenetic origin; the reddish sandstones pass laterally into bleached, white
to buff-colored sandstones. The Maroon Formation and the Schoolhouse Tongue
of the Weber Sandstone are overlain, locally with an angular unconformity
(Freeman, 1971a, b) by redbeds of the the Permian to lower Triassic State
Bridge Formation.

The precise configuration of the Eagle Basin is not known because many
Pennsylvanian fault zones in western Colorado, including the Gore fault on the
eastern margin of Eagle Basin, were reactivated in the Laramide orogeny
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(Tweto, 1977) and in the Neogene. Pennsylvanian deposits of the Eagle Basin
now crop out mainly in structurally low areas and on the margins of the
Laramide White River Uplift. These strata dip off the Grand Hogback monocline
into the subsurface of the Piceance Basin.

Mileage

0.0

2.2

3.1

4.8

5.1

5.4

19.7

ROAD LOG

DAY 1

Road log begins on U.S. I-70 at the Copper Mountain turnoff,
approximately 81 miles west of Denver.

Crossing the approximate trace of the Gore fault. To the south is a
view of Jacque Peak.

Beginning of discontinuous outcrops of Minturn Formation nonmarine
redbeds.

Turn off of I-70 to Vail Pass rest area.
Turn left from offramp and drive to rest area.

STOP 1. Vail Pass rest area. Vista and courtesy stop. To the
north is a view of the Gore fault zone, which juxtaposes Precambrian
crystalline rocks of the Gore Range on the east and Pennsylvanian
and younger rocks on the west. The fault zone generally dips
vertically or to the east. Considerable offset is Laramide or
younger (Tweto, 1977). The common presence of Pennsylvanian fine-
grained rocks and limestones adjacent to this fault zone suggests
that the Late Paleozoic margin of Eagle Basin was located farther
east. To the south is a view of Jacque Peak, capped by the Jacque
Mountain Limestone, the uppermost bed in the Minturn Formation.
Return to I-70.

Turn left on westbound onramp.
Summit of Vail Pass, elevation of 3250 m (10,662 ft)
View in foreground of the Gore Range.

Outskirts of East Vail. Note that in the next few miles, the colors
of the discontinuous outcrops of the Minturn Formation on both sides
of I-70 are changing from reds and reddish browns to grays, pinks,
and buffs. At least in part, this color change reflects a facies
change from nonmarine to marginal marine and marine deposits. Also
note the large foresets of probable fan-delta origin in the
prominent, resistant outcrops on the slope north of I-70.

Vail., In the foreground, the contact between the Minturn and Maroon
Formations is exposed about 40 percent up the prominent slopes north
of I-70 highway (on the west side of Red Sandstone Creek).
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West Vail. Beginning of prominent roadcut outcrops of the Minturn
Formation on the north side of I-70.

Leave I-70 on Exit 171 to Minturn.

Yield sign from exit ramp. Turn right onto Colorado Highway 24 and
proceed up the Fagle River Valley to the south towards Minturn.

Sandstone, mudstone, and limestone of the Minturn Formation are
exposed in cliffs to the east for the next few miles. 1In this part
of the Eagle River valley, the Minturn Formation dips less than 10°
to the northeast off the Laramide Sawatch Range anticline. The
hummocky topography on the west side of the road was produced by
dip-slope landsliding, resulting from interbedding of incompetent
mudstone and more competent, thickly bedded sandstone.

Outcrop of Mississippian Leadville Limestone on the west side of the
road. Karstification is common in the upper part of the Leadville
(DeVoto, 1980). At Gilman, the Leadville is host to silver, lead,
and zinc mineralization.

U.S. Forest Service, Holy Cross Ranger Station.

Cliffy exposures of the Minturn Formation. Noel Waechter (personal
commun. , 1986) noted oil~stained sandstone in the Minturn from this
area.

View in the right foreground of the glaciated valley of Cross
Creek. The cities of Aurora and Colorado Springs have filed
applications with the state for water diversion projects in this
valley.

Bridge over Eagle River. Mississippian Leadville Limestone is
exposed near road level. Outcrops of the Belden Formation occur
higher up the slope.

STOP 2. Pull off road in turnout on west side of road. Belden
Formation roadcut (Fig. 4). The Belden Formation in this area
consists of dark-gray to black mudstone and limestone, and less
common fine-grained sandstone (Tweto and Lowering, 1977). The Pando
porphyry is present as a sill in the lower part of the Belden; note
the columnar jointing in the sill. Vitrinite reflectance values
greater than 3.07 have been reported from the Belden in this
locality by Nuccio and Schenk (1986). These relatively high values,
combined with burial history models, suggest that the Belden in this
area may have generated hydrocarbons in the Early Permian.

Elsewhere in Eagle Basin, however, the Belden may have remained a
viable source rock until much later due to differing burial
histories.

Turn around and drive north on Highway 24 toward Minturn.

OPTIONAL STOP. Roadcut with exposures of the channelized contact
between thin-bedded sandstone of the Belden Formation and overlying,





































































