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DESCRIPTION OF THE SILVERTON QUADRANGLE.

By Whitman Cross, Ernest Howe, and F, L. Ransome,

GEOGRAPHY AND GENERAL GEOLOGY OF THE QUADRANGLE.

INTRODUCTION.

The term San Juan region, or simply “the San
Juan,” used with variable meaning by early
explorers, and naturally with indefinite limita-
tion during the period of settlement, is now quite
generally applied to a large tract of mountainous
country in southwestern Colorado, together with
an undefined zone of lower country bordering it
on the north, west, and south. The Continental

Divide traverses this area in a great bow. The

principal part of the district is a deeply scored vol-
canic plateau, more than 3000 square miles in
extent, drained on the north by tributaries of the
Gunnison River, on the west by those of the
Dolores and San Miguel rivers, on the south by
numerous branches of the San Juan, and on the
east by the Rio Grande. All but the latter drain-
age finds its way to the Gulf of California through
the Colorado River. .

The San Juan Mountains, as that term is now
understood, embrace the area bounded on the
north by the generally abrupt descent to the slop-
ing mesas extending for 25 miles to the canyon of
the Gunnison, on the west by the great plateau
of Colorado and Utah, on the south by the more
gradual descent to the rolling plateaus of New
Mexico, and on the east by the broad and level
San Luis Park. From this main area a broad
spur leads off to the southeast, losing its moun-
tainous character near the Colorado—New Mexico
line. The San Juan Mountains thus have a length
of nearly 80 miles east and west, and a width of

- from 25 to 40 miles north and south, and their

summits form a great group rather than a range.

In the western part of the San Juan Mountains
the topography is very rugged. There are hun-
dreds of summits exceeding 13,000 feet in eleva-
tion, and several which reach more than 14,000
feet above sea level. Here, too, the bounding
scarps of the group are often very precipitous,
while some of the valleys in the heart of the
mountains have been cut down to 9000 feet or
less above the sea. To 'the east the configuration
is less rugged, and high table-lands, of varying
extent, represent in a measure old plateau surfaces.

Within the bordering zone of lower country,
having a general elevation of from 6000 to 9000
feet, are situated several small groups of ~high
peaks bearing special names. The Needle Moun-
tains on the south, the La Plata and Rico groups
to the southwest, and the San Miguel Mountains
on the west, are the most important of these out-
liers.

The Needle Mountains are almost continuous
with the San Juan proper, but the local name is
amply justified by the character of the group,
which is a result of its geologic structure. The La
Plata Mountains form an isolated group, and the
Rico Mountains are also not connected with the San
Juan in origin. The eastern summits of the San
Miguel Range—the Mount Wilson group of the
Telluride quadrangle—are geologically a portion
of the San Juan, cut off by erosion.

Though the San Juan Mountains are surrounded
by an arid plain country the annual snowfall and
rainfall upon them is heavy, especially on the
western portion. The higher peaks and basins
are seldom entirely free from snow. This abun-
dant moisture supports a heavy forest growth in
many places upon the western and northern sides.
Spruces and aspens cover the higher slopes, yield-
ing to white pine, scrub oak, pifion pine, and cedar
on the flanks, as the streams sink into canyons cut
in the lower plains of sedimentary rocks. Timber
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line lies in the zone between 11,500 and 12,000 |

feet above the sea, and large areas in the interior
are thus barren of tree growth, and support only a
low alpine flora on favored surfaces.

Valunable deposits of the precious metals have
been found in many parts of the San Juan region.
Coal beds of great extent and fine quality occur
along the southern base, and agricultural lands
form the valley bottoms and certain of the lower
slopes adjacent to the snow-fed streams from
the mountains. With the development of these
resources several important towns have been estab-
lished in sheltered valleys on all sides. Railroads
encircle the group and penetrate to some of the
mining centers of the interior. Creede, Silverton,
Telluride, Ouray, and Lake City, all situated in
mountain valleys, are thus connected with the
main lines of traffic. ‘

The geological history of the San Juan region is
too complex and as yet too imperfectly known to
justify even an outline statement of satisfactory
accuracy. The pre-Tertiary surface of the entire
region was completely buried by the volcanic for-
mations which now cover the main area, and, while
erosion has again exposed some of the older rocks
on all sides of the voleanic complex and even in
some of the interior valleys, the reconnaissance
observations of the Hayden and other early surveys
were far too meager, and the present resurvey has
thus far covered too small an area, to afford solu-
tions to many of the problems concerning the earlier
geologic development of this most interesting field.

In view of this condition, no attempt will be
made at this time to present a thorough review
of San Juan geology, but in order that the sig-
nificance of the observations made in the Silver-
ton, Telluride, and other quadrangles may be more
fully appreciated, an-outline sketch of the geologic
development of the region will be given. This
outline is particularly applicable to the western

part of the San Juap, for it is in the valleys of

this portion, near the mountain front, that the best
exposures of the older rocks may be found.

The Animas Valley, between Silverton and the
vicinity of Durango, shows apparently a complete
exposure of all formations of the San Juan, from
the Archean to the Puerco formation of the Eocene,
inclusive. Much of this section has now been stud-
ied in detail, but definite correlations can not yet be
made between the older formations here seen and
the isolated exposures reported from some other
parts of the San Juan Mountains.

Ancient granites, gneisses, and schists are known
in the Animas Valley on the south and in the
Uncompahgre Plateau on the north. These rocks
have usually been considered Archean, but the
granites are probably younger than the great series
of quartzites exhibited in the Needle Mountains
and seen beneath the volcanics in the canyon of
the Uncompahgre above Ouray, which have been
referred by Van Hise and Emmons to the pre-
Cambrian age of sedimentation—the Algonkian.
The Algonkian rocks have suffered great meta-
morphism and stand on edge or are greatly dis-
turbed, and the relations of the isolated exposures
to contemporaneous formations elsewhere are quite
unknown. On the Hayden map these quartzites
were called ‘“Metamorphic Paleozoic.” In this folio
they are called the Uncompahgre formation.

Great continental movements of uplift, folding,
and faulting, followed by enormous erosion, inter-
vened between the deposition of the Algonkian
sediments and the oldest Paleozoic formation. In
the Animas Valley the Paleozoic section begins with
a thin quartzite, less than 200 feet in thickness,
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which has been called the Ignacio quartzite, and
which, on scanty fossil evidence, has been referred
to the Cambrian. Following this quartzite con-
formably are thin limestones and shaly strata, the
latter characterized by casts of cubical salt crystals,
with a total thickness of less than 100 feet. These
beds are distinguished as the Elbert formation and
are assigned to the upper part of the Devonian, on
the evidence of characteristic fish remains. Above
them occurs, in conformity, a series of limestones
with thin interstratified quartzites, 200 to 400 feet
thick, known as the Ouray formation, the lower

and middle portions of which are characterized by

a definite upper Devonian invertebrate fauna.
Although these thin formations have been fol-
lowed for many miles up the Animas Valley, no
indication of Silurian or Ordovician strata has
been found there, nor any evidence of the strati-
graphic gap which must exist if there are no beds
of those ages in the section. In the Uncompahgre
Valley near Ouray the Ignacio formation is lack-
ing and the Elbert formation is not everywhere
present, and at certain localities in the Silverton
quadrangle the Ignacio is absent. These facts
show that the seeming conformity in the section
seen on the slopes of the Needle Mountains is mis-
leading and that there is a stratigraphic break of
great importance between the Ignacio and Elbert
formations. v
The extreme upper part of the Ouray limestone

contains Mississippian (lower Carboniferous) fossils

at a few points observed in the Animas Valley.
On this limestone occurs a reddish calecareous shale,
the Molas formation, containing many chert nod-
ules, and some of these cherts also carry a Missis-

sippian fauna. Thin limestone layers in the shale

contain Pennsylvanian (upper Carboniferous) fos-
sils, so that there is evidence of the stratigraphic
break following the Ouray. The Molas shales have
been found everywhere lying on the Ouray lime-
stone with but slight unconformity. There is no
known indication of the extent of the Mississippian
formations which may have overlain the Ouray
limestone, or of their character, except that the
basal portion must have been a cherty limestone
very similar to the Ouray and grading into it.

The red shales of the Molas constitute the first
sediments of a great complex of sandstones and
fossiliferous shales and limestones, belonging to
the Pennsylvanian. These beds reach a total

thickness of 2000 feet and have been named the |
| Hermosa formation. They form the great scarp

on the west side of the Animas Valley and other
prominent topographic features on both the south-
ern and the northern side of the mountains.

Above the Hermosa strata appears an important
series of reddish conglomerates, sandstones, marls,
and thin limestones, in the upper part of which
Triassic fossils occur. These rocks occupy a much
larger area than the Hermosa in the zone adjacent
to the mountains, and are conspicuous in the
Animas, Dolores, San Miguel, and Uncompahgre
valleys.

In the Rico Mountains a fauna that is related to
the Permo-Carboniferous of the Mississippi Valley
has been found in the lower portion of the reddish
series, and this fossiliferous zone is called the Rico
formation. It has also been identified in the Ani-
mas drainage, but its presence has not been recog-
nized in the Uncompahgre Valley.

The non-fossiliferous portion of the reddish beds,
which rests upon the Rico formation, and which
is limited above by unconformable Triassic strata,
has been called the Cutler formation. The name
Dolores has been given to the Tyiassic portion,

which is distinguished from underlying beds not
only by fossil evidence, but also by an unconformity.

Above the red Triassic beds come other forma-
tions that are correlated in general with the fresh-

water Jurassic of other parts of Colorado, and

above these comes the upper Cretaceous, from the
Dakota to the uppermost coal-bearing member, the
Laramie. Below Durango the post-Laramie forma-
tion, made up of eruptive rock débris and known
as the “Animas beds,” rests upon the Laramie,
and isin turn overlain by the Puerco and higher
Eocene deposits.

Structurally, the most striking feature in the
present attitude of the formations described, from
the base of the Paleozoic upward, is their general
southerly or westerly dip away from a point in the
west-central part of the San Juan Mountains. As
seen in the section of the Animas Valley, all of
these formations appear to be conformable. None
of the various unconformities by overlap, repre-
sented upon the Hayden map as occurring in the
area between the Animas and San Miguel rivers,
exist within that territory. But two great orogenic
disturbances, not indicated in the Animas section,
are clearly shown on the northern slopes of the San
Juan, and possibly one of them also on the south-
ern side, not far east of the Animas River. A pro-
nounced unconformity exists between the Dolores
and older beds in the Uncompahgre Valley, while
the Dolores itself and all older sediments are want-
ing in the plateau traversed by the Gunnison and
its southern tributaries east of the Uncompahgre
River, and the granites and gneisses are overlain
by the probable equivalent of the La Plata sand-
stone, of assumed Jurassic age. A similar condi-
tion exists east of the Animas, in the drainage
of Los Pinos and Piedra rivers, according to the
Hayden map, but reconnaissance observations by
A. C. Spencer in the Piedra Valley show that pre-
voleanic faulting may be the cause of the irregular
relations in this district. "

Other periods of uplift, érosion, or subsidence,
in Paleozoic or Mesozoic time, are indicated by the
apparent absence, or slight development, of. Cam-
brian, Ordovician, and Silurian sediments, the
presence of remnants of the Mississippian beds,
the local development of the fossiliferous Triassic,
and the absence of the marine Jurassic and of
recognized equivalents of the great lower Creta-
ceous section of Texas.

The geologic structure and constitution of the
San Juan Mountains of to-day are mainly the
result of dynamic forces which were intensely
active during three great epochs of Tertiary time.
With the first of these epochs the long cycle of
upper Cretaceous sedimentation was terminated by
a continental uplift which was of unknown extent,
but which may have been very great. To what
extent the Cretaceous sea covered the San Juan
Mountain area is not yet known, but the sedi-
ments of that sea are now exposed, dipping at
generally low angles away from the mountains, on
the northern, western, and southern sides. In the
Telluride and Silverton quadrangles is evidence, to
be cited more fully further on, that the erosion of
the epoch under discussion produced a plain of
moderate relief across the oblique edges of the
entire series of Mesozoic and Paleozoic formations.
This plain seems to have bordered a higher land
mass in the heart of the San Juan Mountain area,
and to have extended a considerable distance—
how far, must -ever remain a matter of hypothesis—
to the north, west, and south. Upon this nearly
plane surface, in the region where it is now
exposed, the sandstones and conglomerates of the
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Telluride formation were deposited and had already
attained a thicknass of several hundred feet when
the great epoch of volca nic activity began, produc-
ing the complex of rocks out of which the present
San Juan Mountains have been sculptured. From
exposures in the Telluride quadrangle it was
inferred that the earliest volcanic tuffs were water-
laid deposits in the Telluride lake, but from the
relations seen in the Silverton quadrangle it appears
probable that the Telluride conglomerate is in part
at least a fluviatile formation and that there was,
locally, valley erosion below the plane of that con-
glomerate before the voleanic cycle opened.

The volecanoes and fissure conduits of the San
Juan, assisted, perhaps, by vents in adjacent
regions, emitted an enormous amount of volcanic
material, partly in fragmental form and partly in
lava flows, and this material covers an area of cer-
tainly not less than 15,000 square miles to a depth
of many thousand feet in the central portion.

The lowest member of the voleanic complex thus
far discovered is a bedded tuff of andesitic rocks
that reaches 2500 feet in observed thickness, called
the San Juan tuff. TIts source is unknown. From
the relations exposed in the Silverton quadrangle,
it is certain that the San Juan tuff was in some
places entirely removed by erosion before the erup-
tions of the next great volcanic epoch.

Succeeding the San Juan epoch came a time in
which rhyolitic and andesitic magmas, together
with others of intermediate composition, alternated,
and built up the Silverton series of flows and tuffs
to an aggregate thickness of 4000 feet or more.
Above them comes the Potosi series, consisting
predominantly of rhyolitic material, and observed
to have a thickness of more than 1000 feet. Dur-
ing the Silverton epoch, and after it, there were
intervals of great erosion.

The three series of lavas mentioned make up the
greater part of the western San Juan Mountains.
East of the Silverton quadrangle they have greatly
diminished thickness, and disappear under other
lavas of various kinds not yet fully investigated,
but known to include rhyolite, andesite, and basalt.
. The sources of most of the San Juan lavas are
unknown, but the Silverton series were in part
poured out through fissure channels now identifi-
able on account of the dike masses which fill them.
The -bedded series are penetrated by several mass-
ive bodies of often coarsely granular rocks, such
as’ gabbro, diorite, and monzonite, and it now
seems probable that the intrusive bodies of dio-
rite-porphyry ‘and the allied varieties found in

the sedimentary beds adjacent to the San Juan |

Mountains on the west are also of later date than
many of the surface lavas. -

The volcanic eruptions in the San Juan area prob-
ably continued at intervals until late in Tertiary
time, although only the products of the earlier out-
bursts are well known. Thus the voleanic period
of -building-up was in part synchronous with the
third great period already referred to—that of sculp-
turing: by erosion—by which the mountains now
existing have been produced. Within the volcanic
area little evidence has been discovered by which
the sequence of events can be correlated with the
established divisions of Tertiary time. Deposits of
Eocene age are known in the zone bordering the
volcanic area, but they have not been found in
direct contact with the lavas. Certain calcareous
tuffs of the Silverton quadrangle contain scanty
plant and invertebrate remains indicating that they
were formed in Oligocene or early Miocene times.
While it may be safely assumed that the closer
study-of the San Juan will result in the recogni-
tion of different epochs of eruptive activity and of
orogenic disturbance, the Tertiary history of this
region may be summarized as a conflict between
volcanic forces that built a plateau by stupendous
emissions-of lava and agenecies of erosion that
removed the igneous material -and carved deep
‘canyons to the very base of the vast lava plateau.
The volcanic forces were most effective in the ear-
lier periods, nearly the entire  thickness of 5000
feet of volcanic rocks found in' the western San
Juan being of that epoch, while the agents of
degradation are still actively at work upon the
-higher mountain masses.

- Quantitatively, the work performed by the
‘geologic agencies acting in this region in .Ceno-
zoic time was very great, but the estimation of the
post-Cretaceous disturbance, as well as the general
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deciphering of all earlier geological history, has
been rendered very difficult by the mantle of
voleanic rocks; and the original extent of this
covering is left to speculation on account of the
more recent erosion. The detailed examinations
now in progress have thrown much light on these
great problems. Thus, the Telluride conglomerate
becomes of first importance in their solution, since
its base presents the best evidence as to the post-
Cretaceous erosion and its top forms the surface
upon which the volcanies rested in the western
part of the district.

The present elevation of this entire region above
sea level is to be regarded as the result of numerous
oscillatory movements of uplift or subsidence which
have taken place since the close of the Cretaceous,
affecting greater or smaller areas. A slight tilting
of the Telluride formation in an easterly direction
may be connected with the uplift of the extreme
Western San Juan region, leading to the great ero-
sion which has caused such an abrupt face to the
mountains in and about the Telluride quadrangle.
The complex fault system existing in the Silverton
quadrangle, which traverses all voleanic rocks in
its path, is further evidence of Tertiary movements.

The survey of the Silverton quadrangle was
carried on during portions of the field seasons of
1898, 1899, 1900, and 1901, under immediate
charge of Whitman Cross. During the first two
seasons A. C. Spencer was regular assistant, while
Ernest Howe served in that capacity for the remain-
der of the field work and in the preparation of the
folio. Messrs. R. D. George, G. W. Stose, and J.
Morgan Clements have rendered valuable aid as
temporary assistants during portions of various
seasons. The economic resources of the quadran-
gle were investigated by F. L. Ransome during the
season-of 1899 and 1900, and a detailed report on
them was made in Bulletin No. 182.

The topographic base map available at the com-
mencement of the survey was found so inadequate
for the expression of the geology that a‘partial
revision was undertaken. This proved the neces-
sity for a complete revision, which could not be
used by the geologist until late in 1901. For this
reason many of the boundaries between forma-
tions, on the maps of this folio, are known to be

inaccurate in detail, since they have been adjusted

to maps which-were not in hand during field work.

GEOGRAPHY AND TOPOGRAPHY.

Geographic position of quadrangle.—The Silver-

ton quadrangle is situated in the southwestern part

of Colorado and is bounded by parallels 37° 45’
and 38° N. and meridians 107° 30" and 107° 45’
W., and has an area of 235.66 square miles. The
quadrangle lies mainly within San’ Juan County,
but. includes parts of Hinsdale, Ouray, and San
Miguel counties also. Its position and its relation
to other areas which have been already surveyed are
shown in the index map on the cover of this folio.
The Lake Fork of the Gunnison, the Animas and
Uncompahgre rivers, and the Rio Grande have
their sources in the high mountains of the Silver-
ton quadrangle, and the waters of all but the Rio
Grande belong to the drainage system of the Colo-
rado River. The quadrangle is in-the western and
most rugged portion of the San Juan Mountains,
which in the Telluride quadrangle, to the west,
end -abruptly and give place to high plateaus that
extend into Utah. To the north are many high
peaks which naturally belong to. this: mountain
group; to the south rise the sharp pinnacles of
the Needle Mountains; while to the east lies the
main part of the San Juan group.

Topographic features.—The entire quadrangle,
it may be said, has a rugged, mountainous char-
acter. The average elevation is very high—about
11,5600 feet. The highest point (14,008 feet) is
Handies Peak, and the lowest (a little below 8200
feet) is in the canyon of the Uncompahgre River.
Across the extreme southeast corner runs the Con-
tinental Divide, separating the waters of the Rio
Grande from those of the Colorado drainage. The
topographic features are those characteristic of a
thoroughly dissected - plateau whose forms have
been more or less modified by subsequent ice
erosion. The larger valleys are U-shaped as a
rule. They are-often precipitous near the valley
bottoms and have gentle slopes above. Many of
the peaks haye well-rounded summits and rela-

tively smooth, graded flanks; others are flat-
topped, being capped by remnants of old lava
flows, and of these Potosi Peak is a typical exam-
ple. Characteristic of the whole region are glacial
cirques or amphitheaters, which are found at the
sources of almost all streams. Many of these are
well brought out on.the topographic map, or are
shown in the illustrations.

Drainage.—The largest stream is the Animas
River, which rises in the northeast corner of the
quadrangle and flows southward, first through a
narrow canyon, and then over the flood plain of
a broader valley until it comes to Bakers Park,
where it is joined by Cement and Mineral creeks.
Below Bakers Park it plunges into the gorge of the

Animas Canyon, in which it traverses the Needle

Mountains. Flowing north from the divide at
the headwaters of the Animas and its tributaries
are the streams that unite to form the Uncom-
pahgre River, which leaves the quadrangle on
its way to the Gunnison through a deep, narrow
canyon of singular beauty and grandeur. Near
the northern and eastern boundaries of the quad-
rangle rise other tributaries of the Gunnison, the
Lake Fork and Henson Creek, which join at Lake
City, while in the southeastern corner of the area,
under Canby Mountain, are the beginnings of the
Rio Grande with its first important branch, Pole
Creek. With the exception of the streams flowing
from Ingram and Savage basins, which belong to
the San Miguel drainage, all waters rising along
the western boundary are feeders of the Animas
or Uncompahgre rivers.

- Forest growth and timber line—The average alti-
tude of the quadrangle is about 11,500 feet, and in
consequence a very large part of the region is above
timber line, which varies from 11,500 to 12,000
feet above sea level. Below 11,500 feet there is
always a luxuriant growth of spruce, fir, and aspen,
and at almost any elevation may be found alpine
willows or alders. The pine, so common at lower
levels to the north and south, is found nowhere
within the limits of the quadrangle.

Culture.—The largest town in the quadrangle is
Silverton, situated on the broad flood plain of
Bakers Park, near the junction of the Animas
River, Mineral Creek, and Cement Creek. It
is the principal commercial center of the district
and is the terminus of the Durango division of the
Denver and Rio Grande Railroad. Branch rail-
roads connect the town with Red Mountain,
Eureka, and Gladstone, local mining centers and
shipping points for the various mines. [Excellent
roads or trails lead into elevated basins and over
high divides to all parts of the quadrangle. Prob-
ably no other high mountain district of Colorado
of equally rugged character has been so thoroughly
prospected by the miner and rendered so easy of
aceess as the Silverton quadrangle.

DESCRIPTIVE GEOLOGY.
THE ROCK FORMATIONS.
METAMORPHIC ROCKS.

ARCHEAN SYSTEM,

SCHISTS AND GNEISSES.

Occurrence and structure.—Schists of supposed
Archean age form the walls of the canyon of the
Animas River from the monzonite stock below
Silverton to a line a short distance beyond the
southern boundary of the quadrangle, at White-
head Creek, where they come in fault contact with
Algonkian quartzites. They are exposed in an
irregular area that extends from the canyon east-
ward, from which the voleanics have been removed
by erosion, and in Cunningham Gulch down nearly
to Stony Creek, as shown by the map. The rocks
are all strongly foliated and also have a banded
appearance, which is often due to the alternation of
dark and light constituents. The schistosity, which
seems to correspond with the banded arrangement
of mineral particles, has within this area a north-
east-southwest strike and a nearly vertical attitude,
except in the lower part of the Animas Canyon,
where the dip flattens out and the schistosity
becomes almost horizontal. This schist section,
while varying in petrographic detail from place to
place, possesses no clearly marked divisions which
it is practicable or desirable to recognize as carto-
graphic units. The. schists are cut by bosses of
granite and their apophyses, as well as by numer-

ous basic dikes. These intrusives are undoubtedly
older than the first Paleozoic sediments, but may
be younger than the great Algonkian series of the
adjacent Needle Mountains.

Description of the schists.—The crystalline schists
of this region vary in texture and in mineral
constitution. The majority are dark colored, but
some are light gray, or almost white. KEven the
commonly striking characteristic of schistosity is
by no means uniform, some rocks being finely
schistose, while others have been crushed and
crampled and might be described as coarse
gneisses. Quartz and feldspar are present in
almost all of the schists, usually in amount equal
to or greater than the dark silicates, although the
latter strongly predominate in dark-colored bands
throughout the section. In certain schists quartz
is of secondary origin. The feldspar is mainly
orthoclase, but is in some cases albite, or possibly
andesine. The common development of quartz
and the feldspars in a fine mosaic makes it very
difficult to estimate their relative amounts and to

determine with any degree of accuracy the kind of

feldspar.

The dark silicates are represented by biotite and
pleochroic green hornblende or actinolite; seldom
entirely fresh; biotite is generally more abundant
than hornblende, but certain bands consist mainly
of amphibole. Muscovite is not very common as
an original mineral, but as an alteration product of
biotite and the feldspars it is quite abundant. The
darker minerals appear in blades or irregularly
bounded particles in the quartz-feldspar mosaic.

Garnet is a very striking constituent in certain
zones. East of the Molas mine a few bands in the
hornblendic schist are extremely rich in large red
garnets which are ‘without crystal boundaries, and
are either shattered or exceedingly strained, so
that they crumble when removed from the matrix.
Some of these garnets are an inch or more in diam-
eter, and the schistosity of the inclosing rock seems
to bend about them. Occurrences of this sort are
rare, however, and the mineral is, when present,
an accessory. At several places it was observed
that the garnet, possibly almandite, has been
wholly or in part altered to-chlorite, the alter-
ation taking place along cracks and fissures in the
usual manner. Magnetite is a much more widely
distributed accessory than garnet, though its pres-
ence is noted only under the microscope. ~Apatite,
which is rare, occurs in minate crystals included in
feldspar or hornblende. Hematite and zoisite are
often present, but are probably alteration products.
Chlorite is the most prominent secondary mineral
in the schist, being found in almost all rocks in
flakes or irregular patches derived from horn-
blende or biotite; that resulting from the altera-
tion of garnet is fibrous. Zoisite, epillote, and
muscovite are not uncommon alteration- products
in the feldspathic and hornblendic schists; in a
few cases calcite occurs in crystalline grains.

Most of the schists have a medium, finely lami-
nated banding, the individual bands' averaging 1
millimeter in thickness and being rich in the light
and dark silicates alternately. Sometimes there is
no distinet banding, and in such cases there is an
interlocking mesh of elongated mineral grains or
aggregates whose greatest diameters are parallel.
Rocks having this texture usually belong to the
strongly amphibolitic schists and are ordinarily
fine grained, but some are relatively coarse and
are composed of equal amounts of light and dark
silicates. In such rocks as these the ferromagne-
sian minerals are grouped together in small len-
ticular aggregates. The finest foliated rocks are
usually the lighter colored ones, and are rather
richer in muscovite than in dark micas or amphi-
bole. :

Evidence of great mashing or crushing is well
shown when these rocks are examined under the
microscope, and the parallel arrangement of min-
eral particles, so marked in hand specimens, is still
more pronounced in the thin sections of the rocks.
In many cases the strains have been so great that
the original crystals have been completely granu-
lated and appear as lenticular aggregates of minute
grains of the same minerals. At other times a
complete recrystallization of the minerals has
taken place, and the resulting structure is that
of elongated grains, generally without crystal
boundaries, whose longest diameters lie in the
same general direction. This elongation and par-
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allelism is more marked in the micas and amphi-
boles than in the feldspars or quartz.
The crushing and recrystallization of these rocks

have obliterated all traces of the characters of the

original rock masses, so that it can not be deter-

mined whether they were sedimentary or igneous..
Some of the amphibolitic schists resemble the

mashed diabasic dikes that cut these rocks in
various places, and it seems plausible to suppose
that such schists are also derived from basic igne-
ous masses. The feldspathic and quartzose schists
may have been derived from either sediments or
granitic rocks.
SEDIMENTARY FORMATIONS.
Subaqueous Deposits.

General statement—The subaqueous formations
of the Silverton quadrangle older than the vol-
canic series are exposed only where the voleanic
rocks have been removed by erosion—mainly in
the southern zone of the area. The formations
revealed range from the Algonkian quartzites and
slates to the Permian red beds. None of the
formations is so well exposed as in the adjoining
quadrangles, but several of them will here be dis-
tinguished for the first time as stratigraphic units.

The Algonkian system of the Uncompahgre Can-
yon is unquestionably the same as that of the
Needle Mountains, although the two areas were
separated by erosion following enormous folding
before the deposition of the lowest Paleozoic beds.

In striking contrast with the Algonkian, as well
as with the Pennsylvanian and later formations,
the earliest sediments of the Paleozoic in this
region are thin. Paleozoic beds below the Car-
boniferous aggregate not more than 400 to 600
feet in thickness, and in them no planes marking
stratigraphic breaks are evident, though such
breaks are known to be present. On lithologic
grounds, however, there are within these pre-Car-
boniferous sediments three practicable divisions
which correspond with the divisions indicated by
the evidence of the stratigraphy and of the fossils
so far as now known. At the base are quartzites,
at the top limestone, and between them is a series
of calcareous shales characterized by pseudomor-
phous casts of salt erystals. The limestones above
the “Salt shales” carry a well-defined Devonian
invertebrate fauna from their base nearly to their
top. A single Cambrian shell has been found
in the lower quartzites, and the “Salt shales,”
which are usually barren of fossils, have yielded
a few fish remains of upper Devonian types.
The three lithologic units are here distinguished
and named as separate formations. Below . the
“Salt shales” there must be a great stratigraphic
break which the commonly observed stratigraphic
relations do not suggest where the three units are
all present. It is known, however, that the Cam-
brian quartzite is absent in the Uncompahgre Val-
ley and in the area east of the Needle Mountains.

The limestone member of the section referred to
has been found to contain Mississippian fossils in
its upper portion in a few places. A stratigraphic
break occurs above this horizon in the section.
The lower strata of the upper Pennsylvanian,
which possess distinctive lithologic characters and
contain the record of the destruction of older sedi-
ments, are distinguished as a separate formation.
The remainder of the prevolcanic sedimentary com-
plex consists of the Hermosa, Rico, and Cutler for-
mations, which have been described in detail in
other publications.

The Tertiary lavas of the region are underlain
by the well-stratified San Juan tuffs and a still
older conglomerate which in the Telluride folio
was called the San Miguel formation. A change
in the latter name is necessary, since it is found to
have been preoccupied for a Cretaceous formation
in Texas. In this folio the formation is called the
Telluride conglomerate.

ALGONKTAN SYSTEM.
UNCOMPAHGRE FORMATION.

The existence in the San Juan region of a great
section of quartzites and slates or shales older than
the lowest known Paleozoic beds, occurring on the
south side in the Needle Mountains and on the
north in the Uncompahgre Canyon, has long been
known. The series has been described by End-
lich, Emmons, and Van Hise. Similar rocks in
the heart of the domal uplift of the Rico Moun-

Silverton.
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tains have been referred to the same great forma-

tion by Cross and Spencer (Twenty-first Ann..

Rept. U. 8. Geol. Survey, pt. 2, 1900, pp. 37-41).
For convenience in future discussions of this com-
plex of quartzites and slates, assumed to belong to
the Algonkian system, it is proposed to call them
the Uncompahgre formation. They are particu-
larly well exposed in the canyon of that name
in the Silverton and Ouray quadrangles.

Occurrence—The exposures of the Algonkian
rocks in the Silverton quadrangle embrace a part
of the great section in the Uncompahgre Canyon
and a small, isolated outcrop on the eastern side of
Ironton Park. The section in the canyon of the
Uncompahgre extends from the line, shown on the
areal geology map, at which it passes beneath the
San Juan tuffs, for 4 miles northward to the border
of the town of Ouray, where it is overlain by the
lowest Paleozoic beds. In this distance the strata
vary in attitude from the vertical, near Ouray, to
dips of less than 30° near their southern limit.
The stream cuts obliquely across the strike, and
has carved a rugged canyon, in some places a thou-
sand feet or more in depth, into these hard rocks.
The stage road from Ouray to Red Mountain
affords a firie opportunity to examine the section in
detail.

The only other occurrence of the Uncompahgre
beds within the Silverton quadrangle is on the east-
ern side of Ironton Park, at the mouths of Albany
and Brooklyn gulches, but little more than a mile
from the main area in Red Mountain Creek, and
only about 350 feet higher than the nearest out-
crops on that stream. The reappearance of the
formation is doubtless due to the irregular surface
upon which the Telluride conglomerate and the
San Juan tuffs were deposited, details of which may
be seen along the eastern side of the Uncompahgre
Valley, as represented to some extent upon the
map. - The quartzites probably approach very near
to the surface in the interval between the Ironton
Park outcrops and the main area, where they are
overlain by limestone referred to the Ouray forma-
tion of the Devonian. Details concerning this local-
ity are given under the heading “Areal geology.”

Structure—The apparent base of the exposed
Uncompahgre section is near its southern border,
according to the structure to be described. Within
the area of outcrop of the quartzite-slate series there
is an elongated domal uplift, represented on the
map by strike and dip symbols, the crest. of which
is-in the angle between Red Mourntain Creek and
the Uncompahgre. Northward to Ouray the struc-
ture of the beds exposed develops into a series
of steeply dipping beds which have a  general
northwest-southeast strike, and in which only
minor irregularities in folding have been observed.
Unless there is a gigantic overturn, of which the
limited exposures afford no evidence, the base of
this section of the Uncompahgre formation is
beneath the dome on the southern border and
the top is near Ouray. Observations have not
yet been made in the Ouray quadrangle except

along the canyon line, but the rocks are limited.

to a narrow belt on either side.

The Uncompahgre 'quartzites of Ironton Park
are so massive that their structure has not been
determined. P

The structural relations of the Algonkian section
in the Uncompahgre Valley to that of the Needle
Mountains can not now be ascertained. These
areas are 14 miles apart, and between them occur
the older schists or the Tertiary volcanics.

Character—The Uncompahgre formation is com-
posed of quartzites and slates in beds of varying
thickness. Certain zones are nearly pure quartz-
ites, others are distinctly slates, while in still others
there is an alternation of the two rocks in com-
paratively thin strata. On the whole quartzite is
largely in excess over slate.

The quartzites are generally compact, fine grained,
and well bedded. Rarely, certain members are so
massive that no evidence of bedding can be dis-
tingdished in a thickness of 30 or 40 feet. More
commonly thin partings of shale mark bedding
planes, even of quite massive quartzites. Cross-
bedding and ripple-marking are often very distinct.

In many quartzite strata small pebbles or gravel-
like particles of quartz are present. They are rarely
more than 1 centimeter in diameter, and are not
abundant enough to make a true conglomerate.

. The quartzites are often nearly white, with many

shades of gray, and not infrequently pink colors
appear. Specular hematite in scales is present in
some places. '

They show by their crumpling or schistosity evi-
dence of great pressure by differential movements
of the inclosing more massive rocks. Imperfect
chiastolite crystals have developed in rare instances.

An incipient schistosity is caused by the develop-
ment of secondary micas in fine blades or needles
that have their longest diameters parallel. There
is no observed indication that the quartzites have
undergone dynamic metamorphism except in a
few cases where the microscope has revealed a
system of fine parallel fractures passing through
the rounded quartz graing and filled with some
secondary mica.

The section exposed in the Uncompahgre Canyon
has an estimated thickness of over 8000 feet, and no
evidence of repetition by faulting or infolding has
been discovered, although some minor dislocations
have been observed. :

CAMBRIAN SYSTEM.
IGNACIO QUARTZITE.

Name and  definition.—The lowest lithologic
division of the Paleozoic section in the Animas
Valley is made up of quartzites, and varies in
thickness, in the area thus far examined, from a
few feet to 200 feet. In layers near the middle of
these quartzites a single generically determinable
shell has been found. From the stratigraphic rela-
tions and the evidence of this fossil it is assumed
that in this region the Cambrian system is repre-
sented only by a thin series of quartzites belonging
probably to its upper division, and for ‘those the
name -Ignacio formation or quartzite is proposed,

| from the lakes in the Animas Valley about 18

miles west of south from Silverton, near which the
formation is well exposed.' It is at present believed
that all of the Paleozoic quartzites beneath the
“Salt shales” belong to the Ignacio.

Lathologic character—The Ignacio consists of
nearly pure siliceous strata, with some feldspar
locally in the lowest beds. The greater part is
fine grained, white, gray, or pinkish, and highly
indurated. The lower portion is commonly a
massive quartzite .of prevalent pink or reddish
color, while the succeeding strata are nearly white.
Distinct bedding is common, as is an irregular
jointing. Above this the strata are often wavy in
bedding, with shale partings, in which mud cracks,
trails, and other markings are common. These
layers are friable sandstones in places. More mas-
sive quartzite layers generally succeed this series,
but not in a thickness equal to those below.

At the very base of the formation a true basal

conglomerate is often found, but only in hollows

of the granite, schist, or Algonkian quartzite floor.
The hard Algonkian quartzites are most abundant
among the pebbles, which range in size up to 4
diameter of (rarely) 1 foot. :

Fossils.—The only identifiable fossil invertebrate
yet obtained from the Ignacio beds was found on a
remnant capping Overlook Point, one of the hills
of Mountain View Crest, in the Needle Moun-
tains quadrangle, south of Needle Creek. Speci-
mens of this fossil were found scattered through a
hard, dark quartzite above the middle of the for-
mation, which was there 110 feet thick. Mr.
Walcott identifies this shell as an Obolus, but is
unable, from the material at hand, to determine its
species. Three forms that are much like this are
Obolus matinalis, O. tetonensis, and O. loperi, the
latter occurring in the passage beds between the
Cambrian and the Ordovician in the Crested Butte
quadrangle, Colorado. Since. the Cambrian is
known in Colorado only in thin representatives of
the upper division, it seems best to assume for the
present that the Ignacio quartzite also belongs in
that series. , 3

A common apparent fossil of the Ignacio is
thought by Mr. Walcott to be Cruziand, a prob-
lematic plant remain.

Occurrence.—The Ignacio quartzite is about 50
feet thick in the Animas Canyon region of the
Silverton quadrangle. It is most conspicuous on
the west side of the river, its hard beds often pre-
senting ledge or bench forms between the schists
and the Ouray limestone. East of the river it is
not so well exposed, but it extends up to the vol-

canic rocks on the divide north of Whitehead
Creek. Apparently this formation is absent in the

| fault block of Cunningham Gulch, in Ironton
The original shales of this complex are now dark.
slaty beds, hard, and probably somewhat silicified.:

Park, and about Ouray.

DEVONIAN. SYSTEM.
ELBERT FORMATION.

Name and definition.—The name Elbert forma-
tion has been proposed by Cross (Am. Jour. Sei.,
4th ser., vol. 18, 1904, pp. 245-252) for a series of
thin shales, quartzites, and limestones, aggregating
not more than 100 feet in thickness so far as known,
commonly occurring above the quartzites referred
to the Ignacio formation and below the Ouray lime-
stone. Fragmentary fish remains of upper Devo-
nian types are found locally at the base and near
the top of the formation. - An important strati-
graphic break occurs below the Elbert formation,
as is shown in some localities by the absence of the
Ignacio quartzite.: '

The name is derived from Elbert Creek, a western
tributary of the Animas River, entering it at Rock-
wood. The creek drains the Ignacio lakes and
flows for several miles along a bench between the
Animas Canyon and the high escarpment of the
Hermosa Carboniferous, on which all the lower
Paleozoic formations are well exposed.

Lathologic character—The formation is mainly
composed of calcareous shales and thin sandy lime-

stones that vary in details of development from
place to place. The beds are drab, buff, or yel-
lowish in color. The shaly layers break up read-
ily on exposure, so that outcrops are obscured by
the resulting scales and thin plates. Quartzites
are present, but are always very thin and subor-
dinate to the calcareous and shaly portion.

The shaly beds are in many places characterized
by pseudomorplious casts after salt crystals. They
occur, as noted by Endlich, on the under side of
slabs, as is natural considering their origin. The
crystals of salt, it must be supposed, formed on or
near the surface of the mud of a desiccating body
of salt water, and were dissolved by influx of fresh
water, and the crystal space was filled by sand
or mud of a new deposit. The crystals are usually
more or less clearly skeleton cubes with sunken
faces. Some of them are as much as an inch or
more in diameter. So abundant are these casts
that they may be found at nearly every outerop,
but they are larger and much more perfect in
some localities than in others. —_—

Fossils.—In describing the first observed occur-
rence of the “Salt shales” Endlich remarks that:
“Besides these pseudomorphs [after salt], scales
and fragments of bones are found, belonging to
some fish of considerable size. Too little material
could be collected to admit of any identification,
even only generically. Small scutella also occur,
probably belonging to the same animal.” The
locality at which Endlich found these bone or
scale fragments, on the south slope of the Needle
Mountains, was revisited and collections were made

| there. These fossils and a few from other locali-

ties have been described by C. R. Eastman and
pronounced to represent a characteristic upper
Devonian fauna, of which Bothriolepis is the
most prominent form (Am. Jour. Sci.,, 4th ser.,
vol. 18, 1904, pp. 253-260).
~-Fish remains have also been found in the course
of the present work, on a slab of quartzite in a
talus pile near the limestone quarries south of
Rockwood. The talus occurs below a bench
where the Elbert formation is in place, but the
stratum from which the fossil-bearing slab came
could not be identified. The remains are referred
by Eastman to the genus Bothriolepis, the domi-
nant form found at the other localities.
Distribution.—The Elbert shales are naturally
inconspicuous as compared with the quartzite and
limestone formations between which they occur.
They are present, however, throughout the south-
ern portion of the quadrangle, but seem to be want-
ing on the north. In Cunningham Gulch the
formation appears below the Ouray limestone in
nearly its maximum thickness, in the fault block
shown by the map, while the Ignacio quartzite is
wanting.

OURAY LIMESTONE.

Name and definition.—The presence of Devo-
nian strata in southwestern Colorado was first
recognized, through = collections of fossils made



by F. M. Endlich, of the Hayden survey, on
the southern slopes of the Needle Mountains, in
1874. The name Ouray limestone was proposed
by A. C. Spencer, in 1900 (Am. Jour. Sci., 4th
ser., vol. 9, 1900, pp. 125-133), after the strata had
been reexamined in connection with the United
States Geological Survey work; it is derived from
the town of Ouray, on the southern border of which
is a prominent outcrop of the limestone.

“The name was proposed by Spencer for the
Devonian limestone member, excluding the quartz-
ites and shales here called the Ignacio and Elbert
formations, although they were then thought to
be possibly of Devonian age. It was supposed
by Spencer that the whole limestone complex in
question must be of Devonian age, but, as will
be shown, it is known that an indefinite but sub-
ordinate part of the most prominent limestone ledge
of the Ouray is Lower Carboniferous. Since it is
impossible to draw a line between the two portions,
the Ouray becomes a lithologic unit transgressing
the formal boundary between the Devonian and
Carboniferous systems.

General Lithologic character—The Ouray forma-
tion, as at present known, has a thickness varying
from 100 to 300 feet. The upper and major part
of the formation is massive limestone, either in one
bed or with such thin intercalated shales that the
ability of the limestones to cause mesas, benches,
and prominent cliffs as characteristic topographic
forms is always notable. Below the more massive
portion, a third or less of the section is made up
of beds of limestone with distinct shaly layers and,

rarely, thin quartzites between them. Some of

the lower layers have a wavy bedding, some are
arenaceous or earthy, and large chert concretions,
free from fossils, are common at a horizon near the
base. The lowest stratum is characterized usually
by crinoid stems and rarely by a cup coral.

The greater part of the formation is dense, com-
pact limestone, but portions of the upper ledge are
coarsely crystalline. In general the rock is nearly
white, straw-yellow, or buff, with local pinkish
tones. Some of the lower beds are strongly yel-
low, and these are commonly more or less sandy.
The contrast with the dark-gray, dense limestones
of the Hermosa is marked, layers of such color and

character occurring only near the base of the Ouray.

The Carboniferous portion of the Ouray is at
present indistinguishable lithologically from the
Devonian. Its existence was detected through the
presence of Mississippian invertebrate fossils in
the chert pebbles of the succeeding formations.

In the Silverton quadrangle the Ouray does
not possess its normal thickness and it is probable
that the Carboniferous portion has been entirely
removed.

Foauna—The. Devonian invertebrate fauna of
the Ouray occurs from near the base to a horizon
which in many places is not far below the top of
the upper, massive ledge. The greater number of

species are found in this upper horizon, but many

of them range to within a few feet of the base.
Fossils have not been collected in the Silverton
quadrangle, but have been obtained at Ouray and

at several localities in the Needle Mountains, Engi-

neer Mountain, and Durango quadrangles, as well
as at the point where Endlich first found a few char-
acteristic species, a short distance south of the Needle
Mountains quadrangle.

The invertebrate fauna of the Devonian portion
of the Ouray has been fully described by G. H.

Girty (Twentieth Ann. Rept. U. S. Geol. Survey,

pt. 2, 1900, pp. 25-63), and compared with similar
faunas hitherto collected in Colorado, but not sepa-
rated from lower Carboniferous.

Correlation.—The Devonian fauna of the Ouray
limestone has been shown by Dr. Girty to be rep-
resented more or less fully in older collections
from various parts of Colorado, notably in the Elk
Mountains, at Glenwood Springs on Grand River,
near the head of White River, and on East Monarch
Mountain, Chaffee County. Full correlations of
the sections in these localities with the section in
the San Juan region will not be possible, however,
until further examinations have been made. Dr.
Girty says:

In general the Devonian fauna of the Ouray clearly
belongs to upper Devonian time. It is but distantly
related to the Devonian faunas of New York, and its

relation with those of the Mississippi Valley, or even
with other known western Devonian faunas, is not close.
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Tt shows many points of approximation to the Athabas-
can fauna. deseribed by Whiteaves, and is somewhat
strikingly similar to the Devonian of Russia.

CARBONIFEROUS SYSTEM.
MISSISSIPPIAN SERIES.

UPPER PART OF OURAY LIMESTONE.

It is known that the Ouray limestone contains,
in certain localities, a Mississippian fauna in its
upper part, which is separated from the upper-
most Devonian fossiliferous horizon by about 50
or 75 feet of massive limestone in which no fos-
sils have thus far been discovered. The erosion in
the interval following Mississippian sedimentation
removed these strata completely over large areas.
As neither the upper Devonian nor the basal Car-
boniferous horizon is everywhere fossiliferous, it is
impossible to decide in many places whether the
upper portion of the Ouray limestone ledge is Car-
boniferous or not.

From the great quantity of Carboniferous chert
nodules in the succeeding formation it must be
assumed that above the known horizons of the
Ouray there once existed in this region a consider-
able thickness of chert-bearing limestone of Missis-
sippian age. It seems not unlikely that somewhere
on the slopes of the San Juan Mountains notable
remnants of these beds may be found. In the
Silverton quadrangle no evidence has been noted
to show that any portion of the Ouray limestone
belongs to the Mississippian series.

PENNSYLVANIAN SERIES.

MOLAS FORMATION.

Name and definition.—The name Molas forma-
tion is proposed in this folio for the lowest of the
three Pennsylvanian formations distinguished in
the Animas Valley and adjacent regions. The
name is derived from Molas Lake, which lies on
the bench at 10,500 feet, west of the Animas Can-
yon and just south of the Silverton quadrangle.
The lake basin .is partly excavated in the Molas
beds and they are well exposed for some distance
south of the lake. . ‘

The Molas formation is distinguished as a car-
tographic unit on lithologic grounds, being a well-
characterized element in the Carboniferous section,
and because it records, in certain peeyliarities of its
sediments, important events of the preceding inter-
val of erosion, including the almost total destruc-
tion of a Mississippian formation. There may also
be a further reason for separating the Molas' and
Hermosa formations in certain observed faunal dif-
ferences, which are, however, as yet, not sufficiently
established to warrant laying much stress upon them.

The Molas beds were not included in the orig-
inal definition of the Hermosa formation by A. C.
Spencer (Twenty-first Ann. Rept. U. S. Geol. Sur-
vey, pt. 2, 1900, p. 48), although the Hermosa
was said to rest on the Ouray limestone. In the
localities examined before that definition was for-
mulated there was, in fact, a hiatus in the obser-
vations, the thin Molas beds being nowhere well
exposed. ]

The Molas formation may be defined as a thin
series of reddish calcareous shales and sandstones,
with many pebbles of chert and some of limestone,
quartzite, and other rocks, and with thin, fossilif-
erous limestone lenses, the fossils showing intimate
relations to those of the lower Hermosa limestones.
It occurs immediately below the Hermosa formation
and rests upon a surface of erosion. It represents
the earliest sediments of the Pennsylvanian in this
region. :

Lathologic character—The Molas formation is
specially characterized by its deep-red, friable,
sandy strata, which are variably calcareous and
often shaly. It is seldom very distinctly bedded
and disintegrates so rapidly on weathering that
good exposures are rare. In the lower part of the
formation dark chert nodules abound, and often
form a large part of flat lentils or discontinuous
layers.

Fauna.—Many of the chert nodules carry a Mis-
sissippian invertebrate fauna. In the uppermost
part of the formation some thin limestones, observed
in a single locality in the Needle Mountains quad-
rangle, contain the fauna which is described in a
succeeding paragraph and which is believed to
characterize the Molas beds. _

On Stag Mesa, on the southern slopes of the
Needle Mountains, some thin, discontinuous lime-

stone beds, rich in fossils, were found intercalated
in red and highly ferruginous sands of the Molas

and only a few feet below the characteristic lime-

stone at the base of the Hermosa. At no other
point have the fossils of the Molas been discovered.
These fossils have been studied by G. H. Girty,
who has made the following summary statement
concerning them:

The fauna of the Molas formation, though at present
imperfectly known, comprises representatives of the
echinoids in Adrcheocidaris triplex?, of the Bryozoa in
Rhombopora lepidodendroides, of the brachiopods in
Rhipidomella pecosi, Spirifer boonensis?, and Seminula
subtilita, and of the pelecypods in Myalina perni-
formis?. The Rhombopora, Spirifer, and Seminula occur
also in the Hermosa formation, and in the case of the
latter with the same varietal modifications and with
equal abundance. Thus the Molas fauna-is seen to be
related to that of the Hermosa formation, but contains
no species in common with the Ouray limestone. Some
points of individuality distinguish the Molas fauna from
that of the Hermosa, but it can not be conjectured how
far this would be borne out by full collections.

Stratigraphic relations.—In the Silverton, Needle
Mountains, Engineer Mountain, and Durango quad-
rangles the Molas formation rests upon a surface
due to the erosion whereby the lower Carbonifer-
ous formation was almost completely removed.
Although it has not been observed to lie upon any
other formation than the Ouray limestone, the
nature of the case permits the supposition that
somewhere in the region adjacent to the San Juan
Mountains it must transgress the lower Paleozoic
formations and rest upon Algonkian quartzites,
granite, or schist.

From the nature of the Molas beds they waste
away rapidly on exposure. At the base of the
high Hermosa escarpment on the west side of
the Animas is a bench underlain by the Ouray
limestone. The bench represents the Molas hori-
zon. Red sandy outerops occur here and there
and chert nodules are often scattered about, but
talus and other débris conceal the contact with the
Hermosa. :

The Molas and Hermosa seem to be thoroughly
conformable, and probably the former is the pro-
duct of the first epoch within the long period of
upper Carboniferous sedimentation. The red color
of its sediments and the other peculiarities men-
tioned characterize it. v

Distribution.—The Molas formation is not well
exposed in the Silverton quadrangle except near
the southern boundary. It is present, however, in a
thin band above the Ouray limestone, except on the
east side of the Animas, where pre-Tertiary erosion
removed it. It is present, also, in the fault block
of Cunningham Gulch, at least on the east side.

The Molas is present at Ouray, but its general
development on the northern side of the San Juan
Mountains is at present unknown. A portion of
the conglomerate about the Ouray limestone'in the
eastern side of Ironton Park probably belongs to
the Molas, but the exposures are too small and too
indefinite to be mapped.

" HERMOSA FORMATION.

Name and definition.—The Hermosa formation
was named and defined by A. C. Spencer in 1900
(Twenty-first Ann. Rept. U. S. Geol. Survey, pt.
2, 1900, p. 48). It includes the series of alternat-
ing limestones, shales, and sandstones, having a
maximum thickness of 2000 feet, which occurs on
the northern and southern flanks of the San Juan
Mountains. It lies between the Molas and the Rico
formations, the latter of Permo-Pennsylvanian age.
An extensive invertebrate fauna, especially char-
acterized by brachiopods, is found in the forma-
tion from bottom to top. This fauna is distinetly
Pennsylvanian in character. The name is derived
from Hermosa Creek, a tributary of the Animas
River which traverses a large area of these rocks
in the Engineer Mountain quadrangle.

Description.—The Hermosa presents a variable
development of limestone, sandstone, and shale
in different districts. Thus at Rico there is a
fairly well-defined division into three sections, the
lower consisting chiefly of sandstones and shales
with but little limestone, the middle portion being
rich in massive limestone beds, the upper contain-
ing mainly black and gray shales alternating with
green grits, sandstones, and a few limestone layers.

In the Animas Valley, near the mouth of
Hermosa Creek, the lower third of the complex

is made up of green sandstones and shales with
some gypsiferous shales, while the rest of the for-
mation shows limestone layers distributed through-
out. Along the great scarp facing the Animas
which extends for 10 miles in the Engineer Moun-
tain quadrangle, the limestones become more and
more prominent and certain bands are very thick.

Near and within the Silverton quadrangle the
formation is characterized by limestone layers dis-
tributed with comparative regularity from bottom
to top, none of them exhibiting the thickness
which is reached by some of the strata to the
south. :

‘The limestones are usually massive and are
bluish gray in color, and commonly contain bitu-
minous matter that gives off a distinct odor when
the rock is struck by the hammer. Many layers
are rich in fossils, while others appear to be desti-
tute of them.

The sandstones are generally fine grained, gray
or greenish, and consist largely of quartz, but are
often rich in feldspar. They are massive or thin
bedded, with shale partings. The cement is cal-
careous as a rule, and the green color is due to an
amorphous substance, the character of which has
not been determined.

The shales vary from greenish and sandy to
dark, calcareous, bituminous varieties. _

With all this variety in constitution the basal
stratum of the Hermosa over the entire area exam-
ined is constant. It is a highly fossiliferous lime-
stone, somewhat less than 15 feet in thickness.
The uppermost strata are not so well known,
but in the Rico Mountains they consist of fine-
grained, micaceous, greenish, sandy shales, beneath
which is a thin but persistent dark limestone filled
with the minute shells of T'riticites secalicus (for-
merly called Fusulina cylindrica).

Few members of the Hermosa complex reach
a thickness of 100 feet, but thicknesses ranging
from 10 to 50 feet are much more common. Indi-
vidual strata change laterally both in character and
in thickness. Under these conditions it has been
found impracticable to subdivide the complex
into smaller lithologic "units for purposes of map-
ping. As will appear from the statements con-

cerning the fauna, no division lines on that basis -

can be suggested.
Fauna and correlation.—The following descrip-
tion of the fauna of the Hermosa is given by

G. H. Girty:

The fauna of the Hermosa formation is distinetly
upper Carboniferous or Pennsylvanian in age. It cou-
tains such characteristic species as Triticites secalicus,
Meekella,  striaticostata, Chonetes mesolobus, Productus
nebraskensis, Spirifer cameratus, Acanthopecten carbon-
iferus, Allerisma terminale. '

If the formation be divided into three portions, espe-
cially a8 the division was carried out in the Rico region,
the fauna of each is to a certain extent characteristic.
That of the lower division consists almost altogether of
brachiopods. In the middle division a number of gas-
teropods are introduced, while in the upper, in addition
to brachiopods and gasteropods surviving from the mid-
dle division, a considerable force of pelecypods appears.
The brachiopods remain nearly constant in number, but
form a diminishing proportion of the entire fauna. The
brachiopodous representation remains fairly uniform,
though some changes occur in species and in abun-
dance. The lower bed especially is often characterized
by Productus gallatinensis, Productus inflatus, and a large
variety of Spirifer of the rockymontanus type.

The fauna of the Hermosa formation occurs also in the
‘Weber limestone and lower Maroon formation of the
Crested Butte district, and in the ‘Weber formation of
the Tenmile and Leadville districts. From this fact
and the similarity in stratigraphic occurrence a correla-
tion of these formations appears to be justified. The
Hermosan fauna represents early Pennsylvanian sedi-
mentation, and is probably older than the upper Coal
Measure faunas of the Kansas and Nebraska sections.

Distribution.—The Hermosa beds are prominent
within the Silverton quadrangle only in the south-
western section. Iere they are present in a thick-
ness of nearly 2000 feet on the southern slopes
of the mountains capped by the San Juan tuffs.
Along the eastern face of the Grand Turk and
Sultan Mountain the thickness decreases north-
ward from the angular unconformity at the base of
the Telluride conglomerate to the contact of the
monzonite stock. .

On the east side of the Animas only a small
remnant of the Hermosa remains south of Deer
Park Gulch.. In Ironton Park the exposures of
grits on the western side are referred to the Her-



mosa formation. These show the westerly dip,
which is normal to the Paleozoic section on the
western flank of the San Juan.

On the western side of the Uncompahgre Canyon
the lowest Hermosa beds are exposed for about 1
mile from the Ouray quadrangle line, where they
are cut out by the voleanics that rest on the pre-
Tertiary erosion surface. They have the northerly
dip of the general section.

RICO FORMATION.

The formation succeeding the Hermosa in the
normal section of the San Juan region was first
identified in the Rico Mountains and was named
and described by A. C. Spencer in the report on
that area already cited. It is a thin formation,
not easily identified in regions of poor exposures,
and although its actual presence in the Silverton
quadrangle and in the adjacent parts of the neigh-
boring quadrangles has been demonstrated by Mr.
Spencer through the finding of a few fossils, it was
not possible to trace it or define its thickness. It
is assumed, from the existence of fossils, that the
formation is present in a narrow band between
the Hermosa and Dolores formations, as shown by
the map. Until the section of the Animas Valley
lying farther south has been carefully examined a
description of the Rico formation in its probable
development in the Silverton quadrangle can not
be given. A brief sketch, mainly in the lan-
guage of Mr. Spencer, of its character in the Rico
Mountains must, therefore, suffice.

The Rico formation, in the mountains from which
it derives its name, is a series of sandstones and con-
glomerates with intercalated shales and sandy fossil-
iferous limestones, about 300 feet in total thickness.
Lithologically it resembles the “Red Bed” complex
above it more than the Hermosa below, but its fos-
sils are clearly of Carboniferous type, and are related
to those of the Hermosa. The general characteris-
ties of the formation near Rico are, first, its calca-
reous nature, in which it resembles the strata above
and below; second, the arkose character and the
coarseness of its sandstones, in which respect it dif-
fers from the Hermosa and resembles the Dolores;
and, third, its chocolate or dark-maroon color, which
contrasts sharply with the gray or green of the Her-
mosa and which is more or less distinct from the
bright vermilion of the Dolores. The color dis-
tinction was found_.to be insufficient for mapping
purposes, even in the restricted area of the Rico
Mountains. '

PERMIAN (?) SERIES.

CUTLER FORMATION.

Name and definition.—The sandstones, grits,
conglomerates, shales, and calcareous beds, mainly
of reddish color, occurring between the Rico beds
and the Triassic Dolores strata are here for the
first time distinguished as a formation. The beds
in question form the greater part of the well-known
“Red Beds” section of the region, and have been
hitherto provisionally included in the Dolores for-
mation. In the Telluride and La Plata folios and
in other publications the Dolores has been consist-
ently defined as including the Triassic strata of
southwestern Colorado, with the statement that
fossils demanding a reference to the Triassic had
been found only in the upper part of the “Red
Beds” section. On the western and southern
slopes of the San Juan Mountains no strati-
graphic break in the “Red Beds” has been found,
but the field work of 1904 in the Ouray quadran-
gle, on the northern side of the mountains, has
revealed a notable angular unconformity occurring
immediately below the most commonly fossiliferous
bed of the Dolores formation. Through this uncon-
formity the Dolores strata may be seen to transgress
more than 1000 feet of older “Red Beds” and sev-
eral hundred feet of the Rico and Hermosa forma-
tions, the full extent of the unconformity being
obscured by erosion.

In view of these facts the strata between the
Rico beds and the base of the Triassic have been
distinguished as a formation and named from Cut-
ler Creek, which enters the Uncompahgre River
from the east about 4 miles north of Ouray, and
along which a considerable part of the section is
well exposed. As the Cutler beds are conform-
able with the underlying Hermosa and Rico strata,
they are provisionally referred to the Permian
series. The Cutler formation may belong, how-

Silverton.

ever, wholly or in part, to the Pennsylvanian
series, the stratigraphic break above them being
in that case much greater than the observed field
relations indicate. No fossils have been found in
the Cutler beds.

The name Dolores will continue to be applied to
the Triassic strata as originally defined, embracing
the fossiliferous conglomerate and overlying beds
up to the La Plata sandstone, of Jurassic age.

Description.—The Cutler formation is a complex
of sandstones, grits, and conglomerates, alternating
with sandy shales and earthy or sandy limestones.
The greater part of the formation has a bright
vermilion-red color, but there are some pale-red
or pinkish grits and conglomerates. A calcareous
cement characterizes nearly all the strata. Indi-
vidual beds of uniform character are seldom more
than 25 feet thick, and the formation shows great
lateral variation in composition and thickness.

Distribution. — The Cutler formation occupies
the southwestern corner of the Silverton quad-
rangle, lying beneath the Telluride conglomerate.
It also appears in the South Fork of Mineral
Creek. Its southwesterly dip brings it against the
Telluride conglomerate with angular unconformity,
and the full thickness of the formation is not rep-
resented in the quadrangle, although the overlying
Triassic strata occur at a short distance to the west
and southwest, in the Telluride and Engineer Moun-
tain quadrangles, respectively. The “Red Beds” of
the Cutler formation are very prominent in the Ani-
mas Valley to the south, and they also occupy large
areas in the Rico, La Plata, and other quadrangles
of the southern and western slopes of the San Juan
Mountains, while in the valley of the Uncompahgre
River in the Ouray quadrangle to the north their
unconformable relation to the Dolores is best shown.

TERTIARY SYSTEM.
TELLURIDE CONGLOMERATE.

Name and definition.—The Telluride conglom-
ate is a well-marked formation which underlies the
San Juan tuff and was formed in the period imme-
diately preceding the beginning of the long suc-
cession of volcanic eruptions in this region. It
includes the sediments first deposited after the. ero-
sion that developed the peneplain on which it rests.
It was first identified in the Telluride quadrangle,
where it is finely developed and revealed for exam-
ination, and it is now renamed after the town of
Telluride since the term San Miguel, under which
it was originally described, was preoccupied for a
Cretaceous formation in Texas.

Description.—The Telluride formation varies
greatly in texture and thickness, ranging from
a thin, coarse conglomerate in the Silverton
quadrangle to a complex of fine-grained con-
glomerates, sandstones, and shales about 1000
feet in thickness as developed in Mount Wil-
son, on the western border of the Telluride area.
Nearly all stages of this change can be studied in
the distance of 17 miles between the eastern ledges
of Grand Turk and the exposures on Mount Wil-
son. The formation is described in detail in the
Telluride folio. It is made up of detritus of schist,
granite, Algonkian quartzite, and slate, and lesser
amounts of the harder sediments of the Paleozoic
formations, in particular of limestone. In the
coarse conglomerate of the southwest section of
the Silverton quadrangle and adjacent portions of
the Telluride, the lower half of the formation is
rich in limestone and contains some red sand-
stone, while such materials become scarcer in the
upper layers. This clearly expresses the change
in character of the rocks exposed in the moun-
tain area furnishing the débris as erosion removed
the sedimentary shell covering the schists and
granites. The lowest layers of the Telluride con-
tained fragments of the formation immediately
below, and these range from the schists to the
Cretaceous shales underlying it in Mount Wilson.
The bowlders of the conglomerate often exceed a
foot in diameter, but are generally only a few
inches. Many are well rounded, but subangular
fragments are common, especially of the local mate-
rial which has not been transported far.

The isolated exposures of the conglomerate found
east of the Animas River and in the Uncompahgre
Valley are naturally made up of local material.

Stratigraphic relations and distribution.— As
stated in the definition, the Telluride formation
conformably underlies the San Juan tuffs. While
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no volcanic matter appears in the Telluride proper,
there is a zone of transition in some places, the
pebbles of quartzite or schist being scattered
through a few feet of the tuff and sporadically
for a hundred feet or more. But in general the
line is sharply defined by a sudden change in
materials. The impression is that the mechan-
ical process of deposition was practically contin-
uous, but that there was a sudden change in
the nature of the débris after the outburst which
began the great volcanic period.

The thoroughly unconformable relations of the
Telluride with all underlying formations are dis-
cussed at length under the heading ‘Geologic
history,” in considering the origin of the sur-
face on which the conglomerate rests.

The distribution of the conglomerate is shown
by the map. It is a continuous formation west
of the Animas, but decreases to a minimum
observed thickness of hardly more than 30 feet
in some places. East of the river it is found at
a few hundred feet higher elevation than on the
west, along both the north and the south side of
Whitehead Creek, in patches occupying hollows
in the old schists, ete., and at various elevations.
The largest of these are in the Needle Mountains
quadrangle. In the drainage of Cunningham
Gulch it occurs in Mountaineer Creek. A small
outcrop of conglomerate, probably referable to the
Telluride, appears on the south side of Deep Creek
at an elevation of 11,350 feet.

In the northern portion of the quadrangle the
most extensive outcrops are in Canyon Creek,
where a thin band of conglomerate underlies
the San Juan tuffs. In the Uncompahgre sev-
eral local occurrences have been noted, in hol-
lows in the hard Algonkian rocks. A poorly
exposed quartzite conglomerate occurring above
the Ouray limestone at the Saratoga mine, Iron-
ton Park, is believed to belong in part to the Tel-
luride. These northern exposures of the Telluride
are nearly 2000 feet lower than the ledge on Sul-
tan Mountain.

Age and correlation.—The Telluride conglomer-
ate has as yet yielded no fossils by which its age
may be determined. The reference to the Eocene
in this place is in accord with the procedure in the
Telluride folio, no additional data bearing upon the
question having been discovered. The conglomer-
ate islater than the great orogenic movement which
affected the entire older sedimentary section of this
region, and also later than the enormous erosion
which produced the peneplain on which the con-
glomerate rests. The observed angular unconform-
ity at its base transgresses the section from the
Algonkian to the Mancos shales (Cretaceous).

The relations mentioned suggest a correlation of
the Telluride conglomerate with the Arapahoe for-
mation of the Denver region, and such a compari-
son carries with it the further correlation of the
San Juan tuffs with the Denver beds, which are
composed largely of andesitic débris. Both the
Arapahoe and Denver formations are fossiliferous,
and according to current paleontological opinion
they should be considered Cretaceous, although
they are separated from the Laramie proper by
an interval of great orogenic disturbance and
subsequent erosion.

The Denver beds have, in fact, an equivalent,
indicated by plant remains, in the Animas beds of
the section, well shown a few miles below Durango,
but there is no conglomerate comparable with the
Telluride in that section, and the correspondence of
the San Juan tuffs and the Animas beds is purely
lithological so far as known. Under these circum-
stances it is thought best to await further investi-
gation in the San Juan region before making any
positive correlations of the Telluride and San Juan
formations. For a discussion of this question the
reader is referred to the Telluride folio and to the
monograph upon the “Geology of the Denver
Bagin” (Mon. U. S. Geol. Survey, vol. 27, chap-
ter 3).

Subaerial Deposits.
QUATERNARY SYSTEM.
Certain surficial deposits of Pleistocene and

Recent age that are characteristic of mountain
regions are particularly well developed in the Sil-

verton quadrangle. They comprise not only the

alluvial or flood plain deposits of the larger valleys,
with the associated fans of detritus at the mouths of

tributary streams, but also moraines and terraces
of glacial gravels, and accumulations, covering con-
siderable areas, of disordered land waste, which
have come to their present positions as landslides
from the heights above. In addition to all these
surface deposits, which are in no way unusual,
there are in many of the high amphitheaters or
cirques great talus heaps and other peculiar aggre-
gations of material resembling ordinary talus in
its constitution, though the form of these deposits
and their relations to the cliffs from which their
rock fragments have been derived at once pre-
clude the possibility of considering them products
entirely of the simple agencies of frost and gravity.

MORAINES.

Character—The detritus formed, as is supposed,
directly by glacial action, has only here and there
a form indicating that it represents the outline of
either a terminal or a lateral moraine, and in all
such cases it lies in some small basin. Much
more frequently the gravels or bowlder masses
occur in isolated patches on the valley slope, in
such position as to show that they belong to the
junction moraine of two glaciers. Such patches
usually form a local veneer, a remnant of a former
mass. The scattered bowlders on many slopes and
the absence of notable masses of gravel in many
gulches where they must have once existed testify
to the extensive removal of morainal débris.

In the lower portions of valleys the glacial mate-
rials have the character of till or ground moraine,
or, as in Mineral Creek and Bakers Park, of rear-
ranged gravels, perhaps more properly considered
alluvial. :

Distribution.—The principal morainal deposits
of the quadrangle are in the immediate vicinity of
the town of Silverton. They have been trans-
ported and laid down by the glaciers which once
filled the valleys of the Animas River, Cement
and Mineral creeks, and the South Fork of Min-
eral Creek. One of the largest morainal deposits
lies on the slopes of the hill west of Bear Creek,
south of the point where the South Fork joins
Mineral Creek. It is a thick covering of sand,
gravel, and bowlders, which extends from Bear
Creek westward for over a mile and completely
masks the solid rock for a thousand feet up from
the river. Bowlders of the Telluride conglom-
erate are numerous, and with them are others of
red sandstones and a gray quartz-monzonite of the
kind occurring at Rolling Mountain, at the head
of South Fork of Mineral Creek, in the Telluride
quadrangle. The lower portions of this covering,
as shown in ravines, have sometimes the character
of till, or ground motaine, smaller bowlders and
pebbles being embedded in a fine, sandy clay.
There are similar bowlder deposits on the hillsides
northwest of the forks of Mineral Creek, but of
less extent. From the nature of the materials it
is evident that they must have been supplied by
the South Fork glacier.

Northeast of the forks of the creek is a terrace-
like deposit of rearranged gravels and sands that
have probably come from the head of Mineral
Creek. This bench is at present covered in its
upper portion by the talus cones which have
descended from the west shoulder of Anvil Moun-
tain, and no evidence was observed to indicate
whether the vertical extent of glacial material was
in any way comparable to that of the moraine
directly south. These gravels are converted into
conglomerate through cementation by iron-bearing
waters.

On both sides of the Animas River, and on the
northeast side of Cement Creek north of Silverton,
there are terrace-like deposits of gravels and sands
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