‘Well-layered lavas of the Potosi volcanic series as seen down the valley of the Rio Grande from north of Weminuche meadows, San Cristobal quadrangle. The upper
clifi-forming flow is Piedra rhyolite; the lower talus-covered slopes are underlain by Huerto quartz latite and Alboroto rhyolite.
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PREFACE

PLAN OF THE.PROJECT AND COURSE OF THE WORK

A study of the geology of the San Juan Mountains
was begun by Whitman Cross in 1895. The project was
originally planned as an areal survey on folio scale
(1:62,500) for presentation of local detail, with mono-
graphic treatment of stratigraphy, igneous geology, and
associated economic reports. Early in the work Cross
recognized the importance of the physiography and the
Quaternary geology and in 1908 he recommended that
those subjects be studied under the direction of the best
available investigator. Fortunately, it was possible to
get Wallace W. Atwood for this study, and in 1932 he
and Kirtley I. Mather published a detailed report.

Cross began the work in the western part of the area

and by 1909 the field mapping of nine 15-minute quad-
rangles was completed. As shown in the following
table, geological maps and descriptions of seven of these
quadrangles have been published as folios in the Geo-
logical Atlas of the United States. In addition, a
geological map and description of the southern part of

the Lake City quadrangle has been published as a bul-

letin by Irving and Bancroft (1911). The early work
in the area is summarized in the following table.

Early work in the western San Juan Mountains

Iield work
1896-97

Quadrangle
Lo Plata (folio 60). .

Workers Date published

Whitman Cross, assisted by 1899
A. C. Spencerand H. S, Gane.

Whitman Cross, assisted by
H. 8. Qane, E. C. E. Lord,
and A. C. Spencer.

Whitman Crossand A. C. Spen-
cer, assisted by Ernest Howe,
J.D.Irving,and R. D. George.

Whitman Cross, Ernest Howe,
and A, C. Spencer, assisted by
J. M. Clements, Q. W. Stose,

and R. D. George.

Whitman Cross and Ernest
Howe, assisted by J. M. Clem-
ents, G. W. Stose, and Albert
Johannsen.

Whitman Cross and Ernest
Howe, assisted by W. H, Em-
mons and L. H, Woolsley.

Whitman Cross, assisted by
A. C. Spencer, Ernest Howe,
A. Johannsen, W, H. Em-
mons, and ¥owland Bancroft.

Whitman Cross, assisted by
A. C. Spencer, Ernest Howe,
and W, H. Emmons.

Telluride (folio 57)... 1805-06 1899

Rico (folio 130)...... 1897-00 1905

Silverton (folio 120)..  1899-1901 1905

Neodle Mountoains 1900, 1001~
(folio 131). 03

1905

Ouray (folio 153)..... 1004-06 1907

Engincer Mountain
(foXo 171).

1907-09 1910

Durango..coccemaeen Not published.

Lake Ciby.eaeenannn. Whitman Cross, assisted by
L. H. Woolsley, Albert Johann-
sen, Howland Bancroft, W. H.

Emmons, and G. F. Kay.

1911, in part.

The seven published folios furnished a practically new
formational cartographic section from early pre-Cam-
brian to Tertiary and this was found to be applicable
to a large area to the south and west. As work prog-
ressed into the central volcanic area, unanticipated
complexities necessitated a restriction of the study
largely to the volcanic geology and a reduction of the
scale of the mapping to 1:125,000 so that the whole
project could be finished. The San Cristobal, Uncom-
pahgre, and the northern part of the Ignacio quadrangles
were mapped in detail on a scale of 1:125,000. To ex-
pedite the work, the Creede, Summitville, Del Norte,
and Conejos quadrangles were mapped only in detailed
reconnaissance fashion and, because no suitable base
maps of the Cochetopa and Saguache quadrangles were
available, these quadrangles were covered only by a
rapid reconnaissance study.

In the summer of 1908 Albert Johannsen made a -
reconnaissance study of parts of the San Cristobal
quadrangle. In the summer of 1909 Cross, Larsen,
and L. F. Noble worked chiefly in the Ignacio quad-
rangle and the western part of the San Cristobal quad-
rangle. In the summer of 1910 Larsen and J. F.
Hunter worked in the San Cristobal quadrangle. From
1911 to 1917 Larsen and Hunter worked in the Uncom-
pahgre, Cochetopa, Saguache, Creede, Del Norte, and
Summitville quadrangles, and Cross was with the field
party for a part of the time. The work was interrupted
by World War I, but was resumed in 1920 and 1921
when Larsen and C. S. Ross worked chiefly in the
Conejos quadrangle. Cross joined the field party for
a time in 1921.

In the summer of 1926 Larsen and J. W. Vanderwilt
mapped the small arvea of volcanic rocks in the Pagosa
Springs quadrangle and the igneous rocks of the north-
ern half of the Montrose quadrangle. They also revised
the previous mapping in many places. In 1930 Larsen
spent six weeks in the field in further revision.

Cross had closely supervised both field and office
work until it was interrupted by World War I, and his
interest in it continued until his retirement from active
work in 1925. The final preparation of the maps and
text of this study was therefore left to Larsen who as-
sumes all responsibility for this report and the conclu-
sions herein.

The work was supported in large part by the United
States Geological Survey, but from 1924 to 1949 Har-
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vard University contributed liberally by financing some

seasons of field work and by furnishing chemical .

analyses, assistants to Larsen, and other help.

A considerable part of Larsen’s time since 1930 has
been devoted to detailed laboratory .investigation,
largely under the auspices of Harvard University. The
results of many of these studies have been published as
topical reports and are referred to in the body of this
text.
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GEOLOGY AND PETROLOGY OF THE SAN JUAN REGION
SOUTHWESTERN COLORADO

By Esrer S. Larsen, Jr., and WriTMAN CrOSS

ABSTRACT

The San Juan Mountains are a dissected dome more than
100 miles across. They are bounded on the north by the valley
of the Gunnison River, on the east by the San Luis Valley,
and on the south and west by an area of mesas and canyons cut
chiefly in Mesozoic and Tertiary sedimentary rocks. The
mountains are made up chiefly of Tertiary volcanic rocks, but
in the western and northern parts of the mountains and locally
elsewhere, bodies of older rocks are exposed. These older rocks
include a complex of pre-Cambrian rocks and a section of Paleo-
zoic, Mesozoic, and Tertiary sedimentary rocks,

The oldest rocks of the area are a complex of ancient, highly
metamorphosed schists and gneisses, part of which are of sedi-
mentary origin, and a larger part of undetermined origin.
are overlain unconformably by a group of moderately meta-
morphosed voleanic rocks, the Irving greenstone. These are
overlain unconformably by a great thickness of moderately
metamorphosed sedimentary rocks, the Needle Mountains
group, which has a quartzite conglomerate as a lower formation
and interbedded quartzites and schists as an upper formation.
Intrusions of granitic rocks took place many times during the
pre-Cambrian period, and the chief granitic rocks are granite and
granodiorite, with sporadic gabbro and syenite. In the Iron
Hill area near Powderhorn there is a small stocklike mass that is
made up of marble, coarse melilite rock, pyroxenite, ijolite,
nepheline syenite, syenite, nepheline gabbro, and quartz gabbro.
The older granitic rocks are highly metamorphosed to granite
gneiss, those of intermediate age are somewhat inetamorphosed,
and the youngest are not metamorphosed.

By Late Cambrian time the older rocks were eroded to a
smooth surface, this surface was depressed beneath the sea,
and the late Cambrian Ignacio quartzite was deposited. About
6,000 fect of Paleozoic sedimentary rocks overlie the pre-
Cambrian. There is no angular unconformity within the Paleo-
zoic section, but there are several disconformities.

In the western part of the mountains the Mesozoic rocks were
deposited upon the Paleozoic with apparent conformity, but
near Quray and to the west the Triassic rocks lie unconformably
on the Paleozoic and northeast of Pagosa Springs the Jurassic
rocks bevel the deformed Triassic and Paleozoic rocks and in
large areas rest directly on the pre-Cambrian. Upper Cretaceous
rocks rest conformably on the Jurassic and in most places the
Paleocene and Tlocene rocks rest conformably on the Cretaceous.
Locally, Oligocene or early Miocene beds rest unconformably on
the older rocks. The Miocene volcanic rocks seem to overlie
conformably the Oligocene or early Miocene sediments.

There is no evidence of volcanism in the Paleozoic and Meso-
zoic rocks up to the upperinost formations of the Cretaceous.
The upper formations of the Cretaceous and the lower forma-
tions of the Paleocene are made up of sands and gravels whose

They .

. series are later than the San Juan.

fragments consist in large part of volcanic rocks. Volcanic
material was available to the sediments for only a short time, as
most of the Eocene and the Oligocene(?) are free of such material.

The main volcanic eruptions of the area began in middle

Miocene time and continued, with interruptions, into the Quater-
nary. .
The older volcanic rocks of the western part of the mountains
are different from those of the eastern part. In the eastern
part they are chiefly light-colored quartz latites, with some latite,
rhyolite, and dark olivine-quartz latite. There are some surfaces
of erosion separating formations of this quartz latite series and
in.the San Luis Hills, east of the southern part of the mapped
area, the quartz latites are intruded by stocks of monzonite
and syenite. This complex was greatly eroded before the sub-
sequent olivine-quartz latites erupted.

In the western San Juan area the first Miocene eruptions
formed a volcano of quartz latite—the Lake Fork quartz latite—
with minor amounts of rhyolite and basalt. These eruptions
were followed by a thick accumulation of bedded tuff-breccia—
the San Juan tuff. In the northern part of the area great bodies
of this tuff are made up in very large part of fragments of a
uniform glassy, vesicular quartz latite. Only on the flanks of
the Lake Fork volcano are fragments of the rocks of the volcano
present in the San Juan. In the southern area the tuff contains
a greater variety of fragments. Much of the tuff must represent
pyroclastic material from a volecano of unknown location, which
has been reworked by water. The rocks of the Silverton volcanic
They have been divided
into five mapped units which range from dark quartz latite
approximating basalt, to rhyolite.

The eruptions of the Potosi voleanic series and Fisher quartz
latite which followed the Silverton volcanic series are probably
related. They covered an area of more than 10,000 square
miles and have an estimated volume of about 4,000 cubic miles.
The succession of rocks from bottom to top is: dark quartz latite,
erosion of canyons, rhyolite, dark quartz latite, erosion of can-
yons, rhyolite, dark quartz latite, erosion of canyons, rhyolite,
erosion of canyons, quartz latite.

After the eruption of the Fisher rocks the area was depressed
and the San Juan peneplain was formed. Low domes of basalt
and latite, with some rhyolite, were spread over much of this
peneplain during Pliocene time.

In pre-Cambrian time the rocks were deformed, metamor-
phosed, and intruded by granitic rocks several times.

In the southwestern part of the area no angular unconformity
was found within the Paleozoic and Mesozoic rocks, but in the
northwestern part the Paleozoic rocks were much deformed
before the deposition of the Triassic. In the eastern part of the
sedimentary belt, from northwest of Pagosa Springs to Ouray,
the Triassic and Barly Jurassic rocks were greatly deformed

1
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before the deposition of the Late Jurassic. The major deforma-
tion of the sedimentary rocks took place near the end of the
Eocene when the Needle Mountains were elevated about 14,000
feet and the rocks were folded and faulted. Most of the faults
are steep normal faults; a few are steep reverse faults. In many
of these faults the rocks on the downthrown side have been
dragged up by the fault so that near the fault they dip steeply
and are locally overturned.

A moderate interval of time without eruptions followed the
deposition of the San Juan beds, during which canyons were
eroded more than 1,000 feet deep. Two similar intervals of
canyon-cutting separated formations of the Silverton volcanic
series. Thus, there was little movement of the crust beneath
the volcano during San Jaun and Silverton time and the volcanic
mountains rose much above the general level.
rest on a mature surface, cut on the older rocks, that is several
thousand feet above the bottom of some of the canyons of
Silverton age. This indicates that the Silverton volecano was

greatly depressed following the eruptions of the Silverton

volcanic series.

The deep canyons that were cut in the voleano in four periods
of Potosi and Fisher time show that during these eruptions the
crust must have remained nearly stationary. The borders of
the volcano, especially the eastern and southern borders, must
have been gradually depressed during the Potosi and Fisher
eruptions. After the Fisher eruptions the San Juan peneplain
was developed. It is commonly seversal thousand feet above
the bottom of the canyons of Potosi and Fisher age, showing
that the volcanic mass must have been greatly depressed after
the Fisher eruptions. The eruption of the lavas of the Hinsdale
formation followed, and after the eruption of these lavas the
area was domed. The maximum uplift at this time was about
15,000 feet in the Needle Mountains. This makes the total
uplift of the Needle Mountains area during Tertiary and
Quaternary time about 28,000 feet.

The dip of the volcanic rocks is rarely greater than a few
degrees and large areas show no faulting. A few zones and
areas have many faults. Horsts and graben are present. Some
of the steeply dipping faults with displacements of a thousand
feet or more have the beds on the downthrown side dipping into
- the fault. A few miles from the fault the beds become flat and
are at the same altitude as the corresponding flat beds on the
upthrown side. The faults must have been formed by tension,
with a movement of the hanging wall away from the fault, thus
removing the support and causing the collapse of a narrow strip
along the hanging wall.

In field mapping, it was recognized that the Tertiary volcanic
rocks fall into four major groups: the Lake Fork quartz latite,
San Juan tuff, and Silverton volcanic series in the western area;
the pre-Potosi of the eastern area; the Potosi volecanic series
and Fisher quartz latite; and the Hinsdale formation. Rela-
tively long periods of erosion, during which deformation took
place, separated the groups. When the analyses of rocks from
any one of the groups are plotted on a variation diagram, about
90 percent of the analyses fall near smooth variation curves.
The curves for the different groups are different. The curves
of the Lake Forks are very near those of the Potosi. The
pre-Potosi rocks are lower in SiO; and higher in Al;O; and K;O
-than the Potosi. The Fisher rocks are a little higher in SiO,
and lower in Al;O3 and Na,O than the Potosi. The Hinsdale
rocks are even lower in Si0; and CaO and higher in Al,O; and

Na,O than the pre-Potosi lavas. The groundmasses of the rocks
of each group were plotted on the same variation diagram as
the rocks and for each pair—groundmass and rock—the ground-
mass i$ nearer the rhyolite, and the curves for the groundmasses

The Potosi rocks

fall near the curves drawn for the rocks. This shows that if
differentiation within each group was by fractional crystalliza-
tion, the separation of the actual minerals found in the rocks
would quantitatively yield the variation diagram of the group.

To account for the succession of events in the deposition of
any of the series, such as the Potosi volcanic series, the following
hypotheses are made. As the crust remained nearly stationary
during the building of the volcanic mountains of the Potosi, the
magma must have come from outside the area; it must have been
erupted from the volcanoes about as fast as it moved in, and it
must have moved in periodically. The first Potosi eruption
followed a long period in which few eruptions took place. They
yielded dark rocks, the Conejos quartz latite, and represent
magma that underwent little differentiation. There followed a
time without eruptions in which the magma differentiated and
became more or less stratified, with rhyolite forming in the
upper part. When magma was again forced into the area the
first eruptions from the upper rhyolite layer yielded the Treasure
Mountain rhyolite. As this layer became thin-or was broken
through by the lower magma, the dark magma of the Sheep
Mountain quartz latite was erupted. During the eruption of
the rhyolite, small masses of the lower dark magma were occa-
sionally brought to the surface and formed the dark horizons
in the rhyolites. While the dark rocks were being erupted local
patches of rhyolite were erupted to yield the rhyolites in the
dark horizons. There followed a time without eruptions and,
after that the process was repeated to yield the Alboroto rhyolite
and Huerto quartz latite.

After the eruptions of the Potosi and Fisher rocks the area was
depressed, probably by the withdrawal of magma. After a long
time a new parent magma that was different from the Potosi
magma was brought into the area and furnished the Hinsdale
rocks.

It is believed that the rocks of each of the volcanic series,
such as the Potosi, were derived by crystal fractionation from a
parent basaltic magma of rather uniform composition. The
parent magmas for the five series were different. They may
have been derived from different layers in the crust.

The slow doming of the mountains in late Pleistocene and
Quaternary time may have been due to a new movement of
magma into the.area without extensive eruptions. A few small
eruptions took place in this time.

INTRODUCTION
SPANISH EXPLORATIONS

The Spaniards settled in the Rio Grande Valley near
the mouth of the Chama River in 1598 and Governor
don Pedro de Peralta founded Santa Fe and made it the
capital of New Mexico in 1610 (Northrop, 1942). De-
spite this, and although the distance from Taos to the
southern part of the San Juan Mountains and the San
Luis Valley is only about 40 miles by a relatively easy
route, there is no record that the Spanish reached the
San Juan Mountains or the San Luis Valley before 1765.

The earliest explorations by white men into the San
Juan region were made by the Spanish from New Mex-
ico. According to Thomas (1924), Don Juan Maria de
Rivera, attracted by reports of-mines in the San Juan
Mountains, led the first expedition into the mountains.
In 1765 his party marched northwestward from Santa
Fe along the southern foothills of the San Juan Moun-
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tains. In the canyon of the La Plata River they col-
lected some samples of ore and then crossed the Dolores
River, then called the San Miguel. They crossed the
Uncompahgre Plateau, the Uncompahgre River, and
finally reached the Gunnison River.

In 1776 two padres, Dommguez, and Escalantes,
unarmed, and with 12 companions, some of whom had
gone with Rivera, left Santa Fe in search of an overland
route to California. They traveled northwestward,
reached the Mancos River, crossed the La Plata Moun-
tains, and reached the Uncompahgre River by Dallas
‘Creck. They went down the Uncompahgre to the
Gunnison, then toward the north and west to Utah
Lake. The winter snows forced them to return by a
more southerly route.

In 1779, Juan Bautista de Anza, then Governor of
New Mexico, led an expedition against the Comanche
Indians north from Santa Fe, along the western border
of the San Luis Valley, as far as the Arkansas River.

EARLY AMERICAN EXPLORATIONS

In 1807 Lt. Zebulon M. Pike crossed the Sangre de
Christo Range into the San Luis Valley and down that
valley to the Conejos River, where he was captured by
the Mexicans. In the fall of 1846, during the Mexican
war, after the capture of Santa Fe by the Americans,
Maj. William Gilpin led an expedition from Santa Fe
against the Navajo Indians up the Chama River and
across the mountains to the San Juan River. In the
winter of 1849 Col. J. C. Fremont, with Bill Williams
as guide and a party of 33 men, attempted to find a
route across the Rockies by way of the Rio Grande.
He reached Antelope Park but was forced by the snow
to turn back to Taos, N. Mex., after suffering ex-
treme bhardships. In 1853 Capt. J. W. Gunnison ex-
plored the passes of Cochetopa, Mosa, Gunnison,
Robedeux, and Poncha in search of a railroad route to
the Pacific.

It must be remembered that long before the organized
expeditions of such men as Fremont, those hardiest of
all pioneers, the hunters and trappers, had worked over
most of the mountains but they left little or no record
of their explorations. The organized expeditions gen-
erally employed these trappers as guides.

EARLY GEOLOGICAL WORK

In 1859 Newberry (1876, p. 74-90), as geologist for
the Macomb expedition, traversed along the southern
and western base of the San Juan Mountains. He de-
scribed chiefly the Cretaceous sediments but mentioned
the older rocks and the great mass of younger volcanic
rocks. The map accompanying Newberry’s report
shows the lowlands surrounding the San Juan Moun-
tains fairly well, but the mountain mass is shown with

north-south drainage and the great Rio Grande is shown
as an unimportant stream, reaching only a few miles
into the mountains.

In 1873 Lt. E. H. Ruffner surveyed a line from Fort
Garland up the Rio Grande to its source, and down
the Animas River; then north to the Lake Fork of the
Gunnison, down that fork to its canyon, thence east-
ward to Los Pinos Agency, through Cochetopa Pass,
and back to San Luis Valley. Frederick Hawn (1874)
was geologist of the party.

In 1873 J. J. Stevenson (1875), as geologist with the
Wheeler Survey, examined parts of the San Juan area.

The first organized geological work in the San Juan
Region was that of the United States Geological and
Geographical Survey of the Territories under Hayden
between 1869 and 1875 (1874-77). The work in the
eastern part of the San Juan Mountains was done by
F. M. Endlich (1874, 1875, 1876, 1877, 1878) and that
in the extreme western part by W. H. Holmes (1877)
and A. C. Peale (1876). The Hayden Survey published
a geological and topographic map of the State of
Colorado (Hayden, 1877) and reports on the area,
chiefly descriptions of the routes traveled. Inevitably,
the maps and the reports do not meet the standard set
today but, considering the time devoted to the area, the
difficult conditions under which the work was done, and
the development of the science of geology of that time,
the map is remarkably good. It shows approximately
the areas underlain by the pre-Cambrian rocks and by
the major members of the sedimentary strata up to the
base of the volcanic rocks. It shows but a few sub-
divisions within the volcanic rocks and those are lith-
ologic rather than stratigraphic. The San Juan tuff
and part of the Conejos quartz latite are mapped as
trachytic breccia, the basalt and latite of the Hinsdale
formation and some other dark basaltic rocks as basalt,
and most of the other rocks as trachorheite.

EARLY PROSPECTING

In 1860 Charles Baker with six men went to the San
Juan Mountains in search of placer gold. They reached
the vicinity of Silverton, found some gold, and sent out
glowing accounts of their find. They made their head-
quarters at Animas City, and prospected the heads of
the Gunnison, Uncompahgre, and San Miguel Rivers.
Others joined them, but this find proved disappointing,
and in 1861 they were driven out by Indians. In 1868
Baker returned to the San Juan country and was killed
by Indians. In 1869 and 1870 Adnah French and seven
companions came from Arizona to prospect in the area.
They prospected at the head of the Mancos River and
found some ore. They were constantly harassed and
threatened by the Indians.

Ore was found at Summitville in 1870 and in the next
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few years many prospectors came into the mountains.
Many of the mines in the area were located in the decade
from 1870 to 1880. In 1874, Enos Hotchkiss, who had
charge of the construction of the Toll Road from
Saguache to the Animas, found rich float near Lake
City and started a mining boom in that locality.

Ore was not found at Creede until 1890 when N. C.
Creede located prospects near Sunnyside. The Creede
area soon had a great boom and in 1891 the Amethyst
vein was found.

~ EARLY SETTLEMENTS

Probably the first permanent settlement by white
men made in or near the San Juan area was at Costella,
in the southern part of the San Luis Valley, in 1849.
San Luis was settled in 1851. In 1852 Fort Washington
was built near the present sight of Fort Garland. In
1854, fifty Mexican families from New Mexico, led by
Lafayette Head, settled at Guadalupe, near Conejos.
Settlers soon spread north and in 1864 four Mexican
families settled on San Francisco Creek near Del Norte,
and in 1871 a few Americans moved to this area. The
settlement was known as Loma. Following the dis-
covery of gold near Summitville, the town of Del Norte
was organized and grew rapidly as a main gateway to
the mines of the San Juan area. The first settlement
near Saguache was on Kerber Creek, above Villa, in
1865 and Saguache was established the following year.
The Los Pinos Indian Agency was established in 1868
and soon the valleys of the Gunnison River drainage
basin were occupied by white settlers. Most of the
other towns of the area were established between 1870
and 1890.

The Denver & Rio Grande Western Railroad
Company completed a railroad to Alamosa in July
1878, extended it to Espanola, N. Mex., by way of
Antonita in 1880, and built the line up the Rio Grande
to Wagonwheel Gap in 1883.

About 1875 a wagon road was constructed up the
Rio Grande and across the Continental Divide to
Silverton. The upper part of this road in the head of
the Rio Grande has been impassable for many years.
In 1874, Enos Hotchkiss constructed a toll road from
Saguache to Lake City and in 1880 Otto Mears con-
structed a wagon road across Dallas divide to Telluride.

GEOGRAPHY

The San Juan Mountains area lies in southwestern
Colorado, as shown on the accompanying relief map
(ig. 1). The area included in the San Juan maps
(fig. 2 and pl. 1) is about 125 miles in an east-west
direction and 105 miles in a north-south direction.
The area covered geologically is about 12,000 square
miles, about one-eighth of the State of Colorado.

Nearly all of the area included on the map is moun-
tainous and the only large area of flat land in or adjoin-
ing the mapped area is the San Luis Valley, which
borders the San Juan Mountains on the east.

In the eastern part of the mapped area southwest of
Antonita, a range of mountains which is an arm of the
San Juan Mountains extends for many miles into New
Mexico. However, in most of the southern part of the
area the high San Juan Mountains give place on the
south to a surface of moderate relief cut in nearly
flat-lying Cretaceous and Paleocene and FEocene
sedimentary rocks and characterized by rounded
slopes, with canyons and mesas. The main mountain
front rises sharply in cliffs several thousand feet high
above this area of soft sedimentary rocks, and the
streams emerge abruptly from deep, rugged canyons in
the mountains to broader, more open valleys with gentler
slopes cut in the softer rocks.
~ On the west the high mountains are formed of gently
dipping sedimentary rocks and they grade westward
into a terrain of less relief, characterized by canyons
and plateaus. To the north the San Juan Mountains
are bounded by the Gunnison River and Tomichi
Creek, which flow in a gentle syncline bordered by high
mountains to the north and south. Thus they differ
from most of the mountain masses of Colorado which are
elongated mountain ranges. The San Juan Mountains
are quadrilateral, with their eastern side longer than
the western. The mountain mass has the general
form of an undulating plateau and an altitude that in
most places is about 12,000 feet. The plateau is
deeply dissected, and ends abruptly in cliffs to the
south, less abruptly to the west, and has relatively
gentle slopes on the north and east. The high moun-
tains are underlain by wvolcanic and pre-Cambrian
rocks, and the bordering lower land by Cretaceous and
younger sediments:

CONTINENTAL DIVIDE

The Continental Divide, as shown in figures 1 and 2,
winds in a sinuous but general southwesterly course
from a point near the northeast corner of the region
to the head of the Rio Grande, about 30 miles west of
the center of the region. Thence it swings around to
the south and southeast and leaves the region at a point
about 30 miles west of the southeast corner.

DRAINAGE

This region furnishes water to the three great river
systems of the Southwest. A very small area near the
northeast corner drains into the Arkansas River and
thence -southeastward into the Mississippi. The
remainder of the area east of the Continental Divide,
including most of the eastern part of the region, is
drained by the Rio Grande, which heads near the
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FI6URE 2—Map of the San Juan region, Colorado, showing the outline of quadrangles.

center of the mountains and flows east for about 100
miles and thence south to the Gulf of Mexico. In the
area west of the Continental Divide are the headwaters
of many of the main branches of the Colorado River,
which flows southwestward into the Gulf of California.
The major branches of the Colorado heading in the
region are the Gunnison River, which drains the northern
part, the Dolores River, which drains the western
part, and the San Juan River, which drains the southern
part.
ALTITUDES

The lowest point on the mapped area is near the

southwest corner and is a little below 5,000 feet in

altitude. Only a few of the streams leave the region
at altitudes much below 6,000 feet. The total area
below 6,000 feet is very small, and the area below 7,000
feet is much less than 1 percent of the whole. The
great San Luis Valley is nearly 7,500 feet above sea
level. Only about a quarter of the area is below 8,000
feet, and most of that is in the extreme southern,
eastern, or northwestern parts.

The highest point in the region is Uncompahgre
Peak, in the southwestern part of the Uncompahgre
quadrangle, which is 14,306 feet above sea level. The
14 peaks that rise above 14,000 feet are shown on
plate 4 and are listed below.
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TasLn 1.—Peaks higher than 14,000 feet in the San Juan region

Alti-
Name tude Location
(feet)

Handios PeaKe o ovoooacnoaaaaooo 14,008 East of center of Silverton quadrangle,

Wetterhorn Peakoooooooooooooao. 14,017 Southeastern partof Quray quadrangle.

Sunshine Peak. oo ocuooioaomaaa ooz 14,018 Northwestern part of San Cristobal
quadrangle.

Wilson Petke o oamoaaaaoaa.. -e-- 14,026 West of center of Telluride quad-
rangle.

Unnamed peak near Mount Eolus. 14,030 Near center of Needle Mountains
quadrangle.

Stewart PoaKe e cocamncaiaaanan 14,032 Southwéstern part of Cochetopa quad-
rangle.

Redeloud Peak.oooooeoooaoooio. 14,050 Northwestern part of San Cristobal
quadrangle.

Sunlight Penk. o ooomeaoaiioe 14,053 Near center of Needle Mountains
quadrangle.

Mount Eolus_ o oooeeoooieio. 14,079 Do.

‘Windom Mountain.............._. 14,084 Do.

Sneffels Penka oo oonennaooaaaaas 14,143 Near south border of Montrose quad-
rangle.

San Luis Peak. oo 14,149 Northwestern part of Creede quad-
rangle.

Southwestern part of Uncompahgre
quadrangle.

Hundreds of peaks and ridges, some of them 6 or 7
miles long, rise about 13,000 feet. Timberline is at
about 11,500 to 12,000 feet, and many long, broad, rela-
tively flat stretches, covered with grass or low alpine
vegetation, lie above timberline. About 5 percent of
the whole region is above 12,000 feet. The highest
mountains are in the western part. High peaks and
ridges, in large part above timberline, are also present
north of the Rio Grande, and are fewer to the south,
chiefly about the head of the Conejos River.

Notwithstanding the high altitude, the range of alti-
tude within the region is not as great as might at first
be expected. The difference between the lowest and
the highest points in the region is a little more than
9,000 feet. In general, the main mountain mass be-
gins at an altitude of 8,000 feet. In few places is the
climb from the main valleys to the crest of the highest
peak more than 5,000 feet, but it is nearly 5,000 feet
in many places.

VALLEYS

The San Luis Valley is the only large valley in the
region and it lies chiefly east of the mapped area. This
valley is about 80 miles long in a north-south direction
and averages about 30 miles in width. It is nearly flat
but has some hills that rise as much as 2,000 feet above
the floor of the valley in its southern part. The Rio
Grande flows into the valley from the San Juan Moun-
tains on the west, follows the valley west and south in
a shallow trench, and near the Colorado-New Mexico
line it plunges into a sharp canyon. The old floor of
the valley continues for many miles southward into
New Mexico on both sides of the canyon of the Rio

Waest of center of Telluride quadrangle.

Grande. Northward, the flat valley ends with a rounded
border east of Saguache, and San Luis Creek flows
in a narrower strip of low hills that extend to Poncha
Pass where its valley is abruptly truncated by the can-
yon of the Arkansas River. On the east, the San Luis
Valley gives place abruptly at a steep fault scarp to the
Sangre de Cristo Range. On the west the volcanic
rocks of the San Juan Mountains rise gradually above
the floor of the valley. The valley is underlain by a
thick deposit of sands and gravels and all except a few
of the large streams sink into these beds before reaching
the Rio Grande.

Small valleys parallel many of the streams, but few
of them are more than 1 or 2 miles in width. Mesas are
common in the sedimentary area below the high moun-
tains in the southern and western parts of the region.
They are few and small in the high mountains and where
present are commonly underlain by lava flows of ba-
saltic or hard layers of rhyolitic rock. Except for the
few valleys and mesas nearly all of the region is occu-
pied by rough, rugged mountians.

CLIMATE

The following description is taken largely from Sherier
(1925). The climate varies with the altitude and ex-
posure, but the country is nearly everywhere so high
that the summers are short and relatively cool and the
winters long and severe. The climate of the lower lands
is well illustrated by that of San Luis Valley, which has
an altitude of a little over 7,500 feet and is rather arid,
the average annual precipitation being only abut 7
inches in the main valley and 8} inches at Saguache.
The precipitation is greatest in the summer. July and
August have frequent thunder storms and are the wettest
months. June is commonly dry. The snowfall is light.
The summer temperatures are moderate, the average
for July and August being a little over 60°. Tempera-
tures as high as 100° F. have been recorded, but the
altitude is so great and the air so dry that it is com-
fortable in the shade even on the hottest day. The
nights are always cool. The average temperature in
January is from 13° to 20°, but temperatures as low as
—34° have been recorded. At the higher altitudes the
summer temperatures are below average, but the winter
temperatures may not be. The lowest temperatures
are in mountain valleys or parks where the air drainage
is poor. The highest night temperatures during cold
spells occur at places where the wind is strong, usually
below the larger canyons. The sky is nearly always
clear, and the sunshine is much brighter than at lower
altitudes. Extremes of temperature are therefore less
trying, because it is nearly always cool in the shade, and
the sun is unusually warming. The summers are short,
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though longer in the lower parts of the region than in
the higher parts. Frosts are not uncommon in June
and September, and they have been recorded for every
month of the year. - The summer period without frost
ranges from 48 to 178 days.

Owing to the influence of the mountains, weather
conditions are much more uniform from day to day
than in most other places. Severe cold waves are com-
paratively rare.

The winds are usually light and blow toward. the
mountains in the afternoon. After sunset the wind sub-
sides, but toward morning a light breeze blows from the
mountains. At the summits of the mountains the pre-
vailing winds are from the west and are frequently very
strong.

Along the southern and western slopes of the moun-
tains the precipitation is somewhat higher than else-
where. It averages about 20 inches at Durango. In
the mountains the precipitation is higher, reaching 40
inches or more, and more uniformly distributed through-
out the year. The snowfall averages 250 inches at
Cumbres, in the southwestern part of the Conejos quad-
rangle, at an altitude of 10,011 feet, and snowfalls as
great as 40 feet have been recorded in other parts of
the mountains. In the higher mountains the winter
snows remain in patches well into July, and in a few
protected places snow banks may remain throughout the
year. Severe thunderstorms occur nearly every day
throughout most of July and August. After the first
real snowstorm they cease, and a month or more of
clear weather without precipitation may be expected.
The roads in many of the high passes are not open much
before July 1, and they may be blocked again by snow
before the end of September.

TIMBER AND VEGETATION

The vegetation varies with the altitude. In the
lower, drier parts there are no trees, but only grass,
herbaceous plants, sagebrush, and other low shrubs.
On the western border of San Luis Valley a like flora
prevails up to an altitude a little above 8,000 feet, but
the growth varies greatly with the soil, exposure, and
other factors. On the southern slopes scattered pines
grow among the sagebrush at a much lower altitude. In
some places pifion and cedar grow at lower altitudes
than the pines.

The timber continues up to an altitude of about
12,000 feet. On some southern lower slopes pine is the
only tree, but on the mountains as a whole spruce is
the chief tree and it forms great forests. Fir is less
abundant. Dense growths of aspen cover the slopes
where the spruce has been removed by forest fires or
otherwise. Scrub oak forms almost impenetrable
thickets in places, chiefly on the lower, southern slopes.

Near timberline the spruce is small and much
deformed by the wind, and within a short distance it
ceases. Above this the slopes are covered with grass,
flowers, and low shrubs of alpine types. Willow is
probably the chief shrub.

Wild flowers are present in great variety, with the
alpine types at high altitudes and more familiar types
on the slower slopes. Above timberline the alpine
flora forms a delicate carpet of the greatest beauty.
On the lower slopes, in any place where the timber is not
too dense, the profusion of flowers gives to fields and
hills solid masses of color. The dainty blue Colorado
columbine (Aquilegia caerulea), the State flower, is one
of the most attractive though not the most common.
Great fields of blue larkspur are common on the south-
ern and northwestern slopes below the timber. Paint-
brush, monkshood, lupine, and many other flowers
grow in the greatest profusion.

POPULATION AND INDUSTRIES

The population of the San Juan region is about
58,000. It is distributed chiefly in-the -valleys near
the borders of the mountains and in the mining towns.
In the mountain valleys are scattered ranches. A few
prospectors live among the mountains, and in the sum-
mer the cattle and sheep herders and the forest rangers
travel nearly everywhere. The summer population is
greatly increased by tourists who come from the hot
lowlands to enjoy the beauty and coolness of the
mountains.

The chief industries of the region are farming and
stock raising, together with mining and lumbering.
Care for the increasing number of tourists is becoming
an important item.

Sheep are raised in great numbers, commonly from
1,000 to 3,000 to a herd. The usual practice is to graze
them in the higher mountains, in part above timberline,
during a few months in the summer, but they must
be out before the first heavy snow and taken to the
lower countries for the winter. Great numbers of
cattle also graze in the mountains during the summer,
chiefly on the lower slopes. For many months in the
winter they must be fed in the valleys.

Hay for the stock is probably the largest agricultural
product, but many other crops are raised. Fruit is
grown in the low valleys near Durango and Montrose.
San Luis Valley is too high for the growing of fruit,
but many carloads of potatoes, summer lettuce, peas,
cauliflower, and other cool-weather vegetables are
shipped from the valley each year.

The chief mining products are coal, lead, zinc, silver,
gold, copper, fluorite, bentonite, and building stone.

Spruce timber is cut throughout the mountains,
chiefly for local use or for railroad ties. Pine was for-
merly sawed in large mills near Pagosa Springs.
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RAILLROADS, ROADS, AND TRAILS

A single standard-gage railroad enters the region
from the east—the Denver & Rio Grande Western
Railvoad, from Denver, Pueblo, and Alamosa to Creede,
near the center of the region. A standard-gage railroad
barely enters the area from the north at Montrose.
A group of narrow-gage railroads, all belonging to the
Denver & Rio Grande Western system, formerly
encircled the region,

Good automobile roads cross the mountains in many
places. In some places where 20 years ago a difficult
saddle trail was the only means of travel there is now
a fine automobile road. All these roads lead through
picturesque country, and many of them follow impres-
sive canyons and cross high divides where they afford
many attractive views. The road from South Fork,
on the Rio Grande, over Wolf Creek Pass, more than
10,800 feet above sea level, to Pagosa Springs takes the
traveler over high mountains and along deep canyons.
That from Durango to Silverton and Quray is equally
picturesque and crosses the divide at an altitude of
more than 11,000 feet. The road from Lake City to
Creede crosses the divide at the head of Slumgullion
Gulch at an altitude above 11,300 feet and two other
divides at nearly 11,000 feet.

Besides the main roads there are roads to ranches,
mines, or sawmills in many places. Yet much of the
country is inaccessible to the automobile, and one who
is not familiar with handling an automoblie in rough
country had best stick to the main roads or to roads of
which he has reliable information.

The higher mountains and rougher country are in
national forests, and the Forest Service has built
excellent trails nearly everywhere, so that by horse the
arven is rather accessible. In spite of the ruggedness
of the mountains and the timber, an experienced
mountaineer with a horse trained in mountain work can
ride over much of the country without a trail.

CONTEMPORARY WORK

Most of the published reports dealing with the geology
of the volcanic rocks of the San Juan Mountains have
described small areas around mining camps. In such
studies the volcanic rocks are separated into much smal!-
er units than those used in this report and the mapping
is much more detailed. However, it is not possible to
recognize the broader features of the volcanism from the
study of small areas. Reports on the Bonanza and the
Platoro-Summitville districts have been made for the
Colorado Geological Survey by Patton (1916, 1917).
Burbank studied the Telluride and Silverton areas
(1933, 1941), the Ouray district (1930, 1940) and the
Bonanza District (1932) for the United States Geo-

logical Survey. Emmons and Larsen (1923) have
described the Creede District. ,

As outgrowths of the San Juan studies, many papers
have appeared. Some of the longer papers are:

1. Hunter’s (1925) description of the pre-Cambrian
rocks of the Gunnison Canyon.

2. Larsen’s (1942) description of the alkalic rocks of
Iron Hill.

3. The description of the minerals of the lavas of
the San Juan Mountains by Larsen, Irving, Gonyer,
and Larsen (1936, 1937, 1938).

4. The descriptive geology of the Lake City area by
Cross (1911).

5. A preliminary report on the area by Cross and
Larsen (1935).

Seven folios of the Geological Survey Atlas of the
United States describing the area have been published.

The most important recent publications on the
stratigraphy of the area are a paper by Baker and
Reeside (1929) on the Permian, one by Baker, Dane
and Reeside (1936) on the Jurassic, and another by
Reeside (1924) on the Upper Cretaceous and the
Tertiary. Knowlton (1923, 1924) has given a detailed
description of the flora from different collections made
by the authors of this report from the San Juan volcanic
rocks, thus establishing the age of the volcanic rocks.

PLAN OF THE REPORT

The main subject of this report is the igneous rocks
of the San Juan Mountains. The largest areas of
pre-Cambrian and sedimentary rocks are in the western
and southern part of the area. The largest bodies of
such rocks in the western part of the mountains are
either in or near areas that have been described in the
published reports. '

The San Juan tuff and the Silverton volcanic series
are best exposed in the western part of the area and,

" because they have been already described, they will be

described only briefly in this report.
Throughout this report, in order to reduce its length
and to avoid tedious detail, much material that would

.be required on a report in a small area has been omitted.

Nevertheless, in order to furnish some detail to the few
who might be especially interested in a particular area
or a particular problem, much detail that will have
little interest to the general reader has been included.

" FIELD WORK

At the time most of the field work was done there
were roads near the towns and up the main valleys but
much of the area was many miles from a road. A large
part of the area is in National Forests and the Forest
Service maintains many good trails; not many parts of
the area were more than a few miles from such trails.
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In recent years the old roads have been much improved
and many new roads have been constructed. Some of
these traverse beautiful rugged mountains and cross
high divides. Even now, some parts of the area are
many miles from a road.

We camped in the mountains in places convenient to
our work. Beautiful campsites were common, excellent
water was abundant in nearly all parts, and wood could
be found nearly everywhere below timberline. Feed
for stock was excellent in most parts of the mountains
and most of the time our stock kept in fine condition
with no feed other than the grass they could find near
camp. We moved camp by a pack train of mules. So
far as possible we worked from horseback and it is
remarkable how large a part of these rugged mountains
can be traversed, without trail, by a good horse that is
trained to mountain work. Of course, much work had
to be done on foot, as the local relief is commonly
several thousand feet. . :

Topographic maps were used as bases for mapping
except in the Cochetopa and Saguache quadrangles.
Location was established by pace-and-compass traverses
wherever possible. But in the rugged areas it was
established largely by the use of barometer to check
elevation with reference to drainage. A barometer
works well if used with discretion and checked frequently
with points of known altitude. A pocket level is help-
ful. In places the contacts were traversed, especially
those of the pre-Cambrian and intrusive rocks, because
such contacts are commonly very irregular. In many
places where cliffs make it impossible to traverse the
contacts, the contacts were crossed at places rather
closely spaced and the contacts sketched in between.
Commonly, this can be done satisfactorily, as most of
the contacts can be seen in the cliffs for some distance,
and they can be located from the topography or by
levelling with a pocket level along the cliffs or across a
canyon.

Many thousands of specimens were collected in the
course of the work and several thousand thin sections
were prepared. In the volcanic formations, where the
thickness and sequence of rocks change rapidly, many
of our collections represent systematic sections from
good cliff exposures of a formation, and such systematic
collections and sections are very useful. Some speci-
mens were collected less systematically and were found
to be of little value.

For so large a study as this one, it is highly desirable
that the geologists hold frequent conferences while in
the field and discuss the problems that have recently
arisen in the work, the conclusions that seem to be
justified, and the hypotheses that seem to be worthy of
further consideration as the field work progresses.
Concise, complete records should be made of these and

of the distribution and character of the rocks, the rela-
tions among the various rocks, the structure, and other
features. At such a time it would be well to study and
compare megascopically the specimens that have been
collected and to discard many of the duplicates.

ROCK CLASSIFICATION

For classifying the rocks, the system of Johannsen
has been followed. To make the fine-grained rocks
strictly comparable to the granular rocks, all the avail-
able data have been used—such as texture, chemical
analyses, and in some rocks X-ray data—to interpret
the composition. Thus, if a granular rock is called a
granodiorite, a lava flow from the same magma would
be a quartz latite. In doing this, many rocks that were
originally called andesites or even basalts are called
quartz latites, as the available evidence shows that the
rocks must have both a silica mineral and orthoclase.
From a study of rocks that are coarse enough to analyze
with the microscope, it is found that most rocks of the
type found in the San Juan area will have about the
same amount, or somewhat more, quartz than is shown
in the norm. They will have orthoclase or microcline
if the norm shows more than 10 percent of orthoclase.

QUANTITATIVE MINERAL DETERMINATIONS

For all of the rocks analyzed since 1909 careful de-
terminations of the amounts of each kind of phenocrysts
have been made and the probable error of these deter-
minations is believed to be 1 percent. To attain so
high a degree of accuracy great care must be taken,
because some of the phenocrysts in many of the rocks
occupy areas as great or greater than 25 square milli-
meters. Rosiwal determinations made for such rocks,
using ordinary thin sections, may be in error by several
percent. Large thin sections with an area of at least
500 sq mm were used in this work, and for many of
the rocks two or more such sections were used. For
many of the rocks a further check was made by sepa-
rating the minerals by an electromagnet and heavy
liquids and carefully estimating with the microscope
the small amounts of contaminating minerals in each
fraction. For most lavas the groundmass is strongly
magnetic and can be separated from the phenocrysts
with an electromagnet. A few of the rocks are seriate
porphyritic and for these it is not possible to estimate
accurately the amount of the phenocrysts. However,
for most of the rocks the phenocrysts and groundmass
are rather sharply distinct.

COMPOSITION OF THE GROUNDMASS

A careful study of the phenocrysts of the lavas of the
San Juan area, including many chemical analyses, has
been made (Larsen, Irving, Gonyer, and Larsen, 1936,
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1937, 1938). By use of these data and the mineral
analyses, the compositions of the groundmasses of the
analyzed rocks have been calculated. The chemical
compositions of the groundmasses are believed to be
only a little less accurate than are those of the rocks
themselves. The groundmasses fall nearly as close to
the curves of the variation diagrams as do the rocks.
For several rocks the original analyses did not fit the
variation curves, and the calculated groundmass did
not fit the curves in about the same way. Corrected
analyses fit the curves, and the groundmass calculated
with the new analyses also fit the curves.

VARIATION DIAGRAMS AND CHEMICAL ANALYSES

Variation diagrams (Larsen, 1938) made in the early
part of this study have most of the points very near
smooth variation curves. A point was considered satis-
factory if it fell within 0.4 percent of the curve for most
of the oxides and a little farther from the curve for
Si0; and AL O;.  Alumina is especially erratic. If, for a
rock, one of the oxides does not fit its curve, many of
the other oxides are likely not to fit their curves. All
of the rocks that were erratic were carefully examined
to determine whether alteration or some unusual
feature would account for the erratic composition.
Where no reason for the erratic composition was found
and where material was available, a new sample was
prepared and a new analysis made by F. A. Gonyer.
A new sample was used, because the erratic character
of the analysis may have been due to improper sampling.
Thirteen new analyses were made and, as the alkalies
were the most erratic oxides, 8 additional determina-
tions of the alkalies were also made. The duplicate
analyses of these 13 rocks, together with duplicate
analyses of 2 other lavas of the San Juan area, are given
in table 2. Column 14 gives for each oxide the average
difference between the duplicate analyses for that oxide.
Table 3 gives the additional 8 duplicate determinations
of the alkalies and, in column 9, the average difference
between the duplicate analyses for the 16 rocks for
which duplicate alkali determinations were made.

It should be emphasized that the difference between
the duplicate analyses and the original analyses is in
part due to sampling and that it is greater than the
average for check analyses, because duplicate analyses
were made only where there was reason to doubt the
accuracy of the original analysis.

In tables 2 and 3 Gonyer is low in all but one CaO de-
termination and in most of the TiO,, H,O, and K;O
determinations; he is high in most of the Fe,O; determi-
nations. The average difference between the duplicate
analyses for Fe,0;4FeO is 0.48.

When the 60 analyses of rocks from the Potosi vol-
canic series are plotted on a variation diagram, about

20 percent of the points for SiO; and AlO; fall off the
curves by 1 percent or more; about 25 percent of the
points for FeO, 20 percent of those for MgO, K,O, and
Na,0, and 10 percent of those for CaO fall off the curves
by more than 0.4 percent. About half of the erratic
points represent altered rocks or tuffs. One rock that
falls very far from the curves is a welded tuff, with
abundant tridymite as a cement. If 30 percent of SiO,
is deducted from the analyses and the corrected analyses
are calculated to 100 percent, the rock fits the diagram
very well. A few of the fresh, typical rocks (for one
— DN. 68 — a duplicate analysis is available) fall far
from the variation curves. The variation curves show
that most of the rocks of a restricted petrographic
province fall on or near smooth variation curves but
that a few of the rocks do not. The groundmasses fall
about as near the curves as do the rocks.

ROCK FORMATIONS AND THEIR RELATIONS

The rock formations and the chief geologic events of
the area are arranged, like a columnar section, from
youngest to oldest so far as is known, and are briefly
characterized in the following pages.

CENOZOIC

QUATERNARY
Alluvium. Landslides, rock streams, glacial deposits, sands, and
gravels. They are of small extent except in the San Luis

Valley. Slight to moderate thickness.

Latite and basalt. Local flows and associated pyroclastic ma-
terial, found only in the central part of the Conejos and south-
western part of the Summitville quadrangle. Thickness, 50
feet.

Elevation of the area more than 3,000 feet to a dome or warped
plateau. The slopes were relatively steep near the borders
of the dome and undulating in the main part. Elevation took
place throughout the early Pleistocene and was nearly com-
plete at the time of the last glaciation. Erosion accompanied
and followed the elevation to form the present mountains.

TERTIARY
Pliocene (?)

Hinsdale formation. Spread over the San Juan peneplain.

Basalt and latite. Basalt formed a plateau many miles
across in the southern part of the area. Low domes,
chiefly of latite, formed in the mountains. Common
thickness, 200 feet.

San Antonio Peak voleanic domes. Several volcanic domes
of cristobalite latite rise above the plateau of basalt of
the Hinsdale formation in New Mexico, southeast of An-
tonito. Maximum height, 2,000 feet.

Rhyolite. In the San Cristobal and Uncompahgre quad-
rangles rhyolite is a welded tuff with conspicuous pheno-
crysts of smoky quartz and glassy sanidine (moonstone’
variety). In the Summitville and Del Norte quadrangles
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