‘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