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GEOLOGIC HISTORY

The Mack 7.5-minute quadrangle lies in west central Colorado, 9 miles from the Utah border. The
Colorado River and Interstate 70 cross the quadrangle at the geomorphic transition from the Grand Valley
homocline to structural terrain of the Uncompahgre Plateau. North of Interstate 70, the quadrangle lies on
flat lands underlain by the thick Mancos Shale, much of which is irrigated with Colorado River water
through the Grand Valley irrigation canal system. Pleistocene-aged alluvial fans and stream gravel that
flowed from the Book Cliffs have formed small mesas and adobe badlands in the valley through base-level
erosional lowering and topographic inversion. South of Interstate 70 the quadrangle enters folded and
uplifted terrain of the Uncompahgre Plateau in the public canyonlands of the U.S. Bureau of Land
Management’s Mclnnis Canyons National Conservation Area (MCNCA). Immediately southeast of the
quad is the Colorado National Monument, which contains similar topography, geology, and the same
general NW-SE trends of the regional structural geologic terrain (Scott and others, 2001).

Sedimentary formations exposed in the Mack quadrangle are Mesozoic in age, ranging from Late
Cretaceous dark-gray marine Mancos Shale, variably colored terrestrial formations bearing dinosaur bones
and petrified wood from earlier Cretaceous flood-plain environments, massive eolian sandstones from
Jurassic aged ergs, and the basal red Triassic Chinle Formation that lies atop dark gray, Early Proterozoic
crystalline metamorphic rocks. That contact marks the Great Unconformity where a 1.17-billion-year gap
in the rock record occurs (Scott and others, 2001). The MCNCA in the Mack quad includes several sites
with significant geologic interest. On the north side of the Colorado River the MCNCA includes the
Kokopelli Trail system, a world class fat-tire bicycle use area, and the Loma Boat Launch to access
Horsethief and Ruby canyons. South of the river are trails to Devils, Flume, and Pollack canyons, the many
natural arches of Rattlesnake Canyon, and the Fruita Paleontological Research Natural Area (Kirkland,
2006). Some of these trail segments are included in the Mr. Williams’ Geology Trail. This trail, with 23
signs of geologic interpretations, was created by geologist/author Felice Williams and dedicated in 2014 to
her husband Mike Williams, a popular earth-science teacher at Fruita Monument High School before his
untimely death in 2007.

STRUCTURAL SETTING

The Uncompahgre Plateau is a 95-mi long, NW-SE striking, anticlinal uplift located on the Colorado
Plateau (Lohman, 1965; Heyman, 1983; Heyman and others, 1986). The SW half of Mack quadrangle
extends into the NE margin of the Uncomphagre Plateau. The original uplift was a much broader mountain
range that formed during the Permo-Pennsylvanian Ancestral Rockies orogeny (300-260 Ma). These
mountains eroded and were beveled to crystalline basement rocks near the regional topographic base level,
and subsequently buried by 6,500 ft of terrestrial and marine Mesozoic sediments. Compressive
deformation during the later Laramide Orogeny (80-40 Ma) reactivated the ancestral mountain range into
the current Uncomphagre Plateau. The NE margin of the Uncompahgre Plateau is a classic Laramide-age
monocline of the Colorado Plateau. Monoclinal folds of sedimentary strata form above steeply-dipping
faults that originate in the more rigid Precambrian crystalline basement rocks. The overall monoclinal fold
shape is a result of ‘forced folding’ or ‘passive’ bending of sedimentary strata above steeply-dipping faults.
Exposures at the mouth of the deep canyons in the Mack quadrangle reveal the monoclines to be fault
cored. The high angle faults propagate upwards from the brittle crystalline basement rock into the more
ductile sedimentary rocks above. The fault offset attenuates and typically “dies” in deformed sedimentary
rock within the steep monoclinal fold. The sedimentary rock forms a S-shaped fold between the anticlinal
(upthrown arch) and synclinal (downthrown sag) hinge lines of the fault-cored monocline, and contains
many unmapped small-offset oblique faults, micro-shear fracture and microfault deformation banding, as
well as significant structural thinning.

Lohman (1965), Heyman (1983), and Heyman and others, (1986) recognized and named multiple
Laramide-age structures in the Mack quadrangle area. Major structures of the Mack quadrangle include: 1)
the NW-SE striking Redlands monocline; 2) the NW-SE striking Flume Creek monocline; 3) a WNW-ESE
striking, complex zone of deformation from high-angle faults with a left-lateral, oblique-slip component
referred to as the Bull Canyon—Flume Creek fault zone; 4) a structural spur of the Flume Creek fault zone -
the W to E striking Devils Creek monocline; and 5) a more recently identified conjugate, NE-SW striking,
right-lateral, oblique-slip, splay fault found in the Pollock Canyon area (Livaccari and others, 2008).

The Redlands monocline strikes NW where it enters the Mack quadrangle (Livaccari and Hodge, 2009).
The anticlinal limb of the monocline (dipping 30 - 66° northeastward) is observed in folded bedrock
exposed along the Colorado River bluff near the confluence of Devils Canyon creek. Northwestward, the
monocline is covered by the wide floodplain of the Colorado River. NW-SE striking Flume Creek
monoclinal limb also dips moderately to steeply to the NE (30 — 71° NE) and is also breached by the SW-
flowing Colorado River in the central part of the Mack quadrangle. The Colorado River alluvium covers
any structural relationship between the Redlands and Flume Creek monoclines. However, the monocline
hogback strike exposed on the north bank of the river rotates 30° east to southeast and the monocline hinge
lines widen, which suggests the Redlands and Flume Creek monoclines and the underlying corresponding
faults structurally merge below the river alluvium. The more complex WNW-ESE striking Bull
Canyon—Flume Creek fault zone is the westward continuation of the Laramide-age NW-SE striking
Redlands reverse fault found in the Colorado National Monument (Scott and others, 2001), but bends in the
quad to a more E-W strike. The other key difference between the Redlands fault and the Bull
Canyon—Flume Creek fault is the sense of displacement. In the Colorado National Monument, striation
orientations on slickensides along the Redlands reverse fault are dip-slip (Scott and others, 2001). For the
Bull Canyon-Flume Creek fault, slickenside striations can be oblique, suggesting a left-lateral strike-slip
component of the fault. Throughout its length in the Mack quad, while the sense of strike-slip is
consistently left-lateral, the Bull Canyon—Flume Creek fault ‘wobbles’ along strike as its dip varies from
either dipping steeply to the north or dipping steeply to the south. These wobbling dip changes occur over
distances of several hundred feet. The north side of this fault is always the downthrown side, therefore,
when the Bull Canyon—Flume Creek fault dips south, the sense of dip-slip is reverse, when it dips north,
the sense of dip-slip is normal. The corresponding monocline width of the Bull Canyon—Flume Creek fault
zone from anticlinal fold to synclinal fold hinge lines is narrow (<1000 ft wide) as compared to the wider
(>3,500 ft wide) Flume Creek monocline. The strike-slip component of the controlling Bull Canyon—Flume
Creek fault resulted in the development of networks of outcrop-scale structures that strike at highly oblique
angles to the overall strike of the monocline (interpreted to be NNE-SSW striking, right-lateral, R’-shear
faults). Many of these small-scale deformation features, with only minimal (<2 ft) offsets, could not be
mapped at 1:24,000 scale.
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