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OFFICE OF THE CHIEF OF ENGINEERS,
Washington, D. C, June 28, 1875.

SIR: When Mgor Macomb, of the Topographical Engineers (now colonel of
engineers), made his report of an important exploration in New Mexico, in 1859, he
was unable to furnish the report on the geology of that region, owing to the fact that
Dr. J. S. Newberry, the geologist who accompanied him, was then actively employed
in his duties on the Sanitary Commission in the West.

Colond Macomb has recently transmitted to this Office Dr. Newberry's report,
with its twenty-two illustrations; and | have respectfully to recommend that it be printed
at the Government Printing-Office, and that 1,500 copies be furnished for the use of
the Engineer Department upon the usual requisition; also, that this Office be authorized
to procure the necessary copies of the illustrations.’

Very respectfully, your obedient servant,
A. A. HUMPHREYS,
Brig. Gen,, Chief of Engineers.

Hon. WILLIAM W. BELKNAP,

Secretary of War.
Approved:
By order of the Secretary of War:
H. T. CROSBY,
Chief Clerk.
JUNE 28, 1875.
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LETTER OF TRANSMITTAL.

UNITED STATES ENGINEER'S OFFICE,
Bock Island, Ill., June 18, 1875.

GENERAL : | have this day forwarded to you the Geological Report of Dr. J. S
Newberry, geologist of the San Juan exploration party, which went from Santa Fé,
New Mexico, to the vicinity of thejunction of Grand and Green Rivers, in Utah, and
back to Santa Fé, in the summer of 1859, and which party was in my charge.

This is the report to which | aluded in my report to you of November 1, 1860,
as setting forth whatever the route above mentioned afforded of interest to the public
at large or to the man of science. | trust it may be found possible to publish it.

The report is arranged in seven chapters, with a prefatory note, and is accom-
panied by the following sketches and drawings, viz:

Eleven water-color sketches, showing characteristic scenery of the region in
Northwestern New Mexico, Southwestern Colorado, and Southeastern Utah.  Also,
eleven drawings (eight of fossls and three of scenery), all of which are interesting and
important in connection with the report.

My map of the route was engraved on a sted plate, and is on the files of the
Engineer Department.

| remain, very respectfully, your most obedient servant,

J. N. MACOMB,
Colonel of Engineers, United Sates Army.
Brig. Gen. A. A. HUMPHREYS,
Chief of Engineers, United States Army.
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REPORT.

WASHINGTON, D. C., November 1, 1860,

SIR : For the information of the War Department, | beg leave to submit the fol-
lowing remarks upon the exploration made by me, during the summer of 1859, in
New Mexico and Utah.

About the middle of July, 1859, my party set out from Santa Fé, New Mexico,
and pursued a northwesterly course, crossing the Rio Grande Bravo del Norte at the
old Indian pueblo of San Juan, and following up the valley of the Rio Chama, pass-
ing by the pueblo of Abiquiu, the outpost of settlement in that direction, being about
fifty-two miles from Santa Fé. We continued up the ChamaValley for some forty-five
miles more, when we left it and crossed the dividing ridge between the waters of the
Gulf of Mexico and those of the Gulf of California, a a remarkable point, where there
is asmal lake caled Laguna de los Caballos, when we struck upon the headwaters
of the San Juan River, crossing several branches before we came to the main stream.
Thiswe crossed in latitude 37° 14' 48" north and longitude 107° 2' 47" west, where there
is a hot spring, of temperature about 140° Fahrenheit and of magnificent dimensions.
We looked down through its limpid waters until the power of vison was lost in the
cavernous depths whence the waters flow. From this point our route was westerly for
about seventy miles, over a region very much broken and intersected by rapid mount-
ain streams (branches of the San Juan), which aford an abundant supply of good
water and have the appearance of being permanent. We had frequent rains, however,
in this part of our route, and the grazing wasthus far excellent. Up to a point about
forty-five miles westward from the "Pagosa,” or great hot spring above alluded to, we
were accompanied by Mr. Albert H. Pfeffer, sub-agent for the Utah Indians, and his
interpreter, Neponocino Valdez, to both of whom we are indebted for acts of hospi-
tality and for facilitating our passage through the country of the Capotes and other
bands of the Utah Indians, in whose vicinity our route happened to lead us.

In latitude 37° 16' and longitude 108° 4', we passed along the southern base of
the mountain group known as " Sierra de la Plata;" hence in anorthwesterly direction
for about one hundred and twenty miles, over gloomy barrens, covered chiefly with
Artemesice, but affording a scanty pasturage in some of thesmal valleys. The August
rains favored us, and we had no scarcity of water on our route to the "Ojo Verde," in
latitude 38° 14 50", longitude 109° 26" 40", a point about three hundred and forty
miles from Santa Fé. The greater part of our journey from Abiquiu to this point was
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by the old Spanish trail, which has not heretofore been accurately laid down upon any
map. This trail is much talked of as having been the route of commerce between
Cdifornia and New Mexico in the days of the old Spanish rule, but it seems to have .
been superseded by the routes to the north and south of it, which have been opened
by modern enterprise.

At the "Ojo Verde" the Spanishtrail strikes dof more northwardly, to seek a prac-
ticable crossing of Grand and Green Rivers. We I€ft the trail here, and, leaving the
main body of our party encamped at the spring, with a smal party of nine, went to the
westward some thirty miles, under the guidance of an Indian, who had joined us
many days previously, on our route to look for the junction of the Grand and Green
Rivers. This part of our journey was very rough and dangerous, from the precipitous
nature of the route, winding down the sides of deep and grand canons, and it is fortu-
nate that no attempt was made to bring forward our pack-train, as we must have lost
many mules by it, and, moreover, there was not sufficient pasture for the few animals
that we had with us. | cannot conceive of a more worthless and impracticable region
than the one we now found ourselves in. | doubt not there are repetitions and
varieties of it for hundreds of miles down the cafion of the Great Colorado, for | have
heard of but one crossing of that river above the vicinity of the Mojave villages, and
| have reason to doubt if that one (El Vado de los Padres) is practicable, except with
the utmost care, even for a pack-mule.

On leaving the "Ojo Verde" we traveled south for about seventy miles, passing
by the eastern base of the Sierra Abgo, until we struck the San Juan River, in lati-
tude 37° 16' 27" and longitude 109° 24" 43", on the 2d September, 1859. We found
bottom-land of the river at this point of alight and loose soil, into which the feet of
the mules would frequently sink for some 18 inches. We followed up the river,
remaining onitsright bank for some one hundred and twenty miles, until we came oppo-
site to the mouth of Cafion Largo, inlatitude 36° 43' 28" and longitude 107° 43' 29".
In the course of our march we observed many ruins of houses and found quantities
of fragments of pottery scattered over the ground, indicating that the valley was once
occupied by a race probably of the same origin and character as the Pueblo Indians
extantin New Mexico. The fate of those former occupant's of that dreary region is
involved in mystery. It requires, however, no &fort of the imagination to fancy that
they may have been starved or frozen to death ; for the winters are severe and fud is
very scarce there.

| have no doubt that the warm season is very short there, otherwise more of the
valey of the San Juan would be cultivated by the Navgjos, who are a corn-growing
people, for the river afords abundant water for irrigation, and carries soil enough to
enrich and renew the fields.

Onthe 15th September, 1859, we forded the San Juan, opposite Caron Largo, with
no little danger, the strong current and deep water sweeping down some of the mules,
which were recovered with difficulty. We were fortunate in passing through Carion
Largo just after heavy rains, as | learned afterward that the command of Mgor Simon-
son, which passed through the cafionin July, had suffered much for the want of water.
There is onefine spring in the cafion, about thirty-five miles from San Juan, but no other
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reliable water until the San José spring is readied, about thirty miles farther to the
southeast. From the last-named water we followed down the valley of the Puerco (a
branch of the Rio del Norte) for about forty miles, when we crossed the southern spur
of the Nacimiento Mountain and came to the old pueblo of Jemez, about fifty-six
miles to the west by south from Santa Fé. The route has been passed over by
wagons from Santa Fé to a point a short distance to the westward of Jemez, and aso
from Santa Fé to the upper valey of the Chama, a short distance above Abiquiu, but
on the remainder of the route passed over by my party there is no evidence of a
wagon having ever been seen, and a suitable road for wagons could only be made at
a heavy cogt for construction, and it would doubtless meet with much opposition on
the part of the Navgos and Utahs, whose country it would pass through.

During the expedition my time was taken up with the astronomical observations
requisite for laying down the route. In these observations | was assisted by Mr. F. P.
Fisher, who noted the time and kept the record for me with accuracy and neatness.
Mr. Fisher also carried a barometer throughout the march.  All computations required
for the astronomical observations were necessarily made by mysdlf.

Mr. C. H. Dimmock made an excellent sketch of the route, which he has drawn in
one large map upon a scale of haf an inch to the mile.  This map | have tested by the
results of my astronomical observations and computations with very great satisfaction.

Messrs. Dorsey and Vail carried barometers and thermometers, and kept daily
records of the indications of those instruments, chiefly from the readings of Mr. Vail.
Mr. Dorsey aso asssted the geologist in making some of the collections of natural
history specimens.

Dr. J. S. Newberry, the geologist of the expedition, was particularly zeslous and
energetic in his examinations of the country, and | expect from him a report setting

forth whatever there may be of interest in the route either to the public at large or to
the man of science.

| am now engaged, under your direction, in preparing for publication, upon a scale
suitable for ordinary use, a map of the region visited by my party, which will exhibit
with all requisite minuteness and accuracy of detail the features of the country, cover-
ing an area of some twelve thousand sguare miles, which has heretofore been indicated
upon the maps under the head of " unexplored.”

The expedition was accompanied by a detachment of infantry under the command
of Lieut. M. Cogswell, of the Eighth Regiment, to whom we are indebted for our sife
escort through awild and inhospitable tract of country, partly occupied by hostile and
treacherous Indians.

| was directed, on my return to Santa Fé, to reduce my party and come in to
Washington to prepare my report, and, on my way, to stop at the southwest corner of
the Territory of Kansas, to set up a new monument at a point some two and a quarter
miles to the east of the one originally placed there. | accordingly diverged from the
usual route across the plains from Fort Union and went up the Cimarron to the point
indicated, and retraced that part of the thirty-seventh parallel from the old monument to
the merdian of 103°, aslaid down upon the map accompanying my instructions, and at
the intersection of these two geographical lines| erected a rough stone monument. The
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origina monument above alludedto is of earth and sods.  This duty was finished about
the middle of November, 1859, when the thermometer was ranging from zero to about
16° above.
| was accompanied to this position by a smal detachment of troops under the
command of Lieut. H. M. Enos, of the regiment of mounted riflemen, to whose vigi-
lance | am indebted for a sdfe transit to Fort Leavenworth, at a time when the Indians
of the great plains had manifested the most decided determination to be troublesome.
| remain, very respectfully, your most obedient servant,
J N. MACOMB,
Captain Topographical Engineers.
Capt. A. A. HUMPHREYS,
Top. Engineers, in charge of Office of Explorationsand Surveys.

WASHINGTON, D. C, November 27, 1861.

COLONEL: At the time of making my last annual report | was engaged in the
preparation of a map of the region visited by the party which | conducted in the summer
of 1859. The map was finished, and is now in the hands of an engraver, who prom-
ises to give me the finished plate by the month of March next.

The report upon the geology, &c, of the same region has been written by Dr.
Newberry, and | hoped to have had it in my possession to send in for publication with
the annual report from the Bureau of Topographical Engineers, but, owing to the delay
in finishing some of the drawings for illustrating the report, and to the fact that the
geologist has for some months been actively employed with the duties of the " sanitary
commission” in the West, | am not yet in the receipt of his results. | may add for
mysdlf that, as in the case of every available officer of the Government, my time has
been so much engrossed by the duties which have pressed upon me, arising out of the
existing state of affairs in our country, that | have been prevented from pushing the
reports and maps, & c, of the San Juan exploration to a conclusion. | hope, however,
that they will al be rendered to me before the close of the sesson of Congress now
about to commence.

All of which is respectfully submitted by your obedient servant,

J. N. MACOMB,
Lieut. Col., Aid-de-camp to Maj. Gen. McClellan, and Major Top'l Engineers.

Lieut. Col. H. BACHE,

Commanding Corps Topographical Engineers, U. S A
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PREFATORY NOTE

COLUMBIA COLLEGE,
New York, June 1, 1875.

The following report was prepared for publication at the time indicated by the
date of my letter to Captain (now Colond) Macomb, but the breaking out of the
rebellion arrested the publication of al the reports of surveys made by the Govern-
ment expeditions immediately previous to this event. The reports of the surveys
made by Lieutenant (now General) G. K. Warren, United States Engineers, Captain
(now General) W. F. Raynolds, the report of the Northwestern Boundary Commission,
and some others, were in this category, and much most valuable information in regard
to the far West has been lost to the country and the world by the suppression of
these important documents.

As attention is now again drawn to the region bordering the San Juan and Upper
Colorado, and several parties are occupied in exploring adjacent districts, the results
of the explorations made by the San Juan Exploring Expedition have acquired an
importance in this connection which has rendered their publication desirable. They
are therefore now given to the public. Although much has been learned in regard to
the geology of the country drained by the Colorado River during the last ten years,
and much that has a bearing on the subject-matter of this report, none of this lately-
acquired knowledge is referred to on its pages, but they are printed precisely as written
in 1860.

This course has been pursued asthe only just and natural one. The observations
made fifteen years ago, if accurately made, have equal value now as then; if inaccurate,
it is only right that the credit of the correction of errors should belong to those who
make such corrections. The geological narrative now given stands, therefore, just as
written, and is afar exponent of the state of our geographical and geological knowledge
of the West at the date of its preparation. It is evident that to modify the report so as
to conform to all the conclusions more recently reached, would be to fasfy the record
and greatly impair the independence and value of the statements it includes. The
truth or error of these statements will soon be demonstrated by the extension of the
explorations of other parties into this field. It is but just that the credit or discredit of
the trial to which the report is to be subjected should belong to the writer. Knowing
that his work was done honestly, and believing that it was in the main accurately done,
he accepts the entire responsibility of it, whether for praise or blame.

J. S N.



LETTER OF TRANSMITTAL.

WASHINGTON, D. C, May 1, 1860.

DEAR SIR: | submit herewith my report on the geology of the country traversed
by the San Juan Exploring Expedition, in which | had the honor to serve under your
command.

Very respectfully, your obedient servant,
J S. NEWBERRY.

Capt. J. N. MACOMB,

Topographical Engineers, United Sates Army.



CHAPTER 1.

GEOLOGY OF THE ROUTE BETWEEN INDEPENDENCE AND
SANTA FE.

GENERAL GEOLOGICAL SKETCH — INDEPENDENCE TO DRAGOON GREEK — CARBONIFEROUS
STRATA — CHARACTER OF COAL AND GOAL MEASURES OF KANSAS — DUE TO WHAT
CAUSES—GOAL-PLANTS OF KANSAS—MORUSCAS FOSSILS—DRAGOON GREEK TO COTTON-
WOOD GREEK—PERMO-CARBONIFEROUS AND PERMIAN STRATA —DIFFICULTY OF SEPA-
RATING THESE FORMATIONS—COTTONWOOD CREEK TO WALNUT GREEK—GYPSUM FORMA-
TION— ITS PARALLELISM—WALNUT GREEK TO PAWNEE FORK—LOWER CRETACEOUS
ROCKS—SANDSTONES WITH IMPRESSIONS OF CAVES—PAWNEE FORK TO CIMARRON—TERTI-
ARY STRATA—ARKANSAS BASIN—ITS RELATION TO THAT OF WHITE BIVER—CIMARRON TO
ENCHANTED SPRING—JURASSIC (9 ROCKS—ENCHANTED SPRING TO COTTONWOOD SPRING—
LOWER CRETACEOUS AND TERTIARY BEDS—COTTONWOOD SPRING TO CANADIAN—TRAP
BUTTES AND MESAS NEAR BATON MOUNTAINS—CRETACEOUS ROCKS OF THE CANADIAN—
TABLE-LANDS SKIRTING THE ROCKY MOUNTAINS —CANADIAN TO LAS VEGAS—TRAP
PLATEAU TO BURGEOIN'S SPRING — CRETACEOUS STRATA AT FORT UNION AND LAS
VEGAS.

The geology of the country bordering the Santa Fé road is described somewhat
in detail in Chapter X of my report to Lieut. J. C. lves, U. S. A., on the geology of
the Colorado country. It will not, therefore, be necessary to devote as much time
and space to this portion of our field of explorations as though it were before wholly
unknown. In our recent journey from Independence, Mo., to Santa Fé, however, we
passed over quite a large area not traversed on the route from Santa Fé to Fort
Leavenworth. In repassing aso the route formerly traveled, our stopping-places
were, in many instances, different; many new exposures of the rocks were examined,
and observations were made by which it is now possible to define much more accu-
rately than was formerly done the geographical limits of the different formations met
with. | am happy to say that the conclusions arrived at in my former report on the
geology of this region, in regard to the relative position of the various strata noticed,
were fully confirmed by our later observations, and the value of the facts now
reported consists, for the most part, in the more accurate limitation of the surface-
boundaries of the formations, and in the paleontological evidence which they furnish
of the age of strata before, in a great degree, conjectural. The number of fossls
discovered inour late transit of the plains was large in the Carboniferous, Permian, and
Cretaceous rocks, but | had constant occasion to regret that our means of transporta-
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tion were so limited that | was compelled to leave much behind that would have been
of great interest if brought in. Among the localities most rich in fosdls, to which |
would cal the attention of future collectors, are the exposures of the Upper Carbon-
iferous series in Eastern Kansas, near Uniontown, at Rockhouse, Walter's Station,
and Burlingame; Permo-Carboniferous, at Dragoon Creek and Wilmington; true
Permian on the hill-tops east of Council Grove, and on Cottonwood Creek; Lower
Cretaceous at the crossing of Pawnee Fork, at Cedar and Cottonwood Springs, and
Whetstone Creek; Middle Cretaceous (Upper Cretaceous of former report) in the
valley of Red Fork of Canadian, particularly at the " Breaks of Red River."

INDEPENDENCE TO DRAGOON CREEK.

The surface-rocks of all Eastern Kansas and Western Missouri belong to the
Coal-Measures. These are exposed in many places along the banks of the Missouri,
and include beds of coa which are extensively worked at Lexington. In Kansas |
have examined the out-crops of the Coa-Measures at various points on the road from
Independence westward, about L eavenworth City, along the valley of the Kansas, on the
Stranger, Grasshopper Creeks, &c. Taken as awhole, the Coal-Measures of thisregion
present a marked contrast with those of the northern portion of the Illinois coa-field,
and a still greater one with those of the Ohio and Pennsylvania.  This difference con-
dgts in the much smaller aggregate quantity of carbonaceous matter and in the vast
preponderance of organic over mechanical sediments, i. e., of limestones over the sand-
stones and shales, which make up the great mass of the Carboniferous series in the
northern portion of the Allegheny coa-fiddld. As | have formerly remarked, this dif-
ference seems to be a consequence of the fact that, during the Carboniferous epoch, the
region occupied by the coal-basin of Missouri and Kansas was more remote from the
source from which the mechanical sediments were derived, and was much more fre-
quently, or at least for longer periods, submerged beneath the water of the ocean than
the region with which | have compared it. Professor Hall has indicated a smilar dif-
ference of structure between the northern and southern portions of the Illinois coal-
field, and has clearly shown how the great calcareous masses of the southern extremity
of this cod-basin are the records of the existence of an open sea in the regions where
they exist, while the coal, sandstones, and shales were accumulating on the low shores
or shalows bordering the continent which lay to the north.

In my former report, | have described the progressive change which was noticed
in the structure of the Carboniferous series in going from New Mexico to Ohio, and
have shown how the great masses of limestone without beds of coa, and amost with-
out any mechanical admixture, were succeeded in Kansas by a series of thick, but
distinctly separated beds of Fusilina limestone, between which were thinner strata of
fine argillaceous shae, with a few seams of cannel or cannel-like coal; and that in
Ohio the Fusilina limestones, not individually, but as a group, are represented by the
thin calcareous bands which separate the greatly-preponderating masses of mechan-
ica sediment. Further examination has fully verified the accuracy of these observa-
tions, and has confirmed in all its general bearings the theory by which the phenomena
were explained. It should be observed, however, that the change which has been
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remarked by Professor Hall in the structure of the coa-basins, going from north to
south, and by myself from northeast to southwest, is not uniformly progressive through-
out their entire extent, but was modified locally by the sinuosities of the shore-line of
the northern main-land, and by the presence of islands at a greater or less distance from
the shore toward the south and southwest; in illustration of which we may cite the
comparative barrenness of the Coal-Measures of Northern and Central 1llinois, where,
as in Kansas, the calcareous strata vastly predominate, with the greater development
of strata and mechanical sediments in Southern Illinois and Kentucky; so aso the
productive Coal-Measures of the region about Fort Belknap, in Texas, where the quan-
tity of carbonaceous and sandy matter is equa to, if not greater than, that of Kansas
directly north. At Sante Fé, aso, as will be seen from the description hereafter to be
given of the geology of that vicinity, the Carboniferous seriesincludes agreat thickness
of coarse sandstone filled with the impressions of land-plants, evidently transported no
very great distance from their place of origin. As we progress southward, however,
we ultimately reach the limit of traces of the existence of terrestrial surfaces during
the cod period, as in Southern and Southwestern New Mexico, where the entire Car-
boniferous series is represented by a calcareous mass, al an organic or chemical pre-
cipitate from the waters of the ocean, and the proof of the uninterrupted existence of
an open sea in that region throughout the entire carboniferous epoch.

Coal.—The cods of Missouri and Kansas have dl, to a certain extent, a common
character, as compared with those of the Alleghany coal-fields, they are softer, and
contain a larger amount of volatile matter, of water, and of sulphur. Some of them
are cannel, frequently handsome and of good quality, and those which are not strictly
cannel are more or less likeit in chemical composition and physical structure, and they
frequently have layers of cannel running through them. They are generaly quite
tender, and when exposed to the action of the wesather, like the Cretaceous and Ter-
tiary cods of the western part of the continent, which they so much resemble, they
are prone to " dack," or to break up into innumerable rhomboidal or cubical fragments.

The causes of the peculiar character of the cods of Kansas are to be sought, |
think, in the physical conditions attending their formation, rather than in any peculi-
arity of the vegetation from which they were derived. In a paper, published in the
American Journal of Science, of March, 1857, | have attempted to show that the char-
acters which distinguish cannels from other bituminous coals are for the most part due
to the excess of water in which they were submerged during the process of their for-
mation. | have aso been led to suppose that this cause has, to a considerable degree,
given to the western cods the characters they exhibit; that the carbonaceous matter
composing them was, during its accumulation, more thoroughly saturated or more
completely submerged than that composing the coal-strata of the Alleghany basin;
and that when the coal-seams had attained their entire thickness they were not imme-
diately buried beneath heavy masses of mechanica sediment, by the weight of which
all the effects of great pressure would be obtained, but, instead, were submerged per-
haps deeply beneath water, the pressure of which would be expended in al directions,
and would, therefore, not act as a distinct compress on the saturated mass. That the
chemical characters of these coas have been in any great degree modified by this cause

3SF
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I will not insst, but by submerging a porous body, such as a sponge, it will be seen
that the pressure of the superincumbent water has no tendency to bring its particles in
contact or consolidate it. The excess of sulphur is doubtless due to the decomposition
of the numerous marine organisms which inhabited the water by which the coa was
saturated or submerged.

Fossils—The conditions under which the cod strata of Kansas have been formed
were not favorable to the preservation of alarge number of plants; lessthan a dozen
gpecies having been discovered there up to the present time. These are Cordaites
borassifalia, Annularia sphenophychides, Splienopliyllum dentatum, Alethopteris Serlii, Pecop-
teris arborescens, Neuropteris flexuosa, N. hirsutu, and Sgillaria Menardi. These plants
are all found in the cod-formation east of the Missssppi.

The molluscous fossls of this region have been pretty thoroughly worked up by
Messrs. Shumard, Swalow, and Meek. They are enumerated in the papers of these
gentlemen in the proceedings of the Saint Louis and Philadelphia academies; and in
Chapter X of my report on the Geology of the Colorado Country.

In some portions of Eastern Kansas the Upper Carboniferous limestones contain
the remains of echinoderms, of which the spines and plates sometimes almost com-
pletely cover the weathered surfaces of the rocks. They all belong to the genus
Archceocidaris, and constitute several species described by Messrs. Shumard and Hall.
These fossls present a new feature in the Carboniferous fauna to one who has studied
that formation only east of the Mississippi, where they are exceedingly rare. They are,
however, equally common in the Carboniferous rocks of New Mexico; one of the
Kansas species recurring in great numbers at Pecos Village, near Santa Fé, and sev-
eral others of large size, described in my report to Lieutenant lves, are conspicuous
features in the limestones, equivaents of the Coa-Measures, on the banks of the Col-
orado.

The Fusilinas, which give character to the Fusilina limestones of Missouri and
Kansas, have attracted the attention and excited the surprise of every geologist who
has vidted that region. The Coal-Measure limestones are amost everywhere crowded
with them, and in many instances they compose by far the greater portion of their
mass. It is not easy to say what influences could have fostered this enormous develop-
ment of Foraminiferous life in the seafrom which the Kansas limestones were deposited,;
for these fossls, like the echinoderms of which | have spoken, are amost unknown
east of the Mississippi; but, unlike them, are comparatively rare in the limestones of
New Mexico.

DRAGOON CREEK TO COTTONWOOD CREEK.

The Carboniferous rocks which | have described as so characteristic of Eastern
Kansas, prevail without interruption over al the interval between Independence, Mo,
and Dragoon Creek. Although the exposures of the underlying rocks are frequent
along the Sante Fé road, the surface is merely undulated, nowhere broken, and there
are no deep excavations formed by the draining streams.  As a consequence the order of
succession of strata could not be fully made out, and it is probable that not every num-
ber of the series is anywhere visible along our line of examination. It is not certain,
therefore, that there are not beds of coa or other valuable minerals till lying concealed
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by the prairie-grass or beneath the widely-spread Drift deposits over which passes the
great thoroughfare of the Sante Fé road. As far as | could see or learn, however, the
Coal-Measures are there generally barren of useful minerals. The iron-ores and the
fire-clays, so abundantly associated with the coa-beds in Ohio and Pennsylvania, are
amost entirely wanting, and but a single outcrop of a coa-seam of workable thick-
ness—that of Burlingame, described in my former report—is known in the vicinity of
our route. The coal-strata of this region are, however, not only less numerous, but
less continuous than are those east of the Mississippi, and it is highly probable that
local but valuable deposits of mineral-fuel will hereafter be discovered where their
existence is not now suspected.

At Dragoon Creek we reach the extreme summit of the Carboniferous formation,
and first meet with those which may be regarded as distinctly Permian. As has been
remarked, in the discussion of this question on aformer occasion, it is exceedingly
difficult, if not impossible, to separate these two formations in thisregion by any well-
defined line  This is clearly shown dso by the able analysis of the geological struc-
ture of Eastern Kansas by Messrs. Meek and Hayden, and Swallow and Hawn, and
especialy by the difference of opinion which still exists among these gentlemen as to
where the line of demarcation should be drawn.  The rocks of that country are conform-
able throughout, and the materials composing them are so similar as to indicate great
uniformity in the physical conditions which attended their deposition. The fossls
which they contain must therefore be our only guide in their classfication ; and these,
though numerous and well marked, are so distributed as to give far ground for con-
Siderable difference of honest opinion

Beneath the variegated non-fossiliferous series of the Trias, are certain beds of
magnesian limestone which contain a large number of fossls, for the most part gener-
ically identical with, and specificadly closely alied to, the most characteristic forms of
the Permian of Europe. These consist of species of Bakevellia, Leda, Axinus, Monotis,
Pseudomonotis, Myalina, Pleurophorous, Productus, Athyris, Chonetes, Nautilus, Bellerophon,
Murchisonia, &c. Of these one species of Monoatis, and another of Myalina, are scarcely
distinguishable from those which occur in the Coa-Measures below, though very possi-
bly distinct The Athyris, however—a variety of A. subtilita, but broader and more
gibbous than the common form—recursin the underlying strata with afauna decidedly
Carboniferous. The same is probably true of a species of Bellerophon common in these
magnesian limestones. The Productus mentioned (P. Calhounianus) is scarcely differ-
ent from P. semireticulatus. With the possible exceptions| have enumerated the fauna
of this group is decidedly Permian in character; and if the Permian formation is to be
regarded as distinct from the Carboniferous, which is scarcely to be doubted, although
the separation would not have been made if our American strata had been the basis of
geological classfication, this upper group of magnesian limestones should undoubtedly
be caled Permian. Beow the magnesian rocks to which | have referred, occur numer-
ous alternations of magnesian limestones and variously-colored clays which contain a
mingling of Carboniferous and Permian fossls, or perhaps more properly a mingling of
the species contained in the upper group of magnesian limestones with others common
in the Carboniferous strata below, added to which are afew species that seem to be
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restricted to this geological horizon. In the upper part of this intermediate group of
strata, we have the Bakevellia, Pleurophorous, Axinus, &c., of the beds above, and afauna
perhaps more Permian than Carboniferous, but below we soon reach a level where the
Carboniferous types predominate.  This group of stratahas been regarded by Professor
Swallow as dl of Permian age, while Mr. Meek terms it Permo-Carboniferous, draw-
ing the line which marks the base of the Permian at the base of the first group of mag-
nesian limestones, and restricting this term to those members of the series in which the
Permian fauna predominates over the Carboniferous.

From this interlocking of the Carboniferous and Permian faunag, it is evident that
the line of separation between the two formations must continue to be debatable
ground; and as there s, in fact, a group which contains a mingled fauna—in truth, a
Permo-Carboniferous group—we must introduce this new member into the geological
series, or fix upon some conventional line which shall form the boundary between the
summit of the Carboniferous and the base of the Permian formations. To avoid com-
plicating the geological scale, the latter course would undoubtedly be the wiser one;
and since there is neither physical nor vital break in the series, it is perhaps not a
matter of great consequence whether the' line be drawn at the horizon where the first
Permian type makes its appearance, or at the horizon beyond which the last Carbon-
iferous species ceases to exidt, or even a the point, if indeed it were determinable,
where the species of the two formations are represented in equal numbers; in other
words, whether at the top, bottom, or middle of the Permo-Carboniferous group. It
will be seen by reference to the papers which have been before cited, that, while con-
taining severa Permian types, the fauna of the " Lower Permian” group of Swallow
and Hawn has considerably more of the Carboniferous than Permian character; and
as great bodies attract more strongly than small ones, it seems more natural that the
debatable ground should be ceded to the great and well-defined Carboniferous series,
of which the symmetry would suffer without it, rather than to the comparatively insig-
nificant and ill-defined Permian formation. It seems probable, therefore, that the
"Lower Permian" group of Swalow and Hawn will be regarded as an integral portion
of the Carboniferous system, while the term Permian will be restricted to the Permian
of Meek and Hayden, to the " Upper Permian" of Swallow and Hawn. It is evident
that only those strata should be regarded as Permian in which the Permian fauna pre-
dominates.

In the hills bordering Dragoon Creek | first found limestones containing the group
of fossils—Pleuropliorous, Bakevellia, Axinus, Bellerophon, &c.—to which | have referred
above. Farther west, toward Council Grove, the hills are capped with yellow mag-
nesian limestone, in many places crowded with the valves of Bakevelliaparva. Over a
considerable area in this vicinity the highlands are occupied by what may be consid-
ered true Permian strata, while the valleys of al the water-courses are excavated to
and into the Permo-Carboniferous, or, as | have called them, Upper Carboniferous
strata.

At Council Grove, Diamond Spring, Lost Spring, and Cottonwood Creek, obser-
vations were made and fossls collected by Mgor Hawn, Messrs. Meek and Hayden,
and myself last year. The geology of all these pointsis nearly the same. At eachthe
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Permian magnesian limestones occupy the general surface, but are cut through by the
valleys of the draining streams. Beow them are exposed strata containing Orthisina
umbraculum Productus Calhounianus; spines of a species of Archceocidatis, regarded
by Professor Swallow as identical with A. Verneuiliana, King; asmal Athyyris, and a
Rhynchonella; al of which belong rather to the Carboniferous than to the Permian
fauna. Near Cottonwood Creek the Upper Magnesian limestone, or true Permian, is
highly fossiliferous; containing great numbers of Myalina perattenuata, Monotis (Pseu-
doMonotis), Hawni, Bakevellia parva, and many other species described by Meek and
Hayden, who collected largely at this locality.

COTTONWOOD CREEK TO WALNUT CREEK.

THE GYPSUM FORMATION.

On the west side of Cottonwood Creek, the Permian limestones pass beneath the
surface, and are not distinctly recognizable at any western point upon the Sante Fé
road. They are succeeded by a series of reddish-yellow and white indurated marls,
forming a part of the great " Gypsum formation,” which is so conspicuous a feature in
the geology of the Indian Territory, New Mexico, and Western Texas. This group
fills the interval between the Permian strata, which | have described, and the base of
the Cretaceous system; including representatives of perhaps portions of the Permian,
the Triassic, and Jurassic formations of the Old World. The magnificent exposures of
this series which abound in New Mexico, have been noticed by every geologist and
amost every traveler who has entered that country. It will be seen by reference to
the reports upon the geology of the Southwest made to the Government by the writer
or others, that this formation is everywhere characterized by great poverty of fos
dls, and for this reason, as well as from the general similarity of its lithological char-
acters from base to summit, and in different localities, it has been hitherto impossible to
separate it by satisfactory dividing lines, or to determine with accuracy the equivalence
of any of its parts with the different formations which it may be supposed to repre-
sent. The study devoted to this group of strata by the writer, while connected with
the party under the command of Lieutenant Ives, was not wholly fruitless, but it must
be confessed that, as far as regards the determination of the parallelism of its sub-
divisons with the strata to which they have been referred, it enables him rather to say
what they are not, than what they are. The observations made upon this formation in
our recent explorations of the country bordering the San Juan and Upper Colorado
Rivers—where it is very largely developed—will be detailed in the subsequent chap-
ters of this report, and it is hoped that they will serve to throw some additional light
on this difficult and perplexing subject.

The materials composing the Gypsum formation are usually so soft that in a
country well supplied with rain and covered with vegetation they present few satisfac-
tory exposures, and are even usually wholly concealed from view. This is the char-
acter of the district now under consideration, and it is only here and there that the
traveler can obtain even a glimpse of its geological substructure. It is evident, how-
ever, from the limited space occupied by the outcrop of this group, taken in connec-
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tion with the nearly horizontal position of the strata, that the interval which here sep-
arates the Carboniferous and Cretaceous series is far less than at any point where it
has been examined farther to the south and west. * Thisisaso proved from the sec-
tions given by Messs. Meek and Hayden in the report of their explorations in Kansas,
where it is shown that the rocks filling this gap have not more than one-third or one-
fourth the thickness of those which occupy the same relative position in New Mexico.

The interesting discovery by Dr. Hayden of a group of strata in the Black
Hills, which represent a portion of the Gypsum formation and yet contain numerous
well-marked Jurassic fossls, shows that this series exhibits in different localities consid-
erable diversity of character and development, and encourages us to hope that here-
after smilar industry and energy, by bringing to light other localities where these
strata are fossliferous, will permit an accurate classfication to be made of them on
paleontological grounds. It may then be possible to establish a parallelism between
subdivisions of this group and the Jura and Trias of Europe, but it is evident that
until unmistakable Triassic fossls are discovered in the Southwest, even this general
paralelism can hardly be said to be established. That it will ever be possible to iden-
tify in the members of the Gypsum formation the Oolite, Lias, the Marncs-Irisces, the
Muschelkalk, and Gres-bigarré, is more than doubtful.

On the banks of the Little Arkansas there is an exposure of laminated, yellowish-
white, fine-grained, rippled-marked sandstone, and a singular cellular amygdaloid-like
magnesian (?) limestone, which apparently belong to the Gypsum formation, yet which
exhibit lithological characters such as| have not elsewhere seen in any member of
that group. As far as observed they contain no fossls whatever, and without further
evidence it is impossible to say what are their precise equivalents in other localities.

| shall soon have occasion, in speaking of the geology of the region bordering the
Upper Cimarrén, to refer to another group of strata which underlie the Lower Creta-
ceous rocks and hold a place usually occupied by a portion of the Gypsum series.
These strata present characters somewhat at variance with those usually exhibited by
the Gypsiferous group, and such as have led me to suspect that they form part of a
somewhat local deposit, which may be the representative of the Jurassic strata, dis-
covered by Dr. Hayden in Nebraska. | have been able to discover no evidence
of the existence of similar rocks, beneath the Cretaceous and above the Permian, east
of Walnut Creek.

WALNUT CREEK TO PAWNEE FORK.
LOWER CRETACEOUS ROCKS.

Before reaching Walnut Creek, the Santa Fé road enters the valley of the Arkansas,
which is several miles in width, and is bounded on the north and west by the abrupt
edges of the "high prairie," a nearly level plateau, which occupies an immense area west
of this point. In this plateau the tributaries of the Arkansas have excavated valleys
of greater or less breadth, but they are generally narrow and are separated by " divides'
of the high prairie, which to the eye are as level as the surface of till water, and are
everywhere covered with a velvety carpet of buffao-grass.  Smoky Hill Fork of the
Kansas, Cottonwood Creek, the Little Arkansas, Cow Creek, Walnut Creek, &c, all
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traverse, at least through a part of their courses, channels which they have excavated
in the "high prairie."

Throughout the greater part of the area drained by these streams the geologica
substratum of the plateau | have described is the Lower Cretaceous sandstone, or,
more properly, a group of strata, though sometimes consisting of but a single bed,
which forms the base of the Cretaceous system; No. 1 of Mesk and Hayden's Ne-
braska section of the Cretaceous series. This group is composed principally and some-
times exclusively of thick-bedded, coarse-grained, ferruginous sandstone, containing
as characteristic fossls alarge number of species of angiospermous leaves. Around
the edge of the high prairie this sandstone caps or composes many isolated buttes which
have been severed from their connection with the plateau by aqueous erosion.  Such,
we learn from Messrs. Mesk and Hayden, is the structure of the Smoky Hills, from
which they obtained a large part of the impressions of leaves described by the writer,
and such aso is the structure of Pawnee Rock, which stands near the road be-
tween Walnut Creek and Pawnee Fork. At Allison's ranch, on Walnut Creek, this
sandstone has precisely the lithological characters of that from the Smoky Hills, but
| was not able to detectin it any traces of fossls. At Walnut Creek, however, twenty-
five miles distant, vegetable impressions are abundant, including, apparently, some of
the same species obtained from Smoky Hill, Blackbird Hill, &c.

The geological horizon marked by this Lower Cretaceous sandstone group is per-
haps the best defined of al in the entire geological series in the Southwest, and more
generally useful as aplane of reference than any other. From the resistant character
of the materials compaosing this group, it has held its place over an immense extent of
country from which the softer superior strata have been removed. When the upper
members of the Cretaceous formation are present, as is the case in much of the coun-
try hereafter to be described, the Lower Cretaceous sandstones are covered with more
than a thousand feet of limestones, or calcareous shales filled with the remains of ma
rine organisms, and evidently a deposit from the waters of the ocean. In an anaysis
of the Cretaceous formation, to be given in a succeeding chapter of this report, | shal
attempt to deduce, from the composition and fossl contents of the different members
of this series, something of the history of the changing phases of the physical geog-
raphy of the central portion of the continent during their deposition. | may say,
however, in passing, that these coarse Cretaceous sandstones are exclusively mechan-
ical deposits, and such as have not been transported any very great distance from their
place of origin; that, extending asthey do from the vicinity of the Missssippi al the way
to the base of the Rocky Mountains, they mark aperiod of general subsidencein all this
portion of the continent—a period through which the sea was gradually encroaching
upon the land. The shore-line was then constantly marching inland, leaving behind it
proofs of the power of its littoral waves; which comminuted and sfted the barriers op-
posing their progress, and formed of their ruins these beds of sratified sands and
pebbles, which may be regarded as only an unbroken series of ancient sea-beaches.
The finer materials, washed by the shore-waves, were taken into suspension or solu-
tion by the sea-water, and, mingled with or composing the remains of marine animals,
were spread over the ocean bottom as the shales and limestones of which | have before
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spoken.  This encroachment of the sea took place from east to west, and the invading
flood is now represented by the Gulf of Mexico. This isindicated by the facts that
the Lower Cretaceous sandstones thin out and disappear toward the south and east,
where nearly the entire Cretaceous series is represented by marine and organic sedi-
ments; while, as we go toward the west and northwest, on the contrary, the sandstones
increase in thickness, the superincumbent strata become less and less calcareous, until
ultimately, as we approach the shores of the continent not submerged by the Creta-
ceous ocean, the mechanical sediments greatly preponderate over the organic, and beds
of sandstone and shale of enormous thickness, the direct debris of the land, represent
all the subdivisions of the chalk formation.

| have spoken in my former report of the parallelism between the Lower Creta-
ceous strata of New Mexico and those of Nebraska, as described by Meek and Hay-
den, and those of New Jersey, by Professor Cook. How accurately the Lower Cre-
taceous rocks of the district now under consideration represent those of the regions
just mentioned will be seen in the following section:

Section of Lower Cretaceous rocks at the crossing of Pawnee Fork.

No. 1. Soft, coarse sandstone, dark reddish-brown, yellow, or nearly white; lower
part finer, and containing impressions of dicotyledonous leaves (Salix, &c.) to summit
of diff, about 50 feet.

2. Light dove-colored clay, with lignite and broken leaves, 10 fest.

3. Ydlow sandy clay with vegetable impressions to bed of stream; about 15 feet
exposed.

| had not time fully to explore this locality, but the fossils are quite numerous and
very accessible. The species of Salix referred to is apparently identical with S. Meekii,
obtained at Smoky Hill by Meek and Hayden. The dove-colored clay which under-
lies the sandstone is scarcely distinguishable from that which holds a similar position
in New Jersey, and which, like this, is filled with vegetable matter.

By reference to the section of the rocks of Kansas given by Messrs. Mesk and
Hayden, in the Proceedings of the Philadelphia Academy, January, 1859, it will be
noticed that the "red, brown, and yellowish coarse-grained sandstone, containing
leaves of dicotyledonous trees, forming the summits of the Smoky Hills," is underlaid
by "whitish, very fine-grained, argillaceous sandstone, with bluish, purple, and ash-
colored clays" Though containing at that locality no vegetable impressions, it is
evident that these latter beds are the equivalents of those exposed beneath the sand-
stone on Pawnee Fork.

PAWNEE FORK TO CROSSING OF CIMARRON.

TERTIARY STRATA.

After leaving Pawnee Fork the Santa Fé road crosses the margin of an immense
Tertiary basin, to which | first called attention in my report on the geology of the
Colorado country, and designated by the name of the " Tertiary basin of the
Arkansas.”
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strikingly resemble the fresh-water Tertiary limestones of the Paris basin; and, as |
have said, are undistinguishable from those of the "bad-lands" of the Upper Missouri,
shown by their fossls to be al of fresh-water or estuary origin  The great mass of
the Arkansas beds is made up of white or cream-colored limestone, closely resembling
much of the calcareous tufa deposited from springs, and frequently containing masses of
black or red, very light and porous scoria; with this tufaceous limestone are associated
strata of more compact laminated cream-colored limestone; a bed of coarse, friable
light-colored sandstone, frequently a conglomerate; and at a higher level a stratum of
exceedingly coarse conglomerate, of which the pebbles, if such they can be caled,
are often 6 or 8 inches in diameter. These pebbles are principally composed of
guartz or the harder erupted rocks, basalt, porphyry, &c, with occasiondly a frag-
ment of Carboniferous limestone. | noticed that in going toward the west the mate-
rials composing these sandstones and conglomerates became much coarser, showing that
they had been derived from the direction of the Rocky Mountains. Although the
Tertiary basins of the West have been studied in but a smal portion of their extent,
and we are as yet very fa from being in possesson of al the facts in reference to
their areas, their structure, or their fossls, which will permit us to write in full the
history of their deposition, the observations already made all seem to point to the con-
cluson that the Tertiary epoch was an era of progressive elevation over all the central
portions of our continent; and that during the greater part of this epoch, the continent
had nearly the form and area which it has at present. The purely marine Tertiaries
appear to be restricted to the immediate vicinity of the present ocean; and to a
narrow belt along the valley of the Mississippi, which continued to be occupied till a
comparatively recent period by an arm of the Gulf of Mexico. So far as a present
known, all the Tertiary strata which are found between the Missssppi and the Sierra
Nevada are of fresh-water or estuary origin. The gradual retrocession of the ocean
is aso indicated by the fact reported by Dr. Hayden that where estuary shells are
found in the Tertiary strata of Nebraska they are generally restricted to the lower beds
of the series; the overlying strata containing fresh-water species.  We are led to infer,
therefore, that the Tertiary basinswhich skirt the bases of the Rocky Mountains, were once
the beds of rivers and lakes of the Tertiary continent; and, except in the immediate
vicinity of the coast-line, were wholly occupied by fresh water. It is aso probable
that some of these basins occupy former lines of drainage from the Rocky Mountains;
and that the beds of coarse sand and gravel made up of fragments of crystalline rocks,
wholly foreign to the localities where they are found, but abundant in and peculiar to
the Rocky Mountains, were transported from their distant places of origin by the rapid
currents of these ancient rivers. The further consideration of these facts, as well as
others bearing on the subject of the physical geography of the central portions of the
continent during the Tertiary epoch, must be deferred to a subsequent portion of this
report, where it will more properly find place.

The details of structure of the Tertiary basin of the Arkansas will be, perhaps,
most readily understood by a few extracts from my notes, made at various points along
our route where the Tertiary strata are exposed. "After leaving Pawnee Fork, the road
passes over level bottom-lands for several miles, where it divides; the left-hand branch
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following the windings of the Arkansas; the other, caled the 'dry road,’ rising on to
and crossing the table-land which separates the valeys of Pawnee Fork and the
Upper Arkansas. This table-land is underlain by awhite tufaceous limestone, exposed
in the bed of the Coon Creeks, and till better at the point where the dry road comes
down again to the Arkansas. It is dso thrown out in many different places from the
burrows of the prairie-dogs. In lithological characters, this rock is precisely like a
portion of the strata of the 'bad-lands of Nebraska; contains no fossls, but afew
pebbles of crystalline rock. At the Caches, sixteen miles below the crossing of the
Arkansas, the same stratum is seen overlaid by some thirty feet of coarse, oft, light-
brown conglomerate, much cross-stratified. The cement is coarse slicious sand; the
pebbles, from the sze of an egg downward, of granite, trap, quartz, porphyry, trachyte,
jasper, quartzite, chert, &c, with a few of Carboniferous limestone."
"At the crossing of the Arkansas, the following section is exposed:

" 1. Spongy tufaceous limestone like that on Dry road.
" 2. Coarse, soft conglomerate, same as at Caches, 35 fet.

" 3. Tufaceous limestone, like No. 1, to base."

"The sand-hills, which border the Arkansas on the south side, seem to have been
derived from the decomposition of the Tertiary conglomerate.”

"The same stratum forms the banks of the Cimarrén, and has apparently given
character to its sandy and dterile valley. The ' Jornada,’ the divide between the
Arkansas and Cimarrdn, is another portion of the high prairie, precisely like, in physi-
ca and geological structure, that crossed by the 'dry road.™

"At Eighteen-mile ridge, on the Cimarrdn, the coarse conglomerate and chalky tufa
are exposed, as a many points below. The conglomerate is composed of a coarse
sandy cement, with pebbles from the sze of shot to eight inches in diameter. The
larger ones are compact, fine-grained, reddish-yellow sandstone, doubtless of Lower
Cretaceous age, and such as comes to the surface farther westward.  Others are com-
posed of granite, amygdaloid, clay-date, quartz, jasper, &c. The greater Sze of the
pebbles in this conglomerate perhaps indicates that, in going westward, we are
approaching the source from which they were derived. The conglomerate would
seem to be a drift from the Rocky Mountains, where, and where only, as fa as | am
aware, such materials occur in place. If thisis true, when on the Cimarron, we were
doubtless standing in the channel of a great line of drainage of the Tertiary epoch.”

At the middle spring of the Cimarron a very instructive and interesting section is
exposed, in which we again see the base of the Tertiary series.  On Pawnee Fork, the
tufaceous limestones and conglomerate which | have described rest upon the coarse
ferruginous Lower Cretaceous sandstone. Here we find them underlain by soft yellow
or red sandstone, of which the place is considerably lower than that last mentioned.
In other localities further west we shall see that these Tertiary beds rest first on Lower
Cretaceous sandstone, then on trap, again upon the Middle Cretaceous limestones and
shdes, and, finaly, upon the red calcareous sandstones of the Trias. The elements
composing the section of the middle spring of the Cimarron are indicated in the fol-
lowing table:
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'Section of strata at Middle Spring of Cimarron.

Feet.
1. Coarse gravel from disintegrated conglomerate—————————————————— 6
2. Spongy, tufaceous limestone, cream-colored—————————— 3
3. Soft, chalky tufa, creem-colored ... .. . —7mMH —— 2
4. Laminated, tufaceous limestone, cream-colored... . 6
5. Massve, tufaceous limestone, upper part hardest, contalnlng balls of red and
black scoria . .. ... ... - -. 50
6. Cream-colored tufa, smilar to No. 5, but softer. ... .. ... ... . . . — 19
7. Hard, foliated tufaceous limestone . . . . .~ . . 5
8. Ydlow or reddish, soft, massive sandstone————— 40

The cream-colored tufaceous limestones of the above sectlon are the equwal ents
of the lower tufaceous limestone of the Arkansas, and, though containing no fossls,
are doubtless Tertiary. The bals of scoria which they include, though not positive
evidence of the fact, may be regarded as an indication that volcanic action was going
on somewhere in this vicinity during their deposition.  If this was the case, the scoria
must have been derived from the vicinity of the Raton Mountains, where volcanic
eruptions were taking place, geologically speaking, about that time.

Scoria is very frequently contained in the Tertiary strata near the Rocky Mount-
ains, afact which has suggested the thought that the water from which these tufaceous
limestones were deposited may, in some instances, have been heated, and that this is
one reason why they contain so few fossls.

The sandstone which forms the base of the section, at the Middle Spring of the
Cimarron, will be soon noticed, in connection with the group to which it belongs; but
its place in the series, as has been stated, is below the Lower Cretaceous sandstone.

We have here abundant evidence of the entire unconformability of the Tertiary
beds with those on which they rest, and that they were deposited in basins scooped out
of the underlying rocks, doubtless by subaerial action, precisely as smilar valleys or
basins are forming at the present day.

A few miles further westward the Lower Cretaceous, and even some portions of
the Middle Cretaceous strata, are found in place, and there is no question but that they
once stretched over all the adjacent country, and occupied the place since held by the
Tertiary beds, but, by the long action of eroding agents, they had been entirely re-
moved or deeply excavated before the Tertiary limestones began to be deposited; and
that subsequently this latter series filled up and obliterated all traces of that ancient
denudation. During the present epoch the process of erosion has again begun, and the
valleys of the Cimarron and Arkansas are being for the second time excavated.

CROSING OF CIMARRON TO ENCHANTED SPRING.
JURASSIC ? ROCKS.

At the crossing of the Cimarron, and for some miles west of that point the Ter-
tiary strata have been entirely removed; the bottom of the basin exposed and deeply
eroded. It is here composed of a series of strata of which the sandstone, lying at the
base of the diff at the Middle Spring, forms a part. This series congsts of a number
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of alternations of strata which are quite different in color, texture, and composition.
They are, as far as my observation extended, destitute of fossils, and it is therefore im-
possible to fix accurately their place in the geological scale. It will be seen from the
section given below that they underlie the coarse red and yellow sandstones of Lower
Cretaceous age, which have been so frequently referred to in the preceding pages.
They are, however, in lithological characters quite unlike the strata which are gen-
erally found immediately beneath the Lower Cretaceous sandstones of New Mexico.
The position they hold is apparently the same with that of the Jurassic rocks discov-
ered by Dr. Hayden in the Black Hills; It is possble, therefore, and perhaps prob-
able, that they are of the same age. It will, however, be necessary to wait the
detection of fossls in the group before its place in the series can be more than conjec-
tured. The section taken from the summits of the hills at Enchanted Spring, down

the sde of the valley toward the Cimarron, as far as the rocks were exposed, is as
follows:

1. Gray, ydlow, or brown coarse sand-rock, the equivalent of that of the Smoky
Hills, here containing obscure impressions of large dicotyledonous leaves, 70
feet.

2. Thin layers of laminated brown sandstones, with very smooth surfaces, 20 fest.

3. Hard light-blue or dove-colored limestonein thin layers, Jurassic? 50 fest.

4. Sope covered, about 30 feet.

5. Ydlow or reddish quartzose sandstone, 2 fest.

6. Redshde, 5 feet.

7. Ydlow calcareous sandstone or silicious limestone, with ferruginous concretions,

20 feet.

8. Brecciated conglomerate, 5 fedt.

9. Blood-red shale, 25 feset.
10. Yédlow calcareous sandstone, similar to No. 7, 8 fet.
11. Blood-red shale, with one or two narrow bands of green, 10 fest.
12.

Red and yellow argillaceous limestone, somewhat concretionary, often laminated,
sun-cracked and ripple-marked, pierced by vertical cavities from one to two
inches in diameter, to base, 8 fest.

Much of the coarse sand-rock, No. 1 of the section, is precisely like that contain-
ing the fossl plants of Blackbird Hill, Nebraska: being partly dark-brown and ferru-
ginous, and partly gray, quartz-like, and intensely hard. Other portions of the mass
are yellow and softer, in this respect resembling the general aspect of thisrock in New

Mexico. The limestone, No. 3 of the section, is the most interesting feature of the group,

and the oneto which we must look for fossis that shall determine its age. Itis a fine-

grained, homogeneous rock, such as | have nowhere seen near the same geologica
horizon in the Southwest.  With the exception of the limestone, | should have no great

difficulty in supposing that this group represented the stratawhich in New Mexico im-

mediately underlie the Lower Cretaceous sandstones; but the limestone is entirely for-

eign to the geology of those portions of New Mexico which | have examined. | am
strongly inclined to believe that it is a member of the series not represented further to

the south and west, and | shall be surprised if it does not yield to future explorers well-
marked Jurassic fossls.
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ENCHANTED SPRING TO COTTONWOOD SPRING.

TERTIARY AND LOWER CRETACEOUS STRATA.

At Enchanted Spring the Lower Cretaceous sandstones form a line of bold bluffs,
which border the excavated valley of the Cimarron. From this point up to the base
of the mountains the surface has nothing of the monotony of the plains below, but is
greatly varied, and the scenery is frequently impressive, occasionally grand. With
the exception, however, of the volcanic outlayers of the Raton Mountains, there are
few evidences of the action of violent disturbing causes, and the variety which the
scenery presents is due amost entirely to the erosion of nearly horizontal strata by the
drainage from the Rocky Mountains. Here the traveler, journeying to New Mexico,
obtains his first view of the peculiar and impressive scenery so characteristic of nearly
all portions of the great central plateau of the continent. Here he first hears the word
mesa, and sees it embodied in the long lines of table-lands which fill the horizon and
stretch away in perspective, like the walls of Cyclopean cities. | have, in a former
report, described somewhat in detail the phenomena of erosion which are presented by
the high table-land bordering the Rocky Mountains. It is, therefore, only necessary
for me to say in this connection that the viewsthen advanced in reference to the origin
of the great natural features of that region, its mesas and canyons, have been fully con-
firmed by subsequent observation, and that there can be no question that they are to
be regarded smply as phenomena of surface erosion, of which they are the grandest
examples known.

The geology of the region lying between Enchanted Spring and Cottonwood
Spring is similar throughout. The rocky basis of the country is formed by the Lower
Cretaceous sandstone, covered here and there with patches of white tufaceous Tertiary
limestone. These Tertiary beds were, perhaps, once continuous, but now form only a
relatively thin covering over the divides between the streams, being wholly removed
from the valleys and low lands. As on the Arkansas, they are without fossils as far as
observed, and were deposited nearly horizontally over the irregular surface of the
underlying sandstone.

A section of the strataat Cedar Spring is as follows:

(a) Tertiary.
1. White, chalky, tufaceous limestone, with hard, gray, compact bands 15 feet.
2. Cream-colored, spongy, tufaceous limestone, (smilar to that on the Arkan-
ss and Cimarron)__ .~ . . . 40 fes.
(b.) Cretaceous.
1. Yelow fine-grained sandstone, with obscure impressions of fucoids 6 feet.
2. Light blue or white shale, with many obscure vegetable impressions, about 4 feet.
3. Ydlow sandstone, soft and rather coarse, in thin (often rippled-marked)

layers, containing impressions of dicotyledonous leaves, resembling those
ofAlixand Quercus . .~~~ ! 5 feet.
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4. Bluish shale, containing impressions of leaves, and a thin bed of lignite 4 feet.
5. Ydlow soft sandstone, with impressions of dicotyledonous |leaves, apparently
identical with some of those from Smoky Hill, to base of section

From Cedar Spring to McNee's Creek the road passes over a high prairie under-
lain by Tertiary limestones. At McNee's Creek the Tertiary rocks are cut through and
the Cretaceous series freely opened. No fossils were found here, but the rock is gener-
ally smilar to that at Cedar Spring. At Cottonwood Spring the surface rock is Tertiary
tufaceous limestone, which is cut through by the stream, and its line of junction with
the underlying Cretaceous rocks exposed.  The sandstone is here considerably disturbed
and metamorphosed apparently by the upheaval of the erupted mass of the " Rabbit-
ear Buttes," which are near by. Upon the uneven surface of the sandstone the
Tertiary strata are laid down nearly or quite horizontally, and have evidently been but
little disturbed since their deposition.  In the upper part of the Cretaceous sandstone
near the spring | found many vegetable impressions, generally trunks of trees and
fragments of wood, and adso some leaves. One of these is apparently a Salix, and
perhaps identical with S. Meekii. There are dso others, which are smilar to the leaves
found at Smoky Hill. The metamorphosis of the Cretaceous stratais shown not only in
the peroxidation of the iron which they contain, but an associated clay-shaleis rendered
nearly as white and as hard as porcelain; the contained iron being segregated in thin
vein-like bands.

GOTTONWOOD SPRING TO RED FORK OF CANADIAN.
TRAP, TERTIARY, AND CRETACEOUS ROCKS.

The interval indicated by the above heading includes a portion of the volcanic
district adjacent to the Raton Mountains, to which | have before alluded. Rabbit-ear,
Round Mound, Wagon Mound, &c, form part of a group of trap buttes, which are
scattered over the prairiefor a long distance east of the mountains. They are in some
cases entirely isolated, and seem to mark minor vents, where a portion of the molten
matter contained in some vast subterranean reservoir found exit.  Others are connected
by sheets of trap, and in some instances are but portions of a volcanic flood, separated
from their connections by subsequent erosions. Toward the mountains the erupted
material more completely covers the country, and forms extensive mesas, or high table-
lands, which have been deeply cut by the cayons of the streams once flowing over
but now through them. They have aso been left in strong relief by the cutting down
of the country bordering them on the east.

In many places the sheets of trap are covered by Tertiary tufa, which has been
deposited quietly and uniformly over their surfaces, and is evidently much more recent
than they. This Tertiary bed is here not of great thickness, and perhaps represents
only the extreme upper portion of the series described in the preceding pages.

Wherever the trap is cut through in the stream-beds it is found resting on the
Lower Cretaceous sandstones, which are in such cases somewhat metamorphosed; being
vitrified, or at least hardened; the iron being peroxidized, and more or less segregated
in bands or veins. In other localities the Lower Cretaceous sandstone is covered by
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the Tertiary tufa; but, over large areas, it isitsdf the surface rock. At Whetstone
Creek this group is exposed in the banks of the stream, and shows a great number of
alternations of very fine-grained, laminated sandstone, with more argillaceous bands.
These strata contain fossl plants in large numbers, which would undoubtedly well
reward collectors who could have more time to devote to the locality than was at my
command. Several of the species noticed there are apparently different from those
obtained from outcrops of this formation from other localities, but a narrow legf, per-
haps a Salix, seems to be identical with one obtained at Smoky Hill, Pawnee Fork, &c.

A remarkable fissure has been opened by volcanic force in the rocks containing
these plants. It is about four and a half feet wide following the main jointings of the
sandstones, which here run nearly east and west. No trap fills the fissure, but it is
evident that it was once akind of flue through which a vast amount of heat escaped
from below. Its sdes are blackened, glazed, and blistered, and the sandstone which
forms its immediate walls is considerably metamorphosed; to the depth of an inch it is
vitrified; back of thisit is converted into a hard, blue, sonorous rock, resembling a
compact basalt. The effect of heat is noticeable in the changed condition of the sand-
stone several feet from the sides of the fissure, but a a distance of twenty feet the rock
again exhibits its normal appearance.

VALLEY OF THE CANADIAN.
MIDDLE CRETACEOUS STRATA.

The valley of the Red Fork of the Canadian is a broad eroded trough, excavated
amost entirely in the great group of limestones and calcareous shales which rest upon
the sandstone group | have so frequently referred to as the Lower Cretaceous sand-
stones. The overlying calcareous mass, which contains immense numbers of Cre-
taceous fossls, is apparently the equivalent of Nos. 2, 3, and 4 of Meek and Hayden's
Nebraska section.

In my former notes on the geology of this region, | designated this series as Upper
Cretaceous, to distinguish it from the Lower Cretaceous sandstone group. At that time
| had seen no evidence of the existence in New Mexico of higher members of the
Cretaceous formation. In our recent explorations of the San Juan country, where
this series is very largely developed, | found the equivalents of the strata under con-
Sideration covered by soft sandstones and marls, which | regarded as dso members of
the great Cretaceous formation. This latter group is, therefore, more properly Upper
Cretaceous, and the calcareous strata of the Canadian and their equivaents will be
designated in the subsequent portions of this report as Middle Cretaceous.

In describing the Cretaceous strata of the country bordering the San Juan, | shall
have occasion to return to the subject of the classfication of the rocks belonging to
this series, as developed in New Mexico, and, as far as practicable, establish a paral-
lelism between them and those of the Upper Missouri, as described in the Nebraska
section of Messs. Meek and Hayden. | may here say, however, that the divison of
the Cretaceous rocks of New Mexico into three great groups—Upper, Middle, and
Lower:—will be found to be the most convenient, if not the only one practicable
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Wherever 1 have observed them these different divisons are marked by obvious and
distinctive lithological characters, and the fossls contained by each group are usually
recognizable at a glance. Those of the Lower sandstone group being generally angi-
ospermous leaves; those of the Middle group, marine shells and the remains of fishes;
those of the Upper division, as far as yet observed, being leaves and trunks of trees
different from those found below. It is true, that in Southeastern New Mexico and
Texas there is very little sandy matter in any of the Cretaceous rocks, while in the
Rocky Mountains the upper and lower arenaceous divisions are greatly developed, and
the limestones have nearly disappeared from the middle divison. Thislatter group is,
however, distinctly marked even there; consisting of calcareous shales, with thin bands
of limestone and beds of lignite, interstratified with layers, of greater or less thickness,
of fine-grained sandstones, usually containing considerable lime.

On the banks of the Canadian, from 800 to 1,000 feet of the Middle Cretaceous
strata al exposed.

The section from the summit of the hills at the " Breaks of Red River," down to
the bed of the stream, is as follows:

1. Rolled gravel, composed of fragments of porphyry, trap, Paleozoic limestone,
&c, drift from the Rocky Mountains.

2. Light-blue compact limestone, on exposure cracking into flattish chips or
" gpalls,” containing Inoceramus problematicas, Gryphcea Pitcheri, &c.

3. Ferruginous, laminated, sandy limestone, with rounded concretions, one to five
feet in diameter, of compact blue limestone, much cracked, and fissures filled with
crystallized carbonate of lime. Thisrock is a great store-house of fossls, of which,
perhaps, the most abundant is a remarkably neat little Ostrea, hitherto undescribed,
which | have called Ostrea elegantula; one of the most common and widely distributed
Middle Cretaceous fossls of New Mexico. With this are Inoceramus fragilis, H. & M,
I Crispii?, Ammonites percarinatus, Shark's teeth (Lamna and Oxyrhina), &c. The
surfaces of thelayers of this stratum are covered with smal Ostreas (0. congeata), and
fragments of Inoceramus, which resemble fish-scales; thickness 80 fest.

4. Light-blue compact limestone in thin beds, weathering white, smilar to No. 2;
about 30 feet exposed. From this point to the bed of the river, some 700 to 800 fest,
the diffs are composed of blue compact limestone in thin beds, aternating with dark-
blue and brownish bituminous calcareous shales, which underlie the preceding mem-
bers of the section, and rest upon the Lower Cretaceous sandstones In every part of
these lower limestones Inoceramus problematicus is exceedingly abundant. They also
contain large numbers of Gryphcea Pitcheri, of which remarkably large and fine speci-
mens were collected a short distance east of the crossing.

All the foregoing calcareous beds rest upon the sandstones of Lower Creta-
ceous age to which | have so frequently referred. These sandstones form the bed of
the Canadian at the crossing and the walls of the cafion below, and here exhibit nearly
the same lithological characters as at many localities where they are exposed farther
eastward. They seem to be somewhat disturbed and hardened, and it is possible that
a dight unconformability may be discovered between them and the overlying rocks-

This is a mere suspicion, however, which | could not verify or disprove in the time at
5SF
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my command. The divide between the valleys of the Red Fork and its tributary, the
Ocaté, aswell as the western bank of the Ocaté, is formed of the Middle Cretaceous
limestones and marl, enumerated in the preceding section.

The structure of the picturesque table-lands from which these streams issue | had
no opportunity of determining, as they lie several miles north of the road, but | could
see that they are in part covered by a thick layer of trap, to which their nearly hori-
zontal surfaces and precipitous sSdes are doubtless due.

VALLEY OF THE CANADI AN TO LAS VEGAS.

As fa westward as Burgwin's Spring, patches of Tertiary tufa appear in
numerous localities, usually resting upon trap, which isthe prevailing surface-rock, and
Which caps the picturesgue mesas bordering the road on either sde. Here, as farther
east, numerous trap buttes stud the prairies, and there are severa lines of trap hills
which run of toward the south as diverging spurs from the Raton Mountains. Near
Dragoon Spring, by along and painful ascent we reached the summit of a trap mesa,
apparently the continuation of the table-lands bordering the Upper Canadian. The
underlying sedimentary rocks are here concealed by the debris of their trappean cover-
ing. A few milesfarther westward, however, the Lower Cretaceous sandstones again
come into view, and it is probable that they here form the surface over which the vol-
canic flood was poured. The trap of al thisregion exhibits great similarity of char-
acter; its weathered surfaces are black, while within it is dark brown or gray. It is
generally more or less vesicular, sometimes quite scoriaceous.

About Fort Union the only rocks visible are a mass of vesicular trap similar to
that just described, apparently only a narrow and local lava-stream, and the Lower
Cretaceous sandstones, which are very fully exposed. This latter group has here a
thickness of at least 300 feet, perhaps considerably more, as its line of junction with
the underlying rocks is nowhere reached. It forms the hills at the base of which the
fort is located, and a large part of Gallinas Mountain. Probably still older strata are
thrown up at the latter locality, but | had no opportunity to look for them. Just
below Fort Union the Cretaceous sandstones, dipping to the south and east, away
from the mountains, pass beneath the surface, and are succeeded by the Middle Creta-
ceous limestones so fully exposed on the banks of the Canadian. These rocks occupy al
theinterval between this point and LasVegas. On my former visitto Las Vegas | was
unable to discover any fosslis in the blue limestone which crops out there, though |
regarded it as equivalent to the Middle Cretaceous beds elsewhere examined. This
conjecture | was able more recently fully to confirm by finding in it Inoceramus prob-
lematicus and other fossls of that horizon.

At Las Vegas the road leaves the prairies, and thence to Santa Fé is constantly
involved in the foot-hills of the Rocky Mountains. As the geology of this portion of
our route is somewhat complicated, and was studied principally on excursions made at
different times from Santa Fé, it will perhaps more properly form part of a distinct
chapter, where the structure of a limited geographical district is considered by itsdf,
and where the light derived from this one of its parts may serve to illuminate the
others. This divison is the more natural, as in this vicinity we passed out of the
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great basin in which we had so long been journeying—the valley of the Missssippi—
and entered that of the Rio Grande. At Las Vegas, too, the granite of the Rocky
Mountains is first seen in place, forming the axis of a subordinate anticlinal, on the
eastern flanks of which the Triassic and the Carboniferous formations re-appear in suc-
cession, thus bringing us to the base of the section which has occupied our attention
in the preceding pages. The exposures of these strata are much less full and satisfac-
tory here than nearer Santa Fé, where they are also less metamorphosed and more
fosdliferous, and where the contrast and coincidences which their exposures present
with their eastern outcrops may be more accurately determined.



36 EXPLCORI NG EXPEDI TI ON FROM SANTA FE

CHAPTER II.

GEOLOGY OF THE VICINITY OF SANTA FE.

GENERAL GEOLOGICAL FEATURES—SANTA FE MOUNTAINS—GRANITE—ITS CHARACTER AND
CONTAINED MINERALS—RELATIONS OF THE SANTA FE MOUNTAINS—PLACER MOUNTAINS—
CRETACEOUS AND TRIASSIC ROCKS—CRETACEOUS LIGNITE CONVERTED INTO ANTHRACITE
BY AN OUTBURST OF TRAP—GOLD OF THE PLACER MOUNTAINS—COPPER—IRON—THE
CERRILLOS—GOLD—SILVER—LEAD—COPPER—IRON—TURQUOISE—ANCIENT CHALCHUITL
MINES—THE SANDIA MOUNTAIN—THE VALLES—STRATIFIED ROCKS—CARBONIFEROUS
FORMATION—SANTA FE SECTION—SECTION AT PECOS VILLAGE—PERMO-CARBONIFEROUS
BEDS—GYPSUM FORMATION—SECTION AT SAN JOSE—FOSSIL PLANTS—CRETACEOUS FORMA-
TION—SUBDIVISION OF THE SYSTEM—YELLOW SANDSTONES OF CANON BLANCO CRETA-
CEOUS—SECTIONS AT GALLISTEO AND POPE'S WELL—TERTIARY BEDS OF FRESH-WATER
ORIGIN.

The region about Santa Fé has occupied the attention of severa geologists who
have visted New Mexico, among whom Messs. Widlizenus, Marcou, and Blake have
given full reports of their observations upon it. | aso was able to devote a short time
to its study while connected with the party of Lieutenant Ives in 1858, a resume of
the observations then made being given in my report to that officer. It might, there-
fore, be supposed that this subject was by this time freed from all obscurity, and, per-
haps, exhausted of al interest. Thisis, however, far from being true, as may be shown
in few words. The geologica structure of that region is complicated by several distinct
lines of upheaval, which have been classed together in the so-caled Rocky Mountain
system; and yet the relations of these groups and chains of mountains are far from
being fully understood, or at least demonstrated. They have been regarded, perhaps
justly, as of the same age, but, as will be seen, when we come to speak of them more
in detail, evidence of complete synchronism is yet wanting, while there are some facts
which seem to point to a contrary conclusion.

Asdde from the obscurity which hangs over the erupted rocks, an obscurity that
cannot be dissipated without much careful study in the field as well as in the labora-
tory, the splendid exposures of the three great groups of sedimentary strata, the Car-
boniferous, the Triassic, and the Cretaceous—to say nothing of the Tertiary beds
largely developed, but without fossls—deserve and demand for their full analysis more
time than has yet been devoted to them. The three months spent in the vicinity of
Santa Fé during the past season by our party have, | trust, not been entirely without
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value, as regards the determination of doubtful points in the geology of this region.
It must be confessed, however, that many questions are left unsettled which we had
hoped to solve, and | am convinced that there are few localities within the field of the
American geologist where patient and accurate investigation would be so likely to
result in the discovery of facts of high scientific value as in that under consideration.

SANTA FE MOUNTAINS.

As | have mentioned in my former report, the great mass of the Santa Fé Mount-
ans is composed of coarse, red, feldspathic granite, which |if not peculiar to, is at least
highly characteristic of, many of the mountain ranges of the central portion of the con-
tinent included in what is known as the Rocky Mountain system. As we shal see
further on, a granite to the eye identical with this forms the core or axis of the Nasci-
miento Mountain, the Sierra de la Plata, and other of the more westerly ranges of this
system. In the Coast Mountains of California or Oregon, in the Cascade Mountains,
or in the Sierra Nevada, though | have examined outcrops of granite in many thousand
different localities, | have never seen even a hand specimen similar in character to the
red granite of the Rocky Mountains. It will be seen, by reference to the description
formerly given of the country bordering the Lower Colorado, that the granites of all
the mountain ranges which cross that stream in the lower 500 miles of its course are
like those of the Pecific coast, white or grey, and contain a large quantity of albite.
In the bottom of the cafion of the Great Colorado, north of the San Francisco Mount-
ain, where the river flowsin a granitic trough, this rock, which is covered by severd
thousand feet of Paleozoic strata, is generally grey and fine-grained. It is, however,
in many places penetrated by veins, or replaced by masses of a bright-red granite
very smilar to that of the Santa Fé Mountains. This was the first locality in which,
coming eastward from the Pacific, | met with a rock of this character.’ In the Alle-
ghanies, or the mountains of New England, | have never seen any granite like that
of the Rocky Mountains, but, in the bowlder-drift of the Missssppi, and in places
north of the great lakes, a rock is found much more closely resembling it. In this,
however, the crystals of feldspar are of a less decided red than those of the Canadian
rock, being pale rose-red, those of Santa Fé a bright brick-red. To the erosion of the
red granites of the Rocky Mountains, during the Paleozoic and Secondary ages, | have
been inclined to attribute the prevailing red color of so large a part of the sedimentary
rocks. On the banks of the Colorado, several hundred feet of the Carboniferous strata
consist of blood-red sandstones and shales, with large quantities of gypsum; nearly the
entire interval between the summit of the Carboniferous system and the base of the
Cretaceous is filled with similar materials, and some portions of the Upper Cretaceous
strata have the same decided tint.

The granite of the Santa Fé Mountains is not universally of the character | have
described; occasiondly it is seen to be light-colored, grey or white, as it is near Rock
Corral, a few mileseast of Santa Fé, on the Independence road. Veins of quartz
and epidote are very common in the granite of the Santa Fé Mountains, the former
being numerous and large. | was never able, however, to discover in them any traces
of metalic minerals. They are certainly not the repositories of the copper, lead,
slver, and gold which are found in the region immediately about Santa Fé.
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The relations which the Santa Fé Mountains sustain to the geology of the sur-
rounding region may be given in afew words. Like most of the ranges which go to
make up the complex group of the Rocky Mountains, though attaining a great altitude,
this is comparatively short. How far it may be traced to the north, we are at present
not able to say; probably not more than fifty or sixty miles. It is then succeeded by
other ranges, which, with more or less interruption, extend to and beyond the parks,
forming the broad mountain belt which gives character to the topography of the cen-
tral portions of the continent. On the south it fals df abruptly near Santa Fé, and
either wholly disappears or is represented at a distant point by some of the mountain
chains which lie east of the Rio Grande. The trend of this chain—a few degrees west
of north and east of south—would, if prolonged, strike altogether to the eastward of
its nearest neighbors on the south, Placer and Sandia Mountains.  The altitude of its
highest peak is supposed to be between twelve and thirteen thousand fest.

Upon the flanks of the Santa Fé Mountains, where not removed, the sedimentary
rocks rest in regular order, and are, with the exception of the Tertiary, nearly or
quite conformable.

THE PLACER MOUNTAINS

From the southern base of the Santa Fé Mountains the surface descends toward
the south, to the valley of Galisteo Creek, some twenty miles distant; thence it rises
again, three or four miles, to the base of the Placer Mountains; the course of Galisteo
Creek being nearly east and west, following the line of greatest depression between
the adjacent mountain groups. This depresson forms a natural pass from the plains
to the valley of the Rio Grande, affording a practicable and convenient railroad route.
Viewed as a whole, the interval between the Santa Fé and Placer Mountains may be
regarded as a plain, the inequalities of the surface being dight compared with those
of the surrounding country. It is cut, however, by numerous eroded valleys and
ravines, and a limited portion of it is occupied by a group of erupted hills—Los Cer-
rillos—some of which have an atitude of severa hundred feet.

The rocks exposed in the valley of Galisteo Creek are mostly of a sedimentary
character, representing portions of the Triassic, Cretaceous, and Tertiary formations.
East of the Cerrillos, though much disturbed, these are but little changed in structure;
the Cretaceous strata abounding in fossls characteristic of the middle and lower beds
—the first, mollusks; the second, angiospermous leaves—the Triassic rocks containing
great numbers of dlicified trunks of coniferous trees smilar to those so frequently
met with in the same formation farther westward. The dratified rocks are, however
in severa localities, cut by trap dikes, which, offering greater resistance to erosion,
have been Ieft in strong relief above the surface.  Two of these, one north, the other
south of the village of Galisteo, are particularly conspicuous, running with a nearly
parallel course in an east and west direction for several miles across the country.  Of
these the southern is the most remarkable, standing like a huge, nearly-continuous
wall, its crest being in many places a hundred and fifty feet above the plain bordering
it on either sde. West of the Cerrillos smilar but smaller dikes are common, and a
large area on both sides of the Rio Grande is nothing less than a lava-plain, the flood
which formed it having apparently flowed from one or severa volcanic vents near the
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eastern base of the Vales, the mountain-chain forming the western boundary of this
portion of the valley of the Rio Grande. In this lava-plain the Rio Grande has
excavated the cafion through which it flows above Santo Domingo, and its cut edge
forms the high mesa-wall which borders Galisteo Creek on the north, from the Cerril-
los to its mouth.

It is only near the Rio Grande that the Tertiary beds to which | have referred
make their appearance. Here they are altogether similar to those | have described as
occurring on the Arkansas and other localities east of the mountains, viz, white tufa-
ceous limestones and beds of conglomerate, the pebbles mainly of pumice or trap, and
al without fossls.

On both sides of Galisteo Creek the Cretaceous strata contain beds of lignite.
On the south side, in the foot-hills of the Placer Mountains, an outburst and overflow
of trap has, over a limited area, changed the lignite into bright, hard anthracite
cod. This will doubtless have considerable economica value. The bed is four to
five feet thick, included between strata of bluish argillaceous shale, with bands of
nodular iron-ore, the whole forming an accurate copy of the most characteristic sec-
tions afforded by the Coa-Measures of the Mississppi Valley.

The Placer Mountains form a group rather than a chain, their extent east and
west being nearly or quite equal to that north and south. They are made up, how-
ever, of a series of short lines of upheaval, having a trend somewhat north of west
and south of east. Like most isolated mountains and mountain groups, as distinguished
from the chains which have come tinder my observation in Central and Western North
America, they are composed, for the most part, of rocks decidedly eruptive in charac-
ter, and to a much less degree than their neighbors the Sandia and Santa Fé Mount-
ains, consst of granite or sratified materials.

The principal constituents of the Placer Mountains are porphyry, trachyte, tufa,
and trap, with masses of granite and mica-date. About their bases, and in some cases
upon their flanks, the dratified rocks of the country may all be found, but are less
fully exposed than in the more important mountain ranges of this region. The Placer
Mountains have received their name from the gold which they furnish; considerable
quantities having been taken during along period of years from the placers of their
bases and dopes. More recently, systematic mining operations have been commenced
in the auriferous rocks, and a limited amount of gold has been extracted from them.
The gold of the Placer Mountains is of remarkable purity, and there is no question
but that a great deal of it exists there, yet it is quite doubtful whether these gold-dig-
gings will ever become very productive, from the fact that it will be difficult, if not
impossible, ever to bring to the placers an adequate supply of water, and the gold is
so sparsely and widely distributed through the metalliferous rock that mining and crush-
ing it will be but moderately compensated by the quantity obtained.

The "Old Placer" has been worked by the Mexican population since the first occu-
pation of the country by the Spaniards, and probably was a place of resort by their
predecessors the Pueblo Indians. The gold is obtained in the bed of an intermittent
stream flowing through a ravine which separates two of the principal peaks, and in and
beneath the debris which has accumulated where this gorge opens into the valley of
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Galisteo Creek. It generally occurs in fine scales, and but few nuggets of any consid-
erable sze have been found. The supply of water for washing out the metal is so
smdl and irregular that gold-digging here is too uncertain a business to be depended
upon as a means of subsistence by any considerable number of miners. Only a few
Mexican families residein the vicinity, and these employ but part of their time in gold-
washing. When the quantity of water is sufficient to enable them to wash out the
gold, the average gain of each man provided with shovel and shallow wooden wash-
pan, batea, may perhaps be estimated at a dollar per day.

Some Frenchmen formerly resided here, who, for along time, carried on mining
operations in a somewhat systematic manner. They excavated the gold-bearing rock;
crushed it between blocks of porphyry, made to revolve by mule-power; the gold
being extracted by quicksilver. The auriferous rock is said to have yielded about
thirty dollars of gold to the ton. With their rude processes of obtaining the gold it is
probable that the operations of these parties were not very remunerative, as they have
been now for some years discontinued. An American company has recently purchased a
proprietorship at the Old Placer; but, as they represent, from the want of proper machin-
ery and the difficulty of obtaining laborers skilled in the business, the experiment has so
far been unsuccessful. The quantity of gold which exists here is, however, evidently
large, and it is quite possible that, with more ample means, with more skillful operators,
and better machinery, these mines might be worked with profit to the proprietors. It is
possible, too, that something might be done by building reservoirs to increase, or at
least to regulate, the supply of water for the placer, and thus render it more produc-
tive. Itistrue, however, that thefal of rainin al thisregion is both smal and exceed-
ingly irregular, and the structure of this mountain group, so limited in extent and so
smple, would render it difficult, if not impossible, to utilize fully the few and fitful
rains by which it is visited.

Therock containing the gold at the Old Placer has been regarded by some who have
vigited the locality as an altered sandstone, but there can be, | think, little doubt that it
is the gossan of an auriferous quartz vein. The material now excavated is a cellular
slicious rock, of which some portions are soft and ochrey, others hard and quartz-like.
In some localities it is associated with a oft yellow tufa, in others with ahard trachyte
or porphyry. The same rock recurs in the Cerrillos;, and | have received from the
gold diggings of Pike's Peak specimens of auriferous vein-stone presenting precisely
the same characters.

Copper.—Considerable copper is found at the Old Placer, though as yet no effort
has been made to turn it to account, and it is doubtful whether the quantity is sufficient
to make it a proper object of attention in an economica point of view. | obtained
from there, however, very beautiful specimens of the sulphides of copper and iron, both
yellow and variegated (chalcopyrite and bornite).

Iron.—Many large masses of magnetic iron ore were noticed about the Old Placer,
and it is said to occur in abundance there in place. Thisoreis very pure, of a nearly
uniform dull black color, less crystalline in appearance, and containing less slica than
the Champlain and Canada ores. That which is freshly mined is highly magnetic in
character, and often exhibits the properties of the loadstone.
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LGS CERR LLGs.

These are a group of hills or small mountains between Santa Fé and the Placer
Mountains, on the north side of Galisteo Creek. The highest has an altitude of per-
haps a thousand feet; they are somewhat conical in form, and have no distinct linear
arrangement.  West of them are several smaler hills, extending off toward the Rio
Grande, of which one, from its perfect symmetry called the Potato Hill, will probably
attract the attention of al who visit that region. The Cerrillos are wholly eruptivein
character, mainly trap and trachyte, and by their upheaval seem to have little disturbed
the sedimentary plateau on which they rest. They are principally interesting from
their minerals, and contain many old mines worked by the Spaniards or Indians.
There are found there gold, slver, lead, copper, iron, and turquoise or "chalchuitl."
The gold apparently existsin but small quantity; a singlelocality only, so far as known,
having furnished it. It there occurs in a quartz vein, running through a yellow sili-
cious trachyte similar to that of the Placer Mountains. The silver is found, in combi-
nation with lead and copper, in veins in trachyte. These veins have a direction alittle
west of north and east of south. By many it is believed that the silver mines of the
Cerrillos are very rich, and that they will at some time be a source of great wealth to
their possessors.  The veins which | examined, however, are not promising; where
exposed they are not rich, and the evidence is wholly wanting that they will prove
more so upon farther exploration. The most interesting mines of the Cerrillos are
those from which the chalchuitl Was taken by the ancient inhabitants of the country.
Of these there are severa, but one much more extensive than the others—that so fully
described by Mr. W. P. Blake, Amer. Jour. Science, Vol. xxv, p. 227. The chalchuitl
occurs in a yellow, porous, trychytic porphyry, in numerous thin and interrupted
veins. The mineral is rather abundant, but most of it is of an inferior quality, being
of an apple-green color. Pieces of the requisite blue tint, and of sufficient Sze to form
the ear-drops or nose-jewels worn by the Indians, could probably only be obtained by
long and laborious excavation; the value which they have always borne attesting their
rarity. We found but a single specimen of the requisite purity after some hours' search,
and that less than a fourth of an inch in diameter. These mines have undoubtedly
been worked for ages; the conical cavity which marks the dte of the most extensive
one being still a hundred feet in depth by nearly two hundred feet in diameter.  Prob-
ably no excavation has been made here since the occupation of the country by the
Spaniards, but the Pueblo Indians and the Navgoes are still in the habit of visiting the
spot and digging in the loose rock thrown out by the ancient miners for fragments
which they have overlooked. The chalchuitl is not unfrequently found about the ruins
which are scattered over New Mexico, and the value set upon it by the ancient inhab-
itants is il retained by the modern Indians. | have seen ornaments of it worn by
the Apaches, Mohaves, the Navgjoes and Pueblos, and so highly prized that a fragment
of fine quality no larger than the nail of one's little finger and one-eighth of an inchin
thickness was regarded as worth a mule or a good horse. The Indians are excellent
judges, too, of the quality of the article, discriminating accurately between the different
shades of color, and not to be deceived by any base imitation.

6 SF
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Of the two great mountain chains visible from Santa Fé, referred to in the pre-
ceding pages, the Sandia and the Valles, theformer is so fully described in the reports
of other geologists (Messrs. Marcou and Blake), and in my report upon the geology of
the country bordering the Colorado, that it is scarcely necessary that anything more
should now be said in reference to it The Valles, lying west of the Rio Grande, will
be more appropriately noticed hereafter in the description to be given of the geology
of the country between the Rio Grande and the Colorado along the route of our ex-
pedition. This region includes numerous important mountain ranges, which will be
best examined from a point of view where their relations can be most clearly seen.

The dratified rocks of the neighborhood of Santa Fé now claim our attention, and
the features which they present will perhaps be most readily appreciated from aresume
of each formation considered by itsdf.

CARBONIFEROUS STRATA.

The rocks of this age are exposed in numerous localities in the vicinity of Santa
Fé, and are apparently the oldest sedimentary strata represented in that region. It is
possible that Devonian and Silurian rocks exist inthis part of New Mexico; but if so,
they have hitherto escaped detection, and are probably concealed by a covering of
more recent materials. It is certain that at Santa Fé, in several localities where | had
an opportunity of seeing the line of junction of the sedimentary and crystalline rocks,
the Carboniferous limestones, the equivalents of the Coal-Measures, rest directly upon
the granite, or a layer of coarse sandstone two or three feet thick intervenes, the only
possible representative of the older rocks. It will be remembered by those who have
read the description given in the report of Lieutenant Ives of the section presented
in the cafon of the Great Colorado, that in the table-lands west of the Rocky Mount-
ans an interval of over three thousand feet occurs between the base of the Coal-
Measure limestones and the surface of the granite. This interval is filled by a series
of limestones, shales, and sandstones, which | have supposed to represent the Lower
Carboniferous, Devonian, and Silurian formations. All that great mass of sediment is
wanting at Santa Fé. It is wanting, too, on the more westerly ranges of the Rocky
Mountains, and aso from those which border the table-lands at their western verge.
The absence of this group of rocks in al these localities seems to me to be accounted
for only by supposing that they were deposited after some of the great lines of up-
heaval which traverse the central portion of the continent had already attained consid-
erable elevation above the surfaces which bordered them. The facts revealed in the
canon of the Colorado show plainly that the granitic basis of this country was consol-
idated previous to the deposition of the Paleozoic strata, and that over many of the
minor irregularities of the seabottom the older sedimentary rocks were quietly and
horizontally laid down, surrounding and abutting against granitic pinnacles, which
rose above the shallow waters in which they were deposited.  These inferences, if con-
firmed by future observations, will considerably modify the hitherto accepted ideas in
regard to the age of the ranges of the Rocky Mountains. We are at least warranted
in the conclusion that these great lines of fracturein the earth's crust are few of them
wholly of modern date, and it even seems probable that through all the geological
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ages they have served as hinges upon which the great plates of the earth's crust
turned, as, in repeated elevations and depressions, the angles which they inclose have
been ever varying.

The following detailed sections of the Carboniferous strata, exposed in the hills

immediately back of Santa Fé, will be read with interest by all those who are familiar
with the Carboniferous rocks of the valley of the Mississippi.
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Section of strata at Santa Fé.

No. 1

Feet.

Soft reddish-yellow conglomerate . ... .
Red shale and sandstone, without fossils . .. ... .. ... ... ... .. .. ... . 45

Yellow magnesian, shaly limestone, containing large numbers of Orthisina
umbraculum and Productus semireticulakis =~ ... . .. 8
Red and yellow shale without fossils =~ ... . . ... . . 25

Red and yellow argillaceous shale, with thin bands of ferruglnous sandy lime-
stone . 20
Ydlow and pink shale, with bands of calcareous nodules . . .. .. . _ . 8

. Yéelowish-pink (flesh-colored) limestone, containing Productus nodosus, Somfer
cameratus, Retziamormoni, &C . . . . . . . 7
Red and yellow shale, with layers of limestonenodules . .=~~~ .. = . . 15
Ydlow limestone, with partingsof shale . .. ... .. ... . .. .. .. .. ... . . 6

Soft red shales, with two bands of intensely hard, grey, quartzose, fine con-
glomerate, with numerous but obscure impressions of stems of plants.... 45

Y ellowish-blue compact limestone, with Productus semir eticul atus, Spirifer cam-
eratus, etc., ingreat numbers . .. 8

Purple, pink, and yellow shales, with thin bands of ferruginous limestone, con-
taining the same fosdils as the bed above . ...~ ... ... 5O
Coarse, brown, sandy limestone, full of cr|n0|dal columns ............... 16
Coarse, gray sandstone . . . .. ... ... -- 5
Gray clay. . . . . . 3
Coarse, reddish sandstone . . . ... ... .. 7

Coarse, massive, dlicious sandstone, with large grains of quartz, containing
Spirifer cameratus . . . ... 10
Gray clay. . .. ... 3
Gray limestone, with Productus semireticulatus, P. nodosus, &c . . = . . . = . 8
Pinkish and variegated sandstone . . .. ... .. .. ... ... .. 12
Gray limestone . . . . 4
Ferruginous and micaceous sandstone . . . .. ... ... ... 6

Ferruginousfoliated limestone, with Orthisina umbraculum, Spirifer cameratus,
Athyris ROySII......... 7-

Reddish-gray, compact limestone, with Spirifer cameratus, S. lineatus, Produc-
tus nodosus, P. Rogers, P. scabriculus, P. semireticulatus, Athyris subtilita,
&C 5
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Feet.

25. Gray shdle . .. .. 2

26. Ferruginous sandstone . . . . . 8

27. Gray shde . . . 7
28. Dark-red or coarse gray &andstone with obscure | |mpralons of Lej oidodendta

and Sgillaria_._. .. 8

29. Gray and red shdles, or indurated clays . ... . ... ... ... .. ... . . ... .. .. 5

30. Dark-red ferruginous limestones, with nodules of red chert ... . . .= . . 15

31. Grayish-blue or reddish slicious limestone, rather massive, without fossils.. 30
32. Compact crinoidal limestone, reddish or gray in places, made up of bodies and
stems of crinoids, the latter often large; dso containing fish-teeth, spines
of Archceocidaris and great numbers of Productus nodosus, P. Rogers,

Atliyris subtilita, Spirifer cameratus, &c ... .. ... ... 25
33. Dark-red ferruginous sandstone, sometimes a conglomerate and quartzose, in
other localities soft and coarse . .. ... ... ... 10
34. Red, blue, green, and yellow, and mottled indurated clay, with nodules of
jaspery chert at bottom_. . .18
35. Cherty concretionary limestone, gray yellow blue red and contarns afa/v
Spirifersof an undescribed species . .. ... .. 35

36. Foliated dlicious limestone, gray, yellow, or mottled, with dendritic man-

ganese inthejoints; nofossls, like the last, frequently a handsome marble.. 20
37. Red massive granite to base.

In the preceding section bed No. 1 is certainly not amember of the Carboniferous
series, but is probably the base of the Triassic formation. It is, however, less coherent
and of lighter color than any of the lower members of this group as they appear when
exposed near Santa Fé. It is conformable to the rocks below, while the Tertiaries of
that vicinity are, | believe, always unconformable. It will be seen that in this section
well-known Carboniferous fossls are found within less than 50 feet of the granite. |If,
therefore, the older rocks are represented here, they are restricted to a portion of that
limited space. Without positive evidence to the contrary, | must regard al the rocks
of the section, except bed No. 1, as Carboniferous, and as the equivalents of the upper
divison of that great formation; that is, the Coal-Measures. As before remarked, in
the walls of the cafion of the Great Colorado is alimestone mass, lying beneath the Coal-
Mesasure limestones, which | have supposed might be the Mountain limestone; but of
whatever age, that rock and the strata which underlie it are here wholly wanting.
There are doubtless some geologistswho will regard the granitic base of the preceding
section as a metamorphosed condition of the sedimentary rocks which are here due
beneath the Carboniferous strata; but this view of the case seems to me wholly unten-
able. The massive, undgtratified, red granite of the Santa Fé Mountains presents char-
acters, both in its physical structure and chemical composition, which could never be
assumed in any possible phase of metamorphism by the older Paleozoic rocks of the
Colorado Cafion. Much the greater part of their massis calcareous, and only the
extreme upper and lower portions are red. Again, the lower members of the series of
sedimentary strata at Santa Fé are but dightly, if at all, metamorphosed. Even if
those which rest on the granite in the preceding section be supposed to be changed from
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their original condition, in the succeeding section, takenin alocality less than two miles
distant, the lowest sedimentary rock isnot in the least afected by the proximity of the
granite. Thesefacts conclusively show, as it seems to me, that the granite was already
consolidated before the sedimentary rocks were deposited upon it, and that the reason why
the strataunderlying the Carboniferous rocks in the Colorado basin are herewanting is
smply this: that the surface of the granite upon which they should have been deposited
was here too high to receive them. It will be noticed that in the foregoing section of
the Coal-Measure strata there are no beds of coa, and yet the preponderance of
mechanical over organic sediments, that is, of shales and sandstones over limestones,
and especially the presence of coarse sandstones and conglomerates, give to this section
a character strongly contrasting with that of the strata of the same age in Kansas—a
character unguestionably due to the closer and more constant proximity to high land.

Section of the Carboniferous rocks in the gorge of Santa Fé River.

No. 2.
Feet. Inches.
1. Compact bluelimestone .. ... .. ... .. ... 10
2. Gray, brown, and black sdes . . . .~~~ 12
3. Pinkish shelly limestone, a mass of fossls containing Athyris Roysii,

A. bovidens, A. subtilita, Spirifer cameratus, S. lineatus, Productus
nodosus, P. semireticulatus, P. scabriculus, P. Rogersi, Orthisina umbra-
cidum, Orthis Michilini (?), Rhynchonella uta, Platyceras, sp., Nautilus,

P, &C 5
4. Brown, black, and greenishshale ... ... ... 4
5. Graylimestone . . . . . . 6
6. Coal .. ... 4
7. Greenand blueshale ... . .. . . 10
8. Crinoidal limestone, equivalent of No. 32 of preceding section; very fos
dgliferous ... . 4
9. Bituminous and argillaceous shale .. .. ... ... ... ... . . ... . 11/2
10. Crinoidal limestone, equivalent of No. 32 of preceding section . . . . . . . 6
11. Gray and blue shale, with bands of bituminous shale and coaly matter,
with Calamites and leaves of Cordaites ... ... ... ... ... .. .. .. 5
12. Ferruginoussandstone . .. ... 4
13. Gray and blueshde .. ... ... . 8
14. Massive concretionary and brecciated gray limestone, containing crinoi-
dal columns, Athyrissubtilita, Productus semireticulatus, &c. . .~ = . 6
15. Foliated limestone, gray and mottled, with dendritic manganese . = . . . 15
16. Coarse, soft, white sandstone . . ... ... ... ... ... ... 3

17. Red granite, passing into mica date, to base.

In this section the Carboniferous fossls approach nearer the granite than in the
preceding one, and the sandstone No. 16 is very soft, and exhibits no trace of meta-
morphism. Another section, (No. 3), taken at the south base of Cerro Gordo, will, with

the preceding one, auffice to give a clear idea of the character of the Carboniferous
strata near Santa Fé.
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Section No. 3.
Feet.
1. Greenish shde . - - . 10
2. Soft greenish sandstone mcludmg a band of ferruglnous conglomerale con-
taining impressions of Lepidodendra . ...... ... .. .. ... .. .. . _ - . 16
3. Gray marl, with nodules of blue limestone .. ... ... ... ... .. 6
4. Ydlow and mottled limestone, (a handsome marble). . o ... 10
5. Blue, concretionary, cherty, slicious limestone, same as No 35, sectlon No.1- 50
6. Shelly argillaceous limestone, (same as No. 36 of sectionNo. 1) == = = = = = . 16
7. Yellow micaceous sandy shale, very soft. =~ e 3
8. Coarse, soft white sandstone, sometimes a conglomerate __________________ 5
9. Red massive granite, to base.

The other localities in the vicinity, where the Carboniferous strata are exposed,
are on the Sandia, Placer, and Jemez Mountains, and in the valley of the Pecos, at
and below Pecos Village. They underlie, it is true, dmost al parts of New Mexico,
but are only visible on the flanks of the mountains and in some of the valleys, which
are cut through the overlying rocks. | had not an opportunity of obtaining a complete
section of the Carboniferous group on the Sandia and Placer Mountains, as only a
portion of the series is exposed in the localities which | examined. As far as
observed, however, they seem there to be but little metamorphosed, and contain many of
the fossls most characteristic of the Coal-Measure strata of Santa Fé and of the valley
of the Missssppi. At Jemez, the rocks of this age rest upon the opposite sides of the
red granite core of the mountain, are inclined at a high angle, and are highly fossl-
iferous. The features which they present there will, however, be described more in
detail in a succeeding portion of this report.

The exposures of the Carboniferous strata, at and near Pecos Village, are of pecu-
liar interest, for, although the section which they aford is less complete than at Santa
Fé, the line of junction between the Carboniferous and Triassic series is more distinctly
marked, and the upper beds of the former group are more fossliferous. The strata
forming the diff at Pecos Village are the equivaents of the upper portion of the Santa
Fé section, consisting of beds of limestone, separated by layers of shae and sandstone,
the former containing, as characteristic fossls, Athyrissutbtilita, Productus semireticu-
latus, P. scabrimlus, P. Rogersi, Spirifer cameratus, &c. The dip is here from the
mountains toward the south and east, and, near the old Pecos church, all the Carbon-
iferous series pass beneath the chocolate-colored sandstones and shales—the base of
the Triassic formation—and disappear. The upper member of the underlying group
is a brownish, rough, somewhat sandy limestone, of which portions are more purely
cacareous. This bed contains a large number of fossls, as far as observed, without
exception, such as are common inthe Upper Carboniferous strata—Permo-Carbonifer-
ous of Meek and Hayden—of Kansas. These are a Monotis, not well preserved, but
resembling M. Hawni (and, perhaps, as much, another found in the Middle and Upper
Cod-Measures of Missouri and Kansas), Athyris subtilita ?, the same found in the
Upper Carboniferous and Permian beds of Kansas, referred doubtfully to A. subtilita
by Mr. Meek, and which is larger, broader, and more gibbous than what is known
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under that name in the Coa-Measures east of the Mississippi, yet accords well with
the figures and descriptions of the type specimens by Professor Hall; spines of Archce-
ocidaris, in great numbers, scarcely distinguishable from A. aculeatus of Shumard;
a Bellerophon, very like, if not identical with, one found in the Upper Carboniferous
and Permian of Kansas; a species of Myalina (M. perattenuata), and an undeter-
mined Avicula. These fossils occur in great numbers, and there are, perhaps, other
species, which | have not enumerated, contained in the bed. It will be seen that in
this list of fossls there are none which are peculiarly Permian. The Bakevellia, Pleuro-
pliorus, Axinus, and the species of Murchisonia, which give character to the fauna of the
upper magnesian limestone of Kansas, are here al wanting. It is evident, therefore,
that the question whether this bed shall be regarded as of Permian age depends upon
where the conventional line shall be drawn dividing the Permian and Carboniferous
formations in Kansas. If that line be drawn at the base of No. 10 of Meek and Hay-
den's section, this stratum would be excluded from the Permian and connected with the
Carboniferous series below.  Should the Permo-Carboniferous beds of Meek and Hay-
den be included in the Permian, this would, of course, be Permian. If these beds
were divided midway, this would probably fdl into the Permian division, but it might
be necessary to divide even this stratum, only 3 or 4 feet in thickness.

TRIASSIC FORMATION.

The Red Beds of the Gypsiferous series form a conspicuous feature in the geology
of the neighborhood of Santa Fé, being very freely opened both in the valley of the
Rio Grande and in that of the Pecos. In a previous report | have given a genera
description of the rocks of this formation as developed in this vicinity, and have com-
pared the sections which they present with those of their equivalents in the Navgo
country and other parts of New Mexico, where | have examined them. The question
of their precise place in the geological series is aso there discussed a some length, so
that already much has been said, which, though essential to a full presentation of the
facts relating to this group, need not be here repeated. A general resume of this for-
mation will dso be given in a succeeding chapter. | have before remarked, in the
description given of the geology of the country bordering the Santa Fé road, that the
vertical interval occupied by the Gypsum series in Kansas is much less than in New
Mexico. This fact will be at once obvious to the traveler coming from the East when
he enters the valley of the Pecos. Where last seen on the Kansas, Little Arkansas,
or Cow Creek, "the Red Beds' which represent this group have nowhere a thickness
of more than 500 or 600 feet, while at Pecos village more than 1,000 feet of the series
is exposed in a single section, and its entire thickness in the vicinity of Santa Fé can-
not be less than 1,500 or 1,600 feet. By Mr. Marcou, this formation, considered as the
equivalent of the Trias of Europe, is represented as attaining a thickness of 5,000 to
6,000 feet; but even in the Navgo country or on the San Juan, where it is apparently
most fully developed, its entire thickness is not more than 2,500 feet. In the Pecos
section the red sandstones and shales rest directly upon the Coa-Measure limestones,
and the Permian magnesian rocks of Kansas are entirely wanting. It is possible,
however, as | have before stated, that they are represented by the extreme upper
portion of the calcareous beds and by a part of the overlying red sandstones and
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shales—the "Saliferous group” of my former report; the "Bunter Sandstein” or lower
division of the Trias of Marcou. In the valley of the Pecos, both at Pecos Village and
San Joseé, | obtained from the Lower Red Beds vegetable impressions, which, if more
perfectly preserved, would probably enable us to draw the lines of classification more
sharply than has hitherto been possible. As it is, they give us reason to suspect that
the lower portion of the Gypsum series should be regarded as of Permian age; and,
by proving that these strata are not entirely without fossls, encourage us to hope that
their place in the series may soon be accurately determined.

The mesa bordering the valley of the Pecos on the south forms a part of the great
table-land which stretches away eastward from the base of the mountains, of which a
portion has received the name of the Ll1ano Estacado. Except where cut by the valleys
it is continued throughout, and has, apparently, everywhere the same geological struc-
ture. The section afforded by its cut edge in the valley of the Pecos is as follows:

Feet
1. Yellow and brownish foliated sandstones with alternations of red, purple, and
gray shale, forming detached buttes on the mesa, without fossls ... . . . 200
2. Yelow, massive sandstone, summit of diff, without fossls
3. Red, white, or green, soft calcareous sandstones and shales with gypsum, with-
outfossils ... . 800
4. Red and green sandstones and conglomerates, separated by thicker beds of
green, blue, and purple"shdes, with oxide of iron and copper, and with ferns,
Walchia? and Calamites . .. .. ... ... . 200
5. Limestones and sandstones containing Carboniferous fossls, to bed of stream.

In this section | have supposed Nos. 1 and 2 to represent the Lower Cretaceous
sandstone group. No fossiswere discovered in them in this vicinity, but on the banks
of Galisteo Creek, afew miles farther south, in the yellow sandstones which rest on
the red gypsiferous strata, | found the leaves of angiospermous dicotyledonous trees,
which prove them to belong to the Cretaceous system.

No. 3 of the section is apparently entirely without fossls, and consists of a series of
aternations of deep or pale red and white—rarely greenish—indurated marls or oft,
fine calcareous sandstones. No analysis has been made of these beds, but they prob-
ably contain as much sulphate as carbonate of lime. They are precisely similar to
the strata forming the upper of the two plainly-marked divisons of the Gypsum series
throughout Western New Mexico—what | have called in my former report the Varie-
gated marls—and are distinguished by striking lithological characters from the
"Saliferous sandstone group” which underlie them, and form No. 4 of the section.

This latter group is nowhere exposed in a section which could conveniently be
measured, but its thickness is somewhere between 200 and 250 feet. " A very good
idea may be formed of its prevailing character from the following section taken at the
village of San José; the first stratum being the highest:

1. Coarse reddish or gray sandstone, frequently a conglomerate = .~ . . . . . = . 8

2. Chocolate-colored or greenish foliated micaceous sandstone shading into shale;
containing a band of compact dark-gray silicious limestone, weathering
brown e 20
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Feet.
3. Foliated micaceous sandstone, generally gray, but often brownish-red, with
very smooth surfaces; the red portions presenting precisely the lithological
characters of the brown freestone of the Northern Atlantic States. The
lighter portions more compact, containing many impressions of vegetable
stems and small branches of Walchia AU 11
4. Chocolate and greenish micaceous shales . ... .. ... ... ... . . - 18
5. Purplish-gray conglomerate, quite hard, containing much peroxide of iron— 10
6. Purpleand greenshales . .. ... .. .. . 30
7. Conglomerate, with masses of peroxide of iron and copper. . . ... _ . = . . | 9
8. Purple and green shalesto covered dope .. ... ... ... . . . . — 20

At Pecos, on about the same level geologically with the stratum containing the
vegetable remains of the preceding section, | found the surfaces of dabs of red sand-
stone marked with impressions of alarge and handsome fern, evidently a Pecopteris,
but too imperfect for specific determination or description. There is no doubt that,
with more time than | had at command, fossl plants would be found in the valley of
the Pecos, which would throw much light upon the geological age of the lower divi-
son of the Gypsum formation. Those which | obtained are insufficient to decide any
of the questions which have been raised in regard to the parallelism of the beds con-
taining them with those of other countries, while they may perhaps justly afford
ground for a suspicion that the classification which refers all the Gypsum formation to
the Trias may be in part erroneous. Caamites are ordinarily of little value in deter-
mining nice points of geologica paralelism, and the specimens here obtained are few
and imperfect. The same has been said of the ferns. The Walchia however, if
undoubtedly such, would aford good evidence that the strata which contain it should
be classed with the Permian of Europe, as that genus, as restricted by Brongniart, is
confined to the Permian and older formations. But in the Trias, Walchia is succeeded
and represented by Voltzia, a closely alied conifer, so smilar that imperfect specimens
of the two genera are not readily distinguishable; and until more and better specimens
can be procured from the Pecos Valey, | should scarcely be justified in saying that
the plant to which | have referred is a Walchia of Permian age, and not a Voltzia, an
evidence of the Triassic date of the rock containing it. The specimens before me,
however, have al the characters, so far as preserved, of the Walchias, but exhibit none
of the cones, which would be decisve. The branchlets are closely approximated,
pinnate and paralel, covered with small facate or subulate, acute leaves, apparently
more acute and less fleshy than the smaller leaves of Voltzia heterophylla, or even V.
acutifolia. Thereis also, apparently, no tendency of the foliage to assume the dimor-
phous character so marked a feature in the Voltzias. If aVoltza, itisevidently a new
gpecies, quite distinct from those of Europe.  Until farther information can be obtained
in reference to this plant, | am disposed to regard it as a Walchia, and as very similar
in its general aspectsto W. Schlotheimii of the schists of Lodeve. By Messs. Unger
and Endlicher the genus Walchia is not recognized, its species being placed by these
authors, as formerly by Brongniart, in Lycopodites. Sternberg, and more recently
Brongniart, have, however, regarded it as distinct, and the latter author compares it with

the Norfolk Island pine {Araucaria excelsa).
7 SF
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CRETACEOUS FORMATION.

Except for the surface erosion, which has so greatly modified the topography of
the region surrounding Santa Fé, we should ill find the Cretaceous strata reaching
high up on the dopes of the mountains and completely covering the underlying rocks,
now so fredy exposed, both on the mountain-sides and in the valeys of the streams.
So deep and wide-spread has been the denudation, however, that, from the mountains
proper, the Triassic and Cretaceous rocks have been wholly removed, and of the
sedimentary series nothing but a part of the Carboniferous strata is left  The Triassic
beds are generally soft and have offered little resistance to the mountain-torrents which
have acted upon them, but they were once al covered with the massive, though not
hard, sandstones of the Lower Cretaceous group, and, where these were not broken up
by the upheaval of the mountain crests and cones, they have protected the Red Beds
below, so that we find the latter in full thickness al around the bases of the mountain
masses, still covered by the harder strata to which they owe their preservation.

The Upper Cretaceous rocks are also soft, and it is now necessary to go a long
way from Santa Fé before anything like a fair representation of the upper portion of
this series can be found. Indeed, east of the mountains the extreme Upper Cretaceous
strata are only seen in place near the Missssppi and the Gulf of Mexico. In the
valley of the Rio Grande none remain, and it is only after crossng the main divide,
between the waters of the Atlantic and Pacific, and seeing the magnificent exposures
of the Cretaceous series in the valey of the San Juan, that we can form a just con-
ception of the grand scale on which the Chak formation was originally built up in
New Mexico, or of the enormous denudation which this region has suffered since it
was raised above the surface of the ocean. The attention of every traveler over the
great central plateau of our continent is attracted to the canyons which give character
to the scenery, and when he learns that they are smply the effects of surface
erosion, they become sources of unending wonder and interest; but, notwithstanding
their magnitude and impressiveness as records of the lapse of countless ages, it is quite
certain that they are referable to a single producing cause, viz., the dow, though con-
stant, erosive action of running water. The proof of the truth of this assertion is given
in my report on the geology of the country bordering the Lower Colorado, to which
| have already frequently referred.

In the description of the Cretaceous strata, which came under our observation on
our first expedition through New Mexico, | divided them into two groups, which |
denominated Upper and Lower Cretaceous; that being the most smple and natural
divison of the strata exposed in Eastern New Mexico and the Indian Territory. | had
a that time, however, no opportunity of examining the extreme upper portion of the
formation, and it was only when, going west from Santa Fé, we had passed the divide
between the waters of the Atlantic and Pacific, that we gained any knowledge of the
upper thousand feet of the series. These we found to be made up of a group of rocks
quite unlike, in lithological characters and fossls, the calcareous beds—Upper Creta-
ceous of my former report—of the banks of the Canadian. These true Upper Creta-
ceous beds will be described in detaill in a subsequent chapter, and, as they do not
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appear in the vicinity of Santa Fé, they require to be mentioned only as congtituting
the group which | have denominated Upper Cretaceous in the present report, and to
distinguish them from the "Upper Cretaceous' of a former one, which | am compelled
to regard as the middle portion of the series.

The Cretaceous formation, then, as exhibited in the vicinity of Santa Fé, conssts
of the two groups to which | have referred in the preceding pages as Lower and Mid-
dle, on a former occason as Lower and Upper Cretaceous. Of these the first con-
sgts, as esewhere in New Mexico, mainly of coarse yellow sandstones with impres-
sons of angiosperm dicotyledonous leaves; the second, of calcareous shades and
ferruginous, shaly, sandy limestones, with numerous marine fossls, such as Ammonites,
Nautilus, Inoceramus, Gryphcea, fish-teeth, &c. Of these two groups the lower caps the
diffs bordering the valley of the Pecos on the south, forming the floor of the great plateau
which stretches away southeast, where it becomes the Llano Estacado. It is not yet
demonstrated that al the yellow standstone formation of this plateau belongs to the Creta-
ceous formation, and that it is not in part, as claimed by M. Marcou, of Jurassic age. |
should say, however, that in the vicinity of Santa Fé | was able to discover no Jurassic
fossls; but, onthe contrary, near Galisteo, in the yellow sandstone specificaly noticed
by M. Marcou, and regarded by him as Jurassic and identical with that of the Llano, |
found impressions of dicotyledonous leaves, which prove it to be Cretaceous. In the vicin-
ity of the mountains the sratification is considerably disturbed, and in many localities
the Cretaceous rocks are broken through or removed by erosion ; but, with local excep-
tions, they constitute the surface formation in all the area examined by our party east of
the Sandia and Placer Mountains, and south and east of the mountains of Santa Fé.

The valley of Galisteo Creek has cut through the Middle and Lower Cretaceous
rocks, and has freely exposed the Red Beds below. Going from the base of the Cer-
rillos to Galisteo Creek, after passing the eruptive material which composes this group
of hills, the Middle Cretaceous shales are seen occupying a belt a mile or more in
width on the north side of the stream. Beneath them are the yellow Cretaceous sand-
stones, underlying which are the blood-red sandstones and shales of the Trias. On
the south side of the creek, ascending toward the base of the Placer Mountains, this
section is again encountered. The Middle Cretaceous shales here contain beds of lig-
nite several feet in thickness; at one point, by an eruption and overflow of trap, this
lignite has been metamorphosed and converted into a compact and brilliant
anthracite.

The boring made by Captain Pope, U. S. A., near Galisteo, in the hope of obtain-
ing water that should spontaneously rise above the surface, was nearly al done in the
Middle Cretaceous shales, which here have a thickness of at least thirteen hundred
feet. The work was commenced in Tertiary tufaceous limestone precisely like that
s0 frequently mentioned in Chapter I.  After passing through twenty-five feet of this
material the shales were struck, and they had not been passed through at the time the
work was abandoned It is to be regretted that the experiment had not been carried
somewhat further, as it is highly probable that the Lower Cretaceous sandstones would
soon have been reached, and, dipping down as they do from the Placer Mountains, it
is a least possible that the water flowing through them would rise to the surface. A
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CHAPTER II11.

GENERAL VIEW OF THE GEOLOGY OF THE COUNTRY BORDERING
THE UPPER COLORADO.

BIRDS-EYE VIEW OF THE COLORADO PLATEAU AND ITS SURROUNDINGS—MOUNTAIN CHAINS
BY WHICH THE PLATEAU IS ENCIRCLED—ROCKY MOUNTAIN SYSTEM—ITS EXTENT AND
GENERAL STRUCTURE—DIFFERENT FEATURES WHICH IT PRESENTS ON DIFFERENT PARAL-
LELS—DIFFERENT RANGES OF THE ROCKY MOUNTAINS PROBABLY NOT OF THE SAME
AGE—ROCKY MOUNTAIN REGION HAS SUFFERED ALTERNATIONS OF ELEVATION AND DEPRES-
SION—THE CRETACEOUS EPOCH AN ERA OF SUBSIDENCE—THE TERTIARY OF ELEVATION—
MOGOLLON MOUNTAINS PROBABLY NOT A DISTINCT SYSTEM—MOUNTAINS OF THE LOWER
COLORADOS A PART OF THE SIERRA NEVADA SYSTEM—RELATIONS OF THE SIERRA
NEVADA TO THE ROCKY MOUNTAINS—CERBAT MOUNTAINS—WASATCH MOUNTAINS—SAN
FRANCISCO GROUP—RECENT VOLCANIC PHENOMENA OF THE GREAT CENTRAL PLATEAU—
MOUNT TAYLOR—SIERRA TUCANE—SIERRAS ABAJO, LA SAL, ETC.—STRUCTURE OF THE
COLORADO PLATEAU—DEVONIAN AND SILURIAN ROCKS OF THE GREAT CANON—CARBON-
IFEROUS FORMATION—TRIASSC AND CRETACEOUS ROCKS—IMILARITY OF STRUCTURE OF
THE VALLEYS OF THE LITTLE COLORADO, SAN JUAN, GRAND, AND GREEN RIVERS—
HIGH MESAS OF NAVAJO COUNTRY AND UPPER SAN JUAN.

A brief description of the general features of the structure of the country border-
ing the Colorado will be a necessary introduction to the more detailed analysis of the
geology of the region west of the Rio Grande, explored by the San Juan expedition.

The country bordering the San Juan forms a part of one great geological district,
of which the structure, though not alike throughout, considered in its totality, exhibits
aremarkable symmetry. This district | have in part described in the fifth chapter of
my report to Lieutenant Ives, and have designated by the name of the Basin of the
Colorado. Itis, in fact, geologically a basin; topographically, a great plateau. Gould
one be elevated to a sufficient height over the center of this region, and be gifted with
superhuman powers of vison, he would see beneath him what would appear to be a
great plain, bounded on every sde by mountain ranges, and here and there dotted by
isolated mountain masses, rising like idands above its surface. He would see, too, the
profound chasm of the Colorado Cafion scoring with tortuous and diagonal course the
plain, throughout the entire length of its greatest diameter; for nearly five hundred
miles the stream flowing from 3,000 to 6,000 feet below the general level, and at all
points bordered by abrupt, frequently perpendicular crags and precipices. Most of
the surface beneath him he would perceive to be arid and desert-like; barren wastes
of rock and sand; nowhere continuous forests or carpets of herbaceous vegetation;
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only here and there dwarfed and scattered pines and cedars and threads of green along
the streams; the surface marked with long lines of mesa walls, the abrupt, often verti-
ca sdes of broad valleys of erosion; over considerable areas the denudation of oft
materials, of varied and vivid colors, having fretted the surface into wonderfully truth-
ful imitations of Cyclopean cities, crumbled by time, or devastated by fire, giving
double force to the sense of desolation which the scene inspired.

Such, in genera terms, are the external features of the plateau country west of
the Rocky Mountains, through which the Colorado flows. Perhaps no portion of the
earth's surface is more irremediably sterile, none more hopelessly lost to human occu-
pation, and yet it is but the wreck and ruin of a region rich and beautiful, changed
and impoverished by the deepening channels of its draining streams; the most striking
and suggestive example of over-drainage of which we have any knowledge.

To prevent misapprehension, it should be stated that, around the margins of the
Colorado plateau, at the immediate bases of the mountains, the traveler will behold
many scenes of beauty and fertility strikingly in contrast with the aspect of the country
nearer the river. Here are limited districts deserving our highest encomiums; regions
of green and flowery mountain valleys, of clear, cold, and copious streams; of magnifi-
cent forests, with an atmosphere of unrivalled purity, and a climate delightfully tem-
pered. Here, too, are the minera treasures of which the sedimentary rocks of the
plateau furnish amost none; and here will be congregated the mining population,
whose businessit will be through future ages to extract for our use the mineral wealth
with which many of these mountain ranges are stored.

Though valueless to the agriculturist; dreaded and shunned by the emigrant,
the miner, and even the adventurous trapper, the Colorado plateau is to the geologist
aparadise. Nowhere on the earth's surface, so far as we know, are the secrets of its
structure so fully revealed as here.

| need hardly say that, with the exception of the isolated mountains to which I
have referred, the rocks composing the plateau are sedimentary throughout. They
include strata representing the entire Cretaceous formation, the Triassic, perhaps
locally, though not yet identified the Jurassic, the Carboniferous, Devonian, and
Silurian.  Inthe different parts of its course the Colorado cuts through successively al
these strata, and near the western margin of the table-land has worn a furrow 600 feet
deep in the underlying granite. The sections aforded by the cafions of the Colorado
and its tributaries reveal in the most clear and unmistakable manner the superposi-
tion, thickness, and mineral character of the sediments forming the table-land to even
the most hurried observer; and when, with time and patience, we shall have collected
a full series of their characteristic fossls—there as elsewhere only locally abundant—
we shal be able to write with unusual fullness and precision both the zoological and
physical history of the epochs of their deposition.

A summary of the results of geological observations made while connected with
two expeditions organized for the exploration of the course of the Colorado is briefly
as follows:

The phenomena presented by the geology of the area drained by the Colorado—
which embraces all Arizona, the western haf of New Mexico, and much of Colorado
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and Utah—naturally fal into two great groups. first, that of the mountain ranges,
second, that of the great plateau which they inclose. For convenience, these will be
considered separately.

MOUNTAINS SURROUNDING THE COLORADO BASIN.

Nothing like a thorough exploration of the numerous and complicated mountain
systems of the region under consideration has as yet been made, and years of patient
study must be devoted to the subject before their intimate structure or relationsto each
other will be fully comprehended. Only a skeleton sketch of their extent, structure,
and direction can now be honestly given, and the inferences drawn from the facts
already observed will be liable to considerable modification in the light of future ex-
plorations.

The mountain chains and groups under consideration are as follows:

The Rocky Mountain system.

The Mogollén Mountains.

Cerbat and Aquarius ranges.

The mountains of Lower Colorado (Black and Mohave Mountains, &c).
The Wasatch Mountains.

The San Francisco group (lately an active volcano).

The Mount Taylor (San Mateo) (lately an active volcano).

The Sierra Tucane (isolated mountain).

The Sierra Abgo (isolated mountain).

The Sierra La Sal (isolated mountain).

11. The Sierra La Late (isolated mountain).

By reference to the accompanying map it will be seen that the vast mountain-belt
of the Rocky Mountain system, the great backbone of our continent, forms the eastern
boundary of the Colorado basin, and, by its drainage, supplies by far the greater part
of the flow of that stream. In the deep sinuosities of outline, occasioned by the inter-
ruption of many of the ranges of this great system, the courses of the San Juan, Grand
River, and Little Colorado are laid. Between the Rocky Mountains on the east, and
the Wasatch, Aquarius, and Cerbat ranges on the west, the Colorado plateau lies as
a comparatively level plain, its northern and southern boundaries less accurately
defined, and in part as yet unknown.

=
COONOURWNE

ROCKY MOUNTAIN SYSTEM.

In the preceding chapter and in another report, | have given my own observa
tions on portions of this mountain system, and have expressed my views upon the
indefinite and shadowy nature of the classfication, according to which al portions
of the immense and irregular mountain-belt which traverses the central portion
of our continent are included in a single name and referred to a single epoch in
geological history. So far as the limited explorations by geologists have extended,
it is true that a general uniformity of compostion and trend has been observed,
and, as will be seen in the subsequent pages, | have now no new facts to report
which indicate the necessity of its separation into several distinct systems. The
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evidence on this point is, however, for the most part negative. Many great ranges,
now supposed to belong to the Rocky Mountains, have not been visited, and of those
which have been examined amost none have been studied as closely as is desirable.
If, as the facts in our possession seem to render probable, al the ranges now grouped
together in the Rocky Mountain system have the same essential structure, the contem-
plation of this system as a whole is calculated to give us new and broader views of the
action of the forces by which mountain-chains have been elevated. For example, con-
fining our observation to our present field of inquiry, we have in Southern Utah and
Northern New Mexico a broad, amost unbroken mountain-belt, extending from the
western margin of the plains, westwardly to the western bases of the Sierra La Plata
and Sierra San Migud, a distance of nearly three hundred miles. This areais, with
the exception of the valley of the Rio Grande, wholly occupied by mountain-ranges
of great elevation, and the narrow valleys which divide them. On all the older maps
the western half of this region is represented as occupied by the great ranges of the
Sierra San Juan and Sierra La Plata, to which a nearly east and west trend was
assigned. Our recent explorations, however, have given a new aspect to this mountain
group. We found the western, like the eastern portion, to be composed of a number
of prominent chains having a general north and south trend. The structure of these
western mountains is similar to that of the ranges near Santa Fé, described in the pre-
ceding chapter, viz: an axis of red granite, flanked on either side by strata of highly
inclined but almost unchanged Carboniferous limestone, containing most of our charac-
teristic Coal-Measure fossils, above the limestones, entirely conformable, the red
beds of the Gypsum series, (Triassic); upon this, aso conformable, the different mem-
bers of the Cretaceous formation. All these western mountain-ranges are comparatively
short; terminating on the north in the open area traversed by Grand River and its
tributaries; on the south reaching out, like so many fingers, into the plain country
bordering the San Juan.

A transverse section of the Rocky Mountains, drawn a little north of west from
Anton Chico across the Rio Grande, exhibits features as different from that just
described as could well be imagined. Just north of this line the lofty ranges of the
Santa Fé Mountains fdl of abruptly and disappear. West of the Rio Grande, and in
its immediate vicinity, lie the north and south ranges of the Valles, and the Nacimi-
ento Mountain; altogether perhaps twenty miles in width. West of the Nacimiento
the sedimentary plateau extends to and beyond the Colorado. On the line of this
profile, or in its immediate vicinity, the Rocky Mountain ranges have dwindled to
comparative insignificance.

In aprofile drawn paralel with the last, alittle farther south, the Rocky Mountain
belt assumes far more respectable dimensions. East of the Rio Grande the Sandia
Mountain rises as a frowning wall 7,000 feet above the valley; 12,000 above the sea
West of the river is the extinct volcano of San Mateo, to which | shall have occason
to refer again, then the Sierra Madre, northwest of which, en echelon, are the chains
of the Sierras Tunecha and Cariso, both of which terminate south of the San Juan.

South of this line the mountains again narrow and diminish, and the headwaters
of the Colorado Chiquito reach far over toward the Rio Grande.
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Still further south, on and below the paralel of 34°, an dmost unbroken succes-
son of mountains stretch from the Sierra Blanca, the Sacramento, and Guadalupe
Mountains, al the way across to the Colorado. Of these, those lying near the Rio
Grande, both east and west, have apparently a structure similar to that of the ranges of
the Rocky Mountains further north.  West of these an immense area is occupied by
the Mogollon Sierras, as yet amost unknown.  Still further west are the ranges cross-
ing the Lower Colorado, and belonging to the system of the Sierra Nevada. What is
the relative space occupied by these different mountain groups; whether they repre-
sent one, two, or three distinct systems; and if distinct, what are their relative ages,
are questions which future observations alone can answer.

In regard to the precise age of the Rocky Mountains, as before stated, we want
more extended and minute observations before we can determine whether the eevation
of all parts of the system was synchronous, and whether, if o, itisto be referred to
a single epoch, or was continued through several geological periods. There are, how-
ever, some facts which lead me to conclude that the elevation of the different ranges
now referred to this system was not in al cases synchronous, and that they are the
result of the action of forces operating through al geologica time, from the earliest
Paleozoic period to the present.  Still further—as a corollary to the last proposition—
the Rocky Mountain region has suffered several aternations of elevation and depression.
Much of the evidence on this subject is given in my report to Lieutenant Ives, page
—. ltis briefly as follows:

1. The Paleozoic strata, several thousand feet in thickness, which underliethe Car-
boniferous formation in the great cafion of the Colorado, are wholly wanting on the sides
and summits of the mountain ranges which bound the Colorado basin, both on the east
and west—Cerbat and Aquarius ranges, Santa Fé and Nacimiento Mountains, Sierras
La Plata, Cariso, &c. On these ranges the Carboniferous strata, very little metamor-
phosed, rest directly upon the granite; the natural inference from these facts being that
the mountains enumerated above existed, at least in embryo, previous to the deposi-
tion of the older Paleozoic rocks, and were elevated above the ocean from which the
lower strata of the Colorado section were deposited.

2. The explorations of Dr. Hayden have demonstrated that the granitic axis of
the Black Hills is flanked by the Potsdam sandstone, now exposed by upheaval, and
overlaid by the Carboniferous and more recent strata; the evidence being conclusive
that this portion of the Rocky Mountain system was beneath the waters of the primeval
ocean.

3. In the fresh lava-streams of the Raton Mountains, the Vales, in the Ma-
pais near Fort Stanton, and about San Mateo, as well as in various other portions of
the Rocky Mountain region, we have evidence that most violent volcanic action has
been in operation distinctly within the present epoch, having been continued from the
Middle Tertiary period, if not dating back till further.

4. As stated in the descriptions of the Arkansas Tertiary basin and the geology
of the region about Cottonwood Spring, (Chapter I,) we have satisfactory proof that,
previous to the deposition of the Lower Cretaceous strata, the central portion of the

continent was above the ocean level, and that the Cretaceous sediments were mainly
8SF
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deposited during a period in which a subsidence of several thousand feet took place.
This is shown by the immense extent of the Lower Cretaceous sandstones, alittoral
formation, the immediate debris of the land, containing only and abundantly the remains
of land-plants; these sandstones being overlaid by a great thickness of marine strata.

5. At the close of the Cretaceous age a period of elevation began, which continued
to the Drift epoch, when the continent was again depressed, to be again elevated,
though not having as yet reached its former level.

The facts upon which these conclusons are based are briefly these: (a) The
Tertiary beds of the country bordering the Rocky Mountains on the east are mainly
fresh-water deposits. (b.) They were precipitated upon surfaces which had suffered
enormous subaerial erosion, filling troughs and basins excavated in the Cretaceous or
Gypsum formations; the Tertiary strata being unconformable. (c.) The investigations
of Messrs. Meek and Hayden have shown that in these Tertiary basins the lower beds
sometimes contain estuary shells, the upper exclusively fresh-water species.

6. We may fairly infer from the facts given above that the great elevatory move-
ment, which gave to the Rocky Mountain region the character it now exhibits, took
place between the close of the Cretaceous period and that of the Miocene Tertiary.
To this general rule, however, we cannot yet say that there are not marked exceptions.

MOGOLLON MOUNTAINS.

Perhaps no important mountain chains within the territory of the United States
are so little known as these. No geologist has ever visited the region which they
occupy, and | am not aware that any record has been made of the observations
of the Army officers or others who have traversed it. In his synopsis of the
mountains of North America, M. Marcou has referred the Mogollon ranges to a
distinct system, and has assigned to them a trend very different from those of the
mountains nearest them on either side.  This classfication has been, however, advanced
on grounds wholly insufficient, and may be considered as purely imaginary. As|
have stated in my former report, my own convictions are that future explorations will
show that the ranges of the Mogollon and Sierra Blanca have a north and south or
northwest and southeast trend, and are to be grouped with the Rocky Mountain ranges
on the east, or those of the Sierra Nevada system on the west. My reasons for this
belief are, that verbal statements of parties who have visited these mountains indicate
their structure to be essentially that of the Rocky Mountains; i. e., axes of red or
grayish granite, flanked by Carboniferous limestones with their characteristic fossls;
some of which, such as Productus sentireticulatus, have been brought in.  In addition to
this, it may be said that ranges of mountains, with an east and west trend, would be a
strange anomaly in the topography of New Mexico. Such athing | have not yet met
with in any portion of the central or western parts of our continent which | have visited.

MOUNTAINS OF THE LOWER COLORADO.

These ranges, which form the southwestern boundary of the table-lands, seem
but continuations of the metalliferous chains of Sonora, passing with a northwest
trend up into Nevada and California, there blending with the SierraNevada. In trend
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and structure they seem to accord with that system, and in the present state of our
knowledge would naturally be included in it. In composition they generally exhibit
a marked difference from the ranges of the Rocky Mountain system. They are
composed in amuch greater degree of purely eruptive rocks, whole ranges being formed
of trachytes, tufas, porphyries, amygdaloids, &c, in endless variety. Their granites
are generally white or gray. Metamorphic rocks are abundant among them, consisting
of gneiss, mica-date, clay-dlate, talcose-date, and limestone, the latter highly meta-
morphosed and crystalline, forming white, blue, gray, and clouded marbles; so far as
observed, wholly destitute of fossls. They arerichin valuable minerals; large quanti-
ties of gold, slver, copper, lead, and iron having aready been discovered in them.
The Black Mountains may be regarded as the most northerly, as well as the most
important, of these ranges which cross the Colorado. This chain crosses below the
mouth of the Virgen, and thence seems to trend away northwesterly toward Washoe.
It may be anticipated that the stores of metallic wealth so characteristic of these ranges
will be discovered in the unexplored region into which they are prolonged after crossing
the Colorado.

The question of the relative age of the Colorado Mountains, and hence of the
Sierra Nevada and Rocky Mountains, is one of great geological interest, and yet one
onwhich at present we have amost no light. The prevailing mineralogical characters
of the two systems are, as has been said, considerably alike, and yet it remains to be
proven that in their southern prolongations they do not blend in one.

| have suspected that the metamorphic limestone of the Sierra Nevada is of Car-
boniferous age, and that it holds a position corresponding to that of the Rocky Moun-
tains. It is, however, so generally metamorphosed that all traces of fossls have disap-
peared. By reference to my report to Lieutenant Williamson, (P. R. R. Rep., val.
V1, Geol. Rep., p. 27,) it will be seen that near Mount Shasta a Paleozoic limestone of
great thickness is exposed, which is highly foslliferous. By Dr. Trask, who has exam-
ined it, it is regarded as Carboniferous. A further examination of this interesting locality
may, perhaps, give us the information which we so much desire.

CERBAT MOUNTAINS

These mountains, with their associates, the Aquarius and Aztec ranges, are so
fully described in my first report on the geology of the Colorado country, that
nothing need now be said of them further than what is necessary to give them their
proper place in the wider view which later observations permit me to give of the Colo-
rado Basin; of this basin these mountains form the western margin. Against their
Sdes the older Paleozoic rocks seem to abut, and on their flanks the Carboniferous
rocksrest, just as on the dopes of the Rocky Mountains, three hundred miles eastward.

In trend and composition these mountains seem to share the characters of the
Sierra Nevada and Rocky Mountain systems. Their granites are gray, and the sedi-
mentary rocks rest upon them nearly unchanged; the metamorphic sates and limestones
of the Colorado ranges not having been discovered. Their trend is dlightly west of
north, nearly parallel with that of the Sierra Madre, their vis-a-vis.
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WASATCH MOUNTAINS.

At present it is impossible to say what is the extent, or very definitely what
is the structure of the great mountain groups bordering the Great Sat Lake and
extending thence southward toward the Colorado. Of these the more conspicuous
ranges, lying east and south of the lake, have been designated by the name of
Wasatch. From the explorations of Captains Gunnison, Whipple, and Fremont, we
learn that a series of mountain ranges extend south and west from these to and be-
yond the Vegas de Santa Clara. In this region they form the northwestern boundary
of the Colorado plateau, holding the same relation to that great area of dHratified
rocks as do the Aquarius and Aztec ranges farther south. Their flanks are covered
with Carboniferous limestones, turned up and broken through by their granitic axis.
How broad the mountain belt may be which exhibits this character we do not yet
definitely know. We are informed, however, that there are several distinct ranges
having a trend north and south, or a little east of north by west of south. Going
westward these ranges merge insensibly in the "lost mountains' of the Great Basin,
some of which retain, in a greater or less degree, the structure of the Wasatch ranges,
while others are composed mainly of trappean rocks, having the composition and
ragged, picturesgque outlines of the cockscomb sierras of the Lower Colorado.  All this
portion of the continent is thickly set with mountain groups or ranges, forming a |laby-
rinth whose mysteries years of patient effort will hardly suffice to penetrate and reveal.
This region has been recently traversed by Captain Simpson, United States Topograph-
ical Engineers, with interesting though as yet unpublished results. Among the collec-
tions made by Mr. H. Engelman, the geologist of the party, are a few Devonian fos-
sls, such as Atrypa reticularis and severa species of Spirifera, described by Mr. Meek
(Proc. Acad. Nat. Sci. Phila,, July, 1860), the first instance where fossls of this age
have been found so far west.

Up to the present time we have no well-marked geologica criteria by which to
distinguish the Wasatch ranges from those of the Rocky Mountains, and it is possible
that future explorations will show that the Colorado Basin is completely encircled by
the widely separated chains of the same vast mountain system.

SAN FRANCISCO GROUP.

Of the San Francisco Mountain and its associates, Bill Williams, Mount Ken-
drick, and Mount Sitgreaves, a detailed description is given in the seventh chap-
ter of my report to Lieutenant Ives, United States Topographical Engineers. By
reference to that description and the accompanying geological map it will be seen
that these mountains are great volcanic foci, the eruptions from which have cov-
ered all the adjacent country with lava. The precise date of the commencement of
the volcanic action in this region cannot, perhaps, be accurately determined, but it is evi-
dent that the greater portion of the erupted material was thrown out, geologically speak-
ing, at a comparatively recent epoch, at a time when the topographical features of that
vicinity were in all essentia particulars the same as now; when the high plateau from
which these mountainsrise was aready a plateau elevated several thousand feet above
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the sea.  Its surface-rock was then Carboniferous limestone, from which the overlying
formations had been entirely removed, and in which lines of drainage had been exca
vated, having the general direction and character of the present stream-beds. There
IS evidence that the cones of the mountains themselves, and the floods of lava which
surround them, have been formed by a series of eruptions, and that the latest of these
paroxysms occurred within a few years.

As | have previously remarked, the eruption of the material composing and sur-
rounding these volcanoes has produced comparatively little disturbance of the sedi-
mentary rocks upon which they rest. We have asyet no evidence that they form part
of any well-marked line of upheaval, nor is there any obvious connection between
these mountains and any of the chainswhich surround them, or with any of the other
volcanic vents which are scattered over the great central plateau. My attention was
particularly directed to this point by Baron Humboldt, through Mr. Mollhausen, before
visiting New Mexico; and | was particularly requested to examine the country be-
tween the San Francisco Mountain and San Mateo, to detect, if possible, some connect-
ing link, such aslines of upheaval or of volcanic vents. | was, however, able to dis-
cover no proof whatever of any relationship between the two other than the perfect
correspondence which their local phenomena present. It is true that east of the Little
Colorado, just south of the Moqui Villages, is a series of buttes composed of compar-
atively recent volcanic matter, which made its exit from a number of vents in that
vicinity; but the sedimentary rocks are scarcely at al disturbed, even in the intervals
between these trap buttes, and the country on either side is entirely free from dikes,
faults, or displacements of any kind which would indicate the action of disturbing
forces aong the line connecting San Francisco Mountain and San Mateo.

It is a somewhat remarkable fact that volcanic vents similar to those under con-
sideration, though of less magnitude, are scattered over the entire area of the central
table-lands, from Mexico far up into the British possessions.  About many of these the
evidence abounds that their fires have only been quite recently extinguished, and yet
in none, so far as we know, are they now burning. The cause of this simultaneous
cessation of an action, lately so wide-spread and vigorous, becomes an interesting sub-
ject of inquiry.

SAN MATEO (MOUNT TAYLOR).

This is the second in importance of the great extinct volcanoes of the central por-
tion of our continent which have come under my observation. It has an atitude of
between 11,000 to 12,000 feet, perhaps a thousand feet less than that of the San Fran-
cisco Mountain. It stands quite alone, and has no apparent connection with any other
peak or range. Like mogt isolated mountains, it is composed of erupted material, and
seems to have been wholly formed by the accumulation of gected matter around a
volcanicvent. As has been remarked of the San Francisco Mountain, this volcano has
been in vigorous action at avery recent period. The lava-streams of itslatest eruptions
present precisely the same appearance as those of Vesuvius, when but just cooled; and
it is difficult to believe that they have been exposed to the action of the atmosphere
even for so much as a hundred years.
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The existence of great volcanos, like San Francisco Mountain and San Mateo, in
full blast, many hundred miles from the seg, is a powerful argument against the theory
which restricts all volcanos to the vicinity of large bodies of water.

SIERRA TUCANE (NAVAJO MOUNTAIN).

This mountain is Situated near the junction of the San Juan and Colorado
Rivers, and was, therefore, not reached by either of the expeditions with which |
have been connected. As seen from a distance, it seems to be a mountain of very
considerable elevation, either solitary or associated with a few subordinate peaks,
forming a group of limited extent. What its structure is we can, of course, only con-
jecture, but from its isolated character we may be quite sure that it is composed of
erupted material; and it should probably be grouped with the North Side Mountains,
the Sierra Abgo, SierraLa Sal, La Late, &c, which are scattered like islands over
the surface of the plateau. The description of these latter groups, as well as that of
the Rocky Mountain ranges lying on or near our trail, will be given in the succeeding
chapters devoted to the geology of our route.

THE COLORADO PLATEAU.

In the preceding pages, where | have referred to the area under consideration,
| have used indiscriminately the terms plateau and basin; the one having reference
to the prevailing character of the surface, the other to the geological structure. Both
terms are sufficiently appropriate; for, when viewed as a whole, it has a distinctly
plateau character, formed by a series of table-lands, which rise step by step from the
Carboniferous limestone to the summit of the Cretaceous formation, and from the broad
valleys of erosion, in which its cawons are scored, to the summits of the divides between
its draining streams.  In the geological portion of the report of the Colorado Expedition
will be found both ageneral and a detailed description of the topography and structure
of the central and southern portions of the Colorado Plateau. The observations made
on our recent explorations enable me to complete, in a great degree, the sketch, much
of which was then only given in outline; to make important additions to the informa
tion then gained of both the geographical and vertica extension of the sedimentary
strata which are there represented, and, by satisfactory proofs, confirm views before
only conjectural.

Adding to the facts then given those more recently observed, we find that the
generalities of the structure of the Colorado plateau or basin are as follows :

On both the eastern and western sides, Carboniferous strata, the equivalents of the
Cod-Measuresin age, are seenresting on the granitic axes of the bounding mountains.
dipping at first rapidly, then more gradually, toward the center of the basin or
trough. On the eastern sde the Carboniferous strata are exposed only in a narrow
belt aong the mountain-sides, dmost immediately passing beneath the Triassic and
Cretaceous strata, which there Have an aggregate thickness of 5,000 feet or more. On
the western side, on the contrary, the first easterly dip of the Carboniferous rocks is
succeeded by a gentle rise toward the east; a broad arch being formed, of which the
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eastern dope reaches as far as the Little Colorado. Up to this point the more recent
formations have been removed from the Carboniferous, and this occupies a broad belt
of country, indicated in the geologica map, accompanying the report of Lieuten-
ant lves. As we go northward this Carboniferous belt rapidly narrows, and on the
flanks of the Wasatch Mountains it exhibits simply aline of outcrop, as on the opposite
ranges of the Rocky Mountains. Along the Little Colorado the Carboniferous lime-
stones dip beneath the overlying rocks, and are lost to view in al the interval between
that point and the Rocky Mountains. On the east sde of the Little Colorado, its
valley is bounded by a mesa composed of the Triassic marls and red sandstones, which
form a distinct step in the table-lands, reaching eastward for many miles, with a still
greater extension north and south.  Above this, on the east and north, the Lower Creta-
ceous rocks form a third plateau, along its margin cut into detached mesas and messil-
las by valleys of excavation. Farther east and north these mesas combine, and the
Cretaceous rocks in an unbroken sheet underlie the whole country.

The broad eroded valleys of the San Juan, of Grand and Green Rivers, and the
Upper Colorado generally, exhibit precisely the same structure as that of the valley
of the Little Colorado. The Carboniferous limestones are exposed in the canyons of
these streams, while the broader valleys through which they flow are excavated inthe
red Triassic rocks ; large surfaces of which are exposed on the banks of al these
streams. The process of erosion has there, as on the Little Colorado, everywhere left
the mogt surprising monuments of its action; domes, castles, walls, spires, which by
their vivid colors and fantastic outlines attract the attention and excite the wonder of
every explorer who beholds them. Above the Triassic rocks the Lower Cretaceous
sandstones—massive beds of comparatively resistent material—cap mesas which stretch
away to a great distance both east and west of the Colorado. They form the floor of
the great sage-plain lying between the Sierra La Plata and Sierra Abgjo. South of
the Sierra La Plata they are covered by the Middle and Upper Cretaceous beds form-
ing the Mesa Verde—the third great step in the table-lands above the Carboniferous—
which on the east connects with the plateau bordering Cafion Largo and extending to
the base of the Nacimiento Mountain. High table-lands are visble west of the
Colorado, where it is formed by the junction of Grand and Green Rivers, evidently
corresponding to the Cretaceous mesas just mentioned, but whether they correspond
precisely to it in geological structure can only be determined by further explorations.

The country bordering the Upper Grand and Green Rivers, as described by Dr.
Schid (Pacific R. R. Rep., val. 2), by Mr. Egloffstein and Colonel Henderson, who
have kindly communicated to me their observations, has essentially the same structure
with that bordering the Little Colorado and the San Juan. The Triassic rocks are
freely exposed in the valleys of erosion, while table-lands floored with Cretaceous
strata occupy the greater portion of the intervals between the mountain chains. This
margin of the Colorado basin is very irregular, and its outline has not been accurately
traced.

Between the Little Colorada and the San Juan the country is amost exclusively
occupied by Cretaceous rocks. The Lower Cretaceous sandstones are here largely
developed, containing numerous impressions of leaves of land-plants and heavy beds
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of lignite, which have attracted the attention of all the exploring parties who have
entered this region, and have been mentioned in their notes as beds of bituminous coal.
The higher table-lands between the San Juan and Little Colorado have an altitude of
about 8,000 feet, and are composed of the upper members of the Cretaceous forma
tion, corresponding in al respects with the Mesa Verde north of the San Juan, with
which they were at one time undoubtedly continuous; the immense void which now
separates them having been removed by erosion. This high table-land—the " white
mesa' of my former report—seems to reach westwardly to and beyond the Great
Colorado, but its western boundaries have not been accurately determined. Where
this mesa is cut by the Colorado that streamis supposed to have an elevation of lessthan
2,000 feet above the level of the sea The awfully grand precipices—over a mile in
height—which overhang it, | have described in my former report on the geology of
this region.

On the eastern margin of the Colorado plateau, especialy in that part of it which
borders Cafion Largo, and forms the western base of the Nacimiento Mountain, a
series of variegated gypsiferous strata overlie the Upper Cretaceous beds of the Mesa
Verde, and occupy a considerable superficid area. These strata seem to be conform-
able to the Cretaceous rocks below, and may form the summit of this series, or, as |
have suggested in another chapter, they may be Tertiary. If s0, they belong to an
older divison of the Tertiary seriesthan the chalky beds of Santa Fé and the plains,
and represent a group not elsewhere seenin any part of the Colorado plateau. What-
ever their age, these strataform the geological summit of the plateau series of sediments.
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CHAPTER IV.

GEOLOGY OF THE ROUTE FROM SANTA FE TO THE Sl ERRA LA
PLATA

STRUCTURE OF THE VALLEY OF THE RIO GRANDE—THE VALLEY OF THE CHAMA—ABIQUIU-
OOPPER MINES—FOSSIL PLANTS—RUINS OF LOS CANONES—ABIQUIU PEAK—PLATEAU
COUNTRY BORDERING THE UPPER CHAMA—ARROYO SECO—TRIASSIC MARLS—NAVAJO
SPRING—CRETACEOUS SANDSTONES AND PLATEAU—BANKS OF THE NUTRIA—MIDDLE CRE-
TACEOUS BEDS—VADA DEL. CHAMA—SECTION OF VALLEY OF THE CHAMA—HIGH MEA
OF UPPER CRETACEOUS ROCKS—LAGUNA DE LOS CAVALLOS—DIVIDE BETWEEN THE
WATERS OF THE RIO GRANDE AND SAN JUAN—GENERAL VIEW OF THE STRUCTURE OF
THE SURROUNDING COUNTRY—MOUNTAIN CHAINS—BELT OF FOOT-HILLS—TABLE LANDS—
Rio NAVAJO—CERRO DEL NAVAJO—SIERRA DEL NAVAJO—RITO BLANCO—THE PAGOSA—
SIERRA SAN JUAN AND ASSOCIATED MOUNTAIN RANGES—CRETACEOUS ROCKS AND FOS-
SILS—THE PIEDRA PARADA—Rio PIEDRA—BROKEN MESA—VIEW FROM HIGH DIVIDE—
Rio DE LOS PINOS—SIERRA DE LOS PINOS—RIO FLORIDO—VALLEY OF THE ANIMAS—
RUINS ON THE ANIMAS—CROSSING OF THE ANIMAS—STRUCTURE OF THE MOUNTAINS
DRAINED BY THE ANIMAS—RIO DE LA PLATA—DELIGHTFUL CAMP—CRETACEOUS ROCKS
AND FOSSILS—SIERRA DE LA PLATA—METALLIFEROUSVEINS OF THE SIERRA DE LA PLATA.

VALLEY OP THE RIO GRANDE.

The structure of the Rio Grande Valley seems to be essentidly the same
throughout its entire extent—that is, as far as it is really a valley, viz., from its
northern extremity to El Paso. Throughout all this interval it is a synclina
trough, lying between imperfectly parallel ranges of mountains. At El Paso the
river breaks through its eastern wall, and, thence to its mouth, follows a devious
course determined by the local obstacles which it meets, no longer modified by the
meridional topography of the Rocky Mountain system. Opposite and above Santa Fé
the trough in which the river flowsis bounded on the east by the lofty ranges of the
Santa Fé Mountains and their northern representatives, which extend in an unbroken
series to the Parks; on the west, immediately opposite Santa Fé, by the bold and
picturesque chains of the Vales. These mountains have but a limited extent, faling
df suddenly on the north, and leaving a low pass, which is traversed by the Chama
North of the Chama they are succeeded by the mountains of Congos, which connect

with the wide-spread and tangled maze of high sierras, to which | have referred in the
9SF
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preceding chapter; mountains somewhat vaguely designated on different maps as
Sierras San Juan, Sahwatch, &c. By the Mexican mountaineers, al the mountain
mass, drained by the western headwaters of the Rio Grande, is known under the name
of the Sierra EI Wanico.

On both sdes of the valley the Carboniferous strata may be seen exposed in
numerous localities, dipping rapidly inward toward the river; resting conformably upon
these, the red beds of the Triassic series, here oft, sandy, and extensively eroded. Over
a large part of the valley surface the drift from the adjacent mountains is spread so
thickly that the rocky substrata are wholly concedled. It is possible, therefore, that
in some localities the Cretaceous rocks hold their relative position there, as elsewhere,
upon the Trias. | cannot say, however, that | have ever seen the Cretaceous strata
in the immediate valley of the Rio Grande, except on the dopes of the Organ Mount-
ains, above El Paso.

Between Santa Fé and the mouth of the Chama the country is much broken and
generaly sterile.  Rounded gravel hills, dotted with scrubby trees of cedar and pifién,
and eroded buttes of pale red, pulverulent sandstone, everywhere meet the eye and
give character to the scenery. Among these, wind threads of fertility, following the
courses of the streams, marked by lines of Cottonwood, by meadows of coarse grass,
and, in some localities, by fields of grain. On the west side of the river the scenery is
bolder, the surface more broken and unproductive; the character which it exhibits hav-
ing been given, for the most part, by floods of lava poured out from the Valles, now
remaining in sheets and masses of black and ragged trap. Reaching up toward the
mountains are many valleys of erosion in which the parti-colored strata of the Triassic
series are visible, even at a distance of many miles.

VALLEY OF THE CHAMA.

The course of the Chama, as before stated, lies in a natural gap in the mountains
bordering the Rio Grande on the west. Below Abiquiu its valley has essentially the
character of that of the Rio Grande, of which it may be indeed said to form a part.
On the southwest it is bounded by the dopes and the trap mesas of the Vales, and on
the north by the gentler declivities of the mountains of Congos. At Abiquiu these
boundaries closely approach each other, and the river seems to have burst through the
low axis of elevation connecting the Vales with the northern mountains. On the
south side the trap mesas come flush up to the stream, and, just below the village,
overhang it in a diff 800 feet in height. On the north sde are high and broken
hills of erupted rock, formed by a series of dikes crossng each other at different
angles; the principal one having a trend nearly north and south, from which diverge
one with a northeast and southwest trend, and another running a little north of west
by south of east. These minor dikes are dso much broken and forked. The gate
through which the river passes this axis of elevation is exceedingly bold and
picturesque; its beauty being enhanced by a high and ragged butte of rock, which
stands disconnected from either side, partially blocking up the gap. It should aso be
mentioned that a similar line of displacement crosses the river below Abiquiu, in the
form of a sharp interrupted ridge, known throughout that region as the Cuchillo or
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of the country, joined to his un extinguishable enthusiasm and good nature, made him
an invaluable companion in our explorations during the time that he accompanied us.
As these deposits of copper are matters of some geological interest, | take the liberty
of transcribing from my journal the description of our visit to the " Cobre" of Abiquiu.

"July 17.—Started this morning, with Mr. Pfaffer and severa members of our
party, for the copper mines, situated some nine miles north of Abiquiu. As we rose
from the valley, we were gratified by the most charming view we had yet beheld in
New Mexico. The dluvia bottom-lands, covered with groves of vivid green cotton-
woods, alternating with fields of wheat and corn, interspersed among which were the
white-washed adobe houses of the residents, each with its walled corral, its garden,
and its clumps of apricot-trees, formed a scene of fertility and rural beauty rare enough
in a country whose sterility is proverbial. Above the valley rose the frowning battle-
ments of the trap mesas, which sweep around the foot of the Valles, and the rough
and rocky dopes stretching up to their lofty and picturesque summits. In another
direction were above, the peculiar outline of Abiquiu Peak, and below, the rocky gate
from which the river issues.

"Leaving the Chama, we passed up the eroded valley of an intermittent tributary.
This is excavated in the Triassic series, and its sdes exhibit bands of brilliant color,
red, orange, blue, white, &c, as vivid as could be drawn from an artist's color-box.
In some localities the red sandstones—usually soft and fine-grained—are replaced by
coarse conglomerates or masses of cemented bowlders, generally of large Sze. These
bowlders are composed of quartzose and syenitic rock, hard and smoothly rounded.
They indicate stronger currents and more violence of action, during the deposition of
the Trias, than in any other locality where | have observed it; aso, closer approach
to the source of the material of which these beds are composed.  Ascending the arroyo,
toward its head, we found the strata rising rapidly toward the north, and cut through
S0 as to expose the sdiferous sandstones—the lowest member of the Trias—in sections
of a least 200 feet. This group here consists of thick-bedded, chocolate sandstones,
like those of New Jersey and the Connecticut Valley, except that here and there they
showed large patches of white, interstratified with green and brown shales. Here, as
on the Little Colorado, this formation contains much saline matter, as shown by num-
erous salt springs and a white saline efflorescence on the surfaces of the rock itsef.
The Cobre is situated in the face of the dliffs, bordering an eroded valley drained into
the Chama below Abiquiu. These diffs are composed at base of the sdiferous sand-
stones and interstratified marls, some 250 feet in thickness, above these, blood-red
marls and calcareous sandstones, 200 feet thick; the whole crowned by coarse yellow
sandstones, having a thickness of about 150 feet; a section corresponding to that on
the Pecos, but exhibiting a much less thickness of the red marls and calcareous sand-
stones. The copper occurs in the base of the yellow sandstones just above the marls.
To reach the most important of the ancient mines of this vicinity, we climbed up the
face of the southern diffs of the valley, over the red sandstones and marls, till we
reached the coarse yellow sandstones which overliethem. Here we found an entrance,
five by sx feet in dimensions, which led to a series of galleries, having a combined
length of perhaps a hundred yards. The work exhibits considerable skill in the use
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of tools, and a familiarity with the business of mining. The roof is carefully braced
where weak, and old galleries are closed by well-laid walls of masonry. From the
style in which the excavation is done, and from the perfect preservation of the wood-
work, | attribute this and other similar mines in this region to the earlier Spanish
explorers. The rock which containsthe ore isvery coarse, frequently a conglomerate,
with bands of light-gray clay. The copper is distributed with considerable uniformity
through a layer four or five feet in thickness. It occurs in the form of sulphide of
copper and iron, (erubescite,) and green carbonate, replacing trunks of trees and frag-
ments of wood, and in concretions and botryoidal masses scattered among the pebbles
of quartz, or as minute points of carbonate specking the shales. It has evidently been
deposited from solution, investing and replacing the wood precisely as the sulphide of
iron is prone to do.

"The most interesting incident of our vist to this copper-mine was the discovery
in the shale roof-stone of thousands of impressions of plants, of which abundant speci-
mens were procured. They are mostly cycadaceous—Otazamites and Pterozamites—
with a few conifers (Brachypliyilum and Voltzia?). The species are probably new, and
will not &ford the means of determining with precision the age of the stratum contain-
ing them, but' the discovery is of great geological interest, as showing the wide distri-
bution of the cycadaceous flora of the Triassic and Jurassic epochs, and gives addi-
tional confirmation of the generalization of Brongniart, who characterized this epochin
the botanical history of the world as the reign of Gymnosperms."*

On the 19th of July we left Abiquiu for the ascent of the Abiquiu Peak. My
notes of the trip are as follows:

"Left camp a 7 a& m. The train, moving on to the Arroyo Seco, passed up the
Chama to a point just above Abiquiu, and then turned to the left and ascended, by a
long and difficult road, the high mesa which overlooks the valley on the south side.
This mesa is here full a thousand feet above the Chama, and is connected with that of
which the broken edge forms a bold headland 'below the town, known as Abiquiu
Cliff. The upper part of this mesa is composed of trap, below which are exposed sev-
eral hundred feet of the variegated marls (Trias), and the white tufaceous Tertiary beds,
all quite soft, and, in many places on both sides of the Chama, very fantastically eroded.
The mesa over which we passed extended, with a nearly level surface, several miles
toward the peak. It is covered with groves of pifién, separated by prairies uniformly
coated with grama grass, now very short and dry. Arriving at the western border of
this mesa, we looked directly down into the narrow but fertile valley in which is nestled
the little Mexican village of Los Cafiones. Descending by a steep and tortuous path,
we left our mules at the bottom and climbed a detached mesilla which stands at the
junction of the two branches of the valley, and on which is situated an ancient and
ruined pueblo, once a stone-built town of considerable size. Evenits name is now lost,
and of the inhabitants whose busy hands constructed its walls, and whose feet in suc-

* Descriptions of these plants will be found in another chapter, where it is shown that the most conspicuous species
(Otosamites Macombii) isthe same with one found in the Triassic strataof Los Bronces, Sonora, where it occursin com-
pany with Pecopterk Statgar dtensis, Twniopterismagnifolia, and other well-known Triassic plantsof Virginia, North Caro-

ling, and Europe. We have, therefore, in these plants evidence of the Triassic age of all the variegated gypsiferous
rocks of northern New Mexico; for the Lower Cretaceous sandstones immediately overlie the plant-bed of the Cobre.
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cessve generations wore so deeply the threshold of its entrance, no tradition now re-
mains. The mesa on which it stands is some 500 feet in height, is composed of a cel-
lular trachyte, and the top is only to be reached by a narrow and difficult path. The
houses are now in ruins, but were once numerous, and al built of dressed stone.
Within the town we noticed a dozen or more estuffas excavated from the solid rock.
They are circular in form, 18-20 feet in diameter by 10 or 12 in depth. They all ex-
hibited evidence of once having been covered with wooden superstructures.  In most of
them, four excavations on opposite sides would seem to have been used as the sockets
for the insertion of wooden posts, and in one is a niche cut in the side, with a chimney
leading from it; probably the place where the sacred fire was kept perpetually burning.
The style of architecture in which this town was built, as well as the estuffas, show that
its inhabitants belonged to the race of Pueblo Indians; a race now nearly extinct, but
once occupying every habitable portion of New Mexico.

" Spending the night at Los Cafones, we started this morning very early for the
ascent of the peak. This we mostly accomplished on mule-back; passing over a suc-
cesson of hills composed of the variegated marls—containing beds of gypsum of great
thickness—covered with a forest of pifidn and cedar. When we had arrived within 500
feet of the summit, we left our mules and commenced the ascent on foot. This part of
the mountain is very steep, and the upper 200 feet is a perpendicular wall of trap-rock.
The summit we found to form a cuchillo, a narrow, knife-like ridge, bounded on every
sdeby vertical precipices. Its height above the seais about 9,000 feet. The extreme
summit is covered with pifion, and the dope with yellow pine, Douglass spruce, the
western balsam-fir, and the quaking-asp. The view from the summit was particularly
fine, sweeping a circle of fifty miles radius, except toward the Valles, which are very
near, and fill the southeastern horizon. On the east we looked down the valley of the
Chama, across that of the Rio Grande, and our view in this direction was bounded by
the high and unbroken ranges of the SantaFé Mountains. Northeast the Taos Mount-
ains and the Spanish Peaks were plainly visble. On the north the foreground was
filled with the low and near mountains of Congos, beyond which, north of west, we
could just discern the picturesque summits of the Sierra San Juan, and Sierra de la
Plata. In the northwest we overlooked the course of the Chama for many miles, and
the comparatively level and open country through which it flows. Almost beneath us
was the junction of the Puerco and Chama, in a broad valley of excavation, as red as
blood, from the exposed surfaces of the eroded marls; farther west, higher table-lands,
composed of the yellow and blue rocks of the Lower and Middle Cretaceous.

"Descending from the mountain, we regained the trail of our party at Arroyo Seco.
There we were surrounded by a series of buttes of most varied and fantastic forms,
worked out by eroson from the marl series of the Trias. Their colors are exceed-
ingly brilliant, crimson and orange being the most conspicuous. The vivid green and
level valley is framed by these colored diffs forming a most beautiful and impressive
picture.”

At Arroyo Seco the trail we were following leaves the river and enters a cafion,
which cuts the plateau bordering the valley from base to summit. Mogt of the section
exposed in its walls is composed of the Triassic marls, which includes beds of gypsum
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in some places 150 feet thick. Above the marls are the yellow sandstones—the base
of the Cretaceous—which floor the platean on either side. Pursuing a northerly
direction, we gradually rose through the Trias, and at Navajo Springs reached the base
of the Cretaceous sandstones.  Continuing our ascent, two or three miles farther on we
reached the base of the cafion, and emerged upon the plateau of which | have before
spoken. This plateau extends northward to the Vada del Chama, where it begins to
be broken by the foot-hills of the mountains. Westward it reaches to and beyond
the source of the Chama, and is broken through and locally disturbed by the upheaval
of the Gallinas Mountain, which seems to be situated on the Nacimiento axis. Over
this plateau the Lower Cretaceous sandstones form the general substratum, but here
and there are rounded knolls, composed of the dark shales and blue shaly limestones,
the lower part of the middle divison of the Cretaceous formation, here, as at a thou-
sand other points on our route, characterized by the presence of Gryphea Pitcheri, Ino-
cerarnns problematicas, Ostra congesta, &c. The more level portions of the plateau are
covered with sage bushes, with here and there more moist and fertile spots, sustaining
grasses and annual plants, conspicuous among which is the wild sunflower (Helian-
thtis). The knolls are usually covered with groves of pifion. As a whole, this pla-
teau country has little agricultural value, although there are portions of it which will
afford good grazing for stock.

Between the Cebolla and Nutria, the Middle Cretaceous rocks occupy a consider-
able area, and attain a thickness of perhaps a hundred feet. They present precisely
the same lithological characters and fossis as do their equivalents on the banks of the
Canadian and Ocaté, east of the Rocky Mountains, viz., thin layers of hard dark-
blue or ferruginous limestone alternating with layers of bitumino-calcareous shales.

At the Vada dd Chama we again encamped on the banks of this stream in avery
beautiful region, one of considerable fertility and of great geologica interest. On
the east sSde of the river are high and broken hills—the foot-hills of the mountains—
covered with forests of splendid pine timber. These hills are mainly composed of the
Lower Cretaceous sandstones, having a thickness of nearly 300 feet Here, as farther
west, they contain beds of lignite, and the impressions of dicotyledonous leaves. They
are considerably broken up, but have a general and rapid dip toward the southwest.
On the opposite side of the valley is a mesa, with bold, nearly perpendicular faces
over 1,000 feet high, composed of the Middle and Upper Cretaceous rocks lying nearly
horizontal. Between these elevated banks lies the excavated valley of the river, with
its narrow but fertile bottom-lands, its winding stream of pure cold water, its groves
of Cottonwood, and its grassy meadows spangled with flowers. The structure of the
valley will be more readily comprehended from the accompanying section than from
any detailed description | could give of it.

Transverse section of the valley of the Chama at the Vada.

Feet.
1. Yédlowish brown sandstone (Lower Cretaceous). . . . . 125
2. Brown and black shales, often dark olive, with beds of lignite . . = = = = = . 50

3. Sandstone similar to No. 1 . . . 70
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4. Black shales with bands of light-dove-colored limestone . . . .. ... .. . 150
The upper of these shale-beds is greenish-brown, with bands of foliated
sandy limestone, containing immense numbers of fragmentary or entire
fossls. These are principally Inoceramus probleméticas, I. fragilis, Ostrea
congesta, Baculitesanceps, ScaphitesWarreni, S. laviformis, &c.
5. Bluish-black shales, with concretions and bands of limestone containing a
large undulated Inoceramus, the broken fragments of which are thickly
set with Ostreacongesta ... ... ... .. ... ... 1, 000
Thelithological characters of this division are nearly the same through-
out, but the limestone bands and fossils are nearly restricted to the lower
portion. The layers of limestone are from 6 to 12 inches in thickness,
quite pure and compact, blue in color, but weathering reddish yellow,
and breaking on exposure in vertical prisms, like starch.
6. A light dove-colored sandy limestone or calcareous sandstone, weathering
yellow, massve toward the top, foliated below, without fossls =~ = = . 200
7. This, the cap-rock of the high mesa, is a higher member of the Cretaceous
series than has before been met with in New Mexico. Our subsequent
observations showed it to be the base of the third great division of this
formation as developed on the Colorado Plateau.
8. Grave hills, valley drift.

At the Laguna de los Cavallos we reached the summit of the divide between the
waters of the Peacific and the Atlantic, at the height of 7,600 feet. No conspicuous
elevation marks the summit, but the strata are somewhat broken by a line of displace-
ment, apparently a continuation of the Nacimiento axis. The country about the
Laguna may be taken as a type, both as regards its general aspects and its geological
structure, of al that bordering our route while we were skirting the bases of the
mountain ranges, the drainage of which supplies the flow of the San Juan River and
its tributaries.  This region includes three topographical belts or districts in which the
physical features exhibit the most striking contrasts, viz., the mountains, the foot-hills,
and the table-lands. The mountainous district includes a large number of lofty
chains, having a north and south trend and the general characteristics of the Rocky
Mountain system, connected by thousands of interlocking spurs, or separated by nar-
row valleys, traversed by clear, cold, and rapid streams. These ranges terminate
southward en echelon, and, when viewed from a distance, present the appearance of
a continuous sierra, having a northwest and southeast trend. The outlines of these
mountains are bold and picturesque; their highest summits having an altitude of
12,000 or 13,000 feet, entirely bare of vegetation, and showing, here and there,
patches of perpetual snow; their dopes covered with forests of spruce and fir above,
of yellow pine below; many of their gorges set with thickets of scrub-oak and quak-
ing-asp.

Along the base of the mountains stretches a belt of foot-hills, a region of which
the surface is broken into rounded or abrupt hills, from 100 to 1,000 feet in height,
generally composed of sedimentary rocks, very much disturbed, often pitched about






