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L E T T E R O F S U B M I T T A L 

SMITHSONIAN INSTITUTION, 

BUREAU OF AMERICAN ETHNOLOGY, 

Washington, D. C, November 8, 1912. 
S I R : I have the honor to submit herewith a series of three papers 

relating to the physiography of the Rio Grande Valley, New Mexico 
as follows: 

The Rio Grande Valley, by Edgar L. Hewett, Director of the School 
of American Archaeology. 

Geology and Topography, by Junius Henderson, Professor of 
Natural History and Curator of the Museum of the University of 
Colorado. 

Climate and Evidence of Climatic Changes, by Junius Henderson 
and W. W. Robbins, Assistant Professor of Botany in the Agricultural 
College of Colorado. 

These are designed to present a somewhat comprehensive view of 
the environment of the ancient tribes of the upper Rio Grande in New 
Mexico, especially of the Pajarito Plateau, and of the present Pueblo 
villages. They fonn a basis for several papers on the archeology and 
ethnology of the Rio Grande Valley which will present the results of 
research conducted jointly by the Bureau of American Ethnology 
and the School of American Archaeology in 1910 and 1911. It is 
recommended that the present papers be published as a bulletin of 
this Bureau. 

Very respectfully, F. W. HODGE, 

Ethnologist in Cliarge. 
Hon. CHARLES D. WALCOTT, 

Secretary, Smithsonian Institution. 
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THE RIO GRANDE VALLEY, NEW MEXICO 

By EDGAR L E E H E W KIT 

PHYSIOGRAPHIC conditions are essentially correlative with 
facts of culture. Physical and psychic causes are to be held in 
the closest possible relation if we are correctly to interpret the 

intellectual remains of the native peoples of America, whether in 
the form of myth, ritual, and symbolism of plains and desert tribes 
or in architectural, sculptural, pictorial, and glyphic remains of the 
Mexican and Central American cultures. This briefly is the reason 
for beginning this series of studies on the archeology and ethnology 
of the Rio Grande valley with a discussion of the physiography of 
the region under investigation. These physical facts are presented 
in order that in a final synthesis of forces bearing on the culture 
history of the Rio Grande valley the student may have at hand 
wider knowledge of basic correlative conditions. The climate with 
its physical and psychic influences, the soil and its potentialities, 
the geologic structure of the country and its relation to the simplest 
problems of welfare, are all phenomena that must be reckoned within 
the study of man in the cultural process. 

For such a study the Rio Grande valley affords exceptional facili­
ties. I t is an important part of a large and varied climatic province 
usually designated " the Southwest," in former times often spoken 
of as " the American Desert." Its climatic conditions are peculiarly 
definite, its geologic history is expressed clearly, and its physical 
structure strongly marked. The relation of such an environment 
to human activity in its physical aspects, as house-building, house 
life, and occupation, is obvious, while its influence on social organiza­
tion, symbolic art, ritual, ceremony, all the phenomena of the religious 
life was, though less conspicuous, probably no less coercive. All the 
sources necessary to the study of human life in the valley during a 
long period are present. There are a wealth of well-preserved areli-
eologic remains marking every stage of the pre-European epoch and 
much of similar character belonging to the period following the 
Spanish invasion. Living in the valley are Pueblo communities that 
have existed here for centuries, related to the ancient population 
in manner and degree not fully established, still conserving in myth, 
symbolic art, religious observance, and social order, the culture of the 
ancients. In addition to this there is yet to be recovered a wealth 
of documentary histoiy of the period of Spanish conquest which is 
as essential to the completion of the record as is either of the lines 
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of information above mentioned. Local archives will yet yield 
much of value, as will also, in much larger degree, those of Mexico, 
but doubtless the chief source to which we must go is the Archivo 
General de las Indias in Spain. 

Accordingly a series of papers will be presented dealing not only 
with the ancient monuments and excavations but also with the 
ethnology, documentary history, and physical geography of the 
region. 

As yet the geographers and geologists have furnished no thorough 
studies of the Rio Grande valley. There are available the maps of 
the Wheeler Survey, which are substantially correct for leading topo­
graphic outlines, and early sheets of the United States Geological 
Survey, which are useful, though inferior to those of later issue 
covering other sections. The reconnoissance reports of the Macomb, 
Wheeler, and Hayden expeditions refer to the broader lines of geologic 
topography. In recent years the University of New Mexico has 
made important studies on the geologic history of the vicinity of 
Albuquerque. 

The Rio Grande valley embraces the Pueblo region that belongs 
to the Atlantic side of the continental divide. The section here 
considered lies between 36° 30' and 35° 15' north latitude and be­
tween 105° 30' and 106° 50' west longitude; roughly, it is_ that 
portion of the Rio Grande valley which lies between Taos and Berna­
lillo, New Mexico, a distance, north and south, of 75 miles. This 
drainage area is approximately 75 miles wide. We are discussing 
then a section of country about 75 miles square, an area of about 
3,600,000 acres. Physiographically it affords a satisfactoiy type-
section of the Rio Grande basin. I t embraces the principal foci 
of ancient population of the valley, and within its boundaries are 
villages representing all the surviving ethnic groups of the eastern 
Pueblos. 

The Rio Grande enters this quadrangle in longitude 105° 45 ' and 
leaves it at a point 50' meridionally (approximately 50 miles) to the 
west. The general trend of the valley is thus from northeast to 
southwest. The fall during this course is from an altitude of 7,000 
to one of 5,000 feet above sea level, this being accomplished by a 
gradual descent, no falls and no considerable rapids occurring at any 
place. At its point of entrance into this rectangle the bed of the 
river is in an impassable box canyon and so continues to Cieneguilla. 
Thence the canyon is still of great depth but permits of the passage 
of a wagon road. In the formation of this narrow canyon it has 
been necessary for the river to cut its channel through a wide-sweeping 
lava flow of great thickness, a phenomenon that is repeated at White 
Rock canyon, 20 miles below. At La Joya the Espanola valley 
opens out; this is 20 miles in length. 
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The leading geologic features of the Rio Grande valley are con­
spicuously expressed. One finds few areas in which the geologic 
topography seems particularly obscure. The general structure of 
the valley varies but little throughout the course herein described. 
The great synclinal trough, about 40 miles wide, lies between two 
imperfectly parallel mountain ranges. On the east is the Santa Fe 
range, which is a continuous chain, a prolongation of the Sangre de 
Cristo range of Colorado, embracing the highest peaks in New Mexico, 
some of which reach an altitude of 13,000 feet. On the west is the 
Jemez range, made up of a number of subranges and spurs locally 
known as the Tierra Amarilla, the Valles, the Galhnas, and the 
Nacimiento ranges. These mountains are characterized by broadly 
rounded contours with elevated valleys between the ranges. The 
highest peaks are in the neighborhood of 11,000 feet in altitude. 

The river keeps toward the western side of the trough. On each 
side is a narrow strip of highly productive irrigable bottom land, well 
adapted to raising grain and fruit and to gardening. On the west 
side this strip is only a few hundred yards wide, being closely limited 
by the abrupt escarpments of the Pajarito plateau, which lies between 
the river and the foothills of the Jemez range. The main flood 
plain, only a mile or two wide, is on the east side. This is limited 
by an expanse of broken country about 20 miles in width extending 
back to the Santa Fe range. This strip is characterized in part by 
naked arenaceous bluffs, which in places are eroded into weird 
castellated bastions, and in part by rounded gravel-covered hills. 
The naked Tertiary sands of this valley are nonproductive, and large 
areas are so situated that they will always be in a state of denudation. 
There are occasional threads of fertility along the meager water­
courses, and in places the bench lands have undergone a degree of 
aggradation by reason of the distribution of material from adjacent 
mountain sides; this has resulted in a covering of moderately fertile 
gravel and silt, which supports a fair amount of grass and other 
vegetation. Extensive fluviatile deposits nearer the river indicate 
the existence at some former time of a much greater river than the 
present Rio Grande. Evidence pointing in this direction is repeated 
and emphasized in the course of the Rio Grande after its emergence 
from White Rock canyon opposite Santa Fe. 

At the lower end of the Espanola valley, just below San Ildefonso, 
the river enters the canyon, cutting its channel through another 
wide-sweeping lava flow. For a distance of two or three miles the 
railway follows the bank of the river down this canyon, which for 
the next 20 miles is passable only by an Indian trail, even this having 
to leave the canyon toward the lower end and pass out over the 
mesas. The canyon ends just above the Indian village of Cochiti; 
thence the flood plain is larger and still on the east side of the river. 
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The volcanic mesas still hug the river on the west, while to the east 
of the flood plain the areas of naked marl are small and the area of 
gravel and silt-covered hills and mesas is of greater extent. 

The most striking section of the entire region herein described is 
that bordering the Rio Grande on the west between the Chama river 
and Cochiti. No other section in the Southwest has played a more 
conspicuous part in human history. I t became the principal focus 
of ancient culture in the Rio Grande drainage, and its peculiar 
geologic structure powerfully influenced the aboriginal culture of the 
entire Southwest, particularly in the domain of house life. I t is the 
eastern half of the elevated plateau upon which are superimposed 
the Jemez mountains; to this has been given the name Pajarito 
plateau. Its original uplift accompanied the formation of the 
Jemez range, but important changes have since taken place. The 
most important of those was the laying down of a vast sheet of 
volcanic tufa of a maximum thickness of perhaps 1,500 feet, which 
at one time completely covered the plateau but which has since been 
rent, sculptured, and dissected by water and wind into the weirdly 
beautiful condition that it now presents. In the northern part 
hardly more than ten per cent of the original cap is left in place, the 
remaining fragments standing out boldly from the foot of the moun­
tains as circular or elongated geologic islands. These sometimes 
take the form of narrow tongues, several miles in length and from a 
few feet to half a mile in width. Between are lightly timbered 
valleys and dry arroyos. In this northern part, which is called the 
Puye district, from its principal focus of ancient habitation, the 
tufa cap has been entirely removed for a distance of several miles 
back from the Rio Grande, being superseded by a level grassy plain. 
Farther south the tufa cap approaches the river, and southward 
from the point at which the Denver and Rio Grande railway crosses 
the Rio Grande near San Ildefonso the massive yellow bluffs appear 
hundreds of feet above the river as the upper stratum, overlying the 
recent basaltic extrusions. Thence southward from fifty to seventy 
five per cent of the tufa sheet remains in place, and instead of pre­
senting the appearance of a large number of geologic islands, resting 
upon a common level, as farther north, there is more the appearance 
of a level plateau rent by thousands of canyons which sink below the 
general level to a depth of from 50 to 700 or 800 feet. Above White 
Rock canyon the eastern rim of the plateau is broken into detached 
masses, which stand out as huge isolated bastions, while farther south 
a continuous rim is presented toward the river, broken only by the 
entrance of the side canyons. In the region contiguous to the Rio 
Grande, lying between the Guages and the Pajarito, are many fine 
examples of basaltic gorges. This section was the focus of the 
recent volcanic activity, which here produced some of the most 
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striking scenery from the geologic point of view to be found in the 
Southwest. 

In most places the color of the tufa blanket ranges from yellow to 
gray, varying with the exposure. In the neighborhood of the basaltic 
contact, areas of dark brown occur and in some places patches of 
almost pure white ash are to be seen. The greater part of the for­
mation, the material of which originated in the cones of the Jemez 
mountains to the West, seems to have been laid down somewhat 
uniformly as a rather coarse ash, nowhere approaching commercial 
pumice, usually much mixed with spicules of silica. The formation 
presents every degree of compactness—the light gray ash that can 
be removed with a shovel, somewhat harder porous masses in which 
are thousands of natural caves formed by wind erosion (the advan­
tages of which for shelter constituted probably one of the first induce­
ments for the peopling of the region), and finally the fairly compact 
unbroken strata hundreds of feet thick, as seen hi the canyon walls at 
the Rito de los Frijoles, the North Alamo, and the Puye. The soft 
honeycombed formations afforded, with but little additional exca­
vation, dwellings for the first inhabitants, while the more compact 
masses furnished the light building stone for the great community 
houses of more recent tunes that were built upon the mesa tops, in 
the valleys, and on the talus against the massive walls, as at the sites 
above mentioned. 

Many formations of unusual character are found here and there, 
giving variety and character to the scenery. Such are the mud 
flows which occur as brownish stratified masses, and the remarkable 
tent-shaped rocks, of which the finest examples are at Otowi, but 
which occur also at many other places (pi. 8-10). Those at Otowi 
are especially noted for having been used as human habitations. 
They are to be seen hi all stages of formation—the porous stratum 
hi which they originate still covered with the cap of more compact 
tufa, the detached masses with fragments of the cap as balanced 
rock remaining upon the apex, and the completely isolated finished 
cones. A wdiole village of these is to be seen in Otowi canyon. 

Two natural caverns of considerable size are found in the southern 
part of the plateau, one in the Rito de los Frijoles and one hi the 
Canada de la Cuesta Colorada. Both were utilized by the inhabitants 
for ceremonial purposes. This portion of the plateau embraces the 
most stupendous canyons, the wildest scenery, and affords the 
grandest panoramas to be seen in New Mexico, and in fact scenes that 
can scarcely be paralleled anywhere. 

The principal eastern tributaries of the Rio Grande are Taos, Santa 
Cruz, Pojoaque, Santa Fe, and Galisteo creeks, small streams with 
narrow flood plains. All of these usually cany a small amount of 
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water to the confluence during a considerable part of the year. On 
the western side there is one important tributary, the Rio Chama, a 
large river, rising in southwestern Colorado. A description of its 
basin in its lower course would be almost a repetition of that of the 
Rio Grande. I ts right bank is bordered closely by the volcanic 
escarpments of the Pajarito plateau, and on the left a narrow fertile 
flood plain is immediately superseded by an extensive valley filled 
with the picturesque hills of Pliocene sands. The Santa Clara, 
Guages, Pajarito, Bravo, Rito de los Frijoles, Alamo, Colorado, and 
Cochiti are small creeks perennial in their upper courses, but none of 
them, with the exception of the Rito de los Frijoles, carries its water 
to the Rio Grande except in flood seasons. 

Of the area under consideration, 75 miles square, probably five 
per cent is irrigable agricultural land of great fertility. Forty-five 
per cent is barren irreclaimable marls, lava flows, and sand hills, and 
fifty per cent may be classed as mountain land more or less forested. 
The forested land at present is only moderately valuable for pasturage 
and lumbering, but is susceptible of improvement in these respects 
under scientific forest management. This portion of the drainage area 
has an important function hi the conservation and distribution of sur­
face waters. Progressive deterioration in its forest conditions would 
be accompanied by a corresponding decline hi agriculture hi the entire 
region that depends on the Rio Grande for irrigation water, while 
any sudden and extensive forest destruction would lead to catas­
trophic results, rendering the region uninhabitable. Of the present 
forested area the greater part is onl}r indifferently wooded, not more 
than a quarter of the timber being of merchantable quality. Probably 
half of this area could be classed as light woodland and the remaining 
quarter as scrub. The well-forested portions of the rectangle are, (1) 
the Santa Fe mountains area, including the entire eastern side of the 
bashi; (2) the Placer and Sandia mountains area, a small section hi 
the south-central part ; and (3) the Jemez plateau, the region lying 
west of the Rio Grande and north of the latitude of Santa Fe. 
Extensive fires have denuded many of the rounded tops of these 
mountains, giving the impression that these peaks extend above the 
timber line. 

Meteorological conditions throughout this region are peculiarly 
definite. There is a high percentage of cloudless weather, a rare 
transparent atmosphere, light precipitation, rapid evaporation, low 
humidity, and considerable whid, especially hi the spring. Vegeta­
tion dries up rather than decays; meat cures in the open air without 
salt. In the lower valleys the total precipitation ranges from 10 to 
15 niches annually, very little behig in the form of snow. In higher 
altitudes this is increased to from 15 to 20 inches, with a considerable 
amount of snow. There is occasionally an exceptional year when 
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precipitation reaches '25 inches hi the higher mountains. Precipi­
tation is unequally distributed throughout the year. Heavy rain­
falls of a few hours' to some days' duration are followed by months 
devoid of moisture. The effects of rainfall disappear rapidly because 
of the character of the soil and the atmosphere. The range of tem­
perature is considerable, owing to the great range hi altitude. The 
nights are invariably cool, even hi summer. There is little zero 
weather in whiter except hi the high altitudes, and oppressive days 
in summer are unknown even in the lower valleys. This is due not 
so much to absence of heat (for at midday there may be a scorch­
ing temperature) as to lack of humidity. Sultry, muggy days are 
unknown. The season for crops varies in length with the altitude, 
but is rather short at best. Small grain thrives even hi the highest 
valleys, while fruit-growing is limited to areas below 7,000 feet. 
Various grasses flourish up to the highest altitudes. Corn matures 
in the valleys and on the mesas up to 8,000 feet. This crop, while 
an exceedingly meager one hi comparison with the prolific yield of 
the Middle West, has been very influential hi determining the 
aboriginal culture that developed here. 

The country is poor in natural food products. In the canyons a 
few berries, wild cherries, and wild plums are found. Certain species 
of oak furnish acorns in quantities sufficient for food, and the nuts 
of the pbion (Pinus edulis) are used by the Indians and Mexicans. 
There are some food fish in the Rio Grande and trout in the mountain 
streams, but the Pueblo Indians fish but little. Game is scarce. 
Deer are more rare than in the northern part of New England. Bears 
are occasionally found in the mountain canyons. Coyotes, timber 
wolves, wildcats, pumas (mountain lions), and squirrels exist, but not 
in large numbers. There are some wild turkeys in the forests, but in 
general birds are rare. The rattlesnake is the only reptile that is 
numerous, and this in only a few places, notably in the White Rock 
canyon between Buckman station and the mouth of the Rito de los 
Frijoles. In marked contrast to the poverty of vertebrate life is the 
extreme richness of the insect fauna. At certain seasons butterflies 
appear in the valleys in vast numbers. There are many species of 
wild bees. Occasionally swarms of locusts appear and these are 
greatly prized by the Pueblo Indians for food. Tarantulas and centi­
pedes occur, but not so plentifully as on the plains east of the Rocky 
mountains. There are lizards in almost endless variety, and great 
numbers of bats frequent the ancient cliff houses of the plateau area. 

The method of mesa building seen in the Rio Grande valley points 
to a former climatic condition radically different from that which now 
prevails in the Southwest. The sudden heavy downpour of rain now 
characteristic of this region sweeps large quantities of gravel and silt 
from the mountain sides into the gulches and on into the river basins, 
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creating a formidable obstacle to irrigation projects in the rapid 
filling up of reservoirs. This condition does not permit of uniform 
distribution of the soil from the mountain sides over the lower mesas 
and bench lands, such as obviously took place in earlier times. A 
humid climate, characterized by much rainfall in steady, long-con­
tinued showers, would cause a constant gradual degradation of higher 
slopes and redistribution of the material upon the lower bench lands 
in the uniform manner here seen. Furthermore, the Rio Grande and 
many smaller streams show evidence of volume formerly much 
greater than at present. 

The climate of the Southwest may have been at one tune similar to 
that of Mexico in the high altitudes. No reason exists for believing 
that any great physical catastrophe occurred to change conditions. 
There is evidence of seismic activity but of not excessive violence. 
This is seen in such shallow canyons as the Pajarito, where enormous 
bowlders, fragments of the tufa escarpments, have been projected to 
so great a distance from the cliff onto the level flood plains that it is 
necessary to assume some initial force other than the mere breaking 
away of the rock masses in the natural course of weathering. There 
arc evidences that the country has undergone a slew progressive 
desiccation, extending over a long period of time. That the epoch 
of human occupancy of this region extends back into the period of 
greater humidity seems probable. Agriculture, without irrigation, has 
flourished on considerable areas of the Pajarito plateau that are now 
nonproductive from lack of water. That plateau anciently sup­
ported a large agricultural population where now it supports none. 
On areas like Mesa del Pajarito, where the aggradation of a hundred 
years under present climatic conditions would be almost imper­
ceptible, where in fact no distribution of soil from higher levels is 
now in progress, there has been upbuilding of the general mesa level 
about the walls of ancient buildings to an extent that is not explicable 
under present conditions. The structures here referred to are not 
the large community houses, but of an older scattered "small-house" 
type, the predecessor of the many-chambered pueblo. 

While it thus seems probable that man witnessed these climatic 
changes, the age to which we would have to return to find a condition 
so different from the present can be fixed only within certain geologic 
limits. The gravels above referred to are considered late Pleisto­
cene; that they are post-Tertiary is certain. In places they are 
found overlying the lava flows, and no instances have come to the 
writer's knowledge in which the reverse of this is the case. This 
makes necessary consideration of the question of the age of the New 
Mexico basalts. On this is here quoted Prof. R. T. Hill:1 

1 In Bulletin of the Geological Society of America, m, p. 100. 
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It is also evident from the investigations that eruptive activity has occurred in 
the Texas-New Mexican region from Cretaceous to the present time, and at least three 
well-defined epochs are at present recognizable which may serve as a guide to future 
observations,^viz: 

1. The Austin-Del Rio system, or Schumard knobs; ancient volcanic necks or 
laccolites bordering the Rio Grande embayment, begun in later Cretaceous time, the 
lava sheets of which have been obliterated by erosion. 

2. The lava flows of the Raton system, which are fissure eruptions of Tertiary time, 
and which are only partially removed by erosion. 

3. The cinder cones and lava flows of the Capulin system, which are late Pleistocene, 
and which still maintain their original slope and extent. 

This question was made the subject of investigation by the late 
Prof. C. L. Herrick, whose geological interpretations, it need hardly 
be said, command high respect. He says : ' 

Much time has been expended in the effort to determine the precise age of these 
basalt sheets and the results seem to be unambiguous. The fact that these lavas flow 
over the bases of the trachyte and rhyolite mountains and flows, as at Socorro, and burst 
through and are interbedded in the tufa sheets as at Cochiti district, shows the basalt 
period to follow the trachyte period of eruptive activity. Direct superposition on 
the Tertiary sands in numerous places indicates their Post-tertiary age. Often the 
Tertiary strata are much altered and reddened by the contact, being baked and 
indurated in those places where the flow was thickest but less altered by the thinner 
portions of the sheets. The question as to the period that may have elapsed since 
these flows is more difficult of solution. We have so far failed to find an instance where 
the lava has flowed over the river deposits of supposed Pleistocene age It 
has been repeatedly stated that these lavas are of recent date and that they cover 
remains of human industry. So far as this portion of the territory is concerned this 
may be emphatically denied. Specimens of maize embedded in what was presumed 
to be lava have been displayed in proof of the statement that man existed prior to these 
lavas. It is not denied that recent igneous flows have occurred in various parts of the 
West, but it seems very improbable that even the latest of these basalts could have 
been cotemporaneous with man in New Mexico. An analysis made by Mr. D. W. 
Johnson of the so-called lava containing corn proved it to be highly acid and to have a 
composition impossible for basalt or an ordinary slag. 

There have come into the hands of the writer specimens of charred 
corn imbedded in so-called " l a v a " from four sites in the Rio Grande 
drainage and one in the San Juan. Two of these specimens came 
probably from the sites examined by Doctor Herrick, namely, the 
Jemez valley below Jemez pueblo and the Canada de Cochiti. The 
writer's examination of these confirms his results. Analysis of one 
specimen obtained from the Santa Fe valley and of another from the 
Chama valley disclosed the fact that the material bears no chemical 
relation to basalt, being an acid product often resulting accidentally 
by the action of fire on ordinary adobe soil. The specimens present 
superficially the appearance of true lava. 

There is as yet no evidence that there was human occupancy ante­
rior to or contemporaneous with the New Mexico lava flows, though 
these are, geologically speaking, of recent occurrence, possibly not 

1 In Bulletin of the Scientific Laboratories of Denison University, xi, p. ISO. 
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more than 8,000 to 10,000 years old, and there is no reason for limiting 
the age of man in the Southwest to the last few centuries. 

I t would be premature to discuss at this time the bearing of the facts 
of physiography here noted on the facts of culture history to be pre­
sented in subsequent papers. I t may be suggested, however, that the 
evidences now at hand indicate that the original culture that arose 
in the Rio Grande valley was not wholly or mainly dependent on 
irrigation but that in course of time it became so. Aridity, therefore, 
was not originally the dominant factor in shaping the culture of the 
Southwest. I t came to be so ultimately, and in such manner that 
adaptation to the changing conditions was possible. The aridian 
culture of the Southwest is the result of gradual adaptation. 

In the following paper Professor Henderson presents in detail the 
results of his study, in the summer of 1910, of the geology and topog­
raphy of a limited area of the region under consideration, his obser­
vations having been made mainly on the Rito de los Frijoles and its 
vicinity. In the next paper the same writer, in collaboration with 
Professor Robbins, brings together, under the title " ( Inna te and 
Evidence of Climatic Changes," the evidences and views that have 
been set forth touching the important question of possible modifica­
tions of climate in the Southwest. 


