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INTRODUCTION

This reference section of the Middle Pennsylvanian Minturn
Formation was measured in the northern Sangre de Cristo Range; the
section provides a basis for comparison with the type Minturn and
with possibly equivalent strata elsewhere in southern Colorado.
The name 'Minturn" was first applied to strata of Middle Pennsyl-
vanian age near the town of Minturn in central Colorado (Tweto,
1949, p. 194-228; Tweto and Lovering, 1977, p. 33-53), about 180
km north of the section described, and has been extended to strata
of approximately the same age that contain marine limestones in
the northern Sangre de Cristo Range (Brill, 1952; Bolyard, 1959;
Scott and Taylor, 1974). The Minturn reference section continues
upward into the principal reference section of the overlying
Pennsylvanian and Permian Sangre de Cristo Formation (Lindsey and
Schaefer, 1984), and these two sections together provide a
continuous record of upper Paleozoic strata in the northern Sangre
de Cristo Range.

The reference section was measured by tape and compass in the
summer of 1980; observations were recorded on a microcassette tape
recorder in the field and transcribed in the office. This method
permitted rapid acquisition of data on thickness, nature of
contacts, color, grain size, and sedimentary features. These data
are shown on the graphic section for each distinct rock unit.
Rock units having common attributes or genetic relationships have
been grouped together for descriptive and interpretative purposes.

LOCATION AND GEOLOGIC SETTING

The reference section is located east of the crest of the
northern part of the Sangre de Cristo Range, in the Horn Peak and
Rito Alto Peak 7 1/2-minute quadrangles of south-central Colorado
(fig. 1). The section extends along the ridge south of Middle
Taylor Creek from the east side of peak 12,193 to the summit of
Eureka Mountain, at the crest of the range (fig. 2); it is acces—
sible by foot from the Hermit road by Middle Taylor Creek. The
best exposures of the Minturn Formation are along the north side
near the crest of the ridge, where a continuous, almost totally
exposed section was measured. The top of the Minturn Formation is
well-exposed at the reference section, but the base of the refer-
ence section is cut by the Spread Eagle Peak thrust and its
branches (fig. 1). Branches of the thrust at 132 and 317 m above
the main thrust have small displacement, judging from detailed
mapping (fig. 2), so their effect on the thickness of the section
is minor. About 1,990 m of Minturn Formation is exposed in the
reference section along Middle Taylor Creek.

The reference section is located in the Spread Eagle Peak
thrust plate, one of the largest thrust plates in the northern
Sangre de Cristo Range (fig. 1) (Lindsey and others, 1983).
Thinner, faulted sections of Minturn are exposed near the village
of Crestone on the west side of the Spread Eagle Peak plate, at
Marble Mountain in the Marble Mountain plate, and in autochthonous
terrane to the north of the Spread Eagle Peak plate.

The upper Paleozoic strata of the thrust plates share general
stratigraphic similarities, but strata of each plate also contain
distinctive features, The Minturn Formation of the reference
section contains thin beds of shallow-marine limestone in the
upper 500 m and, below the calcareous interval, lenses of sand-
stone deposited by turbidity flows. In contrast, the Minturn of
the Marble Mountain plate contains shallow-marine limestones
throughout and no lenses of turbidite sandstones. The calcareous
interval in the upper part of the Minturn reference section occurs

established by fusulinids and conodonts; however, the presence of
brachiopods and crinoids do confirm the intermittent presence of
shallow marine conditions. Until the inconsistency between ages
assigned from fusulinids and conodonts is resolved, the Minturn
reference section is regarded as Atokan and Desmoinesian.

Casts of trunks and stems of Calamites sp. and leaf
impressions of Neuropteris sp. and Cordaites sp. (all identified
by R. M. Kosanke, oral commun., 1982) occur in alluvial and delta-
plain deposits in both the upper and lower parts of the Minturn in
the Spread Eagle Peak plate. Although not definitive of the age
of the strata, these plants are consistent with a Pennsylvanian
age, and they indicate the occurrence, at least locally, of coal-
swamp vegetation.

DEPOSITIONAL ENVIRONMENTS

The Minturn Formation of the reference section is interpreted
as numerous stacked fan-delta deposits formed by alluvial fans
that prograded into the Middle Pennsylvanian seas of the central
Colorado trough. The term "fan delta'" is used here to refer to a
deltaic deposit formed by an alluvial fan prograding into standing
water (Holmes, 1965, p. 554). Sediments of the Minturn consist
mostly of coarse alluvial and deltaic deposits that interfinger
with prodelta marine strata; sediment dispersal was for the most
part directed northeasterly (perpendicular to shoreline) by allu-
vial systems. The Minturn at the reference section is conformably
overlain by coarse alluvial-fan deposits of the Sangre de Cristo
Formation (Lindsey and Schaefer, 1984).

Models of prograding fan-delta systems depositing coarse
detritus have been proposed for the calcareous interval of the
upper Minturn in the region of the reference section (Clark,
1982), for strata of Pennsylvanian and Permian age in the southern
part of the Sangre de Cristo Range (Casey and Scott, 1979; Casey,
1980), and for Cretaceous and Paleocene strata in northeastern
Mexico (McBride and others, 1975). These depositional models, and
those for large river deltas (Wright, 1978), provide a basis for
interpretation of the Minturn reference section, but none of these
models can be applied to the Minturn without modification. Inter~
pretation of individual depositional environments in the Minturn
reference section relies mainly on associations of sedimentary
structures and sequences of facies; evidence from fossils is
sparse, but is of first importance where present.

Strata of the reference section are organized into complex
cycles that are interpreted to have been deposited by prograding
fan-delta systems. Two types of prograding fan-delta cycles have
been identified. Cycles produced by deltas prograding onto the
sea floor, mostly below wave base, are present in the lower
1,500 m of the Minturn reference section. Cycles produced by
deltas prograding onto shallow marine shelves, mostly above wave
base, are present in the upper 500 m of the reference section.
The two cycles probably represent differences in the gradient and
proximity of onshore alluvial systems, position of shorelines,
slope and depth of the sea floor, and coastal wave energy.

A typical Minturn deltaic cycle that prograded below wave
base consists of (1) prodelta shale, siltstone, and sandstone; (2)
prodelta or delta-front sandstones deposited by turbidity flows;
(3) delta-front deposits of conglomeratic sandstone; and 4)
delta-plain and alluvial-plain channel sandstone and overbank
siltstone and shale, arranged 'in fining-upward subcycles. Sand-
stones of facies (2) through (4) are coarse-grained and
conglomeratic. The thickness of each facies in a cycle- varies,
but the fine-to-coarse-to-fine grain size of the cycle is

Intervals
overlie

of probable delta-plain and alluvial sediment
most  of the prograding delta cycles described
previously. Units 4-21 and 56-70 are interpreted as thick inter-—
vals of delta-plain and alluvial sediments; they consist of
alternating sandstone and shale, some arranged in fining-upward
sequences resembling deposits of meandering streams summarized by
Miall (1981, p. 32-38). Delta-plain and alluvial deposits in the
reference section are characterized by abundant siltstone and
shale, by lenticular and channel-like sandstone geometry, by
facies changes from small channels filled with sandstone to thin
crevasse-splay(?) sandstone and overbank siltstone and shale, and
by sparse evidence of emergence, such as plant remains in growth
position and calcareous horizons of possible pedogenic origin.
Channel sandstones are interpreted as deposits of small distribu-
taries or ephemeral streams. Mudcracks are not seen, probably
because most alluvial plains of Minturn time were vegetated, as

shown by remains of plants.
A laterally extensive shale and siltstone member (units 71-

74) may be a lacustrine deposit; alternatively, the member may
have been deposited during a sudden marine transgression. The
member occurs between alluvial deposits but has abundant siltstone
laminae and thin beds having rippled tops, all features unlikely
to have been preserved in a subaerial environment; the member is
not known to contain marine fossils.

Sediment deposited by fan deltas prograding onto a shallow
marine shelf comprise the upper 500 m of the Minturn Formation at
the reference section (Clark, 1982; Clark and Walz, 1985). These
sediments are arranged in cycles composed of, from bottom to top,
(1) prodelta and interdeltaic shallow-marine limestone, shale,
siltstone, and sandstone, (2) delta-front conglomerate and con—
glomeratic sandstone, locally containing large deltaic foresets
deposited by distributaries discharging into shallow water, and
(3) fining-upward subcycles of sandstone, siltstone, and shale
deposited by braided streams. Fossiliferous marine limestones and
burrowed sandstones and siltstones represent intervals between
delta progradation when local submergence occurred, possibly in
response to switching of delta lobes. These marine deposits
separate cycles of deltaic deposition. Features indicative of
delta-front environments are difficult to detect in many cycles;
some cyciés may be composed almost entirely of shallow-marine and
braided-stream facies. Some delta-front deposits contain large
tabular foresets formed by small deltas prograding into standing
water, similar to the lacustrine deltas described by Gilbert
(1883) and the deltaic sedimentation units of Collinson (1968).
The thickness of deltaic crossbed sets, generally less than 5 m,
is a rough estimate of the depth of the body of standing water.
Calcareous siltstone, siltstone, and shale interpreted as inter—
distributary bay deposits interfinger with delta-front deposits
along strike from the reference section. Bay deposits of the
upper Minturn commonly contain evidence, such as accumulations of
plant trash, of stagnant conditions; in some cases, bay deposits
adjoin prodelta marine deposits and subaerial delta-plain deposits
having plant trunks in growth position. Above the delta-front
deposits, local overbank deposits of shale and siltstone in the
braided alluvial facies contain casts of Calamites, some in growth
position. Cyclic fan-delta deposits similar to those of the upper
Minturn Formation have been described from sediments of
Desmoinesian age in the southern part of the Sangre de Cristo
Range (Casey and Scott, 1979).

A good example of a deltaic cycle that prograded onto a
shallow marine shelf above wave base is shown by units 95-103
(cycle X). The brown limestone (unit 95) contains fossils of
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