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Figure 9. Sequential geologic sketch maps showing eruptive/intrusive phases of the Braddock Peak
complex (abbreviations denote places identified in figure 7).

Ar#/3 dates from samples in the Ditch section are in minor disagreement with the observed stratigraphic order.
The lowest sample in the section was a crystal-rich quartz-sanidine rhyolite collected here (at the Big Bend)
that yielded an age of 28.0 Ma from sanidine. Dates of 28.85 Ma and 28.35 Ma were obtained on amphibole
from the middle and upper andesite units, respectively, stratigraphically higher in the section (figs. 7 and 8).

Volcanic rocks along the Grand Ditch continue along strike to the southeast, across the Little Yellowstone valley
and up to the skyline. The equivalent volcanic section south of the skyline summit of Specimen Mountain (in
the region shown erroneously as The Crater on topographic maps) displays the heterogeneous stratocone
sequence (figs. 11 and 12). From the base upward, the section displays a dacite flow (age in progress), a thin
rhyolite tuff, a prominent flow of andesite with conspicuous laharic debris-flows, and a rhyolite welded tuff
with a basal vitrophyre (28.2 Ma). Most of the higher section is obscured by talus.
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Figure 10. Willis Lee photograph (1916) of laharic breccia in the area of
The Crater south of Specimen Mountain. For further archived images,
see http:/ /libraryphoto.cr.usgs.gcov/.

RNy

Figure 11. Willis Lee photographs (1916) looking west and down into the
area of The Crater (left) and looking north along the headwall of The
Crater at bedded volcanic ash, breccia, and dark vitrophyre (right).
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Figure 12. Sketch section of the Little Yellowstone-Crater section and
Specimen Mountain, viewed southeast from the Grand Ditch.

Specimen Mountain (figs. 7 and 12) is capped by a largely devitrified, rhyolitic
welded tuff that contains abundant phenocrysts of smoky quartz and
sanidine and common collapsed pumice fragments (dark fiamme up to 6
inches). This unit is informally known as the Thunder Mountain tuff,

17



named for that peak one mile north of here (see below). It is several hundred
feet thick on Specimen Mountain and has a dark basal vitrophyre as much as
5 ft thick that is discontinuous along strike. The welded tuff contains
numerous lithic fragments (as large as about 4 inches) of various rock types,
but many are hornfelsed Cretaceous Pierre Shale that may have come from
the Never Summer Mountains to the west.

The Thunder Mountain tuff was erupted across an irregular erosion surface that
records nearly complete stripping of older volcanic rocks from the block
northeast of the Forest Canyon fault (fig. 12). This erosion also beveled the
older stratocone sequence in the downthrown block southwest of the fault.
The Thunder Mountain tuff south of the fault is tilted about 15° to 20°, less
than the underlying stratocone deposits, indicating tilting and erosion prior
to eruption. Further tilting/faulting occurred following eruption.

DISCUSSION: Let’s return to the problem of evaluating the four available
radiometric dates, three from the Grand Ditch section and one from The
Crater (fig. 8). The prominent welded tuff, about 1/3 of the way up in the
Crater section, has been dated at 28.2 Ma (sanidine). Although this unit is
petrographically very similar to the welded tuff at the Big Bend, it has not
been physically traced along strike to that locality. The only reason this date
is under scrutiny is that it limits the time span between its eruption and the
eruption of the Thunder Mountain tuff that caps Specimen Mountain to ~0.5
million years. During this interval, there would have occurred (in
succession) further accumulation of several thousand feet of stratocone
deposits, normal-fault displacement of a least a mile, and substantial erosion.
Some portion of the erosion, of course, could have occurred concomitantly
with the faulting. Is 0.5 million years sufficient for this succession of events?
It seems unlikely if most of the slip on the Forest Canyon fault also took
place in the same short interval.

If we accept this date of 28.2 for the tuff in The Crater section and the sequence of
events, it means that all three dates from the Ditch section are out of
sequence: the Big Bend welded tuff being too young, and the andesite dates
too old. Less than a mile to the west of the Big Bend, field relations along
Box Creek show the Mount Richthofen granodiorite intruded the stratocone
sequence. Certainly, then, there is the distinct possibility that the 28.0 Ma
date reflects later reheating by the stock. As for the “too-old” andesite dates,
the analyzed hornblende may have contained excess argon that skewed the
result (not uncommon).

Verification that stratocone building began a little earlier than 28.2 Ma is
available from volcanic rocks near Ranger Lakes, in the northwest part of the
area. Three radiometric dates, obtained on sanidine from a dacite and two
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rhyolites are, in order, 28.7, 28.55, and 28.55 Ma. Unfortunately, these lavas
cannot be physically correlated with the Little Yellowstone section.

In spite of the apparent discrepancies in the available age data, the most likely
interpretation is that the building of a stratovolcano began by ~28.7 Ma and
continued to some time after 28.2 Ma. It is abundantly clear from the
foregoing discussion that there is a need for additional precise dates,
particularly from sanidine-bearing rocks.

Regional relations of the Thunder Mountain tuff

This crystal-rich rhyolitic welded tuff consists of two ash-flow units at Thunder
Mountain and at nearby Mount Neota and Lulu Mountain. The time break
between the two eruptive events was probably short because the basal
vitrophyre of the upper unit is typically the only evidence to separate the
two. About 100 ft of volcaniclastic sediment (poorly to well stratified tuff
with lithic fragments, pumice, and crystals) is preserved between the ash
flows at a single locality in the flat, broad saddle between Thunder Mountain
and Iron Mountain (fig. 9). A single ash-flow unit is preserved at Specimen
Mountain, and a thick section (more than 600 ft) at Seven Utes Mountain
(4 miles west of here) also appears to be a single cooling unit and contains
abundant fragments of volcanic, sedimentary, and Proterozoic rock.

At Thunder Mountain and nearby peaks, each of the ash-flow units is about 500
ft thick. Based on close similarities in phenocryst content, the units are
considered to have erupted from the same magma chamber. Phenocrysts
1-3 mm in size make up 15 to 25 percent of the rock and consist of sanidine,
smoky quartz (commonly doubly terminated), oligoclase, and a trace of
biotite. Volcanic lithic fragments are present as are flattened pumice clasts.
Non-volcanic lithic fragments are common in both eruptive units (locally 15
to 20 percent of the rock) and include Proterozoic rocks as well as some
Phanerozoic sediments, especially Pierre Shale. The groundmass consists of
devitrified shards.

The age of the Thunder Mountain tuff is inferred to be 27.7 Ma based on an
Ar#0/39 age from quartz-sanidine-bearing distal outflow tuff on Green Ridge,
25 miles north of Cameron Pass. Gamble (1979) obtained a zircon fission-
track age of about 27.6 Ma from “flow” rock at Specimen Mountain.

The Thunder Mountain pyroclastic flows are geologically significant inasmuch as
several investigators, especially Bill Braddock, suggested a caldera might
have developed during their eruption. No caldera or obvious caldera
remnant has yet been located in the Braddock Peak intrusive-volcanic
complex.

J. Cole has looked at regional gravity data that suggest the area of the Mount
Cumulus stock (fig. 7) might be a source of the welded tuff. An oval gravity
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low (>15 mgal) covers an area of 4 x 7 mi beneath the stock, a blind granite
porphyry body to the west, and the westward edge of the Never Summer
thrust at Jack Creek. The Mount Cumulus granite is, like the Thunder
Mountain tuff, a high-silica granite that has a porphyritic phase with quartz
and feldspar phenocrysts. Similar-looking granite porphyry dikes at Lake
Agnes will be viewed at Stop 9 (Day 2).

Because of considerable structural dislocation and extensive deep erosion,
however, questions of the location (and existence) of a caldera will likely
linger long into the future.

TRAVEL: Return to La Poudre Pass and drive back out the access road. About
0.5 mile downhill from the Peterson Lake turnoff past little Trap Lake, TURN
LEFT (SOUTH) to the Trap Lake Trailhead and park.

STOP 4 - Iron Mountain rhyolite flow (E. Larson and J. Cole)

Here, we examine rhyolitic lava flows that were produced during the last known
volcanic episode of the Braddock Peak complex. Prior to the lava eruption,
the region was again deeply eroded. All of the Thunder Mountain welded
tuffs were removed northward of an imaginary east-west-trending line
running along the northern side of Neota Valley (fig. 7).

The center of volcanism was located about one-half mile northwest of Iron
Mountain, and the rhyolite flows are informally designated the Iron
Mountain rhyolite. From this vent, viscous magma flowed about 3 miles to
the north, northeast, and east, inundating the surface topography (figs. 7
and 9).

The Iron Mountain rhyolite is divisible into two flows (fig. 9). The lower one,
which makes up most of the unit, is as thick as 1,400 ft near the vent but
diminishes to about 500 ft at the distal margins. At Trap Lake, the lower unit
is characterized by 5-10 percent fine-grained (0.5-1 mm) crystals of sanidine,
quartz, oligoclase, and biotite, in a flow-banded matrix. The flow laminae
are very thin (0.5 mm and less) and are contorted into flow folds at various
scales (amplitudes of a few mm to 10 m). The rock is aphanitic, contains no
lithic fragments, and shows light brown, pink, and red to maroon hues.

The upper flow is only preserved on Iron Mountain (~400 ft thick) and on some
topographic uplands that radiate north and east from that peak. The base is
marked by a pyroclastic layer: a 5-10-ft-thick vitrophyre containing rhyolite
fragments and fiamme up to 6 inches in longest dimension. The upper flow
is commonly darker in color than the lower flow and is more evenly
laminated and lacks large flow folds. Both flows are similar in mineralogy
and grain size. No age is available (yet) for the Iron Mountain rhyolite.
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In a few places, a light-colored unit up to 40 ft thick underlies the basal
vitrophyre: it is composed of fragments of aphanitic rhyolite, flattened
pumice, and blebs of obsidian.

TRAVEL: Return to the Long Lake access road and continue about 2 mi to the
junction with CO 14. TURN LEFT (WEST) and continue uphill for about 2
mi to a parking area next to Joe Wright Reservoir.

STOP 5 - Joe Wright basalt (E. Larson and J. Cole)

Low roadcuts on the northwest side of the highway expose the monotonously
uniform flow-on-flow sequence of mafic-alkalic volcanic rocks that may be as
much as 1,000 ft thick. Individual flows, which are not conspicuously
marked by vesiculation or breccia zones, vary from about 20 ft to 40 ft thick.
These rocks consistently display an aphanitic groundmass with minor
microphenocrysts of plagioclase (up to 5 percent). They include rocks with
54-60 percent silica and 6-7 percent total alkalies, and are referred to as
trachybasalts and trachyandesites. The flow sequence is best observed along
CO 14 all the way up nearly to Cameron Pass.

The present distribution suggests that the flows erupted into a depression,
perhaps a stream valley that declined northward from the central region of
the Braddock Peak complex (fig. 9). Some flow remnants occur farther east
near Long Draw Reservoir, so some flows may have covered broader areas,
or there may have been multiple stream valleys that conveyed basalt.

Two dates have been obtained from the middle part (29.8 Ma) and upper part
(28.5 Ma) of the sequence near here. The older date has a large analytical
error; this sample produced a plateau age of about 28.8 Ma, which may be
closer to the true age. These numbers overlap with some of the early dacite
and rhyolite flows farther west near the Ranger Lakes (figs. 8 and 9). Other
samples are in process that will clarify the onset of basalt volcanism.

TRAVEL: Continue southwest on CO 14 over the summit of Cameron Pass at
about 10,275 ft. About one mile below the pass, the highway makes a
prominent bend to the right following the trend of the upper Michigan River.
Park on the right-hand side of the road just past the prominent red
sedimentary rocks on the right-hand roadcut.

STOP 6 - SEVERAL TOPICS DISCUSSED AT THIS LOCATION

STOP 6a. — Panoramic view of Nokhu Crags, Mount Richthofen, and Braddock
Peak, looking south into the Lake Agnes glacial valley (Jim Cole).

The rugged Nokhu Crags on the left are composed of Cretaceous Pierre Shale
that is deformed and baked by intrusion of the Mount Richthofen
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granodiorite stock. Temperatures appear to have locally exceeded 500° C
(sanidine hornfels facies). The Pierre Shale makes up most of the lower plate
of the Eocene Never Summer overthrust sheet that placed Proterozoic gneiss
over units as young as the Paleocene-Eocene Coalmont Formation. In the
Crags area the Pierre Shale dips at 70° - 80° because both it and the thrust
were domed up around the margins of the stock. Farther south at Mount
Cirrus (~12,800 ft), nearly flat-lying baked remnants of shale form the roof of
the stock.

The highest peak in this view is Mount Richthofen whose summit consists of a
dark gray andesite porphyry phase that is older than the main granodiorite
that makes up the medium gray lower slopes. The singular peak on the right
side of the Lake Agnes valley consists of baked Pierre Shale and has been
nominated for designation as Braddock Peak (see guidebook cover
photograph and “Overview” section).

STOP 6b - Iron Mountain west face (E. Larson).

The rusty-colored peak east of here at the head of the Michigan River valley is
Iron Mountain (12,265 ft; fig. 7). The source of the Iron Mountain rhyolite
flows is probably just north of the summit. The west face of the peak shows
the two flow units separated by a dark vitrophyre ledge. The lower slopes
show dark basalt that can be traced northward and down the paleoslope to
the Joe Wright Reservoir exposures (Stop 4).

STOP 6c - Thrust and normal-fault structure on the north side of CO 14 (K.
Kellogg)

This stop displays well exposed prevolcanic rocks along the north side of CO 14,
which are overturned strata beneath the west-verging thrust structure. All
units from the Triassic and Permian Chugwater Formation of Braddock and
Cole (1990) to the Cretaceous Niobrara Formation are represented, although
the beds have been thinned by faulting and shearing. In the interpretation
shown on the map and cross section (fig. 13; modified from Kellogg and
others, 2008), both thrust and normal faults cut the rocks, juxtaposing Early
Proterozoic gneiss against the younger sedimentary rocks. The two
contrasting types of faults indicate that the area has been deformed during
both Eocene Laramide contraction and Oligocene and younger extension.
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Figure 13. Geologic map and cross section showing Eocene and younger
fault relations along CO 14 west of Cameron Pass.

STOP 6d - Michigan River tear(?) fault (J. Cole)

The east-west valley of the Michigan River below and to the south of this stop
marks a significant change in geology. For example, the Pierre Shale of the
Nokhu Crags is at least 4,000 feet thick, and yet the entire Pierre is missing
from the section north of CO 14. The Paleocene-Eocene Coalmont Formation
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rests on the upper-middle part of the Pierre in the footwall of the Never
Summer thrust to the south, but the Coalmont rests directly on the Lower
Cretaceous Benton Shale to the north. The flat-lying Never Summer thrust to
the south is replaced by the steeper thrust displayed on the north side of CO 14
that dips more than 45° east. Folds in the faulted Phanerozoic section north of
the highway and beneath the roof thrust have no counterparts to the south of
the valley.

Gorton (1953) and Ward (1957) mapped in this area and both showed a
buried/concealed transverse fault beneath the surficial valley deposits as a
way of accounting for the discrepancies north and south of the valley.
Exposures to the east at the head of the Michigan River valley are not good
enough to establish the existence of a fault in the Proterozoic rocks, and
Oligocene volcanics cover most of the landscape far to the east.

TRAVEL: Continue west on CO 14 through Gould and then across the terraced
landscape between the Michigan and Illinois Rivers for about 20 mi to
Walden.

STOP 7 - Walden is the county seat of Jackson County that incorporates most of
North Park and the flanks of the surrounding ranges: Medicine Bow
Mountains, Rabbit Ears Range, and Park Range. The North Park basin was
settled in the late 1800s when the main economic activity was haying. Coal
was mined from the Coalmont Formation for several decades and shipped
out of North Park by rail to Wyoming. Market conditions changed, the
mines closed, and the rail lines were dismantled in the mid-1900s.

Exploration for oil and gas was active for several decades following WWII, but
no major fields were discovered in the folded structures of the Coalmont
Formation and underlying marine shales. Renewed exploration in 2008 may
have located commercial oil in fracture-controlled reservoirs in Lower
Cretaceous formations.

Walden and Jackson County support growing tourism related to various outdoor
activities, including hunting, fishing, bird watching, winter snowmobiling,
all-terrain-vehicle riding on two dune fields on the flank of the Medicine
Bow Mountains, and moose viewing. Moose were imported to the region by
the Department of the Interior in the 1970s and are thriving. Traditional
ranching and farming continue to sustain the year-round economy.

DAY 2 TRAVEL: Depart Walden eastbound on CO 14 in the direction of
Cameron Pass. At about 4.5 miles, TURN RIGHT on County Road 21 (dirt)
marked by a blue and yellow road sign. Continue south about 6 miles to the
crest of the east-west ridge, and then descend about 0.3 mi toward the broad
Deer Creek valley. TURN LEFT (EAST) on a fair dirt track north of the creek
and proceed about 0.5 mi to the base of the pink cliffs.
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STOP 8 - Owl Ridge exposure of Oligocene-Miocene section (E. Larson and J.
Cole)

Walk up the slope to the north that exposes the uppermost part of the Coalmont
Formation, a section of light-colored tuffaceous claystones correlated with
the White River Group, pinkish beds of volcanic ash from the Braddock Peak
complex, and overlying fluvial sands and gravels of the North Park
Formation. The entire stratigraphic section dips about 25° to the northeast
here on the southwest limb of the northwest-trending North Park syncline.
This fold is younger than the folds that deform the Paleocene-Eocene
Coalmont Formation across the basin and has a slightly different trend. Itis
curious because it suggests contractional deformation at a time when
extensional faulting was active in the northern Never Summer Mountains
(STOP 3, Day 1).

The principal interest at this stop is the pink, poorly welded, pumice-rich
rhyolitic tuff (15-20 ft thick) that rests unconformably on beds of the White
River Formation (Montagne, 1957; Tweto, 1976). Pumice fragments in the
tuff (as large as ~8 inches) are slightly flattened parallel to bedding and
reversely graded. Crystals common to both the pumice fragments and
groundmass are smoky quartz, sanidine, and oligoclase. Gypsum is a
common secondary mineral phase, occurring in void cavities and seams. As
yet, there is no radiometric date for this pyroclastic unit, but one may soon
be available. Based on stratigraphic relations, chemistry, and mineralogy, we
consider this unit to be an outflow phase erupted during the Thunder
Mountain pyroclastic event at 27.7 Ma. The fact that only one tuff is present
here (18 mi west of Braddock Peak) and only one at Green Ridge (22 mi
north) suggests the Thunder Mountain tuff was erupted in one major pulse.

Fluvial sands and gravels above the welded tuff belong to the North Park
Formation. Clasts here are mostly volcanic rocks that probably came from
the Braddock Peak complex and the late Oligocene volcanic rocks of the
Rabbit Ears Range to the south. Proterozoic granite, pegmatite, and gneiss
are typical but much less common at this stratigraphic level.

The fluvial gravels observed at STOP 2 (Day 1) west of Livermore appear to be
related to the North Park Formation. Both deposits locally rest on welded
tuff correlated with the Thunder Mountain tuff, and both record energetic
transport of coarse-grained material that includes clasts of the late Oligocene
volcanic edifices. Integrated studies are planned in the next few years to
investigate the uplift, erosion, and sedimentation histories of these rocks
(coordinated by J. Cole).
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