DESCRIPTION

INTRODUCTION.

Geographic position.—The Needle Mountains
quadrangle is situated in parts of San Juan and
La Plata counties in southwestern Colorado. It
lies between 37° 80" and 37° 45 north latitude
and 107° 30" and 107° 45 west longitude and
contains about 236 square miles. Animas River,
an important tributary of San Juan River, sepa-
rates the northwestern portion from the rest of the
quadrangle by its deep canyon, while Vallecito
Creek, Florida River, and Bear Creek (one of the
forks of the headwaters of the Rio Grande) have
their sources in the Needle Mountains.

Relation to adjacent mountains and platequs.—
The Needle Mountains form the southwest but-
tress of the San Juan Mountain group, a region
of considerable elevation, composed largely of late
voleanic rocks, that extends westward from the
San Luis Valley on the east nearly to Dolores
River and is:limited on the north by Gunnison
River. On the south the mountains are bordered
by foothills of sedimentary rocks that are drained
by San Juan River and its eastern tributaries.
The Needles occupy an intermediate position
between the foothills and the volcanic areas. At
the northeast corner of the quadrangle are a few
outlying patches of the voleanics, and to the south
appear the gently upturned sedimentary rocks of
the foothills, that merge, toward San Juan River,
with the nearly horizontal beds of the plateaus of
New Mexico.

GEOGRAPHY AND TOPOGRAPHY OF THE QUADRANGLE.

Physical features.—Crossing the central portion
of the quadrangle from east to west is a range
of extremely rugged mountains of granite and
schist, from which rise sharp peaks, the summits
of four of which are over 14,000 feet in eleva-
tion, while nearly 6000 feet below Animas River
rushes through a canyon which separates the
West Needles from the main group. Adjoining
these peaks on the north is the Grenadier Range,
whose serrated crest of quartzite extends from Ani-
mas River eastward to Vallecito Creek. These,
with the main mass of the Needles and a few high
peaks of quartzite, form a mountain group that
is the most important physical feature of the
quadrangle.

South of the mountains, and separated from them
by the deep valley of Needle Creek, is a plateau
dissected by Florida River and tributaries of the
Animas and having a slight inclination to the
south and southwest. It is composed of the same

granite that forms the main mass of the Needles,

and on this rest isolated remnants of sedimentary
rocks of early Paleozoic age.

The Continental Divide crosses the extreme
northeast corner of the quadrangle from north-
west to southeast. This is a region of moderate
relief, when compared with the neighboring Gren-
adier Range, though its elevation is almost every-
where above 12,500 feet. On one side are the
sources of the Rio Grande and on the other rise
Vallecito Creek, an important tributary of Pine
River, and Elk Creek, a branch of the Animas.

Central granite peaks and the Grenadier Range.—
" The central portion of the Needle Mountains quad-
rangle is occupied by massive peaks of granite or
quartzite that have, on account of their wonder-
fully sharp pinnacles and abrupt faces, suggested
the name which has long been applied to the
mountain region as a whole. From Needle Creek
on the south to Elk Creek on the north and from
the Vallecito to the Animas they form a group
of peaks almost unequaled in this country in alti-
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tude and in the boldness of their forms. Some of
the more prominent ones are shown in figs. 4, 8,
and 9 of the illustration sheets. They are com-
posed of granite, schist, or ancient quartzites that
form-the core of a dome-like uplift, the influence
of which may be noted in the outlying rocks for
15 to 20 miles in all directions. This central mass
has been deeply dissected by streams tributary to
the Animas or the Vallecito, and the various rocks
are well exposed and their relations to one another
clearly shown.

Canyons.—Almost as striking a topographic fea-
ture as the central massif is the canyon of Animas
River (fig. 6), which crosses the northwest corner
of the quadrangle in a somewhat irregular course,
in a gorge nearly 15 miles long and from 3000 to
4000 feet deep. At a few places the river flows
between rock walls and on a rock bottom, and at
such points the roadbed of the railway has been
blasted from the solid rock; but for the most part
narrow strips of alluvium are to be found on both
sides of the stream at the base of the canyon walls,
and at Elk Park (fig. 6) and Needleton these widen
out and form open “parks.” The canyon itself is
an almost impassable barrier between the east and
west Needles. A few trails extend up into the
mountains to the east, following the larger streams,
but the western wall is almost without a break
and can be surmounted only on foot after long
and arduous climbing.

Needle Creek, which is the largest stream that
enters the Animas within the quadrangle, has
carved for itself a narrow valley that offers the
only means of reaching by a trail a pass to the
Vallecito or the mesas to the south. It sharply
defines the southwest limits of the central moun-
tain area. Part of this valley is shown in fig. 4,
which presents a view looking across the lower part
of the valley from Mountain View Crest toward
Pigeon and Turret peaks.

The Vallecito, which heads at the Continental
Divide, in the extreme northeast corner of the
quadrangle, can hardly .be said to occupy a can-
yon in its upper portion, but rather a deep valley
hemmed in by lofty mountain walls of quartzite or
granite (fig. 7). Below its junction with Johnson
Creek the walls come closer together and canyon
conditions prevail, culminating in a mere rift in
the rocks 1000 feet deep where the stream leaves
the quadrangle. Florida River also drops sud-
denly into a very bare, narrow canyon a short
distance below Lower Park. Not the least strik-
ing of the canyons is that of Lime Creek, a part of
which lies just inside the western boundary of the
quadrangle. This canyon limits the West Needles
in that direction. v

West Needles—This group of peaks belongs
structurally with the main mass of the Needles,
but topographically it is more closely related to
Mountain View Crest and the mesas south of it.
That is, the summits of the West Needles form the
outer rim of the core of the dome-like uplift and
from them the surface of the older rocks upon

‘which the younger sedimentaries rest slopes gently

away as it ‘does south of Needle Creek. The West
Needle Mountains extend from Snowdon Peak
southwestward to the junction of Cascade Creek
with the Animas, and to them rightfully belongs
the outlying mountain called Potato Hill, in the
Engineer Mountain quadrangle to the west.
Mesas.—Sloping away gently in all directions
from the central mass of the Needles are the old
land surfaces upon which the Paleozoic sediments
were deposited. To the north and east the pre-

Paleozoic land surface lies beyond the boundaries
‘of the quadrangle, or is almost entirely covered by

rather than a sedimentary origin.
to the other rocks of determinable age in the

volcanic or other rocks. South of Needle and
Johnson creeks and west of the Vallecito, however,
this surface has been preserved and reexposed by
the removal of the sedimentary rocks which cov-
ered it. To-day it can be recognized in the broad,
southward-inclined table-land, which has been more
or less deeply dissected by modern streams between
which lie isolated mesas. Figs. 1-and 2 well illus-
trate these features. Fig. 2 shows, in addition to
the north end of Stag Mesa, resting upon the Eolus
granite, the escarpment of Paleozoic rocks on the
west side of the upper Animas Valley and in the
far distance the La Plata Mountain group. Fig.
1 shows Lime Mesa in the middle distance, seen
nearly from the north. In the far distance to the
right and left, respectively, are the valleys of
Animas and Florida rivers.

The comparatively low relief is in strong con-
trast to the sharp peaks of the Needles, and for
this reason the mesas form one of the pronounced
physical divisions of the area. .

Culture.—The difficulty of access and the rela-
tive unimportance of their mineral resources,
together with the rugged, forbidding character of
the Needles, have not encouraged permanent set-
tlement. A few prospectors spend the summer
months in the vicinity of Needle Creek and
Chicago Basin, or at the head of Bear Creek.
Elsewhere human habitations are rarely .seen, the
log cabins of prospectors being now deserted and
falling into ruin, while the few trails are little
traveled ‘and bad. The most important signs of
man’s occupancy are the Denver and Rio Grande
Railroad, which follows the Animas Canyon
upstream to Silverton, a few miles to the north
of the quadrangle, and a storage reservoir which
has recently been constructed in Upper Park, near
the head of Florida River, and which is connected
by a good trail with the ranches to the south.

Names.—During the present survey names have
been given to a considerable number of peaks and
other prominent features in the quadrangle which
had previously possessed no such means of identi-
fication. Endlich Mesa, between Florida River and
Vallecito Creek, was named after F. M. Endlich,
of the Hayden Survey, who first made there a
collection of Devonian fossils from the Ouray,
limestone. Mountain View Crest and Overlook
Point, as well as many of the names of the
Grenadier Range, have been suggested by pecu-
liar topographic features. Irving Peak, after Prof.
R. D. Irving, seems an especially appropriate name
for the first and most prominent peak of Algon-
kian rocks seen on ascending the Vallecito.
Emerson, Ambherst, and - Greylock mountains all
possess some memorial signifitance in their names.
The peaks of quartzite extending in a bow from
the Animas Canyon to the Vallecito have been
named the Grenadier Range, from their charac-
teristic profile.

DESCRIPTIVE GEOLOGY.
ROCK FORMATIONS.
- ANCIENT METAMORPHIC ROCKS.

SCHISTS AND GNEISSES.

Age.—A considerable area within the quad-
rangle is occupied by gneisses and schists which
have every appearance of being of very ancient
origin. They have been profoundly metamor-
phosed by compression, folding, and mashing, so
that the original character of the rocks which now
make up the complex has been completely obliter-
ated, but their composition indicates an igneous
Their relation

region points to their own greater antiquity, for
they are either overlain or intruded by the others,
except the Irving greenstones, from which they
are separated by the great mass of the Eolus
granite. The oldest rocks in contact with them
are those of the Needle Mountains group, -of Algon-
kian age, and they contain in a few places charac-
teristic pebbles of the schists, conclusive evidence
of the relative youthfulness of the Uncompahgre.
For these reasons the gneisses and schists have
been considered to be of Archean age and were
so described in the Silverton folio.

Distribution.—These rocks follow the canyon of
the Animas from a point to the west in the Engi-
neer Mountain quadrangle, in a band 3 or more
miles wide, northward to the Algonkian quartzites
near Elk Park, with an arm extending northeast-
ward from the mouth of Ruby Creek to Balsam
Lake. They are interrupted at several places by
intrusive bodies of granite. North of the zone of
Algonkian rocks the schists again appear at the
mouth of Whitehead Creek and extend continu-
ously along the northern border of the quadrangle
from near Molas Lake to Beartown. These expo-
sures continue for a few miles northward in the
Silverton quadrangle until coveled by sedimentary
or volcanie rocks.

General character.—The complex varies in pet-
rographic detail from place to place, but it possesses
no clearly marked divisions which it is praetical
or desirable to recognize as cartographic units.
Although certain zones are lighter or darker in
color than others, the schists as a rule are a
uniform gray, but tricks of weathering may cause
them to have a distinctly banded appearance, even
when seen from a distance. This banding is due
to alternations of nearly black amphibolites with
rocks richer in quartz and the feldspars, the various
bands being only a few feet or yards in thickness. .

The general character of the complex is made

still more varied by the presence of granite bodies

which have intruded the schists and which have
sent out irregular arms and dikes, in some Pplaces
coiriciding with the direction of schistosity, else-
where crosscutting. The most striking .example
of this js the Twilight granite, which, for 2. miles
before Animas River leaves the quadrangle, ribs
the canyon walls of black amphibolite- “with its
nearly white parallel dikes.
these dikes that it has been impossible to represent
them, even diagramxhatieally, on the map. An
area has therefore been outlined in which the
Twilight intrusive -occurs either exclusively or
in excess of the Archean schists; but within its
limits considerable schist may often be found.
The character of these intrusions and their rela-
tion to the schists will be discussed later. The
schists on the north side of Whitehead Creek and
east of Molas Lake are cut by a complicated
network of dikes and veins that are doubtless
offshoots from the larger granite masses in the
Silverton quadrangle.

Petrography.—When examined in detail the
schists show great diversity both in composition
and texture. The commonest variety is a moder-
ately fine-grained, well-laminated rock of a dark-
gray color which on weathered surfaces becomes a
lighter shade of reddish brown. Quartz and feld-
spar can be distinguished in fine grains and with
them is hornblende or a dark mieca. Bands of
such rock may be found at almost any point in
the canyon, while in a number of places it pre-
dominates. Distinct from this are rocks which are
coarse textured and irregularly foliated rather than
banded. They are as a rule very light in color
and contain greater amounts of quartz and the

¥
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feldspars in proportion to the dark minerals than
do the finer-grained schists which have been
described. Rocks like these occur on the east
side of the Animas in the neighborhood of
Needleton, and are supposed to be granites
which have had their original structure destroyed
by compression or mashing. Such rocks are not
common in the region and are to be clearly distin-
guished from the other intrusive granites. Nearly
black amphibolites are very common in almost all
parts of the complex. As their name implies, they
are composed very largely of dark amphiboles or
hornblende and the majority are finely laminated
and cleave well along the lines of schistosity.
Some of these amphibolites appear to have been
intruded as dikes into the other rocks at a very
remote period.
they are assumed to have been diabases or other
equally basic rocks, but the regional metamor-
phism has obliterated all of their original char-
acteristics and brought about a complete recrys-
tallization of their constituents. For the purposes
of description the various rocks composing the
Archean complex of the Needle Mountains may
be grouped under three general heads—gneiss,
biotite-schist, and hornblende-schist.

Gneiss.—Rocks of this sort are in almost all cases light
colored and moderately coarse textured. Some are strongly
banded or laminated, while others have but an iinperfect foli-
ation, and this variation may occur even in different parts of
the same mass. All are feldspathic and many of them contain
feldspar in excess of the other minerals. A dark mica is uni-
formly present, the parallel arrangement of whose blades helps
to bring out the banded or foliated structure. A microscopical
examination shows them to have about the same mineralogi-
cal composition as granites. With orthoclase are associated
microcline and plagioclase, to be recognized, however, only
in the more imperfectly banded or less mashed varieties. In
those rocks which have undergone great compression it is
almost impossible to estimate the relative amounts of quartz
and feldspar, so completely have the original crystal grains
been broken down and granulated, while diagnostic features
of the feldspars have been completely obliterated. Next to
feldspar, quartz is the most abundant mineral, and these two
make up the greater part of the rock. Biotite is conspicuous
on account of its dark color and in places is a very abundant
constituent. It occursin small scales or blades arranged in
more or less parallel positions. ~Certain accessory minerals,
which are characteristic of granites, are also found in many
of the gneisses. These include garnet, magnetite, and apa-
tite. Muscovite, except as an alteration produet of the feld-
spar, is rare. .

So far as one may judge from their petrographical charac-
ter, the gneisses seem to be metamorphosed intrusive granites.

Biotite-schist.—As has been said, the commonest rocks of
the Archean complex are biotite-schists. Many of them are
but little different in composition and appearance from the
gneisses, while others are with diffieulty distinguished in the
field from the hornblende-schists. Most of them are much
finer grained and more perfectly schistose than the gneisses.
This schistosity and the excellent cleavage which accompanies
it are doubtless emphasized by the large quantity of biotite
present, whieh also gives the rock a much darker color. The
rocks are compact and well laminated, with alternating dark
and light narrow bands which combine to give a general dark
greenish-gray color to the whole. According to the amounts
of the light silicates present they weather to rusty pinks or
dark browns. The microsecope shows that they consist of
quartz and orthoclase in nearly equal proportions and each
but slightly in excess of dark-brown or greenish biotite. In
rare cases a little mnuscovite and accessory apatite and titan-
ite occur. Magnetite is not common. There are no cerystal
boundaries, but all the minerals occur in elongate grains or
blades arranged with the greater diameters parallel. It is
not possible to determine with any certainty the original
character of these rocks; they may well have been either
sedimentary or igneous. .

Hornblende-schist.—Next to the biotite-schists, hornblendic
ones are the most numerous. They are nearly black and
have a fine fibrous texture, which is lustrous on fresh sur-
faces. A few of thew are banded like the biotite-scehists, but
the greater part are densely schistose. In rare instances they
are less dense and compaect and consist of coarser aggregates
of hornblende. The lighter-colored minerals are as a rule
inconspicuous. When examined microscopically, they are
found to be made up very largely of a peculiar bluish-green
hornblende in long needles, all nearly parallel, generally
some biotite, and interstitial feldspar and quartz. The feld-
spar is fine grained or granulated and difficult to determine
in all cases, but it appears to be generally orthoclase with
variable amounts of plagioclase. Accessory titanite, ilmenite
or magnetite, and apatite are uniformly present, and in some
cases actinolite is found. The parallel arrangement of the
mineral particles and the marked schistosity which results
‘from this is one of the most characteristic features of the
rock. As a rule those amphibole-schists which are supposed
to represent mashed basic dikes are richer in hornblende
than the others.

Garnet-schist.—At only one locality in the quadrangle,
although found elsewhere in the region, do garnet-schists
occur. They are exposed at the south end of a wider portion
of the canyon about 2 miles north of Needleton. The rock is
very coarsely laminated and has the earthy, greenish color
characteristic of decomposed amphiboles. Certain bands are
composed almost entirely of more or less crushed red garnets
as large as small peas or even hickory nuts. Garnet is also
present in the amphibolitic portions as an important acces-
sory. The rock as a whole consists of nearly equal amounts
of amphibole, probably actinolite, orthoclase and plagio-
clase feldspar, and quartz with accessory garnet, magnetite,
and apatite. Secondary muscovite, chlorite, and hematite
are common.

Structure—The only structure that can now be
made out in the Archean complex is a compara-
tively simple one, and its nature is evident from

From their present composition.
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even a superficial examination. The innumerable
bands or layers which succeed one another like the
strata of sedimentary formations have dips of high
angles, which vary from one side to the other of
the vertical. The general strike of the schistosity,
which is the same as that of the banding, swings,
with local variations, from a few degrees east of
north where Animas River leaves the quadrangle
to a nearly east-west direction just below Elk Park.
Although the prevailing strikes in the strip along
the northern border are east and west, a difference
of 90° within a mile has been observed in a few
places. As in the area to the south, the dips are
all nearly vertical.

~ Greater complexity of structure doubtless exists
and there may be repetitions of various bands
through faulting or close folding, but no evidence
has been found which could warrant the definite
assumption that such conditions do or do not
prevail.

IRVING GREENSTONE.

Name and definition.—The name Irving green-
stone is here proposed for a complicated series of
schists, greenstones, and subordinate quartzites, a
portion of which is prominently exposed in the
southeastern part of the quadrangle and of which
Irving Peak is composed. In many respects similar
to the Archean schists of the Animas Canyon, the
Irving greenstone must, nevertheless, be distin-
guished from them, on account of the distinctive
character of certain of the more massive members
of the series and the presence of sedimentary rocks.
The actual base of the Irving has nowhere been
seen, for on the west it has been found only in
contact with the Eolus granite, while to the east
it appears to.be in many cases in fault or shear
contact with the Vallecito conglomerate or the
Uncompahgre quartzite. The portion of the for-
mation observed belongs within the area repre-
sented as “metamorphic Paleozoic” on the Hay-
den map. It has been described by Howe in the
Journal of Geology (vol. 12, 1904, pp. 501-509).

Thickness and structure—The thickness of the
Irving greenstones and schists is not known. The
formation consists very'.largely of unstratified
eruptive rocks, into which other igneous masses
have been intruded. All have been extensively
affected by dynamic metamorphism, which has so
often obliterated the original structure that it is
impossible to say whether or not the series, now
consisting largely of rocks with a nearly vertical
schistosity, exposed between the Vallecito con-
glomerate and the FEolus granite represents a
simple section. If there has been no repetition
through folding or thrust faulting, more than
10,000 feet must be allowed as the minimum
thickness now exposed. What are supposed to
be the lower portions are limited by a fault con-
tact with the Eolus granite. The Vallecito forma-
tion, a conglomerate made up largely of greenstone
pebbles, has been infolded in a complicated man-
ner with the Irving schists in the area to the east,
and both have acquired a schistosity younger than
that common to the Irving formation as a whole.
This makes it extremely difficult to distinguish
between the two formations, particularly in the
region northeast of the Quartz Mill. Wherever
it has been possible to discover evidence of orig-
inal bedding in the sedimentary- rocks, the dips
or strikes have been found to be more or less
discordant in different areas. A secondary schis-
tose structure, often well developed, is difficult to
distinguish from a possible bedding, but it is
not a constant feature of the Irving formation,
certain portions, both sedimentary and igneous,
being massive and unmashed. In this massive

‘character they differ much from the Archean

rocks.

Distribution.—The Irving greenstones are ex-
posed for a little over 7 miles on one side or the
other of Vallecito Creek from the southern bound-
ary of the quadrangle northward. On the west
they are sharply bounded by probable fault con-
tact with the Eolus granite, and to the north, east,
and south, where not covered by the Paleozoic
formations, they are seen in contact with the
Needle Mountains group, their eastern limit being
not more than a mile beyond the border of the
quadrangle. The contact with the Uncompahgre
quartzite, north of Irving Peak, is clearly a fault,
but the greenstones and the Vallecito conglom-

erate, which are also indicated on the map as in
fault contact, may, so far as can be seen in the area
examined, be in original contact with one another,
modified by infolding of the two terranes and
accompanied in places by minor shearing. The
presence of the Irving elsewhere in the quadrangle
or in the region immediately surrounding it has
not been observed.

General description.—The rocks which make up
the Irving complex possess a great variety of
textures, but a composition that is very uniform
in the different groups. The majority may be
broadly described as greenstones; some resemble
massive granular rocks, others are porphyritic
with a dense groundmass, while still others are
finely laminated schists.
epidote, and rarely biotite can be recognized meg-
ascopically in nearly all, and usually these dark
minerals appear to be in excess of the lighter sili-
cates. What feldspar there is has evidently been
much altered. The greenstones are dark greenish
brown or black and give a somber tone to the
hillsides and canyon walls where they are exposed.
The most significant features of the rocks in dif-
ferent parts of the complex are the variations in
texture and structure, which are conspicuous in
the field and still more so when the rocks are
examined microscopically. These variations are
due partly to original textural differences in the
rocks themselves and partly to the dynamic meta-
morphism that has produced in some instances
finely lanimated schists, in which all traces of
original structure have been obliterated, and in
others breccias, in which the fragments have been
welded together by pressure, with a rude schis-
tosity, not well marked as a prevalent structure,

- but sufficient to modify the massive appearance.

With the greenstones are a few lighter-colored
rocks, generally much mashed, which appear to
have been granitic intrusions; there are also more
recent granite-porphyries and pegmatites. Prob-
ably the least numerous are bands of extremely
siliceous rocks which were formerly sandstones or
quartzites. At only two places is their sedimen-
tary origin beyond doubt, namely, at a point
south of the quadrangle line near the granite con-
tact and at another just west of the saddle north of
Irving Peak. The rocks at these two localities are
simple massive quartzites like many that belong to
the Uncompahgre formation. At other localities
quartz-schists have been found which may have
been massive quartzites like the others, but have
yielded to the influence of dynamic metamorphism
and have had developed in them secondary schis-
tose structures and new minerals. The alterna-
tion of harder and softer layers has in many cases
caused a ribbed surface when the rocks have been
subjected to long weathering. The relation of the
quartzites to the greenstones is obscure; they do
not appear to have been formed as contempo-
raneous deposits, but rather to have been torn
away from their original positions as members in
a larger series of quartzites, by the intrusion of the
basic magma of the greenstones, and held as inclu-
sions in it. The appearance of quartzite here and
there in the Irving section is of interest as indica-
ting the source from which the quartzite bowlders
of the Vallecito conglomerate were derived. In
this connection should be mentioned the occur-
rence of a 15-foot band of more or less siliceous
magnetic iron on the hillside west of Irving Peak.
It is interstratified with siliceous schists or mashed
quartzites, and itself bears evidence of sedimentary
origin. Parts are composed of nearly pure mag-
netite, while others are of coarse yellowish quartz,
intermediate portions showing an almost schist-like
banding due to the alternation of the two minerals.
This single observed occurrence is an example of
many such beds which must have once existed and
which supplied the magnetite, hematite, and jasper
pebbles so characteristic of the Vallecito conglom-
erate and the lower horizons of the Uncompahgre
formation. The structure of the Irving greenstone
and the character of the complex as a whole is
more fully discussed in later sections.

Petrographic details.—A microscopical examina-
tion of the rocks is necessary to an understanding
of the origin of the various members of the Irving
series and of their probable age relations to one
another. In the following paragraphs some of the
more important details will be given. For pur-
poses of description the rocks will be grouped

Hornblende, chlorite,

under the three general heads of quartzites, green-
stones, and granitic rocks.

Quarizites.—This general term includes a number of quartz-
ites and certain other siliceous rocks whose original character
is not all clear. Beginning with the massive quartzites, a
suite of rocks may be chosen which shows a gradual transi-
tion to fine grained schists containing feldspars, dark mica,
and even hornblende in appreciable amounts. Miecroscopi-
cally, rocks at this end of the series are hardly to be sepa-
rated from the more siliceous mashed eruptives; the structures
are the same and the considerable quantity of feldspar makes
it extremely doubtful whether the rocks in question could be
classed with the quartzites. It is entirely reasonable to sup-
pose that certain of the more feldspathic of the quartzose
rocks may have been originally deposited as arkose sand-
stones, especially when it is remembered that the rocks from
which these sediments were probably derived belonged to the
Archean, in which no very pure siliceous rocks are now known
to occur. These matters are of more theoretical than practi-
cal importance, since the occurrence of the quartzites is not
prominent and they can not be differentiated from the rest of
the Irving complex for purposes of mapping.

Greenstones.—This field term is a useful one to apply to the
rocks of rather varied texture but similar composition that
make up the greater part of the Irving series. Some are very
dense and fine grained, others are coarsely granular or por-
phyritic, and many are now well-laminated schists. The field
relations are often obscure, and practically no information as
to their origin can be obtained there, except that they were
probably intruded into the older sedimentary rocks. The
microscope shows that at present the rocks consist very
largely of pleochroic green hornblende, considerable feld-
spar, and generally biotite and quartz, with accessory ilmen-
ite or magnetite. All have undoubtedly been derived from
the same magma and crystallized as gabbro or diabase; sub-
sequently they were profoundly metamorphosed through
dynamic action, and at present it is only in the more massive
examples that any trace of the original structure or ecompo-
sition can be found. The processes by which a complete
change in the mineralogical composition of gabbro or dia-
base may be brought about have been discussed in detail by
G. H. Williams in his description of the similar greenstone
rocks of the Lake Superior region. Briefly, the original
pyroxene alters to a fibrous green hornblende (uralite) and
the labradorite to zoisite and albite; quartz, orthoclase, chlo-
rite, muscovite, and biotite may also be developed. In some
cases the original granular or ophitic structure may still be
made out, while extreme alteration brings about a complete
recrystallization and develops a finely laminated schist which
betrays no sign of its former character. Such has probably
been the history of the Irving greenstone-schists. In no spec-
imen has it been possible to find a pyroxeune in the stage of
passing over into uralitic hornblende, but thére can be little
doubt as to the secondary nature of the mineral. It occurs
commonly in large, irregular patches, the different parts of
which seldom extinguish at the same time; the borders are
uneven and ragged, and high powers of the microscope show
that they are fringes of fine green needles or fibrous aggre-
gates of uralite. In the more massive rocks may still be made
out lath-shaped, striated feldspars whose general appearance
suggests that they were basie plagioclase, though they are
never fresh enough to make satisfactory measurements of
their extinction angles; they are now largely altered to zoisite,
albite, and calcite. In many cases the arrangement of the
feldspar is that typical of diabase. Later alteration prod-
ucts, such as chlorite, are common and in some cases have
completely replaced the hornblende. Ilmenite, surrounded
in many instances by a border of secondary titanite, is'to be
found in most of the greenstones.

Partly on account of the ophitic or granular structure of
the unsheared specimens and partly by comparison with the
rocks of other regions, in which all the stages of alteration
are shown, the greenstones of the Irving series are considered
to have been derived from gabbro or diabase and to have
acquired their present character through dynamic meta-
morphism. Rocks which possess the diabase habit are by
far the commonest.

Granitic rocks.—Rocks having a composition like that of
granite occur as intrusives of different periods in the Irving
complex. The youngest are simply aplites and pegmatites
or granite-porphyries and appear to be closely related to the
Eolus granite, if, indeed, they are not actual offshoots from
the great mass to the west. They are, with the exception of
the pegmatites, dense, finely granular pink or red rocks com-
posed of orthoclase, microcline, and quartz, with small quan-
tities  of biotite and the usual accessories of granite. They
cut the greenstones and quartzites without regard for schis-
tosity or bedding, and rarely show signs of a mashing which
was probably connected with the movements in which the
Uncompahgre was involved. Evidently older than these are
light-gray gneisses and schists which at some points lie as
sheets between altered diabase or quartzite and elsewhere
appear as if they were crosscutting bodies. Some are coarse
gneisses, in which biotite occurs in disconnected lenticular
patches or lamell®; others are fine-grained, evenly banded
biotite-schists whose schistosity is often more linear than in
planes. The microscopic structure of all indicates mashing.
In some only the edges of the quartz and feldspar grains have
been granulated, in others the original structure has been
completely broken down and probably recrystallization has
taken place. They consist of orthoclase, microcline, a little
plagioclase, abundant quartz, and variable amounts of bio-
tite; in addition to their principal constituents accessory mag-
netite and apatite are prominent in many specimens. Garnet
is not uncommon and a little green hornblende has also been
found. Alterations of feldspar to muscovite and kaolin and
of biotite to chlorite occurred frequently, and the resulting
dull-green eolor in some cases caused the roeks to be mistaken
for greenstones in the field. A number of specimens, sup-
posed in the field to be quartzites, have been found, on mic¢ro-
scopieal examination, to be more probably of eruptive origin,
on account of the prominence of feldspar, biotite, and the
accessory minerals, though quartz may be the most abundant
single mineral. There can be little doubt that these rocks
formerly intruded the greenstones and quartzites as granite
dikes or irregular crosscutting bodies, and that they were
afterwards involved in the dynamiec metamorphisin of the
region.

Age and correlation—It is impossible to tell
what the relations may have been between the
Archean rocks of the Animas Canyon and the Irv-
ing greenstone, because the space between them is
occupied by the great mass of Kolus granite.
That they are petrographically distinet there can



be no question, and the presence of sedimentary
rocks in the Irving formation is a good reason for
believing that it is of later age. Little can be
learned from a study of the Irving-Uncompahgre
and Irving-Vallecito contacts, except that where
the formations are not sharply separated by faults
they are intricately infolded and the original con-
tacts of sedimentation have been obscured. The
lower portions of the Vallecito conglomerate, how-
ever, are largely made up of greenstone pebbles
and bowlders, with many of quartzite, and this
is sufficient to prove the greater age of the Irving
and indicate the former abundance of quartzite in
it. For these reasons the rocks of the Irving for-
mation are considered to be most probably of
Algonkian age.

No other rocks of similar character are known
to occur in the San Juan Mountains, but similar
schists have been found by Cross near Salida, in
the Sangre de Cristo Range, concerning the occur-
rence and distribution of which there is very little
information. Petrographically these rocks and
those of the Irving formation appear to be prac-
tically identical. In many respects the Needle
Mountain rocks closely resemble the greenstones of
the Marquette and Menominee regions, described
by G. H. Williams. The Menominee greenstone-
schists have been reexamined and described by
W. S. Bayley, who has named them the Quinnesec
schists. They are believed to be of Archean age,
on account of their lithological and structural fea-
tures, although it is stated that there is no positive
proof that they are older than the Huronian.

SEDIMENTARY ROCKS.
Algonkian System.
NEEDLE MOUNTAINS GROUP.

Iniroductory statement.—The name Uncom-
pahgre formation was proposed in the Silverton
folio for a great succession of supposed Algonkian
quartzites, slates, and subordinate conglomerates,
represented in the Uncompahgre Canyon by
several thousand feet of upturned strata. The
exposures of these beds begin in the Silverton
quadrangle and extend for a few miles northward
almost to the town of Ouray, but neither top nor
bottom of the larger conformable series to which
the visible section belongs is here shown. The
name was proposed for the entire assemblage of
conformable quartzites and slates, of which it was
known that extensive exposures existed in the
Needle Mountains. 4

During the survey of the Needle Mountains
quadrangle it was found that the main quartzites
and slates were like those of the Uncompahgre
section, but from structural complexities the por-
tion represented was less, and, as in the Uncom-
pahgre Canyon, the upper and lower parts were
not seen. In the Vallecito Canyon, however, at
the southern margin of the quadrangle, a heavy
conglomerate was discovered and traced to the
east, where it was found in such relations with the
Uncompahgre quartzites and slates as to appear
unquestionably as the lower part of the group.
To this conglomerate the name Vallecito is given
and to the group which includes it and the
Uncompahgre, together with higher formations
that may hereafter be recognized, the name Needle
Mountains is applied.

The total thickness of the Needle Mountains
group is unknown. Two thousand feet or more
of the basal conglomeratic member occur about 2
miles east of the quadrangle, in the vicinity of
Emerald Lake, on the Lake Fork of Pine River,
while more than 5000 feet must be allowed for the
overlying quartzites and slates of the Grenadier
Range. The complicated folding and shearing
within the group and the complete unconformity
with overlying beds, indicating a long period of
deformation and erosion preceding the deposition
of the earliest fossiliferous rocks, make it impossi-
ble to estimate the original thickness of the Needle
Mountains group or to recognize an upper limit of
the section.

VALLECITO CONGLOMERATE.

The basal formation of the Needle Mountains
group, the Vallecito conglomerate, is exposed on
both sides of Vallecito Creek for about 1 mile
northward from the southern boundary of the
quadrangle. This, however, is a less complete
section than that exposed on Pine River. In the

Needle Mountains.
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neighborhood of the Quartz Mill the rock is a very
compact conglomerate. The well-rounded, water-
worn pebbles and bowlders range from one-half
an inch in diameter to 12 inches in rare instances
and are composed of vein quartz, purplish quartzite,
and many varieties of schist, mostly dark amphibo-
lites and rocks rich in chlorite, clearly derived from
the Irving series of greenstones. A few massive
granular fragments have also been observed. The
cement is a fine-grained, dark-gray quartzose mate-
rial, at some points in excess of the pebbles and
bowlders which it incloses and at others quite sub-
ordinate. Generally the rock has the appearance
of having been compressed or sheared. Many of
the pebbles are fractured and the cracks are filled
with vein quartz; others are bent or welded into
their neighbors, while the cement looks as if it had
flowed about the pebbles.

Higher up in the section the conglomeratic
character becomes less pronounced. Coarse grits
or finer-grained, cross-bedded sandstones and
arkoses begin to appear and form an important
part of the series, but in no case, so far as observed,
to the exclusion of conglomerate beds. In the
upper portions greenstone pebbles are much less
numerous, most of the materials being quartzites
with a considerable amount of jasper, gray hema-
tite, and magnetite.

The change from conglomerate to fine-grained
quartzite is not seen in the quadrangle, but above
Emerald Lake (east of the quadrangle, in the
Pine River drainage) the dark, massive conglomer-
ate is succeeded, with no structural break, by nearly
pure quartzite-conglomerate or quartzite similar to
rocks formerly considered as basal members of
the Uncompahgre in the West Needles and the
Grenadier Range. These quartzites are terminated
by a fault against the Irving greenstones after only
a few hundred feet of exposure, but the close rela-
tionship of these upper quartzites and those of the
Grenadier Range is hardly to be doubted.

‘At several places on the north side of Tenmile
Creek, in contact with the Eolus granite, a more or
less mashed quartzite-conglomerate occurs, nowhere
more than 20 feet thick, which grades upward into
the fine-grained massive quartzites. It is litholog-
ically very similar to the upper part of the con-
glomerate east of the Vallecito and may represent
a small band that escaped the faulting or shearing
which separated the rest of the conglomerate from
the overlying beds.

UNCOMPAHGRE FORMATION.

Name and definitions.—The rocks of Algonkian
age which constitute the main part of the Grenadier
Range (figs. 5, 8, and 9, on the illustration sheet)
and which are characteristically exposed in the
canyon of the Animas (fig. 6) and in the upper
portion of the Vallecito (fig. 5, to the right) are
lithologically the same as those which occur in the
Uncompahgre Canyon to the north and to which
the name “Uncompahgre” was given in the Sil-
verton folio.

Description.—The lower 1500 feet are massive
quartzites of light colors, gray and white, and with
the exception of occasional pebbly layers they are
uniformly fine grained and compact. -Above these

| massive rocks occurs a great series of alternating

quartzites and slates or shales. The quartzites are
often thin bedded, and even in more massive hori-
zons individual layers are separated by shaly part-
ings. The quartzites show but little variation in
texture. -Some are less purely quartzose than
others, but the admixture of argillaceous material
is nowhere great and the only marked differences
which they show among themselves are those of
color, the range -being from the purest white
through pinks, reds, purples, and grays to black.

Rocks which in the field were referred to as
“slates,” of a composition distinctly argillaceous,
occur in several well-marked horizons and also
associated with thin-bedded quartzites. In all
cases they seem to have been clay rocks which
have undergone varying amounts of dynamic
metamorphism, resulting in the development of
secondary minerals and structures, and of rocks
whose outward appearances are often very differ-
ent. On.the one hand are soft black shales, while
the other extreme is represented by compact massive
argillites and andalusite-schists. In the deforma-
tion that has affected the whole Uncompahgre series

the clay rocks have suffered the most. Secondary

{minerals, such as chiastolite, garnet, chlorite, seri- |

cite, etc., are frequently seen, and original struc-
ture and bedding are in many places completely
obliterated by readjustments necessitated by the
folding, which caused movements in the rock anal-
ogous to flowage. Schistosity also is developed in
these rocks, both parallel to the bedding and cut-
ting it at various angles. The quartzites, consist-
ing essentially of silica, are naturally less favorable
to the production of new minerals than are the
slates or clay rocks, which contain various ele-
ments necessary for their formation, and hence
the quartzites as a rule show simple induration
through the deposition in them of silica. The
entire series of rocks is traversed by fracture
planes, now filled with secondary quartz, which
have their best development in the brittle quartz-
ites. These joints run through the quartzites in
different directions and cause the rocks to break off
in large slabs or blocks, forming high, precipitous
cliffs. :

The lithologic character of the rocks and the
deformation to which they have been subjected
have had a material influence on the topography.
The Grenadier Range (figs. 8, 9, and the extreme
left of 5) owes the ruggedness of its jagged peaks
and their 2000-foot precipices to a massive quartz-
ite, dipping steeply to the north, which extends in
a great bow from the Animas Canyon across the
Vallecito to the region about Mount Oso, at the
head of Pine River. The slates, on the other
hand, generally occupy gentle slopes and saddles,
or have influenced streams in the carving of their
valleys.

Distribution. —The Uncompahgre formation
crosses the quadrangle in its northern portion.
Its exposure is less than a mile wide in the neigh-
borhood of Lime Creek, but from this point east-
ward the rocks exposed cover a wider and wider
zone, and at the eastern margin of the quadrangle
there are continuous outcrops for more than 8
miles. The rocks occurring in this area consist
of the massive quartzites and slates only; in the
southeast corner of the quadrangle the Vallecito
conglomerate is found on both sides of the canyon
of the Vallecito. The only other occurrence of
the Uncompahgre is just south of Mountain View
Crest, where there is a small patch of quartzite rest-
ing on the Eolus granite and intruded by small
dikes of the same.

PALEOZOIC SECTION.

The section of Paleozoic rocks which occurs in
the Needle Mountains quadrangle and adjoining
regions is developed in two unequal parts. Prom-
inent in the upper portion are the massive lime-
stones, sandstones, and shales of the Hermosa
formation, which has an average thickness of over
2000 feet. This formation is known, from the evi-
dence of fossils, to be of Pennsylvanian (Upper
Carboniferous) age. Above the Hermosa are about
200 feet of shales and sandstones, of peculiar greens
and browns, which have been described as the Rico
formation, of late Pennsylvanian age. Following
the Rico conformably are about 1500 feet of red
sandstones and shales of the Cutler formation that
are of probable Permian age. At the base of the
Hermosa is a thin horizon of reddish shales and
chert nodules which has been named the Molas
formation and whose age is also Pennsylvanian.
Below these Pennsylvanian rocks are from 300 to
500 feet of sediments of rather varied character
which have been separated, on lithologic grounds
and by means of the fossils preserved in them,
into three distinct formations, ranging in age from
Cambrian to Mississippian (Lower Carboniferous).
These have elsewhere been named, beginning with
the lowest, the Ignacio, Elbert, and Ouray forma-
tions.

The accompanying somewhat generalized section
of the Paleozoic rocks will serve as a basis for the
discussion of various divisions, especially of the
lower ones.

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. From layers near the middle
of these quartzites a single generically determin-

able shell has been found, identified by Charles
D. Walcott as Obolus sp.?, related to forms found
in the middle or upper Cambrian at various local-
ities in the western United States. Minute frag-
ments of other undeterminable shells were found
in association with the fossil named. From this
evidence it is assumed that in this region, as else-
where in Colorado, 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 was proposed
in the Silverton folio, from the lakes in the Ani-
mas Valley above Rockwood, near which the forma-
tion is very well exposed. It is at present believed
that all the Paleozoic quartzites beneath the “Salt
shales,” or Elbert formation, belong to the Ignacio,
except a thin band locally developed at the base of
the Elbert, which contains Elbert fossils; and,
although the top of the Ignacio may be followed
by a stratigraphic break, as shown by its complete
absence in the country directly east of Vallecito
Creek, there is ordinarily no angular unconform-
ity and no recognized evidence of the exact plane

representing this break in the local sequence of -
-rocks.

Generalized section of Paleozoic rocks.

Feet. Feet.
¢ (19. Bright-red sandstone, lighter-
red or pinkish grits and con-
glomerates, alternating with
sandy shales and earthy or
sandy limestones; nonfossilif-

L CIOUS. covveinin e enrennnnonas 1500
r18. Dark reddish-brown sandstones
¢ and pink grits, with interca-
2 4 lated greenish or reddish shales
M and sandy fossiliferous lime-
L StONES. .ovvv it 300
17. Limestones, grits, sandstones,
and shales of variable distribu-
tion and development. Lime-
stone, in thick, massive beds,
predominates in the middle
and upper parts of the section,
the lower portion being mainly
sandstones and shales, with a
few limestone layers. Numer-
ous invertebrate fossils oceur
in the shales and limestones... 2000
(16. Shale, red and calecareous, con-
taining numerous nodules of
chert and saccharoidal lime-
stone which are fossiliferous;
becomes more sandy and shaly
‘upward; different strata can
not be distinguished. Rests
on a weathered and broken
surface of the uppermost
Ouray limestone.............. 75
15. Limestone, dull rusty brown,
earthy, laminated, and wavy;
fossiliferous. Yellowish, with
large rounded chertsnear top. 25 3900
14. Limestone, massive, blue, mnot
always continuous ............ 5.
13. Limestones, similar to 15, with-
out cherts............ SUP oo 20
12. Liwmestone, thin bedded, dense,
bluish gray; certain layers
extremely fossiliferous........ 25
11. Quartzite and sandy limestones;
no fossils.........ooiiiii, 4
10. Sandy limestone containing
numerous crinoid stems and
a fewcup corals............... 25
9. Shale, fine red clay, not forming
distinet outerops.............. 10
8. Limestone, dense, gray, con-
choidal fracture in several
3 beds, very variable in devel-
opment and not always pres-
ent; not fossiliferous.......... 0-35
7. Sandstone or quartzite, variable
in character; extremely fossil-
iferous in places............... 1
31 6. Thin limestones or calcareous
shales containing pseudo-
morphs or salt erystals....... 30
5. Dense gray limestones with thin
shale parting; in lower part
fish scales have been found
locally; forms ledges.......... 30
4. Limestones, sandy and impure,
with thin fossiliferous quartz-
ites and shale layers; reds and
L L yellows.......ooovveieiiiit, 25 210
[ 3. Quartzite, massive, fine grained,
beds 2-5 feet thick............ 25
2. Quartzite, thin bedded, fine
grained, often with reddish
shaly parting or sandy layers. 20
. Quartzite conglomerate, fine
grained, in places giving way
to red erumbling shales and
sandstones, resting unconform-
ably on pre-Paleozoic rocks... 5-50 95

Total.........ooiviiiiiin, 4205

Hermosa.
A

Carboniferous.

Ouray.

Devonian.

Elbert.

Cambrian.
~
Ignacio.

Pt

~ Lithologic 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
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white. Distinct bedding is cominon, as is an irreg-
ular 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
massive quartzite layers generally succeed this series,
but not in a thickness equal to those below.

At the bottom of the formation a true basal con-
glomerate is often found in hollows of the granite,
schist, or Algonkian quartzite floor. The hard
quartzites of the last named are most abundant
among the pebbles, which range in size up to a
rare diameter of 1 foot.

DEVONIAN SYSTEM.

The existence of Devonian sediments in the San
Juan region was established in 1874 through a
collection of fossils made by F. M. Endlich, of
the Hayden Survey. The formation containing
the invertebrate fauna discovered by Endlich has
been named the Ouray limestone, and the beds
immediately below it, containing an upper Devo-
nian fish fauna, have been distinguished as the
Elbert formation.

ELBERT FORMATION.

Name and definition.—The name Elbert forma-
tion is applied to a succession of calcareous shales,
thin limestones, and occasional quartzite beds,
aggregating less than 100 feet in thickness as a
rule, and characterized by scanty remains of ganoid
fishes. These strata occur below and conformable
with the Ouray limestone, the main portion of
which is of Devonian age, and are usually found
resting upon the Ignacio quartzite, although a great
stratigraphic break comes between these. The
nameis derived from Elbert Creek, a western trib-
utary of the Animas, which drains the Ignacio
Lakes and flows for some miles upon a broad bench
where all the lower Paleozoic formations are well
exposed. The formation was first described and
named by Cross in 1904 (Am. Jour. Sci., 4th ser.,
vol. 18, pp. 245-252).

Lathologic character.—The formation is mainly
composed of calcareous shales and thin, sandy lime-
stones, varying in details of development from place
to place. The beds are drab, buff, or yellowish in
color. The shaly layers break up readily on expo-
sure, so that outcrops are obscured by the resulting
scales and thin plates. Quartzites are present, but
are always very thin and subordinate to the calcare-
ous and shaly portion.

The shaly beds are in many places characterized
by pseudomorphous 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 must be supposed to have formed on
or near the surface of the mud of a desiccating body
of salt water, and to have been dissolved by the
influx of fresh water and the crystal space filled by
the sand or mud of a new deposit. The crystals
are usually more or less clearly skeleton cubes with
sunken faces. They range in size up to an inch or
more in diameter. So abundant are these casts that
they may be found at nearly every outcrop, but
they are much more perfect and of larger size in
some localities than in others.

An important variation in the lithologic character
of the Elbert formation is in the appearance of dense,
earthy, nonfossiliferous limestone, of conchoidal
fracture, in several beds in its upper portion; each
bed may be several feet in thickness. Thin shales
usually separate the massive beds. This develop-
ment was specially noted at Bluebird Park, south
of Molas Lake.

The reddish clay or shale stratum at the top of
the formation in the section already given seems to
be a persistent feature.

Fossils—The presence of fish plates, scales, and
bone fragments in beds closely associated with the
salt-cast shales was observed by Endlich, although
he did not collect specimens for study. The local-
ity at which the remains were found is on Endlich
Mesa, about 1 mile south of the Needle Moun-
tains quadrangle line. During the present resurvey
strata carrying fish remains were found at several
points, the most productive locality being on the
east edge of Endlich Mesa, below and just north of
a triangulation station of the Hayden Survey, situ-
ated on the Ouray limestone at its present northern
limit on this border of the mesa. This station,
which deserves a name and may be known as Devon
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Point, is where Endlich obtained the first Devonian |

invertebrates from the Ouray limestone and now
becomes of further interest as furnishing fossils
determining the age of the Elbert formation.

As noted in the section given above, a thin cal-
careous sandstone at the base of the Elbertat Devon
Point carries a great many fragments of fish scales,
plates, and bones, and similar remains are abun-
dant in a thin, discontinuous quartzite stratum
below the red shale at the top of the formation.

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. A further locality carrying similar
fossils is less than a mile south of Columbine Lake,
in the Engineer Mountain quadrangle.

All the vertebrate remains obtained have been
studied by Dr. C. R. Eastman, who has described
them in the American Journal of Science, 4th
ser., vol. 18, 1904, pp. 253-260. The slab from
near Rockwood exhibits three specimens of a plac-
oderm ganoid, Bothriolepis, a well-known genus of
the upper Devonian, the species being apparently
new. The same form is abundantly represented in
the collection from Devon Point, where it is asso-
ciated with other ganoid fishes of Devonian types,
Holoptychius being the most prominent. From
near Columbine Lake a scale apparently belonging
to the genus Coccosteus was obtained.

These fish remains are characterized by Dr.
Eastman as belonging to a distinct upper Devo-
nian fauna, allied particularly, so far as known, to
that of the Catskill and Chemung groups of New
York and Pennsylvania and also to that of certain
European formations.

Correlation.—No beds having the lithologic
character of the KElbert formation have been
found in other parts of Colorado, but according
to Eastman the scanty fish remains obtained by
Spurr from the “Parting Quartzite” of the Aspen
district, Elk Mountains, indicate a close correla-
tion between the two formations. This is ren-
dered all the more plausible by the presence of
the Ouray invertebrate fauna in the Leadville
limestone, which overlies the “Parting Quartzite”
throughout central Colorado. It is thus rendered
probable that strata corresponding to the KElbert
formation in age, however differing in composi-
tion, are present below the Ouray or Leadville
limestone in many distriets. v

It is also possible that an equivalent of the
Elbert exists in the lower Kanab Canyon, adjacent
to the Grand Canyon of the Colorado, in Arizona,
where Walcott found ¢“placoganoid fishes of a
Devonian type” in a formation consisting of “but
100 feet of purple and cream-colored limestone
and sandstone, passing into gray calciferous sand-
stone above.”

Distribution.—The Elbert formation is particu-
larly well shown on the south slopes of the
Needle Mountains in connection with the other
lower Paleozoic formations. It caps several of
the summits of Mountain View Crest and in such
places the ground is covered by plates of thin

limestone coated with well-defined casts of salt

crystals.

About Lime and Stag mesas and at other simi-
lar localities the Elbert shales cause a bench or
gentle slope between the ledge- or cliff-making
Ouray and Ignacio formations.

The Elbert occurs beneath the Ouray east of the
Vallecito Valley, but its beds are very much
diminished in thickness, if present at all, under
the Ouray patches of the Continental Divide and
on the west slope of the West Needle Mountains.
They are believed to be absent at these localities,
as indicated on the map.

OURAY LIMESTONE..

Name and definition.—In 1900 A. C. Spencer,
after studies in connection with the United States
Greological Survey work, proposed the name Ouray
limestone, from the town of Ouray, on the south-
ern border of which is a prominent outcrop, for
the Devonian limestone member of the pre-Car-
boniferous Paleozoic, excluding the quartzites and
shales here called the Ignacio and Elbert forma-
tions, although they were then thought to be pos-
sibly of Devonian age. It was supposed by Spencer

that the whole limestone complex in question must
be of Devonian age, but at a number of localities
a distinctive Mississippian (Lower Carboniferous)
fauna has been observed in the upper part of the
most prominent limestone ledge of the formation.
Since it is impossible to draw a line between the
two portions, the Ouray becomes preeminently a
lithologic unit transgressing the faunal boundary
between the Devonian and Carboniferous systems.

Lithologic character—The Ouray formation as
at present known has a thickness varying from
100 to 250 feet. The upper and major part of
the formation is massive limestone, either in one
bed or with very thin intercalated shales, so that
mesas, benches, and prominent cliffs of the lime-
stone are characteristic topographic forms. Below
the more massive portion a third or less of the
section is made up of beds of limestone, with dis-
tinctly 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. No change in character of the limestone
occurs toward the top, unless a prevalence of
coarse-grained, rotten beds, observed locally, and
belonging to the Carboniferous portion, in some
places at least, be found to be characteristic. The
conditions of sedimentation seem to have remained
the same and deposition seems to have been con-
tinuous from Devonian into Carboniferous time.

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 forma-
tion. During the investigation as to the origin
of these pebbles Dr. George H. Girty found that
some of the fossils contained in them occurred also
in the uppermost strata of the massive limestone
hitherto supposed to belong wholly to the Devo-
nian. The localities at which the Carboniferous
forms have been found in the limestone are few—
mainly near Cascade Creek, in the Engineer
Mountain quadrangle. Chert pebbles have been
but rarely found in place in these upper horizons,
and this fact, together with their abundance in
the succeeding Molas conglomerate, shows that an
interval of erosion followed the formation of the
limestone. In the area thus far studied this ero-
sion effected the removal of nearly the whole of
the chert-bearing portion of the Mississippian and
an unknown amount of thesubjacent massive
rock, but nowhere cut away enough of the Ouray
to make angular unconformity noticeable except in
small detail. At no known point has the erosion
penetrated to the horizon of Devonian fossils in
the massive limestone. Inasmuch as neither that
horizon nor that of the Carboniferous forms is
recognizable in many sections the question as to
how much, if any, of the Ouray should, in such
cases, be referred to the Carboniferous is a matter
of doubt.

Fauna.—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 occur
in this upper horizon, but many of them range to
within a few feet of the base. Fossils have been
obtained at Ouray and at several localities in
the Needle Mountains, Engineer Mountain, and
Durango quadrangles, as well as at the point
where Endlich first found a few characteristic
species, not far south of the Needle Mountains
quadrangle.

The invertebrate fauna of the Devonian portion
of the Ouray has been fully described by George
H. Girty and compared with similar faunas hith-
erto collected in Colorado, but not separated from
Carboniferous.

Twenty-eight species or varieties are discrimin-

ated in his report, and others have since been
obtained. Nearly all classes of organic life are
represented in the fauna, but brachiopods and
mollusks are most abundant. Some of the more
important species are—

Schuchertella chemungensis.

Productella subalata ?

Athyris vittata var.

Spirifer disjunctus var. ani-
masensis. '

Naticopsis gigantea.

Straparollus clymenioides.

Schizophoria striatula.
Productella semiglobosa.
Athyris coloradoensis.
Spirifer coniculus.
Camaroteechia endlichi.
Paracyeclas sp.

Naticopsis? (Isomena) humilis.
Orthoceras (several species).

In addition to the invertebrate fauna a single
shark’s tooth was found, which has been made by
O. P. Hay the type of a new species, Cladodus
Sformosus. It is said to be most closely related
among known species to certain Pennsylvanian
forms, such as C. springert of Russia. The tooth
was found on Lime Mesa under conditions making
it probable that it came from the Devonian portion
of the Ouray, although the limestone fragment
containing it was not in place.

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 Moun-
tains; 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 that 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 belongs
to upper Devonian time. It is but distantly related to
the Devonian faunas of New York, and its relation to
those of the Mississippi Valley, or even to other
known western Devonian faunas, is not close. It
shows many points of approximation to the Athabas-

can fauna described by Whiteaves, and is somewhat
strikingly similar to the Devonian of Russia.

CARBONIFEROUS SYSTEM.
MISSISSIPPIAN SERIES.
UPPER PART OF OURAY LIMESTONE.

As has been shown in describing the Ouray
limestone, it is known that a Mississippian fauna
occurs in the upper part of that formation, in cer- .
tain localities, separated from the uppermost Devo-
nian fossiliferous horizon by about 50 or 75 feet of
massive limestone in which no fossils have thus far .
been discovered. The erosion in the interval fol-
lowing Mississippian sedimentation removed those
strata completely over large areas. As neither the

‘upper Devonian nor the basal Carboniferous hori-

zon is everywhere fossiliferous, it is impossible to

. decide in many places whether the upper portion of

the Ouray limestone ledge is Carboniferous 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.

From a comprehensive study by G. H. Girty of all Carbon-
iferous invertebrate fossils thus far collected in Colorado, and
available to him, the following brief suminary concerning the
Mississippian of the San Juan region may be made. Thirty-
two determinable species have thus far been obtained from
the chert pebbles of the Molas formation, which were derived
from the eroded beds, and from two localities in the upper
zone of the Quray limestone. This fauna is closely similar to
that of the Wasatch limestone of Utah and the Madison lime-
stone of the Yellowstone National Park. It is also similar to
the small faunas obtained in Colorado from the Leadville
limestone in the Mosquito Range, at Aspen, Crested Butte,
and near Salida, and that from the Millsap limestone of the
Front Range near Canyon and in Garden and Perry parks.
Dr. Girty concludes that the Leadville limestone, which was
originally assigned to the Mississippian because of fossils
found it its upper part, and the Ouray limestone, which has
been considered Devonian on acecount of the fauna in its lower
and middle portions, are equivalent. He thinks that careful
search would in many cases show both faunas where only one
is now known.

The most diagnostic forms are—

Zaphrentis tantilla.
Menophyllum ulrichanum.
Schuchertella inequalis.
Chonetes illinoisensis.
Productella coneentrica.
Productus parviformis.
Productus levicosta.
Spirifer centronatus.

Spiriferina solidorostris ?
Eumetria mareyi?
Camarotechia metallica.
Myalina arkansasensis ?
Myalina keokuk. .
Straparollus utahensis.
Phillipsia peroccidens.

PENNSYLVANIAN SERIES.
MOLAS FORMATION.

Name and definition.—The name Molas forma-
tion was proposed in the Silverton folio for the



lowest of thé three formations of the Pennsylva-
nian series 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 Canyon, in the extreme northern
part of the Needle Mountains quadrangle. The
lake basin is partly excavated in the Molas beds
and they are well exposed for some distance to
the south.

The Molas formation is distinguished as a carto-
graphic unit on lithologic grounds, being a well-
characterized element in the Carboniferous section,
and because it records, in certain peculiarities of
its sediments, important events of the preceding
-interval of erosion, including the almost total
destruction of a Mississippian formation. There
may be a further reason for separating the Molas
and Hermosa formations in certain observed faunal
differences, which are, however, as yet not suffi-
ciently established to warrant laying much stress
upon them.

The Molas beds were not included in the origi-
nal definition of the Hermosa formation by A. C.
Spencer, though the Hermosa was said to rest on
the Ouray limestone. In the localities examined
before that definition was formulated there was, in
fact, a hiatus in the observations, the thin Molas
beds being nowhere well exposed.

The Molas formation was defined in the Silver-
ton folio as a thin series of reddish calcareous
shales and sandstones, with many chert pebbles
and some of limestone, quartzite, and other rocks,
and with thin fossiliferous 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 sedi-
ments of the Pennsylvanian in this region.

Lithologic character—The Molas formation is
specially characterized by its deep-red, friable,
sandy strata, which are variably calcareous and
often shaly. They are seldom very distinctly
bedded and disintegrate so rapidly on weathering
that good exposures are rare. In the lower part of
the formation dark chert nodules abound, in many
cases making a large part of flat lentils or discon-
tinuous layers. Many of these cherts carry a Mis-
sissippian invertebrate fauna, the origin of which
has already been discussed. In the uppermost
part of the formation, on Stag Mesa, some thin
limestones contain the fauna described in a suc-
ceeding paragraph, which is believed to characterize
the Molas beds.

The best section of the formation thus far
observed is situated on the southwest slope of
the Needle Mountains, on the south side of Tank
Creek. At that locality there is a continuous
section, about 75 feet in thickness, representing
the whole formation, as there developed, between
the Ouray limestone and the Hermosa complex.
There is no distinet stratification in the section.
At the base is a zone of gradation into the Ouray
limestone, for the upper zone of the latter is much
broken up, with the red calcareous mud of the
Molas filling the interstices. This relation of the
formation is very common. For some feet above
this transition zone there is a chaotic mixture of
chert and limestone -fragments, with not a few of
bluish or white quartzite, but none of granite or
schist. In all the lower part of the section much
of the material is an impure limestone, reddish in
color, but with the saccharoidal texture of the
Ouray. It is probably a calcareous sandstone.
The matrix in which the fragments of chert,
quartzite, and limestone are held is a red marl-
like material. There are in places indicationg
that a calcareous mud was broken up before con-
solidation and was worked over with the fragments
of foreign rocks. From the base upward the sec-
tion becomes more and more sandy, but chert
fragments were found almost up to the fossiliferous
limestone of the Hermosa.

While the Molas beds exhibit much variability
in texture, the section described is in most respects
characteristic.

The chert pebbles which are one of the most
notable features of the formation are so abun-
dant locally as to form dark conglomerate layers.
These are in many places not continuous. The
chert is distributed through the whole formation,
and on the inclined mesas south of the Needle
Mountains, most of which bave scarps of the

Needle Mountains. '
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Ouray limestone, the chert pebbles form, over
large areas, almost continuous coatings of resid-
ual material, mingled with some of the reddish
sandy shale. Many small isolated remnants of
the Molas also occur on these mesas.

The cherts are, as a rule, well-rounded pebbles
up to 6 inches in diameter. They are dark gray,
green, red, white, or nearly black. Some are
banded, some homogeneous. In only a portion
of them can fossils be found.

Fauna.—On Stag Mesa some thin, discontinu-
ous limestone beds rich in fossils were found inter-
calated in red and highly ferruginous sands of the
Molas and only a few feet below the characteristic
limestone at the base of the Hermosa. At no
other point have the fossils of the Molas yet been
discovered. :

The fossils mentioned have been studied by
George 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 Archeocidaris triplex?, of the bryozoa in
Rhombopora lepidodendroides, of the brachiopods in
Rhipidomella pecosi, Spirifer boonensis?, and Seminula
subtilita, and of the pelecypods in Myalina pernifor-
mis?. 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 distinetion would be borne out by full ecollections.

Stratigraphic relations and distribution.—In the
Silverton, Needle Mountains, Engineer Mountain,
and Durango quadrangles the Molas formation
rests upon a surface due to the erosion by which
the Mississippian rocks were almost completely
removed. Although it has not been observed
overlying any other formation than the Ouray
limestone, the nature of the case permits the sup-
position that somewhere in the region adjacent to
the San Juan Mountains it must transgress the
lower Paleozoic formations and rest upon Algon-
kian 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 lime-
stone. The surface of this bench represents the
Molas horizon. Red sandy outcrops occur here
and there and chert nodules are scattered about
in many places, but talus and other débris conceal
the contact with the Hermosa.

On the southern slopes of the Needle Moun-
tains are several dipping mesas caused by the
Ouray limestone, and in patches scattered over
the surface are remnants of the Molas, represented
mainly by rounded chert pebbles.
~ The Molas and Hermosa seem to be thoroughly
conformable, and probably the former is the prod-
uct of the first epoch within the long period of
Pennsylvanian sedimentation.- The red color of
its sediments and the other peculiarities mentioned
characterize it.

HERMOSA FORMATION.

Name and definition.—The Hermosa formation
was named and defined by A. C. Spencer in 1900.
It includes the series of alternating limestones,
shales, and sandstones, having a maximum thick-
ness of 2000 feet, which occurs on the northern
and southern flanks of the San Juan Mountains.
It lies between the Molas and Rico formations.
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 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 containing
mainly black and gray shales alternating with
green grits and sandstones and with a few lime-
stone layers. ‘

In the Animas Valley, near the mouth of Her-
mosa Creek, the lower third of the complex is
made up of green sandstones and shales with some
gypsiferous shales, while the rest of the formation
shows limestone layers distributed throughout.
Along the great scarp facing the Animas for 10
miles in the Engineer Mountain quadrangle the
limestones become more and more prominent and
certain bands are very thick.

In the southern part of the Needle Mountains
quadrangle the formation has essentially the same

characteristics as on the western side of the Ani-

mas Valley above Rockwood. In the northwest
corner of the quadrangle the limestone members
are thinner, but distributed with great regularity
in the section.

The limestones are usually massive, bluish gray
in color, and commonly contain bituminous mat-
ter, causing a distinct odor when struck by the
hammer. Many layers are rich in fossils, while
others appear to be destitute of them.

The sandstones are generally fine grained, gray

~or greenish, consisting largely of quartz but in

many cases rich in feldspar. They are massive or
thin bedded with shale partings. The cement is
calcareous 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 those which are greenish
and sandy in character to dark, calcareous, bitumi-
nous varieties.

With all this variety in constitution the basal
stratum of the Hermosa over the entire area
examined is constant. It is a highly fossiliferous
limestone somewhat less than 15 feet in thick-
ness. The uppermost strata are not so well
known, but in the Rico Mountains they con-
sist 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, formerly called Fusulina cylin-
drica. '

Few members of the Hermosa complex reach a
thickness of 100 feet. Some limestones and shales
attain that figure, but thicknesses ranging from 10
to 50 feet are much more common. Individual
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.—Dr. Girty has sum-
marized his views as to the fauna and correlation

of the formation as follows:

The fauna of the Hermosa formation is distinctly
Upper Carboniferous, or Pennsylvanian, in age. It con-
tains such characteristic species as—

. Spirifer boonensis ?
Spirifer rockymontanus.
Spirifer cameratus.
Squamularia perplexa.
Spiriferina campestris.
Spiriferina kentuckyensis.
Ambocelia planiconvexa.
Seminula subtilita.
Limipecten occidentalis.
Acanthopecten carboniferus.
Edmondia subtruncata.
Allerisma terminale.
Ch#nomya leavenworthensis.
Naticopsis altonensis.
Euomphalus catilloides.
Bellerophon crassus.
Patellostium bellum.
Phillipsia major.

Triticites secalicus.
Lophophyllum profundum.
Campophyllum torquium.
Chatetes milleporaceus.
Archzocidaris ornata.
Fistulipora carbonaria,
Rhombopora lepidodendroi-
des.
Prismopora serrata.
Chainodietyon laxum.
Stenopora carbonaria.
Orthotetes crassus.
Meekella striaticostata.
Chonetes mesolobus.
Productus gallatinensis.
Productus cora.
Produectus nebraskensis.
Productus punctatus.
Marginifera wabashensis var.

If the formation be divided into three portions, espe-
cially as 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 cbnsiderable 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 abundance.
The lower bed especially is often characterized by Pro-
ductus gallatinensis, Productus inflatus, and a large variety
of Spirifer of the rockymontanus type.

The fauna of the Hermosa formation occursin also 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 correlation
of these formations appears to be justified. The Her-

mosan fauna represents early Pennsylvanian sedimenta-
tion, and it is probably older than the upper Coal
Measure faunas of the Kansas and Nebraska sections.

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 in 1900 by A. C. Spencer in the
report on that area. It is a thin formation, not
easily identified in regions of poor exposures, and
though its presence in the northwest corner of the
Needle Mountains quadrangle and in the adjacent
parts of the neighboring quadrangles has -been
demonstrated by Mr. Spencer through the finding
of a few fossils, it was not possible to trace it or to
define its thickness. It is assumed from the exist-
ence of fossils that the formation is present in a
narrow band between the Hermosa and Dolores
formations, as shown by the map.

The Rico formation, in the mountains from
which it derives its name, is a series of sandstones
and conglomerates with intercalated shales and
sandy fossiliferous limestones, about 300 feet in
total thickness. Lithologically it resembles the
red-bed complex above it more than the Hermosa
below, but its fossils are clearly of Carboniferous
type, and related to those of the Hermosa. The
general characteristics of the formation near Rico
are, first, its calcareous nature, in which it resem-
bles the strata above and below; second, the arkose
character and the coarseness of its sandstones, in
which respect it differs 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 Hermosa and is more or
less distinet from the bright vermilion of the
Dolores. The color distinction 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, form the greater
part of the well-known “Red Beds” section of
the region and have been hitherto provisionally
included in the Dolores formation. In the Tellu-
ride and La Plata folios and in other publications
the Dolores has been consistently defined as includ-
ing the Triassic strata of southwestern Colorado,
with the statement that fossils demanding a refer-
ence to the Triassic have been found only in the
upper part of the “Red Beds” section. On the
western and southern slopes of the San Juan
Mountains no stratigraphic break in the “Red
Beds” has been found, but the field work of 1904
in the Ouray quadrangle, on the northern side of
the mountains, revealed a notable angular uncon-
formity occurring immediately below the most
commonly fossiliferous bed of the Dolores forma-~
tion. Through this unconformity the Dolores
strata may be seen to transgress more than 1000
feet of older “Red Beds” and several hundred feet
of the Hermosa formation, 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 are dis-
tinguished as a formation and named from Cutler
Creek, which enters 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 conformable with the under-
lying Hermosa and Rico strata they are provision-
ally referred to the Permian series. It isrecognized,
however, that the Cutler formation may belong,
wholly or in part, to the Pennsylvanian series, the
stratigraphic break above them being in that case
much greater than the observed field relations indi-
cate. No fossils have been found in the Cutler
beds.

The mame Dolores will continue to be applied to
the Triassic strata as originally defined, embracing
the fossiliferous conglomerates and overlying beds.

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-
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vidual beds of uniform charactet are in few cases
more than 25 feet thick, and the formation shows
great lateral variation in composition and thickness.

Distribution.—The Cutler formation occupies the
extreme northwest corner of the quadrangle. Its
southwesterly dip brings it against the Telluride
conglomerate with angular unconformity a few
miles to the north, in the Silverton quadrangle, and
the formation is but partially represented in the
Needle Mountains quadrangle. To the southwest,
in the Engineer Mountain quadrangle, the “Red
Beds” of the Cutler are very prominent and they
also occupy large areas in the Rico, La Plata,
Durango, and other quadrangles on the southern
slope of the San Juan Mountains, while in the val-
ley of Uncompahgre River, in the Ouray quadran-
gle to the north, their unconformable relation to
the Dolores is best shown.

DISTRIBUTION OF THE PALEOZOIC ROCKS.

The most conspicuous occurrences of the Pale-
ozoic sedimentary rocks are at the northwest and
southwest corners of the quadrangle. The more
extensive section is that to the northwest, though it
probably does not represent the maximum thickness
of the formations nor their most characteristic devel-
opment; that on the south is a part of the complete
section traversed by the Animas Valley, in which
all formations to the Wasatch (FKocene) are exhib-
ited. On the map the section to the northwest is
made to include the Rico formation, for, although it
has not been positively identified here, it has been
recognized in the immediately adjacent parts of
the Silverton and Engineer Mountain quadrangles,
and from these known occurrences its position in
the present quadrangle was determined. The small
patch of the Cutler formation represented in the
extreme corner above the Rico is also very poorly
exposed, and it has been described from better
occurrences outside the quadrangle. Between the
Rico and the older Paleozoic rocks the Hermosa is
exposed on both sides of the east fork of Lime

Creek in a fire-swept region almost bare of green |

timber. The alternation of hard limestones and
sandstones with soft shales has helped to develop a
bench- or step-like topography, and individual hori-
zons may be followed by the eye for several miles
in and out among the hills. With the exception
of the Molas the older Paleozoics are poorly exposed
and do not have here their usual development.
The Ignacio is altogether absent except at two
places, south and east of Molas Lake, where it is
in the form of a coarse conglomerate 50 feet thick,
indicating that coastal conditions probably pre-
vailed there at the time of the Ignacio sea.
west of Snowdon Peak a considerable patch of
Ouray limestone rests directly upon the Archean
rocks and upon it lies a small remnant of the
Molas.

The most characteristic sections of the older for-
mations, from the Ignacio to the Molas, are found
in the southern third of the quadrangle. These
occurrences, of which Lime and Stag mesas may
be taken as examples (figs. 1 and 2 on illustration
sheet), present strata resting on the granite floor
with a gentle southerly or southwesterly dip and
are directly connected with the section of Paleozoic
and later sedimentary rocks exposed on both sides
of the Animas Valley. Each of the formations is
exhibited in very typical exposures. The Ignacio
commonly forms broad benches covered by loose
blocks of quartzite split from the solid rock by
frost. This is particularly true of the isolated
patches capping the higher points of Mountain
View Crest, West Silver Mesa, and the two occur-
rences east of Sheridan and Emerson mountains.
Buff-colored, rounded hilltops or slopes character-
ize the few occurrences of the Elbert shale where it
is unprotected by the Ouray, as at Overlook Point
and at the head of Virginia Gulch. Elsewhere the
Elbert is at many points obscured by its own débris
or that from the Ouray above it and may not be
easily detected.

The Ouray limestone forms the prominent
escarpment of Lime Mesa (shown in fig. 1), as
well as those of West Silver Mesa and Stag Mesa
(fig. 2). The first two mesas are almost entirely
covered by the Ouray, in which there are a con-
siderable number of sink holes and other erosional
features, such as the ribbed surfaces, or “karren-
felder,” common in limestone regions.

- On the surface of many of these mesas lies con-

‘succession of volcanic eruptions in this region.

South-
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siderable material derived from the Molas, and at
a few points Molas in place. The loose material
consists of residual chert nodules and red clays.
The most extensive exposures of the Molas are on
Stag Mesa, where the development is less shaly
than conglomeratic, the bowlders and pebbles con-
sisting of chert and limestone. This phase of the
Molas also occurs on the south side of Canyon
Creek, near the western boundary of the quadran-
gle, and fossils were obtained at this locality.

In this area good exposures of the Hermosa are
almost entirely lacking, and the most noteworthy
feature of the region occupied by the formation is
the number of landslides in which its rocks have
been involved, both southeast and northwest of
Canyon Creek. Landslide or glacial débris covers
much of the region occupied by these rocks and
the characteristic cliff exposures presented on the
west side of the Animas Valley are here almost
entirely absent; the gentle lower slopes are soil
covered and the steeper hillsides south of Pole
and Canyon creeks support a dense forest growth.

Although of small size, the occurrence at Devon
Point, on Endlich Mesa, of the three oldest Paleo-
zoic formations is one of the most important. It
was here that Endlich discovered the Devonian
invertebrates of the Ouray limestone and noted
the existence of fish remains in the underlying
shales now assigned to the Elbert formation.

Besides these occurrences Paleozoic rocks are
preserved in the southeast corner of the quad-
rangle, east of the Vallecito, and are also repre-
sented on the Continental Divide, in the northwest
corner, by two small patches of Ouray limestone,
one of which, near the trail to Bear Creek, is
nearly covered by San Juan tuff. In both of
these localities the Ignacio formation is signifi-
cantly absent, and on the Continental Divide the
Elbert as well has not been found. East of the
Vallecito the presence of the Hermosa is known
only from a few outcrops, as it is covered by a
thick mantle of soil and vegetation.

TERTIARY SYSTEM.

EOCENE (?) SERIES.

TELLURIDE CONGLOMERATE.

Name and definitton.—The Telluride conglom-
erate is a well-marked formation which underlies
the San Juan tuff and was laid down in the period
immediately preceding the beginning of the long
It
includes the sediments first deposited after the tre-
mendous erosion that prepared the peneplain on
which it rests. It was first identified in the Tel-
luride quadrangle, where it is finely developed and
exposed, and in the Silverton folio the formation
was renamed after that area, 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 and
Needle Mountains quadrangles to a complex of
fine-grained conglomerates, sandstones, and shales
about 1000 feet in thickness as developed in Mount
Wilson, 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, north of Molas
Lake, and the exposures on Mount Wilson. The
formation is described in detail in the Telluride
folio. It is made up of detritus of schists, granite,
Algonkian quartzite, and slate, and lesser amounts
of the harder sediments of the Paleozoic formations,
in particular of limestone. The bowlders of the
conglomerate often exceed 1 foot in diameter, but
are generally only a few inches. Many are well
rounded, but subangular fragments are common,
especially of the local material, which has not
been transported far. The isolated exposures of
the conglomerate found east of Animas River,
about the head of Whitehead Gulch, are natur-
ally made up of local materials.

Stratigraphic relatrons and  distribution.—As
stated above, the Telluride formation conform-
ably underlies the San Juan tuffs. While 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. In general the line

is sharply defined through a sudden change in
materials. The impression is that the mechanical
process of deposition was practically continuous,
but that there was a sudden change in the nature
of the débris after the outburst which began the
great volcanic period. '

The only occurrences of the Telluride conglom-
erate in the Needle Mountains quadrangle are a
few exposures near the heads of Whitehead and Elk
creeks and at the divide between the two. The
relation of the conglomerate to the older rocks
indicates that in general it occupies the beds of
watercourses that existed when the conglomerate
was being formed. The materials consist of coarse
gravels or bowlders, as a rule unstratified and in
many cases only partly rounded or waterworn,
indicating a mnear-by source. The bowlders and
the coarse matrix in which they rest are almost
entirely composed of quartzites from the Algonkian
area to the south.

Age and correlation.—The Telluride con