ENGINEER DEPARTMENT, U. S. ARMY.

REPORT

UPON

UNITED STATES GEOGRAPHICAL SURVEYS

WEST OF THE ONE HUNDREDTH MERIDIAN,

IN CHARGE OF

CAPTAIN GEO. M. WHEELER,

CORPS OF ENGINEERS, U. S. ARMY,
UNDER THE DIRECTION OF

BRI1IG. GEN. H. G. WRIGHT,

CHIEF OF ENGINEERS, U. S. ARMY.
PUBLISHED BY AUTHORITY OF THE HONORABLE THE SECRETARY OF WAR,
IN ACCORDANCE WITH ACTS OF CONGRESS OF JUNE 23, 187, AND FEBRUARY 15, 1875,

IN SEVEN VOLUMES, ACCOMPANIED BY ONE TOPOGRAPHICAL AND ONE
GEOLOGICAL ATLAS.

VOL. IIL—SUPPLEMENT—GEOLOGY.

WASHINGTON:
GOVERNMENT PRINTING OFFICE.
1881.



FORTY-THIRD CONGRESS, FIRST SESSION.
CHAPTER 455.
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* * #* # * * * *

For engraving and printing the plates illustrating the report of the geographical and geological explorations
and surveys west of the one hundredth meridian, to be published in quarto form, the printing and binding to be
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* ¥ »* * W * i » *

Approved June 23, 1874,
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of the report shall be printed by the Congressional Printer,” after substituting the word ‘“dollars” in lieu of
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Approved February 15, 1875.

FORTY-FOURTH CONGRESS, FIRST SESSION.

Mr. VANCE, of Ohio, from the Committee on Printing, reported the following resolution; which was read,
considered, and adopted :

“ Resolved by the House of Representatives (the Senate concurring), That the following distribution shall be
made of the reports of the United States geographical surveys west of the one hundredth meridian, published in
accordance with acts approved June 23, 1874, and February 15, 1875, as the several volumes are issued from the
Government Printing Office, to wit: Nine hundred and fifty copies of each to the House of Representatives, two
hundred and fifty copies of each to the Senate, and eight hundred copies of each to the War Department for its
uses.” .

March 29, 1876. (See Congressional Record, vol. 4, part 3, page 2037.)
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LETTER OF TRANSMITTAL.

Unitep StaTES ENGINEER OFFICE,
GeoGrAPHICAL SURVEYS WEST oF THE ONE HunDREDTH MERIDIAN,
Washington, D. C., February 24, 1881.
Brig. Gen. H. G. WrieHT,
Chief of Engineers, United States Army :

I have the honor to forward the manuscript of a report by Prof. John
J. Stevenson, intended to be published in quarto form in pursuance of acts
of Congress approved June 23, 1874, and February 15, 1875.

Mr. I. C. Russell accompanied the party, and his assistance is recog-
nized in the body of the report. :

The collections have been transmitted to the National Museum.

The work has been well and faithfully done, as the report attests, and
the maps, based upon the topographical sheets as originals, afford a clear
understanding of the geological formations.

Professor Stevenson acknowledges the desirable advantages of the
map in hand to assist in prosecuting his examinations with more rapidity
and certainty.

This report. is the last of those from this office that bear especially
upon geological examinations.

Very respectfully, your obedient servant,

Geo. M. WHEELER,
Captain of Engineers.
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University oF THE City oF NEw YORk,
New York, January 15, 1880.

Sir: Herewith I submit my report upon work done in Southern Colo-
rado and Northern New Mexico during the year 1878-79.

Mr. I. C. Russell accompanied the party as collector in 1878, and the
material sent in was obtained chiefly by him. Mr. Russell occasionally
rendered some service in the geological work, as is mentioned in the
report.

The officers at Forts Garland and Union gave generous assistance,
which aided greatly toward the covering of a much larger area than would
have been possible without the co-operation of those gentlemen. Especial
mention should be made of the many favors received from Captain Shork-.
ley, of Fort Garland, and Major Belger, of Fort Union.

Let me acknowledge the cordiality and the promptness with which you
have furnished every facility for the work. Whatever of merit the report
may possess is due very largely to your judicious co-operation.

' Very respectfully yours,
J. J. STEVENSON.

Capt. G. M. WaeeLer, Corps of Engineers,
In charge of United States Geographical Surveys
West of One hundredth Meridian.



NOTE.

The maps colored for this report were prepared by topographical parties under the
command of Lieutenant (now Captain) Wheeler, and were in readiness before the writer
took the field, so that the geology was sketched in while the examinations were in
progress. It gives me much pleasure to bear testimony to the accuracy of the topog-
raphy, which did much to lessen the labor of the geologist.

The cross-sections were constructed by Mr. Maxson, who made the topographical
study of much of the area represented by maps 70 A and 70 C. The structure given
in the southern section between the Rio Grande and the Truchas Peaks may be hardly
exact. It was copied from reconnaissance sketches made by Prof. E. D. Cope and Dr.
Oscar Loew while they accompanied the topographical parties; but errors in structuare
shown in the section cannot be charged against those gentlemen, since their original
notes were not at hand for examination.

J. J. 8.
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CHAPTER I

GENERAL PHYSICAL FEATURES.

The region examined during the seasons of 1878 and 1879 extends
north to north latitude 37° 20, and embraces parts of North Central New
Mexico, and South Central Colorado. It lies wholly east from the cafion of
the Rio Grande, includes the mountain area of the Spanish ranges to their
southern termination, and takes in the eastern plains to west longitude
104° 7' 307. But of this region a strip between the Rio Grande and the
mountains, lying south from north latitude 36° 40" was not visited; and
the total area colored on the maps is not far from 10,000 square miles.

The Spanish ranges, which are virtually a continuation of the Sangre
de Cristo Range of Southern Colorado, occupy the western side of the area
and terminate near north latitude 35° 200, They are narrow at the north,
where but one range, the Culebra, exists; but that range divides and sub-
divides southward until the Santa Fé, Las Vegas, Mora, and Cimarron
Ranges represent the Culebra, and the width of the mountain belt, barely
ten miles at the northern border of the district, becomes forty miles at the
latitude of Rayado Cafion. Thence southward, the gradual diminishing of
the axes causes decrease of elevation in the ranges, which disappear at last
in a great plain at the south. The ranges as designated on the maps were
determined by the topographers, and they do not coincide in every case
with the geological axes to which I have applied the same names.

A gently-sloping plain stretches from the mountains to the Rio Grande
at the west; but broken country intervenes between the mountains and
the Canadian Plains at the east, while southward beyond the termination
of the great mountain axes is a mesa region, with here and there a short

local axis marked by an abrupt ridge.
(15)



16 GEOLOGY.

This district includes portions of two great drainage areas—that of the
Arkansas and that of the Rio Grande—and lies wholly east from the con-
tinental divide.

The Arkansas River itself is not reached by the district, and that part of
its area to be described in this report is drained by the Purgatory and the
Canadian, the one entering the Arkansas at Las Animas, seventy miles east
from Pueblo, while the other, flowing southward and then eastward, enters
the river at about forty miles west from the eastern boundary of the Indian
Territory.

The Arkansas area is separated from that of the Rio Grande by high
mountains at the west and by an almost imperceptible divide at the south.
It is shown on maps 70 A and 70 C, which exhibit also the peculiarities of its
topography. The region embraced by map 70 A has a broken area between
the mountains and the plains, which, at the southern line of Colorado,
reaches eastward to beyond the limits of the district. This broken area,
extending southward to barely beyond the border of that map and holding
the important coal-beds of the Laramie group, has as its eastern boundary
a bold bluff, from 300 to 500 feet high, which is unbroken both north and
south from the Raton Plateau, save by narrow cafions through which the
streams flow. The transition on the west side from the broken to the
mountain region is as distinct as that to the plains.

The features are somewhat different within the space shown by map
70C; for there, instead of the chopped surface, a mesa intervenes between
the mountains and the plains; the plains themselves are more forbidding
than they are farther north, as the hard Dakota sandstone has not yielded
readily to erosion, and the plain, instead of sloping to the rivers, is broken
by the deep cafions in which the streams flow.

The Rio Grande is practically the western boundary of the district
assigned, but unfortunately it could not be reached at any locality south
from the line of Colorado Creek on map 69B. Narrow plains intervene
between the west base of the mountains and the cafion of the river, which
are cut by numerous streams to which reference will be made in another
part of this chapter. Much of the Rio Grande area is covered with rugged
mountains, but these break down southward into the mesa region, which
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is continuous with the great plains of the Arkansas in Colorado and the
[ndian Territory, and of the Rio Grande in Texas.

THE STREAMS.

The Purgatory River isformed by the union of several large streams near
the foot of the Culebra Range, which drain the eastern slope of that range
from the northern edge of the district almost to the southern boundary of
Colorado. The river flows eastward through the Laramie area in a valley
of varying breadth, which nowhere contracts into a close cafion below the
mouth of the South Fork. It receives numerous tributaries from both sides,
most of which have cafions varying in width from closeness to open parks.’
The course of the Purgatory through the plains is northeastward for about
fifteen miles, beyond which it is southeastward.

- TheCanadian River of this region is the South or Red Fork of the Cana-
dian, and is known locally as the Red River, a name given promiscucusly
by the Mexicans to any stream with reddish water. It was supposed by the
early geographers to be identical with the Red River of Louisiana; but the
error was detected by Colonel Long, and afterwards the true relations of
the stream were determined by Captain Marcy during his Red River Expe-
dition. .

The Canadian River is formed by the union of Willow Creek with the
Upper Canadian nearly due west from Eagle-tail Mountain, whence it fol-
lows a rudely southward course to beyond the region examined. It drains
nearly the whole of the mountain slope between the Colorado line and
north latitude 35° 45, the whole of the Trinidad coal-field in New Mexico,
the whole of the Ocaté Mesa, and the southern slope of the volcanic area in
the northeastern part of the district. It receives many important tribu-
taries, of which Mora River, Ocaté, Cimarron and Vermejo Creeks are the
largest.

The river flows through the plains in a narrow and shallow channel-
way from the union of its forks to the old Leavenworth road, where its
cafion bégins.

Willow Creek, the more-important fork of the river, is formed by the

union of two streams which drain the southern face of the Raton Plateau
2
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and flow in close, short cafions from their heads to the plain, where their
channel-ways are similar to that of the Canadian. The Upper Canadian,
the other fork, rises midway in the Laramie area and flows through an ugly
cafion, from 200 to 700 feet deep, which seldom widens until it approaches
the plain, Thence the stream flows in a shallow trough to its junction
with Willow Creek.

Vermejo Creek, which drains a large part of the mountain region and
much of the Laramie area, is a bold stream, rising on the east slope of the
Culebra Range and crossing the Laramie area by a fine cafion to the plain,
where it flows to the Canadian in a shallow channel-way. Several of its
tributaries pass through striking cafions, and the plateau drained by them
is broken up into picturesque parks.

Cimarron Creek, formed in the trough between the Cimarron and the
Taos Ranges, by the union of two important creeks, flows through a deep and
impressive cafion to the plains. The cafion is divided by the valley of Ute
Creek, a stream which heads on the side of Old Baldy not far from South
Pofiil Creek, another tributary to the Cimarron. Several important streams
enter the creek after it reaches the plain, so that its drainage area includes
much of the Laramie region, nearly the whole of the Cimarron Mountains,
and much of the Taos Range. Its course is south of east across the plains
to the Canadian River, which it reaches at but a little way above the head
of the great caiion.

Ocaté Creek rises midway in the Ocaté Mesa and flows eastward to the
Canadian, reaching that river at three miles below the head of its cafion.
It runs through a narrow cafion to the plains, where the channel-way is
shallow, until, within a few miles of the Canadian, it becomes a rapidly
deepening cafion.

The Canadian River flows in a deep cafion from the Leavenworth cross-
ing to beyond the southern limit of the district. It is joined by the Mora
River very near the southeast corner of the region represented by map
70C, a stream which drains a huge scope of mountain region as well as
much of the plateau area between the mountains and the plains. Like the
Canadian, it flows for many miles in a close cafion, so close that for thirty
miles above its mouth there is no break for a wagon-road, and but one or
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possibly two breaks suitable for even difficult trails. Farther up, however,
the cafion widens somewhat, becomes less deep, and its walls are more or
less irregular, so that wagon-roads may be constructed at not a few local-
ities between the head of the main cafion, at Cherry Valley, and Coyote
Creek. Occasionally, as at Golondrinos, Loma Parda, and Tiptonville, it
opens into a park wide enough to admit of cultivation.

The several large streams going to make up the Mora River drain the
whole of the Mora Range and so much of the Las Vegas Range as is north
from north latitude 35° 45. They are Coyote, Mora, and Sapillo Creeks,
with some scarcely less important tributaries, known as Cebolla and
Manuelitos Creeks. All of these flow in broad cafions, which occasionally
become close, though for but short distances. For the most part they are
below the upper limit of agricultural operations, and the broad parks afford
opportunity for successful farming.

The deep cafion of the Rio Grande, following the western edge of the
area, was not reached at any locality south from Los Cerros, at the mouth
of Colorado Creek. Most of the tributaries to that river are insignificant,
though some of them drain large parts of the mountain slope.

Culebra Creek, formed in a small park or outlier of the San Luis Basin
by several small streams which unite at about eighteen miles south
from Fort Garland, flows near the northern border of map 70A, and
drains the mountain area as far south as the New Mexico line. Its forks
flow in deep cafions, which widen to neat little parks within a few miles of
their junction, below which the main stream flows westward through the
plains to the river, with but one rocky cafion on the way.

Costilla Creek, rising on the east side of the Culebra Range, breaks
through those mountains, and reaches the Rio Grande plain at Costilla,
nearly thirty miles south from Fort Garland and just on the New Mexico
line. Its sources are separated by low divides from Culebra Creek on the
one side and from Vermejo Creek on the other. The forks unite in a park,
through which the stream flows southwardly to its junction with Comanche
Creek, a tributary coming from the south, and rising in Moreno Pass.
From the mouth of that stream the course is sharply northwestward to
the plains, and the channel-way is through a magnificent cafion for some-
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what more than eight miles. Costilla Creek carries a large amount of
-water, but this is wholly drawn off for irrigating the farms at Costilla, and
the stream does not reach the Rio Grande except during extreme floods.

No other large stream exists southward until Colorado Creek is
reached at twenty miles away. Several small ones issue from short
cafions, but, like Costilla, they soon sink in the sands and are lost before
reaching the river. Colorado Creek, however, crosses the plain and sup-
plies water for irrigating farms which support a population of several
thousands. It rises on the east side of Taos Mountain and flows northward
for twelve miles through a deep and narrow cafion to almost west from Red
River Pass, where its course is changed to westward. The channel-way
from the head of the creek to the town of Colorado follows a cafion, which
is one of the most impressive within the district. The drainage area is
insignificant, as the walls of the cafion are very steep and the tributaries
are few.

Some short rapid streams were seen between Colorado Creek and the
Taos Basin, which carry much water and rise in the range which culmi-
nates in Taos Peak. They have digged out gloomy cafions in the side of
that range, and a labyrinth of gorges occurs in the vicinity of the peak.

Several large streams unite in the Taos Basin to form Taos Creek.
Pueblo Creek, formed by Lucero, Pueblo, and Ferdinand Creeks, flows across
the northern part of the basin, while Frijole Creek comes from the south
and drains the western slope of the Mora Range, as well as the eastern
slope of the U. S. Mountain. These are rapid streams and carry a great
body of water throughout the year.

Junta Creek rises near the crest of the Mora Range and flows west-
ward through a succession of bold cafions past the southern foot of the U.
S. Mountain, where it turns southwardly and enters Embudo Creek, which
is a tributary to the Rio Grande. It drains much of the Las Vegas Range
and the northern part of the Santa Fé Range.

Galisteo Creek rises near the southern extremity of the Santa Fé Range,
flows southward to beyond Galisteo,and thence westward to the Rio Grande.
It is an insignificant stream, though its arroyo seems to indicate that at
some seasons it is greatly swollen. But there must be water at no great
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depth, for at many localities a dense growth of willow and cottonwood
lines its banks. It drains an extended area within the mesa region into®
which fhe mountain ranges break down at the south, but has no tributary
carrying a constant supply of water.

The Pecos River rises in the trough between the Las Vegas ang the
Santa F'é Ranges, and flows south and southeast to beyond the district. Its
course for nearly twenty miles from the head is through a deep cafion, in
which it receives many tributaries from both ranges. Within the district
it receives Vaca Creek, rising on the west slope of the Las Vegas Range, and
carrying scarcely less water than the upper Pecos. Farther east are
Bernal, Tecolote, and Gallinas Creeks, large streams, entering the river
beyond the southern limit of the district. Bernal Creek rises in the south-
ern part of the Las Vegas Range and splits the anticlinal; but the others rise
on the east slope of that range. The Pecos enters the Rio Grande near the

Mexican border.

THE DIVIDES.

The divide between the area of the Rio Grande and that of the
Arkansas does not coincide wholly with the ranges designated on the map
as the Culebra, Mora, and Las Vegas; for in several instances streams
break through those mountains, and the divide is found as often in the
lower as in the higher ridges.

Q This divide enters the district at the north and follows the crest of the

Culebra Range for twenty-two miles of latitude to the head of Costilla
Creek, where it is thrown off toward the east; thence it continues irregu-
larly southward for twenty-one miles of latitude to Moreno Pass, where it
turns west for several miles to Red River Pass; but at that pass it resumes
a southerly course, which is retained to the head of Mora Creek, a distance
of thirty-seven miles of latitude; thence to Mount Solitario, thirty-three
miles of latitude, the course is very fortuous, though in the main south-
ward; but at Solitario its direction is wholly changed, and from the head of
Sapillo Creek it passes east and southeast across the plains. The divide,
therefore, is in five divisions, easily distinguishable by the changes in its
course.
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The first division is a great mountain range, deeply cut on each side
Py ravines, reaching far toward the interior of the range, and terminating
near the crest in deep amphitheaters. A wall of Cretaceous sandstone
follows the eastern foot of the range from the Spanish Peaks, behind which
and stretching back to the abrupt portion of the mountain are low narrow
hog-b¥ck hills through which the many streams flow in cafions. Culebra
Peak is 14,049 feet high, and other peaks rise to more than 12,000 feet, so
that this part of the divide is no less imposing than the Sangre de Cristo
range farther north. No pass, practicable for loaded animals, exists, and
the single imperfect trail, crossing immediately south from Culebra Peak,
is so difficult that even the Indians used it but little. The crest-line of the
ridge is simply a knife-edge overlooking vast amphitheaters in which there
is more or less of snow throughout the year.

The second division is by no means so grand as the first. It lies east
from the main range, which continues southward in a southwest direction
to near Taos, where it breaks down very suddenly. The divide itself winds
round among the headwaters of Vermejo and Costilla Creeks, seldom rising
to more than 11,000 feet and showing only one conspicuous point—the
dome-like mass of eruptive rock designated on the map as Costilla Peak.
From that peak to Moreno Pass, the divide lies in the foot-hills. The only
pass is by a saddle at the head of Costilla Creek at the west and of Vermejo
Creek at the east. Following the gloomy cafion of Costilla Creek from the
Rio Grande Plains, one reaches the summit by gentle approaches. The
road crossing here was constructed at great expense, as the cafion, though
more than 2,000 feet deep, is often hardly wide enough for the roadway,
which for many yards at a time spans the chasm. The pass itself is low
and broad, but the approaches on the Vermejo side, as used by the road,
are not equal to those on the Costilla side, and at one place the descent is
far too abrupt. An excellent road might be constructed here, which could
be kept open during the greater part of the year, though some difficulty
might be experienced, as the parks on Costilla Creek are apt to be filled
. with snow in October or early in November. No {rails were seen which
seem to havc been used much, except one, now very dim, ascending
Leandro Creek and passing in front of Costilla Peak to Comanche Creek.
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This, however, has severe grades, and, for most of the way, is too marshy
for use as a road-bed. )

The third division has a southwest direction from Moreno Pass to Red
River Pass, but from the latter pass to the head of Mora Creek its course
is almost south. This division is utterly unimposing and follows the
foot-hills of the Taos Range for more than half its length, while beyond
that it follows the crest of the Mora Range, where the scenery is very tame.
The rugged mountains of the Taos Range lie wholly within the Rio Grande
area. :
Though this division seldom rises to more than 10,000 feet above tide
level, its slopes are not easily overcome. Moreno Pass, from Comanche
~to Moreno Creek, is at 9,770 feet, and has gradual approaches on both
sides, but the summit is marshy and not altogether safe. No road has
been constructed over this pass, but it is followed by an old Indian trail,
which is still used. A road could be made without difficulty, though not
a little labor would be needed to prepare the road-bed near the mouth of
the creek above Elizabethtown.

Red River Pass leads from the West Fork of Moreno Creek to Colorado
Creek, and its altitude at the summit is 9,764 feet. The approach from
the east side is very gradual quite to the open summit, and the cafion is so
wide that an unexceptionable grade can be obtained ; but on the other side
the grade is painful, even for riding animals, and the gorge followed by the
road is so narrow that any improvement seems to be impossible. While
the Moreno district was prosperous and Elizabethtown was an important
distributing center, a toll-road, constructed at great expense, was maintained-
over this pass; but it has fallen into decay, and the floods of Colorado
Creek have destroyed it utterly for miles. The trail over the pass is easily
kept open during the winter. _

Taos Pass leads from the Moreno Valley to the head of Ferdinand
Creek, and its summit is at 9,095 feet above tide. The approach on the north
or Canadian side is extremely difficult for several miles, but on the south-
ern or Rio Grande side the approaches are gentle until within probably
300 yards of the summit, beyond which the grade is somewhat severe.
This is crossed by the stage road from Cimarron to Taos. Much labor
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has been expended in constructing the road on both sides, and the limit
of improvement seems to have been reached. The summit is sufficiently
open to render long closing by snow altogether improbable.

At one time a government road crossed the Mora Range from Black
Lake to the head of one fork of Frijole Creek, but, having been aban-
doned many years ago, it has become very dim. This road followed no
pass, but was simply a roadway cut through the forest without regard to
grade. Information respecting this is obtainable with difficulty, but such
as could be obtained leaves no room for supposing that it possessed any
of the characteristics usually supposed to belong to a convenient roadway.

A trail leads from Six-mile Creek over to the head of Lucero Creek
and thence to Taos, but it is too difficult for any common animals, and it
certainly was never employed except by foot-passengers. A trail was seen
leading up the mountain side back from Elizabethtown, which crosses over
to Colorado Creek. The grade is not severe until near the summit of the
divide. ‘

The fourth division is much like the third until the head of Las Casas
Creek is reached. The mountains are low and their crest is regular. Mora
Peak rises to 12,020 feet, but for the most part the elevation is barely 10,000
feet. Southward from Las Casas Creek, the eastern face of the divide is a
rugged, almost precipitous wall, which extends to Mount Solitario. The
course is southward, but the line of the divide is very irregular, and lies
east from the crest of the ridge.

Though low and with a regular crest line, this part of the divide shows
no good pass. A dim trail leads from the head of Mora Creek to a fork
of Frijole Creek, but is useless to the traveler. A road, designated on
the map as the Taos Freight-road, crosses to Junta Creek from Agua Negra
on Mora Creek ; but the grade is difficult and long, for it follows a winding
line up the declivity, so that for the last half mile it is difficult for even an
unloaded animal. But the road is well constructed. The grade near the
summit on the west side is by no means so severe, and within a mile it be-
comes gentle. This road unites at the forks of Junta Creek with the main
road from Fort Union to Taos, which leaves Mora Creek at San Antonio
and crosses the divide by an easier grade.
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Trails are said to cross the range at the heads of Manuelitos and Sa-
pillo Creeks, but these were not attempted, and no positive information
could be obtained respecting them. _ '

The fifth division of the divide is insignificant, and, for the most part,
it is but a gentle roll in the plain. Good roads cross it at many places.

Most of the passes referred {o have been used for wagon-roads at some
time, and as they are indicated as wagon-road passes on the maps, it may be
well to specify, for the benefit of travelers, such of them as are available.
Costilla and Taos Passes at the north alone are now crossed by wagon-roads,
and even on the Costilla road there are places where only a very expert
driver could take a wagon through without upsetting. Red River and
Moreno Passes are crossed only by trails, and a wagon cannot be taken
over them ; a wagon can be taken over the divide by the Taos Freight-road,
but the passage will be slow. The road is very good, both by that line
and by the regular route, from Fort Union to Taos.

The Taos Range is nearly related to the divide. It begins at Costilla
Creek and ends at Ferdinand Creek. This should not be separated from
the Culebra Range, and the distinction is purely artificial, being due alto-
gether to the supposed necessities of the topographer. The range lies
wholly within the Rio Grande area, and no stream entering the Canadian
heads in it. Between Colorado and Costilla Creeks the mountains are
very rugged, and the sides are deeply scarred by cafions whose walls are
so abrupt that they cannot be climbed. No trail exists. South from the
cafion of Colorado Creek the ridge is not harsh, but a congeries of deep
amphitheaters clusters about Taos Peak, whose highest point has an alti-
tude of 13,480 feet.

The divide between the Canadian and the Purgatory runs irregularly
eastward and lies not far from the southern boundary of Colorado. It is
crossed by good passes in the Stone-wall Valley at an altitude of 9,178
feet, at the head of Long’s Cafion at 8,134 feet, at the Raton at 7,893 feet,
and at Manco Burro at about 8,000 feet. Good wagon-roads follow these
passes,and in all, except Manco Burro, theapproachesare gentle throughout.
The Raton Pass is followed by the Atchison, Topeka and Santa Fé Railroad,
which avoids the short abrupt grade near the summit by means of a



26 ' GEOLOGY.

tunnel. Manco Burro Pass is litlle used, but that by way of the Raton
has long been the highway from the north for all traffic going toward
Santa Fé.

This divide, away from the immediate slope of the Culebra Range,
shows no sharp hills, and is marked only by the low flat summits within
the Raton Hills. Its highest portion is in the Raton Plateau, where the
basalt cap has protected the lower rocks from erosion.

The divide between the Rio Grande and the Pecos is somewhat com-
plicated, though-for the most part not obscure within the district. At the
north it extends westward from the Las Vegas Range as a narrow, sharply
defined ridge, to the Truchas Peaks, with an altitude of nearly 13,000 feet,
while the highest of those peaks is but 13,150 feet. From the Truchas
Peaks it follows a southwest direction to the head of Pifios Creek, where
it bends to east of south and soon becomes the edge of the bold mesa,
under which the Santa Fé and Las Vegas stage-road passes. It is exceed-
ingly sharp all the way, but shows a gradually decreasing height from the
Truchas southward. In this part, it coincides with the crest of the Santa
Fé Range. Lake Peak rises to 12,405 feet, while the Cone and Old Baldy,
the one immediately east and the other immediately west from the line of
the divide, are respectively 12,690 and 12,661 feet above tide. After passing
the stage-road at the head of Pifios Creek one finds the divide even better
marked than before, since it is the crest of the bold mesa bluff, which is
continuous thence in a southeast direction to beyond the southern limit
of the district. :

No trail crosses the divide in its first division, but a strong trail passes
over the second division immediately §outh from the cone. Another, still
used, follows Santa Fé Creek to the summit, and thence descends one

branch of the Pecos to Los Machos, at about eight miles above Pecos.
This trail continues across the Las Vegas Range to the head of Gallinas
Creek, and descends that stream to Las Vegas. Beyond this, southward,
passes are numerous and several good roads cross the divide. The highest
point is the Cerro Escobas, at 8,278 feet.

The short but bold Cimarron Range trends rudely east of south and
forms the divide between the tributaries of the Cimarron, rising in the
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mountains, from those of the same sfream which rise within the Laramie
area or the Raton Hills. It breaks down suddenly at the south and is
merged into the lava-covered plateau, which is designated in this report
as the Ocaté Mesa. The range is narrow at the north, but being composed
. in great measure of dikes, which increase in number and size as they
advance southward, it widens in this direction. North from Cimarron
Creek it consists almost solely of the volcanic masses known as Old and
Little Baldy, with lower hills farther north; but south from the cafion of
that stream the width of the ridge is greatly increased, and several of its
peaks rise to fully 11,000 feet. ‘

This range is cut to the base by the deep and rugged cafion of Cimar-
ron Creek, through which an excellent road passes. Immediately north
from Old Baldy is a saddle, known as Pofiil Pass, which is crossed by the
Elizabethtown and Trinidad road. It has nearly the same altitude with
Moreno and Red River Passes, being 9,750 feet above tide. The approach
on the west side is very difficult, but much of the difficulty might have
been overcome by making the road less direct. The approaches from the
east are good and there is no difficulty on the road except at the descent
from Pofiil Park to South Pofiil Creek, where the grade is long and painful.
An old Indian trail crosses from American Creek, in the Moreno Valley, to
Urraca Creek, in the plains, but it has fallen into disuse, and it cannot be
followed by one unacquainted with the country. A good trail, passable
for wagons, crosses the more elevated part of the Ocaté Plateau, from
Rayado Creek to the Black Lake on Coyote Creek, not far below the divide
between that stream and the headwaters of the Cimarron.

The divides between the tributaries to the Mora are comparatively
_insignificant, not because of their height, but because of their shortness.
That between the Mora and the Coyote is an imposing range. All of these
divides are crossed by easy trails and in some cases by wagon-roads.
Excellent wagon-roads could be constructed at many localities, but the
necessities of the present inhabitants call for little more than trails for
pack animals.



CHAPTER II.

NOTES RESPECTING PREVIOUS EXPLORATIONS.

The region described in this report is not wholly unknown to geolo-
gists. Numerous parties of exploration have visited portions of it, and
one party made a geological reconnaissance of the northern third. That
the reader may understand how much of the ground is newly discussed
in this report, it may be well to give here a brief résumé of the work per-
formed by various expeditions.

The earliest American exploration of any part of the area was the
wholly accidental one by Major Pike in 1806 and 1807. That officer was
sent with a small party to explore the Arkansas River to its head, and to
return thence to Natchitoches, La., by the Red River, which was supposed
to have its sources near those of the Arkansas. He became confused amid
the headwaters of the Arkansas, Platte, and Blue Rivers, and, crossing
the Sangre de Cristo Mountains, came to the Rio Grande del Norte.
Supposing that to be the Red River of Louisiana, he built a stockade for
protection against the Indians. Only a short time elapsed before he was
visited by some Spanish officers, who, explaining his geographical position,
showed him that he was trespassing on the Spanish domain. They con-
ducted him to Santa Fé, whence, as prisoner, he made an unwilling explo-
ration southward to Chihuahua. There his papers were examined, and
many of them were retained on the plea that they were dangerous to the
Spanish Government. Major Pike returned to the United States by way of
Texas in charge of the Spaniards. Though failing in the original object
of his expedition, he added greatly to the stock of geographical knowledge,

and the map, where based on the personal observations of Pike or his asso-
(28)
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ciates, is fairly accurate. No notes on the geology are given in Pike’s
report.

In 1845, Captain Frémont detached Lieut. J. W. Abert to survey Pur-
gatory Creek, the waters of the Canadian, and the False Wishita. Start-
ing from a trading post on the Arkansas, known as Bent’s Fort, this officer
followed the Santa Fé road southward across Raton Pass and camped on
the waters of Willow Creek, one of the principal forks of the Canadian.
Thence he followed that river to the head of its cafion at the old Leaven-
worth crossing, as it is now known, where he turned slightly eastward to
avoid the long arroyos reaching back from the cafion. An extensive arroyo,
the Arroyo de los Yutas, or Salt Creek, was followed down to the river,
which was reached below the mouth of the cafion. Thence by a some-
what tortuous route the party traveled to Fort Gibson near the mouth of
the Canadian.

In his report,* Lieutenant Abert describes the general features of the
eruptive rocks near Eagle-tail Mountain, and plates are given illustrating
the basalt on the Raton Plateau and the dikes on the Canadian River;
while others of the plates are excellent illustrations of the peculiar bluff
structure shown along the Canadian and Purgatory. The author surmises
the existence of coal from the appearance of the bluffs near the junction
of Vermejo Creek with the Canadian ; he describes the lithologiéal features
of the Canadian Cafion, and gives some notes which he had received re-
specting the occurrence of gold in the Placer Mountains far toward the
southwest.

In 1846, Dr. A. Wislizenus left Saint Louis, intending to make a
scientific tour through Northern Mexico and Upper California; but the
war between Mexico and the United States began while he was at Chihua-
hua, and the Mexicans compelled him to remain in ‘“a passive” condition
at that place until the arrival of Colonel Doniphan. He accepted the post
of surgeon under Doniphan, with whom he returned to the United States
by way of Monterey.

Dr. Wislizenus’s course from the Arkansas was by way of the Dry Ci-
marron road, and he reached the Canadian at the old Leavenworth cross-

* Senate Document No. 438, T'wenty-ninth Congress, First Session.
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ing. Thence taking the route since followed by the Santa Fé and TFort
Leavenworth road, he crossed Ocaté Creek, passed the Wagon Mound,
crossed Wolf Creek and Mora River, and followed Gallinas Creek to Las
Vegas. From Las Vegas he went to Santa I'é, passing through Tecolote,
Bernal, San Miguel, and Pecos. His course from Santa Fé was southward
through Galisteo, Albuquerque, Socorro, and El Paso to Chihuahua.

His Memoir * was an important contribution to science. It contains
a botanical appendix by Dr. George Englemann, describing the plants col-
lected by Dr. Wislizenus and Dr. Gregg; tables of meteorological observa-
tions extending from May, 1846, to June, 1847, and a geological map with
special notes on geology; while geological notes are plentifully distributed
throughout the memoir. The basalts northeast from the Canadian, as
well as those on Wolf Creek and on Wagon Mound, are described; the
Cretaceous is mentioned as occurring on Gallinas Creek; and some inter-
esting details are given respecting the relations of Archean and Paleozoic
rocks in the vicinity of Santa Fé. Dr. Wislizenus made a careful exam-
ination of the Placer Mountains; he mentions the existence of silver mines
in the Cerillos, of copper and iron at many localities, and refers to the
bituminous coal in the Raton region.

In 1846, Maj. W. H. Emory started from Fort Leavenworth and fol-
lowed the Arkansas River, up which he went to Bent’s Fort, where he
joined himself to General Kearney’s “Advanced Guard of the Army of the
West.” Thence he traveled southward, crossing Raton Pass and moving
along the edge of the foot-hills to Las Vegas, whence his route to Santa
Fé coincided closely with that previously followed by Dr. Wislizenus.
From Santa Fé, the army went southward for 230 miles, and thence west-
ward to the Gila and Colorado Rivers, beyond which it went northwest,
crossed the Coast Range, and finally reached San Diego in California. Major
Emory’s report+ contains a botanical appendix by Prof. J. Torrey; elaborate
tables of meteorological observations; an appendix on general natural
history by Lieutenant Abert; and geological notes are freely scattered
throughout the report.

* Senate Miscellaneous Document No. 26, Thirtieth Congress, First Session.
t Kxecutive Document No. 41, Thirtieth Congrese, IMirst Session.
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But the more important report is that by Lieut. J. W. Abert, con-
tained in the same volume. Though connected with the Army of the
West, Lieutenant Abert was separated from it by sickness and was com-
pelled to make independent explorations. His report gives much valuable
information respecting the geology of the region bordering on the Santa
Fé road, between the Purgatory River and Las Vegas. The existence of
bituminous coal within the Raton region is announced; the frequeni
occurrence of basalt in the same region is discussed; the two benches of
the basalt-covered Ocaté Mesa are recognized; the Placer mines south from
Santa Fé are carefully described, and notes are given respecting the occur-
rence of eruptive rocks in their vicinity. Lieutenant Abert made extensive
collections of impressions of deciduous leaves in the Raton region, which
were submitted to Professor Bailey, of West Point, whose conclusions
respecting them are given in the appendix to the report.

Prof. Jules Marcou accompanied Lieutenant Whipple in his explora-
tion for a railway route in the vicinity of the thirty-fifth parallel. On
his return Professor Marcou prepared a résumé of the geology, which
was published in Lieutenant Whipple’s preliminary report in 1855;* but
no full report was prepared by him, as he was compelled by failing health
to return to Europe. His notes and specimens were placed in the hands
of Prof. W. P. Blake, and a report, compiled by that gentleman from vari-
ous sources, was published as part of Lieutenant Whipple’s final report
upon the route.f To this was appended a literal copy and translation of
Professor Marcou’s rough field notes; an operation to which few field geol-
ogists would like to submit.

For the most part the area examined by the writer is north from-the
line followed by Professor Marcou; but some notes are given by that gen-
tleman upon the Galisteo and the Pecos, which he visited during an excur-
sion to Santa Fé. He places in the Jurassic the sandstones shown in the
-vicinity of Galisteo, and regards certain Cretaceous shales seen north from
Galisteo as equivalent to the white chalk. The sandstones immediately
north of Galisteo, and cut by the dike which sepaI ates the divisions of the

* House Document No. 129, 1855
t Pacitic Railroad Reports, Volume 111.
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Galisteo Valley, he places in the Triassic. The Jurassic of this author
includes the Upper Dakota of this. report as well as the Fort Benton and
Niobrara shales of the Colorado group. The Carboniferous, Triassic, and
Jurassic formations were found by Professor Marcou to be conformable to
each other, but unconformable to the Cretaceous above them. The Trias
was recognized by him in the Pecos Valley.

Professor Marcou made collections of fossils from the Cretaceous
shales immediately north from Galisteo and from the Carboniferous lime-
stone near Pecos. He places the latter rock in the Lower Carboniferous.

Dr. J. S. Newberry accompanied Lieut. J. C. Ives on the Colorado Ex-
ploring Expedition of 1857-'58, and Capt. J. N. Macomb on the San Juan
Expedition of the summer of 1859. ‘

The Colorado Expedition was disbanded at Fort Defiance, near the
border between New Mexico and Arizona; but as Dr. Newberry continued
eastward by way of Santa Fé to Fort Leavenworth, he entered the region
examined by the writer at Galisteo Creek, and left it beyond the Canadian
River. His route from Santa Fé to Las Vegas was along the road now
followed by the stages, and thence by the old Leavenworth road to the
Canadian crossing, coinciding therefore with that followed by Dr. Wisli-
zenus in 1846. The Geological report* was by far the most important con-
tribution up to the date of its publication. It was the first to give any
clear conception of the geological structure of any extended part of the Ter-
ritories.

Dr. Newberry placed the Galisteo coals in the Cretaceous, and referred
the underlying rocks to the Trias, of which he recognized two groups—the
Marl series and the Salt group. He obtained Cretaceous fossils at a little
way north from Galisteo, and regarded the rocks from which they came as
belonging to the same horizon with the shales on Ocaté Creek. He
describes the Cerillos as volcanic cones, and speaks briefly respecting the
many dikes in the vicinity. The sandstones on the crest of the Pecos bluff
are referred to the Cretaceous, and the Carboniferous rocks of Santa Fé and
the Pecos are recognized as equivalent to the Coal Measures. The geology
between Las Vegas and the Canadian is briefly but suggestively described.

* Report upon the Colorado River of the West, by Lieut. J. C. Ives, Washington, 1861.
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Unfortunately the breaking out of the Civil War prevented the publi-
cation of Dr. Newberry’s report® on the San Juan, which_was not issued
until 1876. In the mean time, other investigators had studied the same
region and had published their results; so that the importance of this
report is not likely to be fully appreciated. Like that on the Colorado
River region, this report is a clear and concise statement of* the structure.
Had it been published promptly, the labors of later explorers would have
been lightened.

During this exploration, Dr. Newberry made careful sections of the
Carboniferous in the vicinity of Santa Fé, and obtained many details in
the vicinity of the Pecos, some of which led him to suspect the existence
of Permian. He refers the gypsiferous beds of the Pecos Valley to the
Triassic, and the sandstone capping the mesa there to the Lower Creta-
ceous. The coal-beds of the Galisteo are regarded as belonging to the
Middle Cretaceous. The beds themselves are described in detail. The
only Tertiary rocks recognized by the author are tufaceous limestones oc-
curring in small patches.

During the summer and autumn of 1867, Dr. J. L. Leconte examined
the region immediately bordering on the road leading from Trinidad to
Las Vegas, and thence to San José. At the Pecos River his route diverged
from the stage-road, and, rising upon the mesa, he continued in a south-of-
west direction to Albuquerque, whence he went southward to Fort Craig.
Though, like all the other explorations thus far mentioned, this examina-
tion was confined to but a narrowstrip on each side of the route, the report+
added much to the stock of information respecting the region between
Trinidad and Fort Union, for little was known before, aside from what
" could be gathered from Lieutenant Abert’s report of 1846.

Dr. Leconte visited and described the coal mines at Trinidad, as well
as those between Trinidad and Raton Pass. He obtained an obscure ino-
ceramus from one of the yellow sandstones above a coal-bed, and near it
he collected some plant remains, referred by Mr. Lesquereux to abietites

* Report of the Exploring Expedition from Santa Fé, N. Mex., &c., with Geological Report, by Prof. J. S.
Newberry, Washington, 1876.

t Notes on the Geology of the Survey for the Extension of the Union Pacific Railway, E. D., from the Smoky
Hill River, Kansas, to the Rio Grande, by John L. Leconte, M. D., Philadelphia, 1868.
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and credneria. He made sections of the coal-bearing rocks in Vermejo
Cafion and some of its tributaries; mentions the placer mines of the Cimar-
ron and the existence of copper in that vicinity; described the volcanic
cones near Fort Union; identified the Cretaceous at Las Vegas, and
obtained some interesting notes respecting the Hot Springs near that
town, though the Carboniferous limestone of that locality escaped his
attention.

During an excursion from Santa Fé, Dr. Leconte visited the Galisteo
region, and a section was made of the coal-beds, which he referred to the
Lower Cretaceous. During this excursion, also,he made full notes concern-
ing the placer mines near the Galisteo.

In 1869, during his reconnaissance, Dr. F. V. Hayden entered the area
under consideration at the Purgatory River, and continued southward along
the stage-road to Las Vegas, making excursions up Purgatory, Vermejo,
Ocaté, Mora, and Gallinas Creeks. From Las Vegas he followed the stage-
road to Santa Fé, whence he made an excursion to Gallisteo Creek and the
Placer Mountains. From Santa Fé he returned northward along the Rio
Grande plains to Fort Garland.

The examinations in the Raton Hills showed the great extent of the
coal-bearing group, and led Dr. Hayden to suppose that that group extends
well up to the mountains all the way from the Spanish Peaks at the north
to Cimarron Creek at the south. The whole group is referred to the Ter-
tiary. ‘

Dr. Hayden makes mention of the basalts south from Cimarron Creek,
and described the volcanic craters near Fort Union. The Cretaceous shales,
exposed south from Cimarron Creek, are referred to Cretaceous No. 2.
During the excursion up Mora Creek, the great extent of Cretaceous No.
1 was ascertained, and the relations of the Carboniferous to the Archaean
were determined. A section from the Dakota to the Archaean was made on
Gallinas Creek.

The observations between Las Vegas and Santa Fé are very similar
to those made by Dr. Newberry, but the sandstone on the mesa top along
the Pecos is referred to the Jurassic. Some interesting notes were obtained
respecting the geology of the Upper Pecos, ,
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Dr. Hayden regards the coal-beds of Galisteo Creek as Tertiary. On
that creek he recognized a new series of beds, which he terms the Galisteo
group and places in the Tertiary. He states in his report* that this group
rests conformably upon the coal-bearing rocks, and that it underruns
unconformably a newer group, which he designates as the Santa Fé marls,
and finds in great thickness throughout the Rio Grande Valley north from
Santa Fé.

In 1874, Prof. E. D. Cope, connected with a division of Lieut. G. M.
Wheeler’s Expedition, went from Fort Garland to Santa F'é by way of the
Rio Grande plains and made occasional studies of the geology along the
west base of the mountains. These studies were extended to the Sandia
Mountains, about forty miles south of Santa Fé.

Professor Cope traced the Santa Fé marls of Hayden along the base
of the mountains, and, by means of vertebrate remains obtained near San
Ildefonso, was enabled to refer them to the Loup River epoch of the Plio-
cene. The examination of the Galisteo Creek region led Professor Cope
to place the coals in Cretaceous No. 3 and the Galisteo sandstone in Cre-
taceous No. 4.

In the same year Dr. Oscar Loew,} also connected with Lieutenant
Wheeler's Expedition, crossed the mountains from Santa Fé to Las Vegas,
and his notes first gave any information respecting the interior of the
mountain area. From these we learn that, where crossed by the Santa Fé
and Las Vegas trail, the mountains show no basalt, trachyte, or rhyolite,
and that no rocks later than the Carboniferous occur, except in the “lower
regions toward the base of the mountains,” where the newer rocks are
shown.

Before leaving Santa Fé, Dr. Loew visited the Galisteo region, where
he collected specimens of the coals. Analyses of these coals and of the
waters of the Las Vegas Hot Springs are given by Dr. Loew in Vol. III of
the Wheeler reports.

In 1875, Lieut. W. L. Carpenter, in charge of a topographical party
belonging to the Wheeler expedition, explored the mountain area from La

* Preliminary Field Report of U. 8. Geological Survey, Washington, 1869.
t The reports by Professor Cope and Dr. Loew are given in Lieutenant Wheeler’s report, published in 1875.
An appendix to the report, published in 1874, gives a preliminary report by Professor Cope.
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Veta Pass to the Pecos. His report* was the first to exhibit clearly the
general structure of the ranges. Mr. A. R. Conkling accompanied the party
as geologist, but his brief report gives very little available information
respecting the geology of the region. Mr. Conkling discovered Cretaceous
rocksin the Moreno Valley and found Carboniferous rocks on Taos Pass,
which he followed to Santa Fé. He mentions that Carboniferous rocks
occur on the Pecos, and gives some notes respecting the coal-bearing group
of the Raton Hills.

In 1875, Dr. F. M. Endlich, as geologist of the Southeast Division of
the Geological Survey of the Territories, examined the northern part of the
area under consideration as far south as Costilla Peak. Hisreport is given
in the Annual Report of that organization for 1875.

During this examination, Dr. Endlich succeeded in working out the
complicated mountain structure as well as that of the Stone-wall Valley,
which follows the Culebra Range southward from the Spanish Peaks to
Costilla Peak, and his numerous sketches illustrate the structure admira-
bly. He made a number of sections of the Laramie group near Trinidad
and divided it into an upper and a lower coal-horizon. Dr. Endlich terms
the coal-bearing group Post-Cretaceous or Pre-Tertiary, regarding it as a
transition series.

The exploration by the writer was begun in 1878. During that year
attention was paid especially to the stratified rocks, and only incidental
studies were made within the mountain areas, the exact investigation of
those areas having been deferred to be taken up in 1879. But no oppor-
tunity could be found for carrying out an investigation of the Archean
areas; and the only material respecting them, available for this report, is
that which was gathered in 1878 during rapid passages across the moun-
tains, made in order to determine the limits of the stratified rocks.

. *The reports by Lieutenant Carpenter and Mr, Conkling are given in Lieutenant Wheeler’s report pub-
lished in 1876.
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CHAPTER IIIL

DISPLACEMENTS OF THE STRATA.

SEcTION L—THE CULEBRA AXIS AND ITS BRANCHES:
IL.—THE CIMARRON AXIS.
III.—THE SUBORDINATE AXES.
IV.—THE RELATIONS OF THE AXES.

The disturbances observed within the district naturally fall into three .
series: the Culebra axis and its subdivisions, the Cimarron axis, and the
smaller axes lying east from the principal mountain ranges.

The Culebra axis enters the district from the north and is continuous
southward to Bernal Mesa, at the extreme southern border of the area
examined. Itscourse is shown by the Archaan core of the Culebra, Taos,
Mora, and Las Vegas Ranges. For convenience of description it may
be regarded as breaking up at a short distance north from Red River
Pass, so as to throw off the Mora axis; and a still further breaking up is
apparent on Ferdinand Creek, where the Santa Fé axis begins. Farther
west there seems to be an additional axis passing through the U. S. Moun-
tain, but no examination was made to determine this matter. Few details
were obtained respecting the Santa Fé axis except near its terminations, as
no opportunity was afforded for study of the Santa F'é Range from Junta
Creek southward to Santa Fé. But both this and the Mora axis were fol-
lowed out at the south to their disappearance. The latter involves both
the Mora and the Las Vegas Range of mountains and it is directly contin-
uous with the Culebra axis.

A wall of Dakota sandstone begins at the Spanish Peaks and extends
southward without interruption along the eastern foot of the mountains

to a little beyond Costilla Peak in New Mexico, where it ends abruptly.
39
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Beyond the termination of this wall the rock has a regular eastward dip,
and at a few miles farther south, one sees that the Stonewall is but the
overlapping portion of another axis, designated in this report as the Ci-
marron axis. This forms a bold but short mountain range farther south,
which is cut by Cimarron and Rayado Creeks. Beyond Rayado Creek
the elevation marking the line of this axis is irregular, now and then a .
sharp ridge with Archeean core, but for the most part a gentle roll, which
finally disappears near latitude 25° 20.

Besides these bold mountain axes, several of less imposing character
occur, which are important economically, since they keep the rocks of the
Laramie group above the surface. The smaller axes of the Raton Hills
or Laramie area belong to an extensive series of minor flexures; for one,
evidently related to them, was found crossing the Canadian Cafion in the
extreme southeastern part of the district, while another is crossed north-
east from the district by the Atchison, Topeka and Santa Fé Railway at
about fifty miles from Trinidad. _

The trough between the Santa F'é and the Mora axis is termed in the
report the Pecos synclinal; and that between the Culebra-Mora and the
Cimarron axis is named the Coyote synclinal. The former is compara-
tively simple in structure, but the latter exhibits the most complicated
stratigraphy found within the district.

SECTION 1.

THE CULEBRA AXIS—THE MORA AXIS—RELATIONS OF THE. CULEBRA AND MORA
AXES—THE PECOS SYNCLINAL—THE SANTA FE AXIS—THE U. S. AXIS—THE
TAOS SYNCLINAL—THE PLACER AND SANDIA MOUNTAINS—THE GREAT MESA
REGION.

THE CULEBRA AXIS,

The Culebra axis follows a south of southwest course from the north-
ern boundary of the district to beyond Costilla Creek. Its core is Archeean,
mostly gneissoid granites and gneisses with some schists and bands of
white quartzite. Numerous dikes of trachyte pass through it from north
to south, and basalt occurs plentifully on its western side. The Archeean
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core is not fully shown, for much of it has been removed by erosion from
the western slope, and the eastern outcrop of the unaltered rocks on that
side lies west from the extreme limit of map 70 A. Igneous rocks rest
directly on Archeean along both Culebra and Costilla Creeks.

Unaltered rocks are shown on the eastern slope, where the Carbon-
iferous rocks rest on the Archaean; while above them and farther east are
the Dakota and Colorado groups of the Cretaceous. Near Trinchera Peak
at the north the Carboniferous rocks have an eastward dip from the
Archean to the Dakota, but farther south, on the South Fork of the Purga-
tory River, the dip is westward at the base but gradually changes to ver-
tical, and then to eastward before one emerges from the cafion of that
stream. This reversed dip continues southward along the face of the
- mountains until Costilla Peak is reached, where the Carboniferous rocks
disappear, apparently running out against the granite. But here the rocks
do not belong to the Culebra axis, for the Coyote synclinal begins north-
ward from this locality, and the Costilla Peak region must be considered
as involved especially in the Cimarron axis.

The main axis bends westward south from Culebra Peak, lies west
from the park on the Costilla, and crosses that stream at some distance
below the mouth of Comanche Creek or at four miles above the mouth of
its cafion. Some igneous overflows near the divide between Vermejo and
Costilla Creeks render the relations there somewhat obscure.

The uplift grows stronger south from Costilla Creek, and the Archaan
area widens rapidly so as to form the bold mountain range designated on
the map as the Taos Range. But this area suddenly contracts at nearly
midway between Colorado and Taos Creeks and the Mora axis becomes

distinct.
THE MORA AXIS.

This fault first becomes recognizable at a little way north from the
Red River Pass, where a narrow strip of Carboniferous conglomerate is
shown very near the summit of the Pass with Archeaan rocks on both sides
of it. This strip grows wider southward until at the head of Colorado
Creek only Carboniferous rocks were seen, reaching eastward down the
mountain slope into the Moreno Valley, and westward to beyond the space
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examined. Here, on the divide between Lucero and Colorado Creeks, the
fault is well exhibited, with Garboniferous rocks dipping eastward at 56° on
the east side and at 25° on the west side of the fault. But on the latter
side the dip diminishes quickly as the distance from the line of fault in-
creases and becomes only 10° within two miles. -

The fault grows stronger southward, and on Ferdinand Creek, which
crosses it, the Archaan rocks are well shown, with the Carboniferous heds
on both sides.

The dips below this Archaan exposure on Ferdinand Creek are very
irregular, but southerly dips predominate for several miles in the lower
part of the cafion, as though showing that the Archaan of the Taos Peak
region terminated abruptly not far off at the north. No distinct anticlinal
or fault is shown in this part of the cafion. The U, S. Mountain, at a
short distance southwest from the mouth of the Ferdinand cafion, appears
to be made up of Archeaean rocks. ‘

The Mora axis is distinctly shown by its Archeean core southward
from Ferdinand Creek, but the conditions do not exhibit the fault so
directly as on the divide between Lucero and Colorado Creeks, for the
space between the Carboniferous outcrops rapidly widens. The width of
the Archeean area is barely one mile on Ferdinand Creek, but it is almost
four miles on Cebolla. The axis trends almost north and south from the
head of the East Fork of Mora Creek to where it crosses Cebolla Creek,
crossing Mora Creek at but a little way below the City of Mora. In this
portion it is marked by peaks ranging from 7,500 to 11,000 feet above tide.
The course changes at Cebolla Creek, and thence to Sapillo Creek is almost
southwest. There it is again changed, and thence to within a few miles of
the stage-road leading from Las Vegas to Santa Fé the axis slowly bends
south and at length to east of south. The Archesean area slowly decreases
in width as well as in elevation, and finally the Carboniferous rocks ride
over the line of break, apparently uninterrupted, at nearly ten miles north
from Bernal Hill. No opportunity was had for examinations along Bernal
" Creek north from the stage road, and for that reason no details can be
given respecting the character of the axis where the Archaan area ends.
Analogy with the Santa F'é axis would lead to the belief that it terminates
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in a fault as it began at the north. But the axis is represented by a very
gentle anticlinal immediately west from Bernal Station on the stage-road.

The conditions on the immediate slope of this axis along the east are
not perplexing. The dips are very abrupt from Colorado Creek at the
north to Tecolote Creek at the south, and vary from 35° to 85°; but the dip
is not inverted at any locality.

The conditions are more complicated on the west side. The dip
throughout is comparatively gentle, and it is quite regularly westward from
Ferdinand Creek southward to the head of Mora Creek; but there a fault
occurs which, though not of so great vertical extent as that along the main
axis, is yet serious enough to render the geology somewhat perplexing.
The rocks are almost vertical in the creek-bottom while on both sides of
the narrow valley the same rocks are shown dipping gently away from the
stream. The Archean rocks are not far below the bed of the creek, for
beds belonging to the lower part of the Carboniferous are exposed high
above the creek on the western hill. The Mora Valley widens greatly
below the junction of its forks and is covered with a thick coat of alluvium,
so that no exposures occur. The rocks on both sides of the valley dip
north of west at a comparatively gentle angle; but as one approaches San
Antonio the valley becomes a broad cafion and shows an insignificant
anticlinal, which doubtless represents the fault seen farther up the stream.
This disappears below San Antonio.

Las Casas Creek enters the Mora immediately below San Antonio.
There a great change appears. The mountains on the west side of Mora
Creek, designated on the map as the Mora Range, are wholly Carboniferous
from the head of the creek to within a short distance of Las Casas Creek,
and are quite low. But they increase in height abruptly almost imme-
diately north from that creek, and Archaean rocks are well exposed in Las
Casas Cafion. Thence to the head of Manuelitos Creek these rocks are

exposed in a bold precipice facing the east. The crest of the ridge from

Las Casas Creek to Mount Solitario is a plain sloping toward the west and
covered with Carboniferous rocks. Beyond that mountain the plain-
character disappears, owing to extended erosion by streams on both sides;
the Archaan area of the Mora axis joins the new area and becomes the
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Archeean core of the Las Vegas Range, which continues to the flattening
out of the Archean on Bernal Creek. To this new fault is due the sudden
bend of the Mora fault to the southwest at Cebolla Creek, as the pressure
found rclief along the western line. From Las Casas Creek the eastern
or Mora Archaan decreases quickly in importance until it is merged with
the other and thenceforward more important area.

This upthrow fault has affected the stratigraphy between Las Casas
Creek and Mount Solitario. A well-defined synclinal was seen on Cebolla
Creek, but this disappears quickly toward the south, so that on Manuelitos
Creek the dip of the Carboniferous rocks is steadily westward to the last "
exposure. The southwestward bend in the Archzan area of the Mora
leads to the pointing out of the Carboniferous between the two areas as it
is shown on the map.

RELATIONS OF THE CULEBRA AND MORA AXES.

These two axes are really one great fault, and the apparent distinction
between them arises solely from variations in the strength of the uplift.

The fault is much feebler north from the district than in any part of
the Culebra division within the district. Within two miles north from
the northern line of the area Carboniferous rocks are shown on the west
side at say four miles west from the line of Trinchera Peak. But thence
southward there is a marked increase of strength, for the eastern outcrop
of the Carboniferous rocks quickly recedes toward the west until, at Cos-
tilla Creek, it lies not far from the Rio Grande Cafion. The force was
“exerted less strongly in the vicinity of Colorado Creek, and the Carbon-
iferous rocks are exposed on both sides of the fault at the head of that
stream. Beyond the latitude of Taos Peak the energy of the uplift is
confined for a little to a narrower space, and the Archsean area on the west
side of the fault disappears, so that on Ferdinand Creek one finds only the
southward dip of the rocks curving round the termination of that area.

But the energy was not wholly expended, for the uplift along the
main line of faylt soon regains strength, and the division, which has been
termed the Mora axis, attains to great height and shows a broad area of
Archean almost to the final disappearance of the disturbance on Bernal
Creek.
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At the same time this narrower area of the Mora axis is not all. The
energy which raised the enormous Archesan area north from Pueblo Creek
still remained, and in direct line with the western area of Archeean a new
axis appears, which I have called the Santa Fé axis, as its Archeean makes
up the bold range known as the Santa Fé Mountains. So that south from
Ferdinand Creek we find two bold axes representing the single one form-
ing the Culebra and Taos Ranges at the north, and previously described
as the Culebra axis.

- The Culebra axis, then, is a grand fault continuous from beyond the
district at the north to near the Bernal Hill, a distance within the district
of fully 120 miles. The Santa Fé axis must also be regarded as resulting
from a division of the force, if one may so speak, south from the line of
Ferdinand Creek, its appearance being coincident with great decrease
along the main line of faulting.

THE PECOS SYNCLINAL.

Detailed examinations in this synclinal were made only along a few
lines, and those are widely separated. Carboniferous rocks alone occur
within it. ‘

As the Santa Fé axis disappears before reaching Ferdinand Creek,
or better, begins south from that creek, the Pecos synclinal cannot be
fairly recognized on that stream. The dips are very irregular from the
time one leaves the Archaan exposure above the forks of the creek until
he passes the mouth of the cafion and emerges upon the plain in which
Taos is situated. But immediately below the forks of the stream the west-
ern dip is reversed, and thence for some distance down stream the dip is
eastward. Within a few miles of the mouth of the cafion the dips become
confused, a condition possibly marking the disturbance produced by disap-
pearance of the Taos Archaan at the north and the beginning of the Santa
Fé Archean at the south.

The synclinal is distinct on Junta Creek, twenty miles south from
Ferdinand, and it is crossed by that creek at three or four miles above the
forks. An insignificant anticlinal follows the axial line of the trough
and is very distinct on this creek. ' )
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The Pecos River flows near the center of the synclinal and the con-
ditions are well shown in its long cafion. The strata dip gently toward
the axis from the east, but rise rapidly on the west side toward the crest
of the Santa Fé uplift. The subordinate anticlinal seen on Junta Creek is
very distinct near the mouth of Pecos Cafion, at a little way above the
village of the same name.

The synclinal becomes wide at the south owing to the divergence of
the Mora and Santa Fé axes, for the former bends toward the southeast
while the latter follows an almost north and south course. A slight anti-
clinal was suspected near San José on the Pecos, but the dips are some-
what indefinite.

The structure throughout the Pecos synclinal is extremely simple.

THE SANTA FE AXIS.

This axis begins at the north within a short distance south from Fer-
dinand Creek. Itis crossed by the branches of Frijole Creek, for Archaan
pebbles are present in some small branches of that stream, which rise
west from the Archean of the Mora axis.

The uplift was exceedingly energetic in the vicinity of Junta Creek,
and the Archean, though little more than a mile wide, forms a ridge of
high, sharp mountains, which are crossed by the creek at barely four
miles below the forks. The dips on both sides of the Archaan are approx-
imately the same, and the older rock has been thrust through the newer.
No evidence of anticlinal structure exists, and if Carboniferous rocks ever
capped the crest of these Archaan mountains they must have been only
fragments torn from the mass, for the dips are such that the beds could
never have curved over the crest.

The Archaean area widens rapidly south from Junta Creek. Itisbarely
one mile wide on that stream, and the mountains, though sharp, are not
prominent enough to have received local names; but within a few miles
the area is as wide as that of the Mora, and the Truchas Peaks rise to
somewhat more than 13,000 feet. Farther south are the high peaks known
as the Cone, Baldy, and Lake Peak, all more than 12,000 feet high and
giving rise to important tributaries of the Pecos.



DISPLACEMENTS OF THE STRATA. 47

The Archaan area continues to widen until a little way south from
the latitude of Santa Fé, where it is fully ten miles wide. But thence south-
ward it becomes narrower until it disappears suddenly on Galisteo Creek
at about nine miles north from the village of Galisteo. Its course is
marked by sharp hills, gradually diminishing in height toward the south.

But though the Archeean area disappears at nine miles north from
Galisteo that locality does not show the termination of the axis. Thedips
on both sides are alike on Junta Creek, but farther south the dips on the
east side become more abrupt than those on the west side, and the general
resemblance to the Culebra-Mora axis becomes very close. The similarity
between the two axis becomes more apparent on Galisteo Creek, where
the Santa Fé axis breaks down into a double fault, which continues to a
few miles below Galisteo, the curve in the creek following the edge of the
faulted area.

The only rocks involved in this axis from its inception near Ferdi-
nand Creek to within terf miles of the disappearance of the Archaan are
the Carboniferous and the Archaan; but along Galisteo Creek the Trias
and Dakota rocks are seriously disturbed, while just beyond them are the
higher groups of the Cretaceous. All of the newer rocks have been
involved in the fault terminating the axis. The conditions exhibited in
this portion of the area can be best described in connection with the Great
Mesa region.

THE U. 8. AXIS AND TAOS SYNCLINAL.

No information whatever was obtained respecting the U. S. axis
beyond that which could be obtained by simply viewing the mountain
through a glass and at a distance of five miles. But there seems to be no
doubt that the rock is metamorphic. The area of exposure must be very
small if the axis be parallel fo the Santa Fé, for it is cut off suddenly at
the north by the Taos Basin, while at the south it is quickly ended by the
Rio Grande Plains. If this be an independent axis, it is either very short
or else, at no inconsiderable distance south from the line of Junta Creek,
it unites with the Santa F¢ axis in the widened Archean area beginning
not far from the Truchas Peaks.
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The Taos synclinal, which was crossed only on Frijole Creek above
Taos and on Junta Creek, lies between the Santa Fé and the U. S. axis.
It is narrow and contains only Carboniferous and Quaternary rocks. This
synclinal was followed from Junta Creek along a by-road leading from Real
Pueblo to Old Camp Burgwin on Frijole Creek. A subordinate anticlinal
was observed on Frijole Creek, which broadens northward and is probably
the means whereby the trough is obliterated before crossing the Taos Basin.

The structure within this synclinal, as far as observed, is very simple,
and suggests that the U. S. axis is a fault with relations to the Santa Fé
axis, similar to those borne to the Mora axis by the fault extending from
Las Casas Creek to Mount Solitario. Possibly the greatrand abrupt narrow-
ing of the Santa Fé Archaan as it approaches Junta Creek may be due in
some degree to the spreading of the force and the production of this fault,
just as a similar narrowing is caused in the Mora Archeean by the Las Casas
fault.

THE GREAT MESA REGIONa

The Santa Fé and the Culebra-Mora axes terminate as bold mountain
ranges very near the parallel of 35° 30’ north latitude. The latter continues
thence as an anticlinal, gently decreasing in strength until it practically dis-
appears not far south from Bernal Station on the stage-road between Las
Vegas and Santa Fé. The other breaks down abruptly into a fault which
continues to the Lower Galisteo and there ends.

Beyond 35° 20/ north latitude southward the region is a vast plain cut
into mesas, which Dr. Newberry identifies with the Llano Estacado or Staked “
Plain of Texas. Toward the south and southeast the dips are very gentle
and for the most part southward; but near the Rio Grande the plain is
broken by “lost ranges,” of which the Placer and Sandia Mountains may
be taken as types. The former range is a granitic uplift with northwest
and southeast trend, but the structure on the northeast side—the only one
visited—is so complicated by dikes of trachyte and basalt that the hasty
examination yielded no clew to the stratigraphy. The Sandia, a similar
range, also with granitic nucleus, was not visited. .

These short ridgeé lie west from the line of the Santa Fé axis and
seem to bear no relation to that disturbance. Yet, in view of the origin of
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the Santa Fé axis, which is associated with a weakening of the Culebra-Mora
axis lying next east, one may not deny relationship between these lost
ranges and the Santa Fé, for the Placer Mountains begin at 35° 25 north
latitude, very near the parallel on which the Santa Fé axis subsides
abruptly, and they attain their greatest elevation at almost due west from
the final disappearance of that axis on the lower Galisteo Creek. In like
manner the Placer Mountains break down suddenly, and the Sandia
Mountains originate at a few miles west on very nearly the parallel of their
disappearance. '

This relationship will appear the more probable if the conditions
~attending the disappearance of the Santa Fé axis be considered. The
Culebra-Mora axis terminates in an insignificant anticlinal and the disturb-
ance ends in the gentle southeast and southwest dips of Bernal Mesa; but
the Santa Fé axis breaks down into a double fault attended with violent
disturbance of the rocks not immediately involved in the faulted space. It
may be well to refer to the structure in detail.

The Archazan area of the Santa Fé axis ends abruptly at about nine
miles north from Galisteo. A fault is easily recognizable along its eastern
side, where the Carboniferous rocks are crowded into a narrow space
between the Archaan and the Trias, only a small part of the series being
brought to the surface. The dip on this side of the fault quickly becomes
gentler toward the east; but on the south and southwest sides of the
Archean and near its termination the Carboniferous, Trias, and Dakota
are turned up very abruptly, and the thickness of the Carboniferous ex-
posed is clearly greater than on the eastern side of that area. This fault
continues southward to and along the divide between the Upper Galisteo
and the Arroyo de los Angeles quite to the mouth of that arroyo on the
Lower Galisteo. It grows gentler southward, and within a very little way
from the end of the Archzan the Dakota are the lowest rocks exposed by
it. The whole series of Paleozoic and Mesozoic rocks as found in this
region are involved in this fault and they appear to be conformable
throughout. '

But there are two faults, and between them the Dakota alone is

ekposed, while beyond each fault the Laramie rocks occur, the vertical dis-
4
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placement being at least 2,500 feet. The western fault is not traceable,
for the Galisteo group of the Tertiary is not involved and so covers the
whole mesa west and north from Galisteo Creek. But on the west side
of the Arroyo de los Angeles the Dakota rocks are shown at a few places
and dipping east. The conditions are sufficiently clear on the Lower
Galisteo at the mouth of the arroyo, where the Dakota area is shown.
The Colorado group is not present at the surface but the Laramie rocks
are well exhibited along the creek, both above and below the faulted area.

The two faults come together somewhere in the broad ‘“bottom” on
the north side of the Lower Galisteo, forming a curved line, not a sharp
angle. The structure from the west side of the Arroyo de los Angeles to
the east side of the Upper Galisteo Valley is shown in the following dia-
gram:

F16. 1.—S8ection across the valley of the Upper Galisteo.—1, Dakota; 2, Colorado; 3, Laramie; 4, Middle and
Lower Dakota; 5, Galisteo group; f, f, Faults.

The stratification under the Galisteo sandstone is not exposed along
the line of section, but it is shown on the Lower Galisteo, not far from the
mouth of the arroyo.

All evidence of this disturbance has disappeared on the south side of
the creek in the southern division of the Galisteo area, and the succession
is perfectly regular, as shown in the following diagram, which represents
the structure along a line reaching nearly ten miles farther west than the
last one does.

F16. 2. Section east and west along the Arroyo San Cristobal and the Lower Galisteo Creek.—1, Dakota; 2, Colorado;
3, Laramie; 4, Trachyte.

Petty disturbances occur east from the line of Galisteo Creek and
within its drainage area, one of which is partially indicated in the first
diagram.
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The violence here is in marked contrast with the quiet at the southern
termination of the Culebra-Mora axis. The rending of the rocks may have
sufficed to expend .the force, but the abrupt union of the faults on the
Galisteo seems to suggest that the force producing the Santa Fé fault did
not cease to act after distorting the beds on Galisteo Creek, but that it was
exerted also along the lines followed by the Placer and the Sandia Moun-
tains farther west and south.

SECTION II.

THE CIMARRON AXIS—THE COYOTE SYNCLINAL.
THE CIMARRON AXIS.

The Cimarron axis may be regarded as beginning near the Spanish
Peaks at the north and extending southward to very near latitude 35° 30
in New Mexico. It is divided into the stonewall and the anticlinal, which
require separate consideration.

The stonewall—A wall of Dakota sandstone, from 200 to 300 feet thick,
enters the district from the north directly at the east foot of the Culebra
Range, and shows no break from the Spanish Peak to the South Fork of
Purgatory, aside from gaps through which the streams flow. Throughout
this part its dip is eastward, and the Carboniferous rocks behind it do not
seem to be seriously involved in the disturbance until the Middle Fork of
the Purgatory is reached. They dip eastward on Trinchera Peak at a by no
means excessive angle. The wall is slightly faulted between the North and
the Middle Fork of the Purgatory, so that the valley between it and the Lar-
amie Bluff at the east becomes very narrow. This fault, though insignifi-
cant, is sufficiently distinct, for the Dakota rocks rise east from an exposure
of Colorado shales in front of the stonewall. This northern part of the wall
ends abruptly at the South Fork of the Purgatory, where it passes into a
low anticlinal, which disappears at two or three miles farther south.

A new stonewall, cut by both branches of the South Fork, is shown
at nearly a mile and a half west from the wall already considered. It dips
east at about 50°. Along the north branch of this fork the dip of the
Carboniferous rocks increases rapidly behind the wall until it becomes ver-
tical, and before the Arch@an is reached those rocks dip west at nearly 60°.
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This new division of the stonewall begins at a little way north from
the latitude of Culebra Peak and continues southward, or rather southeast-
ward, to the summit between the South Fork of Purgatory and a small
branch of Vermejo Creek. There, being almost accurately in a line with
the northern division, it changes its course and extends southward with
but little irregularity until it disappears beyond Costilla Peak. It is entan-
gled among some dikes on the upper waters of Vermejo Creek, where it
seems to be somewhat dislocated at several places; but these were too
difficult of access to permit a determination of the matter.

As far south as the road coming over the divide from Costilla Creek
the wall dips toward the east, though the rate of dip shows some varia-
tions; but there the condition changes, the dip becomes steeper, and at
length before Leandro Creek is reached it is vertical. The change contin-
ues until at the gap made through the wall by that stream the rock dips
westward at not far from 40°, and the Colorado shales underlie it at the
east; while the coarse rocks of the Carboniferous overlie the Dakota, as
they are on the west side of the wall and are dipping westward.

The dip again becomes vertical or nearly so beyond the gap of Lean-
dro Creek, and thus continues to a short distance south from Costilla Peak,
where the wall is cut off by a park. The Carboniferous rocks apparently
end here against the granite. ’

Dikes of trachyte are intimately associated with the stonewall region
from its first appearance to its final disappearance near Costilla Peak.

The Anticlinal.—From Costilla Pass to Poiiil Pass, a distance of three
miles, exposures are few, and such as do occur are not altogether satisfac-
tory. The numerous dikes and overflows of eruptive rocks belonging to
the Old Baldy group contribute much toward obscuring the structure.
But it is sufficiently evident that from Costilla Peak to very near Poiiil
Pass the eastern slope of an anticlinal remains, the western slope having
been removed by erosion. The dips on the western side were gentle, for
the Coyote synclinal is very shallow and Archaean rocks are shown on the
Moreno Pass, the divide between Comanche Creek and the North Fork of
Moreno Creek, the streams by which the erosion was done. That synclinal
is distinct at Elizabethtown, only a few miles farther south in the Moreno
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Valley. The general structure in relation to the whole stonewall division
is very like that observed on the South Fork of the Purgafory, where the
northern part of the stonewall passes into an anticlinal.

The mountains forming the eastern wall of Comanche Park near the
Moreno divide show only Archaan rocks. Fragmentary outcroppings of
Dakota and Colorado occur farther east, but they are not clear, as the
region is badly cut up with dikes. The outcrop of the Cretaceous rocks
gradually moves westward, until at Pofiil Pass the anticlinal becomes dis-
tinct; the lower rocks of the Laramie group ‘cross the arch, while on the
west side are shown the Colorado shales, and lower down are the Dakota
rocks resting on the Archaean. '

The axis trends south-southeastward from Pofiil Pass, thus diverging
from the Mora axis, which becomes distinct almost due west from Pofiil
Pass. Archean rocks are exposed under the Cimarron axis in the cafions
of Cimarron and Rayado Creeks.

The Cimarron axis is followed easily to the park near the head of

Ocaté Creek, but it becomes feebler southward, for the Dakota rocks cross
it on Ocaté Creek and the Archeean rocks are not reached, though the
altitude is much less than on Cimarron Creek, where fully 1,000 feet of
Arch@zan rocks are exposed in one bluff. Its course is changed in this
park, and thence it is south-southwestward to the park on Coyote Creek,
where the fold is still distinct. Thence the trend is southwest and the
. anticlinal is but a gentle fold until beyond Cebolla Creek. The southern
portion of this axis may be most conveniently considered in connection
with the Coyote synclinal.

It is noteworthy that this axis shows the Dakota rocks resting on
Archaan, and that where the fold first presents itself as such the Carbon-
iferous rocks suddenly disappear. The existence of the latter rocks is only
doubtfully indicated on the east side of the axis, at the north, along a
branch of South Pofiil Creek, rising near Old Baldy. The course of the
axis is followed by enormous dikes and overflows of eruptive rocks, the
center of disturbance being in the Baldy Mountains and extending from
Poiiil Pass almost to Rayado Creek. South from that creek the axis loses
its mountain character and breaks down into the Ocaté Mesa. Dikes



54 GEOLOGY.

radiate from the central portion toward the north, east, southeast, and
south, as well as toward the west, but none was found following a south-
west direction.

THE COYOTE SYNCLINAL.

This trough, lying between the Cimarron and the Culebra-Mora axis,
begins almost immediately south from Costilla Creek and is followed by
the valleys of Comanche, Moreno, and Cieneguilla Creeks, as well as by
that of Coyote Creek above the plaza of Coyote. It is crossed farther south
by Mora, Cebolla, Manuelitos, Sapillo, and Gallinas Creeks, while beyond the
last it is followed by the valley of Tecolote Creek. It becomes indefinite
near north latitude 35° 20/, beyond which it was not followed southward.

Archean alone occurs on Comanche Creek and the North Fork of
Moreno Creek ; unaltered rocks first appear above Elizabethtown, and at
a little way farther south the trough is found to be double. Carboniferous
rocks occupy the west side of Moreno Valley and form a distinct synclinal
on the east slope of the Taos Range; while Cretaceous rocks occupy the
center and east side of the valley, resting at their western edge on the
Carboniferous, but on the Archaan in the center and eastern side of the
valley; for the axis of the Cretaceous synclinal is farther east than is that
of the Carboniferous. This structure is clear between Six-mile Creek and
the forks of Moreno Creek, though the whole of the details cannot be
obtained along any one line of cross-section ; but the valley is wide enough,
north from Six-mile Creek, to embrace the eastern side of the Carbonifer-
ous synclinal and to show the Cretaceous resting on the upturned edges
of the Carboniferous. A sharp fault occurs on Six-mile Creek at less than
two miles from the road leading from Elizabethtown to Taos.

The structure in this valley is shown by the following diagram :
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F1a. 3.—S8ection across the Moreno Valley.—1, Archeean ; 2, Cretaceous; 3, Carboniferous; f/, Fault
on Six-mile Creek; £/, Mora fault.
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The valley becomes narrow at a few miles south from Six-mile Creek
and lies east from the Carboniferous exposures. But fragmentary out-
croppings show that the conditions exhibited in the diagram continue
southward for seven or eight miles. Thence to the head of Cieneguilla
Creek, the valley has been eroded from the Upper and Middle Dakota,
which are shown ascending the west slope of the Cimarron axis.

Owing to the extensive overflows of eruptive rock in the cafions and
to the thick coat of alluvium in the parks of the Upper Coyote, investiga-
tions can be made to but a limited extent along that stream above the vil-
lage of Guadalupita. The expansion of the Mora Archaan thrusts the Car-
boniferous area eastward, so that it is followed by Coyote Creek from the
head of the stream to Coyote. A fault was seen alongside of the road near
the divide between Coyote and Cieneguilla Creeks, but no details could be
gathered respecting it, as the alluvium destroys all continuity of exposure.
The end of the basalt overflow is reached at about three miles above Guad-
alupita, and the relations of the Carboniferous rocks to the Archaean are
as shown in the following diagram:
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F16. 4.—Section on Coyote Creck at three miles above Guadalupita.—1, Archzan; 2, Carboniferous;
3, Basalt on Ocaté Mesa.

A cross-section from the Ocaté Mesa to the Archaan is shown at
nearly nine miles farther south, but details of absolute structure cannot
be obtained, as the intervals between the massive Carboniferous sand-
stones are concealed and positive identifications of the limestones cannot
be made. The structure as shown is represented in Fig. 5.
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F1G. 5.—Section on Coyote Creek above Coyote.—1, Lower Dakota on Ocaté Mesa; 2, Trias; 3, Carboniferous;
4, Concealed; 5, Archzan.
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In this section the Carboniferous rocks have a westward dip until
very near Coyote Creek, where the dip becomes vertical; but a single
exposure in the open space between the Carboniferous hills and the
Archaean shows a limestone dipping eastward, so that the Carboniferous
rocks very probably describe a synclinal and an anticlinal between the
Archean and the creek. The upper sandstones of the series are confined
to the eastern part of the section. The dip of the Triassic rocks quickly
diminishes from nearly vertical to 5° degrees eastward, and that of the
Dakota becomes very gentle at the top of the mesa. The conditions
become somewhat more complicated near Coyote, where the creek leaves
this synclinal and turning eastward cuts its way through the Cimarron
anticlinal. The diagram in Fig. 6 exhibits the conditions from the
Archeean at the west to the eastern slope of the Cimarron axis on the east
side of Coyote Park.

F16. 6.—Section through Coyote and Coyote Park.—1, Upper Dakota; 2, Middle Dakota; 3, Lower
Dakota; 4, Trias, concealed; 5, Carboniferous; 6, Basalt; 7, Archseun.

The space occupied by the Middle Dakota is the broad park eroded by
Coyote Creek from the Cimarron anticlinal. The abrupt dip of the Lower
Dakota, shown in this cross-section, first becomes apparent at but a very
little way above the gap through it at Coyote. All the rocks within the
synclinal show a more violent dip here, possibly due to the crowding which
results from the western bend of the Cimarron axis. The Carboniferous
and Trias are vertical, the latter being shown in the creek immediately
behind the Lower Dakota. The dip in the Dakota wall is not far from 60°,
but it diminishes eastward very rapidly toward the shallow synclinal
between it and the axis of the Cimarron anticlinal.

The pressure on the rocks within the trough increases southward for
several miles and the wall of Lower Dakota becomes vertical; but with the
weakening of the Cimarron axis the crush at the east becomes less, so
that at Mora Creek the dip in the wall is again eastward. The diagram in
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Fig. 7 shows the structure along Mora Creek from the Archaan of the
Mora axis to beyond the crest of the Cimarron anticlinal.
G

F1G. 7.—8ection on Mora Creek from above Cafioncito to the mouth of Coyote Creek.—1, Upper Dakota; 2, Middle
Dakota; 3, Lower Dakota; 4, Trias; 5, Carboniferous; 6, Archsgean of Mora axis.

This section is barely six miles south from the last, and is the first’
thus far given which shows the structure fairly. The Cimarron axis has
become extremely feeble, being merely an interruption of the dip in the
Middle Dakota, too slight to be indicated in the figure. The Carboniferous
rocks describe an anticlinal and synclinal near Cafioncito, and the east
side of the antficlinal is vertical for a short distance below that village,
thus showing a structure like that suspected on Coyote Creek. The dip
diminishes quite regularly eastward until it becomes insignificant at the
mouth of Coyote Creek. ‘

A cafion, tributary to that of the Mora, but crossing the synclinal at
three miles farther south, shows a similar section, but the folding is more
energetic as shown in Fig. 8.

F1G. 8.—Section on cafion south from Mora Creek.—1, Lower Dakota; 2, Trias, concealed; 3, Carboniferous;
4, Archzan. ’

A change occurs between this and Cebolla Creek, a distance of barely

four miles, for there, as shown in Fig. 9, the anticlinal is at nearly three
4 .
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F16. 9.—Section on Cebolla, Creek.—1, Lower Dakota; 2, Trias; 3, Carboniferous ; 4, Archsan.

miles from the Archean, whereas on the Mora and in the cafion south
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from it the fold is at barely one mile from the Archaean. This Cebolla
fold is the Cimarron axis, which has suddenly increased in importance.
Thus far the Lower Dakota alone has been turned up so as to form a wall
facing the east; but the condition soon changes south from Cebolla Creek.
The wall decreases slightly for a little way, but soon rises again, and now
the whole of the Dakota group stands on edge and even the Colorado
shales are seriously disturbed. As the Mora axis bends southwest at Ce-
bolla Creek the width of the trough is materially increased, so that on
Manuelitos Creek the cross-section represented by Fig. 10 was observed.
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F1G. 10.—8ection on Manuelitos Creek.—-1, Colorado; 2, Upper Dakota; 3, Middle Dakota; 4, Lower Dakota;
5, Trias; 6, Carboniferous; 7, Archgan; f, Fault.

Here the Upper Dakota forms the east face of the wall. The inter-
val between this and the Cebolla section is barely five miles. The fault
occurs at somewhat less than a mile below the saw-mill at Santo Nifio.
The synclinal on its west side is distinet, as may be seen by reference to
the detailed section obtained on that creek. The Carboniferous sandstones
on the east side of the fault are vertical at the creek, but have a westward
dip at the hill-top. The dip decreases quickly down stream and the beds
are nearly horizontal until, at little more than a mile above Manuelitos,
a sharp fold occurs with northeast and southwest strike. This is clearly
an offshoot from the Cimarron axis and its strike would carry it into the
main axis before Cebolla Creek would be reached. The Cimarron axis,
with gentle dip on the west side but with inverted dip on the east side, is
crossed almost immediately below Manuelitos. Thence to the plain the
dip diminishes gradually and the Colorado shales become nearly horizon-
tal. The Archean is very near the surface under the Cimarron axis.

The conditions on Sapello Creek are similar to those observed on
Manuelitos; the Cimarron axis is somewhat stronger, the new anticlinal
has a less sharp dip on the western slope, and the fault is distinct on both
forks of the stream.

The Cimarron axis becomes very strong between Sapello and Gallinas
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Creeks, and Archaan rocks form bold hills for several miles north from
the latter creek; while they are shown also in the deep cafion by which
" the creek crosses the axis. The structure above the Archean cafion was

not ascertained, as the exposures do not give it in detail. The fault seen
on Manuelitos and Sapello Creeks seems to have disappeared, and the
smaller anticlinal seen above Manuelitos is but faintly indicated. The
sudden increase of the Cimarron axis may have afforded full outlet for
the force here and so ma'y have relieved the strain in other parts of the
trough along this line. As far as observed the structure is as given in
Fig. 11.
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TF1G. 11.—Section on Gallinas Creek under Cimarron axts.—1, Colorado; 2, Dakota; 3, Trias; 4, Carboniferous;
5, Archeean.

The Carboniferous is continuous over the arch, though in the lower
part of the cafion it has been removed from the hillside near the creek.
The series is very thin here compared with exposures at other localities
farther north within this trough, and there may be a fault between it and
the Triassic, though no indications of a fault were observed. The dips on
the east side of the anticlinal increase toward the plain, and in the face
of the wall become almost if not altogether vertical, while the lower shales
of the Colorado group are inverted in front of the wall. But thence east-
ward the dip decreases rapidly, and within a short distance the Colorado
beds are almost horizontal. ,

The valley of Tecolote Creek follows the synclinal. The Cimarron -
axis loses height, and no Archaan rocks are shown under it south from
Gallinas Creek. The structure in Tecolote Valley is shown in Fig. 12,

I'1G. 12.—Section arcross Tecolote Valley to the Plains.—1, Colorado; 2, U;;per Dakota; 3, Middle and Lower
Dakota and Trias; 4, Carboniferons; 5, Archsean.
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The Cimarron axis shows a decided change in character. The wall
facing the plains is Upper Dakota and dips gently, while immediately
behind it is a park eroded from Middle and Lower Dakota as well as Trias,
the first dipping eastward at only 6° or 6°, while the dip of the Lower
Dakota increases as it approaches the Carboniferous sandstones, which
dip eastward at from 70° to 80°. The wall of Upper Dakota grows less and
less abrupt southward as far as followed; the Carboniferous wall, though
still abrupt, is less so than on Manuelitos Creek, where the dip is inverted;
but farther south this, too, becomes gentle. The smaller anticlinal first
seen on Manuelitos Creek is much closer than at any locality farther
north, for the dips are from 50° to 70°, whereas on Manuelitos they are
but 35°. The general structure across the Tecolote Valley is very nearly
the same as that on Sapello Creek, though the fault is absent and the
disturbance is evidently less throughout. '

The Coyote trough was not followed farther south than the plaza of
Tecolote, where the smaller axis shows a decided decrease in strength.
Like the other axes at the west, all of those now under consideration
become insignificant near latitude 35° 30/, and within a few miles farther
south this trough becomes exceedingly obscure.

Abrupt dips in the Dakota first appear at Coyote, and the abruptness
increases until midway between the Coyote Gap and that made by Mora
Creek. The dip becomes gentler near Mora Creek, where the Cimarron
anticlinal almost disappears, being but an interruption of the dips. That
axis has a southwest trend through Coyote Park, a.  the Upper Dakota,
previously dipping east or at most south of east, where exposed on the
Ocaté Mesa, now dips southeast, and the western edge of the Colorado
shales rapidly approaches the mountains. The anticlinal is very indistinct
on Mora Creek, but it is well marked on Cebolla Creek, which it crosses
at but a little way above the Placita de Don Tomas, and doubtless to its
increased strength is due the disappearance of the petty anticlinal seen on
Mora Creek above Caifioncito. :

The Cimarron axis, therefore, like the other axes already considered,
loses strength southward. It breaks up into two anticlinals between the
Cebolla and the Manuelitos, and the eastern branch breaks up in its turn
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at no considerable distance sputh from Gallinas Creek; while the whole
axis disappears very near the latitude marked farther west by the dis-
appearance of those greater axes, already described as the Santa Fé and
the Culebra-Mora.

SECTION III.
THE MINOR FLEXURES.
THE VERMEJO AXIS—LA JUNTA AXIS—THE RATON AXIS—THE CANADIAN AXIS—
THE TURKEY MOUNTAINS.
THE VERMEJO AXIS.

This has an almost north and south trend from the Middle Fork of
the Purgatory River to near Old Baldy Mountain ; but it becomes insig-
nificant south from Vermejo Creek and is soon overlapped by the
Cimarron axis. ~

This fold is abrupt at all exposures found. Only its eastern slope
remains on the North Fork of the Purgatory; it is unimportant on the
Middle Fork of that river; its dips are very sharp on the South Fork,
where it brings up the Colorado shales, out of which San Francisco Park
has been eroded. In like manner it brings up the Colorado shales on
Vermejo Creek, where erosion has formed Vermejo Park. ‘

This axis was not observed on Pofiil Creek or any of its branches,
though it may have exerted some influence in keeping up the Colorado
shales, which are well shown as far south as the slope of Old Baldy.

The synclinal between this and the Cimarron is full of perplexing
problems, and the study of it was deferred until 1879, when no opportunity
was found to take it up. The faults of the Cimarron Stonewall have been
referred to, but in the valley near the South Fork of the Purgatory and
east from the wall the Colorado shales are thrown into abrupt folds, so
that, as the exposures are somewhat obscure, one hastily passing through
the region might be led to conclude that the shales are not altogether con-
formable to the overlying beds of the Laramie. The space is very small,
and it is indeed difficult to conceive how a series so thick as the Fort
Pierre sub-group can be crowded into it. Possibly a fault exists imme-
diately south from the South Fork of the Purgatory, but no direct evidence
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ol ils exislence was oblained.  The synclinal becomes very narrow soulh-
ward, even before the divide between the Vermejo and the South Fork of
Purgatory is reached.

The structure in the Vermejo region is very perplexing, especially
near the Stonewall. No clue to it was obtained.

The relations between the Vermejo and the Cimarron axis are so
intimate that the former is possibly but an offshoot from the latter.

LA JUNTA AXIS.

This axis is crossed by the Purgatory River at La Junta, the junction
of the South Fork with the main stream. Ifs course seems to be north-
northeast and south-southwest, for it was seen on the Canadian near its
head and on the Vermejo at about two miles below Cameron post office.
The fold is gentle, its dips being little more than 1°.

The synclinal between this and the Vermejo axis is crossed by the
Purgatory at the mouth of its North Fork, and by the Vermejo at about a
mile and a half above Cameron post office, so that its course is almost
north and south. This synclinal is simple on the main Purgatory, but
on the South Fork it is broken by a short anticlinal with dips of 3°. No
anticlinal was seen on the Vermejo, where both this synclinal and La
Junta anticlinal are insignificant.

The synclinal east from La Junta axis is crossed by the Purgatory
immediately above the village of Olguines, is hardly perceptible on the
Canadian, but is distinct on the Vermejo at about eight miles below Cam-
eron post office. No evidence of its existence could be found on Poiiil
(reek, while farther south, on the Cimarron, it is certainly absent. There
seems to be a gentle rise southward in the Trinidad coal-field, so that
although the anticlinal dies out, the rocks are not carried under.

THE RATON AXIS.

This strong axis was seen only on Raton Creek, which crosses it
alinost immediately below the mouth of Chicken Creek, where the base
of the Laramie group is brought up and the 7¥inidad coal-bed is accessible.
But the fold dizappears quickly both toward the north and toward the
south, for it was seen neither at Trinidad nor in Dillon’s Cafion.
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The Raton axis is abrupt but narrow, for on the eastern side the
synclinal is reached within little more than a mile, and thence the rocks
rise eastward. The dips are nearly 10°. The exact course of this axis
could not be made out from the exposure.

No other axis was discovered between this and the eastern edge of
the map in the region of the Raton Plateau, but in all probability there is
- one at but a little way beyond, as an axis is crossed by the railroad at
about fifty miles east-northeast from Trinidad.

THE CANADIAN AXIS.

An anticlinal was seen on the east side of the Canadian Cafion, cross-
ing the Texas road at twelve miles south from the old Leavenworth road.
It has a northeast and southwest course, crosses the Canadian Plains
almost directly east from the Canadian Hills, where it brings up the Upper
Dakota sandstone, and it is distinctly perceptible on the Mora River. The
dips are gentle on both sides and the axis keeps the Dakota sandstone at
the surface over an extended area.

No synclinal was reached east from this, but the dip is very flexuous
along the Canadian Cafion below where it crosses the Canadian axis.

THE TURKEY MOUNTAINS.

These lie east and northeast from Fort Union, and are directly in the
line which the Cimarron axis would have followed had it continued without
change in the course between Pofiil Pass and Ocaté Park. The rocks in
these hills form a quaquaversal, which is broken at the south by an old
crater. The influence of these hills is shown at a considerable distance
toward the southeast, but it is unimportant.

SEOTION IV.
RELATIONS OF THE AXES.
The relationship between the axes is very intimate; they bear close
resemblance in structure. Variations in one are associated with variations

in the others, and they all practically disappear on very nearly the same
parullel of latitude.
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The Santa Fé axis is a bold thrust of Archeaan at the north, rupturing
the Carboniferous and upturning the rocks of that group at a high angle
on both sides; but at the south it is a distinct fault, much better marked
than at the north. The Culebra-Mora axis is a grand fault at the north,
but appears to terminate at the south in an anticlinal. The Cimarron
axis is a succession of faults from the northern edge of the district to very
near Poiiil Pass, beyond which the violence of the thrust was diminished,
and thence to its disappearance the axis seems to be an anticlinal, although
it'shows some extensive faults on its east side near Cimarron Creek; so
that it has essentially the same features with the Culebra-Mora, and differs
from the Santa Fé only in the southward extent and violence of the thrust.

The answering variations of the axes are very clear. Thus the
Cimarron first becomes an imposing range on the latitude where the
Culebra-Mora uplift so far loses strength that the fault is apparent; but
with the growing height of the Mora axis and the more rapidly increasing
swell of the Santa Fé axis, the Cimarron dwindles to an insignificant anti-
clinal. On the space of latitude marking the extent of the Las Casas—
Solitario fault, which afforded sudden local relief—the Cimarron axis almost
disappears; but it suddenly exhibits great strength on Gallinas Creek almost
due east from the union of the Mora fault with the other at Solitario.

The intimacy of relation existing between the ranges is such that there
seems to be no room for doubting that in their present shape they are
synchronous. The last great period of upheaval was later than the close
of the Laramie, for the Laramie rocks cross the Cimarron axis at Pofiil
Pass and traces of them remain in the Moreno Valley near its northern
termination, and much prior to the outpouring of the trachytes, for the
line of contact between the Archesean and the vast overflows in Cimarron
Cafion is an almost horizontal plane, showing that erosion had been long
at work before the lavas overspread that region.

Equally, there seems to be no good reason for doubting that at the
close of the Archean, or certainly before the beginning of the Carbonifer-
ous era, islands of Archeean stood above the ocean level along the lines
now occupied by the great axes. The Carboniferous rocks end abruptly
against the Archaan at the termination of the Stonewall division of the
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Cimarron axis, while the Dakota rests on Archeean for miles on the west
side of that axis and in the northern part of the Coyote synclinal. The
enormous conglomerates at the base of the Carboniferous along the Cule-
bra and Taos Ranges, as well as for miles along the Mora Range, prove
that the Culebra-Mora axis, if not marked by continuous dry land from
where it enters the district to the southern end of the present Moreno
Valley, showed at least long, though possibly narrow, islands; while the
presence of conglomerates at the base of the same series on both sides of
the Santa Fé axis indicate its existence also above the sea at the beginning
of the Carboniferous. But the structure of the Santa Fé uplift and that of
the Mora division of the Culebra-Mora axis prove that they must have
been submerged at an early date in the Carboniferous era.

Respecting elevations during the long interval, beginning at some
time between the close of the Archean and the beginning of the Carbon-
iferous, and ending not long after the close of the Laramie epoch, little
can be said.

At nearly all localities where the full succession is shown the whole
series appears to be conformable; but non-conformability seems to exist
between the Cretaceous and the Carboniferous in the Moreno Valley.
This, however, is the only distinct case, and the non-conformability may
have been caused by a lateral thrust after the rocks had been faulted,
whereby the Cretaceous rocks might have been pushed across the up-
turned edge of the Carboniferous. No stress can be laid on this instance,
which stands alone.

But there is one condition well worthy of note. The Cretaceous rests
directly on the Carboniferous at all localities north from the latitude of
Taos Pass, in the Moreno Valley, and along the Culebra and Cimarron
Ranges. The Trias is wholly absent. But that formation makes its
appearance on Coyote Creek only a few miles farther south. It would
seem, therefore, that the Carboniferous rocks must have been above dry
land amid the Triassic Sea. No traces of any rocks newer than the Car-
boniferous occur in the Pecos synclinal until the broad space at the
south is reached, where the greatly-diminished Santa Fé and Culebra-

Mora axes diverge.
5



CHAPTER IV,

THE ARCHAZAN ROCKS.

Four areas of Archaean were seen within the district. The first or
most western marks the course of the Santa Fé axis; the second, that of
Culebra-Mora axis; and the third and fourth, that of the Cimarron axis.

UNDER THE SANTA FE AXIS,

The exposure along the line of the Santa I'é axis begins not far north
from Junta Creek, and continues southward for fifty miles to within
nine miles of Galisteo, on the creek of the same name, where it terminates
even more abruptly than it began at the north. The width of this area
increases slowly and is but one mile on Junta Creek; but thence south-
ward it increases more rapidly and becomes ten or twelve miles near the
latitude of Santa Fé; but beyond that line it narrows slowly to its dis-
appearance on Galisteo Creek.

The only rock observed on Junta Creek was an exceedingly fine-
grained soft gneiss, with little mica, white but weathering gray, and
resembling an incoherent sandstone. Thin beds of mica schist were
seen, but they are not numerous. Quartz veins are common and some

of them are wide, but none of them appear to be metalliferous.
The prevailing rock directly east from Santa Fé is a red granite, which

is compact and is susceptible of a high polish;' but with it are bands of
gneiss and mica schist, and the whole series, as far as observed, is mica-
ceous. It is well shown along the stage-road south and southeast from
Santa Fé. Beyond that road, toward the south, are frequent exposures

of an exceedingly coarse granite, which resembles a metamorphosed con-
66
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glomerate, the pebbles being thoroughly distinct. With this are many
beds of almost black gneiss holding beds of snow-white quartzite. The
rock in the Galisteo Cafion, where the area ends, is a fine-grained, reddish-
gray granite, exceedingly hard, which receives a fine polish from the action

of the stream.
UNDER THE CULEBRA-MORA AXIS.

The area under the Culebra-Mora axis varies in width. It forms the
mass of the Culebra, Taos, and Mora Ranges, as well as of the Las Vegas
Range south from the line of Las Casas Cafion. The width at the north-
ern edge of the district is barely five miles, but it increases quickly south-
ward, owing to growing strength of the uplift, until it becomes twenty
miles in the latitude of Costilla; and in the latitude of Elizabethtown the
Archzan exposure reaches from the Rio Grande Plains eastward to Eliza-
bethtown. But, as the strength of the Culebra-Mora fault suddenly
diminishes south from the last line, the area is interrupted for a few miles,
and Carboniferous rocks are shown on both sides of the fault. The Ar-
chzan, however, reappears between Pueblo and Ferdinand Creeks, but the
exposure is barely one mile wide. The area widens rapidly and soon
forms a bold range, which separates the valleys of the Coyote and the
Mora and continues southward to Mount Solitario, where, uniting with a
subordinate area beginning at the cafion of Las Casas Creek, it follows
the Las Vegas Range until nearly west from Tecolote. There it disap-
pears.

Hornblendic rocks predominate at the extreme north along Trinchera
Creek; but some micaceous rocks occur with them. Gneissoid granite
with occasional layers of gneiss was seen in the cafions of Culebra Creek.
Quartz is present in but small quantity, and no hornblendic rocks were
found until within a short distance of the interior of the range. In the
many cafions of the Purgatory and of the Vermejo on the east side of the
Culebra Range the Archean is represented by gneiss and gneissoid gran-
ites. Fissile mica schists occur here and there, but they do not seem to
bear any definite relation to other parts of the mass. The granite is
coarse and sometimes includes fine crystals of feldspar. Very little horn-
blende was seen south from the North Fork of the Purgatory.
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Costilla Creek, heading on the east slope of the Culebra Range, breaks
through that range on its way to the Rio Grande Plains. Its drainage
area lies chiefly east from the axial line and includes the northern part
of the Coyote synclinal. The main cafion, at eight or nine miles above
Costilla, has walls of very dark compact gneiss, quartzite-like in structure,
but containing filmy lines of mica. Here and there it is replaced by
gneissoid granite, which occurs not regularly but in masses, as though
inserted, from which stringers pass, gradually decreasing in size as they
recede. Mica schists occuf in thin beds and contain small lumps of feld-
spar or of feldspar and quartz, more or less almond-shaped. Micaceous
rocks prevail above the close cafion as well as in the mountains directly
west from Costilla Park, and are associated with broad beds of snow-white
quartzite, accompanied by silvery mica schist. Dark schists seldom occur
north from the creek.

The Archean exposures are practically continuous along the Coyote
synclinal from Costilla Creek to almost ten miles south from Elizabeth-
town in the Moreno Valley, being interrupted only by the overflows
of eruptive rocks near Elizabethtown. The series is represented on
Comanche Creek and the North Fork of Moreno Creek by coarse gneis-
soid granites holding many bands of quartzite. Dark gneiss is by no
means rare, and schists of silvery mica are a characteristic feature.
Coarse granite alone prevails on the West Fork of Moreno Creek for three
miles above its mouth, but gneiss prevails farther up; much of the lat-
ter is schistose and mottled with small blotches of white mica or with
nodular concretions of feldspar or quartz and feldspar. Some beds of
hard wood-like gneiss were found associated with beautifully-waved
schists. The granite becomes very coarse below the junction of the
Forks of Moreno Creek, where it resembles conglomerate and weathers
into curious architectural forms. It contains very little gneiss, and
quartzite appears to be wholly wanting.

The Archzan area becomes wider and bolder south from Costilla
Creek, and stretches much farther toward the west than it does north
from that creek. The erosive agency which removed so much of the
Archeean rocks north from that creek was not exerted south from it, and
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the Archesean rises into a mountain range reaching to the Rio Grande
Plain, and with eruptive rocks at the foot, or cutting it as dikes. Both
micaceous and hornblendic rocks are present here, but the former class
seems to predominate, and the latter occurs in small beds or patches
included in the others. For the most part the mica is almost black ; the
lighter varieties exist only as crystals or scales included in lumps of
quartz. The syenite occasionally contains crystals of pinkish feldspar
measuring four by two inches. A wide bed of quartzite is continuous
along the face of the mountains for six or eight miles, and its fragments
are spread over the plain for a long distance toward the Rio Grande. An
exceedingly compact granite of delicate gray color was seen in the cafion
of Colorado Creek, and fragments of syenite occur frequently in stream-
beds entering that cafion from the south. No examinations were made in
the heart of this area between Colorado and Ferdinand Creeks.

In following the Culebra-Mora area one loses sight of Archeean rocks
along the line of fault soon after leaving Red River Pass, but reaches

them again at a little way north from Ferdinand Creek, whence the expos-
ures are continuous to the end on Bernal Creek, almost west from
Tecolote.

Hornblendic rocks alone were seen on Ferdinand Creek, where they
are shown on the middle fork at but a little way above its mouth. Thence
southward, exposures are imperfect until near the middle of the cafion on
Coyote Creek, where mica granites are shown holding great beds of quartz-
ite. Near Guadalupita and thence southward for several miles a soft
schistose gneiss prevails, which contains silvery mica and blotches of
quartz; but in the interior of the range this is succeeded by a dark gneiss,
which so closely resembles a slightly altered sandstone that one, judging
from a hand-specimen, would not hesitate to pronounce it such. It is
crossed in all directions by narrow veins of quartz,” shows many close
flexures, and passes imperceptibly into dark mica schist with rare bands
of gneiss and granite. The mode in which these bands occur suggests
that they have originated from mere segregation of the minerals.

The Archaan exposure along Mora Creek begins at but a little way
above Canoficito at the east and continues to San Antonio at the west,
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while both north and south from the creek is a broad valley eroded in
Archaan rocks. The highest bed of the series on the east side is an
extremely coarse gneissoid granite, whose quartz is in large angular blocks
and the mica in large plates. Underlying this, as one ascends the creek,
are tender mica schists, which yield readily to the weather. With these
is some gneiss, which is mottled handsomely with flecks of white feldspar.
The gneissoid granite often occurs in great blotches on the hillsides as
though it had been dashed there in a pasty condition; and the long
tapering strings passing out from them in all directions lend countenance
to such a conception. The compact fine-grained gneiss, to which allusion
has been made in the description of other localities, is abundant up the
creek as well as in the valley north from Mora. Mica schists prevail in
the hills south from Mora, where they hold many thin veins of quartz and
occasionally an irregular bed of gneiss.

A coarse gneissoid granite was seen on Cebolla Creek immediately
underlying the Carboniferous, and below it are some dark gneisses and
beautifully-waved schists. Gneiss prevails on Manuelitos Creek, but often,
for considerable distances, is replaced by a reddish-gray, fine-grained,
compact and greasy-looking granite, which is gneissoid in structure and
bears not a little resemblance to a slightly altered sandstone. Narrow
beds of white quartzite occur in the vicinity of Santo Nifio on this creek.

The rock in the Las Vegas Range north from Mount Solitario is for
the most part a gneiss with silvery mica, though here and there are bands
of very light-colored gneissoid granite, contrasting strangely with the great
mass exposed in the precipitous bluff which extends from Las Casas
Creek to Solitario. Coarse granites with thin beds of gneiss prevail thence
to the termination of the area on Bernal Creek.

UNDER THE CIMARRON AXIS.

Few exposures occur under this axis. The overflows of eruptive
rocks in the Old Baldy or Cimarron Mountains conceal the Archean
except in the cafions of Cimarron and Rayado Creeks and along the east
side of the Moreno Valley south from the Cimarron Cafion. Imperfect
exposures along the East Fork of Comanche Creek show only mica schists
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~ with here and there a pocket of coarse granite. Cimarroncito and Urraca
Cafions, on the east side of the axis, undoubtedly reach to the Archean,
as pebbles of rocks belonging to that age occur in débris along the streams,
but the rocks are not exposed. Owing to the weakening of the axis south-
ward the Archaan is not brought to the surface south from Rayado
Cafion until beyond Sapelloreek, where the axis suddenly gains strength,
so that for a few miles those rocks are exposed. But this exposure is
short, and the Archaan soon disappears beyond Gallinas Creek to be
brought up no more under the Cimarron axis.

The rock near the head of Cimarron Cafion is dark, compact gneiss,
splitting like wood, and so fine-grained as to bear some resemblance to
quartzite. Mica is distributed irregularly through it, and hornblende
seems to be wholly wanting. This dark gneiss weathers with jagged
surface and the walls of the cafion are gloomy. A similar rock is exposed
along the east side of the Cieneguilla Valley for five or six miles south
from the head of Cimarron Cafion.

The exposure in the upper part of: Cimarron Cafion is very short,
being cut off by an enormous dike. Another exposure farther down the
" cafion, and continuing for nearly four miles by the creek, shows a much
darker gneiss, but this holds beds of quartzite and huge blotches of feld-
spathic granite.

The rock on Gallinas Creek is a hard reddish granite, which frequently
approaches gneiss. No schists accompany it.

Another area is that of the Placer Mountains, which lies on the
southern border of the district. But no opportunity was afforded for any
examination of this area. ‘

The dips of the Archeean rocks are much confused, and the distortion
at most localities is so great that neither the succession of the strata nor
the general structure could be made out during the brief examinations. A
fault was suspected on Costilla Creek at about six miles below the mouth
of Comanche Creek, but its existence was not determined. Positive proof
of non-conformability to the overlying Carboniferous is not easily obtained;
the main obstacle in the way of making the determination being the char-
acter of the rock. Usually, the disturbance near the junction of the two
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series is very violent and the rate of dip changes greatly within a short
distance, sometimes becoming even reversed. But distinct non-conform-.
ability may be asserted as existing in the vicinity of Costilla Peak, where
the enormously thick Carboniferous series terminates abruptly against the
Archean core of the Cimarron axis.

No absolute evidence exists to settle the‘age of these rocks. Litho-
logically, they bear close resemblance to the Laurentian series of the east,
and at more northern exposures within the Rocky Mountain region they
have been referred by all observers to that age. The coarse gneissoid
and often conglomerate granite immediately underlying the Carboniferous
at many localities may possibly be of somewhat later origin.



CHAPTER V.

THE CARBONIFEROUS ROCKS.

Parts of two principal areas of the Carboniferous lie within the dis-
trict. The first or smaller enters from the north and follows the east
slope of the mountains to Costilla Peak, where the Carboniferous rocks
end abruptly against the Archean. The secorlld and much larger area is
continuous at the south around the terminations of the several mountain
ranges and reaches northward into the synclinals between the axes. This
area extends northward under the Rio Grande Plains and is continuous
with that whose outcrop is shown on the west side of the Sangre de Cristo
and Culebra Ranges north from the district.

The Carboniferous rests directly on the Archeean at all localities
examined.

THE NORTHERN AREA.

Carhoniferous rocks are exposed along the east face of the Culebra
Range almost continuously from the Spanish Peaks to Costilla Peak. The
outcrop lies far up on the mountains at the north, reaching to the crest of
several high peaks; but southward it retreats from the summit-line, owing
to increasing strength of the uplift, until at Culebra Peak it is nearly a
mile and a half away, and at the headwaters of the Vermejo Creek several
miles away from the crest-line of the range.

A detailed section of the series cannot be obtained within this area
without an expenditure of time and labor which would be unjustifiable
in exploratory work. Continuous exposures are not wanting, but they
occur in practically inaccessible localities.

The Carboniferous rocks are reached on the South Fork of the Pur-
gatory River directly behind the Dakota Stonewall, which extends from the

Spanish Peaks to Costilla Peak. The upper beds are reddish-brown con-
73
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glomerate sandstones not far from 2,500 feet thick, whose dip, at first
castward, soon becomes nearly vertical. Large fragments of granite,gneiss,
and quartzite prevail, but with them are some of sandstone and limestone.
Several of the less coarse layers are tender and break down so readily as
to prevent satisfactory study of the mass. This part of the section bears
close resemblance to the upper division of the Carboniferous series seen
on the Eagle River of Central Colorado.

Reddish sandstones, thin-bedded, ﬁne-grained, and not far from 1,800
feet thick, and holding beds of red shales, underlie these coarse sand-
stones. Their dip passes beyond the vertical, and before their base is
reached it becomes distinctly westward. These sandstones rest on a gray,
not very hard limestone, which weathers bluish, contains many streaks of
calcspar, is richly fossiliferous, and is not far from 100 feet thick. This is
succeeded by 300 feet of red sandstone and reddish shale, similar to the
last; under which is a blue, very compact limestone, of which twenty feet
are exposed, showing some calcspar but no fossils. Beyond an interval
of 700 feet, filled with red shale and sandstone, the lowest limestone is
rcached. As far as exposed it is seven feet thick, blue, slaty, hard, and
contains some fossils. The base of the series is a conglomerate sand-
stone, not fully exposed,lwhich evidently contains some beds of fine-
grained red sandstone and red shale. It rests directly on the Archeean, is
not far from 800 feet thick, and at contact has a dip of about 60° westward.

These rocks were observed along the several cafions in which the forks
of the Purgatory flow. None but the three limestones was seen, and these
retain the same features throughout. Exposures are very indefinite at
the headwaters of the Vermejo and little can be found aside from the
coarser sandstones at the few openings in the eruptive rocks. Fragments
of the gray limestone frequently occur along the streams, but that bed was
not found n sitw at any locality examined.

THE SOUTHERN AREA.

Detailed study within this area was made only in the Coyote syn-
clinal; the section was not fairly exhibited at any locality north from the
head of Coyote Creek.
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The Carboniferous rocks in Moreno Valley rest directly on the
Archazan and occupy a synclinal on the west side of the present valley,
where they seem to lie unconformably below the Dakota rocks. Appar-
ently the lowest beds are exposed on the mountain side almost directly
west from Elizabethtown, where they bear much resemblance to the coarse
red sandstones closing the series on the South Fork of Purgatory. Two
beds are shown, separated by a concealed interval, which evidently con-
tains a limestone. The rock is an extremely coarse conglomerate with
huge fragments of gneiss, granite, and quartzite, with limestone added in
the upper bed. These conglomerates underrun reddish sandy shales
such as underlie the coarse sandstones at the foot of Culebra Peak. The
series is better shown along the face of the mountain farther south,
though no good exposures were found until the valley of Coyote Creek
was reached.

As has been shown in a previous' chapter, the stratification on the
east slope of the Taos Mountains is complicated. No detailed section can

be made without the use of instruments, but the following succession was
observed while ascending the mountain on the north side of Six-mile
Creeks ‘

1. Reddish sandstone and shale, not fully exposed, above which is a
thin bluish limestone, partially altered and containing no fossils.

2. A cherty limestone, containing here and there a few less impure
layers, in which are productus, athyris, and fenestella. .

3. Sandy shale and thin sandstones. Impressions of roots are by no
means rare in the more argillaceous portions.

4. A blue limestone, very compact, which contains many fossils; but
these are not silicified and specimens could not be obtained for identifi-
cation. ,

5. The interval cannot well be made out; it contains some shale and
some compact sandstone, but no connected exposure-of any sort could be
found.

6. Limestone, gray, somewhat altered; contains much calcspar and is
fossiliferous. It may be the same with the thick bed seen on the trail to
Culebra Creek, to which it bears much resemblance. This, the most
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marked bed in the whole series, is well shown on the south side of the
creek, and in Moreno Valley between the base of the mountain and the
creek.

7. A long interval, in which the exposures are unsatisfactory; much
coarse sandstone and a little shale were seen.

8. Limestone, blue but weathering gray; it contains fossils, but the
specimens are not silicified. |

9. Conglomerate sandstone, like that seen on Culebra Peak, but much
coarser. This reaches to the base of the section and probably is continu-
ous with that seen on the mountain side opposite Elizabethtown.

The same section is present in the cafion leading to Taos Pass, for
at the mouth of that cafion the reddish shales and thin sandstones are
well shown; the cherty limestone and the gray limestone are seen
farther up, and on the summit of the pass is a thin limestone, the lowest
of the series, which rests against a coarse conglomerate extending to the
Archaan rocks.

Carboniferous rocks are frequently exposed along Coyote Creek above
the village of Coyote; but they are much distorted and the section could
not be worked out in detail. The general character of the rocks is vmlike
that observed at more northern localities already referred to, for the coarse
sandstones are no longer present at the base; the coarse sandstones at the
top are not red and conglomerate, but merely coarse gray sandstone, while
the red shales are almost absent, being only insignificant layers separating
great beds of gray sandstone. But the gray limestone of Taos and Cule-
bra Peaks seems to be conspicuous in all the sections. A short section
at the base of the series on Coyote Creek is—

Lo SandSbome -....cn coi e it ieietaeeacaaeaaaaaann 30
2. LAmeStOme ... . it e eeeeaiecieane e cesana.aaun 25
3. Shale and SaNASIONe . . . ... ciie. tirit it i rte e tantcaaaann 180
4. Sandstones and shales, with a limestone near the base...................... 300

No. 2 is a grayish limestone and contains many fossils characteristic
of the coal measures. The shales, No. 3, contain thin bands of limestone
near the top; both shale and limestone are full of coal-measure forms.
The limestone in No. 4 seems to be non-fossiliferous.
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A section obtained at nearly four miles above Coyote gives a total
thickness of nearly 3,000 feet, but there is good reason to believe that the
section is doubled there by a synclinal. Four beds of limestone occur
within the first 800 feet above the Archean, and many thin streaks of
limestone were seen in the shales, answering to No. 3 of the last section.
At the top of those shales is a bed of gray limestone, which is very rich
in fossils of species belonging to the coal measures.

Following the synclinal southward, one finds the features observed
on Coyote Creek more clearly defined on Mora, Manuelitos, and Sapello
Creeks. The following section, compiled from sections taken on Mora and
Manuelitos Creeks, is characteristic of the series as exhibited within this

synclinal:
Generalized Section.

. Feet
1. Not fully exposed, but mostly sandstone........... ... ... ... ... . ... 141
2. Limestone, blue, fossiliferous ............ ... ... ... oo il 12
3. Sandstones and shales, latter red, former light to dark gray, moderately
coarse to conglomerate ... .. ... ..., 320
4. Limestone and shale, non-fossiliferous ........... ... ... .. ... ... .. 20
5. Sandstone, mostly dark gray, with some red shale ..................... .. 250
6. Imperfectly exposed; some sandstone ........... . ... ... . .iiiio... 100
7. Dark-gray sandstone - ... ... ..., 90
8. Concealed ........... et aeeetaaeateteeaeeeieaaieei ey 20
9. Yellow sandstone. ... .. ... oo . L i it 25
10. Concealed . ......oonieu it iiieeieiaaaae 15
11. Limestone, blue, many fossils........ ... . ... .. i 10
12. Yellow sandstone, mottled with black ....... .. ... ... ... ... ... .. ... 8
13. Dark-gray sandstone . ... «.vonnon i i et et e 40
14, Darkred shale .. ... oo i e e e e 12
15. Limestone, blue, cherty, fossiliferouns - ........ ... . ... ... ... il 18
16. Red shale. ... ..o i e 20
17. Gray sandstone, mottled with brown....... ... ... .. ... . il 30
18. Red shale .. .cn i i i i i ittt e e 10
19. Limestone, cherty .. ... .. .. L 6
20. Red shale............. f e eeeie neeee et ienien e 20
21. Red shales and thin gray sandstone. ... ........c.oooiiiiiiiiiian ceannt 90
22. Gray sandstone, with brown spots . ................. e e 70
23. Concealed .....ooviniiii i e ittt et ierea crrere e e 50
24. Flaggy to compact sandstone, with impressions of stems .................. .20
25. Red shale. ... oo i i e e e e aaaa 8
26. Limestone with some shale, gray, fossiliferous . ... ............ (... ..., 18

27, Dark-Drown Shale . ..cocr it et it tittes teeeer seeae sacseceananen 60
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Feet.

28, Imperfectly eXposed ... ..o.ciuir ittt ittt ettt ceeraaaan e aaan 150
20, Dark Shale .. .e e e et ieiinreit s 70
30. Gray sandstone ........ ... iiiiiiiiiiiiiiiinaat e 15
LS TR ) 17 P 40
392. Alternations of shale and sandstone . .......... ... . ... il iiiiinnn.. 300
33. Coaly shale ... ... . e 10
34. Limestone, impure, non-fossiliferous.......... ............. ..., Cereeraeas 2
LTI 00 V2 Lo A O 30
36. Sandstone and shale ............ Pt 70
37. Limestone, blue, few fossils ........ooviiiiiir il e 6
38. Sandstone and shale .. ...........o.... i e 30
39. Limestone, grayish, somewhat silicious................ ... ... LooiilLL 8
40, Concealed . .. ..cn it i e et ce e 25
7 RS 725 10 170 L 15
42. Concealed ........... it ceae e et ieaaes e e 60
43. Limestone Seem. ... ..ottt i e e e ciicaeeaaaaan- ... 10
44, Concealed . ... ... ettt ieie e 20
45, Sandstone and shale . ... ....... .. ... .. oL, e 180
46, LIimestone . .. ..ot e e et e 70
B T (Y5 3 1L S 20
48, Concealed ... .. et 12
49, Limestone with shale .. .. ... ... i i 200
L0 T 10 1770 o T 8
51. Limestone ............... T VA 30
52. Sandstone and Shale . ... . ... .ooeioeetin i i it U ... 2
53, LimMeStome - . ..ot e e e e eeeeacaaaaaa 20
54, SandStone ... ... it e it acecaaaaaeaaeaan 25
55, LAmestone - .. ... i i ittt hteie et eceacaaaeaaaan 15
56. Sandstone .. ... i i i 12
57. Sandstone and shale . ....... .. . i i i 120
58, Lmestone .. .. .cu i e e 8
T3¢ TN T2 1 10 151 70) 0 U Y0 16
00. LimeStone . . .ccunt i ittt it it et tee it aaaaan. 35
0] 2 3,276

And No. 60 rests on the Archsan.

In this section, which may be taken as typical for the whole southern
region, two groups are shown; 317 feet of limestone occur in the lower
905 feet, while there are but 100 feet of limestone in the remaining 2,376
feect. The limestone group and the sandstone group recognized in south-
ern New Mexico many years ago by Mr. Marcou, are well defined on litho-
logical grounds, and are convenient for reference during description.
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The limestones and some of the shales in the lower division are for
the most part rich in fossils. No. 46 is very probably the gray limestone
of Taos and Culebra Peaks; it is well shown on Coyote Creek above
Guadalupita, in the cross-section above Coyote, on Mora, Manuelitos, and
Sapello Creeks; the mass of limestone and shale, No. 49, is the character-
istic and persistent series seen in both sections on the Coyote, as well as
on the Mora, Manuelitos, Sapello, and Tecolote. The shales are always
dark; the limestone is a variable quantity, being insignificant above
Guadalupita, but occurring in bands from three to ten inches thick near
Coyote; on the Mora many of the beds are two feet thick, while on the
Manuelitos the limestone predominates. No. 51 is a compound bed, a
more or less silicious limestone in the lower part, passing upward into a
calcareous grit containing much iron. The upper layers break out in
rectangular blocks, which split readily when the calcareous cement has
been removed by long exposure to the weather. Fragments of this bed
were first seen above Guadalupita on the Coyote, but the bed itself was
not found until Manuelitos Creek was reached. The position and many
of the features shown by this limestone lead to the suspicion that it may
be equivalent to a cherty limestone seen farther north.

Fragments of No. 68 were seen on Mora Creek as well as on Cebolla,
but the bed was not discovered north from Manuelitos Creek. No. 60 is
the bed which dips eastward in the park between the Archaan and the
Carboniferous hills at somewhat more than three miles north from
Coyote. It is present also on Mora, Manuelitos, and Sapello Creeks. As
the contact between Archaean and Carboniferous is not exposed at the base
of the Las Vegas Range in the valley of Tecolote Creek, the presence of
this bed there was not fully determined ; but fragments of a rock closely
allied to it are not rare in the débris at the foot of that range. This lime-
stone varies from fine-grained, gray, compact, and pure, to light blue,
hard, and very silicious, and passes almost imperceptibly into the overly-
ing sandstone, which is much like quartzite at its base. No fossils were
found in this rock.

Detailed observations were made at but few localities within the Pecos
synclinal or within the extended area of exposures lying about the south-
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ern termination of the axes. Limestones 60 and 51 are shown on Cebolla
Creck, on the west side of the Mora axis, and farther north the same beds
are exposed near the head of Mora Creek. No section was attempted
within the Pecos synclinal on Ferdinand Creek, for there was not sufficient
time to admit of studying out the confused dips attending the disappear-
ance of the Taos Archzan and the beginning of the Santa Fé Archeean.
An enormous conglomerate at the base of the Carboniferous, similar to
that found on the east slope of the Taos Range, is shown on Junta Creek
within this synclinal, as well as on the west slope of the Santa Fé¢ axis.
Less limestone was seen in this synclinal than at the corresponding hori-
zons on Mora and Manuelitos Creeks in the Coyote synclinal.

But the limestone increases southward in the Pecos synclinal, for
beds of that rock are numerous and thick along the cafion of Pecos River.
Those of the higher group evidently become more important southward,
for a great limestone is exposed at many places along the Santa Fé¢ stage-
road between the Mora and the Santa Fé axis, The relations of the thick
limestone curving round the southern termination of the Santa Fé Arch-
aan were not determined.

Throughout the whole of this southern area the two groups observed
on the Mora are distinet and retain the features there noticed.

A small area of Carboniferous is exposed in the Turkey Mountains;
but there only the upper or sandstone group is brought to the surface.
No limestones were seen, but lithologically the resemblance of the sand-
stones to those of the Mora is complete. No fossils were obtained by us,
but Dr. Newberry procured a Stigmaria from one of the beds.

Even the most cursory examination of the preceding part of this
chapter discloses the striking differences exhibited by this group in the
two areas. Sandstone predominates throughout the series in the north-
ern area, while limestones are few in number, and with one exception
unimportant. A conglomerate occurs at both the base and the top of the
column; the less coarse sandstones are red, and the shales almost with-
out exception are sandy.

Somewhat similar conditions exist in the southern area on the west
side of Moreno Valley, where a conglomerate begins and closes the
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column, while in the interval red shales and sandstones prevail. Yet
even here a very material change is shown, for along Six-mile Creek five
beds of limestone were seen, and there is good reason to suspect the pres-
ence of a sixth. But this change becomes distinct farther south in the
Coyote trough.

At the first cross-section obtained in Coyote Valley the conglomerate
is absent from the base of the series, and thence southward a silicious
limestone rests on the Archeean; four beds of limestone were found in
the lower 800 feet of the column, which is not fully exposed; shale pre-
dominates in this part of the section, and the proportion of sandstone
shows a decided decrease. The great upper division of the column shows
no conglomerate other than in little pockets; ordinary sandstones with
beds of reddish shale separating them prevail, and several unimportant
beds of limestone are introduced.

As one follows the series southward he finds this change much more
marked in the lower than in the upper division of the section. On Man-
uelitos Creek the lower group, 905 feet thick, shows 317 feet of limestone,
whereas the upper group, 2,376 feet thick, has but 100 feet of limestone.
But while the limestone increases but slowly in the upper group, the
sandstones have become less coarse in grain and the shales separating
them have become thicker at their expense.

Crossing the Mora area of Archaan to the Carboniferous of the Pecos
synclinal, one finds there contrasts equally striking. The conglomerate
at the base of the series evidently disappears at but a little way south
from Taos Pass on the west side of the Mora axis, but it prevails on the
east slope of the Santa Fé axis to a considerable distance south from
Junta Creek, fully fifteen miles farther south than its limit on the Mora
axis. A clumsy conglomerate was seen very near the base of the series
on the east side of the Santa F¢é axis within a few miles of its southern
termination.

But while this massive conglomerate at the base of the series
seems to be persistent along the western side of the Pecos synclinal,
the higher rocks are by no means like those of the northern area.

Sandstones, it is true, predominate along Ferdinand Creek, but they are
6
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not coarse; the limestones there are not numerous, but they are com-
paratively pure. Southward the limestones increase in number and
thickness, until at the mouth of Pecos Cafion the lower part of the
section appears to be even richer than it is in the Coyote synclinal on
Manuelitos Creek.

This condition prevails in the belt of Carboniferous fringing the
southern termination of the axes, where even the limestones of the upper
group attain to no inconsiderable thickness.

It is sufficiently evident, from the distribution of the conglomerates
and limestones, that at the beginning of the Carboniferous era a body of
dry land existed in the vicinity of the Culebra and Taos Ranges, as well
as along the present course of the Santa F'é axis; and that this was still
above water in the Culebra region during the greater part of the Carbon-
iferous era; it is equally evident that during the earlier part of that era
the southern part of the area either sank wholly below the sea or else
became utterly insignificant in size, so that the wash was too slight to con-
taminate the ocean at any distance from the shore-line. But after an
accumulation of barely one thousand feet had been made, the ocean became
shoaled and the area of dry land or of land barely below water-line
increased, for the limestone-making period closed abruptly. It seems,
however, altogether probable, from the thickening of limestone in the
upper group along the Santa Fé road, that farther south that group will
show changes such as have been noticed in the lower division within the
limits of the district.

On the map the Carboniferous has been colored as one series, no
attempt having been made to recognize any subordinate groups. No sub-
division is now possible on paleontological grounds. It may be that at
some future time, when the country has been more closely examined and
more extensive collections of fossils have been made, the relations of the
several parts of the section may be determined with a considerable degree
of accuracy. At present, however, all attempts to classify the series are
premature. This will appear from the following facts.

The base of the group was reached at many localities and fossils were
collected wherever any could be found.
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A thin limestone rests on the conglomerate at the base of the series
on the east slope of Culebra Peak. This contains productus splendens,
Spirifer lineatus, and an undescribed Naticopsis.

A thin limestone occupying an analogous place in the section occurs
on the summit of Taos Pass, and contains Spirifer plano-convezus, Athyris
subtilita, and Lophophyllum proliferum.

The lowest limestone of the series shown on Coyote Creek and south-
ward is an impure rock resting directly on the Arch®an and containing
no fossils. The next above is No. 68 of the general section which, on
Manuelitos Creek, yielded Orthis resupinata (?) and some indistinct forms.
No. 51, the next above, is a composite bed, somewhat ferruginous, and
silicious below, but passing upward into a dark-blue ferruginous grit. It
is well shown on Cebolla Creek on the west slope of the Mora axis, and on
Manuelitos Creek within the Coyote synclinal. The lower division yielded
the following species:

Lophophyllum proliferum. Retzia mormont.
Fenestella. Athyris subtilita.
Stenopora. Productus muricatus.
Spirifer cameratus. Productus semi-reticulatus.
Spirifer lineatus. Chonetes granulifera.

Spiriferina kentuckensis.

While the upper division gives—

Stictopora serrata. Productus costatus.
Fenestella. Productus punctatus.
Discina. Productus prattenianus.
Lingula. Aviculopecten carbonarius.
Orthis pecosii. Aviculopecten occidentalis.
Spirifer keokuk. Pinna.

Spiriferina kentuckensss. Pterinopsis.

Athyris subtilita. Avicula. (%)

Athyris roysii. Myalina subquadrata,

Streptorhynchus crassus.
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Similarly no fossils were seen on Coyote Creek in the limestone at
the base of the series. The lowest fossiliferous bed contains the following
species:

Fenestella. Productus splendens.
Spirifer keokuk. Productus sp.

Spiriferina kentuckensis. Chonetes granulifera.
Retzia mormonds. Chonetes sp.

Athyris subtilita. Streptorhynchus crassus.
Athyris roysii. Nucula ventricosa.
Productus costatus. Pleurotomaria spherulata.
Productus prattenianus. Pleurotomaria grayvilliensis.
Productus muricatus. Orthoceras rushensis.

Of the species given in these lists, Orthis resupinate and Spirifer
keokuk may be regarded as Lower Carboniferous forms, but all of the rest
are either Coal Measures species or forms which are common to the Coal
Measures and the Lower Carboniferous. Judging then from the fauna,
the only available means of comparison, it appears that the Lower Car-
boniferous of the Mississippi region is wholly wanting in this distriet.

Similarly the Permian age of the upper part of the column has no
positive basis. Bakevellia occurs near Pecos, but it is associated with
Meekella striatocostata, Athyris subtilita, and other forms, which are thor-
oughly characteristic of the Coal Measures. It is altogether probable
therefore that the epoch of the Coal Measures alone is represented in
this area.



CHAPTER VI

THE JURA-TRIAS.

The attempt to determine the vertical extent of this group within the
district has resulted in little more than uncertainty. The relations of
certain red beds to the Carboniferous below and to the Dakota above
are so intimate that all lines of separation must be arbitrary to the last
degree; the more so, since no fossils have been discovered which give any
positive evidence respecting the matter. Still, these beds directly over-
lying the well-defined Carboniferous and evidently marking the passage
from that series to the great mass, to be described in the next chapter as
Dakota, may be placed in the Jura-Trias. Some Trias seems to be neces-
sary to make the succession complete.

No rocks of this group were found in the Culebra Range, and the Car-
boniferous rocks underlie the Dakota along the whole mountain face to
Costilla Peak at the south; while farther south along that line both Trias
and Carboniferous are absent and the Dakota rests on Archaan. No
clear proof of the presence of Trias was found in the Coyote synclinal
north from the head of Coyote Creek. Some red shales were seen on
Cieneguilla Creek at a few miles south from the cafion leading up to Taos
Pass, but their relations are uncertain, and they may be only parting
shales of the sandstone group of Carboniferous. The first distinct expo-
sures were seen below Guadalupita on Coyote Creek, where the red shales
and sandstones occur on the east side of the valley at the base of the mesa.
Fragmentary exhibitions appear for several miles, until at nearly three

miles above Coyote a long bend in the creek affords a connected section
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from the mesa to the Carboniferous hills in the middle of the valley. The
series as exposed here is not far from 700 feet thick.* Red shales and
red sandstones and impure limestones fill the upper third of the section,
while the lower part consists of very coarse red sandstones, often con-
glomerate, alternating with bands of deep-red shale. Blocks of red sand-
stone, water-worn, and measuring eight by twelve inches, frequently occur
in the sandstones. The limestones and the adjacent shales were searched
carefully for fossils but without success. These beds are persistent from
this locality southward along the east slope of the Cimmarron anticlinal,
being well exposed behind the Lower Dakota Stonewall on Coyote, Mora,
Sapillo, and Gallinas Creeks; but they are indifferently shown on Cebolla
Creek and south from the gap of Gallinas Creek. On Mora and Sapillo
Creeks the sandstones are finer in grain and have a deeper red color,
while instead of the large fragments of rocks there are only rows of small
rounded pebbles, seldom larger than a hen’s egg. A few thin gray sand-
stones were seen on these creeks, but the limestones found on Coyote
Creek are absent. The conditions shown on Gallinas Creek are much the
same, but the gray sandstones have increased in importance. These beds
were not recognized in the Turkey Mountains. The shales are somewhat
gypsiferous, but the gypsum occurs in films and the quantity is insig-
nificant.

No fossils were found by me in any part of the series,'but Dr. Hayden
states that he obtained casts of Mytilus associated with a saurian tooth
in the upper part of the section on Gallinas Creek, which he thinks sug-
gest Jurassic age for that part of the group.

These red beds are well shown along the Santa Fé stage-road from
Bernal Creek to Galisteo Creek, as they make up a great part of the mesa-
wall on the southwest side of the Pecos Valley. Exposures there are dis-
tinct, and the section shows alternations of shales and sandstones in all
not very far from 750 feet thick. The sandstones of the upper part are
brick-red, while those lower down are gray to brownish-red; and the
shales vary from red to blue or purple. No fossils were found in any part

*The thickness of inclined beds is given in all cases by estimate.
t Third annual report. Reprint, p. 163.
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of the section, but some gypsum was seen. This section underlies the
Lower Dakota sandstone, which is the rim of the mesa. The exposure on
the Upper Galisteo, where the Archaan of the Santa Fé axis ends, is
similar, except that the sandstones at the base of the group are for the
most part gray, while red shales, both sandy and clayey, prevail in the
upper part.

This series passes almost imperceptibly into the Carboniferous below
at all localities examined, and the groups are wholly conformable wher-
ever they have been seen in contact. The upper sandstones of the Car-
boniferous as exposed under the Cimarron anticlinal, as well as in the
mesa along the Pecos, are separated by shales, mostly red, and some of
them blood-red as any in the series here referred to the Triassic. The
line of separation is placed arbitrarily at the top of the last bed of massive
gray sandstones on the Mora, there being Carboniferous fossils at 140 feet
below that bed; and the interval to the fossil layer is imperfectly exposed.
The passage to the Lower Dakota is better marked, for at most localities
the latter group contains no shale.



CHAPTER VIL

THE DAKOTA GROUP.

The grouping to be proposed in this chapter is merely provisional;
dependence has been placed solely on lithological characters and strati-
graphy, since testimony of fossils is either unattainable or indecisive.
When the work shall have been prosecuted in detail and carried systemat-
ically toward the south and west to localities already well determined by
evidence of fossils, this classification may prove to be somewhat arbitrary.
For the present, however, it seems desirable to include under one group
the Dakota of Meek and Hayden and the greater part of the Trias of
authors as found in New Mexico. The whole series may be Triassic or it
may be wholly Cretaceous. It is included under the Dakota here merely
for convenience of description.

The exposures of Dakota are in two areas, which are partially discon-
nected by the great overflows of eruptive rocks in the Cimarron Moun-
tains. The smaller area enters at the north and follows the east base of the
Culebra Range to Costilla Peak, where it is cut off by the igneous overflow.
The larger area begins at but a little way east of south from the other in
some petty exposures, and thence continues southward. It forms a strip
on each side of the Canadian Cafion below the old Leavenworth crossing,
which widens westward until it embraces nearly the whole of the Canadian
_Plains south from a line passing through Fort Union, the whole region
between Wolf Creek and the Coyote, and extends almost without inter-
ruption from the Sapello up Mora Creek to La Cueva. But the area
contracts south from Mora Creek and the series is seen only in a Stone-
wall following the east slope of the Cimarron anticlinal and extending

southward to ten or twelve miles beyond Las Vegas. This narrowing
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disappears with the axis, and the Dakota forms a continuous sheet south
and southwest, covering much of the great mesa country drained by the
Pecos and the Rio Grande.

No subdivision of the Dakota can be made conveniently in the north-
ern or smaller area. There it forms the Stonewall to which reference
has been made in previous pages, and, so far as exposed, it consists only
of sandstone. The wall usually appears double at the top, but the space
between the two plates of sandstone is invariably concealed. The pecu-
liarities of this Stonewall have been described in another place, and no -
further description is necessary here.

Though apparently one mass, yet there are {races of the subdivisions
which will be proposed for the southern area, where the thickness is vastly
increased. Both plates of sandstone are alike in color and vary from
gray to light yellow, but they are distinguished by peculiarities of com-
position and texture. The upper plate varies from fine-grained to moder-
ately coarse conglomerate; its finer and more compact layers, which are
best fitted to resist atmospheric erosion, are usually honeycombed with
films of quartz, a feature characterizing this rock over a great area in
both Colorado and New Mexico, and rarely seen in any sandstones except
those of this upper division. Some of the lower layers are finely con-
glomerate and are cemented by a soft powdery material.

The lower plate of sandstone is, for the most part, fine-grained, but
it sometimes shows small pockets of rather coarse conglomerate. The
films of quartz are wanting at all localities examined. The shales sup-
posed to exist between these plates of sandstone were not seen, but the
mode of weathering is such as to leave little room for doubting their
existence. The total thickness of the group is not more than 300 feet,
and at some localities it is materially less.

In the larger area the Dakota is triple and is divided as follows :

1. Upper Dakota, sandstones ............. ... o iiimiii it ianans 750
2. Middle Dakota, shales, sandstones, and impure limestones....... ......... 600
3. Lower Dakota, sandstones. . . ... ... i it e 350

Total of Dakota group .......coee coiiiiiiiiiiiieeee e 1,700
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No. 1 is the Dakota of Meek and Hayden, but Nos. 2 and 3 have been
regarded as Trias by all previous explorers of this region.

THE UPPER DAKOTA.

The Upper Dakota is exposed over a great part of the southern area.
It underlies the basalt of the Ocaté Mesa south from Ocaté Creek, forms
both walls of the Mora and Canadian Cafions, covers the area stretching
from Mora Creek eastward to the Canadian, and forms the eastern portion
of the Stonewall south from Cebolla Creek. The northern outlier of a
great area of this sub-group is reached on Galisteo Creek, near the village
of that name.

It is represented only by sandstones within the greater part of the
Canadian region, and its thickness, as measured near the mouth of the
Canadian Cafion, is not far from 800 feet. The sandstone is fine-grained,
hard, and resists erosion well, as is seen in the deep cafions of the Mora
and Canadian, of which it is the rim. This sub-group crosses the Cimar-
ron axis at both Pofiil Pass and Ocaté Park, and fragments of it remain
in the Moreno Valley. No fossils were discovered except near the top,
where there are some thin shales and sandstones, the latter covered with
rude casts of fucoids. These higher beds, however, may belong to the
base of the Colorado shales.

The sandstones of the Upper Dakota form bold hills on Mora
Creek, which cross that stream with a southwest trend. The rock is
grayish-white, very hard, and so compact and fine-grained as to resem-
ble quartzite. Sometimes one sees a pocket of conglomerate or of
soft yellow sandstone, which yields readily to the weather. These
beds are turned up sharply in the Turkey Mountains and show the
same features as on the Mora, except that one of them has a peculiar
grayish-yellow tint, by which it may be recognized from the other side
of the Canadian Cafion, thirty miles away. The fucoid-bearing sand-
stones are shown on the Mora Plains at a little way south from the
Canadian Hills. .

The character of the mass changes somewhat in the Stonewall
south from Cebolla Creek, for on Sapillo and Gallinas Creeks, as well
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as in the gap south from Las Vegas, through which the Santa Fé road
passes, shales occur midway in the series. Two plates of sandstone
were seen near Sapillo, each about 300 feet thick, separated by varie-
gated shales with thin impure limestones, in all about 200 feet thick.
A similar condition, though not so marked, occurs on Gallinas Creek;
while in the gap south from Las Vegas the upper sandstone and the
shales are much thinner than on the Sapillo, though otherwise showing
no difference.

No exposure of the Upper Dakota was found south or west from
that last mentioned before coming to Galisteo, where that series forms
the eastern wall of a fine park. The rock is gray to yellowish-gray,
with a reddish layer at the top; but it contains no fossils aside from
rude casts of fucoids. There is much danger of confounding the Upper
and the Lower Dakota along the Upper Galisteo, as that area is very
badly faulted.

THE MIDDLE DAKOTA.

This is shown on Coyote, Mora, Sapillo, and Gallinas Creeks and
on the Canadian and Mora Rivers; but is ill-exposed in the east slope
of the Cimarron axis, where it is cut by the Santa Fé road south from
Las Vegas. Incomplete or rather fragmentary exposures were seen in
Ocaté Park.and the Turkey Mountains. This sub-group is the gypsum
formation of Blake and Marcou, and in part the Trias of Newberry and
Hayden.

It is distinctly recognizable for the first time at the north in Ocaté
Park, where, under the Upper Dakota, some red shales were seen wholly
unlike those of the Triassic observed on Coyote Creek. A better exposure
occurs on Coyote Creek below Coyote, and on Mora Creek below La Cueva,
where this sub-group is made up of dull-gray, flaggy, and soft incoherent
white sandstones, with variegated shales and some limestone which is
excessively hard. Coyote Park has been digged out of this mass of soft
rock.

The Turkey Mountain exposure gives but a fragment of the section
which is shown in the cafions of the Mora and Canadian, as follows:
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Feet, Inches,
1. Blue laminated limestone, hard, brittle; contains bryozoans, which are
shown indistinctly on the weathered surface..................... 2 0
2. Sandstone, olive and fine-grained, mostly massive, seldom shaly ; a thin
gray sandstone sometimes intervenes between this and the lime-

17 0) 1= Y 40-50 0
3. Limestone, gray, weathering bluish-white; conglomerate in appearance,

owing to seams of clay ; no fossils except tube-like stems......... 1 6
4. Red sandy shale, fine-grained, contains much clay and is mottled with

white; Seen. .. ... ..ot i el 200 0

A coarse gray, somewhat shaly sandstone, which overlies No. 1, may
possibly belong to the Middle Dakota. The limestones are not persistent
in the sections, and frequently they have been removed during the forma-
tion of the overlying sandstones or by sub-aerial erosion previously. This
section is shown at many places in the Canadian Cafion up to within
eighteen miles of the old Leavenworth crossing at Franklin’s ranch on the
map. The middle sandstone has a beautiful olive color and often shows
no seam. It is cross-bedded, but the lamination is so fine as not to affect
the regularity of the weathered surface.

The limestone seen on Mora Creek near La Cueva was found also on
Sapillo Creek, where a narrow valley intervenes between the Upper and
the Lower Dakota, so that exposures of the Middle Dakota are very im-
perfect. The rocks, as incompletely shown on the south side of the creek,
are chiefly red micaceous shales and gray sandstones. The conditions on
Gallinas Creek are much the same as on Sapillo, but the limestone was
not seen. In the gap south from Las Vegas the rocks are mostly soft
gray sandstones and variegated shales with some silicious limestone. No
gypsum aside from mere films was observed at any locality.

The Middle Dakota is imperfectly shown on Galisteo Creek immedi-
ately below the stage-road, where it has blood-red shales and an almost
snow-white incoherent sandstone. A better exposure was found in the
Arroyo de los Angeles nearer Galisteo, where there are blue, white, and
red shales with a few thin sandstones, and a thick bed of limestone which
contains indistinct fragments of crinoid stems. Some gypsum occurs in
the shales along the Upper Galisteo in the vicinity of the bishop’s ranch.
But the best exposure in this region is on the Arroyo San Cristobal, a
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tributary to Galisteo Creek, where the mesa of the Upper Dakota is reached
at barely three miles east from Galisteo and the Middle Dakota is shown
immediately behind it. The lower series is represented by variegated
shales with the limestone and sandstones, as on the Upper Galisteo. One
bed of dark shale contains abundance of nodular limestone, very dark
and with reticulate surface. Gypsum of good quality is said to occur here.

THE LOWER DAKOTA.

The Lower Dakota is exposed near the head of Cieneguilla Valley;
forms the upper part of the mesa wall on the east side of Coyote Valley;
is the bold stonewall extending from Coyote southward to midway between
Cebolla and Manuelitos Creeks; and thence to the southern edge of the
district is conspicuous as the inner portion of the stonewall. Itis finely
shown as the higher part of the mesa lying south from the stage-road
between Bernal Creek and Galisteo Creek, and is equally well shown
along the latter creek to within a few miles of Galisteo. It is not
reached by Mora Creek below La Cueva, nor is it exposed at any
locality within the district east from the immediate vicinity of the Cimar-
ron anticlinal.

At all the gaps made by Coyote, Mora, and Cebolla Creeks through
the stonewall, this sub-group offers no physical characters whereby it may
be distinguished from the Upper Dakota, except one; the conglomerate is
somewhat coarser and occurs in larger pockets. For the most part the
rock is very fine-grained and compact, varies from light gray to grayish
brown and light yellow, and at a few localities shows a net-work of quartz
films like those characterizing the Upper Dakota. One familiar with the
Upper Dakota would at once mistake this for that if this alone were
exposed. Buton Sapillo Creek the rock is coarser and its resemblance to
the Upper Dakota is not so striking; while on Gallinas Creek some streaks
of shale occur. The rock is not well exposed in the gap south from Las
Vegas, but, as far as seen, it is fine-grained and hard, with a yellowish-
gray color.

The Lower Dakota forms the rim of the mesa bounding the Pecos
Valley at the southwest. At all exposures it is represented by yellow to
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yellowish-gray sandstones with occasional bands of white, all of them
fine-grained. The same group is reached on the Arroyo San Cristobal
at not far from six miles east from Galisteo, where it is said to hold some
thin coal-beds. The coal from one of these has been tried by the United
States forage agent at Galisteo, who reports that it is good fuel.



CHAPTER VIIL

THE COLORADO GROUP.

The Colorado group was proposed by Mr. King to include the Fort
Benton, Niobrara, and Fort Pierre shales of Meek and Hayden, the Nos.
2, 3, and 4 of Mr. Meek’s original section. It is equivalent to “Middle
Cretaceous” as used by Dr. Newberry in his reports on New Mexico, and
by the writer in his report on Southern Colorado.

The rocks of this series are exposed in the Stonewall Valley along
the eastern foot of the Culebra Range from the Spanish Peaks at the
north to Costilla Peak at the south, and there is every reason to believe
that the outcrop is continuous thence to the head of Ute Creek, but con-
cealed by débris of igneous rocks for much of the distance. This narrow
area or strip is cut off by a fault before Cimarron Creek is reached, but
exposures begin again within two or three miles farther south, on Cimar-
roncito Creek, whence the outcrop is unbroken along the edge of the Ocaté
Mesa southward to and along the east face of the Turkey Mountains.
The Colorado shales underlie the thin cover of alluvium on the plains
north from the Canadian Hills, and good exhibitions frequently occur on
those tributaries to the Canadian which enter the river above the head of
its great cafion. The exposures are good on the sides of the Raton Pla-
teau, east from Manco Burro Pass, where they directly underlie the basalt
cap.

Erosion has removed this group from the region between Mora Creek
and the Turkey Mountains, and fragments remain in mesas on the plain
between the Canadian Hills and the Mora Cafion; so that this Canadian

area, north from the cafion of the Mora, is fairly separate from all the
9%
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others. The southern area of the Colorado shales begins on Mora Creek
immediately above the mouth of Coyote Creek and quickly widens south-
ward, until at a little way south from Sapillo Creek it covers all the vast
plain lying east from the Cimarron axis and extending south and east far
beyond the limits of this district.

A part of this southern area was reached on Galisteo Creek in the
immediate vicinity of Galisteo, where is its northern termination. Another
prong was seen on the same creek at sixteen miles below Galisteo, which
extends thence to the Rio Grande. The fragments scattered over the Mora
Plains show that at one time the group covered the whole region east from
the Cimarron axis and that its absence is due wholly to erosion.

Small patches of this group have been preserved in the vicinity of
Elizabethtown, but no traces were found elsewhere in the Coyote syncli-
nal ; nor were any seen at any locality within the Pecos or Taos synclinal.

The subdivisions of the Colorado shales are readily distinguished in
all parts of the region examined. Both in physical features and in fossil
contents they accord with the same sub-groups as exhibited at the typical

~ localities on the Upper Missouri.

THE ¥YORT BENTON SUB-GROUP.—CRETACEOUS No. 2, OF MEEK.

The Fort Benton is composed of dark shales with thin beds of sand-
stone, and seldom is more than 150 feet thick. The rocks are tender,
yielding readily to the weather, and good exposures are rare.

The group was seen on the South Fork of Purgatory under the anti-

" clinal in which one division of the Stonewall ends. The shales are dark

brown, contain no fossils, and are distinctly separate from the overlying
Niobrara. Indistinct and fragmentary exposures occur frequently in the
Stonewall Valley, but none of them exhibits the base of the group. No
exposure was found along the east face of the Cimarron Range ; nor was
the group recognized in the Moreno Valley.

The dip of the rocks in the Canadian Plains is so gentle that the
lower part of the Colorado group is not reached anywhere near the Raton
Plateau. Eastward from the Raton Hills or Laramie area one sees the
Fort Benton shales for the first time as he approaches the head of the
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Canadian Cafion, nearly thirty miles from the Laramie outcrop. There,
near the old Leavenworth road, some fair exposures océur, which were
examined by Mr. Russell, who reported the series non-fossiliferous. The
transition from the shales to the underlying Dakota is very gradual ; the
thin slabs of sandstone become thicker, until at last the shales disappear
and the Dakota sandstone is reached.

Some very imperfect exposures between the Canadian Hills and the
Mora Cafion show the same features as at the Leavenworth crossing of
the Canadian. One immediately southeast from the hills and very near
the fork of the trail exhibits the thin-bedded sandstones at the base cov-
ered with rude casts of fucoids.

The shales are shown in front of the Dakota wall from Sapillo Creek
southward. The exhibitions are very good on that stream as well as on
Gallinas Creek, and at many other localities until ten or twelve miles south
of Las Vegas, beyond which no observations were made. The shales are
dark brown, and toward the base are the yellowish slabs of sandstone
covered with fucoids.

An indefinite exposure was found on the Arroyo San Cristobal at
barely three miles east from Galisteo. It is insufficient for determining
the thickness of the group, but shows that the Dakota and the Fort Benton
are as distinct here as at any other locality within the district.

THE NIOBRARA SUB-GROUP.—CRETACEOUS No. 3, OF MEEK.

The Niobrara is a well-marked group. It consists largely of gray
or bluish-gray argillaceous limestones occurring in thin beds and sepa-
rated by black shales or drab shales, which become predominant toward
the top of the sub-group, so that the passage to the overlying Fort Pierre
shales is gradual.

The limestones of this group are imperfectly shown in the Stonewall
Valley, though partial exposures are numerous. Similarly imperfect
exposures are shown in the Moreno Valley south from Elizabethtown, both
in the hill and alongside of the creek. But the group is preserved only
in the vicinity of that town and the area is insignificant. No other frag-

ment was found in the Coyote synclinal.
7 . )
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The Niobrara beds are reached only near the southeast corner of map
70 A, there being no certain exhibition farther north within the district ;
but they are nicely shown for a long distance along the Cimarron and the
Canadian, as well as on the Canadian Plains north from the Canadian Hills.
The exposures along the Cimarron are hardly sufficient for satisfactory
measurement, but the thickness is not far from 700 feet as determined by
the barometer and calculations from the dip.

The rocks of this group are reached south from Mora Creek at but a
little way east from the Dakota wall, and short sections frequently present
themselves along the streams. The beds extend far eastward and become
almost horizontal south from the line of Sapillo Creek and the cafion of
Mora River. Fine exposures may be seen along all of the petty streams
in the vicinity of Las Vegas, while within a few miles farther south the
limestones are well shown in mesas beyond the end of the Cimarron an-
ticlinal. .

The limestones only of this group were seen on Galisteo Creek,
where the exposures are far from being complete. But the rock has
exactly the same physical characteristics there as on the Cimarron and in
the Stonewall Valley; it is bluish-gray, is hard and brittle, and does not
weather regularly, but breaks down into angular fragments like the “spalls”
of stone-masons. The beds are thin and are separated by gray shales.
The rock is impure, and efforts to burn it into good lime have not been
successful. '

Many of the limestones and some of the shale-beds are fossiliferous
at all localities, but their richness in this respect is a variable quantity.
Careful search for fossils will never be wholly unrewarded, but there are
many localities where the reward will be small, while at others the fossils
are present in great numbers. But the limestone has an irregular frac-
ture and the larger fossils cannot be obtained in very good condition.
Inoceramus problematicus and Prionocyclus woolgari are among the most
common forms in the limestones, while Ostrea congesta is most frequently
observed in the shales and shaly limestones. The best localities for the
collector are along the Cimarron for six or eight miles above its mouth,
along the south face of the Canadian Hills, and in the vicinity of Las
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Vegas. The lastalwo localities are easily accessible, being within a mile
or so of the Atchison and Topeka Railroad.

THE FORT PIERRE SUB-GROUP.—CRETACEOUS No. 4, OF MEEK.

The Fort Pierre sub-group was seen at several localities within the
Stonewall Valley, as well as in parks on the South Fork of Purgatory and
on the Vermejo, where it has been brought up by the Vermejo anticlinal,
and along Ute Creek on the eastern slope of the Cimarron Mountains.
But it was not recognized in the synclinals west from the Cimarron anti-
clinal; nor is it reached in any portion of the great southern area within
the district, except along Galisteo Creek.

The rocks of this group are shown constantly along the bluffs hold-
ing the eastern outcrop of the Laramie group, as well as in the Ocaté
Bluff from Cimarroncito Creek southward to Ocaté Creek. This is the
only part of the Colorado group shown in thé Purgatory and Canadian
plains until near the southeast corner of map 70 A, where they run out

and the Niobrara beds come to the surface. The area of this group nar-
rows southward, and the eastern outcrop runs rudely southwestward from
Cimarron Creek to Ocaté Creek, reaching the latter stream very near the
edge of the Ocaté Mesa. Thelower beds have been preserved from erosion
by the lava-cap of the Canadian Hills, but no other fragments remain
south from Ocaté Creek.

~ The exposures in the vicinity of Galisteo are very satisfactory, as are
also those on Galisteo Creek, beginning at sixteen miles below the village.
There the beds cover an extensive area stretching toward the Rio Grande.

The thickness of this sub-group cannot be ascertained without close
instrumental measurements. It seems to be not far from 1,100 feet on
the Upper Canadian,while in the vicinity of the Cimarron it may be nearly
1,700 feet. The thickness is much less in the Stonewall Valley, unless,
indeed, there be a fault there between this and the Laramie.

The Fort Pierre is a varied group. At its base are laminated sand-
stones and arenaceous shales, gray and drab to bright yellow, which are
well exposed in Bragg’s Cafion north from Eagle-tail Mountain and on
the Canadian and Cimarron southwest from that locality. They crop
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out around the Eagle-tail Mesa, and are finely shown*on the Cimarron
where the road crosses at Blackman’s Ranch. These shales for the most
part are non-fossiliferous, but huge ZInocerami occur plentifully in some of
the layers, and with them are occasional specimens of Ostrea congesta.
Other layers are crowded with comminuted vegetable matter, but no leaves
were found, except a few fragments evidently belonging to some conifer.
Little pockets and thin layers of brilliant lignite were seen, but the quan-
tity is always insignificant.

Above these are about 600 feet of dark-gray shale, sometimes with
drab shale and layers of ferruginous sandy limestone, of which good
exposures occur in the Raton Plateau near the eastern edge of the dis-
trict, and in the mesas scattered over the Canadian Plain from the mouth
of the Upper Canadian Cafion to the Eagle-tail Mesa. The exposures in
Johnson’s Park, at the east edge of the Raton Plateau, those along Urraca
and Rayado Creeks, as well as those farther south, along the bluff of the
Ocaté Mesa, are very good. This part of the series is usually quite fossil-
iferous. Huge Inocerami abound in the darker and more sandy beds,
while in the limestone layers are Scaphites, Baculites, and Inocerams, with
teeth and scales of fish. But for the most part the specimens are far
from being in good condition.

The higher beds, for say 250 feet below the shales and sandstones,
which in this report are taken as the base of the Laramie group, are well
exposed in the bluffs from the northern limit of the district almost to the
southern edge of the Laramie area on Cimarroncito Creek. These are
shales, fine-grained and brown to bluish-gray, with bands of red, gray,
and brown sandstone. Concretions of iron ore are abundant in the lower
part, while higher up are huge calcareous concretions with some of iron
ore, and, higher still, near the base of the Laramie, are thin continuous
beds of limestone. Some of the nodules weigh several tons. Occasional
beds of white sand, from one to three inches thick, are found in the
higher shales.

This part of the group is handsomely shown near Galisteo, where the
ferruginous concretions predominate, though there are not a few of the
calcareous nodules, The shales are somewhat more sandy and the gray
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sandstones are thicker and more numerous than in the Canadian area, but
in the main the differences are slight. Many of the concretions show a
cone-in-cone structure, which is not usual farther north. These shales
are reached again at sixteen miles below Galisteo. The peculiarity already
noticed is more marked here; for instead of the mere nodules of iron ore,
one finds many beds of that ore; otherwise the conditions are the same.

Crystals of selenite occur plentifully in these shales at all localities.
They are present in filmy layers between the laminee of the sandy beds
at the base of the group, but they are large and well formed in the higher
shales, where they sometimes exceed six inches in length.

These higher shales are invariably more or less fossiliferous, but the
concretions are by far the best lines for the collector. These, however,
are not always richly productive. Sometimes the nodules are made up
largely of great Inocerami broken into fragments, while again over
extensive areas they appear to be almost wholly barren. At many
localities the remains are plentiful and in excellent condition. Ammon-
ites, Scaphites, Helicoceras, Baculites, Inoceramus, Dosinia, Ostrea, Gyrodes,
Fasciolaria, Aporrhais, and other genera are well represented. The best
localities for the collector are the bluff at two miles northeast from El
Moro; Johnson’s Park at the east end of the Raton Plateau; the cafions
of Crow Creek, Vermejo Creek, Pofiil Creek,—the last three being along
the eastern outcrop of the Laramie beds and close to the plain; and
in the vicinity of Galisteo, where the ferruginous concretions are shown
in low ridges rising above the plain.



CHAPTER IX.

THE LARAMIE GROUP.

Parts of two areas of the Laramie group lie within the district; one
occupies a rudely lozenge-shaped space between the mountains at the west
and the plains of the Canadian and Purgatory Rivers at the east. The
other is in the great mesa region south from the termination of the moun-
tain axes and is cut near its northern edge by Galisteo Creek. Careful
studies were made in the former, which may be termed the Trinidad coal-
field, but investigations in the other were confined to a narrow strip along
Galisteo Creek. The facts obtained do not afford the means for correla-
tion of the coal-beds in the fields, and the areas must be considered sepa-

rately.
TRINIDAD COAL-FIELD.

This, the most southern of the Laramie coal-fields along the eastern .
base of the Rocky Mountains, lies partly in Colorado and partly in New
Mexico. It has its greatest breadth near the southern boundary of Colo-
rado, whence it tapers in each direction, pointing out at the north near
Cucharas Creek, forty miles north from the State line, and terminating at
the south immediately beyond Cimarron, thirty-six miles south from the
Colorado line. Its area is not far from 2,200 square miles, and the whole
of it, except perhaps 150 square miles, is included within the district.

This field is separated from the Spanish Ranges by a meridianal val-
ley, the Stonewall Valley of previous chapters, reaching southward to Cos-
tilla Peak and varying in width from nearly two miles to one-fourth of a

mile. The eastern border of the coal-field is well marked by high bluffs
102
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facing the plains and showing the lower rocks of the Laramie group rest-
ing on the Colorado shales. The extreme breadth along the State line is
due to the presence of a basalt plate on the Raton Plateau, whereby the
rocks have been protected from erosion, and the lower members of the
group reach to almost twenty-three miles south of east from Trinidad,
Colorado. No part of the Laramie group exists on the plains of the Pur-
gatory or Canadian. l

This field is but a part of the great Lignitic region which has received
so much attention from Mr. Clarence King and Dr. Hayden, and it has
been shown by Mr. Lesquereux to be continuous from the Trinidad coal-
field northward into Wyoming, where it is a part, at least, of the Fort
Union group.

The Laramie rocks rest directly on the Fort Pierre shales and the pas-
sage from the lower to the upper group is extremely gradual. The higher
shales have a brownish tint, which becomes more and more pronounced
in the alternations of reddish-brown shales and sandstone underlying
the Halymenites sandstone, the base of the Laramie group. The transi-
tion from the sandstones and shales to the Halymenites sandstone is suf-
ficiently distinct at many localities, but at many others it is by no means
marked, and that sandstone holds many beds of reddish-brown shale,
resembling the lower shales and containing the same fucoids.

The Trinidad coal-field is cut by several long cafions extending from
the plains to the base of the mountains, and by many short cafions reach-
ing westward to varying distances from the plains. The exposures in
nearly all of these are good, and satisfactory sections can be obtained with-
out much difficulty. The chief source of annoyance is the absence of
rocks which may be used as guides. Persistent limestones are wanting,
and one is compelled to follow the massive sandstones; but as these are
almost exactly alike throughout the section, many short sections are nec-
essary to insure accuracy. Fortunately the cafions are near together, so -
that one’s work can be checked readily and the risk of error can be reduced
to the minimum.

The generalized section of the Laramie group within the Trinidad
coal-field is approximately as follows: '
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1. Great sandstone - .... .cceee ciiiit i e vane 440 feet.

Y A /A Blossom.

3. Sandstone and shale ........c.cceieietecaiennnnn 77 feet.

4. Coalbed Y....oooveeroan .. ettt Blossom.

5. Sandstone and shale....... ... ciieicr ciiaiiaaats 75 feet.

6. Coalbed X/ ... o it a ettt 2 feet.

7. Shale and sandstone. ... co.eerceieeeaeaeairann. .. 45 feet.

8. Coalbed X ......cccucen... e meeccetaieaeeceaanan 4 feet.

9. Sandstone andshale..... cceeeieoiernniienan .an 26 feet.
10. Coal-Ded W ... e e ceareroanesoriaaanaass 6 feet to 4 inches.
11. Sandstone and shale ..... ..o ..ot iaa. ... 47 feet to 70 feet.
12. Coal-bed V......... M s eetecececeteceiacanenannns 4 feet to 10 inches.
13. Sandstone and shale-.......cvee e cieiieianninn.n 30 feet to 36 feet.
14. Canadian coal-bed U . ... coeeeeroeenaneaanaannn 6 feet to 4 inches.
15. Sandstone and shale... .ccveerieeiaiiines coveanes 20 feet to 30 feet.
16, Coal-DEA T . cen v i e ieaneasacecenans tannenns 6 feet to 2 feet 6 inches.
17. Sandstoneand shale. ......cceeieneey ceveennnnnn. 13 feet to 20 feet.
18. Coal-bed S . ..o ieeiettaccaree careenannns 4 feet 3 inches to 10 inches.
19. Sandstone and shale.........coeoinaieainaa... 25 feet.
20. Coal-bed B! . ... oo ettt eecatoaaecrsaasanas 1 foot to 4 inches.
21. Shale and sandstone......... Cveeas teeecaeietaan- 25 feet to 35 feet.
22. Caliente coal-bed R..ccevevere iineieennecncacaaanaa, 16 feet to 1 foot.
23. Sandstone and shale......coeiieneiianane ol 30 feet to 35 feet.
24, Ratoncoal-bed Q. ... .covnee i iariaenanncenncnans 3 feet to 1 foot.
25. Sandstone and shale......coveeoeeannaiaan, 25 feet.
26, Coal-bed P. .ottt 2 feet 6 inches to 1 foot.
27. Sandstone and shale.......... e Caeeaeen 40 feet to 50 feet.
28, Coal-bed O. .. ... ienr i iiiae ceeetaiaanaanaans 10 inches.
29, Sandstoneand shale... ..........coiiiiiaiia... 30 feet.
30. Coal-bed N. .. ... it ceeeeeieareeceanasannn 2 feet.
31. Sandstone and shale ......... ... . ... 33 feet to 43 feet.
32. Cameron coal-bed M. ... .. courr it maenieaannnn 33 feet to 4 inches.
33. Sandstone andshale.........coeeeiin ... 22 feet to 27 feet.
34, Coal-bed Li. ... ieeen i i et ciaeaeaaannnn 1 foot to 8 inches.
35. Sandstone and shale................... anaasana-- 64 feet to 70 feet.
36. Coal-bed K... ... .. ...cceai.. e cectecccaanaan 8 feet.
37. Sandstone and shale.......ocoeivie ciiiveint cane 24 feet.
38. Coal-bed J'...... «.veer cieaennannna e reeiaaaas Blossom.
39. Sandstone and shale..-.....coviiiiiiienenane vunn. 44 feet to 52 feet.
40. Long’s Caiion coal-bed J ............... e %... 8feet to 1 foot.
41. Sandstone and shale........ .coceioeiaa..... . .o-. 45 feet to 83 feet.
42, CoalbedI...... .o cv coinieiiiaiaiannn.. Ceeiean 2 feet 6 inches to 2 inches.
43. Sandstone and shale.... ....ccocreeiiinnnnenannnn. 50 feet.
44, Coal-Ded H! .. .. coeerr e iiees meeenaenannnn 1 foot.

Generalized Section.
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45. Sandstone and shale ..........ccver iimicinnnn... 50 feet to 60 feet.

46. Cat’s Claw Cawon coal-bed H. .. .. eeeee it .--. b feet to 2 inches.

47. Sandstone and shale ..... ...... ......... . ...... 90 feet to 111 feet.

48. Upper Vermejo coal-bed G .....ooo oviiiias oo 2 feet to 2 inches.

49, Sandstoneand shale ................... et aunn 60 feet to 110 feet.

50. Lower Vermejo coal-bed F........cccoeviiv oo 9 feet to 4 inches.

BL. Shale . ... ...t i iteriiree et e 12 feet.

52. Coal-bed B ... «cceeeeeiinne b eeeeeceene e, 1 foot.

53. Sandstone and shale.........cocieviinneanrian... 15 feet.

54. Coal-bed B/ ... ......... e eaateeenieneaaaaaas 6 inches.

55. Sandstoneand shale.... ....ccceceeenennnnnnnen. 25 feet.

656. Upper Reilly coal-bed B ......ccovveriveiiaial 7 feet 8 inches to 2 inches.
57. Sandstone and shale.... .......... cce. coiiiaas. 18 feet to 31 feet.

58. Lower Reilly coal-bed D . ... .ccovevenn. .. e 6 feet to 2 inches.

59. Sandstone and shale.........c.ceveenieeaeiecnenn.. 12 feet to 54 feet.

60. Willow COreel coal-bed C.... . covet oo anenaneannn. 3 feet 6 inches to 1 foot.
61. Sandstone and shale......... ....coooiiiaan innn 76 feet to 100 feet.

62. Trinidad coal-bed B..... ... .cueeeianiaas oo ... 16 feet 6 inches to 1 foot.
63. Sandstone and shale......... .. e teeeieetaaeaan 20 feet to 45 feet.

64. Dillon coal-bed A . ..... . ... e iaie caeeianiiannnnn 16 feet 6 inches to 1 foot.
65. Shale ......cc. i it ettt 10 feet to 1 foot.

66. Halymenites sandstone...........c.coivuiiaane. 80 feet to 50 feet.

67. Sandstone and shale.. ........c..coveens coeannn.. 70 feet.

The total thickness of the group is not far from 1,800 feet. Some of
the intervals as given in this section may appear to vary excessively, and
possibly some of the smaller variations may be due either to erratic move-
ments or erroneous reading of the barometer. But a large number of
local sections were secured, and these show that the greatest variations
oceyr in sections obtained so near to each other that error in identifica-
tion of the beds seems to be almost impossible. With few exceptions the
local sections given in the chapters on descriptive geology were verified
by repetition.

THE COAL—BEDS.

Coal-bed 7 was seen only on the road from Trinidad to Elizabeth-
town, near the summit between Vermejo Creek and the Canadian River.
Its horizon was reached on the Canadian, in Dillon’s Cafion, on the
summit of the plateau between Long’s Cafion and the Canadian, at the
head of Reilly’s Cafion, and on the South Fork of the Purgatory, but
its place is concealed at all of these localities. The blossom is very
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indistinct on the Elizabethtown road, and the decomposed portion at the
outcrop is too thick to permit measurement of the bed. This may be a
coal-bed or merely a bed of richly carbonaceous shale.

Coal-bed Y was seen only on the Elizabethtown road and near the
head of Dillon’s Cafion, its place being concealed at all other localities.
It is unquestionably a coal-bed in Dillon’s Cafion, but it may be repre-
sented only by carbonaceous shale on the Elizabethtown road, where the
exposure is indistinct.

The interval between coal-beds X and Y is not well exposed at any
locality within the field. Coal-bed X' is represented in Dillon’s Cafion by
two feet of carbonaceous shale at seventy-one feet below coal-bed Y. It is
forty-four feet above coal-bed X on the South Fork of Purgatory, where it
is distinctly a coal-bed, although only its blossom is shown.

Coal-bed X was identified on Vermejo Creek and the South Fork of the
Purgatory River. At the former locality only its blossom was seen, and
it may be represented only by carbonaceous shale; but at the latter it is
unquestionably a coal-bed, though the exposure does not show it to be of
value. The blossom is indistinct, the measurement being—

Feet.
Coaly shale . . . ... e et 4
Not ShOWI .. et e e 8
Coalwith Shale. ... ... e e e e 4

The place of this coal is concealed at all other localities where its
hovizon is reached.

Coal-bed W was recognized near the head of Raton Creek, in Reilly’s
Cafion, on the South Fork of the Purgatory, and on the Vermejo, but it
is concealed in Dillon’s Cafion and along the Upper Canadian. It is an
insignificant bed of only four inches at the head of Raton Creek; in
Reilly’s Cafion it is five feet eleven inches, but consists of two petty streaks
of coal separated by five feet of shale; on the South Fork of the Purgatory
it is represented by six feet of inferior coal, while on the Vermejo only its
blossom is shown. .

Coal-bed V was seen on Raton Creek, Reilly’s Cafion, South Fork of
Purgatory, Dillon’s Cafion, and the Vermejo, but its place is concealed on
the Upper Canadian. It shows ten inches of good coal near the head of
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Raton Creek; in Reilly’s Cafion it is in two benches, twenty-two and twelve
inches, separated by three inches of shale; and on the South Fork of the
Purgatory it has two feet of good coal. In Dillon’s Cafion it is represented
by thirteen feet of carbonaceous shale containing only streaks of coal,
which are especially numerous near the top. Only the blossom was seen
on the Vermejo. This bed has been opened in Reilly’s Cafion.

The Canadian coal-bed (U) was seen on the South Fork of the Purga-
tory and on the Upper Canadian. Elsewhere it is concealed. It is but
four inches thick at the former locality; but in the Canadian Caifion it is
by no means an unimportant bed, though the section is variable; at one
locality in that cafion it shows three feet of coal resting on eight feet of
coaly shale, while at another it has eight feet six inches of coal, sep-
arated by ten inches of clay from three feet of coaly shale; but in each
case the exposure is incomplete.

Coal-bed T was identified on the South Fork of the Purgatory, on the
Vermejo, and on the Upper Canadian. Its place is exposed in Dillon’s
Cafion and the bed is absent. Elsewhere its horizon is concealed. This
is a double bed on the South Fork of the Purgatory, the benches being
each one foot and separated by four feet of shale. It is double on the
Vermejo also, where the benches are five and twenty inches thick, separated
by four inches of shale. On the Canadian the bed shows two feet of coal,
but it is certainly thicker, for the exposure is very poor.

Coal-bed S was observed in Dillon’s Cafion, on the Canadian, and on
the Vermejo. It is but six inches thick in Dillon’s Cafion, but it shows a
complicated section on the Canadian, being—

Feet. Inches.

Coal . . . . e e et 0 4
Shale. .. . ... ... ... ... ... e e e e e 2 0
Coal ... .. ... i 0 5
L 2 0 6
Slaty coal. . . .. ... .. e 1 0

While on the Vermejo it is insignificant, having only ten inches of coal.

A coal-bed sixteen inches thick, which may be designated as coal-bed
R/, was found at sixty-three feet above coal-bed Q in Dillon’s Caiion. It
was not observed at any other locality.
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The Caliente coal-bed (R) is shown on the South Fork of Purgatory,
on the Canadian, and on Vermejo Creek but it is wholly concealed on
Raton Creek and in Dillon’s Cafion. It is much expanded and broken up
on the Canadian, where it shows—

Feet. Inches.

Coal............... e e e e e e et 0 2
Carbonaceous shale. ... .. ... .. 7 0
Coal .......... e e e e e eee e, 2 0
Coaly shale . .. ... . i i, 7 0

It is of much importance along a branch of the Vermejo, followed by
the Trinidad and Elizabethtown road, where it has two benches, thirteen
inches and eight feet respectively, separated by seven inches of shale;
" on the divide between Vermejo and Caliente Creeks it is broken up and

shows— '

Feet. Inches.

0 O 0 5
Sandy shale ......... .. et e 0 4
Coal . .. et e 0 10
Coaly shale . . . ... e 1 2
7 0 2
Coaly shale . ... ... it e it 0o 2

And on the South Fork of the Purgatory it has from one to four feet of
solid coal. '

This, which is one of the most important beds of the series, attains
its greatest thickness along the Vermejo and its tributaries from the mouth
of Caliente Creek to a little way west from the Trinidad and Elizabeth-
town road. Exposures are very frequent within that area, and in every
case the blossom is extensive. No tests have been made to determine the
value of the coal, which is compact, resists the weather well, and burns
readily.

The Raton coal-bed (Q) was seen on Raton Creek, Willow Creek, South
Fork of Purgatory, Dillon’s Cafion, and the Vermejo, but it appears to be
concealed at all localities examined along the Upper Canadian. It is well
exposed at the roadside near the summit of Raton Pass both on Willow
Creek and on the waters of Raton Creek, where it is not far from three
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feet thick. ' It is double on the South Fork of Purgatory, the benches being
two feet and one foot, separated by four feet of shale. It is evidently thin
in Dillon’s Cafion, where the blossom only was seen. Several exposures
were observed on the Vermejo, at one of which the total thickness is but
one foot, while at another the structure is— '

Inches.
Coal . . .o e ettt daeeeiitc et aaaaecaacaecanaaaaaan 2
L] 13
C0al - - o il i it eeeetattea et 12
L 4
Coal . . .. ettt iieitserccaineccanaca e caetanan 10

No openings were seen in this bed.

Coal-bed P was seen only on the Canadian and the Vermejo, its place
being concealed at all other localities where its horizon is reached. It is
two feet six inches thick on the former stream and yields excellent coal,
but the roof is bad and mining is difficult. It is but one foot thick on the
Vermejo, and the coal is inferior to that seen on the Canadian.

Coal-bed O, like the last, is seldom shown, and it was seen only on
the South Fork of Purgatory and on the Vermejo. It is an insignificant
bed, being only ten inches thick on the former stream and shown by only
a petty blossom on the latter.

Coal-bed N was found on the South Fork of Purgatory, in Dillon’s
Cafion, on the Canadian, and on the Vermejo. It is much broken at
exposures on the first stream, where it shows—

Feet. Inches.

COAL -« e eee et it et et aeeeeatceeneasacenesanenasonacresannaennncnn 1 2
Y 172 - 0 10
077 0 6
N1 1) L 4 0
077, 2 0

It is two feet thick in Dillon’s Cafion, but only its blossom could be
found on the Vermejo and the Upper Canadian.

The Cameron Coal-bed (M) was observed on Raton Creek, the South
Fork of Purgatory, in Dillon’s Cafion, and on the Vermejo. The blossom
only could be found along Raton Creek and the approaches to Raton
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Pass, but on the South Fork of Purgatory the thickness varies from eighteen
to twenty-eight inches. It varies little from three feet in Dillon’s Cafion.
This bed could not he recognized on the Upper Canadian, as the whole
interval between coal-beds L and N is filled with black shale. It shows
abrupt changes along Vermejo Creek; the thickness is but four inches on
the summit above the mouth of Caliente Creek, whereas, at barely three
miles below Cameron post-office, seven layers of coal are shown, aggre-
gating five feet two inches, and separated by layers of clay, carbonaceous
shale, and sandstone, in all thirty-three feet ten inches thick; but a little
farther up the creek, its section is—

o
Feet. Inches.
Black shale. .... .. ...t et i it ettt e eaas Ceeeen 1 0
Coal ... . o i i et teteteeeaaan e eaaa . .. 0 5
Black shale . ... ... ..ot it ietereianenans sreairecrcnean caaa 0 8
Coaly Shale. ... ... .. it it et e iem e e e 3 0

While between this and the Cameron post-office, where the bed has been
mined, the thickness of coal varies from eighteen inches to nearly three
feet. ,
Coal-bed L is shown on Raton Creek, the South Fork of Purgatory, in
Dillon’s Cafion, as well as on the Vermejo and the Upper Canadian; but
its place is concealed on Willow Creek. It was seen also in a short cafion
entering Long’s Cafion. It is represented by eight feet of shale with
streaks of coal near Raton Pass, where it is exposed in the eastern
approach to the tunnel. It is insignificant at all exposures along the
. waters of the Purgatory, and seems to contain no more than one foot
of coal. The thickness varies from twelve to eighteen inches along Dil-
lon’s Cafion; no good exposure was found along the Upper Canadian,
but its blossom was followed there for a long distance; one full expo-
sure on the Vermejo shows twenty-two inches of coal, but at all other
localities only an obscure blossom was seen. The bed seems to be
unimportant everywhere. .

Coal-bed K is exposed on Raton and Willow Creeks, on the South
Fork of Purgatory, and on the Vermejo, but it was not seen in Dillon’s
Cafion or on the Upper Canadian, its place being concealed at all localities
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examined. The blosgoms seen on Raton and Willow Creeks do not indi-
cate a bed of any importance; one foot of coal is shown on the South Fork
of Purgatory; on the Vermejo the bed is double, the benches being eighteen
and two inches, separated by two inches of clay.

A thin bed of coal was seen on the South Fork of the Purgatory at
twenty-four feet below coal-bed K. The place of this bed, which may be
designated as coal-bed J', is usually concealed elsewhere, but the bed seems
to be hardly persistent, and it is wanting at two localities where its place
is distinctly exposed. . '

The Long’s Caiion coal-bed (J) is shown on Raton Creek, in Long’s
Cafion, on the South Fork of Purgatory, in Dillon’s Cafion, as well as on
the Upper Canadian and the Vermejo; but it was not found on Willow
Creek. Its blossom only was seen on Raton Creek. This bed becomes
important in Long’s Cafion, where the section is—

Feet. Inches.

COoal . .. e e e e e ettt e 0 4
Drab shale .. .oov it i et et ettt 4 0
(7Y / 4 3

But on the South Fork of Purgatory it is only one foot thick. It has
two feet of good coal in Dillon’s Cafion, and varies little from eighteen
inches along the Upper Canadian. It is double on the Vermejo, the
benches being three and four inches, separated by eight inches of clay.
The coal seems to be fairly good at all localities.

Coal-bed 1 was recognized on Raton Creek, the Canadian, and the
Vermejo, and without doubt it is present on the Purgatory. Its blossom
is frequently shown along Raton Creek, but the structure of the bed is
exhibited only in the approaches to the railroad bridge above the stage-
station, where there are two benches of coal, cach four inches, separated
by two feet of clay. It was not recognized on the Purgatory below the
mouth of the South Fork, for some uncertainty still remains respecting the
relations of the coal-beds along that stream from the mouth of Burro
Cafion up to the South Fork; but a large coal-bed is shown in the hills at
two miles below Olguines, which comes down to the river at but a little
way farther up. The measurements made at the two exposures show
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much variation, though the structure is the same in them both.* They

are as follows:
Feet. Inches. Feet. Inches.

D R 477 1 2 1 6
2 0] T 0 3 0 2
S 07 7/ 1 0 0 6
e ClAY e evee eeeemn e e e e e e e aeaaann 0 1 1 3
B, 00GL ..o eesvetineaeneanceinonceaaeccs taaantaaaaaeaenas 0 8 0 6
0] 1 2 1 0
R 0,777 Y 0 8 1 0
8. Olay .o vi it it iiae ettt tee e aean caaann 0 3 0 8
9, Q0L oo e et it ieiaaraste cacat it aaas 0 4 5 6
10. Carbonaceous shale ........ ... cooiiier comiinaneian on 1 0 0 0
L4 1] 77 ) 6 7 12 1

It may be that this is the same with the thick bed referred to in the
chapter on the Purgatory as occurring above Olguines and again just
velow the mouth of the South Fork of the river, though the position ren-
ders probable the supposition that that is the Long’s Cafion bed. The
blossom of coal-bed 1is seen in the river bank near La Junta, and it is
shown in Long’s Cafion. This bed is utterly insignificant on both the
Canadian and the Vermejo, being but ten inches on the former and two
inches at the only exposure seen on the latter.

A bed which may be designated coal-bed H’' was seen nearly midway
between H and I in Long’s Cafion and on Raton Creek; but it was not
observed at any other localities, though its place is frequently exposed.
It is double on the Raton, the benches being three and eight inches, sepa-
rated by four inches of clay; but in Long’s Cafion it seems to be one foot
of solid coal.

The Cat’'s Claw Cafion coal-bed (H) was fully identified on Raton and
Willow Creeks, in Long’s Cafion, and on the Canadian and Vermejo. It is
certainly present on the Purgatory below the mouth of the South Fork,
but in the present uncertainty respecting details along that line none of
the beds can be referred to a place'in the section.

*The structure along the Purgatory was left to be re-worked during 1879, but the work was cut off
abruptly and there was hardly time to complete the coloring of the southwest corner of the maps, so that details
respecting ‘the Purgatory region have not been obtained. It is not improbable that a slight anticlinal is crossed
by the river not far from Burro Cafion. :
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This bed is insignificant on the Raton, never more than four inches at
the exposures seen, but is much thicker along Willow Creek on the oppo-
site side of the pass. The only distinct exposure on the Willow Creek
side is in a railroad cutting, where the somewhat decomposed out-crop
measures five feet and seems to be composed almost wholly of coal. Indis-
tinct blossoms marking the place of this bed were observed at several
places on the hillsides along Willow Creek, but they were not such as to
afford good measurements.

The bed shows a thickness of three feet two inches on Long’s Cafion,

broken as follows:
Inches.

OO0l e eee it i ittt it it teer cae et e meeane b caaenn 4
L] 1 14
07 2
L5 2P 2
Coal. . - cer 4
L) 10
Coal . 4

The coal is thicker and better at the mouth of Cat’s Claw Cafion on
the Canadian than it is at any other locality. There it shows two benches,
fifteen and twenty inches thick, separated by four inches of clay. It
becomes thinner farther up the Canadian, and it is utterly insignificant on
the Vermejo.

Usually the interval between coal-beds H and G is filled with sandstone
without any considerable quantity of shale, but above the mouth of Cat’s
Claw Cafion on the Canadian the character of the rocks is different, and
in the mass of shale are two coal-beds, which may be designated as &
and G”; the upper of these shows two benches, one foot and eight inches,
separated by eighteen inches of clay; the benches of the other bed are four
and fifteen inches, parted by four feet of shale.

The Upper Vermejo coal-bed (G) was seen on Raton Creek and several
other tributaries to the Purgatory, on Willow Creek, in Dillon’s Cafion, as
well as on the Canadian and the Vermejo. It attains its chief importance
on the Vermejo. _

Only the blossom of this bed was found on Raton Creek, Willow Creek,

8
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and in Long’s Cafion, but in Reilly’s Cafion the coal is one foot thick.
The bed was not identified on the Purgatory above the mouth of Burro
Cafion, but it certainly is one of the numerous beds seen there. It does
not exceed six inches at any exposure in Dillon’s Cafion, and on the Cana-
dian it varies little from ten inches; but on the Vermejo it varies from
four inches to two feet six inches.

The Lower Vermejo coal-bed (F) is exposed at all localities where its
horizon is reached except on Raton Creek, but it is exceedingly variable.

It is shown only by its blossom on Willow Creek and the Purgatory;
it is one foot thick in Reilly’s Cafion and ten inches in Long’s Cafion. It
varies little from ten inches in Dillon’s Cafion, is but three inches on the
Canadian, and only four inches on Crow Creek. Thevariations are extreme
on the Vermejo, for the bed is only one foot thick at several exposures
along the lower part of the creek, whereas in the upper part of Vermejo
Park it shows the following structure :

Feet. Inches.

Coal ..oo o e e e e e 0 8
Parting ..... ... e e e e e e eeiaeeaiaaeaaa, - -
Goal ... .. .o e e e iaat e e 5 0
L] 2 0 3
QoL . . .o o e 1 0
Shale. . ..o 2 6
Coal . . e 0 5

The coal at this exposure is good, but the bed seems to have escaped
the attention of the farmers in the park.

Two little coal-beds occur in the interval between the Lower Vermejo
and the Upper Reilly coal-bed, and they appear to be persistent. The lower
one, E, is shown both above and below the mouth of Reilly’s Cafion on
the Purgatory, and seems to vary little from one foot. It is shown also
on the Vermejo near the eastern edge of the area, where it is eighteen
inches thick. At this latter locality E” is six inches thick, but in Vermejo
Park it shows eighteen inches of good coal.

The Upper Reilly coal-bed (E) is concealed on Willow, Poiiil, and
Cimarron Creeks, as well as on the Upper Canadian, but it is one of the
mosl persistent beds in the series.
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It is well exposed at many places on the Raton and its thickness is
seldom less than three feet, while at one locality it becomes four feet ten
inches; but the outcrop is always such that no estimate of the quality of
the coal could be made. On the Purgatory it varies from ten inches to
four feet, but when thick the bed is usually represented by carbonaceous
shale. In Long’s Cafion this bed is but six inches thick, whereas in
Reilly’s Cafion barely two miles away, it is greatly expanded and has the

following structure:
Feet. Inches.

1. Carbonaceous 8hale ..... ... ciiier it tr teier ctnane eenaranena 0 5
2. 00al « oo e i et ietae e teae et e 0 4
3. Clay . 0 2
S (7Y, 2 0
T 0 T 0 2
6. Coal . 1 6
0 T 0 1
T 0,177 3 0

B0 £ ) 7 8

And the coal is good. The partings are too thin to prove a serious
hindrance to mining.

Elsewhere the bed is insignificant in thickness, being eight inches in
Dillon’s Cafion, twenty-three inches on Crow Creek, and eighteen inches
on the Vermejo, though -the blossom at the lower end of Vermejo Park
seems to indicate a greater thickness than is shown at the exposures far-
ther down the creek.

A coal-bed, one foot thick, was seen on Raton Creek between this and
the Lower Reilly coal-bed. 1t may be designated as coal bed D'

The Lower Reilly coal-bed (D) is concealed on the Canadian and the
Lower Vermejo as well as on Cimarron and Pofiil Creeks.

It seems to vary little from one foot on Manco Burro Pass, on Willow
Creek, and on Raton Creek; on the Purgatory the limits are twenty inches
and three feet, and the coal seems to be good at all exposures. Its blos-
som was seen on the South Fork of Purgatory. The greatest thickness is
in the cafions opening into the lower part of the Purgatory Cafion. In
Long’s Cafion it shows—
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Feet. Inches.

Carbonaceots 8hale .. ... .c...ceiieieececreecnsannae sasnerennccennnnns 0 6
Coal. .. .. i it iieitcicieccseeaneraee anancesssivassransiees 0 8
Carbonaceous Shale ... ..o, cn iiiieeiiinee ceereneeacase cananenans 2 4

And is worthless. But in Reilly’s Cafion the section is—

. Feet. Inches.
SO 1 7 2R |

1 3
DT ) eeeresneesaeeaan 1 2
01 Y 1 0
S ] U 0 3
Do COGL «oen et e it ieeeen iaeteanacaassnstsnsas coenosonn connnn 3 4

Total...coeeriviinnaannnn o e eeeseeciesaeeens cecreenae ... 6 0

Giving somewhat more than four feet of coal in practically one body.
The bed becomes insignificant farther south, being two inches at the
~ only exposure seen in Dillon’s Cafion and making but a small blossom
on Crow Creek. A fair blossom was found at the lower end of Vermejo
Park.

The Willow Oreek coal-bed (C) was found in most of the cafions near
the plains. It should be present along the western edge of the Laramie
area, but the coal-beds are much broken up there and satisfactory identifi-
cations can hardly be made.

This bed is three feet thick on Willow Creek, but it could not be iden-
tified on Raton Creek. It has been opened between Trinidad and Fisher’s
Creek, where, as far as exposed, it is two feet six inches thick, the benches
being six and fifteen inches, separated by six inches of clay. The coal is
inferior. Exposures were seen at several localities between Trinidad and
the mouth of Long’s Cafion, where it varies little from two feet six inches
and contains poor coal.

This bed is three feet thick at one locality in Dillon’s Cafion, but within
a short distance the structure changes and the bed becomes—

Feet. Inches.
Coal ..... .. e ieeieaaa. feeeteean edeceae e aan 2 0
Sandstone and shale .. .. ...... . cieiiit ey tieeliieein cenn ve... 8 0
Coalyshale...... ...ciieoeiiieiiiieenananeen et eeaeee e aaaaas 1 2

While the interval between the Dillon coal-bed and the base of this bed
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is the same at both localities. A somewhat similar variation occurs on
the Canadian, for near the mouth of the cafion the bed is one foot thick,

whereas at about two miles farther up the section is—
Feet. Inches.

071 /AN 0 6
Sandstone and shale ..... ...... . ... . ... ... et et teaeiiaeaaan 8 0
COAl. . .. e i e e e e e et 0 8
Black shale. ... ...t e 5 0

The bed is concealed on Crow and Poiil Creeks, and it makes but a
small blossom on Cimarron and the Vermejo.

A coal-bed, one foot thick, was seen on the Vermejo at fifty-thiee feet
below the Willow Creek bed.

The Trinidad coal-bed (B), that mined at Trinidad, is perhaps the most
important bed of the whole series; but it is as variable as any other of
the column.

This bed is partially exposed near Manco Burro Pass on San Isidro
Creek, where it is-said to be three feet six inches thick. It is shown also
on the opposite side of the pass, along Chico Rico Creek, where the blossom
indicates a large bed. It is mined extensively in the vicinity of Trinidad
by the Denver and Rio Grande Railway Company as well as by many
individuals. The variations along Raton Creek are interesting. Two
measurements made in the vicinity of Trinidad and barely one mile apart

gave the following results: )
: Feet. Inches. Feet. Inches.

B IO 7Y Y 0 8 0 8
DI 1 ) - Y 7 0 8 0

3. 00al « oo e e deiiitceccecnentaenattteen aeeas 1 8 0 4

T 2 70) (3 4 0 2 0 45
L T Y 7 AN 2 8 5 b

6. Clay oot iieieae et tiiiee teartacaetascetaanenscannnans 0 4 1 4

R 7 N 2 6 0 4-10

As the exact interval between Nos. 1 and 2 at the second locality
could not be ascertained, it is regarded as approximately the same as that
shown in the first measurement. A parting occurs in No. 5.

Farther up Raton Creek the bed shows additional changes, which are
of some interest as showing that these later coal-beds bifurcate as do some
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of the older beds in the Appalachian coal-field. The Trinidad bed has been
opened at two or three miles above Trinidad, and the Scandinavian Com-
pany have made test openings several miles farther up, near the crossing
of the Raton anticlinal. The measurements at these localities are as fol-

lows:
Feet. Inches. Feet. Inches.

B I 7/ 10 4 0
2. Sandstone and shale............ et et i eaee e e 21 10 24 0
b TR 17/ 7 P 0 5 0
4. Sandstone and shale...... 14 0 13 0
L5 077 S 0 9 6
6. Shale .. ... it ettt ittt 0 12 0
7. Coal . 0 1 0

1 072 ) R 5 8 66 6

Here are the divisions of the bed as shown near Trinidad, but the
refuse layers are greatly thickened and the coal is greatly increased. No.

5 is divided here by a parting as in the other sections.

A very similar condition exists on the Purgatory at say three miles

above Trinidad, where the bed shows—

NS e e
R
=
g,
@

............................................................

Feet.

4
7
0
25
0
22
1

Inches.

0

SDUWS WO

. 89

11

The blossom of this bed is insignificant on the South Fork of the Pur-
gatory, and the bed was hesitatingly identified on the western edge of the
Laramie area along the headwaters of the Purgatory River.

Only the blossom of the Trinidad bed is shown on Willow Creek and
in Dillon’s Cafion, and the bed is certainly wanting at one locality on the

Upper Canadian.

The variations are extreme on Crow Creek; at one locality the bed is
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wanting, while at two others about four miles apart the following measure-

ments were obtained:
Feet. Inches. Teet. Inches.

1. €0l et et i e ee i e cean cmmeieae e, 0 6 0 5
RS 172 (< YA 0 2 0 11
3. Coal 1 2 1 11
| 1) L 0 11 0 0
B. 00AL. oo e e e e e ea e ceeeaaae s 0 4 1 8
R ) - 0 2 0 2
To 00al .. o et e ieae ieres teeeteiraeen it aaaannn 1 3 2 0
. 0 11
9. Coal 0 8
E I 0) ) 0 11
11. Coal 0 10
L ] 2 0 2
13. C0al . - cv oo eeee iiee teitetenstenatconracacee sasscansan- 0 6

L 171 4 6 7 9

The quality of coal at both localities is inferior, and at the best the
numerous clay and shale partings so break up the bed as to destroy its
value.

The bed is equally variable on the Vermejo, but it nowhere becomes
economically important. One exposure in the lower part of the cafion
shows it double, with benches thirty and twenty-four inches thick, sepa-
rated by six feet of red shale; while at another near the head of the stream
the benches are fourteen and nineteen inches, separated by ten feet of
richly carbonaceous shale containing many streaks of coal.

The bed is present on Pofiil and Cimarron Creeks, but appears to be
very thin.

The Dillon coal-bed (A) is as persistent as the Trinidad and rivals it
in importance. Like that bed it is exposed in nearly all of the cafions
opening upon the plains, and it is distinctly identifiable along the western
edge of the Laramie area.

This bed is one foot thick on San Isidro Creek, near Manco Burro
Pass. The exposures are very indistinct between Trinidad and Fisher’s
Peak, but the bed varies greatly in thickness. Near the Denver and Rio
Grande works it is comparatively thin, whereas an incomplete exposure
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in a ravine immediately back from the city shows two benches of coal two
feet and two feet six inches thick, separated by a concealed interval of
twelve feet. Elsewhere the blossom only was seen. No good ekposures
were found along the Purgatory until at three miles above Trinidad,
where the bed is only two feet six inches thick. It is equally variable on
the headwaters of the Purgatory, where no exposure affords means for
complete measurement. A blossom on the South Fork of the river indi-
cates a thickness of not less than ten feet, while at an old opening near
the North Fork three feet of good coal are shown.

The bed is double near the mouth of Willow Creek Cafion, the
benches being two and four feet thick, separated by six feet of variegated
shale. Its greatest thickness is in Dillon’s Cafion, where some mining
has been done. Two measurements were made below Dillon’s Ranch,

which show a material variation in structure. One gives—
' Feet. Inches.

B R . 7 0 4
B2 Y 1 Y S O 1 8
3. Carbonaceous Shale. ... .. ..o it cieiteeacceronnce tocesnanaans 1 4
4. Q0QL. . ... i iiiies earies mtees teveus canees aesseeevanecnnnn 1 2
5. Clay.. ...... 0 1
B. C0BL ... i e i et cieeeiceeaes secenceneacnna e 3 4

At the other exposure the bed is more seriously broken up and the dis-
position of the coal is far from being so advantageous. The structure is—

Feet. Inches.

1. Carbonaceous shale. . ......... . .ot icieme tinamenecans ceneevranonn 0 4
2. Q0L ..o vt e et ieieeseaatee ten teaseeacansseneanreaannaea. 210
3. 8hale. . .o it e et eiaes caeneanenn feeesace ceeees 0 4
4. Coal .... 0 10
5. Drabshale. ... ..o it iiietiaeeereeencananearoennronann 2 8
B. C0al. ... it e iiettescactecccasacae ammmeaanaaen 3 1
e OdBY - e e e cteis eee eeeannseeane aeeemeers aeeetaan e e 1 0
R 0 6

The coal at both exposures is of moderately good quality, and it has
been mined to supply the wants of the farmers.

The bed makes an imposing blossom on the Canadian, but it is of
little value, being much as on Willow Creek, though the quantity of coal
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is less. At one exposure the upper bench shows two feet of coal and
coaly shale, while the lower one has two feet of fair coal, but the benches
are separated by seven feet of shale. Another exposure shows—

Feet. Inches.

3 O 4 0 5
2. Coalyshale. ... ...cc..ounimiiiii it iiiiias ceeieceaia e 5 0
3. Black Shale. . ccocn i it iieeiccaeee teetaccecteaacacaaaanaeaan 2 0
4. Redshale................... e teee e teeetteee aa ey taaan. 0 6
5. Black shale.... ... tiin e it tsaaaeacs caanas o PR 1 6
6. Coal. .. oo i deectiinanaan e aeas Ceeeeetsaes aeeaen 2 0

The bed is much injured at all exposures on this stream by intrusions
of basalt.

The variations of the bed on Crow Creek are sufficiently great. In a
tributary cafion entering near the plains the bed is represented by five
feet of carbonaceous shale, but at four miles away the structure is—

Feet. Inches.

B PR 1 e 0 4
2 TR ) 3 0
3. 00al...icaaiace ioaninannnn tiiseasieesiies cesa-csnise cieenes. 1 6
4. Bony coal........ e eemnae e e teee taeeiacieceas ceenncciceacenan 0 2
5 1 1 feestesecrenisaneanens 1 0

And the coal is far from being of excellent quality.

An exposure on the Vermejo at a short distance from the plains gave
the following measurement:

Feet. Inches
1. Coal. .. ... ot ieee ceeee tecsseccecasccansacnncns cnancannsanan O 4
B Q0L et e ieaeeeiceeiacan-ceossnsccscnas sasassaaaasacanas- 1 2
T ) 0 6
5. Coal... . cieeeane e e e crescacannse e 2 6
6. Black shale.....ccciiiiaiirieniiaiiceeccacaceane senanan feeeeceane 2 0
T. Coal . .. it et iaetieceiiecicecceeceracaeattnaaaaan 1 (4

The bed makes an enormous blossom in the upper part of Vermejo
-Park, but the outcrop is so badly decomposed that no measurement is
possible. Some coal has been taken from this exposure, and it has proved
to be an excellent fuel. The bed is badly broken up along the western
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edge of the area near the head of Vermejo Cafion, where the following

section was obtained:
Teet. Inches.

1. Black shale .. ........ ........... Ceeee.teetateciecsennnanianean 0
2. Drab shale .. ..o i i it ieeiter tieeetaieeeaan waanees 1 8
K 07, 1 N PN 2 6
4. Black Shale .. .ocn it it e e ettt e aaaas 1 2
5. Drabshale.... ..cci oo iiiiiiii et aaa. e e 2 6
6. Black shale......... W eeeraateetaacaceacacetacatenctacaaaaaeanaans 2 0
To C0al. .. et et et ettt et et iaeaar eereeseaenanaa. ey 0 4
E TR ) 25 0 1
LR Y, 1 0 8
10. Black Shale. .. ... icur v orietceee ieteaecaaraeaanerecanaaeaanaenns 3 0
10 R 7, 7 1 0
12. Black shale....... 2 0
13, C0al.. .. e e et et e e e e et e e 1 2
4 0 7 ) 22 1

With a total of five feet eight inches of coal.

This bed has been mined on Pofiil Creek at a little way from the
plains, and also in a side cafion entering at say two miles below the forks
of the creek. The bed seems to be extensive, if one may judge from the
blossom, but the available thickness is not far from three feet. Here, as
at other localities, the quality of the coal varies annoyingly, being very
good in the side cafion but poor at the opening on the main stream.
Exposures are rare in this cafion as well as in that of Cimarron Creek.
The coal was seen on the latter creek at three or four miles above Cimar-
ron, but the thickness of the bed could not be determined from the blos-
som. The Laramie sandstones are shown for a little way above the
mouth of Ute Creek. A large blossom was seen in these, but its relations
were not determined.

A thin coal-bed was found on the Canadian, in the upper part of the
Halymenites sandstone, at thirty feet below the Dillon coal-bed. A very
thin coal-bed occurs back from Trinidad in the same position. This hori-
zon is usually well exposed, but the little bed was not seen elsewhere.

THE SANDSTONES.

The sandstones of this group have a marked general resemblance
throughout in color and texture. Many of them change from sandstone
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to shale and back again abruptly, so that sections obtained in close prox-
imily to each other often show little similarity. For the most part, the
sandstones become coarser toward the mountains, where the shales
become thinner or are altogether wanting.

The peculiar feature of this great sandstone series is the absence of
persistent beds of limestone; not that limestone is wholly absent, for
layers, very impure indeed, are present in many of the sandstones, but
they are irregular in distribution and are far from being persistent. No
traces of limestone were found above the sandstone underlying coal-bed J.
The limestone is dark to light flesh-color, but weathers yellow, owing to
the presence of iron. Some beds are little better than calcareous iron
ore, while others are fairly good. This rock was searched at every
exposure, but it seems to be non-fossiliferous.

The sandstones vary from compact to flaggy and even shaly.
Impressions of dicotyledonous leaves are found in the flaggy beds; but
the distribution of these leaves is very uncertain, for at many localities,
where the structure of the rock is favorable, leaves are absent, whereas
at but a little way off the same bed is crowded with such remains. Ordi-
narily, however, the leaves are not abundant in any of the sandstones;
they are more or less fragmentary, and many of them evidently under-
went long maceration before they were finally embedded. The whole
appearance suggests that these leaves were either transported by the wind
to the body of water under which the sandstones were forming, or else that
they were carried down by small streams. Perhaps both of these sug-
gestions may be true—one in one place, the other in another. It is cer-
tain that the leaves did not fall from trees growing where these fossils are
found.

Careful examination was made of all sandstones and shales immedi-
ately overlying coal-beds, and in but one case were leaves found in close
proximity to a coal-bed. There are within the Trinidad coal-field no
plant layers such as are so common as coal “roofs” in the Appalachian
and Illinois coal-fields.

Capping the Laramie group in the Trinidad field is a great sand-
stone, which is shown best on the divide between the Vermejo'and the
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Canadian in the center of the area. It varies from very fine-grained to
moderately coarse conglomerate, from light buff te light gray. For the
most part it is massive, but occasionally, as on the Vermejo and in Dil-
lon’s Cafion, it shows thin beds of shale. It is well exposed on top of
the higher hills forming the summits at the head of the Canadian, of
Long's and Dillon’s Cafions. It follows the center of the area from the
northern edge of the district to the Cimarron. Careful search for leaves
was made at all exposures, but none were found.

The sandstones below this to that overlying the Ca?’s Claw Cafion
coal-bed are by no means persistent, as may be seen by reference to local
sections given in the chapters on descriptive geology. Sandstones pre-
vail in this portion of the section along Dillon’s Cafion; but in the adjoin-
ing cafion, that of the Canadian, they are replaced in great measure by
shales, as is the case on the Vermejo also. But southward from the lat-
ter stream the sandstones are more persistent, until on Cimarron and
Poiiil Creeks they appear to displace all else. The exposures on the
Cimarron seem at several places to be complete for more than 700 feet
vertically, yet there appears to be neither coal nor shale, other than petty
beds of the latter, separating the great beds of sandstone. These higher
beds are seldom reached along the western edge of the Laramie area.

A very persistent sandstone overlies the Cat’s Claw Cafion coal, which
is distinct on Dillon’s, Canadian, and Vermejo Cafions. It is certainly
present on the Purgatory, though it was not identified among the many
sandstones shown there above the mouth of Burro Cafion. Like the
other beds it is light gray, but weathers to light grayish-yellow. It
contains layers of ferruginous limestone at several localities on Vermejo
Creek. Some of these are more than one foot thick, and they were fol-
lowed along the whole exposure of the sandstone, somewhat more than
two-thirds of a mile. Shale occurs in this sandstone on the Canadian.

The sandstone overlying the Upper Vermejo coal-bed is even more
nearly persistent than the last, though it, too, on the Canadian, breaks
up into shale. Like the other it is light yellowish-gray on the weathered
surface, is usually compact and cliff-like, though commonly it is so soft
as to weather with rounded surface, in which are deep recesses. It is
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often rich in plants, and at some localities holds logs of silicified wood.
This sandstone is the cliff capping the hills in the cafions where the
Colorado shales come down to the creeks.

The great sandstone overlying the Lower Vermejo coal-bed is thor-
oughly persistent, having been seen at all localities where the horizon of
that bed is reached. It varies from bright yellowish-gray to grayish-red
on the weathered surface, is usually compact, though occasionally flaggy in
some parts. Its texture varies materially at different localities. Near the
plains the rock is commonly fine-grained and soft, so that it yields readily
to the weather and the exposed surface often shows great cavities; but
toward the base of the mountains it becomes very coarse, contains many
pebbles of gneiss and quartzite, while some of its layers are honeycombed
with thin seams of quartz like those in the Upper Dakota sandstone.
This important bed forms bold cliffs, which are shown in every cafion at
but a short distance from the plains. At all of these exposures it contains
thin irregular beds of limestone, which are usually purer than those seen
in the sandstone overlying coal-bed H; but no limestone was found at any
exposure along the west side of the field. Plant-leaves are by no means
rare in the flaggy parts of this bed, and they occur plentifully at a few
localities. Obscure impressions of a Cardium-like shell were obtained
from this sandstone on a branch of Pofiil Creek.

The lower sandstones are far from being persistent, but at most local-
ities a variable sandstone overlies the Zrinidad coal-bed and contains
some conglomerate layers. On Crow Creek this rock is coarsely conglom-
erate for several feet from the base, and its under surface is covered with
a close mat of small cylindrical bodies one inch long and one-fifth of an
inch in diameter. They may be casts of fucoids.

A huge and thoroughly persistent sandstone, which I have called the
Halymenites sandstone, is found near the base of the series. For the most
part it is light-gray and compact, though sometimes it holds thin beds
of shale and occasionally pockets of conglomerate. The characteristic
feature of this sandstone is a nodose fucoid, named Halymenites major by
Mr. Lesquereux, and thought by him to be an unquestionably Tertiary
species. This fossil appears to be especially characteristic of this rock,
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and it was not found at any higher horizon within the Trinidad coal-field.
It is wanting at the exposures in Dillon’s Cafion, but it is abundant at
all other localities. On Pofiil Creek some fish-teeth and a Cardium-like
shell were found, the latter evidently the same with the shell found in
the Lower Vermejo sandstone on the same creek. This sandstone passes
gradually into the shales and sandstones below. Thin beds of shale
were seen in the lower part of this rock at some localities.

The shales and sandstones at the base of the Laramie group are well
shown everywhere along the eastern edge of the area, as well as at many
localities within the Stonewall Valley on the western edge. They have the
same features at all exposures. The shales are brownish-red and soft,
containing more or less sand, while the sandstones are thin, distinctly red-
dish, and contain but little clay. The flaggy sandy layers are covered with
casts of a characterless fucoid. The thickness of this mass is given with
some uncertainty, for the exact base of the Laramie group cannot be ascer-
tained, and it has been fixed arbitrarily. These shales pass imperceptibly
into the Fort Pierre shales below, and usually in the same manner into the
Halymenites sandstone above.

THE GALISTEO COAL-FIELD.

This coal-field reaches northward barely to Galisteo Creek, and only
an insignificant part lies within the region examined. It is fifteen miles
wide from east to west along Galisteo Creek, and the eastern boundary
passes through Galisteo.

The disturbances connected with the faults of the Upper Galisteo
render the geology very perplexing on the north side of the creek from
Galisteo to the Arroyo de los Angeles, and the character of the Laramie
beds can be ascertained best along the south side of the creek, where they
occupy the plateau between the Placer Mountains and the creek. There
the stratigraphy is simple and unaffected by any disturbances save those
caused by dikes of eruptive rock.

In a general way the Laramie group is the same here that it is in the
Trinidad ficld. It is a great sandstone, broken by thin shales and thinner
coal-beds. The sandstones have the same yellowish tint and for the most
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resemblances were found.
The work in this field was necessarily that of reconnaissance only,
and comparisons between the two fields must be made by means of the

fragmentary material obfained in the southern one.

tion was-measured near the western edge of the area:
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But in detail, few

The following sec-

Feet. Inches.
T, SaAnAStONe . .o ot e aee et eein e e taaieieeeeaeean. 30 0
2, 00aly ClaY « ot e e i e 0 2
3. Dark clay with rootlets ....................... et e e, 0 3
4, Shale with nodularironore .... .. . . .c.iiciieienienneennnnas oo 38 0
5. Shaly sandstone . teciee-. D 0
6. Coaly clay, like c‘mnel shale, contaans much vegetable matter ......... 0 10
7. Dark shale .. ... i i i e et it et et 4 0
8. SanAStONEe .. c.vn itieet teie i teee s e et eeiacteriaaaiaenee eaea. 8 0
0, Concealed. . .coicrieee s it i iiiaeieet e araanaeancaie.anaa. B 0
10, SANASEONE . . .oit it i et e et ee e eeeeenaarann 18 0
1L Drabshale ..o e i i et ottt e e e Cieeernereas 4 0
12, TrOM Ol . e oo ot vieeae coaeeeaaeenansaaes cness seans enane amenne 1 3
13, SandStONe. e oon to it eiets teat aaeae ceeias ieaeer aeeceneaanns . 10 0
14, TrOI OT@. o e et eeeeeceenaas coon camene e imeuns soassaceanncanases 1 3
15. Drabshale ... ... . ool et iiaiee e Ceeeceacueane e fveee 3 0
168, CoALDEA . . . .o e e e e et eerareaarans 2 10
17. Shale, sandstone,and ironore.............cici0 Liiiiiiiiiearianans 16 0
18. COALDOA - -« . i e e et ieat eiee s teeteeeane et 0 10
19, Sandstone. .. ... . i it ian th saeise. ees ceenecccaaacaees D 0
20. Shale and irON OT@ ... oo iveeieeeiane eae ciaie meen eeinanenraan. 8 0
21, Coal-bed ... ... .. .. .. it fiiieaia e e ecaieecicataeeaaaa. 0 10
22. Shale, sandstone, and ironore......................... e 32 0
28, C0aLDEA - - oo o e oo e e e e e e e 1 0
24, Shale .... .......... Weee he teeeaieeacaneeaen eee eetmeaeeeaean 4 0
25. Coal-bed . . P | 3
26. Sandstono, shale, and FE0) 1T ) T ... 20 0
27, Coal-bed. .. .. .. i it e el iiaiiinat seaeeenn.r.... blossom.
28. 00ncea1ed..-...................................1 ................ 6 0
20, SanAStONe ... .. i e et e e e eaeeaae e 14 0
30. Coal-bed with shale... ..... .... e et e i iaaeaan e e 5 9
31. Shale, sandstone, andironone .................c. . ..ol ceee. 9 0
32. Coal-bed........ ... .cooee ... e e et 0 2
33. Sandstone and shale ...... ... . ... cieint cii e e 25 0
34. Coal-bed. ........ ... ... oo .iai... e e e e e 0 6
35. Sandstone and shale ... ...... ... iiiiait it e 9 0
36, Coal-bed .. . . e e e e e 0 8
37. Sandstone, shale, andironore.. . ...... ..... .. ... ... 0.0 ... 13 0
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Feet. Inches.

38. Coal-Ded. ... ... ..c.oieeeeiieananecoaeaasesroansonaacs-nasassass blossom.

39. Sandstone, shale, and IrON OT@..ve cet ioiiiienieetcnnconecn cesnnaan 45 0

40. Coal-bed With Shale. . .... ccceur it i ittt taecresanseoencaneananas 0 5

41, Shale and sanAStONE ..-.v. ceier tineiiiiinierue carvnee tmneneenes 29 0

42, SaANASLONO - - . oo ettt et e e e e et e et .. 60 0
43. Shales, sandstones, and bands of iron ore belonging to the Fort Pierre

o3 (11 ¢ J PP -

Total measured-.............. e eeceeatteaeceeaaat e s 433 0

This is the lower part of the group. The higher beds are shown far-
ther east, toward the bottom of the synclinal, but no detailed sections were
obtained, as the exposures are too incomplete for one working rapidly.
The shales and sandstones above No. 16 continue for ninety feet, but above
them for 100 feet everything is concealed. The group appears to close
here with 360 feet of sandstone, in which there is but little shale.

The sandstones are like those of the Trinidad coal-field, but are more
nearly persistent as far as followed. They are soft, yield readily to the
weather, and are yellow or grayish-yellow on the weathered surface. A
noteworthy feature of the section is that shales greatly preponderate
over sandstone in the first 400 feet of the section, there being no such
enormous sandstones as are seen in the Trinidad field. Impressions
of dicotyledonous leaves are not wanting here, but they are by no
means abundant. Limestone is practically absent and its place is taken
by beds of iron ore from two to twenty inches thick. These are scattered
throughout the section and nodular ore is abundant in most of the
shale beds.

The sandstone at the base of the series is by no means so decided in
its characteristics as is the Halymenites sandstone; for it is a variable mass,
sometimes a compact gray sandstone of the thickness given, but at others
double, with a thick bed of shales between the plates of sandstone. It
contains red bands, and is sometimes broken by beds of iron ore. Haly-
menites major seems to be wholly wanting here, not even a trace of it hav-
ing been seen on either side of the field.

The beds of iron ore are not without interest. Some of them have a
concretionary structure such as is shown by the lines of concretions in the
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upper part of the Fort Pierre group. The similarity in color, composition,
and structure is so close that one making an examination of the ore-
beds without paying close attention to the adjacent rocks would refer
them to the Fort Pierre group. This condition is distinet for fully 200
feet above the assumed base of the group, and it is especially well
shown along the eastern edge of the field at but a little way south from
Galisteo.

Besides the ore-beds, there are argillaceous beds cemented by oxide
of iron, which show a cone-in-cone structure and are in every respect like
the similar beds found in the Fort Pierre. Fossils sometimes occurin the
concretionary ore-bed, but never in the cone-in-cone beds of either the
Laramie or the Fort Pierre.

The lower limit of the Laramie group cannot be determined in the
Galisteo region. Arbitrarily, I have placed it at the base of the large
sandstone, No. 42 of the section, below which are shales, sandstones, and
concretions undistinguishable from those of the Laramie except by the

greater number of fossils found in the concretions. ,
The available coal-beds are confined to the western side of the feld

along Galisteo Creek, for there seem to be no coal-beds of any kind along
the eastern outcrop in the lower 250 feet of the section. At the best, the
coal-beds are thin and excessively variable, so that their economic impor-
tance is questionable. Two of the beds deserve notice here. No. 39 has
the following structure: '

Feet. Inches.
1. Coal .. e e e e e et cact et tiaieee . e O 2
S T 7 1 2 | 5
4, Black shale ... . o i i ot e e e, 2 6
5. Gray sandstone . ... ... i iiei s et i iie et e e 1 0
6. Coal .. . oo et e ieaae e e e, 0 4
7. Shale with streaks of coal ... ... .cc.v oo et e e 1 0

But of this only eleven inches are coal, so that the bed is worthless
here. A bed of anthracite, said to be two feet thick, occurs not far from
the line of this section, and its place is near that of this bed. But it was

not seen, and its thickness is given according to the report.
9
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The coal-bed No 16 has the following structure:

Feet. Inches.

OO .« e oe e et et et et tate edeaer eaeet ciaatceeire e ieaaan 0 6
Clay . 0 1
CO0GL. . . . e e e e e e e e it meeaa 2 3

And its coal is certainly very good. This seems to be the same with a
bed seen at two miles farther east, in which the coal has been altered to
anthracite. There it is four feet thick and retains its thickness well,
having been mined for several years to supply a large quartz-mill at the
Old Placer mine. _

Aside from these the coal-beds are utterly unimportant.



CHAPTER X.

THE RELATIONS OF THE LARAMIE GROUP. |

Two great areas of the later coals exist—one on the Pacific coast,
the other within the Rocky Mountain region and the Colorado Plateau.
Each has been broken by erosion into numerous fields, which are isolated
in such a way that direct determination of their relations cannot be made
by tracing, and the questions respecting their relationship must be settled
in great measure by palaontology. :

It is unnecessary here to enter into any discussion of the coals which
are found on the Pacific coast. Those occurring in California have been
described by the geologists of that State and by them finally referred to
the Cretaceous. Those of Vancouver have been carefully studied by
Selwyn, Dawson, and Richardson. The fossils have been discussed in
detail by Billings, Whiteaves, and Meek, and all the evidence points to the
Cretaceous age of the formation.

Within the Rocky Mountain region there are clearly two important
horizons at which coal-beds occur; one in the lower portion of the
Cretaceous, extending from the far north, in British America, south-
ward with more or less irregularity into New Mexico and Arizona; the
other reaching barely beyond the northern line of our territory into
British America, and extending southward into New Mexico, covering
a vast area immediately east from the Rocky Mountains as well as
within the disturbed region and beyond it at the south in New
Mexico.

For a proper understanding of the conditions here it may be as well
131
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to give a brief description of the various formations as they are exposed
along the east flank of the mountains.

Silurian strata rest on the metamorphic schists, and above them come
the Carboniferous rocks, the Devonian being for the most part absent.
Frequently overlapping and concealing these rocks is a very persistent
mass of red beds containing marls and gypsum, which have been referred
to the Trias. Occasionally, they are succeeded by shales with thin lime-
stones containing Jurassic fossils. Upon this last rests the Cretaceous,
of which five well-marked divisions were recognized by Mr. Meek in the
Upper Missouri region, which were described by Meek and Hayden as—

No. 5. The Fox Hills group, sandstones more or less calcareous.

No. 4. Fort Pierre group, shales with nodules of clay iron stone.

No. 3. Niobrara group, limestones and calareous shales.

No. 2. Fort Benton group, usually argillaceous shales.

No. 1. Dakota group, sandstones, shales, and lignites.

In New Mexico these subdivisions are not always sufficiently distinct,
and those who have worked in that territory have used the following
classification:

Upper Cretaceous, equivalent to No. 5, and part of 4.

Middle Cretaceous, equivalent to Nos. 2, 3, and part of 4.

Lower Cretaceous, equivalent to No. 1.

Mr. King, finding the same difficulty in his field, proposed that the
shales should be grouped together, and that the coal-bearing sandstones
at the top of the series should be grouped together also. He proposed this
classification :

The Laramie group, including the lower portion of the Fort Union or
coal-bearing group of Meek and Hayden.

The Fox Hills group, of equal extent with the same group of Meek
and Hayden.

The Colorado shales, including the Fort Pierre, Niobrara, and Fort
Benton.

The Dakota, of equal extent with the Dakota of Meek and Hayden.

This classification has been adopted in this report with but little
modification.
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The Lower Cretaceous yields animal remains at but few localities,
but it frequently contains immense numbers of impressions of dicotyled-
onous leaves, strikingly resembling the Miocene flora of Europe. Lignite
beds occur at many localities.

The Colorado group is variable in character, but at nearly every expo-
sure many of its beds are fossiliferous. In much of Utah it contains
important beds of lignite or coal toward the base.

The Fox Hills group is composed of shales and sandstones, the
latter usually predominating. The rock is rusty-yellow to bluish-gray
in color and many of the sandstones have a concretionary structure.
Dr. Hayden notes the interesting fact respecting both this and the
Fort Pierre group that there are zones or belts in which the rock is
almost non-fossiliferous. The group is marked by a rich fauna largely
of Cretaceous forms but mingled with many types of more recent char-
acter.

Thus far the Cretaceous age of the section is freely acknowledged by
all. But above this comes the great coal-bearing group, termed by Dr.
Hayden the Fort Union group and by Mr. King the Laramie group. This
is an immense mass of sandstones, shales, and beds of coal having a
maximum thickness of not far from 4,000 feet according to Dr. Hayden.
This holds the coal-beds of the upper series. Its relations to the Fox
Hills group have long been in dispute, and even now the boundary
between the two parts of the column can hardly be regarded as finally
determined.

The Laramie or Fort Union group has been studied at the north,
within the territory of the United States, by Mr. King and his assist-
ants Messrs. Hague and Emmons, by Professor Lesquereux, and by Dr.
Hayden and his assistants; in Colorado by Mr. King, Mr. Hague, Dr.
Hayden and his assistants, Professor Lesquereux, and the writer; and
in New Mexico by Dr. Newberry, Dr. Leconte, Professor Cope, Dr.
Hayden, Mr. Holmes, and the writer. There seems ‘to be no room
for doubt that the coal-fields of the Galisteo area and of Southern
Colorado are precisely the same in age with those of Northern Colorado
and Wyoming.



134 GEOLOGY.
THE LOWER COAL-BEARING GROUP.

Dr. Hector* found a well-defined series of coal-bearing strata on the
North Saskatchewan or Red Deer River and on Battle River. On Red
Deer River he obtained the following section:

Sandstones and dark clays.

Banded marlites, clays, and limestones.
Shell conglomerate.

Clay.

Banded clays with clay iron stone.
Coal, six feet thick.

Clays. '

Silicified wood and brown coal.

. Sandy clays.

Total thickness of section, 600 feet.

The shell conglomerate contains vast numbers of Ostrea cortex, while
the overlying banded clays exhibit Ostrea cortex, O. vellicata, and Oytherea
texana, and one of the limestone layers yielded Ostrea anomice-formdis,
Mytilus (two species), Cardium multistriatum, Crassatella, Vemus, Rostel-
laria, and Peludine. In tracing this group from Red Deer to Battle
River no change was observed in the section, but at the latter locality
and somewhat higher in the series a concretionary limestone was found
containing Avicula, Cardium, Cytherea, and Baculites compressus.

Dr. Hector recognized coal-beds at other localities which he thought
to belong to the same horizon with those of the Red Deer section, but -
his conclusions, offered with some hesitation, have not been fully
accepted by Dr. Dawson, who during his connection with the North-
west Boundary Commission examined the geology of the region with
much care.

East from the Rocky Mountains within the United States the coal of
- this group is small in quantity and poor in quality. Dr. Hayden menticns
its occurrence at numerous localities, but states that it is used as fuel at
only one. Professor N. H. Winchell, in his second report on the geology of

© 0N O R W

* Journal of the Geological Society, 1861.
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Minnesota, makes reference to several localities at which impure coal occurs
within the Dakota group. In 1873 the writer observed a deserted open-
ing in impure coal of this group at a locality about midway between Den-
ver and Colorado Springs.

This group carries coal within the Rocky Mountains. Professor
Marsh, in 1870, discovered a bed of coal on Brush Creek, a tributary
to Green River. Overlying it is a sandstone containing a layer full of
Ostrea congesta, and farther up another which yielded a crinoid. Below
the coal, Coprolites, cycloidal scales of fish, together with teeth resem-
bling Megalo-saurus were found. This locality was afterward visited
by Mr. Emmons, who ascertained that the coal belongs to the Dakota
group. Major Powell and Mr. Gilbert make note of several localities
where coal occurs.

Dr. Newberry* found this group at many localities in New Mexico
carrying thin beds of lignite. At his camp 92 there is an alternation of
coal and shale, twelve feet thick, resting almost directly on Triassic marls

and underlying a yellowish sandstone filled with dicotyledonous leaves.
At camp 96 and at Oraybe he found above this bed green and blue shales
250 feet thick. This series contains toward the base dmmonites percari-
natus, Inoceramus cripsit, and Gryphea novia, while toward the top it shows
Pinna (%) lingula, Gryphea pitcheri, with beds of lignite, above which are
impressions of Platanus, Alnus, Quercus, &c., along with Sphenopteris.
From the Moqui country eastward for about twenty miles these rocks are
continuously in sight; but at length they underrun a mass of tertiary
rocks, which Dr. Newberry thinks may prove equivalent to the White
River group of the Upper Missouri region. At camp 100, beyond the
eastern border of the Tertiary basin, a group of lignite and brown sand-
stones was seen at the very base of the Cretaceous, but it is not persistent.
The Lower Cretaceous series is seen near Fort Defiance, where it consists
of “green and dove-colored shales, brown and greenish sandstones, brown-
ish-yellow concretionary limestone containing Gryphea pitcheri and beds
of lignite.” At Campbell’s Pass, 700 feet of Cretaceous sandstones, shales,
and lignites were seen resting on the Triassic.

* Ives Expedition; Report on Geology, pp. 81, 85, 87, 89, 94,
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At a little higher, probably in the Fort Benton, is the coal group
observed by Mr. G. K. Gilbert® on the West Fork of the Paria Creek in

Utal, where the section is:
Feet. Inches.

1. Argillaceous shales with coal . PR 635 0
A. Blue-gray shale, Inoceramus problematwus ..o.. 50 0
B. Coal. e e e e e e 4 0
C. Bituminous shale ................ ... ... .. R | 0
D. Soft grayshale .......... ... ..ol 23 0
E. Yellowshale .. ... ... ... ... oie .. 3 0
F. Shell limestone, Ostrea, Inoceramus, Trigonia .. . ... . 1 0
G. Softyellow-trrayshale O ]
H. Coal .. . . et e it e e e 0 4
L Softgra,yshale P 0
J. Coal....... .. ... ..., e e ieeaeiaaaa. 1 0
K. Soft grayshale................. ...l 30 0
L. Coal ... .. e e i 3 0
M. Shale. ..... ... ini i i e e 15 0
N, Coal o eee i teiieet tiaea ti e 1 6
O. Bituminous shale - 1 0
P. Coal ... . e 2 4
Q. Arenaceous shale ........ .......... ........ 17 0
R. Coal.. . ... coiiii o i i il 2 2
2. Cream shale with occasmnal ﬁllets of red shale and of sandstone ....... 300 0

This rests on the Triassic rocks.

Mr. E. E. Howell makes many references to thié group in his report
to Lieutenant Wheeler. He findst the following section of the Cretaceous
underlying about 3,000 feet of Tertiary rocks, of which a detailed section

is given.
Feet.
1. Cream-colored sandstones and shales, with much shale and some coal. .. 700 to 800

2. Same as last; contains Cardium, Corbula, Inoceramus, Neritina, crocodile’s

tooth, &c.. ... . 700
3. a. Dark argillaceous shale, with Hamites, Baculites anceps, Ancyloceras,

Ammonites percarinatus, Turritella, Cardium, Inoceramus problematicus,

Lima, Ostrea congesta, Corbicula, Lucina, and many other fossils. . . .. 500
3. b. Coal scries; mainly dark carbonaceous shale with coal, but containing

some cream sandstone and shale, the whole capped with an oyster

bed which varies in thickness from one to five or six feet, but is never

absent, and is usually one complete mass of shells of several species,

one of which is hardly distinguishable from the common edible oyster,

Ostrea virginiana. Erxogyra ponderosa, and Gryphwa pitcheri are also

very common, and Turritella and Ammonites are occasionally seen. .. 150

* Wheeler, Vol. I1I, p. 159. t Wheeler, Vol. III, p. 271.
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4. Light-colored conglomerate and sandstone above, changing to red below, Foet.
with banded red and slate-colored shales at base. A few leaves and
one cast of gasteropod were found near the top, and, on the Dirty
Devil River, saurian bones Were Seeh.. .. ........ooue cetannuaann 500
Below these are the Jurassie rocks.

Dr. Newberry makes frequent reference to this series in his report
upon the San Juan Expedition. The features given in detail by him show
no material difference from those already mentioned. ‘

Professor Marcou,while with Lieutenant Whipple’s party exploring the
thirty-fifth parallel, discovered the coals of this group at the Qjo Pescada
near Fort Defiance and thought them of Jurassic age. Dr. Leconte’s notes
add little to the observations made by Dr. Newberry, which, however, they
serve to confirm.

THE UPPER COAL-BEARING GROUP.

This is the Laramie group of King, the Fort Union group of Hayden.
It extends northward beyond the limit of the United States, and it has
been studied in British America by Dawson and Selwyn as well as by
Hector and Hind; in the territories of the United States by King, Meek,
Hayden, Lesquereux, Emmons, Hague, Leconte, Powell, Newberry, the
writer, and by others. _

The earliest reference to coal-beds belonging to this group is
found in the records of Lewis and Clarke’s Expedition. The coal-
beds are described as existing along the Missouri River between Fort
Mandan and the Muscleshell River as well as in the vicinity of Judith
River. The beds along the Yellowstone River are mentioned in the
second volume.

It is somewhat strange that the coal-beds in the vicinity of Colorado
Springs as well as those on the Arkansas River near Cafion City escaped
the attention of Dr. James, who accompanied Major Long. The same beds
escaped also Captain Frémont, but he discovered the coal on North Platte
River not far from Medicine Butte. The beds on Raton Creek above Trin-
idad in Colorado, as well as those on the waters of the Canadian River in
Colorado and New Mexico, were discovered by Lieut. J. W. Abert in 1846,
during his journey from Bent’s Fort on the Arkansas to Santa Fé, in con-
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nection with the Advanced Guard of the Army of the West. Lieutenant
Abert made collections of leaf-impressions from the Raton beds, which
were submitted to Professor Bailey, of West Point Military Academy, by
whom they were regarded as proving that “the deposit of coal at the
Raton is not the equivalent of the great coal formation of the United
States, but is of a much more recent date, perhaps corresponding to the
Brora coal.”

Dr. Hector saw some beds of lignite at La Roche Percée, not far .
north from the United States boundary, which he regards as the northern
extension of the Missouri lignite basin, and therefore places them in the
Tertiary, though he thinks they may possibly be Cretaceous. Professor
Hind thinks that they belong to the Fox Hills group of Meek and Hayden.
Dr. G M. Dawson, however, shows on his map that the group extends
much farther north than was supposed by Dr. Hector. He regards these
beds as belonging to the Tertiary. The Fox Hills group was but partially
recognized by him, and it seems to be of but insignificant importance®
within the area examined by Dr. Dawson.

Throughout the Upper Missouri region this lignitic group is per-
fectly conformable to the Fox Hills greup, and the line of separation
cannot be determined with any degree of certainty. During many years
of exploration only one -instance of non-conformability has been discov-
ered, and that is evidently local. The relations of these groups are so
intimate that in the description of one constant reference to the other is
necessary.

On Gardiner’s River the intimate relations of the two groups are
well shown. At one locality, where 1,200 feet of strata belonging to
them are exposed, it seems impossible to draw any line of division,—*this
great group of beds, simply alternate beds of sandstone and arenaceous
clays, passing down into the dark, sombre clays of the Cretaceous.” At
Cinnabar Mountain, above the mouth of Gardiner’s River, ‘“the dark
laminated clays of the Cretaceous passing up into the Upper Creta-

*See Report on the Geology of the Region in the Vicinity of the Iorty-ninth Parallel, by G. M. Dawson, Mon-
treal, 1875,
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ceous, are well shown with perfect continuity, then passing up into a -
great thickness of the sombre brown sandstones of the coal group.
There is a great uniformity between the Upper Cretaceous and Ter-
tiary series. We can detect some variations in color and texture, but
they are of minor importance and could not easily be described in
words.” *#

On Box Elder Creek, not far from Fort Fetterman, the lignite series
consists of rusty sands and sandstones and arenaceous clays, with some
seams of lignite. On Deer Creek, twenty-seven miles from the fort, the
black clays of the Fort Pierre group are capped by a thin bed of ferru-
ginous arenaceous clays, above which are two beds of sandstone. The
lower one of these is concretionary throughout, being filled with sand-
stone concretions embedded in an indurated clay, which also shows a
tendency to concretionary structure. A few specimens of Baculites,
Inoceramus, &c., were found in the harder portions. The upper bed has
a similar rusty - yellow color, but yields no fossils. Both rocks, but
especially the lower one, tend to weather into architectural forms. Near
old Fort Casper a yellow ferruginous sandstone, containing Inoceramus
and huge concretions, is seen resting on black shaly clays, which Dr.
Hayden assigns to the horizon of Cretaceous No. 2.

On the North Platte River, from Sage Creek to Medicine Bow and
thence to Bridger’s Pass, the sandstones and the associated clays lying at
the base of the Laramie group are almost continuous. They rest directly
on Cretaceous clays. This region has been carefully examined by Dr.
Hayden, Mr. Meek, and Mr. Lesquereux in connection with Dr. Hayden’s
organization, and by Messrs. King, Emmons, and Hague of the Geological
Survey of the Fortieth Parallel.

Within this region the sandstones of the Laramie group, are irregu-
larly concretionary and occasionally yield Inoceramus or Baculites. Some
rusty calcareous beds contain Ostrea. Four beds of the sandstone can be
distinguished along the Platte. The first, second, and third, beginning at
the base, are in all fifty to eighty feet thick, drab-brown, and quite mass-

*Hayden. Report for 1871, p. 62.
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ive. The fourth is yellowish-gray, full of large rusty-brown concretion-
ary masses, which are laminated and in reality are arenaceous limestones.
Between the beds are thin layers of sandstone and sandy limestones.
At Cooper’s Creek the rusty arenaceous beds of No. 5 pass up gradually
into the coal-bearing layers without any perceptible break and without
any marked change in the sediment. The latter series is from 1,500 to
2,000 fect thick, and consists of rusty-yellow sandstones, alternating with
greenish-gray indurated sands and clays. In the neighborhood of Fort
Steele the sandstones seen at Medicine Bow are found resting on Cre-
taceous clays and passing up into the coal-bearing strata. These contain
a characteristic fucoid, which Mr. Lesquereux has described as Halymen-
ites major.

Along the Pacific Railroad from Como to Saint Mary’s, nearly fifty
miles, the lignitic rocks prevail, and the thick sandstone at the base is
traceable to Carbon, where a coal-bed overlying it is worked. This is the
fucoid-bearing sandstone showing the fucoid just referred to. The over-
lying rocks contain vast numbers of deciduous leaves.

South from the Union Pacific Railroad one reaches the Colorado and
New Mexico portion of the area at about twenty miles from Cheyenne.
This area has been examined in detail by Dr. Hayden southward to
beyond the latitude of Long’s Peak. He finds that the Fox Hills and
the Laramie group are conformable everywhere, and that the two groups
have no definite line of division. He followed the series from their west-
ern outcrop to the Denver Pacific Railroad, and ascertained that the
Laramie beds are those immediately underlying the plains. The two groups
have great similarity in composition, both being made up of yellowish
sandstones.

In 1873 the writer made a cursory cxamination of the sandstone
beds along the Platte River from the mouth of Saint Vrain’s Creek to
the town of Greeley, a distance of about twenty miles, and obtained a
number of fossils which Mr. Meek pronounced to be of Fox Hills age.
Mr. Hague had previously collected fossils of the same character from the
neighborhood of Greeley, and in the following year collections were made
by Dr. Hayden’s corps. The writer again visited this vicinity in 1878
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and made a more detailed examination of the beds and their relations.®
The section obtained on the bluffs along the west side of the South
Platte is as follows :

Feet.

1. Yellow SandStone . ...ou e veien ioet iaee i et it et ceeteean e e 450
2, Blue sandstone . . oo .t e it it i e et et iaa amant e e 200
3. Concealed . ... . oot e e e e e ey e e e, 200
4. Yellow SandsStone ... ... oottt iroie it iear et te e e 100
5. Gray to blue sandstone ... ... il i i e 50

No. 1 is the sandstone from which the fossils were obtained. It is
bright yellow and for the most part extremely friable, weathering easily
and breaking down into loose sand; but at irregular intervals it shows
thin layers of darker sandstone, some of which are quite compact, while
others are flaggy, but they all resist the action of the weather. The
unequal resistance is so marked that the bluffs between Saint Vrain’s and
Thompson Creeks are known as the Monument Bluffs. For the greater
part the soft yellow sandstones are devoid of fossils, but here and there
Halymenites major occurs in great abundance and occasionally one stum-
bles on a nest of Ostrea. The harder layers are different; many of the
more compact are crowded with the Halymenites, while most of the flaggy
layers contain Fox Hills fossils in excellent state of preservation, among
which are Ammonites lobatus, Nucula cancellata, Mactra warrenana, and
numerous other species. ~Other layers are crowded with comminuted frag-
ments of carbonized wood. In 1873 the writer’s companion discovered
a thin layer with impressions of deciduous leaves. No coal was seen in
any part of the section, but borings begun at the base of No. 5 passed
through coaly material.

On the east side of the Platte River, at about five miles southeast from
the village of Evans and perhaps three miles east from the Denver Pacific
Railroad, boririgs were made during 1874 in search of coal. One boring
was begun in dull-yellow sandstone like that seen on the west side of the
river, and containing Halymenites major and shells. The boring was car-
ried to a depth of 268 feet without finding coal, the rock being mostly

* American Journal of Science, May, 1879, p. 369.
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sandstone or arenaceous shale. At a little distance northeast from this,
and at barely 100 feet higher, another boring was made in which the fol-

lowing section was obtained:
Feet. Inches.

B S . N 10 O
BN Y 1 6 170 1 - A U A 10 0
3. Fire-clay ....... e ittt e teenaeiet cananeaseaes cmasaeee e 2 0
4, Sandstone. .. ... .c.ur teetiaen caccetctotant oot an sacceasaastas 14 0
5. Black shale .... .. .ccocoieeneaan. Ceeane tecescreacaueaanan ansanan 16 0
6. SandStOne - .. .cv.vi it ieessaee itetieaa e teasamnen e 21 0
N 1 - ) 1 0
8. Coal with a little shale ..... o irerereeriieten s vnacnnaennans 2 10
9. Interval.. ....... et eeeeceees e eeeeetmirananaaan e eeeeaeaa, 28 3
10. Coal ................ e et ceecce ieeietaaeccanstea. teecceaanaann 0 2

A shaft was begun to reach the coal-bed in No. 8, but after it had
been sunk twenty-eight feet another boring was made to test the character
of the coal. In this new boring, which is but a little way from the other,
two feet seven inches of coal were found in the upper part of the shale,
No. 5. The shaft shows eighteen feet of the sandstone, No. 2, in which
are several fine-grained ferruginous layers crowded with fossils, well pre-
served, among which are Ammonites lobatus, Cardium speciosum, Nucula
cancellata, Mactra alta, Mactra warrenana, Lunatia moreauensis, and unde-
termined species of Anchura. In still another boring, made within 200
yards from the last, eleven beds of coal were found varying in thickness
from two to thirty-one inches. These beds are very near the summit of
the Laramie group.

Farther south, nearer the mountains, the Fox Hills group becomes
very obscure, and indeed it cannot be recognized by any fossil remains
which are beyond dispute. On Boulder Creek the sandstone at the base
of the Laramie series is separated but little from the Middle Cretaceous
shales, and contain impressions of deciduous leaves along with Halymen-
ttes major. Near Colorado Springs this rock contains a variable seam of
coal and affords the fucoid and dicotyledonous leaves. Below it are
layers of clay and shale, yielding Baculites and other Cretaceous forms,
and passing downward into the Cretaceous dark shales.

The succession is clearly shown along the Arkansas below Cafion
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City,where the Fort Pierre shales gradually merge into a mass of clay and
argillaceous sandstones, which passes upward imperceptibly into the Haly-
menites sandstone. 1In the upper part of this loose-grained mass the writer
found indefinite impressions of mollusca, and in one of the clay beds
belonging to it Dr. Hayden found an imperfect Inoceramus. In the Trini-
dad coal-field the Halymenites sandstone at the base of the Laramie group
is shown continuously in the bluffs facing the plains from Cucharas Creek
in Colorado to Cimarroncito Creek in New Mexico, a distance of not less
than sixty miles of latitude. At every locality except one it is rich in
Halymenites major, and on Pofiil Creek it contains also a Cardium-like shell
along with fish-teeth. Throughout this field the Laramie group may be
described as an enormous sandstone, divided by thin layers or beds of
shale and thinner beds of coal. Its thickness is not far from 1,800 feet.
Irregular limestone beds from two to eighteen inches thick occur- in the
lower half of the section, but they contain no fossils. Many of the sand-
stone beds are filled with impressions of deciduous leaves, and in one of
them, about 200 feet from the Halymenites sandstone, indistinct impres-
sions of a shell were found, closely allied to the form occurring in the
Halymenites sandstone.

Throughout this Trinidad field the coal-bearing group rests directly
on shales belonging to the Fort Pierre sub-group. Lithologically the
transition from the latter to the former group is so gradual that the
" line of separation must be assumed arbitrarily. 'The dark shales pass
upward into brownish shales and argillaceous sandstones, which in
turn shade away into the Halymenites sandstone above. The transition
requires not far from 200 feet of rock. Both groups are absolutely con-
formable.

No further exposure of the Laramie group occurs toward the south
until Galisteo Creek is reached, beyond the southern termination of the
Santa Fé range and at about twenty miles south from Santa Fé. This
region was examined by Dr. Newberry during his connection with Captain
Macomb’s San Juan Expedition, by Dr. Hayden in 1869, by Professor Cope
in 1874, and by the writer in 1879. The field is evidently an extensive
one, extending along the Placer and Sandia Mountains to a long distance
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southward, and including probably the coals seen on the Rio Puerco by
Professor Marcou and Lieutenant Abert.

On Galisteo Creek the whole Cretaceous section is exposed from the
Dakota to the Laramie group, but the Fox Hills group cannot be recognized
by its fossils. The Fort Pierre shales are handsomely exposed in the
immediate vicinity of Galisteo, and the sandstones of the Laramie group
form a wall passing immediately west from that village. The rocks of
that group are sandstones such as are shown in the Trinidad coal-field
and have the same yellowish color. The total thickness of the series as
‘exposed along Galisteo Creek is probably not far from 800 feet, though
on the north side of the creek, where the rocks are standing on edge, the
thickness appears to be much greater. Impressions of deciduous leaves
are not wanting, but Halymenites major appears to be absent. The rela-
tions of these rocks to the Middle Cretaceous are so intimate that Dr.
Newberry and Professor. Cope, who made detailed examinations of the
Cretaceous rocks farther west, referred them to the Middle Cretaceous.
Dr. Hayden has well said that along the east face of the Rocky Moun-
tains the passage from the Fort Pierre shales to the Laramie is so
gradual that he could never discover any well-defined line of separation;
but along Galisteo Creek the difficulty of distinguishing the boundary line
between the Fort Pierre and the coal-bearing group is infinitely greater
than it is in Colorado at the east base of the Rocky Mountains. Indeed,
there is no boundary line between the groups. The great sandstone,
which I have assumed as the base of the group, is not a decided mass
like the Halymenites sandstone farther north, but is variable, sometimes
divided by a thick bed of shale. It contains red bands, and at some
localities is divided by beds of iron ore. Many of the latter have a con-
cretionary structure precisely like that of the ore-beds occurring in the
upper part of the Fort Pierre. Besides these, argillaceous beds cemented
by oxide of iron and having a cone-in-cone structure are by no means
rare above the bottom sandstone, while ore-beds with concretionary
structure were seen at a long distance above the lowest coal-bed. The
Fort Pierre group becomes more and more sandy toward the top and
passes imperceptibly into the sandstones of the coal group; so that one
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failing to find the coal would not for a moment suspect that he had
passed beyond the Fort Pierre group. Ostrea congesta and Inoceramus
occur well up in the series.

Professor Newbherry followed the group still farther west and north-
west while on the San Juan Expedition. He finds the same yellow sand-
stones along the Chama and beyond until near Pagosa Springs, and again
farther west on the Animas and the San Juan. At several localities he
discovered beds of coal in the upper part, while in the lower part there is
an abundant representation of the Upper Cretaceous fauna. In that
region he saw Halymenites major in the Lower Cretaceous or Dakota sand-
stones. He places this whole mass of sandstone above the Galisteo coal-
beds.:

Professor Cope found extensive deposits of coal in the area between
the Chama and San Juan Rivers, which he described in the appendix to
Lieutenant Wheeler’s report for 1874, as well as in the report for 1875.
He regards them as equivalent to the Galisteo beds and places them in
Cretaceous No. 3, or the Niobrara of Meek and Hayden. His language
respecting this locality as given in Lieutenant Wheeler’s report for 1874

“1s as follows:

The shore of this lake was formed by rocks of the Cretaceous formation of an age
near the No. 3 of Meek and Hayden. In approaching it from the east we traverse
the sandstones of Cretaceous No. 1, both horizontal and tilted at various angles, and
find No. 2 resting upon it, frequently unconformably, and tilted at higher angles, fre-
quently 459, sometimes 50°, to the west and southwest, and containing numerous fos-
sils, as Inoceramus, &e. The upper sandstones of this formation pass into a brackish
or fresh-water formation, which includes a bed of lignite of sometimes fifty feet in thick-
ness.  Above this rests conformably, where seen, a moderate thickness of soft marine
rocks, containing numerous shells, Acephala, Gasteropoda, and Cephalopoda, including
Oysters, Baculites, and Ammonites resembling A. placentas most, with sharks’ teeth.
Resting unconformably upon these, with a much reduced dip, is a mass of brown and
reddish sandstone some 1,500 feet in thickness, inclining perhaps 10° south and soutlh-
east. These pass continuously into the superincumbent red and gray marls, alternat-
ing with brown and white sandstones of the fossiliferous beds of the Hocene. The
observed part of these beds is about 1,500 feet in depth.

These upper beds are clearly Dr. Newberry’s Upper Cretaceous, and
the same with those which the writer, in his report on Southern Colorado,

also recognized as Upper Cretaceous; and they are the same with the
10 .
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ligniles and bright sandstones of Galisteo Creek. They are very far from
being Cretaceous No. 3, for at Galisteo the fossils of No. 4 are plentifully
distributed through hundreds of feet below them.

Mr. Holmes and Dr. Endlich have recognized the Fox Hills group in
Southwestern Colorado, where it contains coal-beds, and the former some-
what hesitatingly identifies the Laramie group above the Fox Hills.*

RELATION OF LARAMIE TO FOX HILLS.

The relation between the Laramie and Fox Hills groups is evidently
onec of the most perplexing problems in American geology, and there is
no room for surprise that so many observers have shown vacillation in
their opinions. Dr. Hayden finally refers the Laramie to neither the Ter-
tiary nor the Cretaceous, but regards it as a transition group with closer
affinity to the Tertiary than to the Cretaceous. Mr. Meek refers nearly
the whole of the group to the Cretaceous, but thinks that perhaps a part
of the Bitter Creek series of Western Wyoming may be Tertiary. Pro-
fessor Cope places the top of the Cretaceous far up in that series, and,
indeed, is inclined to place the Laramie as a higher division of the
Cretaceous than the Fox Hills, calling it Cretaceous No. 6. He found a
reptile of Cretaceous type far up in the section, and discovered uncon-
formability between the Laramie of Northern New Mexico and the
unmistakable Eocene of the same region. Mr. King and his assistants
place nearly the whole of that group in the Cretaceous on stratigraphical
grounds, there being distinet unconformability between the Laramie group
and the clearly Eocene Green River beds. Dr. White, after study of the
invertebrate remains, is inclined to think the group a transition series,
and approves of the term “Post-Cretaceous.” Dr. Leconte and the writer
have referred the group in Colorado and Northern New Mexico wholly to

the Cretaceous.
Dr. G. M. Dawson has discussed the whole question elaborately in

#No reference has been made to the coal-bearing groups of Northern Utah and Western Colorado and
Wyoming. The relations of those groups require more extended discussion than would be in place here, but
the writer is engaged upon a monograph of the North American Cretaceous, in which the whole question will be
fully discussed.
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his report on the Geology of the Forty-ninth Parallel, and, as the result
of his studies, has been led to place the whole of the Laramie group in
the Tertiary. Mr. Lesquereux has published many able papers upon the
flora of this group, which he finds has very close affinity to the Miocene
of Europe. He divides the group into Miocene, Upper and Lower Eocene,
the first being represented at Carbon, the second at Evanston and Sage
Creek, and the third at Raton Mountains, Golden, Black Butte, Spring
Cafion, and Fort Union. As a whole, he regards the vegetation as Oligo-
cene. He finds Miocene also at Green River, Elko Station, and South and
Middle Parks.

Dr. Newberry has referred the coals of New Mexico to the Middle and
in part to the Upper Cretaceous, partly on stratigraphical and partly on
paleontological grounds. In 1868 he published a careful discussion of
the Extinct Floras of North America, in which he described a number of
species obtained by Dr. Hayden from the vicinity of Fort Union, Dak.
These he found to be very closely allied to the Miocene of Europe and
accordingly referred the group to that period. Dr. Hayden maintains that
these beds are, in part at least, equivalent to the Laramie group, and Mr.
Lesquereux identifies some species as common to Fort Union and some
undoubted Laramie localities. There seems to be, however, a marked
difference between the flora found at Fort Union and that obtained from
the Laramie group at other localities, and it may be well to wait until
detailed stratigraphical studies have been made before any positive asser-
tions respecting the relations be offered. Respecting the conditions in
Colorado east from the mountains and along the Union Pacific Railroad,
Dr. Newberry is sufficiently clear. He does not regard the plants within
that region as having any distinct bearing on the question and is very
much inclined to think the beds Cretaceous. ’

In the midst of these conflicting determinations it becomes necessary
to look for a little at the value of the several kinds of evidence presented.
Some appeal to the stratigraphy, others to the testimony of animal remains,
and others still to the evidence given by the plant remains.

In every case, where it is applicable, stratigraphy is final, for so long
as a rock can be traced continuously one may not doubt its identity. But
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stratigraphy in this simple form is not often available to any great extent.
So variable are the rocks in extensive areas, owing to the different condi-
tions under which material may be deposited synchronously at distant
localities, that direct comparison of sections by lithological characters or
even by tracing becomes impossible. We are compelled, therefore, to
resort to paleontology in addition. The geological column is based on
the succession of marine invertebrata.

The stratified rocks, with the exception of comparatively insignificant
portions, were deposited under the ocean; and of those which contain the
remains of terrestrial organisms a great part was formed along the sea-
border, exposed to frequent irruptions of sea-water. The lacustrine or
purely fresh-water deposits are small both in extent and duration and are
confined chiefly to the later portions of geological time. As the sea always
covered the greatér part of the earth and afforded an easy medium of
migration for water-breathing animals, one would expect to find in rocks
of marine origin the most satisfactory record of changes in animal life.
This would be a close record of material changes in physical conditions,
for animals are of a high type of organization and very sensitive to alter-
ation of circumstances. The record is remarkably complete. From the
base of the Silurian to our own time the gaps are few and usually of lim-
ited extent. Many of them occur in sandstone, out of which the fossils
have been merely leached.

So distinet is the succession of invertebrate life, so sharp the breaks
at the close of many periods in the world’s history, that geologists, by
common consent, have adopted this form of life as the foundation stone
of the system. By stratigraphy the order of the rocks was ascertained,
but by the succession of invertebrate life the great mass was divided into
groups and geological history could be written. Rocks containing a cer-
tain fauna were called Silurian, others with a different fauna were termed
Cretaceous, others Miocene, and so on through the list. These divisions
were based on the fauna and on nothing else. This should be borne in
mind.

The same basis is employed in making the minor divisions. In the
Upper Missouri region a mass of rocks is found possessing a fauna
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closely resembling that of a series in Europe, termed Upper Cretaceous.
This all accept as proving that the two series hold equivalent positions
in the geological column. Closer investigation shows that the Upper
Missouri series is made up of distinct groups, each characterized over an
immense area by a peculiar assemblage of invertebrate remains. These
' groups make the section. If in any part of the western region we find
the fossils of any one of these groups, we may legitimately expect to find .
the others over or under it, as the case may be. It may happen that
over large areas a group thus established may be utterly barren of animal
remains. This does occur in the Cretaceous groups. The Dakota group
is often barren and can be identified only by its previously determined
stratigraphical relations. The Fort Pierre and Fox Hills groups, as we
are told by Dr. Hayden, show extensive barren zones. Illustrations of
this condition can easily be drawn from other formations. Over thou-
sands of square miles the Lower Carboniferous shows no fossils, yet from
the last great wave of the Appalachian system westward the group is
filled with fossils.

It is true that some species of invertebrates show a marvellous
tenacity of life. Strophomena rhomboidalis lived from the Lower Silurian
almost to the base of the Carboniferous; Aérypa reticularis existed from
near the beginning of the Upper Silurian to near the close of the Devon-
ian. In each group these species show marked peculiarities, which
almost suffice to determine the horizon from which the specimens were
obtained. But no pal@ontologist would be reckless enough to identify
- the horizon with these shells as his only data. They are not charac-
teristic. While we find five or six instances of this sort, no character-
istic forms belonging to the Carboniferous have been found in the
lower rocks. But if they should be so found, their evidence would be .
nothing. Spirifer cameratus associated with a Devonian fauna in rocks
holding the Devonian place would be a worthless witness. So, if the thing
- were possible, should Ammonites be found at a Silurian horizon, its testi-
mony would be rejected and the stronger evidence for Silurian would be
accepted. Even invertebrate life must yield to stratigraphy if the two
conflict. '

S
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The record of vertebrate life is far from being complete; but the
remains which do occur are so striking in character that they have always
attracted the attention of students and their peculiarities have been care-
fully determined. The relative positions of the families and genera have
been well fixed both in Europe and America, and it has been discovered
that the vertebrates of the American Cretaceous and Tertiary are closely
allied to those occurring at the same horizons in Kurope. These forms,
then, will prove greatly serviceable in the attempt to correlate American
and European formations.

Vegetable life shows no such history as to entitle it to equal con-
sideration with animal life. So patent is this fact, that little use has
been made of plant-remains in determining the succession of rocks. Land
plants are unsatisfactory because they are preserved in disconnected frag-
ments and because the areas on which they grew were widely separated
and formed but a small part of the earth’s surface. This objection holds
more strongly in the periods when variations in climatic conditions
became sharply defined.

But vegetable relics are very useful to the geologist. The character
of the Carboniferous flora has been so well studied for many years that it
is thoroughly understood. The horizon of these plants is now fixed, their
general type is understood, and they can be used without hesitation as
evidence where animal remains are absent. The day may come when
impressions of deciduous leaves will be understood equally well. Even
as matters now are, they are by no means without value. The flora of
the Dakota group serves to identify that group where the formation is
barren of animal remains. The position of this flora has been fixed by

means of its occurrence in and below rocks containing the ordinary Cre-
taceous types of animals. In like manner the flora of the Laramie group

avails for the identification of that group in different portions of the same
area.

But why is one flora called Cretaceous, or another Triassic, or a third
Tertiary? Simply because it is in rocks previously determined to belong
to the period by which the flora is called. Let it not be forgotten that
the group is not named Cretaceous or Tertiary because of the flora. Strat-
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igraphy determined the general succession of the rocks; animal life deter-
mined the division into groups. .

The floras of our later geological eras cannot afford a satisfactory
basis for generalizations looking to a determination of equivalent horizons
in Europe and America. The conditions on the two continents were
widely different. This general statement has been practically accepted as
true by our paleobotanists, Dawson, Lesquereux, and Newberry, all of
whormn have acknowledged that the testimony of plants is inferior to that
of invertebrates.

"The collection of plant remains made by Dr. Evans at Nanaimo and
adjacent parts of Washington Territory were submitted to Mr. Lesquereux®
for examination. Out of these specimehs he made a number of species,
and recognized some as identical with species already published in
Europe. So closely allied are these plants to the flora of the Miocene
of Eurof)e that Mr. Lesquereux refers the coal-bearing rocks of both
Nanaimo and Bellingham Bay to the Miocene. Somewhat later{ he pub-

lished a letter from Professor Heer fortifying his position. Both of these
gentlemen unhesitatingly referred the rocks to the Miocene. The editor of
the American Journal of Science felt it necessary to appehd to this letter
an apology for Professor Heer, in which he stated that the professor had
not had access to the paper of Meek and Hayden on the Vancouver fossils.
The collections made by Mr. Geo. Gibbs, of the Northwest Boundary
Survey, were submitted to Dr. Newberry,f who at that time regarded the
Bellingham Bay deposit as most probably Miocene. The molluscan
remains occurring with the leaves at Nanaimo induced him to believe that
the Nanaimo coals are Cretaceous. But it is very clear from his language
that nothing in the plants would lead him to suppose that they belong to
a Cretaceous horizon, but, on the contrary, that enough was shown by
them to cast doubt on any such conclusion were other evidence lacking.
The Nanaimo locality was visited in 1871 by Messrs. Selwyn and
Richardson, and afterwards in 1872 by Mr. Richardson, who made detailed
examination of the area. The collections of plants made by these gentle-

*American Journal of Science, Second Series, Vol. 7. tIbid., Vol. 28.
t Boston Journal of Natural History, Vol. 7.
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men were submitted to Dr. Dawson, who said respecting the collection of
1871:

They belong to a flora which has occasioned some controversy. It was originally
described by Lesquereux and Heer as Tertiary, being indeed very nearly allied to that
of the Miocene of Europe. Newberry, however, on the evidence of the associated
marine fossils and on the analogy of the Cretaceous flora of Nebraska, regards it as of
the latter age, and this, I believe, is the view more generally adopted. The present
collection is too imperfect to throw much light on these questions, and it will be better
to await the arrival of larger collections Lefore describing any of the species which it
contains.

But respecting the collections of 1872 he speaks with assurance:

The fossils from the coal-field of Vancouver embracing, in addition to coniferous
trees, both wood and leaves of several species of angiospermous exogens, coincide with
those of the Cretaceous of other. parts of America, for example of Nebraska. The
fossils from Hornby Island, in shales believed to overlie those of Vancouver Island,
are also Cretaceous, and there is nothing to preclude their belonging to the upper part
of that system.*

The evidence given by the animal remains shows that the coals are
not far from the horizon of the Fort Pierre group, possibly reaching up
to the lower part of the Fox Hills, as has been shown by Meek, Billings,
and Whiteaves.

In 1858 Mr. Meek and Dr. Hayden submitted to Dr. Newberry a col-
lection of leaf-impressions which they had obtained from the Dakota
group of Nebraska. Dr. Newberry found great resemblance between these
and the Tertiary flora of Europe, but regarded them as of Cretaceous age,
being convinced by the stratigraphy and the testimony of invertebrate
remains in the overlying rocks. Sketches of some of these were sent to
Professor Heer, who, in a letter to Mr. Lesquereux,t very positively
asserted that Newberry erred in his conclusions, and that the plants are
all of Tertiary forms. His language is as follows:

It is true that I have seen only some drawings which were sent to me by Messrs.
Hayden and Meek, but they are all Tertiary types. The supposed Credneria is very
like Populus leuce, Ung. of the Lower Miocene, and the Ettinghausiana seems hardly
rightly determined. Besides, it is a genus badly founded, and as yet has no value.
All the other plants mentioned by Dr. Newberry belong to genera that are represented

* Canadian Reports for 1871-72 and 1872-73.
t American Journal of Science, Second Series, Vol. 28, p. 88.
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in the Tertiary a,nd'not in the Crefaceous. And it is very improbable that in America
the Cretaceous flora had the characteristic plants of the Tertiary, and this would be
the case if these plants did belong to the Cretaceous.

To this the editors of the Journal append a note, stating that similar
leaves had been collected by Professor Cook from the base of the Creta-
ceous, as well as by Dr. Newberry from the same horizon in New Mexico,
so that if the leaves are Tertiary our Cretaceous is abolished.

Dr. Newberry replied,* stating that he had collected such dicotyled- .
onous leaves from the Lower Cretaceous sandstones at Galisteo Creek in
New Mexico, where the Upper Cretaceous sandstones also are exposed,
and at various localities east to the Canadian River, where characteristic
Cretaceous 2 and 3 are seen resting upon the sandstones.

Mr. Lesquereux’s rejoinder was sharp, defending Professor Heer’s
conclusion and fully indorsing it.

In 1863 Professors Marcou and Capellini undertook a journey to
Nebraska to effect a final determination of the question. On their return,
they pronounced the Dakota group Cretaceous, and not only Cretaceous,
but at the base of that series as accepted in America. In his work
describing the leaves collected by these gentlemen, Professor Heer
acknowledged the superior value of the faunal evidence and placed the
leaves in the Cretaceous. In 1868 Mr. Lesquereux did the same, and
described a number of species from the Dakota group; but he announces
that a remarkable generic affinity exists between the Cretaceous and Ter-
tiary flora of America. In 1874 he published his quarto volume on the
Cretaceous flora of the Dakeota group.

The plants of the Laramie are little better. Of these a great num-
ber of species have been described by Mr. Lesquereux. They have close
relations to the European Miocene, and a large part of those identified
with European forms are Miocene; so that most of the group is placed in
the Eocene. According to some observers the testimony of the plants
conflicts with that given by stratigraphy, and the same group is some-
times Upper, sometimes Lower Eocene.

*American Journal of Science, Vol. 29, p. 299.
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Evidently, then, the relations of our strata must be determined by
the evidence of animal remains. Stratigraphy will give assistance. This
being understood, we may look at the facts as they are.

First. The IFox Hills and the Laramie group are everywhere conform-
able to each other, and the latter is unconformable to the fully recognized
Tertiary above it. Professor Cope has observed the lack of conforma-
bility to the Eocene in New Mexico, and Mr. King has shown that a simi-
lar unconformability exists in the Wasatch region.

Secondly. From the beginning of the Fox Hills to the close of the
Laramie there was no change in the general conditions that would be of
even epochal value. The whole succession is continuous, and the groups
can be separated only by arbitrary lines. The variations above the
fucoidal sandstone, which rests on the Fort Pierre sub-group in New
Mexico, are unimportant, and are precisely similar to those which occur
farther north in the Fox Hills group. The marine conditions sustained -
no violent change, for Halymenites major, beginning its existence in the
Fox Hills group, continues into the Laramie. True, great changes did
occur locally, as in the Trinidad coal-field, where marine fossils practi-
cally disappear at the base of the coal-bearing rocks; but elsewhere, for
the most part, there was no such change, for farther north in Colorado
characteristic Fox Hills fossils were obtained in abundance near the

summit of the fully recognized Laramie.

Thirdly. The conditions observed in the Laramie are but a repeti-
tion of those commonly observed in the other divisions of the Cretaceous.
The sandstones are very like those of the Lower and Middle Cretaceous;
coal-beds are found in the Lower Cretaceous of Utah and New Mexico,
throughout the whole of the Cretaceous series in the Wasatch region, in
the upper part of the Middle Cretaceous on the Pacific coast, in the Fox
Hills and Laramie within the Green River basin, and in the San Juan
region, and occasionally in the Fox Hills, but usually in the Laramie
along the east base of the Rocky Mountains. The coal-beds in all the
divisions of the Cretaceous are variable, and those of each group are
often wanting over extensive areas.

Fourthly. The fauna is cither marine or brackish water. At the
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base of the series beginning with the Fox Hills group the species are all
marine; at many localities some brackish-water forms are found among
the coal-beds, marine forms being absent; while at others the marine types
continue in abundance to the very summit of the whole series. True
enough, fresh water and even land forms are sometimes found, but their
presence has little if any bearing on the subject. Such forms must have
existed on the upland away from the marshes which fringed the ocean,
and they might easily be brought down to the shore during floods so as
to be spread over the limited spaces where they are now found. A com-
" mingling of faunas like this is not unknown in the Carboniferous.

Fifthly. The fauna wherever found is Cretaceous or of such a charac-
ter as to render its testimony neutral, its relations being unknown. That
barren zones occur in the Upper Cretaceous was observed years ago by
Dr. Hayden in the Upper Missouri region, and others have found this to
be true of the whole Rocky Mountain region north from New Mexico.
But the fauna is to be determined by what one has, not by what he has
not. The productive localities must tell the story. At the east the bar-
ren areas of Carboniferous rocks are more extensive than are any that
have been found in the Cretaceous at the west. The Lower Carbonif-
erous rocks of Pennsylvania are practically barren at two-thirds of the
exposures, but in the southwest part of the State they become fossil-
iferous and thence to the Mississippi they are rich in fossils. So in the
anthracite field of Pennsylvania the Coal Measures rarely yield fossils,
whereas in the western part of the State and in Ohio there are several
fossiliferous beds, while farther west fossils occur in prodigious quan-
tities. But, on the other hand, fossils disappear southwardly along the
west base of the Appalachians, for in West Virginia south from the Balti-
more and Ohio Railroad not one fossiliferous bed occurs in- a vertical
section of nearly 2,000 feet of Coal Measures.

A similar condition occurs in the Laramie group at the west. In the
Trinidad and Cafion City coal-fields fossils rarely occur, but in the Galis-
teo area they are sometimes obtained, Iinoceramus and Ostrea having been
seen by the writer in the Laramie of that area. At Evans and Greeley, as
well as along Saint Vrains and Thompson Creeks in Colorado, fossils are
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abundant and the species are typical of the Fox Hills group, though they
were obtained from the very summit of the Laramie and at the top of a
section containing eleven coal-beds. If these fossils are not proof of the
Fox Hills age of the rock, paleontology is useless and geologists will do
well to seek a more trustworthy guide.

Sixthly. There is an utter absence of any definite evidence to show
that the Laramie group is newer than the Cretaceous. True, it is a group
proving that the ocean was filling up in that region, and there are great
coal-beds showing the presence of land vegetation. This condition began
with the Fox Hills along the east base of the Rocky Mountains. But this
shoaling of the sea cannot be good ground for separating the Laramie
from the Cretaceous any more than the similar shoaling during the Coal
Measures time would justify separating the Coal Measures from the Car-
boniferous and thrusting it into the Triassic. It is true, also, that a vast
array of plants has been presented, an array that without doubt would be
vastly reduced if there were any means of ascertaining how many of the
so-called species are synonyms. But it has been seen already that the
evidence of these plants is worse than worthless, for it is misleading. The
Vancouver plants showed the Fort Pierre group to be Miocene, and the
Nebraska plants did the same for the Dakota group. Mr. Lesquereux is
good authority respecting fossil plants; let us see how valuable their tes-
timony becomes in his hands. Here are seven species of Vancouver plants
recognized by him as present in the Rocky Mountain region. Their dis-
tribution in the latter region is as follows:

Sequoia langsdorfii, A. Br.—Lower Eocene, Upper Miocene.
Salisburia polymorpha, Lesqx.—Upper Miocene.

Sabal grayana, Lesqgx.—Lower Eocene.

Populus mutabilis, A. Br.—Lower Eocene.

Cinnamomum heeri, Lesqx.—Dakota Group.

Andromeda grayana, Lesqx.—Lower Eocene, Upper Eocene.
Diospyros lancifolia, Lesqx.—Upper Eocene.

It will at once be seen that these seven species not only prove the
equivalence of the Nanaimo and Rocky Mountain coal-bearing rocks, but
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also that they settle beyond all dispute the question of their geological
horizon. '

But there is said to be a great difference between the flora of the
Dakota and that of the Laramie. There should be. But the difference is
not greater than that between the flora of the Millstone-grit and the flora
of the Upper Barren Coal Measures in Southwest Pennsylvania, and this
difference is not thought by any to justify a removal of the Upper Bar-
rens from the Carboniferous. No more should the second great Carbon-
iferous age, that of the Cretaceous, be broken up because of the specific
variation of the flora.

The occurrence of fresh-water or land shells has no bearing on the
question. Very little is known respecting the vertical distribution of
either the genera or the species of such forms.

But may it not be that the whole discussion thus far has been made
on an insufficient basis? The work done up to this time, east from
the Rocky Mountains, is merely that of a reconnaissance, and no
detailed sections have been carried from the base of the mountains out
to the eastern edge of the Laramie rocks except in the Trinidad and
Cafion City coal fields, which, however, are cut off too soon at the
east to afford full data. A discussion respecting the relations of the
Lower Carboniferous rocks to the Coal Measures conglomerate, if based
only on observations made in Eastern Pennsylvania, would be far from
satisfactory; and the conclusions to which such a discussion would
lead would be very different from those to which one would come
after studying the two series in Western Pennsylvania or West
Virginia. A

It is by no means improbable that variations occur in the Laramie
group east from the Rocky Mountains very like those seen in the Carbon-
iferous groups within the Appalachian field. The sandstones are coarse
near the mountains, but become finer toward the east, and have occa-
sional thin beds of impure limestone. The only fossils of conclusive
character which have been obtained from the Laramie group in Eastern
. Colorado were found near the summit of the group and at a long distance
east from the mountains. '
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In view of these facts—

1st. That the series above the Colorado shales to the top of the Lara-
mie is conformable within itself;

2d. That no change of importance occurred in the general conditions
during the formation of this series;

3d. That the Cretaceous from the beginning was a coal-bearing
series;

4th. That the fauna, wherever of a character to be compared with
known standards, is Cretaceous, even to the very summit of the series;

5th. That the hypothesis that this group or any portion of it is of
later date than Cretaceous is unsupported by definite evidence—

It seems necessary to regard the Laramie as but the upper part of the
Fox Hills group.



CHAPTER XI.

THE TERTIARY ROCKS.
THE GALISTEO GROUP.

The series which, in this report, is termed the Galisteo group, was seen
in the vicinity of Galisteo Creek, where the section so far as observed is—

Trachyte breccia. ...... e e e e aeeaeaaann 150
Soft light-gray sandstone..... ... ....cociiiiiiiee ioiaiiotrertiiictnansianaas 40

In the chapter of the descriptive geology relating to this region the
statement is made that the rocks of the Galisteo group are confined to the
north side of Galisteo Creek and do not occur on the south side between
the creek and the Placer Mountain. Possibly, so broad a statement is not
wholly accurate, for on the elevated bench extending from the creek
toward the mountain a thick deposit underlies the marly limestone which
I have regarded as belonging to the Santa Fé marls. Whether or not this
belongs to the marl group was. not ascertained; but without doubt the
Galisteo group at one time extended beyond the creek southward.

The application of the name to this group has been made with some
hesitation. Dr. Hayden® states that he found on Galisteo Creek a series
of rocks which seemed to be wholly new to him and therefore were named
the Galisteo group. The description given in the report for 1869 appears
to be applicable rather to the upper sandstones of the Laramie group than
to these rocks. It is evident that Professor Cope regarded those sand-
stones as the Galisteo group, for he, as well as Dr. Hayden, states that the

*Preliminary Field Report, 1869.
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Galisteo group is altogether conformable with the underlying coal series;
and he therefore places them in a higher division of the Cretaceous,
making them Fort Pierre, as he had previously identified the coal-bearing
rocks with the Niobrara. The writer sought information respecting this
group from Dr. Hayden early in 1879, and was shown a photograph of
the Wasatch group, which was said to exhibit the characteristic features
of the Galisteo group. These features are well shown by the rocks to
which the name has been applied in this report, and not at all by the
higher sandstones of the Laramie, which, however, possess in some
measure the peculiarities mentioned by Dr. Hayden in the report for
1869. In any event, the name Galisteo group cannot be applied to the
rocks on the south side of the creek, as they are clearly members of the
Laramie or coal group. If it were originally applied to them, it must be
dropped as a synonym, and newly applied to the rocks designated by it in
this report. '

The brecciais well shown on the Lower Galisteo from the Santa Fé and
Old Placer road to the mouth of the Arroyo de los Angeles. It is very
dark gray or even lead-colored, and is composed altogether, where exam-
ined, of trachyte in angular fragments, cemented by finer material, appa-
rently of similar nature. This breccia was followed up the Arroyo de los
Angeles to the Galisteo and Santa Fé road; but there it practically ends,
and the evidence shows that it was worn away by the erosion which pro-
duced the broad mesa. Its fragments litter the surface of that mesa.
The thickness assigned to this mass is that seen at the mouth of the
Arroyo. It may be greater toward the northwest.

The sandstone is very light gray, excessively soft and incoherent, so
that it yields to the weather as though it were loose sand, weathering,
indeed, more freely than do the tough alluvial deposits along the creeks.
This is the lowest bed of the group found within the area examined. It
was followed up the creek for more than seven miles above Galisteo, and
its ashen color gives a strange appearance to the deeply eroded face of
the mesa.

The relation of the Galisteo group to the underlying rocks is finely
shown at the head of the Arroyo de los Angeles, where the Lower Dakota
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beds dip westward at 65°, while the lower sandstone of the Galisteo rests
on their planed-off edges and dips in the same direction at less than 1°.
A more curious illustration of the unconformability is shown immediately
below the mouth of the Arroyo, where the breccia was deposited around
a projecting wall of Dakota which dips at nearly 60°; and the contrast
in color is as great as would be that between a trachyte dike and a sur-
rounding mass of basalt. Both the breccia and the underlying sand-
stone are exposed here and are conformable.

The Galisteo beds are not affected by the faults found in the Arroyo
de los Angeles, whereas the Laramie beds are involved in them; the
breccia is composed largely of trachyte from Los Cerrillos, a group of
trachyte hills shown on the north side of Galisteo Creek at sixteen miles
below the village. But the outburst of trachyte, forming those hills,
caused frightful contortion of the Laramie beds. It is clear, then, that
the Galisteo group cannot be conformable to the Laramie.

The relation of the Galisteo to the Dakota, shown in the Arroyo de
los Angeles, renders the appearance on the eroded face of the mesa farther
up the Galisteo very deceptive. The vertical yellow and almost white
sandstones of the Lower Dakota yield readily to the weather, and the
débris from the light-gray Galisteo sandstone mingles with that from the
others; so that to one ascending the creek and following the line of the
eastern fault the Galisteo sandstone seems to be triple, white, yellow, and
gray, whereas the white and yellow belong to the Lower Dakota, on which
the Galisteo sandstone rests unconformably.

At one time I was inclined to suppose that perhaps this Galisteo group
might be only a part of the Santa Fé marls; but it must be unconform-
able to that series. This appears from the variation of the breccia, which
is very thick at the mouth of the Arroyo de los Angeles, but becomes thin-
ner northward, while the sandstone retains its thickness to the head of
the Arroyo. But this variation is not due to thinning out. The two beds
of the section rise in that direction and the breccia has been cut away by
erosion. The Santa Fé marl covers the mesa and is spread out over the
edges of the breccia and sandstone, which were leveled off during the

formation of the mesa.
11
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Whether the Galisteo group belongs to the Miocene or to the early
Pliocene could not be determined. It certainly antedates the great flow
of basalt, for as far as examined it shows no included fragments of that
rock. It no doubt is long posterior to the trachyte outburst, for it rests
on the leveled edges of the rocks which were turned up during that
outburst. It cannot be older than early Miocene or newer than early
Pliocene.

THE SANTA FE MARLS.

~ The Santa Fé marls are recognizable within the district by means of
a tufaceous limestone, which seems to have been deposited over a vast
area. Dr. Hayden states that the group is finely exposed in the Rio Grande
Valley north from Santa Fé, where it is hundreds of feet thick; and the
writer has been informed by Dr. Newberry that at a locality on Jemez
Creek, west from the Rio Grande, this limestone is exposed with a thick-
ness of not less than 150 feet. As the observations on which this report
is based did not extend northward beyond Santa Fé, it is not possible here
to say anything respecting the extent of the group in that direction. It
clearly covers the plains between Santa F'é and Galisteo Creek and involves
the loose deposit covering the older rocks. At many places where the
surface deposit is but fifteen or twenty feet thick it is honeycombed by
the marly limestone, which looks as though it had filled up broad shrink-
age-cracks. At the head of the Arroyo de los Angeles the section above
the Galisteo group is—

Feet.

1 1
‘White marly imestone........ ... ooeuei ittt it iiiaes caer e 1
Conglomerate.............. e ettt ieeeeetarenaeaas e, 3
‘White marly imestone.. ... .o oot i iie it it ieieinees s veiaee-. 3
17 ) 18

All of which, no doubt, may be included properly in the Santa Fé marl
group of Dr. Hayden.

The marly or chalky limestone is present beyond Galisteo Creek
southward on the hench reaching toward the Placer Mountain, and very
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possibly the whole of the loose material seen there, consisting of frag-
ments of trachyte, granite, &c., with sands, clays, and irregular layers of
the marly limestone, may be included in this group; the thickness being
between fifty and seventy-five feet. Erosion has been busily at work
among these beds on this bench, for on the table-land beginning at
about six miles south from Galisteo the chalky deposit is thick.

The same material was seen in the Taos Basin, a recess in the range,
which, according to Professor Cope, was originally filled with these marls.
There the limestone occurs as it does near Santa Fé, being apparently '
deposited in shrinkage-cracks.

This tufaceous limestone occurs in small patches at many localities
south and east from the mountainous area. Evidently it is very thick in
the Pecos Basin near the village of Pecos, and it was observed also on
Vaca Creek at Las Colonias. Small patches were seen near Las Vegas,
and an extended area lies between the Canadian Hills and the Mora Cafion,
reaching westward to beyond Fort Union. Fragmentary exhibitions were
seen much farther north.

Professor Cope has determined that the Santa Fé marls belong to the
Loup River epoch of the Pliocene. The group is certainly newer than the
basalt, for fragments of that rock cemented by it occur on the Ocaté Mesa
near the Wagon Mound. It overlies the basalt in the Upper Valley of the
Rio Grande.

A mass of conglomerate was seen along the west hase of the Culebra,
Taos, and Santa Fé Ranges, which will be described in the following
chapter. Unfortunately the writer’s examinations along the west side of
those ranges ended at the Taos Basin, so that he was unable to follow
these conglomerates southward. Possibly they may be closely related to
the Santa Fé marls, but in this report they are provisionally regarded as
belonging to the Quaternary.

THE ERUPTIVE ROCKS.
As few of the specimens collected have been examined microscopically,

it is possible to speak only of the distribution of these rocks and of their
relations to each other and to the stratified deposits.
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The Trachytes.

Trachytic rocks occur abundantly within the mountain area but very
sparingly on the plains. Basalt covers extensive areas in the plains-
region and is found to but a slight extent within the mountain region.

At the extreme north several trachyte dikes were seen, which appear
to radiate from the Spanish Peaks. One of them, double, follows the
Stonewall Valley from Cucharas Pass to beyond the Middle Fork of the
Purgatory River. Others were seen in San Francisco Park, on the South
Fork of that river. The dike within the Stonewall Valley bears no relation
to the stratification and stands out as an almost vertical wall, but those
in San Francisco Park dip at various angles; the relation these dips bear
to those of the beds, through which the dikes were thrust, could not be
ascertained, as the soft shales of the Fort Pierre have yielded to the weather
and the slopes of the low hills are covered deeply with débris.

Many dikes were seen at the headwaters of Vermejo Creek, where
they are entangled amid the distorted Cretaceous and Carboniferous beds
in such a way that nothing could be determined respecting the relations.
But immediately south from the Vermejo a strong dike appears associated
with the Stonewall, and thence to Costilla Peak the wall and the dike
have the same dip. This dike contains many fragments of gneiss.

Several groups of dikes begin at a little way north from the latitude
of Costilla Peak, and they become stronger southward to about the
latitude of Taos Pass, beyond which they soon disappear. One group
appears to have its center in the Taos Range not far from Colorado
Creek. Rhyolyte prevails along the lower part of the cafion of that
stream, but trachyte is the prevalent rock farther up, though even there
rhyolyte dikes occur in the trachyte. The rhyolyte is a hard, compact
rock, somewhat resembling quartzite on the weathered surface, and con-
taining small crystals of feldspar. The trachyte is sometimes compact,
greenish or bluish in color, with scales of mica and small spherules of
sanidin or large blotches of feldspar; at others, the general appearance
is the same as in the last, but the sanidin occurs in large spherules;
while again the feldspar paste is coarse as though decomposed, contains
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scales of mica, large drops of sanidin, and twin crystals of feldspar,
which are occasionally two inches long. A dike of similar material
‘occurs on the east side of Red River Pass. The dikes continue north-
ward to beyond Costilla Creek, but there the rock is soft throughout and
readily breaks down on exposure, covering the hillsides with a variegated
mud. Southward the dikes soon disappear, there being none on Ferdi-
nand Creek or in the approaches to Taos Pass from the north side. But
an extensive dike follows the east side of the range from near Red River
Pass to within a very short distance of Taos Pass.

Another center of disturbance lies immediately east from the Colo-
rado Creek area and follows the line of the Cimarron axis. The main
eruptions were between Pofiil Pass at the north and Cimarron Creek at
the south, and the masses known as Old and Little Baldy are but the
overflow from two enormous dikes well exposed in Cimarron Cafion.
The eastern or broader dike is composed of a massive rock, which resists
the weather and forms a bold wall to the cafion for fully four miles; but

the western dike seems to be composed of a softer rock, which readily
disintegrates, so that the hillside is deeply covered by variegated mud.
Dikes radiate in almost all directions from this center. Those going
northward end somewhat abruptly near Costilla Peak. They are so
numerous that all attempts to work out the geology of the stratified rocks
between them were unsuccessful. The rock is for the most part compact
and very fine in grain. Its composition cannot well be ascertained with-
out resort to the microscope, but it is a trachyte. The dike terminating
in the Bare Cone is somewhat perplexing; its rock contains minute
specks of sanidin, and under the microscope seems to be made up of
quartz grains. Possibly this rock may prove to be metamorphic, but the
dike is there, and it passes into one of the Old Baldy group. Dikes pass-
ing from Old Baldy cross the Moreno Valley in an almost due west direc-
tion. They are composed of a mottled trachyte, of which the paste has
a grayish color and is very hard. Associated with a small dike of this
group is a narrow dike of porcelain-like rhyolyte, which, however, is
exposed for but a short distance.

The Baldy dikes and their overflow continue southward from Cim-
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arron Creek to the cafion of Rayado Creek, beyond which the basalt-
covered Ocaté Mesa begins and cuts off all further tracing toward the
south. But the dikes evidently extended much farther southward, for
at one locality on the mesa, several miles south from the Rayado
Cafion, a small knob of trachyte was seen projecting above the basalt;
and in the cafion of Coyote Creek, following the western edge of this
mesa, occasional croppings of trachyte appear where the basalt has been
removed by erosion; while on the west side of that cafion a great frag-
ment of a trachyte overflow rests on the Archeaan rocks.

The edge of an extensive area of trachyte-like rocks was reached
east from the Canadian River; but this is covered for the most part by
the later basalt overflow, and there are few localities where the older
eruptive rocks are exposed. No details were obtained respecting the dis-
tribution of the trachytes (if such they be) in this area.

No trachyte was seen in the Santa Fé Range where it is crossed by
Junta Creek or where crossed by the Santa Fé and Las Vegas trail ; nor
is there any in the Mora and Las Vegas Range, so far as observed, south
from the head of Mora Creek; and similarly the rock is absent from the
Archaxan area of the Mora axis. Indeed, these ranges seem to be almost
wholly free from eruptive rocks of any kind south from the latitude of
Taos Pass. But at a little way south from Santa Fé the evidences of
massive eruptions become very distinct.

Los Cerillos, at probably twenty miles south from Santa Fé, are a
group of irregular hills, which, so far as examined, are composed of
trachyte with occasional dikes of what appears to be decomposed rhyo-
lyte. To the writer these hills seemed to be relics of great dikes, but -
Dr. Newberry and others who have visited the region suggest that they
may be ancient volcanic cones. There is nothing in their structure
which necessarily militates against such a conclusion. The mass is an
upthrust, which was accompanied with much violencg, and the Cretaceous
rocks surrounding it have been greatly disturbed. The Colorado shales
and the Laramie sandstones’ are sometimes more than vertical on the
north side of Galisteo Creek. A vast dike of trachyte passes in front of
the Placer Mountains, and to it no doubt is due the metamorphosis of
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the coal at more than one locality between Galisteo Creek and the moun-
tains. The overflow from this dike remains in part at the Cerro Pelon,
where it is shown resting on the Laramie sandstones. A broad dike
crosses the southern edge of the Galisteo Park and has an almost east
and west direction.

The trachytes are newer than the Cretaceous, for they rest on the
Laramie rocks at some localities and break through them at others; but,
in the absence of all Eocene deposits within this district, their age can be
ascertained only by secondary evidence. The Cimarron Range in its
present shape certainly originated not earlier than the close of the Cre-
taceous, for Laramie rocks cross the crest of the arch at Pofiil Pass. But,
as shown in Cimarron Cafion, the crest of the Archean area had been
planed off to a plateau before the overflow occurred, for the contact
between Archean and trachyte follows an almost straight line for several
miles. The overflow, therefore, must have been long posterior to the
close of the Cretaceous. In like marther it is seen that it long antedated

the basalt overflow.
Respecting the trachyte-like rocks seen near the Raton Plateau east

from the Canadian River, little can be said. The examinations in that
vicinity were not such as to give much detail. Only the western edge of
the eruptive area was visited, and even its extent was determined only
approximately.
The basalts.

Areas of basalt exist on both sides of the mountain region, but within
that region the rock occurs very sparingly. ‘

The eruptions took place partly by volcanoes and partly through fis-
sures. Intruded sheets of basalt are common, while those of trachyte
rarely were seen. As observed by Mr. King within the area embraced by
the Survey of the Fortieth Parallel, the basalt was poured out during the
latter part of the Tertiary and covered benches and plateaus which had
been already formed.

The Rio Grande Valley is overspread by basalt and the river flows
through a deep cafion in that rock. Th®original thickness of the basalt
was enormous, for the rock reaches well up the sides of the range from
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Fort Garland southward to Costilla Creek, and high mesas remain on the
plain, while two great domes are still preserved near the southern border
of Colorado. The variations in color and structure are great, for at some
localities the rock is fine-grained and compact, while at others it is gran-
ular and soft. It is frequently amygdaloid. The color varies from dark-
brown to bluish-gray, or on the weathered surface to reddish-brown. No
scoriaceous material was found on the west side of the mountains, and
no dikes were discovered within the Rio Grande Valley until Galisteo
Creek was reached, where some of insignificant size were seen. In these
the color is earthy-brown. '

The dip of the basalts in the northern part of the Rio Grande area is
eastward, as is well shown in the mesas near Fort Garland and along the
base of the Culebra Range. It is altogether probable that the overflow
came from the western side of the valley. As already stated, no dikes
were found on the east side of the valley, nor was anything seen which
could be regarded as an extinct voltano.

Basalt is present at many localities along the eastern base of the
mountain areas from the Turkey Mountains northward.

A few dikes were seen on the Purgatory and the Vermejo within the
Laramie area, but the rock occurs there chiefly as intruded sheets, which
are from one foot to twenty-five feet thick. Some sheets observed along
the Purgatory are continuously exposed for miles and are not involved in
the petty anticlinals crossed by the creek. Occasionally, however, they
follow a line of slight resistance such as the contact between shale and
sandstone, or are intimately associated with a coal-bed for a long dis-
tance, and so appear to have the same dip as the coal-bearing rocks. It
is not altogether improbable that the basalt overflow may have extended
over much of the Laramie area at the north, for some hills rising higher
than their neighbors are capped by a thin block of basalt. The basalt-
covered Raton Plateau is higher than any part of the Laramie area, whose
elevation has been determined by the topographical parties of this survey.

Passing eastward along the Purgatory, one reaches the Raton Plateau,
which lies east from Raton Crétk and is the same with that which is
designated as the Chicorica Mesa on the map of the Geological and Geo-



THE TERTIARY ROCKS. 169

graphical Survey of the Territories. This plateau extends eastward to
beyond the limits of the district, but is narrow from north to south. It
is covered with a basalt sheet from 400 to 600 feet thick, which is exposed
to its base on Manco Burro Pass and at a few localities in Johnson’s Park
at the head of Ufia de Gato Creek. The rock for the most part is hard,
compact, dark-gray, and shows much olivine; but there are many evi-
dences that a’second eruption of basalts occurred within this space, for
dikes of scoriaceous lava were seen in Johnson’s Park, which break
through the Fort Pierre shales and the plate of older basalt. A breccia
follows the walls of these dikes, containing fragments of the Cretaceous
shales and of the older basalt. The later overflow must have been by no
means inconsiderable, for although at present only insignificant cones of
the cindery rock remain on top of the plateau, yet its fragments are among
those most frequently occurring amid the débris covering the plain. Dikes
of basalt were seen on Willow Creek near the mouth of the cafion leading
up to Raton Pass, and many little hills of the same rock remain on the
plain between Willow Creek and the base of the plateau.

The basalt was poured out over a great mesa rising from the Cana-
dian Plains as distinctly as it does now. The old mesa was covered with
alluvium, in which are bowlders of granite, gneiss, and quartzite, which
must have been brought from the mountains at the west. This deposit
is well shown in Manco Burro Pass and on several ridges in Johnson’s
Park where the basalt has been worn through. The flow came from the
east, and on the Capulin Vegas, only a few miles beyond the eastern bor-
der of the map, are several ancient cones. These are admirably preserved
and the craters seem to have suffered very little from erosion.

But erosion has been energetic since the outpouring of the basalts,
for of those rocks no trace remains in the plains between the Eagle-tail
Mesa and those outliers of the Ocaté Mesa, known as the Gonzales and
Rayado Mesas. The Ocaté Mesa is reached at Rayado Cafion, whence it
extends southward to the Turkey Mountains, while it stretches eastward
from the cafion of Coyote Creek to the Canadian Plains. It has an
outlier at the southeastern end, known as the Canadian Hills, which
extends eastward from the mesa toward the Canadian Cafion.
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The basalt on this mesa occurs in two steps or benches as though it
had been poured out on an already benched area. The higher bench is
on the western side of the stage-road from Rayado to Apache Hill, where
the road rises to the lower bench and thence follows it to the Turkey
Mountains. The higher bench does not extend so far south as to Ocaté
Creek. It is covered by a thick plate of basalt whose edge is a bold cliff.
The plate is thinner on the lower bench, being less than ten feet thick
where the road rises on it. Erosion has been active here, for at many
places south from Ocaté Creek hills of basalt rise to the height of the
higher bench, while the Wagon Mound, the Canadian Hills, and other
outliers on the eastern side, together with hills near the Turkey Mo‘ln-
tains north from Fort Union, show the great thickness of the plate which
originally covered the whole of the mesa.

The sheet on the Canadian Hills is thinner at the east than at the
west, and the hills appear to be somewhat higher at the former than at the
latter extremity. The rock on these hills varies much in texture and color;
one layer is dark bluish-black and very compact; another with a bluish
tint has a fracture much like some of the trachytes; a third is dark-gray,
very compact, and shows much olivine with a little sanidin; another is
bluish-black, hard, and amygdaloid; while a fifth is cinder. The last seems
to prevail on top of the hills, and there are little cones of it on the south-
ern side. A dike-like ridge follows the central portion of th¢ hills and is
composed of steely-gray vesicular basalt which has some tendency to be
slaty. On the northeastern side of the hills a gray slaty basalt with
much olivine occurs near the top. The basalt cap of these hills rests on
an alluvial deposit similar to that observed on the Raton Plateau, and
bowlders of gneiss and quartzite are abundant at several exposures along
the northern bluff of the hills, immediately underlying the lava.

The rock on the Ocaté Mesa is for the most part hard, bluish-gray,
and contains much olivine. Dikes are very rare, and the only large one
seen is that in the northern part of Ocaté Park. The basalt poured over
the leveled mesas and into valleys such as those of the Ocaté and the
Coyote, where it now remains as the floor of the basin or as an overflow
wall. The only volcano obscrved here is that indicated as the Ocaté
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Crater, which is on the east side of Ocaté Park and at but a little way
south from the creek. It is a truncated cone with a slope of not far from
20°, which is well preserved except on the west side, where an overflow or
breach has destroyed its symmetry; and on the south, where erosion has
broken down the wall of the cup. The cone is naked of vegetation aside
from scattered tufts of grass, and loose fragments of lava are strewn over the
sides. The surface within the crater is covered with cinder, but the rock
in the walls shows great differences in color and texture. In one series
of specimens the color is dark-gray, almost black, and there are many
large blotches of sanidin; in another, the color is bluish-gray and the
sanidin occurs in smaller quantity; in a third, the rock is reddish-brown,
scoriaceous, and contains zeolites; a fourth series shows dingy cinder
with apparently the same minerals as those in the last; while in a fifth,
the rock is steel-gray and compact, like that which prevails over the
greater part of the Ocaté Mesa. From this volcano a stream flowed south-
ward into the valley of Wolf Creek and continued to beyond the stage-road
south from Fort Union. Traces of it still remain at several localities
within the valley, which is hemmed in by high walls of Dakota sandstone.

It seems hardly probable that this volcano was the source of the
enormous basalt flow which covered the Ocaté Mesa and filled the broad
valleys of Ocaté and Coyote Creeks. But, as already stated, the basalt
dikes are few and for the most part insignificant. The flow issued from
a line passing not far from Ocaté Crater, as the dip of the basalt shows;
so that in all probability this volcano was an important source.

Another extinct volcano was seen at the southern extremity of the
Turkey Mountains. Itis wholly separated from the Ocaté Mesa, and there
is no evidence that the flow from the Ocaté Crater ever touched that from
this crater of the Turkey Mountains. This crater is even better preserved
than is the other, for the cone is complete and the rim of the cup is broken
only by a narrow gap on the south side. The predominating rock is a
hard steel-gray basalt, which rings like pot-metal when struck, but with
it are other varieties similar to those found in the cafions of the Mora and
Canadian Rivers.

The flow from this crater was almost wholly southward, and the lava-
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stream can be followed from the south side of the crater across the plains
to Cherry Valley, where it entered the Mora Cafion. Thence down the
cafion only fragments remain for several miles, but beyond that the mass
is continuous. The thickness is 400 feet within a mile of the mouth of
Mora Cafion, where a vertical measurement was obtained. This flow
occurred at a time when the Mora Cafion, at its mouth, had been eroded to
a depth of 860 feet below the top of its present walls. The basalt poured
down, filling the chasm to the depth of 400 feet and backing up into the
Canadian Cafion to a distance of three miles. Even now the mass is
hardly affected in the side cafions where erosion has been slight, and it is
shown handsomely in a group of arroyos at five or six miles from the Cana-
dian Cafion. But in the main cafions the channel-way has been re-eroded
and its bottom is now 230 feet below the base of the basalt. At the same
time no appreciable effect has been produced on the surface of the basalt
bench, which, for miles at a time, has been divided by the stream. The
rock at the mouth of Mora Cafion is excessively hard and nearly all of
the specimens have a pitchy look.

No basalt was seen in the mountain region south from Costilla Creek,
aside from some utterly insignificant dikes which cut the trachyte and
rhyolyte of Colorado Creek, and one broad dike which extends from Coyote
Creek to Mora Creek, and thence through the Mora Range to Junta Creek.
Some curious dikes were seen in the Archaan rocks on Cimarron Creek,
but their relations to the trachytes could not be determined with certainty.
One of them, at the lower edge of the Archaan exposure, is clearly spread
out under the trachyte.

THE METAMORPHIC INFLUENCE OF THE ERUPTIVE ROCKS.

The effect of these eruptive rocks upon the adjacent beds is variable.
Thus in Dillon’s Cafion, at but a little way below the ranch, a sheet of
basalt several feet thick has been intruded into sandstone, but along a
distance of twenty feet no effect whatever has been produced on the latter
at the line of contact; whereas at but a few yards farther the sandstone
shows vapor-tubes. At a little way higher up the cafion the same sheet
rests on a massive sandstone, which has been changed into a structureless
quartzite to a distance of several feet from the contact.
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A very positive metamorphism is shown on the east side of Old Baldy
Mountain in the Cimarron Range, where the Colorado shales are broken
by many dikes. The shales themselves have been converted into slate
with distinct cleavage, while the sandy layers have been converted into
quartzite or into an imperfect gneiss or granite, according to their grade
of purity. Some of the sandstone beds, which must have been micaceous
originally, have been so changed that they are now regarded by the miners
as true granite.

Still, such changes are of rare occurrence. The Cerillos were thrust
through the Colorado shales, but though the contact between those shales
and the trachyte was examined at many localities, yet no distinct meta-
morphism was observed anywhere. No change was seen in the Cimarron
Cafion, where the trachyte overflows and in some cases even envelopes
the sandstone. So with the basalt sheets within the Laramie area, the
extent of change is insignificant. But the instances are few in which
eruptive rocks have come into contact with coal without producing a
material change in its structure.

At but a little above the crossing of the Raton anticlinal by Raton
Creek a sheet of basalt has been intruded immediately above the Upper
Reilly coal-bed, which there is but two inches thick. The coal and the
overlying shale have been thoroughly baked, and the former has been con-
verted into a prismatic coke with occasional fragments of anthracite.

A fine illustration of this coking is shown on the Purgatory at a
short distance above the mouth of Raton Creek, where the upper part of
the Trinidad coal-bed is badly broken up by basalt. The interval between
this upper division and the next bed above is twenty-four feet. The two
beds of coal and the intervening shale are baked by basalt sheets and
the coals are coked. The coke is dense, very like that made in Belgian
ovens.. The upper division of the Trinidad bed is split into layers three
inches thick, separated by layers of basalt with like thickness.. The coke
is not prismatic, and no anthracite was observed at any place along the
exposure, which continues for nearly two miles.

A sheet of basalt has baked carbonaceous shale near Olguines on
the Purgatory, but it has not affected a coal-bed at two feet below it. A

o
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thick sheet of basalt rests directly on Coal-bed J, near the mouth of the
South Fork of Purgatory, and has exerted no influence of any sort on it.

The Dillon coal-bed at three or four miles above the mouth of the
Upper Canadian Cafion ‘is badly distorted by strings and bunches of
basalt, which have baked the clay partings and have converted the coal
into prismatic coke. No anthracite occurs there. On the same hill the
Willow COreek coal-bed is separated from a sheet of basalt by one foot of
sandstone and is unaffected. But at the mouth of Cat’s Claw Cafion
the same bed is distinctly affected, for some of the coal is wholly changed,
and the clay partihgs have been converted into slate. No anthracite was
observed, but some fragments of graphite were obtained in débris from the
bed. At four miles farther up the Canadian Cafion Coal-bed I has been
hardened to some degree by a thin sheet of basalt immediately under-
lying it.

The small dikes of basalt seen in the Galisteo area exert no influence
on the coal-beds through which they pass; but an enormous dike of
trachyte, which passes in front of the Placer Mountains, has converted
much of the coal into anthracite. The change extends to fully a mile
from the dike.



CHAPTER XII.

SURFACE GEOLOGY.

SUPERFICIAL DEPOSITS.

The extent of Quaternary deposits in the area under consideration
cannot be determined with any degree of certainty. The Santa Fé marls,
if of the age assigned to them by Professor Cope, fix most of the super-
ficial material as not later than the Pliocene. The chalky limestones of
that group occur, filling cracks or fissures in the surface deposits of the
Taos Basin, as well as at many other localities within the Rio Grande
area; they occur frequently in the same manner on the Ocaté Mesa and on
the plains between Las Vegas at the south and the Canadian Hills at the
north. As already intimated, the writer has referred the conglomerates to
the Quaternary with no little hesitation.

There are, however, some localities at which the deposit is certainly
posterior to the Santa Fé marls. The thin coating of alluvium seen in
the Taos Basin, that in the Culebra Park, and the silt covering the river
“bottoms,” must be regarded as Quaternary. Possibly, too, not a little of
the material covering the Canadian Plains north from the Canadian Hills
is Quaternary, for those plains in their present shape are much later than
the basalt, which at one time doubtless overspread the greater part of the
area. The material covering the plain is for the most part alluvial, and
consists of silt mingled with water-worn pebbles or alternating with layers
of such pebbles, while the surface is strewn at many localities with frag-
ments-of the basalt. A similar deposit covers much of the mesa region

and is found also in the parks of the Laramie area. Along the streams,
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all of which are terraced, this alternation is distinct, and the terraces
themselves bear a silt very like that seen on the plains. But at many
places they have also a conglomerate cemented by carbonate of lime. A
section made on Pifios Creek, a tributary to the Pecos, is thoroughly char-
acteristic, and with changes only in the thickness of the several members
it can be duplicated on almost every stream. It is—

B TR 71 1 P 3 inches to 5 inches,
2. Stiff clay ........ Ceeaeeceaaieon. et e, 3 feet to 6 feet.

3. Conglomerate........ «..oeee cieii i 2 feet to 3 feet.

4. Bedded TOCKS, @XP-«vv v vaeeeainn cetii e iiaaaes e 5 feet.

At a little way below the spot where the measurement was made-the
soil is wanting, and No. 2 is ten feet thick, the conglomerate and bedded
rocks having been cut away. The conglomerate occurs on the second
terrace also. The cemented conglomerate is shown handsomely on the
benches of the Purgatory, being found to a greater or less extent on each
of the terraces near Olguines, and attaining a very considerable thickness
on the main bench of the plain in the vicinity of Trinidad. It covers
the mesas north from the Raton Plateau, and is probably continuous
with the thick conglomerate seen alngside of San Isidro Creek far up
toward Manco Burro Pass. A similar cemented conglomerate was seen
on a terrace in the Lower Canadian Cafion at probably 600 feet below
the crest of the cafion walls, and it occurs on many branches of the
Canadian. '

The stiff clay of the section is very dark gray, almost lead-colored.
It is precisely similar to the material found nearly everywhere on the
plains, in the parks, and in the high valleys between the mesas. It is
tough, weathers slowly, and the shallow ravines made in it by streams
flowing only during floods have almost vertical walls, while miniature
cafions enter them from all sides. It is certainly newer than the con-
glomerate, for it rests on that rock. It may be as late as the glacial period,
and possibly it may be in some degree the result of glacial action, as has
been suggested; but there are localities in which it antedates the Santa Fé
marls, for the chalky limestone rests on it. So much of it as covers the
present river “bottoms” is doubtless comparatively recent in its present
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position. On Pifios Creek, above Koslowski’s station, some ashes were
seen below this material, and resting on the conglomerate, which are said
to have yielded human remains. The ashes are present in considerable
quantity, though the space covered by them is only a few square yards.

GLACIERS.

The evidence of the former existence of glaciers in this region is indefi-
nite. A dense forest covers the mountains to more than 11,000 feet above
tide, and the prolonged action of water and frost has removed all traces of
glacial action from the exposed spaces above the timber line. The only
evidence is found in the form of excavations which exist near the crest of
the mountain-ranges.

Above the altitude of 10,000 feet the Culebra and Taos Ranges are
deeply carved, and the crest-line is a narrow blade with short knife-edge
ridges projecting on both sides, which separate enormous cup-shaped exca-
vations. These amphitheatres, whose bottoms are rudely benched, con-
tract at the lower side and merge into broad boat-shaped troughs, which

.continue down the mountain side. The amphitheatre is sometimes absent
and the trough begins diréctly under the crest. A small stream, fed by
the slowly melting snows, flows along the middle line in a shallow
V-shaped channel-way, and in some instances it has changed the form of
the trough very materially.

These troughs are shown handsomely on both sides of the Culebra
Range, where they come down almost to 10,000 feet above tide. Equally
fine amphitheatres and troughs occur on and around Taos Peak, while
the excavations in the Santa Fé Range as far south as Santa Fé are
such as to suggest that possibly glaciers had been at work in that range
also.

No well-defined moraines were recognized on the east side of the
Culebra Range within the Purgatory or Canadian areas, though a vast
accumulation of débris was found on the South Fork of Purgatory, near
the Dakota Stonewall, at more than 200 feet above the stream. A great
mass of débris covers the pass between Vermejo and Costilla Creeks and

bears not a little resemblance to moraine. It is at 10,150 feet above
12
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tide, its surface is covered by irregular hummocks and shows numerous
rudely cup-shaped shallow depressions, many of which hold little ponds
of water. But there are distinct moraines on the east side of the Cule-
bra axis at the headwaters of Costilla Creek, near north latitude 37°.
These line the eastern side of Costilla Park and close the mouths of
troughs which extend back almost to the crest-line of the range. The
features here shown resemble in all respects those observed on the east
side of the Sangre de Cristo Mountains in the Wet Mountain Valley of ~
Southern Colorado.

No moraines or anything resembling them were seen farther south:
along the east side of the mountain area; nor were any recognized satis-
factorily at any locality on the west side of that area. But on this side
is the interesting conglomerate whose relation to-the boat-shaped troughs
is so intimate that I am led to describe it in this connection.

THE CONGLOMERATE.

The foothills along the west side of the Culebra Range are covered
with a conglomerate, cemented by material which is so easily removed
that to a considerable depth the rock is merely débris. This accumula-
tion reaches far up from the plains along Sangre de Cristo Creek; has
its eastern edge at fully two miles above the forks of Trinchera Creek;
extends to the close cafions of the forks of Culebra Creek, and has its
upper edge almost on a level with the floor of a huge trough-like excava-
tion near Culebra Peak; but the width of its area decreases southward
from that peak until the conglomerate disappears near Costilla Creek.
The Culebra Park has been digged out of this mass.

But the conglomerate reappears south from Costilla Creek on the
west side of the Taos Range; though there it is loose. It was not seen
compacted at any locality between Costilla and Colorado Creeks. Beyond
the latter stream it forms a long sloping bench extending from the foot
of the mountains to the Rio Grande, and is persistent thence to the Taos
Basin, though for short distances it has been wholly eroded. Fine expo-
sures occur in the hills surrounding the Taos Basin as well as on Fri-
jole Creek and over the divide to and beyond Junta Creek.
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Though removed from the broad recess in which Fort Garland is
situated, the conglomerate remains on the basalt mesa directly east from
the fort. It is well preserved along Sangre de Cristo Creek, where it has
been carved into fine terraces. Low hills covered by this deposit were seen
on Trinchera Creek immediately behind that basalt mesa, but erosion has
been so energetic that the conglomerate does not appear in mass until at
nearly two miles farther east, where those hills begin, which continue
almost without interruption to Costilla Creek. The rock has a brownish-
yellow color, and a straggling growth of pifion and cedar is scattered over
the hills, which in some cases rise to fully 10,600 feet above tide, giving
an apparent thickness of 1,600 feet to the conglomerate. But the real
thickness is from five to five hundred feet, and crags of basalt frequently
jut through the conglomerate. The fragments in this rock are invariably
~ water-worn.and belong to Archsan and Eruptive rocks.

The conglomerate is well shown on the west slope of the Taos Range,
where, between Costilla and Colorado Creeks, it reaches to fully 900 feet
above the plain. As far as observed, it is uncemented here; at least the
loose material is very thick and no exposure of compact rock was found.
In all characters except that of compactness, this is similar to the con-
glomerate seen on the Culebra Range. The mass extends for some distance
up Colorado Creek, where the fragments of Eruptive rock predominate.
No detailed examinations were made between Colorado Creek and the Taos
Basin, but the conglomerate was seen immediately south from the former
creek, where it is cemented and forms a long sloping terrace from the base
of the mountains almost to the Rio Grande.

Good exposures occur around the Taos Basin and along the several
streams which go to form Taos Creek. The hills on the south and south-
west sides of the basin are covered by the brownish-yellow gravels and
conglomerate, which are occasionally exposed along Ferdinand Creek below
its forks; but the exposures on that creek are not detailed until within a
very little distance below its forks, at about ten miles from Taos. There
the hills are rounded, and fragments belonging to the conglomerate occur
in vast numbers on their slopes. A great mass of the conglomerate caps
these hills, which continue southward and occupy much of the broken




180 GEOLOGY.

area along the west side of the Mora Range. A fine exhibition was
observed on the North Fork of Ferdinand Creek, where the fragments have
been derived wholly from eruptive rocks and represent every type of those
rocks to be found within the district. The material varies in coarseness,
so that for a considerable vertical distance there are alternating fine and
coarse layers, the latter containing bowlders of trachyte, which in some
instances weigh several tons. The exposures are less satisfactory on the
Middle Fork, which heads near Taos Pass, for there the rock is seldom
cemented and the disintegrated material is evidently very thick. But here
it consists mostly of Archaean pebbles mingled with fragments derived from
the carboniferous rocks. The palaeozoic pebbles increase in number toward
the pass, and in the same direction the Archaan pebbles become fewer.
~ Good exposures occur on the South Fork, where the rock is compact as on
the North Fork. The color is grayish and the weathered surface is rounded.
Huge fragments of trachyte, quartzite, and sandstone are embedded in the
finer material, which seems to have been derived chiefly from eruptive
rocks.

The conglomerate has a distinct eastward dip on both the North
and the South Fork, wherever the bedding is distinctly shown,—a condi-
tion which renders very doubtful the propriety of referring the rock to
the glacial period. The top of the mass on the North Fork is higher than
the summit of Taos Pass.

In ascending Frijole Creek, which enters the Taos Basin from the
south, one finds low terrace-like hills rising eastward from the creek
toward the mountains and covered by the conglomerate, which evidently
extends for miles in that direction, though not so indicated on the map,
as no opportunity was afforded for following it to its eastern edge. It
rises high up on the eastern slope of the U. S. Mountain and continues
along the road leading to Junta Creek until the divide is reached. The
upper limit is not far from 9,000 feet above tide. The same mass occurs
on Junta Creek.

Along Frijole Creek and the road leading thence to Junta Creek the
local origin of the conglomerate is sufficiently well shown. Between
Taos Basin and Old Camp Burgwin there is a mingling of Archaan, palae-
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ozoic, and igneous fragments, embedded in coarse sand; but above that
old camp paleozoic fragments become less numerous, and before the
summit has been reached none but Archean bowlders occur. The tribu-
taries to Frijole from the east rise in the Mora Range and cut through the
there insignificant Santa Fé axis; but the road runs for some distance
near the summit on the Archean of that axis.

These pebbles are numerous all the way to the bluff immediately
overlooking Junta Creek. On approaching that creek the road follows a
gap cut down in a thick plate of basalt and paved with loose water-worn
bowlders, the finer material of the conglomerate having been removed.
The pebbles are shown in the bluff, 700 feet above the creek at Real
Pueblo. For somewhat more than 100 feet above the stream the rock
is fine-grained, very compact, and has narrow streaks of chalcedony.
It is somewhat vesicular in some places and seems to have been
derived in great measure from eruptive rocks. It lines both sides of
the valley up to the mouth of the deep cafion through the Santa Fé
axis; but no traces of it were seen in the cafion or on the east side of
the axi~. :

No examinations were made along the west side of the Santa Fé axis
between Junta Creek and Santa Fé, but the conglomerate is reported by
other observers to be present in that interval. It was not seen south
from Santa Fé, and it does not occur anywhere east from the crest of the
mountains facing the Rio Grande Plain except in the region drained by
Frijole Creek, where, however, the Santa Fé Range is insignificant and
has little influence on the topography. The rock appears to be absent
from the Pecos synclinal at all localities south from the headwaters of
Frijole Creek.

Some features of this conglomerate suggest that it may have been a
lake deposit. The observations made by the writer are insufficient to
determine this matter. It is possible that a barrier reaching to 10,600
feet above the sea existed at one time across the Rio Grande Valley not
far from the mouth of Colorado Creek, and that it has been removed by
erosion since the formation of the conglomerate. But in the absence of
detailed observations along the east side of the Rio Grande Valley from
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the latitude of Taos Creek, and on both sides of the valley south from
the latitude of that stream, any positive assertion respecting the origin of
this conglomerate would be without sufficient basis to render it worthy of
consideration.

ALLUVIAL AREAS WITHIN THE MOUNTAIN REGION.

Alluvium covers a narrow irregular area extending from Cucharas
Pass southward to the extreme limits of the district. A

Beginning near Cucharas Pass, the alluvium covers the Stonewall
Valley, is continuous across Costilla Pass to the broad park on Costilla
Creek, across the pass between Bare Cone and Costilla Peak to a park on
Comanche Creek, which is connected at the north with the park on Cos-
tilla Creek; from the park on Comanche Creek it continues over Moreno
Pass and along the whole of the Moreno Valley to the head of Cieneguilla
Creek; it covers the divide between that stream and Coyote Creék, is the
surface deposit in the Coyote Valley above the cafion, and covers a ter-
race alongside of the cafion far above the bed of the creek. * This terrace
was traced to within three or four miles of Coyote, but the area practi-
cally ends with the cafion of Coyote Creek at about four miles above
Guadalupita. '

Another open area at a lower altitude than the one just considered,
but connected with it by the cafion of Coyote Creek, begins at the mouth
of that cafion and is continuous thence to Gallinas Creek where it passes
out to the plains. It is connected with parks on Mora, Cebolla, and
Manuelitos Creeks by broad swales stretching from Chupadero to Santo
Nifio; while gaps through the Lower Dakota Stonewall connect it with
the Coyote Park, which extends southward across Mora Creek almost to
the Cebolla.

This whole space from Cucharas Pass at the north to Gallinas Creek
at the south is covered with alluvium holding water-worn stones and
composed chiefly of fine silt very similar to that observed on the plains.
It crosses the divide between the Arkansas and the Rio Grande by Moreno
and Costilla Passes, and is joined to the plains by the broad ‘“bottoms”
of the larger streams.
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Let us now look at it in detail.

The altitude of Cucharas Pass is 9,994 feet. The deposit near its
summit seems to be due more to eolian disintegration than to wear and
distribution by water; and rocks evidently worn by flowing water are seen
first where the road crosses the most northerly branch of North Fork of
Purgatory. Thence southward to Spring Valley farm the broad valley is
covered by a thick coat of pebbles and fine silt. The Laramie bluffs
bound the valley at the east and the Stonewall at the west. The altitude
of the eastern wall at many places does not exceed 8,500 feet, but only a
part of the original bluff remains, for barely one-third of the Laramie
column is shown; its height, when the erosion began, could not have
been less than that of Cucharas Pass.

Crossing the North Fork, one rises by five handsome terraces to the
summit between that and the Middle Fork of the Purgatory; and a similar
series is shown in descending from that summit fo the Middle Fork.
Rolled and polished stones of varying size are abundant on all of the ter-
races, and the alluvial coating is so thick as to conceal all of the older
rocks except where a dike stands above the surface or where a fault has
brought up a wall of the Dakota sandstone.

A subordinate valley lying behind the Stonewall extends from near
Cucharas Pass almost to the South Fork of the Purgatory. Its features
conform closely to those of the main valley, and narrow gorges through
the Stonewall afford outlet for its waters.

The surface gradually rises beyond the Middle Fork toward the South
Fork and at length becomes a terrace of the latter stream. Everywhere it
shows pebbles varying in size from one inch to two feet, all of them water-
worn; but no cemented conglomerate was found anywhere. This part of
the park is ill-drained, and has two ponds fed by alkaline springs which
issue from the Colorado shales.

The valley becomes a wide park on the South Fork, and a broad open
area is followed by the creek southeastward for somewhat more than four
miles. But this extension ends quickly, as the stream, making an angle of
nearly 110°, bends sharply toward the northeast. This arm, designated
in the preceding pages as the San Francisco Park, has been eroded in
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Colorado shales brought up by the Vermejo anticlinal, and the broad space
connecting it with the Stonewall Valley is due only to the proximity of
the anticlinal. Farther south under the same axis is the Vermejo Park,
which, however, is joined to the Stonewall Valley only by a narrow cafion,
as the Culebra and Vermejo axes diverge southward. Fine terraces were
seen in San Francisco Park as well as in Vermejo Park. They remain as
low mesas in the latter and are covered with conglomerate which in many
instances is cemented; but those in the San Francisco Park have not the
cemented conglomerate. The main valley has an irregular outline on the
South Fork, owing to a fault in the Stonewall, to which reference has
been made in a preceding chapter. The alluvium reaches westward to a
mile farther than it does at localities on the other forks, and very positive
terraces are shown along the creek below the Stonewall.

The valley becomes narrower toward the Vermejo, and its surface
rises until, at the divide between the Purgatory and the Vermejo, the alti-
tude is 9,173 feet, while the Laramie bluff on the east side rises to fully
600 feet higher. Water-worn fragments are thickly strewn over the sur-
face to and beyond this divide. Crossing that, one reaches the broken
area drained by the Vermejo, in which the Stonewall is clearly faulted
more than once and dikes stand out in all directions. But between the
many walls flow the streams which unite to make Vermejo Creek; and
along these are broad swales, all joining to make a broad, somewhat
uneven valley, followed by the road descending from Costilla Pass. Ter-
races occur between all the streams, and the low hills are truncated
pyramids, their summits being remnants of a terrace. This condition
continues along the valley to where it, so to speak, points out on the
almost imperceptible divide between Leandro and Rock Creeks, in the
saddle between Bare Cone and Costilla Peak. ILeandro Creek flows
mostly along its eastern side, and is separated by a gravel-covered terrace
from a low ill-drained strip following the base of the Stonewall and hold-
ing many alkaline ponds.

A road leads from Vermejo to Costilla Creek by way of Costilla Pass,
whose summit is 10,147 feet above tide. Following this road one finds
rolled stones strewn abundantly over the surface all the way. On the
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divide they vary from one inch to two or even three feet in diameter, and
are made of granite, gneiss, quartzite, or trachyte. The coating of débris
in the pass and on its eastern approaches is very thick, and for along dis-
tance on the Vermejo side it is hummocky, with oval hollows containing
little ponds of water which cannot be drained. This enormous deposit
bears no little resemblance to a moraine and its relations are somewhat
obscure.

Descending the west side of the pass, one comes to a park which
extends for several miles along Costilla Creek. It is double, the main
division, into which the road descends, being separated from a smaller
and narrower division by a short cafion. The smaller park was not
visited, but as examined from a distance it shows the same features as
the other, except that terraces line its sides and no terraced hills occur
along its middle line. The creek is formed about midway in the lower
park by branches flowing at the sides of a hill which shows five terraces,
the upper two being twenty feet apart. Similar and equivalent terraces

line the sides of the park. They all slope in the direction of the creek’s
flow, but not so rapidly as does the stream, the lowest one being fully

100 feet above the creek at the gap closing the park below. The channel-
way at this gap has been cut down solely by corrasion, and the lower
terraces there are very narrow; but the higher ones are continuous
beyond to the mouth of Comanche Creek, while the lower benches below
the gap do not correspond with those of the park above. These terraces
in all cases show a decided slope toward the stream as well as in the
direction of its flow. A higher terrace than any of those referred to is
shown on the hillsides and merges into the moraines on the west side of
the park. The alluvial deposit is very thick everywhere, and it continues
along the narrower valley below to the mouth of Comanche Creek, as
well as along the valley of that creek to the wide Comanche Park.
Comanche Park begins at barely lwo miles above the mouth of the
creek. Its surface is so irregular that one might not suspect its presence
if he merely consult the map. Long tapering terraces which jut out
from the mountains at the west bear a dense growth of timber and are
broken by the channel-ways of many insignificant streams. But the
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eastern side is open and a broad swale stretches toward Costilla Peak,
passes over the ridge immediately south from that peak, and, first cross-
ing the head of South Pofiil Creek, joins the marshy park in which Rock
Creek has its sources. An almost imperceptible divide separates the
latter creek from Leandro Creek. The terraces on the west side of
Comanche Park, as well as the open space immediatelyseast from the
creek and the swale leading toward Costilla Peak, are covered with allu-
vium holding water-worn fragments of rocks belonging to the neighbor-
hood.

Moreno Pass, at the summit of the divide between Moreno and
Comanche Creeks, is a broad depression at 9,770 feet above tide, and is
covered with ill-drained alluvium in which water-worn pebbles are plen-
tifully distributed. F¥rom the head of the North Fork of Moreno Creek,
which rises in the pass, to its junction with the other forks, the stream
flows in a narrow cafion; but at from 100 to 600 feet above it is a bench,
extending for fully a mile and a half toward the west, which carries a
thick coat of alluvium loaded with water-worn fragments. The depth of
this deposit could not be ascertained. The bench breaks down abruptly
not far above the Forks of Moreno Creek, but theralluvium covers the
mountain at the east side of the valley to the top of Pofiil Pass, where
the altitude differs by but a few feet from that of Moreno Pasé, being
9,750 feet. The alluvium could not be traced on the west side toward
Red River Pass, which also is very nearly of the same height with
Moreno Pass, being 9,764 feet. These three passes are much alike, being -
broad open spaces with higher elevations on each side at a considerable
distance from the line of travel.

Moreno Valley really begins at Moreno Pass, but the topographical
valley begins at a little way above the Forks of Moreno Creek and con-
tinues southward to the summit between Cieneguilla and Coyote Creeks,
where it merges into Coyote Valley. Some dikes crossing immediately
below Elizabethtown divide the Moreno Valley into. two parks, which are
connected by two passages; through one Moreno Creek flows, while the
other, with greater elevation, lies behind the hill below Elizabethtown.
The length of the former is about a mile and a half. The upper limit of
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alluvial deposit follows the eastern wall from Moreno to Poiiil Pass, at no
time more than a mile away from the cafion of the creek, while on the
western wall it is continuous from the pass to the west fork of the creek,
diverging all the way until its western edge is nearly two miles away
from the north fork. On the east side the upper line follows the side of
Old Baldy and maintains its altitude until beyond the gorge, beyond
which to Cimarron Creek it descends, so that at the cafion it is probably
400 feet lower than at Pofiil Pass. Thence to the head of Cieneguilla
Creek it rises. On the west side its upper limit south from the west fork
is indefinite. Much of the deposit has been removed by erosion, and as
the "exposure is toward the north of east, timber encroaches upon it.
Traces remain, however, which show that the deposit reaches the altitude
of Taos Pass, or 9,095 feet. Thence to the head of Cieneguilla Creek the
deposit is poorly shown on the west side and the timber comes down into
the valley. ' A 4

Terraces are distinct in both divisions of the valley, but they are
broken now by broad grassy swales in which secondary terraces are com-
monly present. The thickness of the deposit varies, being not less than
sixty feet at some localities north from Elizabethtown, but becoming
insignificant in the gaps, where dikes project and erosion has been ener-
getic. The maximum thickness is found in the central part of the valley
from the Elizabethtown gorge to nearly two miles south from the Cimar-
ron Cafion; but along the sides, and especially southward toward the
head of Cieneguilla Creek, many small exposures of Archaean and Dakota
rocks were observed. On the east side and in the bottom of the valley
this alluvium is covered with bunch-grass, and timber encroaches on it
very slowly. ’

A similar condition prevails on Coyote Creek, though rock exposures
occur more frequently there than in the Moreno Valley, for the Carbonif-
erous beds are turned up sharply and project in walls above the alluvium.
The surface in this park falls gradually to the basin holding Black Lake,
and many fragments of terraces remain. The mesa at the east has its
bluff at from half a mile to two miles from the creek, and a broken slope,
covered with alluvium in which pebbles occasionally occur, stretches
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thence to the stream. The immediate basin of Black Lake shows no ter-
races, but the surface rises from the lake to a fine bench, which is con-
tinuous southward along the side of the Coyote Caflon to beyond its
mouth. Many small rock basins were seen in the Black Lake area, but
{hat which holds the lake is the only one with an outlet.

BASINS ON THE RATON HILLS.

Rock, Van Bremmer, and Poiiil Parks on the Raton Hills south from
Vermejo Creek are intimately related to the Stonewall Valley, and have
close resemblance to the rock-basins or pot-holes so common on mesas
covered with basalt or hard sandstone; the only material difference is in
size.

Rock Park is immediately east from the marshy basin under the
stonewall in which Rock Creek has its source. It is crossed by that
stream and is separated from the Stonewall Valley by a broad regular
bench covered with alluvium, which is crowded with water-worn fragments,
and bears a dense growth of timber. The basin is rudely terraced, but
much of it marshy, and is lower than Rock Creek itself—a feature observed
also in the Stonewall Valley above the head of Leandro Cafion. For the
most part the alluvial deposit is fine silt, such as is found on the plains,
but rolled and polished fragments are scattered irregularly through it,
most 01 them belonging to the Bare Cone dike, though Archeean, Carbon-
iferous, and Cretaceous rocks are well represented.

A low ridge, much lower than the bench between Rock and Leandro
Creeks, is the divide between Rock and Van Bremmer Parks, and is cov-
ered with a thin deposit similar to that in the former basin.

Van Bremmer Park is wholly undrained, unless there be a subter-
ranean outlet for its waters. It is surrounded by hills except toward
Rock Park and the Van Bremmer Cafion; but the divide from the former
is far above the great body of the basin and much below the rim at the
east and southeast side, which is approximately on the same level as the
bench between Rock Park and the Stonewall Valley. The rim of the
basin seems to be rock everywhere, and no evidence that any old break
exists could be discovered. The only outlet must have been by way of
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Rock Park, and in that direction only when the basins were full of water,
reaching to the height of the Leandro bench. The park is truly basin-
shaped, though the outline of the western side is somewhat irregular.
The surface declines all the way to the base of the foot-hills and is cov-
ered everywhere by fine silt, in which pebbles are plentifully distributed.
Nine lakelets were seen, varying in size from an acre to one-fourth of an
acre, all of which are said to be alkaline, though in some the quantity of
salts is comparatively small.

Poiiil Park is at a little distance south from Van Bremmer, and, as
far as could be ascertained, is in no wise related to it. This park is double,
the parts being associated much as are Rock and Van Bremmer Parks.
The northern part is drained by Pofiil Creek, but the southern part is
undrained and contains numerous lakelets.

THE LOWER SERIES OF PARKS.

This series is connected with the other by the “bottom” of Coyote
Cafion, but the well-defined terrace following the walls of the cafion and
traceable for several miles below its mouth evidently was the bed of a
stream which at an early day joined the two series when the lower one
had not been cut down to its present grade.

Below the mouth of Coyote Cafion there begins a wide park, which
continues for seven miles and is divided longitudinally by a line of low
irregular hills. The eastern division follows the Lower Dakota stonewall -
and is a narrow valley crossing the divides as far south as Gallinas Creek,
where it breaks through the wall and is lost in the great plain. By gaps
in the stonewall at Coyote, between Coyote and La Cueva and at La Cueva,
it communicates with Coyote Park, which again merges into this valley by
a long narrow gap leading from La Cueva to Cebolla Creek, in front of the
stonewall. The western division, evidently the channel-way of Coyote
Creek before the basalt overflow, is continuous by wide swales with parks
on Mora, Cebolla, and Manuelitos Creeks, which in turn communicate with
the other division by means of park-like cafions, through which those
streams flow.

Terraces are distinct in all the parks of this lower series except on
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Mora Creek, where later erosion has worn the park down to a plain
sloping from each side toward the creek. The coating is alluvial
throughout.

- All the features lead to the belief that at one time a chain of lakes,
practically continuous, extended from Cucharas Pass at the north to the
Upper Coyote Park at the south, communicating by means of depressions
at Costilla and Moreno Passes, as well as at Costilla Peak and at the head
of Coyote Creek; and that while the lakes existed in communication, the
cafions by which the basins are now connected with the plains had not
been eroded.

The cafions were not eroded deeply enough to drain the water from
any of the basins until long after the basalt outflow, for in all the cafions
sheets or dikes of basalt have been worn away. It is not altogether im-
possible that these may have been fed by glaciers. '

TIME OF EROSION.

As the Cimarron Range was formed at the close of the Cretaceous,
erosion must have been at work with great energy during the Eocene, for
the Archeean crest was reduced to a plateau prior to the trachyte overflow
which covered the range from Old Baldy southward to Rayado Creek; the
line of contact between Archaan and trachyte is almost straight for a
distance of several miles.

The Ocaté Mesa was formed at a later date than the plateau on the
Cimarron Range, for south from Rayado Cafion the trachyte dikes are
covered by basalt which has overspread that mesa. During this erosion
the Cimarron anticlinal between Rayado and Coyote Creeks was reduced
to a plain, and the synclinal east from it, as is well shown on Ocaté Creek,
was leveled. Possibly the mesa of the Raton, now covered by a thick
plate of basalt, was formed at the same time, though in the absence of
trachyte dikes its age cannot be defined so clearly. A thick deposit of
alluvium crowded with bowlders of Archeean rocks, evidently transported
from the mountains at the west, underlies the basalt on this mesa; and a
similar deposit occurs under the basalt of the Canadian Hills, which are
outliers of the Ocaté Mesa; so that the two mesas may have originated at
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the same time. The surface in each case slopes toward the west and
bears no relation to the dip of the bedded rocks. :

But these mesas themselves had suffered very materially from erosion
before the basalt overflow. The deep cafions of Coyote and Chicorico
Creeks had been formed; the Canadian Plains between the Eagle-Tail
Mesa and the Laramie area had been cut down to very near their present
form, for at many localities in the cafions and on the plain great masses
of the basalt still remain. That the cafions of the Mora and Canadian
Rivers had been deeply cut down before the basalt outpouring is abun-
dantly clear, since at the mouth of Mora Cafion the basalt sheet, which
is very nearly 400 feet thick, rests on rocks 860 feet below the top of the
present walls; while the Colorado shales had been removed from the
greater part of the plain between the Mora Cafion and the Canadian Hills,
and only insignificant areas remained as mesas; for the basalt streams
from the Turkey Mountain Crater rest on Dakota sandstone all the way
between the crater and the Mora Cafion.

It is altogether probable that at the beginning of the Pliocene the
surface of the Canadian Plain was little different from what it is now.

During the early Pliocene the basalts were poured out, covering the
mesas, flowing down to the plains and filling the cafions, so that the aspect
of the region was wholly changed. The erosion since that time has been
little less extensive than that performed during the Eocene and Miocene,
though it has been confined very largely to the re-opening of the old chan-
nel-ways. But the basalt plate has been removed from the plains bordering
on the Upper Canadian.

The cafions in the mountain area were closed by basalts, or else they
had been eroded previously to but a shallow depth; for in all of the cafions
through the Laramie area sheets of basalt have been cut, while in the
great caflons of Costilla, Colorado, and Cimarron Creeks dikes of basalt
are shown in both walls. The cafion of Coyote Creek has been re-eroded
to a.depth of five or six hundred feet directly in basalt, and that rock has
been removed from the park on the same creek below Guadalupita, though
the creek, being dispossessed by the flow, chose another channel-way
somewhat farther toward the east.
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One of the finest illustrations of this re-erosion of channel-ways is
shown in the cafions of the Mora and Canadian Rivers. The corrasive
power of the Mora River has worn a new channel-way through the basalt
and to a depth of 230 feet below the bottom of that sheet. The result has
been due wholly to the corrasive power of the stream, for the top of the
basalt bench shows little wear from erosion. The plains in the vicinity of
the cafions have suffered little from erosion since the basalt flow. The
full thickness of the Upper Dakota sandstone is exposed in the cafion
walls, and the basalt, which backed into the side cafions of the Mora, has
still a regular surface as though no stream had ever flowed through those
cafions. This condition is beautifully shown in a group of arroyos enter-
ing the cafion from the north at but a few miles above its mouth.

The character and extent of the erosion gives some conception of the
length of time which has elapsed since the date of the trachyte overflow.
The great mesas were leveled by excessively slow wear in a climate which
must have been comparatively dry.
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CHAPTER XIIIL

THE AREA OF THE PURGATORY RIVER.

CHICOSO CREEK AND THE PLAINS; NORTH SIDE OF THE RATON PLATEAU; RATON
CREEK; PURGATORY CANON BELOW REILLY'S CANON; REILLY'S CANON; LONG’S
CANON; PURGATORY CANON BETWEEN REILLY’'S CANON AND THE SOUTH FORK;
SOUTH FORK OF PURGATORY; UPPER PART OF PURGATORY CANON; MOUNTAIN
REGION. :

Purgatory River is formed by streams rising in the Culebra Range,
and flows eastward through the Lignitic region and the plains to beyond
the limit of our map. The plains north from the Raton Plateau are
covered with Tertiary and Quaternary materials resting on shales of the
Middle Cretaceous or Colorado group, while here and there are low hills
or mesas of the latter rocks.

CHICOSO CREEK AND THE PLAINS.

Chicoso Creek enters the Purgatory from the north near El Moro and
drains a considerable part of the Laramie area near the northern edge of
the map; but no satisfactory sections could be obtained on it or on any
of its numerous tributaries. The long gap, known as the Cafion De Agua,
along which the road to Simpson’s mill passes, affords no exposures
whatever until near its head, where Coal-bed X is exposed by its blossom,
which seems to indicate a thickness of not far from one foot. 1t is buried
in black shale, and the thick sandstone below it contains a thin sheet of
basalt. The great sandstone, which in this region forms the summit of
the Laramie group, is reached on top of the mesa, where it remains the im-
mediately underlying rock until the surface falls off toward Apishpa Creek.

The Halymenites sandstone is well exposed in the bluff at the mouth
of this cafion, where it rests on shales of Cretaceous No. 4, containing
the characteristic septaria and fossiliferous concretions. Fragments of
Inocerami and Heteroceras were obtained from the débris on the plains,

and Mr. Russell collected specimens of Inocerami, Baculites, Scaphites, and
19
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Aminonites from the septaria themselves. Some low mesas of Colorado
shale were seen on the plain beyond the creek.

" The bluff facing the plains shows no change from the northern line of
the map to the mouth of the Purgatory Cafion; the Halymenites sandstone
is a conspicuous band on its face, while higher up on the bluff the blos-
soms of the Dillon and Zrinidad coal-beds are occasionally shown. Low
bluffs along the streams frequently give short exposures of the Colorado
shales, from some of which fossils were obtained.

THE NORTHERN SIDE OF THE RATON PLATEAU.

Only rocks of the Colorado group are exposed in the slope of the
plateau and in the plains east from San Isidro Creek. This creek rises in
Manco Burro Pass and flows northward to the Purgatory. The following
section of the lower portion of the Laramie group was

// |1 obtained near the pass:
Feet. Inches.
// 2 1. Sandstone ... ...l i il ienaas 30 0
2. Shale and sandstone. .............. «........... 40 0
//// { ZZ® 3. Sandstone . ..... ... eeiiiiieiiiiiien e ias 15 0
,,o;;;,;;,’c;jc; s 4 8hale. ... .. 25 0
f-—‘h’”"” abiic 5 5. Trimidad coal-bed (B)....... ... ... oo, 3 6
¢ 6. Concealed .............. he aeasesasriessesisesns 25 0
" 1. Dillon coal-bed (A). .. .... ...... et 1 0
» 8. Concealed ........... .. . .ciiiiiiiiiiiiiiiiaan. 26 0
%/ 9. Halymenites sandstone . ..... . ...o.ooooooiie o0 o0 50 0
9

7 ) U 3 ¢ SR

The sandstones, except No. 9, are bright yellowish-gray, weather with
a honeycombed surface, and are very soft. No. 1 contains multitudes
of weather-beaten tree-trunks, shows vertical borings like Scolithus, and
occasional obscure impressions somewhat resembling Halymenites major.

The Trinidad coal-bed is no longer exposed, but it was worked many
years ago by the Mexicans, and the thickness is given according to report.
The coal is said to be good, and fragments, plentifully scattered on the
old dump, support the statement. The Dillon coal-bed is poorly exposed
and the thickness is probably greater than the imperfect exposure suggests.

The Halymenites sandstone varies from soft, massive, and bright yel-
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low to hard, flaggy, and dull rusty yellow; but throughout it shows num-
erous impressions of Halymenites major. -

The edge of the basalt sheet, which covers the plateau and is broken
only by Manco Burro Pass, is reached at about two hundred feet above
the top of the section. The interval is imperfectly exposed, nothing being
shown aside from some massive yellow sandstones.

The Lower Reilly coal-bed (D) is in the road at the summit of the
pass, where it seems to be barely one foot thick; but the exposure is not
altogether definite. Many water-worn fragments of gneiss and quartzite
were seen at the same place within a few feet of the basalt.

In descending San Isidro Creek from the pass one at first sees on each
side only the steel-gray, somewhat vesicular basalt resting on the Laramie
rocks, but he soon falls into the cafion of the creek, where only the very
dark-brown shales of Cretaceous No. 4 are shown. Calcareous concretions
prevail in the higher parts of this sub-group, but at a little distance lower
ferruginous concretions alone occur and are so abundant that they can be
mined at comparatively slight expense. Fossil remains are rare in the
ferruginous, though by no means so in the calcareous nodules. Bands of
“yellow, slightly calcareous sandy shale, containing Scaphites and Ammonites,
are shown somewhat farther down the cafion, and the drab and dull-brown
shales of the same sub-group are reached before-the cafion opens out
upon the plains. Long terrace-like mesas, with crests sloping toward the
Purgatory, stretch out from the base of the mountain, giving occasional
exposures of the Colorado shales covered by the Quaternary conglom-
erate. The same conglomerate was frequently seen along San Isidro
Creek, where it was deposited somewhat  irregularly, the shale having
been cut away before the conglomerate was formed.

The north face of the Raton Plateau from San Isidro Creek almost to
Raton Creek affords occasional exposures of the Laramie and Colorado
groups, but Quaternary deposits reach well up the slope and conceal the
earlier rocks. The Colorado shales extend in terraces far out on the plain
toward the Purgatory, and on the road from El Moro to La Barela the
ferruginous concretions are well exposed for several miles. The nodules
occur in vast numbers and mining by “stripping” would be inexpensive.
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Exposures along this line are so poor that the Raton anticlinal could
not be found:; but that axis is by no means so abrupt here as on the road
leading to Raton Pass, for the northwest dip prevails. The Laramie rocks
descend from San Isidro Creek so that, before the waters of Raton Creek
are reached, the Halymenites sandstone is at but a short distance above
the road. The upper 250 feet of the Colorado group is shown at several
places. A coal-bed has been opened near the sharp curve in the Den-
ver and Rio Grande Railroad leading to the coal mines of the company,
but its relations were not satisfactorily determined. It may be the
Trinidad bed. :

A small siream, rising near Fisher’s Peak, enters the Purgatory from
the east at one mile from Trinidad. The Zrinidad coal-bed is shown in
part on its western branch, and the Dillon coal-bed’s blossom is exposed
at a little way below. The former bed is mined on the other branch by
the Denver and Rio Grande Railway Company, at whose mine the follow-
ing section was obtained :

1. Shale ...... oo e 6 feet.

2. Trinidad coal-bed. ... ... e e 11 feet 7 inches.
a Coal........... 4 feet.
b. Bonycoal... ... 4 inches to 5 inches.
e. Coal........... 3 feet 4 inches.

N d. Parting .. .. .. .
e. Coal ....... ... 2feet 1 inch.
f-Clay..... ---.. 1foot 4 inches.
g-Coal....... ... 4 inches to 10 inches.
F16. 13.—Denver. and A thin streak of coal occurs just above the shale, and

Rio Grande Railway
Company's mine. ~ ig shown in a small shaft sunk very near the mouth of the

main drift. A trial opening was made in the Dillon coal-bed at a little
way from this mine, but it had fallen in and the thickness of the bed
could not be ascertained. The coal obtained here is very good, and it is
shipped in large quantities to places along the railroad both for fuel and
for the manufacture of illuminating gas. The slack is coked in bee-hive
ovens, and the coke, though burned for only twenty-four hours, is so good
that it finds a ready market in the smelting regions of Utah and Colo-
rado. The loss in coking is said to be only two-fifths, but this seems to
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be hardly possible, unless the process be incomplete, for Dr. Loew’s analy-
sis showed fifty per cent. of volatile combustible matter in the coal.

The Halymenites sandstone, which is well exposed on this stream,
passes downward into brown shaly sandstone, containing ‘
many casts of irregular fucoids; while this in its turn //////////
passes almost imperceptibly into the dark shales of Cre- :
taceous No. 4. These form the banks of the stream thence /
to its mouth, but the only fossils observed in the concre- //
tions were fragments of huge Inocerami.

A dry channel-way reaches the river road just above

Trinidad and extends thence up the mountain to Fisher’s
Peak, an isolated fragment of the igneous cap, which there

@

shows a precipitous bluff and is not less than 500 feet
thick. The following section was obtained in this ravine:
’ Feet. Inches.
1. Sandstone. . ........... Lol iiiiiiaaaal. 30 0
2. Concealed ...... ..ot ittt 225 0
3. SandsStone .. ... iciat i ieee ceee e, 44 0
4. Concealed . ... ..oce it iieiies e e, 330 0
5. Sandstone - ... .. ..iii it et e - 22 0
6. Coalbed I .... .. . ... .cc.co ciiiiiiniii... Blossom.
T.Concealed .. .. . ... ol ciiie i, 235 0
8. Sandstone not fully exposed ... ............... 135 0
9, Concealed ..... ... .. i, 45 0
10. Sandstone and shale .. ... ... ... ............. 45 0
11. Willow Creek coal-bed (C) ............ .. ...... 2 6
12. Concealed . ... .. ... cooieit iiiet vt et aa.. 5 0
13. Sandstone. . ......oiee e ... 33 o * 7
14. Concealed ... ... :c...o.ooiiiiiiiiiiie.. 100 ‘3//////1/
15. Sandstone ......... .. e e e, 22 0
16, Shale - .. ooon ot et e 6 0 ¥ ///////"///
17. Trinidad coal-bed (B) .......... ..o ... 16 10 ey
18. Concealed............ ..ol i 33 0
19. Dillon coal-bed (A) ....... e 16 6
20. Concealed .. ........... ... ... (oiel.l e 8 0
21, Sandstone .. ....... oo it 3 0
22. Coalbed ......................... . 1 0 k=
23, Concealed . ... ...o.. oot i el 6 o0 * 7/
24. Halymenites sandstone . ................ R 0 o * / ,

Fi1G. 14.— Near Trini-
dad.
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The exposures end with No. 1, but the distance to the Peak is not
inconsiderable. Some petty exposures of sandstone were seen in the
concealed intervals, but they are all indefinite. The sandstones of the
section are for the most part yellowish-gray to bright yellow and moder-
ately coarse grained.

The blossom of coal-bed 1 is large, but the coal could not be reached
for measurement. The Reilly coal-beds, E and D, should occur in the
interval No. 8, which is not fully exposed. Willow Creek coal-bed has
been opened, but the exposure is not complete, the measurement being
coal, six inches; clay, six inches; coal seen, one foot three inches; and
the coal so far as shown is not good. The Trinidad bed is well exposed
at two openings, both of which had been deserted before the examination
was made. The lower one afforded the following section:

Feet. Inches.

L Bony coal .. ..o i
00al .. e e ettt che et e
. Drabelay.... .... .... et e, . e PN
B /.1 7

NS Ep o
MO O O
S |
(=4 S ON®®OoO®

Thus showing exact resemblance in structure to the same bed as exposed
at the mine of the Denver and Rio Grande Company, though there is a
material difference in the thickness of the several divisions. In the lit-
tle rider coal-bed the coal is poor. The main coal is divided by two part-
ings into three benches, respectively one foot, two feet four inches, and
one foot eight inches thick. The Dillon coal-bed is imperfectly exposed,
the section as obtained being coal, two feet; concealed, eight feet; shale,
four feet; coal, two feet six inches, and bottom not seen.

The bed had been mined, but the coal is probably inferior, for the
opening had been abandoned and suffered to fall in, so that the exact
thickness and the character of the coal cannot be given, The lowest
coal-bed of the section is exposed in the channel-way, and the sandstone
overlying it is the only rock found overlying a coal-bed and containing
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impressions of leaves. The Halymenites sandstone exhibits its usual
features, runs out in the hills before reaching Trinidad; thence to the
river one finds only mesas or terraces of Cretaceous No. 4 covered with
Quarternary conglomerate.

RATON CREEK.

Raton Creek enters the Purgatory River at about three miles above
Trinidad. Its channel-way, from its mouth to a short distance below
where it is crossed by the Santa Fé road, has been cut through terraces
of Cretaceous shales capped by a compact conglomerate of water-worn
pebbles cemented by crystalline carbonate of lime.

The Halymenites sandstone is exposed at the Santa Fé road, is very
light-gray in color, quite massive, soft, and shows the usual abundance of
Halymenites major. The blossom of the Dillon coal-bed appears at a short
distance farther up the creek, and openings into the Zrinidad coal-bed are
numerous in the vicinity.

The following section of the Trinidad coal-bed was obtained on the
east side of the creek within a mile above the disappearance of the Haly-
menites sandstone:

Feet. Inches. P

1. Flaggy sandstone ... .... .... c.ocvvnininnns 3 0 26725 yoa

2, Shale and concealed .. .... ... ieiiininenann. 4 0 N 22z zzrarey]
3. 00al.. «. i i 010
4, Shale ...oen it aeiet et eaneen e 1 10
5. Sandstone............ e e ieeearaeeeean vees 2 0
6. Shale . ..coieren o civerarecenivces cue 2a-. 18 0
To 0001 ... it e e et ettt e s 3 0
8. Shale.... oo it e et e e ot eeeean 6 0
9. Sandstone ... . e 8 0
10. Coal ... i e e et e 6 0
B R 1 ) - 8 0
12. Coal...... ..... ... e e et et eeeaee eeen .. 1 0
13. Shale and sandstone to creek .. R 51 0
Total. ... i et e 73 8

F16. 15. — Trinidad
coul-bed on Lower
Raton Creck.

The Trinidad coal-bed has undergone a great change
within three miles, for the section clearly represents the several divisions
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of that bed with the layers of refuse greatly thickened. The coal is good
in all, but only that of No. 10 is mined.

A coal-bed is exposed in the first railroad cutting on the opposite
side of the creek, which may be the Willow Creek coal-bed; but its rela-
tions were not determined as satisfactorily as could be wished, for the
exposures are poor and the dip is somewhat irregular. The bed, which
is one foot thick and embedded in black shale, is faulted six times
in this cut, the total extent of the faulting being ten feet, and several
of the faults are associated with clay veins which reach below the
track. ‘

The rocks rise gently up the creek from this point, the dip coinciding
closely with the fall of the stream; and the following section is exposed
alongside of the stage-road at a few rods above the mouth of Clear Creek:

Feet. Inches.

1o Shale ... 0 o it cret ey e e e 10 0
2. Upper Reilly coal-bed (B) - .. ceveeeneesionn i iiiaan on POUSUPEPR 4 10
3. Sandy shale .. -.... .. e e e e e 15 0
4, Coalbed (D') . ..oiii i iaees e i ice e e et e, 1 0
5. Shaly sandstone .........co. ot cmiiiiiaan can e e et e 10. 0
6. Lower Reilly coal-bed (D) ..occ verunnioeint cier e tiniinae eeaen 1 0

The sandstone overlying the shale No. 1 is fully thirty feet thick and
is very white. This series is imperfectly exposed several times in the long
side-cutting made for the Atchison, Topeka and Santa Fé Railroad. The
sandstone overlying the Lower Vermejo coal-bed (F) is well shown in the
hills here, as is also that overlying the Upper Vermejo coal-bed (G); but
neither of the coal-beds is exposed.

The whole section from the horizon of coal- bed H to that of coal-
bed E seems to be a continuous sandstone at the first bridge below

the mouth of Chicken Creek, where the sandstone forms a massive
wall on both sides of Raton Creek. The rocks begin to rise rapidly
at Chicken Creek, and the dip becomes quite abrupt at two miles below
the stage station. The Raton anticlinal is crossed by the creek at
somewhat less than two miles below the station, and the dip southeast-
ward is equally abrupt on the opposite side. The following section of
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the Trinidad coal-bed was obtained only a few rods below the crossing of
the axis:

Feet. Inches.

1. Coal ...... .o iiins ciinat. e eeee e e 4 0

2. 01aY - ot e e et et e 6 0

3. Clay and shale . ......... ... ...... e 16 0

4. Black shale .. .. c..iorir i it eea s 2 0

5. Q0al. cvoee e e it ceieaee au. D 0

6. Shale . .....coi et iiiie i iieraeeaaeane . D 0

7. Sandstone ............ e et . 8 0

8. 00al ..o e e e ettt ieanaaann 9 6

9. 8hale. ... i i e aan 12 0 "

10, Coal. . o oeee caeet i iiiiet iieniaeiennannaa. 1 0

11. Concealed . ... . .ot & it iiiiieeeae ... 20 0 N7

12. Sandstone at creek ........ ..... ... .. ... O 0 ]m
) DO SRR 88 6 Fr6. 16— Trinidud

This section is the same with that obtained farther down the creek,
but all the beds except the lowest have become materially thicker, and
there is an important thickening of the interval between that and the
main coal-bed. The latter itself shows a tendency to break up still
further, for the depth of the coal remains the same, while that of the bed
has increased to nine feet six inches, the structure being as follows : black
shale, 2 feet; coal, 2 feet; shale, 1 foot six inches; coal, 4 feet.

It is quite probable that the Dillon coal-bed occurs in the interval No.
11, and that the sandstone No. 12 is the Halymenites sandstone. Quite a
number of prospecting holes had been made here, it being the intention
to mine the coal extensively as soon as the railroad could be completed
to the place.

The dull-brown shales underlying the Halymenites sandstone are
exposed where the anticlinal crosses, and the section just given should be
‘repeated on the eastern slope of the axis; but there everything is con-
cealed, and the rapid dip soon carries the section below the creek. The
synclinal southeast from the Raton anticlinal is crossed at the second
bridge below the stage station, where a massive sandstone was quarried
by the railroad company for use in building the bridge. The following
section was obtained there:
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¥1c. 17. — Raton
Creek.
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Fi1G. 18. —Raton Creek
below stage station.
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GEOLOGY.
. Feet, Inches.

1. SandsStone ..o veer veriit it et e ... 45 0
2. Upper Vermejo coal-bed (G) . ....... e e Blossom.
3. Sandstone........... ....... e et 22 0
4, Concealed .... .coovier e it it i e 33 0
5. Sandstone ........ e teeieitetienanne e 22 0
6. Concealed ......... .. e e e e 12 0
T.8andstone . .... . ... ... it e e 11 0
8. Concealed ...... .covviin i it e . 60 0
9. Sandstone .. .. eieie i i iiae e 1T 0
10. Shale .... ... coiieee. .. .. e e e e 5 0
11. Upper Reilly coalbed (B) ... ... .cooo... . e e 0 2
12. Concealed ..... .. ..ct oo i e e e 65 0
13. Sandstone  ......... ceeiiiir ceiiieineea. ... 22 0

Total ... it i e et e ann 314 2

No. 3 is the rock employed in building the bridge.

Very probably the section from No. 3 to No. 7, inclu-
sive, is a continuous mass of sandstone. A thin sheet
of basalt has been intruded immediately above coal-bed
E, whereby the coal and shale have been baked thoroughly, the former
having been converted into a prismatic coke. The basalt has a concen-
tric structure and breaks down readily on exposure to the atmosphere.
Beyond the synclinal the rocks rise gently toward the southeast, and at
the first bridge below the stage station the following section was obtained:

Feet. Inches.

1. Sandstone ...... .o iiei il b L ie i iieeie ... 21 0
V. Concealed ... iie i e e e eee e 11 0
3. Coalbed XK .. oo e e e e Blossom.
4. Concealed .......... e e el 11 0
5. Sandstone.......... ... ci.iit ieeiiiiiaaa.... 30 0
6. Concealed - .......... ... o ii..i...o-. .. . 33 0
7. Long's Caiion coal-bed (J).... ... .. ... ... Blossom.
8. Shale ... ittt et et e e e 38 0
9. Sandstone........... e et 25 0
10. Concealed . .... .c ... . i 46 0
11, Coal-bed H' . . oev e e i e e e 1 3
12. Concealed ... .. .... cicee. ieiee siiiiene.a.. B 0
13. Sandstone ... .. oo i it i e 11 0
14. Concealed ...-. .- ccieeunneiannn. fer e eaee. 23 0
15. Cat’s Claw Caion coal-bed (H) ... ........... ... 0o 2
T A 255 5
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The little coal-bed, No. 11, shows two benches, three and eight
inches, respectively, separated by four inches of clay. : GAAAAA D
The sandstone, No. 9, is used in the bridge. Coal-bed H

was seen in a ravine entering from the east, just below
the bridge. /// 7

The following section was compiled from measure-
ments made by Mr. Russell and myself along the creek
above the stage station:

S

@

’ Feet. Inches.
. SandsStone ... ... iih et i e 26

1 0 ¢
2. Concealed ........ ..t cieianaaan 66 0
3. Sandstone ............. ......... e eeaaeann 66 0
4. Concealed ..... cooerrimiint cier it aas ae 420 0
5. Sandstone .... ..... @ et it e e 36 0
6. Concealed . ... ... . i it i, 75 0
7. Coal-bed W ........... e eete mmeeeaaaaen 0 4
8 Concealed ........ ... ciiiiiit i 66 0 s /// %
9. Sandstone ....- ...t i eeeeana 5 0
10. Concealed - .......c. coeeiine caaniaen e e 6 0 6
11. Coal-bed V........ ... e seceeeeeeaianans 0 10 7
12. Concealed ... ... .o riece i innennn cuuan 150 0 8
13. Raton coal-bed (Q) . ... .cvvviviiiiiiaaiiinnann. 3 0 3
14. Concealed .. ....... .... e e 7 o "
15, SandStone ... . . . ... ceiiiin eieeiee ceeraaan 10 0
16. Concealed .. ... oo ce it it ceeee e as 50 0o
17. Cameron coal-bed M...... ... ... .cocee cinnon. Blossom.
18. Concealed . .... ... .iniiin i it aeaea 70 0 1
19. Sandstone .. .. .coo. ittt e eaea 10 0 “
20. Concealed ... ... ..ot it i . 140 0
21. Shale and coalbed (I) ......cvoveeeieeiennan... 2 8 ®
16
Total .. .... et o L,279 10 T

18

The only coal-bed well exposed is I, which was seen
in the bridge approaches immediately above the stage *
station. It consists of two equal benches separated by
two feet of shale, and underlies a dark shale. It is badly ™ _

Fi16. 19.— Upper Ra-
faulted on one side of the cut by a clay vein, which ton Creck.
comes from below and tapers rapidly toward the surface of the hill;
while a wedge of sandstone is inserted between the coal and the over-
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lying shale on the opposite side of the cut, pushing the shale upward
for several feet. Some of the higher sandstones of the section contain
numerous impressions of leaves, a few of which were collected.

The following measurements were made in following the road from
the stage station to the summit of Raton Pass:

! Feet. Inches.
1. Raton coal-bed (Q) - .-evvnneneiieinaaaeveaian. .. 2 0
2. Interval . ...ccor i e e aa 150 0
3. Cameron coalbed (M).... .coveeiorineneiainan.. Blossom.

g 4. Interval ..... .......... Ceeee e reerae e 23 0
B. 0oal-bed Li...nun oo eee et e ieeeaiaanean. 8 0
6. Interval ...... ... (i e i, 64 0
7. Coalbed K. ........o........ eeveaaan eeee aene Blossom.
8. Interval ......... e e emeesceeiceetetaeaa et 140 0

8 9. 0oal-bed X. .o ooeoeiir it iiiieieeieeeaananes Blossom.

4 pa—

5 Total cocvvniveeiioiianr cieiieieiee vieea.. . 387 0

¢ The Raton coal-bed is at the summit of the pass and
is exposed at the roadside where the sharp curve is made.
r_:_ " The interval, No. 2, seems to contain only a tender shale,
which causes great annoyance to the contractors who are
putting through the tunnel for the railroad company; but
the interval is not fully exposed. Coal-bed L is shown in
the approach to the tunnel, where it is very irregular,
contains little coal, and consists mostly of black shale.
Only the blossoms of the other coal-beds were seen and
no estimates of their thickness could be made.
Chicken Creek enters the Raton at somewhat more than two miles
below the stage station. The exposures along this stream are very poor,

and though several blossoms of coal-beds were seen their place could
not be determined. The great sandstone is reached at the head of this

I'1G.20.—Raton Pass.

creek.
PURGATORY CANON BELOW REILLY CANON.

The Laramie rocks are well shown in the cafion of the Purgatory
River from Trinidad to the base of the mountains. The Colorado shales
are exposed in the mesa opposite Trinidad, but pass under the river at a
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short distance above the mouth of Raton Creek. Mr. Russell made the
following measurement opposite Trinidad :
Feet.
1. Halymenites sandstone . ... ... e itaeet bt taetteieeeeieeenenann aens 115
2. Thin-bedded sandstone and shale ... .......... Cemaan feeeveaena e e aeaan 11
3. Shaly sandstone . ........cce coiiien et iiaes ceeect e caaaneaaaaaann 11
4, Shale and 8andStONe . .. ... .o oot it c e iieiiieee e .. b
5. Sandy shale ................ et et eeeescanene s ettt haaan 17
6. Thin-bedded shaly sandstone ........ccocieereiiiiriarianiaiaine cinnennn. 13
7. Colorado shales . ....... ......... eeeeieeacas e C e eeeesaetaneereaeaaa. 250
b 07 172 422

The passage from the Colorado shales to the compact Halymenites

sandstone at the top of the section is gradual, and the line of separation

be

No. 6, the fucoids being common that far down.

The following section at the base of the Laramie
group was obtained at a short distance above the mouth
of Raton Creek and illustrates the breaking up of the 7
coal-marshes in the neighborhood of Trinidad: ° :,:’2:,:’;??;’:}:’:’;:
’,//’a',’t'/'/.,/’lla
Feet. Inches. 6 E}'g::l’:’j?;';f’:/’:;;;é‘,
1. Sandstone........oooieiat it e - - . ;ﬁ,’f,i,’/,’r,’r,l’r,’;",’/,’»,’»,
2. Concealed ................. .. Y T 1 s
3. Willow Oreek coal-bed (C) .. ......... ........ Blossom. o PR L
4. Shale ....... e e e ettt e teiaicaa e, 25 0 " /
D. Coal-bed .. ... oo oot e i i i 0 10 '
6. Shale ... i e e e i caes e 24 0 n
7. Coaland shale...... [~ ) -ee ceeeeenniann. 4 0 12
8. Shale............. S | . T 0
9. Coalbed ............ S | e o 8§ "
10. Shale.... .......... e 2 0
11. Coal-bed...... ..... R P 0o 3
12. Shale .............. 2 22 0
13. Coal-bed..... ...... \é ) Blossom. 16 S s
14. Concealed ... .eoeueewnens ... e . 2 o ezl
15. Sandstone - .........cciieiiiiieee vianieia.a-. 1B 0 //
16. Dillon coal-bed (A) ...... oot iiiaiiin i 2 6 15
17, Shale ...... oot iiiiiii i e 6 0 -
18. Halymenites sandstone to stream ... ............ 35 0 %

tween the two groups is drawn somewhat arbitrarily at the base of

T1G. 21.—Lower Pusr-
Total .................................. 192 3 . ga,tm-y’ 1.
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The conditions here are not altogether dissimilar to those observed
on Raton Creek, but the coal-beds are far from heing so important, and
the lowest division of the Trinidad bed seems to be barely one foot thick.
Nos. 5, 6, and 7 are thoroughly baked by intruded sheets of basalt, the
coals being coked. No. 7 is split into layers three inches thick, which
are separated by similar layers of the basalt. This bed does not pass
under the river until within a mile of Long’s Cafion, and the igneous
layers seem to accompany it persistently. Another section, showing some
higher beds, was obtained just above its place of disappearance. ' It is—

Feet. Inches.

% 1. Sandstone .. .. .cc.iennit iiaie e s 28 0

/ L 0 BB et ce et e e e e e 6 0

/A 3. Lower Vermejo coal-bed (F).. ... ............... Blossom.

220000542207 4.8hale ..o e 5 0
U e T T e et 4

77 5. Sandstone ..... ...... ...l 24 0

% , 6 CoalbedB.........................0 .. 10

% 7. Sandstone.......... ... ool 24 0

= S 8 Upper Reilly coal-bed (E)seen .................. 0 10

// . 9. Mostly sandstone ..... ... ... ... 22 0

% 10. Lower Reilly coalbed (D) ... ...... ........... 1 8

, <1 s 11. Imperfect exposure, much sandstone......_..... 38 0

% o 12.8hale..... ... ... L. Ll 5 0

13. Willow Oreek coal-bed (C) ... ..........c....c. 2 6

10 N

1 017 Y A 136 0

n

No. 6 is a variable bed occasionally found between
coals E and F. The Willow Creek coal-bed is exposed
at the mouth of Long’s Cafion.

7, 12
13

F1G. 22.—Lower Pur-
gatory, 2.
REILLY’S CANON.

The Reilly coal-beds show an abrupt increase in thickness at a
little distance up the cafion, as appears from the following section :

Reilly Caiion, 1, (Fig. 23.)
Feet. Inches.

1. Upper Vermejo coal-bed (G).. ...ooevomiiin tomu e, 1

2. Shale and thin sandstone ........ .. ... ... . Lo iieiiiiiiaa o 28 0
3. Sandstone. . ... ... et e aeet eieeeeeaaa 55 0
4. Lower Vermejo coal-bed (F). .. .. e e e i iee e, Blossom.
5. Shale and sandstone . .. ... .. i i i e eaiaiaaaa. 4 0
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Foet. Inches. 1[5 2 7277
6. Upper Reilly coal-bed (B). . ... cooeoeeeaa ... T 8 5/://///;,’5;/,:{
7.8hale ... ...t i it ieaate e D 0 Y2777
8. Sandstone 18 0 2 %:’//;///5/;5//
. if e = cee T e we e T e @t e . %maat cmAas +oma e o= //// //,/ //
9. 8hale .. .... e tiiil iiiiet ciieeriieieeaee. 8 0
10. Lower Reilly coal-bed (D) ....c. oo iiia... 6 0
11, Shale ... oo e e e ce 10 0 \
12. Sandstone tocreek ............ .o..eiiiiiian. 6 0
MTotal . ... i e e e e e 188 8
Coal-bed E, which is accessible for nearly two miles * E 77
. 7 %
along the cafion, has the following structure: 7
227, 7z
Feet. Inches. ° %: //,/’ 72 2/{
1. Carbonaceous shale ... ...... ... ..o ciinaan. 0 5 7574 2 ,: 7 / 4
20 001 .« it e e e 0 /’,:;;%_
G LA o dv

..............................................

O =0 O W
o

O = O S N
Q
N\

777,77, 777277

Ola;y .............................................. 0 9 //;9//3/’/,/
Coal . .. . . . 3 10

n |} (e

0000

No openings have been made in it, but its thick- » 22222222227
ness, five feet six inches of available coal in a total of FIG&%OZ%W?/
five feet nine inches, with a waste roof of six inches, .
makes it locally a very important bed. The measurement given was
obtained on the west side of the cafion, directly below where the road
turns off toward Burro Cafion. Coal-bed D was measured on the east side
of the caiion opposite that road, where it gives—

Feet. Inches

B R 7 0 3
2 ) 2 1 2
£ J 7 1 O 1 0
4. Clay ..... . heriaen ce eieneeaias - - .- 0 3
5. 00al. ..ot e i 3 4

But it seems to be quite variable, and is much thinner at a little way
farther down the cafion. A small bed occurs in the base of No. 8, but it
is altogether local.

In ascending the cafion the exposures above the Upper Vermejo coal-

bed were found to be extremely imperfect, and no definite measurement
14
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could be obtained above coal-bed H, which was seen by its blossom at 105
feet above coal-bed G. A blossom was noticed at an estimated interval of
195 feet above H, which probably represents coal-bed K. It is midway
between two beds of yellow sandstone, which unite at a little way above
the exposure of the blossom. This bed is shown near the first hay-
ranch. A curious pot in the rocks occurs below this ranch, and perhaps
it marks the place of a sink, the structure being as follows:

Feet
B O )1 1) L2 2
B2 Y 17 - Y P 6
B £ 3 L) 11 ) - Y 1
S Y 1 - YO i

Or possibly this may show the line of an ancient stream.

Much basalt was seen at two miles from the Zarcillo Cafion road,
which seems to be part of a sheet exposed at a little way east from
Reilly’s Cafion. Coal-beds V and W were observed at a short distance

below Champion’s saw-mill, the following section being exposed:
Feet. Inches.

% 1. Sandstone .......... - eeioeii.l e e 40 0

2. Concealed ..... 30 0

LI TN 1Y) (- Y 8 0

4, Coal-bed W .. oot e e e i o 5 11

5. Black shale................... e ieeeeee. o 11 0

6. Flaggy rusty sandstone.. .................... ... 14 0

2 7. Fissile brown shale.... ... .. ... el ... 22 0

8. C0al-Ded (V) e e ae e et iana e, 31

; 9. Variegated shale.............. e et eeeeeaaen 9 0

L ¢ TOWAL -« v weemee s e e 143 0

5

An attempt has been made to explore coal-bed V, but
23 the result seems to have been unsatisfactory, as the pit
2. was abandoned. The bed shows, coal, one foot ten
. inches; clay, three inches; coal, one foot; while the

* other bed shows two benches, eight and three inches,
eré%;gfiuy respectively, separated by five feet of shale. The expo-
sures are very unsatisfactory from this point up to Cham-

pion’s Mill, but the Great Sandstone was reached not far beyond that
mill, Itis, as far as exposed, 190 feet thick, and rests on thirty feet of
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rusty-brown shale. It is gray to bright yellow, and for the most part is
soft and fine-grained, though it contains some conglomerate layers.
This sandstone forms the crest of the hill and is continuous to the Cafion
de Agua on the road to Simpson’s Mill.

‘ LONG’S CANON.

Long’s Cafion enters that of the Purgatory from the south and almost
opposite to the mouth of Reilly’s Cafion. The Willow Creek coal-bed is
exposed at the entrance to the cafion, and the following section is shown
along the lower two miles, ending at a branch cafion followed by the road
to Dillon’s Cafion.

1, Sandstone - ...t e e e e e
2. Lower Vermejo coal-bed (F)...............oco.o.. 0 10
3. Shales and sandstone .. .. .......ccoiiiiiiiiann, 42 0
4. Upper Reilly coal-bed (B)..... ................. 0 6
5. Shale, imperfect exposure ...................... 10 0
6. Sandstone. ...... ... ... ... 9 0
T.Black shale ...... ... . it 8 0
8. Sandstone. ... .. ... .. i i 10 0
9. Lower Reilly coal-bed (D) .. ............... e 3 6
10, SandsStone. - - - - o oit e 12 0
11. Willow Creek coal-bed (C) ... ... ... ..coo.ooia.. 3 6
12, Sandstone and shale ...................... eee.. 10 0
13. Coaland shale ... ..........c.ooeninerineaunaan. 0 6
14. Sandstoneand shale ........................... 12 0
1 ] 7 ) 171 10

This contrasts very strongly in many respects with *

the same part of the series as shown in Reilly’s Cafion. n 7 572%
The Lower Reilly bed has the following structure: coaly |, 0
shale, six inches; coal, eight inches; coaly shale, two F16. 25.—Long's
feet four inches; and therefore is altogether worthless. Cafion.

The Willow Creek coal-bed shows—coal, six inches; clay, one foot six
inches; coal, one foot six inches, and is of no value at the mouth of the
cafion, though at but a little way lower down the Purgatory the thickness
is greater and the bed has been opened. The interval between coal-beds
C and D varies abruptly, for at half a mile above the mouth of the cafion
the relations are as given in the section, whereas at the mouth of the

cafion the interval is twelve feet greater, and the bed D is somewhat
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thicker. The sandstone, No. 10, swells near the river so as to cut out
Nos. 11, 12, and 13, and to rest on No. 14; but within a few rods it
decreases to the thickness given in the section. A dike three feet six
inches wide was seen at about half a mile up the cafion.

The sandstone, No. 1 of the section, remains above the stream for
about two miles, to the branch cafion through which the road to Dillon’s
Cafion passes. The exposures on Long’s Cafion are poor above this,
though that cafion reaches to the summit of the plateau, while in the
branch cafion referred to there are many exposures. But these are not
easily followed. The blossom of the Upper Vermejo coal-bed was seen at
ninety-five feet above that of the Lower Vermejo, and the Cat’s Claw coal-
bed is exposed at about two miles up the cafion, where its structure is—

Feet. Inches.

R 77 2 0 4
2. Shale. 1 2
B.00aL. . ... e e ceteteece et e 0 2
S ] 0 2
D, COGL. . o e it taeees aae ettt e 0 4
T 0 -, 0 10
R 1 7 0 4

4 17 ) S 3 2

Being a total of one foot two inches of inferior coal. Coal-bed H' occurs
at forty-five feet above the Caf’s Claw coal, and is. one foot thick. Coal-
bed 1 was not fully recognized, but a coal blossom which may represent
that bed was seen at nearly fifty feet above H’, and included within a
massive sandstone. The Long’s Cafion coal-bed J occurs at the base of
the abrupt hill which the Dillon’s Cafion road ascends, and, as appears

from the structure, it is important,—coal, four inches; drab shale, four
feet; coal, four feet three inches; total, eight feet seven inches. But no
attempt has been made to determine the quality of the coal, and the blos-
som is not such as to yield any definite information respecting that mat-
ter. Numerous coal blossoms were seen between this locality and the
summit, but none of them indicates the thickness of coal. The Great
Sandstone is reached at the éummit, and it is continuous thence to the
head of Dillon’s Cafion.
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PURGATORY RIVER FROM LONG'S CANON TO THE SOUTH FORK.

Returning now to the Purgatory, one finds the Upper Reilly coal-bed
exposed at the roadside not far above the mouth of Reilly’s Cafion.
Owing to a slight change in dip both of the Reilly coal-beds remain above
water level until beyond Burro Cafion; and at Tijeres the upper one
shows four feet of carbonaceous shale, while the lower one has three feet
of good coal resting on two feet of fire-clay. Above them is the blossom
of E'. The relations of the coal-beds between Tijeres and the mouth of
the South Fork of the Purgatory are somewhat obscure, as for two miles
above Burro Cafion the rocks dip rapidly and the exposures are imper-
fect. A coal-bed four inches thick was seen in sandstone at nearly a
mile below the second bridge east from Olguines, and a large bed is
exposed on the south side near the hill-top just below the bridge. It

has the following structure:
Feet. Inches.

1. Coal. . ... e e i et ettt 6
52 ) - 0 2
8. C0al. . .o e e e aeeaaa 0 6
Ao OlaY . o e 1 3
LS T 7 A 0 6
B, Shale. ... .. e ieueeeteiae eeaaaeaeen 1 0
To Q0GL. ..o e e e eeeataaaeaaea 1 0
S ) 2, 0 8
0. 00al. ..o e e e et 5 6

B 07 ) 12 1

The bed is again exposed in the creek bank at the first bridge below

Olguines, with the following structure :
Feet. Inches.

L. Coal. . o e e e e eea e et e 2
b ) 1 0 3
3. CQ0al. . . o e e et e et 1 0
TR . T 0 1
5. Coal. 0 8
6. Clay - oot i e e e ieae e 1 2
o Q0al. .. .. e e et e e e e et 0 8
L. 5 1O 0 3
9. Coal..... e e e et e 0 4
10. Carbonaceous shale. ... ... .. ... i i i et 1 0

=
=
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.
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And resting on twelve feet of fire-clay and shale. An expesure near this,
on the north side of the cafion, shows—

Feet. Inches.

1. Gray sandstone ............. e e e it et aeaaaeaa, - -
2. Coal-bed ..... ... ... ... ... et . Blossom.
B T Y 17 (< 10 0
4, SandStone ... ..ot it ciias teactreae et caeaaccaeaaaaaaaan 40 0
5. Coaland shale - . ... it ittt it aaieeaaaaans 6 0
LT ) 172 (- G 15 0
T.00al. ..o At mecececaaanen meraeeanmanaaaa 6 0
T 4T [ 10 0
9, SandsStone ... ..o e et it eet teee e aaaaaan, 15 0
10, Shale. ..o et it i et ectatieceeaacaaac e e aan 8 0
11, Qoal-bed .. ... . it et et teec i eaac et canreaaaaaann Blossom

107 O 100 0

But the measurements are very indefinite. A synclinal is crossed by the
river almost immediately below Olguines, above which at say two-thirds

of a mile the following section was obtained:
Feet. Inches.

1. Carbonaceous Shale . .. ... coiereinen  tiaet ciiemac caeieeaaae e, 2 0
2. Sheet of basalt .. ... ccooee it teeeeaeaaaaa i aa 9 0
3. Dark shale .. ... e i it ieeiaaanee e aaaa, 2 0
4, Coal-DEd . .. .. e e e it e e taeee it e 0 8
5. Black shale. ... oo it lfiieitaeieaneceenracnecann cnan 0 8
6. Variegated Shale .. ......uoeeaiaeieennereciees ceeineeeaaanaes e, 3 0
S F21 T 537 1 U< R U 3 6
8. Drab Clay ..o cciiii it et te s seeati st ie e 8 0
9. Coal-bed . ... oot it et iiieeciietaiaae e, 0 6
10. Black shale........ e aeeeecaeencna meescaemensmciac aneeae e 1 0
11, Sandy 8hale . . . ... vt iieiee tieecteiecrsacanosoct catanacneanannas 3 0
12. Black 8hale .. ... it il i et eaenioaans tomame ceaee cmaann 0 2
13, C0GLDEA . ..o ovvon e e e e e et et caeeaensaceaaesssaenanannnn 3 0
3 S ) 3 4 0

The sheet of basalt makes its first appearance at rather more than a
mile below Olguines, where the road runs on it for some distance. It
is irregular in its course and breaks through the rocks, so that it is
higher in the section below Olguines than it is above that village. Many
pieces of carbonaceous shale have been entangled in it and, where the
section just given was obtained, the coal in bed No. 4 is imperfectly coked.
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Distinct terraces were seen at 5, 10, 80, 110, 140, and 180 feet above
the bed of the river at this locality, and water-worn fragments occur on
them all, though they are less numerous on the highest two. . Such frag-
ments are abundant on the eighty-foot terrace, forming a deep layer,
cemented, as is the conglomerate on the benches above and below Trini-
dad. Two higher benches were seen, but their height was not determined.

The coal-bed No. 13 is exposed in a ravine, where it shows— ‘

1. Coal .coccvo ... e e e iaa i iaaaee e 2 inches.

2 01 - 2 inches to 4 inches.
3. Coal ................. e et e 6 inches to 8 inches.
4. Clay . ... il e i ittt eeinieieseanes e.v..... 2inches to 5 inches.
B. Coal. .. et ia i, 1 inch to 2 inches.
6. Clay, with streaks of coal............. e e 7 inches to 11 inches.
ToCo0al ... e il iiiiicniiiiesceeeeo. .. 3inches.

8. Clay...covt o i e et 10 inches.

9. Coal ... . e e it iemee i 1 inch.

And small lenticular bunches of coal from one to two inches thick occur
in the clay below the bed. Another bed is exposed at the roadside at

nearly a mile above Olguines, showing—
. ] Feet. Inches.

O 7 O
2 LAY oo oe et e e 1 0
S T 1 U 0 4
B 5 U 1 6
L 1 2 0
B 17 Y 7 10
while at barely a mile below La Junta, apparently the same bed shows—
Feet.
L oCoal. .o et e eeameaaea eee e e eeeaaan 3
L | (T U 6
8 T 7 4
B0 N 13

but immediately back of the hill the bed is much distorted, the result of
causes operating before the formation of the overlying sandstone.
SOUTH FORK OF THE PURGATORY.
The South Fork enters the river at La Junta. A gentle anticlinal is
crossed directly below that place, and thence to San Isidro (the mouth of
the Middle Fork) the rocks dip toward the west.
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The following section was obtained on the South Fork at only a few

rods above the mouth of its cafion:
Feet. Inches.

» 1. Sandstone ...............iiio el Ll 6 0

s 2. Caliente coal-bed (R)...... ... .. ... ..., 4 0

+ 3. Black shale.... ....... e e e eeaeieeaan 5 0

s 4. 8hale...... ... ... i ool 33 0

5. Raton coal-bed (Q).-....... ... it it 7 0

, 6 Mostly sandstone, imperfect exposure.. .. ...... 79 0

7. Coal-bed (O) ... ... o0 e 0 10
8.8hale....co i it o e e e e, 11 0

< 1 9. Sandstone ..... ..ol mliiiaaieaan 15 0

10. Imperfectly exposed ................ .. ... ... 43 0

////////// ' 11. Cameron coal-bed (M) seen. ........... ceeveee.. 1 6
0w 12, Shale. ... ... i e e i e 7 0

" 13. Sin;lstone .................................. 12 0

s 777741 14, Shale 0
f,,/f/,Z//,ii 15. Coal-bed (L) S6€N. .. —.owvveunivoareeeieieee 1 0
6 16. Concealed .. .. ......... (... ....ia.ie... 24 0

17. Sandstone....... ... coo iieieiiiiiny ia e o, 36 0

/////" 18. Coal-bed (K).. .. .ce. ceviiet iteieaaaneiiaeeeae 10
s /18 19. Shale .. .. ... ... .. 0 ool i aiiaaiia... 24 0
r;;/ ;:,; :/2 v 20. Coal-bed (J').... ...... ..... e e reeeaaan Blossom.
iy~ -~ % 21. Shale... ...... e e me e e ... 13 0
i I 22, Basalt. .. ... ... Lo L Ll il 10 0
Ll A n 93, Tong's Caiion coal-bed (F) ... weoveenrnne cavv.. 1 0
T an Shate e .18 .0
FIG. 2%6.—South Fork 20+ Sandstone........................ e 9 0
Furgatory, 1 TOWAL - ee oo e e e e 382 4

The highest sandstone of the section caps a little dome on the hill-
top, whereby the Caliente coal-bed has been preserved from erosion.
That bed seems to be solid coal, and streaks of coal occur in the under-
lying shale. No. 5 is in two benches, two feet and one foot respectively,
which are separated by four feet of shale containing some coaly matter.
The interval, No. 6, holds chiefly sandstone and no coal, but No. 10 shows
indications of coal at only a few feet below the top. No. 22 is a massive
rock and at one place it has entangled the underlying coal, which there is
thoroughly baked. The sandstone No. 7 contains pots of coal at its base,
which have been torn from the bed below.

The rocks of this section pass slowly under the creek, and another
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section was obtained at somewhat more than three miles farther up, as

follows:

. Sandstone
L Concealed -... . ol Lioi. e e e e e
. Coal-bed (X'} .
. Concealed
Shale and coal-bed (X)
: Shale and shaly sandstone. ..,. .................
. Sandstone.. ................. et et
. Concealed. . ..o e
. Shale and coal-bed (W) :
L Concealed. . ... .. e e eec e
CSandstone .. ... i e o
.Concealed ... ..... ... e ieieeeiaen..
. Coal-bed (V)
. Sandstone e e e
Shale. .. . . e et e e
. Canadian coal-bed (U) .. .. ..... ... ... o ...
Shale. - ... . e e e i .

. Shale aund coal-bed (T)...... ..ol Lo .

. Shale, imperfect exposure
. Caliente coal-bed (R)
. Sandstone and shale...... ..... ..... e
. Raton coal-bed (Q)
. Concealed
. Sandstone
. Clay
. Coal-bed (O)
hales. . L i e e e e
. Shale and coal-bed (N)...... (.. ... ..o ..o ...
. Shale and thin sandstone........ ................
L Basalt. ... L. e e
. Shale
. Cameron coal-bed (M)
. Shale to creek

...................................

[Nl

CWNS T AW

....................................

...................

......................................

...................................

.........................

................................

...................................

Feet.
23
25

44

Inches.

0
0

.............................. Blossom.

CoCOoOORROOOOOOOOOCOOCESC O

OO OO WO

=
=]

Y 7ZzzZZ

F16. 87.—South Fork
Purgatory, 2.

The exposures of ‘coal-beds in this section are very indistinet and

definite measurements could be obtained of but few.

No. 5 shows coaly

shale, four feet; concealed, eight feet; coal and thin layers of shale, four.
feet. There is much shale in No. 9, but No. 13 is evidently good. No,
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18 has two benches, each one foot, separated by four feet of shale. No.

28 has the following structure: Feot. Tuches

1 Coal ... e e s 1

B 1 17 (RN 0 10
S T . 7 0 6
) 17 ) [ N 4 0
B. Coal. - oo e e e e 2 0

) R 1 7 0
b2 0] O 0 5
. Coal ... . ettt 1 6

The rocks begin to rise gently with the stream at the first bend indi-
cated on the map; but within two or three miles of San Francisco Park
the rise becomes quite rapid and the lowest coals of the former section
are soon well up in the hills, which are heavily covered with débris and
show little aside from the thicker sandstones. The following measure-

ment was made within a mile and a half of the park: Feot”
'eet. Inches.
1, Sandstone. .. ... et - -

2. Upper Reilly coal-bed (B).. ...... ... .o, . Blossom.
. Interval. ... .. i 60 O
4. Willow Creek coal-bed (C). .. ... cnoeireiiii i Blossom.
S.Interval. ... ... .. i e 8 0
6. Trinidad coal-bed (B)........cccv ooiien e Blossom.

The blossom of the Upper Vermejo coal-bed (G) was seen higher up,
and the sandstone overlying coal-bed H is exposed near the crest of the
hill. The dip again changes at not far above this place, and is westward
at the rate of somewhat more than 3° until within less than half a mile
of the park; but there the rocks are turned up abruptly toward the west
and the dip increases toward the park, so that at the head of the cafion
a mass of the Halymenites sandstone stands midway in the gorge, dipping
almost east at about 30°. This sharp axis, the Vermejo, brings up the
shales of Cretaceous No. 4, out of which the park has been scooped. On
the west and southwest sides of the park the Halymenites sandstone dips
westward, and in the park are hills of the Cretaceous shales, cut by dikes
or sheets of igneous rock. The anticlinal is crossed before the head of the
park is reached, and on the western edge of the Laramie area the rocks
of that group are dipping eastward at almost 75°.
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The Dillon coal-bed is frequently exposed along the south branch of
this stream, on the west side of the plateau, and at one locality it seems to
be almost ten feet thick. The sandstones above it have become very
coarse, and an apparently continuous mass of conglomerate, 130 feet
thick, caps the hill.

UPPER PART OF PURGATORY CANON.

The dip is westward along the Main Fork of Purgatory from La Junta
to San Isidro, at the mouth of the Middle Fork. The following section
was obtained between these points, but the intervals are estimated, not
measured, as the exposures are incomplete :

. Shale ..

e SADASEOME - e i et et e ee e tace cmee et e aeaaaen

.........................................................
........................................................

.........................................................

Sandstone ..... et e teieeiees iemeaan . e sescecace s veneaecnanns

. Coal-bed
Shale +..ceeveenen.nn. ... .
SIS 25 116 (5] €0 4 V- YO
. Shale ..

Coal-bed
Shale ..
Coal-bed
Shale .

Sheet of
Coal-bed

........................................................

..... S b ssvees sevetrmets 40 1 . "B eeBscesens cTE ceREsnS SRS oot

........................................................

...........................................................

BN 10 T 1] 7o) ¢ 1 YN
. Shale ...

.........................................................

.........................................................

.........................................................

.........................................................

.........................................................

........................................................

...........................................................

% S eececseeseccccreesansectteenat ieaete ceectstLevens Seueat

........................................................

..........................................................

1 ) 2 R LR LTI

Shale and sandstone .. ........... ... il .

.........................................................

Feet. Inches.
30

0

10 0
Blossom.
11 0
6 0
Blossom.
10 0
12 0
10 0
Blossom.
20 0
30 0
15 0
Blossom.
25 0
Blossom.
25 0
40 0
25 0
30 0
25 0
10 0
Blossom.
20 0
1 3

8 0
35 0
5 0
-8 - 0
Blossom.
20 0
426 3
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The rocks ascend westward on the North Fork of the Purgatory, with
the dip increasing toward the mountains. An effort was made to obtain
a detailed section on the west side of the synclinal, but the exposures
proved insufficient.

THE MOUNTAIN REGION.

Directly behind the Laramie Plateau is a narrow valley, covered with
Quaternary deposits, and extending from Cucharas Pass at the north to
Costilla Peak at the south. It has been cut out, for the most part, from
the Middle Cretaceous or Colorado shales. It is split midway by a double
dike of trachyte, reaching from Cucharas Pass southward to beyond the
Middle Fork of the Purgatory.

The Laramie rocks are constantly exposed near the crest of the wall
along the east side of this valley, and the blossom of the Dillon coal-bed
is a black band for long distances. That bed has been opened at several
places, but the coal is not mined, as pine wood can be obtained with less
labor. The Colorado shales are first exposed in this bluff at a short dis-
tance south from Cucharas Pass, and remain in sight thence to the divide
between the waters of the Purgatory and those of the Vermejo.

The dikes running longitudinally through this valley enter it at the
north by Cucharas Pass, evidently originating in the Spanish Peaks,
which are just beyond the extreme northern border of the map. They
are unequal in size and of different composition, one being composed of a
heavy dark rock, while that of the other is lighter in color. The former
is the broader one, and in the narrow area of the North Fork it has been
split by erosion. The dikes expand between the North and Middle Forks,
where they almost fill the narrow valley; while south from the latter fork
they form huge hog-back ridges, which continue for nearly two miles
toward the South Fork and then suddenly disappear.

The superficial deposits in the valley are quite thick, especially near
the North Fork, and cover all of the older rocks except the dikes. The
valley is well terraced near the several streams, there being four fine
terraces on both sides of the North Fork near Spring Valley, while a fifth
is very distinct on the south side. Water-worn fragments occur in great
numbers on all of these, and similar fragments are plentifully strewn
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over the surface of the valley northward until very near Cucharas Pass.
Subordinate terraces were seen between the branches of this North Fork.

The valley shows little of interest between the North and Middle
Forks. It becomes quite narrow near the latter, and the divide between
the two streams is reached on both sides by a succession of fine terraces,
all carrying enormous numbers of water-worn fragments of gneiss,
granite, and other rocks which occur on the sides and slopes of the
mountains. The valley becomes a beautiful park south from the Middle
Fork, whose surface gradually rises until within a short distance of the
South Fork, from which it is separated by an abrupt divide. For the
most part this valley is covered with a pulverulent soil more or less
alkaline and containing many pebbles, the last feature becoming more
marked southward toward the South Fork. Two small ponds, ill-drained
and alkaline, were seen near the Middle Fork. This valley becomes an
irregular park on the South Fork, and is much broken by small mesa-
like hills, which are remnants of former terraces and are now covered
with a good growth of trees.

The western boundary of the valley is a wall of Dakota sandstone,
commonly known as the ‘“the stonewall,” which is looked upon as a
curiosity of no mean order. It appears to originate in the southern
Spanish Peak, and extends quite regularly south or east of south to the
North Fork of Purgatory, beyond which the direction is-almost south to-
the Middle Fork, where it curves to very slightly west of south; this
course is retained to within a very short distance of the South Fork,
where the wall suddenly disappears. The sandstone shows the charac-
teristic features, having the honeycombed and conglomerate layers. It is
not far from 250 feet thick and contains, as far as could be determined,
no fossil remains of any sort. ’

The narrowing of the valley north from the Middle Fork is due in
part to a fault in the wall, whereby the sandstone is brought up again
almost midway in the valley; but this new hog-back is of short duration
and is not more than three miles long. A slaty bluish limestone with
birdseye points was seen underneath the sandstone of this wall. The -
dark shale of Cretaceous No. 2 and the limestone of No. 3 were seen in



222 GEOLOGY.

the angle between this hog-back and the main wall, and the shale of No.
3 has been prospected for coal. A narrow valley intervenes between the
Stonewall and the Carboniferous rocks, which form the lower part of the
mountain slope. It stretches from Cucharas Pass to near the South Fork
of Purgatory and ends with the northern division of the Stonewall.

The Laramie rocks on the South Fork of Purgatory dip very sharply
toward the east-northeast. The shales of Cretaceous No. 4 form a com-
pressed anticlinal at perhaps 400 yards west from the Laramie bluff, and
the limestones of No. 3, dipping eastward and resting on the dark shales
of No. 2, are shown somewhat farther up the stream. Here it is seen
that the Stonewall, thus far followed southward, passes suddenly into an
insignificant anticlinal barely strong enough to expose the base of No. 2.
Thence to the forks of the creek the dip is westward, but there the dip is
reversed, and within 400 yards the Dakota sandstone again comes up,
forming a wall which is cut by both forks of the creek. This wall trends
in an almost southeast direction for nearly two miles, but then turns
southward and follows a line practically continuous with that of the
northern wall. Before the divide between this stream and the Vermejo is
reached the interval between the Stonewall and the Laramie bluff is
much less than it is beyond the Middle Fork of the River, and the two
subordinate anticlinals have disappeared.

The dip in this wall shows no great variation. It is invariably east-
ward, and is from 40° to 60°. A fine exhibition of rain sculpture is
shown immediately north from the South Fork. .

The Mountain Slope.—The axis of the Culebra Range is composed of
metamorphic rocks, but within the area of the Purgatory the Carbonif-
erous series is exposed along its eastern side, while, as already stated, the
Dakota sandstones are upturned at its base. The Carboniferous rocks
reach quite to the summit of the axis near the northern border of the
map, but southward the upper limit of the stratified rocks moves east-
ward, so that south from Culebra Peak it lies at a considerable distance
from the crest. Attempts were made on all the forks of the Purgatory
to obtain sections, but, except on the South Fork, they were wholly
unsuccessful, owing to poverty of exposures.
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The exhibitions are distinct on the South Fork of the Purgatory, but
unfortunately the cafion cannot be followed, and the only practicable trail
lies well up on a hog-back leading to the crest of the range, which, though
within sight of the exposures, is too far away to admit of measuring
them. Frequent partial exposures occur along the trail, which show the
character of the rocks and afford a basis for approximate estimates of
their thickness.

Ascending the north branch of the South Fork one soon reaches the
Stonewall, dipping nearly northeast at 60°. The bluffs behind this for
about 200 yards are covered with débris, but beyond that interval the
coarse reddish-brown sandstones of the Carboniferous are seen. Pebbles
of granite, gneiss, and sandstone are not rare in the coarser layers of
this rock, but most of the pebbles are quartzite. The color varies from
reddish brown to gray; the dip is about 50° and the thickness is not far
from 3,000 feet.

This coarse rock gradually passes downward into a fine-grained red-
dish sandstone, containing occasional layers of not very coarse conglom-
erate. In this are many dull-red ferruginous layers, and its thickness is
estimated at 2,500 feet. The dip increases toward the center of the axis
and at length becomes somewhat more than 80°. Next is a hard granular
gray limestone, weathering bluish, containing many streaks of calcspar,
and, as exposed, about 100 feet thick. It is fossiliferous, and the follow-
ing species were obtained: Productus semireticulatus; Spirifer; Nucula
parva; Athyris subtilita; Macrodon; Awiculopecten, and Fenestella. The
rock is fetid when struck. This rests. on red sandstone similar to that
above it, and about 300 feet thick; below which is a dark-blue compact
limestone containing veins of calcspar, non-fossiliferous,A and, as exposed,
twenty feet thick.

The next interval, estimated at 700 feet, is ill-shown, but it contains
much red sandstone like that already referred to. It ends at timber line,
where a limestone seven feet thick is exposéd which is blue, slaty, hard,
and contains Productus splendens, Spirifer lineatus, Naticopsis, and many
bryozoans. It rests on a coarse conglomerate, not fully exposed, but
evidently interstratified with reddish shales. This, which is probably 800
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feet thick, reaches to the Archaan rocks and, like the overlying heds to
the gray limestone, dips toward the center of the axis.

This conglomerate ends at the eastern extremity of a long knife-edge
leading to the base of a cone, which terminates the crest line. It sepa-
rates two deep amphitheaters, in one of which heads a branch of the
South Fork and in the other a branch of the Middle Fork of Purgatory,
and is composed of gneiss and gneissoid granite. It is barely twelve feet
wide at the base of the cone, where its edges overlook the deep amphi-
theaters extending below timber line. The summit of the divide, lying
nearly a mile farther west, sends out a prong, ending sharply in a trian-
gular precipice more than 2,000 feet high, which joins itself to the knife-
edge already referred to, that it may be climbed. But when the top of
this cliff has been reached the climber must follow the higher knife-edge
for a mile to arrive at the little pyramid known as Culebra Peak, the
highest point in the Spanish Ranges east from the Rio Grande. The rock
forming the walls is for the most part a felspathic granite, which at times
becomes porphyritic. This prevails along the axis from the northern
edge of the map. '



CHAPTER XIV.

AREA OF THE CANADIAN RIVER.

SEcTION [ —THE CANADIAN CANON AND PrAINS; OCATE OREEK AND MESA.
II.—THE REGION ADJOINING CIMARRON CREEK AND ITS BRANCHES.
ITI.—THE REGION BORDERING ON VERMEJO CREEK.
IV..-THE CANONS OF CROW CREEK AND THE UPPER CANADIAN.
V.—DiLLON’S CANON AND THE REGION BORDERING ON WILLOW CREEK.

SECTION L
THE CANADIAN CANON AND PLAINS.

From Clifton, on the stage-road to the Leavenworth Crossing, the
Canadian River flows through the plains, and its channel-way has been
worn in the Quaternary and the underlying Colorado shales. Here and
there on the plain a marly, travertin-like limestone underlies the Qua-
ternary and probably marks the place of some later Tertiary lakes, but
its exte it is insignificant. The river enters a cafion immediately below
the Lea' anworth road, which rapidly deepens to beyond the mouth of the
Mora River. The area of the Mora will be described in a separate
chapter.

The cafion of the Canadian is 1,090 feet deep at the mouth of the
Mora, and its rim throughout is the Upper Dakota sandstone, which is so
hard and resists erosion so well that it remains practically unbroken for
miles at a time.

The Upper Dakota rocks are yellow to gray, fine-grained sandstones,
with some coarser beds at the base, the whole being about 620 feet thick.
A Dbrittle, laminated blue limestone occasionally occurs below this group,

and is but a few feet above a massive gray sandstone, which passes
15 ' 225
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gradually into a handsome fine-grained, massive, olive sandstone about
forty feet thick. A thin limestone is sometimes shown below this, which
is blue on the freshly exposed surface, but weathers whitish, and rests on
200 feet of a red shale, which has white blotches. The whole of this
lower series, which represents the Middle Dakota, is without distinct
fossils. .

A sheet of basalt, seen at the mouth of Mora Cafion, extends three
miles up the Canadian. It rests on the Middle Dakota sandstone and
fills up the old channel-way in that rock. It is confined for the most
part to the right bank of the Canadian, but at two miles above the Mora
it is shown for nearly half a mile on both sides. The cafion is wide for
a number of miles above this, and ranches occupied by Mexicans are
numerous, but the wall remains so steep that few localities exist where
even a rugged trail can be made which would be practicable for loaded
animals. The dip is northwest as far up as San Felipe, but near that
village it becomes undulating. This dip carries the Middle Dakota rocks
under, below San Felipe, and the height of the cafion wall is reduced to
barely 600 feet. The rim is broken by long arroyos on both sides, and
a wagon-road crosses the cafion at San Felipe; but no other place for a
wagon-road can be found below the village until beyond the Mora, or
above it within sixteen miles.

The cafion remains open above San Felipe for somewhat more than
twelve miles, but there it closes, and thence, for the present at least, is
impassable. The rocks continue to dip southward, so that at Mill’s
Ranch, eight miles above San Felipe, the Middle Dakota is exposed again
and is shown to be fully conformable to the overlying sandstone of the
Upper Dakota. The wall is 800 feet high at this place, and a trail has
been constructed leading out of the gorge.

Mesas of the Colorado shales and limestones are numerous on the
plains‘east from the cafion, and the Upper Dakota sandstones underlie
the thin Quaternary deposits. Northward from the road leading to Mill's
Ranch trail the Texas road crosses a number of arroyos, most of which
are dry or contain but a little impure water. The Upper Dakota sand-
stone is shown in the first three, dipping southeast, but in the fourth the
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Niobrara limestones are exposed, also dipping southeast, though at nearly
200 feet below the nearest exposure of Dakota at the southeast. As the
cafion cannot well be reached here, the linear extent of this fault cannot
be determined, but its vertical extent is not less than 600 feet.

The shales and limestones of Cretaceous Nos. 2 and 3 soon run out
near the road, and no mesas exist west from the eastern edge of the map;
but at about eight miles south from the Leavenworth road a gentle anti-
clinal, the Canadian, is crossed, and within a short distance the mesas
again occur. Thence they gradually approach the river, and the head of
the cafion is reached at Franklin’s Ranch, where the Upper Dakota sand-
stone is in the river-bed, while the Colorado shales and limestones are in
the bluffs within 300 yards of the stream.

The conditions are somewhat more varied between Ocaté Creek and
the Mora River. The plains south from the line of the Canadian Hills
are gently rolling, with here and there a mesa of Colorado shales and
limestone, capped by a thin coating of Quaternary silt and gravel; but
for the most part that recent deposit, though very thin, effectually con-
ceals all of the older rocks. Many lakelets, without outlet, occur on these
plains, especially within four or five miles of the Mora, where the Upper
Dakota sandstone is the immediately underlying rock. The water in
these ponds is alkaline, either because of constant accumulation of salts
through evaporation, or because the springs flowing on the hard sand-
stone and directly under the superficial deposit, abstract alkaline salts
from the silt of which the latter is composed.

The Canadian anticlinal passes but a short distance east from the
Canadian Hills, bringing up the Dakota sandstone so as to form a low
irregular hill, which reaches from the Canadians almost to the Canadian
Cafion, and affords a long exposure of the sandstone in the hills and in
the arroyos leading thence to the cafion. The upper layers of the sand-
stone are covered by dense mats of a characterless fucoid, and the rock
passes imperceptibly into the sandy shales of Cretaceous No. 2. The
limestones of No. 3 are poorly shown around the base of this hill, but in
a mesa, not far south from the hills, the lower part of that subgroup is
well exposed.
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A large area of Nos. 2 and 3, directly south from the Canadian Hills,
has escaped erosion, and the dark shales of No. 4 are exposed underlying
the lava-cap at several places in the wall of the mesa. But at a little way
farther west the recent deposits approach the hills and effectually conceal
all of the Cretaceous, though scattered fragments show that the Niobrara
limestones are near the surface. A cafion between the two parts of the
Canadians exhibits the limestone dipping almost due east.

Exposures are fragmentary on the north side of the hills and are
found only in small mesas scattered over the plain. These are made up,
near the Canadian, of the shales and limestones of Nos. 2 and 3; bhut
farther west the shales of No. 4 are occasionally shown above the lime-
stones of No. 3.

The Canadian Hills, which are about ten miles long by from two to
four miles wide, are merely outliers of the great igneous overflow extending
for many miles west and north along the line of the Cimarron anticlinal.
They are separated from the Ocaté Mesa by a narrow valley leading
southward from the Apache Swamps, which lie north from the Wagon
Mound, an outlier of the Canadian Hills. The basalt cap on the hills is
460 feet thick at the west end, but becomes less toward the east. It rests
on the Colorado shales; but many water-worn pebbles of gneiss and
quartzite were seen at 200 feet above the southern base of the hills, and
they appear to underlie the basalt.

OCATE CREEK AND MESA,

Ocaté Creek rises in the great basaltic area extending from the Cana-
dian Plains at the east to Coyote and Cieneguilla Creeks at the west. It
flows eastward and enters the Canadian at about six miles below the head
of the cafion. In the plains it flows through the Colorado shales and
limestones until within a short distance of the Canadian River, where it
enters a rapidly deepening cafion in the Dakota sandstone. Exposures of
the Colorado group are few and fragmentary, but the shales of its lower
divisions are present almost to the base of the Ocaté Mesa.

The cafion of this stream through the Ocaté Mesa, from Las Gallinas
to the plains, is close though not deep, and is open only in the neighbor-
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hood of Ocaté and the stage-station where it is crossed by the Santa I'é
road. The higher shales of the Colorado group are shown at the mouth
of the cafion, but these soon disappear, and the walls show no rock other
than basalt until near the head of the cafion, where the Upper Dakota
sandstones come up and rise toward the west-southwest, so as soon to form
hog-back ridges on both sides of the creek. At its head the cafion opens
into a broad park with hills on the northeast, north, and northwest sides,
but these gradually fall southward, in which direction the surface of the
park rises until the latter merges into the mesa. Ocaté Creek is formed
near the head of its cafion by the union of several small streams which
issue from deep gorges. On all sides except the northeast the basalt
sheet covers the hills, while under it are seen the Dakota sandstones,
which extend up the several cafions to their heads, forming bright bands
in their walls. On all sides of the park a talus rests against the bluffs,
concealing all except the Upper Dakota sandstones; but at three localities
red to brownish shales are imperfectly shown, which evidently belong to
the Middle Dakota.

A great dike of basalt comes down between the two easterly forks
and is continuous with the basalt underlying the silt in the park, so that
in all probability that rock at one time filled the whole excavation. The
massive trap floor is exposed in petty gorges cut by the streams as they
issue from their cafions. The main part of the park is bounded at the
south by a low wall of basalt, beyond which southward the surface, as
already stated, rises gradually until it is lost in the mesa. The Upper
Dakota sandstone underlies the basalt in the wall, while the latter rock
forms the floor in the open area.

The drainage is defective in all portions of the park, and many rock
basins containing ponds of alkaline water were seen, none of them having
an outlet. But some excellent springs issue from the low trap-ridge
dividing the park.

The name “Ocaté” may be applied to the whole of the great lava-
capped mesa extending from Rayado Creek southward almost to Fort
Union, and from the Canadian Plains westward to Cieneguilla and Coyote
Creeks. With its outliers, the Gonzales and Rayado Mesas, the Canadian
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Hills, and the crater in the southern portion of the Turkey Mountains, it
really extends almost to the Canadian River at the east and to the Mora
River at the south. It is drained by Rayado, Ocaté, Gallinas, and Wolf
Creeks on the east, and by Cieneguilla and Coyote Creeks on the west.
The Santa Fé stage-road skirts the eastern border of the mesa from
Rayado Creek to the Apache Hill, and the basalt is shown for the whole
distance resting on the shales of Cretaceous No. 4. For some distance
north from the Apache Hill the road follows up a ravine between the
higher mesa at the west and the lower one on the east,which is especially
designated on the map as the Ocaté Mesa, but at the Apache Hill it rises
upon the latter. The eastern mesa is continuous with the other, but is
much lower, the relation of the two being that of terraces, each hav-
ing a flat surface, though that of the eastern one slopes slightly toward
the plains. The lava-cap on the latter is thin, being only ten feet thick
where the road rises upon it, and rests directly on the higher shales of
the Colorado group near the stage-road; but on the southeast side the
base of No. 4 is reached and the limestones of No. 3 are very near the
surface of the plain. '

Whether the Colorado shales are present or not in the bluff above
the level of the lower mesa could not be ascertained, for no exposure of
any sort was found. This upper bench points out, so to speak, just north
from Ocaté Creek, where the road turns sharply toward the west, and
thence southward the lower mesa is continuous to Nolan’s Ranch at the
southeast, and to within ten miles of Fort Union at the south. Its surface
is almost unbroken north from Ocaté Creek, but south from that stream
to the Turkey Mountains it shows here and there a hill of igneous rock
which has escaped erosion. The hills of Upper Dakota sandstone near
Ocaté Park, which are on the eastern slope of the Cimarron axis, rise to
beyond the level of the upper mesa, while some mountains north from
the park, themselves lava-capped, extend to beyond Rayado Creek.

The old volcano, marked Ocaté Crater on the map, is on the edge of
the mesa and forms part of the eastern boundary of the park. It is a
truncated cone, and its original slope is well preserved on the north and
cast sides. A dike has destroyed the symmetry on the west side, while
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erosion has broken down the rim on the south side, so that a stream
now has its head in the crater. The surface of the cup is covered with
loose cinder and the cone itself is wholly naked of all vegetation aside
from a few scattered bunches of grass.

Many little ponds in shallow depressions without outlet were seen on
the mesa. Further reference will be made to this mesa in the chapter on
the area of the Mora River.

SECTION II.

THE REGION BORDERING ON CIMARRON CREEK.

Cimarron Creek, formed in Moreno Valley by the union of Moreno
and Cieneguilla Creeks, flows eastward through a succession of cafions to
the plains and thence to the Canadian River, which it reaches at two miles
above the head of the Canadian Cafion. It receives Cimarroncito and
Rayado Creeks from the south and Pofiil Creek from the north.

In the plains the Cimarron flows through the Colorado shales and
limestones, of which almost continuous exposures exist from the river
up to the mouth of Rayado Creek. The limestones are well shown. near
the Canadian, and they remain constantly in sight until within two miles
of Blackman’s Ranch, where, on some curiously eroded hills, the highest
bed of limestone is seen underlying a black fissile shale. The exposures
have but slight vertical extent and afford no basis for accurate measure-
ment, but the dip of the rocks and the fall of the stream lead to the esti-
mate that this subgroup, No. 3, is about 700 feet thick. From this locality
to the mouth of Cimarron Cafion exposures of No. 4 occur occasionally
in the creek’s banks and in low mesas on the plains. These shales are
fissile at the base, but higher up they become sandy with thin beds of
sandstone. Overlying these are dark-brown and occasionally drab shales
with irregular layers of bright-yellow sandy limestone and some concre-
tions, while toward the top, as exposed along the face of the bluff fronting
on the plains, the concretions become large, numerous, and are arranged in
regular lines. Both No. 3 and No. 4 are more or less fossiliferous through-
out. The thickness of No. 4 could not be determined with certainty, for
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there may be a slight anticlinal at three or four miles below Cimarron.
But this subgroup is not far from 1,800 feet thick on the Cimarron.

Ravapo Creek enters the Cimarron at fifteen miles from the Canadian
River. The conditions in the plains along this stream are similar to
those observed on the Cimarron above Blackman’s Ranch, only the shales
of No. 4 being exposed, as the channel-way is not cut deeply enough to
reach the lower divisions of the Colorado group. Just south from this
stream and east from the stage-road are two mesas, known as the Gonzales
and Rayado Mesas, outlying fragments of the great Ocaté Mesa, which have
a thick basalt cap resting on the shales of No. 4. The creek itself flows
from a deep recess in the Ocaté Mesa leading to a dismal cafion, which has
not been explored with sufficient care to justify detailed description.

Urraca Creek rises in the Cimarron Range at the base of Black
Peak and enters Rayado at eight miles east from the stage-road. Low
mesas of No. 4, covered with recent conglomerate, were seen between the
streams, while near the mountain is a large mesa resembling those beyond
Rayado Creek.

The Cretaceous shales continue on both streams to the base of the
mountain, where they are cut off by a broad dike of rhyolite (?), containing
blotches of sanidin with some mica and hornblende. The Archaan rocks
are reached at the headwaters of both creeks, for pebbles of gneiss and
quartz are abundant in the terraces; but no exposures could be found on
Urraca Creek and the cafion of Rayado was not fairly explored. The
sandy shales near the base of No. 4 are reached at nine miles south from
Rayado Creek and they remain in sight thence to beyond Bahia. At
the mouth of the first cafion north from Bahia some extensive ponds
were seen, all strongly alkaline and without outlet. |

Cimmarroncito Creek also has its source at the base of Black Peak
and enters the Cimarron at two miles below Cimarron. It flows for
several miles above its mouth on the side of a broad trough in which are
some mesas of Upper Colorado shales; but just west from the stage-road
it emerges from a broad, well-defined basin, which is separated from the
mountains by a long narrow wall of rhyolite (?) reaching quite to Black Peak.
A series of similar dikes, passing across the head of the basin in a north-



THE AREA OF THE CANADIAN RIVER. 233

A

northwest and south-southeast direction, is continuous from Old Baldy
Mountain to the cafion of Rayado Creek. The north wall of the basin is
a bluff of Laramie rocks resting on Upper Colorado shales, and breaks
down eastward until, at little more than two miles above Cimarron, only
the Cretaceous ‘shales remain. This strip of Laramie is the southern
termination of the great Colorado-New Mexico coal-field, which stretches
unbroken from this locality to the Denver and Rio Grande Railroad,
passing up Cucharas Creek. Hills of Cretaceous shales occur in the
Cimarroncito Basin, and the shales reach to the dikes, behind which there
are no exposures except of igneous rocks; and another series of dikes
exists farther up in the mountains. But there can be no doubt that
Archeean and Dakota rocks are reached by the stream, for pebbles from
both series are plentifully distributed in the terraces; but no fragments
of Carboniferous rocks were discovered.

CimarroN CreEk issues from a cafion in the Laramie rocks which
opens at about two miles above Cimarron. The ridge separating this
stream from the Cimarroncito is very narrow at the east, but owing to the
divergence of the streams it widens rapidly westward. Northward, to
Poiiil Creek, the bluffs facing the plain are deeply indented, and show
about 250 feet of Laramie rocks resting on an equal thickness of Colorado
shales. The shales remain in sight along the Cimarron to about four
miles above the mouth of the cafion, where the creek-bed at length rises
to the Laramie rocks. The concretions in the upper portion of the shales
are exceedingly abundant and are crowded with fossils, among which
Inoceramus and Baculites seem to be the most abundant.

The Laramie rocks, though apparently well shown along this cafion
for twelve miles, give absolutely no sections, and they run out at the west
just below Ute Creek. At about five miles above Cimarron the blossoms
of the Dillon, Trinidad, and Willow Creek coal-beds were seen at forty and
eighty feet apart, but all of the beds seem to be very thin and no effort
has been made to ascertain their economic value. Only sandstones were
found above this all the way to Ute Valley, though at one place slight
indications of a coal-bed were seen; but its position in the section could
not be ascertained. An attempt was made to obtain a section on the
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northeast side of Ute Valley, but nothing except sandstones is exposed
there and the intervals are hopelessly concealed. The sandstones are
much coarser than on the east side of the area and bear close resemblance
to the Dakota sandstones exposed in the Stonewall, described in a former
chapter. The lowest sandstone exposed is evidently that which overlies
the Lower Vermejo coal-bed.

Ute Creek, heading in Old Baldy Mountain, enters the Cimarron at
about twelve miles from Cimarron. It flows through Ute Valley, a pleasant
little park eroded from the Colorado shales and the lower rocks of the
Laramie group. Its northeastern wall is a bluff of Laramie sandstones,
and the Baldy Mountains rise on the southwest side. At the base of
Little Baldy the Laramie sandstones are dipping northeast at 30°, but
farther north these are covered by trachyte, of which dikes have been
thrust out almost to Ute Creek. The valley is terraced and is littered
with fragments of trachyte, of sandstones belonging to the Lower and
Upper Cretaceous, and of metamorphosed shale from the Colorado group.

A broad dike appears above the forks of the Ute Creek, but it is not
shown in the park. It remains in sight along the road leading up the
creek, until at a short distance below the old Aztec mill it is crossed by
the road and soon after passes into Old Baldy. An exposure of Upper
Dakota sandstone occurs near the forks of the creek, but the rise in the
road is so much more rapid than that of the rocks that one soon comes
to the Colorado shales, which remain in sight until the foot of Old Baldy
is reached.

On a ridge extending southeastward from Old Baldy several small
dikes cut the Colorado shales. Some of these contain many fragments of
gneiss, while in others there are fragments of a very silicious limestone
or slightly calcareous sandstone, which are not unlike a bed seen in the
Carboniferous farther west.

The Colorado shales, as far as exposed here, vary from drab to dark-
brown, and evidently belong to the base of No. 4. Ferruginous concre-
tions are numerous in the upper parts, but the fossils are indistinct.
Many layers of sandstone from one to seven feet thick were seen high
up on the mountain, and these are clearly interstratified with the shales.
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The exposures are indefinite, while layers and dikes of trachyte are so
interwoven with the shales that not even an approximate estimate of
thickness can be made.

The dikes have exerted an unusual amount of metamorphic influence
in the neighborhood of Old Baldy, for the shales at some places have
been converted into slates with regular cleavage, while the purer sand-
stones are often quartzite, and the micaceous sandstones in the altered
condition resemble gneiss so closely that one, examining only hand speci-
mens, might easily be deceived. The miners on the mountain stoutly
maintain that this rock is true granite.

The Old Baldy district was at one time an important mining region,
extensive operations having been carried on both in gulch and quartz
mining. At present, however, little is doing. Two companies are engaged
in hydraulic washings on the creek, but the gravels are so poor as hardly
to pay fair wages. The supply of water is ample, and the descent is so
rapid that one need carry water but a short distance in order to obtain a

fall of 100 feet. Much prospecting has been done near the mouth of the
creek, and at one time extensive operations were contemplated; but the
poverty of the gravels evidently necessitated early abandonment of the
work. In the lower claim, where hydraulic work is now carried on, the
whole detrital deposit is washed down, and for some time it has proved to
be quite lean; but before the present owners obtained possession one
thin layer yielded enormously, though now it is utterly worthless.

The “quartz” mines, to which the region owes its reputation, are on
Old Baldy, and occur in the Colorado shales. The Aztec, on the east side
of the mountain, is the oldest and by far the best known. It was worked
many years ago by Maxwell, the inheritor of the celebrated Bovien grant,
and under his management it proved very profitable. The ore was
reduced in a fifteen-stamp mill and the yield during one week reached
$15,000 in fine gold. But the mine seems, to all intents and purposes,
to have been worked out before it passed from Mr. Maxwell to the
English company now owning it, as it was soon abandoned by that
concern, and for years it has been worked by a squatter. Occasionally
the ore is good for a little while, but the pay portions are insignificant
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compared with those which are worthless, so that the money made from
a rich pocket is soon spent in dead work. Several other mines are
worked in a small way, and the ore from the whole district is reduced in
three arrastras with a total capacity of not far from two and a half tons
per diem.

No contact deposits were observed between the dikes and the shales;
and the ore seems to be in streaks between the thin sandstone layers
which, as already mentioned, are often thoroughly metamorphosed.
Everything looks as though, during the disturbance attending the forma-
tion of the dikes, the beds had been forced apart, so that permanent
crevices were made in which the gold was afterward deposited. Some of
the streaks have considerable extent, lateral as well as vertical, but they
are by no means regular. The ore is obtained in a promiscuous manner,
and systematic mining seems to be impracticable. The Aztec mine covers
several acres and ‘‘shafts’ are very numerous. A similar condition exists
at the other old mines, but attempts have been made to do the work more
systematically at some of the newer ones. The degree of success is not
wholly encouraging.

Native copper and malachite are by no means rare, and not a little
oxide of copper has been found in the shales. Small nuggets of gold
have been obtained away from all contact with the sandstones and appar-
ently away from all signs of crevice. Gold is said to occur in the dike at
the Montezuma mine. In all cases the metal occurs in pockets and the
quantity is uncertain. Possibilities exist that good and rich mines may
yet be found here, but the probabilities are altogether against perma-
nence, and one may not speak hopefully respecting the future of this
distriet.

The Cimarron emerges from a second cafion immediately above the
mouth of Ute Creek. The Laramie sandstones are shown at the mouth
of the cafion in a wall dipping northeast at nearly 30°. This wall extends
southeastward, but does not seem to reach Cimarroncito Creek. The
sandstones remain in sight for a mile or more up the cafion; but at the
entrance they are cut by a trachyte (?) dike, while farther up they are
covered by an overflow of the same rock.
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The great trachyte dike is practically continuous along the creek for
fully two miles, as it is broken at but one point, where for a few yards
the Cretaceous sandstone is shown. The rock is light-gray, with blotches
of feldspar and crystals of hornblende and mica, and is typical of the
great mass capping the Baldy Mountains as well as others south from
Cimarron Creek. Many dikes issue from this, some of which extend
northward into the area of the Rio Grande. Where the dike forms the
wall of the cafion, the space is very narrow and the wall reaches from 400
to 1,800 feet above the bed of the stream, showing a serrated top which
bristles with rude architectural forms, while the face is jagged with pris-
matic columns protruding as pilasters. ‘

The cafion widens materially above this dike, and a long bench of
metamorphic rocks with almost level top is thrust out from the north
wall. This Archean exposure continues for fully four miles along the
creek. Gneiss prevails, but there are beds of quartzite and not a few
blotches of feldspathic granite. The gneiss is dark and is often coated
with a dull yellow lichen. Petty dikes of basalt form a complicated network
on the face of the cliff. This rock varies in texture, for in some of the
dikes it bears the exposure well, while in others it breaks down quickly
into a coarse sand. The color of the weathered surface is dull reddish-
brown, and the rock usually has a pitchy look, which avails nothing
toward relieving the gloom of the cafion.

Below the western edge of this Archean exposure the trachyte
~ overflow rests on the upper surface of the Archeean, and for no small
part of the distance the line of contact between the two series is practically
horizontal. The effect is picturesque, for the cathedral-like capping mass
contrasts strangely with the dark gneiss, which in its weathering has
given a less irregular wall.

Another large dike is reached at barely two miles from the head of
the cafion. In composition it resembles the other, but is softer and yields
more readily to the weather, so that a little park has been eroded whose
north wall is covered with variegated débris. This dike continues for
somewhat more than a mile along the stream and ends sharply against
the Archeean rocks, which, if that were possible, are even more gloomy in
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appearance than are those seen lower down thé stream. A very fine-
grained compact gneiss prevails, which often resembles quartzite, is
almost wholly free from hornblende, and splits readily along three planes.
The cafion closes quickly when this rock is reached, and the walls surpass
in ruggedness anything shown in other portions of this, which in many
respects is the finest cafion in the Spanish Ranges east from the Rio
Grande.

Passing this narrow area of Archeean, one reaches the head of the
cafion and enters the Moreno Valley, where the Cimarron is formed by
the union of Moreno and Cieneguilla Creeks.

Moreno Creek is formed about three miles above Elizabethtown by
the union of three small streams. Its north or main fork heads against
Comanche Creek, a tributary to Costilla Creek, and flows for the most part
in a narrow cafion cut in Archaan rocks, which near the mouth of the
stream are terraced and covered with water-worn fragments. Three
miles up this stream Cretaceous rocks were seen dipping westwardly and
within a few yards of extensive Archaean exposures, which are shown
high up in the hills on both sides of the stream. Evidently the Creta-
ceous rests directly on the Archean. Several narrow dikes of trachyte
are crossed by the creek, which seem to be continuous with similar dikes
on Poiiil Pass.

The rocks on the west branch of this little stream are ill-exposed,
but such as were seen are Archeean with broad bands of white quartzite.
The exposures on the east branch are somewhat better and show the
rocks to be Archaean quite to its head; but these are occasionally cut by
dikes belonging to the Baldy series. This branch heads east from the
line of the Dakota Stonewall, but neither in the pebbles nor in the expo-
sures could any traces of that sandstone be discovered. Nor is there any
evidence that Carboniferous rocks exist on this stream.

The West Fork of Moreno Creek heads near Red River Pass and
flows in a deep narrow caflon to near its union with the North Fork.
Coarse gneissoid granite with narrow bands of guartz prevails at the
mouth of its cdﬁon, and as far up as the second forks ornily Archaean rocks
are shown. Much silvery micaceous schist was seen, in which are occa-
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sional bands of dark gneiss. A narrow dike of mottled trachyte was
crossed at the second forking, and at the next above is a wider dike con-
taining both blue and green mottled trachyte in which are large crystals
of feldspar, many of them twinned. A broad dike of coarse rock, con-
taining large blotches of sanidin, crosses at the summit of the pass, and
seems to be continuous with the dikes crossing the divide between Lucero
and Colorado Creeks on the east side of Taos Peak. The gneiss in this
cafion is often mottled with blotches of silvery mica, and the schists are
many times handsomely waved. The gneiss is compact, and the little
mica in it is arranged in film-like layers.

The East Fork of Moreno Creek, which is short, heads near Poiiil
Pass and flows with rapid fall to its junction with the other forks. It
crosses several dikes of trachyte and andesite (?) extending from Old
Baldy, some of which are clearly continuous with dikes seen on the North
Fork. Between these the Colorado shales are shown in fragmentary
exposures, and near the mouth of the stream the Archeean rocks are
occasionally thrust through the Quaternary.

A park begins with Moreno Creek, in which the Quaternary reaches
far toward the crests of the mountains on both sides. Several insignifi-
cant tributaries enter the creek above Elizabethtown, but these expose
only Archeean rocks. This park becomes narrow almost directly below
Elizabethtown, and dikes from Old Baldy reach to the stream, while some
of them pass beyond it into the dome-shaped hill south from the town.
This hill is thoroughly composite, for on its southern face the Lower and
Middle Cretaceous rocks are entangled among dikes, while on the crest
is a plate of, probably, Laramie sandstone dipping at 10° toward the east-
northeast and coming down to Moreno Creek at somewhat more than a
mile and a half below Elizabethtown. From this point to Elizabethtown
the hill is a congeries of dikes whose direction could not be made out, as
the surface is mostly buried under fragments of trachyte. This seems
to be the southern limit of dikes extending from Old Baldy into Moreno
Valley. The exposures on the east side of the valley south from Eliza-
bethtown are very poor, but dikes are numerous, and between them are
insignificant exposures of the Middle Cretaceous. The limestone of No. 3
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is shown in a side-cutting at little more than a mile below the town,
and there contains Ostrea and Inoceramus.

Moreno Valley proper begins below this narrowed space and con-
tinues to the head of Cieneguilla Creek. Its rocks for the most part are
deeply buried under Quaternary deposits.

The hill immediately south from Elizabethtown has good exposures
on its southern side, where it looks on a small tributary to Moreno
Creek. A broad dike of mottled trachyte running almost east and west
through this hill has entangled the Dakota sandstone and the Colorado
shales so as to throw them into all conceivable positions, and finally the
distortion is complete when, by a downthrow fault, the Dakota sandstone
is tossed into a vertical position so as to abut against earlier rocks which
appear to be undisturbed; but north from this fault the sandstone is
shown near the crest of the hill dipping eastward.

The little stream makes a cafion in passing by this hill, which opens
atits head into a park, where reddish shales and sandstones are shown dip-
ping toward the northwest. A wide double dike crosses this park from east
to west, as though it came from Old Baldy; but the rock is unlike anything
seen in that group of dikes. One portion is a porcelaineous white rhyo-
lite with small specks of sanidin, while the other is a dull dark rock with
large crystals of feldspar and large tears of sanidin. Neither dike con-
tains fragments of the rock making up the other. ‘

Following this stream into the mountain one comes to the Archeaean
rocks at not more than half a mile from the mouth of the small east and
west fork. The Archeean is represented by coarse gneissoid granite, weath-
ering into architectural forms. A clumsy conglomerate rests on the
granite, dipping southeast, and containing fragments of gneiss, granite,
and quartzite. Above this and separated from it by a concealed interval
of 125 feet is another and similar conglomerate, containing in addition
fragments of a blue, hard, non-fossiliferous limestone. The presence of
these fragments indicates the existence of a limestone bed between the
conglomerates. Northward the stratified rocks are carried out by their
strike, so that beyond Elizabethtown only Archeean rocks occur.

No definite data respecting the age of these conglomerates could be
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obtained, but they resemble closely the coarse rocks in the upper part of
the Carboniferous on the east slope of the Culebra Range, so that the
whole series exposed in this little park most probably belongs to the Car-
boniferous.

Exposures are not of too frequent occurrence southward from this
stream along the west side of the valley; but on the second wooded hill
north from Six-mile Creek, a tributary fo Cieneguilla Creek, the Dakota
sandstones are shown dipping gently east-northeast. Below this no
rocks are shown, but in the rounded point immediately south there is an
exposure of Carboniferous rocks showing them to be dipping very sharply
westward, while north from the hill, between it and the first water-course,
several exposures of Carboniferous limestones were seen, also dipping
westward. As the dip of the Carboniferous must be the same in the hill
as it is on both sides, there seems to be no good reason to doubt that the
Cretaceous and Carboniferous are not conformable.

Cieneguilla, Creek heads against Coyote Creek, a tributary to Mora
River, and flows northward to the head of Cimarron Cafion, where it unites
with Moreno Creek. It receives few tributaries, the most important being
Six-mile Creek, entering from the west at about seven miles south from
Elizabethtown, and American Creek, entering from the east at about five
miles from Cimarron Cafion.

Ascending Six-mile Creek, one soon reaches an exposure of the
Dakota sandstone dipping almost northeast at somewhat less than 10°.
The rock is soft, yellowish-gray, and varies from very fine to very coarse.
It continues in sight until more than a mile above the saw-mill, where it
breaks off and one finds himself in the Carboniferous rocks, the fault
being distinct. (See Fig. 3, page 54.)

The Cretaceous rocks are shown in contact with those of the Carbon-
iferous. The rock at the base of the latter is a compact sandstone
twenty feet thick, on which rests a thin granular limestone, gray but
weathering blue, containing only indistinct fossils and, like the sand-
stone, dipping at almost 40° toward the west. The Carboniferous sand-
stone is somewhat metamorphosed, but the Dakota sandstone is wholly

unaffected.
16
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Following up the ridge on the north side of the creek one finds
reddish sandstone containing coarse beds and some shales, the dip rapidly
increasing until it becomes almost vertical. No other rock appears until,
at some distance farther up the stream, a cherty limestone, thirty-five feet
thick and dipping northeast at 30°,is reached. This dip seems to exist at
the edge of the creek, but the rock mounts the ridge so quickly that the dip
must be somewhat greater, as indeed is evident from the extreme dip of
the rocks seen farther up the ridge. From this point the eastward dip is
constant. Crinoidal stems are common in the cherty limestone, and the
more calcareous layers are covered with a delicate Ienestella, which, how-
ever, is usually injured by weathering. The slaty layers contain 4¢kyris
subtilita and Productus cora.

A very hard blue limestone eight feet thick, and directly underlying
a quartzite, was found farther up the ridge and from 150 to 200 feet below
the last, the interval being filled with reddish-brown sandy shales which
show root-like markings. This limestone is full of cleavage planes and
breaks so badly that a fresh surface showing the color is obtainable only
with the utmost difficulty. No fossils aside from a single valve of Spirifer
lineatus could be procured from this rock, though the weathered surface
shows it to be full of bryozoans and exhibits many sections of Productus
and Athyris.

At about 600 feet farther up the ridge, the interval being wholly
concealed, a gray limestone was seen, of which sixty feet are exposed.
It is materially altered and much of it is almost saccharine. Streaks of
calcspar and limestone pebbles converted into calcspar are common. The
rock is evidently richly fossiliferous, but, unfortunately, the fossils are

not silicified and no perfect specimens were obtained aside from a few
individuals of Athyris subtilita. TFragments of Productus semi-reticulatus,
of a Spirifer allied to Spirifer rockymontani, and of a Fenestella, were
broken out. The dip is not less than 40°.

Only reddish shales with thin-bedded coarse sandstones occur below
this limestone until a fifth limestone is reached, which bears some
resemblance to the second, but is light-gray on the freshly exposed
surface. It is crowded with bryozoans and spines of Productus, but the
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specimens are not silicified, and nothing was obtained except one indis-
tinct univalve. Behind this to the crest of the divide only occasional
exposures of coarse sandstones were seen.

Mr. Russell ascended to the crest of the divide, following up a ridge
which separates the forks of Six-Mile Creek and becomes the divide
between Lucero and Colorado Creeks—streams leading to the Rio Grande.
Immediately beyond the divide he found the following section:

Feet.

1. Gray sandstone ... ... .o ittt i et ceeet et e 5
2. Limestone with 108118 .. . ..o i et @it feniaee eiieiirieanaes ... . 8
3. Red and gray sandstoneand shale...... . ... oo iiiiiaii il al 30
4. Brown sandstone with fine micaceous layers .. . ....c..ooiii i, 40
5. Gray limestoune with fossils .... ........ et e ceaees e eateeaae s 10
6. Coarse gray sandstone with pebbles ............. eetiiaecasaas e 150
7. Reddish sandstone . ... ........ c.i it iieiininecae sacnasaraans vue eoa. 100
8. Fine thin-bedded micaceous sandstone ..... P eteveatanan e 350
L 11772 693

This section is on the west side of the Mora fault, and the rocks are
dipping west at 20°.

Coming down the ridge, he found a gray to bluish-gray, compact to
granular limestone, twenty feet thick, and dipping east-northeast. No
further exposure was found until, at 870 feet lower down the mountain
face, a brown sandstone was seen fifteen feet thick and resting on a gray
limestone of which fifteen feet were exposed. This rock dips east-north-
east at 35°, and is evidently the limestone seen on the north side of the
creek, the structure being the same and only perfect fossil found being
Athyris subtilita. There is some room for supposing this to be the same
with the limestone seen near timber-line. At 915 feet lower down the
ridge he observed a limestone, gray on fresh surface, full of obscure
shells and bryozoans, in all respects resembling the limestone on the
opposite side. No further exposures were found below this to the forks
of the creek except fragmentary outcrops of sandstone and conglomerate.

Archezan pebbles occur in such numbers along Six-mile Creek that I
supposed the stream has its source amid Archaan rocks. But I ascer-
tained that they are derived from a coarse conglomerate which is shown
at the head of the creek.
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An exposure of Dakota sandstone was observed near the Taos road
at about two miles south from Six-mile Creek, and at a little way farther
south is an exposure of the Archaan rocks. Several exposures of the
Archezean were seen in the road at somewhat more than four miles south
from the creck, and between them is a fragmentary exposure of Dakota
sandstone. Many small patches of Dakota were found west from the
road, the largest being on the first stream south from Six-mile Creek. In
all cases these rest directly on the Archean. Exposures of Archaean are
given on a stream entering from the west at a little above the mouth of
the American. These, which begin almost immediately west from the
Taos road, have an almost northwest and southeast strike. Fragments of
the conglomerate at the base of the Carboniferous are very numerous on
the hills above the Archeean, but no connected exposure could be found.
From this point until within a short distance of the cafion leading up to
Taos Pass one rides almost continually upon the Archaan rocks,
of which, however, there are but few good exposures. But nearer the
cafion reddish shales are shown, which closely resemble those seen on
Six-mile Creek above the fault. Exposures are much broken in the cafion
and no exact measurement could be made.

Not far from the junction of the Taos road with that leading up the
valley some yellowish-brown sandy shales are shown dipping north-
northeast at about 50° and resting on a flaggy sandstone. This exposure
continues along the road for nearly half a mile. A little valley inter-
venes bhetween this and the next exposure, which is a cherty limestone,
thirty to forty feet thick, containing Spirifer cameratus and other charac-
teristic Carboniferous fossils. At probably half a mile farther up the pass
is a gray limestone, nearly 100 feet thick, more or less crystalline, and con-
taining imperfect fossils. This is the gray limestone seen on Six-mile
Creek. Between it and the summit are massive and shaly sandstones
interstratified with shales. An exposure near the summit seems to sug-
gest a compressed anticlinal, there being a very sharp curvature in the
rocks, but the exposure is fragmentary and possibly the condition may be
due to a slide. A thin light-blue limestone with Spirifer plano-convexus,
Athyris subtilita, and Lophophyllum proliferum occurs immediately on the
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summit. Other species were observed, but as the fossils are not silicified

‘the species could not be identified. Beyond this are coarse sandstones,
reaching to the head of Ferdinand Creek on the southern side of the pass.
The dip throughout is toward the north-northeast and varies from 40 to
80°, increasing toward the summit of the pass.

Almost everything is concealed on the mountain slope south from the
Taos road to the divide between Cieneguilla and Goyote Creeks, but on the
east side of the valley the Archaean rocks are shown at the head of
Cimarron Cafion, and occasional croppings of the same rock are seen
southward up to some distance above the mouth of American Creek.
Patches of Dakota sandstone are shown on American Creek and along the
trail leading to Urraca Creek, which rest directly on the Archeean, while
not far south from American Creek is a large area of the same sandstone,
evidently resting also on the metamorphic rocks. Beyond this southward
a rim of basalt approaches the valley, and the east wall, beginning at Agua
Fria Peak, becomes the edge of a mesa.

The valley itself is covered with a coat of Quaternary from two to
twenty-five feet thick, but here and there within two miles of the divide
from Coyote Creek many exposures of Middle Dakota shale were found,
in all of which the dip is very sharp and toward the south of west. These
shales are occasionally exposed on the east side at the foot of the hill,
while higher up the coarse Upper Dakota sandstone is shown dipping
southwestward at barely 10°. Exposures of Upper Dakota sandstone are
by no means rare on the west side of the road south from the forks. No
connected exposures could be found on the slopes leading up to Agua
Fria Peak, but occasional exposures of Upper Dakota show that that group
reaches far toward the summit.

At one time gulch-mining was carried on extensively in the northern
part of Moreno Valley, for soon after Moreno district was organized it had
10,000 inhabitants and Elizabethtown was a brisk trading center. Excel-
lent roads were constructed to Cimarron, Colorado, Taos, Fort Union, and
Trinidad. But the district has lost its importance and is now utterly
insignificant. At first the many petty streams flowing down from the
mountains yielded a liberal supply of water, but for some reason as yet
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unascertained the springs feeding those streams failed and free water can
no longer be obtained. A ditch, forty-seven miles long, was constructed,
leading from the head of Colorado Creek near Taos Peak, and minor
ditches have been taken out of the North and West Forks of Moreno
Creek as well as from the stream entering below Elizabethtown, but the
supply is insufficient and comparatively little mining is done. Willow
Creek, below Elizabethtown, affords an uncertain supply for some small
operations.

It is unfortunate that this insufficient supply is all that can be ob-
tained, for the gravels in the northern part.of the Moreno Valley are very
rich, and in the earlier days many claims proved valuable. It is asserted
that one firm, now engaged in hydraulic mining, obtains $15 a day for
each hand employed.

Some have supposed that if water could be obtained the gravels
along Cieneguilla Creek might be worked to profit. No effort has been
made to test this matter, but the probabilities are against any such sup-
position. The gold evidently comes from the disturbed area on the west
slope of the Baldy Mountains, which practically ends at Cimarron Cafion.
Trachyte frequently contains more or less of gold, and possibly some pay-
ing gravels may be found along American Creek, which heads in among
the dikes issuing from the Baldy Mountains. There seems to be little
likelihood of profitable working anywhere else along Cieneguilla Creek.

PoniL CrEEk rises in the Laramie area and enters the Cimarron at
eight miles below Cimarron. It flows in the plains through the shales of
Cretaceous No. 4, of which occasional exposures are given in its banks as
well as in low mesas between this stream and the Cimarron. The creek
is formed at six miles from the plains by the union of the Main and
South Forks, and the Colorado shales remain above the stream almost to
that place. The lower rocks of the Laramie group cap the bluff facing
the plain, and the higher members of that group are shown toward the
head of the main creek. '

The upper part of the Colorado group is exposed in the bluff from
Cimarron Creek to Pofiil, as well as to Cerososo Cafion farther north, which
may be regarded as a tributary to Pofiill. These shales are richly fossilif-
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erous for more than 100 feet from the top, and at one locality on Pofiil
Creek I obtained from them Ammonites placenta, Inoceramus, and other
-species characteristic of Cretaceous No. 4. The same species occur also
on the bluff between Pofiil and Cimarron Cafions.

The exposures of the Laramie group along Pofiil Creek are almost as
unsatisfactory as those on Cimarron. The Dillon coal-bed has been mined
to some extent in a cafion entering from the south at about a mile below
the forks of the creek, but when visited the opening was in bad condition
and the exposure was too imperfect to admit of measurement. A great
mass of dark shale with thin streaks of coal was seen, but the workable
part of the bed seems to be little more than three feet. The blossom of
the Trinidad coal-bed was seen farther up the cafion, but above that no
section could be made, the only exposure being that of the Lower Vermejo
coal. The sandstone overlying that bed contains indistinct impressions
of a cardium-like shell similar to that discovered in the Halymenites sand-
stone mnear the mouth of the cafion, where that rock contains also fish-
teeth and abundance of the fucoid Halymenites major.

_ The Dillon coal-bed has been opened near the forks of the creek, but

the coal is inferior to that from the opening already referred to and is no
longer digged. No exposures of coal-beds were seen on the hill at this
locality. ‘

The Laramie sandstones are well exposed on the north fork of the
creek, but even blossoms of coal-beds are so rare that the section could
not be carried. A narrow dike crosses the stream just below the Eliza-
bethtown road. Poiiil Park, near the head of the stream, is a curiously
eroded area extending to the base of the foot-hills, which contains several
lakelets without outlet. There are numerous wooded hills of Laramie
rocks, but they afforded no material for either measurement or identifi-
cations. .

The foot-hills separating this region from that of South Pofiil Creek
are made up of Laramie rocks, broken by several trachyte dikes, which
stand out as bold walls with serrated crests and belong to the Baldy
series. '

Soutn PoRiL is formed by the union of several branches, some heading
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near Costilla Peak, others on the sides of Old Baldy. No examinations
were made along this stream except in the vicinity of the Trinidad and
Elizabethtown road. On that road one rides constantly among Laramie
rocks from Pofiil Park to the summit of Poiiil Pass. The sandstones are
very coarse, and at the summit of the pass they hold thick layers of large
pebbles. Many dikes are crossed by this road, all of which issue from
Old Baldy. '

SECTION III.

THE REGION BORDERING ON VERMEJO CREEK.

Vermejo Creek rises in the Culebra Range and runs irregularly south
of east through the Laramie area and the plains to the Canadian River,
receiving on the way Leandro, Rock, Blattmer, and some other small
streams from the south, and Caliente with some insignificant tributaries
from the north. Van Bremmer Cafion, immediately south from that of
the Vermejo, contains a petty stream which sinks before reaéhing the
plain, but its arroyo leads to the Vermejo.

In the plains, Vermejo Creek flows through the shales of Cretaceous
No. 4, which are exposed there in numerous mesas; they remain above
the creek to about four miles above the stage station. The following sec-
tion was obtained where the Halymenites sandstone first comes down to

the creek :

Vermejo Creek, 1, (Fig. 29.)
Feet. Inches.

1. Sandstone .... . ...... e e e e e 95 0
2. Upper Vermejo coal-bed (G) ..... ... . i i, 1 0
F J )17 <Y U L. D 0
4. Sandstone . ..... ........, e et e e e i 31 0
5. Imperfect €XpoSUre .. ... ...l e e 24 0
6. Sandstone ...... ... oo, e s 44 0
7. Comcealed ... .. ... e e e e 16 0
8. Lower Vermejo coal-bed (F) ... ... ... ... . ..l Ll 1 0
9. Sandstone .....-. e et e e et .l 9 0
10. Drab shale . ... ... . Lo e e 4 0
11. Black shale. . ... e e e 3 0
12. Coal-bed (B). . ..o i e e i 0 6
13. Redshale..... ...... ... _..... A 2 0
14, SandStONe .. .. ooe it e e e e 1 6
15. Drab shale .......... . s e e, 2 0
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Feet. Inches.

16. Black shale.... ........ ... .... e e 1 0 o7
17. Coalbed (BY) —.. oo wnioe aeee e 1 6 /
18. Imperfect exposure. .. .......... ........... 1o
19. Sandstone . ..... .. ... ol iiiiiiieaiiaianns 17 0 1]
20. Concealed ..... ... . ... .iiiiieieaieann 2 0
21 Upp.er Reilly coal-bed (B).................... 1 6 . A
22. Variegated shale.............. ...... ...... 41 0 8 (B2 522225227
93, SADASHONE .. +on' oeeieerseenannanaeannns 14 . ////
24. Concealed -.......... ... ... ..ol 5 0 Z
25. Sandstone. ... .... e e . 16 0 s
26. Shale. .. ... oo e 6 0 /
27. Willow Creek coal-bed (C) ... ...... .......... Blossom. i /
28, Shale .. -oiiiieiiiiiiieis e e 11 0 //,
29. Imperfect €Xposure.... .......c..o. «oo ... 42 0 1
30. Coalbed (B).... -. wieiiereaiis e L0 Sl
31. Imperfect exposure. ...... U 10 Pt s,
32. Blackshale.... ..... e e e e 1 0
33. Imperfect €XpoSUre. ..........cooueeeeenar 29 0 " o~ ,/{{ {,2 <
34. Trinidad coal-bed (B)......... ......... .... Blossom. ﬂ :',;53;7, ’:;:3«2
35. Shale and thin sandstone........... ........ 19 0 e
36. Black shale.............. e s, 1 0 ;ﬁ /
37. Imperfectexposure ........ ............ ... 25 0 % /
38. Dillon coal-Ded (A) ... ouienieiian .. 3 6 gﬁ =
39. Blueshale............ SO e 1 3 e
40. Halymenites sandstone ... .. e e 90 0 2
41. Brown shale and sandstone................. 30 0 %0
31

POtAl ..+ oo oeees e 619 9 -

No. 1 caps.the bluff and is the persistent sand- -
stone which almost invariably overlies the Upper Ver-
mejo coal-bed. Nos. 4 to 7, inclusive, are no doubt one
mass, the equally persistent sandstone above the Lower
Vermejo coal.. No. 4 contains some ferruginous lime-
stone, which is impure, slightly silicious, weathers to
dull-yellow, and contains no fossils. No. 19 shows
pebbles of milky quartz with many large concretions of

clay iron-stone. A six-inch bed of apparently very F16. 29.—Vermejo
. . Creek, 1.
fair ore occurs in No. 22.
The coal-beds are all imperfectly shown and the thickness of several
of them may vary materially from what is given, as the estimates were
made from blossoms or from such exposures as could be digged out with
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the hammer. The abrupt breaking up of coal-beds is well shown by a
comparison of the section just given with the following, which was

obtalned at barely half a mile farther up the stream:
. Feet. Inches.

1. Sandstone. ........ccocveune. ... v eetaaan - -
AP é%" 2. Coal-bed. ..... iiiii it e 0 6
W 3. Sandyshale... ... .. ..o i e 5 0
4. Coalyshale ..... ..c. i iiiiiine vaeenaannn.. 0 10
5, Sandyshale...... _..cc.oioiiiiiiiiiiiiii. ol 11 0
6. Coal-bed ......... . @ @ corit ettt 2 3
7. Shale.......... . s . 8 0
8. Sandstone......-. e s e 200
9, Coal-bed. ... oo ieis cemeieet e amaeaenna- Blossom.
10. Shale .. . ....ciiiiaeiao.. eemeee e e .. 16 0
11, Sandstone .. . ... ot i e icc et caanae "22 0
12, Coal-bed. ... ..couer iee eieeeaannn e 2 10
13. Red shale.......... e ieeeeceseseecencaanancans 6 0
14. Coal-bed. . ........ et emeseeteacae canaaeaan .2 0
15. Shale and sandstone..........c.cceeioieraann.- 24 0
16. Dillon Coal-bed. ... ....cceueeeeuiascanrnnane aee. T 9
17. Shale.. ... i e e iee aeeiieeaanas 5 0
/ 18. HaUmemtessandstone 11 0
/// 1 TOtAl - oo e e ee e e e e 158 2

0.— Verme . .
Fra. Z,ee,cf’ ° In this section No. 6 shows—

Feet. Inches.

1. Coalyy SHAle e cne ii i ceaee e cee e it e ia i e e 0 10
B ) 7)Y 1 0
B T 0 7 0 5

And No. 11 has two benches of black shale, each one foot, with ten
inches of coal between them. The Dillon coal-bed is seriously broken up,

showing—
Feet. Inches.

B I 7 7 A SO 0

2 T ) - P 1 2
3. Coal. N ceen . 1 2
R ) -2 0 6
Do Q0L . e eee et e e ettt aeenes s aaie cecaerae taee e e a. 2 6
6. Black Shale. ... oot i i i et e e e e e e et e 2 0
To COQL. o e et e e e et eae cae ceieiaane taeaee e temeaaae v 0 1

The Upper Vermejo coal-bed is shown at half a mile below the first
crcek entering from the north, but the exposure is imperfect, as a mass of
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sandstone has slidden down over it. A block of the coal, thrust out by
the slide, shows the bed to be not less than two feet six inches thick.
The Lower Vermejo coal-bed is well exposed at 90 feet below it, one foot
thick and embedded in dark shale.

The following section was obtained at two miles below the mouth of
Caliente Creek:

Feet. Inches.
1. Concealed .. .... coviieieinee iiei e caiecaneaeannn 200 0
2. SandStONe . ... .o iit i ae e cean e 24 0
3. Coal-bed (I)...coevvien oot ciivi e 0 2
4. 8hale. ... oot eeeaee vaeaenen 1 10
5. Sandstone. .. ... oo it e et ieaear aeen 23 0
6. Concealed ................. et e 13- 0
T, Limestone.... coueercce ionnoncs soaneean eveaaee 1 0
8. Imperfect eXpOSUre.... ..covver vivinnciiaeaanns 60 O
9. Cat's Claw Caion coal-bed (H)...... ... ........... o 2
10. Sandstone......... ....... eee seeraecvacn. eees 100 0
11, Shale.. ... e it ieeee e 11 0
12. Upper Vermejo coal-bed (G). ..oovnveninennaiaa... 0 4
7
2
13. Sandstone...... ....c ccccuiier venraimontanaan- 50 0 : %
TS DT 84 6 S
6
7

The sandstone No. 13 is bold and cliff-like here, but
at a.little way farther down the creek it is much shat- °®
tered. The coal-beds of the section are fully exposed
and the thickness is as given. Three inches of fire-
clay underlie Coal-bed I. The limestone is similar to that
seen lower down the creek and seems to be somewhat
irregular.

The section from No. 5 to No. 8, inclusive, is shown 1
to be almost wholly sandstone at an exposure farther up %/ :
the cafion. Limestone layers are numerous, but they /A
yield no fossils. The rock is always dark-blue on the
fresh surface, but weathers rusty-yellow, owing to the e gi'eﬁ,vgmjo
presence of much iron. Only the highest sandstone of the section is
shown at the mouth of Caliente Creek, the others having passed below
the surface. There the road leaves the Vermejo and does not return to
it for nearly three miles, in the mean time passing over a summit. The

1

@
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following section was obtained between the mouth of Caliente Creek and .

the summit:
Feet. Inches.

// /// , 1. Sandstone............ e reeee et ceans 22 0

Zz / , 2. Shale.. .. R ¢

Nl bt S 3. Culionte coalbed (B) oo o oo 6 10

4. Concealed.. ......... P | 0

, . Sandstone, imperfect exposure B | 0

6. Shale.......... ... ... e i e e . 6 0

7. Cameron coal-bed (M).......... c.coiieiineinan. 0 4

7 8 Concealed.... ....ccocoiiir ciiiiiiinianana. e 13 0

/ 9. Sandstone.... . ...o.iiiiiiiie i e e 11 0

510, Concealed . ... ...ocn it iinen it ieannann as. 45 0

// 11. Sandstone............ e e, 160

AL, % o 12. Concealed .... ..............oi.iiiiaa 17 0

113, Sandstone.... ... ieiiiiiiiiiiiiiitiaaaaiaan 19 0

7 A, 914, Concealed .. ... ....iiiiiiiiiiiiiiiiiiiae e 22 0

0 15, Sandstone. ... ... . oot iiieiiiie e e e 17 0

16. Long’s Cafion coal-bed (J) S T

7 ZE 17. Shale. ... ..o ool e i e e 4 0

12 18. Imperfect exposure, much hmestone ceeee .. 450

V jlslg. Sandstone . ........... . . ...oeeel il . 22 0

1 Total .. ... ........ ... ... ... ...... 430 b

Z 15 .

e The Caliente coal-bed shows the following structure:
. == . '
. /_% 1 L0 Q0L e e e e e e I

2. Sandy shale...........ooiiiil il i L 4 0

////// Ao 3. codt.......... R 0 10

N , 4. Coalyshale .. ._................ .o i ..o 12

O B, QOGh v we eee e eeeeie e e O 2

ente Creek. 6. Coalyshale..... ............ cceveeis ceee ool 0 2

Toward the middle of No. 5 the blossom of Coal-bed P is indicated.
The Long’s Cafion coal-bed is double, with benches of three and four inches
separated by eight inches of shale.

In descending from the summit one finds the Cameron coal-bed falling
toward Vermejo Creek, the fall being thirty feet in somewhat less than a
mile; at the creek it begins to rise westward, there being a synclinal at
the road-crossing. The bed shows an extraordinary expansion here, and
at three and a half miles below Cameron post office it is fully exposed in
the bluff as follows:
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Feet. Inches.

Lo COAL.. o ein ceeeeneretsanaans sene canecncans 0 6
2. Drabshale. ... oo ccesiiaeiieienae aeiar e 11 0
3. Black shale - ...ce i iiet iiet e iaeaae voneaaaan 1 3
4, Coal. . oo et eeene v mea e 0 4
5. Sandy shale........coir tiiiimiiioennan i, 4 0
6. Coal. .. . . e ittt ctiaee e oaaa 1 0
S )17 - Y A 5 0
8. C0GL. ... et it e iiciiee tearaeanaeaeaas 0 8
9, Shale. ... oo e i tieiiaaevaaene aaan 2 0
10. Coal ..... e ireieeiseneneese asea .. 0 4
11 Shale. ... cit it e i ie i iaeee taae eeaeaeen 2 0
12. C0al.. .. e et e e et caaeaana 1 0
13. Shale. . cocn e e e i eecetee e 1 0
14, SandStone. .o oo e e e 1 3
15. Shale... ........... - .. . 1 2
16, Col. ..o oo o i et e e 1 4

Total. ... cor i it e ot ieieee iecaeaan 33 10

Giving in all five feet two inches of coal. The rise in the
rocks from this place is rapid to where the road comes in
from Blattmer’s Cafion; but an anticlinal is crossed there,
and thence the rocks descend very gently toward the west.
A sectionwas obtained at the crest of the anticlinal, which
shows some beds concealed in that alreadygiven, and is:

Feet. Inches.

1. Sandstone . .. ... ... .i i e 28 0
2. Grayshale. . ..... . ... ... il 3 0
3. Cameron coal-bed (M) ........ ... . ... ... ..., 5 1
4, Concealed .. ...... .. . il .. 19 0
B.8Shale ... e 3 0
6. Coal-bed (Li).. .- ooooeii 1 10
7. Concealed -....... «cooiiii i e 22 0
8. Sandstone ... ... ... ...l 14 0
9. Concealed ........ ..o it 17 0
10. Sandstone . ... .ciiteieie i i et 12 0
11, Concealed ... ... .. oL iii-. 7 0
12. Coal-bed (K) . ..o o 3 8
13. Shale ... .. .. e 10 0
14. Sandstone toereek .........cu e cecinnnnnnnannn 5 0

b 07 7 ) P 143 7

Leaf-beds were found in Nos. 1, 8, and 10. The
Cameron coal-bed shows a very decided shrinking here,
its section being—
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Feet. Inches.

1. Black 8hale . ..... ittt ieiitensenseccanetossssoanannnnnanane 1 0
D, 00al. ..o e i iit e e etetecettaeeceeantanenan 0 53
3. Black shale .. ..ot i ie e it it iieiteteieetaaaaeaaaaa 0 8
4, Coaly shale, SEEN .. .. ... ..cooeunmmit et iii i aaens 3 0

But there may be more of it in the concealed interval below. Coal-bed
L has two benches, eighteen and four inches, separated by one inch of
clay. Cbal-bed K, also, is double, the benches being eighteen and two
inches, separated by two inches of clay. The coal in these beds is good,
but is too thin to be of any economical importance.

The anticlinal is very gentle, amounting to little more than an inter-
ruption of the dip, and the rocks are almost horizontal to very near Cam-
eron post-office. The following measurements were made at half a mile
below Cameron’s:

~ Feet. Inches.

1. Sandstone ... .. ... .ol R 38 0

2. Shale with Caliente coal-bed (R).................. 8 0

3. Shaly sandstone .... ... ... . .. ... ... ... 5 0

4. 8hale ... e 11 0

b. Raton coalbed (Q) ... ... cooiiiii it 1 0

6. Concealed . ........ ... ... ...l 25 0

, 1 Coal-bed,slaty (P).......................o..... 1 0

8. Concealed ............ .. ... ..iiiiiiiiiiia... 48 0

[ 5 9. Coal-bed (O). ...t e Blossom.

10. Imperfect exposure, mostly sandstone............ 72 0

, 11 Cameron coal-bed (M) ................ PP 1 8

12. Concealed ........ ... oo i il i 22 0

q 13, Coal-bed (L) ...... cooooviiii i Blossom.

1w 14, Concealed . ... .. i e 25 0

13 15. Sandstone to ereek .......... ...t 30 0

14 ————

W . I P 202 8
¥16. 35.—Near Cam- The Caliente coal-bed is evidently quite large, but it

eron post office.

contains much shale, and the blossom was in such bad
condition, owing to recent heavy rains, that no definite measurement
could be made. The Rafon coal-bed is not much thicker than is given,
but Coal-bed P is a large bed, for it has an extensive blossom above and
below the exposure of coal. Very probably Coal-bed O is represented
here only by black shale, and there may be a coal-bed at ten feet below
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it, where much black shale was seen. The exposures are very imperfect,
and the measurements serve only to indicate the succession of the beds.”

The road leading from Elizabethtown to Trinidad crosses the creek
at Cameron’s. It passes over the summit between the Vermejo and a
small tributary at the north, and thence goes to the summit between that
tributary and the Upper Canadian. A section was obtained betwcen Ver-
mejo Creek and the first summit, which confirms those already given. It
is as follows:

. SADASEON® - v e eeereeeeeeeeeeeea] LR e

1 1
2. Coalbed (T) . ...oooninnene i, 2 5 500500000
8. Shale.......... s 13 0 //2// Z, /,'f/’/::
4. 00albed (S) - «enveeiie i R T %//5/5, o
5. Shale and flaggy sandstone ................... 54 0 c;,/;f:;;,”/f;f
6. Concealed . . ...........ooiomeeeanaaaaiiaa. 9 0 o paddizzz
7. Caliente coalbed (R) .......................... Blossom. !
8. Sandstones and shales, not fully exposed ...... 135 0
9. Coal-bed (N)..oeeieeeniiaaaa., e Blossom. .
10. Concealed ........oooiiiaiiiii i 25 0 .
11, Sandstone. . ...ccceeeiieriienreit e 4 0
12. Shale - ... .. oo 4 0
13. Cameron coal-bed (M)....... ... . ... 2 3
14. Drabshale.......coocviiiia i iiiien o 6 0
16. Coaly 8hale. .. ....cueeeeeeoeianaeniannannn.. 3 0 °
16, Shale . ....ooiiieiii e 8 o .
17. Sandstone. ...... oot 6 0 12
Total . ..covie i et 300 6 U
! 15,16,17
Coal-bed T shows two benches, five and twenty FiG. 36. — Elizabeth-

town road, 1.

inches, with a clay parting of four inches. It is well
exposed directly at the summit, on the west side of the road. Coal-bed S
is apparently an insignificant bed, though the exposure in a ditch is very
deceptive. As usual, the Caliente coal-bed has a large bloésom, but it is so
mixed with slate that exact measurement is impossible. The Cameron coal-
bed has been mined on the south side of Vermejo Creek, opposite Cameron
post office, where it'is three feet thick and yields excellent coal.
Descending from this summit one finds the last section repeated
down to within a few feet of No. 7, and in ascending to the Canadian sum-
mit one reaches the top of the series as seen in Southern Colorado and
Northern New Mexico. The succession is—
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Feet. Inches.

7/ 1. Sandstone..................oiiiiiiiiil oLl 270 0
2. 8hale ... e 25 0

3. Sandstone. ... ... ... 145 0

, & Coalbed (Z) ..o ool e Blossom.

5. Imperfectly exposed.......... ... ... .. ... e TT0

6. Coal-bed (Y) ..o.ov oo Blossom.

/ 7. Imperfectly exposed ...... ........ooie i ... 120 0

/ 8. Coal-bed (X) oo vvee el Blossom.
ooy 9. Imperfectly eXposed. ... ....ooeuen oo, 26 0
//// 10. Coal-bed (W). .. oon e it et e Blossom.
/ , 11. Tmperfectly exposed.............ooooieiiiioo. 7 0

12, Coalbed (V) ..o Blossom.

13. Imperfectly exposed .......... ..ot 105 0

Y14, Sandstone. .................iiiiiiiiiiiiiioa.. 30 0

815, Shale .. ... il 6 0

€16, Caliente coal-bed (R) . ........... .. ... . ... 9 8

17, Clay oo i e 1 0

" 18. Imperfectly exposed - ... ... .. .iiiiiiiiiai.... 000

19. Raton coal-bed (Q). ... ... ... ... ... ... 3 2

E@Q
=
a
=
N=]
=
-3
-t
(==}

n No. 1, a coarse yellow rock, which contains no fossils,
is the Great Sandstone, which caps the series, and is shown
1 on all the divides in the central part of the Laramie region.

h
7;; Eééééé%é The first three members of the section blend and the line

14
156 o e . . .
15 of division is arbitrary, having been seen at but one local-
IS . . 3 (3
¥ jty,while at others nosuch separation occurs at thehorizon
F16. 37.— Elizabeth- . .
town road, 2. given. The coal-beds above the Caliente are shown only

by their blossoms, and there is room for supposing that more than one of
them are represented here only by Carbonaceous shale; but the Caliente
coal-bed is very thick, being in two benches, one foot one inch and eight feet
thick, with a clay parting of seven inches. It is exposed at two places near
the little creek, but it has not been opened. The Rafon coal-bed has the
following structure near where the road crosses the tfributary creek :

Feet. Inches.

1o Q0al. .. et e e 2
D2 ) 1 1
8 TR 47 1 0
S ] 0 4
B, Coal. - .o e 0 10
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At or very near Cameron’s post-office on the Vermejo the rocks begin
to rise westward and, within a mile, the eastward dip becomes steep, about
8°. The lower members of the Laramie group are brought up in suec-
cession, so that at the mouth of Vermejo Park the sandstone overlying
the Lower Vermejo coal-bed is above the creek. Within 500 yards the
Halymenites sandstone is up, and in the short cafion all the coal-beds
belonging to this part of the section are more or less well shown. The
shales of Cretaceous No. 4 soon come up, and with their appearance the
cafion widens into the park. Midway in the open area 200 feet of the
shales are shown, forming the lower part of the bluffs surrounding the park,
while in the park itself are flat-topped mounds composed of the shales and
covered with a coarse conglomerate cemented by carbonate of lime.

The creek forks almost midway in the park and the axis of the Ver-
mejo anticlinal crosses just below the forks. Thence the rocks dip west-
ward and the park closes as rapidly as it opened, so that within two
miles on the north fork, the Halymenites sandstone is at the creek. Here
the Dillon coal-bed makes a great blossom and evidently contains little
aside from coal through a thickness of ten feet. At five feet below it is
a dark shale six feet thick and resting on the Halymenites sandstone.
" The sandstone overlying the Lower Vermejo coal-bed caps the hills and
makes an imposing cliff. The coal is directly under it and is much
thicker than at any other locality examined, the section being as follows:

Feet. Inches.

1 Sandstone . ... ... o it 80
L2 2 11V - Y O 3 0
3. Lower Vermejo coal-bed (F) ... ... . ... .. . iail.. 9 10
Coal - . ot 0 8
Parting - ... .ol - -
Coal . .. it iiat e iiiaaceaaa 5 0
L) 0o 3
(07772 1 0
Sandyshale ...... ... 2 6
01 0 5
4. Shale. ... e 5 0
B, Sandstone . ... .. ... .. e 12 0
6. Coal-bed (B)...................... e e e e e 1 6
7. Concealed to creek .... ... ... o it 90 0
1 ) 201 4
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As far as may be determined from mere optical examination the coal
from this bed is good; but neither this nor the Dillon coal-bed has been
opened, for the supply of wood is more convenient.

On the other or main fork of the creek the rocks come down at a
somewhat greater distance. No good exposures, however, occur within
" the Laramie area, but at a little distance one passes beyond that area and
into the Stonewall Valley, between it and the Dakota Stonewall. Here the
creek is formed by the union of several small streams, most of which
rise in the Culebra Range. One, however, flows southwardly along the
valley, heading against a similar branch of the South Fork of the Purga-
tory. The Laramie rocks reach to the base of the east wall of the valley
at the head of Vermejo Cafion, but the shales of Cretaceous No. 4 are
shown at a short distance up the valley, and they remain in sight to the
divide. Mr. Russell obtained the following section at about a mile above

the head of the cafion: Feffj Inches.

1. SandStone . ... ... e 0
2. 00ncealed . ... . et e 30 0
3. Coalyshale ... ... . . . ... i e 0 10
4, Sandy shale. ... ... .. 3 0
5. Black shale ...... ... .. L e e 4 0
6. Sandy shale. ... ... ... et 2 0
To Coal-bed .. ... .. e e ettt 1 2
8. Shale. ... 15 0
9. Coaly Shale . . ... ... e et s 0 6
10, Shale. ot e s 11 0
11. Black shale . ... .. .. e e iaaaeaaa. 12 0
12. Coal-Ded . . ... o e e 1 0
18, Shale. ... . i e e 10 0
T4, Coal-bed . . ...t ettt eeie e 0 3
15, Black Shale ...t e e 3 0
16, Qoal-bed - ... .ooen o e e . 0 6
17. Black shale ...... ...... e et eeiiaeaaeiai e 0 4
18. Drab shale. ... . oo e e e 12 0
19, Coal-Ded . ... . ... e e et 0 6
20, Black shale . ... . ... ... i e .. 6 0
21, Shale....... ... ... . ... e e, 19 0
22, COGLDEA ... ... e e e e 1 2
23, Black shale .. .. ..o e 10 0
24, Coal-bed . . .. ... ... e e e et e e 1 6
25, Dark shale. .. ... . o e e 8 0
T 3 1 ¥ ) P 20 0
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Feet. Inches.
2

27. Black shale ............. ettt e e e e 0
28, SandStOme ..o\t e e e 15 0
29. Black Shale - . .. ...t 4 0
80. Coal-bed . ......ouori i e e e e 0 8
31. Black shale . ... et e 0 10
32. Drabshale................. e e e e 1 8
33. Coal-bed .. ... - o e 2 6
34. Black shale .. .. ... ... e 1 2
35. Drab shale...... ... i i e e 2 6
36. Black 8hale ... ...t e 2 0
37. Clay ..... e e e e e e e 0 1
38. Coal-bed - . - .. e 0 8
39. Blackshale ........ ... . ... ... e e 3 0
40. Ooal-bed ........... e e e 1 0
41. Blackshale ..................... et et e 2 0
42, Coal-DE . - .o e e e e et e et 1 2
43, Dark shale. .. .oon e i e e e 10 0
44, Halymenites Sandstone . . . ... ..... . oo iriiii i 84 0
45. Sandstone and shale.............c..ccoe coieriiniino... IR 20 0
46. Shale of Cretaceous No. 4 ................ e e 280 0
Total .......cc v iia.. e ettt eetieeeceactenaeanaa, 617 9

The exposure here is complete, every inch being shown in the bed of
a little stream. The section is given in detail, as it affords an interesting
illustration of the extent to which the coal-beds of this series sometimes
divide. The highest sandstone has the place of that overlying the Lower
Vermejo coal-bed, and the Dillon coal-bed is represented by Nos. 29 to 43,
inclusive. This coal-bed is easily traceable along the entire bluff, from a
few rods above the head of Vermejo Cafion to very near Cucharas Pass
at the northern limit of the district.
~ The highest sandstone of the section is wholly unlike any seen else-
where in this group except on the east side of Poiiil Pass and in the
northeast wall of Ute Valley. Some parts are extremely coarse, contain-
ing great fragments, while others are less coarse, but are honeycombed
with veins of quartz, so that the rock closely resembles the Dakota sand-
stones shown in the Stonewall. The concretions in the Cretaceous shales
are not rich in fossils.

The Niobrara limestone was not found in place along this upper
portion of the Vermejo, but fragments of that rock are plentifully dis-



260 GEOLOGY.

tributed over the surface. The Fort Benton shale is not reached in the
Stonewall Valley, being covered by débris from the Dakota sandstones.
Those sandstones stand up sharply, dipping eastward at nearly 70° and
forming the western boundary of the valley. In this wall the yellowish-
gray conglomerate and honeycombed sandstones of the group are well
exposed; while behind it are the varied sandstones and the limestones of
the Carboniferous. But the lower rocks of the latter group are not well
shown and the line of the contact with the Archeean is ill-defined, for
plates of trachyte are spread over the upper face of the mountain.

The main fork of Vermejo heads against Costilla Creek, a tributary
to the Rio Grande, and the summit between the streams is crossed by
several broad dikes of trachyte. The surface is covered with débris in
which are many ponds without visible drainage. This deposit bears
much resemblance to moraine, but water-worn fragments are strewn over
the surface even to the summit of the divide.

Vermejo Creek receives Rock and Leandro Creeks above Vermejo
Park, both having their head under Costilla Peak.

Leanpro Creek flows through the Laramie area for a few miles in the
lower part of its course, but from its source to where it breaks into that
area it runs through a series of narrow parks. The Stonewall Valley,
beginning near Cucharas Pass at the north, continues southward beyond
the cafion of the Vermejo, but gradually narrows along Leandro Creek
until it ends in the saddle between Bare Cone and the Stonewall. The
area of open region, however, practically crosses the saddle and is con-
tinuous with the park on Moreno and Cieneguilla Creeks, which in its
turn is continuous with that on Coyote Creek in the Mora area.

The Dakota Stonewall continues southward to a very short distance
beyond Costilla Peak, but its dip gradually changes, becoming vertical
where the wall is first drained by Leandro Creek, and soon westward at
nearly 60°. The dark shale of Cretaceous No. 2 is exposed occasionally
on the east side of the wall, and fragments of the Niobrara limestone are
numerous in the saddle between the wall and the Bare Cone dike, though
the rock is not shown in place.

The surface of the park through which Leandro Creek flows is very
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irregular. At a little distance above where the creek enters the Laramie
area a small stream comes into it, which drains imperfectly a long
narrow space along the Stonewall, where there are many alkaline ponds
occupying shallow depressions and without outlet. A high flat bench
separates this space from the valley of the creek, and is covered with a
thick deposit of Quaternary containing, among others, numerous frag-
ments of Archesean rocks. The park becomes very narrow along the main
creek owing to the intrusion of dikes. Some enormous fragments of
gneiss were seen in the narrow space between Bare Cone and the Stone-
wall, most of them angular and showing little evidence of water-wear.

Two dikes split this park from the Leandro Cafion southward and
appear to extend from Bare Cone, though the character of the rock is very
different. Another follows the Stonewall for several miles and at last
breaks through it to pass into Costilla Peak, which itself is but an over-
flow from a dike of the Old Baldy group. This dike dips with the Stone-
wall, and the trachyte of which it is composed contains many small
fragments of gneiss.

Bare Cone is the northern termination of an enormous dike which
is easily followed southward to where it crosses a fork of South Poiiil
Creek and is lost in Old Baldy. It is composed of an exceedingly fine-
grained quartzite-like rhyolite, (?) weathering yellow; but farther south
this is succeeded by the trachyte characterizing the Old Baldy series of
_ dikes. '

A low divide composed of Laramie rocks separates Leandro Park
from Rock Park on

Rock Creexk.—This stream rises under the east slope of Costilla Peak
in an ill-drained park, which is separated by low, almost impefceptible di-
vides from Leandro Creek at the north and from South Pofiil and Comanche
Creeks at the south. This basin is terraced and contains many lakelets
so poorly drained that throughout nearly the whole of its extent the floor
is a marsh. The creek breaks through Bare Cone and two other dikes
and flows in an irregularly southeast direction through Rock Park to the
Vermejo, which it reaches within the Laramie area.

Rock Park has a rudely terraced surface and much of it is marshy,
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some parts being lower than the bed of the creek. A handsome terrace
covered with pine trees separates this from. the park through which
Leandro Creek flows amid the Laramie rocks. The detritus on this
terrace is thin, but contains fragments of Carboniferous and Dakota rocks
as well as of the Bare Cone rhyolite, all of them water-worn. Attempts
were made to obtain sections of the Laramie rocks surrounding the park,
but no exposures other than of sandstones could be found. Some huge
masses of sandstone lie scattered in the open space, and from these the
park derives its name. The soil is a fine silt and contains fragments of
the rocks seen at the west.

A low divide separates this from Van Bremmer’s Park, which in like
manner is on the top of the Laramie Plateau. This is a large rudely
terraced basin, more or less marshy throughout and holding many
alkaline lakelets, all of which, with but one exception, become dry during
the prolonged dry season. The basin is hemmed in by hills on all sides
except toward Rock Park and Van Bremmer’s Cafion, and toward these
there are rocky walls. The surface gradually rises toward the cafion and
the covering of recent deposits diminishes in the same direction until, at
a short distance east from the Trinidad and Elizabethtown road, it prac-
tically disappears. The eastern or southeastern edge, as determined by
the aneroid barometer and Locke’s level, is very nearly of the same
height with the terrace separating Rock and Leandro Creeks. No drainage
is possible through Van Bremmer’s Cafion to the plains or through
Blattmer’s Cafion to Vermejo Creek. Laramie rocks surround this park
on all sides, but near the foot-hills they are badly cut by dikes of the Old

Baldy group.
SECTION 1IV.

THE CANONS OF OCROW CREEK AND THE UPPER CANADIAN,
CROW CREEK.

This insignificant stream flows through a deep cafion opening upon
the plains at about eleven miles north from Vermejo Creek. The bluff
fronting upon the plains between the two cafions shows the lower rocks
of the Laramie group resting on shales of Cretaceous No. 4; but, owing
to the height of the terrace stretching toward the Canadian River, the
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exposure of the shales is of slight vertical extent for much of the distance.
They are well shown at the mouth of Crow Creek Cafion and do not pass
- under the stream until fully four miles above the stage-station. A fine
exposure was found near the first spring, whence were
obtained Baculitcs, Inoceramus, Dosinia, Mactra, and other
forms. The concretions contain enormous Inocerams,
some of which are more than twenty inches long. Many '
small shells occur in the shales, and a layer of limestone
near the Halymenites sandstone contains Baculites and
other genera, all of which retain the nacre. Fine crystals
of selenite are abundant, and some of them are five
inches long. Thin layers of yellowish Sandy limestone *!
and of white clay are present at varying intervals.
The following section was obtained just above where

the shales are at water-level: 8 /////////

Feet. Inches.

ove
N

1. Sandstone ...... . ...... e et e, 1o o0
2. Concealed .. ... ... .. i i, 12 0 0 W
3. Sandstone..... ... ... .. ... . ... 80 0 5 Z
4. Lower Vermegjo- coal-bed (F), seen . ...c.coenen. .. 0o 4 "
. Shale........ooo i e 9 0 n
6. Sandstone ........... ... . .. L.l 22 0
7. Concealed...... ... ... ... ... .. ..l 19 0
8. Upper Reilly coal-bed (B)................0....... 1 11
9. Sandstone ..... ... ... il 26 0
10. Concealed. ... ... .. ... oo iiiiiiiiiiiieae.. D 0
11. Lower Reilly coal-bed (D) ........... [ Blossom. 15 zZ2 o
12, Concealed. ........ ... ... ... liiiaiiaiie... 5 0
13. Sandstone .... ..... ... iiiiiiiiiiioiiiiit, 66 0
14. Trinidad coal-bed (B) .. .....coceicueeeeena e, 3 8 i
15. Drab shale............c.ciiiiiiiiiieiiennnn.. 9 0
16, Sandstone... ............ ... oLl 3 0
17. Dillon coal-bed (A) «....coo oo oo 6 0
18. Darkshale ... ... ... .. ... ..o 1 0
19. Halymenites sandstone ...... .. ................. 80 0 07
20. Sandstone and shale ........................... 00 Y 7 7 é:’ff/’,;;’
Total... ... il 600 11 ;,;/, . :/i?", 4/://:: ,/’2/
The highest sandstone is that immediately over- [ZZ 5

lying the Upper Vermejo coal-bed, and it forms the crest & ¥ v oret

of the hill just above the first spring. It is reddish gray, fairly compact,
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though some parts are soft and on exposure weather readily into rounded
forms. Flaggy layers containing impressions of leaves are not rare. The
second sandstone varies from red to gray, is soft and massive, and as
usual forms a fine cliff. The place of the Vermejo coal-bed is between
these sandstones, but its blossom is not shown. The lower of the
sandstones has irregular layers of dark reddish-blue limestone, weather-
ing bright yellow and containing no fossils.

The Lower Vermgjo coal-bed is of no value though its coal seems to
be good. The Upper Reilly coal-bed, too, is unimportant as it is nothing
but a rich carbonaceous shale.

The interval in which the Willow Creek coal-bed should be found is
wholly concealed at all the localities examined. The thick sandstone rest-
ing on the Trinidad coal-bed is rusty yellow except near the top, where
some of the layers are gray; some of the layers at the base are coarse,
with pebbles of white quartz, and the under surface of the rock is cov-
ered with cylindrical bodies one to two inches long and one-eighth to
one-fourth of an inch in diameter, which seem to be casts of fucoids.
This sandstone becomes thinner near the forks of the creek, where it is
flaggy and contains impressions of leaves.

The Trinidad coal-bed is exposed only near the forks of the creek on

the north side of the cafion, where it shows
Feet. Inches.

1 Coal. ... oot e iiiiie iee et O 6
B 30 L) O 0 2
3. 00al. ... e et 1 2
4. Sandyshale............... e e et eertciaieaieiiee aeee O 1
B. Coal. ... e 0 4
6. Sandy shale .. ...... ... . i it it .. .. 0 2
R 7. 7 -1 3

Dotal . . e 3 8

The coal is slaty throughout, and as shown here is of no value; but on
a tributary cafion, entering at about a mile above the stage-road, the bed
is much thicker, as appears in the following section:

Feet. Inches.
1. Conglomerate sandstone .. .... .. . ... ...t iiiin i e, 10 0

2. Shale from Zero G0 . o .o ov e i et e i et e ettt 0 1
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Feet. Inches.

3. Trinidad coal-bed (B).. .. ... ..o i 7 ¢
COQL. .. e e e aat e aeat teaaae craea e 0 5
Sandy shale. .. ... .coo. oiiiil i e i e e 0 11
Coal. . . o e e e 1 1
Parting . ..o e e - -
COaL. . .. e e e, 1 8
L) 0 2
Co0al. . . o o e et 2 0
L] P 0 1
[0 7 AU 0 8
Blueclay. ... ... oot i i e e 0 1
Coal. .. . it ieaac e e 0 10
L0 0 2
Coal................. Rt .0 6
4. Blueshale.... .. .. e i i e ieet ttaceitaca e e, D 0
B, SandStone - - .. ... . iiiat ceit it beedec et 14 0
6. Dillon coal-bed (A). .. ... o i e i et 5 0
B 077 U 42 8

In the former section only that portion of the bed is present which
in this lies above No. 6. The coal at the lower exposure is very good,
and it can be worked to profit as the partings are very thin. The blos-
som in the side cafion is extensive, making a broad band which can be
seen from the stage-road.

The Dillon coal-bed is exposed at many places. Just above the first

spring in the cafion it shows
Feet. Inches.

1L Coal ..cveeeeiineein oot e e e eareeaan et e s 4
D 0 £ U e 3 0
8. 00al ...covveceu ..., et teae i saer meeeeveectaeeaaeen ans ceeee 1 6
4. Bony coal. .. ... ot iiiaeeaeaaal e e 0 2
D, Coal ... e e e eteeieee e imee e eeeee. 1 0

But its variations are serious, for in the side cafion already referred
to it is represented by five feet of Carbonaceous shale.

The Halymenites sandstone varies from gray to buff, and toward the
base it contains conglomerate layers. Many parts are crowded with the
fucoid, Halymenites major. This rock rests on seventy feet of reddish-
brown shale which holds many layers of sandstone in which are. rude
characterless casts of fucoids. These shales pass almost imperceptibly
into those of Cretaceous No. 4 below.
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THE UPPER CANADIAN.

The Upper Canadian, or West Fork of the Canadian River, rises
within the Laramie area very near the Trinidad and Elizabethtown road
and flows eastwardly to the plains, where, uniting with Willow Creek, it
forms the Canadian River. The conditions observed in this cafion are
very similar to those observed along Crow Creek and the Vermejo. The
Halymenites sandstone makes a broad band on the bluff between the mouth
of the former cafion and that of the Canadian, while above it the wide blos-

7777
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F16. 39.—Upper Ca-
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som of the Dillon coal-bed is frequently shown. The
lower part of the bluff is made of Cretaceous No. 4.

. The Cretaceous shales remain above the creek in this
cafion to the first side cafion on the south. They contain
the usual concretions; but Mr. Russell, who examined
them, reported that they are not so rich in fossils as at
some localities farther south, and he procured only a
single Baculites and a few Inocerams.

The Dillon coal-bed makes an enormous blossom at the
mouth of the cafion, where it caps a promontory between
this and Dillon’s Cafion. The following section was
obtained near the point where the Cretaceous shales

disappear:
Feet. Inches.

1. SandsStone. ... coie it ct e ieeetiaeaaaaan - -
2. Concealed ... ... ccroiiiit it aas 27 0
3. 8hale. ... it i e i, 6 0
4. Concealed ... .. .... et itaiiee e, 15 0
5. Sandstone, with basalt at the base.. ........... 42 0
6. Willow Creek coal-bed (C) ...... ......coovonn... 1 0
7.Concealed.. . ....-.coiveer iivinienianranean. 36 0
8 Sandstone.............coieeiiaeiann. feeeeaean 19 0
9, Concealed. . ....ouveereeernennasee ceneanncnann 22 0
10, Sandstone. ... .. ooor i it i e 18 0
11, Shale .. oo i cae i e i ce e et ceaean 5 0
12, Sandstone. ........ooiiit i e 22 0
B ) T: 1 3 0
14. Dillon coal-bed (A). . ... ..o ciievaenninnan 11 5
15. Sandstone and shales...... .. ... . .......... 280 0

Total . .. ..o iiiee it et i iiiaaeaaa 507 5
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Feet.
B O 47 7 0
2. Coaly shale....... .......... ceeeiieaee Ceeettceeeeacane e, 5
3. Black Shale.....cviiiit i i e ie i tieetea i teen i, s 2
4. Red shale. ..o oo i et iiceatant heae eenaan 0
5. Black Shale . ... ... e iiei . il ieeiericeiercmaeneaaaaaaan 1
L 7 2
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The sandstone at the top of the section is that overlying the Lower
Vermejo coal-bed, which is concealed here; it contains thin sheets of
limestone, blue on the fresh surface but weathering to rusty yellow.
They contain no fossils. '
The sheets of basalt associated with the Willow OCreck coal-bed
vary from very soft to very hard, some layers weathering brownish-red
and breaking down on exposure, while others seem to resist all action
the weather. Intruded basalt has caused serious disturbance in the
Dillon coal-bed, where it occurs in strings and bunches, distorting and
coking the coal, so that a section was obtained only with much diffi-
culty. This basalt is brownish-red, concentric, and peels off in layers, so
that the surface is mammilated. The section of the coal-bed is—

Inches.

SO oW

The coal seems to be good, but the bed is so badly broken up as to be

worthless. Another section was obtained at nearly a mile farther up the
cafion, as follows:
Feet.
1. Coal-bed, SEBI. .. ... iieii e il e e e e 2
2. 8hale. ... .. .. i e e teiaeeeccaaaan 18
3. Sandstone .......... e e eeeteeaeaaaaas e e eeeieeaaean 4
4, Coal-Ded . ... .. . e et et et 0
5. Sandstone and shale. ... ... .. ... .. ... .. 13
6. Basalt.. ... .. .. ... ... ... e et beaeet e cee e 4
7. Sandstone ...... it ettt m e iam e e e, 10
8. Blackand drabshale........ ccoceivurienreenannnn. e eeeaeaas 28
9. Sandstone................ ..., e e et aianeaaa 2
10. Black and drabshale.................... eeene emame eeaer aaaan. 11
11, Coaland basalt. ... ... oo e o it et i teaecaeeanaaaannnans 4
12, Shale . . i e e i et 3
13. Dillon coal-bed (A) ... oo e i e e 11
14, Shale. ... .o i ettt i eaeeaaaaaaan 5
15. Sandstone.... ... e e e et it teiaaaaa—— .. 30
16. Coal-bed ..... ... . ... . . e i i aiiaiana- et 1
17. Halymenites sandstone to creek.. .. ......ooiiiioiiii i, 20

B 1 172 AU RN 166

Inches.

[SECEEESS - - R N - -

—
<
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The relations of the coal-beds in this section are not wholly clear
The Dillon coal-bed has the following structure:

Feet.
1. Coal and coaly shale.. .. ... .. ... . . il et e 2
9. 8hale......... .. ........ e e e e aeaaa aaas 3
3. BandStOne. - . ..o e et e et ieeees e aeenan e 1
B Y171 [ O 3
B. Coal. .. .. . e e et aeeea e e e iaaaa 2

And it is not altogether improbable that the coal entangled in the trap
should be included in this bed. In this upper bench the coal has been
coked. The higher bed of basalt has exerted no influence upon the rocks
adjacent to it.

A very fair exposure was found at the mouth of Cat’s Claw Cafion,
two miles farther up the creek, where the following section was obtained:

Feet. Inches.

//////////// . 1. Sandstone......... .... i 2 0
, 2. Concealed .. e S B |
E— N R W C’anon coal bed (H) ................... 3 3
% R T~ 173 - A S 3 0
/// 5 5, Sandstone...... ....cc.iiiieiiaieeie car aeeans 4 0
/A 6. Concealed . . P 17 S |
7. Upper Verme]o coal bed (G) ...................... 0 10
6 8. 8Shale..... oottt e e 3 0
9. Sandstone........ ... eieiiiiiiioa anon. 46 0
Z 10. Shale ... inois et e e e e 12 0
o 11. Lower Vermejo coal- bed 8 0 3
12. Concealed .... ... ... ..o it i ol 11 0
G ,//, 77 , 10 13. Sandstone ... ...iiiiiiiiiiiiiieiii e e 38 0
1z 14, Concealed... ......... et eeeen e 2 0
s 18. Sandstone..... et e et eaeee taeanaeaaas 22 0
% 16. Willow Creek coal-bed (C)........ ......... ..... 14 2
Total.....coiuiiiiee e i e 367 6
14
Coal-bed H is thicker here than at any other locality
7 ~ seen during the season, and has two benches fifteen and
o et twenty inches, separated by four inches of clay. The

Fic. 80 — Mosth of interval between the Vermejo coal-beds is smaller than

Cat's Claw Camon. . observed elsewhere, but there seems to be no room for
doubting the accuracy of the identification of the lower bed, for the sand-
stone above it was traced up the cafion, and here it has the usual layers
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of limestone, which are rarely wanting. The Iﬁeasurement given for the
Willow Creek coal-bed is very indefinite, for sheets of compact trap have

distorted the bed seriously. The section seems to be
Feet. Inches.

1, Coal.. .. .. e e e et 0 6
2. Sandstone anl sl . e 8 1]
B T 7 1 0 8
4. Black shale. . ... .. e e 5 0

and the black shale at the base contains many thin streaks of coal.
Another section was obtained at a mile farther up the cafion, showing

Feet. TInches. w7
/
1. Sandstone. . .... . oo o iiiiei e 33 0 . % /
2. Gray sandy shale ..................oo.eiooes 110 Z /
3. Concealed ..... .. ...l ceieviennn.. 19 0 oo %
4. Shaly sandstone ...... e e 5 0 W 2GS,
5. Concealed ......... ... it iiiaa e, 22 0 3
6. Sandsto_ne.... ................ e 1 0 s
7. Shale with coal-bed (H) ........ ... oo . 36 0
8 Sandstone ...... ... ...ttt iianiiee.. 6 0 5
9. 8hale . ... . .. .. e e ceae, 3 0 W 7o a7 7oA
10. Coalbed (G") . «..oeiieieiie e e e . 32 J;’g;fg’é’{zj/ﬁ;;;?
11, ShAle oo o e e e e 1 6 B 2P/ AP A
< 7/ 77
i; gizismne............,...: ............... f 3 [/;;22,’:2%222}’
14. Coal-bed (G'), with shale .. . ................ 5 17 j 5 OETELE:
15. Shale -------------------------------------- 6 O W,1218 525222722,222 727
16. Sandstone ......... . ... ... ... ... 10 Wl 272 P2 E s
17, Shale «.oveeeeriieeee i aes aee s, 16 0 "” //’/’f/i/"/l/’t/"’z/f’
16
18. Sandstone ..... ... ... iiiiiiaaos. 1 0 . ,;';,;,;;23/,:,:,;4
19. Upper Vermejo coal-bed (G) ................... 0 10 18
20. Sandy clay ... ....oo..oiiiiiiiiill N | 6 1
2 %
21. Sandstoneand shale..................... ... 25 0 2 ,
Total .. ... . .. 993 7 Z %

FiG. 4.—0n¢ mile

The blossom only of Coal-bed H is shown here, Camen*
and it is indefinite. No. 10 is double, the benches being one foot and
eight inches, separated by eighteen inches of shale. The benches of No.
14 are four and fifteen inches, with four feet of shale intervening. No.
21 varies much between the mouth of Cat’s Claw Cafion and this place,
changing abruptly from sandstone to shale and back again.

Above this to within three or four miles of the Elizabethtown and
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only fragmentary exposures in the creek’s bénk could be

found, and these are not too close together. The sandstone No. 1 of the
last section was followed for four miles above the mouth of Cat’s Claw
Cafion, and thence to near the open park reaching almost to the head of
the creek. The following section was made out from the petty exposures:

HASSS LA S A A Ao

>
ARSI

F1G. 42.—Adlong the
Upper Canadian.

Feet. Inches.

! 1. Concealed ......cvvvivennnn.... e 45 0

,  2.Shale ..... ... ceeeieol e R &

: 3. Coal-bed (P) .. oo veeiiiiinsiiie e 2 6

. 4. Shale ................. et eeteeeeiiean. 2 0

B, Sandstone . ..o iieiet i i e 45 0

. 6. Concealed .......ccvimmr e aan 9 0

7 7. Sandstone . ... ...ooitiiiiiiies aeas e 13 0

® 8 Coalbed (N) «o.iureeiiiiiiie e Blossom.

, 9. Darkshale .......coover toiini it 67 0

10. Coalbed (L) -.vvovcanenneennnennns e Blossom.

11. Sandstone .....coiiitaiint e e ... 23 0

192, Concealed ...... .. ......... beeeeteaeaneann 125 0

" 13. Long’s Cafion coalbed (J)...... ccoun... e 1 6

14. Shale .. ... . ... .......... e e e 3 0

15, Sandstone .. .....cce. ce teriiiiiieeiaaaan, 22 0

16. Concealed .....-..cverinr iiiiaiae canann 34 0

1 17. Sandstone ...... ... ... e e ieee et aeaas 11 0

18. Clay . . i e e e e 1 0

19. Carbonaceounsshale..............ccieviei ol 1 0

20. Shale ...... ... it i 11 0

8 2L Coalbed (I) .. eeuvier it i e e 0 10

15 22, Blackshale ... ...... ........... ..... ..... 3 0

23. Drabshale ........ ... . ... ... ....... e.. 8 0

16 24, Sandstone.. ... ... ... ... ..., 33 0

115,20 ) R 469 10

2;,23

% No. 3 is an excellent coal-bed, and is accessible

at a little distance below the second ranch east from
the park. No. 12 evidently contains a coal-bed midway,

but the hill-side where the measurement was made is deeply covered with
débris. The same is true of No. 9, which is very imperfectly exposed.
An irregular layer of trap, which underlies No. 18, is from eight to fourteen
inches thick and has baked the shale below it. A similar bed underlies
No. 22, and another is shown under No. 23, each of which has exerted a
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decided effect on the adjacent rocks. This exposure is at nearly four
miles above the mouth of Cat’s Claw Cafion or Potato Cafion. Just above

the second ranch referred to the following additional section was obtained:
Feet. Inches.

1. Shale and flaggy sandstone. ............ ... it ciiieiiiiiiiie. oL 40 0
2. Caliente coal-bed (R)...... . .. .. ... . iiiiiiieinaiaiiieas o .. 16 2
Coal . . o |
barbonaceous shale .............. e aerees secmeiannas 7T 0
COAL .. <o et i i e eet ira e e 2 0
Ooalyshale.. ... ... ... .. 7 0

The coal in this bed is fairly good, but it cannot be mined except at
serious cost, as the roof is insecure. Two other coal-beds were seen at
a little way farther up the creek and just below the next ranch, the

section being— Feet. Inches.

1. Coal-bed(T)............ e Nt e e eeeaeiaeeeai e Blossom.
2, 00ncealed. ... oot e 4 0
3. Flaggysandstone.......... ... ... Ll 10 0
4, Concealed.... ....... .. ........ R e 14 0
5. Shale.................. f e e et et 4 0
L T A ) 4 3

Coal-bed S shows the following structure:
Feet. Inches.

Lo 00l e 0 4 17/////'/%
2. Shale. .. ottt e et e 2 0

3. 00al. ... i aeeiacaaaan 0 5

S 0 6

5. Slaty coal. . ... oo i 1 0

A thin shale intervenes between it and the sandstone at
the top of the preceding section, making the total interval
between Coal-beds R and S not far from fifty feet. At
the lower end of the park, or about four miles from the
Trinidad road, Coal-bed T makes a wide blossom, and it

@

G

.. , . ’ it . ///
is fairly well shown about midway in the park, where the 22222227
. . . 6 lr2%% A
following section was obtained: 8 2222227
Feet,
1. Coarse sandsStone. ......... ... coceen it iiaian e - 8
2. 00ncealed. ..o i e i i e e 55 ° f’ 2565555527
3. SANASLOMO.« - e vt e ce e e e e 11 :T 722
4. Concealed...... ...... .. et et e b 11 2
5. Sandstone................. e e e 22 Tia. 43-2Thrbec miles
vlizabet
6. Shale.............. e e 9 {2‘;”3 wabetitouwn
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7. Canadian coal-bed (U).... ..... (... (il e ciies oo Pleit
8. Concealed ... . ... .ot iiiiiieeaaaas v . e e eeee e e 9
9, Black Shale .. .. c oot i et e e e e 3
10, Sandstone . ... ... i et i ee et et et aaan. 9
11. Concealed..................... e e et e 5
12, Coal-bed (T) .. - . ot o e e et e e 2

1 07 1 147

No. 12 is the higher coal of the last section, and it doubtless has
a much greater thickness than is given, for fragments of coal were seen
among the débris covering No. 11. The Canadian coal-bed shows three
feet of coal and eight feet of coaly shale, but the exposure is not com-

plete, for at another exposure it shows
Feet. Inches.

O 7 7 M 2 6
] -, 0 10
3. Coalyshale. ... ... ... . . . L i el 3 0

The last resting on sandstone, so that it is not improbable that layers of
coal are distributed through Nos. 7, 8, and 9. This bed is frequently
exposed in this park. Thence to the head of the stream exposures are
few and unsatisfactory. Black shales with thin layers of trap were seen
at two miles from the Trinidad and Elizabethtown road, and beyond these
one soon comes to the Great Sandstone, of which the yellow portion is
shown to a thickness of 270 feet.

SECTION V.

DILLON’S CANON AND THE REGION BORDERING ON WILLOW CREEK.
DILLON'S CANON. '

Dillon’s Cafion is directly northeast from that of the Canadian, and
the two cafions open together. The Dillon coal-bed is well exposed on
the bluff between them, where it rests on the Halymenites sandstone,
below which are the brownish shales and sandstones overlying the Cre-
taceous.

The shales of Cretaceous No. 4 remain in sight along this cafion to
within a mile and a half of Dillon’s Ranch, while fragments of the con-
cretions belonging to it cover the ground. The following section was
obtained where the Halymenites sandstone comes down to the stream:
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Feet. Inches.

L Sandstone. .. ... oo it i i e 0
2. Yellow sandy shale ......................... 22 0
3. Sandstone ... ... ieceen i 112 0
4. Concealed . ... .... ... il 33 0
5. Upper Vermejo coal-bed (G) .. .ocoooi oo ... 0 6
6. Shale . ... .............. e 11 0
7. Sandstone.. ... ... .. ... . L ..oiiiillL. 80 0
8 Concealed . ......cco i 135 0
9. Willow Creek coal-bed (C) .................... 2 0
10. Drabshale .... ... ... .. i, 8 0
11. Carbonaceous shale . ......... ... ... .. ... 1 2
12. Shale ... ... i 11 0
13. Concealed ..... ..ot iiemeie e 66 0
14. Sandstone. .......coiiiiiii i 22 0
15. Carbonaceous shale ..................... .. 1 0
16. Brownshale......... ... .. .. . iil. 10 0
17. Dillon coal-bed (A) .. ... .. oeiiiiiiiiL.. 9 1
18. Drabshale ......... ... .. ... ... ... .. .. 3 0
19. Concealed.......... ... ... ... 8 0
20. Halymenites sandstone .. ... ... ............. 80 0
Motal. ... e e e 617 7

Coal-bed H should be found at the base of No. 2,
but the exposure is not complete. The great sand-
stone overlying the Upper Vermejo coal-bed is much
broken by thin layers of sandy shale, varies from hard,
flaggy and rusty yellow to soft, massive and light-gray
or buff, the latter weathering into marked architectural
forms. Many layers contain battered fragments of
wood and others are full of comminuted vegetable
matter. Some show many impressions of dicotyled-
onous leaves. The interval, No. 4, evidently contains
much sandstone, and has also an intruded sheet of
trap similar to that occurring in No. 7, the persistent
sandstone over the ZLower Vermejo coal-bed. This
sandstone is soft, light-yellow, shows deep cavities on
its face, and forms a fine cliff. The trap sheet is

10,11,12
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Fig. 44.—In lower
part of Dillow's
Cafion.

irregular, but the sandstone near it is distorted and shows vapor or gas-
holes, though no metamorphism is apparent even along the line of contact.
The Upper Vermejo coal-bed, at only two or three feet below the higher
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sheet of trap, is unaffected. The Dillon coal-bed is quite important and

has the following structure:
Teet. Inches.

LoQoal. ... oo e e et teeieat et aan 0 4
2, Bhale . ... e e e e e 1 8
3. Carbonaceous shale....... ... .o it e 1 4
O . 1 2
5T ) 0 1
6. Ooal. ... o e e e e e 3 4

Thus giving four feet six inches of coal in one body, and the coal is good.
The Halymenites sandstone is gray, cross-bedded, laminated, and soft. It
contains some thin layers of conglomerate and shows rude casts of fucoids,
but no specimens of Halymenites major could be found.

Somewhat farther up the cafion, probably half a mile below Dillon’s
Ranch, a little ravine coming in from the east affords a good section,
exhibiting the interval below No. 8 of the last section. The succession is—

Feet. Inches.

W//// 1 1. Sandstone...... ... .. iiiiiiiiiiiiiiian, - -
A ,n,: \ 2. Shale. ...... O I ] 0
;:';_::::_j:_:’/_jf_jg < s 3. Lower Vermejo coal-bed (F) ..................... 0 10
''''''' ’/'/"‘5 4. Sandy fire-clay...... ... .. iiiiiiiiiinieeea, 110
. 5. Shaly sandstone...... ... .. ... ... o ... 16 0

- 7 G. Concealed..........coeiiiiiiiiiiiiiial tut, 22 0
e 5 7. Upper Eeilly coal-bed (E).. ...... ............. 0 8

i(ﬁ) 5 8. Flaggy sandstone .. .. ...........c.cooouion.... 9 0

SOOI F 9. Concealed....... ... . .iiiiiiiiit i, 16 0
' 10. Bla¢k and drab shale.......... ..... ......... 2 6

it 1 11. Lower Reilly coal-bed (D) ... ..coueveoiniaan . 0 2
4 12, Shale. ... e . . 10

/////// 20 13, Sandstone ... ... el e it iaeeaaan 4 0
14. Concealed. ...... ... iit tiiiiivinnnan caunn 8 0

15. Shale. ... ..ottt iiiiee ciiieee ceiaaaaan 12 0

A 16, Flaggy sandstone. .. ..o veviinivvene ot caanen 20 0

17. Shale ... ... e e 9 0

18. Willow Creek coal-bed (C). ... .. ... ... 3 0

19. Shale ... .. . cieel il il il 13 0

20. Yellowsandstone............................. 28 0

Fie. ;%,:R{:’;gg Dit- 21, Concealed . ... .. ceiiiiiiiiii ean. 20
o 22. Dillon coal-bed (A) .. .ooviereini it 11 8

D2 T Y 721 U Y G 10 0
24. Halymenites sandstonetocreek. ... ... ... ..o i, 2 0
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The interval between coal-beds A and C is practically the same as in
the preceding section, and the increased thickness of the latter bed may
be accounted for by supposing that the drab shale has disappeared, thus
' permitting the two parts of the bed to come together. A basalt dike,
breaking through the hill near the mouth of the ravine, has baked the
clays below No. 18 into a hard brick-like rock, which is dark and speckled
with white blotches. The Dillon coal-bed has been opened just above this
ravine, and it shows an increased thickness, though the coal is not so
well disposed as in the preceding section, the condition being

Feet. Inches.

1. Carbonaceous shale. .. ... ... ... . i it i 0 4
2 Coal........... e e e e et e e 2 10
3. Shale. oo e e 0 4
S 7/ 1 0 10
B, Drab Shale. oot e e e e e 2 8
G, Coal ... e e ettt 0 10
T Parting .. oo e - -
8. Coal ........ ceee e et et ieataemiacesnacaae memacaeanaaaaa 0 8
0. Parting .. o i iei e - -
10. Coal. . ... .o e o iaeaee teaaan aeaan e reee e e ieeeneanaaaan 1 7
8 R )7 1 0
12. Coal. . . .. e e e e et e 0 6

b ] 72 ) 11 7

Thus showing two main benches of the coal four feet four inches and
three feet two inches thick; but the clay parting must prove a very seri-
ous hindrance to economical working, although the coal is clearly good.
The clay next the bottom contains many roots. It is irregular and fre-
quently swells so as to cut away ten inches from the overlying bench.
Two feet of drab shales overlie the Dillon coal-bed here, but in them no
leaf-impressions could be found. :

An imperfect exposure on the opposite side of the cafion shows that
the interval No. 23 contains mostly sandstone; there a poor blossom
of the Trinidad coal-bed was seen at thirty-five feet above the Dillon bed.

The trap sheet first seen in the sandstone above the Lower Vermejo
coal-bed is well exposed along the cafion for nearly two-thirds of a mile
above Dillon’s Ranch; but its course is far from being regular, for af
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one-third of a mile above that ranch the sheet is very near the place
of the Willow Creck coal-bed and is twenty feet thick. It rests directly
on a flaggy sandstone whose upper layer has been converted into
quartzite. _

The first section disappears about two miles above Dillon’s Ranch
and there the following section was obtained :

Feet

/ 1. Sandstone ........coiiciiit v v iiiiiiiieies e, 100

/ 2, Concealed .... . .i.iiit il e 11

1 3. Long’s Cafion coal-bed (J)....covveiiiiiar coviina ... 2

4, Concealed ......... ........ e e e 12

5. Sandstone .. ... .. e 23

// 6. Concealed .....ivenimmenirieiet tee e aaa e 33

3 7. Sandstone ...... ettt 40

////// ’ 217 221
. .

Z No. 1 contains huge knotted fucoids and is yellow-

/// . ish-gray. The Long’s Cafion coal-bed is imperfectly shown

/ where this section was obtained, but an exposure farther

¥ie. 46 —dbove Dil- - up the cafion shows it to be of the thickness given. The

highest sandstone remains in sight for somewhat more
than a mile above this locality, and as its top comes down an exposure
near the road gives the subjoined section:

Feet. Inches.

1. Cameron coal-bed (M) ... ..cunrentirine ceiicttieai s e e e aas 3 0
2. Dark shale. .. ... oo i i ittt ittt eaa s 27 0
BB 0 7 A 1 ) 1 3
4. Drab shale . 7 0
B, Sandstone .. ... ... it iieitictieet ¢ treeiiicesen tencmecenaan 8 0

15 ) 46 3

The Cameron coal-bed is represented here by carbonaceous shale
containing thin streaks of coal. The shales below it are very dark and
are crowded with nodules of iron ore, many of which are lined with
calcspar. Coal-bed L is utterly unimportant. Two sections were made
at nearly four miles above Dillon’s Ranch, one of them by Mr. Russell.
From these the following section was compiled:
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Feet. Inches,
15 0

1. Sandstone .. ... coeeiiiiaiiannn P e .
9. Coalbed (Y) «eonrviie e e e e Blossom.
3. Sandstone. ... .. ... < ieiiiiier 4 een oo ... 36 0
4. Sandstone .. ... i it meas ieeieeae 35 0
5. Carbonaccous shale (X!} . ..o i, 2 0
G. Sandstone ... oo ettt i 8 0 s
7. Dark sandy shale ............ ......... e 12 0 1 7
8. Sandstone . ...t ittt i 1 0
9. Concealed ............. e e aaes Ceeeaan % 0 ,
10. Compact sandstone. . .......... ...coiiiiiiaan 40 0
11. Carbonaceous shale (V) ...... ....... . ... 13 0
12. Concealed ... . coo i i e e e 35 0
13. Flaggy sandstone ...... ... co.ievriciniaenaans 5 0 %
14. Drabshale ...... ... .. . 8 0 /
15. Coal-bed (B) . el ceieeees 0 B8 W ETTTE T
16. Black shale.... .. ...ocooiir ciiniiiiii i 12 o,
17. Sandstone............... - 0
18. Coal-bed (R').. ... P S
19. Blackshale.... ... ... . oo iiiiii it 21 0 = %
20. SandStone . ...... ... iiieii i i 30 0 /
21. Concealed ........................... e 13 0 ,/,/,,,,,,,, o
22. Raton coal-bed (Q) ...... ....................... Blossom. [ __
23. Drab shale ... .... ...l U0 GRS
94, CONCEALEd - -nee wern ee e e 0 0 2"’""’-'“'”
25. SandStOne ... ... .occeeeciiiiiiiaiiiias e, 35 0 /////A
26. Concealed ...... e e et 17 0 =
27. Coal-bed (N) . ooiieees ciaereeeiaeecanenes 20 2§""cz"'i////////,7
28. Shale ... .. iiiiia e 22 o
29, Sandstone ... .. .ccoi et it e, 11 0
30. Cameron coal-bed (M) ....... .. .c.iiiiiiiinnn.n. 3 0 N7 //
Total.....oov i i e i eeas 560 10. /
26
27
o 0
The blossom of No. 2 is at best very doubtful and * FZ222222%72
2 [/

in all probability there is here only carbonaceous shale. ®
No. 5 is more nearly a coal-bed, for the shale contains Ei; 47--Four miles
many thin streaks of coal throughout. The same is true

of No. 11, which is well exposed and contains some coal, but the carbon-
aceous matter is confined for the most part to the top three feet; so
that the interval between it and the first coal-bed below is not far from
108 feet. The flaggy sandstone No. 13 is not fully exposed and there
may be another coal-bed in this interval. The sandstones of the section,
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except No. 1, are soft massive rocks, usually light yellowish-gray, weather
readily, and form fine cliffs. No. 1 was followed for some distance up the
cafion and as far as could be ascertained it is about forty feet thick. A con-
cealed interval of somewhat more than fifty feet comes between it and the
yellow sandstone, which is at the top of the series and is reached on the
summit between Dillon’s and Long’s Cafion.

THE REGION BORDERING ON WILLOW CREEK.

Willow Creek, the Eastern Fork of the Canadian River, is formed by
the union of two branches, one rising near Raton Pass, and the other,
known as Chico Rico Creek, rising near Manco Burro Pass. A large
stream, Ufia de Gato Creek, rises in Johnson’s Park near the eastern edge of
the Raton Plateau and flows westward to Willow Creek. The main creek
unites with the Upper Canadian near the northwest extremity of the
Eagle-tail Plateau. In the plains all of these streams flow through the
shales of Cretaceous No. 4, and occasional exposures of those shales
appear on the sides of the mesas. The greater part of the higher land
drained by Willow Creek -and its tributaries is covered with basalt.

Upper Willow Creek rises near Raton Pass and flows east of south
to its junction with Chico Rico Creek. The Cretaceous shales are shown
in the bluff from the mouth of Dillon’s Cafion to about a mile north
from the Willow Springs Ranch and exhibit the same characters as at
other localities already referred to. A number of small dikes were seen
near the ranch. The Dillon coal-bed is exposed by the roadside at little
more than a mile farther up the stream, where it has the following
structure:

Feet.
1. Coalyshale........... ......... S tmeretasscasescarateec g sasceen wenee 2
2. Redshale .... ... . .o e eeeaaaa e e e e, 2
3. Drab Shale ... ... . it et et et et et e e 4
O 77 4
L1 0] 72 R N 12

Several attempts were made to obtain sections on the hillsides along
this stream, but the exposures are so imperfect that no details could be
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gathered. The succession was made out by means of the roadside

exposures and is approximately as follows:
Feet. Inches.

1. Sandstone.. ... «..o.oooiiiiiiiii il Ll e - -\
2. Raton coal-bed (Q) ---.nooveoii L 2 0
3. Concealed......... ........co iiaia i 12500
4. Sandstone............ e et 22 o °
5. Concealed -. ...........oii iiiiiiiiil el 87 0
6. Coal-bed (K) ... ..o o o it Blossom, ‘[fRAlczzzzzzzz
7. Concealed ........ .. ... .. ... 255 0
8. Cat’s Claw Casion coal-bed (H)...... ... ...... 5 0
9. Concealed........ ... it 38 0 s h
10. Sandstone ...... .... . ..... e et 35 0
11. Concealed .. ..........oooii i cia. 1T 0
12. Upper Vermejo coal-bed (G) ..................... Blossom.
13. Concealed.......... .. .. .. i 21 0
14. Sandstone........ ... it e, 70 0
15. Concealed . R e e ieeeeiee. 7T 0
16. Lower Verme]o coal bed (F) .................... Blossom.
17. Imperfect exposure................... Ceeeeenn (i 0 Z
18. Lower Reilly coal-bed (D)................ ...... 1 0
19, Sandstone . .. ... o ii i 33 0 :? //////é
20, CONEEALEH - - v\ v vt e e, 1. o0 i
21. Willow O’reek coal-bed (O) .......... N 3 | Z
22. Sandstone......... 1 0
23. Concealed .. .. .. ..ceeiiiiiiin ieaaeieee .. 69 0 B
24. Trinidad coal-bed (B) ......................... Blossom. ¥
25, Concealed .... ......c... ceiiiiiL.L -e.. 35 0 0B
96. Dillon coalbed (A) ... ..o ooee e ... 12 0 @ L2
27. Shale. .. ... i e e e . . 2 0 nlpgg 2
28. Halymenites sandstone ...... ... . ......... .... 50 0 =
Total...... .. coioevviiian. e 1,004 0 =
a0
The Raton coal-bed is exposed directly at the approach w

to the summit of the pass. Coal-bed H is exposed in a

railroad cutting about three miles below the summit and % &, Filbw
seems to be not far from five feet thick, but the outcrop

is too much decomposed to exhibit the structure of the bed or the char-
acter of the coal. No. 18 contains several sheets of trap, and No. 20 is
shown in a cut just below it. The Willow Creek coal-bed is exposed in
a deep cut, but the outcrop is so badly decomposed that nothing can be
learned respecting the character of the coal.
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A thick plate of basalt covers the Raton Plateau and forms a distinct
rim from Raton Pass to Manco Burro Pass, though it is deeply indented
by erosion. Eastward from Raton Pass the rocks rise in a southeast
direction, so that as one goes east along the southern base of the plateau
from Willow Creek to Chico Rico he finds the Cretaceous shales rising
higher on the face of the mesa, while at the same time the surface of
the plain rises so that the exposure of the shale retains about the same
thickness and is little greater than in the bluff south from the mouth of
Dillon’s Cafion.

The Laramie rocks are exposed along Chico Rico Cafion quite to the
summit of Manco Burro Pass, where the Lower Reilly coal-bed is exposed
in the road. Two coal-beds are shown in the cafion of Chico Rico Creek,
west fork, the lower ten feet and the upper four feet thick, according to
report; but neither is exposed for measurement. A bold mass of basalt,
like that covering the plateau protrudes from the wall of the main cafion
at nearly five miles from the pass. Its layers slope toward .the creek.
Great numbers of water-worn fragments of gneiss and quartzite were
seen on the summit of the pass, all of which must have been brought
from the mountain range at the west.

Occasional insignificant exposures of Cretaceous shale were seen in
this cafion below the basaltic hill, and the surface of the valley is littered
with fragments of concretions belonging to the shale.

Following the base of the plateau southeastward toward Ufia de Gato
Creek one soon finds the Laramie rocks running out, so that the basalt
rests directly on Cretaceous shales. Several large hills of basalt lie
between the road and Willow Creek, of which the largest is broken into
several small hills with sloping crests, all directed from a central
point.

Joknson’s Park is an irregular area made up of narrow valleys scooped
out by the several forks of Ufia de Gato Creek, and separated by rounded
divides, from most of which the basalt has been removed. In the walls
of this park the basalt rests on the Cretaceous shales, which are fairly
well exposed. The lava consists for the most part of a tough bluish rock
containing some sanidin and much olivine. At one locality a dike 150
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yards wide, of more recent lava, has been thrust through the sheet, and
at a little distance from it are others of similar character. Branches of
these are thrust on each side into the adjoining cap. This lava shows
surfaces of flow, is dull rusty-brown, very porous, and crackles under
foot like hard cinder. It contains half-fused fragments of the older
sheet, while along the walls it has torn that rock badly, so as to form a
breccia in which are fragments of the older basalt as well as of the
Cretaceous rocks. Little cones of this later flow remain on top of the
plateau and its fragments are among those of most frequent occurrence
on the plain. ‘

Pebbles of gneiss and quartzite were seen up to within twenty feet
of the mesa cap or within 300 feet of the top of the plateau, and they are
very numerous on the divides separating the valleys of which the park is
made up. The Cretaceous shales are rich in concretions near the top,
while below these are dark shales with thin seams of yellow sandy lime-
stone containing abundance of Baculites, Inocerami, Avicula, as well as of
scales and bones of fish. Lower down in the series are thin-bedded clays
and sandy shales containing few fossils, though in some layers a large
Inoceramus is abundant. These shales are exposed in the creek bank
near the road leading to Willow Springs.

The country rises in mesas south and east from Ufia de Gato Creek,
and soon becomes one enormous lava-capped mesa, really continuous with
the Raton Plateau, and rising eastward beyond the limit of the map to the
Capulin Vegas, where there are three volcanic cones.

Several volcanic hills were seen on this mesa, of which Laughlin’s
Peak and Eagle-tail Mountain are not wholly unlike volcanic cones much
disfigured by erosion. The rocks on this mesa are closely allied to those
on top of the Raton Plateau.

The laminated sandy shales belonging to the base of Cretaceous No.
4 are exposed in Bragg’s Cafion with a thickness of seventy feet. They
are yellow above and gray below, the latter part weathering to dull
brown, probably because of the large proportion of vegetable matter.
Inocerams are numerous, and occasionally one finds with them a small
oyster. Layers of minute crystals of selenite are present between the
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lamine of shale and there are numerous films and small pockets of lignite.
Many portions are crowded with comminuted vegetable matter, but no
leaves were found aside from fragments probably belonging to a conifer.
The Cretaceous shale extends around the mesa southward.



CHAPTHER XV.

AREA OF THE MORA RIVER.

MORA CANON AND PLAINS—TURKEY MOUNTAINS—WOLF CREEK—COYOTE CREEK—
MORA CREEK—CEBOLLA CREEK—SAPILLO CREEK—MANUELITOS CREEK~—UPPER
SAPILLO CREEK.

MORA CANON AND PLAINS.

The Mora River rises near Mora Peak, flows southwardly along the
Mora anticlinal to near Mora, thence eastwardly to near the mouth of Coyote
Creek, and thence southward to the mouth of Sapillo Creek. From that
place it flows eastwardly in a deep cafion through the plains to the
Canadian River. This stream, which drains a large part of the region
involved in the Cimarron and Mora anticlinals, receives Coyote and Wolf
Creeks from the north and Cebolla and Sapillo Creeks from the west.
No important tributaries enter during its course through the plains,
though deep arroyos have been eroded on each side by streams flowing
only during spring-time.

The Mora Cafion really begins immediately below the mouth of
Coyote Creek and deepens thence until, at the Canadian, its wall is 1,090
feet high. This cafion is practically impassable from Cherry Valley to
within three miles of its mouth, and often there is not room for even a
narrow footpath between the river and the rocky wall; but it widens
above Cherry Valley and becomes less deep, so that thence to the head
there is ample room at most localities for a wagon-road, though the wall
remains abrupt and few outlets exist.

The basalt referred to in the chapter on the Canadian Cafion is
continuous to the Mora; but the latter cafion near its mouth has been
digged out alongside of the basalt. A low cone of sandstone projects

above that rock at a short distance up the Mora and marks ‘the south-
T 983
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ern wall of the cafion as it existed before the lava flowed into it. No
basalt occurs on the south side of the cafion below the sharp bend except
at one locality, where a little remains in a fragmentary condition on a
rocky point. But above that bend the channel-way of the present stream
has been cut down through the lava, which forms the walls on both
sides. ,

The basalt rests on an olive, massive sandstone belonging to the
Middle Dakota. From the river to the base of the lava-wall is 230 feet;*
to top of sheet, 620 feet; to brink of chasm, 890 feet; and to top of first
bench directly back from the brink, 1,090 feet. The base of the lava
sheet is given as 230 feet above the river-bed, but this is at the lowest
point, and the bottom of the mass is very irregular. When the lava
flowed down the Mora the cafion had been eroded to a depth of 860 feet
below the top of the present wall. The then existing gorge was terraced,
for the basalt often rests against a low wall of sandstone and overflows the
bench of which that is the escarpment. Occasionally the bottom of the
mass is a breccia, as though débris of gravel and water-worn stones had
been caught up by the molten rock in its course. The depth of the cafion
was diminished 390 feet by the intrusion of the lava, so that since the
time of that flood corrasion has removed material to the thickness of not
less than 620 feet.

But the new channel-ways do not follow the course of the old ones
near the junction of the cafions. Originally, as is shown by the lava-
terrace, the Mora flowed directly to the Canadian instead of making the
sharp bend now seen in its cafion, the protruding hill of sandstone
having formed part of the right wall; while in like manner the Canadian
flowed on the west side of its present channel-way.

The basalt is well shown in the first group of arroyos entering the
north side of the cafion, and fragmentary exposures were found as far up
as the arroyo entering at Cherry Valley.

The Middle Dakota is represented at the mouth of the cafion by—

1. Blue laminated limestone. This is hard, brittle, and contains

* These measurements were made with the aneroid barometer and are only approximate, there having been
no opportunity to verify them by repetition.
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bryozoans, which are shown on the weathered surface; but they are very
indistinct.

2. Sandstone. This is olive and fine-grained, for the most part
massive, though occasionally becoming a little shaly. At some places a
gray sandstone intervenes between it and the limestone. At the mouth
of the cafion the basalt rests on this rock. _

3. Limestone. Gray, weathering bluish-white. It is almost con-
glomerate in structure, owing to seams of clay. No fossils were observed
in it aside from tube-like stems, bearing some resemblance to Phytopsis of
the Trenton in New York.

4. Red shale. Mbstly fine-grained sandy shale, but it contains much
argillaceous matter and is handsomely mottled with white.

In all, 360 to 370 feet thick.

The limestones of the section are far from being persistent. The
upper one is frequently wanting, having been. torn away during the depo-
sition of the overlying sandstone, while the olive sandstone seems to have

been equally effective in removing the lower limestone and in cutting
into the red shale below. . .

The Upper Dakota sandstone, which is 620 feet thick here, forms the
rim of the cafion from the mouth to Coyote Creek, and owing to the
several anticlinals is kept up on the plains so as to be shown in arroyos
for several miles both north and south from the cafion. As the Qua-
ternary deposits are very thin on the Mora Plains north from the river,
the sandstone is frequently exposed. Traces of a travertin-like limestone
were seen in many small depressions in the sandstone upon the plain,
and over by no means inconsiderable areas loose fragments of sandstone
are incrusted with this calcareous material.

The general features of the Mora Plains between the cafion and the
" Canadian Hills have been described already in the chapter on the Cana-
dian area.

THE TURKEY MOUNTAINS.

The Turkey Mountains, or Gallinas Hills, rise from the plain at a
few miles west from the Canadian Hills and show the Dakota sandstone
dipping away on all sides from a central point.

E]
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The road from Nolan’s Ranch to the Turkey Mountains crosses the
southern extremity of the Ocaté Mesa. The travertin-like limestone is
exposed in the road near the ranch, where it cements fragments of basalt
underlying the thin cover of Quaternary. Two hills project above the
mesa immediately south from the road, and seem to be of equal height
with Wagon Mound at the western end of the Canadian Hills. The mesa
tapers southward and is narrow where crossed by the road.

This road enters the mountains at Jaroso. Many exposures of lime-
stones belonging to Cretaceous No. 3 were observed in the plain near
that village, and near the base of the mountains, where the rock lies
scattered in huge fragments, some of which have been used in building
walls.

The Upper Dakota sandstone forms a bold hog-back at Jaroso, which
extends along the face of the mountain southward from the Gallinas
road to that leading up from Chorro de Pinavete. Near the Gallinas
road the dip is northeast, at Jaroso east of northeast, and the hog-back
reaches nearly two miles toward the center of the mountains. The sand-
stones'are light-buff to light-gray, and one member of the series forms a
bright band on the hill-side, which is visible for many miles away toward
the east. The dip at Jaroso is about 3°, but it increases slightly toward
the southwest. The cafion leading up from Jaroso enters a park behind
the hog-back, which reaches from very near the Gallinas road southward
to the cross-roads in the southern part of the area; but before the cross-
roads have been reached the dip of the Dakota sandstone changes, becom-
ing east, then south of east, and finally southeast, while the hog-back
itself dwindles away or is merged into the slope which leads to an old
volcanic cone at the southern extremity of the mountains.

The Middle Dakota rocks are shown at the head of Jaroso Cafion,
but the section is short, exhibiting only the lower sandstone and lime-
stone and the underlying shale. Two insignificant dikes cut the rocks at
. this place. Some fragmentary exposures of very coarse reddish sand-
stone were seen at probably a mile farther south, but owing to the change
of dip all rocks underlying the Upper Dakota in this hog-back go under
the surface before the cross-roads are reached.
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A second series of hog-backs directly west from the former extends
southward from near the northern limit of the mountains for about
seven miles. Coarse gray sandstones only are exposed in these, which
are evidently conformable with those of the Dakota, though their dip is
more rapid. As they bear close resemblance to the sandstones of the
Carboniferous, shown farther west, they are colored on the map as belong-
ing to that age, though no limestones or fossils were found. The rocks
are dipping south at the southern end of this interior group of hills and -
the Dakota sandstone is caught at the extremity.

The surface rises gradually from the Chorro de Pinavete road south-
ward to a low bald mountain, indicated on the map as the “Crater.”
Some small patches of Upper Dakota remain on the slope, but they are,
for the most part, too small to be indicated on the map.

The flow from this crater was almost wholly southward, and the
northern limit of volcanic rocks is barely two miles away. The cup is
perfect except at the southeast, where the wall has been broken down
and an arroyo begins which leads to the Mora River. Cinder prevails in
the bottom of the crater, but the rocks in the rim resemble those obtained
at the mouth of Mora Cafion. A steel-gray variety occurs with these, and
is closely allied to one taken from the Canadian Hills, which rings like
pot-metal when struck.

The flow from this crater entered the Mora Cafion by way of an
arroyo opening at Cherry Valley, for the basalt can be followed directly
from the mountain to the river, resting all the way on the Dakota sand-
stone, which has been changed into quartzite near the plane of contact.

Though the rocks clearly shade off toward the south as though these
mountains are not part of an anticlinal, yet the influence of the uplift is
very distinct in a southeast direction; for the Cretaceous sandstone dips
northeast at Ojo de Vermejo as well as on the Mora at Cherry Valley,
while in the gap through the Canadian Hills the limestone of No. 3 dips
sharply in the same direction.

The conditions are the same on the west as on the east side of
the mountains, except that the dips are westward, being southwest
along the road to Fort Union but northwest at a little distance north
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from Collier’s Ranch. On this side of the mountains one reaches the
area of

WOLF CREEK,
which is an insignificant stream rising on the edge of the Ocaté Mesa and
flowing southward to the Mora.

* A solitary hill capped with basalt stands on the southern edge of the
Ocaté Mesa, northwest from the Turkey Mountains and just beyond the
Fort Union and Gallinas road. Its summit is at very nearly the same
level with the higher portion of the Ocaté Mesa north from Ocaté Creek,
so that, like the Wagon Mound and the other hills west from the Cana-
dians, it doubtless tells the height to which the lava rose on the mesa.

The Ocaté Mesa gradually breaks down toward Wolf Creek and fades
into the valley of that stream; but the valley was certainly filled by igne-
ous rocks, for the northern limit is well-defined by a low bench of basalt
reaching from the mesa at the west across very nearly to the base of the
Turkey Mountains, while small patches still remain along Wolf Creek to
some distance south from Fort Union, the sheet clearly following the out-
line of the valley. The Upper Dakota sandstone is frequently exposed
on the east side and north from Fort Union, being everywhere very near
the surface. Here and there some travertin-like limestone occurs, some-
times cementing fragments of sandstone and at others appearing as a
mere incrustation. ‘

The sandstone is exposed many times southeast as well as south
from Fort Union, and the marly limestone is abundant in depressions in
that rock, especially on the plain reaching from Wolf Creek eastward.
Quaternary deposits prevail along the middle of the valley and show
depressions holding ponds of alkaline water. The accumulation seems
to be thick east from Wolf Creek, for the post well at Fort Union, though
sixty feet deep, does not reach the bottom of this deposit and ends in
loose red sand.

The broad mesa between Wolf Creek and Mora Creek extends north-
ward and is merged into that part of the Ocaté Mesa which borders on ‘
Coyote Creek. Its southern portion shows only Upper Dakota sandstone
covered with a thin layer of Quaternary, which either contains or rests
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on a marly limestone. The southern boundary of the igneous area of
the Ocaté Mesa is distinct here. It fails to reach the road leading from
Fort Union to Coyote, but touching the valley of Wolf Creek it curves
away northwestward until it crosses Coyote Creek near Guadalupita.
The sandstone mesa extends southward to junction of Sapello Creek and
the Mora. It bears no transported fragments, and the detrital covering
is clearly of local origin. Shallow depressions without outlets are
numerous and some of them hold permanent ponds of water.

COYOTE CREEK.

This stream heads near Cieneguilla Creek and flows southward to
the Mora, which it reaches at a few miles below the village of Coyote.
Its valley follows the Coyote synclinal to Coyote Park, where the stream
breaks through the Cimarron axis.

The Fort Union and Coyote road, crossing the mesa, follows on the
east side a long arroyo in which the Upper Dakota sandstone is almost
horizontal. On the west side of the mesa the road descends through a
short arroyo into Coyote Park. The sandstones have a slight eastern dip
at the head of this arroyo, but the rate increases to about 7° near the
park, where the sandstone runs out and the Middle Dakota rocks are
exposed. The dip diminishes southwestwardly, so that where the Coyote
leaves this park the sandstone is very near the creek and the insignifi-
‘cant exposure of the lower rocks is almost wholly covered by débris.
But the rate of dip increases toward the northeast corner of the park,
where the igneous plate of the Ocaté Mesa appears and its débris con-
ceals all of the stratified rocks.

The southern wall of this park is a bold hill of Upper Dakota sand-
stone, beginning at Coyote Creek and ending somewhat abruptly at the
west, so that the park reaches to Mora Creek at La Cueva. Quaternary
material forms the northern rim of the park except near Coyote, where
the Lower Dakota sandstone is exposed.

The Cimarron axis crosses the park about midway between the east-
ern mesa and Coyote Creek, where a little hill shows red shales and sand-

stones of the Middle Dakota dipping northwest. The anticlinal prac-
19
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tically disappears in the south wall of the park, where it is little more
than an interruption of the dip. '

A wall of Lower Dakota sandstone, forming the western boundary
of the park, rises immediately east from the village of Coyote and is
broken by the creek. The dip of the sandstone is 2° at the east end of
the gap; but the rate increases quickly to 5° to 10°, and at the head of
the gap the lower beds of the series are turned up at nearly 60°, while
just beyond the narrow valley behind the Dakota hog-back is a hill of
Carboniferous rocks capped with basalt.

Where the Coyote and La Cueva road breaks through the wall the
dip has passed a vertical and the rocks are dipping westward at 85°.
IFarther south the westward dip is very pronounced on the east side of
the wall, but some exposures in the park at one-fourth of a mile from
the base of the wall are dipping eastward. At one mile north from La
Cueva the whole wall dips eastwardly, and an exposure little more than
one-fourth of a mile off in the park shows the rocks dipping westward;
but from the Mora Gap eastward to Coyote Creek the dip is distinctly
eastward.

The Carboniferous rocks are vertical. The gray sandstones of that
series are well shown along the road leading up the creek, and many of
them stand up in ragged walls like trap dikes. The dip of the Lower
Dakota sandstones apparently disappears within three miles above Coyote,
as the channel-way is pushed foward the east and erosion has removed
the disturbed part of the beds.

The valley is divided at, say, four miles above Coyote. A fine little
park begins immediately west from the Carboniferous hills and continues
almost to Guadalupita. Only Archaean rocks occur along the west side of
this valley except near Chupadero, where the Carboniferous rocks are
imperfectly shown resting on the Archaan core of the Mora anticlinal.
The road ascending the creek breaks through the Carboniferous hills at
three miles north from Chupadero, and the following section was made
out from the road exposures. It begins at the creek, and the beds are
seen in the order given in going westward:
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Feet.

1. Shale and sandstone with thin limestone...... ...... .. . ... .o ... .. ... 90
20 LAMESIONG. - . .o e e e e e 3
3. Sandstone and dark shale.... ... ... ... . il i 70
A, LAMESTONG - - - - oo o ie e e e e aaeaaiae e 7
B, Shale. . ..t e e 10
6. Sandstone. . ... .. . i e 6
To8hale. ... e e e e e 20
8. LAMESTONE. . . - - o o oo e e e e -3
9. Sandstone and shale, imperfect eXposure. .................cocooiiiio... 225
10, Gray Wmestone. - - . .o e et 7
11. Sandstone and shale, imperfect exposure.......... ...... .. ... .. . ... 550
12. Concealed.............. e e e, . 160
13. Sandstone. ... ... e e 180
14. Mostly concealed. .... ... ... .. i i i 2175
15. Gray calecareous sandstone. . . ... .. ... . i e e 15
16. Imperfect exposure, much sandstone................ ... ... ...l 375
17. Shaly sandstone, imperfect exposure................ ... ... ... ... 120
18. Gray Umestone ... .. ... oo e e i 7
19. Comcealed . .. ... . .. e eieeeeee e 23
20, Shale. . oot et e 17
21, Blue limestone. . . ... ..ot e it 7
22. Shale with calcareous 1ayers. ... ... .. ... ot ittt e 25
23. Coarse sandstone...................... e e e ettt 75
24, Shale with thin gray limestones ... .. ........ ..o o ... 180
25. Blue limestone.......... P 6
26. Coarse sandstone. ... ... ... i it 50
27. Concealed .. ... e e e 100
28. Dull-brown shale with calecareous layers...... .... ... oo il 30
29. Concealed, estimated....... ... ... i 300
30, Blue limestone. - - - - o oo e et it e tee et e 5
1 7 3,041

No.1is in the west bank of Coyote Creek, and on the opposite side
of the stream, barely 200 feet away, are the shales and sandstones of the
mesa, series, dipping eastward. From No. 8 to the top of the section the
rocks dip westward at 80°, while the rocks of the mesa series dip east-
ward at 10°. The Carboniferous rocks show a gentler dip toward the
west just north from this road.

The dip increases from this road southward to the trail or road from
Chupadero to the creek, and where the stream makes a sharp bend farther
down it becomes eastward, though the variation from the vertical is
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slight. This sharp bend affords a series of exposures connecting the
mesa with the Carboniferous hills. The Dakota sandstone on the mesa
dips very gently eastward, but in a bench at the base of the wall the dip
of the lower rocks increases rapidly from 2° to 10°. Very coarse reddish
sandstones are shown in the south bank of the creek, alternating with
reddish shales and containing water-worn blecks of red sandstones. These
beds, which are not far from 500 feet thick, may be Triassic. Two hun-
dred feet of sandstones and shales with thin beds of impure limestone
overlie these and may represent the Jurassic. The coarse gray sand-
stones of the Carboniferous, alternating with irregular limestones and
dark-red shales, are well exposed where the road comes down to the creek.
Apparently there is no want of conformability here, but the succession of
the Carboniferous rocks, as shown in the section given, proves a duplica-
tion of the series and suggests the existence of a compressed synclinal
and anticlinal.

The Carboniferous section as given above is repeated in the gap
through which the Chupadero road passes. The rocks are vertical near
Coyote Creek; within a short distance they dip toward the west, but soon
are vertical once more. The exposures of the limestones are more satis-
factory here than on the other road. That at the base of No. 7 is gray,
20 feet thick, and contains many fossils. The following forms were
observed: Crinoidal stems, Rhkombopora, Stenopora, Fenestella, Synocladia,
Discina, Terebratula bovidens, Spirifer keokuk?, Spirifer cameratus, Spirifer
lineatus, Spiriferina kentuckensis, Athyris subtilita, Productus pumctatus,
Productus nodosus, Productus muricatus, Productus semi-reticulatus, Chonetes,
Avicula longa, Aviculopecten occidentalis, Aviculopecten sp., Nucula parva,
Nucula ventricosus, Leda bellistriata, Yoldia sp., Myalina swallovi, Myalina
subgquadrata, Allorisma costata, Cypricardella sp., Cyclonema sp., Eunema sp.,
Bellerophon 2 sp., Conularia.

The Archean as exposed along the face of the range from near
Chupadero to beyond Guadalupita is a soft slaty gneiss containing
silvery mica and small blotches of quartz. Within the range the gneiss
differs somewhat from that seen on the face of the mountain, and resem-
bles a micaceous sandstone so closely that one examining only hand
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specimens might well be puzzled to determine its relations. This passes
into a dark mica schist, which continues to near the heart of the axis and
shows only rare bands of gneiss and gneissoid granite. The mode of
occurrence suggests that these bands may have originated by segregation
on a large scale. A small patch of basalt was seen near the Mora road,
resting on the gneiss and covering not far from 1,500 square yards. It
is similar to that on the Ocaté Mesa.
The Archaan is thrust eastward at a little way south from Guadalu-
pita and the Carboniferous lies there only on the east side of Coyote
. Creek; but at nearly two miles above the village the latter is again
shown on the west side, and the following section was obtained where the
road turns away from the creek.

Feet.

1. SanAStONe ... ..t e e e e e e e e 30
Do LAMESTONE - - - - o o oo et i e e e . 25
B 1 17 ) - 40
4, SandStone . .ottt e i e et e e 4
LT ) 7 Y - 10
6. Conglomerate sandstone ...... ... .. ... ... ...l 6
7. Variegated shale ..... ... . ... (... ..ol o Lol 120
8. Sandstones with blue limestone near base ... .. ... ... .. ... . ... ... ...... 300
otal. - o o e e eee e 535

This brings one to the creek. The Carboniferous rocks are shown
on the east side, but no section can be obtained. No. 8 rests directly on
the Archaean, and the dip throughout the section is toward the heart of
the axis, northwest at nearly 50°. A limestone is exposed at the road-
side not far below this, which overlies No. 1, is thirty-five feet thick and
very rich in fossils, the following species having been obtained during a
brief examination: Spirifer Unecatus, Spirifer keokuk?, Streptorhynchus
crassus, Productus muricatus, Productus cora, Myalina, Platyceras.

The shales No. 3 contain thin layers of limestone and are rich in
fossils throughout. The following forms were found: Crinoidal plates,
Fenestella, Spirifer keokuk?, Spiriferina kentuckensis, Retzia mormonii,
Athyris subtilita, Athyris pectenifera, Productus costatus, Productus pratte-
nianus, Productus muricatus, Productus splendens, Productus sp., Chonetes
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granulifera, Chonetes sp., Streptorhynchus crassus, Nucula ventricosa, Pleuro-
tomaria spherulata, Pleurotomaria grayvilliensis, Orthoceras rushensis.

The limestone at the base of No. 8 is blue and evidently non-fossilif-
erous, but it was not found in place. No. 2 answers well to the gray
limestone near the base of the section previously given.

The basalt plate covering the Ocaté Mesa ends near the head of an
arroyo at nearly two miles east from Coyote Creek, on the trail from
Ocaté Park to Turqui. From the edge of the basalt to the Coyote the
trail passes over the Lower Dakota sandstone, in which are many ponds,
occupying rounded depressions with unbroken rock walls. The basalt
comes down at about three miles above Guadalupita and fills up the valley
of the Coyote, so that for several miles the stream flows through a deep
close cafion which begins at eight miles above Guadalupita. This cafion
is separated by but a short interval from another, which begins at twelve
miles above Guadalupita and is eroded in like manner from the basalt.
The east wall of the valley shows only the gloomy basalt, but the sheet
cannot be very thick, for fragmentary exposures of Carboniferous rocks
are not rare. These are doubtless relics of projecting bluffs. A mass of
light-colored eruptive rocks covers the mountains on the west side of the
cafion within two or three miles of its head, and continues northward to
the Black Lake Park. It is easily distinguished beyond the west wall of
the cafion, and rests directly on the Archsean, which contains many broad
bands of snow-white quartzite.

There seems to be no room for doubting that the valley now followed
by Coyote Cafion was filled by trachytic lavas, and that it had been
re-eroded before the time of the basalt overflow, for the trachytes dis-

tinctly underlie the basalt at several localities within the cafion. The
widening of the Archaean area is well shown in the cafion, for the Car-

boniferous limestones and shales are shown only on the east side of the
creek, whereas northward they reach much farther westward.

A fine terrace at 185 feet above the creek was seen at three miles
below Guadalupita, and was seen again alongside of the lower cafion with
a grade up-stream of nearly forty-five feet per mile, The detrital cover-
ing consists mainly of Archesan pebbles.
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The country opens into a handsome park above the upper cafion, and
there the basaltic area ceases to extend beyond the creek toward the west,
though the plate still remains on the mesa at the east. Black Lake, near
the head of this upper cafion, is an insignificant pond, which no doubt
was once much larger than now; but the springs feeding this pond are
strong and the water overflowed the rocky wall, so that by erosion a
channel-way opened for draining the pond. Small ponds are common
near the Forks of Coyote Creek, and many pot-holes or rounded depres-
sions were observed in the neighborhood.

The low hills of the Mora Range forming the western wall of this
park have a regular slope eastward, and extend northward until they
become the foothills of Taos Mountain. Immediately southwest from
Black Lake are the sharp cones of trachyte, already referred to as shown
west from the cafion, which rise high above the crest of the hills directly
north. The Mora Hills show few exposures. Carboniferous rocks reach
to their base, and in many places quite to their summit, while Archaan

rocks are exposed by many of the streams which flow down the slope.

The Carboniferous sandstone appears first just below the forks of the
creek. This underlies a blue limestone full of fossils. Over it is a shale
with root-like markings.

A limestone very rich in fossils was seen at probably two or three
miles above the forks of the creek. Only a few specimens were collected,
among which are the following species: Spirifer cameratus, Spirifer plano-
convexus, Spirifer keokuk?, Productus prattenianus, Productus costatus,
Productus muricatus, Aviculopecten carbonarius, Aviculopecten occidentalis,
Schizodus sp., Pleurotomaria carbonaria, Naticopsis.

Another limestone, in thin layers and embedded in shales, is shown
where the road leaves the East Fork. Both the limestone and the shale
are rich in fossils, and the following species were collected in a few
minutes from specimens which had weathered free from the rock: A¢hyris
subtilita, Productus costatus, Productus prattenianus, Streptorhynchus crassus,
Macrodon obsoletus, Aviculopecten occidentalis, Aviculopecten sp., Myalina
swallove, Mgalma subquadrata, Astartelle arata?, Astartella vera, Leda
arata, Nucula wventricosa, Schizodus wheeleri, Bellerophon percarinatus,



296 GEOLOGY.

Macrocheilus ventricosa?, Macrocheilus primigenius, Naticopsis sp., Eunema
sp., Pleurotomaria, 2 sp., Polyphemopsis sp.

Thus far the dip in the region above the basalt has been north-
east and comparatively gentle; but where the road turns toward the West
Fork the dip suddenly increases in sharpness and the Carboniferous
rocks extend across the valley, dipping north of east or south of west at
nearly 70°. The exposures are not such as to afford definite sections,
but everything suggests the presence of an almost north and south fault
in the Carboniferous beds. Above this, toward the head of the creek,
Carboniferous rocks are occasionally shown, but the alluvial coat is so
thick that these exposures are neither numerous nor extensive.

The basalt plate covering the Ocaté Mesa at the east is continuous
beyond the head of the Creek. At probably two and one half miles
above Black Lake the Lower Dakota sandstones are shown underlying
the basalt. They continue in sight to near the Forks of Coyote Creek,
opposite Black Lake, where the basalt rolls down and conceals them.
But almost south from the east fork of that creek two small patches of
the sandstone remain on the very edge of the mesa, although the basalt
prevails on the broken area extending from the edge of the mesa down to
the park. The basalt covering this broken area is for the most part
vesicular and much of it still retains the flow-surface as freshly as
though the eruption were very recent. But the color of the weathered
surface is rusty red. The Ocaté Mesa along the road from Black Lake
to Rayado is evidently a basalt-covered plain, though here and there are
outcroppings of older lava with an occasional hillock of Lower Dakota
sandstone. It is altogether probable that the great dikes of the Old
Baldy group do not disappear until at some distance from the Rayado
Cafion. But this matter can be determined only with difficulty, for the
alluvial deposit on the mesa, though not very thick, is nevertheless
evenly distributed and effectually conceals the underlying rocks.

MORA CREEK.

The Mora River is known as Mora Creek above its junction with
Sapillo Creek. From a short distance above that junction to the mouth
of Coyote Creek it flows in a not deep but very rugged cafion. From the
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mouth of Coyote Creek almost to the mouth of Cebolla Creek its course
is through a fine park in which is the plaza of Golondrinos. From
Golondrinos to within two and a half miles of La Cueva it flows through
a horseshoe cafion eroded amid the sandstones of the Upper Dakota.
Above that to La Cueva it flows through a park in the Middle Dakota,
bounded at the west by the Lower Dakota wall, already referred to as
first seen at Coyote. The Cimarron axis is turned toward the south-
west in Coyote park and is but faintly perceptible south from Mora
Creek, for it is soon merged into the Manuelitos axis béyond the Stone-
wall. .

This wall, so conspicuous at La Cueva, continues southward with
diminishing dip to the divide between Mora and Cebolla Creeks. Its rock
varies from fine-grained very light-gray sandstone to similarly fine-grained
yellow sandstone, with here and there a pocket of very coarse conglom-
erate. The Middle Dakota consists of red shales, light-gray soft sand-
stones, and a limestone-bed associated with a conglomerate limestone and
without fossils. The limestone is well shown in the village of Buena
Vista, and the conglomerate is shown on the road leading east on the
north side of the creek and immediately below La Cueva.

The Upper Dakota is a great mass of sandstone, for the most part
hard and very light gray, almost as compact and fine-grained as imperfect
quartzite, and contains pockets of soft yellow sandstone, which yield
readily to the weather. Thin beds of conglomerate are not rare, and
many of the finer beds contain obscure casts of fucoids. Some of the
harder layers weather dark brown. The whole series is not far from
1,000 feet thick.

The outerop of this upper sandstone crosses the creek at a little way
west from Golondrinos and continues southwestward, owing to the bend
of the Cimarron axis. The dip on Mora Creek below La Cueva is very
gentle, but at a few miles southwest from Golondrinos it becomes very
abrupt, so that almost midway between Cebolla and Sapillo Creek it is
reversed and the whole group is shown within a horizontal space but
little greater than the vertical thickness of the series.

The Colorado shales are exposed in the Golondrinos Park, the
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northern termination of an extensive area underlaid by those shales,
which reaches southward far beyond the limits of the district.

The valley of Mora Creek becomes very narrow immediately above
La Cueva, and so continues until the Archaan area of the Mora axis is
reached. The dip increases less rapidly in the gap at La Cueva than it
does in the Coyote gap through the Lower Dakota, and the lowest bed of
the group forms the crest of the wall, with a dip of barely 20°. The
Triassic rocks come immediately behind the wall and form the western
slope of the comb. They consist of soft fine-grained red sandstones and
variegated shales. Lines of pebbles occur at variable distances in the
sandstones. These beds dip at 40°.

The dip increases as one goes up the creek, for, after passing a nar-
row gap in which no exposures occur, the Carboniferous sandstones are
reached and show a dip of nearly 50°. These rocks are coarse to fine,
and in color vary from gray to brown. The shales separating them are
often of deep red color and frequently hold beds of limestone. The fol-
lowing section was obtained below Cafioncito on this creek:

Feet.
BIREN T (0 £ 10 - Y P 3
2. Concealed .............. e et e eiieeaiiimeaaeiaceeaeeaas caas 40
3. Sandstone and shale...... ... ... ... . .. iiiiil i 30
4, Concealed ... ... .ooion i e e 25
LS TN 70 116 51 70 - 10
6. Coneealed ... ... .cvvur i i e i it et ieeet e aee e 30
7. 8andstone . ... ..ol e eeiiiaeas e e 3
8. Limestone, blue, fossiliferous....... ... .. ... ... il 12

9. Sandstones and shales, the latter red, former light to dark-gray, conglomer-
ate; dip from 60° to T0Ceast...... ... .. .. ... ...l 320

10. Limestone and shale, seen immediately above second ranch; the limestone
is blue, non-fossiliferous, and weathers into nodules.................... 20
11. Sandstone, at third ranch; mostly dark-gray, with some layers of red shale.. 250
12. Imperfectly exposed. Some layers of sandstone............... ... ... ... 100
13. Sandstone, dark-gray . ....... ...t ciiiit i i 90
14, Concealed. . ... .ot e e e 20
15. Sandstone, yellow ... ... . ... .. . . . i 25
16. Comecealed. . ... ... . oo i ettt 15
17. Limestone, blue; many fossils........ ... .o il 10
18. Sandstone, yellow mottled with black, flaggy........... ...... peee et S 8
19. Sandstone, dark-gray. ... ... .o o it iiiae e caaae 40

20. Shale, darkred........ .. ... .. iiiiiiiiiea.. 12
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Feet.

21. Limestone, blue, cherty, fossiliferous, flaggy; seen at fourth ranch... ...... 18
22. Shale,red. ... ... . L L e 20
23. Sandstone, gray, mottled with reddlsh brown. ... ..., 30
24. Shale,red. ... .. .. ... e e 10
2b. Limestone, Cherty ... ... ... i i 6
26. Shale,red......... ... ... ... Ll e e 20
27. Shales red, with thin gray sandstones................. (... ... oL 90
28. Sandstone, gray, with brown spots.............. ... ... ... e 70
29. Concealed. ... ......... il e i 50
30. Sandstone, flaggy to compact; contains impressions of stems of plants.. ... 20
31. Shale, red. ...... . .. il e e el 8
32. Limestone, in thin layers, with mtervemng shale; gray, fossiliferous. .. ... .. 18
33. Shale, dark-brown. ... ... ..o i i 60
34, Imperfectly exposed.... ... ... .. il 150
35. Shale, dark; seenatfifthranch. ... ... . ... ... ... .. ... 70
36. Sandstone, gray; dip 85 east............. ettt 15
37, Shale. . ... e e eiiieae e 40
38. Alternations of shales and sandstones to the sixth ranch.. ........ ... ... 300
39. Coaly shale. ... . ... . i, 10
40. Limestone, impure, non-fossiliferous.................. ... Ll 2
41. Concealed...... ...t i i e et e 30
42. Sandstone and shale.. .. ... .. ... . . il 70
43. Limestone, blue; few fossils. . ... ..o ..ol 6
44, Sandstoneand shale. ... ... ... e 30
45. Limestone, grayish, somewhat silicious................ ... . il 8
46. Concealed...............coiieiiiiniaa.. it 25
2 QRS T (Y 1] 7o) 1 T 15
48. Concealed. . ... ... i 60
49, Limestoney SEEIL. . - o« oot et eaaaeraaaaaaaaas 10
50. Concealed. . . ..o i iieiieaaa 20
51. Sandstones and shales.............. et et e, 180
52, LAMESTONE . . - - o oot i cieiiee e e 25
53. Sandstone........... ...l e et eraiaiaeaaaeeaa 30
54. Dark shale and limestone. . . . . .« oot e 70
0] 7 2,649

No. 47 is reached at the road coming from the north and touching
the creek below Cafioncito; No. 48 is the space occupied by a broad swale
along which the road passes; No. 49 is imperfectly exposed, but seems to
be dipping westward. '

An anticlinal crosses the creek between the first and the second little
cafion above the road, and No. 54 is shown in the second cafion. The
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westward dip is very gentle and continues to the third cafion, where it is
suddenly reversed and the rocks dip sharply eastward. The exposures
beyond this cafion are not continuous and the section to the base of the
column could not be computed. The distance to the Archean rocks is
not far from 450 feet as shown on Cebolla Creek. A silicious limestone
rests on the Archean or very near it. The dip increases up the creek
and becomes vertical before the Archesan rocks are reached.

A caiion heading near the Mora and Placita del Oro road shows the
same conditions but somewhat exaggerated. The anticlinal and overturn
are more distinctly exposed than they are on the Mora.

The Archaean rocks are reached at barely a mile above Cafioncito,
where a coarse conglomerate-like bed of gneissoid granite underlies the
Carboniferous. The quartz of this rock is in angular blocks with faces
exceeding a square foot, and the mica is in patches frequently three by
five inches. Mica schists, very tender and readily breaking down, prevail
farther up the stream. They contain little feldspar and less quartz, but
here and there is a bed of very dark schistose gneiss, which is hand-
somely mottled with flecks of feldspar. Occasional beds of gneissoid
granite and not rarely huge blotches of the same material were seen on
the hill-sides, the latter looking as though masses of pasty material had
been splashed against the hill and had adhered to the surface. These
rocks continue to the sharp curve in the creek just below San Antonio;
but a great thickness of sandstone comes down to the creek at midway
between Mora and San Antonio and dips a little east of south at 20°. It
is evidently a slide from the Carboniferous, which has its outcrop in the
hill on the west side of the Mora axis.

The axis of the Mora Archean area passes almost directly through
Mora. A broad valley lies north from the city, having on each side a

high ridge with Carboniferous rocks on its crest. The Archeean rocks
are light-colored and silvery, but much fine-grained compact gneiss
occurs, not unlike sandstone in structure. Mica schists prevail on the
hill immediately south from Mora, in which are many quartz veins and
some irregular patches of gneiss. Coarse gneissoid granite is present at
the base of this hill.



THE AREA OF THE MORA RIVER. 301

The cafion of Mora Creek opens into a neat park at a mile above
Cafioncito, with a broad valley entering from the north and a somewhat
narrower one from the south. This park is covered with fine detritus
below Mora and in the northern valley; but toward San Antonio the
surface is littered with pebbles brought down by Las Casas Creek, so that
for the most part it is not fitted for cultivation.

The outcrop of the Carboniferous rocks on the west side of the Mora
axis is shown on the crest of the ridge at a little way above Mora, but
the rocks do not come down to the stream until very near San Antonio,
where the course of the creek is changed. The stream flows almost
southward from its head to that place. The Carboniferous rocks reach
quite to the summit of the ridge on the east side of Mora Creek until
near the forks, where the outcrop curves to west of north and thence
- lies west from the East Fork. The exposures are very bad in this ridge,
only an occasional outcrop of limestone having been seen above San
Antonio.

The cafion of Las Casas Creek, on the west side of the Mora Creek
Valley, exposes the Archaan rocks in bold precipices; but within a very
short distance north from that creek the Carboniferous passes unbroken
to the crest of the ridge. The Mora axis on the east side of the valley
becomes stronger northward and shows some bold Archzan mountains
beyond the head of the creek, whereas on the opposite side the Las Vegas
Peaks are covered by the Carboniferous.

A slight anticlinal was observed not far above San Antonio, and the
valley of the creek seems to have been eroded from this axis. The dips
become irregular above the village of Agua Negra, and before the head of
the stream has been reached they appear to be wholly toward the north-
west. Carboniferous sandstone, dipping northwest at 70°, was seen on
the West Fork, while in the hills on both sides the rocks seem to dip.
gently away from the valley. Fragmentary exposures show that this
condition prevails southward to very near the forks of the creek. Appar-
ently, a fault runs through this region, for limestones, belonging low
down in the Carboniferous, were found far up on the hill-side on the
west side of the stream.
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The Quaternary deposit. begins at two miles above the forks and the
valley of the creek is wide thence to the cafion below Mora. High level
benches were secn near the head, and the ridge at the west has been well
planed off.

A broad dike of basalt, running northeast and southwest, crosses the
creek at its forks and continues along the wide eroded area to the western
wall. Though it could not be found on the summit of the ridge, yet it
clearly extends beyond that westward, for fragments of it were seen on
Junta Creek, a tributary to the Rio Grande.

CEBOLLA CREEK.

This stream, formed at the town of Cebolla by the union of two
forks rising in the Las Vegas Range, flows eastward and joins Mora Creek
at somewhat more than a mile above Golondrinos, very near the lower
end of the Horseshoe Cafion described by that creek in its passage
through the Upper Dakota sandstones.

Following this creek from its mouth one passes through a cafion in
the Dakota until somewhat less than a mile below Placita de Don Tomas.
The dip of the sandstones is gentle at the mouth of the creek, but
increases until, at the western outcrop, it becomes almost 65°. The Tri-
assic rocks are not exposed behind the Dakota wall, and a broad swale
occupies their place. The concealed interval cannot hold much more
than 300 feet of rock, if the dips on both sides may be taken as basis for
calculation.

The Carboniferous rocks are reached directly west from this swale,
and thence they remain in sight up to the Archean area beginning at a
little way below Placita del Oro. Unfortunately the exposures are
very imperfect and every attempt to procure a detailed section was
unsuccessful.

Where first seen in ascending the creek the Carboniferous sand-
stones are dipping eastward and are almost vertical. Not much farther
up they are vertical. An overturned anticlinal is nicely shown on the
north side of the creek, at barely one-fifth of a mile above Placita de
Don Tomas. On the east side the rocks are dipping westward, having
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~ been pushed about 5° beyond a vertical, while on the west side they have
a gentle dip of not more than 4°.

This gentle westward dip continues until very near the head of the
little cafion, but there for not less than one-sixth of a mile it is more
rapid. Beyond that the strata are turned up abruptly, the dip is reversed
and becomes nearly 60° eastward. This is retained to the contact with
the Archean rocks. A gray limestone was seen at about sixty-five feet
above the base of the group, and a mass of -dark shales and thin lime-
stones occurs at probably 450 feet. The latter is the same with that
seen near Cafioncito on Mora Creek.

The valley of Cebolla Creek below Placita del Oro is narrow, but
opens out into little parks affording ample room for small ranches.
These parks are neatly terraced, and the alluvial deposits, full of pebbles
and larger polished fragments, reach to forty feet above the stream.
Beyond the terrace an irregular deposit with polished fragments extends
to fully 200 feet above the creek, and occurs even on the divide between
Cebolla and Mora Creeks along the road from Placita de Don Tomas to
La Cueva.

The Arche®ean rocks are reached at a little way below Placita del Oro
and are well shown on the east side of the broad valley followed by the road
leading from that place to Mora. They form sharp hills on the west side
of the same valley and remain in sight along Cebolla Creek to the village
of Cebolla. A road from Cebolla to Mora follows a park along the axial
line, and Archaan rocks alone are exposed on both sides of this park;
but the outcrop of the Carboniferous on the west side of the Mora axis
reaches very nearly to the crest of the western ridge as it approaches
Cebolla Creek. Archsan rocks are shown on the point of the hill
between the forks of Cebolla Creek, where they consist of coarse gneiss-
oid granite with some dark schistose gneiss and mica schists, the latter
being beautifully waved. '

An irregular bluish limestone imperfectly exposed on this hill rests
directly on the granite. Some parts of it are very silicious while others
are evidently pure limestone. The whole mass seems to be non-fossil-
iferous. Exposures are very bad along the North Fork, for only the coarse
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gray sandstones are well shown. These have a glazed appearance on the
weathered surface, as though they had been semi-vitrefied. Some of
them have impressions of tree-trunks, and from one an imperfect speci-
men of Sigillaria was obtained.

A hard limestone, ferruginous and for the most part silicious, is
exposed on the north side of this stream at about one-third of a mile
below the bend. It is rich in fossils, the following species having been
obtained within a few minutes: Lophophyllum proliferum, Fenestella, Steno-
pora, Spirifer cameratus, Spirifer lineatus, Spiriferina kentuckensis, Retzia
mormonit, Athyris subtilita, Productus muricatus, Productus semireticulatus,
Chonetes granulifera.

This bed seems to be about 200 feet above the lowest limestone.

It passes upward into a sandy calcareous shale exceedingly hard,
grit-like, and blue, which is ferruginous, occurs in layers two to three
inches thick, and breaks out in regular blocks. It does not crumble on
long exposure to the weather, but its carbonate of lime is leached out and
the rock becomes tender so as to split readily. It is literally crowded
with fossils, and every blow of the hammer yields slabs covered with
good specimens. An excellent outcrop, continuing for 300 or 400 yards,
begins on the west side just below the bend in the stream. From this
were obtained crinoid stems, Stictopora serrata, Fenestella 2 sp., Discina
sp., Lingula sp., Orthis pecosii, Spirifer keokuk, Spiriferina kentuckensis,
Athyris subtilita, Athyris roysii, Streptorkynchus crassus, Productus costatus,
Productus punctatus, Productus prattenianus, Aviculopecten carbonarius,
Aviculopecten occidentalis, Pinna sp., Pterinopsis?, dvicula?, Myalina sub-
quadrata.

The sandstones dip almost due west above the bend in the stream,
but at probably two miles the dip is reversed. A limestone, non-fossil-
iferous and resting on drab shale, is exposed near the line of the syn-
clinal and is dipping eastward at nearly 5°. This was followed for
nearly a mile to the forks of the creek, beyond which it runs out.
Exposures practically cease at the forks, and the Archaean rocks rise
precipitously within a mile. They are represented mostly by micaceous
schists.
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The conditions on the other fork of Cebolla are the same as on this,
but the exposures are very bad.

Archeean rocks appear suddenly at the cafion of Las Casas Creek and
form a bold wall thence southward to Mount Solitario, while the area of
Carboniferous is narrowed in that direction.

The divide between the forks of Cebolla is an irregular and imper-
fectly drained plain, which holds several ponds.

SAPILLO CREEK BELOW SAPILLO.

Sapillo Creek rises in a basin north from Mount Solitario and, flow-
ing eastward, enters the Mora River at La Junta, seven miles south from
Fort Union. It receives, near the village of Sapillo, Manuelitos Creek, a
large stream heading near the South Fork of Cebolla Creek.

Sapillo Creek breaks through the Dakota wall immediately below
Sapillo. This wall, the same with that already described as occurring on
Cebolla Creek, breaks down quickly at the east into a plain reaching to
Mora Creek and dotted with mesas of the Middle Cretaceous. Some of
the mesas are high and, where the slopes are not concealed by débris of
Quaternary deposits, they have a somewhat striking appearance. The
débris of the limestones is a marked feature, and its grayish tint has given
the name to Loma Parda, “The Gray Hill.”

Where the shales have been cut away the plain is covered with a
thick coat of Quaternary, in which are pebbles of gneiss, granite, and
quartzite, as well as of all other rocks found along Sapillo and Cebolla
Creeks. Pebbles of Archean seem to predominate, and there are com-
paratively few from the Middle Cretaceous. The marly travertin-like
limestone, already referred to in previous sections, is occasionally shown
underlying this material, and small undrained depressions are of frequent
occurrence.

The structure of the Dakota wall changes between Cebolla and
Sapillo Creeks. In approaching it from the east one crosses the lime-
stones of No. 3 and the dark shales of No. 2. The latter pass gradually
into the Upper Dakota, having at” their base the thin beds of sandstone

covered with mats of fucoids. The dip increases rapidly, so that at the
20
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mouth of the cafion through the wall the sandstone dips at 70° east.
But the dip becomes vertical midway in the gap, and at its head the
rocks are dipping westward at 85°. The whole length of the cafion is
barely half a mile.

The Upper Dakota is well exposed near the mouth of the little cafion,
where the section is—

1. Sandstone, underlying the dark shales of Cretaceous No. 2, and
not far from 250 feet thick. It is mostly fine-grained, light yellowish-
gray, and shows thin films of quartz breaking across the bedding.

2. Shales, 220 feet thick ; light-gray to blue and almost black ; contain
thin sandstones and thin layers of argillaceous limestone, the latter show-
ing dendritic markings to two inches from the surface.

3. Sandstone, 200 feet thick ; soft, flaggy to shaly, with some massive
layers; very fine-grained and closely honeycombed by films of quartz.
Contains some drab shale; color for the most part grayish-yellow.

A gap occurs beyond this sandstone. It is narrow on the south side
of the creek, where, at an interval of 90 feet below the last sandstone, red
micaceous shales are exposed, which are underlaid by light-gray sand-
stones very similar to those seen at the mouth of the gap. The west side
of the wall is made up of coarse conglomerates. The gap is much wider
on the north side of the creek, and the conglomerate limestone seen below
La Cueva, on Mora Creek, is shown very near its western edge. Red
shales, which may represent the Triassic, were observed immediately back
from the wall at some distance north from the creek

MANUELITOS CREEK.

Manuelitos Creek enters the Sapillo almost directly behind the Dakota
wall. The Carboniferous sandstones are vertical, or very nearly so, at its
mouth, possibly pushed over so as to dip toward the west, the character
of the exposures not being such as to settle the question. But the dip
diminishes westward until below the village of Manuelitos it is about 50°
east. The Cimarron anticlinal crosses at Manuelitos, and thence to the
sharp bend the dip is northwest at about 12°. But a very abrupt anti-
clinal crosses at the bend and the rocks dip at very nearly 35° on each
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side. This anticlinal has a northeast and southwest strike and crosses
at about a mile above Manuelitos.

From this place up the creek the dip is westward to the Las Tusas
road, becoming gentler all the way. Thence, however, the rise is west-
ward to within a mile of the saw-mill; but at somewhat more than a
mile below that mill the dip, previously gentle, increases rapidly to 5°,
then 10°, 25°, 30°, and at last to 70°. For two-thirds of a mile below
the saw-mill the structure is complicated. A carefully measured sec-
tion was made from the mill down the creek for more than a mile. It is
as follows:

: Feet.
1. Arch®an rocks, well exposed on the hill-side at the mill, and consisting mostly
of mica schists with some gneiss.

. Concealed interval, estimated at......... ... ... ... ... ... . ...l 25 .
3 LAmEStOMe. o oo e e e e e e e, 35
Dip, 35° east, strike very near north and south, very irregular in bedding,

quite silicious, containing some chert and holding some conglomerate
layers. Color gray to bluish; not fossiliferous; passes upward into a
quartzite.
4. Sandstone. . . ... ... ... e e il 20
Gray below, red above; fine-grained throughout and quartzite below; tran-
 sition from No. 3 almost imperceptible.
5. Sandstone and sandy shale. ........... ... ... e 60
Not fully exposed, for near base is a grayish limestone, with Orthis resupi-
nata (¥), Productus, and other forms, which is shown in fragments just
above No. 4 in the creek-wall. The sandstones are fine to coarse, red to
gray, and in thin beds. Some layers contain flakes of zinc blende. The
shales are red, micaceous, and more or less ferruginous; occasionally a
fossiliferous layer occurs. A conglomerate sandstone closes the series.

S

6. Concealed interval, some sandstone.................... ... .. ... ... 45
7. Coarse sandstone. . .. ... ... i i i e et et 10
8. LAMeStome. . . ..o oot e e e e .- 8.

Irregularly bedded; coarse, granular, very hard; weathers with fluted sur-
face; gray; fossiliferous.

9. Red sandy shale. ... ........ooueetemmmiieiiiae e e, . 10
10. Gray sandy shale. ... .. ... . i, 6
11, LAmeStone . . . ..o i et e eaaaa. 6

Gray, silicious, and passes up into sandstone. Contains some fossils of the
more common species.
12. Concealed interval, some shale.......... ... ... .. .. ..., 30
13. Gray coarse sandstone. ... ... ... .. ...l it 5
L Shale. ... oo e 8
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15, LimesStome. - . ... e e e e
Gray to blue; more or less silicious; slaty, with layers of very sandy lime-
stone; passes upward into a blue, somewhat calcareous micaceous sand-
stone, which splits readily, contains much iron, and weathers soft and
reddish-yellow. This is the same with the rock seen on Cebolla Creek

and is extraordinarily rich in fossils.

16. Sandstone. ... ... . i i e e, 12
Coarse and gray; forms a ridge on west side of first water-course below the
mill.
17, Limestone, SeemM. . ... .ot it it e e e e 8
Dark-gray to blue and flesh color; weathers yellow with uneven surface;
very tough, but becomes shaly near the top; fossils numerous but imper-
fect. The first water-course below the mill is eroded in part from this
limestone.
18. Concealed interval ; evidently much limestone...... ... ... ... . .... 150-200
19, TAmestone. ... ... e it e e 70
Strike N. 50 E., dip 55° southeast; dark-blue; tough, breaks with con-
choidal fracture ; is in thin layers, three to six inches, alternating with
similar layers of sandy shale. The proportion of limestone increases
toward the top, where the shales become dark and the limestone some-
what ferruginous. The limestone layers are fossiliferous throughout.
20, Sandstone .... ... .. L i 50
Gray, coarse; contains rude impressions of plants; forms comb on hill
between first and second gaps below the mill and comes down to the creek
at the old mill.
21. Limestone and shale. .. ... ... ... i ittt e 65
Strike N. 20 E. and dip 70° eastward. This interval is not fully exposed,
but the limestone is like No. 19 in all respects.
22, Sandstone . ... .. . et 20
Shaly and micaceous at base, but compact and conglomerate attop. Dip and
strike the same as last. Thisis on the west side of the second water-course.
23. Concealed interval........._..... e e et 12
24. Limestone and shale, estimated......................... ...l 200

Strike N. 25 E. and dip 80° south of east. Limestone hard, light-blue, and
very compact at base, with irregular fracture; higher up it becomes gray
and some of the layers are cherty. This great mass occupies the second
water-course and comes down to the creek at the old mill. Tt is very rich
in fossils throughout, the following species having been obtained from it:
Crinoid stems, Lophophyllum sp., Fenestella sp., Synocladia sp., Spirifer
lineatus, Spirifer sp., Spiriferina kentuckensis, Athyris subtilita, Chonetes
verneuilii, Productus nebrascensis, Productus semireticulatus, Productus
nodosus, Productus muricatus, Productus punctatus, Streptorhynchus crassus,
Myalina swallovi, Nucula sp., Avicula sp., Platyceras sp., Bellerophon sp.,
Phillipsia sp., and some undetermined univalves. Productus nodosus is so
abundant in some layers that many perfect specimens can be obtained
from a small block.

~
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Feet.

25, Sandstone..... .. i e et e e 8
Coarse, gray; exposed on east suie of the water-course.

26. Limestone and Shale. . ... ... . o i e e 30

Strike very nearly north and south; dip 80° almost due east. Silicious,
light-gray to blue; some shale, dark-brown to drab; fossiliferous.

27. Concealed. .. ............... e e e e e e e 20
28. Gray coarse sandstone. ... .. ... ... ... Ll i 5
D18 TR 170 14 <Y1 7 ) 4 < R 20

Coarse, irregular, very hard and somewhat silicious. Weathers with a
pitted surface; strike as in No. 26, dip westward but almost vertical.
30, SaANASEONE . . .. .ottt e e et e e e e 25
Dip distinctly westward; gray and coarse, with films of quartz on cleavage
planes; graduates into finer and red shaly sandstone below.

31, LimMeStOIe . . oottt ittt ittt s e e et e e eeaeaa e 15
Strike N. 20 W. and dip 65° south of west. Coarse gray to blue, fossilif-
erous.

B3 B T8 1 Ui 137 1< SN 12

Coarse and light gray for the most part, but becomes micaceous and lami-
nated on western edge of outcrop.

33. Limestone, possibly notinplace - ........ ... .. . . i ?
34. Shale; red, micaceous, with bands of sandstone....................... ... .. 120
35. leestone ........................................................... 8

Dip west; coarse, somewhat sandy; light gray on fresh surface, weathers
red; fossiliferous.

36. Sandstone .............................................................. 15
Dips west; red to gray; fine grained throughout. ‘

37. Limestone . ... ... ... i e 20
Dips west; gray to blue; not fully exposed.

38. Shale; dips west ... ... ... 25

39. Interval, wholly concealed .............cooiioiiiitiiii i, 25

Thus far the section is distinct, and the succession shows clearly
that, in No. 37, No. 3 is again reached, so that the concealed interiral, No.
30, must be very close to the Archaan rocks. Nos. 37, 38, and 39 are
shown in the third little gap below the saw-mill, which is very small and
comes down to the creek at the first road-crossing below the old mill.
Here a very material change takes place, and one comes to coarse sand-
stones with only occasional limestones, the conditions being such as were
observed on Mora Creek at a short distance above La Cueva. Crossing
the concealed interval and continuing down stream, the following succes-
sion was found, the section being an ascending one:
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Feet.
1. SandsStone . ... o o et 100

Coarse, yellowish-gray; stands in combs; is vertical on top of hill between
third and fourth water-courses, but at the creek level dips eastward at a

high angle.
2. Imperfectly exposed . .. ... ...t e 40
Contains some shale, coarse sandstone, and a blue limestone with Fusulina
cylindrica.
3. Sandstone ... ... .. e 80
Gray, massive to shaly; much of it conglomerate.
4, LImeStOne . ... oo oo it e e et 2
Seen in fourth water-course; blue, hard; contains Streptorhynchus crassus.

5. Gray, coarse sandstone. ... ... .. ... . .. iiliiiiiiiiiiiiiiiiiiiaa... 10

6. Shale, reddish-brown, slightly calcareous .................... PO 5

7. Concealed interval in fourth water-course.......... ... ... .. .. .. ... ... 45

8. Sandstone ...... ... ... it e 30

Dip 800 north of east; coarse to conglomerate; gray to red; contains frag-
ments of carbonized wood.

9. Concealed interval.. ... ... i 20
10. Sandstone like No. 8. ... .. ... i 6
11, Sandstone .. .. .. ..t iiciiaeaiieiaaaeaa 40

Strike N, 50 W. and dip 60° eastward ; red, micaceous, shaly.
12. Sandstone and shale ......... ... . ... L. 500
13, Limestone . .. ... .. i e 5
Seen in run near first ranch below old mill; fine-grained to granular, flesh-
colored to light gray; not fully exposed ; non-fossiliferous.
14. Concealed interval............... ... ... ... ... e e e e 60
15. Gray, coarse sandstone. .... ............ ... ..L.iiiiiiai.n 40
16. Concealed interval...... ... .. . i i 50
17. SBandstone. . . ... . L e 90

- Similar to the other sandstones of the section. Just below the first ranch
its dip suddenly diminishes within a few rods from 55° to 30°.
18. Sandstones estimated ... .. .. ..l 250
These continue along the stream with eastern and constantly decreasing
dip. They are separated by thin beds of shale, some of which must con-
tain limestone, as fragments of that rock occur frequently. The dip
diminishes to 3°.
Thickness of this part of section............ .. ... ... ... ... ... _ ... .... 1,373

The sandstones of No. 18 are the highest rocks exposed on Manuel-
itos Creek above Manuelitos. But the whole thickness of the Carbonif-
erous is not given in the two sections, for without doubt a very material
gap exists between No. 20, the highest rock of the first section, and No. 1,

the lowest rock of the second. But no way exists whereby this gap can
be filled.
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No details were obtained respecting the area east from the Mora anti-
clinal to the Stonewall and lying between Sapillo and Cebolla Creeks, as
that region was not visited.

At Cebolla Creek the Mora axis, previously trending almost north
and south, changes its course, and thence southward trends almost south-
west. A broad swale has been eroded from the arch of this anticlinal,
which extends from Cebolla Creek to Manuelitos Creek and expands on
the latter stream into a wide park, in which is the village of Santo Nifio.
A ridge of low hills, reaching from one creek to the other, marks the
southwestern slope of the arch and holds near its crest the northwest
outcrop of the Carboniferous rocks. The confused hills on the west side
of the swale show only Archaan rocks on their eastern edge, but hold a
considerable area of Carboniferous, which extends quite to the Archaean
wall at the west. '

The Santo Nifio Park on Manuelitos Creek is imperfectly terraced,
and is covered by silt precisely similar to that which covers the Canadian
Plains. .

Santo Nifio is not far from the axis of the Mora anticlinal. The syn-
clinal seen on Cebolla Creek is rapidly shallowing, for Archaan rocks are
exposed on both sides of the creek to above the village of San José. The
Carboniferous rocks come down with a dip somewhat more abrupt than
that on Cebolla Creek, and remain in sight to the forks of the stream
above Upper Tecolote, where all exposures cease until the Archeean
rocks are reached near the head of the creek. The dip of the Carbon-
iferous rocks is still westward at the last exposure, which suggests either
that the west side of the synclinal is extremely short or that the sudden
elevation of the Archsan rocks south from Las Casas Creek is due to a
fault.

The Archaan is represented by gneiss containing silvery mica. One
especially light-colored portion is distinctly visible at ten miles away,
looking like a dike of Old Baldy trachyte.

The conditions are similar on the South Fork of the creek. A small
area of Carboniferous lies between the streams and ends at nearly two
miles above their union, while a tongue of Archaan reaches to that point
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and ends almost directly behind Santo Nifio. This contains much of a
greasy-looking gneiss, which resembles fine-grained sandstone and shows
broad bands of white quartzite. The valley of the South Fork receives a
wide swale from the west, between which and the creek the Carboniferous
rocks are caught at about three miles west from the saw-mill. The extent
of this patch cannot be determined accurately, since the forest is so dense.
between Manuelitos and the North Fork of Sapillo that the outcrop could
not be traced.
The southern side of Santo Nifio Park is wholly Archean.

SAPILLO CREEK ABOVE SAPILLO.

Few observations were made on Sapillo Creek above the mouth of
Manuelitos Creek, but such as were made show that the general features
are the same with those on Manuelitos. The axis of the Cimarron anti-
clinal is crossed near Las Tusas and the other anticlinal crosses at a little
way farther up. The eastern slope of the latter axis is very short, as on
the other creek, but the western slope is very much longer, extending to
a mile and a half below Tecolotefios. Thence the rocks rise gently toward
the west for two miles, but they soon assume the sharp dip noted on
Manuelitos Creek, and at three miles above the forks of the creek the
Archzan rocks are reached under the Mora arch.

The forks of Sapillo Creek are separated by low knife-edges of Arch-
eean rocks, the Carboniferous having disappeared wholly from the Cebolla
sub-synclinal, which certainly terminates here, while the Mora arch passes
into or directly in front of Mount Solitario. The east face of that moun-
tain is a rugged precipice of Archean. The crest is an inclined plane
sloping westward and probably covered with stratified rocks, the same
with those seen in similar position at the head of Sapillo, Manuelitos,
Cebolla, and Las Casas Creeks; but the mountain was not climbed, and
the conclusion respecting the rocks on top was reached by means of a
field-glass.



CHAPTER XVI.

AREA OF THE RIO GRANDE.

SEOTION I.—FrROM FORT GARLAND TO THE ARROYO HONDO.
II.—THE REGION DRAINED BY GALISTEO CREEK.
III.—THE REGION DRAINED BY THE UPPER PECOS AND ITS TRIBUTARIES.

Fragmentary studies only were made in the Rio Grande area.

SECTION 1.

TRINCHERA CREEK —CULEBRA CREEK —COSTILLA CREEK —COLORADO CREEK—TAOS
CREEK — VICINITY OF SANTA FE.

TriNcHERA CREEK.—This important creek is formed by the union of
two forks at four miles beyond the northern edge of the district and three
miles west from longitude 105° 15. The southern fork rises directly
under Trinchera Peak, while the other rises at probably five or six miles
north from that peak. Before reaching the Rio Grande this stream is
enlarged by the addition of Sangre de Cristo Creek, which flows south
and west from Sangre de Cristo Pass. Owing to extended erosion by
Trinchera Creek and its tributaries the alluvial area shown in the north-
west corner of map 70 A becomes wider northward, and the great San Luis
Park extends eastward to the base of the Sangre de Cristo Mountains,
with the Sierra Blanca as the northern boundary of this recess.

A rude‘basaltic mesa begins immediately south from Sangre de Cristo
Creek and extends southward for more than four miles along the east side
of the park. The basalt varies from hard, compact, bluish-gray to

vesicular or amygdaloid and almost blue. The beds dip distinctly east-
313
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ward. Overlying the rock are coarse compacted gravels, but here and
there are narrow swales, old water-courses, now half filled with alluvium
in which are regular lines of pebbles. Silt predominates in this deposit,
which bears a dense growth of sage-brush, while the mesa carries a
forest of pinon and red cedar.

Trinchera Creek flows in a broad level basin for more than three
miles behind this mesa. It is clearly subject to sudden and extensive
floods, and the plain is broken by deep arroyos which divide it into islands
during flood-time.

The compacted gravels re-appear at a little way behind the mesa,
though they are not shown fairly until at two miles and a half up the
stream, where they are seen covering some bold hills north from the
creek and forming a continuous line of hills southward to and beyond
Culebra Creek.

The eastern outcrop of the Carboniferous rocks is reached at somewhat
more than four miles above the Garland City road. They dip westward
at nearly 20° and are well exposed.in the drift-covered hills on the north
side of the creek, though they are concealed on the south side, where
everything is deeply buried under the gravels. A small patch of these
rocks may exist on the crest of the high ridge north from the South Fork
of Trinchera, but the dip at ihe most eastern exposure appears to be
sufficient to carry them far above that ridge.

The Archaean rises from the creek immediately above the forks and
thence exposures are almost continuous quite to the head of the South
Fork. The rocks of this age are mostly hornblendic, though not a little
of ordinary gneiss was observed. The syenite varies from fine-grained to
very coarse and holds many masses of feldspar and quartz, which have a
faint trace of gneissoid arrangement, for they contain minute flakes of
mica arranged in rudely parallel lines. '

The gravels have their eastern outcrop at little more thap two miles
above the forks of Trinchera Creek.

Fine terraces line the north bank of Sangre de Cristo Creek and are
composed wholly of the compacted gravels shown along the base of the
mountains. An almost level plain stretches from beyond Sangre de



THE AREA OF THE RIO GRANDE RIVER. 315

Cristo Creek southward to a mile or more beyond Trinchera Creek, and is
broken only by the shallow channel-ways through which the streams
flow. This plain is covered deeply by alluvium and carries a dense
growth of sage-brush and cactus. '

South from Trinchera Creek the surface rises from the narrow
“hottom” to the first terrace—the plain already referred to; then to a
wide second terrace, and finally to a third terrace, which extends as a
regular plain almost to San Luis, where it falls off to the San Luis basin
on Culebra Creek. All of these benches are covered by alluvium contain-
ing fragments of basalt and of other rocks occurring along Trinchera
Creek and its tributaries. ‘

A low mesa of basalt begins southwest from Fort Garland and almost
immediately south from Trinchera Creek. It has a bold bluff on the
eastern side, but the surface gradually fades away on the western side
into the Rio Grande Plain, which is continuous with the great San Luis
Park at the north. It trends southeastward to the forks of the road, nine
miles south from Fort Garland. There the surface of the Culebra Park
rises to the third bench and the mesa itself breaks down to the level of that
bench; but beginning again within two miles, it continues southward to
Costilla Creek, showing an abrupt wall on its eastern side to within two
miles of Costilla Creek, where the park ends and the divide between the
creeks becomes continuous with the mesa. Culebra Creek passes through
a broad gap in this wall immediately below the plaza of San Luis.

Basalt, more or less vesicular and closely resembling that observed
on the Raton Plateau, is exposed in the wall on the east side of the mesa.
No exposures occur on the surface or west side of the mesa north from
Culebra Creek.

The Rio Grande Plain between the edge of the wall and the cafion of
the river shows no rocks in place. The alluvial deposit is very deep.
Basalt forms the walls of the cafion, and therefore in all probability under-
lies the plain.

CuLeBra Creek.—The more important forks of Culebra Creek rise on
the west slope of the Culebra Range and unite midway in a broad basin
at three or four miles above San Luis. The stream passes through the
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higher part of the basalt mesa and emerges upon the Rio Grande
Plain. )

Southward from the Culebra the plain is as forbidding as it is farther
north.” The loose alluvial sand is blown by the wind in dense clouds,
and the only vegetation consists of sage-brush, cactus, and grease-wood,
with scanty bunches of grass. The basalt mesa becomes bolder on its
west side, south from Culebra Creek, and long before Costilla Creek is
reached the bluff is very abrupt. The rock is gray, weathers pitchy black,
and contains much olivine. No trachytic rocks were seen in place, but
some fragments of what may be either trachyte or rhyolite were seen at
but a little way south from Culebra Creek. As, however, this rock was
not found in place, no reference has been made to it in coloring the map.

The forks of Culebra Creek, after emerging from the mountains, flow
in a basin, which is covered with fine silt containing water-worn pebbles.
At the north this basin rises until it disappears in the main floor of the
park which forms the divide between the basin of Culebra and that of
Trinchera, and is continuous with a gravel bench on the east side of
the former basin, rising to seventy feet above San Luis. This terrace is
merged into the gravel hills whi¢h line the western base of the range
from very near Costilla Creek to beyond the northern limit of the map.
These hills have a dull brownish-yellow color, are hummock-like in shape,
and bear a straggling growth of pine and red cedar. They continue
along the North Fork of Culebra to the cafions of both branches. At that
of the north branch, the gravel forms a fine bench, 1,100 feet above San
Luis, which continues as a terrace down the stream on the north side to
beyond the junction. The hills north from this terrace rise to 1,600 feet

above San Luis, while just north from these are others still higher,
reaching to 10,600 feet above tide. All of these are gravel covered.

Igneous rocks rise above the gravels at various places along this
stream. ‘

The nature of the débris on the south side of this branch is not well
shown until, at somewhat more than half a mile from the mouth of the
cafion, the gravels are well exposed again. But they are thinner here
than on the opposite side, for a broad terrace stretches between the
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branches of the North Fork from the face of the mountain to the union
of the streams.

No stratified rocks are exposed on this side of the mountain along
the streams forming the North Fork of Culebra Creek. Gneissoid granite,
alternating with layers of gneiss, is exposed at the very mouth of the
cafions and reaches to the summit of the mountain. This rock is almost
wholly feldspar, containing very little quartz and only thin lamine of
mica. A layer of mica schist or a small patch of hornblendic gneiss is
occasionally seen. The north branch cuts some dikes of basalt, and frag-
ments of amygdaloid basalt are common in its débris. Carboniferous rocks
are shown at the head of the creek in what seems to be Trinchera Peak.

The plain between the branches of the North Fork shows few trans-
ported fragments, though its escarpments toward the streams are covered
with them. The hills along the base of the mountain, between the
branches, are quite as characteristic as those on the right side of the
north branch. They continue to the forks of the south branch, where
they are cut off by the cafion of the stream; but they begin again on the
other side and, are continuous in front of Culebra Peak and thence south-
ward. The depth of gravel varies from two to two hundred feet. Out-
croppings of rock in place were observed at several localities.

The cafion of the North Fork of Culebra is narrow until near the
forks of the creek, where it widens into a north and south park behind
the first line of gravel-covered hills. On the north side of the creek this
is a gradually rising plain, like that between the forks, but on the south
side it is the valley of a small stream and narrows toward its head.
Beyond this park the gravels are continuous on both branches to their
cafions. The high hills at some distance away from these streams are
crowned with bee-hive like domes, below which their slopes are narrow
radiating plains separated by gulches deepening toward the streams. The
gravels extend up the mountain-side to near a broad trough in the side
of Culebra Peak, which opens at timber-line and holds the headwaters of
the south branch.

The conditions on the South Fork of Culebra Creek are like those
observed on the North Fork. The gravels continue along the face of the
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range until within a short distance of Costilla Cafion. The Quaternary
deposit covering the basin of the creek in the park seems to have been
derived in great measure from these gravels.

Much of the basin is marshy and sustains a limited growth of feed.

COSTILLA CREEK.

Costilla Creek, rising on the east side of the Culebra axis, flows
irregularly south and west to the Rio Grande Plains, in which it sinks,
though its strong arroyo shows that at some seasons it reaches the river.
The creek flows in an almost unbroken cafion from the Fort Garland and
Costilla Pass road to the village of Costilla. The rock throughout shows
little variation and is the same with that of the mesa fronting the plains.
The cafion widens into a narrow park where the Fort Garland road comes
down to the creek.

The wall of eruptive rock continues on each side until, at six miles
below the lower cafion, the park and the lava end together and the stream
issues from a dismal cafion, eroded in a remarkably compact dark gneiss,
which might readily be mistaken for quartzite were it not for the filmy
layers of mica. This is replaced sometimes by a feldspar porphyry or
gneissoid granite, and is cut by narrow irregular dikes of basalt. The
walls rise to nearly 1,200 feet above the stream.

At four miles below the mouth of Comanche Creek the cafion widens
into a park, where the stream cuts two wide dikes of trachyte, which are
separated by several hundred feet of very dark gneiss. The rock in the
dikes is soft and readily breaks down into mud. A broad belt of quartzite
is exposed on both sides at probably a mile below Comanche Creek, but it
is broken by dikes, one of which, resembling the last, either includes or
rests on a black rock not altogether unlike diorite. The quartzite gradu-
ally shades off into a silvery mica shale, waved as though ripple-marked,
which continues to the mouth of Comanche Creek, where it is interrupted
by two dikes.

For three miles above Comanche Creek the stream flows through a
narrow gorge exposing many trachyte dikes. Much quartzite and silvery
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micaceous shale occur on the sides of the gorge, but there are few expos-
ures in detail.

A park begins at three miles above the mouth of Comanche Creek,
which continues for seven miles along Costilla Creek, and is separated by
a short cafion from another and narrower park at the north. High
mountains on its west side show enormous excavations opening above the
floor of the park; but the mouths of two of these are closed by moraine-
like heaps, through which small streams have worn narrow channel-ways.
On the eastern side the mountains slope gently toward the park and
broad swales mark the courses of petty streams flowing down their sides.

The pass from Costilla Creek to the Vermejo, a tributary to the Cana-
dian, is a rolling plain, bearing few trees and covered with water-worn
fragments.

ComancHE CrEEk heads against Moreno Creek, and, flowing north,
enters the Costilla at twenty miles above the village of Costilla. At its
mouth is a curious dike, whose imperfect columns are so grouped and
curved that the exposed bluff resembles a fan. The valley of this stream
opens into a park with Archean rocks on each side, though near the
summit of the ridge, on the east side, the Carboniferous rocks are reached.
In this range the dip is westward.

At little more than four miles above the mouth of the creek the park
widens and shows long sloping terraces with frequent exposures of
Archzan rocks on each side at the forks of the creek. The East Fork
flows from the south-southeast along a narrow park, of which an out-
lying division reaches northeastward, so as practically to merge into a
little park beyond the Dakota Stonewall, in which one fork of South
Pofiil Creek heads. On the west side of the ridge forming the east wall
of this little park the exposures are few and for the most part the slope
is covered with débris. But at the base of the ridge and along the stream
Archean rocks alone are exposed, though this is along and east from the
line of the ridge containing the outcrop of the Carboniferous rocks.
Below the forks of the creek these rocks reach southward to the line of
Quaternary, but no traces of them were observed anywhere above the
junction.
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Near the top of the ridge separating this stream from South Poiiil
Creek the Dakota sandstones are imperfectly shown, dipping eastward,
though, where the Stonewall is cut by the extension of the little park,
those sandstones are almost vertical, and at a little way farther north
they are dipping westward. The rock is much coarser than at the gap
made through the wall by Leandro Creek.

Several dikes were seen in the park of Comanche Creek, but the
exposures in all cases are fragmentary and the strike could not be ascer-
tained; but for the most part it seems to be west of north, so that these
dikes are probably continuous with those of the Old Baldy series, to
which they are closely related in composition.

Between Costilla and Colorado Creeks.—Basalt continues along the face
of the mountains southward from Costilla Creek to the Cafion Cedros,
where a petty exposure of trachyte was observed beneath it, which in
turn rests on the Archaean rocks.

The Archean area shows a sudden expansion westward as soon as
Costilla Creek is passed—a condition which justifies the belief that
Archaean rocks underlie the basalt of Culebra Basin and the Rio Grande
Plains between Trinchera and Costilla Creeks.

An insignificant patch of basalt remains on the south side of Cafion
Cedros, where it is shown at some distance from the plain resting on
Archean. The latter rocks are well represented in the Cafion La Jara at
six miles south from the mouth of Costilla Cafion, where granites and
gneiss, both micaceous and hornblendic, are present. The hornblendic
beds occur in layers within the others. For the most part the granite is
extremely fine-grained and hard, with minute scales of mica. Feldspar
porphyry, such as occurs in the Arkansas Range of Colorado, is common
here, and shows crystals of greenish feldspar four inches long by two
inches wide. Small crystals of mica are.often shown included in milky
quartz. Several narrow dikes of rhyolite are crossed by the southern
branches of the main cafion.

Thus far, coarse débris covers the mountain side, and it is similar to
that seen on the hills north from Costilla Creek; but no compact con-
glomerates were seen.
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Archeaan rocks alone occur beyond the Cafion La Jara until the Cafion
Latir is reached; but, beyond the latter to the Cafion Cabresto, trachyte
dikes are very numerous though usually very narrow There seems to
be an area of trachyte or rhyolite covering the hills at the head of the
longer cafions, but in the absence of direct information from personal
examination it has been thought best to color the whole area referred to
as Archean. Between the Cafion La Jara and the Cafion Cabresto the
exposures are fragmentary, and the relations of the Archean and the
dikes are not clearly shown. A fine bed of white quartzite passes along
the face of the mountain and its fragments are spread widely over the
plain. With this is gneiss containing nodules of silvery mica and feldspar.

A gray eruptive rock, weathering deep yellow, makes its appearance
at the mouth of Cafion Cabresto and extends up that cafion for more than
a mile, but the cafion heads in Archaan. This eruptive rock forms the
wall facing the plain to the mouth of Colorado Creek. L

The plain south from Costilla Creek shows little change. It is
covered with alluvium, which doubtless rests on basalt at no considerable
distance from the foot of the mountains. The wall of the Rio Grande
Cafion shows no change in character, and some hills of basalt rise from
the plain at but a little way north from the mouth of Colorado Creek.
The alluvial deposits increase in importance southward until, beyond that
creek, they are found in splendid benches rising 250 feet above the stream
and extending to a long distance as gently sloping foot-hills.

CoLorapo CrEek.—This stream has its sources on the east side of
Taos Mountain, flows northward for nearly eleven miles through a deep
close cafion, and afterward westward for seventeen miles to the Rio
Grande. Its cafion, from the head to the plaza of Colorado, is one of the
most remarkable in the whole region.

The yellowish eruptive rock seen at the mouth of Cabresto Caifion is
an extremely hard rhyolite, light gray, but weathering yellow. It forms
both walls of the cafion from the mouth up to within a short distance of
the first tributary entering from the south, where granite appéars and
forms the south wall. The change from eruptive to metamorphic rocks

is admirably shown by the' changed character of the wall. The former
21
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rocks occur in harsh overhanging cliffs almost wholly naked of vegetation,
whereas the softer gneisses and granites break down so as to give a slope
on which soil may be held. Soft spots occur in the rhyolite, but these
weather into a variegated mud which supports only occasional spruces.

Arch@an rocks prevail along the first tributary coming from the
south, but they are cut by slender dikes of mottled trachyte. Opposite
the mouth of this tributary some slender dikes of basalt were seen
following irregular fissures in the rhyolite.

Above this a remarkably beautiful granite is shown in both walls
for a mile and a half, but the rhyolite is very near the creek and at that
distance comes down again for a little way. The granite quickly resumes
its place and lines the creek until within two miles of the deserted mining-
camp, where the cafion widens into a park. The structure of the granite
suggests that it may be a metamorphosed conglomerate, for pebbles are
very distinctly shown. Quartz of greenish tint with glassy fracture pre-
dominates.

Dikes of mottled trachyte, cut by narrow dikes of basalt, are very
numerous in the park, and the rhyolite is shown in the hills at a mile or
more north from the creek. A dike of the rhyolite cuts one of trachyte
and both are cut by a dike of basalt. The eruptive rocks prevail until
some distance above, where the road to Red River Pass leaves the creek.
At three miles above that point the forest become very dense and thence
exposures are rare. Archaan fragments are common, mingled with those
of Carboniferous rocks. Dikes still exist, but they become less important
southward. Toward the head of the creek only the Carboniferous rocks
are exposed, and the great Mora fault is reached on the divide between
Colorado and Lucero Creeks.

In ascending from the creek to Red River Pass one crosses many
narrow dikes of trachyte, separated by insignificant exposures of gneiss.
On the summit is a narrow line of Carboniferous conglomerate, marking
the course of the Mora fault. A broad dike of rhyolite occurs on the
summit. The rock closely resembles granite in general appearance, and
contains grains of sanidin often nearly half an inch in diameter.

Terraces were seen in all the parks within this cafion, but they
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seem to have been made by re-erosion of the valley after it had been
filled with drift material. The gravels at some localities are nearly 200
feet deep. They are cemented by oxide of iron and calcareous matter and
are of local origin.

The structure of the region immediately about Taos Peak was not
ascertained in detail. When the attempt was made to reach the peak
the snow was still so deep as to prevent any detailed examination and to
conceal the rocks at some of the most critical points. The details of the
Mora fault as shown on the divide between Colorado and Lucero Creeks
have been given in the description of the Moreno Valley. Carboniferous
rocks appear to cover the higher hills of this massive mountain, but the
tributaries to Colorado Creek, rising within the ridge, show only rare
fragments of Carboniferous rocks, and Archean pebbles predominate.
The dip of the Carboniferous beds on the west side of the Mora fault is
very gentle and diminishes westward. At the fault it is 26°, and at two

miles farther west it is barely 10°. If this condition continue these rocks
can be found only on the very highest points of the mountain. The

coloring of the map in this vicinity is partly conjectural.
TAOS CREEK.

Taos Creek, a short stream entering the Rio Grande below Taos, is
formed by the union of Taos Creek, Pueblo Creek, and the Rio Grande de
Taos, the latter being formed by the junction of Frijole Creek and several
other streams to which no names have been assigned.

PuesLo Creek rises under Taos Peak and, as it emerges upon the
plain in the Taos Basin, receives Lucero Creek from the north and Ferdi-
nand Creek from the south. Noexaminations were made on either Pueblo
or Lucero Creek. :

FerpiNaND CrEEK heads near Taos Pass and flows almost westward to
the Taos Basin, where it turns toward the north and soon joins Pueblo
Creek. At the entrance to its cafion the Carboniferous rocks are shown
dipping sharply toward a little south of east, which direction is the pre-
vailing one up the stream for nearly three miles; but thence for three
miles the dip is irregular, now southeast, then southwest, and occasion-
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ally for very short distances northwest. The southerly dips prevail and
the rocks rise rather quickly toward the north. At about six miles from
the mouth of the cafion the dip is southeast at 12°, but the direction
" changes gradually to south of east, then to east, then to north of east,
and at the forks of the creek the dip is distinctly northeast.

Thus far the Archsean is not exposed along the creek and no rocks
newer than the Carboniferous occur. Carboniferous limestones are almost
constantly in sight, and a huge one just below the forks of the creek
contains Spirifer, Athyris subtilita, Productus semi-reticulatus, Productus
prattenianus, and many other characteristic species.

An exposure of sandstone at the mouth of the North Fork shows
the rocks to be dipping west or south of west. Half a mile up the first
little stream entering this fork from the east, hornblendic gneiss was seen,
and in the next gap above syenite occurs, showing the course of the
Mora fault.

The hills become rounded at a short distance below the forks, and
this is the condition on all the forks. They are covered with compacted
gravels and conglomerates similar to those seen along the west base of
the Culebra range from Fort Garland southward almost to the cafion of
Costilla Creek.

This conglomerate is well exposed on the North Fork, where its
material is wholly derived from eruptive rocks. It varies there from
excessively coarse to very fine and is distinctly laminate in the finer

portions. Sometimes it shows alternating layers of very fine and moder-
A ately coarse material for several feet, above which come enormous blocks
of trachyte, weighing from 100 to not less than 1,000 pounds. Every

block is rounded as by water-wear. Among the fragments are specimens
of every rock found in the Old Baldy series, in the Comanche and Costilla
dikes as well as in the dikes of Colorado Creek, while some fragments
were seen belonging to rocks not observed in place. Even the basalts of
more northern areas seem to be well represented here.

The character of the conglomerate on the South Fork is similar in a
general way to that observed on the North Fork, though the rock is for
the most part much finer and contains in addition occasional fragments
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of sandstone and a few of quartzite. The character of the rock leads
to the supposition that this stream heads among the Archaan rocks.

The exposures of the conglomerate on the Middle Fork are poor, but
suffice to show that its composition is different from that found on the
other forks, for here one finds much quartzite, gneiss, and Carboniferous
conglomerate. The Quaternary conglomerate reaches almost to the crest
of the Taos Pass, while on the North Fork it reaches to a greater elevation
than that of the pass.

At the foot of the slope leading directly to the pass the Carboniferous
rocks are shown, and a thin limestone containing Carboniferous fossils is
exposed on the summit. The western edge of the Archaan exposure
crosses this fork at about a mile above its junction with the North Fork
and lies about a mile and a half east from the line of the South Fork. It
is well defined, and the course of the Archean area is distinctly shown by
a high ridge.

The recent conglomerate has a dip between east and northeast on the
North Fork, but the direction could not be accurately determined, as the
lamination of the rock is somewhat irregular. -

On the face of the low bluff or mesa between Ferdinand and Pueblo
Creeks, and looking toward Taos Basin, the Carboniferous rocks are
exposed up to the mouth of Pueblo Cafion, while on the north side of that
cafion there is clearly a change in the character of the rocks, and those on
that side seem to be Archaan. No direct examination could be made to
determine the relations. |

In the Taos Basin, which has been excavated by the several streams
forming Taos Creek, the surface is covered by an irregular deposit of fine
silt with here and there thin layers of pebbles. At several places a
white chalky marl was observed about two feet below the surface,
under which silt not unlike that overlying it was observed. This marl
is similar to that seen at many localities within the Canadian and Mora
areas. _

Fruore Creex flows by the southern edge of the Taos Basin, and is
formed by the union of several considerable streams flowing down from
the west slope of the Mora Range, with others which drain U. S. Mountain
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and an extensive area southward toward Junta Creek. Examinations
were made only along the stream coming from the south.

The creek emerges from its cafion at a little way above Placita
Chiquita or the Francisco Ranches. Conglomerate sandstones containing
opal-like quartzite pebbles are exposed at the mouth of the cafion. Far-
ther up the creek, some red shales and occasionally an impure limestone
occur with these, but no fossils were found to indicate positively the age
of the rocks. The U. S. Mountain, lying west from this cafion, is a huge
mass of which no examination could be made in detail. It evidently has
a core of metamorphic rocks.

At the mill on Frijole Creek, probably a mile and a half above Fran-
cisco Ranches, a petty anticlinal is cut by the stream and evidently
divides the synclinal separating the U. S. axis from that lying next east.
From this point up to Old Camp Burgwin exposures of the older rocks
are few and unsatisfactory, only sandstones and reddish shales having
been seen.

At a little way above the mill the cafion widens, and compacted
gravels, such as were seen on Ferdinand Creek, are well shown. These
continue along the road leading to Junta Creek at Real Pueblo, and
extend up the mountain side on this road to 8,600 feet above tide. The
upper limit is certainly higher than this, but no measurement was made
on the side of U. S. Mountain. All of the older rocks are deeply buried
under these conglomerates, except at the first fork above Old Camp Burg-
win, where the Archaean is shown underlying them. There the conglom-
erate contains fragments of Carboniferous sandstone and limestone
mingled with those of gneiss and schists; whereas farther up the moun-
tain side along the road to Real Pueblo no fragments were found of any
aside from Archasan rocks. Below Old Camp Burgwin the conglomerate
contains fragments of all rocks existing in the U. S. Mountain and in the
northern part of the hills along the Mora axis.

JUNTA CREEK.

Junta Creek is formed by the union of several small streams near
Jicarilla Peak, in the Las Vegas Range, and flows west and northwest to
the southern edge of the U. S. Mountain; whence it follows a somewhat
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serpentine course to the Rio Grande. The examinations along this
stream were merely those of a reconnaissance, and extended from Real
Pueblo up to the head of the fork followed by the old Taos freight road.

At Real Pueblo, four miles above Picuris, a basalt sheet was seen,
which covers the hills eastward to about two miles from the Pueblo.
This cap is 400 feet thick and rests on an old bench. At one time it
filled the valley, and even now the sheet bends over the edge of the bluff
above Real Pueblo.

Water-worn transported fragments are very numerous up to 700 feet
above the stream on the hill back from the Pueblo, and in all probability
belong to the gravel conglomerates.

Junta Creek issues from a deep cafion at little more than two miles
above Real Pueblo; and the conglomerates are shown in the sides of the
park immediately below the cafion. There they rise to not less than 250
feet above the stream, and contain fragments of all the older rocks occur-
ring along the creek. But no fragments of the basalt were seen except
near the Pueblo.

For two miles up the cafion one rides amid Archaan rocks, marking
the course of the Santa Fé axis, which is not clearly shown on Ferdinand
Creek. The rock here is, for the most part, a very fine-grained, soft,
almost white gneiss, containing silvery mica in filmy laminee. It is cut
by many veins of quartz, some of them large, but without ores, so far as
examined. The stream makes a sharp bend toward the west in this
cafion, and there the Santa Fé axis is crossed.

On the east side of the Archaan area one reaches a very coarse con-
glomerate sandstone, so coarse and so light in color that often it is not
unlike gneissoid granite. Farther up, the rock becomes less coarse, shows
many comparatively fine-grained beds, and varies in color from light gray
to reddish. The dip is abrupt, being 20° east-northeast or north of east
at the forks of the creek. This rate diminishes gradually until, at two
and a half miles above the forks, the synclinal is reached, that between
the Santa Fé and the Mora axes. Thence to the next fork the dip is
undulating but mainly westward.

Alo'ng the main stream thus far only Carboniferous rocks were seen.
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The limestones are rich in the characteristic species, and several of the sand-
stones are crowded with Spirophyton. Along the northern fork, which is
followed by the road crossing the range to Agua Negra, the same rocks
are present to the summit of the range. Several thin limestones were
seen, all of which show Spirifers and fragments of Crinoidal columns.

The vicinity of Senta Fée.—Southward from Taos Creek to Santa Fé
no examinations were made, and the western limit of the Archean area
along the Santa Fé axis was not determined. The Archaan reaches quite
to the plains opposite Santa Fé, but the Carboniferous rocks are shown
at the base of the mountains at a little way farther north.

Going southward from Santa Fé, on the stage-road leading to Fort
Union, one soon reaches the Archaean area of the Santa Fé axis, and does
not pass beyond it until within less than two miles of Cafioncito on
Galisteo Creek.

Leaving this road at the Arroyo Hondo and taking the road which
leads to the Bishop’s Ranch on the Galisteo, the Archaan area is soon
passed and the road lies almost immediately west from the western limit
of that area. But no exposures of the stratified rocks are shown until
within a mile of Galisteo Creek, where one comes to the Carboniferous
limestone, which is described in the next section of this chapter. The
Archean is represented by a coarse granite varying in color from gray to
red, associated with fine-grained granites and very dark gneiss alter-
nating with white quartzite. Much of the granite is pebbly, as though it
were a metamorphosed conglomerate.

The Galisteo sandstone was not recognized anywhere along either
road. The alluvium in the vicinity of Santa Fé and along the Bishop’s
road is very thick and shows near the top much marly material. At one
locality, two miles south from Santa Fé, this marl is distributed through-
out a thickness of thirty feet of alluvium.

SECTION II.
THE REGION DRAINED BY GALISTEO CREEK.
Galisteo Creek has its source in the southern part of the Santa F¢
Range, flows southward to the village of Galisteo, near which it is increased
by the Arroyo San Cristobal, and thence flows westward to the Rio Grande,
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which it reaches at, say, ten miles above Albuquerque. It drains a con-
siderable portion of the Santa Fé Range and very much of the plateau
between the Pecos and the Rio Grande, on which are Los Cerillos and
the Sandia and Placer Mountains. No examinations were made west from
Los Cerillos, and the study of the northeastern slope of the Placer Moun-
tains was left very incomplete. '

The area of this stream may be considered conveniently in two
divisions—the upper, embracing the region drained by the creek in its
southward course, and the lower, the region drained by the Arroyo San
Cristobal and Galisteo Creek in its westward course.

Los Cerillos are rudely conical hills, relics of huge dikes thrust
through the shales of Cretaceous No. 4, which are well exposed on the
south and west side of the hills. Westward toward the Rio Grande these
shales form mesas, in which the dip is eastward and gentle. But in the
vicinity of Andrews’ smelting works, nearly eighteen miles below Galisteo,
the dip changes, the rocks being disturbed by small dikes. For a mile
above those works exposures along the creek are very indifferent, but
some little hills north from the creek exhibit the lower shales of this sub-
group. They are dark, more or less sandy, and contain thin layers of
reddish-yellow sandstone. The latter are often covered with casts of
fucoids, while fragments of huge Inocerami are common amid the shales.
The higher beds of this sub-group are shown in a broad arroyo, reaching
the creek at nearly a mile above the works, where they are very dark,
contain many Inocerami, much gypsum, and numerous beds of iron ore;
the last being equivalent to the beds of ferruginous concretions occurring
at this horizon in other localities.

This arroyo follows the western side of Los Cerillos, and the effects
of the dikes on the shales are well shown. The shales are twisted into
every conceivable condition and the ore-beds are frequently vertical.
The thrusts in most cases were short and very abrupt, for the up-turn of
the beds sometimes occurs within six feet, the change in dip being from
almost horizontal to almost vertical.

As might be suspected, from the similarity of conditions, ores occur
here as in the vicinity of the Old Baldy Range of the Cimarron. Many
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years ago some streaks of galena were mined by Spanish residents; but
the quantity of ore obtained seems not to have been very large, for the
mines were abandoned after they had been barely prospected. Within a
few years the mines were reopened and the Andrews’ works were erected
for smelting the galena, which is said to be richly argentiferous. The
smelting works were shut down in August, 1878, owing to lack of ore.

Mining operations have been begun again on the west side of Los
Cerillos. The crevices in the shales have been filled in many instances
with galena. The cale-spar filling shrinkage cracks in the ferruginous
concretions often shows flakes of galena. Besides these modes of occur-
rence, that mineral occasionally appears in narrow streaks between small
dikes and the shales, thus resembling contact deposits. The last offer
some encouragement to the prospector, but the ore-streaks vary in width
from one-eighth of an inch to barely two inches.

Mining has been carried on more energetically on the east side of the
Los Cerillos and there are more reasons to look for success here than
there are on the western side. The rock is trachyte, cut by many narrow
streaks of kaolin-like material. Outcroppings of argentiferous galena
are numerous, but for the most part the streaks are very thin.

The western outcrop of the Laramie rocks on the south side of Gal-
isteo Creek is at a little south of east from the Andrews’ works. It curves
eastward under the influence of the Cerillos outburst as it approaches
the creek, and though touching the creek at barely one mile above the
works it does not fairly cross it until three miles. The following section

_was obtained in a double arroyo nearly two miles southeast from the

smelting works:
Feet. Inches,

1. Sandstone, soft, flaggy, very light gray ; breaks down into loose sand.. 30 0
2. CoalyClay . - ..o i 0 2
3. Dark clay, with rootlets.............. .. ... ... P 0 3
4. Shale, dark, much nodular iron ore, the nodules weighing from one

ounce to 100 pounds.- - ... .. ... ... 38 0
5. Shaly sandstone . ........ .. ... i 5 0
6. Coaly shale, comes out in blocks; contains much vegetable matter. . ... 0 10
7. Dark shale. .. ... .. il ... 400
8. Sandstone, red and yellow, flaggy toshaly.... . .............. ... ... 8 0
9. Concealed ... ... ... i iiien ter e 6 0



10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27,
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

40.
41.
42,
43.
44.
45.
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Feet. Inches.

Sandstone, light gray, ripple-marked, soft .............. ... ... . .. 18 0
Drabshale. ... ... .. ... . .. . . ...l e 4 0
Iron ore, caleareous. . ... ...l 13
Sandstone, soft, massive, gray. ........... .. .......LiiiilLL. 10 o0
Iron Ore .o 1 S
Drab shale........ ... i et 3 0
Coal-bed ... ... o e 2 10

07 0 6

L) . 0 1

COBL . e e et et et e e e e 2 3
Drabshale ....... ............ e 3 0
Sandstone, soft, elloW. .. ..o iuier cierer cotneeeeuenenaancnvasan. 8 0
Shale and irOn OTe@. ... .. ccuiei it iienestananesaneor sannenc mons 4 0
Light-gray sandstone .........cooiiiiiiin it 1 0
Coal-bed ... ... ..o iir iiiiiiiiiien e eeeieetee et aaeaaan 0 10
Argillaceous shaly sandstone .. .....coomieeiior icniiiiiiianiainaa.. 5 0
Shale and iron Ore...... ccccve it iaanns teeevencieecesinasananas 8 0
Coal-bed . .c. .t i iiiieiectaneeiiee st 0 10
1] 1 [ 1 0
Argillaceous sandstone. ....... ..o ceoii i e 2 0
Shale with iITOD OT@ . ... it i iie it iaeeee creeeveienannnn 10 0
Sandstone ......... .. e e it eeieceseeiane seeioasirenaeaaan 17 0
Drabshale ... ... .o i it ieietieranenn 2eretannannn 2 0
Ooal and shale, the coal brilliant and in streaks one inch thick ....... 1 0
Drab shale. . ... . i ettt iee e e 4 0
Coal-bed . ..o o e et e een e 0 3
Drab shale... ... ... ittt iietecaracrceannnnnnns 2 0
Drab sandstone .........cce.iiiint ittt it et ceecea e 12 0
Sandstone, shale and iron ore . .... Ceeeeaaen e teeeeeei e, 6 0
Coalbed ...... ..oooo.... e et et aeeee eeeeieae e e nas Blossom.
Concealed. ......cviri it it it et it eet i eeaeiceae e 6 0
Sandstone, shaly, soft, yellow1sh 724 c: AR R cemans 14 0
Coal-bed . Y 9

COAL e i i iiiiie eiitaeceaeeeteaaereana 0 2

L 0 4

Coal ... e e e teeiieeeeieeaaae 0 5

Black shale. .. .. ..ot i it ie e, 2 6

Gray sandstone ..........cccoiiiiiiiiii it e e 1 0

Coal . ooeen e i ereeea N 0 4
Shale, dark, with streaks of COal .. e 1 0
Sandstone, argillaceous, flaggy ; many small nodules of iron ore.. ... 6 0
Sandy shale. ... ...o. cian il i e it e e 3 0
Coal-bed .. ... o et et e 0 2
1N 17 et 3 0
Sandstone ....... ...... et e eetere et e aeaeaa e aan 12 0
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Feet. Inches.

46, Shale. ...t e i teeraeeeearaaaaee s 10 0
47. Coal-bed coked by basalt dike.... ... ... . ... ... ..illL. 0 6
48, Sandstone and shale . ... ..., ... oot il i e e 9 0
49, Coal-bed .... ... ... oo el e 0 8
50. Drab shale and iron Ore. ...... ... .cvt ceiiiot ciniianns ceien et 3 0
51. Sandstone, gray, speckled with nodules of ironore .................. 10 0
B2, Coal-Ded - ..o o e e e Blossom.
53. Shales, with thin sandstones and iron ore ... .. .................... 23 0
54, Concealed ...........ciiiiiiniiiiiennnnn e e 8 0
55. Sandstone ............ e e et e et 6 0
56. Concealed ...... ....... .. e e i e e e eaeeeai e 7 0
/A 1Y ) U< O 1 0
58. Coaland Shale ... ... ...ttt i ciae e 0 5
5 R 0] e 4 0
60. Yellow shaly sandstone ................c.oiviuan. e eeeeree e 10 0
61. Dark shaleandironore. ..........cocoovniien civeeinenee orenen. 1B 0
62, SANASLONE . cvuen vt ae et caet ot ettt cee e e eane- 60 0
63. Sandstones, shales and beds of concretions belongmg to bretaceous

No.4 ......... e eeiaa.s et et iairee et e - -

03 7 433 0

The dip is east-northeast and gentle.

A narrow dike of basalt has cut the beds from No. 28 to No. 34,
inclusive, but it has produced no effect on them, and the coal in Nos. 30
and 32 is altogether unchanged. The insignificant bed No. 58 makes a
huge blossom, as the underlying clay is very dark. The sandstone No.
62 is frequently broken midway by a thick bed of shale. Its upper part
is quarried here for building purposes, and is used in the United States
hospital at Santa Fé, twenty-five miles away. The lower part contains
bands of deep-red sandstone and beds of iron ore more or less concre-
tionary in structure. One cannot easily determine the line of separation
between the Laramie rocks and those of Cretaceous No. 4, and it is pos-
sible that No. 63 may belong in part to the Laramie.

Several narrow dikes were seen in the immediate vicirity of this
section, and a huge dike passing in front of the Placer Mountains crosses
these arroyos near their head. A bed of excellent anthracite has been
worked in one of these arroyos, but the mine was abandoned some time
ago and I was unable to find it. It is said to be two feet thick. The
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coal, of which fragments were seen at Andrews’ smelting works, is hand-
some, compact, and breaks with conchoidal fracture. The area of anthra-
cite in this bed is doubtless insignificant, as it extends for but a little way
down the arroyos.

Nearer Galisteo Creek the dip of the Laramie rocks is very seriously
affected by the Cerillos outburst, for it is south-southeast. At three
miles above the smelting works the following section was obtained near
the road:

1. Sandstones and shales, much ironore ........... ... . ...l g
2. Dark shale ... ... . i i i e e iieea e 10
3. SANASIONG . . ..o ciet e et et e e aaas 5
4. Dark shale .................. e e e e e e e, 5
5. Sandstone, gray, soft, cross-bedded ; contains huge concretions. ....... 20
6. Coal-bed . ... .o i e e o Blossom.
7. Concealed; contains much ironore......... ... ... ... ...l 25
8. Gray, soft sandstone. ..... e e ieae e eeaeeeaeecaeaeeaetaas 5
9, Coal-bed ... ... . .. . e el 2
Coal . .. e ieeeitee s e e e 0 8
) 17 1 3
COoal ..o e e e e ce e e e 0 1
10. Shale. ... ... il e 10
11. Soft gray sandstone ... ... . ... ... Lo Ll il ol 12
12. Imperfect exposure; contains many calcareous ferruginous concretions
and others with cone-din-cone............... ... LLliia..oi.o.. 30
13. Sandstone, gray, with deep red bands.......... ... ... ...l 35
Total............. e r e m et eerctaetaaaiae reneeeaans 239

Very possibly this does not reach the base of the group, for at a
little way below this locality a large coal-bed was seen in the creek bank,
which seems to underlie No. 13. But the rocks are so disturbed that the
relations cannot be ascertained without resort to instrumental survey.
The dip is almost due south where the section was measured.

A broad arroyo opens into the valley of Galisteo Creek at about
three and one-third miles above the smelting works. In this the follow-
ing section was observed : '

Feet.
1, SandStone . ...t i e e e et et e eea e 20
L B0) Yoy L=y 30
B T 0T (<] 7 ) 0V YA AN 150

4. Drab shale and thin sandstones. . ..... ... ... .. i i it ioiie teein aann 70
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5. Sandstone ....... (cocciiiiiiaiieiaaitenaoan. fereeesnaas Ceeeeaeteanaaann 10
6. Concealed . ..... .. ..., tiit ettt ettt meeann 20
7. Sandstone ..... ... .iiiiiiiieeieeeee aeaa e e et et 60
8. Comcealed . ... e ettt e 100
9. Shales and SandStOne ... .....iiieni it e ie et e ceae e ciana e 90
10, Coal-bed . .. ... ... e et e et e e eaeeanaaenareeeracnaneee o raan 4
B0 ) 7 ) 6

B0 2 560

" The dip at the mouth of the arroyo is southward or east of south,
but at a little way farther up it changes to eastward or north of east, and
the whole section is shown to be ‘higher in the series than the one
obtained on the creek. The sandstone No. 3 is exposed at the mouth
of the arroyo, dipping southward at a high angle, and it is well shown
for some distance up the arroyo. Nos. 1, 3, 5, and 7 are almost exactly
alike, being yellow, soft, and easily affected by weathering. No. 3 shows
occasional pots of conglomerate, with here and there a thin shale holding
nodular iron ore. All of them have irregular, honeycombed surfaces
with sometimes very deep recesses. They hold also great sandstone con-
cretions which are harder than the enclosing rock, though they, too, are
of variable composition and weather with a pitted surface. These sand-
stones are very notable features, and No. 7 remains in sight to beyond
the old coal-road. A few indistinct impressions of dicotyledonous leaves
were seen below the exposure of Coal-bed No. 10, which are not unlike
those observed in the Trinidad coal-field. There seems to be a coal blos-
som below the middle of No. 8.

The Coal-bed No. 10 is shown in an arroyo entering the last from the
west and is reached at probably a mile and a half from the immediate
valley of Galisteo Creek. As exposed it is somewhat less than four feet
thick, though it is said to reach five feet. It was mined extensively at
one time to supply the stamp-mill of the New Mexico Mining Company at
Real de Dolores or the Old Placer; and the old entry, reported to be a
mile long, extends eastward from this opening to the old mine on the next
arroyo. But since that company suspended work at its mill the coal-
mine has been idle and neglected, so that it no longer exhibits the detailed
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structure of the bed or the quality of the coal. Some openings on the
west side of the arroyo, working up the dip, have “caved” so as to show
the structure fairly to a distance of twenty feet from the outcrop. Clay
“horsebacks” from the roof appear to occur frequently and cut away
fully one-third of the coal. A vein of hard blue clay, four inches wide,
crosses the bed at a few feet from the outcrop and distorts the coal on
both sides. For eight or ten inches from the vein the coal shows a bed-
ding parallel to that of the vein. If these troubles prevail in the bed
~ they detract very materially from its value.

The coal at this mine is a semi-anthracite and is very slaty. Some
of it is very good and compact, but a large part is imperfectly metamor-
phosed and its layers separate on long exposure to the weather. This
mine is said to yield coal inferior to that obtained from the old mine, and
certainly the material found on the dump is far inferior to that from Mr.
Andrews’ mine and used at his smelting works. The exposures along
this arroyo, nearer the Placer Mountains, are very indistinct, but the
anthracite bed seems to be the same with No. 16 of the section first given.
No dike of eruptive rock passes very near this locality, but the enormous
dike of trachyte, already referred to, rises high above the plateau at prob-
ably a mile nearer the base of the mountains.

The arroyos east from this give no satisfactory exposures, only the
coarser sandstones of the Laramie group being shown. These are con-
stantly in sight along the arroyos until the eastern outcrop of the group
is reached near Galisteo,'but all other beds are concealed except near El
Chorro, where a small coal-bed is shown. A long broad plain stretches
from the Placer Mountains toward Galisteo Creek and is covered by a
deep coat of coarse débris more or less firmly cemented. Immediately
underlying the soil is a white marl of unascertained thickness, in which
are many rounded pebbles incrusted with the marl. These deposits,
yielding to the weather, cover the slopes of the arroyos by which the
plain is broken, and thus render the making of sections impossible. The
eastern outcrop of the group-is reached near the junction of Galisteo
Creek and the Arroyo San Cristobal, whence it runs almost south. It
will be described in another connection.
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The frequent occurrence of dikes in this area causes niuch perplexity
by distorting the dips. The great trachyte dike has been referred to
already. On the northeast face of the mountain it was planed off with
the other rocks during the formation of the broad bench, and its frag-
ments are more numerous than those of any other rock in the conglom-
erate covering that bench. But at the northwest, beyond the termination
of the Placer Mountains, it stands out as an immense comb or hog-back
stretching toward the Rio Grande. Petty dikes diverge from it in all
directions. Basalt dikes are not unfrequently seen, and one of large size
passes close to the mountains near Real de Dolores, disturbing the strati-
fied rocks so that they dip away from it on both sides.

Unfortunately no examination of the Placer Mountains could be made
in detail. A curious conglomerate sandstone was seen above Real de
Dolores, which contains a small amount of free gold varying from $3 to
$12 per ton. Its relations were not ascertained. The axis of the moun-
tains is made up of bluish syenite, a very compact and beautiful rock,
with some gneiss. It contains some gold-bearing quartz veins, several
of which have been mined for many years, but without much system.
The mill of the New Mexico Mining Company at Real de Dolores has
twenty stamps in position, with frames and capacity for twenty more. It
is not operated now by the company, and the mines have not been opened
sufficiently to supply it. The ore is of low grade. Fine specimens of
hematite were seen in this vicinity, but no details were obtained respecting
the quantity. The gravels at Real de Dolores, or the Old Placer, have
been worked nearly forty years and much gold has been obtained from
them. But the supply of water is so small and so uncertain that work
cannot be prosecuted vigorously.

The eruptive rocks in Los Cerillos form the north wall of the Galis-
teo Valley until, at three miles above Andrews’ smelting works, their
eastern boundary bends toward the north. On this north side of the
creek the shales of Cretaceous No. 4 are shown pushed beyond the verti-
cal and resting directly against the trachyte, while in front of them
toward the creek are the Laramie sandstones, also pushed over. An
effort was made to obtain a section here, but, with rare exceptions, the
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narrow gaps between the sandstone walls are grass-covered and the place
of the two little coal-beds seen could not be ascertained. Where first
reached on this side of the creek the Laramie sandstones strike N. 70° E.
and their dip is reversed to west; at less than a mile farther east the
strike is N. 60° E. and the dip is eastward; immediately below the Santa
Fé and Real de Dolores road the strike is N.15° W. and the dip east-
ward. The lower sandstones of this series, as on the south side of Galis-
teo Creek, contain many deep-red bands, and beds of iron ore are imper- -
fectly exposed in several of the swales between the sandstones. Most of
the ore-beds have the concretionary structure characteristic of those seen
in the Fort Pierre subgroup, and some of them contain obscure fossils.
Many of the higher sandstones hold great pockets of conglomerate, and
the last sandstone seen before reaching the Santa Fé and Real de Dolores
road contains a thick bed of extremely coarse conglomerate.

At a little way below the Santa Fé road the valley widens into a park
and exposures are very poor on the north side of the creek until beyond
that road, where a short exposure of Laramie rocks occurs. Just beyond
this is a dark breccia resting conformably on a soft light-gray sandstone,
the whole apparently conformable with the Laramie rocks, though the
contact is nowhere exposed. As appears from considerations presented
elsewhere the conformability is impossible. This new group, the Gal-
isteo group, crosses the Santa Fé road northwest from this exposure at
somewhat more than one mile north from the creek. The breccia con-
tains fragments of nearly every form of trachyte found in this region, all
of them angular and cemented by what seems to be a volcanic ash. No
fragments of any other kind of rock were observed. This series is cut by
a north and south dike passing through the hamlet of La Vaca. It does
not cross the Galisteo, and the western fault of the Upper Galisteo,
concealed here under the Galisteo rocks, ends not far from La Vaca, where
the Laramie rocks are much distorted.

The Galisteo series touches the creek at probably a mile above
La Vaca, where it incloses a bed of Lower Dakota sandstone, partially
metamorphosed and dipping westward, though almost vertical. This

resembles a trachyte dike in basalt, for the breccia is very dark. Near
22



338 GEOLOGY.

this locality, the mouth of the Arroyo de los Angeles, the outcrop of the
Galisteo rocks bends northeast and follows the northwest side of that
arroyo.

Here the Dakota rocks, brought up by the Upper Galisteo faults, are
reached. They are so badly broken and distorted that no understanding
of their dips can be obtained without detailed study. The end of the
double fault is well shown on the south side of the creek opposite this
locality, for there the Laramie rocks are almost vertical, dipping south.
The eastern edge of the faulted area is passed at probably a mile and a
half below Galisteo and the Laramie rocks are again reached, now dipping
westward. These continue in sight until the eastern outcrop is passed at
the village of Galisteo. The intervals between the sandstones are con-
cealed and no traces of the coal-beds were seen.

The alluvial deposit in the valley of the Galisteo is very deep below
the village of that name, but it contains very little coarse material as
compared with similar deposits along other streams. It was laid down
as the bed of the creek was shifted from side to side, for in many places
stratified rocks form the wall on one side for a long distance, while the
other bank shows only alluvium from the bottom to the top. The
influence of the Colorado shales is shown in the alkaline water and in the
saline efflorescence covering the broad sub-bottom, which is wholly
covered by the streams during seasons of high water.

Galisteo is at the northwest corner of a park which extends for fully
seven miles southward from the Arroyo San Cristobal and for nearly
three and a half miles east from the village. Its area north from that
arroyo widens eastward, as the northern boundary is a dike trending
northeastward. The Laramie rocks form its western wall and their east-
ern outcrop follows a line passing almost through Galisteo in a north-north-
east direction. South from the Galisteo that outcrop lies almost imme-
diately west from the Galisteo and New Placer road, until at nearly six
miles from the former place that road rises upon the Laramie beds.
These are mostly grayish-yellow sandstones with bands of deep red, and
separated by shales in which are beds of great septaria. The septaria
resemble those of the Fort Pierre shales. Nearly all of them are ferru-
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ginous, but some are argillaceous and show the cone-in-cone structure.
Fossils are not numerous, but Ostrea congesta occurs at 150 feet above the
base of the group, along with fragments of Inoceramus.

Débris from the sandstones practically conceals all the intervals
between them until somewhat more than half a mile south from Cerro
Pelon, where, at about seventy-five yards west from the road, a coal-bed
eight inches thick was seen underlying a bed of iron ore. Another bed
of ore is shown at twenty-five feet higher up the hill. The blossom of a
second coal-bed, also small, is exposed near the forks of the road beyond.
The lower bed is very probably the same with that which was seen near
El Chorro.

Cerro Pelon is a clumsy hill of gray trachyte resting on Laramie
rocks, whose outcrop is continuous below it. A dike of similar rock
crosses the park near its southern edge.

The thin coating of soil in the park is underlaid by the Colorado -
shales. Those of the Fort Pierre subgroup are reached on the New
Placer road almost at once after leaving Galisteo; and thence to where
the road ascends the southern edge of Cerro Pelon the exposure is
continuous. As at all other localities north and east within the district,
this subgroup far exceeds in thickness any of the other subgroups of the
Colorado shales, and its area occupies fully one-half of the park south from
the Arroyo San Cristobal. For nearly 200 feet below the base of the
Laramie group the rock is dark shale with beds of ferruginous concre-
tions. Under this are sandy shales, yellow and gray, with thin bands of
grayish-brown shale, thin beds of shaly sandstone, and beds of calcareous
iron ore. These lower beds pass gradually into darker, somewhat fissile
shales, in which appear the argillaceous limestones of the Niobrara sub-
group.

The ferruginous beds stand out in low ridges rising from two to four
feet above the level of the plain. Not all of them are continuous, and
most of them seem to be merely lines of great concretions, three to ten
feet in diameter. Huge calcareous concretions are scattered through the
upper part of the shales. All of these, both ferruginous and calcareous,
are septaria-like. The majority of them are septaria, and the others have
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that appearance because of the fibrous shells of immense Inocerams.
Some beds show only concretions with cone-in-cone structure. These
are argillaceous and have but enough of iron to give them color. They
are invariably non-fossiliferous. But the other concretions are richly
fossiliferous, containing species of Ammonites, Baculites, Inoceramus, Ostrea,
Trackitriton, Gyrodes, and Fasciolaria, which are thoroughly character-
istic of the group. In the sandy shales Ostrea congesta occurs, though by
no means so abundantly as in some parts of the Niobrara subgroup. It
is associated with a large Ammonites not figured in Mr. Meek’s work.

Some fragments of reptilian teeth and bones were seen. The higher
shales are crowded with arrow-head crystals of gypsum.

Exposures of the Niobrara limestones and shales are not numerous,
but such as do occur are thoroughly satisfactory. They are well exhib-
ited at probably a mile and a half southeast from Galisteo, on the south
side of the creek, where the limestones have been quarried and burned
into a poor lime. They contain the characteristic Inoceramus problemati-
cus. East from these are some petty exposures of dark shales belonging
to the Fort Benton subgroup, which pass gradually into the sandstones
of the Dakota in the east wall of the park.

In ascending the Arroyo San Cristobal on the north side one finds
the outcrop of the Laramie group crossing northeastward toward the dike,
which is the northern wall of the park; the curve being due probably to
the influence of the thrust preceding the eruption of the dike. Above
this outcrop are the sandstones and shales of the Fort Pierre subgroup,
with the ferruginous concretions, the sandstones bearing close resemblance
to those of the Laramie series. Few exposures of the Niobrara lime-
stones and shales are shown; indeed exposures of any sort are very rare
until one reaches the Upper Dakota rocks at somewhat more than three
miles east from Galisteo, or somewhat less than one mile below Eaton’s
Ranch. The Upper Dakota forms a hog-back, made up of yellow and
almost white sandstones, capped by a reddish-brown bed. These rocks
contain no fossils other than indistinct markings resembling casts of
fucoids. Underlying the sandstones are shales, near the top of which is
a gray limestone without fossils, which is well shown on the south side
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of the creek. The shales below this are very dark, holding a gypsum-
bed near the top and a conglomerate of limestone and iron ore near the
bottom. Blue shales and thin sandstones underlie these and rest on
sandstones of the Lower Dakota, which closely resemble those of the
Upper Dakota. The shales immediately above the lower sandstones con-
tain vast numbers of lenticular nodules of limestone with reticulate
surface, and showing birdseye points when freshly broken open. A thin
bed of gypsum is said to occur in these shales at a little way above Eaton’s
Ranch, but it was not seen. The gypsum is good and it has been used
at Galisteo. Thin streaks of coal have been observed above Eaton’s
Ranch, one of which, according to the statement of the U. S. Forage
Agent at Galisteo, yields good coal.

A slight anticlinal is crossed by the arroyo almost immediately below
Eaton’s Ranch, but it soon dies out southward. It was followed north-
ward to beyond the Galisteo and Koslowski road, where it was seen in
the mesa which bounds the park at the northeast. The shales with the
nodular limestone are well exposed there, capped by the sandstone, which
describes a short and gentle synclinal. The dip of the sandstone increases
westward, soon becomes very abrupt, and the mesa breaks down toward
the basin of the Upper Galisteo.

The structure of the region south from the Arroyo San Cristobal
‘and Galisteo Creek, from the east wall of Galisteo Park to beyond the
western outcrop of the Laramie group, is shown in the following diagram:

Ex
ey

F1G. 49.—Section along Arroyo San Cristobal and the Lower Galisteo. 1. Dakota; 2. Colorado; 3. Laramie;
4. Trachyte of Cerro Pelon.

TuE UppErR GaLisTEO.—A narrow dike, barely ten feet wide, follows a
northeast direction from the mouth of the Arroyo de los Angeles for miles
and forms a well-defined ridge, separating the two portions of the Galisteo
area. That arroyo falls properly within the northern division, which,
south from the Cerro Colorado, is an open park, stretching from that
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arroyo eastward almost to the Galisteo and Koslowski road, its eastern
boundary being the abrupt face of the Dakota Mesa referred to in the last
paragraph but one.

An arroyo begins on the southern face of that mesa and follows the
northwest side of the dike to very near the gap by which Galisteo Creek
breaks through the dike. The Fort Benton and Niobrara subgroups are
concealed in this arroyo, but the Fort Pierre is finely exposed in it as
well as on the plain on both sides. It shows the same characteristics as
in the southern portion of this area. Univalves are very numerous in
the conecretions, and bivalves prevail especially in the more calcareous
shale-beds. No Ammonites were found in the concretions, but they occur
frequently in the shales. Gypsum crystals are plentiful. Exposures of
this group are common northward to within a short distance of the Cerro
Colorado.

The Laramie sandstones are well exposed near the Galisteo gap and
are dipping westward. They are coarse-grained, contain some carbona-
ceous matter, and are separated by dark shales, but show no coal. Care-
ful search was made for Halymenites major, but that fossil seems to be
altogether absent both here and in the field south from the Galisteo.
Beyond the alluvial basin of the Galisteo the Laramie sandstones are
shown on the low divide between the creek and the Arroyo de los Ange-
les, but there they have an eastward dip, which increases toward the
crest of the divide, where they are almost vertical. This condition con-
tinues northward almost to the Cerro Colorado, and the western edge of
the narrow synclinal seems to pass just south from that hill.

The Lower Dakota rocks are shown on the western side of this
divide, where they dip toward the west at from 60° to 80°. The line of
this fault passes either immediately south or immediately north from
the Cerro Colorado, where the rocks are Dakota and have but a gen-
tle dip; but the exact course of the fault cannot be ascertained
unless detailed sections are run. This could not be done at the time
of examination.

The Lower Dakota rocks are well exposed in the Arroyo along an
east and west section, and in all respects, as far as they go, resemble the
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rocks seen at and below Eaton’s Ranch on the Arroyo San Cristobal.
The limestone-bed is nearly vertical, shows crinoid stems with indistinet
traces of mollusks, varies in color from light gray to dove, and in struc-
ture from coarse granular to fine-grained with conchoidal fracture. =~ The
sandstones are rather coarse-grained and for the most part very light
gray, though a few of the beds are bright yellow, and occasionally a red
bed is seen. The shales of the Middle Dakota are red, blue, and gray,
some of them quite sandy, while others are argillaceous. This series
continues to the mouth of the arroyo, but in that direction the exposures
are less definite owing to overlapping by the Galisteo series.

Near the western edge of the arroyo the Dakota rocks dip eastward
at a very high angle. This condition is especially well shown near the
Santa Fé road. Exposures are poor on this side, and are found only
where the Galisteo rocks have been removed by erosion. It is clear
enough, however, that the Dakota rocks are thrown into a synclinal, and
they are cut off on the west by a fault, as they are on the east side; which
readily explains the absence of the Fort Pierre shales along the Lower
Galisteo above La Vaca, and equally explains the distortions observed in
the Laramie rocks for nearly two miles above that placita on the south
side of the creek. This fault cannot be followed out toward the north,
as the mesa is covered by alluvium and the Galisteo series, neither of
which is affected by the fault.

The Galisteo group is easily followed along the western and northern
walls of the Arroyo de los Angeles from the Lower to the Upper Galisteo.
It is double, consisting of the breccia above, not less than 150 feet thick
- where examined, and the light-gray sandstone below, 40 feet thick, as
shown in a full exposure at the head of the arroyo. The breccia is not
présent at the head of the arroyo, and no exposure of it was found at any
locality north from that where the Santa Fé road ascends the mesa. The
sandstone is very light-gray, very soft, and much of it is friable. It con-
tains many small rounded pebbles.

The relation of this group to the Dakota sandstones is well shown in
the bluff at the head of the arroyo; for there the Dakota sandstones dip
westward at 65°, while the Galisteo sandstone rests on their planed-off
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edges and dips westward at barely one degree. Immediately overlying it
are three feet of marl and fifteen feet of alluvium. The latter consists of—
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The conglomerate is compact and contains pebbles of trachyte as
well as of the La Vaca Dike, all of which are well water-worn. The
marly material closely resembles that immediately overlying the Galisteo
sandstone, which is similar to that observed at so many other localities
within the district. This alluvial deposit covers the mesa west and north
from Galisteo Creek toward Santa Fé.

The valley of Galisteo Creek contracts at the Cerro Colorado and
thence to the head of the stream it is comparatively narrow, though imme-
diately above that hill the bottom is quite wide. Up to the Bishop’s
Ranch, about six miles above Galisteo, the Lower Dakota rocks are well
shown on both sides of the valley, forming a fine mesa on the east side, in
which the strata have an eastward dip. They form the lower portion of
the wall on the west side and are nearly vertical, the dip increasing up to
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