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CONTRIBUTIONS TO GENERAL GEOLOGY

TERTIARY VOLCANIC STRATIGRAPHY IN THE
POWDERHORN-BLACK CANYON REGION, GUNNISON
AND MONTROSE COUNTIES, COLORADO

By J. C. Ouson, D. C. HepLuxnp, and W. R. HanNsen

ABSTRACT

Voleanic flows, breccia, conglomerate, and tuff were deposited during several
episodes of volcanic activity in Tertiary time in the Powderhorn-Black Canyon
region of southwestern Colorado. Lava flows, breccia, and conglomerate pre-
dominate in the older part of the Tertiary volcanic section, whereas ash-flow
tuffs predominate in the younger part.

The oldest Tertiary volcanic rocks in the region are the Lake Fork Formation
and the West Elk Breccia, which consist of voleanic breccia and conglomerate,
tuff, and flows of andesite and rhyodacite. These formations, and the San Juan
Formation in nearby areas, were deposited during the same general volcanic
episode and once formed a great composite mass of intermediate flows and
breccias probably several thousand feet thick. Similar rocks previously mapped
by others as Conejos Quartz Latite also underlie the ash-flow sequence on upper
Cebolla Creek and are included with the older Tertiary volcanic rocks.

Thick and extensive ash-flow tuffs were erupted explosively after an erosional
interval during which the Lake Fork and West Elk volcanic piles were extensively
eroded and locally removed. The ash-flow tuff sequence is divided into five forma-
tions in the Powderhorn-Black Canyon region ; from oldest to youngest, these are
here named the Blue Mesa, Dillon Mesa, Sapinero Mesa, Fish Canyon, and
Carpenter Ridge Tuffs. The tuffs are mostly of quartz latitic composition and
are both crystal poor and crystal rich. At least two of the formations, and pos-
sibly all flve, consist of two or more separate ash flows. The succession of ash-
flow tuffs varies in thickness but has a maximum exposed thickness of about
1,450 feet on the sides of Cebolla Canyon in the southern part of the area and
generally is thinner toward the north. The northward thinning is accompanied
by a diminution in the degree of welding.

The Blue Mesa Tuff, the oldest of the ash-flow formations, fllled only the lowest
parts of the irregular preexisting surface. Succeeding units partly or completely
overlapped each other. The ash-flow tuffs in many areas are welded, but
nonwelded varieties are also widespread. The Fish Canyon Tuff, the most dis-
tinctive and widespread ash flow in the region, is characterized by abundant
crystal fragments that typically constitute 25—45 percent of the rock. It ranges
in thickness from 300 to 1,280 feet. Biotite from the Fish Canyon Tuff has a
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potassium-argon age of 27 million years +10 percent, which indicates a late
Oligocene age.

After deposition of the ash-flow tuffs, dark flows of the Hinsdale Formation
ranging from latite to basalt in composition were erupted upon an erosional
surface of low relief. The Hinsdale, the youngest volcanic formation in the
region, originally covered a wide area but subsequently was extensively eroded.
The preserved remnants range from 150 to 600 feet in thickness.

Gravels indicative of erosional episodes oceur at the base of, and intercalated
in, the Lake Fork Formation and West Elk Breccia, and at the base of the Blue

Mesa, Dillon Mesa, Sapinero Mesa, Fish Canyon, and Carpenter Ridge Tuffs and
the Hinsdale Formation.

INTRODUCTION

Lava flows, volcanic breccia, volcanic conglomerate, and ash-flow
tuff were deposited during several episodes of volcanic activity in
Tertiary time in the region around Powderhorn and northwest along
the Black Canyon in Gunnison and Montrose Counties, Colo. (fig. 1).
These volcanic rocks extended over wide areas, and remnants of them
are preserved on ridges and mesas separated by deep canyons cut into
the underlying Precambrian rocks (pl. 1). The older flows and brec-
cias were derived from several volcanic centers in the San Juan and
West Elk Mountains. The ash-flow tuffs forming the younger part of
the volcanic section apparently were derived from sources to the south
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Ficure 1.—Index map of Colorado.
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The large volume of laharic breccia in the West Elk Mountains in-
dicates that the breccias were largely locally derived. The northward
dips of the coarse foreset beds in parts of the Gunnison River area,
however, suggest a possible source for some of the material to the
south, or else lodgement on north-facing slopes. Emmons, Cross, and
Eldridge (1894, p. 5) inferred that the breccias were probably de-
posited as a series of mudflows and suggested that crater lakes in
volcanic vents may have been breached and released water that drained
down the sides of the vents and transported the volcanic debris
downslope.

Throughout most of the Black Canyon area, coarse gravel or
loosely cemented conglomerate occurs at the base of the West Elk
Breccia. This conglomerate is similar to that at the base of the Lake
Fork Formation and consists mostly of well-rounded but poorly sorted
andesitic cobbles and boulders in a tuffaceous matrix; it also contains
scattered cobbles of Precambrian granite and gneiss and Mesozoic
sedimentary rock, particularly quartzite. Good exposures of conglom-
erate can be seen in roadcuts along the north side of the Black Canyon
on the slopes of Black Mesa. Gravels at the base of the West Elk
Breccia are 200240 feet thick on Black and Poverty Mesas. Near the
Gunnison River, tuff and tuffaceous conglomerates overlie the volcanic
breccias. They are locally well bedded, show small-scale crossbedding,
and probably represent airfall tuffs reworked by stream action that
locally incorporated rounded cobbles and pebbles of Mesozoic quartz-
ite and Precambrian granite and schist. Some tuff beds contain crystals
of biotite, sodic andesine, quartz, and hornblende and relatively fresh
white pumice fragments, which are flattened parallel to the bedding.
On Black Mesa, the West Elk Breccia also contains ash-flow tuff that is
locally densely welded. The tuff beds and tuffaceous conglomerates
within the laharic breccia section indicate that short intervals of ex-
plosive volcanic activity alternated with periods of dominantly mud-
flow deposition.

Rhyodacitic lava was erupted in the Lake Fork area after deposition
of the fragmental volcanic rocks. Hornblende rhyodacite flows and
autobreccias, composing the upper part of the Lake Fork Formation,
accumulated to a maximum thickness of about 900 feet along the Lake
Fork just south of the Cimarron fault. Thinner autobreccias accumu-
lated as far west as Blue Creek. The porphyritic hornblende rhyodacite
is pink to purplish or greenish gray and commonly trachytic and
contains lineated oxyhornblende, andesine (An,ss;), pyroxene, and
quartz phenocrysts. The groundmass consists of plagioclase and sani-
dine microlites and disseminated iron oxides. The rhyodacite contains
phenocrysts of andesine (Ans.s), biotite, and oxyhornblende set in
a microcrystalline groundmass of quartz, plagioclase, and sanidine.
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Rocks similar to the Lake Fork assemblage have been mapped in
the Rock Creek drainage basin in the southeast corner of the Rudolph
Hill quadrangle (pl. 1). The lower few hundred feet of these rocks is
made of rhyolitic tuff-breccia and is overlain by massive flows and
breccias of pyroxene rhyodacite and andesite. These thick flows and
breccias suggest the presence here of a volcanic center generally similar
to that of the Lake Fork Formation. These rocks in the Rock Creek
area were called Conejos Quartz Latite by Larsen and Cross (1956,
pl. 1) ; this name would indicate an age different from that of the Lake
Fork Formation and West Elk Breccia. No evidence was seen, how-
ever, in the present study to support a marked difference in age, and
on the map (pl. 1) these rocks are simply included in the composite
Lake Fork and West Elk mass as “older volcanic rocks.”

Breccias and tuffs of the San Juan Formation, similar to those in
the Lake Fork and West Elk units, cover many square miles southwest
of the Powderhorn-Black Canyon area. According to Larsen and
Cross (1956, p. 64, 69), the San Juan Formation is slightly younger
than the Lake Fork Formation but is correlative with the West Elk
Breccia. There is little doubt, however, that all three formations
formed during the same general volcanic episode and once formed a
great composite mass of intermediate flows and breccias. These three
formations and the Conejos Quartz Latite are considered to be of
Oligocene or older age.

ASH-FLOW FORMATIONS

Explosive eruption of a thick and extensive succession of ash-flow
tuffs took place after an erosional interval during which the Lake
Fork and West Elk flows and breccias were extensively eroded and
locally completely removed. The landscape before the oldest ash flow
was deposited was characterized by a surface of low to moderate relief
into which canyons had been cut to depths of several hundred feet. An
erosional depression and south-facing escarpment were present along
the Cimarron fault. A late Oligocene age for these eruptions is indi-
cated by potassium-argon age determinations on a sample of biotite
from the Fish Canyon Tuff.

The ash-flow tuffs were included in the Alboroto Rhyolite and
Piedra Rhyolite of the Potosi Voleanic Series by Larsen and Cross
(1956). More detailed mapping in the western and central San Juan
Mountains by Luedke and Burbank (1963) and Steven and Ratté
(1964) indicated the advisability of assigning separate formational
names to mappable ash-flow units and not using the names Alboroto
and Piedra. Luedke and Burbank have restricted the name Potost to a
specific assemblage of ash-flow units derived from sources in the west-
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ern San Juans. Approximate correlations of the terminology in this
report with that of Larsen and Cross are shown in the following table.

Larsen and Cross (1956) This report

Hinsdale Formation Hinsdale Formation
% Piedra Rhyolite Carpenter Ridge Tuff
3
° Upper member Fish Canyon Tuff
g Alboroto Rhyolite Sapinero Mesa Tuff
B Lower member |{ Dillon Mesa Tuff
;g Blue Mesa Tuff
‘B
3
[~ Conejos Quartz Latite

Conejos Quartz Latite, Lake Fork

Formation, and West Elk

Breccia

Lake Fork Quartz Latite and West Elk
Breccia

The ash-flow tuff sequence (pl. 1) is divided into five formations in
the Powderhorn-Black Canyon region. From oldest to youngest, these
are here named the Blue Mesa, Dillon Mesa, Sapinero Mesa, Fish Can-
yon, and Carpenter Ridge Tuffs. Each formation in turn can be sub-
divided according to degree of welding or of devitrification and by
other characteristics. At least two of the formations, and possibly all
five, consist of two or more separate ash flows.

Columnar sections on plate 1 illustrate variations in thickness and
lithology throughout the region. The succession of ash-flow tuffs has
a maximum exposed thickness of about 1,450 feet on the sides of Cebolla
Canyon in the Rudolph Hill quadrangle in the southern part of the
area and generally becomes thinner toward the north. The northward
thinning is accompanied by a diminution in the degree of welding.

In typical vertical section, the ash-flow units grade upward from
a discontinuous nonwelded base through a black or dark-brown vitro-
phyric zone, then a densely welded to partly welded devitrified zone,
to a poorly welded to nonwelded top. Within the mapped area, soft
nonwelded tuff constitutes the base of the ash flows only locally. More
commonly, the base is a conspicuous black vitrophyre consisting of
densely welded smoky-brown shards, numerous crystal fragments,
and dusty inclusions of magnetite. Typically, the vitrophyre grades
upward through a zone containing progressively more abundant brown
spherulites that coalesce upward to form a completely devitrified rock
containing phenocryst fragments set in a matrix of very fine grained
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alpha cristobalite and sanidine. In places, the vitrophyre is absent, and
densely welded tuff is devitrified down to the base. Nonwelded to
weakly welded tuffs occur at the top of some ash-flow units, but in most
places they were eroded before the succeeding ash flow erupted.

The tuffs are mostly of quartz latitic composition, in contrast to the
rhyodacitic-to-andesitic composition of the older volcanic units of
Tertiary age (fig. 3; table 1). The glass in some of the vitric tuff has
a refractive index of 1.49-1.50, which, according to the curves plot-
ted by George (1924), corresponds to that of rhyolitic glass. The
phenocrysts are commonly plagioclase and sanidine and rarely tri-
dymite, cristobalite or quartz; biotite is common in most of the tuffs.
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FreUure 3.—Triangular diagram showing variations of normative feldspars and
quartz of volcanic rocks from the Powderhorn-Black Canyon region, Colorado.
Numbers refer to rock analyses in table 1.
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Cl4 CONTRIBUTIONS TO GENERAL GEOLOGY

Gravel occurs at the base of the Blue Mesa, Dillon Mesa, Sapinero
Mesa, and Fish Canyon Tuffs, and at the base of and within the Car-
penter Ridge Tuff and the Hinsdale Formation. The gravel beds are
commonly only a few feet thick, but in general they seem to thicken
westward in the Black Canyon area.

The proportions of different rock types making up the boulders in
the gravel vary from place to place. Common to all the gravel beds are
well-rounded cobbles and boulders of quartzitic sandstone and con-
glomerate of the Morrison and Dakota Formations and locally derived
granite, gneiss, and schist from the Precambrian. The proportion of
Precambrian rock types to other boulders increases upward in the
section. Gravel above the West Elk Breccia and Lake Fork Formation
commonly contains numerous boulders and cobbles of rhyodacite and
andesite, numerous porphyritic rocks of hypabyssal origin, and some
quartzite, granite, and gneiss. The gravel locally contains boulders of
coarse porphyritic gneissic granite that has carlsbad-twinned pheno-
crysts 1-2 inches long, unlike the granite mapped in most of the area.
Also within the gravel at many stratigraphic levels is a coarse-grained
pinkish-gray biotite quartz monzonite. These two rock types may have
been derived from some distant source, possibly from the Sawatch
Range east of the map area.

BLUE MESA TUFF

The Blue Mesa Tuff, the oldest of the ash-flow formations, is here
named for typical exposures in the rim of Blue Mesa on the south side
of Black Canyon above Blue Mesa Dam (loc. 4, pl. 1), which is desig-
nated the type locality. The Blue Mesa Tuff filled in the lowest parts of
the preexisting irregular topographic surface but did not everywhere
cover the highest surface. Much of the formation has been removed
by erosion, but nearly continuous exposures form vertical cliffs
(fig. 4) along the north side of the Black Canyon to the west
end of Black Mesa, where the formation has an erosional limit. Its
northern limit in Black and Soap Mesas has not been mapped, but it is
several miles north of the Black Canyon. North and east from Blue
Mesa Dam the Blue Mesa Tuff is well exposed in the rim of Dillon
Mesa.

South of Blue Mesa Dam the Blue Mesa Tuff forms prominent cliffs
from Fitzpatrick Mesa east to Sapinero Mesa. Indeed, all these mesas
owe their prominence to the erosive resistance of the Blue Mesa Tuff.
Small remnants cap ridge tops as far west as Poverty Mesa northwest
of Cimarron and Storm King Mountain 10 miles south-southwest of
Cimarron. Along the Black Canyon the Blue Mesa Tuff is thickest near
the north rim of Blue Mesa and near the south and west rims of Soap
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