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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* * #* # * * * *
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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
the concluding word of said clause.

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,
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“ 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
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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.
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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



50 GEOLOGY.

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:

3
e . AT,

i"i, Sl
RS
w : o]
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



76 GEOLOGY.

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-
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