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Orrce or tae Cuier oF Exeiveens,
Washington, D. C., June 28, 1875,

Sik: When Major 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 geclogy of that region, owing to the fact that
Dr. J. 8. Newherry, the geologist who accompanied him, was then actively employed
in his doties on the SBanitsry Commission in the West.

Colonel Macomb has recently transmitted to this Office Dr. Newberry's report,
with ita twenty-two illustrations; and I have respectfully to recommend that it be printed
at the Grovernment Printing-COffice, 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, HuwFPHREYS,

ig. Gen., Chief of Engineers.
Hon. Wintiax W. BreLExar, -y o .

Secretary of War,
Approved:

By order of the Secretary of War:
. H. T. Crossry,

Chigf Clerk.
Juse 28, 1875. "
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LETTER OF TRANSMITTAL.

e ——

Usiten SrateEs Excrveer's Orrice,
Rock Isiand, IT., June 18, 1875.

Geseras: I have this day forwarded to you the Geological Report of Dir. J 8
Newberry, geologist of the San Juan exploration party, which went from Santa I,
New Mexics, to the vicinity of the junetion of Grand and Green Rivers, in Utah, and
back to Santa Fé, in the summer of 1559, and which party was in my charge.

This is the report to which [ alluded in my report to you of November 1, 1880,
© as setting forth whatever the route above mentioned afforded of interest to the public
at large or to the man of science. I 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 drwings, vie:

Eleven water-color sketches, showing charscteristic scenery of the region in
Northwestern New Mexico, Sonthwestern Colorado, and SBoutheastern Utah.  Also,
aleven drawings (eight of fossils 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 steel plate, and is on the files of the
Enginger Department.

I remain, very respectfully, your most obedient servant,

J. N. Macowms,
Colonel of Ewngineers, Uniled Stales Army.
Brig. Gen. A. A, Huurureys,
Chief of Engineers, Unitedd Stafes Army.
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REPORT.

Wasmvaron, 10 C., November 1, 18611,

Hir: For the information of the War Department, I beg leave to anbmit the fol-
lowing remarks upon the explorstion made by me, daring the summer of 1358, in
New Mexico and Utah.

Abont the middle of July, 1859, my party set ont from SBanta Fé, New Mexico,
and pursned 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 pweblo of Abiguiu, the outpost of settlement in that direction, being about
fifty-two miles from Banta Fé.  We continued up the Chama Valley for some forty-five
miles more, when we left it and crossed the dividing ridge between the waters of 1he
Gulf of Mexico and those of the Gulf of Californin, at o remarkable point, where there
is o small lake called Loguna de los Cuballos, when we struck npon the headwaters
of the San Juan River, crossing several branches before we came to the main stream.
This we crossed in latitude 377 14" 48" north and longitade 107° 27 47" west, where there
is a hot spring, of temperainre sbout 1407 Fahrenheit and of magnificent dimensions.
We looked down through its limpid waters until the power of vigion was lost in the
savernous depths whenes the waters flow,  From this poaint our route was wosterly for
about seventy miles-over a region very much broken and intersected by rapid mount-
ain streams (branches of the SBan Juan), which afford an abundant supply of good
water und have the appearance of being permanent.  We had frequent mins, however,
in this part of our route, and the gmzing was thus far exeellent.  Up to a point abont
fortv-five miles westward from the “ Pagosa,” or great hot spring shove allnded to, we
were accompaniod by Mr. Albert H. Pleiffer, sub-agent for the Utah Indians, and his
interpreter, Neponocine Valdez, to both of whom we are indebted for acts of hospi-
tality and for facilitating our passage through the country of the Capotes aml other
bands of the Utah Indians, in whose vicinity our route happened to lead ns,

In latimde 37° 16" and longitmde 108% &', we passed along the sonthern base ot
the mountain groap known as “Bierra de la Plata ;" hence in a northwesterly dirgetion
for about one hundred and twenty miles, over gloomy barrens, covered chiefly with
Artemesiee, but affording a seanty pasturage in some of the small valleys. The August
raing favored us, and we had no seareity of water on our route to the “Ojo Verde," in
latitnde 387 14" 507, longitade 1097 26" 407, a point about three hundred and forcy
miles from Santa Fé. The greater part of our journey from Abiguiu 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 hetwesen
California and New Mexieo in the days of the old Spanish rule, but it seems to have
boen superseded by the routes to the north and south of it, which have been opened
by modern enterprise.

At the “Ojo Verde” the Spanish trail strikee off more northwardly, to seck a prac-
ticable erossing of Grand and Green Rivere  We loft the trail here, and, leaving the
main body of onr party encamped at the spring, with a small 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 (rean
Rivers, This part of our jonrney was very rough and dangerous, from the precipitons
nature of the route, winding down the sides of deep and grand cafons, 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, thers wak not sufficient pasture for the few animals
that we had with ue. I cannot conceive of a more worthless and impracticable region
than 1he one we now found ourselves in. 1 doubt not there are repetitions and
carieties of it for hundreds of miles down the eafion of the Great Colorado, for 1 have
hewrd of hut one crossing of that viver above the vicinity of the Mojave villages, and
1 have reason to doubt if that one (El Vado de los Padres) is practicable, except with
thie uimost cars, even for & peck-mule.

On leaving the “Ojo Verde" we traveled south for about seventy miles, passing
by the vastern base of the Sierrn Abajo, until we struck the San Jusn River, in lati-
tude 37° 16' 27" and longitude 1097 24" 43", on the 2d September, 1858, W found
bottom-land of the river at thiz point of a light and loose soil, into which the feet of
the mules would frequently sink for some 185 inches We followed up the river,
remaining on its right bank for some one hundred and twenty miles, until we cama oppo-
site to the mouth of Cafion Largo, n latitude 56° 457 28" and longitude 107° 43 29"
In tlee course of our march we observed many ruins of houses and found quantities
of fragments of pottery scattered over the ground, indicating that the vallay was onee
soeupied hy a race probably of the same origin and character as the Pueblo Indians
extant in New Mexico. . The fate of those former occupants of that dreary region is
involved in mystery. It requires, however, no effort of the imagination to fancy that
they may have been starved or frozen to death ; for the winters are severe and fuel is
very scarce there,

I have no doubt that the warm sesson is very short there, otherwise more of the
valley of the San Juan would be cultivated by the Navajos, who are o corn-growing
people, for the river affords abundant water for irrigation, and carries soil encugh to
enrich and renew the fields. it

O the 15th September, 1659, we forded the San Juan, opposite Cafion Largo,
no litfle danger, the strong current and deep water sweeping down some of ‘the mules,
which were recovered with difficulty, - We were fortunate in passing ﬂnﬁ'll_g'hﬂlﬁun
Largo just after heavy rains, as 1 learned afterward that the command of Major Simon-
son, which passed through the eafion in July, had suffered much for fhewant of pater.
There is one fine spring in the cafion, about thirty-five miles from Zan Juan; ot nootl
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reliable water until the San José spring is reached, about thirty miles farther 1o the
southenst. From the last-named water we followed down the valley of the Puerco (s
branch of the Rio del Narte) for about forty miles, when we erogsed the southern spur
of the Nacimiento Mountain and ecame to the old pueblo of Jemes, about fifty-six
milea to the west by south from Banta Fé, The route has been passed over by
wagons from Santa F to a point a short distance to the westward of Jemes, and also
from Santa Fé to the upper valley of the Chama, a short distance above Abiquin, but
on the remainder of the route passed over by my party there s no evidence of a
wagron having ever been seen, and a suitable road for wegons conld only be maule at
s hoavy cost for construction, and it would donbtlees meet with mueh oppasition on
the part of the Navajos and Utahs, whose coantry it wonld pass througl

During the expedition my time was taken np with the 4'|-I'l1:I'1-'ll1'll‘-!':lI[‘flJ ahaervationg
requisite for laving down the route. In these observations T was assisted Ty Mr. F. 1
Fisher, whe noted the time and kept the record for me with aseurney amd neatness.
Mr. ]“i!h&r alzo earvied a barometer thronghout the march. Al 1'4'|I'Ii|!rllt-"lti.n1!¥- required
for the astronomical observations were necessarily made by myself.

Mr. O. H. limmock made an exeellent sketeh of the route, which he has dmwn in
one large map upon a seale of half an ineh to the mile.  This map T have tested by the
results of my astronomical observations and somputations with very great satisfaction,

Messrs. Dorsey and Vail earried barometers and thermometers, and kept daily
records of the indicatione of those instruments, ehiefly from the readings of Mr. Vail
Mr. Dorsey also aseisted the geologist in making some of the collections of natural
history specimens.

Dr. J. 8 Newberry, the geologist of the expedition, was partienlarty zealons wd
energetic in his examinations of the country, and I expect from him a report setting
forth whatever there may be of interest in tim route either to the public at large or to
the man of seience,

1 am now engaged, under vour 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 accoracy of detail the featnres of the country, cover-
ing an ama of some twelve thousand square miles, which has herstofore been indicased
upon the maps under the head of “unexplored.”

The expedition was accompanied by o detachment nf infantry undar the command
of Lieut M. ﬂug'swulr of the Eighth Regiment, to whom we are indehied for our safe
eacort throngh a wild and inhospitable tract of country, partly eccapied by hostile and
treacherous Indians.

I 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 Kaneas, to set up & new monument at a point some two and 8 quarter
miles to the anst of the one originally placed there. 1 accordingly diverged from the
usual route across the plaing 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

H: _ the merdian of 103%, as laid down upon the map accompanying my instructions, and at

! iﬂﬁn‘ﬁﬁﬂﬂni‘fﬂl&u two geographical lines [ erected & rougli stone monument. The
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original monument above alluded to is of sarth and sods.  This duty was finished about
the middle of November, 1859, when the thermometer Was ranging from gero to aboul
167 above,

I was accompanied to this position by a small detachment of troops under the
sommand of Lieat. H. M. Encs, of the regiment of mounted riflemen, to whose Vigi-
lance T am indebted for a safe transit to Fort Leavenworth, at o time when the Indians
of the great plaina had manifested the most decided determination to be tron blesome.

[ remain, very respectfully, your most obesdient servant, '
' J. N Macous,
Caplain Topagraphical Enginesrs.
Capt. A. A HumpRREYS,
Tap, Enginears, in charge af Office of Exploretions and Suroeys.

Wasmsoron, [ O, November 27, 1861,

CoLoeL: At the time of making my last annual report T was engaged in the
preparation of a mip of the region visited by the party which [ eonducted in the summer
of 1R58. The map waa finished, and iz 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, &e., of the same regrion has been written by Dir.
Mewhorry, and I hoped t0 have had it in my possession to send in for publication with
the annual report from the Barean of Topographical Engineers, but, owing to the delay *
in finishing some of the drawings for illnstrating the report, and to the fact that the
seologiss has for some months boen netively emploved with the duties of the *sfnitary
commission” in the West, I am not yet in the receipt of his resulta 1 may add for
myself 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 apon me, arising out of the
existing state of affairs in our eonntry, that I have been prevented from pushing the
reports and maps, &e., of the San Juan exploration to a conelugion. 1 hope, kowever,
that they will all be rendered to me bafore the close of the session of Congress now
about. to eOTMMENGE. .

All of which is respectfully sabmitted by your oljedient servint,

- . o. N. MaicoMmns, et
Lieut. Col., Aid-de-camp to Mag. Gen. McClellan, and Major Top'l Engineers. K

Lieut. Col. H. Bacnr,

Commanding Corps Topographical Engincers, U. 5. A.
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PREFATORY NOTE.

CorLrMeis COLLEGE,
New York, June 1, 1875,

The following report was prepared for publieation at the time indicated by the
date of my letter to Captain (now Colonel) Macomb, but the breaking out of the
reballion arrested the publication of all the reports of surveys made by the Govern-
masnl »axpadltiunn immediately previous to this event. The reports of the sarveys
mide by Lieutenant {now General) 3. K. Warren, United 3tates Engineers, Captain
(now General) W. F. Raynolds, the report of the Northwestern Boundary Commission,
and some others, were in this eategory, and much most valuable information in regund
to the far West has been lost to the conntry and the world by the suppression of
thess important documenta.

As attention is now again drawn to the region bordering the San Juan and Uppor
Colorado, and several parties are occapied 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 publieation desirable.  They
are therefore now given to the publie. Althoungh much has been learned in vegard w
the geology of the country drained by the Colorade 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 eourse has been pursned as the only just and natural one.  The observations
made fifteen years ago, if aceurately 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 a fuir 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 falsify 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, Tt is but just that the eradit or discredit of
the trial to which the repart is to be subjected should belomg to the writer. Knowing
that his work was done honestly, and believing that it was in the main aceurately done,

“he accepts the entire responsibility of it, whether for praise or blame.
J. 8. N.



LETTER OF TRANSMITTAL.

Wasmwaron, I C,, May 1, 1860,

Dear 2ir: [ submit herewith my veport on the geology of the coantry traversed
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CHAPTER LI.

GEOLOGY OF THE ROUTE BETWEEN INDEPENDENCE AND
: SANTA FE

GENERAL GEOLOGICAL EEETCH — [NDEPENDENCE To DracgnoN ORERE — (ARBONIFREROTE
BIRATA — CHARAGTER OF O0AL AND CoiLl-MEASTEES oF Kimsis — DUE T0O WHAT
CATEES—CoaL-PLAFTE oF Hamsas—Mogpenie Fossmma—Deagoon UREEE T0 COTTON-
wonh CREEE—PERM0-CARBONIFRRGOE i¥D PERMIAN BTEATA — [MFFIOULTY OF SEML-
RATING THESE FORMATIONS—COTTONWOOD CREEE To WALNUT CREEK—UTPEIM FORML
TION=[T# PARALLELISM — WALNUT CEEEE T0 PAWNEE FoRE — LOWER CRETACRUUS
ROCKE—SANDETONRS WITH [MPRESSIONS OF CAVES—DPAWNEE FORK To UIMARRON—TERTI-
ARY STRATA—ARKAREAE BASIN—[T§ RRLATION TO THAT OF WHITE RIVER—CIMARRON TO
ENCHANTED SPRING—JURAEIC (1) ROCES—ENcHANTED BPRING To CoProNwooD HPRING—
LoweR CRETAOEOUS AND TERTIARY BEDE—(uTPoNwoon SPRING 170 CuNantin—TEaP
BUTTES AND MESAS NEAE RaToN MOUNTAING—CRETACEOUS ROSES OF THE UANADIAN—
TamLg-Lawps skmering THE BooEy MoOUNTAINGS — CANADIAN TO LaS VEGAS — TRAP
Pratiar o Brnemoiw's Brmig — ORETACEDTS 8TEATA AT ForT UntoX AD Las
VEGAS, .

The geology of the conntry bordering the Santa Fé road is described somewhat
in detail in Chapter X of my report to Lieut. J. C. Ives, U. 8 A, on the geclogy of
the Colorndo 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., o Santa F¥, however, we
passed over quite a large area not traversed on the route from Santa Fé to Fort
Leavenworth. In repassing also the route formerly traveled, our stopping-places
were, in many instances, different ; many new exposures of the rocks were sxamined,
and observations were made by which it is now possible to define much more accu-
rately than was formerly done the geographical limita of the different formations met
with. I 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 aceurate 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 fossils
diseo vered inour lage transit of the plains was large in the Carboniferons, Permian, and
Cretaceous rocks, but I had constant oecasion to regret that our means of transporta-



TO JUNOTION OF GRAND AND GREEN RIVERS, . 1%

remarked by Professor Hall in the struetare of the eoul-basing, going from north o
south, and by myself feom 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 ut o greater or lese distanee from
the shore toward the south and southwest; in illustration of whiel we may vite the
comparative barrenness of the Coal-Measares of Northarn and Central [linois, where,
as in Kanes, the ealeareous strata vastly predominate, with the greater development
of strata and mechanical sediments in Southern Minois and Kentneky; so aleo the
productive Coal-Measares of the region about Fort Belknap, in Texas, where the quan-
tity of carbonaceous and sandy mateer is equal to, if not greater than, that of Kansas
directly north. At Bante Fi, also, a2 will be seen from the deseription hereafier to be
given of the geology of that vieinity, the Carboniferous series includes agreat thickness
of conrse sandstone filled with the impressions of land-plants, evidently transported no
very great distance from their place of origin. As we progress southward, howerer,
we ultimately reach the limit of traces of the existence of terrestrial surfaces during
the conl peried, as in Southern and Southwestern New Mexico, where the entire Car-
boniferous series is represented by a calearsous mase, all an organie or chemical pre-
cipitate from the waters of the ocean, and the proof of the uninterrupted existence of
an open sea in that region throughont the entire carboniferous eponch,

Coal —The conls of Missouri and Kansas have all, to a certain extent, a common
character, as compared with those of the Alleghany coal-fields ; they are softer, and
contain & 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 like it in chemieal composition and physical structure, and they
frequently have layers of eannal running through them. They are generally quite
tender, and when exposed to the action of the weather, like the Cretaceous and Tar-
tinry coals of the western part of the continent, which they so mueh resemble, they
arg prone to “slack,” or to break upinto innumerable rhomboidal or cubipal fragmenta.

The causes of the peeuliar character of the coals of Kansas are to be sought, I
thiuk, in the physical conditions® Mending 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 Seionce, of March, 1857, 1 have attemptad to show that the char-
acters which distinguish cannels from other bituminous coals are for the mot part doe
to the excess of water in which they were submerged during the process of their for-
mation. I have also been led to suppose that this canse has, to a considerable degree,
given to the western soals the characters they exhibit; that the carbonaceons matter
composing them was, during its accumulation, more thoroughly saturated or more
completely submerged than that composing the roal-strats of the Alleghany hasin;
and that when the coal-senms had attained their entive thicknoss they were not imme-
diately buried beneath heavy masses of mechanical sediment, by the weight of which
all the effocts of great prassure would be obtained, but, instead, were submerged per-
haps deeply bensath water, the pressure of which would be expenided in all di ction
and would, therefore, not act as a distinct compress on the s
chemical characters of these coals have been in any great de
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Permian magnesian limestones oceupy the general surface, but sre eut throngh by the
valleys of the draining streams. Below them are exposed strata containing Orthising
wmbraculum Productus Colhowniones ; spines of a species of Areheocideris, regarded
by Professor Swallow as identical with 4. Fermewiliana, King; a small Afhyris, and a
Rhynchonalle ; all of which belong rather to the Carboniferous than te the Permian
fauna.  Near Cottonwood Creek the Upper Magnesian limestone, or true Permian, is
highly fossiliferons; containing great numbers of Myaline pernttennala, Monotis [ Psen-
domonatis), Howwi, Bakevellia parva, and many other species described by Mesk and
Havden, who collected largely at this locality,

COTTON WO CREEE TO WALNUT URERIL

THE GYPSUM FORMATION.

O the west gide of Cottonwood Creek, the Permian limestones pass beneath the
surface, and are not distinetly recognizable at any western point upon the Sante FiE
romd.  They are succesded by a sevies of reddish-yellow amd white indurated marls,
forming o part of the great * Gypsum formation,” which ie 8o couspicnous a fenture in
the geology of the Indian Territory, New Mexico, and Western Texas. This group
fills the interval between the Permian strata, which T have described, and the base of
the Uretaceons system: ineluding representatives of perhaps portions of the Permian,
the Trinssic, 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
almost every traveler who has entered that country. It will be seen by reference to
the reports npon the peology of the Southwest made to the Government by the writer
or others, that this formation is everywhere characterized by great poverty of fos-
gils, and for this reason, as well as from the general similarity of its lithological elar-
ncters from base to summit, and in different localities, it has been hitherto impossible to
separate it by satisfactory dividing lines, or to determine with acearacy the squivalence
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 fruitlese, but it must
be confessed that, as far as regards the determination of the parallelism of its sulb-
divisions 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 eountry 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 sulject.
The materials camposing the Gypsum formation are usnally so soft that in a
conntry well supplied with rain and covered with vegetation they present fow satisfac-
tory exposures, and are even usoally wholly concesled from view. This is the char-

acter of the district now under consideration, and it ie only here and there that the
- traveler can obtain even a glimpse of its geclogical substructure. It is evident, how-
ever, from the limited space occupied by the outerop of this group, taken in connec-



TO JUNCTION OF GRAND AND GREEN RIVERS, 23

traverse, at least through a part of their ceurses, channels which they have excavated
in the “high prairie.”

Thriaghout the greater part of the area drained by these streams the geological
substratum of the plateau I have described is the Lower Cretaceons sandstone, or,
more properly, n group of strata, though sometimes consisting of but a single bed,
which forms the buse of the Cretaceous system; No. | of Meek and Hayden's Ne-
bruska section of the Cretaceous series, This group is eomposed principally and some-
times exclugively of thick-leddued, coarse-grained, ferrnginons santlstone, containing
e characteristic fossils u large number of species of angiospermous leaves.  Around
the edge of the high prairie this sandstone eaps or eomposes many isolated buttes which
have been severed from their connection with the platean by wqueous erosion,  Such,
we learn from Messre. Meck and Hayden, is the structure of the Smoky Hills, from
which they obtained a large part of the impressions of leaves deseribed by the writer,
and such also is the structure of Pawnee Rock, which stands near the road be-
tween Walnut Creek and Pawnee Fork, At Allison’s manch, on Walnut Creek, thie
sandstone has precisely the lithologrieal eharneters of that from the SBmaoky Hills, but
I was not able tn detect in it any traees of fossils. A+ Walnut Creek, howavaer, tweinty-
five miles distant, vegatable msressions are abundant, ineluding, apparently, some of
the same species obtained from Smoky Hill, Blackbird Hill, &e.

The geological horizon marked by this Lower Cretaceons sandstone oromnp is per-
haps the best defined of all in the entire geologrieal series in the Sonthwest, and more
generally uséful ns a-plane of reference than any other. From the resistant sharacter
of the materials composing this group, it has held iss place over an immense extent of
eountry from which the softer superior stratn have been removed. When the upper
members of the Cretaceous formation are present, as is the case in much of the conn-

rine organisms, and evidently a deposit from the waters of the oeean, In adn analysis
of the Cretaceous formation, to be given in a succeading chapter of this report, T shall
attempt to deduce, from the composition and. foesil eontents 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 eontinent during their deposition. I may suy,
however, in passing, that these coarse Cretacesus santstones are exclusively mechan-
ical deposits, and such as have not been transported any very great distance fm their
place of arigin; that, extending as they do from the vicinity of the Mississippi all the WAY
to the base of the Rocky Mountains, they mark  period of general subsidence in all this
portion of the continent—a period through which the sea was gradually eneroaching
upon the land.  The shore-line was then comstantly marching inland, leaving hehind it
proofs of the power of its littoral waves; which comminuted and sifted the barriers op-
posing their prograse, and formed of their ruins these beds of stratified sands and
pebbles” which may be regarded as i i '
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apoken. This encroachment of the sea took place from east to west, and the invading
finod is now represented by the Gulf of Mexico. This is indicated by the facts that
the Lower Cretaceons sandstones thin out and disappear toward the south and east,
where nearly the entire Cretaceous series is represented by marine and organie sedi-
ments; while, a8 we go toward the west and northwest, on the contrary, the mnrlatnn-a:a
inereass in thickness, the superincumbent strata becoms less and less calcareous, until
ultimatély, as we approach the shores of the sontinent not submerged by the Creta-
geous ocean, the mechanical sediments greatly preponderate over the organic, and beds
of sandstone and shale of enormous thickness, the direct débris of the land, represent
all the subdivisions of the chalk formation.

T have spoken in my former report of the parallelism between the Lower Creta-
epons strata of New Mexico and those of Nebraska, as described by Meek and Hay-
den, and those of New Jersey, by Professor Cook. How scenrately the Lower Cre-
taceons rocks of the district now under consideration represent those of the regions
just mentioned will be seen in the following section : '

Section of Lower Orelaceous rocks al the crossing of Pawnes Fork.

No. 1. Soft, coarse sandstone, dark reddish-brown, vellow, or nearly white: lower

finer, and containing impressions of dicotyledonons leaves (Sadir, &e.) to summit
of oliff, about 50 feat.

2. Light dove-colored elay, with lignite and broken leaves, 10 feet

3. Yellow sandy clay with vegetable impressions to bed of stream ; about 15 feet
X

I had not time fully to explore this loeality, but the fossils are quite numerons and
very accessible. The species of Saliz referred to is apparently identical with 5. Meckis,
obtained at Smnh}' Hill I:u:',' Meak and Hall?ﬂen. The dove-colored clay which under-
lies the sandstone is scarcely distinguishable from that which holds a similar postion
in New Jersey, and which, like this, is filled with vegetable matser.

By reference to the section of the rocks of Kansas given by Messrs, Meek 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 twees, forming the summits of the Bmoky Hills,” is underlaid
by * whitish, very fine-grained, argillaceous sandstons, with bluish, purple, and ash-
eolored clays” Though containing at that locality no vegetable impressions, it is
evident that these latter beds are the equivelents of those expossd beneath the sand-
stone on Pawnes Fork. .

FPAWHNEE FORE TO CROBSING OF COIMAREROE.

TERTIARY STRATA.

After leaving Pawnee Fork the Banta Fé road ercsses the margin of an immense -
Tertiary basin, to which I first called attention in my report on the geology of the
‘Colorade country, and designated by the name of the “ Tertiary basin of the
Arkanaas" ;
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During my former transit of the plains 1 formed the opinion that the western
bowndary of this Tertiary belt was passed near the crossing of the Cimarron: and it
ie still posaible that Tertiary strata will not be found west of that point which are con-
tinuons with those forming the table-lands bordering the Arkansas, but during the past
senson | notieed similar beds recurring.at various points quite up to the bases of the
Rocky Mountaing, and I think we have evidence that at one time Tertiary rocks
oceupied the surface of a large territery in this region, from which they have been
entirely removed, or &0 nearly so a8 to be represented by -imolated and often widely
sepirated patehes '

Az will be seen by reference to the sections exposed at vabious points along the
western portion of the Santa Fé road, these Tertinry rocks are entirely unconformable
to those npaon which they rest ; are of very much later date, and were derpwmsived, not
only snbsequent to the period when the entire series of Cretaseons strata had been
laid down, but after they had been muech disturbed, and slevated to snch a point that
valleye, erdded by surface action, had been ent down o and throngls the Lase of that
series.  In different localities the Tertiary strata rvest up on the Middle or Lower
Cretaceous rocks, or even on the underlying Triassic formation.

The vicinity of the Raton Mountaing has, in former times, been the theater of
violent and wide-spread voloanic action. At that time numerbus monntain masses and
subordinate buttes of teap were thrown up, and floods of lava poured out, covering an
oxtensive ares in their vicinity. During this period of violence the Cretaceous rocks
were locally much disturbed and matamorphosed, and the lowest members of that
seried elevated to, and perhaps far above, the surface of the ocean. At some time sub-
sequent to the period of greatest voleanic activity, and vet apparently before the fires
in thi= great furnace wore entirely extinguished, the Tertiary strata began to be
deposited in the depressions, and over the irregularities which then existed on the
surface.  Unformunately, in all the localities where I examined these stratu, they seemed
to be destitute of fossils. We are, therefore, as yet without the light which they
wonld throw upon the conditions of their deposition, and the conclusions to which I
have arrived in reference to the precise age of these beds are to a certain extent con-
jectaral, and liable to be modified by future discoveries, yet there seems to be good
reason for supposing that they wre what I have eallsd them, Tertiary, and that they
are eontinuous with the Tertiary basins of Northwestern Kansas and Nebraske, The
reasons for this conclusion are, first, that these deposits are comsiderably mose recent
than any portion of the Cretaceous series represented in the region in which they
exigt; second, that in their lithological characters and the ciroumstances of their depo-
sition they are the exact counterparts of the fresh-water Tertinry strata of the basins
to which I have referred, and which are aleo only locally and rarely fossiliferous ; third,
that the Tertiary strata of the Upper Platte extond sounthward toward the Arkansas,
where their only possible representatives are those under consideration: foneth,
Tertiary fassils are said to have been found in these béds on the banks of the Arkansas,
above the erossing, ST T

In lithelogical charactens the Tertiary-rocks of the Arkansas basin are considarably
unlike any marine deposit with which T-au familiar, but the greater portion of them

iB¥ =k )
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strikingly resemble the fresh-water Tertiary limestones of the Paris basin; and, a8 T
have said, are undistingnishable from those of the *bad-lands™ of the Upper Misanuri,
shiwn by their fossile to be all of fresh-water or estuary origin  The great mass of
the Arkansas beds is made up of white or eream-colored limestong, closely resembling
rmeh of the caleareous tofa deposited from springs, and frequently eontaining mAsses of
black or red, very light and porous soorin; with this tufaceous limestone are assoeinted
strata of more compact laminated cream-colored limestong: A bed of coarse, friable
light-colored sandstone, frequently & conglomerate; and at a higher level a stratum of
ur;u&edingly coarse  conglomente, of which the pebbles, if enels they ecan be called,
are often 6 or & inches in dinmeter. These pebbles are principally eomposed  of
gquartz or the harder erupted rocks, baslt, porphyry, &c.. with oceasionally a frag-
ment of Carboniferous limestone. 1 motieed that in woing toward the west the mate-
rinle composing these sandstones anid conglomerates heeame mueh coarser, showing that
they had been derived from the direction of the Roeky Mountains. Althongh the
Tertiary basins of the West have been studied in but a small portion of their extent,
and we are as yet very far from being in possession of all the facts in reference to
their areas, their siructure, or their fossila, which will permit us "t write in full the
history of their deposition, the oshservations already made all seem to print to the con-
clusion thas the Tartiary epoch was an era of progressive elevation over all the central
pertions of cur continent ; and that during the greater part of this apoch, the continent
had nearly the form and area which it has at present. The purely marine Tertiaries
appear to be restricted to the immediaze vicinity of the present ocean ; and to
narrow belt along the valley of the Mississippi, which pontinued to be occupied till &
comparatively recent period by an arm of the Gulf of Mexico. So far as at present
known, all the Tertiary strata which are found between the Mississippi and the Sierra
Mevada are of fresh-water or estuary origin. The gradual retrocession of the ocean
is also indicased 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,
therefors, that the T&rﬁmjhuinnwhi-:.h akirt the bases of the Rocky Mountains, wereonce
the bads of rivers and Inkes of the Tertiary continent; and, except in the immediate
vicinity of the coast-line, were wholly occupied by fresh water. It is alas probable
that some of these basins ocenpy former lines of drainage from the Rocky Mountaing;
and thasthe beds of coarse sand and gravel made np of fragments of erystalline rocke,
wholly foreign to the localities where they are found, but abwndant in and pecaliar to
the Rocky Mountains, were transported from their distant places of origin by the rapid
enrrents 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 partions of the
continent during the Tertiary spoch, must be deferred 10 & subsequent portion of this

where it will more properly find place.

The details of structure of the Tertiary basin of the Arkansas will be, perhaps,
moat readily understood by a few extructs 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 lefi-hand branch
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following the windings of the Arkansas; the other, called the “dry road' rising on th
and crossing the table-land which separates the valleys of Pawnee Fork and the
Upper Arkansas. This table-laiid is underlain by a white tufaceous limestone, exposed
in the bed of the Coon Creeks, and still better st the point where the dry road comes
down again to the Arkansas. It is also thrown cut in many different places from the
burrows of the prairie-dogs. In lithological charneters, this rock i precisely like a
portion of the strata of the ‘bad-lands’ of Nebraska; contiins no fossils, but o few
pebbles of crystalline rock. At the Caches, sixteen miles below the crossing of the
Arkansas, the same stratum ie seen overlnid by some thirty feet of coarse, soft, light-
brown conglomerate, much eross-stratifiel  The cement is coarse silivious sand; the
pebbles, from the size of an egg downward, of granite, trap, quartz, porphyry, trachyte,
jasper, quartzite, ghert, &e., with a few of Carboniferous limestone.”

““ At the crossing of the Arkansas, the following section is exposed :

“1. Bpongy tufaceous limestone like that on Dry road.

42 (loarse, soft conglomerate, same as at Caches, 35 feet

“ 5 Tufaceons limestone, like No. 1, to base.”

“The sand-hills, which border the Arkansas on the south side, seem to Lave been
derived from the decomposition of the Tertiary conglomersate.”

i The same stratum forms the banks of the Cimarron, and has apparently given
character to its sandy aud sterile valley. The ‘Jornada' the divide between the
Arkapsas and Cimarron, is another portion of the high prairie, precisely like, in physi-
eal and geologieal structure, that crossed by the *dry road.’” _

“ At Eighteen-mile ridge, on the Cimarron, the coarse conglomernte and chalky tufa
are exposed, as at many points below, The conglomerate is composed of a coarse
sandy cement, with pebblee from the size of shot o eight inches in dinmeter.  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, amvgdaloid, clay-slate, quarts, jasper, &e.  The greater sizo of the
pebblee in this conglomerate perhape indicates that, in going westward, we nre
approaching the eoures from which they were derived. The eonglomerate wonld
seem to be a drift from the Rocky Mountaing, where, and where only, as far as [ am
aware, such materials occur in place.  If this is 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
expossd, in which we aguin see the base of the Tertiary seriss.  On Pawnee Fork, the
tufaceous limestones and conglomerate which | have deseribed rest upon the coarse

_ ferruginous Lower Cretacecus 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
=(r ng gandetone, then on trap, again npon the Middle Cretacsous limestones and
wles, and, finally, upon the red caloarecus sandstones of the Trias. The elements
posing the section of the middle spring of the Cimarron are indieated in the fol-
table:
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Section of strata at Middle Spring of Cimarron.

. Feel
1. Coarse gravel from disinteg¥ated conglomerate ... ....................... @
2. Bpongy, wifaceous limestone, cream-colored. . ... ... oot 3
3. Boft, chalky tufa, cream-colored. .. ... ... ..o Ll 2
4. Laminated, tufaceons limestone, cream-oodored. . . ... ... B
5. Massive, tufaceous limestone, upper part hardest, containing balls of red and

black seomia. .. ........cioiinninnmnrrrrra i rar e .. B
6. Cream-coloved tufs, similar to No. 6, but eofter . ... ... ... ... ......... 19
7. Hanl, foliated tufaceous limestone. . ........ .. ... .. .. ... fi
A. Yellow or reddish, soft, massive sapdstone. ... . ool 410

The eream-colored mfaceons limestones of the above section are the equivalents

. of the lower mfacesus limestone of the Arkansas, and, though containing no fossils,
are doubtless Tertiary.  The balls of seoria which they include, though not positive
evidence of the fact, may be regarded as an indication that voleanic action was gning
on somewhere in this vicinity during their deposition.  If this was the case, the scoria
must liave Leen derived from the vicinity of the Raton Mountains, where voleanic
eruptions were laking place, geologically speaking, aboit that time.

Seoria ie very frequently contained in the Tertiary strata near the Rocky Mount-
ains: a fact which has suggested the thought that the water from which these tufaceons
limestones were deposited may, in some iustances, have been bented, and that thie is
one reason why they contain so fow fossils.

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

Wea have here abundant evidence of the entire unconformability of the Tertiary
beds with those on which they reet, and that they were deposited in basins scooped out

_r.l-f thi nnderlving rocks, donbtlass 'h}" subaerial action, Prul:fa-al_',' as similar vﬂh}ru o
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 i no question but that they
once stretched over all the adjacent eountry, and occupied the place since held by the
Tertiary beds, but, by the long action of eroding agents, they had been entirely re-.
moved g 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, [huring the present epoch the process of erosion has again begun, and the
valleys of the Cimarron and Arkansas are being for the escond time excavated.

DROBIING OF CIMARRUN TU ENCHANTED SPRING.

Jueassic | ROCKS

At the croasing of th-a Climarron, and for sgome miles west of that point, the Ter-
tiary strata Jluna beenentirely:removed; the bottom of the basin exposed and deeply
eroded. I‘tJ.Hl'I-EI‘E_._ canposed. __E:nriuuf strata of which the sandstone, lying at the
hja&nfﬂiu.nllﬁ-ut;ﬂlg , forma a part. This series consists of & number
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of alternations of strata which are quite different in ecolor, texture, and eomposition.
They dre, as far as my observation extended? destitute of fossils, and it is therefore im-
poseible to fix accurately their place in the geological scale. Tt will be seen from the
section given helow that they nnderlic the coarse red and vellow saudstones 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 diseov-
ered by D, Hayden in the Black Hills It is possible, thevefore, and perhaps prob-
able, that they gre of the same age. It will, however, e necassary to wait the
detection of fossile in the group before its place in the series can be wore than conjee-
tred.  The scetion taken from the summits of the hills at Enchanted Spring, down
the side of the valley towakd the Cimarron, sz fir as the rocks were exposed, s a8
follows : .

L Gmy, yellow, or brown coarse sand-rock, the equivalent of that of the Smaoky

Hills, here containing obscure impressions of largpe dicotyledonous luaves, 70
fieit,

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

8. Hard lgkt-blue or dove-calored limestone-in thin layers, Jurassic? 60 feet.

4. Blape covered, about 30 feet,

5. Yellow or reddish grartzose sandstone, 2 feet.

6. Red shale, 5 fest

7. Yellow caleareous sandstone or silicions limestone, with ferruginous concretions,
20 foat.

8. Brecciated conglomerase, 5 feet,
8. Blood-red shale, 25 feat.

10, Yellow caloarcous sandstone, similar to No., 7, 8 feet.

11. Blood-red shale, with one or two narrow bands of green, 10 feet.

12, Hed and yellow argillsceons imestane, somewhat comcretionary, often lnminated,
sun-cracked and ripple-marked, pierced by vertical cavities from one to two
inches in diameter, to base, § feet.

Much of the coarse sand-rock, No. 1 of the seetion, is precissly like that contain-
ing the fossil plants of Blackbird Hill, Nebraska; being partly dark-brown and ferra-
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 this reck in New

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

und the one to which we must look for fossils that shall determine its agre. It is & fine-

grained, homogeneous rock, such ns I have nowhere seen near the same geclogical
horizon in the Southwest.  With the expeption of the limestone, | should have no great

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

mediately underlie the Lower Cretaceous sandstones; but the Emestons jsentie [y fi

¢igm to the geology of these portions of New Mexico which I have examined
strangly inclined to balieve that it is & member of the seriss not, reprusentad:
the sougl and west,and 1 shall be surprised if it dogs not yield to fature ex

marked Jurassic fossils,
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EFCHANTED SFRING TO COTTONWOOD BPRING.

TERTIARY ANT IAOWER CRETACEDUE STEATA.

At Enchanted Bpring the Lower Cretaceons sandstones form a line of beld bluffs,
which border the axcavated valley of the Cimarron. From thiz point np 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 graud.  With
the exception, however, of the voleanic outlayers of the Raton Mountains, there are
few evidences of the action of violent disturbing causes, and the variety which the
spenery presents is due almost entively to the erosion of nearly horizontal strata by the
drainage from the Rocky Mountaine. Here the traveler, journcying to New Mexico,
" obtains his first view of the peculiar and impressive scenery so characteristio of nearly
ﬂ]]mrﬁﬂﬂlﬂfﬂiﬂgrﬁt“nﬁ]phﬁﬂnﬂfmmﬁnﬂuL - Here he first besrs the word
mesa, and sees it embodied in the long lines of table-lands which fill the Lorizon and
stretch away mw'r&,llh the walls of Gfﬁlopuumnu I have, in & former
réport, deseribed somewhat in detail the phenomena of eresion which are presented by
the high table-land berdering the Rocky Mountaing It is, therefore, only necessary
for me o say in this connection that the views then advanced in reference to the origin
of the great natural features of that region, its mesas and codons, have been fully con-
firmed by subsequent observation, and that there can be no question that they are to
be regarded simply as phenomena of surface erogion, of which they are the grandest

known.

The geology of the region lying between Enchanted SBpring and Cottonwood
Bpring is similar throughout. T]mm-nlyhu:'-nflhamntryiafumddhj‘ﬂw Lower
Cretaceons sandstone, covered here and there with patches of white tufaceous Tertiary
limestong.  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 vallevs and low lands. As on the Arkansas, they are without fossils as far as
observed, and were deposited nearly horisontally over the mgnlnr surface of the

und-ar'ljmg sandstone.

A section of the strata at Cedar Spring is as follows:

(a.) Tertiary. .

1. White, chalky, tufaceous limestone, with hard, pray, compact bands..... 15 feet
2. Cream-colored, spongy, tufaceous limestone, (similar to that on the Arkan-

e R e S b Ay ey T i 4 feat

{ i) Cretaceous.

1. Yellow fine-grained sandstone, with obscure impressions of fueoids_ . __ . _ . i feet,

. i ].flgll‘l blue or white shala, with many obecure vegetable impreesions, about 4 feet.
'-E Yellow sandstone, soft and rather coarse, in thin (often rippled-marked)

_ﬂi}'ﬂ.‘l‘l, eontaining imprmamnn nfdlmt_f]&du;mnm ]a.“'m., rmmi:lmg those

_'_mmﬂm i ey pppepileaka — 4 T
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great basin in which we had so long been journeying—the valley of the Mississippi—
and entered that of the Rio Grande. At Las Vegms, 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 Carboniferons formations re-appear in sue-
cession, thus bringing us to the base of the section which has oeenpied our attention
i the preceding pages.  Tie exposures of these strata are much lass full and satisfae-
tory here than neaver Santa Fe, where they are also less metamorphosed “and morve
fossiliferous, and where the contrast and coineidences whicl their UXPOSUres present
with their eastern outerops may be more aceurntely determined
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CHAPTER II.

GEOLOGY OF THE VICINITY OF SANTA FE

(FENERAL GHEOLIECAL FEATULES—BANTA FE MOURTAINE—UGRANTTE—ITE HALAOTER AND
DUNTAIRED MINERALS=—LELATIONE OF THE S34RTA FE MoUNTAIRE=[LACER MDURTAINE—
CRETACHOUE AKD TRisSE ROCEE—URETACROUS LIGHEITE CONVERTED INTO ANTHRACITE
BY AN OUURTEST OF TEAP—GoLD OoF THE 'LACER MovRTiRe—{0rrEr—Ieor—THE
UER BILLIFS=={}OLD =3 LV E L= LEL D= 0 PPER=— B 1 =T UG U0 SE—ANCIENT (HALCHUITL
Miwrs—THE Barpii MoURTAIN=—THE VALLES—BTEATIFIED REECES—(ARBEONIFEROTE
FORMATION—SANTA FE BETION—BECTION AT I"EcOR VILLAGE—IEEMCO-(ARBONIFEROTE
NENE—{T VPR FORMATION—S8CTION AT SAR JOosE—Fossil, PLAKTE—{RETACEROTE PORMA-
TIGN—SU BB TIRIGN OF THE BVSTEM—YBELLOW BANDSTURES oF Caflor LBLaNod URETA-
CH T E==BECTIONS AT (GALLIETEG AND Pori's WELL—TERTIARY BEDE OF FEESH WATEL
OGN,

The vegion about Santa F¢ has occupisd the attention of severn] geologists who
have vigited New Mexico, among whom Messre Wislizenus, Marcou, and Blake have
- given full reports of their observations wpon it I also was able to devote a short time
t0 its study while connected with the party of Lieutenant Ives in 1858, a rdsmé of
the observations then made being given in my report to that officer. It might, thers-
fore, be supposed that this subject was by this time freed from all obseurity, and, per-
haps, exhausted of all interest.  This is, however, far from being trie, as may be ehown
in few words. The geological structure of that region is complicated by several distinet
lines of upheaval, which have been classed together in the so-called Rocky Mountain
system; and yet the relations of these groups and chaing of mountains are far from
being fully understood, or at least demonstraged. They have been rogarded, perhaps
_]l.lnﬂ}'. as of the same age, but, us will be seen, when we come to speak of them more
in detail, evidence of eomplete synchronism is vet wanting, while there are some facts
which seem to point t0 a contrary conclusion.

Aside from the obscurity which hangs over the erupted rocks, an obseurity that
cannot be dissipated without much careful study in the field as well as in the labora-
tary, the splendid exposures of the three great groups of sedimentary strata, the Car-
boniferons, the Trinssic, and the Cretaceous—to say nothing of the Tertiary beds
largely developed, but without fossili—deserve and demand i'nr their full sualysis more
time than has yet been devoted to them. The three monihs gpent in than:mrtj-q}f
Santa Fé during the past season by our party hu.ra,,—l*l:mlt, not been entirely without
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value, as r&gﬂrﬂs the determination of doubiful pumi:a in the geology of this region.
It must be confossed, however, that many guestions are lefi unsettled which we had
Loped to solve, and I am convinced that there are few localities within the field of the
American geologist where patient and accurate investigation would be so likely o
result in the diseovery of facts of high scientific value as in that under consideration.

BANTA FE MOUNTAINS.

As [ have mentionad in my former report, the great mass of the Santa Fé Mount-
ains is composed of conrse, red, feldspathic granite, which if not peculiar to, i at least
Lighly charmecteristic of, many of the mountain ranges of the central portion of the con-
tinent included in what §2 known as the Hocky Mountain system.  As we shall sec
further om, o granite to the eve identical with this forms the core or sxis of the Nasei.
mientn Mountain, the Sierra de la Plata, and othar of the more wosterly ranges of this
avetem.  In the Coast Mountains of California or Oregon, in the Cascade Mountains,
or in the Sierra Nevada, though I Lave examined outerops of granite in many thousaud
different localities, 1 have never seen even a hand specimen gimilar in character to the
red granite of the Roeky Mountaine. It will be seen, by reference to the deseription
formerly ‘given of the eountry bordering the Lower Colorado, that the granites of all
the monntain nlIIE'_'.E! which cross that stream in the lower 500 miles of its conrse arc
like those of the Pucific const, white or grey, and contain a large quantity of albite.
In the bottom of the canon of the Grest Colomado, north of the San Franeiseo Mount-
ain, where the river flows in a granitic trough, this rock, which is coversd by several
thousand feet of Paleozoic strata, is genarally groy and fine-grainad. It is, however,
in many places penctrated by veing, or replaced by masses of a bright-red granite
very similar to that of the Santa Fé Mountaine. This was the fivst locality in which,
coming eastward from the Pacific, I met with a rock of this charscter, In the Alle-
ghanies, or the mountains of New England, T have never seen any granite like that
of the Rocky Mountaing, but, in the howlder-drift of the Hmmmlpl}: and in places
north of the great lnkes, a rock is found much more elosaly resembling it.  In this,
however, the crystals of feldspar are of & less decided red than these of the Cansdian
rock, being }mle rose-red, those of Banta Fé a bright brick-red. To the erosion of the
ved granites of the Rocky Mountains, during the Paleczoic and Secondary ages, T lulve
heen 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 Carboniferons strasa
consist of blood-red sandstones and shales, with large quantitios of gypeum; nearly the
entire interval between the . summit of the Carboniferous syetem and the base of the
Oretaceons is filled with similar materials, and some portions of the Upper Cretaceous
strata have the sme decided tot.

The granite of the Banta Fé Mountains is not universally of the character I have
deacribed; oceasionally it is seen to be light-colored, grey or white, as it is near Rock
Corral, & fow miles east of Banta Fé¢ on the Independence road. Veins of quarts
. and ﬂpﬂﬂta are very common in the granite of the Santa Fé¢ Mountains; the former
E h'ﬂi-ﬂg'ﬁummﬁ and ]a.rpa. T was never able, howevear, to discover in them mj'-'ﬁl:ﬁ =

of metallic minerals. They are certainly not the repositories of the mppu”—&uﬂ,
IJ]'FHI' and gold which are found in the region immediately about Santa FIE.L_L_'.'_*'

b L
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The relations which the Santa Fé Mountaing sustain to the geology of the sur-
rounding region may be given in a few words. Like most of the ranges which go to
make up the complex group of the Rocky Mountains, though attaining a great altitude,
thie is comparatively short.  How G it may be traced 1o the north, we are at present
not able to say; probably not more than ffty or sixty miles. It i then sucesedod h}f
other ranges, which, with more or less mtumlptmu extend to and bevond the ].mr'l'.a
furmmg the broad mountain belt which gives character to the topography of the cen-
tral portions of the continent. Omn the south it falls off alruptly near Santa Fé, and
either whollv 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 clinin—a few degrees west
of north and east of south—waould, iT prolonged, strike altogether to the eastwanl of
its nenrest neighbors on the south, Placer and Savdia Mountaing  The altitude of its
liighest poak is supposed to be between twelve and thirteen thousand foet

Upon the flanks of the Banta Fé Mountains, where not removed, the sedimentary
rocks rest in r-ugular‘urdur, and are, with the exception of the Tertiary, 1|n'=|:.1'113r or
quite eonformable. .

THE T'LACEE 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 foar m.lln to the base of the Mlacer IIqu:llhl.l:u!. the course of Galisteo
Creek Leing nearly east and west, following the line of greatest depression between
the adjucent mountain groups.  This depression forns o vatural pass from the plains
to the valley of the Rio Grande, affording a prcticable and convenient milrond route
Viewed as a whole, the interval between the Santa FE and Placer Mountains may be
regarded as a plain, the inequalities of the surface being shight compared with those
of the surrounding eountry. It is eut, however, by numercos eroded valleys and
ravines, and a lmited portion of it is occupied by & group of erupted hills—Los Cer-
rillog—some of wlich have an altitude of several hundred feet

The rocks exposed in the valley of Galisteo Creck 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 stroeture;
thie Cretaceous strata abounding in foseils eharncteristic of the middle and lower bads
—the first, molluske; the second, angiospermons leaves—the Trinssic rocks containing
great numbers of silicified trunks of coniferous trees similar to those sc froquently
mét with in the same formation farther westward. The stratified rocks are, however,
in severnl Jucalities, cut by trap dikes, which, offering greater resistance to erosion
have been left in strong relief above the surface. Two of these, one north, the other
south of the village of Galisteo, are particularly conspicuous, ranning with a nearly
parallel eourse in an east and west direction for several miles across the country. Of
these the southern 48 the :most remarkable, standing like a huge, nearly-continnous
wall, its crest blm;ﬂn mmyﬁﬂm & bundred and fifty feet above the plain bordering
it on either side “Mﬁﬂaﬂiﬂm gimilar but smaller dikes are common, and a°
htgﬂmmaﬂmamﬂﬂnﬂﬂmmlmlhEuhnpmma feod
whmhmmw:- Howed from one or several voleanic vents near the
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eastern base of the Valles, 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 eafion through which it flows abave Santo Domingn, and its ent edge
forms the high mesa-wall which borders Galisten Creek on the narth, from the Cerril-
los to its mouth.

It is only near the Rio Grande that the Tertiary beds to which T have referred
make their appearance. Hare they are altogether similar to those 1 have described as
oecurring on the Arkansas and other loalities enst of the mountaing, viz, white tufa-
eeous limestones and beds of conglomerate, the pebbles mainly of pumice or trap, and
all withont fossils.

On both sides of Galistan Cresk the Cretnceons strata contain beds of ligmite,
On the south side, in the foot-hills of the Placer Mountaing, an outhurst and nverflow
of trap has, over o limited aren, changed the lignite into bright, hard anthracite
conl.  This will doubtless have considerable economieal value. The bed is fonr to
five feet thick, incloded between stratn of Llnish argillaceous shale, with bands of
noddular iron-ore, the whole forming an accurate eopy of the moet charneteristic sec-
tions afforded by the Coal-Mensures of the Mississippi 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 uphenval, having a trend somewhat north of west
and south of east. Like most isolated mountains and monntain groups, as distinguished
from the chains which have come wnder my observation in Central and Western North
America, they are composed, for the most part, of rocks decidedly eraptive in charae-
ter, and to o much less degree than their neighbors the Sandia and Santa F¢ Mount-
ains, consist of granite or stratified materials.

The principal constitnents of the Placer Mountaine are porphyry, trachyte, tufa,
and trap, with musses of granite and mica-slate.  About their bases, and in some cases
upon their flanks, the stratified 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 duering a lung period of years from the placers of their
bases and slopes.  More recently, systematic mining operations have been sommenced
in the asuriferous 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, vet it is quite doubtful whether these gold-dig-
ginge will ever become very productive, from the fact that it will be dificult, 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” hae been worked by the Mexican population since the first occu-
pation of the coumtry by the Bpaniards, and probably was & place of resort by their
predecessors the Pueblo Indians. The gold is obtained in the bad-of an intermittent
stream flowing through a ravine which separates two of the principal peaks, and in and
beneath the détris which has aceumulated where this gorge opens into-the valley of
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* Galisteo Creek. It generally oeeurs in fine seales, and but fow nuggets of any sonsid-
erable size have bheen found The supply of water for washing out the metal is =0
small and irvegular that gold-digging here is too uncertain a business to be depended
upon as o means of subsistence by any oonsiderable number of miners.  Only a few
Mexiean families regide in the vieinity, and these employ but part of their time in gold-
wushing. When the gquantity of water is sufficient to enable them to wash ont the
gold, the average gain of each man proyided with shovel and shallow wooden wasls-
pan, bafea, may perhaps be estimated at a dollar per day.

SBome Frenchmen formerly resided here, who, for a long time, carried on mining
operations in a somewhat systematic manner. They excavated the gold-bearing rock;
erughed it between blocks of porphyry, made to revalve by mule-power; the gold
being extracted by quickeilver. The auriferouz rock is said to have vielded abon
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 discontinned.  An American companv has recently purclinsed o
proprietorship at the Old Placer; bat, as they represent, from the want of proper machin-
ery and the diffienlty of obenining laborers gkilled in the business, the experiment las &0
for been unsuecessful.  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,
an better machinery, these mines might be worked with profit to the proprietors. Tt is
possible, too, that something might be dene by building reservoirs to incrense, or af
least tn regnlate, the snpply of water for the placer, and thus render it more produe-
tive, It ie true, howaver, that the fall of rain in all thie region is hoth small and exeesd-
ingly irregular, and the strocture of this monntain gronp, so limited in extent and =0
simple, would render it difficult, if not impossible, to wiilise fully the few and fitful
rains by which it & visited

The rock containing the gold at the Old Placer has been regarded by some whe havae
visited the locality as an altered sandstone, but there can be, I think, little doubt. that it
in the gossan of an awriferous quartz vein. The material now excavated is o collular
silicions rock, of which some portions are soft and ochrey, others hanl and quartz-like.
In some localities it is associated with a soft yellow tfa, in others with a hard trachyte
or porphyry. The same rock recurs in the Cerrillos; and I have received from the
gold diggings of Pike's Peak specimens of aoriferous vein-stone presenting precisely
the game characters. :

Copper —Considerable copper i found at the Ol Placer, though as vet no effort
has been made to turn it to account, and it is doubtful whether the quantity is suffieient
te make it a proper object of attention in an economical point of view. I obtained
from there, however, very beautiful specimens of the sulphides of copper and iron, both
vellow and variegated (chalcopyrite and bornite),

Tron—Many large masses of magnetic iron ore were notieed about the Old Plager,
and it is said to eccur in abundance there in place. This ore is very pure, of a nearly
uniform dull black eolor, less erystalline in appearance, and containing less silica 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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LOB CERRILLOS,

These arve & group of hills or small mountaine between SBanta Fé and the Placer
Monntaing, on the north side of Galisteo Cresk.  The highest has an altitnde of per-
haps o thousand foet; they are somewhat conieal in form, and have no distinet linear
arrangement. West of them are several smaller hills, extending off toward the Rio
Grande, of which one, from its perfect symmetry called the Potaso Hill, will probably
attract the attention-of all whe visit that region. The Cerrillos are wholly eruptive in
character, mainly trap and trachyte, and by their upheaval seem to have littledistnrbed
the sedimentary platean on which they rest. They are principally interesting from
thoir minerals, and contain many old mines worked by the Spaniards or Indians.
There wre found there gold, silver, laad, copper, iron, and turguoise or “chalchuitl”
The gold apparent]y exists in but small quantity; & single locality only, so far as known,
having furished it. It there ocears in & quartz vein, running through a yellow sili-
cious trachyte similar to that of the Placer Mountains, The silver is found, in eombi-
nation with lead and copper, in veins in trachyte. These veins have a direction s little
west of north and east of south. By many it is belioved that the silver mines of the
Cerrillos are very rich, and that they will at some time be & source of great woalth to
their possessors. The veine which 1 examined, however, are not promising; where
exposed they are not rich, and the evidence is wholly wanting that they will prove
more &0 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.
Cf these there are several, but one much more extensive than the others—that so fully
deseribed by Mr. W. I'. Blake, Amer. Jour. Science, Vol. xxv, 1. 227.  The chalchuitl
occurs in a yellow, porous, trychytic porphyry, in numerons thin and interrupted
veing. The mineral is rather abundant, but most of it is of an infarior quality, being
of an apple-green color.  Pieces of the requisite blue tint, and of sufficient size to form
the ear-drops or nose-jewels worn by the Indians, could probably only be obtained by
long and luborions 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 o fourth of an inch in diameter. These mines have undoubtedly
been worked for ages; the conical envity which marks the site of the most extensive
one being still a hundred feet in depth by nearly two hundred feet in diameter. Prob-
ably no exeavation has been made here since the occupation of the country by the
Bpaniards, but the Pueblo Indians and the Navajoes 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 chalchuit! 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 still retained by the modern Indinns. I have seen ornaments of it worn by
the Apaches, Mohaves, the Navajoes 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 inch in
thigkness wus regarded as worth a mule or & good herse. The Indians are excellent
Judges, too, of tha quality of the article, discriminating accurately between the different
shades of eolor, and not to be deceived by any Lase imitation.

(=
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Of the two great mountain chains visible from Banta Fé, referred to in the pre-
ceding pages, the Sandia and the Valles, the former is so fully deseribed in the reports
of other geologists (Messra. Mareon and Blake), and in my report upon the geology of
the sountry bordering the Coloradn, that it is searcely necessary that anything mare
shonld now be said in reference to it.  The Valles, lying west of the Hio Grande, will
be more appropriately noticed hereafter in the description to be given of the geology
of the country between the o Grande and the Colorado along the route of our ex-
pedition. This region ineludes numerons important mountain ranges, which will be
leest examined from a point of view where their relatione ean be most clearly seen.

The steatified rocks of the m;:ig]ﬂ;m-]muj of Bantn Fé now claim our attention, and
the features which they present will perliaps be most readily apprecinted from a réseme
of each formation considered by itself

TARBONIFERMIE BTHATA.

The rocks of this aze are expozed in numerous localities in the vicinity of Banta
Fé, and are apparently the oldest sedimentary stratn represented in that region. It s
possible that Devenian and Silurian rocks exist in this part of New Mexico; but if so,
they have hitherto escaped detection, and are probably concealed by a covering of
more recent maderials. It is certain that at Santa Fé, in several localities where I had
an opportunity of seeing the line of junction of the sedimentary and erystalline rocks,
the Carbonifersus limestones, the squivalents of the Coal-Measnres, rest directly npon
the granite, or a layer of comrse sandstons two or three feet thick intervenes, the only
possible representative of the older rocks Tt will be remembered by those who have
read the deseription given in the report of Lieutenant Ives of the section presented
in the cafion of the Great ¢ 'olorado, that in the table-lands west of the Locky Mount-
ains an interval of over three thousand feet oeeurs between the base of the Coal-
Measure limestones and the snrface of the granite. This interval iz filled by a series
of limestones, shales, and sandetones, which I have suppoaad to represent the Lower
Carbomiferons, Devonian, wnd Silurian formations. Al that preat mass of sediment is
wanting at Santa Fé. It is wanting, too, on the more westerly ranges of the Rocky
Mountains, and also from those which border the table-lands at their westarn verga.
The absence of this gronp of rocks in all these localities seems to me to be aceonnted
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 alevation above the surfaces which bordered them. The facts revealed in the
eafion of the Colorado show plainly that the granitic basis of this country was consol-
Jlllltﬂtl _]:rraﬁunu to the deposition of the Paleozoie strata, and that over many of the
minor imegularities of the sea-bottom the older sedimentary rocks were quistly and
horizontally laid down, surrounding and abutting sgainst granitic pinnacles, which
rose above the shallow waters in which they were deposited. These inferences, if con-
firmed by fature observations, will considerably modify the hitharto accepted ideas in -
!ﬂtg-a:ﬂ to the age of the ranges of the Rocky Mountaing  “We arestleast warranted
in the conclusion that these great lines of fracture in the earth'scrastare few of them
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ages they have served as hinges upon which the great .Pl.u.ua-s of the earth's erust
turned, as, in repeated elevations and depressions, the angles which they inclose have
been ever varying, '

The following detailed sections of the Earbunifmuu. etrata, exposed in the hills

immediately back of Santa Fé, will be rend with intorest by all those who are familiar
with the Carbeniferous rocks of the valley of the Mississippi.

Section of strale ai Senta F

HI;L l Feal
L Soft reddish-yellow conglomerate. .. _....... .
2. Red shale and sandstone, without fossils. . ... .. . 45
3. Yellow magnesian, shaly limestong, eantaining large numbers of Orthising
umbraculum and Productus semvivetiewlatus. . ... B
i Tied and yellow shale without fossils...... ... ... . . 25
5. Red and yellow argillaceous shale, with thin bands of ferrnginons sandy lime-
B . . o - o e e e e e 20
6. Yellow and pink shale, with bands of calearcons nodules. ... ... ... .. 8
7. Yellowish-piuk (flesh-colored) limestona, containing Productus nodosws, Spirifr
cameralus, Retzie mormens, &e.. ... . . . . " 7
8. Hed and vellow shale, with layers of limestone nodules. . ... .. ... ... .. 15
8. Yellow limestone, with partingsof sbale. . ... .. &
10. Soft red shales, with two bands of intengely hard, proy, quartzose, fine eon-

glomerate, with numerous but obsenre impressions of stems of plants. . .. 45

11. Yellowish-blue compact limestone, with Productus stmvireticulatus, Spirifer con-
erafus, ete, in great nambers. ... T &
12. Purple, pink, and yellow shales, with thin bands of ferruginons limestone, con-
taining the same fossils as the bed above ... ... fi)
18, Coarse, brown, sandy limestone, foll of erinoidal columne. .. ........ . 16
14, Coarse, gray sandstone_ . L ... B
16. Grayelay.........o.... L 3
V6. Conrse, reddish sandstone.......... ... .. 7 S |
17. Cogrse, massive, silicious sandstone, with large grains of quarts, eontaining
Spirifor eameratus. ... . 0. T 10
18, Gray elay........... ... ... . .. DL T T 3
19. Gray limestone, with Productus semireti v . nodosus, &e, ... &8
20. Pinkish and variegated sandstone. ... 12
21. Griy limestone. ................................ T 4
22. Ferruginous and micaceous sandstone..... ... . .. H
21, Ferruginous folinted limestone, with Orthisina sinleraculuai, Spirifer camernius,
£ Athyris Rowsii. ... ... . . 7
'E . Reddish-gray, compact limestone, with Spirifer cameraius, 8, lineatus, Produc-
|13 tus nodosus, P. Rogersi, P, scabriculus, P semiretioulatus, Athyris sublilita,
B e R S e 1
E
E
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Fant.

26. Gray shale. . .. e 2

6. Ferruginoue eandstone. ... .. .. ... . ... S P E]

2T Gray shale. . ... e, T
28, Dark-red or comrse gray sandstone, with obseure impressions of Lepidodendra

and FEOTARIE. . . . e &

2} Gray and red shales, or indurated elays. .. .. L, . b

30, Dark-red ferruginous limestonee, with nodulee of red chert, . ... ... S

#1. Grayish-blue o reddish silicions limestone, rather mnssive, without fossils, . 30
32, Compact crinoidal limestone, reddish or gray in places, made up of bodies and
stems of crinoids, the latter often large: also containing fish-teeth, spines
of Archeocidaris and great numbers of Productus sodosus, I', Rogersi,

Athyris subliiita, Spirifer cameratus, &e. ... ... .0 ua .. 24
8. Dark-red fermginons sandstone, sometimes a conglomerate and quartzose, in
other localities soft and comrse. .. ... ... ... ... ... 10
i4. Hed, blue, green, and yellow, and mottled indurated clay, with nodules of
jaspery chert mt bottom . ... oL 18
40, Cherty comeretionary limeetone, gray, vellow, blue, red, and contains o fow
Spirifers of an undeseribed species. . ... ... .. ... L ... 35

36, Foliated silicious limestone, gray, vellow, or mottled, with dendritic man-
ganese in the joints; no fossils; like the lust, frequently a handsome marble. . 20
47. Red massive granite to base. '

In the preceding section bed No. 1 is certainly not o member of the Carboniferous
series, but is probably the base of the Triassie formation. It is, however, loss colierent
and of lighter color than any of the lower members of this group as they appear when
exposid near Santa Fé It is conformable to the rocks below, while the Tertiaries of
that vicinity are, I believe, always unconformable. It will be seen that in this section
well-known Carboniferous fossils are found within less than 50 feet of the granite. I,
therefore, the older rocks are represented here, they are restrictad to a portion of that
limited epace.  Without positive evidence to the contrary, | must regard all the rocks
of the section, except bed No. 1, as Carboniferous, and as the equivalents of the upper
divigion of that great formation; that is, the Coal-Measures. As before remarked. in
the walle of the eafion of the Great Colorado is a limestone mass, lving beneath the Coal-
Measure limestones, which T have supposed might be the Monntain limestone: but of
whatever age, that rovk and the strata which underlie it are here wholly wanting.
There are doubtless some geologists whe will regard the granitic base of the preceding
section ae & metamorphosed eondition of the eedimentary rocks which are here due
beneath the Carbonjfercus strata; but this view of the case seems to me wholly unten-
able. The masgive, unstratified, red granite of the Sunta F¢ Mountains presents ehar-
acters, both in its pliysical structure and chemical eomposition, which eould never be
assumed in any possible phase of metamorphism by the older Paleozoic rocks of the
Colorado Canion.” 'ﬂn]!:iar part of their mnss is calcareous, and only the
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their original condition, in the succesding section, taken in a loeality less than two miles
distant, the lowest sedimentary rock isnot in the least affected by the proximity of the
granite. These facts conclusively show, as it seems 1o m e, that the granite was already
consolidated before the sedimentary rocks were deposited wpon it, and that the reason why
the strata underlying the Carboniferous rocks in the Colorado basin are here wanting is
simply thie: that the surface of the granite upon which they should have been depositad
wis 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 coal, and vet the preponderance of
mechanical over organie sediments, that is, of shales and sundstones over limestones,
sud especially the presence of conrse sandetones and conglomerates, give to this seetion
8 character strongly contrasting with that of the strata of the same age in Kansas—a
character unquestiouably due to the closer and more constant proximity to high land.

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

Na. 2.
Pest. loches
1. Compent Tl Minastony _ . 0........ .. .. .. ... ... .. b5 e 10
2. Gray, brown, and blackabales . ..........._ ................. . 12

3. Pinkish shelly limestone, n mass of fossils, containing Athyris Raysii,
A. bovidens, 4. sultidite, Spirifor cameralus, S lneatws, Productes
rodosus, I'. sewmircticulatus, P. scabriculus, P, Rogersi, Orthising umliva-
culum, Oriliz Afichiling (F), Rigmchonella ute, Platycerns, &p., Nasetilus,

L R TR e e ey e i e i e Ll L R
4. Brown, black, and greenishshale. ............ ... ... ... . 1
T I « v o 4 = s e M A m e o ok T L Sy L RTE [
B e Ty ey Bt R e e gty i A T ol L Il
7. Clrosn and Dueshels. . .........0 0 .. .... . ____ ... ... .1 .. 10
8. Crincidal limestone, squivalent of No. 32 of preceding section; very fos-
. B e e e e - ey Cothipale B |
9. Bituminous and argillaceons shale. . ... ... _...... ... . . i g
10, Crinoidal imestone, equivalent of No. 32 of preceding saetion. . . .. G
11. Gray and blue shale, with bands of bitumineus shale and coaly master,

with Colemifes and leaves of Cordaites ... ____ ... . ... . .. 5
12. Ferrngitonamallstone. ... ... 0., 0100 oe e e 4
34 "Gy and By alale”. ., . PTG, R AT aie s e 8
14. Massive coneretionary and breceiated gray limestone, containing erinai-

dal columns, Athyris subtilite, Productus semireficulatus, &e. .. ... @
15. Folinted limestone, gray and mottled, with defidritic manganese._ . . . . . 15
16. Conrse, soft, white sandstona. . _ ..., .. T g P il

IT-jRadglihita,pﬂuintintumiﬂ.lhh,mb;ﬂ;""” ;

In this section the Carbonifarous fossils spproach nearer the granite than in the
preceding one, and the sandstone No. 16 is very soft, and exhibits no trace of meti-
morphism.  Another seetion, (No. 3), taken at the south base of Cerre_GGorda, will, with
the preceding one, suffice to give a clear ides of the Mdi_ﬁnw

efratn near Banta TE,

e i
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under that nime in the Coal-Measores east of the Mississippi, yet accords well with
the figures and deseriptions of the type specimens by Professor Hall; apines of Arche-
acidaris, in great numbers, searcely distingnishable from A. sewleatus of Shumard;
w Belleraphon, very like, if not identical with, one found in the Upper Carboniferons
and Termian of Kensas; a species of Myaling (M. perafemuata), and an undeter-
mined Aviewla.  These fossils oceur in great numbers, sand there are, perhaps, other’
wpecies, which I have not enumerated, contained in the bed. It will be seen that in
this list of fossils there are none which are peculiardy Permian. The Dakevellia, Plewrs-
phirus, Arinus, and the species of Murchisonia, which give character to the fanna of the
upper magnesian limestone of Kansas, are here all wanting. It is evident, therefore,
that the guestion whether this hed shall be regarded as of Permian age depends npon
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 eonnected with the
Carboniferous series below. Should the Permo-Carboniferous beds of Meek and Hay-
den be inelnded in the Parmian, this would, of eourse, be Permian, If these heds
were divided midway, this would probably fall into the Permian division, but it might
be necessary to divide even this stratum, only 3 or 4 feet in thickness.

TRIABSI] FORMATION.

The Red Bede of the Gypsiferous series form a conspicuous foatare in the geology
of the neighborhood of Banta F¢, being very freely apened both in the villey of the
Rio Grande and in that of the Pecos  In n previous report I have given a general
description of the recks of this formation ns developed in this vieinity, and have com-
pared the sections which they present with those of their equivalents in the Navajo
country and other parts of New Mexico, where | have examined them. The question
of their precise place in the geological series is also there discussed at somm length, so
that already much has been said, which, though essential to & full presentation of the
facts relating to this group, need not be here repeated. A general résumé of this for-
mation will also be given in a succseding chapter. I have before remarked, in the
description given of the geology of the country bordering the Santa F¢ road, that the
vertical interval oceupied by the Gypsum series in Kansas is much less than in Neaw
Mexico. This fact will be at onee obvious to the travelar coming from the East when
he enters the valley of the Pecos. Where last ssen on the Eansas, Little Arkansas,
or Cow Creek, “the Red Heds” which represent this group have nowhere a thickness
of more than 500 or 600 feet, whils at Pecos village more than 1,000 feet of the series
i exposed in a single section, and its entire thickness in the vicinity of Saota Fé can-
not be less than 1,500 or 1,600 feet By Mr. Marcon, this formation, considered as the
equivalent of the Trins of Europe, is represented us attaining a thickness of 5,000 to
6,000 foet ; but even in the Navajo country ar 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 redl sandstones and shales rest divectly upon the Coal-Measure limestones,
and the Permisn magnesian rocks of Kansas are entirely wanting. It is possible,
however, as 1 have before etated, that they are represented by the extreme upper
portion of the calecareous 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
divigion of the Trias of Marcou. In the valley of the Pecos, both at Pecos Village and
Ban José, 1 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 bas hitherto been possible. As it is, they give us reason to suspect that
the lower portion of the Gypsam series should be regarded as of Permian age; wnd,
by proving that these strata are not entirely without fossils, encourage us to hope that
their place in the series may soon be accurately determined.

The mesa bordering the valley of the Peeos 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 Llano Estacado. Except where eut by the valleys
it is continued throughont, and has, apparently, everywhere the sume geological strue-
ture. The section afforded by its cut edge in the valley of the Pecos is as follows:

Fent'

1. Yellow and brownish foliated sandstones with alternations of red, purple, and
gray shale, forming detached buttes on the mesa, without fossils. ... ...... 200
2. Yellow, massive sandstone, summit of cliff, without foassils. . ............... 150

3. Red, white, or green, soft ealeareous sandstones and shales with gypsum, with-
Vi e i | R E00

4. Red and green sandstones and conglomerates, separatod by thicker beds of

green, hine, and parple shales, with oxide of iron and copper, and with ferne,
Walchiaf and Calamwifes_ . . . ... ... ...........cccuun. eSO DOSOG e 200

5. Limestones and eandstones containing Carboniferous fossils, to bed of stream.

In this section I have supposed Noe. 1 and 2 to represent the Lower Cretaceous
snndstone group.  No fossils were discovered in them in this vicinity, but on the banke
of Galisteo Creek, a few miles farther south, in the yellow sandstones which rest on
the red gypeiferous strata, I found the leaves of angiospermons dicotyledonous trees,
which prove them to belong to the Cretaceous system.

Ko. 8 of the section is apparently entirely without fossile, and consists of 0 series of
alternations of deep or pale red and white—rarely greenish—indurated marle or soft,
fine calcareous sandstones. No analysis has been made of these beds, but they prob-
ably contain a8 much sulphate as carbonate of lime. They are precisely similar to

“the strata forming the upper of the two plainly-marked divisions of the Gypsum series
throughout Western New Mexico—what I have called in my former report the Farie-
gated marls—and are distinguished by striking lithological characters from the
“ Baliferous sandstone group " which underlie them, amd form No. 4 of the section.

This latter group is nowhere exposed in a section which could eonveniently 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:

Feel. '

1. Coarse reddish.or gray sandstone, frequently a conglomerate . .- .. 2........ B

2. Choeolate-colored or greenish foliatad micaceons sandstone shading into shale;
containing & band of compact dark-gray -slicious -limestons, weathering
P B it o = T S, |

—

el



TO JURCTION OF GRAND AND GREEN RIVEERS. 40

Poss
3. Folisted micaceous sandstone, generally gray, but often brownish-red, with
vary smooth surfaces ; the red portions presenting precisely the lithological
charaeters of the brown freestone of the Northern Atlantic States. The
lighter portions more compaet, containing many impressions of vegetable
ateme and small branches of Walehia F ... ... ..ot 11
4. Chocolate and greenish micaceous shales .. ... ... ... ... ..o 15
&, Purplish-gray conglomerate, quite hard, containing much peroxide of iron. .. 10
G. Parple and gresn shales ... e 30
7. Conglomerate, with masses of peroxide & iron and eopper . R
8. Purple and green shales to covered slope .. ... ... .. ...l 20

At Pecos, on about the same level geologically with the stratum sontiining the
vegetable remains of the preceding section, | found the surfaces of slabs of red sand-
atone marked with impresgions of a large and handsome fern, evidently a Pecoplerss,
but ton imperfect for specific determination or description. There is no donbe that,
with maore time than 1 had at eommand, fossil plants would be found in the valley of
the Peeos, which would throw much light upon the geologieal age . of the lower divi-
sion of the Gypsum formation. Those which I obtained are insafficient to decide any
of the questions which have been raieed in regand to the parallelism of the teds con-
taining them with those of other eountries, while they may perhape justly afford
ground for a euspicion that the classification which refere all the Gypsum formation to
the Trias may be in part ervoneous. Calamites are ordinarily of little valne in deter-
mining nice points of geological parallelism, and the specimens here oltained are few
and imperfect. The same has been said of the ferns. The Waldhia however, if
undoubtedly such, would afford good evidence that the strata which contain it should
be classed with the Permian of Europe, as that genns, as restricted by Brongmiart, is
confined to the Permian and older formations.  But in the Trias, Walchia is succeeded
and represented by Velisia, a closely allied conifer, so similar that imperfect specimens
of the two genern are not readily distinguishable; and until more and betier specimens
can be procured from the Pecos Valley, I should scarcely be justified in saying that
the plant to which I have referred is a Walchio of Permian age, and not a Faltsia, an
evidence of the Triassie date of the rock containing it. The specimens before me,
howewvar, have all the characters, so far as preserved, of the Walehias, but exhibit none
of the cones, which would be decisivee. The branchlets are closely approximated,
pinmate and parallel, covered with small faleate or sabulate, acute leaves, apparently
more acute and less fleshy than the smaller leaves of Volizia helerophyila, or even V,
acufifolie. There is also, apparently, no tendeney of the folinge to assume the dimor-
phous character so marked a featare in the Foltrias, If o Folisia, it is avidently a new
speecies, quite distinet from those of Europe.  Until farther information can be obtained
in reference to this plant, T am disposed to regard it as a Walehia, and as very similar
in its general aspects to W. Schiatheimii of the schists of Lodeve By Mesars. Unger
and Endlicher the genus Walchin is not recognized, its species being placed by these
authors, as formerly by Brongniart, in Lyeopodites. Bternberg, and more recently

~ Brongniart, have, however, regarded it as distinet, and the latter author compares it with
the Norfolk Island pine {Arewcaria excelza).

iaw
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CRETAUEODS FORMATION,

Except for the surface erosion, which has so greatly modified the topography of
the region surrounding Sants Fé, we should still find the Cretaceous strata reaching
high up on the slopes of the mountaing and completely covering the underlying rocks,
now so freelv exposed, both on the mountain-sides and in the valleys of the streams.
80 deep and wide-spread has heen the denudation, however, that, from the mountains
proper, the Trinssic and Cretaceous rocke bave been wholly removed, and of the
sedimentary series nothing but a part of the Carboniferous strata is left.  The Trinssic
beds are generally soft and have offered little resistance to the mountain-torrents which
bave acted upon them, but they were onee all eovered with the massive, though not
hard, sandstones of the Lower Cretaceous group, and, where these were not broken ap
by the uphesval of the mountain crests and eones, they have protected the Red Beds
below, 8o that we find the latter in full thickness all around the bases of the moantain
masees, still covered by the harder strata to which they owe their preservation.

The Upper Cretaceous rocks are also soft, and it i8 now necessary to go a long
way from Banta Fé before anything like » fair representation of the upper portion of
this series can be fonnd.  Indeed, east of the monntains the extreme Upper Cretaceons
strata are only seen in place pear the Mississippi and the Gulf of Mexico. In the
valley of the Rio Grande none remain, and it is only after erossing the main divide,
between the waters of the Atlantic and Pacific, and seeing the magnificent exposnres
of the Cretaceous series in the valley of the SBan Juan, that we can form a just con-
ception of the grand scale on which the Chalk formation was originally built up in
Kew 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 platean of owur continent ia attracted to the cafions which give charmeter
to the seenery, and when he learns that they are simply the effects of surface
erosion, they become sources of unending wonder and interest; Lat, 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, vie, the slow, though con-
stant, erosive action of running water. The proof of the truth ofshis assertion is given
in my report on the geology of the conntry bordering the Lower Colorado, to which
T bave already frequently referred.

~ In the description of the Cretaceons girata, which eame under onr observation on
our first expedition through New Mexico, I divided them into two groups, which I
danominated Upper and Lower Cretaceous; that being the most simple and natural
division of the strata exposed.in Eastern New Mexico and the Indian Territory. 1 had
at ﬂll-t‘ﬂlﬂﬂ, I“I"H'B'FBI', ik ﬂPFﬁl‘l:l:l‘l:litj" l:l'r -ﬂlﬁmiuing the eXLIEme up-pgr I'l'[ﬂ'fll}'t'l af tha
formation, and it was only when, going west from Santa Fé, we had passed the divide
hetween the waters of ﬂﬂ%ﬂqﬁﬂmﬂq}lﬂi:ﬁﬁ, that we gained any tﬂﬂ'ﬂ"lﬂdﬂﬁ of the
upper thousand feet of the series: weitound to be made up of a group of rocks
quite unlike, in lithological char 8, the caloareons beds—Tpper (reta-
cecus of my former. rupo anadian,  These true Upper Creta-
cecus beds will be describe equént chapter, and, as they do not
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appear in the vicinity of Santa F¥, they require to be mentioned only as constituting
the group which 1 have denominated Upper Cretaceons in the present report, and to
distinguish them from the * Upper Cretaceous” of a former one, which 1 am ecompelled
to regard as the middle portion of the series.

The Cretaceous formation, then, as exhibited in the vieinity of Santa Fé, consists
of the two groups to which I have referred in the preceding pages as Lower and Mid-
dle, on a former occasion as Lower and Upper Cretaceous  Of these the first con-
giets, as elsewhere in New Mexice, mainly of coarse vellow sandstones with impres-
sions of angiosperm dicotyledonons leaves; the second, of calcareous shales and
ferruginons, shaly, sandy limestones, with numerous marine fossils, such as Ammoniles,
Nawtilus, Inoceramus, Gryphaa, fish-teeth, &c.  Of these two proups the lower eaps the
cliffs bordering the valley of the Pecos on the south, forming the floor of the great platean
which stretches away sonthenst, where it becomes the Llano Estacado. It is not yet
demonstrated that all the yellow standstone formation of this platean belongs to the Creta-
ceous formation, and that it & net in part, as claimed by M. Marcou, of Jurassic age. 1
should say, however, that in the vieinity of Santa Fé T was able to discover no Jurnssic
foseils ; but, on the contrary, near Galisteo, in the vellow sandstone specifieally noticed
by M. Marcou, and regarded by him as Jurassic and identical with that of the Llano, 1
foundimpressionsof dicotyledonous leaves, which prove it to be Cretaceous.  In the vicin-
ity of the mountains the stratification is mnaidarahij' distarbed, and in many loealities
the Cretaceons rocks are broken throogh or removed by erosion ; but, with local exeep-
tions, they constitute the surface formation in all the area examined by our party east of
the Bandia and Placer Mountains, and south and east of the mountains of Santa Fé.

The valley of Galisteo Creek has eut through the Middle and Lower Cretaceous
rocks, and has freely exposed the Red Beds below. Going from the base of the Cer-
rilloe to Galisteo Creek, after passing the eruptive material which composes this group
of bills, 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-
atomes, 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 agrain encountered.  The Middle Cretacecus ehales here contain bede of lig-
nite several feet in thickness; at one point, by an eruption and overflow of trap, this
lignite has been metamorphosed and eonverted inte a compact and brilliant
anthracite. ' :

The boring made by Captain Pope, U. 8 A., mear Galisteo, in the hope of obtain-
ing water that should spontanecusly rise above the surface, was nearly all 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
s frequently mentioned in Chapter 1. After passing through twenty-five feet of this
material the shules 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 Oretaceous sandstones would
soon have been reached, and, dipping down as they do from the Places Mountains, it
is at least possible that the water flowing through them would rise mm&;;—.&

3 ——
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section of the rocks a:p-aaad'-anat of Captain Pope's well is as follows, the thicknesses
hﬂiﬂg petimated

Foct,
1. Concretionary tufaceous Tertiary limestone, cream-colored or white. ... 2b
2. Gray and _'-E’E'lhw shales, with concretions of yellowish-brown limestone, 3 to

5 feet in diameter, with numerous easts of Circeopsis crassa, &e., traversed

by bande of blue compact limestone, containing impressions of Tmocera-

T R AP A R 1, B0
3. Grayish or yellowish sandstone . ... ... ... .ol 100
4. Gray or bluish shale, with bands of red, ineluding thin layers of arenaceons

limestone, containing, as charscteristic fossils, Ostrea lugubrie, Gryphea

Fitcheri, Ammoniles pevearinatus, Inoceramus problematicus . ... ... ... 304
5. Brownish or vellow thick-bedded eandetone, with layers of shale con-

taining impressions of dicotyledenous leaves. .. .. ......... ... ...t 350

6. White, fine-grained, ealeareons sandstones.
7. Red calcareous sandstones and marls.

In this seetion Nos. 6 and 7 belong to the Trias, and are the equivalents of
the red and white ealeareons sandstones exposed in the valley of the Pecos and in

Apache Callon.

!
TEETIARY FORMATIORS.

Tertiary rocks are not a marked feature in the geology of the vicinity of Santa
F¢, but they are visible in a great number of exposures, and usually form isolated
patches of limited aren, the remnants of more extensive deposits, now for the most
part removed by surface-erosion, to which their yielding nature has offered little
registance. As iz true of the patches of Tertinry lying along the eastern bases of the
mountains, these beds are of very unequal thickness in different localities, and, in
many instances, are mere local accumulations, filling depressions or excavations in the
surfaces on which they were deposited. Bo far as my observation extended, they
contained no fossils,. In lithological characters they exhibit a remarkable resemblance
to the Tertiary strata of the Arkansas basin; like those, consisting of beda of calearecus
tufa, with bande of wore compact tufaceous limestone and conglomerates, in which the
pebbles are, for the most part, eomposed of voleanic materials, basalt, porphyry,
trachyte, and scoria. 1 have little doubt that these beds have been stratified in fresh
water, and that the period of their deposition was one in which voleanic forces were
in vigorous action in the region where they oceur.  As will be noticed in the succeed-
ing portions of our geological narrative, no similar deposits were discovered by our
party in the region bordering the San Juan and Upper Colorado, though older Terti-
aries, probably Eocene, occupy a limited district west of the Nacimiento Mountains.
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CHAPTER IIL.

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

Bleps-RYE ViEw oF TUE UDLORADG FLATEAU AND ITH ETRROTUNDINGE—MOUNTAIN CHAINS
By WHIH THE FLATEAU I8 ERCIRCLED—HorEY MOoUNTATH graTEM—ITE EETENT AND
GEXERAL STRUOTTRE—INFFERENT FEATURES WHIOR IT PREZENTS (1N DIFFERENT FATAL-
LELS—=IMFFERENT LANGES OF THE Rooky MOUNTAING PROBABLY KOT OF THE RAME
AGE—ICEY MOUNTAIN REGION HAS SUFFERED ALTEENATIONS OF ELEVATIOR AND DEIRES-
EIOE—TIE URETACEOUS EFCH AN ERA OF SUBRIDENCE—THE TERTIARY OF ELEVATION—
MoGOLLOR MOUNTAING PROBARLY NOT A DISTIROT EVETEM—MOUNTAING OF THE LOWER
UOLOEADOS 4 PART OF THE Bmmii NEVADA STETEM—HRELATIONS OF THE SIEREA
NEVADA TO THE RockEy MorUsTams—URRBAT MOTNTAINE—WASATOH MOUNTAINE—BAN
FRARCIBOD GROUI—RECERT VOLCARIC PHENOMENA OF THE GREAT UENTEAL PLATEAU—
MuUST TAYLOR—BIEREA TUCARE—BINRRAE ADAID, La BaL, ET0—BreRucIiTRE OF THE
CoLozaly PLATEAU--DEVONLAN AKD BILTRIAN TONKS 0F THE GREAT CARON—CARDOR:

# FEROTE PoORMATION—TR1ASSIC AND CRETACEOUS ROOEE—SIMILARITY OF STRUOTURE (4F
\ rmE VALLEYE OF THE LITTLE COLORADU, SaN JUiN, GEAND, AND GREER HIvERs—
HicE mMEsig OF NAVAJO COUNTRY anD UPFER Bax JUam.

A brief deseription of the general features of the structure of the eonntry border-
ing the Colorado will be a neceseary introduction to the more detailed analysis of the
meology of the region west of the Ric Grande, explored by the San Juan expedition.

The country bordering the San Juan forms a part of one great geologieal district,
of which the structure, though not alike thronghout, considered in its totality, exhibits
a remarkalle symmetry. This district I have in part deseribed in the fifth chapter of
my report to Lieutenant Ives, and have designated by the name of the Basin of the
Calorads, Tt is, in fact, geologieally a basin; topographically, a great platean.  Counld
one be slevated to a sufficient Leight over the center of this region, and be gifted with
superhuman powers of vigion, he would ses beneath him what would appear to be a
great plain; bounded on every side by mountain ranges, and here and there dotted by
olated mountain masses, rising like islands above its surface. He would see, too, the
profound chasm of the Colorade Cafion scoring with tortuous and diagonal eourse the
plain, thronghout the entire length of its greatest diameter; for nearly five hundred
miles the stream flowing from 8,000 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-
cal sides of broad vallevs of erosion; over considerable areas the denudation of soft
materials, of varied and vivid colors, having fretted the surface into wonderfully truth-
ful imitations of Cvelopean eities, crumbled by time, or devastated by fire, giving
double foree to the sense of desolation which the scene inspired

Sueh, in general terms, are the external features of the platean country west of
the Rocky Mountains, throngh which the Colorado flows.  Perhaps no portion of the
earth's surface is more irremediably sterile, none more hopelessly lost to human oecu-
pation, and yet it is but the wreck and ruin of a region rich and beautiful, changed
and impoverighed 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 misapprebension, it should be stated that, aroand the margins of the
Colorado platean, at the immediate bases of the mountaing, the traveler will behiold
many scenes of beanty 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 ecopions streams; of magnifi-
cent forests; with an atmosphere of unrivalled purity, and a climate delightfully tem-
pered. Here, too, are the mineral treasures of which the sedimentary rocks of the
platean farnish almost none; and here will be eongregated the mining population,
whose business it 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 Colormdo platean is to the geologist
a paradise. Nowhere on the earth’s surface, so far as we know, are the secrets of its
structure so fully revealed as here.
‘' I need hardly say that, with the exception of the isolated mountains to which 1
have referred, the rocks composing the platean are sedimentary thronghout.  They
include strata representing the entire Cretaceous formation, the Triassic, perhaps
locally, though not yet identified the Juranssie, the Carboniferous, Devoninn, and
Bilurian. In the different parte of ite conrse the Colorado eute t]u'c:-ugh uu-::ﬂuusivﬁl}' all
these strata, and near the western margin of the table-land has worn a furrow G001 feet
deep in the underlying granite. The seetions afforded by the cafions of the Colorado
and its tributaries reveal in the most clear and unmistakalle manner the AT OE] -
tion, thickness, arid mineral character of the sediments forming the table-land to even
the most hurried observer ; and when, with time and patience, we shall have eollacted
a full series of their characteristic fossils—there as elsewhere only locally abundant—
we shall be able to write with unusual fullness and precision both the zodlogical and
physical history of the epochs of their deposition. .

A summary of the results of geological observations made while connected with
twr:_ ?lxpediﬂﬂm organiged 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 half of New Mexico, and’much of Colorado -



TO JUNCTION OF GRAND ARD GREEK RIVERS. h

and Utalh—natarally fall 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 SOURROUNDING THE COLORADO DASIN.

Nothing like a thorough exploration of the numerons and complicated mountain
systems of the region ander consideration has as yet been mado, and years of patient
study must be devoted to the subject before their intimate structure or relations to each
other will be fully comprehended. Only a skeleton sketch of their extent, structore,
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 arve as follows:

1. The Locky Mountain system..

2. The Mogollon Mountains.

8. Cerbat and Aquarins ranges.

4. The momntaing of Lower Colorado (Black and Moliwve Mountains, &e.).
5. The Wasatelh Mountains.

fi. The San Francisco group (lately an active voleano).

i. The Mount Taylor (San Mateo) (lately an active voleann).

8. The Sierra Tucane (isclated mountain).

4. The Bierra Abajo (isclated mountain).

1. The Sierea La Sal (isolated mountain).

11. The Sierra La Late {isolated mountain).

By reference to the accompanying map it will be ssen that the vast mountain-belt
of the Rocky Mountain system, the groat backbone of our continent, forms the eastern
boundary of the Colorado basin, and, by its drainage, supplies by far the greater part
ofi the flow of that stream. In the deep sinuosities of outline, oceasioned 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. DBetween the Rocky Mountains on the east, and
the Wasatch, Aquarius, and Cerbat ranges on the west, the Colorado platean lies as
a eomparatively level plain, its northern and southern boundaries less accurasely
defined, and in part as vet unknown,

BOUEY MOUNTAIN SYSTEM.

In the preceding chapter and in another report, I 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 classification, according to which all portions
of the immense and irregular mountain-belt which traverses the eentral 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 gealogists have extended,
it is true that a gemeral uniformity of composition and trend has heen observed,
and, a8 will be seen in the subsequent pages, I have now no new facts to report
- which indicate -the necessity of its separation into several distinet systems. The
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evidenes on thie 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 almost none have been studied as elosely as i desirable.
If, as the facts in our possession seem to render probable, all the ranges now gronped
together in the Rocky Mountain system have the same essential structure, the contem-
plation of this system as a whole is ealoulated to give us new and broader views of the
action of the forces by which mountain-chains have been elevated. For example, eon-
fining our observation to our present field of inquiry, we have in Southern Utah and
Northern New Mexico a broad, almost unbroken mountain-belt, extending from the
western margin of the plains, westwardly to the western bases of the Sierra La Plata
and Sierra San Miguel, a distance of nearly three hundred miles. This area is, with
the exception of the valley of the Rio Grande, wholly ocenpied by mountain-ranges
of great elevation, and the narrow valleys which divide them. Om all the older maps
the western half of this region is represented as occupied by the great ranges of the
Siartn 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
gronp. We found the western, like the enstern portion, to be composed of a munber
of prominent chains having a general north and south trend. The strueture of these
western mountains is similar to that of the ranges near Santa F¢, deseribed 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 (loal-Measure fossils; above the limestones, entirely conformable, the red
beds of the Gypsum series, (Triassic); upon this, also conformable, the different mem-
bhers of the Crotaceons 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 Hocky 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
Banta Fé Mountains fall off 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-
anta l[lnllntﬂ.i.t:; _altogether perbaps twentv miles in width, West of the Nacimiento
the sedimentary platean extends to and beyond the Colorado. On the line of this
profile, or in its immediate vicinity, the Roeky Mountain ranges have dwindled to

comparative insignificance.
' In a profile drawn parallel with the last, a little farther south, the Rocky Mouniain
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 voleano of SBan Mateo, to Wh}l:h I shall have occasion
to refer again, then the Sierra Madre, northwest of which, en dehelon, are the chaine
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 Chiguito reach far over toward the Rio Grands. .

et e e i
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Still further sonth, on and below the parallel of 347, an almost unbroken succes-
sion of ‘mountains stretch from the Sierra Blanca, the Sacramento, and Guadalupe
Mountains, all the way across to the Colorado. Of these, those lying near the Rio
Grande, hoth 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 vet almost unknown. 8l further west are the rAnges Crpas-
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 distinet systems; and if distinet, what are their relative ages,
are questions which future observations alone ean 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 elevation
of all parts of the eyetem was synchronous, and whether, if so, it is to be referred to
a single epoch, or was continned 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 wag not in all cases synchronous, and that they are the
result of the action of forees azraﬁug through all geological time, from the earliest
Paleozoie period to the present. Still further—as a corollary to the last proposition—
the Rocky Mountain region has suffered several alternations of elevation and depression,
Much of the evidence on this subject is given in my raport to Lientenant Ives, page
- Itis hﬁaﬂ}' as follows -

1. The Paleozoic strata, several thousand feet in thickness, which underlie the Car-
boniferous formation in the great eafion ofthe 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 F¢é and Nacimiento Mountains, Sierras
La Plata, Cariso, &e. 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, previons 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
DCEATL.
8. In the fresh lava-streams of the Raton Mountains, the Valles, in the Mal-
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 distinetly within the present epoch, having been continned from the
Middle Tertiary period, if not dating back still further.

4. As stated in the deseriptions of the Arkansas Tertiary basin and the geology
of the region about Cottonwood Bpring, (Chapter 1,) 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. iy —

BerF
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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, a littoral
formation, the immediate débris of the land, containing only and abundantly the remains
of land-plants; these sandstones being overlaid by » 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 npon which these conclusions are based are briefly these: (o) The
Tertiary beds of the country bordering the Rocky Mountains on the east are mainly
fresh-water deposits. (b)) They were precipitated apon sarfaces which had suffered
anormons subaerial erosion, filling troughs and basins excavated in the Cretaceous or
Grypsum formations; the Tertiary strata being unconformable.  (2) 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.

f. 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 thé 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 30 little known ae these. No geologist has ever visited the region which they
oecupy, and I am not aware that any record has been made of the observations
of the Armyv officers or others whd have traversed it. In his synopsis of the
mounthns of North Ameriea, M. Marcou has referred the Mogollon ranges to a
distinet system, and has assigned to them a trend very different from those of the

mountaing nearest them on either side. This classification has been, however, advanced

" om grounds wholly inswficient, and may be considered as purely imaginary. Asl
have stated in my former report, my own convictions are that future explorations will
show that the ranges of the Mogollon and Bierra 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 fossils;
some of which, such as Productus semireticulatus, have been bronght in.  In addition to
this, it may be said that ranges of mountaine, with an east and weet trend, wounld be a
strange anomaly in the topography of New Mexico. Such a thing I have not yet met
with in :.nr’j:&:ﬂnn—lf_ghnmhﬂ or western parts of onr continent which I have visited.
~ * ZSMOUNTAINS OF THE LOWER OOLORADU,

8 m:m the southwestern boundary of the table-lande, seem
wetalliferous chains of Somora, passing with a northwest

but continaxtaiee
' “Chalifornia, there blending with the Sierra Nevada. In trend

trend np i
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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 & much greater degree of purely eruptive rocks, whole ranges being formed
of trachytes, tufas, porphyries, amygdaloids, &e., in endless variety. Their granites
are generally white or gray. Metamorphic rocks are abundant among them, consisting
of gneiss, mies-slate, clay-slate, taleose-slate, and limestone, the latter highly meta-
morphosed and erystalline, forming white, blue, gray, and elonded marbles; so far as
observed, wholly destitute of fossils, They are rich in valuable minerals; large quanti-
ties of gold, silver, eopper, lead, and iron having already been discovered in them.
The Black Mountaine may be regarded as the most northerly, as well as the most
important, of these ranges which cross the Colorada. This chain erosses below the
mouth of the Virgen, and thenee seems to trend away northwesterly toward Washos,
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 vet one
on which at present we have almost 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.

I 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 Roeky Moun-
tains. It is, however, so generally metamorphosed that all traces of fossils have disap-
peared. By reference to my report to Lieutenant Williamson, (P. B R Rep., vol.
VI, Geol Rep., p. 27,) it will be seen that near Mount Shasta a Paleozoic limestone of
great thickness iz exposed, which iz highly fosilliferous. 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.

UERBAT MOUXTAINS.

These mountaine, with their associates, the Aquarins and Asztec ranges, are so
fully deseribed 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
sides the older Paleozoic rocks seem to abut, and on their flanks the Carboniferous
rocks rest, just as on the slopes of the Rocky Mountains, three hundred miles eastward.

In trend and composition these mountaing 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 slates and limestonss
of the Colorado ranges not having been discovered. Their trend ie slightly west of
north, nearly parallel with that of the Sierra Madre, their wis-a-vis. '
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WASATOH MOUKTAING.

At present it is impoesible to say what is the extent, or very definitely what
is the structure of the great mountain groups bordering the Great Salt Lake and
extending thence southward toward the Colorado. Of these the more CONEPIELOus
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 SBanta Clara.  In this region they form the northwestern boundary
of the Colorado plateau, holding the same relation to that great area of stratified
rocks as do the Aquarius and Aztec ranges farther south, Their flanks are covered
with Carboniferons limestones, turned up and broken through by their granitic axis. _
How broad the mountain belt may be which exhibits thie character we do not yet
definitely know. We are informed, however, that there are several distinet 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 Wasateh ranges,
while others are composed mainly of trappean rocks, having the composition and
ragged, picturesque outlines of the cockscomb sierras of the Lower Colorado.  All this
portion of the continent is ﬂliﬂll.}' set with monntain groups or ranges, forming & 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 resnlts. Among the eollee-
tions made by Mr. H. Engelman, the geclogist of the party, are a few Devonian fos-
sils, such as Afrypa reticularis and several species of Spirifera, deseribed by Mr. Meek
(Proe. Aead. Nat. Sei. Phila., July, 1860), the first instance where fossils of this age
have been found so far west.

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

BAN FRANCISUOD GROTP,

Of the San Francisco Mountain and its asgociates, Bill Willilams, Mount Ken-
drick, and Mount Bitgreaves, 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 geclogical map it will be seen
that these mountains are great voleanic foei, the eruptions from which have cov-
ered all the adjucent country with lava. The precise date of the commencement of
the voleanic action in this region cannot, perhaps, be aceurately determined, but it is evi-
dent that the greater portion of the erupted material was thrown ont, gealogically speak-
ing, at a comparatively recent epoch, at a time when the topographical features of that
vicinity were in all essential partieulars the same as now; when the high plateau from
which these mountains rise was already a plateau elevated several thonsand fest above
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the sea.  Tts 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 charaeter of the present stream-beds. There
is evidence that the cones of the mountaine themselves, gnd the floods of lava which
surround them, have been formed by a series of eruptions, and that the latest of these
paroxysms oceurred within a few vears

As I have previously remarked, the eruption of the material composing and sur-
rounding these volcanoes has produced comparatively little disturbance of the sedi-
mentary roeks upon which they rest.  We have as yet no evidence that they form part
of any well-marked line of upheaval, nor iz there any obvious connection between
these mountains and any of the chaing which surround them, or with any of the other
* voleanie vents which are scattered over the great central plateau. My attention was
partienlarly directed to this point by Baron Humbeldt, throngh Mr. Méllhansen, before
visiting New Mexico; and T was particularly requested to examine the country he-
tween the SBan Franciseo Mountain and San Mateo, to detect, if possible, some conneet-
ing link, fuch as lines of upheaval or of voleanic vents. I was, however.able to dis-
cover no proof whatever of any relationship between the two other than the perfect
sorrespondence which their local phenomena present. It is troe that east of the Litile
Colorado, just south of the Moqui Villages, is a series of buttes composed of compar-
atively recent voleanic matter, which made its exit from & number of vents in that
vicinity; but the sedimentary rocks are searcely at all disturbed, even in the intervals
between these trap buttes, and the country e either side is enfirely free from dikes,
fanlts, or displacements of any kind which would indicate the aetion of disturbing
forces along the ling conneeting San Francisco Moyntain and SBan Mateo.

It is a somewhat remarkable fact that voleanic vents similar to those under eon-
gideration, thongh of less magnitude, are scattered over the entire area of the central
table-lands, from Mexieo far up into the British possessions.  About many of these the
evidence abounds that their fires have only been quite recently extingnished, and vet
in none, so far as we know, are they now burning. The canse of this simultaneous
cessation of an action, lately so wide-spread and vigorous, becomes an interesting sub-
ject of inguiry.

SAN MATEQ (MOUNT TATLOR)

Thie is the second in importance of the great extinct volcances of the central por-
tion of our continent which have come under my observation. It has an altitude of
between 11,000 to 12,000 feet, perhaps a thousand feet less than that of the San Fran-
cisco Mountain, It stande quite alone, and has no apparent connection with any other
peak or range. Like most isolated mountains, it is composed of erupted material, and
seems to have been wholly formed by the aceumulation of ejected matter around a
volcanic vent. As has been remarked of the San Franeisco Mountain, this voleanc has
been in vigorous action at a very recent period. 'The lava-streams of its latest 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 o much as a hundred vears, '
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The existence of great voleanos, like S3an Franciseo Mountain and San Mateo, in
full blast, many hundred miles from the sea, is a powerful argument against the theory
which restricts all volcanos to the vicinity of large bodies of water.

SIEERA TUCANE (NAVAJD MOUNTAINY

This mountain is simated near the junction of the San Juan and Colorado
Rivers, and was, therefore, not reached by either of the expeditions with which I
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 ite structure is we can, of course, only eon-
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 Abajo, Sierra La Sal, La Lats, &c., which are scattered like islands over
the surface of the platean. The description of these latter groups, as well as that of
the Rocky Moantain ranges Iving on or near our trail, will be given in the succeeding
chapters detoted to the geology of our route, ' '

THE COLORADD PLATEAU.

In the preceding pages, where I have referred to the ares under consideration,
I have used indiecriminately the terms platean and basin; the one hat’lng 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 distinetly
platean 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 eafions are scored, tgthe summits of the divides between
its draining streams. In the geological portion of the report of the Colorado Expedition .
will be found both a general and a detailed deseription’nf the topography and struetare
of the central and southern portions of the Colorado Platean. 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 vertical extension of the sedimentary
strats 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
generalitios of the strueture of the Colorado platean or basin are as follows :

On both the eastern and western sides, Carboniferons strata, the equivalents of the
[Eull‘-h[auumin age, are seen resting on the granitic axes of the bounding mountains,
dipping at first rapidly, then more gradually, toward the eenter of the basin or
trough.  On the eastern gide the Carboniferous strats are exposed only in a narrow
belt along the mountain-sides, almost immediately passing beneath the Trisssic and
Cretaceous strata, which there have an aggregato 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 slope reaches as far as the Little Colorado. Up to thie point the more recent
formations have been removed from the Carboniferons, and this occupies a broad belt
of rountry, indicated in the geologieal map, accompanying the report of Lieuten-
ant Ives. As we go northward this Carboniferons belt rapidly narrows, and on the
flanks of the Wasateh Mountains it exhibits simply a line of outerop, as on the opposite
ranges of the Rocky Mountains. Along the Little Colorado the Carbomferous lime-
stones dip beneath the overlying rocks, and are lost to view in all the interval hetween
that point and the Rocky Mountains. On the east gside of the Little Colorado, its
valley is bounded by a mesa composed of the Triassic marls and red sandstones, which
form a distinet 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 platean, along its margin cut into detached mesas and meesil-
_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 aud Green Rivers, and the
Upper Colorado generally, exhibit precisely the same strocture as that of the valley
of the Little Colorado. The Carboniferous limestones are exposed in the cafions of
these streams, while the broader valleys through which they flow are excavated in the
red Trinseic rocks : large surfaces of which are exposed on the banks of all these
streams. The process of erosion has there, as on the Little Colorado, everywhere left
the most 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 atreteh
away to & great distance both east and west of the Colorado. They form the. floor of
the great sage-plain lying between the Sierra La Flata and Sierra Abajo. Bouth of
thié 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 visible west of the
Colorado, where it is formed by the junetion of Grand and Green Rivers, evidently
corresponding to the CUretaceons mesas just mentionad, but whether they correspond
precisely to it in geological strueture can only be determined by further explorations.

The country bordering the Upper Grand and Green Rivers, as deseribed by Dr.
Schiel (Pacific B B. Rep, vol. 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 S8an Juan The Triassic rocks are
freely exposed in the valleys of erosion, while table-lands floored with Cretaceouns
strata oceupy the greater portion of the intervals between the mountain chains. This
margin of the Colorado begin is very irregular, and its outline has not been accurately
traced.

Betwean the Littie Colorado and the 8an Juan the country is almost exclusively
occupied by Cretaceous rocks. The Lower Cretaceous sandstones are here largely
developed, containing numerous impressions of leaves of land-plants and heavy beds -



A EXFLORING EXPEDITION FROM SANTA FE

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 Cretaceins forma-
tion, corresponding in all respects with the Mesa Verde north of the S8an Juan, with
which they were at one time undoubtedly continuous; the immense void which now
separates them having been removed by ercsion. 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 sccurately determined. Where
this mesa is cut by the Colorado that stream is suppeosed to have an elevation of less than
2,000 feet above the level of the sea.  The awfully grand precipices—over a mile in
height—which overhang it, I have described in my former report on the geology of
this region

On the eastern margin of the Colorado platean, eapecially in that part of it which
borders Cafion Largo, and forms the western base of the Nacimiento Mountain, a
series of variegated gypsiferons strata overlie the Upper Cretaceous beds of the Mesa
Verde, and oceupy a considerable superficial aren. These strata seem to be conform-
able to the Cretaceous rocks below, and may form the summit of thie series, or, as I
have suggested in another chapter, they may be Tertiary. If so, thev belong to an
older division of the Tertiary series than the chalky beds of Santa Fé and the plains,
and represent a group not elsewhere seen in any part of the Colorade platean.  What-
ever their age, these strata form the geological summit of the platean series of sediments.
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CHAPTER 1V.

GEOLOGY OF THE ROUTE FROM SANTA FE TO THE SIERRA LA
PLATA.

BTRUOTURE OF THE VALLEY m=T THE Rio GRANDE—THE VALLEY oF THE UBRAMA—ADIGUTT-
COPFPER  MINES—FOSSIL PLANTS—RUINE 0F Lo CARONES—ADIOUIT PEAE—TLATEAT
COUKTRY BORDERING THE UPPER CUHAMA—ARROTO SEco—TRiissi Mainrz—Nivido
BreNG—CEETACEDUE BANDETONES AND PLATEAU—DANES 0F THE NUTRIA—MIDDLE ORE-
TACEOUS BEDE—VADA DEL CHAMA—SEOTION OF VALLEY OF THE CHAMA—HIGH MESA
of [PPER ORETACEOUS ROCEE—LAGUNA DE L8 QAVALLOS—INVIDE BETWEEN THE
WATERE OF THE Ri10 GRANDE AND BN JUAN—GENERAL VIEW OF THE ETRUCTTRE OF
THE SURROUNDIRG COUNTEY—MOUNTALY CHAINS—BELT OF FOOT-BILLE—TABLE LANDE=—
Lo NAvaso—0OERRO DEL NaViso—SIRREA DEL Navaso—RiTo BLoNeO—THE PAGOSA—
BiErna 8Baw Juoan AND ABROCIATED MODUNTAIN RANGES—CRETACEODOUE ROCHEE AND FOB-
f1L8—TaE I'MEDRA Parapa—Iiio PiEDEA—BROKEN MESA—VIEW FROM HIGH DIVIDE—
o pE Los Pinos—Bieees DE Log PiNos—Riwo PLORIDO—VALLEY OF THE ANIMAS—
Rvins oF TOR ANMAS—{ROSRING OF THE ANMAR—STRUCTURE OF THE MOUNTAINS
DRATRED EY THE ANIMAS—N10 DE LA PLATA—DELIGETFUL CANP—UORETACROTS ROOKS
AND FOSETLE —SIERRA DE LA PLATA—MNETALLIFEROUE YEINE 0F THE BIERRA DE Lio PLaTA,

VALLEY OF TOE RIO GRANDE.

The structure of the Rio Grande Valley seems to be essentially the same
throughont its entire extent—that i, as far ns it is really a :l.rnlie:r, viz, from its
northern extremity to El Paso. Throughout all this interval it is a synelinal
trongh, lying between imperfectly parallel ranges of mountains. At El Paso the
river breaks throngh its enstern 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 subove Santa Fé

- the trough in which the river flows is 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 Valles. These mountains have but a limited extent, falling
off suddenly on the north, and leaving a low pass, which is traversed by the Chamn.
Naorth of the Chama they are succseded by the mountains of Conejos, which connect

. with t':u; wide-spread and tangled maze of high sierras, to which I have referred in the
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preceding chapter; mountains somewhat vaguely designated on different maps as
Sierras San Juan, Sahwatch, &c. By the Mexican mountaineers, all the mountain
masg, drained h}" the western headwatdrs of the Rio (Grande, is known under the name
of the SBierra El Wanico.

Un both sides of the valley the Carboniferous stratn may be seen exposed in
numerons localities, dipping rapidly inward toward the river; resting conformably upon
these, the réd beds of the Triassic series, here soft, sandy, and extensively eroded. Ovwer
a large part of the valley surface the drift from the adjacent mountains is spread so
thickly that the rocky substrata are wholly concealed. It is possible, therefore, that
in some loealities the Cretaceous rocks hold their relative position there, as elsewhere,
upon the Trins, I cannot say, however, that I have ever seen the Cretaceous strata
in the immediate valley of the Rio Grande, exeept on the slopes of the Crgan Mount-
aing, above El Paso.

Between Banta Fé and the mouth of the Chama the country is much broken and
generally sterile. Rounded gravel hills, dotted with serubby trees of cedar and pinion,
and ernded buttes of pale red, pulverulent sandstone, everywhere meet the eve and
give character to the scenery, Among these, wind threads of fertility, following the
courseg 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 SCENETY ik
bolder, the eurface more broken and unproductive; the character which it exhibits hav-
ing been given, for the moet part, by floods of lava poured out from the Valles, now
remaining in sheets and masses of black and ragged trap. Reacling up toward the
mountaing 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 TUHE CHAMA.

The course of the Chama, as before stated, lies in a natural gap in the mountaine
bordering the Rio Grande on the west. Below Abiquin its valley has essentially the
character of that of the Rio Grande, of which it may be indeed said to form a part.
Om the southwest it is bounded by the slopes and the trap mesas of the Valles, and on
the north by the gentler declivities of the mountains of Con jog. At Abiguin these
boundaries closely approach each other, and the river seems 18 have burst through the
low axiz of elevation connecting the Valles with the northern mountains, On the
south side the trap mesas come flush up to the stream, and, jnst below the village,
overhang it in a cliff 500 feet in height. On the porth side are high and broken
hills of erupted rock, formed by a series of dikes erossing 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 also 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 disconmected from either side, partially blocking up the gap. Tt should also be

— mentioned that a similar line of displacement erosses the river below Abiquin, in the

_"Emn of a sharp interrupted ridge, known thronghout that region as the Cuchillo or *



TO JUNCTION OF GRAND AND GREEN RIVERS. 67

Enife. By both these axes the sedimentary rocks are much disturbed and metamor-
phosed.

On the north side of the river at Abiquiu, just beyond the ancient ruins which
crown the bloff, is a little valley eut from soft white and blue conglomerate, sand-
stones, and tofas, which, though destitate of fossils, I have suspected to be of Tertiary
age. This deposit is entirely local, and seems to have filled a basin or valley, as the
fresh-water Tertiaries of the interior of the continent so frequently do. The strata
have a thickness of perhaps 150 feet, and have been worn by erosion into most strik-
ing imitations of spires, churches, pyramids, monumental eolumns, and eastles. At
Jemes, a few miles south of Abiquiu, the picturesque buttes, which stand isolated in
the open valley, are composed of precisely similar materials. These latter are
evidently remnants of a mass which once filled the valley about them, nearly all of
which has been removed by erosion. They are to be classed with the other patches
of fresh-water Tertiary in the vieinity of Santa Fé; local deposits made after all the
great topographical features of the surrounding country had received nearly their
present forms.  As the most perfect parallelism seems to exist between the castellated
buttes of Abiquiu and Jemez, 1 am disposed to refer them to the same epoch.

Above Aliguin the Chama flows throungh a country guite different from that which
1 have desceribed. West of the Valles, the Nacimiento Monntain ferminates a.brupﬂ:r,
leaving & large area of open country between it and the mountains which may be
supposed to be its representative on the north. This area, topographically and geo-
logically, is but & portion of the gréat Colorado plateau; there being nothing but a
low line of elevation—the prolongation of the Nacimiento axis, by which the strata
are not often broken throngh—to separate it from the table-lands bordering Canon
Largo and the Upper San Juan, After leaving the mountains in which it takes its
rise, the valley of the Clnma is, therefore, as far as Abiguiu, a valley of erosion, and
ig bordered on either side by the eut edges of the different steps of the plateau. Tm-
mediately above Abiquiu, the sides of the valley are composed of the Triassic forma-
tion. A few miles farther west, the Lower Cretaceous sandstones cap the table-lands
and floor a plain, the preeise counterpart, exeept in extent, of the great sage-plain west
of the Sierra de la Plata, At the Vada del Chama, till higher up the stream, we reach
the base of a wall, more than a thousand feet in height, composed of the Middle and
Upper Cretaceous steata, corresponding, and perhaps connecting, with the table-land
bordering Canon Largo, of which a full description will be given hereafter.

ABIQUIU COFPER MINES.

In a former chapter T have referred to the deposits of copper found in the sedi-
mentary strata in various portions of New Mexico, and have enumerated several locali-
ties—San Mignel, Jemez, &c.—where thie copper exists in considerable abundance,
and where mines were formerly extensively worked to obtain it. The old mines of
Abiquin belong to this category. To the residents of the vicinity they are objects of
much interest and some wonder, and having had our curiosity excited by their glow-
ing accounts of them, while our party was at Abiquiu we paid them a visit, under the
guidance of Mr. Albert H. Pleiffar, resident Indian agent, whose intimate knowledge
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of the country, joined to his unextinguishable enthusiasm and good nature, made Tim
an invaluable companion in our explorations during the time that he accompanied us,
A3 these deposits of copper are matters of some geological interest, I take the libarty
of transeribing from my journal the deseription of our visit to the “ Colre™ of Abiquiu.

“Tuly 17 —Started this morning, with Mr. Pleiffer and several members of our
party, for the copper mines, sitnated some nine miles north of Abiquin. As we rose
from the valley, we were gratified by the most charming view we had yet beheld in
New Mexico. The alluvial bottem-lands, eovered with groves of vivid gresn eotton-
woods, alternating with fields of wheat and corn, interspersed among which were the
white-washed adobe houses of the residents, each with its walled eorral, its garden,
and its elunps of apricot-trees, formed a seene of fertility and rural beauty rare enough
in a country whose sterility is proverbial. Above the valley rose the frowning Lattle-
ments of the trap mesas, which sweep around the foot of the Valles, and the rough
and rocky slopes stretching up to their lofty and picturesque summits, In another
direction were above, the peculiar outling of Abiguin 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 sides exhibit bands of brilliant color,
red, orange, blue, white, &c., as vivid ag could be drawn from an artists eolor-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 size.  These
bowlders are composed of quartzose and eyenitic rock, bard and smoothly rounded.
They indicate stronger currents and more violence of action, during the deposition of
the Trias, than in any other loeality where I have observed it; also, closer approach
to the source of the materinl of which these beds are composed.  Ascending the arroyo,
toward its head, we found the strata rising rapidly toward the north, and ent throngh
80 a8 to expose the saliferous sandstones—:the lowest member of the Trias—in sections
of at least 200 feet. This group here comsists of thick-bedded, chocolate sandstones,
like those of New Jersey and the Connectient Valley, except that here and there they
ehowed large patches of white, interstratified with green and Lrown shales. Here, as
on the Little Colorado, this formation contains mwuch saline matter, as shown by num-
erous salt springs and a white saline efflorescence on the surfaces of the rock itself
The Colre is sitnated in the face of the eliffe, bordering an eroded valley drained into
the Chama below Abiquin, These cliffs are composed at base of the saliferous sand-
stones and interstratified marls, some 250 feet in thickness; above these, blood-red
marls and caleareons 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 ealeareous samd-
stones. The copper cceurs in the base of the yvellow 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 cliffs of the valley, over the red sandstomes and marls, till we
reached the coarse yellow sandstones which overlie them. Here we found an entrance,
five by six feet in dimensions, which led to a series of galleries, having & combined
length of perhaps u hundred yards, The work exhibits considerable skill in the nse



¥ - ;
i
¥ i oot 5

; : [} Foe ol

; s " & i - .
- T refk -
P ._m.. Jhs ; ] = .“..m..... L T
I B LR . - AR L " f i
il M T Cagp . - FiEle 1 R R e Rt ke Lot 0 A i

o L gy g o d cquioa eyl



TO JURCTION OF GRAND AND GREEN RIVERS. 0

4

of tools, and a familiarity with the business of mining. The roof is carefully braeed
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, T attribute this and other similar mines in this region to the euslier Bpanisl
explorers. The rock which contains the Ore is Very coarse, frequently a conglomernte,
with bands of light-gray clay, The copper is distributed witl, considerable uniformity
through & layer four or five feet in thickness It oeeurs in the form of enlphide of
copper and iron, {erubescite, ) and green carbonate, replacing trunks of trees and frag-
ments of wood, and in concretions and botryoidal mnsses seattered among the pebbles
of quartz, or as minute points of carbonate specking the shales. Tt lias 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 visit to this copper-mine was the discovery
in the shale roof-stone of thousands of impressions of plants, of whiel alundant sjei-
mens were procured. They are mostly eveadaceous— Olesamites nnd Plevosanites—
witha few conifers (Brachyphylinvm and Voliria ). The species are probably new, and
will not afford the means of determining with precision the age of the stratum eontain-
ing them, but the discovery is of great geological interest, as showing the wide distri-
bution of the eyeadaceous flora of the Triassic and Jurassic epochs, and gives addi-
tional confirmation of the generalization of Brongniart, who charncterized this epoch in
the botanieal history of the world as the reign of Gymnosperms ™

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

“Left camp at 7 o m. The train, moving on to the Arroyo Seco, passed up the
Clamn to a point just above Abiguiu, and then turned to the left and nscended, by a
long and difficult road, the high mesa which overlooks the valley on the south side,
This mesa is Lere full a thousand fest above the Chama, and is connected witl; that of
which the broken sdge forms a bold headland below the town, known as Abiquin
CIfE  The upper part of this mesa is composed of trap, below which are exposed sev-
eral hundred feet of the variegated marls (Trins), and the white tufaceous Tertinry beds,
all quite soft, and, in many places on both sides of the Chama, very fantastically aroded.
The mesa over which we passed extended, with a nearly level surface, severnl mjles
toward the peak. It is covered with groves of pifion, 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 nestlod
the little Mexican village of Los Cafiones: Descending by steep and tortuous patl,
we left our mules at the botiom and climbed a detached mesilia whicl stands at the
Junction of the two branches of the valley, and on which is sitnated an aneient and
ruined pueblo, once & stone-buyilt town of considerable size. Even jts name is now lost,
and of the inhabitants whoae busy hande constrneted its walls, and whose feet in Bl
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cessive generations wore so deeply the threshold of its entrance, no tradition now re-
maing. The mesa on whieh 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 diffieult path. The
houses are now in roins, but were onee numerous, and all built of dressed stone.
Within the town we noticed a dozen or more esfuffas excavated from the solid rock.
They are eireular 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 estufis, show that
its inhabitants belonged to the race of Pueblo Indians; a race now nearly extinet, but
once oceupying every habitable partion of New Mexico,

* Spending the night at Los Cafiones, we started this murming very early for the
ascent of the peak. This we mostly accomplished on mule-back; passing over a suc-
cession of hills composed of the variegated marls—containing beds of rypsum of great
thickness—ecovered with a forest of pifion and cedar.  When we Liad arrived within 500
feet of the summit, we left our mules and commenced the ascant 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
side by vertical precipices. Its height above the sea is about 9,000 feet.  The extreme
summit is covered with pinon, and the slope with yellow pine, Douglass spruee, the
western halsam-fir, and the quaking-asp. The view from the summit was particularly
fine, sweeping a cirele of fifty miles rading, except toward the Valles, which are very
hear, and fill the southeastern horizen. On the east wo looked down the valley of the
Clama, across that of the o Grande, aud our view in this direction was bounded Ly
the high and unbroken ranges of the Santa Fé Mountains. Northeast the Tuos Mount-
ains and the Spanish Peaks were plainly visible. On the north the foreground was
filled with the low and near mountains of Conejos, 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 throngh whiel it flows, Almost beneatl; us
was the junction of the Puerco and Chama, in a broad valley of excavation, as red as
Llood, from the exposed surfaces of the eroded marle; farther west, higher table-lands,
composed of the yellow and blue roeks of the Lower and Middle Cretaceons.

* Descending from the mountain, we regained the trail of our party st Arvoyo Seco,
There we were surrounded by a series of buttes of most varied and fantastic forms,
worked out by erosion from the marl geries of the Trins. Their colors are exeesd-
ingly brilliant, erimson and orange being the most conspicuons. The vivid green and

]e:vul valley is framed by these colored cliffe, forming a most beautifal and impressive
picture,”
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in some places 150 feet thick. Above the marle are the yellow sandstones—the base
of the Cretaceous—which floor the platean on either side. Pursning 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 eanion, and emerged upon the plateau of which I have before
spoken, This platean 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 souree of the Chama, and is broken through and loeally disturbed by the upheava)
of the Gallinas Mountain, which seems to be situated on the Nacimiento axis Over
this platean the Lower Cretaceons sandstones form the gemeral substratum, but here
and there are rounded knolls, composad of the dark shales and blue shaly limestones,
the lower part of the middle divisgion of the Crataceous formation, here, as at a thou-
sand other points on our route, characterized by the presence of Gryphea Pilchers, Ino-
ceramis problematicus, Ostra congesta, &e.  The more level portions of the platean are
covered with sage bushes, with here and there more moist and fertile apots, sustaining
grasses and anmmal plants, eonsplenous among which is the wild sunflower ( Helian-
thus). The knolls are usually covered with groves of pifion. As a whole, this pla-
tean country has little agricultural value, although there are portions of it which will
afford good grazing for stock.

DBetween 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 fossils as do their equivalents on the banks of the
Canadian and Ocaté, east of the Rocky Mountaing, viz., thin lavers of hard dark-
blue or ferruginous limestone alternating with layers of bitumino-caleareons shales.

At the Vada del Chama we again encamped on the banks of this stream in a very
beautiful region, one of considerable fertility and of great geological interest. On
the east side of the river are high and broken hills—the foot-hills of the mountaing—
covered with forests of splendid pine timber. These hills are mainly eomposed of the
Lower Cretaceous sandstones, having a thickness of nearly 800 feet. Here, as farther
west, they contain beds of lignite, and the impressions of dicotyledonons leaves. They
are considerably broken up, but have a general and ra]:ﬁ& dip toward the southwest,
Un 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 rocke 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 structare of the
valley will be more readily comprehended from the accompanying section than from
any detailed deseription I eould give of it.

Transperse section of the valley of the Chama af the Vada.

1. Yellowish brown sandstone (Lower Cretaceous) .. ... ... ... .. ... ...... 125

2. Brown and black shales; often dark nlw-a mth beds of lignite. . 50
3. Bandstone similar to No. 1 ==
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4. Plack shales with bands of light-dove-colored limestone. . ..............n 150
The upper of these shale-beds is greenish-brown, with bands of foliated
gandy limestone, containing immense numbers of fragmentary or entire
fossils,. These are principally Inoceramus problematicus, I. fragilis, (strea’
congesta, Baewlites anceps, Scaphiles Warreni, 5. laviformis, d.
5. Bluish-black shales, with eoncretions and bands of limestone containing a
large undulated Tnoceramaus, the broken fragments of whieh are thickly
set with Ostres congesta . . .. .. ... iiniinnreiiianannanncaa-s 1, (00
The lithological characters of this division are nearly the same throngh-
out, but the limestone bands and fossils are nearly restricted to the lower
portion. The layers of limestone are from & to 12 inches in thickness,
quite puré and compaet, blue in color, but weathering reddish vellow,
and breaking on exposure in vertical prisms, like starch. '
i, A light dove-colored sandy limestone or caleareous sandstone, weathering
yvellow, massive toward the top, foliated below, without fossile. ........ 200
7. This, the cap-rock of the high mesa, is a higher member of the Cretaceons
serigs 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 Platean.
8. Gravel hills, valley drift. .

At the Laguna de los Cavallos we reached the summit of the divide between the
waters of the Pacific and the Atlantic, at the height of 7,600 feet. No conspicnons
elevation marke the summit, but the strata are somewhat broken by a line of displace-
ment, apparently a continuation of the Nacimiento axis. The eountry about the
Laguna may be taken as a type, both as regards its reneral aspects and its geological
structure, of all that bordering our route while we were skirting the bases of the
mountain rangee, the drainage of which supplies the flow of the San Juan River and
its tributaries. This region inclndes three topographieal belts or districts in which the
physical features exhibit the moet 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 eystem, connected by thousands of interlocking spurs, or separated by nar-
row valleys, traversed by clear, cold, and rapid streams. These ranges terminate
southward en échelon, and, when viewed from a distance, present the appearance of
a continuous slerra, hﬂ'FiTl,E‘ a northwest and southeast trend. The outlines of these
monntaing are hold and pictureaque; their hig]lmt BUmmiis ]'Jﬁ.\-‘ing an altitude of
12,000 or 13,000 feet, entirely bare of vegetation, and showing, here and there,
patches of perpetual snow; their slopes covered with forests of spruce and fir above,
Eﬂ' yellow pine below; many of their gorges set with thickets of scrob-oak and quak-
Ing-asp.

Alon}r the base of the mountaing stretches a belt of feot-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 pitehed about
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in the greatest confusion.  These hills are covered with nolle forests of vellow pine, with
open intervals where grama and bunch grass grow with great luxuriance. Between the
hills are charming monntain valleys, carpeted with fine grass, in the summer season
perfect gardens of flowers, through which meander eool and sparkling mountain
atreams, fringed with thickets of willow, or shaded by groves of the narrow-leaved
cottonwdnd.  Throngh this delightful region our route lay, going from Sama Fé
toward the Colorado. On onr retarn we traversed the third of the distriets 1 have
enumerated, that of the table-lands.  Where unaffected by the distarbing forces
which have elevated the mountain elaing, the sedlimentary rocks lie nearly horizontal,
forming & wide platean deeply cafioned by the streams which take their rise in the
monntaing

Although the generalities of the eonniry of the foot-hills, with which we at present
have to do, mav be given in few words, perhape a more detailed deseription will be
needed to convey all the information that may be songht of a region destined to become
the howe of many of our countrymen, and, therefore, of eonsiderable seonomieal and
politieal importanee.  For the purpose of satisfving the want 1 have anticipated, 1 «hall,
from time to time, copy from my journal suel detailed descriptions of local scenery or
structure as may seem best fitted to complete the pieture 1 have already sketehed,
From my notes made at our camp on the Rio Navajo, sixteen miles west of Laguna
de los Cavallos, T take the following extraets : :

“From the Laguna our ronte weatward passed throngh a beantiful and fertile
country, the trmil winding among hills composed of Upper Cretaceons rocks, covered
with trees of yellow pine, often attaining large size.  On the =outh is a high mesa, with
picturesque broken edges, a continuation of that east of the Laguna bordering the
valley of the Chama. - On the north is a similar wall in which the strata are more highly
inclinel.  Bevond this is another valley or ceries of valleys which border the bases of
the mountains eonneeted on the east with the Tierra Maria, a charming spot at the
forks of the Chama, where the Mexicans had formerly a settlement, now abandoned
on account of the depredations of the Indians.  The drainagze toward the west begins
a mile west of the Laguna, and the Rio Navajo is the first of the tributaries of the San
Juan. This is a small but rapid stream whicl rises in the Sierra del Navajo, of which the
southern extremity iz but a few miles distant from our camp.  This range apparently
forms the divide north of the Laguna, the drainage of its eastern slope falling into the
Chama, its western forming the Rio Navajo. The material washed down from the
Sierra del Navajo iz mestly eruptive in chameter, trap, trachyte, and porphyry, and
the outlines of this extremity of the range show that it is mainly composed of rocks of
this character. Just above our camp the river issnes from a magnificent wooded
gorge, which it has cut through the chain of Cretaceous hills that I have mentioned
as bordering our route of to-day on the right. A little below our camp is an isolated
mesa, an outlier of the great table-lands whieh spread out to the south, This mesa,
called by our guide the Cerro del Navajo, has a superficial area of perhaps 100 acres,
a relative altitude of 1,500 or 1,600 feet, and an absoluts altitnde of about 8,600 foet.
It is entirely eomposed of the Middle and Upper Cretaceous rocks, lving nearly hori-
zontal, and standia stupendous monument of the erosion which this region has saffered,

108 F
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* * *  Aswe approached Rito Blanco we entered a narrow ravine or eanon
cut in the Upper Cretaceous rocks—yellow sandstones and gray shales--which rapidly
deepens till, at its junction with the Rito, its bounding hills have an altitude of &
least 1,000 feet.

“This eafion is very picturesque; the sides covered with yellow pine, Douglas
and Menzies' spruoces, the latter now for the first time seen in New Mexieo. It grows
here very besutifully, somewhat more spreading than in Oregon, the foliage very
dense and silvered. Among the evergreens are slopes on which grow thickets of wild
1;]|31_"r}r1 serviceberry, and gooseberry, all now in fruit In the bottom are bushes of
black eurrant, alse fruiting, all these berries are called mansinites—little apples—by
the Mexicans, but the servieeberry is partienlarly distinguished by this name by those
who would be exact  The Californin mansinita has better claim to the name, and is a
very different plant. The eliffs of Rito Blanco are frequently precipitous, but &0
widely separated pe to leave a pretty valley between. They wre wholly compaosed of
Cretaceons strata, mainly of the middle division, with a capping of the yellow sand-
stones and marls of the npper member of the formation.”

Pagosa, July 28— Left Rito DBlanco early this moming, passing through a
country similar to that of vesterday, At 9 o'clock, came down a pretty ravine to the
Ban Juan, hers 50 J.rn.rd.n wide, & feet deep, very mpiﬂ_ At this point it entors a
eadion, cut in the Upper Cretaceous sandsione, which has a strong local dip toward the
north. ~Above this cafion iz a delightful valley, running np to the foot-hills of the San
Juan Mountains, which are here very beautiful in form, and lofty, as patehes of snow
are visible upon them. The river Ban Juan here issues from the narrow valley
between the Sierra Ban Juan and Sicrra del Navajo, where it takes its rise, and this is
apparently the first interval of level land through which it flows. In the upper part
of this valley is the Pagosa, one of the most remarkable hot springs on the continent,
well known, even famous, among the Indian tribes, but, up to the time of our visit,
never baving been seen by the whites. It can hardly be doubted that in foture yvears
it will become a celebrated place of resort, both for those who shall reside in the sur-
rounding country, and for wonder-hunting  health-secking travelers from other lands.
There is scarcely a more beantiful place on the face of the earth. The vallev is
three miles long by ome broad; a verdant meadow of the finest prass, thickly
strewed with flowers, through which winds the bright and rapid river, margined by
elumps of willows, and most graceful groups of cotton-wood.  On every side are hills
coverad with gigantic pines or the slender Oregon gpruess, and on the nortl, far above
these, rise the forestclad slopes amd craggy crests of two great Sierras.  The Pagosa
is at the edge of thie prairie. As the river leaves the great wooded gorge embraced
between the San Juan and Navajo Mountains, and comes out into this beantiful
amphitheater, it sweeps round in a curve, inclosing some 20 acres. From all
of this space, which is evenly turfed over, the surface rises very gently to the center.
Here is a great basin, oval in form, 40 by 50 feet in diameter, its walls of white rock,
of unfathomable depth, in which the deep-blue water seethes and surges s in a boil-
ing caldron, giving off a column of vapor which in damp weather is visible for miles
The water, though hot, is not at the boiling-point, and-the ebullition is produced by
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the escape of gases, which are generated in enormous quantities. The temperature at

the side of the basin is 1407 ; in the center, jwrlaps something Ligher.  The rases

with which the water is charged consist, in part at least, of carbonie acid and sulplin-

retted hvdrogen ; the former giving it an effervescence, like that of sorda-water, and the

wune pungent taste.  The sulphur is also perceptible by taste and smell: a0 strong sul-

phurous odor, whicl is distinguislalde at some distanee, being exhaled from the spring.

When cooled, the water Lins a strong minera taste, though rather agreealile than otler-

wise, It was freely deank by all our party while in this vieinity with no anpleasant

effects, but, on tle contrary, a decided :-:I.nql-l-l]illg of the appetite. No analyvsis lis

yet been mule of it, but it is evident that the large amonnt of saline matter it eontaing

is of somewhat complex composition, and such as gives it a charncter unlike that of
the water of any other mineral spring with which I am familiar. To make a rude

cianparison, the water of the Pagosa mirht he imperfoctly imitatod Ly mixing Blue
Lick and Congress water aml heating the compound to 1407 The flow of water

frome the agosa is very large, nnd it finds its way into the San Juan by sewernl sulier-

terranean ehannels,  The deposit foon it is very copions, mencrally snow-white,

but in wany places bright pink or ereen in color Tt Hoats in ernsts which revilve

upon the surface of the hasin T lave deseribead, and whieh envelop the Lodies of
water-beotles, frogs and snakes that lave ineantionsly plunged into it When first

procipitated this deposit eonsists, ina great degres, of chlodde of soalivm, e miingled

with this are s-:Fijru’rm—-inmhnl:]_-.' of sl Time, anid potassa—uwhich form a hand and

indestrnctible white rock,  In the lapse of wges an fmmense smount of this material

hns been thrown out from this spring. Al the low, brosd momnd, which T Lave men-

ol a8 snrvounding the Lasin, is eomposeld of it, and over an aren of wen to twenty aeres

it bas a thickness of at lonst twenty feet.  This is ghown on the banks of the San Juan,

which is for some distiice boedered by walls of this material, having an altitnde of
twelve to fifteen foot,

The geology of all this region is Cretaccons, The upper members of the series
arve exposed in all the hills survonnding the Pagosa; and it is evident its waters jssie
from the bitumino-ealenreons slinles forming its middle dividon. These shules are of
marine origin, have a thickness of over 1,000 fsat, sontain many animal remaiie, and
are highly charged with salts and sulphur; in all these respects resembling the Hanil-
tom group of the New York geologists. I think it is true that mineral springs more
trequently flow from rocks of this charneter than any other, and I have been led to
suppose that the water of suel springs derives its peculiar character immediately from
the rock from which it emanates, Tt j& eertain that hot water, forced throngh these
strata, would dissolve and carry off many of their constituent elements, and would
become the agent by which an extensive range of chemical combinations would take
place.  In the case of the Pagosa, the hot water ia doubtless derived from a great depth,
yet it is entirely possible that the gases and salis which it containg are all derived from
the superficial strata through which it passes,

THE SIEERA BAN JUFAN.

This name has been applied by goographers to several distinet mountain
rangés which really exist in this portion of the continent; or, more generally, to
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o great imaginary chain, which was assigned an inordinate extent and o trend
altogether Lypothetical and abwormal. Tt is to be loped that one vesult of our
wxpedition will be to bring something like order out of the eonfusion of ideas which
has prevailed in regard to the intricate mountain mnges of this rerion.  As has been
before intimated, these ranges, though numerons, exhibit no exeeptional features, ad
are comparatively simple and harmonious in structore and tend ; while it is toe that
the preat mountain belt north of the San Juan River, with its higrher cliains, their thou-
sl interlocking spurs and narrow valleys, form a I:[ll;l,:ri“_th whoae extent il intri-
eney will at present defy all attempts at detailed topographical analysis. It is equally
true that a gencral topographical character las Lesn given to all of this revion Ly n
vorpacatively few lines of lofty sunmits, which Lave nearlv a north and south trend,
il seem to form an mtegral portion of the Rocky Mountain eystem.  This great truth
may be loarmned at o glance by the drainage of this comntry; this all flows theougd
stresuns which have approximatelv o north and sonth diveetion.  On the south, the
trilartarivs of the San Juan, the Navajo, the Blanco, the Upper San Juan, the Piedra,
the inos, the Flovide, the Avimas, the La Plata, and the Maneos, all flow southwanl .
Al most of them issue from the north and sontl valleys, Iving between the parallel
rnges too whicl I have ao frequently referred,  Om the novth side of this mountain-lelt
similir topographical fentures present themselves. The trilutaries of Grand River,
which sweep the bases of the northem extremitios of these ranges, alinost without
exeeption issue from valleys which have approximately a north and south direction ;
henee, it is plainly apparent that one ereat fundamental ides pervades the topogeapliy
of all this region, and that one great foree has given shape to all it priveipal topu-
,l_,ﬂ'ﬂ.p]Ji{:M] features,

Most of the prominent ranwes visible from our route have received from the Indians
and Mexieans distinet nanies, by which thev are well known to those who kuow the
country; for example, the chain north of the Laguna, of which the southermn extremity
s drained by the Chama and Rio Navajo, is called the Sierra del Rio Navajo or the
Sierra del Navajo. From between the spurs of this sierra flows the Rito Blaneo ( Little
White River), so called from the milky color given to its waters Ly the Cretaceous
shales. From the valley separating the upper part of this sierra from the Sierrm San
Juan, which does not extend so far south, issues that branch of the San Juan River
which retains its uame, Woest of the San Juan Mountains, as we shall se¢ as we e
gress with our gealogical nareative, the Rio de los Pinos issues from the valley between
the Sierra San Juan and the Sierra de los Pinos: beyond the Sierra de los Pinos,
the great valley of the Animas; then the Sierra de Iy Flata, west and north of which
lies the Bierra San Mignel; west and south of the laiter chain, the broad expanse of the
Colorado Platean. From this sketch, it will be seen that the great east and west chains
of the Sierra Ban Juan and Sierra de la Plati, which form so comspicuous features on
some of our maps, have reslly no existence, and need therefore no longer vex us as
ineongrucus elements in the orelogy of our country.

Like the Banta F'é Mountains, the Sierra San Juan terminates abruptly south-
ward, standing out as a bold headland on the margin of the séa-like plateay. The
altitude of its highest summits must be nearly 13,000 feet, as snow lies on them in
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places throughout the year, while from the Sandia and Sants Fé Mountains—over
12,000 feet in height—it entirely disappears in midsummer. Unly a small portion of
the range came under our observation ; but enough was seen to show that ite strue-
ture was essentially the same with that of the other chains belonging to the same
series which we were able to examine more fully. The southern extremity is mostly
eruptive in character, consisting of basaltic trap, porphyry, and trachyte, some of the
latter containing ervstals of feldspar of large size.  As usual, the summits composed of
these materials present very varied and picturesque outlines. In the opposite chain
of the Sierra del Navajo are some castellated summits, which, ag seen through =
powerful glass, presented an appearance exceedingly imposing and beautiful, Amoug
these are precipices, ornamented with imitations of columns, arclies, and pilasters,
which forui some of the grandest specimens of nature's Gothic avelitecture 1 have
ever beheld  When viewed from some nearer point they must be even awful in their
sublimity.

The Cretaceous strata at the base of the San Juan Mountains are lighly fossil-
liferous, and yielded me a large number of species.  The ferruginous, sandy lime-
stones and shales near the base of the middle division of the Cretaceons series, whers
exposed just north of the Pagosa, are almost made up of the shells of Ostrea, Tnocera-
wiues, Ammondtes, &c. This is the horizon from wlhich the oysters, gryphmas, fisli-
teeth, &c., were collected in apely almndance on the Canadian, at Galisteo, at the ford
of the Chama, and various other points on our route. These fossils are limited to the

abundant at the Pagosa are Osfrea Iugrubiris, €. wniformis, Meck, n. sp., Tnoceramus jrrol-
lematicus, aud I, fragilis. 1 also found here an interesting series of the testh of
Plychodus Whkipplei, deseribed at length in the chapter on Paleontology.  Above the
beds in which these fossils are found, the black bituminous shales contain large, gener-
ally broken, shells of Nastilus and Tnoceramus, thickly set with Ostren pomgesta,

All the interval between the Pagosa and Rio Piedra is orenpied by Cretaceous
rocks.  Obver large surfaces the Lower Cretaceous sandstones are laid bare, generally
much disturbed, and somewhat changed. The only fossils discovered were indistinet
vegetable impressions, among which the most conspicuous is a tubereulated fueoid
{ Halymenites) common in the Cretaceous sandstones of al] this region.  Here, as at the
Tierra Marin, these rocks are ont by joints into blocks of nearly uniform size.  Of these
joints the most strongly marked have a bearing approximately north and south: the
others cross these nearly at right angles. In the great number of localities in New
Mexico where T observed Jointings of these rocks, I found them to have similar diree-
tiong, and to be in no case influenced by local disturbances, nor having any obvious
connection with the prevailing dip. This rule is of so general application that 1 have
been driven to refer the jointing of all the rocks of this region to one great common
cause. This has seemed to me probably magnetic, but may possibly be connected
with the action of the forces which havs given to all the great lines of elevation a
general north and south trend

. On the Nutria Frances, a small tributary of the Rio Piedra, the black shales of
~the Middle Cretaceons are exposed in various places. They here' contain large Ino- -
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cerami, Nowlili, and figh-seales. The Piedra Parada, a well-known landmark, which
has conferred its name upou the Rio Piedra, is a chimnev-like eolumn of rock, rising
with its base to the height of eight or nine hundred feet above the surrounding coun-
try. It is itself composed of the Upper Cretaceous saudstone, resting upon a base of
dark shales, (Middle Cretacecus,) and is & remnant of a platean now almost entirely
removed by erosion.

The valley of the Rio Piedra is, in physieal aspect and geological structure, the
counterpart of that of the Rito Blaneo, already deseribed; the only noteworthy point
of difference being that the Uppf:r Cretaceons sandstone here contains beds of lig"
nite of considerable thickness, though of limited lateral extent. The disturbances
- which the Cretaceouns stratan have suffered in this region are very "well shown

in the immediate vicinity of our camp on the Piedra. On the east side of the
river the platean, with which the Piedra Parada was once conneeted, stretches
away south for several miles, with a rapid dip in that direction. On the west
side is a mesa of which the cut-edge rises abruptly from the manpn of the
stream to the height of over twelve hundred feet. This mesa is ecomposed of
precisely the same materials as that bounding the valley on the east, but its strata
are almost perfectly horizontal.  Just above our camp this mesa is broken short
off by a line of fracture running nearly east and west ; its component rocks, set nearly
on edge, forming a wall which rises to the height of eighteen hundred feet above the
river. lletween this disrupted mass and the mesa from which it has been broken ie a
low pass throngh which oor trail ran.

Soon after leaving the Rio Piedra we began to ascend rapidly and soon rose on
to o ligh divide between the Piedra and Rio de los Pinos.  This divide seems to bean
axis of elevation, running routhward from the mountains between the Piedra and Pinos,
It is composed of Cretaceous rocks irregularly broken up, generally inclined at o high
angle. It has an altitude of about sixteen hundred feet above our eamp on the Piedm.
The view from its summit is peculiarly grand and interesting; eastward the Navajo and
San Juan mountaing bound the horizon, terminating southward in the Cerro del Nav-
ajo.  On the south and west sides of these ranges the rivers we have recently passed
take their rise, and their valleys may in part be followed by the eye. Nome of the
summits visible in this direction are covered with perpetual snow, but all bear patehes

_in the higher valleys :

Nearer ue than the mountaing was a labyrinth of hills, spread out before us as on
amap. These seem to have been generally formed by a series of breaks in the Cre-
taceous rocks, and, so far as we could see, are all composed of these muteriali,

Toward the west our view was quite different. In that direction we looked
down on what seemed an extensive plain, extending northward to the base of the
Bierra de la Plata, now for the first time distinetly seen, and on the south bounded by
high mesas, through an opening in which, the gap of the Rio las Animas, was visible
the high chain of the Carriso Mountains south of the San Juan This plain before us
we subsequently found to be a basin-like space, lying between the mountaing on the
north and the table-lands south; a depressed area, completely inclosed in high
lands, except where ﬂlm are cut by the narrow gorges throngh which the waters of
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the Animas and the Pinos have foreed their way to join the San Juan, Itis, in fact, an -
expansion of the valley of the Animas, has been mainly excavated by its eurrent, and .
is everywhere covered with beds of transported material washed down from the mount-
ains.®*

As we descended into the valley and thus opened it more to the north, we gained
gight of a chain of mountaing in that direction, which our guide calls Bierra de los
Pinos. These are quite lofty, and consist, as 1 discovered from the drift brought down
from them, of quartzites. silicious slates, limestone, and granite, with some trap, but
with a prevalence of metamorphic over erapted rocks. The Rio de los Pinos is a clear,
cold, trout-stream, full as krge as the San Juan at the Pagosa. The bottom-lands are
wooded with willows, cottonwood, alder, &e., and scattered trees of vellow pine, the
latter of which mark its eourse in the open sage-coversd country through which it
flows, and have naturally suggested the name which it bears.

The interval between the Rio de los Pinos and Rio Florido is underlaid by the
Middle Cretaceons shales; is gently rolling in outline, its more level surfaces covéred
with sage (Arfemisia fridentata), its rounded hille with cedars or serub-oak. Here
and there are meadows of good grass, with a strong growth of annual plants.  Un the
whole, however, the eountry is less picturesque and less productive than that lying
somth and cast of it

The Rio Florido, or River of Flowers, is s0 named from the ﬂuwﬂrjr meadows which
line its banks; meadows which, so far as we counld see, are no broader, greener, or
more flowery than those which border the other rivers of this region. It is, however,
a bright, handsome stream, similar in character 1o the Pinos, and about half as large.
It is probably not more than thirty or forty miles in length; rises in the fonit-hills of the
Bierra de los Pinos, and joins the Animas some fifteen miles southwest from where we
crossed it The Dowlders which it lus brouglt down from its sources are guite varied
in character, and probably give a very fair representation of the geology of the
mountains which it draine.  Of these many are composed of coarse red granite, much
like that of the Santa Fé Mountaing, black and white porphyry, closely resembling
that which is so abundant at the gold-mines in the Placer Mountaing; blue limestona,
containing many of the characteristic Coal-Measure fossils so common at Santa Fé, such
as Productus semirecticuledus, I, nodosus, Spirifer camerafus, Choneles mesoloba, &e.; with
these are masses of red and white sandstone, probably Triassic.

The course of the Flondo lies altogether within the basin-like area of which I
have before gpoken. The extent and character of this area were fully learned in an
excursion which I made from our camp on the Florido, about forty miles down the
Animas, to visit some extensive and interesting ruins situated in the wvalley of that
stream some twenty miles above its mouth. From my notes of this trip [ make the
following extracts :

“ August dth—Left camp early with Pleiffer, the Indian agent, Messrs. Fisher and
Dorsey, and several Indians, to vigit the ruing reported to exist at a certain point on the
banks of the Animas; crossed over in a direct line to the Animas, a distance of about
ten miles. All this interval is occupied by a gravel mesa, of which the sorface is
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gently rolling, generally covered with grass or sage-bushes, with scattered trees of
pifion and cedar. Reaching the Animas we found it flowing in a valley one to thrlec
miles wide, bounded by gravel terraces, of which there are two, sometimes three, dis-
tinetly visible. Near the mouth of the Florido the first terrace, which is near the
stream, has an altitnde of about 50 feet; the second, 260 feet higher ; the third, the
- general surface of ,the plain which we crossed, 200 feet higher still.  All these terraces
are, I suppose, of local origin, having been left by the sinking of the bed of the stream
consequent npon the entting down of the gorge it has opened in the table-lands south.
Between the junction of the Florido with the Animas and the valley of the Emn Juan,
the table-land seems t0 be continuous, but has its greatest sititude along its northern
margin, Immediately after recéiving the Floride the Animas enters a deep and narrow
cafion, in which it flows for several miles; the walls of this eafion are 1,500 to 1,600
foet in height: in places nearly vertical; the rocks exposed are principally sandstones,
of which the prevailing eolor is a light brownish-yellow, sometimes becoming & pale
red. These sandstones belong to the Upper Cretaceons series, which is here more
fully exposed than anywhere in that portion of our route already passed over.
Through the cafion the river is very rapid and mueh obstructed by rocks, and ean-
not be followed on horseback ; below this the valley widens and the declivities of
the bluffs which bound it become more gentle; the bottom-lands are from a mile to
two miles in width, and guite fertile; the river ie bordered by thickets of willow and
buffalo-berry, with groups and sometimes groves of cottonwood. It is in this part of
thé valley that the rins are sitnated, The principal structares arve” lage pueblos,
handsomely built of stone, and in a pretty good state of preservation. The external
walls are composed of yellow Cretaceons sandstone, dressed to a common smooth
aurface without hammer-marks ; in some places they are still 25 foet in height. As
usual in buildings of this kind, the walls were unbroken by door or window to the
height of 15 feet above the foundation. The interior shows a great number of small
FOGMS, MAany of which are in a perfect state of preservation, and ]mndsnm&];' ['rlﬂ-ﬂml"i:!-ﬂ.
These larger stroctures are surronnded by mounds and fragments of masonry, mark-
ing the sites of great numbers of subordinate buildings; the whole affording conelu-
sive evidence that a large population onee had its home here.  The fragments of highly
ornamentsd and glazed pottery which cover the surface in the vieinity of these bnild-
ings, as well as the peeuliar style of architecture in which they are constructed, show
that the people whe built and ocecupied these structures belonged to the common
aboriginal race of this region, now generally known as the Pueblo Indians.

**After our return from the rnins on the Animas, onr party moved over and encamped
on thet stream, at the point where it is crossed by the old Spanish trail. It is nearly
a handred yards wide, deep and rapid, and, at the present stage of water, not easily
forded. Tt here issnes from the hills and enters the basin before described.  Above
this point it flows through s broad mountain valley not yet explored, but of which the
general features are given by the two great mountain growps which border it on the
east and west—the Sierra de los Pinos and Sierra de la Plata.  Of these the Sierva de
la Plata is the most conspicuous feature in the scenery, a brna.d.mﬂ lofty monntain
belt stretching continuously northward as far as the-eye can reach.
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«The drift from the mountains drained by the Animas shows that their strocture is
essentially that of the Santa Fé Mountains and the other principal ranges of the Rocky
Mountain system. In this transported material are blocks, often weighing several tons,
of red granite, similar to that of Santa Fé; gray granite, not unlike that forming the
base of the section in the Colwrado Canon at the mouth of Diamond Iliver, described
in my former report; Carbomiferous limestone, with many of the fossils found at Santa
Fé and in the Coal-Measures of the Mississippi Valley; black and white porphyry,
trachyte, trap, and metamorphosed red sandstone.  Na traces of Silurian or Devonian
rocks were discoversd. The hills just above our camp are composed of red sandstone
and conglomerate (Triassic ), very mueh disturbed.”

Below the srossing of the Spanish trail the valley of the Animas is suseeptible of
cultivation to the junction of the Florido, though the belt of aralle land iz narow, aind,
in part at least, can only be enltivated by irrigation.

In regard to the origin of the broad valley or basin which horders this part of ihe
course of the Animas, | think we may safely say that its features were given by the
disturbances which this region has suffered; that, in the breaking up of the table-lands,
a basin-like depression was left, into which the Animas flowed, and which it partially
filled with gravel and bowlders brought down from the mountains above.  Subse-
gquently, the enclosing walls of this area were cut down, along the natural live of drain-
age, until the river reached its present level, and what was its bed at different epochs,
now forms gravel terraces high above it.

The geology of that portion of our route lying between the Animas and the Lo
de la Plata is precisely similar to that of most of the country previously passed throngl;
the only rocks exposed are those of the upper portion of the Cretaceous formation, which
compose broken hills flanking the eastern and southern slopes of the Sierrs de la Plata
Among these hills the tmil winds, following the courses of the picturesque and fertile,
though narrow, valleys which separate them.  From the headwaters of o amall tribu-
. tary of the Animas we erossed over a divide which rises to the beight of about 1,40
feet above our Camp 17; thence descending nearly as much, we struck the La Plata
just where it issues from the mountain-gorges in which it takes its rise.  Of onr camp
on the La Plata I find the following deseription in my notes: *The Rio de la Plata is a
beantifully elear, cold, mountain-brook; like the Animas and other streams we have
recently crossed, well-stocked with trout. The valley in which it flows, as it issues
from the mountains, is execedingly beantiful, and our eamp one of the most delightful
imaginable. Our tents are pitched in the shade of a eluster of gigantic pines, such as
are scattered, here and there, singly or in groups, over the surface of the valley, sepu-
ratgd by meadows thickly coated with the finest gramma grass.  Stretching off south-
ward, a wall of verdure, tinted with the fresh and vivid green of cottonwoods and
willows, marks, while it conceals, the course of the sparkling stream whose murmuring
flow comes softly to the car. Un either side of the valley rise picturesque wooded
hills, which bound the view both east and west; betwesn these on the south an open
vista reveals, far in the distance, the blue chains of the Sierra del Carriso and Tune-
cha. Omn the north the bold and lofty summits of the Sierra de la Plata look dewn
upon us in this pure atmosphere with an apparent proximity almost startling. Patehes

1nnew
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-of snow are visible upon them, which, by their wasting, ;upp]}' the fAow of the Rio de
la Plata, whish rises in the gorges beneath them "

The geology of the vieinity is similar to that of much of our route already passed;
the prevailing rocks are Upper Cretaceons, which compose the hills bordering the val-
ley ; the thick mass of sandstone, which forms the Piedra Parada) caps these hills and has
a rap:lrl dip away from the mountains; this is succeeded below by a series of gray and
yvellow folinted sandstones or gandy ghales, containing immense quantities of fueoidal
stemg, &0 many indeed that these caste make up the greater part of the deposit.  They
are & hall-inch in diameter, the surface covered with indistinet annular markings, Be-
gilde the fucoide, these beds contain the well-known Cretaceous fossil, Ammonites plo-
centa, and in lenticular masses of limestone immense numbers of Pacwliles anceps, Car-
dinm bellnlum, Meek, Asiarte Shumardi, M., Aporrhais Newberryi, Meek, &c.

Several of these fossils are common in the Upper Cretaceons beds of Nebraska
(Nos, 4 and 5 of Meek and Hayden's section of the Cretaceous rocks of Nebraska),
and afford satisfactory confirmation of the parallelism before suggested between the
rocks of this region and those of more eastern localities, The Baculites are so numer-
ong as to form in some places half the bulk of the rock. Of these, the greater num-
ber are ornamented with nodes, in the manner of B. asper (Roemer), with which they
may be identieal. The smooth ones resemble B. ovafus and B. compressus.  They vary
miuch in form, some being nearly cylindrical, others much compressed, with every pos-
sible variety between these extremes.  All, however, as it seems to me, belonge to one
species.

From the summit of the hills, near camp, we have a fine view of the COnntry
south of us to the S8an Juan. All this interval iz oceupied by a mesa composed of the
Upper Cretaceous rocks, deeply seored along the lines of drainage. The dip of the
rocks composing this platean is here sonthward, and very rapid; farther from the bases
of the mountaing they seem to lie nearly horizontal

The southern end of the Sierra de la Plata is composed mainly of Eght-colored
porphyry and other forms of erupted rock. It also consists in part of granite, with
mica and elay-glate, traversed by extensive veins of quartz and epidote, which are
metalliferous, containing magne-tar iron, and sulphides of irom, copper, and lead ; doubt-
less, also, in certain localities, silver and gold; at least there is better promise of the
ﬂmxwar} of the precions metals in these mountains than in any others we have visited
ginee leaving the Rio Grande.

The name given by the Bpaniards to this croat gierra, Silver Mountain, would
BODIE 10 i]'ld'if_':ﬂ..[.ﬂ T].'Iﬁt at some ﬁl‘.‘l‘rﬂ Eﬂ"’ﬂl‘ ]IE.d b&ﬂn f-l]-'l]ud 'ﬁ]‘.l.'l]r&‘ hu'l; I cannot ]EIE.'IT.I
that any definite knowledge is possessed by the Mexicans or the Indians of the existence
of metallic veins such as would justify their choice of a title so significant.
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CHAPTHER V.

GEOLOGY OF THE SAGE-PLAIN AND VALLEY OF THE UI'ER COLO-
RATDH).

GRNERAL FRATURES OF THE NORTHERN PORTION OF THR UsLnialn BASN—ASPRECTE AND
STRUCTUEE OF THE SAGE PLAIF—BMESA TEIDE—RBHORMOTE DENUDATINN OF THE {00
RATHE PLATEAT=[0BSTNG THE BacE PLAN—HIO DR LOS Mancos—TnDoLORRE—SROTIOR
oF LOWER URETACEOUE RHEE—RUINE ON THE OLONRE—=SIEIRA 3a% MIGUEL—BUROU-
Alka—TIEERA BLANCA—GUATELOTEE—CANON 18T ADO—TRIASEIN ROCHE—SAURLAN TONES
—Li TEXRIAL—ERODED BUTTRE—UARA COLORADD—OJn VEEDE—SIEREA L BaL—ERern-

giof To Graxp HiveEr—Cafor CoLoRADO—DLATEAT BORDERING THE CoLogADo LHVER—
FERODED MONUMENTE—LARYVEINTH UARON—RUIFRD BUILDIRGS—SUMMIT OF THE JARBDE-
PFEROTS PORMATION—3EOITION OF Triassie ROOKS—UEMATRATLE COTUNTRY ABROUT THE
JURCTION OF GRAND AND (GREER BiVERE—SINGULAR ERODED DUITES AND PINKACLEE—
WRTWORE OF CARONE—CARON OF GRARD BIVER—SECTION OF UaneosMIFEROUE BETRATA—
TREANSYERSE ERCTION OF THE UOLOLADO VALLEY—HRETURN To BAOE-PLAIN—IOURNEY
SUTTHWARD T0 THE 84N JUAN—=SIERRA ABAJD.

Retween the Rio de Is Plata and the Iio de los Maneos we skirted the base of the
extreme southern point of the Sierra de la Plata. These mountains terminate south-
ward in a long slope, which falls down to a level of about 7,500 feet above the sea,
forming a plateau which extends southward to the San Juan, the Mesa Ferde, to which
I shall soon have oceasion again to refer. This mesa terminates on the west by an
abrupt nearly vertical precipice from 1,200 to 1,500 feet in height Between the mesa
and the mountains is a natural pass or puerfs, through which the Spanish trail leads
where it crosees the divide. Om the west this puerta opens to the right and left;
bounded on the north by the retreating sonthwesterly slopes of the Sierra de la Plata,
on the south by the wall-like edges of the Mesa Verde. As we stood on its threshold
we looked far out over a great plain, to the eye us limitlezs as the sea; the monotonous
ontline of its surface varied only by two or three small igland-like mountains, so distant
as searcely to rise above the horizon line, Here we were to leave the lofty sierras of
the Rocky Mountain system, which had so long looked down on our camps and marches,
the picturesque scenery of the foot-hills, their flowery valleys and sparkling streams,
the grateful shade of their noble forests, and take our weary way across the arid ex-
panse of the great western platean; a region whose dreary monotony is only broken by
frightful chasms, where alone the weary traveler finds ahelter from the burning heat of
a clondless sun, and where he seeks, too often in vain, nﬂnuli'ngu&mllgllt. that shall
slake his thirst. To us, however, as well as to all the civilised world, it was a terrd
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imeagnitg, and was viewed with eager interest, both as the seene of our future explora-
tions and as the possible repository of truth which we might gather and add to the sum
total of human knowledge.

An outline sketeh of this portion of the Colorado Plateaun has been already given in
hap. IT1, and bat little more need be said to make its general feacores clearly compre-
hended.  The plain which stretehes westward from the Sierr de ln Plata—indicated on
the accompanying map, where it is called the Great Bage-plain—is part of an immense
platean which once stretched continnonsly far bevond the conrse of the Colarado.  How
it has been divided by the eafioms of the draining streams, and how, by erosion, its
plﬂ.tmll character has been so modified as to Le In;.u:allj.r lnat, will fllll:.' appear in tle
progress of our geological narrative; vet no one who observes the orderly and un-
hroken arrangement of its nnderlying rocks, the perfect eorrespondence of the sections
on opposite sides of the profound cafions which ent it, will hesitate to assent to the
assertion that an unbroken table-land onee stretehed from the base of the Sierra de la
Mlata all the way across to the mountain chaing west of the Coloradao, and that from
thie platean, grain by grain, the sedimentary materials which once filled the hroad and
deep vallevs of the Colorado and San Juan have been removed by the enrrents of
these streams.  The mind is awestrnek in the contemplation of the magnitude of the
element of time which enters into the analysis of the process by which these stapendons
monnments of erosion have been produced; but if the wumerical faculty is baffled in
the effort to count the vears or ages which must have been eonsumed in the erogion of
the valleys and eafions to which I have referred, even the imagination itself is lost when

. called upon to estimate the eyeles on eyeles during which the mueh grander features

of the high table-lands were 'I'l-']‘l:lugl:lt from @ Irlu.tuuu which ones overspread most of
the aren of the Colorado Basin, burying the present Suge-plain 2,000 feet benoath its

upper surface.
~ As I have before said, the Great Sage-plain is everywhere floored by the Lower

Cretaceous sandstones; massive resistent strata, 300 to 500 feet in thickness, These
are succeeded in the ascending series, where the upper members of the formation are
present, by the Middle Cretaceons shales, principally soft argillaceous beds, from 1,200 -
to 1,500 feet in thickness. Above these belong the Upper Cretaceous sandstones and
warls, occupying an equal vertical space. Now, over the great platean, floored and
protected by the Lower Cretaceous sandstones, are everywhere seattered monnds of
greater or less elevation, composed of the Middle Cretaceous shales, and in the inter-
val between these mounds are scattered thousands and millions of the fossils charae-
teristic of these shale-beds, washed, like pebbles, from their soft envelope. Here we
have conclusive evidence that the Middle Cretaceous shales once completely covered
the sandstone-floor of the Sage-plain from which they have been neardy removed by
Aqueous action. As we approach the margin of the sandstone platean, we find the
mounds of overlying shale becoming more numerous and higher, until, reaching the
E&Fﬁ ﬂf_ the high mesa, they blend in salid escarpments more than 1,000 feet in
altitude, erowned by the massive, but soft, sandatones which form the third and upper
division of the Cretaceous series.

~Buchare some of the facts which may be observed about the base of the Mesa
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Vorde, facts of which the significance will be readily appreciated; but these are not
all the things that may be seen from the vicinaty of onr present atmﬂ]:mint. The Mesa
Verde is, geologically, but a portion of the high table-lands which border the Upper
San Juan; the northern margin of which is followed by our route from the ford of the
Chama to the Maneos, Here this platean terminates abruptly in a bold and most pie-
turesque wall, of which the general course, though varied by many salient and
re-entering angles, is nearly north and south from the Sierra de la lata to the San Juan.
This mesa we completely encircled; examined it at a thonsand points, and can speak
of its strocture and extent with confidence. To obtain a juet conception of the enor-
mous denndation which the Colorado Platean hae suffered, no better point of view
could possibly be selected than that of the summit of the Mesa Verde. The geologist
here has, as it seems to me, satisfactory proof of the proposition I have before made,
that, from the greater portion of the Colorado Platean, strata more than 2,000 feet in
thickness have been removed by erosion.  He here has a view toward the west, limited
only hy the powers of human vigion.  Direetly west the Sage-plain stretehes ont nearly
horizomial, unmarked by any prominent feature, to the distance of a hundred miles
There the islund-like monntains, the Sierra Abajo and Sierra La Sal, rise from its sor-
face.  Sonth of these is the little donbled-peaked mountain, ealled by the Mexicans Las
Orejas el {so—thé bear's ears; bevond these his vision eould not reach, but our
explorations enable us to tell him there lies the broad eroded valley of the Colomdo,
bounded by two ateps, of over 1,000 feet cach, below the level of the Sage-plain, and
in the Lottom of that valley, the chasm of the Colorado Canon, whose ]mr]'mmlinnlm'
walls are 1,500 feet in height; bevond the trongh of the Colorado, a platean corre-
sponding 1o the Sage-plain, and beyond this a representative of the Mesa Verde.
Looking sonthwest, he wonld see the Sage-plain terminated in that direetion by the
excavated valley of the San Juan; beyond this its representatives of similar clinrneter
and elevation; higher and more distant than these, the long perspeetive lines of the
lofty mesas north aod west of the Moqui villages: the precise counterpart of that on
which he is supposed to stand. )

OUn the northern margin of the plalﬂm:, we are sssured h:.' tliose: who lnve bheen
there that the constitnent rocks of the Mesa Verde are exposed, holding the same posi-
tions as here  Are we not then driven by these facts to conelnde that, over all this
area of undisturbed sedimentary rocks, surrounded by table-lands compoded of like
strata, presenting eorresponding, but now widely separated faces, these strata once
stretehed in unbroken connection; and that, from the great interval, where now wanting,
they have been removed by the same all-potent influence which has left such grand
and so similar records in the eanone of the Colorado and its tributaries,

The geology of the country lving between the Sierra La Plata and Sierra Abajo
is 80 monotonons as to require no lengthy deseription; all that need be said of itis
in byef notes of our different days' marches contained in my journal. From these T
make the following extracts: _

“ August 10th, Camp 21, an Riv Dolovee _The Rio de los Mancos is a clear mount-
ain stream, formed by two branches, "I'Fllia unite just below our camp, and which

-rise In the foot-hills of the Sierra de la Plata, on its western side.  Each of the two
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branches is about the size of the La Plata; they flow through a pretty valley, and are
bordered by thickets of willow and alder, and groves of pine and cottonwood, As
usual, at such high elevation, the eottonwood is all of the narrow-leaved spenies—
Fopulus angustifolia. The immediate banks of the Mancos are at this point com posed
of the black shales, which overlie the Lower Cretaceous sandstones, containing Ostrea
congesta, Inoceramus problematious, &e.  Very near camp (19) is & clear, cold spring, of
which thie water is highly charged with sulphuretied hydrogen ; another of the mineral
springs flowing from the dark Cretaceous shales, so common in New Mexico, where
they are known as Ojos heriondos. Soon after leaving the Mancos, we came upon the
Lower Cretaceons sandstones, which form the surface-rock to the Dolores. These
sandstones are covered in places by detached hills of overlying shales and light-blne
limestone, ag uwsnal, erowded with their characteristic fossils. The sandstones below
are exposed in all the ravines which we erossed, and in nenrly every locality wlere 1
examined them, I found in them impressions of angiospermous leaves, Papulus, Salir,
(uercus, &c.  After traveling 15 miles, we descended into a narrow valley of erosion,
traversed by a small clear stroam, a tributary of the Dolores. The walls of the valley
are in places nearly perpendicular, and are composed of the Lower Cretaceons sand-
stones, of which some 200 foet are exposed. These are- generally vellow and eoarse,
but alternate with laminated, greenish, ripple-marked layers, beds of greenish and gray
shales, and occasional bands of lignite. Nearly all contain the impressions of the
stems of plants and dieotyledonous leaves, similar to those so frequently before seen
in the same formation. The lowest stratum visible at this point, is a fine-grained eom-
pact sandstone, very uniform in texture, and as white as loaf-sugar; a most beautiful
building material "

The country lving between the Mancos and Dolares is generally dry and sterile,
vet is evervwlers coversd with fragments of Lroken pottery, showing its former ocen-
pation by a congiderable number of inabitants; it is now utterly deserted.  Near the
monntains it is pretty well timbered ; farther west, troes becoge more seattered wnd
smaller, the pines confined to the narrow valleys, the uplands dotted with groves of
pifion and cedar, with wide intervals coversd with sge-bushes and soap-plant, Tucea
angustifolia.  The Dolores rises on the west side of the Sierra de la Plata, many miles
north of our route, and is here a clear, rapid etream, as large us the San Juan at the
Pagosa, It runs through a beautiful but narrow valley, several hundred feet below
the surface of the surrounding country.  This is a valley of excavation, cut in the
Lower Cretaceous rocks, which form bluffe on either side over 200 feet high, in many
places perpendicular. The bottom-lands are nearly level, half a mile wide, and Very
fertile, covered with fine grass, with groves of cottomwood and willow, and scattered
treee of vellow pine. Near the river the thickets are overgrown with virgin's bower -
and hop, which form almost impenetrable jungles. Great numbers of fowers ornament
the open grounds, generally of the species o common in the valleys before passed

The bluffs bounding the river below pur camp show the following section: -

1. Boil with m!la&graval and bowlders, drift from the Sierra de la Plata, prinei-
pally white and black parphyry like that on the Mancos and La¥Wlata .
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Diark-blue caleareons shales with bands of dove-colored limestone, wenthering
||"|.1 m:]], with thinmer Ln. ers of Lhrown t'il-l'll[]"l. limestone,

In the shales are imbedded rreat mmbers of Girgphaea Piteheri, menerally of small
size Imt beantifully peerleet. Ihqr' exhibit o great vaviety of form, some hu.h,-; Very
high and narrow; others Drvmaler, Tike the I‘I‘|.'|1"Il'.:l.1 {x. Piteheri; others I!EIHI']J.' orbicular,
like €. dilutate of the Oxford elay ; others still broader, with a trnsverse diameter con-
H‘i-lllHﬂ'Il]lll‘l.' areater than the antero-posterior,  Detwesn these varions forms are connect-
ing links which seem to prove that all belong to one species. The dorve-colored e
atones, here as om the Chama and  Cangulian, coutain ahmost exclugively  feecervinus
pirebdenserticns, sl also exhibit the peeulianr fractnre noticed i the localitics wentionel
alisve, il oflers, on XM, |,"|'1|1"|-:'i11g ]Iurimlllhlllj' imder ComEEye col e l'lli]l']i]'il_'
frgments, having sharp edges,

The firmginons lavers represent the fish-hed of the Pagosa, the Clwma, the
Camslinm, & n {-Imu'i}' dlstimial f_|ﬁl:|'bil.'l"'_|"i1".:1= Lo zom t]ll"ll'l'I,'__:!'IH'I-'llt all the Cretaceons area
of New Mexico; they contain heve Osteea ugebris and many feagments of fuseermmos
I praldeneaticas wul o mneh larger spesies probably not deserilued,

A Coarse vellow sndstome, often a eonglmmomte, eontaining impressions of il
1'. Toalompnomi= Iy CIA LS Seeler, oy, anul i ]ht!lllﬂ- i ]I"‘I11|1.

4, Geecmish or |_1ir|pt-h1u'n'|| soft eanleansoms sandstone, with lowal I-I‘n'-'J'- of blue
clav-slinle mml thin sems of Tegmite: ne fossile olwery el

A Thick-Tseddal light-vellow or white sadstone, Tocally contrse or fine, some-
R 9 .-q|'|||r'|.,|r||'|q_-|'-|_||__ it |_|1||||-r 4|_||-|1r.l; |_||._|!|'||'|'|:“-: O '||.|1. 11Ill.-"'l aina] aml e -1I]_‘:r
white: mo fossils,

G, Green or pueple elay stones and shalos.

T Saft wvenish smwlstone,

Mot of the stentn commerated above are exposed in the eliffs Tardering the valley s
for soveral wiles are entively anbroken, conformalile thremerhout, mnd lave o gentle dip
to the west,  The facts here observed ave of special interest as deciling bevaul all
appead the question of the relative age of the sandlstone gronp containing sngiosper-
ong leaves, =o nurked a fenture in the geology of New Mexico,  This is but vue of
the great mumber of enses where these sandstones were fomnnd overlaid by strata con-
taining well known Cretacoons fossils. It is to be hopesd that this mooted question
will now Lo considered settled, since it must be so in the mind of every honest inves-
tigator,

From the summit of the hill from which the preceding section was taken, we
obtainud a magnificent view of a wide extent of country lying on every side of us.  In
the eaxt the Sierrn de In Plata rose as a high and unbroken wall, presenting n more
varied ontline than when seen from the uﬂmr gide ; south of the Sierra, the peeria
through which we bad passed; bevond this, atretehing far off sonthward, the green
slopes and lofty battlements of the ‘Mesa Verde Ime.tlng over the plain like some high
and rock-hound eoast above the level ocean; south, and near us, the miniature peak
and ehain of La Late ; far more distant, the Sierras Carriso and Tunecha in the Navajo
country ; oceupying the whole western horizon the monotonous expanse of the Sage-
plain, beyond which rose the low summits of the Orejas del Oso, Sierra Abajo, and
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Bierra la Bal,  In the north :L|J]J-|.uu'ul.|_ i mew and gresad l‘-rh|1::=_.l'l':lll|lil'.'li feature,  From
N 10" W.w X. E |:|:|;|Lg1||_'ti1'. streteled a chain of preat ncuntaing, higher and more
|y e tluan auy we b seen,  These have no commmon name, bat one of the
pusks is called, from the stream which wiashes its hase, Siore San Miguel,

Whether these mountaing form o singla eluin or seversl, and wlat is their prevail-
ing trend cannot be sid with certainty without eloser s pueetion ;s overdapping lines
of their bases, which would decide that question, being conecalal Ly intervening high-
| FITTT P A AT il:lﬁ:-h ]lllh'lz".'m', from the view wir Dl of themn, tlat I|||_'I1. |_'|:|r'|'&ﬂ|:1|l
severnl distinet ranges, with o trend nearly voeth and sontly, set on cebelm. Totwaon
the st ensterdy of these womntains and the Siere de Ja Phta i o Jow gap, inowhich
stanids @ remarkalle pinmaiele of roek; even ot aolistoee of e ELLEY b l.'ij_l"lll_'r miles
Hl‘l'ikiilli_l"' 1’b||j41|'1‘. Chie of the vonitains in this L LT Lecsnies |:1|'\-|'__l|'||- st o suow, wd
ite Deight commot D Dess than 15,000 feet,  Bevemld others are nearly s oty sond wae
comes of great heanty, ' -

Tl Tl fromm which wo oltained this viow s erowies] with s exiens=ive serios of
very ancieut mins,  The prineipal one is o poeldo, peady TG Gt spare, ones suli-
stantially built of dressed stone, now aslapeloss Teap, nowhicl the plon of thetoriginal

Cstructure ean, however, b tracedd.  Like woest of the rieed |.|l|1']|]|m of Noew Mexion,
it 1_'|1Ilri|iri1'll,"l'l of s series of simall R LIIE l;l'll!d"l_!I'l_'ll 1“:?“""'-"'1 ko colls tn o Deselise, Mo
the prineipal wdifiee are mounds of stone, represcenting saborlinate boildings,  Anwong
these are numerous Iurgre depressions macking the plues of eisterns o esbffies, Qnan-
HTim—' o T lkl‘-l'l ]Iler-Tl!]'_'Fr F-iltlil-ll.]' tor £liat B l,‘lrlll:tlm]:ll\.' EeR R 1] i:u |;]-|.1_: |'i|:'-:'|||||r-.l:| TR |||||
Learing the ks of gront age, strew the groumd abont these muins,

A wtle or twao ] tloe viver ave seversl otler il ||1rllr-.-|_:r- Tl ]Iiil_-".ll I||::| 1 r|H_'
cliffs, 1500 feet above the stresun; they are usuallv placed on ledges eoversd by -
Jueting rocks, which net s wofs,  These hotises ae ot lorge, nd - were prolalily
only eecupiod by the guandisns of the ficlds onee o cultivation below, A of these, o
well s the more extensive mins before mentivansd, are ahiiralily Joested i defomse,
aped would b L!I.I.Ei]}' laled by a Lwipclfunl oof alotormaiiial  snagen it any ||l.l:|:|-1'l'---f
assailants wmed only with the weapous of savage winrtoe,

Between our camp on the Dolores and Savenar o new gealogieal feature was
noticeal.  The Lower Cretaceons sandstones everywhere form the rocky sulstratum,
Lieve aand there coverad with patches of the overlving shale.  From these shale-beds
millivng of Grypheas have washed oot, eovering the sorfuce and mttling under the
mule’s feet like gravel-stones.  Bage is the predominant vegetation, winl no water is
found in the interval; yet we passed several ruined buildings, and broken Jrottery is
seattered everywhere

Surcuaro is the name of a ruined town which munst onee have contained o opru-
lation of several thovsands.  The name is said to be of Indian (Utah) origin, and o
gigmify desolation, and certainly no better could have been selectel The surround-
ing country is hopelessly sterile; and, whatever it once may have heen, Surousro is
now desolate enough. Here are two eafions, ent in the sandstone by two former
strenms.  These unite nearly a mile below camp.  All the interval of mesa between
them is covered with ruins. The houses are, many of thew, large, and all built of
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stone, hammer-dressed on the exposed faces. Fragments of pottery are exceedingly
eommon, though, like the buildings, showing great age. There is every evidence that
a large population resided here for many years, perhaps centuries, and that they
desarted it several hundred vears ago; that they were Pueblo Indians, and hence
peaceful, industrious, and agricultural. How they managed to exist here, and how
their town was depopulated, are questions that suggest themselves at once, but cer-
tainly the former is the more puzzling. They may have been exterminated by the
Navajos and Utahs, warlike and aggressive tribes who cccupy the adjacent region: but
where a population of many thousands onee existed, now as many hundreds could not
be sustained, either by agriculture or the chase. The surrounding country eontaing
Very little animal |Jfa, and almost none of it is now cultivable. It g T, DD'] feet in
altitude, intemsely cold in winter, and very dry throughout the year. The want of
water alone would forbid the residence of any considerable number of persong at
Surouaro if everything else were furnished them. The arrovos through which
streams geem to have once flowed, are now dry, and it was only with great difficalty
that sufficient water was obtained for the aupp]f of our train. The remains of
mietates {corn-mills) are abundant about the ruins, and corn was doubtless the staple
sarticle of their existence, but none could now be rnised here. The ruins of several
large reservoirs, built of masonry, may be seen at Buromaro, and there are traces of
acequias, which led to these, through which water was brought perhape from a great
distance. At first sight the difficulties in the way of obtaining a supply of water
for any considerable population at this point would seem insurmountable, and the
readiest solution of the problem would be to infer a change of climate, by which this
region was made uninhabitable. Such a conclusion ie not wecessary, however, for the
skill and industry of the ancient inhabitants of the arid table-lands of New Mexico
and Arigona achieved wonders in the way of proeuring a supply of water. Some-
times this was done by carefully collecting, in cisterns of masonry, every drop of a
trickling spring ; sometimes by canals, throngh which water was brought from long
distances. The Moqui villages are now supplied, though rather scantily, by such
means, where, if the cisterns were to fall into ruins, a single traveler could hardly find
water enough for himself and horse.

From Surouare to the base of the Bierra Abajo our experience was exceedingly mo-
notonous. The physical aspects of the country are everywhere the same, and its geologi-
cal structure equally unvaried. The Lower Cretaceons sandstones here lie nearly
level, but are exposed in all the ravines, generally dry, which we crossed, while
low mounds of the overlying shales were almost constantly in sight; their characteris-
tic fossils lying about in such profusion that thousands of tons of them might have
heen collected.

_ After leaving the immediate vicinity of the mountains, no heds of drift or trans-
ported materials of any kind were met with, and it iz evident that the denudation
which the strata once covering the S8age-plain have suffered has not been effected by
any deep and wide-spread currents by which this eountry has been swept, but by the
quict and long-continued action of atmospheric influences—rains, frosts, &e. No

ﬂj}mﬂg lream was met mﬂl in all this partut' our route, and we were MMPﬁqu'tﬂ
= 128 F :
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depend for cur supply of water upon the springs or pools to which we were led by
the trail we were following. At the Tierra Blanca we encamped at the finest of these
springs which we saw. Here the water issmes from the base of a low cliff of sand-
stong, of which the surfaces are whitened by a saline effloresence, consisting in a great
degree of chloride of sodium ; & phenomenon which has given to the locality the name
it hears,

{tur next stopping place was at the Guajelotes, a large pool of bad surface-water;
a natural reservoir in the sandstone rocks, containing great numbers of water-lisards—
~ Siredon—called by the Mexicans guajelotes, '

The Ojo del Cuerbo is a small spring similar to that of the Tierra Blanca, except
that the water is less abundant and is sulphurous,

We had here approached comparatively near to the Sierras Abajo and La Sal,
the one being twenty, the other forty miles distant. Of isolated mountain groups the
La Bal is considerably the higher and more extensive; both are, however, of insig-
nificant dimensions as eompared with the lofty ranges of the Sierra San Miguel.

Up to this point we had constantly met with fragments of broken pottery scat-
tered over the surface, and had frequently seen traces of ruined buildings.

CAROX PINTADO.

Between the Sierras Abajo and La Sal passes a natural line of drainage, marked
above by a formidable cafion, which furrows the Sage-plain many miles up toward the
Sierra Ban Miguel. North of the Sierra Abajo this cafion terminates, or rather it opens
to the right and left, its walls extending to the bases of the two groups of mountains
I have mentioned, forming here the western terminus of the Sage-plain.  To reach the
second and lower platean it is necessary to descend the cliffs which are formed by the
eut edge of the first; this we did, following the Spanish trail, at a point about fifteen
miles northeast of the Sierra Abajo, where a lateral cafion enters the great one I have
described a few miles above its mouth. Here we descended at once more than 1,000
feet, leaving behind us the platean of the Sage-plain, with its unvarying topography
and monotonous Cretaceous geology, to enter the great eroded valley of the Colo-
rado; a region of which the geology is all Triassic or Jurassic, and where the SCENETY
exhibits all the brilliant colors which characterize the rocks of these formatione in the
West, combined with all the variety of form which erosion can produce. From the
vivid eolors of the walls of the eafion where we entered it, it was named by our party
Cafion Pintado. Its walls are precipitous, generally almost perpendicular, the lower
half composed of strata which are bright red, green, yellow or white; soft but massive
beds weathering, as such materials are so prone to do in this region, into arches, domes,
spires, towers, and a thousand other imitations of human architecture, all on a colos-
sal scale. The bottom is smooth and nearly level, in many places covered with the
finest gama grass, in others with the salt-bush (Sareobatus).

A section of the rocks exposed in the cafion is as follows, the thickness of the
strata being estimated : , .
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Section of the cliffs of Casion Pintaco,

Feoet,
1. Coarse yellow sandstone, floor of Bage-plain..............ovoiinnnn.n. 200
2, Gray and green shales, interstratified with coarse gray sandstones and yellow
CONZLOMBIALE. - - - - - o - < eemauesmmme e naananm e 250
3. Red and green shales, with bands of whitish and greenish sandstone, with silici-
fied wood and Sanrian BOnes. . . .. oo ... eecaiiaan 850
4. Yellow and red massive calcareous sandstones. . ...........ccccevcnnnnnn- 200

In the foregoing section No.1 is the Lower Cretaceons sandstone forming the
surface-rock over all the country lying between the Sierra La Plata and Sierra Abajo.
A short distance back from the cafion it is overlaid by patches of shale with Grypheas,
and therefore represents the surface of the Lower Cretaceous group. No. 2 is proba-
bly also Cretaceous, though here containing no fossils by which this question could be
determined with certainty. A group of rocks, having similar lithological characters,
at the Mogui villages, lies between the red beds below and the massive leaf-hearing
sandstones ahove, and there contains Ammoniles percarinatus #hd other Lower Creta-
coous fossile.  As will be seen in the progress of our geological narrative, at interme-
diate points on the San Juan a thickness of several hundred feet of soft green sand-
stones and green sandy shales separates the coarse yvellow sandstones (the floor of the
Sage-plain) from the red gypsiferous rocks below. Until fossils shall be discovered in
these beds, it will be impossible to draw any sharply defined line marking the base of
the Cretaceous formation; and since the strata are heve everywhere conformable, it is
extremely doubtful whether any such line of demarcation exists in nature,

Saurian bones.—On the north side of the eafion just opposite cur camp (26), in the
face of the eliff, about 250 feet above its base, I discovered the bones of a large Saunrian,
Probably the greater part of the skeleton is still imbedded in the rock, ns, although T epent
two days, with several assistants, in excavating ut this point, the tools at our command
were too light for such heavy work as it proved to be, and we were compelled to
leave many bones, which we could see, but had not the means to extricate from their
envelopes. The special object of our efforts, the head, was not reached, but still
remaings to reward some future geologist who shall visit this interesting locality, with
more time at his command and more adequate implements for rock excavation than
we possessed. The bones we obtained were mainly those of the extremities: a femur
entire; the greater part of a humerus; several of the phalanges of thetoes; portions of
the ribs, and other large and, to me, quite incomprehensible bones.  All of these have
been placed in the hands of the distinguished anatomist, Professor Leidy, who will
make them the subject of a special report. The size of the animal, as indicated by
these bones, must have been very large, The femur taken out measured 50 inches in
length, by 4 in diameter, at its smallest part, the articulations being much thicker. - A
portion of the scapula which was taken ont was 22 inches long and 16 wide at the
broadest part, and this but a fragment. . L= e

Near the locality where the larger skeleton was found a part of a rib of asmal
individual was picked up, and on the opposite side of the valley a shap :
of a large bone was found at-the foot of the clifft From- these:facts
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the Grypsum formation, usnally so entirely barren of fossils, would here well TEpAY
labor spent in its examination; and it is greatly to be desired that future explorers of
this far-off region will make an earnest effort to obtain what is, perhaps, here alone
obtainable, the means of settling the vexed question of the parallelism of the Gvpsum
formation with deposits whose age has been acourstely determined elsewhers,

In the same stratum with the Sanrian bones I discovered the only fossil ghells 1
have ever seen from that group of rocks in New Mexico. These have the form of Natica,
but are probably not susceptible of accurate classifieation,

Three miles below our “Sanrian camp™ (26), we reached the mouth of the Cafion
Pintado, which here opens out on to the second step of the table-lands in the descent to
the Colorado. The surface-rock of this platean is everywhere the soft, massive, cal-
careocus sandstone or indurated marl which forms the base of the section in Cafion
Pintado. It is a comparatively soft rock, and contains a great deal of gypsum, very
uniformly disseminated. It lies in thick beds, scarcely separated by any distinet part-
ings, and yet exhibits the most striking examples of oblique stratification which have
ever come under my observation; the inclined layers, which compose some of the beds,
forming an angle of 50° and 40° with the primary planes of stratification, which are
horizontal. The slopes of the inclined layers are often L0 or 60 feet in length, with a
rise of 20 or 30, showing that they were deposited from water, at times very much
agitated. The colots of this rock are always very decided, but, in the same stratum,
or on the same horizon, they are exceedingly local; a lemon or orange vellow being
succeeded quite abruptly by rose-red, and this again by-white. The prevailing shade
is, however, a red, deep blood-red, or some lighter tint, such as brick-red, rose-tint, or
flesh-color. It is a rather remarkable fact, that with such inclined and eontorted layers
of deposition this rock should include so little coarse material, and it is impossible to
resist the conclusion that it is far more a chemical than mechanical precipitate, and
that the period of its deposition was the commencement of & great epoch, during which
peculiar physical conditions prevailed over not only the greater part of our continent,
bt of the world, so peculiar and so widespread that we may almost call them cosmieal.

Everywhere over the second platean are scattered buttes and pinnacles, wrought,
from the massive caleareous sandstone and the overlying Baurian beds, by the erosion
which has swept from this surface all traces but these of the immense mass of sedi-
mentary rocks which once covered it. Of these one of the most striking seen from
our route is the Casa Colorado, represented on Plate VI It is & detached butte, some
360 feet in height, composed of red sandstone covered with the harder layers of the
Baurian beds. Another symmetrical and beautiful dome, composed of the same mate-
rials, is lemon-yellow, with a base of red.

Our camps 27 and 28 were on what I have called the second platean.  Of these the
first was at La Tenejal, a deep exeavation in the red sandstone, which retains so large
a quantity of eurface-water, and for so long a time, ns to become an important water-
ing-place on the Bpanish trail. These natural reservoirs are frequently met with in
this region, anil during the dry season are of vital importance not only to such travelers
a8 may be passing through it, but also to the small number of animals which here

_ make their home. Tt is not at all uncommon to meet with them even on the summits
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of the sandstone buttes, which I have described, and it has often happened to me, after
a fatiguing climb to the top of some high cliff or pinnaele, to find its smooth-washed
summit-rock scooped ont in cavities from 2 to 20 feet in diameter, holding sometimes
many barrels of the clearest rain-water, and affording me the two rarest possible
luxuries in this arid region—a drink of pure water and a cleansing and refreshing bath.

The Ojo Verde is a copious spring in a cafion cut out of the red sandstone, ton
miles west of La Teneja. The surrounding eountry is very starile, sparsely set with
sage bushes and small cedars, but about the spring the bottom of the canon is cov-
ered with the greenest and most lnxuriant grasi. The La Sal Mountain shows Very
hnely from this point, distant twenty miles. . It is seen to be composed of several short
ranges, separated by narrow valleys, having a trend several degrees north of eqat, but
these are set somewhat an ¢chelon, and the direction of the longest diameter of the mount-
ain mass iz north-northwest and south-southeast; such, at least, seems to be the
structure of this sierra as seen from a distance. Perhaps closer inspection would show
that the view obtained from this point was in some respects deceptive.  OF the compo-
sition of the Sierra La Bal we know nothing except what was taught by the drified
materials brought down in the eafions through which the drainage from it flows. Of
this transported material we saw but little, but that consisted mainly of trachytes and
porphyry, indicating that it is composed of erapted rocks similar to those which form
the Sierra Abajo, of which it is in fact almost an exact counterpart From the cliffs
over Ojo Verde we could see the strata composing both the upper and second plateans,
rising from the east, south, and southwest on to the base of the Sierra La Sal, each
conspicuous stratum being distinetly traceable in the walls of the cafions and valleys
which head in the sierra. Tt is evident, therefore, that the rocks composing the Colo-
rado Platean are there locally upheaved, precisely as around the Siarra Abajo and the
other isolated mountaing which I have already before ennmerated, and to which I shall
have oecasion again to refer.

VALLEY OF THE COLORADO,

The general features of the trough of the Colorado, at the junction of Grand
and Green Rivers, have been already sketched, but the detailed description of our ex-
plorations of this remarkable region yet remains to be given. From the dificulties in
the way of such exploration, reported by our scouts, it was not thought advisable to
attempt 10 reach the river with our entire party. A depot camp was therefore estal-
lishied at Ojo Verde, where most of the men and animals remained, whils a small de-
tachment, with which T was connected, made the desired reconneissance of tlis part of
our route.  Of this exeursion I find in my journal the following deseriptive notes -

Avugust 22 —Started this morning for the junction of Grand and Green Rivers,
Captain Macomb, Lieutenant Cogswell, Mr. Dimmock, Mr. Campean, myself, and
three servants forming the party. On leaving camp we struck southwest, gradnally
ascending for six miles, when we reached the brink of a magnificent cafion twelve
hundred feet in depth, called, from the prevailing color of its walls, Cafion Colorads,
into” which with-great difficulty we descended. The summits of the eliffs are here:
nearly five hundred feet above the (Ojo Verde, composed of the same rock exposed
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there, the bass of the section in Cafion Pintado. The sandstone is here yellow or
straw-color, very massive, without fossils, and very remarkably cross-stratified.  About
four hundred feet of this stratum are here exposed.

Below this succeed one hundred and fifty foet of red, foliated sandstone, with
some bands of red shale, precisely like the red sandstones of New Jersey and the
Connecticut River Valley. Below this two hundred and seventy feet of reddish-brown
sandstone, very massive, forming perpendicular faces. Still below, a series of gresn
and red thin-bedded sandstones and red and purple shales, three hundred and fifty feet
in thickness. The strata here rise gently to the westward, till, at a point ten miles
from Camp 28, a low anticlinal erosses our route. From thenee to the rHver the dip is
westward. This part of the cafion is exceedingly grand and beautiful, both from the
form and coloring of its walls. A few pifions and cedars cling to the sides and erown
the summits of the walls, while seattered cottonwoods and thickets of willow, with
here and thers a emall tree of a new and peculiar species of ash, form a narrow thread
of vegetation alomg its bottom. This, and many similar gorges, form the channels
through which the drainage of the western slope of the Sierra Abajo reaches the Col-
orado.  Twelve miles west from the Ojo Verde the several cafions unite by the elimi-
uation of their dividing walls, and debouch into a comparatively open country. De-
scending the cafion we, therefore, at its mouth come out upon a third distinct plateau,
from which the mesa cut by the Cafion Colorado has been removed: its edges reced-
ing in magnificent broken walls south and northwest. From thie point the view swept
westward over a wide extent of country, in its general aspects a plain, but everywhere
deeply cut by a tangled maze of cafions, and thickly set with towers, castles, and spires
of most varied and striking forms; the most wenderful monaments of erosion which
our eyes, already experienced in objects of this kind, had beheld. Near the mesa we
were leaving stand detached portions of it of every possible form, from broad, flat
tables to slender cones erowned with pinnacles of the massive sandstone which
forms the perpendicular faces of the walls of the Canion Colorado. These eastellated
buttes are from one thousand to fifteen hundred feet in height, and no language is ad-
equate to convey a just idea of the strange and impressive scenery formed by their
grand and varied outlines. Toward the west the view reached some thirty miles, there
bounded by long lines and bold angles of mesa walls similar to those behind us, while
in the intervening space the surface was diversified by columns, spires, castles, and
battlemented towers of colossal but often beautiful proportions, closely resembling
alaborate structures of art, but in effect far surpassing the most imposing monuments
of human skill. Tn the southwest was a long line of spires of white stone, standing
on red bases, thousands in numbe-, but o slender as to recall the most delicate carv-

some miles in length. - Their appearance was so strange and beavtiful as to call out
exclamations of delight from all our party. ;

Next to the pinnacles the most stril
chocolate-colored rock, which hadweathéres
castles of the Old Warld ; yet, Tke-allthics :

) our view were buttes of dark,
mitation of some of the feudal

in the scane, they weré on a
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gigantic scale. These buttes are composed of the liver-colored sandstones and choe
olate shales of the walls of the Cation Colorado, which consist of a great number of
alternations of thinner or thicker layers of sandstone with those of shale. This strue-
ture in erosion gives rise to many curious and beautiful results, such as & beaded ap-
Pearance in columns, while harder or thicker layers form their capitals and bases, It
also produces what seem to be walls of masonry, with frieze and COTIice.

Soon afier issuing from the mouth of Cafion Colorado, the little intermittent strean
which traverses it begins to eut the floor of the rocky plain that borders the Colorado
River, and, following that stream as the only possible avenue through which we could
reach our destination, we were soon buried in a deep and narrow gorge, which is thenee
continuons till it joina the greater eafion of Grand River. This cafion, from its many
windings and the many branches which open into it, we designated by the name of
Labyrinth Cafon.  Tts walls are from one to two hundred feet i height, so that there
is mo egress from it for many miles. The bottom is oceupied with eotton-woods, and
thiekets of narrow-leaved willow, eane, and salt-bush; all of which, with fallen rocks,
quicksands, and deep water-holes, made the passage through it almost impodeibla.
Some two miles below the head of Labyrinth Cafion we came upon the ruing of alarge
number of houses of stone, evidently built by the Puablo Indians, as they are similar
to those on the Dolores, and the pottery seattered abont is identical with that before § |
in 8o many places. Tt is very old but of excellont quality, made of red clay coated
with white, and handsomely figured. Iere the houses are built in the sides of the
cliffs. A mile or two below we saw others crowning the inaccessible summits—inac-
cessible except by ladders—of picturesque detached huttes of red sandsto ne, which
rise to the height of one hundred and fifty feet above the bottom of the cafion. Simi-
lar buildings were found lower down, and broken pottery was picked up upon the
summits of the cliffs overhanging Grand River; evidence that these dreadful cafions
were once the homes of families belonging to that great people formerly gpread over
all this region now so utterly sterile, solitary, and desolate,

At the ruined puablos we reached the surface of the Carboniferous formation ;
having passed through the entire thickness of the Gypsum series sinpe leaving the
Bage-plain,

The complete section of the walls of the Cafion Colorado continued to this point,
is a8 follows:

Faad,
1. Yellow massive caleareous sandstone, hase of preceding section. . . . S T
2. Hed micaceous sandstones, interstratified with red shales. ... ___ . 150
3. Red and brown massive O 5 o i b nmaiid 0
4. Green and red shelly sandstones, and red shales, softer than No. 2. ____ 850
5. Greenish-gray micaceous DI v i e o b e s 15
6. Rodwod purpleshle................. ... a6 S A m g e 60
i <o 3 L D B NS S 18
8 Chocolate and purple soft sandstones and shales in thin bands ............ 275
3. Boft liver-colored and white T D R SR A 5
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Feel
11. Liver-colored sandstone.............cocueeeaens s S A B R RELEEE 15
12. ']'Tﬂ-]'ljmm.-.....-.._.‘.',.,.--.....,_. ............................ 2
13. Brick-red sandstone, like No. 10........... A A AR P .. 3B
14, Chocolate sandstone, like Nog 8 and 11.... . ...iniioiianmmennnnones 12

15. Blue limestone, containing Athyriz sublilits, Spirifer comeratus, &c., and other
Carboniferous fossils. :

Descending the eation till night eame apon us, we made our camp under the over-
hanging cliffs on the north side, where some pot-holes in the roeky bottom promised
us & supply of water.

August 28, Camp 29 o Grand River—Leaving servants and packs in camp, we to-
day descended the Casion of Labyrinth Creek, to its junction with Grand River. Uniil
within amile of the junction, the characterof the cafion remains the same ; & DATTOW QOCEE,
with vertical sides, from 150 to 300 feet in height, its bottom thickly grown with bushes
and obetraeted with fallen rocks and timber, passable but with infinite difficnlty. At
the place mentioned above, however, our progress was arrested by a perpendicular fall,
some 200 feet in height, oceupying the whole breadth of the cafion, and to reach Grand
River it was necessary to scale the walls which shut us in. This we accomplished
with some difficulty on the south side, to find oureelves upon the level of the rocky
plain into which we sunk when entering the cafion, The view we here obtained was
most interesting, yet too limited to satisfy ne. Looking down into the cafion we had
been following, we could see it deepening by suecessive falls until, a mile below, it
opened into the greater Cafion of Grand River, a dark yawning chasm, with vertical
gides, in which we canght glimpses of the river 1,500 feet below where we gtood,  On
every side we were surrounded by columns, pinnacles, and castles of fantastic shapes,
which limited our view, and by impassable canons, which resiricted our movements.
South of us, about & mile distant, rose one of the enstle-like buttes, which I have
already mentioned, and to which, though with difficulty, we made our way. This
butte was composed of alternate layers of chocolate-colored sandstone and shale,
about 1,000 feet in height; its sides nearly perpendicular, but most curiously orna-
mented with columns and pilasters, porticos and colonnades, cornices and battlements,
flanked here and there with tall outstanding towers, and crowned with spires so slender
that it seemed as though a breath of air would suffice to topple them from their foun-
dations. To accomplish the objeet for which we had come so far, it seemed necessary
that we should ascend this butte. The day was perfectly clear and intensely hot; the
mercury standing at 92° in the shade, snd the red sandstone, out of which the land-
seape was carved, glowed in the heat of the burning sunshine. = Stripping off nearly
all our clothing, we made the attempt, and after two hours of most ardnous labor
succeeded in reaching the summit. The view which there burst upon us was such as
amply repaid us for all our toil. It baffles description, however, and I can ouly hope
that our sketches will give some faint idea of its strange and unearthly character.

The great cafion of the Lower Colorado, with its cliffis a mile in height, affords
grander and more impressive scenes, but those having far less variety and beauty of
detail than this. From the pinnacle on which we stood the eye swept over an ared
some fifty miles in diameter, everywhere marked by features of more than ordinary
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interest ; lofty lines of massive mesas rising in successive steps to form the frame of the
picture ; the interval hetween them more than 2,000 feet below their summita, A
great basin or sunken plain lay stretched out before us as on a map.  Not a particle of
vegetation was anywhere discernible; nothing but bare and barren rocks of rich and
varied colors shimmering in the sunlight. Scattered over the plain were thousands of
the fantastically formed buttes to which I have so often referred in my notes; pyramids,
domes, towers, columns, spires, of every conceivable form and size. Among these by
far the most remarkable was the forest of Gothic spirves, first and imperfectly seen as
we issned from the mouth of the Cafion Colorado. Nothing T ean say will give
an adequate idea of the singular and surprising appearance which they presented from
this new and advantageous point of view. Singly, or in groups, they extend like
a belt of timber for a distance of several miles. Nothing in nature or in art offers a
parallel to these singular objects, but some idea of their appearance may be gained by
imagining the island of New York thickly set with spires like that of Trinity church,
but many of them full twice its height, Searcely less striking features in the landacape
were the innumerable cafions by which the plain is cut. In every direction they ran
and ramified deep, dark, and ragged, impassable to everything but the winged bird,
Of these the-most stupendous was that of Grand River, which washes two sides of the
base of the pinnacle on which we stood, a narrow chasm, as we estimated, full 1,500
feet in depth, into which the sun searcely seemed to penetrate. At the bottom the
whole breadth of this cafion is occupied by the turbid waters of Grand River, here a
sluggich stream, at least with no current visible to us who were more than 2,000 feet
aboveit. In this great artery a thousand lateral tributaries terminate, flowing through
channels precisely like that of Labyrinth Creek; underground passages by which inter-
mittent floods from the distant Lighlands are conducted thromgh this conntry, producing
upon it nu other effect than constantly to deepen their own beds. Toward the south
the cafion of Grand River was easily traced. Perhaps four miles below our position it
is joined by another great chasm coming in from the northwest, said by the Indians to
be that of Green River. From the point where we were it was inaccessible, but we
had every reason to credit their report in reference to it.

After reaching the elevated point from which we obtained this view, I neglected
1o take the rest I so much needed, but spent the little time at my command in endeavor-
ing to put on paper some of the more striking features of the scene before nus.  Stand-
ing on the highest point, I made a hasty panoramic sketch of the entire landscape.
The effort had, however, nearly cost me dear; for before I Lad completed the circle
of the horizon I was seized with dreadful headache, giddiness, and nausea, and, alone
as [ then was, had the greatest diffieulty in rejoining my companions

The greater part of the walls of the cafion of Grand River are formed of Car-
boniferous rocks; the summits of the cliffs are, however, composed of Triassic red
Eﬁnd.stﬂ[_m, the equivalent of those resting on the Carboniferous limestone on the Little
Colorado and in the valley of the Pecos. The Carboniferous cannot, therefore, he said
to be the surface formation anywhere in this region, as it is nowhere exposed
in the trough of the Colorado, and there in the cafions. The composition
portion of this formation to which I had access in the cafion of Iabyﬂ@
follows; the Triassic sandstone resting on the upper member of the section: 5= =
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Section of Carboniferous rocks in Labyrinth Casion,
L. Blue slaty argillaceous limestone, with nodules of chert, and containing eri-
noidal eolumns in great numbers, Athyris subtilita, Bellerophon, Productus, &e. 20
2. Massive blue limestone, portions of which are quite sandy, generally variable
in eolor and eomposition.......___ . . ... T T a0
3. Blaty blue argillaceous limestone, somewhat cherty, crowded with fossils, among
which are Athyris sulifilite, Spirifer comeratus, Producius eemirefionlates, P
seabriculus, P. Rogersi, . punctatus, P, nodasus, Orthising wmbrocudum, Mya-
lina ampla, Plewrotomaria ercelss—a large and fine new species—.d lorisma

subcwneata, &e. ... oo L L 40
4. Red shale, no fossile................ ... ... . . ... " G
5. Bluish-white, red or mottled sandy limestone, no fossils. . ... 35
6. Tted calcareous shale.no fossils........... ... .. ... . .. 7
7. Iled or bluish-white, mottled sandy limestone, massive, no fossils. . ... ... 25
8. Coarse blood-red sandstone, in some localities becoming red shale, no fossils. . 22
9. Hard blue cherty limestone, with a few fossils of the same species found in No. 8. 86

The last number of the series forms the fall or precipice which stopped our prog-
ress down the cafion. The remainder of the section was inacesssible to us; AS BEEn
from above it seemed to consist of alternations of strata, similar to those already
enumerated. If we may judge of the thickness of the Carboniferous formation in this
vicinity by what it is lower down on the Colorado, we cannot suppose that the base of
the series is reached in the canion of Grand River,

On comparing this exposure of the Carboniferons strata with that at Santa F¢,
described in Chapter 1T of this report, and those of the banks of the Colorado below
the mouth of the Little Coloradn, noticed in my report to Lieutenant Ives, Chapter VI,
pp. 60 and 62, it will be seen that the fossils are generally identical; that, while two
or three new species were added in each locality to the Carboniferous fanna of the
Mississippi Valley, most of them are the same with the most common and characteristic
foseils of our Coal-Measures in Illinois, Ohio, and Pennsylvania.

In lithological characters there is a general correspondence between all the locali-
ties in New Mexico where the Carboniferous rocks are fully exposed, but at Banta F¢
there is a greater proportion of coarse material, sandstones and conglomerates, than at
the more western localities. At Santa F¢, toa, we find land-plants, characteristic Coal-
Measure forms, and even a thin bed &f coal; all of which indieate the immediate prox-
imity of dry land

Too little was learned of the lower part of the series on Grand River to enable
me to institute a fair comparison between the Carboniferous rocks st this locality and
those on Cataract Creek, 150 miles below. In the upper part of the formation we find,
however, here as there, cherty limestones with similar fossils, but the great beds of
gypsum of Cataract Creek are certainly wanting here.

Combining the seetions exposed at different points along our route in our descent,
step by step, from the summit of the Mesa Verde to the cafion of Grand River, we
have the following résumé of the strata and formations passed through :
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 General section of the Valley of the Colorada.

HNiou Birats. Foet. . Formation. | Loesality.
1| Goft, yeliow snndstones, albernatin chm.pmﬂ.,mdpﬂu-
th:h,_mHnu:ﬁlamﬂnlnEﬂhmnhd_‘ 600 | Cretageous. Masa Vorde
2 MH"DI:DWIH“I’]HJ.MW and thin bands
of eompsct bus limestons wislbering yellow. Fossils in the
part, immediately bemssth Mo, 1, dmmonites pliseuta,
m“"ﬁ'.i heis Kmaberryi, &c.; toward the lowes ‘
l'-ml«.!h- L e Y- ' S PO D
¥ | Gray or durk-brown shales, with af deve-colare limestons
walhéring white, nod thin layers of brown sandy Mmestons
iﬂl‘h "mj Tosvaramae hﬂ.wm
Lt Temans, .. oo ocs e e (S P Bage-plain.
4 %.ﬂn:mqmﬂ-:.wu ﬂﬁl:;hl:d’ | '
L] Fomslla: Tl ANFitEpEImons b,
, hh&m,.ﬁmmhd“ 250 ....de......... T,
l:ﬂmll.lguumnr.h.:;h i::.ti&f'?f]]-: T....u_--,... N 2 |- do ... Edgw af Bage-pluin.
Etenn i white, rl or Ereaiis
mmm‘?nm"rm:u:}nﬁuumnmmm )
e e T 350 | JurassieT Cafion Pintado,
) Find, yellow, or white massive caloarnoun sandstons, Ho foasdls....| — 660 | Trisssic. iy,
& | Bad, bhimebeedded -n!-_llnnﬂ.'lrll-lnﬂ.l:-ll—. Fuﬁﬂll-l...--,,}i.. 1 | de e, ... o,
¢ Dok
§ Elg.daid bl:;l:‘l-fﬂ:-ﬂmll, t=gralned, not hanl '}_ o Celorade Cafioe.

10 | Soft red sasdstoss. i Vliin Inyers, separaed by beds of ped e dar

e S L T it b | T,

11 gh- TRAMITE 30 amd sundls
ot e S i o i, i

ruded by red snd parples L L " ....do......... D,
12 | Bedl, liver- becoming, muddenly asd loally,

DeRFlY white, with B o Shabs ey e e b S, L
13 | Brick-red massivo s etnbstones, wikh sopss like tle Faai [ PR I S L,
14 | Blos limestons, somsewbhst cherty.  Fossils : Spirifer comeraing,

Athyriv rabiilii, Productes semiraliosbaiey semrrrrmiassssans ceneea| 130 | CneboBiforens C.JILW of  Grand

var
15 | Bloish-wh red, or motiled anmdy limesboms, with parti of
I'luilih.-]:,.;..'|I S AR RS S SrrE EEES e mnnE o -"...-..---..T.--, - T S - R I,
1 | Hard hluihntﬂllm Fossil anme as Wo. 1. . B ....do....._ . D,
17 | Allernations of 1nllmu.rﬂlmim-nm,mbuﬂum

O BBO. ... e v e rres ccrmnnan e ne e e e 1,000 |....do.. I

Finding it impossible to pass down in the vieinity of the Colorado to its junction |
with the Ban Juan, we were compelled to retrace our steps, and again ascending to
the Sage-plain, crossed southwardly over its western extremity, along the eastern buse
of the Bierra Abajo, to the San Juan Valley. This part of our route afforded us little
that was new in any department, and need not, therefore, long detain us. We found
the structure of this portion of the Bage-plain precisely like that before passed over,
The Lower Cretaceous sandstones everywhere form the surface-rock, except where
covered with the overlying shales. The fossils of these shale-heds are often thickly
scattered over the surface, as in many localities enumerated on the preceding pages.
The platean is here, as farther eastward, more or less broken by the cafions of the
draining streams. These head in the Sierrs Abajo and progressively deepen until they
terminate in the eroded valley of the San Juan. At various points along this part of
our route we saw ruing of aneient buildings, similar in character to those on the
Dolores; and fragments of broken pottery, an equally characteristic record of the
Fueblo race, were everywhere met with,

Sierra Abaje—Our near approach to the Sierrs Abajo, while skirting its northern

amd !Hhﬂmhuu,ﬁm‘ns & better knowledge of iis extent ani stracture than we had

before obtained. @ impressions we then received of it are given in the following

extract from my notes: “Aungust 30, Camp 31, Mormon Bpring. - Our last camp was
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at the eastern base of the Sierra Abajo. Within the last few weeks we have been on
three mdes of this sierra, and have learned its structure quite definitely. It is a
mountain group of no great elevation, its highest point rising some 2,000 feet above
the Sage-plain, or perhaps 9,000 feet above the sea. It is composed of several distinet
ranges, of which the most westerly one is quite detached from the others. All these
ranges, of which there are apparently four, have a trend of about 257 east of north,
but being arranged somewhat em echelon, the most westerly range reaching farthest
north, the principal axis of the group has a northwest and southeast direction. The
sierra is composed geologically of an erupted nucleus, mainly a gray or bluish-white
trachyte, sometimes becoming a porphyry, surrounded by the upheaved, partially
eroded, sedimentary rocks. The Lower Cretaceous sandstones and Middle Cretaceous
ghales are cut and exposed in all the ravines leading down from it, while nearly the
entire thickness of the Cretaceous series is shown in spurs which, in some localities,
project from its sides; apparently the remnants of a platean corresponding to, and
once conneeted with, the Mesa Verde. Whether the Paleoroic rocks are anywhere
exposed upon the flanks of the Sierra Abajo I cannot certainly say, though we dis-
covered no traces of them. It is, however, probable that they will be found in some
of the deeper ravines, where, as in most of these isolated mountains composed mainly
of erupted material, they are doubtless but little disturbed, but are buried beneath the
ejected matter which has been thrown up through them.

The relations of the Cretaceous rocks to the igneous nucleus of the Sierra Abajo
are very peculiar, for, although we did not make the entire circuit of the mountain
maes, and 1 can, therefore, not speak definitely in regard to the western side. As far
as our observations extended we found the sedimentary strata rising on to the trachyte
core, as though it had been pushed up through them.
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CHAPTER VI.

GEOLOGY OF THE BANKS OF THE SAN JUAN.

GENERAL FEATUREE OF THE COUNTREY EORDERING THE Bax Juas—Beerox of Lower ORe.
TAUBOUS BTRATA BOUTH OF BIERRA ABATO—BIRD'S-EYTE VIEW OF OOUNTREY DORDERING
Bar Juan—HIGH MEBAE OF THE NAVAJO COUNTRY—TRIASSI0 ROCEE OF LOWER BAN
Jua—LowEE URETLOROUR BTRATA oF CAMr 37—MIDDLE CRETACEOTE EEDE AND FOE
218 80UTH oF LE LiTE—THE NippLEE—TuE COrEsToN—TPPER CRETACEOUS ETRATA
AT MOUTH OF THE ANIMAS—HUINE I[N THE SaM JUAR VALLEYT—CARoN Lm-p—ﬂmnms
OF UrPEE CEETACEOUE ETEATA—PLATEAD OOUNTEY DORDERING QiR0X Limco—BUTTEE
OF MARLS AND .I'..I..'I!]]!TD!IE-,, HIGHEET MEMEEES OF*THE SERIES OF BREDINENRTAEY ROCEE
OOMPORING UOLORADD PLATEAU-——GZENERAL SEOTION OF UTPEE CEETACEOUE STHATi=—
NACIMIENTO MOURTAIN, ITE ETRUCTURE AND RELATIONE—NOTEE ON THE DIFFERERT FOR-
MATIONS EXPOSED ON ITS SIDES—=JOTURNEY THROUGH COUNTEY BORDEEING WESTEEN BisE
OF NACIMIERTO MOUNTAIN—IMYIDE DETWEEN SAK JUANK AXD RIo GRANDE—MoUNT TAY-
LOE—UABEEON—TERTIAEY STREATA AT JEMEZ—THE VALLEE—TEREAT FLATEAUE,

The great features in the structure of the country traversed by the San Juoan
River have been given in a preceding chapter, and there now remains for the comple-
tion of the pieture only the presentation of the more local details upon which the pen-
eralizations before advaneed were based.

Anticipating in some degree the progress of our geological narrative, to render
the subject more readily comprehensible, the following outline sketeh of the geology
of tha 1mmaﬂm.t.a banks of the Ban Juan is here given:

their rise in the valleys dividing the parallel ranges of the Rocky Moun-
tains, Emn'a de la Plata, Sierra de los Pinos, Sierra San Juan, &e., the tributaries of the
San Juan unite in the open eountry lving south of these mountain ranges to form a chan-
nel of drainage, having nearly an east and west course, to the Colorado. In addition
to the tributaries of the San Juan which have been enumerated, far less important ones
flow from the east and south. These are the rivulet traversing Cafion Largo, rising at
the north end of the Nacimiento Mountain, the Chaco, Gothic Creek, and the Chelly,
which drain the arid mesas of the Navajo country and the slopes of the Tunecha and
Carrizo.

The country traversed by the northern and more important branches of the San
Juan, bordering our outward-bound trail, has been fully described in the preceding

That bordering Cafion Largo and the course of the Chaco opens to us a new
geological field, and-one which includes the exposures of the highest portion of the
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series forming the table-lands of the Colorado Platean. This interesting region requires
for its full illustration the detailed description to be hereafter given.
* Its general character is, however, as follows:

The Nacimiento Mountain bere bursts up through the table-lands in an unbroken
wall forty miles in length, with a nearly north and south trend.  On its western flank
the various stratified rocks composing the Colorado Plateau lie inclined at a high angle
with the horizon. Of these the Carboniferons series and the overlying Triassic forma-
tion stand nearly vertical. Upon these the Lower and Middle Cretaceous groups rest
with a gentler inclination, while the Upper Cretaceons sandstones, and perhaps Tertiary
strata, are represented in detached buttes and mesillas, the remnants of continuous
sheets mostly removed by erosion. A few miles westward the disturbing influence of
the elevation of the Nacimiento range ceases to be visible, and the differcnt stratified
rocks, which I have ennmerated, hold a nearly horizontal position, which they main-
tain thence westward, with little variation, to and beyond the Colorado. Through the
table-lands which they here form, Cation Largo is excavated, gradually deepening till it
joins the valley of the San Juan, where its walls have an altitnde of 700 to 500 feet.
At the eastern terminus of Cafion Largo, and along the base of the Nacimiento Mount-
ain, are scattered the insulated buttes to which I have before referred as representing
the summit of the series of conformable strata composing the Colorado Plateau; a groap
of purple, white, and gray marls, interstratified with soft, yellow calcareons sandstones,
the latter predominating as we descend, and forming what has been described in the
preceding pages as the Upper Cretaceous group, containing, near its base, the fossils
collected on the Rio de la Plata, Ammonites placenia, Baculitcs anceps, &c.; a horizon
probably corresponding to No. IV of Meek and Hayden's Nebraska section. From the
perfect conformability throughout this group of rocks, their general lithological simi-
larity from summit to base, where they contain Cretaceous fossils; in short, from
absence of proof to the contrary, I have been driven to include them all provisionally
in the Cretaceons formation. It is by no means certain, however, that this classifica-
tion is rigidly correct, for it is not impossible that future investigations will prove that
the upper part of this group should be regarded as Eocene Tertiary. That no Miocene
beds occur here, is, I think, certain, as all the information obtained of the geology of
the Rocky Mountain region goes to show that, between the time of the deposition of
theiUpper Cretaceous strata and the Miocene epoch, important changes occurred in
‘the'physical geography of the central portion of our continent—changes of level by
which-he conformability prevailing throughout the sedimentary strata, from the Silu-

e e T

was finally interrupted. The only reasons we yet have for suspeeting that
the upper-portion of the series on the San Juan is Tertiary, are the inordinate thick-
nau‘—;{if#llw:] 8,000 to 4,000 feet—of the rocks which are more recent than
the Triassic formation; and the more sugpestive fact that, in Texas, the Eocene beds
exhibit a marked lithelogical similarity to those forming the summit of the series at the
head of &mi@ﬁ@dfnﬂuwih& Cretaceous strata in perfect conformability. We
can only say, therefore, that, with the evidence now befors us, whilesit is possible, and

perhaps probable, that the uppermost members of the Colorado series are Hocene Ter-
tiary, we have as yet no proof that such is the case. ~~—~ = 5 G
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The area occupied by the most recent strata found in the San Juan country is but
limited. The detached buttes which they form, and to which reference has before been
made, streteh southwesterly from the porth end of Nacimiento Mountain toward San
Mateo, along the line of the divide between the Chaco and the Chelly; in other words,
between the waters of the Rio Grands and those of the Gan Juan, Westward from this
cnmmit the table-land, which I have described in the preceding chapters as the pla-
tean of the Upper San Juan, extends to the distance of one hundred miles or more,
terminating in the nural faces of the Mesa Verde, Through this platean Cafion

and ite continuation, the walley of the San Juan, aré cut to the meridian of the
Gierra de la Plata; thence, westward, the lower plateau of the Bage-plain stretches to
the margin of the valley of the Colorado. In this lower platean the trough of the San
Juan is also deeply sank; cutting through the Lower Ciretaceons group, and exposing,
especially toward its mouth, many hundred fest of the underlying Triassic formation,
Throughout the whole of its course through the table-lands the valley of the San Juan
15 a narrow trongh, bonnded by abrupt, often perpendicular, rocky sides; its rich and
gerdant bottom-lands forming a thread of fertility which traverses & region elsewhere
arid and barren-

On our way south from the Sierra Abajo we struck the San Juan at & point some
fifty miles or maore above its mouth. Before descending from the plateau of the Bage-
plain into the valley of the river, we obtained from several points views which swept
over all the country pordering the lower part of its course. Of these that from the
yicinity of Camp 33 was peculiarly eomprehensive and grand; revealing festures 50
novel and striking that I regarded them a& worthy of somewhat detailed description in
my note-book.  That deseription is ga:ﬁ;llgwa; Liat e e

u@oon after leaving camp (23) we obtained a Leantiful view,of all the country Lo~
dering the Lower San Juan, of which nearly 10,000 square miles were at 0TS visible.
From this point the eye swept & grreat gemicircle from the Sierra de 1a Plata in the east
around southward to the Bear's Ears in the west. From the Sierra de 1a Tlata the long
Tine of the lofty Mesa Verde stretehed sonthward to the valley of the Ban Juan, there
terminating in high and abrupt cliffs. In the open valley of the river stood the isolated
pinnacles of the Needles, a peculiar and picturesque fenture even at this great distance.
In the southeast the bold front of the northern end of the gierra del Carrizo rose frown-
ingly from the immediate borders of the valley, and stratched away southward in &
sncepssion of peaks till lost in the distance.

« Directly south the view was bounded by the high and distant mesas of the Na-
vijo conniry, ancoeeded in the southwest by the still more lofry battlements of the great
white mesa formerly seen by us from the Moqui Villages, and deseribed in my report to
Liettenant Ives. Of these high table-lands the outlines were not only distinctly visible,
but grand and impressive at the distance of a hundred miles. MNearly west from us &
great gap opened in the high table-lands which limit the view in that direction ; that
through which the San Juan flows to its junction with the Colorado. The features

M -

presented by this remarkable gate-way, are among ff. most striking and impressive
of any included in the scenery of the Colorado country. The distance hetween the
mesn walls on the north and south is perhaps ten iles, and scattered over the interval
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are many ecastle-like buttes and slender towers, none of which can be less than 1,000
feet in height, their sides absolutely perpendicular, their forms wonderful imitations of
the structures of human art.  Illuminated by the setting sun, the outlines of these sin-
gular objects came out sharp snd distinet, with such exact similitude of art, and con-
trast with nature as usually displayed, that we could hardly resist the convietion that
we beheld the walls and towers of some Cyelopean city hitherto undiscoversd in this
far-off region. Within the great ares inclosed by the grander features I have enu-
werated, the country is set with numberless buttes and isolated mesas, which give to
the scene in a high degree the peculiar character I have so often referred 1o as exhil-
ited by the eroded districts of the great central platean. Here and there we caught
glimpses of the vivid green of the wooded bottom-lands of the river, generally con-
cealed by the intermediate and overhanging cliffs.”

The general geological structure of the wide area then ssen was nearly as infelli-
gible and apparent as it could have been upon closer inspeetion; the higher meeas
everywhers composed of the Upper Crataceous strata—isolated portions of a onee eon-
tinuous sheet; the platean on which we stood the massive sandstones and conglome ates
of the Lower Cretaceons group; while the bottom of the trough of the San Juan, where
exposed, showed the blood-red tint of the T'riassic rocks.
~ Near Camp 34 we descended from the platean of the Sage-plain and encamped in
the valley of the Rito del Sierra Abajo, a few miles above its junction with the San
Juan. In this descent we passed over the cnt edges of all the members of the Lower
Cretaceous group, which afforded me the following section:

Stsﬁmqflwmrﬂ?ﬂme\mmm:ﬂ Camp 54.

1. Dove-colored calcarsous shale, with Gryphea Piicheri, in knolls on No. 2.
2. Yellow, coarse sandstone, often o conglomerate, with pebbles of black and

Fest.

whitefing ..o 25

3. Gray shale, with lignite and silicified wood . T, |
4. Yellowish, conrse sand-rock, with pebbles of flint (locally), sometimes mas-

sive, nearly white, quartsose..... ...~ " M 50

§ Greanabale ................... . [T 3
6. Massive, nearly white sand-rock; the same noticed on the Dolores at Tjerr

Ao, &e...oo.oo. T SR R 16

7. Yellowish-white sand-rock, with pebbles of flint. ... . .. . .. 12

8. Boft greenish-yéllow sandstone, massive, but easily decomposed. ... . . 10

9. Verdigris-green concretionary, hard calcareous sandstone. ... 2
10. Green and chocolate shales, with bands of fine argillacecus and caleareons

sandstone of several colors. ......... . L cewedt 30

1g Dok greenish-yallow sandstone. .. ... 1111 29
12. Green, chocolate, purpls, pink, and white marls, with concretionary bands «f

similar colors of hard, fine argillo-silicions rock ... 7 110

13. Greenish-yellow sandstone, like No. 11.._ .. . Tt 85

14. Boft greenish sandstone, decomposing like No. 8. R
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: ing with and mplamugmhuthﬂr l-iI:]
Imu.]]}', thiz group iz very mlnmm, hlrd, almost quartzose, like No. 4; in
other places, almost replaced by shales. This is probably the
base of the Cretaceous system. Continuing the section down the valley
of the Rito to the Ban Juan, we have—

16, Red, white, and greenish thin-bedded micaceous sandstones, altﬂma-tmg with

red shales—the Saurian beds of Camp 26, No. 2 of seetion on page 91.. ... 130
17. Red, massive, cross-stratified calcarecus sandstones—No. § of section of Camp
26; No. 1 of section—(p. 95,) to river-bottoms ....................... 160

The last two members of the section evidently represent the upper portion of the
Gypsum formation (Trias.) They form the eliffs immediately bordering the valley
of the river at Camp 35, and the trough in which it ows from Camp 36 to its mouth.

The second bench, or higher cliffs bordering the valley at Camp 35, composed of
the Lower Cretaceous rocks, contain conglomerates—ithe equivalents of the upper
members of the preceding section—much coarser than those observed farther north;
the pebbles being frequently as large as the fist, with only sufficient paste to cement
them. Among thesa pebbles I noticed several composed of silicified wood, probably
derived fromn the erosion of the Triassic rocks,

In the trongh of the San Juan, at this point, are extensive beds and terraces, com-
posed of coarse gravel and bowlders, evidently brought down by the river from the
mountain-ranges which it drains, and, in some instances, the bowlders must have been
rolled by the stream fully two hundred miles from their place of origin.

The structure of the sountry about Camp 37 is quite fully given in my journal.
My notes are as follows: “That portion of the valley of the S3an Juan passed through
to-day is, in its general aspects, similar to that before described, but the cliffs horder-
ing it are less continngus and abrupt. In many places they are 300 or 400 feet high,
perfect cafion walls, but oftener they recede from the river, leaving open areas; the
mouths of lateral valleys cutting up through the mesas toward the mountains.

“Geologically as physically, we have ascended considerably, and have just sunk
the *‘Saorian rocks’ (Upper Triassicl), leaving the cliffs bordering the valley com-
posed exclusively of Lower Uretaceous strata., During the greater part of to-day's
march thin-bedded Triassic sandsiones and shales formed the base of the wall along
which we passed. These rocks are here more argillaceous than farther north, contain
much saline matter, but no beds of gypsum, and no fossils so far as observed” By
reference to my report on the geclogy of the Colorado expedition, it will be seen that
farthér south they are still less sandy; at the Moqui Villages, consisting mostly of soft
red and green marls.

The Lower Cretaceous strata are here more fully exposed, and have a greater
thickness than where examined farther north and east; approaching more nen.rl}' the
character exhibited by this group at the Moqui Villagea, The cliffs near camp are
composed of—

Foet.
1. Yellow, coarse sandstones and conglomerates; floor of Bage-plain. .. ........ 200
2. Greenish shales and sandstones . . ... ... . .. .. ........iciee.. 175
3. Greenish-yellow sandstones and greenich shalea. . ... ... .. . 250

4 8p
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—===The-character of the subdivisions will be better seen by the following analysis:
?_'F?_'E._ﬂlﬂ‘ﬂ' sandstome group; here less coarse and containing less conglomerate
than a camps 33, 34, and 35. As at those localities, ‘on the Cimarron, in Kansas and
Nebraska a portion of this group is here an exceedingly hard, whitish, quartzose sand-
stone.  Beds of lignite and silicified wood are common.

2d. Greenish shiles and sandstones; the same group described in mv notes on
the geology of the vicinity of Camp 34, Nos. 10, 11, 12 of seetion, page 104,
here much less highly colored, gonsisting of thick beds of greenish shale, locally pink
or purple, with bands of yellowish, greenish or purple concretionary silicious rock;
no foesils, . ;

fd. Greenish sandstones and shales; the same group exposed in the lower part of -
the section at Camp 34. The shales and sandstones frequently replace each other; the
group at Camp 37 being nearly all massive, yellowish-green sandstone, while, a fow
miles below, the shales greatly predominate; no fossils discoverable.

“ Mowth of the Mancos—Camp 38, thirteen miles, We have to-day ascended in the
geological scale, have nearly submerged the lowest member of the section at Camp
47, and the mesas back from the river on the north side run far up into the Middle
and Upper Cretaceous group. On the south side the mesas are not s high; the Lower
Cretaceous rocks forming the surface almost to the Sierra Carrizo, near which the
Upper Cretaceous beds appear again, The mesas north of our camp, composed of the
Middle Cretaceous strata,"extend north and east to the hase of the Sierra Le Late, and,
if not cut off by the valley of the Maneos, would connect with the Mesa Verde, As
usnal in all this region, the shales contain great numbers of Grypheea Fitcheri,

“In the Lower Cretacéous sandstones, I here find impressions of dicotyledonous
lzaves, similar to those found on the Dolores and elsewhere.

"*As in other parts of the valley of the San Juan which we have passed through, the
riins of ancient buildings are here very frequently met with; some in the open ground
of the valley, some in or on the cliffs; all built of stone, surrounded by broken poi-
tery, evidently the remains of that great Pueblo race which once oeeupied all this
ragion, but which is now without an inhabitant.

“Camp 38, 39, 15 miles.—In our march of to-day, a marked change has taken place
in the valley of the San Juan, which has become more open, i3 bounded by less high
a1d abrupt walls; the blufls, like the bottom, being covered with fine grass. This
change is dependent, mainly, upon the fact that we have ascended from the Lower
ta the Middle Cretaceous strata, and have passed from region of conrse massive
sandstones to one whers almost nothing but soft-blue shales are visible.

“ Before leaving the Lower Cretaceous sandstones, some interesting local parnliari-
ties were noticed in that group. The lignite, which in greater or less quantity they
always contain, about and above the mouth of the Mancos becomes a very conspicu-
ous feature in their structure. OF one cliff which we passed, not more than 100 feet
in height, full one-half was composed of earbonaceons matter, The dip, as before, is
gently eastward, and at Camp 39 the Lower Cretaceous sandstones had entirely disap-
peared beneath the overlying rocks.

“Here the cliffs near the river are composed of the dark shales of the Middle Cire.
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taceous series, quite rich in fossils. Perhaps a hundred fest above the sandstones is a
band of brown, shelly, sandy limestone, which forms & projecting ledge in the face of
the cliffs, giving cornices and capitals to the castles and palaces into which they have
been worn. This ferruginous stratum marks a distinct horizon, and may be traced
over an jmmense area in New Mexico. It is the same that T have before referred toin
my notes on the banks of the Dolores, Camp 21, the Pagosa, the ford of the Chama,
(ralisteo, and the banks of the Canadian. This stratum is characterized by the following
fossils: Imoceramus problematicus, Ostrea lugubris, Seaphites larviformis, Plychodus Whip-
plei, &e.  Beveral andeseribed epecies of Inoceramus, Ostrea, Ammonites, &e., are also
found in it; one of the Inocerami, abundant at Camp 39, being 2-3 feet in diameter,
The place of Gryphea Pilcheri is just heneath this stratum; while the overlying shales
are filled with fragments of a large Tnoceramus, covered with the closely-set shells of
Ostrea comgasta.

it A few miles north of Camp 89 is the sonthwestern corner of the Mesa Verde, which
stretches from this point northward to our former trail, and, eastward, forms the north
bank of the San Juan as far as the eye can reach It has an a'titude of 2,000 feet
above camp, and presents, with its many detached buttes and pinnacles, its long and
lofty walls, » most grand and imposing object. On the south side of the river, now
quite near to us, stand out in strong relief the picturesque basaltic pinnacles of ‘The
Needles,’ thile further south the view is bounded by the high ridges of the Carisso and
- Tunecha Mountaine.” mt 1

From Camp 40 we obtained a neaver and still bettor view of “The Needles," which
is represented in the accompanying lithograph plate.

This is a mass of erupted rock, rising with perpendicular sides from the middle of
the valley. From all points, where seen by us, it has the appearnnce of an immense
eathedral, of rich umber-brown color, terminating in two spires. Its altitude is about
1,700 feet above its base; above the river o 962 feet. It is everywhere surrounded by
stratified rocks, and its isolated position and peculiar form render its origin a matier of
some little doubt. My convietion, however, is very decided that its remarkable relief
is due to the washing away of the sediments which once surrounded it, and which,
formed the mold in which it was cast In no other way can [ imagine its vertieal
faces of 1,000 feet to have been formed.

For ten miles after leaving Camp 40 we were traveling along the trough of the
river excavated in the Middle Cretaceous shales; the Upper Cretaceous sandstones cap-
ping the bluffs on either side. We here reached what seemed to be, in the distance, 4
mesa wall crossing the river. This proved, however, 0 be a mass of dislocated and
ruptured strata, forming a hnge broken wall, similar to that described in the Geology
of the Colorado Expedition, page 95, called by the Mexicans the Creston. This wall
marks a great line of fractare which traverses the country in a zigmag course from the
Sierra de la Plata southward toward the Tunecha Mountaine. It erosses the river
nearly ot right angles, with a trend N. 207 W. magnetic, forming a wall geveral hun-
dred feet high, eut by the river in a narrow passige, through which we worked ourway.
with extreme difficulty. : .

The Creston evidently onee formed a dam across the valley of the Ban
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which its waters poured in a cascade. This is shown by the gravel terrace which,
east of it, rises to the height of 300 feet above the pregent bed of the stream. The
strata composing it are set at an angle of about 35%, and are the equivalents of those
which form the greater partof the Mesa Verde. As affording a more complete section
of the Upper Cretaceops rocks in this region than any I had before observed, I ex-
amingd them with some care, and found them to consist of the following elements .

Section af rocks composing the Crestom, d
Feat,
1. Yellowish-brown caleareous sandstone, generally thick-bedded........... . 260
2. Yellowish-brown sandy shale, with thin bands of sandstone and beds of lig-
- o A g 150
3. Yellowish sandy limestone, with strata of hard blue limestone. . .. _____ ... .70
4. Dove-colored and purplish shales, with beds of impure lignite........... . 175
5. Gray and purple shales, with bands of sandy limestone, and lines of concre-
tions of umber-colored and purple iron-stones . ...................... 200
8. Brown calcareous sandstones ... ... ..o iiciiiiciiitia e cicaa i a0
7. Gray and purplish shales, with bands of ferruginous sandy limestone . . . ... 170
8 Yellowish-brown sandetones, whitish above ... ... ... ... . ... ... .... 150
9. Gray and blue shales, continuons with those of Camps 39 and 440. .

In this seetion, No. 1 is geologically the highest, and forms the most elevated por-
tion of the Creston.

The shales of No. 9 immediately overlie the ferruginous limestone of Camp 39,
which containg so many Tnocerami, fish-teeth, &c.

The interval between these two groupe represents the middle and apper portions
of the great group of shales which form the middle division of the Cretaceous system,
a0 often referred to in the preceding pages.

As in the sections observed on the northern route, the bands of sandstone and fer-
ruginous sandy limestone are shown to be only local phenomena; since they sometimes
expand and assume great local importanee, and again disappear and give place to a
nearly homogeneous mass of cgleareous shales, 1,300 to 1,500 in thickness.

Among the strata forming the Creston are several beds of lignite, of which one,
eix feet thick, visible for many miles along the river, is unusually compact and pure;
in its general appearance precisely resembling some of the coal strata of the Carbon-
iferous series.

No fossils were discovered in any of the rocks here exposed above the Inoceranus
limestone, but probably impressions of plants would be obtained from the shalss over
the lignite beds, if time were given to search for them.

From the Creston to the mouth of Cafion Largo the banks of the S8an Juan are
composed throughout of the strata which have just been enumerated, lying in unbroken
- sheets, with & gentle easterly dip. In these strata the valleys of the San Juan, La

Phu, and Animas have been deeply cut, and are bounded by abrupt, frequently per-
pendicular walls, the edges of table-lands, many hundred feet in height. The bottom-
lands -u:-ftl_m!a valleys, though narrow, are fertile; sustaining a vigorous growth of grass,

e
= e
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and along the margin of the streams groves of cottonwood, and thickets of willow and
buffalo-berry (Eleagnus argentens ),

Though now entirely deserted, these valleys were once occupied by a dense pop-
ulation, as is shown by the extensive ruins with which they are thickly set.  Those on
the Animas, twenty miles above its mouth, have already been noticed.

At the junetion of this stream with the S8an Juan the remains of a large, but very
ancient, town are visible, the foundations of many buildings of considerable size still
remdining, and traces of an acequia through which water was brought from a point some
miles above on the Animas,

Near Camp 43 also are the ruins of several large structures, of which portions of
the walls of stone are still standing, twenty or more feet in height. Indeed, it may be
said that from the time we struck the San Juan we were never out of sight of ruins,
while we were following up its valley.

CARON LARGO.

At Camp 44 we left the valley of the Ban Juan and entered the mouth of Cafion
Largro, which we followed up in an easterly direction until, at its head, near the western
base of the Nacimiento Mountain, we came out on to the surface of the great plateaun
of the Upper San Juan, through which we had been so long passing, sunk far below
its gurface in the excavated valleys which intersect it. Of these valleys Cafion Largo
may be taken as a type. It differs in nothing from that of the San Jnn.n or Animas,
except that, instead of a large perennial stream, a small, generally dry, arroyo traverses
its bottom, and its bounding cliffs, composed of the upper strata of the table-lands,
exhibit geological features not met with in other portions of our route.

By the easterly dip of the rocks and the rapidity of the fall of the stream, we were
constantly ascending ifi the series from the Creston to the head of Cafion Largo. At
the mouth of the Animas we had nearly sunk the whole of the Middle Cretaceous group,
its upper members (gray shales and marls) forming the base of the high eliffs, composed
mainly of the Upper Cretaceous sandstones, here very massive, and showing a thick-
ness of 600 to 700 feet. At the month of Canon Largo we had risen still higher in the
seriee, the Middle Cretaceons ghales having entirely disappeared; the lofty cliffs which
bound the valley at this point being formed entirely of the Upper Cretaceous rocks,
alternations of soft yellow sandstones and white, gray, or purple marls. The lowest
member of this series here is the same with that which forms the summit of the Creston
section, and more fully exposed at the mouth of the Animas, where it presents perpen-
dicular faces of 300 to 400 feet of massive, homogeneous, soft, yellow, caleareons sand-
stome. A few miles farther north, on the La Plata, this rock contains at its base Am-
monides placenta, Baculites ovatus, &c., which serve to mark very satisfactorily its place
in the geological scale, viz: Upper Cretaceons, No. IV or V, of Meek and Hayden's
Nebraska section. This is surmounted by some ten alternations of marls and sand-
stones in the cliffs bordering Cafion Largo, the series being entirely conformable and
similar in lithological character throughout. - At the head of Cafion Largo, as we shall
see further on, these strata are succeeded by others, several hundred feet in thickness,
also conformable, but, lithologically, uhﬁmgwdmi-ﬂf marls over the sand-

— T T
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stones. Whether all this great group belongs, like its base, to the Cretaceous system,
we have at present no means of determining ; the only fossils found being such as do
not suffice to solve the problem. These are, so far as observed, gilicified trunks of large
conifarcus trees, and abundant, though rather ohseure, impressions of angiospermous
leaves of species differemt from any found elsewhere in the Tertiary or Cretaceous
strata.

The character of the marls of this series is very well given in my notes upon the
lowest bed exposed at Camp 43, a fow miles below the mouth of Caion Large. These
~otés are as follows: .

i The hille which bound the valley opposite camp are about 250 feet high, com-
posed of greenish-gray and yellowish-white marls, generally very soft, but pecagionally
containing lenticular masses of coarse sandstone and conglomerate. Dispersed throngh
the marls are many spherical concretions of ferruginous sandstone which decompose
on exposure; plates of sclenite, in places covering the slopes, and masses of water-worn,
silicified, carbonized, caleified, or gypsumized wood. All the beds contain much
saline matter (mostly sulphates) which effloresces on the exposed surfaces, The pre-
vailing color of these marls is whitish, and in their general aspect the hills which
they form closely resemble the chalk-hills of Southern England.”

At Camp 44, I made the following entry in my journal:

“To-day we reached the mouth of the Cafion Largo, and the crossing of the San
Juan. The valley is here, as below, moderately fertile, bounded by rounded Lills of
chalky strata, with terraces of gravel near the river; all covered with good grass,  The
asil of the bottom-lands is alkaline, often covered with salt-bush (Sarcobatus), but sus-
taining extensive groves of cottonwood and thickets of buffalo-berry; the latter loaded
with fruit.  In geology little change is noticeable; the dip of the rocks continues east-
erly, and we have the chalky marls mentioned in yesterday's motes, succeeded by a
stratum some 50 foet in thickness of vellowish, soft, odlitie, coarse-grained, calcareous
sandstone, so friable as to be scarcely Lansportable, but very massive, and atanding
in perpendicular faces in the cliffi. In this stratum is a band of gray clay-shale, in
which T find abundant impressions of leaves, but have been unable to obtain any
specimens sufficiently perfect for determination.

# Above this sandstone ie a bed of greenish-white and purple marl, weathering like
the marls of the Trias, and closely resembling them in all things. Above the marl is
another bed of sandstone similar to that below ; then another bed of marl, &e.”

At Camp 45, my jowrnal gaye: “Canon Largo is bounded by high and precipitous
walls on either side, composed of soft yellow sandstones, and white and variegated
marls, The cliffs are not absolntely perpendicular, but ascend in grades; the sand-
stone forming vertical faces, the marl, elopes.”

“The alternations in this series present very little variety; the sandstones, some
tem in number, being very like eachlother; the marls, of about equal foree, showing
no marked differences. They often form rounded but furrowed hills, of which the
surfaces are whitened by a saline efflorescence or are covered with fragments of ferru-
ginous concretions and fossil wood. This silicified wood is very abundant and seems
to be all coniferous.” T
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i Sinee leaving the surface of the great sandstone-bed, the base of the Upper Cre-
taceous series, 8o fully exposed at the mouth of the Animas, we have passed up through
three strata of eoft ealeareous sandstone with an equal number of marl-beds; the
average thickness of the sandstone being about 50 feet, of the marl, 75.”

At Camp 46 I ascended the cliff on the south side of the eafion and found it to be
§74 feet in height. The section of the strata composing it is as follows:

Fout.
1. Coarse soft yellow sandstone, partially conglomerate. ... ...oc.o---or=""" 5
9. (jreenish-white marl, with glicifiod WOOR.eennmssmromoamsnasnssannssn=s 50
5. Soft vellowish sandstone, partly conglomerate, with small quartz pebibles eon-
taining obscure impressions of plante. . . o..oo..ooeampenneeiTee ol 120

4 Greenish argillo-silicious rock, breaking imto irreg lar masses above, shaly
below, shading into purple marl. ...ooooooomuramamanran et A0

5. Soft, white, massive, caleareous sandstone, in places traversed by veins of gyp-
B oo oisse e EAmammEsaaemamamadEEaRERE L EEsEEome R e EE . 20

6. Gray or greenish-white marl, with bands of hard bluish-gray limestone, con-
taining fucoids and silicified OO e vvonnmessanpannamncanrossaannssnes 80
7. Yellowish soft Ba.nﬂ.st-una._ ______ 50

4. (3reenish-white and purple marl, with selenite, bands of concretionary limestone
and large trunks of silicified WOOd. . o evuussnneesmnmemmm-sanmoanmsa" . B0
9. Soft vellowish, conrse sandstone. ... .o o oooeozznna s sannsr T 60
10. Greenigh and purple marls, with concretionary Bonastone. . -« anecceneeanss 109

From the summit of this eliff I was able to overlook most of the country horder-
ing Casion Largo, and could see that it was occupied by broad mesas extending east
to the Nacimiento Mountain, and north to the bases of the Sierra de la Plata, Sierra
San Juan, Navajo, &e., all of which were tn fall view, South and west higher por-
tions of the plateau limited my vision.

On this plain [ noticed islands of higher strata than those on which I stood.
These are 500 or 400 feet in thickness, and of the same general character as the walls
of Cafion Largo. Adding these to the strata exposed in Canon Largo, and those noticed
in the San Juan above the mouth of the Animas, and we have an aggregate thickness
of ahout 1,500 feet for this upper series alone.

In my notes made at Camp 47, I fad the following memoranda: * In the expos-
ares I have now examined of the Upper Cretaceous (1) strata, I have enumerated eleven
heds of sandstong, with an equal number of marl-beds. The aggregate force of these
two groups is nearly the same, though each stratum ie liable to great local variation ;
the section at one point being considerably ifferent from that at others. The sand-
stones are quite variable in thicknees, both as regards the same stratum at different
places, and comparing the different beds with each other. The summit of the cliffs
along Cafion Largo is formed of a group of sandstones of nnusual thickness, in places
fall 200 feet, with only thin partings of marl This stratum has protected the beds
below and produced the sbruptness of the walls. It forme the floor of the adjacent
Sage-plain, from which the upper layers, being softer, have been removed by erosion

At Camp 48 I write: “ To-day left Cafion Largo and came out on the platesn
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before mentioned. A sage-plain with rolling surface, fashioned by erosion, on which
rise the extreme Upper Cretaceous (1) strata in buttes and detached mesas”
Ome of these buttes st Camp 48 afforded me the following section :

Feet.

L. Soft yellow sandstome. . ... ... ... ... ... ... .. ... ... . B0

2. Greenish-white marl. ... ... .. .. ... 70

3. Boft Tﬂllﬂ" sandstone with Ia.rgﬂ coneretions, weathering brown. .. .. ... ... 171

4. Marl, greenish-white above, purple below. ... ... ... ... ... ..., ]

5. Soft white sandstone with hard concretions..................... .. ... .. 20
6. Marls, greenish-white above, purple below, with concretions of silicious lime-

B e e e e s e e e e e S e m e e e eee et e 50

1. Coarse, aoft, whitish sandstone. ... ... .. ... ... ..................80

8. Greenish-white and purplemarls. . ................... .. .. P . %0

This series should be added to that of the eliff at Camp 48.

Just before reaching the base of the Nacimiento Mountain, we crossed the divide
between the Pacific and Atlantic, and reached the highest point, geologieally, attained
on any part of our route. The immediate base of the mountain is swept by a line of
drainage which flows south along its western side, around its southern extremity
passes into the Puerco, and thence into the Rio Grande. The line of divide diverges
from the north end of the Nacimiento Mountain, running southwesterly to San Mateo
and the Bierra Madre. For at least a hundred miles it stratehes across the table-lands
unmarked by any disruption of the strata or line of upheaval

The crest of the water-shed is here formed of series of buttes and mesas com-
posed of soft, marly sirata: the extreme summit of the great group, which, on nagn-
tive rather than positive evidence, 1 have designated as Upper Cretaceous,

BUTTES WEST OF THE NACIMIENTO MOUKTAIN (EOCENE TERTIARY (1)

These buttes include about 400 feet of strats not ineluded in the sections befare
given. They are as follows

. Fest,

1. Boft yellow sandstome .......... ... ... ... 40
- 2. Purple, yellow, and greenish soft marls. ... ... 60
8. Boft yellow sandstome................ ... . T 5
4. Green, purple, yellow, and white marls, with thin layers of white sandstone. . 70
6 White sandstone....... ... ... . 25
6. Green and purple marls. ... .. ... T B0
.. Coarse, white sandstone. .. . Bt ek i s e s nnenae s —————— 20

i hese strata are all conformable among themselves and to those below ; lying
e '!Ul‘fﬂhmimnhl The muhnfthiamﬁaumdnrkarthanﬂmmufthammding
S Jhlmﬂ“;ll“mhﬂl-&‘fﬂm sppearance at a distance. The sandstones are very
oit, and being thinner than the marls they form but & slight interruption to the uni-
ity of the alope of the sides of the buttes, and are scarcely noticeable, except
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when quite near. No fossils were found in any part of this section, and the abun-
dance of selenite and the profuse efflorescence of the sulphates of alumina, magnesia,
dc., soem to indicate the prevalence of conditions unfavorable to life during the depo-
sition of these straia, as well as in the similar non-fossilliferons marls of the Trias.
Combining the sections observed at various points between the mouth of the Animas
and the Nacimiento Mountain, we have, for the aggregate thickness of the conforma-
ble and generally similar strata resting upon the Middle Cretaceous shales, 2,000 feet,
made up as follows : '

Foat,

1. Marle and sandstone forming buttes of divide. ... ... ________ ... .. 880
2. Marls and sandstone section at Camp 48. ... ... 445
5. Marls and sandstone section atCamp 6. .. . ... ... e 674
4, Marls and sandstone in valley of San Juan...... ... ............. .. 500
Total. . . ..o 1, 999

It may be suspected, from the many alternations of similar strata in the preceding
sections, that there has been in some cases a repetition, but that is quite certainly not
the case. Although no fossils were found which might serve as eriteria for the iden-
tification of strata, the geological exposures are so full that all the more important beds
may be traced without break or interruption, and the order of superposition accurately
determined by simple inspection of the interlocking of the different sections.  In meas-
uring altitudes the barometer was constantly used, and the Leights of inaccessible points
frequently obtained by triangulation. By these means, and the use of Locke’s level
where necessary, all the generalities of the thickness of strata were determined with a
good degree of aceuracy.

Az regards the question of the precise geological age of this great group of sand-
stones and marls, as | have stated in the earlier part of this chapter, we have not, ag
vet, the means of arriving at a perfectly satisfactory conclusion. The lower part of
the series is, we know, Cretaceous; as it contains characteristic fossils of No. IV of Meek
and Hayden's Nebraska section. The most natural inference, therefore, is, that a portion
ot least of the overlying beds represent the upper part of No. IV and No. V of the
Nebraska section. Sinee there are no fossils in the upper beds, and sinee they are
apparently conformable to the lower, and generally similar to them in lithological
characters, we have evidence that they were deposited while the physical conditions
of this portion of the continent remained essentially the same. In one sense, therefore,
they do all belong to one great geological epoch, and, without evidence to the con-
trary, should be classed together.

This argument, however, has little force, for, as we have seen, all the sedimentary
strata of the Colorado plateau are conformable, and there is unusual similarity of
lithological charaeter among those which we know, by their fossils, belong to different
formations. That none of these strats are Miocene may be safely affirmed, as previous
t> that/epoch’great and radical changes were effected in the physical geography of our
continent, and the uniformity which had characterized the deposition of the sedimen
fﬂrmjng the great eentral platean was entirely broken up; the ses retreating Tromsthe
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eentral portion of the continent, throwing down its sediments only along the shores and
up the valley of the Mississippi; the inland Miocene-Tertiary having been deposited in
bodies of fresh water, It is possible, however, that some portion of this series is of
Eocene age, though of this we have as yet no proof.

It is true that, in Texas, the Eocene beds, distinetly marked by their fossils, are
lithologieally similar to some of those under consideration, and they are there entirely
conformable to the Cretaceous strata, of which they seem but a continuation; the two
formations blending and not separable by any sharp lines of demareation.

KNACIMIENTO MOUNTAIN.

Though not & lofty or extensive mountain range, this is perhaps the most instruet-
ive and interesting of all those which I had an epportunity of examining in the western
country. It extreme altitude is about 10,000 feet; its length something like 50 miles.
Throughout this distance it forms a single simple ridge of nearly uniform height, with
no peaks nor depressions. At either end it gradually falls off, and is lost in the level
of the plateau country which nearly surrounds it. Although its physical features are
so unpretending, its geological structure is in the highest degree interesting and sug-
gestive; such indeed that it seems to me it not only furnishes a key to the mode of
formation of all the great ranges of the Rocky Mountain system to which it belongs,
but that, if properly stndied, it would serve to explain nearly all the difficulties of
that now much-mooted subject, the origin of mountain chains. What its structure is
may be very briefly told. '

The central core or axis of the Nacimiento Mountain is composed of massive red
granite, similar to that so common in the other ranges of the Rocky Mountain system.
This forms its summit and the greater part of its mass, Upon the slope of the granite
axis rests the Carboniferous formation, for the most part limestone, in many places
nearly vertical, wet but slightly metamorphossd.  Outside of the Carboniferous are the
white and red sandstones, marls, and gypsums of the Trias; many of these beds also
standing quite vertical, but wholly unchanged. Outside of the Trias the Lower Cre-
taceous rocks form another distinet circle; beyond these, the Middle Cretaceous shales ;
still beyond, the great group of Upper Cretaceous sandstones and marls, which I have
just described.

When we stood on the summit of the mountain all these different formations
were apread out before us as on a geological map, each distinguishable by its color or
texture, and as readily recognized as though traced on a diagram for & lecture-room.

The impression produced upon my mind by our first ascent of the Sierra de Naci-
miento may be gathered from the following extracts from my notes:

“ After arriving in eamp (507 I went over with Mr. Fisher to the Nacimiento
Mountain, which we ascended. Our approach was up a beautiful but narrow valley,
through which a clear, cold stream flows for some distance, then sinks and rises at
intervals, forming a series of fine springs. The vegetation of this valley is almost
identical with that of the valleys of our northern route; the elevation being nearly the
same—7,500 feet. The timber is yellow pine, pifion, cedar, (two.specics,) bitter and
sweat cotton-woody Gambell’s osk, and the narrow-leaved willow.* (On the summit of

* Pimug prederosa, P alulie, o, pirgini ] il
. -F-?ﬂ'llﬂlhwﬂ. virgimiana, Pepuins angustyfolia, P, movilifers, Querces Gambelli,
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the mountain, Douglag’ epruce, vellow pine, the western balsam-fir, with thickets of
aspen, oak, maple, and red-flowered locust®  As we progressed we passed in sucees-
sion over the upturned edges of all the sedimentary rocks seen on our route.

1, The Upper Cretaceous sandstones and marle, but slightly inclined, and not
reaching within two or three miles of the mountain.

2, The Middle Cretaceous shales, forming a broad helt of elay-goil, from which
praject here and there ledges of the harder strata, filled with the fossils characteristic of
this formation—Inoceranius problematicus, Gryphes Filcheri, Ostrea congesta, &e.

3. The Lower Cretaceous sandstones, from their hard and massive character, hav-
ing redisted erosion, are now forming hills and cliffs of considerable height

4. The Triassic formation; its soft red marls, forming bare surfaces of blood-red
color, its sandstones standing out in strong relief, forming walls and palisades, often
nearly vertical, sometimes 40 or 50 feet in height, and only 5 or § feet in thickness.

5. The Carboniferous series, mostly massive gray or whitish limestone, reaching
far up on the mountain sides, scarcely at all metamorphosed, and filled with foesils.”

i A ecentral core or axis of red granite forming the great mass of the range.

Our view from the summit was particularly fine. TImmediately below us the dif-
ferent formations which I have enumerated were distinetly visible, running in parallel
bands along the mountain side. Some five miles north of our position the range falls
off and disappears in the plain, but the line of upheaval ie distinetly marked by an
arching of the unbroken sedimentary rocks. The upper part of the arch is removed,
and the surface-rock is a pure white sandstone, probably Triassic, beneath which the
“red beds" appear, forming on the cast side of the mountain a beautiful rose-red valley.

On the north we had a complete panorama of the mountains passed on our outward
route, a view sweeping from the Santa Fé and Tacs Mountains to the Sierra de la Flata,

Toward the west stretched a vast plain, deeply scored by many lines of erosion, of
which Cafion Largo may be taken ag a type.  This platean—the San Juan division of
the great Colorado Platean—ifilled all the horizon, from the Sierra la Plata around to
San Mateo, the distant summits of the Carrizo and Chusca being just perceptible above
ite surface. This great Cretaceous plain sweeps up with nearly horizontal strata to the
base of the Nacimiento; the series being most complete, the strata still horizontal, six
miled west of the mountain. At this point all the formations begin to rise toward the
sast; their angles of elevation becoming greater as they approach the granitic axis,
where they are frequently quite vertical. The Nacimiento axis is here and farther
north the great divide between the waters of the Pacific and Atlantie, though, as before
stated, the drainage of most of its western slope passes around the south end into the
Puerco; the crest of the water-shed being formed by a line of high table-lands, which
passes southwesterly between the head-waters of the Chaco and the Puerco toward
Mount Taylor (S8an Maieo). The line of upheaval which forms the divide at Camp-
bell’s P'ass, is widely different from the Nacimiento axis, being indeed no other than
that of the SBierra Madre, which is entirely lost northward, as we saw no indication of

" it on the Ban Juan.

After leaving Camp 50, we made several days' marches wonthward, skirting the
* Fopalus trewmulotdes, Queros Gambell, doer. qmu;‘sf-ﬁm.
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western base of the Nacimiento Mountain, until, reaching a practicable pass near its
southern extremity, we crossed over to the peublo of Jemez. The country traversed
in this part of our route we found to be much like the foot-hill ms-inn bordering the
northern mountains, very picturesque, well watered, eovered with fine timber, the
valleys rich and productive, but from their great elevation early touched with frost
and doubtless very cold in midwinter. Here, as almost everywhere else on our route,
we found numerous raing of stone-huailt strmetures, evidence of the presence in ancient
time of a large population, where now neither Indian nor white man dwells.

In geology our experience was for the most part but a repetition of that already
described, as we were passing in review all the strata before so fully examined in the
valley of the San Juan.

The exposures were here, however, exeeedingly full and satisfactory, and 1 had
constantly recurring opportnnities of testing the acenracy of the classification pre-
viously adopted.

That the evidence farnished by our observations in this interesting region may be
eonsulted in the solution of any question that may Le raised in regard to the geological
structure of this portion of New Mexico, I transcribe from my note-book some of the
records made from day to day as we progressed on our jonrney.

“Seplember 21, Camp 50 to 51.—To-day we followed south along the western base
of the Nacimiento Mountain, over a rolling surface, evossing many wooded hills and
pretty valleys formed by the erosion of the Cretaceous strata.  This formation, as we
can see, oceupies all the conntry sontheast from us as far as Mount Taylor; there, as
I learned on a former expedition, it is eat throngh by the valley of the San José, but
beyond that extends, we know not how far, southward. At Camp 51 we have precisely
the same section as that deseribed at Camp 50; all the formations, from the Carbon-
iferous to the Upper Cretacsons, lying in eheets, with edges upturned, along the base
of the mountain. There is, however, here a distinet valley worn out between the
Cretaceous table-land and the mountain. Near our camp are buttes and mesas several
bundred feet in height, composed of the vellow sandstones of Cafion Largo, of which
the summits are thickly strewn with bowlders of red granite and limestone, evidently
washed down from the neighboring mountain before the intervening valley had been
cut out by the stream which now flowe through it.  'The amount of erosion indicated
by the presence of this local drift where it is now found is enormous. 1 previously
noticed the same phenomena in many localities among the foot-hills of the northern
mountaing.  We find here everywhere in the sandstones great numbers of silicifisd
treas, many of them of very large size, apparently all coniferous.  Fragments of these
trunks are efrewed so abundantly over the surface that they have been used very
generally as building-stones in the eonstruction of the ancient pueblos.

“In seams and pockets of fine clay in the sandstones 1 find abundant impressions
of angiospermous leaves, apparently of those of syeamore, alder, oak, &e., but the
material inclosing them is so friable that they eannot be taken out entire, nor can the
fragments be transported for determination. Ameng these impreasions are some conif-
erous leaves and stems of a conifer or cyead, very much Iike the Ulodendron of the Coal-
Measures ; a sealy trunk with elliptical disks three inches in diameter. 1 also obtained
fragments of fern leaves, put too imperfact for determination.
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“ Seplember 22.—To-day we ascendad the mountain in search of a pass, and found
the base and flanks covered by the upturned sedimentary series, just as at Camp 50;
the Trias here, as at Laguna, 50 miles south, containing immense masses of snowy
gvpsum, a thing rarely seen on the San Juan or Grand River"

In the coarse yellow sandstones and conglomerates overlying the red beds of the
Trias I find large guantitics of the sulphide 4.1[ copper, replacing trunks and hranches
of trees, just as at the “'Cobre,” near Abiquin.

The summit of the mountain where we nseended iz over 3,000 feet above the sea;
it is covered with forests of vellow and sugar pine, Douglass spruce, and the western
balsam-fir,* interspersed with areas occupied by oak, maple, and aspen bushes, with
hers and there poison-oakt and red-flowered locust,

“ Seplember 23, Camp 51-52.—Failing to find & pass across the mountain, we to-
day resumed our course southward, camping as before on a tributary of the Puerco.
The country is generally similar to that seen yesterday, but, as we descend, the forests
of yellow pine are gradually suceseded by scattered clumps of pifion, and red and
white cedar on the hille, the vallevs grassy as before. We have also descended some-
what in the geological scale, our present camp being surrcunded by mesas of the
great sandstone of the Animasg—the base of the Upper Cretaceous group—with an
exposure of several hundred feet of the underlying strata given in the section of the
Creston, viz, gray shales, with bands of concretionary iron-ore, strata of vellow or
brown sandstone and beds of lignite, all Middle Cretaceons; in the shale beds is mueh
erystallized gypsum.

Y Seplember 24, Camp 52 to 53.—To-day our course has been southeasterly, ap-
proaching the southern end of the Nacimiento, through a region much like that of
yesterday, except that, as'we have now penetrated deeply into the Middle Cretaceous
shales, the surface is less broken, the hills being roundud, with long, gentle slopes; the
timber has become more sparse, the country less picturesque and inviting. We have
here a fine view of all the interval between the Nacimiento and San Mateo. This was
apparently onee oceupied by an unbroken sheet of Cretaceous rocks, now for the most
part removed through the agency of the tributaries of the Puerco. In the west and
northwest, high mesas fill the horizon, forming the line of divide to which I have be-
fore referred.  Around the base of Mount Taylor, extending many miles in every di-
rection, is a platean of trap, which has apparently flowed from this great extinet vol-
cano, covering all the sedimentary rocks in its vieinity. In the open valley of the
Puoerco stand many picturesque trap buttes, having a general resemblance to the
Needles of the San Juan. Of these the most conspicnouns, ealled by the Mexicans the
Cabazon, resembles in its outline a Spanish sombrero, but is of gigantic dimensions,
being at least 1,500 feet in height.

“South from the Cabazon is a ligh level mesa, composed of Cretaceous rock,
which forms the divide between the Puerco and the San José. This I have seen
from the other side on a former expedition, )

" September 25, Camp 53-54—To-day we crossed over the south end of the Naei-
miento Mountain to the pueblo of Jemez. The first part of our route was over the

* Pimiss pemderva, P, Lombertiona, dbis Douglosi, nnd Abioe gromdis,
t Bibur diserviloba and Eokinia Moo Masioane, '
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upturned edges of the Cretaceous and Triassic rocks; the angle of inclination Trercom-
ing greater as we approached the mountain, Our march afforded us many wild and
picturesque views, made so both by the ragged outlines of the hills and the bright
colors of the materials composing them ; some consisting of blood-red sandstone;
others of snow-white gypsum; others still of the two intermingled.

“ After winding through a labyrinth of snch hills, we reached the Carboniferous
strata, resting directly on the granite, The rocks of this formation are here more cal-
careous than at Santa Fé, and abound in fossils, among which I saw most of those
enumerated in the Santa Fé section, and, in addition to these, collected a coral and a
crinoid, which are apparently new, On descending the eastern slope of the mountain,
we found the sedimentary rocks succeeding each other precisely as before, Near the
sueblo of Jemez, however, the Cretaceous strata have been entirely removed, but
they are visible a few miles farther north. As on the western side, copper oeeurs
here nenr the junction of the Triag with the Uretaceous. In the valley of Jemes
River are a number of buttes of white tufaceous rock, representing s geological
element of which we had ssen no traces in all our explorations of the San Juan coun-
trv. These buttes are undoubtedly Tertiary, and, as 1 have stated in my notes on
the geology of the vicinity of Abiguiu, doubtless belong to the great series of fresh-
water deposits of Miocene and Pliocene age which skirt the eastern bases of the
Rocky Mountains. Here, as elsewhere, they are of loeal origin and limited extent;
having been deposited in and partially filling an old eroded valley running north
and south along the eastern base of Nacimiento Mountain. By the action of Jemez
River this valley has again been washed out, leaving only here and there n mass of
Tertiary rock standing isolated or adbering unconformably to the sides of the trough
composed of the older strata.

U September 26, Jomesz to Santo Domingo—In this part of our route we were almost
constantly upon the trap mesas which skirt the southern end of the Valles, and
extend on the east side of the Rio Grande to the Cerillos. This great overflow of
trap, though deeply eroded by the Rio Grande, is geologically quite modern, present-
ing the same appearance, in all respects, as the trap plateans which surround the
Ban Francisco Mountain, Mount Taylor, the Raton, &e.; all of which I have before
described.”

The Valles—No one has yet penetrated the Valles to study their reological
structure, but there can be little doubt of its general character. This mountain group
is composed of a number of parallel ranges, of but limited extent, having the general
trend of all the chains of the Rocky Mountain system of this vicinity, separated by
several well-marked, picturesque, and fertile valleys, from which, rather paradoxically,
the mountains take their name. While we know that the sedimentary rocks are
visible in many places in the Valles, and that the principal axes are granitic, still the
presence of immense sheets and masses of trap give an aspect to the scenery and a
character to the geology somewhat different from those of most of the mountain regions
visited on the present expedition. On the eastern side of the Valles, to and beyond
the Rio Grande, nothing but trap is visible; and we hers re-entered the region
0 fully described in & preceding chapter.
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A REPORT ON THE CRETACEOUS FOSSILS CONTAINED IN THE
COLLECTIONS BROUGHT FROM NEW MEXICO BY THE EXFLOR-
ING EXPEDITION UNDER THE COMMAND OF CAPT. J N MA-
COMB, OF THE UNITED STATES TOPOGRAPHICAL ENGINEERS.

iy F. B Mesx."

—_—

The following pages and the accomfan ying plates contain deseriptions and illas-
tratione of eleven new species of Cretaceous fossils, Figures and deseriptions have
also been added of a few previously known forms, of special interest as guides in iden-
tifying the several formpations, and in determining their relations to established horizons
in the same system elsowliere.

By reference to the alle report of Dr. Newberry, the geologist of the expedi-
tion, it will be seen that he divides the Cretaceous rocks of New Mexico into tlres
groups, as follows:

1. Tue Urrer Divisios, consisting of gy, white, and purple marls, alternating
with soft, yellow, caleareous sandstone, altogether 1,500 feet in thickness. In this
group, & portion of which he thinks may possibly prove to be of Tertiary age, he
observed numerous silicified tranks of trees, togrether with leaves of Abeus, Platanus,
de. At the base of the whole, he found & thin bed containing Placenticeras placenta, +
Daculites anceps, var., Awchura, Tnoceramns, &e.

2. Tue Mmnie Divisiox is composed of dove-colored and ferruginons limestones,
shales, &e., altogether from 1,200 to 1,500 feet in thickness, and sontaini ng Prionocyclus,
Macombi, Scaphites larvaformis, Inoceramus probiemations, Ostrea congesta, de.

3. Tur Lower Division, consisting of yellow or brown sandstone and green shales,
250 to 400 feet in thickness, eontaining Ammonites, Exogyra, Plicatula, and leaves of
Salic, Mlatanus, Querens, & )

After a careful examination of the specimens from these rocks, 1 fully coneur with
Dr. Newberry in the opinion that all of those of the Lower Division, with possibly

" Thin repart wos preparel in 1560, aud hos remaiosd onpublished unlil this tims (Movember, 1975), 1 bove at

Fhin lntter dute given 14 os carefiil & revislon ss nomenons sther engugnments would permit; and, in doing this, saverl
ehanges of nowenclature were fonnd b be necosEry, in arder bo brieg the whole up t the prosont more ndvanced staks
of palmontological seience. Bneh ehnmpes us refer fo other pulliontions lssmed 5t amy date afier that firsd alove men-
tiowed, were of tonres mado in e revision of ihe MA. ai the luttar date—F, B M,

1The nnmie Plasmbioras was firat praposed by me in fhe Promeding of the Philosephieal Booiuty of Philadelphis,
1E70; and ajmin ueed in Hayden's Beeond Annuad Report of the United Bistes Geologioal Burvey of thei Tarritories, 207,
: 3";1"" n Upper Missouri Pulmontelogy, new in the press [ Novambser, 1675), Ammoiter plavents, Dieksy, is the type
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the exception of a portion of ite upper beds, represent the Dakota group (No. 1) of
Upper Missouri Cretaceous series; also.that his Middle Division oceupies the same
horizon as the Fort Benton and Niobrara groups (Nos. 2 and 3) of the Upper Mis-
souri section; while the lower bed at least, of his Upper Division, represents appar-
ently a blending of the Fort Pierre group and Fox Hills béds, Nos 4 and b of the same,

The relations between the two sections will be more clearly understood by placing
the names of the several groups of sach side by wide ; this:

NEW MEXICAN CRETACEOUS SECTION, UPPER MISSOURI CEETACEGUS EECTION.
. . Fox Hillz Beds, No. 5.
Upper Division (lowest bed at least). .. ... .. . g];"m.t Fierre Group, No. 4

Middle Division. . Fort Union Group, No. 2.
Liower Dhivigion .. ... oo il Dakota Group, No. 1.

The vegetable remains from the Lower Division of the New Mexican section (as
well as those from the others) have been investigated by Dr. Newberry, in whose
réport the reader will find them fully deseribed and illustrated. The molluscan
remains from the Lower Division are, Eregyra eolwmcella, M., Plicatwla avenaria, M.,
FPinno (fragmentz), Gervillia? (fragments), Gryphen (undetermined fragments), and
Prionotropis Woolgari* (=Ammonites percarinatus, T & M.,

The following is a list of the species deseribed and identified from the Middle
Division, each of those followed by the letter M. being new, and described by the
writer from these muﬂﬂﬁﬂnﬁ vie: Clstren comgesta, Conrad, (. lugubris, Conrad, . wir-
formis, M., Gryphea Pilcheri, Morton, Eropyra arictine, Roemer, E. levivseula, Roemer,
E. columbella, M., Anomia witida, M., Caprotina bicornis, M., Tnoceramus fragilis, Hall &
Meek, I. prolilematicus, Schlotheim (sp.), L. latus, Mantell?, Crassatella Shuwmardi, M., Cypri-
meraf crassa, M., Twrritells Leonensis, Roemer, Prionocyelus ? Macombi, 3 M., Prionotropis
Woolgari, and Scaphites larveformis, M. & H.
~_Of these vighteen species, the following are common to the rocks.of this horizon
in New Mexieo, Kansas and Nebraska, viz., Ostrea congesta, Tnoceramus prodlemati-
cus, I fragilis, 1. latus !, Scaphites larvafirmis, and Prionctropis Woolgari. None of
them, however, are known to cecur in New Jemsey, or at other localities east of the
Mississippi, in the United States; though Tnoceramus problematicns, I, latus, and Priowo-
tropes Woolgari occur in Enrope.

~ From the lowest bed of the Upper Division, the collection contains specimens of
Aviewla Nebrascana, Evans & Shumard, Calliste Deweyi, Meek & Hayden, Cardim
belinlum, M., Ancliure Newberryi, M., Baculites anceps, Lamarck ?, and Placenticeras
placenta, Dekay (sp.). . :

Aviculs Nebrascana, Callista Deweyi, Baculites anceps !, and Placenticeras placenta
are commaon to this lowest bed of the Upper Division in New Mexieo and the corre-
sponding horizon on the Upper Missouri; and Placenticeras placenta also oceurs in the

same position in New Jersey and Alabama, while Baculites anceps also oceurs in New

* The name Priomedrapis propassd by me in ilie Palmontobopy of tle 17
eress ﬂ-n_.a.mu:d:u ferm there referred to Friowotrapis Fﬂp:i,ﬂhnhn,tﬂ; im;ﬂ T e———
FThis gemsric name was proposed Ly e in Hayden's Begort of the Geological Burvey of the Territeries in 1573—
#03 (foot-note), and “-JMH s more fully deseribed in et Falmontology of the Uppes Missomri, now in the press,

{Ninbmm Divigion, No. f.
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Jersey and in the Upper Chalk of Europe ; as well as on the North Platte, in the Fox
Hills Group of the Upper Missouri Cretaceons section.

Although it has been found convenient, throughout considerable areas on the
Upper Missouri, to subdivide the equivalents of the Middle and Upper Divisions of the
New Mexican section each into two groups, this is not everywhere the case, and Dr.
Newberry did not find any well-marked physical breaks in either of these divisions in
New Mexica, i

It ie worthy of note that, as on the Upper Missouri, the strongest palwontological
break is just where Dr. Newberry draws the line between his Middle and Upper
Divisions. Up to this time, not a single species is known to cross this line, either on
the Upper Missouri, in Kansas, Nebraska, Texas, or in New Mexico.

A careful study of extensive collections of these fossils, brought by Dr. Hayden
from these rocks on the Upper Missouri, has satisfied me that the beds above this
borizon represent the Upper or White Chalk of Europe (= “Fiage Sénonion,”
d'Orbigny); while those below (from whieh we Lave yet obtained fossils) represent
the Lower or Gray Chalk, and probably the Upper Greensand of Europe (= the
Turanicn and  Cénomanien, d'Orbigny).* The evidence, so far as it goes, to be
derived from the New Mexiean collactions nnder muﬁﬂamﬁqnl warrants the same con-
clusion in regard to the rocks from which they were obtained.

LA.HELL:_[B]L'!I.E CHIATA.
Genus OSTREA, Linn

(ETEEA LUGUBRIE, Conrad,
Flade I, fige. 1 a, b, e,
Uhtrea lnguicir, Conrad (1E5Y), 10 8. and Mex. Boand. Roport, vol, 1, p. 186, plaie 10, ig. & a, &

Shell small, thin, oval, or subcireular.  Lower valve attached by most of its under
surface; while its lateral and ventral margine rise abruptly, usnally for a short distance,
above the base of altachment, becoming at the same time ormamented by small regular
plications, which are sometimes rendered slightly rugose by marks of growth; beak
small, obtusely angular, usually tumed a little to the left, and attached by its whole
under side; area short, triangular; museular scar traneversely ovate-reniform, and
placed near the left or anterior side. Upper valve flat, or sometimes a little convex
near the umbo, and slightly eoncave in the middle; marked by small regular plications,

which rarely extend to the umbo, and are often confined to the free margins.
: Length of a large specimen, 0.95 inch; breadth of same, 0.55 inch; depth vary-
ing from 0.12 to 0.28 inch. .

This seems to be a common and characteristic species in the lower portions of the
Middle Cretaceous of New Mexico. The specimens usually have a proportionally larger
scar of attachment than that figured by Mr. Conrad.  Where they are attached by the
whole under side of the lower valve, the plicated margins rise little above the base of
attachment; but where the scar of adhesion is small, the free plicated margins are more
produced; though it seems never to be a very deep shell. It was not gregarious to the

- " Frocondings of dbe Atadonvy of Natwrol Sclemces of Thilsdelphia, January, 1862
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L]
same extent as 0. eongesta of Conrad; the specimens lwing usually found scattered
about on the surfaces of caleareous and sandy slabs, to which, in most instances, they
were evidently attached during the life of the animal.

Locality and position.—Banks of the Canadian, Vado del Chama, Galisteo, Pagosa,
Middle Cretaceous of Dr. Newherry's section, .

OSTRELA (GRYPFHELT) UNIFORMIE, Meck.
Flate I, Ggs. 2o b o

Bhell small, rather thin, trigonal-ovate or subcirenlar in form, not oblique; under
valve rather deep, subcarinate along the middle, and arched beneath from the beak to
the opposite margin; beak eurved upward, but truncated by the area so as to rise little
above the margins; area small; margine on each side of the area sometimes faintly
marked by fine crenulations along the groove for the reception of the edge of the upper
valve; surface marked by about three or four mther regular plications on each side of
the larger mesial fold or carina; lines of growth obsenre; muscular sear transversely
oval, moderately distinet; upper value unknown,

Length from the beak to the opposite extremity, 1.16 inches; antero-posterior
diameter, about 1 inch; convexity or depth of the nnder valve, (L65 inch.

This is a very peculiar shell, and cannot be confounded with any other species
with which T am acquainted. Its ]a.rg-e, prominent, mesial fold, e:tam]i:l.g from near the
beak of the under valve to the opposite extremity, with three or four smaller plica-
tions on each side, give it much the appearance of some of the plicated Erachiapoda
when viewed on the under side. The folds, or plications, vary somewhat on different
specimens; but usually they are remarkably uniform for  species of this penus, and
impart to the free margin opposite the beak a zigzag claracter, very similar to the front
of some species of Spirifir. No specimens of the upper valve were obtained; but it
will probably be found to have a large mesial ginus corresponding to the elevation of
the other valve, and mmst possess a projection, corving down at the middle of the free
margin opposite the heaks, to fill the deep noteh in the margin of the other valve,

Thinking this species might be identical with one or the other of two peeuliar
oysters described by Dr. Shumard, from the Cretaceous rocks of Texag, under the names
0. bellaplicata and 0. quadriplicaia, 1 sent him eketches of our shell, and he wrote that
it is most nearly like his 0. bellaplicata, though, he thinks, clearly distinet.  The 0. bel-
iaplicats attains o much larger size, some of the specimens being as much as three inches
in diameter, while its hinge-line is proportionally much longer, and its surface distinetly
ornamented with concentric markings.

Locality and position—Pagosa; Middle Cretaceous of the New Mexican section.
Genus EXOGYRA, Say.

EXooYRA COLUMBELLA, Meek,

Plate I, figs. 3, b, &, 4.

Bhell small, rather thin, ovate; posterior side forming a semi-oval curve from the
umbo to the ventral edge; anterior side rounded below the beak; ventral margin
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rounded. Lower valve convex, the most gibbous part sometimes forming an obtuse
umbonal prominence, which iz not separated from the front by a suleus; beak slender,
pointed, and distinetly coiled io the left; surface ornamented by small, but distinet,
rather regular, radiating costse, which bifurcate along the umbonal ridge; marks of
growth rather obscure.  Upper valve flat, oval, apparently smooth or only having ob-
scure lines of growth.

Length from the most prominent part of the umbo to the ventral margin, 1 inch;
transverse breadth, 0.72 inch; depth or convexity, about 0,42 inch.

It is poesible thht this shell may be identical with E. levissculaof Boemer ( Kreid. von
Texas, plate ix, fig. 8 a, b, ¢); but with the means of comparison now within my reach,
I ean but regard it as distinet.  All the specimens of it that I have vet seen are more
oval in form and have aless distinetly spiral beak than the form deseribed by Hoemer.
They also differ in having the under valve always marked by regular radiating costs,
while that of E. leviusenla is generally quite smooth, or rarely presents traces of nemrly
obsolete, rather broad, plications, as represented by fig. 3 ¢ of Roemer's plate ix
(Kreid. von Texas). It seems likewise to be a thinner and less robust shell than
Roemer's species, and holds a lower stratigraphical position.  In surface-markings as
well as in general form, it closely resembles voung specimens of E. columba of Lamarck
(Anim, sans Vert, vi, 108) as fi;ured by Goldfuss in his Petrefact. Gerne and by
d'Orbigny in the Paléont. Francais. It never attains more than one-eighth the size of
adualt individuals of that species, however, and differs in having an oval instead of a
cirenlar upper valve,

Locality and position—Covero, Lower Cretaceous; also at Sierra Abajo, from the
buse of Middle Cretaceous, and at Galisteo, from the same member of Dr. Newberry's

section,
Genus ANOMIA, Linn

AMOMIA NITiDA, Meek.
Plate I, fige. 4 &, B

Upper valve subrvircular or a little oval transversely, very thin and billiantly
pearly, depressed-convex, the most prominent part being near the middle; lateral mar-
gina nearly equally rounded, ventral border forming a semi-oval curve; cardinal mar-
gin arched, or apparently presenting a similar ontline to the ventral side ; beak small,
much compressed, nearly or quite marginal, and located ot the middle of the dorsal
side; surface marked by fine, rather regular, obscure, concentric strie.  ( Under valve
unl:m:mru.}

Transverse diameter, 1,07 inches; diameter from the cardinal to the ventral mar-
gin, 0.89 inch.

- Itis possible that some of the species referred to the genus Anomia from the Cre-
taceous and older rocks would be found to present fundamental differences from the
typical forms of this group if we could see the under valve and the hinge and muscu-
ler impressions.  Some six or seven species are now known from the Cretaceous rocks
of this country, of nearly all of which, I believe, anly upper valves have been found.
Locality and position—Pope’s Well; top of Middle Cretaceous.
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Genus CAPROTIKA, d'Orbigny.
(APROTINA (REQUIENIAT) BIOORKNIS, Meek.
Flate L, figs. 7 a, b

Shell apparently nearly equivalve; valves produced in the form of two
oblique spiral horns; beaks greatly elevated, distinetly epiral, and directed obliguely
forward and outward, the turns of each being widely disconnected; apertare of
the valves comparatively small, ovate-subtrigonal in form, being a little higher than
wide, and nearly straight on the basal and anterior sides, which range at right angles
to each other; umbonal ridges rather prominent, spiral, and curving down to the ante-
rio-busal margin. In front of these ridges, the valves are flat, and behind them convex.
Surface ornamented by moderately distinet marks of growth. _ '

Height, 2.43 inches; antero-posterior diameter, 1.74 inches; transverse diameter
between the extremities of the beaks, nearly 2.75 inches; height of aperture of the valves,
1.38 inches; antero-posterior diameter of same, 1.22 inches. '

The cnly specimen of this eurious fossil I have seen is imperfect, the beak of its
right valve being partly broken away. As near as can be determined, ite valves seem
t5 have been nearly equal, which, together with the greatly-produsced and spiral char-
acter of its beaks, give it much the appearance of a Diceras. Still, as it shows no
traces of an external lignment, while its shell-structure and surface-marking are like
those of Caproting, T do not feel warranted in placing itin the genus Diceras, though its
renerie relations must remain doubtful until specimens showing the hinge and interior
can be seen.

The substance of the shell is of modernte thickness, and composed of two layers,
which readily separate. The inner layer seems to he compact, and presents a distinetly-
strinted surface, the strim being parallel to each other and ranging at right angles to
the marks of growth. The outer layer appears to be more laminated, and breaks
readily at right angles to the surface. Where portions of the shell have been removerl,
a distinet groove is seen extending from the posterior side of each valve spirally toward
the beak. These grooves appear to have been left by a ridge or lamina on the inner
side of each valve, and curve around the beak o as to be visible in an anterior view,
as represented at a, fig. 7D, plate 1.

In form and general appearance, this shell is evidently rather closely allied to Re-
quienia Archiaciona, d'Orbigny (Pal. Frangais, Terr. Crét., iv, 363, plate 597). The
grooves left upon the ecast of its interior by the spiral ridge, or lamina, extending
from the posterior side of each valve, are also exactly as in that species. It differs, how-
ever, in having much less prominent and angular umbonal ridges, while its valves seem
to be more nearly equal, and its beaks are more produced and more widely separated.

Locality and position.—Fort Lancaster, Texas; from the middle portion of D,
Newberry's section.

Genue PLICATULA, Lam.

PLIOATULA ARENAERIA, Meek.
-_. ______ Tlate II ﬂ.‘i & iy i| L

Shell small, broad-ovate, usually a little oblique; ventral margin rounded ; sides
converging to the beaks at an angle of about 70° to 80%; beaks more or less
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angular. Under valve moderately convex. Upper valve nearly or quite flat.  Sur-
face of each valve ornamented by eighteen to twenty small, rather sharply-elevated,
plications, only about half of which extend to the beaks, while the intermediate ones
usually extend from one-third to one-half way from the free margins; coneentric
markings rather obscure.

Length from beak to the most prominent part of ventral margin, 0.50 inch; trans-
verse diameter, 8.4 inch ; convexity, 0.11 inch.

Resembles in size and form P incomgrua, Conrad  (Unitad Htates and Mexican
Boundary Report, vol. 1, plate 6, fiz. 10, 1857), but differs in not having squamose
concentric markings as well as in having shorter plications intercalated between those
that extend to the umbo. The substance of the shell must be thin, since the plications
are rather distinctly marked on internal easts,

Locality and position—Covero ; Lower Cretaceous of Dr. Newberry's section,

: Genus INOCERAMUS, Bowerby.

IROCERAMTS FRAGILIS, Hall and Meck.
Iindtae 1, fig. 4.
Ifnocyramus fragilia, Hadl amd Meek, Mom. Ansevicon Aond, Arts snd Bel., vol, & new series, plate 3, ig. G

The specimens of thiz species in the colleetion are larger than that first firured
and deseribed by Professor Hall and the writer, which is evidently a voung shell
They agree, however, so nearly in all other respects as to leave no doubts in rerard to
their identity. In comparing the figure here given with that first publiched in the
Memoirs of the American Academy, it should be borne in mind that the anterior side
of the latter was mistaken for the cardinal margin, both in the description and in the
arrangement of the figure on the plate.  The figure given on the accompanying plate
is correctly amanged, with the hinge-margin npward. '

This species has a wide pengraphical distribution in the far west, having been col-
lected at several distantly-separated localities hetween Fort Benton on the Upper
Missouri and New Mexico in the far southwest. I have no knowledge of its occur-
rence anywhere east of the Mississippi.

Locality and position—Vado del Chamo; base of the Middle Cretaceous of Dr.
Newberry's section.

Genus CRASSATELLA, Lam.

CRABSATELLA EHUMARDI, Meek,

Tints IT, fige. 7 a, b, &

Bhell under medinm size, very thick, oval-subtrigonal, moderately convex; extrem-
ities narrowly rounded ; base forming a semi-oval curve; dorsal outline sloping from
the beaks at an angle of about 100% béaks modegately prominent, rather obtuse,
located elightly in advance of the middle; surface marked by fine lines of growth,
and small, regular, concentric ridges; eseutcheon lanceolate; lnnule lance-oval, rather
deep ; muscular scars strongly impressed. :

Length, 0.78 inch; height, 0.72 inch; econvesity, 0.40 inch.
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I have not seen very satisfactorily the hinge of this shell; but, as near as can be
determined from impressions left in the matrix, it appears to present the characters of
the genns Crassatella.  Itis cliefly remarkable for thickness of the valves in proportion
to the size of the shell.

Locolity and position—Pope’s Well ; top of Middle Cretaceons of New Mexican
section.

Genus CYPRIMERIA, Conrad
. (YPRIMERLLT CRAsEL, Mesk.

Plate I, fga 8 b, ¢, 4.

Eﬂm“j&nﬂ cular, rather thick, moderately convex; beaks distinctly compressed, and
projecting very slightly bevond the regular eurve of the cardinal margin; anterior mus-
cular impression narrow-subovate and acute above; posterior broader, and rhombie-
subquadrate ; pallial line distinet, with a very faint sinuosity, or mere truncation,
immediately under the posterior muscular impression; surface merely marked by eon
centric gtriae,

Height, 1.93 inches; length, or antero-posterior diameter, 2 inches.

I am mot altogether sure that this species will be found to agree croctly in its
generic characters with Mr. Conrad's genue Cyprimeria, as its hinge-teeth do not seem
to agree in some slight details with that of the type of that genus = Indeed, on first
preparing a deseription of it for this report, I had proposed a provisional subgenerie
name for it; but, on revising the M8, and comparing the figure, I find it resembles
Cyprimeria at least so nearly that T have concluded to refer it to that genus,  This has
however, been done partly beeause I am unwilling to propose a new name withont
|:|:7|.1.'5.1|.E_"L].L$ 1}‘p&—gpmiman at hand for further J}tu{].:.', it being in New York, and the eir-
cumstances being such that I have to revise the MS. in groat haste*

The hinge of thiz shell may be deseribed as follows: hinge-plate broad and
flat; anterior teeth compressed, the two in the right valve close together, and rc-
ceiving that of the left between them, ranging very obliquely forward and downward ;
posterior tooth of I‘igl'lt valve thicker, ru.:r.Lg'inE 1,Ib]iql.l.ﬂ]}' backward and downward,
grooved along the middle, and fitting between the posterior teeth of the left valve.

Lacality and position.—Pope's Well; top of the Middle Division of the New Mexican
Cretaceous section.

Genus CARDIUM, Linn,

CARDMIUM BELLULUM, Meck,
Plate 11, fige § o, b.

Shell small, thin, ovate, a little oblique, gibbous, the most convex part of the
valves being somewhat above the middle; beaks elevated, rather slender, incurved,
slightly oblique, and located a little in advanee of the middle; hinge very short, anterior
and antero-basal margins forming together a semi-oval or nearly semicireular curve ; pos-
tero-basal border prominent, and semewhat narrowly rounded; anal margin obliquely
truncated above, 8o as to form with the slope in front of the beaks an angle of nearly

* Binee writing the ahove, 1 have agnin exsmined the type-spacios, and find that it ogress so nearly wilh Cyprimeria
thaat, w0 fur us Usey show, thers wonld Seem to be no astiafutory m-;rq“ﬂmglb. " o
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80%; surface ornamented by about thirty aml]], simple, mdmtmg coetse, all of which
appear to be continued to the beaks.

Height, 0.27 inch; breadth, 0.28 inch; convexity, (.22 inch

There may be fine concentric marlnngﬂ on wa]]-preaanred specimens of this species,
though none are visible.on that from which the above description is made out. The
radiating coste are small, regular, and about equal to the grooves between. They
are moderately well defined, but seem to become gradually obsolete toward the anterior
and posterior dorsal margins. It is a neat little shell, presenting a regular eordate out-
ling as seen from the anterior or posterior side.

Locality and position—Rio de la Plata; base of upper member of the New Mexican
Cretaceous series,

GASTEROPODA.
© Genus ACT.EON, Monifi

AOTEON INTERCALARIE, Meek.
Fiate IL, figs. d a, b o

Bhell small, narrow-subovate, or subfusiform; H.P'i'l'ﬂ rather elevated; volutions five
to five and a half, compressed-convex, increasing gradually in breadth, and more
rapidly in height; last one a little produced below, and forming about half the emtire
length; sutare well defined; aperture narrow-subovate, very acutely angular above;
surface marked by fine, elightl y-impressed, punctured strie, about twelve of which may
be counted on the second turn,

Length, about 0.40 inch; breadth, 0.21 inch ; apical angle nearly regular or a little
convex, divergence about 857,

The only specimen of this species in the collection has the lower part of the aper-
ture and a portion of the columella broken away. The aperture, however, was evi-
dently quite narrow, and the columella somewhat tortuous, with apparently one oblique
fold below the middle. The fine, punctate, rﬂwlving_' Erooves aré not moreé than from
one-third to one-half as wide as the spaces between on the second whorl, and ecan
searcely be seen without the aid of a magnifier,

This shell is more nearly allied to 4, subelliptica (Meek and Hayden), from the
Fort Pierre Group (=Cretaceous formation No. 4) of the Upper Missouri section,
thu.nmyutharwith which | am acquainted. It may be readily distinguished from
that species, however, by the much greater elevation of its spire in proportion to the
length of ite body-whorl, being in this reepeet about intermediate between A. subellipfica
and A. allenwata (M. & H.), but quite distinet from them both.

Locality and posilion —Same as last.

Gemus ANCHURA, Conrad.

AnoAUEAT NEWBEREYT, Meek.
Plage I, fig. 5
Ehell of madinm size, thin, fusiform; apmmﬂmha]fm#nnﬂmm llu-
hnﬂlyﬁmmmcrmngmtharmpuﬂymm;wm

1Ter =




130 EXPLORING EXFEDITION FROM SANTA FBE

mented by revolving lines, two of which, on the body-whorl, become g0 much larger
than the others as to form small caring, Of these two caring, the upper only is seen
on the second turn, where it is much reduced in size; and, on those above, it is not
distinguishable from the other revolving lines. Marks of growth obseure; aperture
unknown; lip extended into a long appendage, the form of which cannot be determined
from the specimen examined. -

Length, exclusive of the beak, 0.65 inch; breadth of body-wharl, exclusive of the
lip, 0.87 inch; apical angle slightly conves, divergence about 40°.

collection contains but a single specimen of this species, and it is unfortunately
80 firmly imbedded in the hard matrix that it is impossible to work out the labial
appendage. It evidently extends out, however, at least as much as (.55 inch from the
axis of the shell; and as its lower margin (which is thickened and a litle reflexed) is
seen to curve downward, it is probable that there are two salient points to the lip, one
of which eurves a little downward and the otherupward.  The lower margin of the lip
can be seen to extend out to f of fig. 5, plate 2.

The body-whorl contracts into the beak below, but the latter is broken from the
specimen, so that its form and length cannot be determined, Some eight or nine of the
revolving lines may be counted on the upper turns, and about twenty (ineluding the two
caring) on the body-whorl. Half of those on the under side of the body-volution are
larger than any of those above the caring, while between each two of them there are
one or two smaller lines,

In size and general appearance, this species (at least as seen with the lip concealed
in the matrix) bears some resemblance to 4 Americana, Evans & Shumard (sp.), but
hag & less-elevated spire, and differs in being destitute of vertical costae. In the latter
character, it is more nearly like 4. sublevis, Meck & Hayden, from which it may be
readily distinguished by its twao revolving carine on the body-whorl. It may be an
Aporrhas, and have to be called dporrhas Newolerryi,

Locality and position—=Same as last

CEPHALOPODA.
Genus BACULITES, Lam.

BACTLITER ANGEPE, var. 0BTUSTS.*

Plate 1, fign. 10, b, 0, & o, 1, g, &
Bosulites anevps_ Lasurek (1822, An. Bana Vert,, vii, S4B —TFOrhiguy (1235}, Tab, des Cdiph, T8; and (1540} Paldoat.
Fr. Tarr, Crét., §, 505, plate 190, figs. 1, #—Betmer, Toxns, 416; and (1562) Ereid von Texss, 3, taf. iL, figs. 3
o by o, g and of many oibers,
HBarulites vertebralia, Defrance (1618}, Diet. Sal. Nak, Supp., i, 168 | und of some sthars, bat not of Lamarck.

The collection under examination containg & numbeér of specimens agreeing
almost exactly in size, form, and surface-undulations with those figured under the name
1:r.f B. anceps by Dr. F, Roemer, in his beantiful work on the Cretaceous rocks and fos.
sils of Texas, As Dr. Roemer gives no enlarged figures showing the details of the
septa of the Texas specimens, however, we have no means of determining whether or

_____—_—.—-_

'Dl‘ﬁf.ulllrlhﬂutn—lihmhq-mm in conneotion with this shell ; bot 1 hare applied thod neme 1o
thhh-hhuppnni-nmrmum.mlu the prees (Novimber 2, 1875), and sdd it here In revising thae

ME. ol this repars,
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not they agree with those of the forms under consideration, thoughit is prohable they
will be found to present essentially the same characters. Itis, therefore, chiefly owing
to the probable identity of our specimens with those investigated by this distinguished
author (who doubtless had an opportunity to make direet comparisons with aunthentic
European examples of Lamark’s species) that those under examination are here
referred provisionally to B. anceps.

As T have had an opportunity to examine but two authentic specimens of B, anceps
from foreign localities, and these were mere fragments, I have no means of knowing
to what extent that species varies in form and internal characters. Tt is worthy of
remark, however, that the two fragments of B. anceps here alluded to, as well as the
figures of that species given by Professor Bronn in his Lethea Geognostica, and those
given by d'Orbigny in his Paléonfologic frangais, although agreeing very nearly in
form and surface-undulations, all differ from our New Mexsican specimens, as well as
from those figured by Dr. Roemer, in being rather distinetly earinated on the dorsal side.
Again, on comparing the septa of the two European specimens of B. anceps mentioned
above with d'Orbigny’s enlarged figure of the same, it was found that they agree quite
nearly in all their essentinl characters, while they both present rather marked differ-
ences from those of the New Mexican forms,

These differences consist not merely in the greater obtuseness of all the smaller
divigions of the septa-lobes of the specimens under examination, but also in the form
and mode of branching of the lobes themselves, as may be seen Ly reference to the
figures given on plate II. I strongly suspect these differences to be of specific impor-
tance; but, without other means of eomparison than those now available, it is difficult
to determine whether this is the case or not. .

_ It will be observed that the figures on plate IT represent two rather marked varie-
ties, some of the specimens being more slender and less compressed than others, and
provided with obtnse, nearly eirenlar, nodes, instead of wransversely-clongated, arcuate
undulations, as in the more compressed forms. A careful sindy of the whole series of
specimens, however, shows that there are intermediate gradations between these two
forms, while the septa present almost precisely the same characters throughout the
enfire series.

These two extremes of form bear very nearly the same relations to each other that
B. asper of Morton does to his B. corinatus, which forms they also very closely resem-
ble in their external characters, excepting that neither of them is ever carinated on the
dorsal side, ag in the typical B. corinatus of Morton. Dr. Roemer suggests that the
latter i probably not distinet from B. amceps of Lamarck; and Mr. Gabb, who
examined Dr. Morton's typieal specimens, has arrived at the conelusion that not only
that form (B. carinatus), but B. asper also, are merely varieties of B. ancepe® (See
Proceedings of the Academy of Natural Sciences of Philadelphia for Novembar, 1861.)

Without expressing any decided opinion in regard to this latter conclusion (not
having seen the specimens upon which it is based), I would remark that the figures of

the septa of B. carinatus and B. asper given by Mr. Gabb, seem to present some rather

marked differences from those of B. anceps, though it is not improb

able th

=
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be intermediate gradations connecting these exipmes with Lamarck’s species. At any
rate, Mr. Gabb's figures of the septa of B. corimatus and B. asper certainly differ so
materially from those of our New Mexican specimens (which, as already stated, are
guite constant in their internal charscters) as t0 make it desirable that the latter should
be designated by another name {at least as a variety), until all doubts in regard to their
relations can be removed by & direct comparison of a good series of specimens of all
the forms alluded to,
Locality and posifion—Same as preceding.

Genns PRIONOCYCLUS, Meck.

FruoNocvyoLUs ¥ Maoowsr, Meak.
Plste 1T, figm. 2 a, b, o, d

Shell discoidal ; ambilicas shallow, semewhat less than the dianeter of the last
_whorl from the ventral to the peripheral side, and showing all the inner turns; volu-
tions increasing gradually in size, very slightly embracing, compressed 20 as to be
nearly flat on the sides, but rounding into the umbilicus; periphery rather narrow,
nearly flat, and provided with a small mesial carina, which is very slightly waved in
outline ; lateral marging of the periphery each having a row of small compressed nodes,
arranged one at the termination of each of the coste, with their longer diameters
nearly parallel to the peripheral keel; sides of each turn ornamented by from thirty-
six to forty rather obscure, slightly flexuous coste, only every second, third, or fourth
one of which extends across to the umbilical margin, where they are usually a little
swollen.

The septa are generally a little crowded in adult shells, and divided into two very
unequal prineipal’ lobes on each side. Siphonal lobe slightly longer than wide, and
ornamented by three branches on each side, the two terminal of which are a little
larger and much less spreading than the lateral pair, and each ornamented by some five
or six sharp digitations along the margins and at the extremity ; while the first pair of
principal lateral branches above the terminal ones are of nearly the same form as the
latter, but more spreading, and the third pair are smaller, and merely provided with a
few digitations; first lateral sinue (dorsal eaddle of old nomenclature) as long as the
siphonal lobe, but much wider, and deeply divided into two unequal parts, of which
the one on the siphonal side is larger than the other; each of these principal divisions
being ornamented by some four or five short, irregular branehlets, with obtusely digi-
tate margins; first lateral lobe longer and slightly wider than the siphonal, and pro-
vided with some seven or eight short, rather unequal, merely digitate, and palmately-
gpreading terminal and lateral branchlets ; second lateral sinus narrower, but as long
as the first on the outer or siphonal side, and much shorter-on the umbilical, having
t-wo__al_:lnrt. unequal, digitate, terminal branches at the end, and some three or four short,
irregular divisions along the oblique margin of the umbilical side; second lateral lobe
:;II, .nr"ﬁm]y mm};h;nﬁig‘itﬂ;u large as the snxiliary lobe of the siphonal sinue,

soméwhat irregularly hi divisions being and, like the lateral ins, -

nore or loss digitate. - Rl o
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Greatest dinmeter of a specimen retaining only a small portion of the non-septate
outer whorl, 4.40 inches; greatest convexity of same, 0.95 inch: breadth of umbilicus,
1.35 inches; breadth of last whorl from the siphonal to the umbilical side, 1.80 inches,

Young specimens of this species differ materially from the adult; those not more
than an ineh or an inch and a half in dismeter being destitute of nodes, and provided
with a continuous instead of a waved carina. Their costs are alse more crowded,
more numerous, and corve distinetly forward near the peripheral margins. At this
size, the shell closely resembles specimens of A mmonites pevearinatus, Hall and Meek,
of the same age; but, as it advances in growth, it assumes quite different external
characters, while ite septa differ at all ages.

It seeme to be related to a Texas species, deseribed by Dr. Shumard, in the Trans-
actions of the 8t. Lonis Aeademy of Sciences (vol. 1, p. 538), under the name of 4.
Graysonensis. Dr. Shamard, however, to whom I sent sketches of it regarded it as
clearly distinet. He wrote that he had seen quite a number of specimens of A,
(GFraysomensis, and that none of them attain more than one-third the sige of the form
under eonsideration, while they are always destitute of nodes, and have 4 more dis-
tinctly-waved carnia. . :

I am far from being satisfied that this shell belongs to the same group ad that for
which I have, in one of Dr. Hayden's Reports and again in the Upper Missouri Pals-
ontology, used the name Prionocyelus. Tt is certainly not a true dmmonites, however,
as that genus is restricted to typical forms, but more nearly allied to Prionocyelus,

Named in honor of Capt. J. N. Macomb, of the United States Topographical Engi-
neers, commander of the expedition,

Locality and position—Banks of Canadian; lower part of Middle Cretacesns of

New Mexican section.
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DESCRIPTIONS OF FOSSILS.

——

By J. 8, NEwnEmRT.

Denronrs Mercvres, Newh,
Flate IIL, figs. 1, 1*,

Teeth of medium size, thick and strong, cuneiform or spatulate in ontline, strongly
arched in both senses, broader end uniformly ronnded, lateral marging thickened and
rounded over, on one side depressed, on the ather raised into n prominent marginal
ridge, which iz separated from the central portion of the erown by a relatively deep
and narrow sulens; whole sarface of crown finely punetate, especially in the sulens,
and gently undulate. This is quite unlike any Coal-Measure Deliodus hitherto dis-
covered. In its general proportions and appearance, it is perhape most like I, spatula-
tus, N. & W., from the Mountain limestone of Illinois; but in the present spocies the
marginal suleus ix much deeper and more conspicuous, and the grannlation of the sur-
face finer.

Formation and locality—Conl-Measures; Santa Fé, New Mexico.

Prycrovrs WarerLe:, Mareon,
Flate ITI, fign -7

Teeth varying in form aceording to their places in the mouth; largest, conical in
profile; the eentral cone rounded above and on the lateral and posterior faces, sxpanded
below into a flattened, subquadrate base; summit of erown marked with a few distinet,
acute, transverse folds of enamel; anterior face covered with reticulate, radiating, raised
lines, as in Pt Mortoni; upper surface of marging of base finely and reticulately
wrinkled; tuberosity of base small, subquadrate, with a brogd suleus, having an
antero-posterior direction; the smaller teeth are relatively broader and lower, elliptical
or subtrigonal in outline; the central cone marked with a fow coarse interrupted ridges,

This is the most conical tooth of the genus, the central cone being eonsiderably
higher and narrower than in Pt altior, Ag. The other known American species, Pt
Mortoni, has also a decidedly conical form, in that respect differing from the European
species, but wants the transverse folds so characteristic of the flattened, quadrate spe-
cies of the 01d World.

~_Inthe specimen figured by M. Marcou, the erown is worn smooth, the folds being
_allgone. Tt is also more angular than those now figured; hnt the general resemblance

i8 8o strong that T do not hesitate to eongider them the same,
- 18 F

=
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Formation and locality—The horizon at which the teeth of Plychodus W hipplei
occnr in the Cretaceons rocks of New Mexico is, according to my observations, very
{'.Imr]}r defined. It is below the middle of the series, generally within a hundred fest
of the yellow Lower Cretaceous leaf-bearing sandstones.

The. rock containing them is a sandy, ferruginous limestone, lying in thin bands
divided by layers of dark caleareous (often bituminous) shale. The associate fossils
are Lamna Terana, Gryphea Pitcheri, Ostrea lugubris, O, wniformis, Tnoceramus profie-
maticus, I. fragilis, Ammonites percarinatus, 4. Macowbii, Seaphites larviformis, &e.

The Ostrea of which M. Marcou speaks as oceurring with Pt. Whipplei is not (.
rovgesta, ns he supposes, but 0. Tugubriz of Conrad.  The place of O. congeste is a little
higher in the series, (fryphea Piteheri s found a few feet below.

Of all these species, specimens were obtained on the banks of the Canadian at
Cialistan, at the ford of the Chama, and at the Pagosa

Arnvmis sUBTILITA, Hall, sp.

Wherever we found Carboniferons rocks in the West, we were sure to meet with
this wide-spread fosgil. On the Colorado, west of the San Francisco Mountains, at the
junetion of the Grand and Green Rivers, in the Sierra la I'lata, at Santa Fé, and at Pecos,
it is abundant. At all these places, the most common form of the Coal-Measures in the
valley of the Mississippi is most numeronsly represented ; there, as here, varving some-
what in size, apparently accordinglv as it was well or ill fed.

In the extreme upper Carboniferons’or Permian beds, an Aéhyris is common which
lias sometimes been congidered as distinet from those obtained below, for it is nsnally
larger and more ventricose than the prevailing type of Coal-Measure specimens, 1t
mav possibly be a distinet species, but it iz true that in many places in the Coal-
Measures A. subtilita is found, assuming precisely the same form and reaching an
equal size, It will, therefore, be impossible to make two species of them wntil some
internal charaeters are found which ean serve to distinguish them.

SPIRIFER CAMERATUS, Morton.

This shell is common in the limestone of the Carboniferons series at all points in
the route of our expedition where these rocks are exposed. Of the large number col-
leeted in New Mexico and Utah, and a very much larger number examined, all exhibit
nearly the same character, the prevailing type as regards size and markings closely
resembling that figured by Professor Hall in Captain Stansbury’s Report under the.
name of 5, triplicatus. Specimens collected in Eastern Kansas and others obtained
from the banks of the Colorado are absolutely undistinguishable. The larger shell,
congidered by Mr. Davidson identical with 5. striatus of Martin, is nowhere met with
in New Mexico or Utah. Tt is abundant in the mountain limestone of Illinois and
Missouri, but T have never ‘seen it from the Conl-Measures. Considering the marked
difference in form and position of these two shells, it is difficult to resist the convietion
that if the European palmontologists eould study what they regard as American
representatives of 8. sfrinfus in-great numbers as they occur in place, thev would con-

gider them as forming two -ﬂilﬁh&:ﬂpgﬁgun 3 '
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Srimirer [ TrigoworreTa?) TExanuvs, Meek.

Flada 10T, Bgs. 5, 0=, sl G%
Egirifer | Trigonotrria #} Terawus, Meck (1671), Prooeed. Acad. Nat, Boi. Phila., xviii, 178,

Shell scarcely attaining a medinm size, very gibbous in the adult, varying from
subguadrate or subglobose to longitudinally-subovate, the widest part baing penerally
in advance of the middle, and the length greater than the breadth; hinge-line short,
or in young individuals scarcely equaling the breadth of the valves, and in the adult
often proportionally very decidedly shorter, sometimes obtusely angular at the extrem-
itiee, whilein the more gibbous individuals its extremities do not project beyond the
lateral u]npm; anterior mn.rgin often somewhat amn.r-ginue in the middle. Iorsal
valve truncato-suborbicular or subquadrate, and moderately convex: beak incurved,
with a narrow area, but not prominent; mesial elevation commencing as a small simple
plication at the beak, but rapidly widening and becoming more prominent and angular,
with on each side several small costee, which divide so as to form altogether twelve to
sixteen at the front; lateral slopes having at the beak each two or three plications or
eoste, which farther forward divide so as to form as many fascicles of three each, or
about nine on each side of the mesial fold. Ventral valve more gibbous than the other,
and more strongly arched than the other from the beak to the front; beak very promi-
nent in the adult, always strongly incurved over the hinge: cardinal area moderate,
well defined, and ﬂxtea'Lding to the extremities of the ]ﬁnge without rm.rmw'ing atr::mgl:.-'
laterally, rather distinetly arched with the beak ; foramen slightly wider at the Linge
than high, open nearly or quite to the apex, and provided with a distinet linear mar-
ginal furrow on each side; mesial sinus angular, and commencing very small at the
beak, and widening and daepaning mpidl}? to the front, where it terminates in a
strongly-curved triangular projection fitting into a corresponding sinus in the margin
of the other valve; surface as in the dorssl valve, the coste within the sinus being
smaller than those on the lateral slopes, and numbering about sixteen to twenty; fine,
rather obeeure, unduolating strize, and, near the front and lateral margins, a few stronger
marks of gmwth traverse the valves, pu.ru.l]a] to the free MArgins ; while numerous
small, rather scattering, but regularly-disposed granules, apparently the remaining
bases of minute spines, may be seen over the whole surface of well-preserved speci-
meng, which also sometimes show traces of very fine radiating striz.

Length of one of the largest specimens seen, 1 inch; breadth of same, about 0.0%
inchi; convexity, 0.90 inch ; length of hinge, 0.72 inch. Smaller specimens are propor-
tionally lese gibbous, shorter, wider, and provided with a proportionally somewhat
longer hinge, .

Bmall specimens of this species resemble a little the more gibbous varieties of
8. cameratus, with s very short hinge; but, in the adult, the valves become propor-
tionally more elongated anteriorly, and more gibbous, and the beak of the ventral
valve ig s0 narrow, so much produced and incurved, as to present the appearance of
a Pentamerus. Its distinetly-granulated and minutely-striated surface, however, avill
always semve to distingnish, even the specimens with the , most extenided hingre-ling,
from the most gibbous varieties of S, cameratus, with a short-hinge. T8’ ]
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face leads me to suspect that it may possibly be a Spiriferina; but as 1 Lave not been
able to see any certain indications of punetures, I hardly feel warranted in referring it
to that group. I have not, however, given it an examination by the aid of higher
power than a strong hand-magnifier. Should a more thorough examination reveal the
usnal punetate strocture, and the internal septum of that group, it will of eourse have
to be called Spirifering Tevana.

Compared with foreign formé, this shell seems 10 be most nearly like the extremely
narrow and elongated variety of S. duplicatus, Phillips, as illustrated by Mr. Davidson's
figure 8, Plate IV, Monogr. British Carboniferons Brachiopoda It is much more
cibbous, however, with decidedly more prominent and more angular mesial sinus ;
while its surface-granulations and minute striee serve to distinguish it Although its
mesial fold has a very angular appearance, a careful examination shows it to be very
slightly flattened, or sometimes even marked by a linear furrow along ite crest; and
there is sometimes also a slightly more prominent line along the middle of the angular
sinus of the other valve.

Locality and position—The type-specimen was found, by Mr. H. R. Roessler, asso-
ciated with Coal-Mensure fossils in Young County, Texas. Dr. Newberry also has
specimens from the northwest corner of Jack County, west fork of Trimity River, Texns
1 have never seen it from any loeality north or east of Texas—(F. B. M.

PropucTus ¥oposus, Newl.
Plabe III, figs. 3-3 4.

This fine Productus, first collected on a former expedition, and described in my
report to Lieutenant Ives (Colorade Expedition, Geology, p. 124, plate 1, figs. 7-
74}, we found in large numbers at Santa Fé, and in many localities along our route
quite to the Colorado. Indeed, it is perhaps as common as any other species of the
genus in Western New Mexico and Southern Utah.

The figures now given of it will convey a much better impression of its true chas-

acter than those before” published. From these it will be seen that, with' a near
approach in form and markings to F. cora and P. equicostatus, it is distinguished from
these and other species by the single line of conspicuous nodes, the bases of large
spines, which mark the mediin line of the ventral valve. In some specimens a corre-
sponding line of tnbercles marks the dorsal valve; but they are always less distinetly
marked and are often entirely wanting.

Figures 3 ¢ and 3 d show a somewhat remarkable variation in the length of the
cardinal border, but the wings are nsnally quite short, as in figures 3 b and 3 c.

PLEUROTOMARIA EXCELSA, Newh.
S CEN

P P .

. . /Bhell large, long-conical in outdine, higher than broad; whorls flattened out-
wandly above and below, having an angular section, the lower ones projecting. consid-
mmiﬁﬂ-n?pﬂn giving the shell a shouldered appearance; surfmee smooth,
ormoarked with fine lines of growth. Height, 5.2 inches. Breadth, 2.6 inches. In its

e
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large size and character of surface, this shell approaches P, Missouriensis, Swallow, but
is apparently something smaller and more elongated in outline. In P. Missouriensis
the width of the base is greater than the height, while in our species the reverse is true.
In the Missouri specimen, which I saw in the hands of Governor Grilpin before it was
described, the whorls are so fitted together as to produce smooth and somewhat con-
cave sides; while in P. ercelsa they are shouldered, and the outline of the sides is
straight or slightly convex.

Formation and locality—Upper part of the Carboniferous formation, in the cafion
uof Grand River, near its junction with Green River, Southern Utal,

Lamsa Texaxa, Roem.
Lamua Toraun, Roswer, Kreide v. Toxas, p. 21, taf. 1, fig, 7. . d
Found in company with Piyehodus Whipplei on the banks of the Canadian, at
Galisteo, and at the Pagosa in the “fish-bed” near the base of the Middle Cretaceous
RS Uxveama Maxreriy, Agass,
Cheprhian Mantslli, Ag., Roeanor, Kreide v. Texas, p. &, daf. 1, fig. 0,

This species oceurs in the fish-bed of the Middle Cretaceous (No. 2 of Meek and
Hayder’s section) at the Pagosa. It iz somewhat doubtful, however, whether it is
really identical with that described by Agassiz. Probably more material will show
that it is distinet,

Orozamires Macompu, Newb.

Plate IV, figs. 1, 2; Flate VI, figs. 5, 5,

Frond pinnatd, pinnze opposite or subalternate, approximate or imbricated, entire,

sessile ; lower ones small, reniform, or circular; upper large, oblong, rounded, or trun-
cated at the extremity; base nearly as broad as apex, very slightly auricled and
rounded at upper and lower angles, attached to rachis by two-thirds to three-fourths
of entire breadth; nerves numerons, fine, but distinct, equal; forked, radiating from
the attached portion of the base to all parts of the lateral and apical marginsg ; rachis
slender, smooth, or finely striated longitudinally.

The outline of the entire frond is linear-lanceolate; different ones varying much in
breadth and in the spacing of the pinnules. At first sight, they seem to resemble closely
those of several of the Cycads of the Oolite, Wealden, and Chalk, but on more careful
examination they will be found to present charactars widely different. The oblong or
quadrate truncated pinnules, inereasing in length from the base upward, at once sug-
gest the species of Nilssonia and Plerophylium, to which I have alluded, such as P. majus,
F. minus, P. Schaumbergense, Nilssonia compta, &e., but the nervation (fine, equal, fork-
ing nerves, radiating from the attached portion of the bass to all parts of the lateral
and terminal marging, ) and the mode of atéachment to the rachis—each pinnule being
distinctly separated from the others, the base slightly auricled, with rounded lobes—
exclude it from both the preceding gemera as at present constituted, and associate it

] =-:-Fr"l'..'al"'r! I‘.!:'. Braun's SeEnus Ofozamites I:a-f-ﬂ-
nEpdieeof that genus, it is, howeveér, somewhat

—-
R
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widely separated by its general habit; yet, if the nervation and mode of insertion on
the rachis of the pinnules afford good characters for generic classification, it must be
grouped with these.

By Unger and Goeppert the genus Ofazamifes is not recognized, and our fossil
would be classed by them in Zamites. Brongniart, however, claime that the seetion of
Zamites represented by Otosamites, Br,, including species differing much among them-
selves, it is true, but having in common important botanical characters, may be very
properly regarded as forming a natural generic group.

As this species i distinetly new, it affords no very reliable evidence by which to
judge of the age of the formation in which it is found, and yet it was with very lively
pleasure that T discovered this and the associate Cyead in the copper-mines of New
Mexico. Extremely few fossils had been found at this horizon, although T had sought
them most carefully over a large area in which the red sandstones and shales are
exposed.  On finding in the old copper-mine at Abiquin great numbers of fossil plants,
I was more than pleased, and when upon examination they proved to be Cyeads,
plants most characteristic of the Triassic and Jurassic rocks in the Old World, T felt
that we lwd here new and important evidence that the criteria of paleontology may
e trusted.

Among the Cycads of the Old World, the species most nearly allied to (o, Ma-
comdii is perhaps 0. sbtusa, Lind. & Hutt. (vol. 2, p. 128), from the Lias of England,
aud yet it will be ssen en comparison of the two species that they are quite distinetly
separated.

The discovery of this species by Mr. Eemond in Sonora, associated with well-
nuwked Triassic fossils, is a fact of great scientific value, and of very special inberest
to me, ag it proves that the gntire thickness of the gvpsiferous red sandstones and
miarls of New Mexico, on and west of the Rio Grande, is-made up of strats as old us
the Trias. There is no doubt of the existence of Jurassic rocks in the Rocky Mount-
ain region; but, so far as vet known, they do not occur on any part of the route fol-
lowed by M. Marcou, and where he elaime to have diseovered them,

The plant-beds of the Moqui villages and Abiquin are overlain by the yellow
smndstones of the Cretaceous formation, and angiospermons leaves were found by us
i & number of localities within five or ten feet of the underlving red marls, On the
enst flank of the Rocky Mountains, in some places, as at Cold Spring, on the Santa Fé
road, I found a series of calearsous strata interposed between the Gypsum formation
and the Cretaceous sandstomes, and these, sinee holding the place and having the
lithological character of the beds found by Dr. Hayden a litile farther north, contain-
ing Jurassic fossils, are probably of that age. It is, however, true at the present
time that no Jurassic plants have been found on this continent,

Formation and locality —Trinssic strata: Abiquin, New Mexieo; Los Bronces, Bonora
(Mr. Remond); Yaki River, Sonora (Mr. Hartley). a1 ;

ZuwiTEs oCCIDENTALIS, Newh. Sl
ol AL daailg

Plate ¥, fign. 1, 19, 2. _ -
Frond petioled, ]iﬂﬂr-lﬂnm]m; pinnules springing f th&__ i..:f"-'___
angle of about 45°, rigid, coriaceous, closely approximated, linear in_outl :E—“tiil .

-
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lines long, rounded or subacute at extremity, very slightly constricted at base;
nerves fing, parallel, scarcely visible ; rchis strong, chaffy.

In the form and attachment of the pinnules, this species approaches those gronped
by Fr. Braun under the name of Plrosamites, in which the pinnules are usually
linear and obtuse, and are attached to the rachis by the entire breadth of the base,
which is not constricted.  In the upper pinnules of our plant, however, the bases are
very distinetly narrowed, and the attachment is sensibly oblique.

There is no described species of Zamites for which this will be likely to be mis-
taken, nor does it clearly fall into any of the groups of the genus which have been
established.  With the lance-leaved species ( Podosamites Fr. Braun), such as 2 dis-
tans, £. lanceolatus, Z. wndulatus, Z. folcatus, &e., it seems to have very little in eomman,
while from the group represented by Z Femeonis, Z. pectinatus, Z, Tarinus, &,
(Plerosamites Fr. Braun), in which the folioles are inserted by all their uncontracted
bases, it ix separated by the slight though distinet expansion and constriction of the
bases of the leaves. It would, therefore, seem to be a sort of connecting link between
the groups with auricled and those with simple folioles. It approaches, however,
nearest to that group of species described by Goeppert and Dunker (Z. Dunkerianum
Gopp, Z  Humboldtianum, Dunk, Z Lyellianum Dunk, &) from the Wealden,
included by these authors in Pterophyllum, but by Brongniart in Zamites, and perhaps
nearest of all to Pter. Saromicum, Reich. (Gaea, v. Saxon., p. 134, t 4, £ 14;
Gopp., “ Flora des Quadersandsteins in Sechlesien ™, in Nova Acta Acad Leop. Caral,
Cms. Nat Cur, Oct, 1847, p- 362, taf. xxxviii, fig. 13), from the Quadersandstone
(Cretaceons) of Baxony.

Formation and iocality—Top of Triassic series; Copper-mines near Abiqnin, New
Mexico.

PECOPTERIF BULLATUS, Bunbury.

Plute VL, figs. 1, 1%

Among the specimens eollected by Mr. Remond at Los Bronces, Sonors, are
several of a Peeapleris in froit, which is apparently identical with that first described
by Bunbury from the coal-strata of Richmond, Virginia, and subsequently found by
Professor Emmons in North Caroline. This species is considered by Professor Heer
as identical with Pecopleris Stulpardtensis, Brong., one of the most characteristic
plants of the European Trias,

Without more material, it wounld be presumpiion to attempt to decide this question ;
but that the plant before us is identical with that found in the Trisssic strata of
Virginia and North Carolina there is little doubt, and it therefore becomes an impor-
tant connecting link between the eastern and the western exposnres of Triassic strata

Formation ond locality —Trinssic rocks; Los Bronces and on Yaki River
Sonora ( Messrs. Remond and Hartley).

Pecorreris MExicawa, Newh.
Plate VT, fign. 2 0,

-~ Frond bi-or tripinnate, small; pinne elongated, narrow, linear, acute; pinnules

[ ond-

=

oviite, acute or subacute, sometimes faleate; nervales delieate and few, simple or

Emgscy "5
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once-forked ; sori from 1 to 5 on basal portion of pinnules, seated on the nerves, and
apparently covered with an indusium. _

This is an exceedingly neat and pretty epecies, quite distinct from any other with
which I am familiar. The plant was evidently small, and the fronds very delieate
and membranous.

In common with most of the smaller Mesozoic species of the genus, it had long,
narrow, riband-like pinns, and pinnules more or less faleate. In the form of the
pinnules, the plant resembles Pecopteris Whithiensis, but the nervation is less erowded,
the pinne more elongated, and in size the one is but a miniature of the other.

Formation and locality—Trisseic shales: at the Coal-mines of Los Bromecs,
Sonora (Mr, Remond),

Pecorremis rarcarus, Emmons,
- Flats VI, fig. 1.

This is evidently the plant deseribed by, Professor Emmons (Geol. N. Carolinn,
p- 327, fig. 9) as the fertile frond of his P. fulcatus. No specimens of the barren
frond oceur in the colleetion; but the resemblance of the plant before ns to that
represented in the figure to which I have referred will be apparent to any ohserver,

Professor Heer considers P. falcatus of Emmons as identical with Laceopleris
germinans Goep. (Gatt Foss. Pflanz. liv. 1 and 2, plate vi, fig. 8) from the Keuper of
Bayreuth ; and he is probably correct in that conclusion, but the want of sterile
fronds in the collection made by Mr. Remond leaves this question as it was, and we
are now only able to identify, by means of this and the other epecies common to
these widely-separated localities, the plant-beds of Sonorn with the Trias of North
Carolina and Richmond.

Formation and Tpcalily—Los Bronees, Sonorn (Mr. Remond),

Preporoyres Fraciie, Newh

Flate ¥I, fige. 0 and &,

Plant apparently delicate and fragile; midrib of frond slender and weak; pinnules
oblong on the center of the frond, quadrangular above and below: summit sruarely
truncated; base attached to the rachis by its entire width: nerves fine, straight, simple,
parallel.

The figure now given of the central part of the frond is taken from the only spe- -
cimen which shows distinetly the nervation and other diagnostic characters of the
species. In this the midrib is very delicate, and the pinnules are given off at a right
angle. The other figure (6*), which represents the base of a frond, is taken from a
specimen which may belong to another species, as the nervation is nearly obliterated,
and the pinnules are given off at an acute angle. I have thought it probable, however,
that this latter peculiarity was simply due to their position near the base of the frond.
With this exception, there is no tangible difference. Should this be found to be a con-
stant feature, however, it would make i necessary to establish a new species on the
specimen represented in fig. 6. oo

Formation and locality —Triassic strata; Tos Bronees, Sonara, Mexico.



TO JUNCTION OF GRANXD AXD GREEN RIVERS. 145H

PrerorrYLLUM ROBUSTUM, Newh.

Plate VT, fig. 7.

Leaf large, 6 inches or more in width; piune strap-shaped, 8 inches in length;
bases expanded and coalescing; summit truncated or abruptly rounded; nervation
delicate; nerves simple, parallel with the border of the pinnec.

Two specimens of this singular plant are contained in the eollection made by Mr.
Itemond, both imperfect, but both exhibiting the same characters These are so paenl-
iar that, without the evidence of fwo specimens, I would have said we had here simply
a frond of Tewndapteris torn into strips, with an necidental bue striking reguluritv. It
seems hardly probable, however, thongh not impossible, that we should find in this
small eollection two fronds torn in precisely the same way. Besides this, the curvature
of the sides of the divisions, where they eoalesce at the base, is almost too regular to
be the result of accident. They are also too uniform in Width to be the effect of
mechanical foree. 1 have thought best, therefore, to describe this provisionally as a

distinct species of Plerophylium.
Formation and iocality —Triassic strata ; Los Bronces, Sonora.

* PonozaMiTes crassiFoLia, Newh.
Plate VI, fig. 10.

Plant large and strong; pinne long-elliptical or spatulate in form, thick and
coriaceous; nervation strong, but somewhat obscured by the thickness of the paren-
chyma; nerves parallel with the border, converging at both extremitics of the pinnee;
a4 more distinet nerve traverses the central line.

Only detashed pinne of this plant are contained in the eollaction made by Mr.
Remond, but of these there are quite a number. By their large size and thickness,
they are greatly different from those of any species of Podaramites hitherto deseribwed,
and the distinet median nerve which they show presents a feature not common, if
even known, in this genus. It is, therefore, possible that more complete specimens
will show it to have characters which should be given generic value,

Formation and locality.—Triassic strata; Los Bronces, Sonora.

AveTHOPTERIS WHITNEYI, Newh,
Flate VII, #gs. 1, v, 1.

Frond pinnate or bipinnate; pinnules 6f lower portion large, 2-5 inches long,
narrowed above, broad below ; the lower half of the base attached to, and decurrent
on, the rachis; the upper half detached and subeordate ; upper pinnules shorter, be-
eoming at last elliptical and even orbieular; nervation crowded: midrib stromg ; lat-
eral nerves fine and numerous, given off at nearly a right angle, simple or once forked.

The specimens of this plant are too fragmentary and imperfect to permit a full
and complete description of it. Enough remains, however, to show that it was a
strongly-marked species, and one quite distinet from any before deseribed from this
horizon. That portion of the frond contained in the collection made by Mr. Remond -

1er s
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gives the impression of a large and strong plant, much more like some species from
the Coal-formation than any hitherto found in the Triassic or Jurassic rocks, The
detachment of the upper half of the hase of the pinnules from the rachis js a feature
s0 peculiar that it will serve to distinguish it at & glance. At first sight, this would
seem to be accidental; but each of the pinnules of the larger specimens contained in
the collection befure us shows it to exist in precisely the same degree, 5o that we must
conclude it to be a constant character,

This species is named in honor of Prof J. D Whitney, to whom I am indebted
for the opportunity of examining the Triassic plants collected b v Mr. Remond,

Formation and locality —Trinssic struta; Los Bronces, Sonora (M. Lemond).

Camrrorrers Remoxnr, Newh,
Plate V11, figs. 2, @,

Frond digito-pinnate or spirally discoid, from one to two feet in diameter, con-
sisting of twenty or more pinnse radiating from a common center, and extended in the
same plane. The longest pinnge are one foot in length and one and one-half to two
inches wide in their central and broadest portions. By the lower fourth of their length
they are united ; above they are free, lancealate in outling, with margins obtugsely
dentate or crenate. The central nerve of sacl pinna is strong and flat.  From this
the secondary nerves spring at a subacute angle, eurve gently upward at their extrom-
ities, and terminate in the crenations of the border, The tertiary nervation is very
delicate, filling all the spaces between the recondary nerves with a somewhat irregu-
lar polygonal retienlation,

This remarkable fern evidently belongs to the same genus with that fignred by
Schimper in his Paléontologie Vrgetaie (plate xlii, fig 4) under the name of Camp
lopierie servata, and it seems to me highly probable to the same genus as GGoeppert's
Thawmatopteris Munsteri. Tt is specifically, however, quite distinet from both of these ;
the fronds being larger, the pinna: broader and united by a greater portion of their
length, and the dentifion of the mirging being shallower and more rounded. The
nervation of Camplopleris serrats is not given, but in our plant it is very distinetly
shown. It consists of a series of secondary nerves springing from the midrib at an
angle little less than a right angle. These are gently arched npward, and terminate
in the denticles of the border, The interval between them is filled with o polvgonal
network of rounded or guadrangular meshes, inside of which is a finer network, hav-
ing the same general character, the meshes being four-, five-, or six-angled. This is
also the nervation of Thaumatopteris, and since one plant, as shown by its peculiar form
of frond, is generically identical with the typical species of Camplopteris, and its ner-
vation can hardly be distinguished from that of Thawmatopteris, it tends to link these

spirally folded precisely like that figured by Goeppert (Gattungen, plate 1, fig. 5),
The difbmrery of this plant in the coal-strata of Los Bronees is a matter of no
]it.f]a geological interest, as no species of Camptopteris had been before discoversd an
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Los Bronees coal, as the two species of Camplopteris—C. serrata and €, quercifolia—
are both from the Upper Trias of Bavreuth.

The collection of Mr. Remond contains « large number of specimens of Camp-
topteris, although these are very mueh broken up ; two of the more complete are now
fignred  These show the form of the radiate, slmost peltate frond, the character of the
marging, and nervation of the pinna.

Formation and lscality—Triassic strata ; Los Bronoes, Sonora, Mexico,

TENIOPTERIS ELEGANS, Newh,
- Flate VIIL, fig. 1.

Frond bmad]j spatnlate or elliptical in ootline; median nerve prominent and
roughened ; lateral nerves remarkably strong, uniform, parallel, simple, issuing from
the median nerve at an scute angle. They are straight below, but near the summit
of the frond are gently arched upward.

This fern will be distinguished at a glance from any of its associates Ly its
rama.rkabl}r strong and clear nervation Fragments only of the frond are contained
in the eollection, so that we are unable to indicate its exact form ; but the [wirtions
seen lead to the inforence that when 1'er.r|:'rtp|m|3 it was !.l:l'Lml]];.-' H]HLI.LL]'.'-I.IZ-EI or u]liptﬁ{'..'-l.!.
Ameong all the great group of the Teniapteride, there is none, so far as I know, which
has a nervation so distinetly-marked and exact as this one.

Formation and localily —Triassic beds of Los Bronces, Mexico.

TENIOPTERIE GLOSSOPTEROIDES, Newbh,
Plate V111, figs. &, %,

Frond eimple, spatulate in outline, one foot or more in length, two inches in
width at the broadest part. The base is long-wedge-shaped. The median nerve is
very strong and smooth ; the lateral nerves relatively sparse and distinet, given off at
an acute angle, dividing near the base, and more or less inosenlating above to form
elongated and irregular meshes.

In their general aspect, the fronds of this fern bear consideralle resemblance to
Teniopteris marantacen, s common in the Triss of Europe; bat in that species the frond
is supposed to be pinnate, while in this it is unquestionably simple. The nerves in
our plant are also finer and anastomose much more frequently. It seems to me, how-
ever, that we have not sufficient pround for separating these plants generically, and I,
therefore, for the present, consider them simply as distinct species of the same ERIES
Of the figures now published, fig. 2 represents the summit of the frond; fig. 2* the base,

Formation and locolity —Triassic strata of Los Bronces, Sonora, Mexico.

Taxioprems maexivoLia, Rogers,
Flate VI, figs. 3, 4.

This species is abundantly represented in the collection made at Los Bronces by
Mr. Remond, and is perhaps the most important connecting link between the Trassic
beds of Sonora and those of North Carolina and Virginia. It may be recognigad At
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onee by the remarkably fine, uniform, parallel, simple veins given off at right angles
from the modrib. None of the upacﬁnanu obtained 1n Sonora rival in size the hu.ga
fronds obtained from the coal-beds of Richmond; but it is nevertheless the largest
Bonora species, and the largest epecimens are fully equal to the average of those found
in Virginia.

There are in the collection of Mr. Remond many simple, narrow frondg, in which
the nervation is similar to that deseribed above, and the only difference 1 can diseover
between these and the larger ones iz in the greater relative width of the rachis in the
narrow fronds. 1t is frequently as broad as in the larger ones, and is seen to he scaled
or chaffv toward the base. These narow fronds are contracted in width, and are more
or less waved or ruffled.  Possibly these may represent another species, but the differ-
enee between the two forms seems hardly sufficient to justify me in considering them
distinet.

JEANPAULLA EADIATA, Newh,

Pinds VIII, fig, G

Fronds radiating from a common center and apparently forming a whorl. Each
sulddivision liag a wedge-shaped outline and is several times dichotomously branched.
The lacinie are nearly straight, flat, and marked by continuous parallel veins.,

Detached portions of this plant eould hardly be distinguished from Jeanpaulia
Munsteriana, Ung., from the Rheetic beds of Bayreuth, as will be seen by the figure
now published.  The subdivisions of the fronds, or perhaps the distinet fronds, are,
liwwever, narrower and mmghtm than in that species.

A large number of specimens of this plant occur in Mr. RHemond's collection, and
some of them possibly represent the Enmpmm species, being stronger and having
the sub-divisions more curved than in the specimen figured.

It will be rngurderd as an interesting fact that a well-marked species of Jeanpawlio
is found in the Triassic of Sonora, and I have also to add that I have in my hands
specimens which indicate the existence of another species of this genus, closely allied
to, if not identical with, J. Munsteriana iv the Triassic coal-formation of China. T]m}'
were eollected by Prof R. Pumpelly. I have seen, toe, a large and strong species,
IF]MSEFR new, from the coal- bﬂmn of Richmond, Va., whence it was brought by Prof

Martin.
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