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GEOLOGY OF THE RATON MESA AND OTHER REGIONS
IN COLORADO AND NEW MEXICO.

By WirLis T. Lek. , . ©

CHAPTER 1.—INTRODUCTION.

NEED OF INVESTIGATION.

For many years evidence has been accumu-
lating that coal occurs at several horizons in
the Cretaceous strata of the Rocky Mountain
region. Coal-bearing formations once sup-
posed to be of Laramie age have, on further
examination, been referred to other horizons;
and the question has now avisen whether the
coal measures of the Raton Mesa region, which
have long been called Laramie, are equlvalcnt

in age to the so-called Laramie of other fields

and especially to the typical Laramie of the
Denver Basin. The Raton Mesa region is
about 80 miles from the Denver Basm, one
small field, the Canon City coal field, lying
between. It is' also about 90 miles from the
San Juan Basin, west of the Rocky Mountains,
in which there are two coal-bearing formations,
the Mesaverde and the “Laramie.”” The
“Laramie” of the San Juan Basin has been
regarded by some geologists as essentially
equivalent to the Laramie of the Denver
Basin, but the validity of this correlation has
recently been questioned.?®® (The ““superior”
figures here and elsewhere refer to entries in
the bibliography, pp. 17-37.) '

Hayden, Lesquereux, and others regarded
all the coal-bearing rocks of the Raton Mesa
Tegion as Tcltnmy, but. later geologists have
regarded them as Cretaceous and have corre-
latcd them with the Laramie of the Denver
Basin, although it has been known for many
_years that most of the fossil plants from this
region are specifically different from those found
in the Laramie of the Denver region. No
satisfactory explanation of this discrepancy
‘was suggested until the writer ** announced
_that the so-called Laramie of the Raton field
is divisible into two formations, the lower of

local ?

which contains a flora that is older than that

of the Laramie of the Denver Basin and the,

upper a post-Laramie flora. About the same
time Washburne 2¢ collected from the lower
group of coal-bearing rocks in the Canon City
field, which were then supposed to be of Lara-
mie age, fossil plants that Knowlton regarded
as older than Laramie. Several questions
then became pertinent: Are the two coal-
bearing formations of the Raton field widely
separated in time or is the unconformity
Is the lower formation to be correlated’
with the Laramie of the Denver Basin or with
the Mesaverde of the San Juan Basin or with
neither, and is it to be correlated with a part
or Wlth all of the coal measures of the Canon
City field? Is the upper formation equivalent
n age to the Denver or to the Arapahoe
formation or to neither? In order to answer
these and similar questions the investigations
described in this paper were undertaken.

PURPOSE OF INVESTIGATION.

As the geologic relations in the"RatonA Mesa
region are the principal object of this dis-

‘cussion, attention is first directed mainly to

that region, its relation to the Canon City and
other fields being reserved for later sections of
this paper. . The main purpose of the investi-
gation was to trace, if possible, the uncon-
fornnty found in the coal measures of the
Raton field #** throughout the Raton Mesa
region and to. collect evidence of its geologic
signiﬁcqnce. This led to several lines of re-
search. Sections were measured for the pur-
pose of determining whether the irregularities
in thickness of the lower coal measures are due
mainly to deposition ‘or mainly to erosion
following deposition, and data were collected
9
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to determine whether these rocks were con-
solidated or unconsolidated when the erosion
took place. Data were also collected to deter-
mine the relative amount of erosion.

Thé rocks of both the upper and the lower
coal measures contain great numbers of fossil
plants, and large collections of them were made.
The. stratlcrraphlc position of each collection
was determined, especially with reference to

. the unconformity, in order that the data thus
obtained might be definitely applied in corre-
lating the formatlons with those of other fields
and in determining the time represented by
the unconformity. Some of the species found
here have been described -from other- places,
and these furnish a means of correlating the
formations in which they are found with those

_ of other fields. Others are new to science, and
these are described by F. H. Knowlton. (See
pp. 223-435.) The double purpose, therefore,
is accomplished of making such correlations as
are possible by means of previously identified
species, and of establishing a new section
which will be of use in future investigations.
Few fossils other than plants occur in the coal
measures of the Raton Mesa region; but fossil
invertebrates were collected from the marine
Cretaceous rocks below the coal measures in
order that their evidence might be considered
together with that of the plants, the lithology,
and the structure in establishing the strati-
graphic succession and time relatlons of the
formations.

The results obtained in the’ Raton Mesa
region and in the Canon City field during the
season of 1910 rendered it desirable to examine
in a similar manner the isolated coal fields of
central and western New Mexico, in the hope
-of obtaining information that would lead to
the correlation of the coal measures of the
Raton Mesa region with those of the San Juan
Basin. This was done during the summer of

1911 and the results published *** the following-

year. These results aid materially in accom-
. plishing one of the principal purposes of the
paper, namely in fixing the coal- bearing forma-
tions of the Raton Mesa region in thelr proper
places in the time scale.

CONSTRUETION OF MAP.

The map of the Raton Mesa region used in |

this paper has been constructed from Land
Office data, United States Geological Survey

©
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topographlc sheets mine maps, and railroad
and private surveys. The base for the Colo-
rado portion was constructed .from the town-
ship plats of the General Land Office by
G. B. Richardson ? and the ‘topography of

‘this portion was adapted from the atlas sheéts

of the United States Geological Survey. The
base for the New Mexico portion outside the
Maxwell land grant was constructed from the
township plats of the General Land Office and
from private surveys, and that for the portion

-inside the grant was adapted from the map of

Colfax County, N. Mex., and from private
surveys, the records of which are in the pos-
session of the St. Louis, Rocky Mountain &
Pacific Coal Co., whose headquarters are at
Raton, N. Mex. No detailed topographic
maps of this portion of New Mexico were avail-

- able at the time of investigation, although

topographic work has been carried on near
Raton since that time, and the only topography
available for  the main part of the Raton field
was that shown on a manuscript sketch map on
the scale'of 12 miles to the inch. From this
map the topography shown on the map in this
paper has been adapted. For the reasons just
stated, the topography of the New Mexico por-
tion, though it gives the general configuration
of the field, is by no means so accurate as that
of the Trinidad field. (See PL I, in pocket.)

METHODS OF OBSERVATION.

" In the absence of topographic maps suffi-

ciently detailed for the purposes of the investi-

gation it was necessary to devise some way of
showing graphically the structural relation of
the lower coal measures (Vermejo formation)
to the upper coal measures (Raton formation).
(See pp. 51, 56.) This was done by measuring
sections at short intervals along the outcrop
and platting them to scale for comparison.
Those in the eastern part of the region, where
the rocks lie nearly horizontal and outcrop in
the steep sides of ‘mesas, were measured with
Locke level, and are shown in the several plates
of sections. (See Pls. V, X, XII, XV, XVIL)
A large number of diamond-drill records were
also obtained. Some of these are shown in the
plates of sections, but most of them were fur-
nished by coal companies which stipulated that
their details should not be made known.

Along the western margin of the region,
where the rocks are upturned at the outcrop,
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considerable care was necessary in order to
obtain tho true thickness. On steep slopes
the vertical distances were measured by Locke
level and records were kept of the dip and
strike, the direction of the measurement, and
the angle of the surface slope. From these
data were constructed the sections as pub-
lished. On gentle slopes the horizontal dis-
tances were measured with tapeline as an addi-
tional check in computing true thicknesses.
The writer believes that in this way the sections
were made sufficiently accurate to show ade-
quately the variations in the thickness of the
Vermejo formsdtion, and to show rather con-
vincingly that the surface- upon which the
Raton formation was deposited ‘was far from
baing a plain such as would be expected to
result from continuous deposition of sediments,
or, in other words, that it was a surface of
erosion. (See sections in Pl. IT, in pocket.)

The coal beds throughout the Trinidad field
and to a less extent those in the Raton field
have been extensively prospected for many
years and have been mined productively in
many places. The success of the investigation
described in this paper is very largely due to
this development. Many important facts have
been obtained from mine maps and records,
from surveys of coal lands, and from records
of drill holes and mine shafts that show the
number, thickness, and locations of the coal
beds. A large proportion of the fossil plants
on which the correlations of the coal measures
depend were obtained from the mines.

PRINCIPLES OF CORRELATION.

Some of the conclusions reached by the
writer of this paper differ radically from those
held by some geologists and depend for their

validity on the interpretation placed on the:

observed phenomena. For this reason it may
boe well briefly to state some of the fundamental
principles that have governed the writer in the
placing of the Cretaceous-Tertiary boundary.
These are probably so well known that little
need be said of them.

Physical wversus - paleontologic ~criteria.—The
conflict between the structuralist .and the
paleontologist is nearly as old as the science of
geology, and until the several lines of evidence
are less conﬁlotmg than they are :at present,
harmony in geologic classification seems hope-
less. Each thinker must weigh the evidence

‘rior of North America.
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and decide for himself. Geikie said of the -
Cretaceous-Tertiary boundary of. Europe that

“‘the lithologic sequence, being the more
obvious, was first established before it was

confirmed and extended by a recognition of

the value of the evidence of organic remains.”

During the last century the study of organic

remains as a means of determining the limits

of geologic time divisions has received more

attention than lithologic sequence. Recently,

however, emphasis is being laid on structure

and other physical phenomena. Chamberlin,.
Ulrich, and others are emphasizing this in

America and Haug and others in Europe. Itis

significant in thls connection to note that

Ha.ug places the base-.of the Tertiary below

the Montien because of an unconformity there

in spite of certain Cretaceous forms of life

contained in the Montien.

Cretaceous quiescence versus Tertiary wvio-.
lence.—There is mo evidence of any notable
orogenic movement during the Cretaceous
period in the area described in this paper.
So far as crustal movements are concerned it
was a period of inaction. But in this same
region the Tertlsuy perlod was one of great
orogenic. and epirogenic movements, of great
changes in the physiographic condltlons of
the continent, and of consequent changes in .
climate and life. - The writer maintains that
the disturbance which brought a long period
of quiescence to a close and inaugurated a new

‘order of things is more significant in determin-

ing the beginning of a new period than later
disturbances which are often more plainly re-
corded. He therefore maintains that in the
area described in this paper the first uncon-
formity above rocks of undoubted Cretaceous
age marks the proper Cretaceous-Tertiary
boundary. In this respect he -differs from
some geologists, who seem to plade emphasis
on the culmination rather than on’ the incep-
tion of orogenic movement.

" Cause versus results of change.—In determin-
ing the point of separation between Creta-
ceous and Tertiary time the cause of the change
in physiographic conditions, whether it can be
determined of not, is important, for it must pre- -
cede any obvious result. This cause was opera-
tive long before the oldest Tertiary sediments
were laid down. The Cretaceous sea had
been mainly or entirely expelled from the inte-
Mountains had been -
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upheaved in the areas abandoned by the sea,
and these had been deeply eroded. For these
reasons the writer maintains that some of the
time represented by the post-Cretaceous uncon-
formity is a part of Tertiary time and that Ter-
tiary rocks may yet be found that are older than
those of the Raton formation. (Some geolo-

© gists urge the recognition in the Rocky Moun-
tain region of a group of formations interme-
diate between Cretaceous and Tertiary. If
their suggestion is adopted the later part of
the time represented by the post-Cretaceous
unconformity should constitute the ﬁ.rst epoch
of the new period.)

Physwgmphy, climate, and land life.—The
great changes in North America that resulted

- in the withdrawal of the sea and the upheaval
of mountains in its place naturally caused
great changes in chmate, and therefore in plant
and - animal life. It is not to be expected,
however, that the changes would be accom-
plished suddenlv, or in all places at the same
time, Hardy types would survive for a time
or adapt themselves to the new conditions.
Others would emigrate and théir places be
taken by immigrants. It is probable that the
changes in climate would affect the plants and
the land animals earlier than the aquatic
forms. Applying this principle to the problem
of the Cretaceous-Tertiary boundary, it is
found that the unconformity here described
as the delimiting plain marks a conspicuous
change in the plant life, and that the first part
of the succeeding period witnessed the extinc-
tion of the dinosaurs, one of the dominant
types of Cretaceous time, and the introduc-
tion of the modern mammalian types.

. Diastrophism.—The principles” of diastro-
phism that have recently been elucidated by
Chamberlin, Ulrich, and others, and that seem
to be rapidly gaining ground as criteria for an
ultimate basis of time divisions, are especially
applicable in intercontinental correlation of

late Cretaceous and early Tertiary formations.

The general withdrawal of oceanic waters from
continental areas at the close of the Creta-

ceous seems to indicate a cause world-wide in”

its effect, and therefore to indicate that the
withdrawal of the sea from Europe and from
America was synchronous. If further obser-
vation establishes this synchronism a means
will be afforded of more exact intercontinental

. correlation than is possible by any class of.
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organisms. Applying this principle to the Cre-
taceous-Tertiary boundary of the West, we
find that although some of the vertebrates,
notably the dinosaurs, and some of the in-
vertebrates, mostly of fresh-water type, stand
in opposition, as now interpreted by some geol-
ogists, the evidence of  diastrophism is in per-
fect accord with that of the fossil plants and
mammals,

CONCLUSIONS IN BRIEF.

-The principal conclusions armved at in this
paper are as follows:

The coal-bearing rocks of the Raton Mesa
region, which have formerly been referred to

the Laramie, constitute two distinct forma-

tions, separated in time by a period of erosion.

The lower formation, to which the name
Vermejo is here applied, contains a Montana
flora. It is distinct from the Laramie flora of
the Denver Basin, and proves that the Ver-
meéjo formation is older than Laramie, and
that it is more closely related to the Mesa-

verde of western New Mexico than to any

other formation yot examined.
The coal-bearing rocks of the Canon City

| field are correlated by lithology, stratigraphic

position, and fossil plants with the Vermejo_
of the Raton Mesa region and are designated
by the same-name. The character of the in-
vertebrates found in thé Vermejo of the Canon

Cit7 field in the midst of the plant-bearing

beds suggests that this formation is approxi-
mately equivalent in age to the Fox Hills of
the Denver Basin.

The upper formation of the Raton Mesa
region, to which the name Raton is here ap-
plied, is Eocene in age and contains a flora .
distinet from that of the Laramie of the Den-
ver Basin but similar to that of the post-
Laramie formations of that basin and to that
of the Eocene Wilcox group of the Gulf Coast.

The unconformity between the Vermejo and
Raton formations represents a time interval
comparable to that described as separating the
Laramie from the Arapahoe of the- Denver -
Basin. Separating, as it does, the youngest
Cretaceous of the region from the oldest
Eocene, it represents post-Cretaceous erosion

‘and is correlated with the post-Laramie un-

conformity of the Denver Basin.
West of the Rocky Mountains, in northern
New Mexico- and southern Colorado there are
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two .coal-bearing formations separated by a
marine shale. The older—the Mesaverde—
contains a fauna of lower Montana age and a
flora similar to that of the Vermejo and other
formations of Montana age. The younger—
the ““Laramie’’—contains in its basal member
(Pictured Cliffs sandstone) a marine fauna of
Montana age and in its higher beds brackish-
water and fresh-water shells-that seem to indi-
cate later time. The fresh-water beds con-
tain a flora that indicates Montana age.

The coal-bearing rocks of the Cerrillos, Ha-
gan, Tijeras, and Rio Puerco fields are essen-
tially equivalent in age to the Mesaverde of
the San Juan Basin.

In all the coal fields west of the mountains
rocks of unquestioned Cretaceous age are.sepa-
rated by an unconformity from younger beds
whose age has not been determined beyond
question, but which, on the basis of broad
structural relations, are regarded as Tertiary
by the writer, who correlates the unconformity
with the post-Cretaceous unconformity of the
eastern mountain front.s

PREVIOiJS INVESTIGATIONS.

In the following review and in the annotated
list of publications on pages 17-34 an attempt
is made to bring together the principal facts
that have hitherto influenced opinion regarding
the age of the coal beds in the several coal fields
here described. The reviews necessarily are
incomplete, for the subject of the geologic age
of the coal-bearing rocks of the southern Rocky
Mountain areas is so intimately connected with
investigations of those farther north, and also
with investigations of certain noncoa,l-bealmg
formations, that a complete review would be
little short of a history of Rocky Mountain
stratigraphy. Many papers containing only
slight reference to the fields here described are
omitted, as are also papers of a purely commer-
cial nature, but it is the writer’s intention to
. include all the available publications that the
geologist will find immediately useful in a study
of the formations described. A few papers that
deal especially with these formations and have
had the most influence in shaping opinion re-
garding them are discussed below.

Coal in the Raton Mesa region was discovered
_in 1821 by members of the exploring party in

charge. of S. H. Long. Little more than an
announcement of its occurrence is found in the
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literature for more than 25 years, but in 1846
Emory ¢ examined the coal beds near Trinidad
and Raton and Abert ¢ collected fossil plants
from rocks associated with the ¢oal near Trini-
dad. The coal had previously been regarded
by some as indicating the western outcrop of
the Carboniferous coal measures, but Bailey,’
who examined the fossil plants collected by .
Abert, announced that the coal beds are younger
than Carboniferous. Thus the discussion of
the age of-the coal beds of the Raton Mesa
region, which is not yet settled to the satisfac- .
tion of all geologists, began-about 65 years ago.
About 1854 Hayden began a study on upper
Missouri River of the coal-bearing forma-
tions which he called the Lignitic group and
which he referred to the Tertiary. Later,*the
Tertiary age of the rocks was questioned and
about the year 1865 1% 1 the coal beds of .

- the Raton Mesa region became involved in the

discussion, probably because of Hayden’s as-
sumption that the.coal beds extending from
Montana to New Mexico were of essentially the
same age and parts of one great group now
separated by erosion. This assumption was
later modified and finally proved .to be false,
but its influence persisted for a long time. In
1865 R. E. Owen® found, near the top of
Raton Pass, fossil plants which he states are
“in shale of Cretaceous age,” and three years
later John L. Le Conte2® made the statement
that these rocks are of “middle Cretaceous”

age. He found coal-bearing rocks in the Raton
field in the vicinity of Yankee, and farther west
he examined them from Trinidad, Colo., south-
ward to Cimarron, N. Mex., a distance of about
50 miles. Near Trinidad he found marine Cre-
taceous shells near the coal-bearing rocks, prob-
ably in the Trinidad sandstone, and fossil
plants associated with the coal, which he re-

.garded as Cretaceous, although Lesquereux

later described them as Tertiary. Le Conte

'discussed the question of age and gave reasons

for placing the coal beds of the Cerrillos field
low in the Cretaceous, the coals of the Raton
Mesa region in the ‘‘middle Cretaceous,” those

of the Denver Basin (Laramie) in the youngest -

Cretaceous or oldest Tertiary. Hayden’s Lig-
nitic group of the Missouri River region he
conceded to be Tertiary. Apparently the ob-
servations of Le Conte and -Owen had little
weight with Hayden and his followers, and
Lesquereux?% ?» 28 maintained that the fossil
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plants collected near Trinidad by Le Conte were
of Eocene age. In the meantime, J. S. New-
berry - ¢ had studied certain coal-bearing
. rocks in western New Mexico and had found
- Cretaceous invertebrates above the coal. He
had also examined the coal-bearing rocks of the
Cerrillos coal field and regarded them as Cre-
taceous. Although the full account of his work
was not published until 1876, his opinion was
known and had weight with other investigators.

In 1868, after a brief examination of the
Raton Mesa region, Hayden?® referred its coal
beds to the Tertiary. At about the same time
Lesquereux examined and described as Ter-
tiary the plants which Le Conte had collected
near Trinidad and had referred to the Creta-
ceous. He also examined the plants collected
in the same field by Hayden® and referred
‘them to the Tertiary. Hayden accepted Les-
quereux’s opinion as to the age of these plants
and argued from them that the Raton Mesa
ccoal beds were Tertiary.

In 1872 Lesquereux? described 21 fossil
plants from the Raton Mesa region and 9 from
the Cerrillos coal field and maintained that
they indicated Tertiary age. At that time it
was not known that plant-bearing rocks of
both Tertiary and Cretaceous age occur in both
of these fields, all the plant-bearing rocks being
supposed ‘to constitute a single formation.
~ Such fossil localities as are mentioned for the
Raton Mesa region indicate that probably all
of the plants came from the upper coal measures
or Raton formation, now recognized as Eocene.
Furthermore, most of the original specimens
described by Lesquereux prove on éxamination
to be specifically identical with those collected
more recently from the Raton formation.
Those from the Cerrillos field are of Tertiary
types and probably come from the Galisteo
sandstone, which is now known to rest uncon-
formably on the coal-bearing rocks but which

was not definitely separated from them until

1912.2%  As Lesquereux was describing Teiti-
ary plants it is little wonder that he referred
the rocks containing them to the lertiary. But

the evidence of the plants seems to have had |

little weight at the time, and the erroneous as-
sumption of Hayden and others (that the coal-
bearing rocks east of the Rocky Mountains all
belonged to one formation) prevailed; and,
when the coal formations farther north were
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called Laramie and referred to the Cretaceous,
those of southern Colorado and New Mexico
were assumed to be Laramie also. It may be
in place in this connection to recall Prof. New-
berry’sstatement® that ‘“muchundeserved dis-
credit has fallen upon the remains of plants as
criteria of the age of strata, and much mischief
and confusion have followed the error of Dr.
Hayden in uniting with the Laramie the totally
distinct and independent Fort Union forma-
tion.”” The same confusion prevailed in the
Denver Basin previous to 1896, when the work

‘resulting in the Denver monograph 13 proved

that the Laramie is definitely separable from
the Denver and Arapahoe formations: The
confusion of Cretaceous and post-Cretaceous
formations and the commingling of Cretaceous
and Tertiary floras have persisted in southern
Colorado and New Mexico to the present time.
Preliminary announcements have been made

by the writer, 2 but the full data for the sepa-

ration are presented in this paper for the first
time.: :

During 1873 ' J. J. Stevenson® visited the
Canon City coal field and found, above some
of the coal beds, marine fossils which induced
him to refer the coal beds to the Cretaceous;
and a year later Cope® announced that Creta-
ceous dinosaurs occur in -northeastern Colo-
rado in beds which Hayden and Lesquereux
had referred to the Tertiary. Hayden replied
that as early as 1869% he had pointed out

“that some of the coal beds of western Colorado,

New Mexico, and elsewhere are of Cretaceous
age and argued that since the coal-bearing
rocks ‘began to accumulate in the Cretaceous
and continued into the Tertiary they should be
regarded as “transition beds,” but Lesquereux
seems to have consistently maintained the po-
sition, based on the evidence of the fossil
plants, that the coal beds of the West are all
Tertiary. 'Cope * about the same time attrib-
uted to Hayden essentially the same opinion
that Le Conte had expressed, namely, that the
Cerrillos coal beds are older than the Canon
City coals (which had been correlated with °
those of the Raton Mesa region), and that
both were older than the Lignitic group, but
stated that Hayden referred all three groups to
the Tertiary.. Newberry,® ¢ on the other
hand, maintained that all of the plant-bearing
coal beds of New Mexico which he had exam-
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ined were Cretaceous, and was inclined to
place all of IIaydens lemtlc group in the
Cretaceous.

In 1876 Hayden®: % published a review of

the Lignitic group, which he still referred to the

Eoce:no imd called “Lignitic or Laramie.”
He correlated the coal beds of the Raton Mesa
fields with those of the Canon City and Denver
fields, and argued that they are transitional
between Cretaceous and Tertiary. It should be
noted in this connection that very little was
then known regarding the age of the Raton
.Mesa coals aside from the fact that they con-
tained fossil leaves which Le Conte regarded as
Cretaceous and Lesquereux as Tertiary. Ap-
parently these beds were included in the con-
troversy over the Lignitic group principally
because of the assumption that all'of the coal
bods along the eastern front of the Rocky
Mountains were of the same age. During the
same year (1876) appeared Newberry’s delayed
roport,® in which he argued that the coal beds
of northwestern New Mexico are in rocks of
Cretaceous age. About the same time, also,
St. John ¥ described the geology of the Raton
coal field. He assumed, as other geologists had
done, that the coal beds all belonged to one
formation and followed Hayden and Lesque-
reux in referring them to the Tertiary. From
rocks near Cimarron he collected marine inver-
tebrates, which were said to be of Fox Hills
age,® but Fox Hills as then used included the
Pierre.  I'rom these same beds were obtained
most of the Pierre fossils from the Raton field
named in the present paper.

In 1877 Endlich ” published a description of
the coal-bearing rocks of the Raton Mesa re-
gion and referred them-all to the post-Creta-
ceous on the mistaken assumption that the
Trinidad sandstone rested unconformably on
Colorado shale, whereas it is now well known
that it rests conformably on the Pierre. Hay-
den,® after his early reconnaissance in this re-
gion, stated that the coal-bearing rocks rested
on Cretaceous No. 2 (Benton); and Endlich
appears to have accepted this statement and to
have thought that he had found confirmatory
evidence of its truth in certain structural rela-
tions in the Trinidad field. He was obviously
in error in this, as has been proved by later in-
vestigators, but Hayden accepted this sup-
posed unconformity as upholding his own con-
tention that the coal beds of the Raton Mesa

- statement of reasomns, to the Laramie. -
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region are younger than Cretaceous. Conk-
ling "> described the geology of the Raton field
and noted the basal conglomerate of the Raton
formation in Vermejo Canyon but attached no
special significance to it.

In 1878 Les quereu\81 published his work on
the Tertiary flora in which he correlated the
coal measures of the Cerrillos, Raton Mesa, and
Canon City fields with those near Denver and
elsewhere, and referred them to the Tertiary.
However, the next year, J. J. Stevenson, who
had previously examined the Canon City coal
field and found evidence of the Cretaceous-age"
of the coals, began a study of the Raton Mesa
region and described the coal-bearing rocks as
Laramie. Hefound above the lowest coal beds-
some of the same fossils that he had previovwty
found associated with the coal in the Cznyon
City field, and he naturally concluded that they
proved the equivalency of the formations.
He found Halymenites major Lesquereux and
Cardium-like shells above the lowest coal in the
Raton field and described the basal conglomer-
ate of the Raton formation, although he failed
to note its significance and seems to have con-
fused it with the conglomerate of the Poison
Canyon formation, which he observed farther
north. His reference of the coal-bearing rocks
to the Laramie seems to have been accepted by
his contemporaries.

After Stevenson’s time little advance was
made in lmowledge of the geology of the Raton
Mesa region for about 18 years. Many brief
references were made to the coal beds and many
minor contributions were issued during this
time (see pp. 26-29), but it was not until 1899
that any notable paper was published. . In 1899,
however, R. C. Hills**® published the Elmoro
folio, in which the coal-bearing rocks. are all
mappcd as one formation and refen ed, without
. The
Trinidad sandstone is referred to the Fox Hills
and the underlying shale to the Pierre.

The Walsenburg folio ¢ appeared during the
following year and the Spanish Peaks folio ‘51 n
1901. These folios were published by the
United States Geological Survey and fixed the
stamp of approval of that organization on the
reference of all of the coal-bearing rocks to the
Laramie. This reference was not openly chal-
lenged -until the present writer®s discovered in
1908 that the coml-bearmcr rocks in the Raton
field are separable into two unconformable



- that time from the lower or Vermejo formation) |

in some places within the coal-bearing rocks, |

-fossil plants from both the Vermejo and Raton

"noted the same conglomerate and described

~ overlies
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formations. - A few fossil plants collected at that
time from the lower formation were regarded by
Knowlton as probably older than Laramie but
could not be definitely determined by him with-
outmoreand bettermaterial. Otherfossilplants
collected from the upper formation (Raton)
(where they are more abundant and better pre-
served than those that had been collected up to

were identified by Knowlton as being closely
related to those of the post-Cretaceous forma-
tions of the Denver Basin, thus corroborating
the writer’s conclusion, reached from a study of
the stratigraphic and structural relations, that
the two coal-bearing formations of the Raton
field are separated by a time break of consider-
able magnitude.

WhJJe the writer was Workmg in the Raton
coal field G. B. Richardson?® was examining
the Trinidad field. He found a conglomerate

and collected fossil plants from beds both above |
and belowit. At that time, however, it had not
been clearly demonstrated that this conglom-

erate marked an unconformity, and Richardson |

in his report avoided the question of the age
relations and retained the old nomenclature,
using the word “Laramie” in quotations.

Thc writer did no geologic work in the Raton
Mesa region in 1909, but during the following
year he began the observations described in
this paper and traced the unconformity, pre-
viously found in the Raton field, around both
the Raton and Trinidad coal fields, collecting

formations. These fossils are described by
Know]ton in this volume (pp. 223-435).

The subdivision of the coal-bearing rocks of
the Raton field into two formations was fore-
shadowed as early as 1877, when A. R. Conk-
ling ™ published a geologic section, measured
in Vermejo Canyon, that showed a conglom-
erate (the basal conglomerate of the Raton
formation) about 110 feet above the .top of
the Trinidad sandstone. Later, Stevenson #

it accurately from several places between the
towns of Cimarron and Van Houten, but he
seems to have confused it with the conglom-
erate of the Poison Canyon formation which
the Raton formation. However,
nothing is said in these reports of the signifi-’
cance of this conglomerate, and its occurrence
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in. the midst of .the coal-bearing rocks seems
to have made little impression on the minds
of geologists who were familjar with it and to
have escaped the notice of readers of the
reports. Hills seems to have attached little
significance to it in the Trinidad field, for he
makes no mention of it in his folios. When
the present writer. announced that this con-
glomerate marked' an unconformity, it was
recalled that Hills, in the Spanish Peaks
folio, *** had used the name ‘‘parting sandstone”
for a certain bed separating two groups of
coal-bearing rocks, and it was supposed that
this sandstone might be the basal conglomerate.
of the Raton formation. Later, however, when
the conglomerate was traced around the Trini-
dad field, it was found at a considerable dis-
tance above the ‘‘parting sandstone.” In
answer to an inquiry by .the writer, Mr. Hills
states that his “parting sandstone’” is not the
conglomerate and kindly furnished the records
of six drill holes in the vicinity of Hastings, all
of which show the conglomerate considerably
above his ‘parting.sandstone.” -

In 11912 Richardson »¢ announced that the
Dawson arkose, a formation of recognized
Focene age, is probably equivalent to the
Denver and Arapahoe formations, which have
long been regarded as doubtfully Cretaceous.
The following year the present writer ¢ an-
nounced the discovery of "dinosaurs in the
Dawson arkose, thus strengthening its correla-
tion with the Denver and Arapahoe formations.

"At the same time Knowlton »° showed that the

fossil plants correlate the Raton formation of
the Raton Mesa region with the Dawson, Den-
ver, and Arapa,hoe on the north and with the
Eocene Wilcox group of the Gulf Coast on
the south. .

After the present paper was practically com-
pleted and the results had been somewhat

.generally made known through preliminary

announcements, several papers Weré published
dealing with various phases of one of the prin-
cipal problems, viz, the position and character

of the boundary between Cretaceous and Ter-

tiary in the Rocky Mountain region. Among
these may be mentioned two important con-
tributions from the Gulf region, one by Stephen-
son,?* who describes a general unconformity
separating Cretaceous from Tertiary beds in
the Gulf States, the other by Berry #° describ-
ing the flora of the Tertiary formations of the
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Gulf region. The question was discussed for
the Rocky Mountain region at the meeting of
the Geological Society of America at Princeton,
N. J., in 1913,8 and a paper?? in which the
question has a conspicuous place has since then
been published by the present writer.
paring that paper the writer had at his disposal
all the information given in the present one.

. BIBLIOGRAPHY.

The following list shows the principal publi-
cations that contain information relative to the
formations in southern Colorado and northern
New Mexico here described as well as some
other publications to which references are
made. The arrangement is chronologic, and
notes are given calling attention to informa-
tion used in this paper. The absence of notes
means either that the publication contains no
original information or that no specific use is
here made of it. The prefixed numbers are
used in the text of this paper instead of foot-
note references. Placed as they are, in chrono-
logic order, the publications listed constitute a
brief history of the investigation of the region
described.

This paper does not primarily consider the
economic resources of the coal fields, so that
little attention has been given to purely eco-
nomic reports, but the list includes some
economic papers that contain geologic informa-
tion. On the other hand, it does not include

many publications that make casual.reference

to the coal fields but give little definite informa-
tion.
cations that give real geologic information con-
cerning the coal measures here described.

1821,

1. James, Epwin, Geological sketches of the Mississippi
Valley: Acad. Nat. Sci. Philadelphia Jour., vol. 2,
pp. 326-329, pl.

The paper is a preliminary account of Maj.
Long’s expedition, the full account of which was
published in 1823. The existence of coal along the

east front of the Rocky Mountains is announced, .

and coal is said to exist (p. 328) in the ‘“southern
section’’ (probably the Raton Mesa region).

1823.

2. James, Epwin, Map of the country drained by the
Mississippi; western section.
Account of an expedition from Pittsburg to the
Rocky Mountains in the years 1819-20 by Maj.
S. H. Long, atlas, 4°, Philadelphia.

47019°—17—=2
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3. LONG, S. H, Account of an expedition from Pittsburg
. to the Rocky Mountains, performed in.the years
1819-20; compiled by ‘Edward James, vol. 1, 5,
503 pages; vol. 2, 442 pages, atlas, of 11 sheets,
Philadelphia. .
The coal formation of the Canon City field is
described (p. 44), and the statement is made that
coal generally is found along the mountain front
wherever the gray sandstone is met with (pp.
-399, 405). .
' 1848.

4. ABert, J. W., Report on examination of New Mexico
in the years 1846—47: Rept. Sec. War, Senate Doc.
23, 1st sess., 30th Cong., pp. 3-130, 24 plates, map;
Ex. Doc. No. 41, 30th Cong., 1st sess., pp. 417-546.

Coal was found near Trinidad, Colo. (p. 22), and
fossil plants were collected which were later ex-
amined by Bailey. Abert had crossed the coal
fields the previous year but apparently had not
noted the occurrence of the coal (p. 37). Coal
was found in the Cerrillos field and on the Rio -
Puerco. From the Rio Puerco coal beds, at
Poblozon, Abert collected fossils Wh.lch Bailey
determined as Cretaceous (p. 547).

5. Bamey, J. W., Notes concerning the minerals and fos-
sils collected by Lieut. J. W. Abert while engaged
in ‘the geographical examination of New Mexico:
Rept. Sec. War, Senate Ex. Doc. No. 23, 30th
Cong., lst sess., pp. 131-132; 3 pls.; Ex. Doc. No.
41, 30th Cong., 1st sess., pp. 547-548. Reviewed—,
Am. Jour. Sci., 2d ser., vol. 6, pp. 389-392.

The fossil plants collected by Abert near Trini-
dad are described and three of them are figured.
The conclusion is reached (p. 131L) that the coal is
younger than Carboniferous. '

The Cretaceous fossils collected by Abert at
Poblozon in the Rio Puerco coal field, N. Mex.,
are described. Poblozon is a few miles north of
San Ygnacio.

6. Emory, W. H., Notes of a military reconnaissance from
Fort Leavenworth, in Missouri, to San Diego, in
California, including parts of the Arkansas, Del
Norte, and Gila rivers: Senate Ex. Doc. No. 7,
30th Cong., 1st sess., pp. 5-126. ’

In 1846 Lieut. Emory found coal.in the Trinidad
field (p. 19) and also near Raton (p. 20).’

7. TavLor, R. C., Statistics of coal. . The geographical
and geolocvlcal distribution of mineral combustibles
or fossil fuel, including also notices and localities
of the various- mineral bituminous substances em-
ployed in the arts and manufactures (ete.), clxviii,
754 pages, plates, maps, Philadelphia. Second
edition edited by S. S. Haldeman, xx, 640 pages,
plates, maps, Philadelphia, 1855.

A summary of early discoveries is given (pp.
174-176).

8. WisLizeNus, A., Memoir of a tour to northern Mexico,
connected with Doniphan’s expedition in 1846

‘ and 1847, 141 pages, 3 maps. Also Senate Doc. 26,
30th Cong., 1st sess. Abstract in Am. Jour. Sci.,
2d ser., vol. 6, pp. 376-386. ‘Geographisches
Jahrbuch von Dr. Berghaus (Gotha), 1850.
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In 1846 Dr. Wislizenus visited Placer Mountain
(Cerrillos field). He found petrified wood (p. 29)
but apparently did not find the coal, although he
refers to coal in the Raton field and on the Rio
Puerco. On his geologic sketch map coal is shown
in the Raton region (p. 138). Coal is reported
near Cadena, Mexico (lat. 26° N., long. 105° W.).

1850

¢

9. Smmpson, J. H., Journal of a military reconnaissance

from Santa Fe, N. Mex., to the Navajo country.
Reports of the Secretary of War, with reconnais-
sance of routes from San Antonio to El Paso, by

Johnson and others [etc.]: Senate Ex. Doc No. 64, |.

31st Cong., 1st sess., pp. 146-148.

Coal was found in 1849 on the Rio Puerco north.

of Cabezon and at several localities farther west in
northwestern New Mexico (pp. 72, 146-147).

1853.

lO “HITCHCOCK, EDWARD, Notes upon the specimens of
" rocks and minerals collected. Exploration of the
Red River of Louisiana in 1852, by Marcy, Senate
Doc. 54, 32d Cong., 2d sess., pp. 163-178, Wash-
ington, 1853. (Another edition, pp. 140-155,
1854.) '

The paper contains a review. of the occurrence

of ¢oal previously described (p. 165).

1855.

11. Marcou, JuLes, Résumé of ageological reconnaissance,
“extending from Napoleon, at the junction of the
Arkansas with the Mississippi, to the Pueblos de
Los Angeles, in California: Report of exploration
for railway route to the Pacific Ocean, near thirty-
fifth parallel, by Whipple, vol. 4, pp. 40-48, 8°,
House Doc. 129. Also explorations for a railway
route from the Mississippi’ to the Pacific, vol. 3,
pt. 4; route near the thirty-fifth parallel, explored
by Whipple. Report of the geology of the route,
by Blake, pp. 165-175, pl., 4° [House EX. Doc.
No. 91, 33d Cong., 2d sess.; also Senate Ex. Doc.
No. 78, Washington, 1856].

The Cretaceous coal beds near Tijeras (Tigeras
of Marcou) seem to be confused with Carboniferous
coal beds which oceur in the Sandia Mountains
near by (p. 45).
lying the coal beds near Gahsteo are descnbed
(p- 46).

1856.

12. Bragke, W. P,
Exploratlons for a railroad route from the Missis-

‘sippi to the Pacific, vol. 3, pt. 4; route near the
thirty-fifth parallel, explored by Whipple, 116

pages, maps, plates, 4°, House Ex. Doc. No. 91,

33d Cong., 2d sess.

. J. Hall, pp. 99-105, pls.

" The Cretaceous age of the rocks examined by
Abert at Poblozon, on the Rio Puerco, is accepted

(p. 34), and Whipple and Marcou are. quoted as’

reporting coal on the Rio Puerco and near Laguna
and Cebolleta (p. 36) in rocks Wthh -are regarded
as Cretaceous. ,

The Cretaceous rocks under-

Report on the geology 6f the route: |

Includes report on fossils by.

GEOLOGY AND PALEONTOLOGY OF RATON MESA IN.COLO.—N. MEX,

1860.

13. Brakg, W. P, Observations on the geology of the
Rocky Mountain chain in the vicinity of Santa
Fe, N. Mex. [abstract]: Am, Assoc. Proc., vol. 13,
pp. 314-319. '
The anthracite coal found in 1857 near Cerr illos
is described (p. 815).

1861.

14. Brake, W. P., Observations on the mineral resources
of the Rocky Mountain chain near Santa Fe and
the probable extent southward of the Rocky Moun-
tain gold field: Boston Soc. Na.t Hist. Proc., vol.

- 7, pp. 64-70.
The occurrence of anthracite coal near Cerrillos,
examined in 1857, is described. In the same con-
‘nection the author refers to the Carboniferous coal
beds at Santa Fe.’ ‘

15. NEWBERRY, J. S., Geological report: Report upon the

Colorado River of the West, explored in 1857 and

- 1858 by Lieut. Joseph C. Ives, pt. 3, 154 pp.,

. 6 pls., 4° [Senate Ex. Doc. —, 36th Cong., lst

-sess.]. Abstract in Am. Jour. Sci., 2d ser., vol. 33,
Pp. 394-403.

Some of ‘the coal near Moqui-is described asg

- Juragsic (p. 85) and some as Cretaceous, the latter

associated with fossil plants similar to those of the
. Dakota sandstone of Kansas and Nebraska. The
. Cretaceous coal of thig author occurs both east and
west of Fort Defiance [in the San Juan Basin]
(p. 100).  Carboniferous fossils were obtained
" from the coal measures at Santa Fe and samples
of the anthracite from the vicinity of Cerrillos
were obtained, but that locality was not visited.

1865.

16 OWEN R.E, and Cox, E. T. Report on the mines of
New Me*uco 60 pp. &bstract in Am. Jour. Sdi.,
2d ser., vol. 40, pp. 391-392.

The occurrence of coal in the Canon City field,
in the Raton Mesa region, in the Rio Puerco field,
and near Fort Craig, on the Rio Grande, is men-
tioned {pp. 23—40). Anthracite regarded by these
authors as Carboniferous in age is reported at
Placer Mountain (Cerrillos field).

1867.

17. HA&DEN F. V., First Annual Report of the United -
Stmtes Geolog1cal Survey of the Territories,
embracing Nebraska, 64 pp. Abstract on Lignite
formation: Am. Jour. Sci., 2d ser., vol. 45, pp.
198-208. ,

The coal measures of the Rocky Mountains are
reported as extending southward to the Raton
Mesa region and are referred to the Tertiary (p.
170, p. 56 of First, Second, and Third Ann, Repts.
‘printed together in 1873).

1868.

18. HAYDEN, F V., Rocky Mountain coal heds: Am. Jour.
Sei., 2d ser., vol. 45, pp. 101-102.
Bnef reference is made to the coal beds ‘‘all
along the foot of the mountains from Pole Creek
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far south into New Mexico.”” They are included
with the author’s Tertiary lignites.
19. Havpen, I.V., Noteson the lignite deposits of the West:
Am, Jour. Sci., 2d ser., vol. 45, pp. 198-208.
Brief reference is made to the New Mexico coal
described by Le Conte (pp. 199, 202). A report
by Lesquereux is quoted giving the descriptions
of fossil plants, among which are those collected

by Le Conte at Raton Pass and on the Purgatoire |

River (p. 207). Lesquereux, however, refrains
from expressing an opinion regarding the age of
these fossils, but Hayden uses them in his argu-
ment that the coal beds are of Tertiary age, He
expresses the opinion (p. 205) that there are ‘“‘no
valuable beds of lignite west of the ’\ﬁssissippi in
formations older than the Tertiary.”

20. Lv Conre, J. L., Notes on the geology of the survey
for the e‘ctensmn of the Union Pacific Railway
from Smoky Fill River, Kans., to the Rio
Grande, 76 pages, 8°, Philadelphia.

Coal is reported near Tijeras, N. Mex. (p. 34);
at Tierra Amarilla, about 120 miles northwest of
Santa T'e, N, Mex. (p. 36); and in the Rio Puerco
field west of Albuquerque, N. Mex. (p. 41).

The anthracite near Cerrillos is described and
also the occurrence of fossil plants in rocks asso-
ciated with it (pp. 38-40). The coal is referred to
the Cretaceous and is said to he older than the

so-called Marshall formation (Laramie) of the

Denver Basin (p. 3%).
Coal was found in Manco del Burro Pass [near,
o Yankee, N. Mex.], and the coal beds near Trini-
dad, Wootten, Raton, Vermejo Canyon, and Van
Bremmer Canyon were examined. From certain
fossil plants and shells found near Trinidad the
author concludes that the coal is of “middle
Cretaceous” age. Compared with other coal-

bearing rocks, he places the Cerrillos coal heds low-

in the Cretaceous; the Raton Mesa coal beds next
higher; the Denver coal beds [Laramie] in the

youngest Cretaceous or oldest Tertiary; and the .

- Missouri River coal bedsin the Ter tiary.

21,
Sci., 2d ser., vol. 45, p. 136.
The coal beds near Cerrillos are correlated with

those described by Newberry in the lower part

of the Cretaceous of northwestern New Mexico.
“Unmetamorphosed coal from the coal mine
8 miles east of San Antonio and the Rio Grande”
[probahly in the Carthage field] also is mentioned
(p. 136).
1870.

22. Ravmonn, R. W., Statistics of mines and mining in
the States and Territories west of the Rocky Moun-
tains. House Ex. Doc. No: 207, 41st Cong., 2d
sess., pp. 1-805. '

The coal beds of several localities in New Mexico
are described, including those mear Fort Craig,
Fort ng'tte Taos, the Rio Puerco field, the
Cerrillos field, and the Raton Mesa region, includ-
‘ing Vermejo, Raton, and Purgatoire River.

Cretaceous coals in New Mexico: Am. Jour.

19
1871,

23. NEwnERRY, J. S., On the age of some western lignites:

New York Lyceum Nat. Hist. Proc., vol. 1, p.
252.

The coal heds near Cerrillos are referred to the
Cretaceous.

24. LesQuerEux, Leo, On the fossil plants of the Creta-
ceous and Tertiary formations of Kansas and Ne-
braska: U. S. Geol. Survey Terr. [Fourth Ann.]
Rept., pp. 370-385.

Under the title “Tertiary fossil plants” the
author names several from Purgatoire Canyon,
Raton Pass, and other localities.

1872,

25. LEsQUEREUX, Leo, Tertiary flora of North America:
U. 8. Geol. and Geog. Survey Terr. [Fifth Ann.]
Rept., pp. 304-318.

A list of fossil plants is given, including several
" from the Raton Mesa region, which the author re-
gards as indicative of Eocene age.

An enumeration with descriptions of some Ter-
tiary fossil plants from specimens procured in the '
explorations of Dr. F. V. Hayden in 1870: U. S.
Geol. Survey Terr. [Fifth Ann.] Rept., pp. 1-22.

Descriptions are given of 21 species of fossil
plants from Fishers Peak and Raton Mountains
(pp: 12-16). The -author correlates the plant-
bearing rock of Raton Mesa with those at Evans-
ton, Wyo., and with the Tertiary of the Mississippi
Valley (p. 19). It is probable that most, if not
all, of these plants came from beds above the
unconformity. Inthisregion thereislittle chance
that fossil plants from below the unconformity -
would be collected before the mines were opened,
for these fossils occur in soft shale which weathers
quickly on exposure.

Descriptions. are given of 9 species of plants

" from Placer Mountain (Cerrillos field), pp. 16-17.
It was supposed that these plants came from the
coal measures, now believed to be of Mesaverde
age, but the locality within the field is not defi-
nitely indicated. It seems probable that they
may have come from the Galisteo sandstone, now
believed to be of Tertiary age. The plants named
are of Tertiary typesas follows:

Populus balsamoides Goppert.

Quercus platanea (?) Heer.

Ficus tiliaefolia Heer.

‘Platanus guillelmae Heer.

Cinnamomum mississippiense Lesquereux.
Magnolia.

Carpolithes spirales Lesquereux
Carpolithes compositus Lesquereux.
Carpolithes mexicanus Lesquereux.

26.

1873.

27. Cuark, R. N., The Tertiary coal beds of Canyon City,
Colo.: Am. Inst. Min. Eng. Trans., vol. 1, pp.
293-296, pl.; (a) p. 90.
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28. FrazER, PERSIFOR, Jr.,

GEOLOGY AND PALEONTOLOGY OF RATON MESA IN COLO.—N. MEX.

Mines and mirerals of ‘Colo-
rado: U. S. Geol. Survey Terr. First, Second,
and Third Ann. Repts., pp. 201-228.

29. Haypen, F. V., Geological report': U. 8. Geol. Survey

Terr. First, Second, and Third Ann. Repts., pp.
103-199. Abstracts Am. Naturalist, vol. 4, pp.
119-121, 1871; Am. Jour. Sci., 2d ser., vol. 49, pp.
258-263, 1869. (The Third Annual Report was
published as a preliminary field report in 1869.)

In this report the author notes in the Canon
City field (p. 49) the presence of the Cretaceous
beds up to No. 5 (Fox Hills) and states that No. 5
is capped by a rusty yellow sandstone that is re-
garded as the lowest bed of the coal formation,
which he refers to the Tertiary. Hayden’s No. 5
is the transition zone below what is now known as
the Trinidad sandstone, and this sandstone is the
one he describes as the lowest bed of the Tertiary
and correlates with the base of the coal formation
of the ““Laramie Plains” and also of the ‘“Raton
Mountains” (p. 50). :

Below this sandstone he found Baculites ovatus
and other shells which he regarded as “
No.-5.”” He expresses the opinion that the coal
beds of Wyoming, eastern Colorado, and the Rio
Grande are of the same age and are remnants of
the same coal basin. He refers to Tertiary beds
east of Spanish Peaks (p. 53) and describes the
coal beds and the fossil plants near Trinidad
(p. 54), correlating the beds with those at Canon
City, but states that the coal beds referred to the
Tertiary in Raton Mountains rest on Cretaceous
No. 2 (Benton), thus making the coal measures
unconformable on the Cretacepus shale.

The coal beds near Cerrillos are described, and
fossil plants were found which Hayden thinks are
identical with some found in ‘“Raton Mountains”
(pp- 67-68). He “‘regards all the coal beds of the

_ West, including those at Cerrillos, as lower Ter-

tiary” (p. 89). *

Inasummary (p. 90) he refers again to the Canon_

City coal beds; the Raton Hills, where he names
the coal beds the Raton Hills group; and to the
Placer Mountain (Cerrillos) coal beds.

A list of fossil plants described by Lesquereux
in 1868 is given (pp. 95-97). Hayden  admits
(p- 90) that the Cerrillos coal beds may be older
than those of the Raton Mesa region.
now known ag the Galisteo sandstone are corre-
lated with the ‘‘Monument Creek group” of the
Denver region, which is now separated -into the
Dawson arkose and the Castle Rock conglomerate.

30. Hrrcrcock, C. H., and Brake, W. P., Geological map

of the United Sta.tes Sta.tlstlcs of mines and min-
ing in the States and Territories west of the Rocky
Mountains, [Fifth Ann.] Rept. Statistical atlas
of the United States, based on the results of the
ninth census (1870), by F. A. Walker, Pls. XIII,
X1V, folio, Washington, 1874. - Petermann’s Mit-
theilungen, vol. 21, pl. 16, 4°, 1875. Special
Rept. of Smithsonian Inst. for the Centennial,
Washington, 1876. Atlas of the United States
and the world, by Gray, folio, Philadelphia, 1877.

Reproduced (probably) by F. Ratzel, Die Ver-

plainly |

The beds

eiﬁigten Staaten von Nord-Amerika, vol. 1, .
Miinchen, 1878. -
Canon City coal is referred to (pp.-302-305).

31. LesQueEreUX, LEo, On the age of certain beds of

32.

‘Wyoming referred to the Tertiary by Prof. Hay-
den and to the Cretaceous by others: Am. Jour.
Sci., 3d ser., vol. 5, pp. 308-309.
Slight reference is made to the Trinidad field.
Lignitic formations and fossil flora: U. S. Geol.
Survey Terr. Sixth Ann. Rept., pp. 317-427.
Abstracts in Am. Jour. Sci.,.3d ser., vol. 6, pp.
441-450; Am. Naturalist, vol. 8, pp. 217-218, 1874.
Canon City.—A section of the coal-bearing rocks,
measured by Nelson Clark, isgiven (p. 323);and the
lowest sandstone is correlated with the sandstone
of the Trinidad field, now known as the Trinidad
sandstone. TFossil - plants, supposed to be of
Eocene age, were found in the higher beds of the
section and fucoidsin the sandstone near the base.
Trinidad field —A section of the coal-bearing
rocks near Trinidad is given (p. 319). The shale
below the sandstone, now known as Trinidad
sandstone, is referred to No. 4 (Pierre), whereas
Hayden previously had called it No. 2 (Benton).
Fossils from this sandstone and from the coal-bear-
ing rocks are named, and the formaitions are re-
garded ‘as equivalent to those at Canon City,
Colo., and at Cerrillos, N. Mex., and the coals of
all three fields are referred to the Eocene (p. 409).

-Coal in Tijeras Canyon; near San Felipe, 12 miles

from the Rio Grande; in Rio Puerco field; and
elsewhere in New Mexico is mentioned (p. 363).

The Placer Mountain coals (Cerrillos field) are
correlated with those at Raton, N. Mex., and at
Canon City, Colo. :

.33. MACFARIANE JAMES, Coal regions of America, their

topography, geolooy, and development, xvi, 676
pages, 25 maps, New York; 2d.ed., New York;
3d ed., xvi, 700 pages, maps, plates, New York,
1877. Includes map of Pennsylvania by J. P.
Lesley, frontispiece.

The coal fields of southern Colorado and New
Mexico are included with others only in a general
way. The author refers the coal beds to the Cre-
taceous (p. 6) and states (p. 535) that the coal
beds along the base of the Rocky Mountains [in-
cluding the southern fields] were formed during
the Cretaceous and early Tertiary.

1874.

34. Core, E. D., On the mutual relations of the Creta-

ceous and Tertiary formations: Report on the ver-
tebrate paleontology of Colorado, U. 8. Geol. and
Geog. Survey Terr. Seventh Ann, Report, pp.
427-533, pl.

The literature of ‘“The Fort Union or Lignitic
Group” is reviewed. In this ‘“‘group” were in-

' cluded (p. 432) the Placer Mountain (Cerrillos

coal beds, which the author refers to the Creta-
ceous ‘“near No. 5’ (Fox Hills). The opinion is
expressed that the Cerrillos coal beds are older
than those at Canon City, Colo., and that both
are older than Hayden’s Lignitic group.
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35. Corg, E. D., On the Cretaceous age of the lignites of
. the West: Acad. Nat. Sci. Philadelphia Proc., vol.
26, pp. 10-11, 12-13. Remarks by Le Conte and
Prazer, p. 11.

Announcement is made that dmoszuu bones
found in northeast Colorado prove that the coal
beds referred by Hayden and Lesquereux to the
Tertiary are of Cretaceous age. [John Le Conte
had referred the coal beds farther south to the
Cretaceous in 1867.] :

Notes on the Eocene and Pliocene lacustrine
formations of New Mexico, including descriptions
of certain new speties of Vertebrata: U. 8. Geog.
Surveys W. 100th Mer. Ann. Rept. (Chief Eng,
Ann. Rept., 1874, App. FF, pp. 115-130). Abstract
in Am. Jour. Sci., 3d ser., vol. 9, p. 151, 1875. -
The Eocene in the vicinity of Chama River is
described as resting unconformably upon coal-
bearing rocks which occur below fossiliferous
Cretaceous [the Mesaverde of later writers] (p.116).
Review of the Vertebrata of the Cretaceous
period found west of the Mississippi River: U. 8.
.Geol. and Geog. Survey Terr. Bull,; vol. 1 [1st

sér:], No. 2, pp. 5-48.

Hayden’s reference of the ‘“Placer Mountain
(Cerrillos) coal beds to the base of his Tertiary Lig-
nitic group is quoted and the statement is made
that ¢ they are nearer to No. 5” (Fox Hills),

" Former publications dealing with the age of the
Canon City and Placer Mountain coals are re-
viewed (pp. 548).
38. Havorx, I, V. [General report]: U: 8. Geol. and Geog.
. Survey Terr. [Seventh] Ann. Rept., pp. 17-82.
Abstract in Am. Naturalist, vol. 9, pp. 173-177,
1875,

Hayden shows (p. 27) that the fossil plants of

his Lignitic group indicate Tertiary age, although

36.

37,

the vertebrate remains, according to Cope, indi-

cate Cretaceous age, but that as early as 1869 he
admitted that at Coalville and elsewhere some of
the coal is Cretaceous and adds: “I am more con-
vinced that farther south in New Mexico, Arizona,
and Utah, there are coal beds of undoubted Cre-
taceous age.”” e further argues that Cope and
Marsh are not justified in maintaining that the
‘“entire lignitic group” is Cretaceous from the
vertebrate evidence then at hand.
Remarks on age of lignitic group: U. 8. Geol.
and Georr Survey Terr, Bull,~ vol. 1 [1st ser.],
No. 2, pp. 1-2.

As o preface to Cope s paper in thls bulletin
Iayden shows that in 1869 he pointed out that
the coal beds at Coalville, Utah, are probably Cre-

39.

taceous and adds that the, greater portion of these.| .

in southern Utah, New Mexico, and Arizona are

“of undoubted Cretaceous age.” He argues that'

the coal-bearing rocks whose accumulation began
"in the Cretaceous continued as transitional beds
into the Tertiary, and that there is no marked
break within them..
40. Lesquersux, Lo, The lignitic formation and its fos-
" sl flora: U. 8. Geel. and Geog. Survey Terr.
[Seventh] Ann. Rept., pp. 366-425,

42,
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The question of age of the coal bedsis discussed
and names are given of the fossil plants from many
places including the Cerrillos and Raton Mesa coal

~ fields.

41. LESQUEREUX, LEO, On the formation of the lignite
beds of the Rocky. Mountain region: Am. Jour.
Sci., 3d ser., vol. 7, pp. 29-31.

The author gives facts opposing the theory that
the coal of the Raton Mesa region, Canon City,
and elsewhere was formed from drifted material.

On the age of the lignitic formations of the’
Rocky Mountains: Am. Jour. Sci., 3d ser., vol. 7,
Pp. 546-557.

The author discusses the age of the western coal
beds and repeats his previous reference of them to
the Tertiary.

43, Loew, Oscanr, A new fossil resin—‘“wheelerite’: Am
Jour. Sc1. 3d ser., vol. 7, 571-572,

Regin was found in “Cretaceous lignite beds”’
near Nacimiento, N, Mex. An analysis of the
resin is given.

44. Marving, A. R., Report of Middle Park division:

© U. 8. Geol. and Geog. Survey Terr. [Seventh]
Ann. Rept., pp. 83-192.

45. NEWBERRY, J. S., On circles of depos:tlon in second-
ary sedimentary rock, American and foreign:
New York Lyceum Nat. Hist. Proc., 2d ser., pp.
122-124. Discussed by Wurtz and Day, idem,
pp- 124, 125.

fOn the lignite flora of the far west]: New York

Lyceum Nat. Hist. Proc., 2d ser., pp.-78~79.

The author criticizes an article by Lesquereux,

. who referred the western coals to the Eocene, and

shows that in Arizona and western New Mexico

marine invertebrates of Cretaceous age occurabove
the coal.

On the lignites and plant beds of western

America: Am. Jour. Sc1 ., 3d ser., vol. 7, pp.

- 399-404.

The author answers the argument of Lesquereux

. contained in an article in Hayden’s report for 1872

and dissents from his views. e asserts that all
of the plant-bearing coal beds in New Mexico are
of Cretaceous age and is inclined to the opinion
that those farther north are of the same age.

He refers (p. 404) to an “Echo Canyon con-
glomerate” above the coal beds and: suggests that
it may mark the division between Cretaceous and
Tertiary.

48. Prour, H. G. [General description of country]: Re-
port of a reconnaissance in the Ute country, made
in 1873, by Ruffner: 42d Cong., 1st sess., House-
Ex. Doc. No. 193, pp. 6-51.

49. Raymonp, R. W., Remarks on the occurrence of

anthracite in New Mexico: Am. Inst. Min. Eng.

Trans., vol. 2, pp. 140-142.

The auther discusses the age of coal beds near
Cerrillos and the chemical character of the coal.
He accepts Newberry’s reference of the coal beds
to the Cretaceous. _

50. StEvENsoN, J. J. [Age of western lignite]: New York
Lyceum Nat. Hist.. Proc., vol. 2, pp. 93-94.

The writer argues for the Cretaceous age of the
Canon_ City coal and shows that Halymenites

46.

47.
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occurs both below and within the coal-bearing
rocks. He compares these beds with those of New
Mexice, which he claims are admitted to be Cre-

taceous, and with beds containing Halymenites |

and marine shells at Platteville, Colo., -above

[Laramie] coal.
1875.

51. Core, E. D., Report on the geology of that part of
northwestern New Mexico examined during the
field season of 1874: U. S. Geog. Surveys W. 100th
Mer. Ann. Rept. 1875 (Chief Eng. Ann. Rept.,
pt. 2, App. LL), pp. 981-1017, pls. (Published
also separately, pp. 1-196.)

Cretaceous beds, Nos. 3 and 4, are described
(pp. 996-997) east of Sandia Mountains [near
Hagan]. The author’s discussion of the relation
of these rocks to the Galisteo sandstone indicates
that he regarded the coal beds which are above
the marine Cretaceous as No. 4 [Pierre] or younger
[although according to Stevenson he placed them
in No. 3].

The coal beds extending from Nacimiento
Mountains northward are described and referred
to Cretaceous No. 3. Marine invertebrates were
found above these beds (p. 1000).

A section is given in which coal is shown in
Cretaceous No. 3, at Cristone, overlain by rocks
of marine origin with fossils supposed to indicate
Cretaceous No. 4 (pp. 1007-1008). The author
states that ‘‘this lignite bed extends throughout
the region west of the Rocky Mountains wherever
No. 3 occurs, and is the.-bed which has been mis-

- taken for the true lignite, or No. 6 of some geolo-
gists.” .

On the Cretaceous beds of the Galisteo: Acad.

Nat. Sci. Philadelphia Proc. for 1875 [vol. 27],

pp. 359-360.

52.

The author discusses Stevensons paper on*

‘“Geological relations of the lignitic groups of the
Cretaceous,”’
the Triassic on the suppositien that former Qbserv-
ers had inverted the section.

The geology of New Mexico: Acad. Nat. Sci.
Philadelphia Proc. [vol. 27], pp. 263-267. Am.
Jour. Sci., 3d ser., vol. 10, pp. 152-153..

Reference is made to the age of the Galisteo
sandstone (p. 264). _

A section of the rocks west of the Sierra Madre

is given, including both Cretaceous and Tertlary
formations (p. 267).
The classification and distribution of the Cre-
taceous deposits of the West: Vertebrata of the
Cretaceous formations of the West, U. S. Geol.
Survey Terr. Rept., vol. 2, pp. 1541, 4°.-

53.

54.

55. Howswrr, E. E., Report on the geology of portions of.

Utah, Nevada, Arizona, and New Mexico, exam-
ined in 1872 and 1873: U. 8. Geog. and Geol.
Surveys W. 100th Mer. Rept., vol. 3, Geology,
pp. 227-301, 4°. :

Coal measures in Arizona, Utah, and western

New Mexico are correlated (pp. 275-280) with"

those ‘“‘east of Mount Taylor” [the southeastern

part of the San Juan Basin].

and refers the Galisteo sandstone to |-
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56. Loew, Oscar, Report upon the mineralogical, agri-
cultural, and chemical conditions observed in
portions of Colorado, New Mexico, and Arizona
[including analyses of soils and a, chapter on ‘“The
eruptive rocks of Arizona and New Mexico”]:
U. S. Geog. and Geol. Surveys W. 100th Mer.
Rept., vol. 3, Geology, pp. 569-661, 4°.

An analysis of the anthracite from Placer
Mountain (Cerrillos field) is given; also an analysis
of bituminous coal from the Rio. Puerco near
Nacimiento (pp. 639—635)

The anthracite coal is said (p. 635) to have
been mined ‘40 years ago” [i. e., about 1835].

"It is regarded as ‘‘probably Carboniferous.”
Information is given of coal at Elizabethtown,
N. Mex., and neéar Trinidad and Canon City,
Colo. (p. 634).

Geological and mineralogical report on portions
of Colorado and New Mexico: U. S. Geog. Surveys
W. 100th Mer., Ann. Rept. 1875 (Chief Eng. Ann.
Rept. 1875, pt. 2, App. LL, pp. 1017-1036, pub-
lished also separately, pp. 1-196).

Cretaceous coal measures west of Nacimiento
Mountains are described; also (p. 1027) those of
the Rio Puerco field (pp. 1023-1026).

The anthracite at Placer Mountain was exam-
ined; also the coal in Tijeras Canyon and at other
New Mexico localities (p. 1028).

58 SrevENSON, J. 7., Geology of a portion of Colorado ex-
plored and surveyed in 1873: U. 8. Geol. and
_Geog. Surveys W. 100th Mer. Rept., vol. 8, Geol-
ogy pp. 303-501, 4°. Review by J. D. D[ana],
Am. Jour. Sci., 8d ser., vol. 11, p. 412, 1876.

The coal-bearing rocks of the Canon City field
are described (pp. 393-398) as Upper Cretaceous,
and three divisions of them are made—a highest
division 250 feet thick, conglomeratic at the top;
a middle division 175 feet thick, consisting of shale
and beds of coal; and a lower division, 350 feet
thick [apparently including the sandstone herein
(p. 165) named the Rockvale member, in which
were found Halymenites and impressionsof shells].

57.

1876.

59. ConkuNg, A. R., Report on the geology of the moun-
tain ranges from La Veta Pass to the head of the
Pecos: U. S. Geog. Surveys W. 100th Mer., Ann.
Rept. 1876 (Chief Eng. Ann Rept. 1876, App J7),

Pp. 199-202.
60. ExcremMAN, H., The brown coals of Utah and adjoining
Territories: Am. Inst. Min. Eng. Trans., vol. 4,

pp. 298-308.
61. Havoexn, F. V/, General report: U. S. Geol. and Geog.
. Survey Terr. [Eighth] Ann. Rept., pp. 19-58, pls.
Abstract in Am. Jour. Sci., 3d ser., vol. 11, p. 496.
In chapter 1 a general review is given of the
¢“Lignitic group,”” which the author still regards -
as lower Eocene; and he adds that ““it is some-
what doubtful whether the age will ever be de-

-cided positively to the satisfaction of all.”

Chapter 2 describes the Lignitic group, as exam-
ined at Canon City, etc. Hayden reviews the
previous work and argues that the transition from
the marine to the fresh-water formations should
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mark the passage from Cretaceous to Tertiary.
He correlates the coal measures of the Canon
City field with those of the Raton Mesaand Denver

.regions. He refers (p. 45) to the coal-bearing_

rocks as the Lignitic or Laramie group.

62. Iavpen,I". V., Noteson the Lignitic group of eastern

Colorado and portions of Wyoming: U. S. Geol.

and Geog. Survey Terr. Bull,, vol. 1, 2d ser.,

pp. 401411. Reviewed in Am.Jour. Sci., 3d ser.,
vol. 11, pp. 147-149.

The paper is a general discussion of the geologic
age of the ccal beds in which are involved those of
the Raton Mesa region, Canon City, and elsewhere.

63 Lesquereux, LEo, On t.he Tertiary flora of the North

American Lignitic, considered as evidence of the
age of the formation: U. 8. Geol. and Geog. Sur-
vey Terr. [Eighth] Ann. Rept., pp. 271-315.

64. Meek, I'. B., Descriptions of the Cretaceous fossils

collected on the San Juan exploring expedition
" under Macomb: Report of expedition from Santa
Fe, N. Mex., to the junction of the Grand and
Green rivers of the Great Colorado of the West, in
1859, under the command of Capt. J. N. Ma.comb
pp. 119-133, plates, 4°.

The fossils described in this report were col-
lected by Newberry in 1859 from the Cretaceous
rocks of western New Mexico and Colorado.

Meek agrees with Newberry in correlating the
“Lower Cretaceous” of the latter with the Dakota
of the Upper Missouri Cretaceous section; the
“Middle Cretaceous” with the Benton and Nio-
brara formations; and the ‘Upper Cretaceous,”
except the highest beds, which were regarded as
probably Tertiary, with Pierre and Fox Hills (pp.
121-122).

~ 65. NEwBERRY, J. 8., Geological report: Report of expe-

dition from Santa e, N. Mex., to the junction of
the Grand and Green rivers of the Great Colorado
of the West, in 1859, under the command of Capt.
J. N. Macomb, pp. 9-118, map, plates, 4°.

The Cretaceous is subdivided into three groups:
The lowest or ‘‘Lower Cretaceous” includes the
Dakota of other writers; the ‘“Middle Cretaceous”
is made equivalent to Benton and Niobrara; and
the “Upper Cretaceous” to the Pierre and Fox
Hills (including beds at the top that later proved
to be Tertiary). ‘

“Triassic rocks containing * * * silicified
trunks of coniferous trees” are reported east of
Cerrillos (p. 38). [The silicified trees east of Cer-
rillos described by later writers are in the Galisteo
" sandstene.]

Near the mouth of Galisteo (‘reek fossil leaves
said to be Cretaceous were found in-yellow sand:
stone below the marine Cretaceous shale (p. 51).
The description seems to indicate that these may

be below the Dakota sandstone of the present

paper.]

The coal beds at the base of Placer Mountain
[the Mesaverde near Madrid] are referred to
“Middle Cretaceous” and the bituminous coal is
described as changed to anthracite by igneous in-
trusion.

In northern New Mexico [north of Jemez
Mountains] the three subdivisions of the Creta-
ceous were recognized and traced westward
through southwestern Colorado‘(pp. 67-71). The
rocks near Sierra del Navajo (near the Colorado-
New Mexico line) are described as “Middle Cre-
taceous” and ‘“ Upper Cretaceous” [the Mesaverde,
Lewis, and ““ Laramie ” formations of later writers]. -

The “brown sandstone and beds of lignite™
near Nacimiento are referred to ‘‘Middle Cre-
taceous” (p. 117). [These are clearly the Mesa-
verde formation of later writers.] -

66. STEVENSON, J. J., On the geological relationsof the
Lignitic groups of the far West: Am. Philos. Soc.
Proc., vol. 14, pp. 447-475.

The paper is a general summary of hct,s bearing
on the controversy as to the age of the Rocky
Mountain coal beds. The author concludes by
placing the Lignitic group in the Cretaceous.

67..S1. JomN, O. H., Notes on the geology of northeastern
New Mexico: U. S. Geol. and Geog. Survey Terr.
Bull,, vol. 2, pp. 279-308, pls. 42-49. Abstract
in Am. Jour. Sci., 3d ser., vol. 13, p. 219.

The Raton ceal field is described and good maps

- and sketches presented. St. John here accepts
.Hayden’s reference of the coal to the Tertiary and

" describes the concretionary fossiliferous layer
_mnear the top of the shale undeérlying the coal
measures, the fossils from which are described at
Fox Hills in a later publication. [From the same
beds were obtained most of the invertebrates that
constitute the Pierre fauna of the Raton field in
the present paper.] "

68. WiLriams, S. G., Notes on the geology of some lo-
calities near Canon City, Fremont County, Colo.:
U. 8. Geol. and Geog. Survey Terr. Bull,, vol. 1,
2d ser., pp. 249-251.

A section of rocks about 1,000 feet thick is gl\ en,
including seven coal beds.

1877.

69. Corg, E. D., Report on the extinct Vertebrata obtained
in New Mexico by parties of the expedition of
1874: U. S. Geog. Surveys W. 100th Mer. Rept.,
vol. 4, Paleontology, 370 pp., pls. 22-83, 4°.
Abstractin Am. Jour. Sci., 3d ser., vol. 15, p. 56,
1878.

. The Cretaceous west of Nacimiento and Gallinas
Mountains is described and a cross section given
showing coalin “Cretaceous No. 3” [probably the
Mesaverde coal], succeeded after a:covered mter—
val by Puerco (pp. 1-13).

The relations of the Eocene to the Cretaceous
are discussed at some length (pp. 13-C3).

72. Conkuing, A. R., Report on the foothilis facing the
plains from latitude 35° 30" to 38°, approximately:
U. S. Geog. Surveys W. 100th Mer., Ann. Rept.
1877 (Chief Eng. Ann. Rept. 1877, App. NN,
pp- 1298-1303).

The coal beds between Cuna.rron N. Mex., and
Trinidad, Colo., are described. Cretaceous shells
were found below the coal and fossil plants in the
coal measures. A section was measured in
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Vermejo Canyon showing a conglomerate about
110 feet above the sandstone now known as the
Trinidad. [This conglomerate is the base of
what is now known as the Raton formation.]
The coal mines near Trinidad are described.
The author gives (pp. 1301-1303) a translation of
a paper published at The Hague in 1874 describing
the Maxwell land grant. It contains descriptions
of the coal beds in Ponil Canyon, Vermejo Valley,
and Cottonwood Canyon, in New Mexico, and at

Trinidad, Walsenburg, and elsewhere in Colorado.-

73. Enpurich, F. M., Report as geologist of the southeastern

division: U. 8. Geol. and Geog. Survey Terr.

Ninth Ann. Rept., pp. 103-235. -Abstract in
Am. Jour. Sci., 3d ser., vol. 14, p. 421. -

Laramie (?) rocksare described as lying between
the IFox Hills and the Puerco in western New
Mexico (p. 189).

Chapter V (pp. 194-215) describes post-Creta-

" ceous beds of the Trinidad region.

The coal beds seem to lie conformably on the
Cretaceous, although the author considers the pos-
sibility that they are really unconformable.
Several sections, maps, and sketches are .given.
A cross section (XIV) shows the essential features
as they are known at the present time, notably a
lower and an upper group of coal beds. Endlich
believed (p. 198) that the lower group of coals

together with the basal sandstone (later named

Trinidad) disappeared westward and was not pres-
ent at the western margin of the field (see section
XXI), from which he argues that the coal forma-

‘tion redlly is unconformable on the Cretaceous

shale, which he calls Colorado shale, including in
it all rocks between Dakota and Fox Hits. De-
scriptions and analyses are given of the coal from
the Trinidad, Canon City, and other coal fields.
He argues (p. 206) that No. 5 (Fox Hills) is
absent from the Trinidad field and that the coal-

"bearing rocks rest unconformably on the Creta-

ceous. He concludes (p. 211) that the coal beds
of Trinidad -and Canon City should not be consid-
ered Cretaceous or Tertiary but should form a
transition group between the two.

74. MacrArLANE, JAMES, Coal regions of America, their

topography, geology, and development, xvi, 676
PP., 25 maps, New York, 1873; 2d ed., New York;
3d ed., xvi, 700 pp., maps, pls., New York, 1877.

The author describes the coal beds of the Cer-
rillos field and mentions those of the Rio Puerco,
Raton, and other New Mexico fields (pp. 72-76).

75. HAYDEN, F. V., Letter [on general results]: U..S.

76.

Greol. and Geov Survey Terr. Ninth Ann. Rept.,
pp. 1-28. Abstract in Am. Naturalist, vol. 10,
pp. 161-162, 1876.

Hayden refers (p. 4) to Endlich’s work con--

tained in this volume and asserts that the observa-
tions there described prove that the coal a.t Trini-
dad is not Cretaceous.

U. S. Geol. and Geog. Survey Terr. Geological
and geographical atlas of Colorado and portions of
adjacent territory, folio 22, double folio atlas
sheets. (2d ed. corrected to date, 1881.)

Detailed geologic sheets, by Endlich, W. H.
Holmes, Peale, Marvine, and C. A. White.

The marine shale (apparently both Mancos and
Lewis of later writers) in northern New Mexico
west of the Rocky Mountains is mapped as Colo-
rado shale. The coal-bearing rocks [apparently
including both Mesaverde and ¢ Laramie,’’ and
probably including also some of the Tertiary] are

.mapped as Fox Hills. The Wasatch is mapped as

resting on Fox Hills at the eastern margin of the
San Juan Basin and on Laramie farther to the west
near Durango and elsewhere. The Cretaceous
formations mapped are Dakota; Colorado, includ-
ing Benton and Niobrara; Fox Hills, including
Pierre and Fox Hills proper; and Laramie. Inthe
Canon City and Raton Mesa regions the coal-bear-
ing rocks are designated as Laramie and the shale
underlymg them as Colorado. No Pierre or Fox
Hills is indicated in either of these regions.

77. Porrer; W. B., The character and composition of the

lignite coa,ls of Colorado: Am. Inst. Min. Dng
Trans., vol. 5, pp. 365-375.

Descnptlons and chemical properties are given
of coal from the Trinidad, Raton, and Canon City
coal fields, and elsewhere, also of graphite from
Raton.

78. WHitE, C. A., Report upon the invertebrate fossils col-

lected in portions of New Mexico and Arizona by
parties of the expeditions of 1871, 1872, 1873, and.
1874: U. 8. Geog. Surveys W. 100th Mer. Rept.,
vol. 4, Paleontology, p. 1, 219 pages, pls. 1-21, 4°.
Abstract in Am. Jour. Sci., 3d ser., vol. 12, pp.

62-63, 1876.
1878.

79. Expuicy, F. M., Catalogue of minerals found in Colo-

rado: U. S. Geol. and Geog. Survey Terr. Tenth
Ann. Rept., pp. 133~159. '

80. Haypen, F. V., Remarks on ligniti¢ formation of the’

West: U. S. Geol. Survey Terr. Rept., vol. 7,
Contributions to the fossil flora of the Western
Territories, p. 2, the Tertiary flora, by Leo Les-
quereux, pp. iii-ix, 4°.

The author defines Lignitic group (p. 4) as the
‘““coal-bearing strata lying above the Fox Hills
group—and embraced in the divisions Laramie
and Fort Union groups.” The name ‘‘Lignitic”
is abandoned because of the occurrence of coal at
lower horizons.

81. LESQUEREUX, Leo, The Tertiary flora: U. s. Geol

and Geog. Survey Terr. Rept., vol. 7; The lignitic
formations of North America, pt. 1, pp. 1-31; Dis-
tribution of Tertiaryfossil plants, pt. 2, pp. 33-301;
Age of the lignitic formations, etc., pt. 3, pp. 309-
366; 65 pls., 4°. Reviewed by E. D. Cope, Am.
Naturalist, vol. 12, pp. 243-246.

The geology of the various localities from which
fossil plants were obtained is outlined, including
Canon City; the Raton Mesa region, and Cerrillos.

The fossil plants from Placiére (Cerrillos) are
included in the Tertiary flora, and the rocks con-
taining them correlated with the coal measures of
the Raton Mesa, Canon City, Denver, and other
fields (p. 314).
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82. Corg, E. D., The relations of the horizons of extinct

Vertebrata of Europe and North America: U. 8.
Geol. and Geog. Survey Terr. Bull.,, vol. 5, pp.
33-54.

Puerco (?) is shown as occurring above Laramie
(p- 50).

“The Puerco marls * * * first observed by
me [Cope]in New Mexico in 1874 were referred
by Endlich in 1875 (p. 52) ‘‘to the lowest place in

“ the Tertiary series, but the absence of fossils ren--

ders it difficult to conclude whether they belong
here or in the Laramie series.”

83. MiLLER, S. A., North American Mesozoic and Cenozoic

geology and paleontology: Cincinnati Soc. Nat.
Hist. Jour., vol. 2, pp. 140-161, 223-244, 1879;
vol. 3, pp. 9-32, 79-118, 165-202, 245-288, 1880;
vol. 4, pp. 3-46, 93-144, 183-234, 1881. Also
issued 338 pp., Cincinnati, 1881.

-84. SreveNnson, J. J., Report on a special geological party

operating in Colorado and New Mexico from Span-
ish Peaks to the south, field season of 1878 (and
1879): U. S. Geog. Surveys 100th Mer. Ann. Rept.,
1879 (Chief Eng. Ann. Rept. 1879, App. OO, pp.
271-281).

The Raton Mesa reglon is described and a gen-
eralized section given in which appear 32 coal
beds [many of which are now known to be parts
of essentially the same beds]. A Cardium is re-
ported from the coal beds; also Halymenites was
found in rocks above the sandstone now known as
Trinidad (p. 279).

Geology of Galisteo Creek, New Mexico: Am.
Jour. Sci., 3d ser., vol. 18, pp. 471-475.

The coal beds north of Placer Mountain (Cerril-
los field) are referred to the Laramie, and the
underlying shale exposed near the town of Galis-
teo, to the Pierre, Niobrara, and Benton (p. 471).

“The Galisteo group’’ is described as lying un-
conformably on beds ranging from Laramie to
Dakota. [This probably is not the Galisteo sand-
stone of other writers.)

86. WaIrE, C. A., Report on the paleontological field work
for the season of 1877: U. 8. Geol. and Geog. Sur-

vey Terr. Eleventh Ann. Rept., pp. 161-272.

Abstracts in Am. Naturalist, vol. 12, pp: 103-106,

1878; Am. Jour. Sci., 3d ser., vol. 15, p. 59, 1878.

A list is given (pp. 267-268) of fossils collected
by O. H. St. John near Cimarron, said to come
from the Fox Hills, which as used by White in-

cluded the Pierre. Apparently they are from the .

- zone of limestone concretions 100 to 400 feet below
the base of the Trinidad sandstone, in what is now
regarded as Pierre. The greater part of the paper
is devoted to the fields north of those described in

this paper.
pap 1881.

87. LusqQuertux, Lo, Remarks on the Cretaceous and

Tertiary flora of the Western Territories: Am.
Naturalist, vol. 16, pp. 102-108.

88. StevensoN, J.J., Note on the Laramie group of south- |
ern New Mexico: Am. Jour. Sci., 3d ser., vol. 22, |

pp. 370-372.
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See No. 89 (below), p. 223.

The statement is made (p. 370) that the Laramie
(so called) is practically continuous from Galisteo
Creek southward for 150 miles. [This is an error
probably arising from the fact that coal occurs
near ‘““‘San Pedro” about 10 miles south of the
Galisteo and also near another ¢‘San Pedro’ about
150 miles to the south. The coal near San Pedro
and San Antonio referred to by J. M. Robinson,
whom Stevenson quotes, is probably the coal of
the Tijeras field, but it is not certain how much of .
the description refers to this field and how much
to the Carthage field near the ‘‘San Pedro ” farther
to the south.]

Ostrea ‘congesta was observed “hlgh up in the
Laramie” of the Cerrillos field; and Ostrea glabra,
Anomia, Corbula (3 species), Camptonectes (?),
and Tellina (?) were obtained from the coal
measures near San Pedro [probably from the
Tijeras field] and identified by R. P. Whitfield
(p. 371).

89. StevENsoN, J. J., Report upon geological examina-

tions in southern Colérado and northern New Mex-
ico during the years 1878 and 1879: U. S. Geog.
Surveys W. 100th Mer. Rept., vol. 3, suppl., 420
Pp., pl., 3 maps, 4°. (The maps were issued in
1877 to accompany folio geologic atlas of the sur-
veys west of the 100th meridian.)

A review is given of former explorations and
investigations. Chapter 9 contains a description
of “the Laramie group” of the Raton Mesa and
Cerrillos coal fields.

A conglomerate is described in the Raton field
(p- 124), but the conglomerate -at the north end
(which belongs to the formation later named
Poison Canyon) seems to be confused with the
older conglomerate exposed in Cimarron Canyon.
The older conglomerate (which belongs to the

- Raton formation of the present report) containing

‘“‘many pebbles of gneiss and quartzite” is de-
scribed in the southern part of the Raton field
(p. 125). It was noted on Crow Creek (Van
Houten) where ““its under surface is covered with
a close mat of small cylindrical bodies 1 inch long
and one-fifth of an inch in diameter. They may
be casts of fucoids.” (See also p. 264.) It is
further stated that “‘at most localities a variable
sandstone overlies the ‘Trinidad coal bed’—or
second thick bed of coal above the base of the coal
measures (see.section on p. 105)—and contains
some conglomerate -layers, fossil plants, and a
Cardium-like shell, similar to shells found in the
Trinidad sandstone, was found in the coal-bearing
rocks in Ponil Canyon. I'ish teeth and a Cardium
like the.one named above were found in Ponil
Canyon in the Trinidad sandstone” (p. 126).

‘The “Galisteo coal field” (Cerrillos field) is
briefly described and a detailed section of the
coal-bearing rocks near the ‘‘western edge of the
area’ is given, and the rocks referred to the
Laramie (pp. 126-130).

The subdivisions of Lower, Middle, and Upper
Cretaceous areadopted, but “Upper Cretaceous”
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is heré made equivalent to No. 5 (Fox Hills) and
a part of No. 4 (Pierre), and ‘“Middle Cretaceous”
is made to include part of No. 4 (p. 132). - On

the maps ‘“Middle Cretaceous” is designated as

Colorado.

The coal beds of the Gahsteo area are correlated
directly with those of southern Colorado (Trinidad
field) and with those of northern Colorado (Denver
field) and Wyoming (p. 138).

- The writer states that Newberry regarded the-

coal beds near Chama and farther to the north and
west as younger than the. Galisteo coal beds
(p- 145). The Galisteo coal beds are correlated
with Newberry’s Upper Cretaceous of the Chama
region [Newberry himself had referred them to
“Middle Cretaceous”]. ,

Cope’s description of the rocks near Chama in
the Wheeler reports (Nos. 36 and 51 of this list) is

quoted as proof that Cope was describing the |

Upper Cretaceous of Newberry. Stevenson uses
this for correlating with his Laramie.

Inoceramus and Ostrea were found in the Lara-

mie (so called) of the Galisteo area (p. 155).

His Galisteo group is referred to the Tertiary
(pp. 159-162). [The description and the mapping
indicate that Stevenson’s Galisteo is quite dif-
ferent from the Galisteo of other authors and is

probably younger, for it lies with marked angular-

unconformity on the older rocks. The Galisteo
sandstone of other authors is evidently regarded
by Stevenson as a part of his Laramie (see author’s
fig. 49).]

. Detailed descnptlons and sections of the coal-

bearing rocks are given (pp. 328-346).

Chapter 10 contains a discussion of the relations

of the Laramie and a conclusion that it belongs in
" the Cretaceous.

Chapters 13 and 14 contain sections of the coal
beds of the Raton -‘Mesa region and detailed
descriptions.

Pennsylvania fossils were found on South Fork
of Purgatoire River with red sandstone above and
below them (p. 223).

Conglomerate [the basal conglomerate of the
Raton formation] is shown in a section measured
in Vermejo Canyon (p. 249). )

- A detailed section is given of the coal measures
in the hogback 1. mile north of Vermejo Gap

(pp- 258-259). Thecoal-bearingrocksareshownto | .
be about 213 feet thick with 12beds of coal 3inches |- -
The highest sandstone of the |

or more in thickness.
- section [obviously the basal conglomerate of the
Raton formation] is correlated-[erroneously] with
the cliff-making sandstone-above the coal beds in
: Vermejo Canyon near Dawson.
90. StevENSON, J.J.,U. S. Geog. Surveys W. 100th Mer.,
atlas, 1881. For geology of New Mexico localities,
see atlas sheets Nos. 69 (B), 69 (D), 70 (A), 70 (C),
77 (B), 78 (D).
The coal-bearing rocls are mapped as Laramie
and the shale under them as Colorado. .
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1882.

91. Corg, E. D., The Tertiary formation of the central

region of the United States: Am. Naturalist, vol.
- 16, pp. 177, 195, pl.

The coal beds near Gallinas Mountains, N. Mex.,
are mentioned (p. 180) and a section farther north
including the coal measures near the Colorado-
New Mexico line is described (p. 181). (See also
U. 8. Geol. and Geog. Survey Terr. [Seventh] Ann.
Rept., 1875, opp. p. 189.)

92. STEVENSON, J. J.,.-Notes on the coal field near Canyon
City, Colorado: Am. Philos. Soc. Proc., vol. 19,
pp. 505-521, 1882. * Abstract in Am. Jour. Sci.,
3d ser., vol. 23, p. 152.°

Several detailed geologic. sections and a gen-
eralized section showing the occurrence of 13 beds
of coal are given. Palm leaves were found in the
shaft of the Rockvale mine between Halymenites-
bearing sandstones (p. 511). The record of a bore
hole is given, showing six beds of coal below the
sandstone, herein named Rockvale sandstone.

Reference is made to the Trinidad and Cerrillos
coal fields.

1883.

93. LEsQUEREUX, LEo, Contributions to the fossil flora of
the western Territories; part 3, The Cretaceous
and Tertiary floras: U. 8. Geol. Survey Terr. Rept.,
vol. 8, xii, 283 pp., 59 pls., 4°.

Lists and descriptions of fossil plants from the
Cerrillos, Raton, Mesa, and other. .coal fields are
given (pp. 115-126).

94. WaIrE, C. A, Late observations concerning the mollus-
“can fauna and the geographical extent of the
Laramie group: Am. Jour. Sc1 3d ser., vol. 25,
pp. 207-209."

Fossil shells occurring between Mexico and the
Saskatchewan are described. The author criti-
cizes a statement regarding the molluscan fauna
of the Laramie in Geikie’s textbook and throws
doubt on Stevenson’s observations that marine
fossils were collected from the Laramie.

1884.

95. Coeg, E. D., The Vertebrata of the Tertiary forma-
tions of the West: U. 8. Geol. Survey Terr. Rept.,
vol. 3, xxxv, 1009 pp., 75 pls, 4°. Reviewed in
Scienee, vol. 5, pp. 467469, 1885, '
In the table of formations Puerco and Laramie
are included under post-Cretaceous (p. 42),
although it is stated (p. 4) that the Puerco belongs -
to the ““Tertiary rather than the post-Cretaceous”’;
and Fox Hills is used as a group name to include -
the Pierre and Fox Hills proper. A cross section
west of Gallinas Mountains is given, showing
“lignite”’ below the so-called Fox Hills. )
96. EMMONS S. F., Address of the president (sketch of
_geology of the Rocky Mountain district): Colo-
rado Sci. Soc. Proc:, vol. 1, pp. 3-12.
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1885. , 1888.
96. Corx, E. D., Relations of the Puerco and Laramie de- | 105. IrLseng, M.-C., Report on oil fields of Fremont
. posits: Am. Naturalist, vol. 19, pp. 985-986. County: Colorado School of Mines Rept. of field

Observations'from David Beldwin’s notes are
quoted, supplementing previous observations by
the writer and others. The Laramie (so-called)
is said to overlie the FFox Hills, to be 2,000 feet
thick at Animas City, N. Mex., and to contain
‘characteristic dinosaurs. The Puerco is said to
overlie the Laramie with apparent conformity but
is faunally distinct. It is sometimes included
“with the Laramie in post-Cretaceous series.”’

97. Durron, C. E., Mount Taylor and the Zuni plateau:
U. 8. Geol. Survey Sixth Ann. Rept., pp. 105~
198, pls. 11-12.  Abstracts in Am. Jour. Sci., 3d
ser., vol. 34, pp. 1565-157, 1887. Science, vol. 10,
pp. 317-318, 1887.

98. Eumons, 8. F., Geological sketch of the Rocky
Mountain division: Tenth Census, vol. 13, sta-
tistics and technology of the precious metals, pp.
60-104, 4°.

99. Savaar, J., Notes on the geology of the Spanish’

Peaks: Ka.nsas Acad. Sci. Tra.ns
113-114.

Srevenson. J. J., Some notes respecting metamor-

‘ phism: Am. Philos. Soc. Proc., vol. 22, pp. 161~
166. Abstract in Am. Jour Sc1 3d ser., vol. 29,
p. 414.

Brief reference is made to the anthracite
coal of Placer Mountain (Cerrillos field) and to
the metamorphosed coal near Trinidad and near
Raton (p. 166). Several sections are glVGD of
the Raton coal bed.

Warop, L. F., Synopsis of the flora of the Laramie
group: U. 8. Geol. Survey Sixth Ann. Rept.,
pp. 399-557, pls. 31-65. Abstracts in Am. Nat-
uralist, vol. 21, pp. 1011-1012, 1887. Am. Geolo-
gist, vol. 2, pp. 56-58, 1888. Review in Science,
vol. 10, pp. 150-151, 1887.

A historical review of opinion regarding the
Laramie isgiven. A list of fossil plants 1ncludes
gsome from the Raton Mesa region.

vol. 9, pp.

100.

101.

1886.

102. WarrE, C. A., On therelation of the Laramie mollus-
can fauna to that of the succeeding fresh-water
Eocene and other groups: U. S. Geol. Survey
Bull. 34, pp. 391442, 5 pls. . Abstractin Science,
vol. 10, pp. 126-127, 1888. Pop. Sci. Monthly,
vol. 33, p. 420, 1888. ~
The relation of Laramie (so-called) and Puerco
is discussed and some of the invertebrates from
the Puerco near Nacimiento are described.

1887.

103. LEsQUuEREUX, LEeo, Prof. L. T. Ward’s synopsis of
the flora of the Laramie group: Am. Jour. Sci.,
3d ser., vol. 34, pp. 487-488.

104. Ricas, R. B., “Naturgl coke’’ from Purgatory Canon,
N. Mex. (Colo.): In U. 8. Geol. Survey Bull. 42,
p. 147.

work and analyses, 1886, pp. 67-80, pl.
- 1889,

106. Hrrs, R. C., The recently discovered Tertiary beds
of the Huerfano River basin, Colorado: Colo-
rado Sci. Soc. Proc., vol. 3, pt. 1, pp. 148-164.
Address: The field for original work on the
Rocky Mountains: Colorado Sci. Soc. Proc.,
vol. 3, pp. 168-184.
109. StevensoN, J. J., The Mesozoic rocks of southern
: Colora.do and northern New Mexico: Am. Geolo-
gist, vol. 3, pp. 391-397. .
The coal-bearing rocks of the Canon City,
Trinidad, Raton, and Galisteo (Cerrillos) coal
fields are referred to the Laramie (pp. 391-392).
Rocks of Fox Hills age are supposed to occur
below the coal near Canon City and Trinidad,
Colo., but to thin out farther to the south, and are
““supposed to be absent’’ in the Galisteo area.
110. Warp, L. IV, The geographical distribution of fossil
plants: U. 8. Geol. Survey Eighth Ann. Rept.,
pp- 663-960, pl. Ixi.
Colorado and New Mexico (pp. 911-916).
The discoveries of fossil plants in the Rio
Puerco, Cerrillos, Raton Mesa, and other coal
fields are reviewed.

107.

1890,

111. Corg, E. D. [Remarks on the age and stratigraphic
components of the Laramie group]: Geol. Soc.
America Bull,, vol. 1, p. 532. Am. Naturalist,
vol. 24, p. 569. .

The Puerco, containing ‘‘about 100 species of
mammalia, ”’ is said to rest on the Laramie, which
also contains some mammals and dinosaurs of
Cretaceous age. _

112. Emmons, S. F., Orographic movements in the Rocky

- Mountains: Geol. Soc. America Bull., vol. 1,
pp. 245-286. Abstract in Am. N a.tumhst vol.
24, pp. 211-212.

“I have laid stress upon the importance of the
movement at the close of the coal-bearing Lara-
mie in the Rocky Mountain region, and I desire
to protest against what seems to be a tendency
among those who are studying the paleontology
of the region to give little weight to it, or even to
neglect it altogether, in their determination of
horizons. 1t is unquestionably one of the most
important events in the orographical history of
the entire Cordilleran system. With the excep-

- tion of the great unconformity between the
Archeean and all overlying sediments * * *
no movement has left such definite evidence as
that which followed the deposition of the cosl-
bearing rocks to which the name Laramie has by
universal consent been applied” (p. 285).

Colorado: Macfarlane’s Geol. Railway Guide,

2d ed., pp. 289, 297-308.

113. -
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114 Hms, R. C., Additional note on the Huerfano beds:
(‘olomdo Sci. Soc. Proc., vol. 3, pp. 217-223.

Additional notes on the eruptions of the
Spanish Peaks region: Colorado Sci. Soc. Proc.,
vol. 3, pp. 224-227.

116. NEWBERRY J. 8, The Laramie group, its geoloom
relation, its economic importance, and its fauna
and flora: New York Acad. Sci. Trans., vol. 9, pp.
27-32. Abstract (by author)in Geol. Soc. America
Bull., vol. 1, pp. 524-527, 527-528, with discus-
sion by J. B. Tyrrell, L. F. Ward, J. J. Stevenson,
and E. D. Cope, pp. 527-532. Other abstractsin
Am. Geologist, vol. 5, p. 118;" Am. Naturalist,
vol. 24, pp. 856-857.

Casual reference is made to southern Colorado
and northern New Mexico coal fields. .

A discussion of the Laramie problem is given,
in which it is shown that confusion has arisen
from grouping together formations of totally
different age. .

115.

“Much undeserved discredit has * * *
fallen upon the remains of plants as criteria of the

age of strata and much mischief and confusion’
have followed the errorof Dr. Hayden in uniting
with the Laramie the totally distinct and inde-
pendent Fort Union formation” (p. 28).
117. StevENSON, J. J. [Remarks on the differentiation of
~ the Colorado group in Colorado and New Mexico]:
Geol. Soc. America Bull,, vol. 1, p. 532. Am.
Naturalist, vol. 24, pp. 568-569. Discussion of

paper by J. S. Newberry on ‘“The Laramie |

group.”’
Reférence is made to the Canon City, Raton
Mesa, and central New Mexico coal fields. The

writer states that the Fox Hills thins out to the |

south in New Mexico, but that the other Creta-
ceous formations continue around the mountains
to'the Rio Grande. [These formations are not
known to exist over a large area at the southern
end of the mountains, and although they may
have been continuous at one time, they are far
from being continuous now.]

118. Vawn Diest, P. H., Remarks on the plication of the
coal measures in southeastern Colorado and
northeastern- New Mexico: Colorado Sci. Soc.
Proc., vol. 3, pp. 185-190.

Some of the structural features of the Raton

~ coal field are described and the presence of

‘“nutlike lumps of coal” in the basal conglomer-

ate of what is now known as the Raton formation
near Yermejo Park is announced.

119 Warp, L. T. [Remarks on the age of the Laramie |

group] Geol. Soc. America Bull., vol. 1, pp.
529-532. Am. Naturalist, vol. 24, pp. 564—568
Discussion of paper by J. 8. Newberry on “The
Laramie group.’’

1891.

120. ExpripeE, G. H., The Florence-oil fields, Colorado:
Eng. and Min. Jour., vol. 52, p. 422
121. Hiwws, R. C., Orographic and structural features of
Rocky  Mountain geology: Colorado Sci. Soc.
. Proc., vol. 3, pp. 362458, pl.
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°

Hiwus, R. C., Types of past eruptions in the Rocky
Mount;funs Colorado Sci. Soc. Proc., vol. 4, pp..
14-32.

Address of ‘the retiring premdent Colorado
Sci. Soc. Proc., vol. 3, pt. 3, pp. 359—458.

For “the Lara.mie movement,” see p. 380.
Among the post-Laramie beds are included the-
Poison Canyon of the Raton Mesa region and the-
conglomeratic sandstones of the Canon City field..

Lakes, ARTHUR, The fuel resources of Colorado: Am
Geolooust vol 8, pp. 7-19.

122,

123.

124.

1892,

Cross, WHITMAN, Post-Laramie deposits of Colorado=
Am. Jour. Sci., 3d ser., vol. 44, pp. 19-42.
The Denver and Arapahoe ‘formations are:
described as separated from the Laramie by a
. long period of important orographic disturbances
. (p. 20). “Great angular unconformity exists
between the Laramie and the Poison Canyon
beds” (p. 21).. The conglomeratic beds of the
Canon City field are correlated with the Denver
and Arapahoe (p. 25). The Animas formation
near Durango is described among the post-Lara-
mie formations (pp. 25-27).
Erpribeg, G. H., The Florence oil field, Colorado::
Am. Inst. Min. Eng. Trans., vol. 20, pp. 442—462..
Hmws, R. C., Coal fields of Colorado: U. S. Geol.
Survey Mineral Resources, 1892, pp. 319-365,.
1893.

125,

126.

127.

1893.

128. Emmons, S. F., Excursion to the Canyon of the Colo-
rado—TItinerary, Denver, Colo., to Albuquerque,
N. Mex.: Cong. géol. internat., 5th sess., Compt.

rend., pp. 464-468.

The reference of the coal beds near Ortiz in the-
Cemllos field to the Laramie is accepted. Coal
measures of the Raton Mesa fields are referred to.

Idem, Itinerary, Canyon City to Colorado
Springs, Colo.: Cong. géol. internat., 5th sess.,
Compt. rend., pp. 428—429. -

Describes the geology along the railroad be--
tween these points.

Kxowwron, F. H., Annotated list of fossil plants of’
the Bozeman, Mont coal field, with table of dis--
tribution and description of new species: The-
Laramie and the overlying Livingston formation
in Montana: U. S. Geol. Survey Bull. 105, pp.
43-63, pls. v—vi. Abstracts in Am. Jour. Sci., 3d
ger., vol. 44, p. 334, 1892, Washington Biol. Soc..
Proc., vol. 7, pp. 153-154, 1892.

The localities and the collectors of the material

on which the paper is based are mentioned. A

- list of species and descriptions of new species are-
given, also a table showing.their geologic distri-
bution. Brief reference is made to the La:a.mle:
(so-called) of the Raton Mesa region.

129.

130."

1894.

181. Horuick, ARTHUR, A new fossil Nelumbo from the:
Laramie group at I'lorence, Colo.: Torrey Bot.
Club Bull., vol. 21, pp. 307-310.
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1895.

132. Ossorn, H. F., and EarLe, CHARLES, Fossil man-
mals of the Puerco beds: Am. Mus. Nat, Hist.
Bull., vol. 7, pp. 1-70, figs. 1-21. '
The coal beds below the Puerco are assumed to
be Laramie, and the Puerco is said. to contain
“geveral Laramie reptiles” (p. 4).

1896.

133. Emmons, S. T., Cross, WHITMAN, and ELDRIDGE,
G. H., Geology of the Denver Basin in Colorado:
U. S. Geol. Survey Mon. 27, 1896. '

134. StevensoN, J.J., The Cerrillos coal fields near Santa
T'e, New Mexico: New York Acad. Sci. Trans.,
vol. 15, pp. 105-122. Abstracts in Geol. Soc.
America Bull., vol. 7, pp. 525-527; Science, new
ser., vol. 3, pp. 392-394.
. The statement is reiterated that the Fox Hills
of the Rocky Mountain region is not represented
in this area and the coal beds are assumed to be
Laramie (p. 111).
rocks are given, the characteristics of the coal are
-described, and several analyses of the coal are
given. The metamorphosis of the bituminous
coal into anthracite is discussed.

1897.

185. FLeming, J. W. [Coal mines of New Mexico]: Rept.
Governor of New Mexico to Secretary of Interior,
Washington, 1897, pp. 91-115.

The report contains a geologic section of the
rocks exposed near Madrid in the Cerrillos coal
field. Coal mines in northern New Mexico, near
Monero, are referred to.

1898.

136. Freming, J. W. [Coal mines of New Mexico]: Rept.
of Governor of New Mexico to Secretary of Inte-
rior, Washington, 1898, pp. 56-86.

The report contains a geologic section of rocks
exposed near Madrid in the Cerrillos coal field.

The mines at Monero are described, where three |

beds of coal ranging in thickness from 3 feet 6
inches to 3 feet 10 inches have been opened.
137. Hosea, R. M., Anthracite in the Rockies: Mines and
Minerals, vol. 18, pp. 529-533, 5 figs.; vol. 19, pp.
7-9, 2 figs.
138. Herrick, C. L., The geology of the San Pedro and the

Albuquerque districts [N."Mex.]: Denison Univ, |

Sci. Lab. Bull., vol. 11, pp. 93-116, pl. 13.

The coal-bearing rocks outcropping on the
Rio Puerco (p. 97) and those of the Tijeras field
(pp. 108-109) are described as Cretaceous.

The coal beds of the Cerrillos field at Waldo,
Madrid, and Omera are briefly mentioned (p.
112). A sketch map of the geologic formations
accompanies the paper.

139. NewsEerry, J. S., The later extinct floras of North
America; edited by Arthur Hollick: U. 8. Geol.
Survey Mon. 35, 151 pp., pls. 1-58.

Descriptions of fossil plants from ‘the Raton
Mesa and Canon City coal fields are included.

Sections of the coal-bearing |’

29

140. Spencer, A. C., The Upper Cretaceous section im
southwestern Colorado: Abstract in Science, new
ser., vol. 7, p. 143.

The statement is made that above the Dakota
“comes a series of shales, known to embrace the
Benton, Niobrara, and a part of the Pierre which
can not be divided on lithologic grounds. The
upper part of the section * * * consists of
massive sandstones in which both the IFox Hills
equivalent and that of the Laramie may prove to
be present.”” No mention is made of the shale
later named Lewis. :

1899.

141. Cross, WrrTMAN, U. S. Geol. Survey Geol. Atla.s
La Plata folio (No. 60).

The coal-bearing rocks of the La Plata quad-
rangle in southwestern Colorado are described as
the Mesaverde formation and as underlain by
Mancos shale and overlain by Lewis shale, the
latter about 2,000 feet thick (pp. 4, 5). The
occurrence of coal-bearing rocks above the Lewis
is noted, but doubt is cast upon the correctness of
their reference to the Laramie.

The lower part of the Mancos shale (p. 5) con-
tains the following characteristic Benton fossils:

Gryphaea newberryi.
Ostrea lugubris.
Ostrea congesta.
Inoceramus labiatus.
Inoceramus fragilis.
Inoceramus dimidius.
Prionocyclus macombi.
Baculites gracilis.
Scaphites warreni.
Anatina sp.?
Plicatula n. sp.

The upper part of the Mancos contains the
following Pierre fossils [These have been reex-
amined by T. W. Stanton and the list given
below was prepared by him to replace that given
in the La Plata folio]:

Inoceramus barabini Morton .
Inoceramus sagensis Owen.
Inoceramus sp.

Syncyclonema rigida Hall and I\Ieek
Scaphites sp.
Baculites asper Morton (?).

~ Baculites ovatus Say (?)
Baculites sp.
Arca sp. (?)
Turritella sp.

142. Freming, J. W. [Coal mines of New Mexico]: Rept.
of Governor of New Mexico to Secretary of In-
terior, Washington, 1899, pp. 164-209.

The coal mines. near Madrid in the Cerrillos
field are described and the geologic relations of
the coal beds shown by columnar section. The
mines at Monero are also described.

143 Hiws, R. C.; U. 8. Geol. Survey Geol. Atlas, Elmoro,

folio (No. 58).
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A part of the Trinidad coal field is described.
The coal-bearing rocks are all referred, without
statement of reasons, to the Laramie, the Trini-
dad sandstone to the Fox Hills, and the shale
beneath it to the Pierre.
144. LAKES, ARTHUR, Coal fields of Colorado: Mines and
Minerals, vol. 19, pp. 541-543, 4 figs.

1900.

145. FrEMING, J. W., Report of the mine inspector for the
Territory of New Mexico: Rept. of Governor of
New Mexico to Secretary of Interior, Washing-
ton, 1900, pp. 279-314.

146. Herrick, C. L., and Jornson, D. W., The geology
of the Albuquerque sheet [New Mexico]: Denison
Univ. Sci. Lab. Bull., vol. 11, art. 9, pp. 175~
239, pls. 27-58. New Mexico Univ. Hadley
Lab. Bull, vol. 2, pt. 1, pp. 1-67, 32 pls., col-
ored geologic map in pocket; (a) p. 177.

A gastropod zone is described as occurring
about 40 feet above the Dakota sandstone, fol-
lowed upward by the Tres Hermanos sandstone
and by a concretion zone which ‘‘aboundsin large

- ammonite shells and large species of Pinna and
Baculites’” (pp. 187-188). This zone was
recognized near Cabezon, about 20 miles to the
northwest, and near Una de Gato (Hagan field),
about 30 miles to the east. These three zones
are close together, and from them, in the Rio
Puerco, Hagan, and Tijeras fields, the following
fossils were collected:

Ostrea translucida Meek and Hayden.

Exogyra laeviuscula Roemer.

Exogyra columbella Meek.

Mactra ? subquadrata Herrick and Johnson,

Tapes cyrimeriformis Stanton. '

Caryates veta Whitfield.

Pholadomya subventricosa Meek and
Hayden.

Liopistha concentrica Stanton.

Camptonectes symmetricus Herrick and
Johnson. . ‘

Dosinia sp.

Chemnitzia 'sp.

Sigaretus textilis Stanton.

Baculites gracilis Shumard ?

Prionotropis woolgari Mantell.

A thick shale [the principal part of the Mancos
shale] occurs above the concretion zone, but
its thicknessis not given.
occupied by it is represented by the hiatus in
the section from east of Prieta Mesa, given in
plate 22. [Johnson has stated personally to the
present writer that the shale between the “‘con-
cretion zone’’ and the ‘““cephalopod zone’’ was
roughly estimated at 1,000 feet.] A cephalopod
zone is stated to occur about 100 feet from the
top of this shale.
zone to be about 300 feet from the top], and
above it the Punta de la Mesa sandstone (the
‘basal member of the yellow sandstones described
as the ‘‘Prieta series’), now known to be.a
member of the Mancos shale. These sandstones,
together with the cephalopod zone, were regarded

Apparently the space |,

[The present writer found this
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as Fox Hills. From them the following fossils
were collected: :
Ostrea lugubris Conrad.
Ostrea sannionensis White.
Gryphaea vesicularis Lamarck.
Inoceramus fragilis Hall and Meek,
Pinna petrina White.
Rostellites ambigua Stanton.
Buchiceras swallovi Shumard. -
Sphenodiscus lenticularis Owen.

. Placenticeras placenta De Kay.
Placenticeras costata Herrick and Johnson.
Pholadomya subventricosa.

Scaphites nodosus Meek and Hayden.
Scaphites sp.

The upper part of the ‘“Prieta series’ contains
marine shells said to be of Fox Hills age and
fossil plants ‘‘not identifiable with  familiar
Laramie species.”” The following fossils were
collected from these coal-bearing rocks in the
Rio Puerco, Hagan, and Tijeras fields:

Ostrea prudentia White.
Ostrea franklini Coquand?
Exogyra texana Roemer.
(?) Exogyra winchelli White.
Tellina ? perlata Herrick and Johnson.
Tellina equilateralis Meek.
Idonearca ? depressa White.
Cardium pauperculum Meek.
Cardium sp.
Legumen ? appressum Cénrad.
Chemnitzia coalvillensis Meek.
Gyrodes depressa Meek.
Pyropsis bairdi Meek and Hayden.
Rostellites dalli Stanton.
Volutomorpha ? nova-mexicana Herrick
and Johnson:
Baculites asper Morton.
Shark’s teeth.
- Plants. .

Tertiary beds ‘‘with remains of vertebrates
which we presume to be representatives of lower
Tertiary strata’’ lie stratigraphically above the
coal-bearing rocks on the Rio Puerco (p. 17).

147. Herrick, C. L., Report of a geological reconnaissance
in western Socorroand Valencia counties, N.Mex.:
Am. Geologist, vol. 25, pp. 331-346, pls. 8-60.

This paper supplements to some extent the in-
formation given in the description of the Albu-
querquesheet. A section measured east of Prieta
Mesa is given in which the cephalopod zone is
placed only about 100 feet above the Tres Herma-
nos sandstone (p. 338). [This cephalopod zone
seems to be the concretion zone of Herrick and
Johnson.] The coal-bearing sandstones and

" shales (Mesaverde formation) are about 1,600 feet
thick and are overlain by- Tertiary. i
148, Hiuis, R.C., U. 8. Geol. Survey Geol. Atlas, Walsen-
burg folio (No. 68). ’ .
149. MEADE, FrANK, Coal mines of Pictou, Colo.: Mines
- and Mirerals, vol. 21, pp. 1-3, 2 figs.
The coal beds are referred to as Laramie and
. contain numerous fossil plants. A cross section
of the rocks is given which is significant in show-
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160.
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ing a discrepancy in dip between the coal beds

and the overlying sandstone, although the signi-

. ficance of this relation is not explained. *
1901. '

Herrick, C. L., Applications of geology to economic
problems in New Mexico: Internat. Min. Cong
Proc., 4th sess., pp. 61-64.

Attentlon is ca.lled to the fact that some of the
New Mexico coal-bearing rocks formerly supposed
to be Laramie contain Ostrea glabra and are over-

. lain by marine Cretaceous beds ‘‘with fossils
like those of the upper Fox Hills group” (p. 64).

Hiuts, R. C., U. 8. Geol. Survey Geol. Atlas, Spanish

Peaks folio (No. 71). “

Tor geology, see Elmoro folio. [The Morley
coal is placed in the section about 800 feet above
the base of what is called Laramie in the folio,
whereas the coal at Morley is now known to be
the lowest bed of the Vermejo formation elevated
by a local dome. This coal seems to have been
correlated with beds which in other places occur
near the middle of the coal measures.]

Laxes, ArtHUR, The Cerrillos anthracite mines:
Mines and Minerals, vol. 21, pp. 341-342.

The geology of the oil fields of Colorado:
Colorado School of Mines Bull., vol. 1, pp. 221-
226.

SuermpaN, J. E., Report of the mine inspector for
the Territory of New Mexico: Rept. of Governor
of New.Mexico to Secretary of Interior, Wash-
ington, pp. 309-351.

1902.

Laxes, ArtaUR, The Spanish peaks; coal region in
southern Colorado; an illustration of the effects
of. volcanic action on coal seams: Mines and
Minerals, vol. 22, pp. 463464, 4 figs.

The coal, graphite, and oil fields of Raton,

N. Mex; the location and geological character;

the coal mines: Mines and Minerals, vol. 22,

pp- 350-352, 5 figs.

. Leg, W. T., Note on the Carboniferous of the Sangre

de Cmsto Range, Colo.: Jour. Geology, vol. 10,
pp. 392-396.
The Morrison shales of southern Colomdo and
northern New Mexico: Jour. Geology, vol. 10,
pp- 36-58, 7 figs.; (a) p. 44; (b) p. 45.

The Exeter sandstone is named and described
in this paper. '

Geography, vol. 1, pp. 857-370, 12 figs.
Includes sections of the strata cut‘, by some of
the canyons described.

Storrs, L. 8., The Rocky Mountain coal fields:
U. 8. Geol. Survey Twenty-second Ann. Rept.,
pt. 3, pp. 415471, 2 pls., L fig. - )

The coal beds of the San Juan Basin and of
the Cerrillos and Hagan fields are referred to the

Laramie and the coal of the latter two is said to

lie ‘““under the Tertiary beds.”’

Canyons of southeastern Colorado: Jour..
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1903.

161. JomnsoN, D. W., The geology of the Cerrillos Hills,

New Mexico; Part I, General geology; Part II,
Paleontology; Part III, Petrography: School of
Mines Quart., vol. 24, pt. 1, pp. 303-350, 7 pls.,
7 figs.; pp. 456-500, 10 pls., 6 figs:, 1903; pt. 2,
pp. 173-246, 14 pls., 1903; vol. 25, pt. 3, pp.
69-98, 5 pls., 1904; (a) p. 839, fig. 5. :

The report results from the work done in 1899~
1902.

‘‘ Among others, the following propositions are ~
supported. * * * .

“The * * * Santa Fe marls of Hay-
den * * * represent the time from the
early Loup Fork Tertiary to the Recent period.

“The Galisteo group of Hayden consists of
red beds of late Cretaceous, probably Laramie
age. * * *

““The coal series, or Madrid group, is of Fox
Hills age. -

“Tort -Pierre, Fort Bent.on . and probably
Dakota and Jura-Triassic beds are also present
in the district” (vol. 24, p. 306).

The Galisteo sandstone is referred doubtfully
to the Laramie and is described as consisting
of red sedimentary rocks similar lithologically to
the older ‘““Red Beds” and lying conformably
[(?) see discussion on this point in the present
paper] upon the beds called Madrid coal group
(Mesaverde formation of the present paper).
.They contain fossil wood which, according to
F. H. Knowlton, indicates a species of Quercus
and is evidently of Upper Cretaceous or hter
age (vol. 24, pp. 336-338).

The ‘“Madrid coal group” is described (pp
338-344) as 1,500 to 2,000 feet thick. The coal
is said to be in the lower part of this ‘“‘group.”
The author’s figure 5 makes the base of the
‘“‘group” rest upon the lowest sheet of intrusive
igneous rock at Madrid, and places the rocks
below this sheet in the Pierre. [This would
place in the Pierre below the ‘“Madrid coal
group” a considerable thickness of sandstone
and several thin beds of coal which obviously
belong in the ‘“Madrid” (Mesaverde) or coal-
bearing formation.] The base of the ‘‘Madrid”
is obviously drawn but little below the coals
that have been mined, for the writer states
(p. 340) that ‘‘the coal in the lower portion of
Madrid group has proven of great interest to
geologists, and so -many references have been
made to it,”’ etc.

The Pierre is described as consisting of shale
and sandstone (pp. 344-347). - A section (p. 346)
places 162 feet of. sandstone abcve the dark
shale (Mancos) in the Pierre.

No undoubted Niobrara was found, but the
Benton and Dakota are reported (p. 347).

The economic features of the coal are described
(pp. 477-493). Fossil plants, identified by
Knowlton (p. 178, Paleontology) as Ficus rham-
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. noides Knowlton, Ficus wuncate Lesquereux,

Quercus? sp., and Aralia? sp. were found above
the highest coal bed east of Madrid.

In some places fossils characteristic of the
Colorado and Montana groups seem to occur
together (p. 182).

The following faunas of the Cerrillos region are

described: .
Prerre fauna.

ngula subspatulata Hall and Meek.
Ostrea anomioides var. nanus Johnson.
?0strea congesta Conrad.
Inoceramus simpsoni Meek.
Inoceramus vanuxemi Meek and Hayden’
Inoceramus balchii Meek and Hayden.
Inoceramus cripsi var. barabini Morton.
Inoceramus irregularis Johnson. -
Inoceramus sp.
Endocostea typica W'hltﬁeld
Endocostea brooksi Johnson.
Arca madridensis Johnson.
Trigonarca obliqua Meek.
Nucula subplana Meek and Hayden.
Astarte evansi (Hall and Meek) Whitfield.
Protocardia rara Evans and Shumard.
Cyprimeria? sulcata Johnson.
Solen cuneatus Gabb.
Corbula nematophora var. fitchi J ohnson
Natica sp.
Turritella galisteoensis Johnson.
Rostellaria? texana Conrad.
Tritonium kanabense Stanton.
Admetopsis? elevata Johnson.
Helicoceras pariense White.

- Baculites anceps Lamarck.
Baculites sp.
Placenticeras placenta De Kay.
Placenticeras? sp.
Placenticeras? intermedium J ohnson
Placenticeras? rotundatum Johnson. -
Stantonoceras guadaloupae Roemer.
Beryx sp.

Benton fauna.

Ostrea lugubris Conrad.

Inoceramus fragilis Hall and Meek.
Inoceramus labiatus Schlotheim.
Inoceramus dimidius White.
Aucella strongi Johnson.

Acmaea cerillosensis Johnson.
Scurria coniformis Johnson.
Rostellites dalli var. wellsi Johnson.

_ Rostellites ambigua Stanton.
Prionocyclus wyomingensis Meek.
Prionocyclus macombi Meek.
Prionocyclus sp. ’

" Prionotropis woolgari Mantell.
Scaphites warreni Meek and Hayden.
Beryx sp.
Baculites anceps Lamarck.
ArrHUR, The Trinidad or El Moro coal
region of Colorado: Mines and Minerals, vol. 23,

-pp. 254-256..

" 163.

164.

165.

166.

167.

168.
169.

170.

171.

172.

LakEs,  ARTHUR, Aguilar coal and oil district; a’

description of the geology, the thickness and
. quality of the coal veins, and the indications of
oil: Minesand Minerals, vol. 23, pp. 196-198, 4 figs.

Lee, H. A., Colorado: Rept. State Bur. Mines,
1901-2, 310 pp., map, Denver. ~

McLavenuiN, J. E., Barela Mesa coal ﬁeld Colo-
rado: Mines and Mmerals, vol. 24, p. 139, 1 fig.

The author describes the coal measures in
the eastern part of the Raton Mesa field and
gives a section showing ten beds of coal, nine
of which are 3 feet or more in thickness. Illus-
trations are given of the irregularity in the
thickness of the coal.

MerriaMm, L. B., The development of a new coal
field in Colorado: Western Soc. Eng. Jour.,
vol. 8, no. 6, pp. 617-637.

Reacan, A. B., Geology of the Jemez-Albuquerque
region, New Mexico: Am. Geologist, vol. 31,
pp. 67-111, 7 pls. See also Indiana Acad. Sci.
Proc., 1902, pp. 197-198.

A geologlc gketch map showmg the distribu-
tion of the formations from Cabezon eastward to
Hagan is given.

The author’s Fox Hills includes the sandy
rocks below the coal; and the coal-bearing rocks,
500 feet thick, are described as ‘‘Fort Union or
Laramie” (p. 79)." His Fox Hills and Fort
Union constitute the Fox Hills of Herrick and
Johnson and the Mesaverde of later writers.

The - colored sediments lying unconformably
on the coal-bearing rocks south of San Isidro (in
the Rio Puerco field) are referred to the Puerco

(p. 81).
1904.

Hosea, R. M., Tercio and Cuatro mines. A de-
~ scription of the coal washing and coking plants
" of the Colorado Fuel and Iron Company at

Tercio and Cuatro [Colo.]: Mines and Minerals,

vol. 25, pp. 218-223, 6 figs.

The Primero mines: Mines and Mmera.ls, vol.
24, pp. 521-526.

Joxes, F. A., New Mexico mines and mmera.ls,
‘World’s Faar,edltlon, Santa Fe, N. Mex., The
New Mexican Printing Co., 349 pp., 50 figs.

Keyss, C. R., Unconforinity of the Cretaceous on
- older rocks in central New Mexico: Am. Jour.
Sci., 4th ser., vol. 18, pp. 360-362, 2 figs:

"Cretaceous sandstones (2,000 feet thick) lying

above rocks of Montana age (presumably the

coal-bearing sandstone3 described in this paper
as Mesaverde) are referred to the Laramie.

The Hagan coal field [New Mexico]: Eng.

and Min. Jour., vol. 78, pp. 670~671, 3 figs.

The Hagan coal field is described with sketch
maps and geologic sections.

A detailed section is given of the coal -bearing
rocks_measured at the Hagan mine, in which
eight beds of coal occur. Another section is .

" -given as measured in the Coyote field (Sloan,

mine). TFour analyses of the Hagan coal are
given and the fuel values compared with those
of other New Mexico coals.




INTRODUCTION.

173. Laxkes, ARTHUR, The coal fields of Colorado: Colorado
School of Mines Bull., vol. 2, no. 2, pp. 11-23,
2 figs.

The Walsenburg coal district of Colorado:
Abstract in Mines and Minerals, vol. 24, pp.
339-341.

SmeripaN, J. E., Annual report of the mine inspector
for the Territory of New Mexico: Ann. Rept.
U. S. Mine Inspector for New Mexico- Terr. to
Secretary of Interior, 1904, 79 pp.

174.

175.

1905.

176. Darron, N. H., Preliminary report on the geology
and underground-water resources of the central
Great Plains: U. 8. Geol. Survey Prof. Paper 32,
433 pp., 72 pls., 18 figs.

Fenneman, N. M., The Florence (Colo) oil field:
U. S. Geol Sluvey Bull. 260, pp. 436-440. -
Juop, E. W., New coal developments in northern
New Mexico: Eng. and Min. Jour., vol. 80, pp.

300-301.

Laxes, ArrrUR, The Rocky Mountain coal ﬁelds
Min. Reporter, vol. 51, pp. 5-7, 2 figs.

The coal field of Colorado: -Min. Reporter,

vol. 51, pp. 73-74, 3 figs.

Coal along the eastern foothills:

porter, vol. 51, pp. 127-128. =~ .

The geology and coal deposits of the Spanish

Peaks district: Min. Reporter, vol.

184-185, 4 figs. :

177.

178.

179.

180.

181. Min. Re-

182.

183.
burg and Trinidad region: Min. Reporter, vol.
51, pp. 234-235, 1 fig.  _

Sketch of the economic resources.of the foot-

hills of the front range of Colorado: Min. Reporter,

vol. 51, pp. 522-524, 1 fig. -

The Occidental 'and other coal mines of
Huerfano County, Colorado. A description of
the geology” and development of the region:
Mines and Minerals, vol. 25, pp. 473-474, 3 figs.

Several geologic sections are given by which
the coal beds of the Occidental mine at the
western margin of the Trinidad coal field are
correlated with those of the Walsenburg district.

Prums, C. H., The Tercio coal mining district,
Colorado: Drury~ Coll.,, Bradley Geol. Field
Station Bull., vol. 1, pp. 94-100.

Sranron, T. W., Morrison formations and its rela-
tion with the Comanche series and the Dakota
formation: Jour. Geology, vol. 13, pp. 657-669.

Some of the rocks in northeastern New Mexico
and southeastern Colorado, heretofore called

134.

185.

186.

187.

Dakota, are shown on fossil evidence to be,

Comanche (p. 664).

Near Canon City, Colo., the shale which
separates the two sandstones of the so-called
Dakota sandstone was found to contain a Co-
manche fauna (p. 666).

188. Smrripan,J. E., Annual report of the mine mspector
for the Terntory of New Mexico: U. S. Mine
Inspector for N. Mex. Terr. Ann. Rept. to
Secretary of Interior, 1905.

Describes the Cerrillos and Una del Gato
(Hagan) coal fields (pp. 40-48).

47019°—17—3

.193.

51, pp. |

Coals of the southern Colorado or the Walsen- |
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189. UnpermiLL, JamEes, Correlation of Colorado geo-
logical formations: Min. Reporter, vol. 52, pp.
496-497.

1906.

190. CeamBERLIN, T. C., and SALISBURN,R D., Geology,
vol. 3, 624 pp., 270 figs.

Darron, N. H., Geology and underground waters
of the Arkansas Valley in eastern Colorado:
U. S. Geol. Survey Prof. Paper 52, 90 pp., 27
pls., 2 figs. :

GrrrFITH, WILLIAM, "Kinds and occurrence of anthra-
“cite coal: Min. Mag., vol. 13, No. 3, pp. 214-221.

Jones, F. A., Mineral resources of New Mexico:
Am. Min. Cong. Eighth Ann. Sess., pp. 135-143.

KevEes, C. R., Orotaxial significance of certain un-
conformities: Am. Jour. Sci., 4th ser., vol. 21,
pp- 296300, 2 figs.

= Geological section of New Mexico: Science,
new ser., vol. 23, pp. 921-922,

Laxes, ARTHUR, Colorado anthracite. The field
of the State and the influence of eruptive rocks
in ‘metamorphosing the bituminous deposits:
Mines and Minerals, vol. 26, No. 6, pp. 275-276,
2 figs.

Leg, W. T., The Engle coal field, New Mexico: U. S.
Geol. Survey Bull. 285, p. 240.

‘The .coal beds of the Engle field contain
numerous plant remains and rest on rocks con-
taining a Benton fauna. [Lying on the coal
measures (unconformably, as has been deter-
mined since this paper was published) are red

191.

192.

194.

195.

196.

197.

sedimentary rocks similar in general appearance

to the Galisteo sandstone of the Cerrillos. field.]
Triceratops bones were found in these red rocks.
The correlation of the coal measures with those
at Cerrillos and Raton is suggested.

198 Merriuy, G. P, Contributions to the history of
American geology U. 8. Nat. Mus. Ann. Rept.
1904, pp. 189733, 37 pls., 141 figs.

Several brief sketches are given of the men
who worked in the fields described in this paper
and of the results obtained by them. Chapter
X is devoted to the Laramie question.

199. Rrrrer, E. A., Les bassins lignitiféres et houillers
des Montagnes Rocheuses: Annales des mines,
10th ser., vol. 10, livr. 7, pp. 5-84.

200. ScerADER, F. C., The Durango-Gallup coal field of

Colorado and New Mexico: U. 8. Geol. Survey
Bull. 285, pp- 241-258.

A map is presented outlining the prmc1pa.l
part of the San Juan Basin. Five groups of coal
beds are shown: (1) a Colorado coal group in the
southwestern part of the field; (2) a lower Mon-
tana coal group—*‘relation to the Mesaverde un-
known’—occurring also in the southwestern part
of the field; (3) aMesaverde coal group occurring

in the northern and eastern parts of the field;(4) .

an upper Montana coal group—*‘relation to the
Mesaverde unknown”—occurring in the south
and southeastern parts of the field; and (5) a
Laramie? coal group occurring in the northern
and northeastern parts.
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The Laramie? coal group is shown as extending
from Colorado as far south as Gallinas Mountains,

N. Mex., and is the same as the Laramie of other’

writers; the Mesaverde coal group extends as
far south as Puerco River. The upper Montana
coal group occurs in the southeastern part of the
field near Cabezon and is included in the Mesa-
" verde formation of the later writers. The other

coal groups occur only west of the area described -

by the present writer.

The Chico Arroyo district, extending from
Sierra Nacimiento to Mount Taylor, contains |

coal-bearing rocks 2,000 to 3,000 feet thick,
which are said to contain fossils which indicate
that they are younger than Mesaverde (p. 251).
These constitute the upper Montana coal group.
[The Mesaverde coal group and the upper Mon-
tana coal group of Schrader together constitute
“the Mesaverde formation of Gardner and of the
present writer.] )
201. SHERIDAN, J. E., Present conditions and future pros-
+ pects of the coal-mining industry in New Mexico:
Ann. Rept. U. S. Mine Inspector for New Mexico

Terr. to Governor of New Mexico, 134 pp., |-

Santa Fe.

The coal mines at Monero are described.
Three beds of coal, varying from 3 ‘to 4 feet in
thickness, are said to be worked (pp. 66-69).

The' mines in the Cerrillos and Una del Gato'

(Hagan) fields are briefly described (pp. 70-78).

Report of the mine inspector for the Territory
of New Mexico to the Secretary of the Interior
for the year ended June 30, 1906, 87 pp.

1907.

203. CampBELL, M. R., The Unadel Gato-coal field, Sando-
val County, N. Mex.: U. 8. Geol. Survey Bull.
316, pp. 427430, 1 fig.

The Una del Gato (Haga.n) field is described
principally from an economic point'of view. A
section of therocks measured by C. R. Keyes near

_ Sloan mine is given. The coals are correlated
with those of the Cerrillos field, andethe state-
ment is made that ‘it ishighly probable that they
are Laramie.”’

204. Jupp, E. K., New development in coal fields of New

" . Mexico: Ent7 and Min. Jour., vol. 84, pp. 8-11,
6 figs.

205. LAKES, ARTHUR, Sketch of the oil fields of Colorado
Min. World, vol. 26, p. 684.

206. Lee, W. T., Note on the red beds of the Rio Grande
region in central New Mexico: Jour. Geolob ,
vol. 15, No. 1, pp. 52-58.

) Coal-bearing rocks near Elephant Butte, N.

_ Mex., are described (p. 57) as underlying red
beds containing bones of Triceratops, which sug-
gests late Cretaceous age. Red beds of similar

202.

appearance near Cerrillos, N.. Mex., known as’

Galisteo sandstone; have also been regarded as
late Cretaceous, and the correlation of the two is
suggested.

207 SHALER, M. K., A reconnaissance survey of the west-
ern part of- the Durango-Gallup coal field of Colo-
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rado and New Mexico: U. S. Geol. Survey Bull.
316, pp. 376426, 2 pls.

The paper deals with the geology. of the west-
ern part'of the San Juan Basin. Coal was found
in the Dakota, the Mancos, the Mesaverde, and
the so-called Laramie. '

208. SmERIDAN, J. E., Report of the mine inspector for the
~ Territory of New Mexico to the Secretary of the
- Interior for the fiscal year ended June 30, 1907, -
48 pp.
1908..

209. CamppELL, M. R., Coal fields of the United States

. " (map, with explanations), U. S. Geol. Survey.
210. Jones, F. A, Epitome-of the economic geology of
New Mexico, published by direction of the New
Mexico Bureau of Immigration, 47 pp. :
211. SemEr, H. W., and Broogerr, M. E., The stratig-
raphy of the Mount Taylor region, New Mexico:
Am. Jour. Sci., 4th ser., vol. 25, pp. 53-67, 4 figs.
This paper is a report on observations made in
1906 in the: Rio Puerco valley, south of Cabezon.
The gastropod zone near the base: of the Cre-
- taceous, the concretion (Septaria) zone, and: the
cephalopod zone of Herrick and Johnson were rec-
ognized, but most of the fossils collected are from

the latter two zones.

'1909. .
212. GARDNER, J. H., The coal field between Gallina and
Raton Spring, New Mexico, in the San Juan .
coal 'reO'ion U. 8. Geol. Survey Bull. 341, pp.
3356-851, 1 pl (map).

- Two coal-bearing formations southwest of
Nacimiento Mountains are described. They are
the Mesaverde, which includes Schrader’s upper
Montana coal group, and the Laramie (so called).
These are separated by Lewis shale, which is

-said to be 2,000 feet thick near Gallina and only

250 feet thick on the Arroyo Torreons, about 30
miles to the southwest. Several geologic sec-
tions are given, showing the relations of the coal
beds to other rocks.

© ‘At a point 10 miles north of Gallina a part
of the formation [Mancos shale] becomes arena-
ceous and forms a hogback in the shale valley.
Thisesandy bed is about 30 feet thick and

' about 275 feet below the top of the formation.

" Itisno doubt the beginning of the sandstone and
shale formation that increases in thickness
* toward the south and is coal bearing on the south
side of the [San Juan] Basin”’ (p. 338).
213. Lee, W. T., The correlation of sections lithologically
similar: Abstract in Science, new ser., vol. 29,
p. 239.

214. - On the occurrence of coal changed to coke and
graphite in the Raton, N. Mex., coal field:
Abstract in Sciehce, new ser., vol. 29, pp.
198-199. .

215. Unconformity in the so-called Laramie of the

Raton ‘coal field, New Mexico: Geol. Soc.
America Bull., vol. 20, pp. 357-368, 3 pls., 1 fig.



INTRODUCTION.,

The paper presents evidence that the coal-
bearing rocks of the Raton field are divisible into
two formations, the lowef older than Laramie and
the upper of post-Laramie age.

216. Lee, W. T., The Manzano group of the Rio Grande
valley, N ew Mexico: U. S. Geol. Survey Bull.
- 389; (a) pp.18-19; (b) p..37.

The paper mc]udes geologic sections of the
older rocks up to and including the Dakota sand-
stone in the Cerrillos and Hagan fields.

217. SHERWAN, J. E., The coal mines and plant of the
Stag Canyon Fuel Co:, Dawson, N. Mex.: Am,
Inst. Min. Eng. Bull. 30, pp. 537-564, 15 figs.

Two workable coal beds and two or three thin
beds are described (p. 539). The Dawson mines
are on the lowest coal, which in the minesranges
from 6 to 11 feet in thickness.

218. SranToN, T. W., The age and stratigraphic rela.tlons
of the “Ceratops beds” of Wyoming and Mon-
tana: Washington Acad. Sci. Proc., vol. 11, pp.
239-293.

The paper gives the names of invertebrates
from the Laramie (so called) :of southwest
Colorado (p. 274).

219. SterrETT, D. B., The production of prec1ous stones
in 1908: U. S Geol. Survey Mineral Resources,
1908; (a) p. 807.

1910,

220. Darton, N. H., A reconnaissance of parts of north-
western New Mexico and northern Arizona: U. S.

Geol. Survey Bull. 435, 88 pp., 17 pls., 8 figs.
The geology along the Santa Fe Railway from
Albuquerque westward is described. The Cre-
taceousis stated to consist of the following forma-
tions given in descending order: Laramie forma-

tion, coal bearing; Lewis shale; Mesaverde for- |

mation, coal bearing; Mancos shale, locally coal
bearing; Dakota sandstone.
Gardner’s results are accepted for the Naci-
. miento region and Herrick and Johnson’s for the
Rio Puerco region (p. 58). Herrick’s section in
the Rio Puerco valley (p. 338) is quoted with
several changes, and the reference of the coal-
bearing rocks, including the Punta de la Mesa
sandstone to the Fox Hills is accepted. A sec-
" tion of rocks exposed at Laguna west of the Rio
Puerco coal field was measured. The following
fossils occur about 550 feet above the base of this
section:
Exogyra columbella Meek.
Gryphaea sp., probab]y a variety of G.
newberryi.
Avicula gastrodes Meek?
Cardium, Panopea, Turritella, Rostellites,
and Fusus sp.
About 100 feet lower in the section the follow-
ing Benton species were collected:
- Exogyra columbella Meek.
Pecten sp.
Pinna petrina White.
Inoceramus?, Leda, Cardium, and Lucina?
sp.
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Isocardia n. sp.
Cyprimeria? sp.
Corbula sp.
Liopistha (Psilomyra) concentrica Stanton.
Turritella whitei Stanton.
‘Tritonium kanabense Stanton. .
Actaeon, Cinulia, Turrilites?, or Hetero-
ceras sp.
221. GARDNER, J. H., Isolated coal fieldsin Santa Fe and
San Miguel counties, New Mexico: U. S. Geol.
Survey Bull. 381, pp. 447-451. .

A part of this paper is devoted to the ‘“Omara
coal field”” and the coal beds at the Omara mine
are correlated with those near Madrid. [These
localities are at opposite extremities of the
Cerrillos field.]

The coal field between San Mateo and Cuba,
New Mexico: U. 8. Geol. Survey Bull. 381, pp.
461-473, 1 pl. (map).

The coa,l -bearing formations of the southeastern
part of the San Juan Basin are described as
Mesaverde and ‘“‘Laramie.” A detailed section
of the Mesaverde on Arroyo Torreones (p. 470)
shows a thickness of 1,328 feet. '

The statement is made (p. 462) that the Mesa-
verde ‘‘is now known to encircle the San Juan
Basin, The same is true of the overlying
conformable Lewis shale and ‘Laramie’ forma-
tion.’

The Puerco and Torrejon formamons of the
Nacimiento group: Jour. Geology, vol. 18, No. 8,
PP. 702—741 3 pls., 8 figs.

The Tertlary and late Cretaceous forma.tlons of
the San Juan Basin west of Nacimiento Mounta.ms
are described. .

The. Tertiary beds were found to rest uncon-
formably on the ‘‘Laramie’’ and the Mesaverde
formation is separated from the ‘“‘Laramie” by
the Lewis shale.

224. LINDGREN, WALDEMAR, GrATON, L. C., and Gorpon,
C. H., The ore deposits of New Mexico: U. S.
Geol. Survey Prof. Paper 68, 361 PP., 22 pls.,
33 figs.

Brief references are made in many places to

the coal-bearing formations of New Mexico.

225. RicEARDSON, G. B., The Trinidad coal field, Colo-
rado: U. 8. Geol. Survey Bull. 381, pp. 379-446,
2 pls. (map and sections), 9 figs.; (a) p. 123; (b)
p. 104; (c) p. 128.

The author describes the general geology, the
occurrence of the coal beds, and the character of
the coals. The occurrence of a conglomerate in
the midst of the coal-bearing rocks is recognized,
but its significance is not pointed out. The coal-
bearing rocks are not subdivided and their age
is left an open question. The coal beds are all
referred to the ““Laramie.” ’

226. WaseBUrRNE, C. W., The Canon City coal field,
Colorado: U. 8. Geol. Survey .Bull. 381, pp.
341-378; (a) p. 365.

The author describes the general geology, the
occurrence of the coal beds, and the character
of the coals. Geologic sections are given,

222,

223.
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227,

228,

229,

230.

231.

232,

233

234,
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including the rocks from the Pierre shale to the
Denver (?) formation.
all referred to the Laramie, although a Montana
flora was found in the lower part.
preserved plants from the upper part were sup-
posed to indicate Laramie age, but better mate-
rial collected and studied since that time proves
that the whole formation is Montana in age.]
WasuBUrNE, C. W., The Florence oil field, Colorado:
U. 8. Geol. Survey Bull, 381, pp. 517-544, also
separately (U. S. Geol. Survey Bull. 381-D).

1911,

Leg, W. T., Further evidence of an unconformity in
the so-called Laramie of the Raton coal field,
New Mexico: Abstract in Geol. Soc. Amerlca
Bull., vol. 22, p. 717.

The unconformity in the midst of the coal-
* bearing rocks of the Raton coal field was traced
around the Raton and Trinidad coal fields.

——— Correlation of rocks in the isolated coal fields
-around the southern end of the Rocky Moun-
tains in New Mexico. (The preliminary an-
nouncement of the results contained in this
paper was miade at the Washington meeting of
the Geological Society of America in 1911,)

Criteria for an unconformity in the so-called
Laramie of the Raton Mesa coal fields of New
Mexico and Colorado: Abstract in Science, new
ser., vol. 33, pp. 355-356.

Laxes, ARTHUR, Geology of the La Veta coal field:
Mines and Minerals, vol. 31, pp. 466468

1912.

WiLLis, BaiLey, Geologic map of North America
(published in 1911) to accompany Index to the

stratigraphy of North America: U. 8. Geol. Sur-

vey Prof. Paper 71,

The reference on the map of the rocks now
known as the Vermejo formation to the Mon-
tana and of the rocks now known as the Raton
formation to ‘‘earliest Tertiary or latest Cre-
taceous” (in which is included Denver, Arapa-
hoe, etc.) is based on the information given in
detail in the present paper.

Stose, G. W., U. S. Geol.
Apishapa foho (No. 186).

_The two sandstones, separated- hy shale at the
base of the Cretaceous section of this quadrangle,
have until recently been called Dakota. The
name Dakota is now restricted to the upper
sandstone and the lower one, including the
shale parting, is called the Purgatoire formation

.and is referred on fossil evidence to the Lower
Cretaceous series (Comanche).

RiceaRDSON, G. B., The Monument Creek group:
Geol. Soc. ‘America Bull., vol. 23, pp. 267-276.

The Monument Creek of former writers is here
-separated into two formations—the Dawson

arkose (assigned to the Eocene) and the Castle-

Rock conglomerate (assigned to the Oligocene).
Regarding the age relations of the Dawson arkose
the writer says (p. 268): ‘‘Stratigraphic relation-

The coal measures are

[A few poorly -

" 236.

Survey Geol. Atlas,

ships indicate that the Arapahoe and Denver
formations are equivalent to the lower part of
the Dawson arkose, and this evidence is paleon-
tologically supported.”” Knowlton states that
the fossil plants from the Dawson arkose ‘‘are
undoubtedly Denver in age” (p. 272). “It is
evident that the Dawson arkose together with
its associated unconformities represents the time
between the Laramie and the Oligocene” (p.
274). ““In the light of present knowledge,
therefore, it seems plausible that the Arapahoe
and Denver formations are the equivalent of
the lower part of the Dawson arkose’ (p. 275).
A saving clause is added, that ‘it is not claimed
that final correlations have been established,
but nevertheless previously unsuspected rela-
tionships are indicated ” (p. 274).

Of the stratigraphic relations it is said (p. 274)
that ‘‘the lower part of the Dawson arkose seems
to pass along the strike into the Arapahoe and
Denver formations; that the Dawson and Arapa-
hoe can not be separated lithologically even at
the type locality of the Arapahoe on the bluffs of
Willow Creek; and that the Denver and Dawson
apparently merge into each other.”” It is further
stated (p. 275) that ‘‘the evidence [of certain
vertebrates] implies the correlation of the lower
part of the Monument Creek of Hayden [the lower
part of the Dawson arkose] and the ‘ post-Laramie’
of the Denver Basin”’ [the Arapahoe and Denver
formations].

235. Lee, W. T., Stratigraphy of the coal fields of northern
centra,l New Mexico: Geol. Soc. America Bull.,
vol. 23, pp. 571-686.

The results presented in this paper have been
amplified by more recent observations and are
incorporated in the present paper; hence the
abstract is omitted in this connection. Some of
the results were used in a paper by the same
writer, entitled ‘‘The Cerrillos coal field, Santa
Fe County, New Mexico’’: U.S. Geol. Survey
Bull. 531, pp. 285-312, 1913; (a) p. 617.°

Graphite near Raton, New Mexico: U. 8.
Geol. Survey Bull. 530, pp. 371-374, also sepa-
rately (U. S. Geol. Survey Bull. 530-1, pp. 3-6).

The graphite results from the metamorphosis,
by intrusion of igneous rock, of the bituminous
coal mined a few miles away, and analyses of this
coal are given together with that of the graphite.
~ Coal fields of Grand Mesa and the West Elk
Mountains, Colorado: U. S. Geol. Survey Bull.
510.

237-

1913.

238 Leg, 'W. T., Recent discovery of dinosaurs in the
Tertla,ry Am. Jour. Sci., 4th ser., vol. 35, pp.

531-534.
Dinosaur bones were found near Colorado
Springs, Colo., in the Dawson arkose in associa-
tions that are regarded as proving the Tertiary

- age of these dinosaurs.

239. Kwowrron, F. H., A paleontologlcal study of the
coal-bearing rocks of the Raton Mesa region of
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Colorado and New Mexico: Am. Jour. Sci., 4th
ser., vol. 35, pp. 526-530.

(This paper is a preliminary announcement of
conclusions based on the details given in F. H.
Knowlton’s part of the present paper.)

240. Georag, R. D., Geologic map of Colorado: Colorado
Geeol. Survey, Boulder, Colo.

The formation names Vermejo and Raton first

proposed for the present mpoxt are used on the

Colorado map.
1914,

241. Lee, W. T., Use of physiography in the study of
Rocky Mountain stratigraphy: Washington Acad.
Sci. Jour., vol. 4, pp. 8-9.
Reasonsare given for believing that the interior
Cretaceous sea extended uninterruptedly over
. the Rocky Mountain region of Colorado and
northern New Mexico and that the present
mountaing date from the beginning of the
Tertiary period.
242. SrepnEeNsoN, L. W., The Cretaceous-Eocene contact
in the Atlantic and Gulf -coastal plain: U. 8.
Geol. Survey Prof. Paper 90, pp. 155-182, 1915.
Abstract in Washington Acad. Sci. Jour., vol. 4,
pp. 11-12, 1914.
The Cretaceous-Eocene contact is described as
an unconformity of regional extent, which repre-
sents a long period of time.
243. Symrosium on the close of the Cretaceous and the
opening of Focene time in North America:
Geol. Soc. America Bull., vol. 25, pp. 321-402;
includes the following papers:
Qsborn, H. I., Close of the Cretaceous and opening
of Eocene time in North America, pp. 321-323.
Knowlton, IF. H., Cretaceous-Tertiary boundary in
the Rocky Mountain region, pp. 325-340.

Stanton, T. W.,-Boundary between Cretaceous and
Tertiary in North America asindicated by stratig-
raphy and invertebrate faunas, pp. 341-354.

Brown, Barnum, Cretaceous Eocene correlation in
New Mexico, Wyoming, Montana, Alberta,
Pp. 355-380. )

Matthew, W. D., Evidence of the Paleocene verte-
brate fauna on the Cretaceous-Tertiary problem,
Pp. 881-402. '
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244. Sincrair, W. J., and GRANGER, WALTER, Paleocene
deposits of the San Juan Basin, New Mexico:
Am, Mus. Nat. Hist. Bull, vol. 33, pp. 297~
316.
1915.

245. Ricrarpsow, G. B., Description of the Castle Rock
quadrangle, Colorado: U. S. Geol. Survey Geol.
Atlas, Castle Rock folio (No. 198).

246. Ransomg, F. L., Problems of American geology,
New Haven, Yale University Press, London,
etc. :

247. Heroy, W. B.; The relation of the Uppe1 Cretaceous
formatnons of southern Wyoming and northeastern
Colorado: Washington Acad. Sc1 T our., vol. 5,
pp. 330-331.

The equivalency of the so-called Fox Hills
sandstone of the Denver Basin with the typical
Fox Hills in northern South Dakota is questioned
and the writer concludes that ‘‘the ‘Fox Hills’
of the Denver Basin is apparently equivalent to
the lower Mesaverde (Parkman) of southern
‘Wyoming.”

1916.°

'é48. Fmviey, G. I., Description of the Colorado Springs

quadrangle, Colorado: U. S. Geol. Survey Geol.
Atlas, Colorado Springs folio'(No. 203).

249. Leg, W. T., Relation of the Cretaceous formations to
the Rocky Mountains in Colorado and New
Mexico: U. S. Geol. Survey Prof. Pa.per 95,
pp. 27-58 (Prof. Paper 95-C).

Although published first this paper was written
after the present one was finished and makes use
of the facts gathered for the latter and of the
principles developed during its preparation.

250. Berry, E. W., The lower. Eocené floras of south-
eastern North' America: U. 8. Geol. Survey Prof.
Paper 91..

250. Bauer, C. M., Giumore, C. W., Stanton, T. W,
and Kwxowrron, F. H., Contributions to the
geology and. paleontology of San Juan County,
N. Mex.: U. S. Geol. Survey Prof. Paper 98, pp.
271-353; (a) p- 281; (b) p. 310; (c) p- 331.



CHAPTER 2.—GENERAL GEOGRAPHY AND GEOLOGY.

GEOGRAPHY.

LOCATION AND EXTENT OF THE RATON MESA
: REGION. '

"The Raton Mesa region, a highly dissected
plateau situated east of the Rocky Moun-
tains, comprises the Raton coal field in north-
ern New Mexico and the Trinidad coal field
in southern Colorado. It has a north and
south extent of about 85 miles and stretches
from the foothills eastward to a maximum
width of about 50 miles at the interstate
boundary.. The coal-bearing area is sub-
triangular in outline and contains nearly 2,500
square miles of coal land. It has been called
the Raton Mesa region because of the group

of high table-lands commonly known as the

Raton Mesas that are included in its eastern-
central part. These, together with the divide
extending from Bartlett Mesa westward to
the mountains, have sometimes been called
the Raton ‘“Mountains,” but as the highlands
result from the erosion -of an uplifted pene-
plained area, large portions of which still re-
main as flat-topped mesas, it is obvious that
“mesas’’ rather than “mountains’ is the ap-
propriate designation. The area has been
called the Raton Mesa . “region’’ because it
consists of two coal fields which, although geo-
logically identical (the coal-bearing rocks being
continuous throughout both), aregeographically
more or less distinct and are well known in
commercial circles as separate fields. The
" divide formed by the Raton Mesas is practically
on the boundary between New Mexico and
Colorado, so that the political. subdivision
agrees with the geographic and commercial
subdivisions of the region.

ACCESS.

The main lines of the Atchison, Topeka &
Santa Fe Railway, the Colorado & Southern
Railway, the Denver & Rio Grande Railroad,
and the Chicago, Rock Island & El Paso Railway
enter the Raton Mesa region. In addition to
these main lines spurs and local roads connect
the several mining towns, so that approach is

38 : i

relatively easy to all of the developed parts of
the région. There are several towns of con-
siderable size along the eastern margin of the
Trinidad field and a few similarly situated in
the Raton field.

RELATION OF COAL FIELDS TO MOUNTAIN AND
PLAIN.

The coal-bearing rocks form a plateau which
constitutes a topographic province intermediate
between the high mountains to the west and the
Great Plains to the east. In most places along
the western margin of the region the plateau
is separated from the mountains by a structural
valley (see Pl. XX, p. 156) formed on the soft
beds of upturned shales that range in age from
Benton to Pierre. East of this valley the hard
rocks of the coal measures, also upturned, form
a hogback because of their superior resistance
to erosion. But east of this hogback the coal-.
bearing rocks lie nearly horizontal and, being
harder than the underlying rocks, have with-
stood erosion and remained as highlands while
the areas farther east were being more uniformly

"degraded.

The eastern extremity of the coal-bearing
rocks ‘is characterized by a steep escarpment
which forms a conspicuous topographic feature.
At the southern end of the Raton field this
escarpment attains a maximum altitude of
nearly 1,000 feet. Farther north its altitude.
is somewhat less; but in New Mexico, between
Cimarron and Raton, it would probably aver-
age not less than 500 feet. North and east of
Raton it joins the high mesas which rise to a
maximum altitude of more than 2,000 feet
above the general level of the plains. From
the nearly level plain the cliffs rise so abruptly
(see Pl. III) that some observers have
likened them to sea cliffs formed by under-
cutting waves. Although this interpretation
is obviously erroneous it recalls a vivid mental
picture of existing conditions.

The eastern margin of the Trinidad field is
marked by cliffs similar to those of ‘the Raton.
field -but in general less prominent, although
the extremes are greater. . A maximum differ-
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BREAKS OF THE MESA EAST OF DAWSON, N. MEX.

A characteristic view at the eastern edge of the Raton coal field. a, Western limit of the Great Plains; P, Pierre shale; T, Trinidad sandstone; V, Vermejo formation;
R, Raton formation.
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«nce in altitude occurs near Trinidad, where
the north end of Raton Mesa, known as.Fishers
Peak, rises something more than 3,500 feet

n,bove the plain. North of Trinidad an escarp-

ment similar to that east of Dawson, N. Mex.
(PL III) is more or less prominent nearly to
Walsenburg but is inconspicuous farther north.
In the center of the Trinidad field the con-
tinuity of the sedimentary formations is inter-
rupted by the intrusive igneous rocks of the
Spanish Peaks, and it is'due largely to the pro-
tection of these rocks that the younger sedi-
mentaries have not been removed by erosion.

DRAINAGE.

The Raton Mesa region lies at the western
extremity of the Great Plains in a semiarid
region; and the precipitation in its eastern
part is principally in the form of torrential
showers commonly known as cloud-bursts.
Farther west toward the mountains the rain-
fall increases in amount.
cross the region rise in the mountains and flow
at all seasons of the year, but most of them ace
practically dry except in times of flood. The
perennial streams have cut narrow and rela-
tivoly sbraight‘, canyons that are especially con-
spicuous in the Raton field. The streams that

depend for their water supply on the torrential |

showers have cut short, precipitous canyons,
many of which are tortuous and branching.

TOPOGRAPHY.

The character of the drainage resulting from
" the position of the Raton Mesa region between
high mountains and semiarid plains, together
with the character of the rocks, has given rise
to many topographic forms. But as this paper
deals with a special phase of stratigraphy and
not with the general geology of the region no
attempt will here be made to describe these
forms further than is essential for an under-
standing of the geologic relations of the for-
mations. For this purpose the principal topo-
graphic forms are those that expose the rocks
to view, chief among which are the mesas,
canyons, escarpments, and hogbacks.

The Raton Mesa region as a whole is, as
already stated, a plateau more or less deeply
dissected by erosion into a complex of sharp
ridges, deep canyons, and flat-topped mesas.

A few streams that
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The region was once peneplained, and the
nearly level surface was partly covered by
sheets of basaltic lava that formed the hard
layers now found at the tops of the mesas. The
softer rocks were eroded away faster than the
harder ones, but in some places the thick sheets
of basalt have ‘effectively preserved them.

CHARACTER OF ROCK EXPOSURES.

The character of the exposures of rock in the
canyons and along the margins of the plateau .
is of the greatest importance for the purposes
of this paper. The several illustrations show

.the nature of the outcrops, and the detailed

sections indicate that in many places the rocks
are well exposed. The character of the exposure
naturally differs with the rocks, but the south-

~ward-facing slopes generally present better ex-

posures than the northward-facing slopes,.
which are covered with vegetation in many
places. This is especially true of the north
slopes of the Raton Mesas, which are so densely
forested that the rocks are very imperfectly
exposed, and of many places along the west-
ern margin of the region, where vegetation
flourishes in the moist atmosphere near the
mountains. )

GEOLOGY.

GENERAL FEATURES.

- The core of the mountains west of the Raton
Mesa region consists of crystalline rock, prob-
ably of pre-Cambrian age. Also, in some
places there are thick beds of rocks, more or
less metamorphosed, that are apparently pre-.
Cambrian but are younger than the crystallines
of the mountain core. These are obviously of
sedimentary origin. The next younger rocks
observed are the red beds, the oldest fossils of
which indicate Carboniferous age; but still’
jower rocks in which no fossils have been found
may be older than Carboniferous. In the Raton
Mesa region the red beds lie in contact with the .
ancient crystalline rocks in some places and
with the metamorphosed sedimentary rocks
in other places. Farther south they rest on
limestone of Pennsylvanian age. They are
the so-called “Red Beds’’ of the Rocky Moun-
tains, and above them occur the Cretaceous
and Tertlary rocks in the orde1 shown in the

table. :
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. Geologic formations of the Raton Mesa region.

> Maxi-
. Group and forma- mum ’ .
System. Series. tion. thick- Description.
: ness. .
Feet. | Massive beds of coarse-textured, conglomeratic *sand-
Poison Canyon for- |2, 0004 stone. The conglomerates are coarsest near the base
mation. . and contain pebbles and boulders of ancient crystal-
’ . line, metamorphic, and igneous rock. :
. Unconformity(?) - :
Tertiary. Eocene. Sandstone (brown to buff, in many places cliff-making),
and shale (yellow to black carbonaceous), in alter-
. Raton formation. 1,800+ nating layers; coal bearing at several horizons. A
. conglomerate usually occurs at the base, containing
pebbles of many kinds of rock. Fossil plants are
nUMmMerous.
Unconformity
Dark shale, carbonaceous in many places, light-gray,
Vermejo forma- | 425 friable sandstone, and coal in alternating layers. Fos-
 tion. . sil plants numerous.
& Trslﬁ)igg’d sand- 100+ | Sandstone, massive, feldspathic, light gray.
8 ' '
g
= 100+ Sandstone (thin bedded, fine grained) and shale in
Upper alternating layers. (Transitional zone.)
Creta- .
ceous. Pierre shale..
Cretaceous fg%(xllitfi- ‘Shale, drab to bluish black, containing 1ense4s and con-
’ ated cretions of limestone. Bones of reptiles and numer-
_ { mari ous shells of marine invertebrates near the top. The
arine - ;
° . _Creta- parts of Niobrara and Benton age usually contain
T &) Niobrara  and .| some limestone but the shale has not been separated
£ 3| Benton forma- | ceous i i
o2 ) 2,900+ into formations. .
S &  tions. , .
o
Dakota sandstone. 100+ | Sandstone, massive, quartzose.
- 3 Shale, sandy, dark."
%’?ggf Purgatoire formation. ;
ceous. 754+ | Sandstone, massive, conglomeratic. '
Lower -
Cretaceous (?). Creta- | Morrison formation. 300+ | Sandstone and shale, variegated.
ceous (?) vt
: . 11, 500--| Sandstone and conglomerate with some shale, red.
Triassic? and | Undifferentiated red beds rang- |’ + e & . ¢
Carboniferous ing in age from Pennsylvanian
: or older, possibly to Triassic. |, 500+ | Sand g
N 5 O andstone, conglomeratic, quartzose, red.
c (7 Metamorphoéed sedimentary rocks. .

Pre-Cambrian?

Crystalline rocks.
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PRE-CRETACEOUS FORMATIONS.

Relatively little is known of the oldcr forma-
tions of the Culebra Range in the Raton Mesa
region, and few obsclvatlons were made on
them by the present writer. The core of the
mountains consists of crystalline rock and the
foothills of relatively old sedimentary rocks.
These are of interest here only in so far as they

are the source of the sediments composing the |
younger formations and in so far as their thick- |

ness indicates the amount of erosion that must
have taken place before certain pebbles found
in the basal conglomerate of the Raton forma-
tion could have been formed. The older for-
mations were observed somewhat hurriedly in
four places, namely, south of Vermejo Peak
and west of Van Bremmer Park; in the canyon
of South Fork of Purgatoire River; north of
Culebra Peak, which lies west of Stonewall; and
in Huerfano Park, a few miles northwest of the
area mapped.

In the first of these places the red beds con-
sist principally of sandstone and conglomerate
in which are boulders of igneous and metamor-
phic rock some of which are 2 feet in diameter.
The red beds here appear to be many thousands
of feet thick, but doubtless this thickness is
due in some measure to duplication by faulting.

In the canyon of South Fork of Purgatoire
River the sedimentary rocks are upturned
nearly vertical and the canyon has been cut
nearly at right angles to their strike, thus
affording a good opportunify for measuring
their thickness. The linear measurements were
made with tapeline, the direction of each meas-
urement being taken with hand compass and
the altitudes wlth aneroid barometer.. Correc-
tions for direction of measurement, dip, strike,
and altitude were made in the office. The
results are as follows:

Geologic section measured on South Fork of Purgatoire
River, in southern Colorado.

Feet.
Sandstone (Dakota), massive, quartzitic. . . ...... 95
Shale, fine grained, sandy, dark (Purgatoxre forma.- .
Lo} 1 3
Sandstone, conglomeratic (Purgatoire formation). . 50
Notexposed. . ...ooivinmiii it 50
Shale and sandstone (Morrison formatlon), varie-
gated; red agatesnear base.................... 150
Notexposed. . ....oooiiiiiiiiiiiii i 632

41
Feet.
Sandstone, conglomeratic, with some shale (red :

beds). From top to bottom this series of beds
contains many coarse conglomerates composed
of pebbles which measure up to § inches or more

"in digmeter and which consist of many varieties

of crystalline and metamorphic rock. ..........
Sandstone, dark red, more or less quartzose, much
harder than the red beds above. Small pebbles
occur in many places throughout the formation
and in some places there are well-defined con-
glomerates, but few pebbles more than half an
inch in diameter were seen. Similar rocks occur
about 10 miles farther north below rocks from
which Pennsylvanian fossils were collected
Crystalline .rock.

11, 587

2,508

15, 025

No fossils were found in any of the rocks of
this section, and their correlation is based on
stratigraphic position and lithologic character.
Apparently the red beds are here in contact
with the crystalline rocks, but about 10 miles

| farther north ¥ a considerable thickness of .

shale and limestone occurs between the two.
Where these rocks were observed south of
Vermejo Peak the conglomerates are much
coarser than they are on the South Fork where
the section was measured. ‘

Several years ago some of the older rocks
north of Culebra Peak were observed by the
writer and a short section measured near their
base was published,’ together with a list of
fossils that prove their Pennsylvanian age.
Near this locality there are fossiliferous lime-
stones within the red beds,® but no fossils were
collected from them by the present writer.
The red beds of this locality contain conglom-
erates, but on the whole they are much less
conglomeratic than those farther south. The
section and fossils 7 are as follows:

.Section measured at the crest of the Sangre de Cristo or Culebra

Range, between Middle and North forks of Purgatoire
River, Colo.

. Feet
Conglomerate, hard, quartzitic..................... 10
Shale, dark................. e, 5
Limestone, fossiliferous..............cooiiaiiil.L 2
Sandstone, red, with bands of red shale and n’reguhr
masses of llmestone .............................. 12
Sandstone, greenish, argillaceous. . ... ....... ... . 4
Sandstone, pink, argillaceous above, conglomeratic
below. . e 18
Limestone, fossiliferous........ ... . ... ... 4
Sandstone, deep red, conglomeratic at the base, shaly
near the top: ............ e 10
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’ N Feet.

Limestone, arenaceous near the base....... s 20

Light-colored grit, massive, coarse, and conglomeratic. 13
Sandstone, banded, and limestone intimately com-

mingled. Much of the limestone is in more or less
rounded masses. Irregular beds of gravel occur in

Places. ... ..l 6
Limestone, nodular. . . . .......ov oL 3
Limestone, massive........coooiiioiiiaiaao. .. 8
Shale with limestone nodules. .. ... ....... PP 3

" Limestone, massive... . ..... ...l 23
Sandstone, coarse, conglomeratic in the lower half. .. 20
Grit, massive (local unconformity). ... ............. 8
Shale, calcareous, passing to black shale, with lime-

stone nodules nzar the top. . ..................... 10
Limzstone, fossiliferous, with sandstone layers: Cup

corals abundant. ......... e 15
Limostone, massive.........oooiieiiirni o, . 6
Shale. . ... ... e 8
(O 1 2
Sandstone with large nodules and irregular masses of

limestone.......c....... FOT s 10
Shale with bands of sandstone and limestone. ....... 25
Limestone, banded . .................. ... P 4-12
Shale, soft, black, fossiliferous. .............. S 28
GILity COAISE. - u e m e et e ey e eee e ee e 9
Shale, black- - .. .o i 6

Grit, coarse, conglomeratic in places. ... ... e
Shale, dark, with limestone nodules and thin seams
of sandstone; runs to massive limestone in places; .

"becomes red and arenaceous near the base......... 45
GTib, COAISR e e et ettt c e 7
Shale, dark red, with nodules and irregular masses of

limestone.......... et P e 10
Limestone.............i..... . L4

Shale, red to black micaceous, with bands of sandstone
near the base and limestone nodules near the top.. 12
(€ A CTeY: v 1= PO S 10
Grit, red, and conglomerate. ...._.................. ?
Crystalline rocks of the mountains.

" Fossils collected at the crest of the range between Middle and
North forks of Purgatoire River, Colo., mainly from the
28-foot fossiliferous shale of the foregoing section.

[Identified by Stuart Weller.]

Zaphrentis, sp. undet.

Orbiculoidea convexa Shumard.
Orbiculoidea missouriensisShumard.
Chonetes mesoloba Norwood and Pratten.
Productus longispinus Sowerby.
Productus costatus Sowerby.

Productus cora D’Orbigny.

Spirifer cameratus Morton.

_ Spirifer rockymontana Marcou.

" Reticularia perplexa McChesney.
Seminula argentea Shepard.
Aviculipecten carboniferus Stevens,
Astartella concentrica McChesney.
Nucula ventricosa Hall.

Nuculana bellistriata Stevens.
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Pelecypod (genera and sp. undet.).

Bellerophon percarinatus Conrad.

Bellerophon carbonarius Cox. ,

Bellerophon montfortianus Norwood and Pratten.

Bellerophon sp. undet.

Rotella verrucelifera White,

Soleniscus brevis'White.

Soleniscus sp. undet.

Sphaerodoma texana Shumard.

Sphaerocdoma sp. undet.

Trachydomia wheeleri Swallow var.

Naticopsis altonensis McChesney.

Naticopsis altonensis var. gigantea Meek and
Worthen. ) '

.. Pleurotomaria perizomata White. :
Pleurotomaria (several small species undet.).
Murchisonia copei White.

- Orthoceras sp. undet.
Syringopora sp. o
Campophyllum torquium Owen.
Straparollus catilloides Conrad.

\

Fossils from the same locality, found as loose fragments;
horizons not determined.

Derbya crassa Meek and Hayden.
Hustedia mormoni Marcou.

Allorisma subcuneata Meek and Hayden. -
Schizodus wheeleri Swallow.

- Bellerophon (large sp. undet.).
Temnocheilus winslowi Meek and Worthen.
Phillipsia sp.

Large fish-spine.

A brief visit to the red beds in-Huerfano
Park, a few miles north of the northern end of
the Trinidad coal field, showed -them to be
many hundreds of feet thick. The base of the
formation was not seen. The rocks consist
mainly of coarse-grained sandstone, but con-
tain layers of conglomerate, and at one horizon
near the middle of the series include an earthy
limestone a few feet thick, from which the
following fossils were collected:

Fossils from the red beds tn Huerfano Park, Colo.
[Identified by G. H. Girty.]

Lophophyllum profundum?
Lioclema? sp.
Derbya bennetti.
~ Marginifera aff. M. wabashensis.
- Marginifera sp.
Productus inflatus?
Spirifer boonensis.
Squamularia perplexa?
Ambocoelia planiconvexa.
Spiriferina kentuckyensis.:
Composita subtilita.
Cliothyridina orbicularis.
Astartella varica?
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Of these fossils Girty says ‘“the geologic age
is clearly Pennsylvanian, and compared Wlth
the New Mexico section #® they would be
Magdalena rather than Manzano.”

CRETACEOUS (?). SYSTEM.

MORRISON FORMATION.

Between the red beds and the conglomeratic-

sandstone of Lower Cretaceous age (here corre-
lated on stratigraphic evidence with the
Purgatoire formation of the Apishapa quad-
mnrrlc 29) lies 782 feet of rock, only 150 feet of
wluch is exposed to view. The exposed rocks
are lithologically similar to those of the Morri-
son formation found elsewhere in the Rocky
Mountain region, and although no fossils were
found in thcm thc writer has no hesitancy in
referring them on lithologic and stratigraphic
evidence to the Monlso.n. A shaly zone near
the base of the exposure contains red agates
similar to those found in the Morrison near
Canon City, where they are cut into gems.
Sterrett 2 describes these gem agates as
follows:

The silica is evidently a deposit from solution and often

occurs in concentric bands of different colors. The seams
bearing this agate-like material are usually only a few

inches thick and have a clay filling in the internodular

spaces.

J. D. Endicott has obtained some agate from Garden

Park, 8 miles north of -Canon City, Colo., similar to the
above, but he states that it came from the inside of fossil
dinosaur bones. Some of it has a peculiar structure that
may be the original bone structure. This agate has bright-
red, yellow, and gray colors and makes a beautiful curio
gem for watch charms when polished. Mr. Endicott also
obtains agates with peculiar structure from the Curio Hill
locality, 8 miles southeast of Canon City. These agates
are translucent, with blood-red spots through them either
in layers or bands or more or less regularly distributed
through the mass. The latter -pattern has been called
St. Stephen stone. Mr. Endicott has cut a small quantity
of translucent bluish chalcedony found at Thirty-one Mile
Mountain, 7 miles west of Guffy, Colo. This chalcedony
has an agate structure showing faint banding. The blue
color is of a light shade, though pronounced. Itisnot the
bright blue found in the blue chrysoprase or coppet-stained
«chalcedony of Globe, Ariz. The effect of the cut gem is
very pleasing. Another variety of chalcedony found in
‘Colorado by Mr. Endicott has an amethystine color. This
cuts to a pretty cabochon gem. These fancy agates and
.chalcedony gems are delicately marked and have beautiful
-colors. They should be in large demand for the tourist
trade - and also for wider sale when people become
acquainted with them.

These agates were noted in the Morrison 58
several years ago and more recently have been
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observed in so many places that the writer
has come to regard them as one of the diag-
nostic features of the Morrison of southern
Colorado and northern New Mexico.!

Sedimentary rocks of variegated color, such
as are characteristic ' of the Morrison, were
observed in the foothills throughout the Raton
Mesa region wherever the rocks are well ex-
posed. They were seen at Stonewall, on both
branches of South Fork of Pulgatmrc River,
and on the main branches of the Vermejo. In
the southern part of the region the sedimentary
formations have been so obscured by faulting
and by intrusions of igneous rock that further
observations are necessary before it can be
confidently asserted that the Morrison is pres-
ent there. But in view of the known uni-
formity in the character and thickness of this
formation over wide areas in southern Colorado
and northern New Mexico, together with its
occurrence far south of the region at Las
Vegas?® and in Galisteo Canyon,?® it seems
safe to assume that the Morrisori underlies
the entire Raton Mesa region.

CRETACEOUS SYSTEM.

PURGATOIRE FORMATION AND DAKOTA
_ SANDSTONE.

In many places throughout the Rocky
Mountain region the Dakota has been de-
scribed as consisting of -two sandstones sepa-
rated by a layer of shale which is often referred
to as the “Dakota fire clay.” These two sand-
stones are well developed in the Raton Mesa "
regian .and together they.form a prominent
ridge commonly known as the Dakota hog-
back.: On South Fork of Purgatoire River
(see section, p. 41) the lower sandstone is 50
feet thick and the upper one 95 feet. The
lower sandstone is hard, massive, and con-
glomeratic; the upper is not conglomeratic
where observed but is quartzitic, very hard,
and forms the crest of the ridge. The rela-
tions of these two sandstones and the inter-
vening shale have been recognized north of the
Raton Mesa region in' the vicinity of Canon

! Since this report was written the writer has learned that similar
agates occur in northern Colorado in rocks which were formerly classed
as basal Morrison but which prove to be the southward extension of the
Sundance formation or marine Jurassic. The agate-bcaring rocks of
northern Colorado appear to lie above fossiliferous marine Jurassic rocks
and unconformably below typical Morrison beds. These facts suggest
that the agate-bearing rocks of southern Colorado, near the base of what
is now called the Morrison, may prove to be equivalent in age to the
marine Jurassic, like the similar rocks in northern Colorado.
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City,'®" east of _the Raton Mesa reglon in
Huerfano Canyon,?? in Apishapa Canyon,
in Purgatoire Canyon,**” in Cimarron Canyon,®’

" farther south on the Canachan 187 and at Las
Vegas.?'

It has been known since the publication of
Stanton’s paper® that the shale separating the

two sandstones correlates with the Washita,

which some geologists but not all regard -as
Lower Cretaceous. This sandstone, together
with the shale above it, has been named the
Purgatoire formation. Although no fossils were

found in the Raton Mesa region in either of the-

sandstones of the hogback or in the shale sepa-
rating them the writer feels confident in corre-
lating the lower sandstone and the shale with
the Purgatoire formation of the Apishapa quad-
rangle and in referring the upper sandstone to
the Dakota
BENTON, NIOBRARA, AND PIERRE
FORMATIONS.

The marine Cretaceous shale and limestone

formations of southern Colorado have been

described in several publications and are fairly | -

well known. Few observations were made by
the writer on the Benton and Niobrara or on
the older Piérre in the Raton Mesa region, all
of which are of interest in the present investi-
gation only in so far as they aid in measuring
post-Cretaceous erosion or shed light on the
age of the coal-bearing formations. For meas-
uring the erosion their thickness is important,
but so far as age is concerned neither they nor
any of the rocks below the fossiliferous zone

near the top of the Pierre shale.call for much-

consideration.

The marine Cretaceous rocks in southern
Colorado are separable into several formations,
having an aggregate thickness of about 2,500
feet in the Elmoro quadrangle,™ but the for-
mations seem to be less well defined toward the
south and no attempt was made by the writer
to determine their limits-in' the Raton field.

In some places in this field the horizon of the

Greenhorn limestone is represented by a few
feet of limestone, but the limestone of the Nio-

brara group which is prominent farther north.

has not been found. So far as observed in the
Raton Mesa region the rocks between the
Dakota- and the Trinidad sandstone consist
almost wholly of shale.

| thickness

233 "

'Alth()ugh the total
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of thls shale has never been
measured it is known to be more than 3,000
feet near Raton, where a well was drilled in it
to a depth of 2,700 feet (see locahty 82, p. 108)
and probably about the same in Vermejo Park,
where well data prove that it measures more
than 2,500 feet at locality 123. .This shale
occupies a broad valley lying between the ridge
at the western margin of the coal fields and the
Dakota hogback still farther to the west. Its
thickness here has not been measured, but can
scarcely be less than 3,000 feet and may be
much more. However, for the purposes of
this paper the thickness shown by the drill will
be used.

The marine Cretaceous shale is more or less.
fossiliferous throughout, but few fossils have
been collected in the Raton Mesa region from
the lower part. These are as follows:

. Marine invertebrates from the lower (Benton) part of the Cre-

taceous shale of the Raton Mesa region.
[Identified by T. W. Stanton.]

Baculites aspér Morton?

Coilopoceras novimexicanum Hyatt.
Inoceramus dimidius White.

Inoceramus fragilis Hall and Meek.
Inoceramus labiatus Schlotheim.
Inoceramus sp.

Ostrea lugubris Conrad,

Ostrea sp.

Prionocyclus wyomingensis Meek.
Scaphites ventricosus Meek and Hayden. '

Invertebrates’ were collected from the upper
part of the Pierre shale in many places. They
are most abundant in the southern part of the
Raton field, where they occur in limestone con-

“cretions 100 to 400 feet below the top of the

shale, A few were collected by the writer, and
some also by G. B. Richardson’s party in the
Trinidad field. The localities at which col-
lections were made are indicated on the map
(PL. I, in pocket) by numerals which denote the.
lot numbers under which the collections are
stored in the United States National Museum.
A complete list of these fossils is given in the
following table of species. Concerning the age
of the invertebrates Stanton says that the.
fauna is a meager one and that; although
‘“typical of the Pierre shale, it has a consider-
able stratigraphic range within it. From this
material it is not possible to recognize definite
restricted zones.”’



Fossils collected from Pierre shale and Trinidad sandstone in the Raton Mesa region.

[Identified by T. W. Stanton. The number at the top of each column refers to'the locality (Pl I, in pocket) at which the fossils were collected. For fuller information as to occurrence see “Local features

, in detail,”” pp. 66-161.] ;

\ . Pigrre shale.

Trinidad sandstone.
Eastern part of Raton field. Vermejo Park. Trinidad field.

5603, 6554.
6555
6556,
6559,
6561
6562.
6564
5606,
5735,
5602,

[~
8358,
6679.
6514
5730.
5731
5732
5668.
6510.
6511
&12
5565,
5565a.
5667
5591
5592
6557,
6558,
6563.
6565,
6566.
5599,
5734

6581
6560.

Ancyloceras sp
Anisomyon? sp
Anomiasp........ocieiiiiiaaao. X1 X . .-
Anomia? Sp .....oieiiiiioiaiL., Y (R R PN (RN R P KA
Aviculasi) .......................... RN "G PPN PR PR DU,
Avicula linguiformis Evans and .

Shumard . .......c.oooiiiai.
Avicula nebrascana Evans and

Shumard. ..........coeeeiaao.
Baculites ovatus Say.............. el X
Baculites compressus Say. cee-
Cardiumsp.......oooiieninioniao..
Chlamys nebrascensis Meek and .

B

X
X

Crassate.lites cimarronensis White.
Crenella Sp......ooeemueecieannaan.
Cucullaea sp.
Dentalium s
Fasciolaria(g
Fasciolaria sp........o..oooiaiiln .- .. .. .
Heteroceras SP..-.cueeueeneeenaanns. PR B RPN R RN RN AR [ ) DR R e D (RN PR PR
Heteroceras cheyennense Meek and : . . 3
Hayden...........o..coceeeuinnan. RPN DR RN PR R SR (RPN DR PRSI ORI PR RPN DRPIPN IR PR PR RSO RPN PRI DR SRR PRI PRPRN PR PRI FIPSDN PR (N Y (RO RPN APPSR SR et (RO A I
Inoceramus barabini Morton. . . . .
Inoceramus oblongus Meek. .......
Inoceramus sagensis Owen.......... e
Inoceramus vanuxemi Meek and

X
X

X X
XX
LN

X-
oY

Hayden..........ccovvvunnaaa... X R ? e X 2 T O N AU DRI DR DR Y . R .
Inoceramus SpP........coveunennaann. . . . . R RN PR PR . .
Ledasp......coveiiienmecnannnnnn . PN AN DS PR A PR PR DR (RPN DO PR PP R R PR . . - . .
Leda (Yoldia) scitula Meek and

Hayden?...co.oovmieieininian... . R R R .
Legumen? sp .. R X joe-- - X -
Limqsg ..................... s . R PN N % R PR RN .- PR P - P PR PO R . . - .-
Liopistha (Cymella) undata Meek

and Hayden...................... S PR PR B P T e .- . . |- .
Lucina occidentalis (Morton)?. .. .. X |.- e R R .
Lucinasp.....ccooveuiinnninnaann.. PR PR - X ). PR (R
LunatiaSp..c.ovieiirininaaia

Mactra warrenana Meek and Hay-
den..... ..o SR AR DU PR S, JRUR R RN DR PRI PR UV PR (RPN IR PR PR (R PR DRPUN PRI PRI DR DR RPN PR (RPN DR (PR (N PRI B S RO N S PRPIDY DR N RN PR (RS
Mactrasp........ PP U P .. .. O .. O
Mactra? sp............. S, RN P JRPV VN DR RN R R R e Ao Rt [ R (R Do P
Margarita nebrascensis Meek and ’
Hayden? ................... ... AP PN UL PR DR RPN DRI PRIN PPN DRI PRI B+ PP PIPURN PN SRR PO DS

Martesia? Sp.....cooovieenniaenann. JRUR (R DR DR PN . PR P
Mytilus?sp .......ooiiiianll .. e Y S DR DR .. . . e R 4 X
Nautilus dekayi Morton B R .. .. [ . -
Nemodon Sp.......cooveemnnaennnn.. . . . . .

N S narginata Moek and l B o e e P e P P LT P P et
Hayden? .....ocomveeenaa i il RPN SR DRI SR DRPDIR DR PN PR B~ G PR FS PR DR I PR PP PR B U PRV DU PRRDS PP DO PPN DR SO JRN DO RPN PR S B

‘ADOTOED ANV XHAVYDOHD TVHIANITD
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Fossils collected from Pierre shale and Trinidad sandstone in the Raton Mesa region—Continued.

Pierre shale.

Trinidad sandstone.

Eastern part of Raton field. Vermejo Park. " Trinidad field. .
< oy
. . - o . . . . . . . . - . . . . 0 . . . =] . . . . o . . . . . . . 3
- (=3 w0 K3 [} Rl (5] [i=} w o -0 | oo (=23 ! [=3 — o oo (=3 il o w L5 - [~ o [~ ~H = - o0 (=3
333333333%s%masgﬁsa%3333.3333§§333335353
Nueulasp....ooeeierriinannan.. : Jx ot . U O PO PO
Odontobasis? SP ... .ceeeemaaenaaan N P

Ostrea pellucida Meek and Hayden
Ostrea patina Meek and Hayden. . .
Ostrea Sp........ e eeaeeiareean

Placenticeras intercalare Meek and |

Hayden. ...... S msmesoinlaciiieas
- Placenticeras whitfieldi Hyatt ?...
PtychoCeras Sp-«...cveeueeeanann..
Pyrifusus? sp .- cceceinanannn..
Scaphites nodosus Owen.....
Syncyclonema sp

Syncyclonemarigida Hall and Meek |....

Tancredia americana Meek and

Hayden.. ......ccoeceeieneean...
Tellina scitula Meek and Hayden..
Tellina? sp ..covvnuieeoiai.,
Tellina SP. e cceeercnniieaaaaaaaas
Volutoderma sp...................
Fishremains......................

MoOSOSAULUS SP - v ceeeeeannanannns JRRON DR

Halymenites major Lesquereux..... .

- 9%
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The fossil lots of the foregoing table are
briefly described as follows. The locality
numbers refer to the permanent lot numbers
of the Mesozoic fossil invertebrates of the
United States Geological Survey under which
the fossils are stored in the United States
National Museum, a,nd to the map (Pl. I, in
pocket). .

6581. Baldy mine, about 6 miles northwest of Ute Park,
N. Mex.; at top of Pierre shale.

6560. Nort;h wall of Ute Park, N. Mex about 150 feet
below top of Pierre shale.

5603 and 6554. Cimarron Canyon, about 7 miles west of
Cimarron City, N. Mex.; about 100 feet below top of
Pierre shale.

6555. North wall of Cimarron Canyon, about 4 miles

northwest of Cimarron; 100 feet below top of Pierre shale.

6556. Point of mesa northwest of Clmmon, N. Mex.;
200 feet below top of Pierre shale. .

6559. Cerrososo Canyon; N, Mex.; about 100 feet below
top of Pierre shale. -

6561. Point of mesa west of Cimarron; 400 to 500 feet
below top of Pierre shale.

6562. Point of mesa between Cerrososo and Van Brem-
mer canyons, N, Mex.; near top of Pierre shale.

6564, North wall of Van Bremmer Canyon, N. Mex.,

about a mile from its mouth; near top of Pierre shale.
5606. Western slope of Saltpeter Mountain, about 4
miles southeast of Dawson, N. Mex.; near top of Plerre
shale.
' 5735. Half a mile north of Koehler, N. Mex.; near top
of Pierre shale,

5602, Red River Peak, N. Mex.; 400 feet below top of
Pierre shale.

5598 and 8355. Raton, N, Mex.; 50 feet below top of
Pierre shale,

8356, Brickyard at Raton, N, Mex.; about 150 feet below
top of Pierre shale.

8358. Koehler, N. Mex., in Trinidad sandstone.

6679, Verme]o Park, N Mex., at the Bartlett ranch
séveral hundred feet below top of Pierre shale:

6514. Vermejo Park, N. Mex., 2 miles north of Vermejo
post office; about 100 feet below top of Pierre shale.
(Collected by T. W, Stanton.)

5730. Vermejo Park, N. Mex., near eastern extremity,
in the north wall; at top of Pierre shale.

5731. Vermejo Park, N. Mex., near eastern extremity;

_about 300 feet below top of Plerre shale.

5732. Eastern extremity of Vermejo Park, N. Mex.;

near top of Pierre shale. -

5668. Three miles southeast of Trinidad, Colo.; 100 feet

below top of Pierre shale.
6510. One mile northeast of Trinidad, Colo., in a rail-
road cut, several hundred feet below top of Pierre shale.

6511. About 2 miles northeast of Trinidad, Colo.; sev-*

‘eral hundred feet below top of Pierre shale.

6512, One mile south of Bowen, Colo.; near top of
Pierre shale
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5565. One mile south of Bowen, Colo.; 150 feet below top
of Pierre shale. (Collected by G. B. Richardson’s party.)!

5565a. Same locality as 5565; 275 feet.below top of
Pierre shale. (Collected by G. B. Richardson’s party.)

5667. Shale quarry, 2 miles north of Trinidad, Colo.;
50 feet below top of Pierre shale. (Collected by G. B.
Richardson’s party.)

5591. One and three-fourths miles east of Monson, Colo.,
500 feet south of Santa Clara Creek; in upper part of Pierre
shale. (Collected by G. B. Richardson’s party.)

5592. Two and. one-fourth miles east of Monson, Colo.,
south of Santa Clara Creek; in upper part of Plerre shale
(Collected by G. B. Richardson’s party.)

6557. Point of mesa northwest of Cimarron, N. Mex.,
in slide rock; at base of Trinidad sandstone.

6558. Ponil Canyon, N, Mex., a mile east of the forks of
the canyon; in Trinidad sandstone.

6563. Van Bremmer Canyon, N. Mex., a mile from its
mouth, in slide rock; at base of Trinidad sandstone.

6565. North wall of Van Bremmer Canyon, N. Mex.
(same locality as 6564); at top of Trinidad sandstone.

6566. Point of mesa northeast of Saltpeter Mountain, at
locality 28, in slide rock; at base of Trinidad sandstone.

5599. One mile south of Raton, N. Mex.; in Trinidad
sandstone,

5734. Eastern extremity of Verme]o Park; near top of
Trinidad sandstone.

5727. Vermejo Park, N. Mex., at mouth-of Sprmg Can-
yon, in Trinidad sandstone,

6517. Vermejo Park, N. Mex., half a mile southeast of
Vermejo post office; near top of Trinidad sandstone.
(Collected by T. W. Stanton.)

.5728. South-of San Francisco Pass, N. Mex., at locality
129; from top of Trinidad sandstone or base of Vermejo
formation. o

5590. Railroad cut half a mile east of Pryor mine, near
Rouse, Colo.; in lower part of Trinidad sandstone. (Col-
lected by G. B. Richardson’s party.) '

Cimarron has been known as a prolific fossil
locality since 1876, when O. H. St. John col-
lected a large number of invertebrates, a list
of which was later published by White.8
St. John’s locality is not givcn very definitely,
but a comparison of the species in White’s list
with those collected by the writer near Cimar-
ron from the upper part of the Pierre shale
(see table, pp. 45-46) shows that the two collec-
tions came from essentially the same horizon.
St. John’s list is given below for comparison.

“Fossils collected by O. H. St. John near Cimarron, N. Mex.

Caryophyllia johannis White.
Ostrea congesta Conrad?
Ostrea sp.

" Anomia sp.

1 This party was made up of G. B. Richardson, J. H. Gardner, D.E.
Winchester, and J. B. Mertie.
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Camptonectes sp.
Pteria linguiformis Evans and Shumard
Inoceramus barabini Morton.
Inoceramus vanuxemi Meek and Hayden.
Inoceramus erectus Meek?
Crassatella (Pachythaerus) cimarronensis White?
Trapizium sp.
Idonearca shumardi Meek and Hayden
Callista pellucida Meek and Hayden.
Teredo? sp.
Anisomyon alveolus Meek and Hayden.
«  Margarita sp. i :
- Lunatia sp.
Turritella sp.
Aporrhais biangulata Meek and Hayden
Spironema sp. -
Pyramidella sp.
Turbonilla (Chemnitzia) sp.
Fasciolaria (Piestochilus) sp.
Baculites ovatus Say.
Scaphites nodosus Owen?
Placenticeras placenta De Kay.
Serpula sp.

White states. in his report % that these
- fossils indicate Fox Hills age, but Fox Hills,
as he then (1879) used the term, included the
Pierre shale. Twenty years later (1899) R..C.
Hills** referred the Trinidad sandstone to
the Fox Hills. It seems proper, therefore, to
call attention here to the fact that the Fox
Hills of White is not the Trinidad sandstone
but the upper part of the shale which under-
lies this sa,ndstone and which now is called
Plerre :
TRINIDAD SANDSTONE.

' DEFINITION.

The Trinidad sandstone was first described
as a formation in 1899 by R. C. Hills, 3 who
+ defined it from the coal field lying east of Trini-

dad, Colo., as a light-gray sandstone 70 to 80
feet thick (called “Upper Trinidad”) and ‘a
series of thin layers of sandstone and shale
about 75 feet thick (called “Lower Trinidad’’).
The rocks persist with slight variation through-
out the Trinidad coal field and over much of
the Raton field, but the definition requires
modification before it applies to the Trinidad
sandstone of the southern part of the Raton
“field. The “Upper Trinidad” of Hills had pre-
viously -been included in the coal measures, as
the similar sandstone in the Denver Basm 133
is included at the present time, and was some-
times called the basal sandstoneof the coal meas-

. ures and sometimes the Halymenites sandstone

‘zontal, it forms a conspicuous shelf.
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because of the great number of Halymenites

- .| major Lesquereux that it contains.

- The “Lower Trinidad”’ of Hills is a group of
transitional beds, a few feet to 200 feet or more
in thickness, that separate the typical Pierre
shale from the massive “Upper Trinidad”
sandstone. It consists of thin layers of dark-
gray, fine-grained sandstone, alternating with
layers of shale that differ but little from the
underlying * Pierre shale. It is not clearly
separable from' the underlying shale, either in
its physical character or in its faunal relations,
the variation in thickness being due mainly to
the irregularity of the base, while its separa-
tion from the overlying massive sandstone is
usually rather sharp. It is doubtful whether
the transitional beds should be included in a
formation with the overlying sandstone or
regarded as a part of the underlying shale.
However, for the purpose of this paper Trinidad
sandstone is used to designate the massive
sandstone or ‘“Upper Trinidad” of Hills, and
the sandy series or ‘“Lower Trinidad” is ealled
the transitional zone and is included in the top
of the Pierre shale.

CHARACTER AND CONTINUITY.

"The Trinidad sandstone as thus defined is a
massive feldspathic sandstone, usually harder
than the rocks immediately above and below
it, so that in the eastern parts of the Raton
Mesa region, where the rocks are nearly hori-
(See P1..
XIV, A, p. 125.) Many other illustrations in
this paper (particularly Pl. III; p. 38) show
the characteristic appearance of this sandstone.
Along the western margin of the field where

“the rocks are upturned the Trinidad does not

form a conspicuous topographic feature because
of the dominating influence of harder rocks. -
stratigraphically above it; and in the northern
part of the Trinidad field it does not-form a
conspicuous cliff. It is well known throughout
the Trinidad field, and thereis little doubt that
it" constitutes a single continuous stratum of
rock. But this can not be asserted for the
Trinidad sandstone of the Raton coal field.
At the northern end of the Raton field the
Trinidad is as conspicuous as it is at its type
locality near Trinidad, but it is not so well
known over wide areas because mining devel-

v
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The upper group shows the true relations of the beds; the lower group shows the former erroneous interpretation of the relations.
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opment has not been so extensively carried on
as in the Trinidad field. The cliff-making
sandstone in the vicinity of Raton is obviously
the same as the Trinidad of the type locality,
and this has been traced as a practically con-
tinuous layer southward beyond Dawson a dis-
tance of 40 miles or more. South of Dawson,
‘however, the cliff that farther north is formed
in most places by a single mass of sandstone
consists of two sandstones separated by a thin
shale, which thickens toward the south, becomes
carbonaceous, and finally includes a bed of
coal. The upper sandstone also changes in
character toward the south, becoming soft and
shaly in some places, so that it does not form
a part of the “Trinidad cliff.”” The lower sand-
stone, on the other hand, increases in thickness
and becomes the ‘““Trinidad cliff” of the
southern part of the field. (See P1. IV.)

The sandstone cliff is so conspicuous through-
out the Raton field, so uniform in character,
and with few exceptions so well exposed, that
heretofore it has been regarded as a perfectly
continuous formation. A coal bed usually
occurs a few feet above it, which, in the north-
ern part of the field, where mining has been
carried on somewhat extensively, is knewn as
the Raton coal bed. South of Dawson, where
no mining and little prospecting has been done,
the first coal above the sandstone cliff is locally
called the Raton bed on the assumption that
it is the same coal that occurs above the cliff in
the northern part of the field. Because of this
usage the relations may be described in greater
detail than would otherwise be necessary.

Several of the sections measured south of
Dawson in the critical area where the change
occurs have been plotted to the same scale
and grouped in Plate IV in such manner as to
illustrate the relations of the two members of
the Trinidad ‘sandstone to each other and to
the neighboring formations. The upper group
of this plate shows the correlation of the sec-
tions which the author regards as correct.” The
lower group shows the same sections arranged
in accordance with the conception that has
prevailed heretofore but which the author
regards as erroneous. Apparently the error
has heen due to the impression, which the
writer formerly shared, that the sandstone
cliff was in reality as continuous as it appears
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to be from a distance, and that the lowest coal
in all parts of the field represented essentially
the same bed. However, this grouping is
shown to be untenable in the’ vicinity of Ponil
Canyon (sections 12 to 15, Pl -IV), where the
cliff consists of two sandstones about equally
thick, both of which contain Halymenites
major Lesquereux and which are separated by
the thin bed of coal previously referred to. It
was in this canyon that Stevenson® found
a Cardium above the lowest bed of coal. In
tracing this coal bed northward, however, it is
found to become thin and finally disappear.
Also the lower sandstone thins to the north and
finally disappears while the upper one thickens.
There are places in this critical area ‘between
Ponil Canyon and Dawson in which: the beds
can not be followed continuously at the out-
crop on account of brush and slide rock, but
the evidence at hand indicates that the sand-
stoneof the Trinidad cliff of thesouthern-part of
the Raton field thins out south of Dawson near
locality 20 and that it is slightly older than the
Trinidad sandstone farther north; and further
that the lowest coal bed south of Ponil Canyon
(localities 8 to 13, inclusive) is older than the
lowest coal farther north (localities 17 to 22,
inclusive). Furthermore, south of Ponil Can-
yon (localities 8 to 13) there is above the lowest
coal a zone of coal-bearing shale that seems to
be the southward extension of the Raton or
lowest coal bed farther north. It follows, if
exact horizons are traced, that the Trinidad
sandstone of the southern part of the Raton
coal field is not the exact equivalent of the
Trinidad sandstone of the type locality. The
transitional beds. below the - Trinidad of the
southern end of the field probably correspond
in age with the top of the Pierre shale farther
north; the cliff-making sandstone to the tran-
sitional beds; and the lowest coal-bearing rocks
of the south to the massive Trinidad sand-
stone of the type area. These relations are best
shown by the correlation lines in Plate IV.
The cliff-making sandstone in all parts of the
Raton Mesa region represents the last stage in.
the filling of the Cretaceous sea, and the coal
measures above this sandstone represent the
swamp conditions that prevailed after the re-
treat of the sea. According to the somewhat
general usage heretofore employed the cliff-
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making sandstone is here referred to the Trini-

dad and the coal beds to the Vermejo, even:

though it be known that the lower part of the
" Vermejo at the southern end of the Raton field
. is the exact equivalent in time of the Trinidad
sandstone farther north.

- AGE. .

The geologic age of the Trinidad sandstone
has been a matter for considerable speculation,
and it is doubtful whether it is yet beyond the
speculative stage. By some geologists it has

been regarded as Fox Hills because of its strati- |

graphic position between the Pierre shale and
the coal-bearing rocks which heretofore have
been referred to the Laramie. In the Elmoro
.folio, published in 1899, Hills ! states that ‘‘it
'is uncertain what part of the Fox Hills group
* * * jg represented”’ by the Trinidad; in

the Walsenburg folio,# published a year later ‘

he states that it ‘‘probably corresponds to the
upper portion of the Fox Hills formation’’; and
in the Spanish Peaks folio,’! published in
1901, he states that ‘‘the. Trinidad sandstone
[note change from formation] represents some
part, or possibly the whole, of the Fox Hills
group, but on account of its relation to the
Laramie [Vermejo and Raton formations of the
present paper], and the thickening of the lower
zone of the formation northxivard, it is presum-
ably the upper portion only.”” The only direct
evidence of age offered by Hills is an unde-
termined species of Baculites from the so-called
- “‘Lower Trinidad” and the- Halymenites major
Lesquereux, then supposed to be a character-
-istic Fox Hills fossil, from the so-called “Upper
Trinidad.” ’

G. B. Richardson, in 1910, fo]lowed Hills’s
later usage and described the Trinidad sand-
stone as consisting of  an upper massive mem-
ber and a lower thin-bedded member and
collected from it several fossils named in the
“following list. With the exception -of Haly-
menites major Lesquereux, Richardson’s fossils
came from the ‘‘Lower Trinidad,” or the transi-
tional zone of this paper. Those in the same
list from the Raton field came from the massive
- sandstone of the southern part of the field,
which,- although there called Trinidad sand-
- stone, is probably the exact time equivalent
of the ‘‘Lower Trinidad”’ or transitional beds of
the Trinidad field, as has just been explained.
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Fossils from the Trinidad sandstone and underlying transi-
. tional beds.

[Identlﬁed by.T.W.Stanton. Fordescrlptxonsoflocaht,les see pp.66-161:]
Anomia? sp.!
. Avicula nebrascana Evans and Shumard.?

" Chlamys nebrascensis Meek and Hayden.?
Inoceramus barabini Morton.? -
Inoceramus sagensis Owen.!
Inoceramus sp.!
Legumen? sp.!
Mactra warrenana Meek and Ha.yden?‘ )
Mactra sp.?

“Mytilus? sp.!
Ostrea pelluc1da, Meek and Ha.yden 2
Ostrea sp.?

. Panopaea? sp.!

Tancridia americana Meek and Hayden.!
Tellina scitula Meek and Hayden.!
Tellina sp.!
Tellina? sp.!
Fish bones and scales.!
Halymenites major Lesquereux.?

These fossils would be included in a list of
Fox Hills species; but they do not give con-
clusive evidence of Fox Hills age. Halymen-
ites major Lesquereux occurs in the Fox
Hills, but it has also been found in rocks that-
aré much older than Fox Hills. Stanton, who
identified the invertebrates, states that some
of them, such as Awvicule nebrascana, Inocera-
mus barabini, and Inoceramus sagensis, have a

wide range in time, while others, such as

Ostrea pellucida, Chlamys nebrascensis, and
Mactra warrenana, are more restricted and are
known only in the upper part of the Pierre and
in the Fox Hills. Of the eight forms specific-
dlly identified, six range downward into the
Pierre, leaving only two, one of which is
doubtfully identified, that occur only-in the
Trinidad.” Evidence presented later (p. 16S).
tends to correlate the Vermejo of the Canon
City field with the Fox Hills and to place the
Trinidad well down in the Montana. Evidence
from the fossiis found in the Raton Mesa re-

gion has the same tendency. On the whole,

the fossils of the Trinidad sandstone indicate
that its age is upper Montana but apparently
are not -sufficient for more exact correlation.
However, inasmuch as the Trinidad sandstone
lies beneath the Vermejo formation, whose
fossils prove its Montana age, it seems-probable

1From Raton field (collectcd from the massive sandstone or Trinidad
proper).

2From Trinidad field (collected prmc:mlly from the transitional zone
which is now included in the Pierre).

3From Raton and Trinidad fields. -
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that the Trinidad should be placed as far down
in the time scale as the lower part of the Fox
Hills, if not somewhat lower. . .
VERMEJO FORMATION.
NAME AND TYPE SECTION.

The name Vermejo formation was originally
proposed, for use in this paper, for the coal
measures lying immediately above the Trini-
dad sandstone, but owing to delay in the com-
pletion of the paper the name was first used
elsewhere,® ° the formation being correla-
ted according to the evidence herein presented.
This was permitted because it seemed desir-
able to use the principal conclusions without
- waiting for the details.

The Vermcjo formation consists of coal-
bearing sandstone aud shale, principally of
fresh-water origin. The type locality of the
formation is in Vermejo Park, N. Mex.; where

the rocks are well exposed and have a maxi- |-

mum thickness of about 375 feet. Three sec-
tions were measured in Vermejo Park at locali-
tics 123, 124, and 125 (see pp. 143-146). The
rocks are better exposed at locality 123 than
they are in the other places, and this may be
. regarded as the type locality of the Vermejo
formation. The section is as follows:

Section of rocks measured at locality 123, at the southeastern
extremity of Vermejo Park, N. Mex.

{¥or graphic soction see P'l. XXII, p. 164.]

. Raton formation: ) Ft. in,
Conglomerate (top eroded away).......... 20+
Unconformity. .
Vermejo formation: o o
B Y 3

0
Shale, black, carbonaceous at top..... . 3 0
Sandstone, yellow, massive, fine grained,
containing Ficus speciosissima Ward,
Pterospermites undulatus Knowlton, Se-
quoia obovate XKnowlton, Sabal mon-
tana Knowlton, Zizyphus paliurifolius
Knowlton ..o 10 0
COVEred.cceeeeennneneanaea e 33 0
Shale, drab, somewhat sandy............ o220
Coal.. ..o 6 0
Sandstone and shale, not continuously
eXPOSed «evii L 44 0
Sandstone, white, massive, very friable. . 240
Coal (streak). .
Shale, drab...cceeeeeinnnnaa .. 13 0
Sandstone, yellow to white, massive, . .
coarse grained......ooooleeaoiou s 11 0
Shale, verysandy. ... .. ... .. ... 12 0
Sandstone, yellowish white, massive,‘ -
coarse grained, fosmhferoua e 120
Coal.....oo i 10
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Vermejo formation—Continued. ' © Ft. -in.
Shale, sandy, with thin sandstone.. ... .. 41 0
Coal................ e 3+
Shale, sandy...................oLilL. L 15 0.
Coal. ..o .3 6
Shale, yellow, sandy. .. ..... .......... 17 0
‘ Coal.. oo 10
Shale, drab.............ooooll 7 0
Coal. .. .o, 4
Shale, drab.... ... . ... . i 21 0
Sill of igneous rock, much altered, con-
tains'coke. ...l 6 0
Coal, altered to coke at top.......... 3 4
Notexposed. . ... ... ... ... ... ... 19 0
Coal. ... . 1 6
Sandstone, shaly, friable............ ... 38 0
3704-
Trinidad sandstone.......................... 100+
Pierre shale: -
Transitional zone.
Shale (possibly including rocks older than
Pierre; lower 2,300 feet penetrated by
drill). Near the top were found Ancy-
loceras sp., Inoceramus barabini Morton,
Inoceramus sagensis Owen, Inoceramus
vanuxemit Meek and Hayden, Mactra
sp., Ostrea patina Meeck and Hayden,
Scaphites nodosus Owen.............. 2, 530+
3,020+

The Vermejo formation rests conformably
on the Trinidad sandstone and there seems to
have been no time break between them. In
most places the lowest bed of the Vermejo is
shale, and the line of separation between it
and the Trinidad sandstone can be drawn
definitely, but where the lowest bed is sand-
stone, as at loca.hty 123 (p. 143), exact demar-
cation is not easy, although the doubtful zone
is in" few places more than a few feet thick.
The upper limit of the Vermejo formation is
well marked, and the massive basal conglomer-
ate of the Raton formation rests unconformably
on it. At locality 123 the conglomerate rests
on coal, but a few hundred feet away it rests
on shale, and still farther away on sandstone.

THICKNESS'AND EXTENT.

The Vermejo formation has its greatest
observed thickness in the western part of the
Raton Mesa region near the interstate boundary
and thins toward the south, the east, and the
north. All of the sections measured in the
central western part of the region show consid-
erable thicknesses of it (see Pl. XVII, p. 195),
but it reaches a maximum of nearly 400 feet at
Cornell, Colo. (locality 133, Pl. I, in pocket).
Between this locality and Spanish Peaks, a
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distance ‘of 20 miles, the' thickness does mnot
vary greatly, but north of Spanish Peaks it
thins sharply to & minimum observed thickness
of about 31 feet on Cuchara Rlver See ﬁg.
9, p- 158.)

Toward the south the Verme]o formatlon was
not found in Van Bremmer Park, possibly be-
cause of the absence of good exposures; and it
was not observed for about 7 miles'to thesouth.
Beyond this to Baldy Peak (locality 1, Pl I)
the exposures are good and the Verme]o does
not occur; and from Baldy Peak to locality 4,
in Ute Park, a distance of about 6 miles, no
rocks that can be referred to it were found
In Ute Park the Vermejo appears as a wedge
that bluntly thickens to 150 feet or more in
Cimarron Canyon. Thence, northeastward
along the edge of the Raton field, its thickness
- is variable, as shown in detail in Plate V (p. 56).
It thins and disappears east of Koehler and was

not found at the outerop between Koehler and -

Van Houten but is present a little farther to
the west, where it is exposed in the canyons
and where it was penetrated by drill and in
mine shafts. It is absent from Red River Peak
but is present farther north, where it was ob-
served in the canyon walls, mine prospects, etc:
East of Raton it thins out and has not been
‘observed in the Raton field east of locality 81.

In the Trinidad field the easternmost locality
in which the Vermejo was recognized is in San
Francisco Canyon (locality. 94). Farther east
the outerop is obscured by brush. From local-
ity 94 westward it gradually increases in thick-
ness to a maximum of more than 200 feet but
is”irregular (see Pl. XII, p. 118), reaching a
minimum at Bowen, Colo. (locahty 109); of less
than 50 feet. North of Bowen it is less varia-
ble. (See Pl XV, p. 132.)

CHARACTER.

Sandstone.—The sandstones of the Vermejo
formation ordinarily do not form prominent
topographic features. In the northern part of
the Trinidad field a cliff-making sandstone
occurs near thé middle of the Vermejo (see Pl
XVI, B, p. 136), and farther south there is a
sa,ndstone at ‘about the same horizon that Hills
has called the ‘‘parting sandstone.” But in
'most places throughout the Raton Mesa region
the sandstones of the Vermejo are soft and
friable and disintegrate about as readily as the
shale that is associated with them. In many
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places although the sandstones seem, when
fresh, to be well consolidated, they Weathcr
readlly to a’loose granular mass. Attempts to
use these sandstones as building material have
failed because of their rapid disintegration. In
general appearance they do not differ notably
from the underlying Trinidad sandstone, and in

“the southern part of the Raton field those in

the lower part of the Vermejo can not be dis-
tinguished readily from the Trinidad. The
sandstones are usually light gray in color, and
although they are doubtless somewhat lenticu-
lar the lenses are so broad and thin that the
observer receives the impression that the bed-
ding is very regular. In some places it con-
trasts sharply Wlth the obviously lenticular
character of some of the sandstones in the over-
lying Raton formation.

Shale.—In most places the Vermejo consists
principally of shale and shaly sandstone, much
of which is carbonaceous and in which are found
numerous seams or thin beds of coal. This
shale varies in color from coal black through
various shades of buff and tan. No doubt the

“different layers of shale, as well as those of

sandstone, are lenticular, although few distinct
lenses have been traced out. If it be granted
that the thicknesses of the rocks and their
descriptions in these sections and records are
correct, it séems necessary to assume lenticu-

larity. This character becomes obvious when " \
“an attempt is. made to correlate individual .
members of sections and of drill records.

However, because most of the sandstones are
shaly and most of the shales are sandy, and
because no two observers would describe them
in exactly the same terms, the descriptions both
of the drill records and of the sections measured
at the surface are likely to show greater varia-
tions than actually exist.

Coal.—Coal beds occur at many horizons
throughout the Vermejo formation. Indeed,
they are so numerous in some places that it is
difficult definitely to correlate those of contigu-
ous localities unless the individual beds are
actually traced at the outcrop or unless care-
fully measured sections and drill prospects are -

made close together. The coal beds probably
furnish the most reliable data in explanation of
the variations in thickness of the Vermejo.
There seem to be good reasons for believing
that the Vermejo coals were formed in swamps
lying little above sea level, and that a bed of



. GENERAL GEOGRAPHY AND GEOLOGY.

coal represents a surface that was practically
level during the time that the vegetable matter
from which the coal was formed was accumu-

lated. This conception scarcely admits of the:
postulate of extreme lenticularity of the Ver-

mejo beds, and where sections of this formation
measured close together differ notably in thick-
ness and in the number of the coal beds these
differences may be due, at least in part, to re-
moval of the higher beds during post-Vermejo
crosion rather than to extreme lenticularity,
which seems to be a necessary assumption in
case erosion be not admitted.

On the other hand, it is perfectly; well éstab-

* lished that some of the bodies of sandstone and
shale are in the form of broad lenses and that
some of the coal beds also are lenticular and
that others coalesce to form a single bed. There
are beds of coal that have been worked in mines
or prospected along the outcrop to points where
they were too thin to be worked profitably.
There are many places where shale or sand-

stone partings in the coal increase laterally

to considerable proportions. Richardson 2*
has described " a notable instance where a
thick bed of coal is split into two thinner beds
which in less than half a mile became separated
" by 30 feet of sandstone and shale. No doubt
many similar cases will be found as mining
progresses, but where one notable exception of
this kind is found there are probably scores of
" places where the coal beds, although somewhat
variable in thickness, are continuous for long
distances and where the intervals between them
are relatively regular.
tion whether the coal beds of the Vermejo are
more lenticular than those of other fields must
await & much more detailed study than has
yet been given them, but from such facts as are
now known it seems probable that although the
variations in the thickness of the Vermejo for-
mation and in the number of the coal beds may
be due in some measure to the lenticularity of
the beds, it is due in many places to erosion
following the dcposition of these beds—that is,
to post-Clcmccous erosion.

Summary.—In general, the Vermejo forma-
tion consists of shalc, much of which is car-
bonaceous; high-grade coking, bituminous coal,
and light-gray, friable, granular sandstone.
Except for differences in induration the for-
mation 1is relatively uniform in character
throughout the Raton Mesa region, in this re-

Decision of the ques- |
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spect contrasting sharply with the overlying
Raton formation, which varies in character
from place to place and is notably coarser near
the mountains in the western part of the Raton
Mesa region than in the eastern part.

The general differences between' these two
formations is perhaps best described by stating
the writer’s conception of their origin. As the
rocks of the Raton formation consist mainly
of thick beds of sandstone and conglomerate
near the mountains and become thinner and
the material finer away from the mountains
(see p. 58), it seems obvious that the sedi-
ments were derived from the-area to the west
now occupied by the southern part of the Rocky

'Mountains and at no great distance from their -

present resting place. In marked contrast
with this the sediments of the Vermejo forma-
tion were obviously derived from some area
either so low lying or at such a distance from
the Raton Mesa region that no material coarser
than sand of medium-sized grains found its
way into them. The uniform character of the.
rocks throughout a region 50 miles east and
west and 90 miles north and south suggests
the probability that the source of the sediments .
was far away. It may seem on first thought
that -as’ the Vermejo formation is thickest in
the western part of the region and thins toward
the east the sediments must have come from
the west. However, the lithologic character;
of ‘the rocks does not warrant this reasoning, .
and a. critical examination of the geologic sec-
tions in the various parts of the region seems to-
prove that the observed differences in thick-
ness are due principally to erosion.

The conception as just stated is in har-
mony with the known physical conditions ex-
isting in the Rocky Mountain region during
Cretaceous time and with the chanves that.
inaugurated Tertiary time. It seems to be
generally conceded by geologists who are famil-
iar with this region that in early Cretaceous
time the area now occupied by the Rocky
Mountains was one of very low relief,, if not.
actually base-leveled. It is certain that the
Cretaceous formations extended originally over
much of the area now occupied by the Rocky
Mountains, and isolated remnants preserved in
protected parts of the mountains indicate that
the whole area may have been subinerged by
the Cretaceous sea.?® This postulate is wholly -

‘in agreement with such data as have been
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_obtained in the vicinity’ of the mountains in
northern New Mexico and southern Colorado.
The Cretaceous formations are comparable in
thickness and in lithologic character on either
side of the mountains, and sedimentary rocks
above the Dakota sandstone, ranging in thick-
ness from 1,000 to more than 3,000 feet, give
little indication that they were derived from

land masses in the Rocky Mountain region:

rather than from lands at greater distances.
As Cretaceous formations, comparable to each
- other in thickness, hthologlc character, and
stratigraphic succession, occur on either side of
the mountains separated by less than 90 miles,
/it seems reasonable to assume that they may
once have extended continuously over the area
_now occupled by these mountains. Although
minor warpings of the surface may have
caused diffecences in the thickness of the sedi-
ments or even slight emergences in some
places no orogenic disturbances in the southern
part of the Rocky Mountains before the close
of the Cretaceous period left any unmistakable
imprint in the stratigraphic record. At the
close of the Cretaceous came -the first great
upheaval of the mountains, marked in this
region by the unconformlty between the
Vermejo and Raton formations; and the evi-

~ dence derived from the younger rocks indicates’

geographic conditions very different from those

that prevailed while the sediments of “the.

Vermejo were being deposited.
! DERIVATION OF SEDIMENTS.

The question has been raised as to the source
of the Vermejo sediments.

there is a temptation to regard the material as
derived from the mountain area. - But if
this area furnished the material some clear
evidence of that fact should be found—and
thus far it has not been found. The sediments
have essentially the same characteristics in all
-parts of the Raton Mesa region.
stones of the Vermejo are not coarser nor more
massive near the mountains than they are far
from them; nor is the proportion of coarse
‘material crreatel near the mountains in the
western part of the region than in the eastern
. part. ~‘After comparing the material in the
field with that of the Raton, formation, which
was obviously derived from the area now
occupied by the mountains, the writer is
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As the formation |
occurs near the base of the present mountains |

The sand-

MEX.

inclined to doubt such a derivation for the
Vermejo sedimentary rocks and to believe that
these, like those of similar mid-Cretaceous
formatlons of the Rocky Mountain region,
were derived from the continental land masses
that existed during Cretaceous time both east
and west of the interior Cretaceous sea. This
belief is strengthened and to some extent
engendered by the -theory presented by the
writer in a recent paper® that highlands
did not exist in the Rocky Mountain. region in
Colorado and New Mexico *during the Upper
Cretaceous epoch and that. these mountains
began their existence with the Tertiary.
; FOSSILS.

Aside from the fossil seaweeds, Halymenites
major Lesquereux and a Cardium?® found
above the lowest bed of coal in the southern
part of the Raton field, the fossils thus far
found in the Vermejo formation are land
plants. Because of poor exposures due to the
easy disintegration of the rocks few of these
plants were found at the outcrop, nearly all of
the best collections being obtained from the
rock dumps of coal mines. A list, complete so
far as is known at this writing, may be found
in' the table below. Plants found in the Canon
City field that will be described later are

inserted here in order to bring together the

whole Vermejo flora.

Vermejo flora.

{In this flora are included a few species from the Trinidad sandstone,
but as the Trinidad and Vermejo represent continuous doposmon
the plants obviously represent one flora.]

Rocky Mountains.
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Rosellinites lapideus (Lesquereux) Knowl- «

0 o S B N P
Halymenites major Iesquereux. . XXX X .
Hq]ymemtessmatusIeaqucroux A4 X
Chondrites bulbosus Lesquereux. A4 X
Chondrites subsimplex Lesquereux. . X
Caulerpites incrassatus (Lesquereux) Tes-

quereux X Jeaaefs
Acrostichum haddeni Hollick. .....oennnooo]oes]oaifene X .
Polystichum hillsianum Hollick Jeemeleai]eead]eed X |-
Pteris russellii Newberry.....coceveeeneenn.. ceeel X feees X |-
Pteris erosa Lesquereuxe. .......... A X e X feene]e
Peris? SP.cececrenrinencnnannas X |. PO 8
Asplenium? coloradense Knowlton X |-
Aspleniumsp...............l.... PR ORI SR N P
‘Woodwardia crenata Knm\lton ................ XX ool IX

a Common to both Vermejo and Raton formauous
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Vermejo flora—Continued.
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Vermejo flora—Continued.

Vermejo formation of Raton Mesa
Distribution outside of Raton Mesa
Canon City field, lower coal group.
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Stonopteris? cretacea Hollick................ R R PN P I P
Osmunda hollicki Xnowlton. ............... deeee] X eeen]een-
Glelchenia rhombifolia Hollick., .........o...]---- Y P OO B O PN
Gleichonia delicatula? Heor. .. X feee ] XY X
Ancmia robusta Flolljck...... FUR I P Y D FOREN PN
Anomia suporcretacea Hollick............... ceneee ] XXX .
Brachyphyllum cf. B. macrocarpum New- .
DOILY (i ieieieaenenrercancanacesansencans X |-
Abictites dubjus Lesquereux...... X |-
Gelnitzia formosa Heer...:.... X |-
Soquoia roichenbachi (Qeinitz) X
Sequola obovata Knowlton. .. X
Widdringtonia? complanata L X

Taxodium? s
Cupressinoxylon coloradense Knowltor
Cuprossinoxylon? vermejoensis Knowlton
Sparganium? sp
Sabal montana Knowlton_..............
Sabal? ungeri (Lesquercux) Knowltona..... .
Canna magnifolia Knowlton................. EERR
Canna?sp.....oeeiiiisanaas R PP
Juglans coloradensis Knowlton. .
Juglans similis Knowlton....
Myrica torreyi Lesquoroux.
Myrica corincea Knowlton. .
Salix gardneri Knowlton.
Sahx plicata Knowlton...
SalIX Sp.f.ceniiennnnnnnn.
Salix sp. b.
SaliX 8P. C.vveeienii i
Populus? neomexicana Knowlton,
Quercus gardneri Knowlton..... ..
Quercus rockvalensis Knowlton, . .
Ticus dalmatica Lesquereux. ...
Ficus haddeni Knowlton........
Ticus eucalyptifolius Knowlton.
Ficus leel Knowlton.......
Ficus minima Knowlton...
Ficus nowberryana Knowltos
TFicus? starkvillensis Knowltol
Tricus praetrinervis Knowlton
Ticus regularis Knowlton. ...
TFicus rhamnoides Knowlton.
Ticug rockvalonsis Knowlton,
Ficus spociosissima Ward ...
Ticus tesscllata Knowlion. .
Ticus wardil Knowlton. .
Ficus gigantea Knowlton.
TFicus curta Knowlton..
Ficus sp
Artocarpus dissecta Knowlton. . ........... ceee] X euen
Credneria protophylloides Knowlton........ ceee| X
Laurus coloradensis Knowlton. ............. R PN
Liriodondron alatum Newberry .
Platanus? spe.ceeeiiiiaciiiiiannn
Amelanchier obovata XKnowlton
Phascolites crassus Knowlton. .
Phaseolites leoi Knowlton.......
Phaseolites minutus Knowlton. .
Colutea spocioss Knowlton.. .
Celastrus haddeni Knowlvon. .
Celastrus? hesperius Knowlto:
Celastrus? sp
Rbamnus salicifoling Lesquereus
Zizyphus paliurifolius Knowlton
Sterculia corincea Xnowlton. ...
Pterospermites undulatus Know
Pterospermites wardil Knowlton. .
Pterospermites nervosus Knowlton. ..
Iedera rotundifolia Knowlton.............. .

DXXXX T XXXX XXX X
Pyt b

ExxXxx: X

DX

Vitis? fragments ......oo..l
Cissites panduratus Knowlton
Diospyros? leci Knowlton. .
Fraxinus? 8pe.coevecaaenns .
Viburnum anomalinervum Knowlton....... cend
Viburnum? hesperiom Xnowlton........... el
Viburnum montanum Knowlton........... F X |----

Viburnum? problematicum Knowlton...... O N D A .
Viburnum simile Knowlton................. eedende.

a Common to both Vermejo and Raton formations.

KIAHAKXXKXXKXXXXXX

b The only Vormejo species found in the Laramie of the Denver Basin.
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Viburnum rhamnifolium Knowltoa......... el X
Viburnum crassum Knowlton.............. X f-e-
Viburnum Sp. oo oiieeiiii it
Palueoastermc%uirenda Knowltona......... e X
Seedling plant?......................... SN PR 4
Phyllites aurantiacus Knowlton............ e X
Phyllites leei Knowlton._.................... e X
Phyllites nanus Knowlton. .. .. e eeeeeeeaeas v X ]
Phylljtes populoides Knowlton. ...... X |-
‘Phyllites protophylloides Knowlton. S PO
‘| Phyllites rosgefolius Knowlton........ 4 XL
Phyllites sapindus Knowlton...... .. X
| Phyllites castalioides Knowlton.....
Phyllites walsenburgensis Knowlton X
Phyllites neomexicanus Knowlton X
Phyllites ratonensis Knowlton.............. cees
. - - - ] 121617 2642341 15

a Common to both Vermejo al’.\\d‘R:W.?nifon:uation.éi.r~ T
‘POST-CRETACEOUS UNCONFORMITY.- =
Evidence of the post-Vermejo unconformity,
which the writer regards as a part of the gen-

eral post-Cretaceous unconformity of the south- -
ern Rocky Mountain region, was obtained at
many of the localities described in' detail in
other parts of this paper.. In some places well-
marked angularity was noted between the
planes of bedding of the two formations. - The

most conspicuous example of this is 'in Ute
Park, where the base of the Raton formation
transgresses the Vermejo formation, the Trini-
dad sandstone, and a considerable thickness of
Pierre shale. - (See PL. V, p. 56.) Well-marked
angularity was observed in Cottonwood Can-
yon, N.Mex., near locality 48 (fig. 8, p.100), and
in the Willow mine at Van Houten, N. Mex.
(fig. 3, p. 96). At many other localities less con-
spicuous angularity was noted. However, in
many places throughout the Raton Mesa re-
gion the stratification of the Vermejo is so
nearly parallel to that of the Raton forma-
tion that it is quite impossible to determine
whether a slight angularity marks the horizon
of a general unconformity or constitutes a mere
local unconformity such as is somewhat com-

mon in the younger beds of-the region.

At-many of the localities examined in detail
the evidence of erosion at the top of the
Vermejo is unmistakable. Certain easily recog-
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nizable beds such as coal, when traced later-
“ally, dlsappeal abruptly at the line of uncon-
formity; and in some places the Vermejo
formation thins sharply or disappears entirely
" in a manner best explained by erosion. The
relations- of the Vermejo formation to the
younger rocks is fully described on pages 66—
.161. The stratigraphic and structural rela-
tions are indicated graphically in the several
plates of sections (PL. V; PL X, p. 108; PL XV,
p. 132; and Pl. XVII, p. 142), and can best be
understood from study of these plates.
~ Thelithology of the Vermejo formation is suf-
ficiently different from that of the Raton for-
mation to indicate to a close observer, even with-

out the aid of other data, that theyshould not be

included in a single formation; and this physi-
cal evidence of unconformity is abundantly
" supported by the evidence of the two fossil
floras, which are practically unrelated, thereby
showing that the unconformity represents a
long interval of time.
to Knowlton, that the Vermejo formation is
Montana in age and that the Raton formation
is Tertiary. The length of time represented by

© - the unconformlty as indicated by the fossil

plants is commensurate with that indicated by
the observed structural relations and by the
character of the basal conglomerate of the
‘Raton formation. (See p. 58.) In short, the
~ unconformity seems to represent all-of Laramie
-and perhaps: some of late Montana time, for
rocks of Montana age have been eroded away.

If this erosion resulted from uplift in the
Rocky Mountain region, as is postulated in this
paper, it mu<t have been accomplished by
streams of relatively high gradient, and the
resulting surface would naturally be more or

less uneven. This feature is shown graphically |

in Plates 'V, X, XV, and XVII, from which it
appears that erosion cut deeper in some places
‘than in others. In the southwestern part of
the Raton field, north of Ute Park, it cut well
down into the Pierre shale; in the eastern part
of this field between Koehler and Red River
Peak it cut in some places down to the Trinidad
sandstone; and from the mesa region of Raton
it removed all rocks that may have existed
above the Trinidad. These are the only areas
in the Raton Mesa region where the Vermejo
is known to have been entirely removed.
These areas (see PL I, in pocket) are in line
from southwest to northeast, -and this fact

They prove, according

GEOLOGY AND PALEONTOLOGY OF RATON MESA IN COLO.—N. MEX.

suggests rather strongly that.they may be
parts of the valley of one of the major streams
of early Tertiary time, and that this stream
emerged from the mountains at the southern
end of the Raton field in the vicinity of Baldy
Peak .and was flowing in a general northeasterly
direction when deposmon of sediment was

resumed.
< TERTIARY SYSTEM.

RATON FORMATION.
NAME AND TYPE LOCALITY.
Raton formation is the name given to the

‘upper coal measures of the Raton Mesa region

and inclddes all of the stratified rocks between
the Vermejo and the Poison Canyon forma-
tions. The name was first used by Hayden?®
to indicate all of the coal-bearing rocks which
he observed near Raton Mesa. As used by
him it included .the beds now assigned to the
Vermejo formation, but as the Vermejo is not
conspicuously exposed along the route trav-
ersed by Hayden and as most of the rocks
that he called Raton Hills group belong to the
coal-bearing formation above- the Vermejo
the name Raton has been adopted for this
formation.

The type area of the Raton formatlon is the
high mesa region between Trinidad, Colo., and
Raton, N. Mex., erroneously called mountains,
that culminates in Fishers Peak, a sharp pro-
jecting point of the hlghest mesa. No com-
plete section of the rocks is exposed in the
slopes of this highest mesa, called Raton Mesa,
but in the side of Bartlett Mesa north of the
town of Raton, from locality 75 (see PL I, in
pocket) to the southern point of the mesa,
these rocks are well exposed (see section on
pp- 106-107 and PL X, p. 108), and a fairly
complete section was measured with Locke
level.

The details of the coal-bearmg portion of this
formation, given below, were obtained from the
records of diamond-drill holes put down near
Brilliant, N. Mex. The rocks above those
penetrated by the drill are mainly coarse
arkosic sandstone which seems-to grade up-
ward into the Poison Canyon formation. ~The
two coal beds penetrated near the bottom. of

‘the hole are in-the Vermejo formation, but the

position of the Vermejo-Raton contact was not
determined. Below the coal the drill entered
the- Trinidad sandstone. The succession of
beds is as follows: . ’
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SHORT COLUMNAR SECTIONS IN THE RATON COAL FIELD, NEW MEXICO, BETWEEN UTE PARK AND SUGARITE CANYON
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Rocks penetrated by diamond drill near Brilliant, N. Mex. Ft. in.
) Shale. .cumi e 24 7
. Ft. in. CORLe o oo e 4
Surface soil. ....oooooiiiiiiiiiiiiiiiiis 100 0 qpate and sandstone. ..o 21 6
Sandstone.............. R N 3 0 o 6
COiLll .................... ARREEEEEEEE TR 1 8 S]lﬂ.]e .................................. 1 3
Sandstone and shale, alternating layers......... 20 4 COBL. e oo 1 0
Slia]e ........................................ 22 0 Sha'le ........................................ 68 3
002“ ........................ R 5| COL . o oo e e 3
Shale. et e e 22 7 ShAle. oo e e e, 9
Sandstone. . ee vt i 3 0 o T 9
CO&I ..................................... 1 0 Shale .................................... 10
1S 1V 1 TN 4 0 o I 1 9
(070 A 1 0 T 2
[ T £ YN 3 0 Conl. .o 1 4
(07711 AR 1 1 SAnASEONe. - o n e e e e e 10
Shale and 8andstone. ....ooeieeeeeeaerenaaennns 40 11 Coal. oo oo g
Coal.. oo 10 | Shale, SANAY .t iee et et 36 3
1) 1721 T 8 Lo 3
Coal... oo 6 Shale. ..o 3
S T 1Y PN 3 4 Coal. oo oo 3
Goal..ooeieiii S T R 24 0
Shale, sandy...voeee i aaas 44 11 Qandstone. ..o omm oo 17 0o
00&1 ------------------------------------ 4 Shale ......................................... 1 10
SRAlE. .t eeene e i 13 2 C0al. o oo 6
Coal. e 10§ Shale. o oo 3 8-
5] 71 Y N 1 2 S 7
ST D14 £170) 1V SR 7 0 T T 11
3 8 6 CORLe o e 3
Coal..oeneeiriii 9| Shale, sandy.........0 ..o 47 9
ShAlEeae e e 2 o L S 6
Coalueeneiiiii 7| Shale and sandstone, alternating layers......... 14 0
Shale. e ceee i 4 2| Qandstone. ..o oo . 143 0
Coal...ouvvnennnnnne R AR R 10 | Shale, sandy............ e .~ 22 0
Shale, sandy....oooevivieiiiiiiniis - 23 0| sandstone..... i J 71 0
Sandstone.........ooiiiiiii 21 0| Shale; sand Veoeaaaaaann e 25 0
Shale, sandy........ et 13 0| QandStone. . .o on e 37 6
Coal. e 10 Lo S 2 1
Sandstone. ... 15 2| Qandstoncand shale......coooo ooeeeeenenn.... 51 9
Shale. e e 20 O CORL. o o oo, 5
cOoal .. 61 Shale...oooeeeee e 2 3
Shale, sandy....ooooiioioi i 15 6 | SandStone. ... eonmo e 18 0
Sandstone...............o.. REERARAEERL LR 43 0| Sandstone and shale......oooeneeermneeeeennn.. 16 0
Sandstone and shale, alternating layers..... .- - 43 5| Teneous rock....... . e - 50 0
Coal. .. 7 | Sandstone and shale.....eoooeoeeonn... .. 3% 0 .
Shale and sandstone............ ... ... ... ... 18 0 COL o oo e e 2 0
Coal. oo 9 T R 1 7
Shale. oo 2 3 C0al. oo o s 1
c00al. . 6 | Shale and sandstone......c.ooeeeueeeeneennn... 7 4 -
Sh&le ......................................... 15 1 . COal _____________________________________ 3 10
Coal.....ooooniii 10 | Shalew .o 1 9
Shale......coooviiiiii 2 1| sandstone (Trinidad):.........ooeeeennnnnn... 49 8
L 2
Shale and sandstone. .. .....oooeeeeneneeaan... 37 10 THICKNESS AND EXTENT 1,388 1
00l e 3 " ’
) 1T SO 20 3| In Raton Mesa the top of the Raton forma-
Coal....ooooiiiii 3 | tion is about 2,000 feet higher than its base
Sh“‘g’ s‘l‘“dy """""""""""""""""""" 2(1) g and probably at no other locality in the region
OB ’ is so great a thickness of this formation pre-
Shale. oo 3 6" A . .
R R 19 | served. If the strata were horizontal, this dis-
T 1 9 | tance would indicate the thickness of the for-
[077) S 6

‘mation. At locality No. 75, near Raton, ‘the
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formation is about 1,140 feet thick, and in the
western part of the region, at Tercio, Colo., it
is about 1,650 feet thick. Unlike the Vermejo,
the Raton formation is essentially continuous
throughout the region, the only interruptions
in its continuity bemg such slight ones ‘as those
at Morley and in Vermejo Park, where the
strata were domed and the rocks removed by
erosion ‘from the crests.” The outline ‘of the
Raton Mesa region, shown on the map (Pl. I,
in pocket), is essentla.]ly the boundary of. the
Raton formation. ‘ o

CHARACTER AND DISTRIBUTION

Rcmge —The rocks of the Raton forma’mon
vary in character from coal and carbonaceous
shale to sandy shale, sandstone, and conglom-
erate. In most places the rocks weather to
- yellowish brown. Most of the conglomerate
- occurs at-the base of the formation, but in the

southwestern part of the Raton field conglom-

erates were found far above the base. Coal
- occurs throughout the formation, but the prin-
cipal beds are gouped so that at Ieast two coal-
bearing zones are recognizable—a lower one, in
which the coals are only loca]ly of commercial
importance and-an upper one in which several
thick.beds occur.

Basal conglomerate.—The base of the’ Raton'

formation in nearly all parts of the Raton Mesa,
region is conglomeratic. In the western part
of the region this conglomerate contains much
arkosic material, is several hundred feet thick,
and is coarse, massive, and resistant, but it thins
and becomes finer grained toward the east. It
varies greatly from place to place in thickness
-and in character, and in some places it can be
distinguished from the sandstones higher in the
formation only by the closest observation. In
the vicinity of Raton it is represented by a thin
quartzose sandstone in which only a very few
small pebbles have been found; also, near Trin-
idad, Colo., there are many places where it is
difficult to determine the line separating the
Raton formation from the Vermejo; but in the
western part of the region south of Spanish
Peaks, in the southern and eastern parts as far
north as Canadian River, and in the eastern
part of the Trinidad field north of the city of
Trinidad there is little difficulty in recognizing
the conglomeratic sandstone that constitutes
_ the base of the Raton formation.

GEOLOGY AND PALEONIOLOGY OF RATON. MESA IN COLO.—N. MEX.

The basal conglomerate consists of a matrix
of firmly cemented sand, usually more or less
quartzose, in which are embedded pebbles con-
sisting mainly of quartz, quartzite, and chert
varying in size from small grains to masses.6
inches in diameter. The pebbles are unevenly
distributed—in places in 1rregular masses many
feet thick, in places in small ““pockets,” and in
places smgly In character the pebbles are
varied—near Vermejo Park and elsewhere were
found some of coal; and in the hogback farther
west and north were found pebbles apparently
from the Trinidad sandstone; quartzose sand-
stone similar to the Dakota conglomeratic
sandstone -similar to the conglomerates of the
Purgatoire formation; petrified wood that may
have come from the Vermejo or from the Da-
kota; red sandstone that could have come only
from the red beds stratigraphically below the
Dakota;. cherty limestones with impressions of
crinoid stems, such as are found in the lithestone
below the red beds; pebbles containing horn
corals, such as are found in the limestones of the
Pennsylvanian rocks (p. 42); quartz; quartz-

ite; jasper;several sorts of cherts;igneous rocks,

some of which are coarsely crystalline, like the -
granites of the mountains to the west and some
fine grained, like those found in dikes of the
mountain region; and pebbles of feldspar up to
half an.ineh or more in diameter, most of them
kaolinized, but some of them still retaining their
original form sufficiently to show cleavage faces. -
The character of the conglomerate strength-
ens the postulate (p. 56) that one of the main
streams of early Tertiary time entered the
Raton, Mesa region from the southwest near
Baldy Peak, and indicates that this stream
probably carned much of the sedirhent that
formed the Raton beds. In the southwestern
part of the Raton field the pebbles attain their
maximum size and the conglomerates their
maximum thickness. The sandstones farther
to the east and south, which lie above the lowest

_conglomerate (see Pl. VI, p. 68) and which are

in part equivalents of the higher conglomeratic
beds to the northwest, are much thicker and
more massive than sandstones at the same hori-
zon in the eastern parts of the field. In brief,
the Raton formation is coarsest and thickest in
the southwestern part of the field and becomes
thinner, finer grained, and more shaly toward
the northwest. ‘
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Lower coal zone.—In many places in the east-

ern part of the Raton Mesa region a zone of coal-

bearing shale occurs in the lOWCI part of the
Raton f01 mation.
east of Raton, where several mines have been
opened on the thickest coal (here known as the
Sugarite bed), which occurs about 100 feet
above the base of the Raton formation. . This

zone of coal-bearing shale is known to extend |

southward beyond Dawson, and it is rather
definitely identifiable in the eastern part of the
Trinidad field, but in the western and extreme
southern part of the Raton Mesa region it was
not recognized. Its place there seems to be
occupied by sandstone or perhaps even by con-
glomerate.

Cliffs or ““barren series.”—A series of beds"

consisting principally of coarse-grained sand-
stone occurs above the lower coal 2 zone and out-
crops in the cliffs that form an almost continu-
ous escarpment along the eastern margin of the
Raton field and in the precipitous walls of most
of the canyons. (See Pl. VI, p. 68, and Pl
VIII, p. 94.) In the Trinidad field these sand-
stones are recognizable in the measured sections
and the drill records, but they do not form-a
conspicuous escarpment as they doin the Raton
field. These rocks are 600 feet or more in
thickness in the southern part of the Raton
field but thin northward t0200.0or300 feet. Be-
cause no coal of commercial importance has
been found in them they are locally known as
the “barren series.”” In the western and ex-
treme southern parts of the region this series
blends with the underlying conglomerate. . (See
Pl. X, p. 108; and P1. XVII, p. 142.)

Upper coal zone.—The principal coals of the
Raton formation occur in a series of alternating
sandstones and shales above the ‘‘barren se-
ries.”  This upper coal zone is recognizable
quite generally throughout the Raton Mesa
region. The lowest coal beds in the zone have
been ‘developed at Yankee and at Brilliant in
the Raton field, and the higher beds are known
in prospect openings made in many places
throughout the eastern part of this field. In
the Trinidad field these upper coals are mined
at Primero, Segundo, Delagua Rugby, and
elsewhere.

MEASURE OF POST-CRETACEOUS EROSION.

Some of the author’s reasons for believing
that the southern Rocky Mountain region was
submerged by the Cretaceous-sea and that the

This is perhaps best known,
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Upper Cretaceous formations extended con-
tinuously over it have already been ‘given in
this paper (p. 37) and have been more com- |
pletely "stated in a separate publication.2®
According to the measurements (see P 41)
of the several formations now exposed in the
foothills along the mountains the conglomerate
at the base of the Raton formation is strati-
graphically more than 18,000 feet above the crys-
talline and metamorphic rocks that furnished
most of the pebbles found in it. If it could be
demonstrated that the older sedimentary for-
mations were conformable and once extended

 continuously over the now uplifted area, this

figure might be accepted as an adequate meas-
ure of the post-Cretaceous erosion, but they are
not conformable with each other and there is
doubt as to their original distribution. How- -
ever, the Upper Cretaceous sedimentary rocks
are conforma,ble throughout and in order that
pebbles of sandstones from the Dakota and
from the still older red beds might be incor-
porated in .the conglomerate there must have
been differential uplift and erosion of more than
4,000 feet. It is probable that the erosion was
much greater than this, but it is perhaps unsafe
to make the figure larger, for it is practically
certain that the crystalline rocks of the moun-
tain area near by were exposed at the surface
during the formation of the red beds and that.
they furnished the boulders of granite and of
other crystalline and metamorphic rocks found
in these red beds. It is equally certain, how-
ever, that the highlands had been reduced to
low relief previous to the deposition of the Mor-
rison formation, for no material .coarser than
sand has been observed in the Morrison in the
Raton Mesa region, though there must have
been highlands at no great distance to furnish
the pebbles found in the Purgatoire. No frag-
mental material coarser than sand has been
found in the Upper Cretaceous of this region -
above the Dakota, and the rocks consist princi-
pally of shale. ,
Cross has estimated * that during the period
of post-Cretaceous erosion in the Denver Basin
14,000 feet of sedimentary rocks were cut away.
Computed in a similar way the amount of -
post-Cretaceous erosion in the Raton Mesa
region would seem to be at least as great. But
this method of measuring the amount of ero-
sion seems open to criticism. However, al-’
though a definite measure of the uplift and
erosion may not be possible, the known facts -
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seem to prove that the post-Cretaceous uncon-

formity in the Raton Mesa region represents

a period of erosion whose duration is compara-

ble to that of post-Cretaceous erosion in the

Denver Basin. o ' '
LOCAL UNCONFORMITIES.

In some places local unconformities occur
within the Raton formation. A rather con-
spicuous one was observed in the canyon of the

‘ Purgatoire near Weston and another in the
canyon of the Canadian. The beds of the
Raton formation are so lenticular in some places
that exact correlations of individual beds in the
measured sections is difficult.. :

’ " FOSSILS.AND AGE RELATIONS.

The Raton formation in all parts of the
Raton- Mesa region contains great numbers of
fossil plants, of which 150 have been described

.and are named in the following table of fossil
plants.
in the Wilcox group of the Gulf coast—a group
‘known to be of Eocene age not only because
of its fossil plants but because of its inverte-
brate fauna and its position above a formation
(Midway) that contains distinctively Eocene
invertebrates and which in turn lies uncon-
formably on rocks of Cretaceous age.??
The relation of the Raton flora to the Arapa-

hoe, Denver, Dawson, Fort Union, Midway,

and Wilcox floras is discussed by Knowlton in

the accompanying paper and need not be re-.

peated here. Berry #° has shown that these
floras are closely allied to each other, that they
are early Tertiary in age, and that they are es-
sentially synchronous with the basal Eocene
of Europe. The paleontology is in perfect
accord with the structure in indicating the
early Tertiary age of the Raton formation.

Raton flora.

[A few of the sﬁecies of this list are described from specimens from the
Poison Canyon formation, but as the same species occur in the Raton
formation these are properly included 1a the Raton flora.]

Outside dis-
tribution
Gulf region.
Dawson ar-
kose.o
Denver for-
mation.

Dryopteris? cladophleboides Knowlton..

Dryopteris? sp.....ooeneiiii i b I I A

Pteris erosa Lesquereuxbd.
Pteris russellii Newberry.
P’teris linearis Knowlton. . ..
Asplenium? primero Xnowlton. .. aeefe .
Angmia occidentalis Knowlton...... P P JRRN P

aThe Dawson flora as revised by F. H. Knowlton for this paper consists

. . of 45 forms, 35 of which are specifically named; 17 of these species are

found 1n the Raton formation. (See pp. 170-171.)
b Common to both Vermcjo and Raton formations—4 species.

Lo

-Populus neotremuloides Knowlton

A large number of these plants occur’

.Magnolia leei Knowlton.........

| Cinmamomum? ficifolium Knowlten..
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Raton flora—Continued.
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Alismaphyllites erassifolium Knowlton............. SO DR PN N PN

Phragmites oeningensis Alexander Braun....... d X ... X

Oreodoxites plicatus Lesquereux.............. A X el X

Sabalites grayanus (Lesquereux) Lesquereux. XXX X

Sabhal inquirenda Knowlton................... S [ R N P

Sabal? rugosa Knowlton....
Sabal? leei Knowlton

Sabal ? ungeri (Lesquereux) Knowlton .......... 1Y RS PN DN S
‘‘Geonoma’’ gigantea Knowlton ...........o.oo.ueen. RPN R D P
Geonomites tenuirachis LesquerenxX.................. X ----
Palmo~arpon palmarum (Lesquereux) Knowlton b...| X |[....
Juglans acuminata Alexander Braun .-
Juglans nigella Heer....... PO Y
Juglans minutidens Knowlton. .
Juglansberryi.................
Juglans rugosa Lesquereux . ..
Juglans rhamnoides Lesquereus
Juglans sapindiformis Knowlton
Juglans sapindoides Knowlton. .
Juglans schimperi Lesquereux. ...

Populus, female ament. ..
Fagus pa}izracea Knowltor

Castanea intermedia Lesciue_
Quercus fisheriana Knowlton.

Quercus simplex Newberry........cooceavean... R ..
Quercus? neomexicana Xunowlton............. Y PSP S DN U
Quercus? ratonensis Knowlton............... 3 X |. e
Dryophyllum aquamarum? Ward............... 1S PR PR N POt
Dryophyllum moorii (I.esquereux) Berry....... el X X eeee]enns
Dryophyllum tennesseensis Berryeeeeee e aeeeeennn.- X | Xe|oaae]ennn
Ulmussp...... R PR Y RPN PR P
Ficus artocarpoides J.esquereux..........co.ooooanan XX |.....-.
Ficus aguilar Knowlton. ...l R RN PR
-Ficus unzata T.esquereux ......ocoveieiieaiianaa.. X X |o-ofeenn
Ficus duplicata Knowlton............. ., Dl I U B4
Ficus oceidentalis (Lesquereux) Lesquereux......... X | X |....] X
Ficus harrisiana Holiick. ....ooooeaiii o oant XX |oae|ernn
Ficus denveriana Cockerell...... L XXX X
Ficus neoplanicostata Knowlton................... [ R I G PR
- Ficus planicostata clintoni (Lesquereux) Knowlton..| X |....[....| X
Ficus latifolia Lesquereux...... Y X|X|{X]|----
Ficus pseudopopulus Lesquereux. X | X [..-eonn
Ficus.praetrinervis Knowltone .............. ... ... R PO .
Ficus schimperi Lesquereux. ... X | X |. .-
Ficus? smithsoniana I.esquereux X ...

Ficus richardsoni Knowlton
Ficus minutidens Knowlton
Ticus ratonensis Knowlton.
Artocarpus similis Knowlto
Aristolochia? elongata Know.
Castalia leei Knowlton S
Nelumbo lakesiana (Lesquereux) Knowlton.........
Magnolia angustifolia Newherry..............c.c.o.. X
Magnolia laurifslia Lesquereux.. ..
Magnolia hilgardiana I.esquereux.
Magnolia magnifolia Knowlton....

Tton

Magunolia leslevana Lesquereux.
Magnolia regalis? Feer.........
Magnolia rotundifolia Newberry
Magmolia cordifolia T.esquereux.
Laurus? caudata Knowlton.....
Laurus ratonensis Knowlton....
Laurus? coloradensis Knowlton.
Laurus pedatus? Lesquereux.. ..
Laurus socialis Lesquereux. . . P
Laurus utahensis I.esquereux........................ RS SO PRI PRI
Nectandra lancifolia (1.esquereux) Berry............. X | X feeerfenns
Oreodaphne? ratonensis Knowlton............. et O U PR IO

X
XXX X

X
p%

L
DX

Cinnamomum linifolium Knowlton...
Cinnamomum mississippiense? Lesque
Liquidambar cucharas Knowlton
Platanus aceroides Goppert. . ..
Platanus aceroides cuneata Kno
Platanus aceroides latifolia Knowlto:
Platanus guillelmae Goppert ..
Platanus guillelmae heerii Knowlton................
Platanus platanoides (Lesquereux) Knowlton........ .
Platanus raynoldsii Newberry. . ..................... X |oenn
Platanus rhomboidea Lesquereux. N
Platanus? regularis Knowlton...
Cercocarpus orestesi Knowlton. JRP RN P P
Prunus coloradensis Knowlton................... ... PR N D
Leguminosites arachioides I.esquereux. . ............. X | X [.... X

Sophora nervosa Knowlton. .._..................... o R S

a Common to hoth Vermejo and Raton formations—4 species.
b Common to Raton formation and to Laramie of the Denver Basin—2
species. Co . .

X
X
o




. Cassia fisheriana Knowlton.........
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Raton ﬂora—Continhed.
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Cassia richardsoni Knowlton................... e

Cussia sapindoides Knowlton......

Inga heterophylla Knowlton.....
. Carapa eolignitica ?
. Nanthoxylum dubium Lesquereux.....

Euphorboearpum richardsoni 1{now

Rhus viburnoides Knowlton.......

Celestrus serratus Knowlton........

Celastrus? $p.o.voceveeiiiiiieniann,

Ao uonrmus s;ilendens Berry........

Acer {ragilis Knowlton.............

Sapindus caudatus Lesquereux. ....

Sapindus aflinus Newberry

Sapindus rocklandensis Knowlton.

Rhamnus cleburni Lesquereux.....

Rhamnus goldianus? Lesquereux

Rhamnus? woottonensis Knowlton.

Rhamnus obovatus Lesquereux..

Rhamnus fischeri Lesquereux. .. .

Berchemia multinervis (Alexandel

Paliurus zizyphoides Lesquereuxa............

Zizyphus fibrillosus (Lesquereux) Lesquereux

Zizyphus meiggsii (Lesquereux) Berry........

Apcibopsis? ncomexicana Knowlton..........

Tilia sl)ocioslssima Knowlton.......

Stereulia berryena Knowlton.......

Dombaeyopsis magnifolia Knowlton

Vitisolriki Fleer.....ovvieeiannn....

Vitis leei Knowlton..............

“Vitis? platanifolia Knowlton. ..

Vitis inominata Knowlton:....

‘Cissus grossedentata Knowlton

Cissus lagvigata Lesquereux..

Aralia colorndensis Kknowlton

Aralia? serrata Knowlton......

Cornus ncomexicana Knowlton. .

Cornus studeri? Heer..oooooavnn..

Nyssa lanceolata Lesquercux...

Nyssa? racemosa Knowlton....

Andromeda? lanceolata Knowlton,

Andromeda scripta Knowlton........ooeuun...

Chionanthus membranaceus Knowlton........

Apocynophyllum lesquerguxii Ettingshausen.

Apocynophyllum wilcoxensis Berr,

Apocynophyllum linifolium Knowlt

‘Viburnum contortum Lesquereux.

Viburnum speciosum Knowlton..

Viburnum magnum Knowlton...

‘Viburnum woottonianum Knowlton..

Viburnum lakesii Lesquereux.........

Palaccaster inquirenda Knowlton b,

Carpites coffeaeformis Lesquereux..

‘Carpolithes spinosus Newherry... R N B S

Phyllites retusoides Knowlton.......... S P, ..

XX:

Pxxxi

X
P
PX

XX
Pxxxi
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9 a Common to Raton formation and to Laramie of the Denver Basin—
2 spocies. , .
b Common to both Vermejo and Raton formations—4 species.

POISON CANYON FORMATION.

The Poison Canyon formation is only in-
cidentally involved in the subjects discussed
in this paper. However, because of its rela-
tion to the underlying' Raton formation, and
because it contains certain fossil plants that
are also included in the Raton flora, some men-
tion’ of it seems necessary. It has been cor-
related with the Denver formation, principally
because of lithologic resemblances and supposed
stratigraphic position. While working in the
Trinidad field, the members of Richardson’s
party found several fossil plants in these rocks
“that proved to be specifically identical with
those in the Denver formation. However, it
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was found later that these species occur also in
the Raton formation and that the fossil floras
show little difference in age between the
Raton and the Poison Canyon formations.
Furthermore, as the Poison Canyon beds have
not been examined with sufficient care to
determine their variations in character and
appearance, it is not always possible to ascer-
tain whether the rocks at a given locality be-
long to the Raton or to the Poison Canyon
formation. However, the two formations
have generally been regarded as unconformable
‘with each other, although difficulty has been
found in tracing the contact. It seems pos-
sible that the Poison Canyon and Raton for-
mations may differ but little in age and that
their physical differences may be due to local
variations in the conditions of sedimentation,
as Richardson®* has suggested for the Arapahoe,
Denver, and Dawson formations of the Denver
region. Although a general discussion of the
relation. of the Poison Canyon to the Raton
formation is beyond the scope of the present
-paper, the foregoing statement will explain
why some of the fossil plants collected from
the Poison Canyon formation are appro-
priately included in the Raton flora. Several
collections preserved in the National Museum
are labeled as coming from the Poison Canyon
near the line of ‘contact with the Raton for-
mation. The species represented in these
collections are identical with those from the
Raton formation; but some of them are better
-preserved and have been used for illustration
in the accompanying paper by Knowlton.
The locality at which each lot of fossils was
obtained is indicated by the lot number on the
map (PL I, in pocket), and all the information
at hand concerning each lot is given on pages
66-161. '
GEOLOGIC HISTORY.

PRE-PALEOZOIC TIME.

A brief account of the principal geologic
events that have been recorded in the Raton
Mesa region may be of service in clarifying
some of the relations described. The oldest
rocks of the region are the crystallines of pre-
Cambrian age that constitute the core of the
Culebra Range. Some of the finer-grained
crystalline rocks may represent ancient’ sedi-
ments, but the coarse-grained granites prob-
ably resulted from the slow cooling of a liquid
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magma below- the surface of the earth, and were
exposed at the surface only when they were
elevated and the overlying rocks removed by
erosion.

'PALEOZOIC EVENTS.

During a great part of the Paleozoic era,
when large areas of North America were cov-
ered with epicontinental seas which shifted in
position from time to time and in which were
deposited the sediments of the several forma-
tions of early Paleozoic- age, the Raton Mesa

region either remained above sea level or was |

cleared by later erosion of such early Paleozoic
sediments as may have accumulated there.

- The latter alternative is the more probable, for

‘small rernnants of sedimentary rocks formed
in Cambrian and Ordovician -seas are found
along the mountain front north of this region

and larger remnants south of it. Also, in cen- |

tral New Mexico there are remnants of sedimen-
'tary formations of Devonian and early Carbon-
iferous NlSSiSSlpplan) age, the latter extending
northward into Colorado. In early Pennsyl-
vanian time considerable portions of the south-
ern Rocky Mountain region were above sea level
. and nonmarine deposits accumulated in many
These contain thin beds of coal,
with which are found plants representing an
early Pennsylvanian (Pottsville) flora. . Central
Colorado and areas farther north remained

above sea level, but southern Colorado and

New Mexico sank beneath the sea and accu-
mulated a thick limestone formation. In the
mountains west of-the Raton Mesa region the
limestone layers seem to interfinger with coarser
‘material indicative of near-shore conditions.
Later in Pennsylvanian time this limestone was
brought above sea level and eroded to some
extent, so that in some places pebbles of it are
found in the conglomerates of the younger sedi-
mentary rocks. These rocks, which also have
been classed as Pennsylvanian, are in part the
red beds of the southern part of the Rocky
Mountain region.! Some of these were depos-
ited in the .sea and contain marine shells.
Others consist of coarse sand and conglomcrate
and may represent upland accumulation. On

the whole they represent a long, complicated

‘history that has not yet been fully worked out.

1 Since this account was written evidence has been obtained that the
red beds here assigned.to the Pennsylvanian are probably Permian,
hence the unconformity and conglomerate here referred to as mid-
Pennsylvanian probably marx the base of the Permian of this region.

_ oﬂ" the tops of the domes.
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The detritus from the highlands that probably .

| occupied about the same place as the present

Rocky Mountains was carried to the lowlands .
by streams and deposited there in part as allu-

' vial wash. Some of it was carried beyond these

lowlands to shallow shifting bodies of water,

‘some of which may have been saline lakes and -

others were arms of the sea. These waters

evaporated, leaving in some places layers of salt

and gypsum interbedded in places with shale

and in other places with limestone, both of

which contain shells of marine or brackish-

water mollusks. The red bed -accumulation

continued through Permian and into Triassic

time. The salt and gypsum beds of Pennsyl-
vanian, possibly also of Permian age occur south

of the Raton Mesa region but not north of it.

MESOZOIC EVENTS.
TRIASSIC AND JURASSIC TIME.

Little is-known of the plane of separation
between Paleozoic and Mesozoic in this part of
the continent, but it is certain that some of
the fine-grained sedimentary rocks of the
upper part of the red beds accumulated dur-
ing the Triassic periods of waters that were
fresh enough in some places to be inhabited by
unios and belodonts. Triassic sedimentation
was mterrupted by a movement that domed
the strata in some places in northeastern New
Mexico,® and probably also lifted the mountain
region to some extent. Renewed erosion planed
Beds of sand covered
the truncated edges of the older strata and
hardened into the Exeter sandstone, which
may be of Jurassic age, though no fossils have
been found in it: It is well exposed in the
walls of the canyons east and south of the
Raton Mesa region. There are some reasons
for believing that the Wingate sandstone of
northwestern New Mexico and the La Plata
sandstone of southwestern Colorado were formed
about the same time and under similar condi-

tions.
CRETACEOUS TIME.

- In early Cretaceous time, or possibly in late
Jurassic, although the writer deems this im-
probable, the streams of this region, as well
as those of the whole Rocky Mountain region
from New Mexico to Montana and from Utah
to Kansas, spread out sediments that were’
variable in color and ranged in composition

| from limy mud to fine-grained sand and in -
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some places even to conglomerate. These
beds consolidated into the Morrison formation,
which underlies the Raton Mesa region and
crops out on all sides of it. In some places it
contains fresh-water-shells and the remains of
land mammals, and in other places the bones
of gigantic dinosaurs that lived in the swamps
and streams and.-on the shores of the shallow
temporary lakes. The mountains that fur-
nished the coarse sediments in late Pennsylva-

nian or Permian time had been worn down, and-

the sediments of the Morrison formation were
deposited over most of the area formerly occu-
pied by them. o

The stream deposition of Morrison time was
probably accompanied by the slow subsidence
of alarge area that included the Rocky Moun-
tain region. This movement culminated later

in the occupation of the interior by the sea.’

Late in the Lower Cretaceous Morrison sedi-
ments of varied constitution and color were
covered with sediments that have uniform
constitution and color over a wide range.
The first of this new material was light-colored,
relatively pure quartz sand and fine conglom-
erate, followed by dark shale in places. These
deposits hardened into the Purgatoire forma-
tion. They dénote a great change in the
physical conditions of the region, but possi-
bly no great lapse of time, for in few places has
any indication of a lapse in time been found
between the Purgatoire and the underlying
Morrison. The change denotes the advance
of the sea over an area which had formerly
been occupied by marshy lowlands lying but
little above sea level and -therefore a change
from stream deposition to marine deposition.
* The subsidence, possibly accompanied also by.
a rise of the sea level, had progressed at
the close of this epoch. far enough to allow
the sea water from the Gulf of Mexico to in-
vade the interior as far at least as the present
mountain front and probably much farther.

The truncated edge of the Purgatoire forma-

tion, there upturned, indicates that it once

extended considerably farther,?® possibly to

the west side of the mountains, where similar

sediments may prove to be of Lower Cretaceous

age, although no direct evidence of this corre-
lation has yet been found.

- Thé Purgatoire formation was covered in

turn by the Dakota sandstone, the oldest of

the formations now generally acknowledged to

63

bz of Upper Cretaceous age. A time interval
may be represented by the contact of the Pur-
gatoire and the Dakota, but there is little evi-
denceof an interval of intersystemicimportance .
in the Rocky Mountains. At the beginning of
the Upper Cretaceous epoch the Rocky Moun-
tain region had been planed down nearly to sea
level.?*® Thisregion was included in the subsid-
ing area, and the sands of the Dakota were
widely distributed over it. Continued subsid-
ence, accompanied, perhaps, by continued rise
of sea level, resulted in the formation of the
broad interior basin of Upper Cretaceous time.
In this basin were deposited the sands, muds,
and limy ooze, which hardened into the marine -
formations of Upper Cretaceous age, and on
its shores were accumulated the beds of peat
which later formed the Upper Cretaceous
coals. The rate of sedimentation in this.
basin was comparable with the rate of sub-
sidence, and probably at no time was the sea
very deep. In many places it was so shallow

‘that sediments were distributed somewhat

uniformly over large areas of its floor, proba-
bly by the action of waves and currents.

‘Many times during the Upper Cretaceous

epoch portions of the basin extending well
toward its center were filled with sediments

.to the limit of marine deposition, and on these

low-lying lands grew the luxuriant vegetation
which accumulated in broad swamps as muck
and peat.?®

The coal beds and other features indicating
nearness to land in the southern Rocky Moun- .
tain region in early Upper Cretaceous time are
found mainly in central New Mexico and in
western Colorado. In the Raton Mesa region
open-sea conditions prevailed until after the
middle of the Montana epoch. By this time
the filling of the basin with sediments derived
mainly from the west and southwest had pro-
ceeded to such an extent that shore conditions
were established in the Raton Mesa region:
The sediments delivered by the streams were
washed by the waves and currents of the sea, ~
and the sands were deposited near the shore.
These hardened into the Trinidad sandstone.

When the sands of the Trinidad had filled
the sea in this region to the limit of marine
deposition, coastal swamps developed, in
which -accumulated the vegetable matter of
the Vermejo coal beds. The later Cretaceous
events of this region are not known, for the
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evidence of them has been destroyed by ero-
sion; but farther north, near Canon City,
Vermejo fresh-water sedimentation,
rupted at times by temporary incursions of
the sea, continued until a thickness of 1,000
feet or more of strata had accumulated, and
farther north, in-the- Denver Basin, the sedi-
ments of a formation generally regardedas
still younger, the Laramie, were deposited. If
‘tocks of Laramie age were ever formed in the

Raton Mesa region, they were removed by later !

erosion,
POST-CRETACEOUS UPLIFT AND EROSION.

Cretaceous sedimentation was terminated in

the Rocky Mountain region by a general with-

drawal of the sea waters from the continent.
This was probably due in part, but not wholly,

to a general lowering of sea level, possibly be-1{

cause of some readjustment in the interior of
the earth that increased the. capacity of the
ocean basins. The.withdrawal .of the water
was accompanied by a differential movement

of the rocks which left the mountain region'

above sea level. The resulting erosion gave
rise to the post-Laramie unconformity of the
Denver region, the post-Vermejo unconformity
of southern Colorado and New Mexico, and the
post-Cretaceous unconformity of the Gulf
coast. These are probably local manifesta-
tions of a general post-Cretaceous erosion which

affected the whole southern Rocky Mountain |

region and may in time be found to have af-
fected other regions. - The diastropic move-
ment that resuscitated the mountains whose
roots had been buried: beneath the Cretaceous

strata changed the Rocky Mountain region |

from an area of general downwarping to an
area of general upwarping and resulted in many
~local orogenic movements and in the extrusion
of andesitic and other lavas. These seem to
be parts of the world-wide changes in the dis-
tribution of land and sea which havé. been re-
garded as appropriately closing the Mesozoic
. and opening the Cenozoic era.
" Although the post-Cretaceous uphft in the
’ Rocky Mountain region had great significance
in that it marked the close of a long period of
quiescent conditions and inaugurated a period
characterized by great mountain-making move-
ments and intense volcanic activity; it was
probably less in actual magnitude than some
of the uplifts which followed.' However, the
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of the Spanish Peaks irruption.
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dlﬁ’erentlal upllft must have amounted to sev-
eral thousand feet, for the Cretaceous beds

that had covered the mountains were eroded

from them in some places and the pre-Creta-
ceous rocks were exposed. All rocks younger
than the Vermejo which may have been formed
in the Raton Mesa region, were removed, and
the Vermejo itself was reduced to a maximum .
thickness of about 400 feet in the western part
of the region and removed entirely from the
eastern part. . '

'

" CENOZOIC EVENTS.

. TERTIARY SEDIMENTATION AND EROSION.

The post-Cretaceous uplift and erosion were
followed in the Raton Mesa region by the accu-
mulation in early Tertiary time of the stream
and swamp deposits that constitute the Raton
formation. This deposition may have been
caused in.part by a subsidence of this region,
but if so it was not sufficient to allow marine
waters to return, for no marine beds have ever
been found in the Tertiary formations of the
Raton Mesa region. - At first the streams de-
posited sand and gravel derived from the
highlands to the west; but later they deposited
finer sediments, mainly mud, over their broad
flood plains, on which grew numerous semitrop-
ical plants that, supplied the vegetable matter
for the coal beds of the Raton formation.

Tertiary rocks younger than Raton wero
formed in this region and were later eroded
away. Remnants of them remain in the
northern part, where they form the Poison
Canyon, Cuchera, and Huerfano formations.
These were later cut by intrusive igneous rocks
At about the
same time broad low flexures were formed east,
of the mountains. Sometime within the Ter-
tiary, probably near the middle of the period,
sedimentation was brought to a close in the
Raton Mesa region, and the latter part of the
period was occupied in producing a peneplain
which beveled all the Tertiary beds previously
formed and all of the Cretaceous down to the
Dakota sandstone. On this plain thin beds of -
gravel were deposited, supposedly in late Ter-
tiary time, and. over them were poured great
floods of molten basalt, remnants of which still
remain a8 the hard cap rock of the mesas which
extend from the Raton Mesa region eastward
to the horder of Oklahoma and Texas. -
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QUATERNARY EVENTS.

Some years ago, when it was supposed that
the flows of basaltic lava in the Raton Mesa
rogion resulted from a single period of eruption,
it was supposed- that the eruption occurred in
mid-Tertiary time. Since then much evidence
has been brought forward to prove that the
Quaternary period was much longer than ‘was
formerly supposed.. The length of Quaternary
time as measured by the general degradation
of the plains surrounding the mesas is compar-
able to that which in northern Montana has
left mesas covered with Pleistocene till stand-
ing 1,000 feet or more above the surrounding
country. A length of Quaternary time as great
or even greater is indicated in western Colorado
by Pleistocene deposits on the divides between

47019°—17—35
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canyons tributary to the Grand Canyon of the
Colorado.

It is possible that the Quaternary was intro-
duced in the Rocky Mountain region by a
notable orogeric disturbance, and that ore of
the results of this -disturbance was the out-
pouring in many places of basaltic lavas.
Thus the outpouring of the mesa lavas may -
mark the opening of the Quaternary period.
This possibility finds support in the fact that.
after the first great flow in.the Raton Mesa
region the same kind of basaltic lava was ex-

truded in this region again and again down to

a time so recent that the youngest cinder cones
and flows show little alteration. These periods
of eruption alternating with periods of degra-
dation have resulted in the steplike character
of the lava-covered mesas.



CHAPTER 3. —LOCAL FEATURES IN DETAIL.

METHOD OF PRESENTATION.

In arranging the details given in this paper
" it was found that place names were wanting in
s0 many areas that it seemed best to, designate
- the localities described by numbers. (See map,
PL I, in pocket.) These localities are described
in order from the southwestern extremity of
. ‘the region east and north around its eastern mar-,
gin; then in Vermejo Canyon across the Raton
field and thence along the western margin,
Most of the observations were made near the
- outcrops of the coal beds.

Because little information has been pub-
lished heretofore regarding the geology of the
Raton field many details have been included
which in a better-known region might seem to
be out of place in the consideration of a special
phase of the geology. In the Trinidad field the
general geology has long been known from the
folio publications of R. C. Hills,* 18 132 gnd
. many of the details of the coal deposits have

- been described more recently by G. B. Rich-
ardson,”® hence in the present paper the de-
scriptions of localities in this field are confined
more exclusively to the structural relations of
the formations and to then‘ geologic age.

BALDY
LOCALITY 1.

Baldy is a gold-mining camp located at the
southwestern extremity of the Raton coal field
high on the side of Baldy Peak, an eminence
- caused by extensive intrusions of igneous rock
which have upturned and lifted some of the
sedimentary rocks. Remnants of these rocks
still remain on the top of the mountain at alti-
tudes of about 12,500 feet. The rocks exposed
here are Pierre shale and the basal conglom-
erate of the Raton formation.

The Pierre shale is very thick near this local-
_ ity, but the zone of fossiliferous limestone con-
cretions that occur in Ute Park, a few miles to
the southeast and that is found generally
throughout the 'southern part of the Raton
coal field near the top of the Pierre, was not
found at Baldy. Several shells of the species
Inoceramus vanuzemi (U.S. Geol. Survey fossil
locahty 6581) were found in the rocks of the
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dump from the gold mine Whlch is described

- | below. The shells came from the top of the
 shale, as represented here, but in many other

places throughout the Ra,ton coal field this
species was found only below the zone of con-
cretions several hundred feet below the top of
the Pierre shale. This species is known to have
a great vertical range, and therefore is not a
good, horizon marker. However, at several
places in the Raton field where the full thick-
ness of ‘the shale is represented and where fossil .
shells were collected, this species was not found
in the upper 400 feet or more, snd its presence
immediately below the conglomerate at Baldy
adds force to the conclusion that the erosion
represented by the unconformity separating
them carried away not only all rocks younger

‘than the Pierre that may have existed there,

but also several hundred feet of the Pierre
itself.

Neither the Trinidad sandstone nor the Ver-
mejo formation occurs near Baldy, and the
conglomeratic sandstone at the base of the
Raton formation lies with irregular base on the
Pierre shale. Here, as elsewhere, this sand-
stone is coarse grained and contains irregular
masses of conglomerate consisting principally
of siliceous pebbles.: The conglomeratic parts
are coarsest near the base but vary greatly in
character from place to place. The porous
conglomerate seems to have transmitted per-
colating waters in ages past and, lying as it does
directly upon the relatively impervious shale,
its base naturally served as a passageway.
Apparently the waters carried gold in solution
and deposited it in intetstices of the conglom-
erate and crevices of the shale. At the time
of investigation this gold was being mined at
Baldy. The mine entries are driven on the
unconformity and the gold is found in the up-
per few feet of shale and in vein material
near the base of the conglomerate. In some
of the mine openings small masses and irregular

seams of coal, probably due to the carboniza-

tion of wood or other vegetable matter buried
in the gravel, occur in the conglomerate. This
coal also has been found to contain gold in ap-
preciable quantities.
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The contact of the conglomerate with the
Pierre shale was followed for about 5 miles
north of Baldy. Throughout this distance the
conglomerate lies with obvious unconformity
on the shale and is variable in character. Itis
mainly coarse grained, massive, and arkosic.
The pebbles consist principally of quartzite,
although a number of coarse-grained granitic
rocks were seen. They vary in size from small
grains to masses 6 to 7 inches in diameter. -

BALDY TO UTE PARK.

Between Baldy and Ute Park, a distance of

. about 6 miles, the conglomerate was seen in
several places resting on the Pierre shale. This
relation is well shown northwest of Ute station
in the canyon through which the wagon road
passes from Ute Park to Ponil Creek, where the
following fossil plants’belonging to the Raton
flora were found several hundred feet above
the base of the Raton formation. (U. S. Geol.
Survey fossil locality 5830):

Fossil plants collected northwest of Ute Park, N. Mex.

[U. 8. Geol. Survey fossil locality 5830.]
Cinnamomum mississippiense? Lesquereux.
Dombeyopsis magnifolia Knowlton.

Magnolia angustifolia Newberry.
Palmocarpum palmarum (Lesquereirx) Knowlton,
Sabal? ungeri (Lesquereux) Knowlton.

UTE PARK.

Ute Park is an opening among the hills at

the southwestern extremity of the Raton field,
occupied in the center by soft Pierre shale and
surrounded by hills of harder rock. West and
south of the park these hills consist principally
of igneous rock, but north and east of it they
consist chiefly of the hard, conglomeratic sand-
stone of the Raton formation.

LOCALITY 2.

In the north wall of Ute Park, at locality 2,
the Pierre shale is exposed at the foot of the
slope. The basal conglomerate of the Raton
formation lies above it, but the contact of the
two was not seen. However, in view of the
relations known to exist on either side of this
locality, the conglomerate is plotted (section 2,
PL. V) as resting unconformably on the shale.
No rocks referable to the Trinidad sandstone
or to the Vermejo formation occur at this lo-
cality. -

The conglomer atlc part of the Raton is more
than 400 fcct. thick and underlies the finer-

formly conglomeratlc

Re?
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grained sandstone and shale that contain the
fossil plants. The rocks in this 400 feet are
coarse grained throughout but are not uni-
A massive conglomer-
ate occurs at the base and ﬁner-gra,med rocks
about .112 feet thick above it, succeeded by

two conspicuous conglomerates separated by

151 feet of sandstone. Some of the layers and
lenticular masses of pebbles in the basal con-

| glomerate are 10 to 15 feet thick, and the peb-

bles, which consist mainly of quartz and quartz-
ite, have a maximum diameter of 43} inches or
more. The section follows:

Sectwn oj Raton formation measured at locality 2, Ute Park,
. . N. Mezx.
[For graphic section see Pls. V (p. 56) and X (p. 108).]

Feet.
Sandstone and shale, coal bearing, fossiliferous

(several hundred feet).
Sandstone, yellow, massive, coarse grained, cliff-
makmg, conglomeratic in places; pebbles 1 inch
in maximum diameter. . . .. S 50
Sandstone, coarse gralned, yellow; contains fossil
plants. .. ...
Sandstone, white, coarse grained, massive, cliff-

making; conglomeratic in places. .............. 55
Covered. . ...... i 30
Sandstone, gray to yellow, fine grained, massive;

somewhat friable. ... ... . ..o L oLl 43
Covered. - .. um e e 22
Sandstone, gray, massive. . . .......oeeierniin.... 17

Sandstone, conglomeratic, with pebbles mostly of
quartz, having a maximum diameter of 44 inches.

45+
4134

LOCALITY 3.

In the north wall of Ute Park about half a

‘mile southeast of locality 2 the rocks are not

well exposed, but the conglomerate was found
in several places, resting, not on the Pierre shale
as it does farther west, but on a gray sandstone.
At locality 3 the rocks near this sandstone are
well exposed and the short section given below
was measured :

Section of rocks mea.surcd at locality 8, Ute Park, N. Mex.
[For graphic section see PLV , P. 56.)
Raton formation:

Feet.
Conglomerate, resting with uneven base on. '
sandstone. . ... ..., 25+
Unconformity.
Trinidad sandstone:,
" Sandstone, containing Falymenites major Les-
QUETEUX. - - e et teiiiiiei e 50
Pierre shale: ‘
Sandstone, shaly, transmonal zone......:... 17
Shale, fossiliferous. .. ....................... 1504

2424
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The basal conglomerate of the Raton forma-
tion here rests unconformably upon the white
Trinidad sandstone. Below the sandy transi-
tional zone of the Pierre 150 feet of typical
Pierre shale carrying concretions of limestone
containing fossil invertebrates is exposed at the
foot of the slope. No attempt was made to
secure a complete collection, but the following
species were taken from a single concretion
.about 150 feet below the top of the shale:

Pierre fossils found at locality. 8, Ute Park, N. Mezx.
[U. 8. Geol. Survey fossil locality 6560.]
Anomia sp. .
Avicula sp. ] : '
- Inoceramus sagensis Owen. o
A large ammonite.

Between the shale and the overlying massive
sandstone is a series of thinsandstonesseparated
by shale which throughout the Raton Mesaregion
constitutes the transitional zone. between the
typical Pierre shale and the Trinidad sandstone.
‘The light-colored sandstone above this zone at
locality 3 contains great numbers of the fossil
fucoids, Halymenites major Lesquereux, which
are usually abundant in the Trinidad sand-
stone. No rocks were found at this locality
that can be referred to the Vermejo formation.
These were doubtless eroded away during the
post-Cretaceous erosion, for the basal conglom-

erate of the Raton formation was traced east- |

‘ward and found to overlie the Vermejo. ‘This
conglomerate is the same as that described at
locality 2 and is equally thick and massive.
- Only its base is included in the section. -

LOCALITY 4.

In the north wall of Ute Park, about one-
eighth mile southeast of locality 3, the rocks
both above and below the unconformity are
well exposed and the structural relations are
plainly discernible. The Pierre shale is exposed
at the foot of the slope, but the top of this shale
and the base of the Trinidad sandstone are not
.exposed. - However, the upper 60 feet of the

Trinidad was examined and was found to con-’

tain the characteristic fusoid, Halymenites
major Lesquereux. Carbonaceous shale - 10
feet thick; which obviously belongs to the Ver-
. mejo formation, occurs above this sandstone,
and on it the basal conglomerate of the Raton
formation rests unconformably. The massive
sandstone cliffs described at locality 2 occur

above the basal conglomerate, but only enough
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of the lower part of the Raton is included in the
following section to show its relations to the
underlying formation.

Section of rocks measured at locality 4, Ute Park, N. Mex.
[For graphic section see P Y, p. 56.)

Raton formation:

Sandstone, conglomeratic, with irregular layers
and lenses of pebbles consisting mainly of
quartz and quartzite......... ...t

Unconformity.
Vermejo formation: )

Shale, drab, carbonaceous.................... 10
Trinidad sandstone:

Sandstone, massive, yellowish white; contams

Halymenites major Lesquereux. .. ..........
Pierre shale: '
Trangitional zone.
Shale.

Feet.

1154
. LOCALITY 5.

In the north wall of the park, a mile north-
east of Ute station, the upper part of the Trini-
dad sandstone, 45 feet thick, is exposed be-
neath beds of sandstone and shale 44 feet
thick that obviously belong to the Vermejo
formation. No coal was found at this local-
ity, but the records of -certain prospects made
several years ago show that a 6-inch bed of
coal occurs 16 feet above the top of the Trini-
dad sandstone, and a 12-inch bed of shaly coal
28 feet above the Trinidad.. The conglomer-
ate at the base of the Raton rests on the Ver-
mejo unconformably. The fo]lowmg section
was measured:

Section of rocks measured at locality 5, Ute Park, N. Mezx.
[For graphic section see P1. V, p. 56.]

Raton formation: . Feet.
Conglomerate. . ........ . o254
Unconformity. ’
Vermejo formation:
Shale; drab to yellow, carbonaceous in some
Places. . e 26
Sandstone, yellow, thin bedded, shaly........ 2
Shale, yellow at base, black at top, sandy..... 4
Sandstone, yellowish white, massive......... 9
Shale, carbonaceous at top. .................. 3
Trinidad sandstone: 44
Sandstone, massive, containing /lalymenites
magjor Lesquereux near the top.............. 454
1144+

The ' conglomerate, which is here 44 feet
above the top of the Trinidad sandstone, is
only 10 feet above that sandstone a quarter
of a mile to the northwest. - A little farther
northwest it rests on this sandstone and about
a mile away it rests on the Pierre shale. In
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CLIFFS IN THE NORTH WALL OF CIMARRON CANYON, N. MEX.

Showing the sandstones of the lower part of the Raton formation.
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other words, within a distance of about a mile
the base of the Raton formation: transgresses
the eroded edges of the Vermejo formation,
the Trinidad sandstone, and the upper part
of the Pierre shale. East of this locality the
northeastward dip carries all the rocks except
those of the Raton formation beneath the bed
of Cimarron River, where they are covered by
younger rocks for about 13 miles. They reap-
pear farther downstream.

CIMARRON RIVER.

East of Ute Park Cimarron River has eroded
a deep canyon through the coal measures and,
except for a short space between localities 5
and 6, has cut downward into the Pierre shale.
The canyon walls, whieh rise precipitously to
a maximum height of--about 1,000 feet, con-
sist principally of well-induratéd cliff-forming
“sandstone. (See'Pl. VI.) South of the Cimar-
ron the rocks are poorly exposed, but in the
north wall of the canyon they are well exposed
and nearly all of the observations descrlbed
were made there. ‘

CIMARRON CANYON.
LOCALITY 6.

AL the point in Cimarron Canyon east of
Ute Park where the top of the Trinidad sand-
stone reappears from beneath the river a
shale and sandstone formation 110 feet thick—
the Vermejo—occurs between the top of the
Trinidad sandstone and the base of the Raton
formation. About half a mile farther down-
stream .a section was measured ‘in the north
wall of the canyon. The Trinidad sandstone
at this locality is about 100 feet thick, forms a
conspicuous-cliff, and contains the character-
istic fossil Halymenites major Lesquereux. Its
upper part is stained dark brown or black, and a
line denoting its upper limit in the section be-
low was drawn at the horizon where the mas-
sive sandstone gives place to carbonaceous
shale. The rocks above the Trinidad consist
of shale and light-colored granular sandstone
that obviously belong to the Vermejo forma-
tion but that show no indication of coal. On
these rocks the basal conglomerate of the Raton
formation rests with uneven base. Only the
lower part of the Raton was measured here.
The section follows:
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Section of rocks measured at locality 6, Cimarron Canyon,

N. Mex.

[For graphic section see P1. V, p. 56.] -
Raton formation:

Feet-

Conglomerate, resting with uneven hase on . .
shale.........oo i 104
Unconforrmty =

' Vermejo formation:

Sandstoneand shale, not continuously exposed.. 60

Shale, with layers of shaly sandstone.......... 30
Sandstone, with partings of shale............ 25
Shale, carbonaceous (horizon of lowest coal).. 8
Trinidad sandstoﬁe 123
Sandstone, containing ]Ialwnemtcs magor Les-
QUETEUX e ettt e et 100+
2334

LOCALITY 7.

» About a mile farther downstream a section
was measured at locality 7, in the north wall
of the canyon, here nearly 1,000 feet high.
The section includes the top of the Pierre shale,
the Trinidad sandstone, the Vermejo forma-
tion, and the lower part of the Raton forma-

tion. The canyon wall is very precipitous and

| the greater part of it is formed by the cliffs of

massive sandstone that. constitute the- lower
part of the Raton. (See Pl VI.) - The lower

part of the wall does not differ in character

from that shown in figure 1 (p. 72), which
illustrates the general character of the rocks
farther downstreami. The section follows:
Section of rocks measured at locality 7, Cimarron Canyon,
. N. Mex.
- [For graphic section see Pls. V (p. 06) and X (p. 108).]

Raton formation: Yeet. .
Sandstone, coarse grained, massive cliff-ma,king. . 180
Sandstone, locally conglomeratic..:.............. 90

Sandstone, with partings of shale. .............. 103
Sandstone, locally ‘conglomeratic................. 196
.Shale, sandy, carbonaceous, with thm seams of

coal ..o 26
Sandstone, cliff-making, conglomeratic, with sili-
ceouspebbles 1.inch in maximum diameter.... 34
. 629
‘Unconformity. —_—
Vermejo formation: .
Shale, gray, sandy....... ... .. ... ool 12

Sandstone, brown, massive, coarse grained, friable 22

Covered.....ooeiiiliiii i e * 10
Sandstone, gray, masswe, coarse gramed soft and
friable. .. ... s 38
Shale, drab to black c'nbonaceous, not continu-
ously exposed... ........coieeiineaaaiii. . 22
Sandstone, gray, massive, and friable............ 37
Sandstone, thin bedded........................ 13
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Vefmejo formation—Continued. Feet
Shale, brown, carbonaceous. ................... 5
Sandstone, with partings of shale. ........ ..... 5

164

Trinidad sandstone: :
Sandstone, greenish.drab near the top, weather-
ing to dark brown; contains Halymenates major ~

LesquereuX...ooeeen it 112
Pierre shale: '
Transitional zone.
Shale, fossiliferous.
905

The bed of the river is about 20 feet below the
top of the Pierre shale at this locality and a
good exposure of it. was found in the north
bank. "It contains globular concretions of

brittle limestone a few inches to 2 feet or more.

in diameter, and from these the following
invertebrates were collected:

- Pierre shells collected at locality 7, Cimarron Canyon,
N. Mex.

{U. 8. Geol. Survey fossil localities 6554 and 5603.)

Anomia sp.

Baculites ovatus Say.

Heteroceras sp.

Inoceramus barabini Morton.

Inoceramus sagensis Owen.

Leda sp.

Lunatia sp.

Placenticeras intercalare Meek and Hayden.

Syncyclonema sp.

The Trinidad sandstone forms a conspicuous

cliff and is a little thicker at this locality than.

is common. The upper part of it is dark and
very hard, contrasting sharply with the over-
lying rocks, which are relatively soft. The
Vermejo formation is about 164 feet thick, as
compared with 123 feet a mile to the northwest
and 10 feet or less 3 miles to the northwest. It

consists of light-colored, soft, granular sand-

stone and shale, which is carbonaceous in some
places but is not known to contain coal. This
apparent absence may, however, be due to poor
exposures, for a little more than a mile to the

southeast the formation contains 3 beds of coal.
" The basal conglomerate of the Raton forma-
tion rests with uneven base on the Vermejo. It
consists of a massive, coarse-grained, quartzose
sandstone, in which are included irregular

masses of pebbles up to an inch or more in |

diameter composed mainly of siliceous rock.
It has the aspect and general character of the
conglomerate in Ute Park but is not so thick.
The higher conglomerates correspond in a
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general way to the second and third congloin-

erates of the section measured in the park at
locality 2. (See p. 67.) oL

About 50 feet above the base of the Raton
formation thin beds of coal were found in a
sandy shale. This occurrence is significant,
for farther west this shaly zone is not known
to be coal bearing. However, it thickens to
the east and north.: Thin beds of coal were
observed in it in many places, and these become
more and more prominent until in the north-
eastern part of the Raton field the largest, or
Sugante coal bed attains considerable economic
lmportance

LOCALITY 8.

In the torth wall of Cimarron Canyon, about
6 miles northwest of Cimarron, at locality 8, 14
miles southeast of locality 7; the rocks of the
Vermejo formation are well exposed and offer
one of the best sections of the formation in the
southern part of the Raton coal field. Several
hundred feet of Pierre shale is exposed in the
lower part of the canyon wall. A zone of fossil-
iferous limestone concretions, described else-
where (p. 73) as occurring near the top of this
shale, was noted, but no fossils were collected
from' it at this locality. The Trinidad sand-
stone occurs in characteristic development and
contains great numbers of very perfectly pre-
served Halymenites major Lesqueleux The
section follows:

Section of rocks measured at locality 8, Cimarron Canyon,
N. Mex.

[For graphic section see PL. V, p. 536.]

Raton formation: Ft. in.
Sandstone, massive, quartzose, with spark— ' -
ling grains and contorted laminae; rests ’
with uneven base on shale and sandstone;
contains no pebbles butis continuous later-

. ally with conglomerate................... 204
Unconformity.
Vermejo formation:
Sandstone, friable; contains fossil plants.... 10 0
Shale, drab to black........ O 22 0
Sandstone, soft, friable................ ... 5 0
Shale.. ... 5 0
Sandstone soft fnable A T ()
Shale, with thin sandstone at base ......... 20 0
Coal. .o 6
Coal, with seams of shale.............. 1 8
Coal. o 1 4
Shale, black todrab.._....... ... ... .. ... 3 0
Sandstone, yellow, shaly_................... 2 0
Shale, black, carbonaceous................. 5 0
~ Sandstone, white, massive, friable.......... 28 0
Sandstone and shale, alternating layers. .. .. 14 0
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Vermejo formation—Continued. Ft. in.
-Shale, drab..................o 9" 0
Sandstone, white, massive, somewhat shaly.. 16 0
 Shale, black................. e 4 9
Conleen o 10
Slmlc, black. . oo 0
Coal. oo 1 6
Shale, black. ...l 11
Trinidad sandstone: 163 9
Sandstone, containing IHalymenites magjor
Lesquereux........................... 1004
Pierre shale: ' :
Transitional zone.
Shale. =
233+

The section was measured in a small gulch
where all of the surface débris had been washed
away, leaving the native rocks perfectly ex-
posed. The Vermejo is -about 163 feet thick
and contains two beds of coal, both of which
have been opened by prospectors. A short
distance farther west the lower coal bed is con-
siderably thicker than at this locality, the lower
bench measuring 3 feet 6 inches and the upper
one 5 inches. Farther southeast, between
localities 8 and 9, the lowest bed has been pros-
pected in several places and found to vary but
little in character. The maximum observed
thickness is 3 feet 9 inches. A few poorly pre-
served fossil plants were found in the highest
sandstone of the Vermejo formation. They
appeared to belong to the same species as those
found in other places in the Vermejo, but none
was collected. A

On the fossiliferous sandstone, a massive
quartzose sandstone rests with uneven base.
Lithologically it is identical with the conglom-
eratic sandstone at the base of the Raton forma-
tion in other places, but no pebbles were found
in it’ at this locality. However, it was traced
laterally for a short distance and there found
to be conglomeratic. - The rocks higher in the
section consist mainly of cliff-making sand-
stones, but they were not here examined in

detail. ‘
TURKEY CANYON.

LOCALITY 9.

About 2 miles southeast of locality 8 there
is & small break in the north wall of Cimarron
Canyon known as Turkey Canyon, through
which a road leads to the highlands north of

the Cimarron. In the east wall of this canyon*

close to the wagon road the Vermejo and
closely associated formations are well exposed,
and the following section was measured:

“attain a diameter of more than 2 feet.
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Section of rocks measured at locality 9, in Cimarron Canyon,
N. Mez.

[For graphic section see Pl. V, p. 56.]

Raton formation: - : Ft.  in.
Sandstone, massive,. quartzose, locally :
conglomeratiC...veveeeoii il 20+
Unconformity.

Vermejo formation:
Shale, sandy, contains fossil pla,nts——cmus
leei Knowlton and other forms not iden-
tified (U.: S. Geol. Survey fossil local-

WO O OO

ity 5828)...... e ieeaeeeaaa 12 0
Sandstone and shale; not continuously ex- :
posed.... i 15 0
-Shale, drab....... ... ... ... 10 0
Sandstone, yellow to brown, soft and fri- .
able.....o..oiii 11
Shale, drab to yellow.. e 6
Sandstone, yellow, thln bedded ........... 9
Shale, drab to black.. FE P -
Coal, bony 1
Shale, drab at base, carbonaceous near the
1707+ JURP R 10 o
Sandstone........ooiieiiiiiiiiiiii.., 25 0
Shale. . . i 6
Sandstone, white, coarse, massive, friable.. 36 0
Shale drab....oooooiiiiiiiiln e 16 0
(0757} D e 1 2
Shale, drab....c..ooienei L. 7 0
. i 167 10
Trinidad sandstone..... eeveree s 100+
Pierre shale:
Transitional zone.
Shale, fossiliferous (6555). —_—
: 2874+

. The upper part of the Pierre shale, 200 feet
or more in thickness, is well exposed in the
east wall of Turkey Canyon and is very fossil-
iferous. Most of the shells are embedded in
concretions of limestone, but some of them
occur separately in the shale. Large ammon-
ites are especially abundant, and some of them
One
which was dug out entire measured 26 inches
across and was by no means the largest found.
Most of the ammonites occur in the centers of
limestone concretions and it is difficult to
extract the larger ones unbroken. The fol-
lowing species of invertebrates were obtained
at this locality 100 feet or more below the top
of the Pierre shale:

Prerre fossils collected in Turkey Canyon, northwest of
Cimarron, N. Mex.

[U. S. Geol. Survey fossil locality 6555.]
Anomia sp.
Avicula sp.

Baculites compressus Say.
Crassatellites cimarronensis W1 hite.



72

Inoceramus oblbngus Meek.
Inoceramus sagensxs Owen
Lima sp.
Liopistha (Cymella) undata Meek and Hayden.
Lucina, sp.
Nemodon sp.
- Odontobasis? sp.
Ostrea sp. . :
Placenticeras intercalare Meek and Hayden var.
Placenticeras whitfieldi Hyatt?
Pyrifusus? sp.
Scaphites nodosus Owen..

The Trinidad sandstone is typically devel-
oped at this locality but was not examined in
detail. Its thickness was estimated. The
Vermejo formation has practically the same
thickness here as at localities 7 and 8. Appar-

‘ently this formation thins most rapidly from
southwest to northeast. The localities de-
scribed in Cimarron Canyon are in a line nearly
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this locality, measuring only a few inches where
the outcrop crosses Turkey Canyon. About
2 miles farther southeast, however, between
localities 9 and 10, it has been opened in nine
places; and the coal, as reported by Orestes
St. John, is relatively regular in character. and
réaches a maximum thickness of a little more
than 4 feet. In some places between these
two localities igneous rock has been intruded
in or near the bed and has:coked the coal.

A few fossil plants belonging to the Vermejo
flora were found in the .sandstone and sandy
shale, near the top of the formatlon as noted
in the section.

At this loca]Jty a sandstone about 62 feet’

‘thick lying above the coal-bearing shale at

the base of the Vermejo resembles the Trinidad
sandstone much more closely than it resernbles
the sandstone at higher hori-

zons, although it is softer than
the Trinidad and does not
stand as a cliff in the sides of
the canyon. A sandstone
similarly located in the section
was noted in several places
east and north of this locality,
and, but for the fact that coal
occurs below it, would have
been included with the Trini-
dad. Itis thesouthward con-
tinuation of the upper part of -
the Trinidad sandstone as de-
veloped farther northeast (see
-PL V, p. 56), and the reasons

FIGURE 1.—Pierre shale and younger formations in Cimarron Canyon; N. Mex. P, Pierre shale;
T, Trinidad sandstone; V, Vermejo formation; U, unconformity between the Verx_nejo and

Raton formations; R, Raton formation.

at right angles to this direction, and probably
for this reason the formation along this river
does not change in thickness so rapidly as it
would if the line of outcrop trended in some
other direction.

The rocks of ‘the Verme]o consist of light-
_ colored granular sandstone and shale, in which
two beds of coal are found ‘at practically the
horizons of the two coals described at locality
8. The higher coal seems to be of relatively
little importance near this locality. Although
14 inches thick where the section was measured
it is bony, and about one-fourth mile farther
south it is only 8 inches thick. The lower bed
also seems 0 be irregular in thickness near

N

 the side of the canyon.

for including it in the Vermejo
at this and neighboring locali-
ties are stated on page 49.

Doubtless some of the sand-
stones of thc lower part of the Vermejo farther
west are to be correlated with this sandstone,

but the correlation can not now be made Wlth

confidence. ,
CIMARRON.

LOCALITY 10.

.East of locality 9 thé rocks are especially
well exposed in the north wall of the canyon.
(See fig. 1.) Great barren slopes are formed
on the Pierre shale, and the Trinidad sandstone
stands out as a conspicuous white clilf high in
The outerop of the
Vermejo is characterized here, as elsewhere, by a
relatively smooth slope, above which the basal
conglomerate of the Raton formation appears'
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in a low but well-marked cliff. The following

section was measured in the side of the canyon:

Scction: of rocks measured near Cimarron City, N. Mez., at
locality 10.

For graphic section see P’l. V, p. 56.)
org

Raton formation: Tt

in
Sandstone, yellow, massive, cliff making,
shale partings near top.................... 25 0
Coal. ..o 3
Sandstone, yellow, thin bedded............. 8§ 0
Sandstone, yellow, massive................. & 0
Shale, yellow, sandy..ceeeeeeeeeeeacco. 3 0
Conl. e 200
Shale,drab............coooiiiiiiiaa. 670
Sandstone, yellow, fine grained, . massive.... 10 0
Sandstone, yellowish white, massive, locally
conglomeratic............. ... ...l 25 0
Sandstone, yellow, thin bedded and shaly at
DA - et 20 0
Sandstone, yellowish white, conglomeratic,
pebbles up to inchin diameter.......... 11 0
Coal. .o e 1 6
Shale, drab to yellow, sandy................ 2100
Sandstone, yellowish white, massive........ 5 0
Shale, deab.....o...oooiioi i .. 600
Coall i 1. 3
Shale, drab toblack.....coooooiii i 4 0
Sandstone, yellow, fine grained, shaly, thin
bedded..oeeeeo i 3 0
Shale, drabe............... e 11 -0
Sandstone, yellowish white, massive, fine '
-grained........... ettt 7 0
Shale, drab. ...l S 37 0
Sandstone, white, massive. .........oc....... 14 0
Shale, drab..........coooiiiiiiiiiois 6L 0
Sandstone, yellow, fine grained, massive.... -3 0
Shale, drab incolor.....ooooooiniaiiio. 10 0
Conglomerate, white, coarse grained, quartz-
ose, groundmass, with thick beds of siliceous
pebbles up to 2 inches in diameter; base
frregular. ...oooo vo il 10 -0
. 299 0
Unconformity.
Vermejo formation:

- Shale, gray to yellow, sandy............ ... 1 0
Sandstone, yellow, massive................. 3 0
Shale, gray to yellow, sandy................ 12 0
Coal, bony. . oviiie e 1 0
Shale, drab. oo 8§ 0

Coal.......ooo il s 7
Shale with partings of shaly sandstone....... 13 0
Coal, bony. ..o 1 0
Shale, drab..cooee oo 7 0
Sandstone, white, friable, massive.......... 44 0
Shale, drab. ... 15 0
Coal. oo 2 6
Shale..veeieein i , 2
Coal.. ..o 14
Shale, drab at base, carbonaceous at top..... 5 0
114 - 7
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Trinidad sandstone: A Ft. in.
Sandstone containing Halymenites major Les-
QUETBUX - e teeeeeeeaeaeaaaeaeaaans [ 83 0
Pierre shale: . . —
Sandstone and shale, transitional beds...... 125 0
Shale, fossiliferous (6556).................... 350 0
475 0
971 7

The zone of fossiliferous limestone concre-
tions lies about 200 feet below the top of the
Pierre shale and has yielded a large collection
of fossils. Another collection was made at
about the same horizon half a mile farther east.
Ammonites are very abundant. Several bones
and teeth of a mososaur were found near the
base of the shale slope, and the largest Ino-
ceramus shells come from the same horizon.
The Nautilus and some of the smaller ammon-
ites were found near the top of. the shale.
The invertebrates from these two localities are
as follows: '

Pierre fossils collected near Cimarron, N. Mex.
[U. S. Geol. Survey fossil locality 6556.]

Anomia sp.

Baculites compressus Say.

Crassatellites cimarronensis White.
Inoceramus oblongus Meek?

Inoceramus sagensis Owen?

Lucina sp. :

Martesia? sp.

Nautilus dekayi Morton."

Placénticeras whitfieldi Hyatt?
Placenticeras intercalare Meek and Hayden var.
Ptychoceras sp.

Pyrifusus? sp.

Scaphites nodosus Owen. .

The alternating sandstones and shales of the
transitional zone at the top of the Pierre are
thicker at this locality than is common. The
messive part of the Trinidad sandstonc is a
little thinner. It contains the usucl Haly-
menites major Lesquereux, and half a mile east

' of locality 10 it yielded, in addition to Halyme-

nites, two shells, Mactra warrenane Meck and
Hayden and an undescribed species of Inocera-
mus, which were found in slide rock at the base:
of the Trinidad sandstone (U. S. Geol. Survey
fossil locality 6557) in such a position that
they must have come from this sandstone.

The Vermejo formation contains at its base
the same coal-bearing shale that was found at
the last two localities described, and the coal
bed attains considerable prominence. This
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coal has been prospected in many places be-
tween localities 10 and 11, and the records
show that it attains considerable thicknesses
in some places, the greatest reported thickness
being ne&rly 5 feet. Above the coal-bearing
shale is’ the sandstone described (p. 49) as
probably equivalent to the upper part of the
Trinidad sandstone as developed farther north.

At this locality, near the horizon of the
higher coal, as described in the sections, there
are three thin beds of coal. ~ Below this horizon
the section corresponds closely with that meas-
ured at locality 9, except that it seems to lack
the upper 60 feet of the Vermejo, This differ-
‘ence in thickness is in agreement with the evi-
dence. of erosion observed at the top of the
formation. The upper surface of the Vermejo
is irregular, with rather sharp depressions 4

feet or more in depth, and the Vermejo beds |-

are locally tilted to a maximum of about 5°
and truncated,. and their eroded edges are
traversed by the base of the Raton formation.

The basal conglomerate of the Raton is only
10 feet thick at this locality, but it is so very
hard and resistant that it not only forms a

- prominent cliff but, where it lies above shale or
soft sandstone, juts out as an overhanging cliff.
The rocks above the basal conglomerate con-
sist' largely of shale, but another conglomerate
lies near the top of the section and four thin
beds of coal were found, some of which - may be
equivalent to the coals found in similar posi-
tions farther north; these, however, had no
apparent bearing on the: principal problem
under mvestlgatlon and received little atten-
tion.

About 3 miles west of Clmarron invertebrates
were collected at a horizon in the Pierre shale
slightly lower than that of the collections from
Cimarron Canyon They occur near the foot of
a barren slope on the south side of the mesa
west of Cimarron 400 to 500 feet below the base
of the Trinidad sandstone. Bones and teeth of
a mososaur were also found at this locality.

Tnvertebrates collected 400 to 500 feet below the top of the
Pierre shale 8 miles west of Cimarron, N. Mez.

* [U. 8. Geol. Sarvey fossil locality 6561.]

Anomia sp. ?

Baculites compressus Say.
Crassatellites cimarronensis White.
Fasciolaria (Piestochilus) sp.
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Inoceramus oblongus Meek.

Inoceramus sagensis Meek.

Inoceramus vanuxemi Meek and Hayden?
Lucina occidentalis (Morton)?

Nautilus dekayi Morton.

Placenticeras whitfieldi Hyatt?
Ptychoceras sp.

CIMARRON TO VAN BREMMER CANYON.

Along the southeastern margin of the Raton
coal field the coal beds outcrop in precipitous
cliffs that overlook "relatively level plains
formed on the Pierre shale. The coal meas-

“ures are deeply dissected, and the rocks, which

lie nearly horizontal, are well exposed in many
places. The sections described were all meas-
ured by Locke level in the best exposed portions
of the escarpment.

PONIL CANYON.
'LOCALITY 11,

The outcrops of the various formations were
observed around the eastern end of the mesa
northwest of Cimarron, and examined in sev-
eral places in Ponil Canyon. A section of the

 Vermejo formation was measured at locality

11 in the east wall of Ponil Canyon, where the
Trinidad sandstone passes beneath the level of
the river, 3 miles northeast of the’place where
the last section was measured. (The line rep-

resentmg the top of the Trinidad would cross -
the river at this locality, but the line used on

‘the map (PL I, in. pocket) to mark the bound-

ary of the coal field is the line of outcrop of
the upper coal bed. The rocks here lie nearly
horizontal and the few feet intervening be- -
tween the top of the Trinidad and the coal is
sufficient to' throw the boundary line consider-
ably farther upstream than would the line
marking the top of the Trinidad.) The section
follows:

Section of rocks measured at locality 11, Poml Canyon,

N. Mex.
[ For graphic section see P1. V, p. 56.]

Raton formation: Ft. in,
Conglomerate, with pebbles up to half an

inch in diameter. . ...................... 10+
Unconformity. : =
Vermejo formation: i
Shale, drab to yellow above, black and car-
bonaceous below, sandy. ... ............ 5 0
Coal.............. AU, P 6
Shale, drab....... ... ... ... ... oL 9 0
Coal. oo 2 0
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A. UNCONFORMITY BETWEEN THE VERMEJO AND RATON FORMATIONS, PONIL
CANYON, N. MEX.

V, Vermejo formation; U, unconformity between the Vermejo and Raton formations; R’, basal conglom-
erate of the Raton formation.

B. NORTH WALL OF CANYON AT KOEHLER, N. MEX.

Showing the relation of the Vermejo formation to the Trinidad sandstone and Raton formation.
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Vermejo formation—Continued. - Ft. in.
Shale, yellow todrab....................... 3 0
Coal. .t 3
Shale. . . oeeieiiiiiiiiii i, 1
L0 4
Shale, drab to yellow, black and carbonaceous

FLX 78 ') 20 25 0
Sandstone, white, massive. . ............... 16 0
Shale, sandy...ooooiiiiiiiiiiii i .. 6 0
Sandstone, yellowish white, massive........ 2 0
Shale, black. . ...l FR 6
(077 e 2 4
Shale, sandy....ooooeveiiiiiiiiiiiiiiinna.. 7.0
144 O

rinidad sandstone........... ...t 100+

254 +

The two principal coal beds of this section
are well developed, and the intervening sand-
stone previously described as being probably
equivalent to the upper part of the Trinidad
sandstone as developed farther north is here

almost indistinguishable from the undoubted |-

Trinidad underlying it. Good measurements
were obtained of all of the coal beds. * In the
lowest, 2 feet 4 inches thick, the coal is of fairly
good quality where its outcrop crosses the
Ponil. Near the mouth of Chase Creek it is 2
feet 11 inches thick; and betweén Chase and
Templeton Canyon it is 2 to 3 feet thick but is
" more or less slaty.

Above the higher group of coals the rocks,
about 50 feet thick, consist prmmpally of shale
and soft shaly sandstone and contrast rather

_sharply with the rocks at the top of the Vermejo
formation a quarter of a mile farther west.
These shales are overlain unconformably by the
massive conglomeratic sandstone that consti-
tutes thie base of the Raton formation.

About a mile west of locality 11, at the
mouth of a small side gulch, the upper part of
the Vermejo formation is exposed even more
perfectly than it is in the east wall of Ponil
Canyon, but the base is covered. The upper
part is much more sandy than it is at locality
11, and in some places the sandstone is full of
fossil plants. Ficus leei Knowlton, Saliz sp.
b, Sequoia obovate Knowlton, Sequoia reichen~
bachi (Geinitz) Heer, and Sabal? ungeri (Les-
quereux) Knowlton were collected a few feet
below the top of the Vermejo formation (U. S.
Geol. Survey fossil locality 5829).
tion seems to ‘be also fossiliferous in Dean

This forma-
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Canyon, which was not entered by the writer,
but which furnished some of the plants col-
lected by St. John and included in the Ver-.
mejo flora. :

The basal conglomerate of the Raton forma-
tion is about 15 feet thick at this locality and is
massive and vecy resistant. It rests with ob-
vious unconformity on the soft beds of the Ver-
mejo, and these, being so much softer than the
conglomerate, havc weathered from beneath
it and left it as an overhanomcr cliff. (See PI.
VII, A.) Thehigher rocks of tho Raton forma-
tion were not éxamined near locality 11, but at
the forks of Ponil Creek, about 2 miles farther'
northwest, they consist ‘mainly of coarse-
grained massive sandstones that form cliffs 300
to 400 feet high. These rocks were searched
for fossils, but only imperfect impressions of
leaves were found.

LOCALITY 12. .

The néxt section toward the east examined in -
detail was in the south wall of the easternmost
point of the mesa north of Ponil Creek, at lo-
cality 12, nearly 3 miles southeast of locality 11.
The side of the mesa is very precipitous, and’
several hundred feet. of the top of the Pierre
shale is exposed in the lower part of the wall.
The shale is fossiliferous, but no fossils were
collected. The Trinidad sandstone is charac-
tenstlcally developed and appears as a promi-
nent cliff in the side of the mesa. No fossils
were collected from it at this locality, but in
the north wall of Ponil Canyon, 2 miles farther
west (U. S. Geol. Survey fossil locality 6558),
Halymenites major Lesquereux, Anomia? sp.,
and Tellina scitula Meek and Hayden were col-
lected from it. o

The Vermejo formation is 110 feet thick at
this locality as compared with 144 feet at local--
ity 11, the difference seeming to be due to the
absence of certain rocks at 