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PREFACE 

For over fifteen years, geographers from the University of 

Denver have been conducting various field studies on terrain features of 

the arid southwestern United States and northern Mexico. While much 

of this was of the nature of field training of students, an increasing 

interest among the faculty developed in the peculiarities of arid morpho¬ 

logical phenomena. 

In 1961 members of the Geography Department visited the arche- 

logical dig at Casas Grandes, Chihuahua, Mexico, where Professor 

Arnold Withers, Chairman, Department of Anthropology at the University 

of Denver, was working. During this visit the presence of the 

"trincheras" in the adjacent Sierra Madres attracted our attention. It 

soon became apparent that these very widespread phenomena have had a 
profound influence on the morphology of the terrain in the mountains as 

well as on the runoff and hydrology. 

Subsequently, several reconnaissance trips were made into the 
mountains, and one brief field study was conducted. This convinced us 

that the physical characteristics and influences of the trincheras were 

worthy of more detailed field study. Cooperative work with anthropol¬ 

ogists, soil scientists, and others confirmed this. 

Most of the data reported in this volume were collected during 

the summer field session of 1964 under the direct responsibility of Mr. 

Laurance Herold. Some related and cooperative work by Mr. William 

Howard on soil and Dr. Robert Ream on vegetation also is reported here. 

Without dwelling upon some very serious problems of logistics, 

it is apparent that this present report more than justifies the earlier 

estimates of the value of the study. In addition, it now is clear that 

much more can be learned about the trincheras themselves and the 
country which they have so profoundly influenced. 

Clark N. Crain 
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I. INTRODUCTION 

There once were men capable of inhabiting a river with¬ 

out disrupting the harmony of its life. They must have 

lived in thousands on the Cavilan, for their works are 

everywhere. Ascend any draw debouching on any canyon 

and you find yourself climbing little rock terraces or 

check dams, the crest of one level with the base of the 

next. Behind each dam is a little plot of soil that was 

once a field or garden, subirrigated by the showers which 

fell on the steep adjoining slopes.5:‘ 

A. Trincheras 

This study focuses on trincheras and their natural environment. 

These unusual stone structures form an outstanding element of the 

mountain landscape over a l*rge part of northern Mexico. The pre¬ 

historic inhabitants of the northern Sierra Madre Mountains of Chihuahua 

and Sonora, Mexico, from about 1100 to 1450 A. D., materially altered 

the natural environment by building vast numbers of rock retaining walls, 
called trincheras, in valleys and on hillsides (Photographs 1 and 2). 

More or less complete remains of these trincheras today give a terraced 

appearance to countless slopes and valleys, especially in the higher 
elevations from about 5, 000 to 8, 000 feet elevation. The rock walls are 

built perpendicular or oblique to the slope, range from about 0. 5 to 

12 feet in height and from about 5 to 550 feet in length and are usually 

arranged in series with separate trincheras from about 5 to 50 feet 

apart. These distinctive prehistoric structures apparently occur widely 

in the northern Sierra Madre in an area of approximately 60, 000 square 
miles, from near Casas Grandes, Chihuahua, west for 180 miles to 

about Heroica Caborca on the Rio Magdalena in Sonora. Similar but 

less developed terraces also occur sporadically in Arizona, New Mexico, 

and southwestern Colorado. 

Trincheras have been noted in literature since the time of 

initial European contact up to the present; however, most observations 

have been cursory. The term "trinchera" unfortunately has been used 

* Aldo Leopold (1949), "Song of the Cavilan, " A Sand County Almanac 

and Sketches Here and There, New York: Oxford University Press, 

pp. 150, 151 



to describe rock alignments or terraces of varying functions. Cassel's 

English-Spanish dictionary defines "trinchera" as a trench, entrench¬ 

ment, deep cut or ditch. Fitting this description are prehistoric rock 

structures found in northcentral Sonora and described by Bandelier 
(1892) , McGee (1896), Lumholtz (1912), Huntington (1914), Sauer and 

Brand (1931), Ives (1936), and Johnson (1960). These structures circle 

or partly circle isolated hills; their function is defensive, apparently, 

with some evidence of residential and religious uses also. 

Other rock structures of a very different sort, but also called 

trincheras, are found at the eastern edge of Sonora and in western 

Chihuahua. Here trincheras occur mainly across drainage channels 
on hillsides and on the gentler slopes in the intermediate and high 

mountains. Constructed again by prehistoric peoples, their function 

is not related to defense but rather to provision of gi ¿den plots, stabi¬ 

lization of soil, reduction of run-off, and spreading of water. Trin¬ 

cheras of this type have been described by Bandelier (1892), Lumholtz 

(1903), Blackiston (1905, 1906), Leopold (1937), McCabe (1955) and 

Withers (1963). The aboriginal peoples associated with these struc¬ 

tures are related to the Casas Grandes culture, which is a manifesta¬ 

tion of Pueblo culture in northern Chihuahua ca. A. D. 1100-1450. 

Archeological investigations of the Casas Grandes culture have been 

carried out by Carey (1931), Brand (1935), Sayles (1936), Lister (1958), 

and recently by the Amerind Foundation (di Peso, Unpublished). 

It is the latter type of trinchera with which this study concerns 
itself. 

B. Objectives 

Among the most basic problems about trincheras are the oc¬ 

currence and nature of the structures themselves and their relation 

to the physical environment. The objectives of this study involve an 
attempt to clarify these problems, as follows: 

1. The initial objective is an inventory of the distribution and 
characteristic features of trincheras within a study area of ten square 

miles in the eastern portion of the Sierra Madre Occidental. The 

specific field methods for this were plane table mapping and descrip¬ 
tive studies of sample trinchera areas. 

2. Of equal importance is the description of the physical 

setting in which trincheras occur. Field objectives were descriptive 
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and analytic studies of geology, topography, soils, soil moisture, 
and vegetation in the study area. 

3. Related to the latter is the objective of description of the 

weather and climate of the area, specifically by observation of weather 

phenomena during two months of study and comparison of this data with 
long-range records of nearby weather stations. 

The study is viewed as necessarily introductory and broad in 

nature, for there was insufficient background literature on which to 

base more specific research problems. The overall objective, in fact, 
might be considered the establishment of a general background on 
trincheras and their physical setting. 

Further utilization of this material together with problem- 

oriented research can result in more specific correlations of trincheras 
and features of the environment. Ultimately, the implications extend 

to such problems as prehistoric use of environment, the effect of such 

man-made structures as trincheras on long-range erosive processes, 
vegetative succession, ground water levels and stream discharge, and 
also their effect upon modern land utilization. 

It should be pointed out that the study does not concern itself 
with the cultural significance of these aboriginal structures. Very 
little is known of the makers and users of the trincheras, the settle¬ 

ment patterns and field systems of which they form a part, the historical 

development into which they fit, and many related topics. However 

important such culturally-related topics are ultimately, the present re¬ 

search strictly avoids them and is limited to the trincheras in themselves 

and in relationship to the natural setting. Any analyses of construction 

and function thus are outgrowths of the general purposes outlined above 
rather than ends in themselves. 

C. Selection of Study Area 

The task of selection of a satisfactory site was begun in general 
as early as the summers of 1962 and 1963, when parties from the Uni¬ 

versity of Denver made reconnaissance trips in the Sierra Madre region. 

A more intensive search, however, was undertaken successfully in 

March, 1964, to provide a location suited to specific requirements of 

this study. The following factors were considered necessary in the study 
area: 



1. A representative density of trincheras of varying sizes and 

types, in relatively good condition. 

2. Diversity of ter rain. 

3. Accessibility by road for two- and four-wheel drive vehicles. 

4. Suitable facilities for a permanent camp, i.e., potable water 

and at least a small house. 

The Rancho los Charles ranching site, whose location is outlined 

in the next section, satisfied all of these requirements. However, as 

a result of the presence of several ranches and permanent water, there 

had been some modification of physical environment and trincheras by 

ranching and lumbering activities. Few, if any, of the original peren¬ 

nial grasses remained; many of the larger Ponderosa pines had been 

lumbered out in the 1940's; and large numbers of the lower trincheras 

had been partially destroyed by cattle and horses, as well as by the usual 
erosive agents. Nevertheless, it was felt that the advantages offered by 

the area could not be duplicated elsewhere, that an area in more nearly 

pristine condition would necessarily be located at such a remote location 

as to be impracticable for the scale of operation planned, and that the 

modifications in this area would not seriously interfere in a study of 

this general nature. 

D. Location 

The study area lies 45 miles southwest of Nuevo Casas Grandes, 

Chihuahua, Mexico (see Map 1), in the eastern portion of the Sierra 

Madre Occidental at an elevation of between 5, 300 and 6, 200 feet. The 

area centers on the confluence of the Rio Cavilan Norte with the Rio 

Cavilan at approximately 30°2' North Latitude and 180°32' West 

Longitude. 

Accessibility to the study area is via the paved road west from 

Casas Grandes, then either the dirt road up the Arroyo de la Tinaja to 

Ejido los Valles and the Cavilan, or the old railroad grade west of 

Colonia Juarez to Colonia Pacheco and then across the divide to the 

Cavilan. Many of the roads into and in the area were built in the 1940's 

for lumber operations and today are maintained largely by the lumber 

companies and ranchers. The roads can be described accurately as 

primitive and the location as remote. Depending on road and weather 

conditions, accessibility from Nuevo Casas Grandes to the study area 

can be gained in 5 to 7 hard hours by road, a distance of 75 miles. 
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Accessibility by air is also possible since a primitive landing 

strip is located within the study area. This field, built for lumbering 

operations, can be used by small aircraft. The flight from the airport 

at Nuevo Casas Grandes is 43 air miles. 

The Base Camp, located in Map 2, was set up on the Rancho los 

Charles, owned and operated by Señor Perfecto Mendoza. The main 

ranch house lies on the west bank at the junction of the Rio Cavilan 

Norte and Huitle Creek. Several hundred yards north along Huitle 

Creek, several auxiliary ranch buildings provided the site for the 

camp. * 

The general study area shown in Map 2 was delineated at ap¬ 

proximately 10 square miles so that representative terrain and trinchera 

types would be included. The major portion of the area extends to the 

east and south of Base Camp. Most of the lands of Rancho los Charles 

and, moreover, of Rancho Cavilan are included. 

D. Sample Areas 

Within the study area, four sample plots were chosen for large- 

scale mapping, description, and sampling. Map 2 locates these sample 

areas. Each plot was chosen for the relationship of its trincheras to 
some particular topographic or geologic factor, or, in two instances, 

for some unique type of trinchera. 

Area A, the largest sample plot, measures 2, 400 by 2, 000 feet. 

It is representative of mesa top and slope land. The bedrock of vol¬ 

canic flows has been dissected by intermittent stream valleys flowing 

mainly into the Rio Cavilan Norte. Area A contains exceptionally dense 

trincheras of varied types and sizes, including outstandingly high walls. 

Area B, second in size, is representative of topography formed 

from ash rather than flow material. Here is a terrain with gentler 
slopes and coarser, sandier soils. The trincheras include a range of 

types notable for their generally large size and good condition. 

Area C is a slope area of small extent that was chosen for a 

particular form of trinchera built following the contour of land surface. 

* The situation of Base Camp is described more fully in a later section 

which locates the weather station near the camp. 
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Map 2. Topographic Map of Study Area and Location of Sample Areas 



Area D lies outside the main study area approximately 20 air 

miles to the north near Zarogoza and on the Rio Piedras Verdes (see 

Map 1). The purpose for this site was to permit mappin" and study of 

a unique type of trinchera that appears to have crossed or partially 
crossed a permanent stream. 

In Area E the arrangement of uniquely long trincheras on flat 

terrace terrain along the Rio Cavilan was of particular interest. 

E. Previous Study in the Area 

The only other scientific work done in the Rio Cavilan area was 
carried out in 1948 by a small group of zoologists led by A. Starker 

Leopold of the University of California. This collecting expedition was 

reported in a popular journal (A. Starker Leopold, 1949). * 

Another member of the above expedition, Robert A. McCabe, 

later reported in a short article (1955) on the trincheras and their 

builders. He notes general characteristics of the trincheras of the 

Cavilan area and comments on their possible uses. 

F. Topography 

The topography and relief of the Sierra Madre Occidental have 

been described by Brand (1937), King (1939), and Hovey (1907). Of 

the two physiographic provinces represented in northern Chihuahua, 

the mountain and bolson province located east of Colonia Juarez is of 
no concern here. The second province, an elevated plateau of dissected 

volcanic rocks, occupies the extreme western portion of Chihuahua and 

most of eastern and central Sonora; and it is in this province that the 
present study is located. (See Photograph 3. ) 

Here the Sierra Madre Occidental has a regional elevation of 

near 6, 500 feet, with irregular mountain areas rising from 8, 500 to 
slightly over 10, 000 feet. Local relief varies from 300 to nearly 

* Also, a previous hunting trip to the area by Leopold and other members 

of his family is the subject of several brief, highly lyrical descriptions, 
mostly concerning the wildlife and the natural scene, which appear in 

two books of the journals of the naturalist, Aldo Leopold (1949, 1953). 
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1, 000 feet. The plateau is composed of interbedded lava flows and pyro¬ 

clastic rocks, dissected both by streams tributary to the Rio Casas 

Grandes and draining into Lago Guzman and by streams tributary to the 

Rio Yaqui and flowing into the Gulf of California south of Guymas. The 

eastern portion of the Sierra Madre is traversed by a series of generally 

north-south trending faults that have resulted in formation of numerous 

structural basins. 

The study area lies in the headwaters of the Rio Cavilan which 
flows into the Rio Bavispe and ultimately westward into the Rio Yaqui 

and the Gulf of California. Thus, the location is immediately west of the 

divide separating the Rio Cavilan from the northward flowing Rio Piedras 
Verdes. 

G. Climate 

The climate of the Sierra Madre Occidental varies greatly with 
latitude, exposure, and elevation; and there are few recording weather 

stations in the mountains. Nevertheless, the records of stations at some 

distance from the study area illustrate some of the general climatic 

features of the Sierra Madre. Climatic graphs for Nuevo Casas Grandes 

(4, 848 ft. elevation) to the east of the mountains and Pilares de Nacozari 
(4, 622 ft. ) in the central portion of the mountains are given in Figure 1. 

Precipitation varies from about 15 inches at the lower elevations 
on the eastern side to somewhat over 25 inches at the higher elevations 

within the mountains. The precipitation regime has a very strong 

middle- and late-summer maximum with 60 to 70 percent of the annual 

total falling during the four months July through October. Much of this 

summer rainfall probably results from the interaction of convection, 

orographic uplift, and easterly wave movement. Winter and early spring 
precipitation may fall in the form of snow. 

The summer temperatures of the lower elevations within the 
basins east of the Sierra Madre are in the upper 70's, with Nuevo 

Casas Grandes recording a mean temperature of 78. 3°* in July and San 

Buena Ventura (5, 038 ft. ) having a July mean of 77. 5°. At Pilares de 
Nacozari in the mountains there is a July mean of 77. 2°. The winter 

* Unless otherwise indicated, all temperatures will be on the Fahren¬ 
heit scale. 
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temperatures at the lower elevations are in the mid and upper 40's, with 
Nuevo Casas Grandes recording a January mean of 45. 7° and Pilares de 

Nacozari recording 49. 1*. Temperatures at the higher elevations are 

undoubtedly much lower, with minimum temperatures occasionally 

reaching 00. 



BLANK PAGE 



13 

II. GEOLOGY 

A. Mapping 

Maps 2 and 3 present much of the geologic information gained 

about the study area. Map 2 is a topographic map and Map 3 a geologic 

map of the area. These are based upon aerial photographs supplied by 
Army Map Service at a scale of 1:25, 836. 

The relief map was constructed from aerial photographs by 

utilization of a K. E. K. stereo-plotter. Vertical control was established 

by a series of controlled altimétrie traverses in the field. A Paulin 

microbarograph was set up at the Base Camp, and a Paulin field altim¬ 

eter was used on the traverses from the nearest known elevation bench¬ 

mark at Nuevo Casas Grandes (Telegraph Office), 4, 768. 4 feet. * As 

a result of these traverses, the elevation at Base Camp was determined 
to be 5, 348 feet. 

The geology map (3) was drawn making use of both aerial photo¬ 
graphs and reconnaissance on the ground. 

B. General Features of Relief 

Along the eastern quarter of the study area the topography is 

made up of the western flanks of the Blue Mountains, which rise to over 
8, 000 feet and are one of the more conspicuous mountain masses in 

this portion of the Sierra Madre Occidental. Several miles north of 

the study area the Rio Cavilan emerges from this highland area and 

makes an abrupt right-angle turn to the southwest. Then, as the river 

enters and continues through the area, it flows along the western 

margin of the Blues. Numerous steep-gradient streams flowing from the 
mountains westward are tributary to the Rio Cavilan. The remainder 

of the study area is largely a well-dissected plateau lying generally 

at 5, 700 feet. Rio Cavilan and its major tributary, Rio Cavilan Norte, 

have cut narrow, steep-sided valleys, 200 to 400 feet deep, in the 

plateau. Resulting is a series of mesas. The most prominent one-- 

more than 2 miles long--is utilized for an airstrip. Many of the mesas 

are characteristically stair-stepped, as structural terraces are being 

formed along the contacts between the numerous lava flows and 

* Published maps show the elevation of Nuevo Casas Grandes to be 
4, 850 feet, a corrected elevation for altimeters. 
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tufaceous bedded formations. The two major streams exhibit well- 

developed entrenched meanders; while the tributary streams follow 

short, rather straight courses to their junction with the main streams. 

The Rio Cavilan, as it traverses the study area, has a gradient of 43 

feet per mile. 

C. Lithology 

The rocks within the study area are entirely igneous, of two 

types. Aphanitic volcanic extrusives make up a sequence of flows that 

vary from 15 to 40 feet in thickness. These flows are made up of rhy¬ 

olites, trachytes, latites, and welded tuffs and trap, with trachytes 

and latites the most common. In the upper portion of the flows, 

rhyolite dikes occasionally were intruded, as observed along the sides 

of the main stream valleys. 

The second igneous rock type is that of pyroclastics. Two 

widespread ash falls were mapped in the study area. First, a 15 to 

30 feet thick, well-compacted red ash outcrops on the slope between 

5, 600 and 5, 800 feet. Second, extensive ash fall, varying from 20 to 

over 200 feet thick.outcrops on the slopes between 5, 250 and 5, 500 

feet. This ash, like the first, is red, well-compacted, and with calcite 

crystals in the matrix. Also, a thin, discontinuous white ash,with a 

matrix of silica and bentonite,outcrops between two latite flows at ap¬ 

proximately 5, 500 feet. Numerous small springs and seeps occur at 

the basal contact of this ash layer. On the western flanks of the Blue 

Mountains, at 5, 900 feet, a third red ash outcrops. 

D. Structure 

Over most of the area the flows lie essentially horizontal; 

however, in the southern portion of the area the ash beds dip 25 to 30 

degrees to the east. The most conspicuous structural feature in the 

area is a fault zone that strikes northeast-southwest along the western 

margin of the Blue Mountains. Other than the fault scarp, associated 

geomorphic features are waterfalls and transverse valleys formed along 

the fault zone. 
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III. SOILS* 

A. Introduction 

Soil is an extremely important environmental factor for a society 
based upon the simple cultivation of corn, beans, and squash, as were 

the builders of the trincheras in the Sierra Madre Occidental of Chihuahua. 

The kinds of soil available to them, like soils that develop at any place 

in the world, were determined by climate, parent material, vegetation, 
topography, and time. The soils of the study area can be characterized 
broadly by the following generalizations: 

1. On the steeper slopes, which include the largest proportion 
of the study area, the soils (Series A and B) are very stony and only 

several tenths of a foot to a foot deep. In some instances, soil is non¬ 

existent on these steep slopes. Large surfaces of exposed bedrock are 
common, as Photograph 4 shows. 

2. On the mesa surfaces and the more gentle structural terraces 
are found thin, moderately to extensively stony, residual soils (Series 

C) . Rarely are these soils over 1 foot deep. They are influenced 

strongly by their parent materials. The mesa and slope soils today 
are utilized only for the grazing of cattle, horses, and goats. (See 
Photograph 5. ) 

3. Adjacent to the permanent streams and extending for several 

10's to 100's of yards are strips of sandy, terraced alluvial soil (Series 
D) . The 2 ranchos situated in the study area have their houses, barns, 

outbuildings, and cultivated fields located on these soils. Rancho 

Cavilan occupies the alluvial soil area at the extreme northwest portion 

of the study area; and the other rancho, of which Base Camp was a part, 

occupies the smaller alluvial area in the northwest portion of the study 

area. The only areas cultivated today utilize these alluvial soils. On 

them are produced deciduous fruits (whenever late spring frosts do not 

destroy the buds), small grains (especially oats^ corn, melons, and 
beans. 

* Many of the techniques and soil properties useful in such a field study 

as this were suggested and clarified by Mr. Orville Parsons of the 

U.S. Soil Conservation Service, Ft. Collins, Colorado, to whom 
acknowledgment is gratefully extended. 



4. Along many of the steep, narrow valleys and gullies, as well 
as on the more gentle slopes and some mesas, soils or soil materials 

have accumulated or been maintained behind the rock trinchera walls. 

These trinchera plot materials extend to depth from several tenths of a 

foot to 10 feet or more and over areas from 10 to 5, 000 square feet or 

more in size. Today many of these plots are in the process of being 

washed away as the trinchera walls become deteriorated and destroyed. 

Major soils series as established in the study area, which do 

not include the trinchera soils, are described in greater detail below. 

Accompanying this description is a summary chart (Table 1) indicating 
major characteristics along with a map (Map 4) showing location and 

distribution. The properties of both the major soils series and trinchera 

soils appear in Table 2. The last portion of Part III is a summary of 

trinchera soils. 

B. Major Soils Series» 

Series A. Young and immature, these soils are found on upper 

and foot slopes. Well-drained and shallow, they have been developed 

on lava flows which lean more toward the acidic than basic side. Local 
relief is in the order of 300 feet. Oaks, junipers, and pines, along 

with low grasses, make up the chief vegetation forms. 

The surface is a dark reddish brown loam; 0. 1 to 0. 3 feet in 

depth, it is medium blocky in structure. The subsurface layer is a 
loam, dark gray in color and varying in thickness from 0. 3 to 0. 5 feet. 

The entire profile absorbs water readily. The boundary between the 

surface layer and that of the subsurface is irregular, with discoloration 

being the chief determinant, one from the other. Both rockiness and 

stoniness art quite pronounced, falling into Category 4 as developed 
by the U. S. Department of Agriculture. 

Series B. These soils are not too dissimilar in many respects 
to those of Series A. They differ essentially only insofar as parent 

material and subsurface color are concerned. Formed from volcanic 

ash, they show the same kind of youthful and immature characteristics 

as the soils of Series A. They are found in the same physiographic 

position as Series A, namely, upper and foot slopes. Like Series A, 
they are quite shallow and well-drained. Some difference does exist 

as to structure. Series B soils have a medium subangular structure 

in contrast to the blocky nature of Series A. Depth as to surface as 

well as subsurface layers are similar to Series A. General color 

* This section was written by William A. Howard. 
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is similar, yet on the Munsell Color Chart soils of Series B fall into 

2. 5 YR 2/4 category while those of Series A vary slightly by falling into 

a 5 YR 3/2 designation. The rockiness and stoniness class for Series 

A holds true for Series B. Also, vegetation association is similar to 

Series A. 

Series C. Soils of this series are located on gently sloping 

terraces and upland flats. Developed on 4he same parent material as 

Series A, these soils are more shallow than either Series A or B. 

Like Series A, these soils have a da- k reddish brown coloration 

and fall into a loam classification. The upper layer ranges from 0. 04 

feet in depth up to an average of around 0. 2 feet. The boundary is 
ve: y irregular, and discoloration from the top to the subsurface layer 

is about the only criterion for making any sort of differentiation. The 

subsurface layer is approximately 2 to 4 inches in depth. Structure 

varies, grading from a moderate to a medium sub-blocky character. 

Color change is slight from surface to subsurface layers. On the 
Munsell Chart the surface layer falls into a 5 YR 3/2 designation 

while the subsurface layer falls into 7.5 YR 3/2 class. The degree of 

stoniness and rockiness, again, is like that of Series A and Series B, 

falling into Category 4. 

Series D. Soils of this series are found on gently sloping 

alluvial flats and have formed from fill deposited by the streams in the 
area. Structure is completely absent, indicating their youthful and 

immature nature. They fall into a sandy loam textural class and range 

from approximately 2. 0 to 2. 5 feet in depth. The surface layer has a 

dark reddish brown color falling into a 5 YR 3/2 designation on the 

Munsell Chart while the subsurface layer grades to a 7. 5 YR 4/2 

class. These are well drained soils and are used quite regularly for 

modern day agriculture, beans and corn being the most important 

crops. 

C. Trinchera Soils 

The properties of trinchera soils analyzed are given in Table 

2. The parent materials of these soils are lava flows and volcanic 

ash. Some of the soils have formed from the weathering of these 
materials in place; however, the soils found behind the numerous check 

dam variety of trinchera have been formed from water transported fill. 

The surfaces of the soils are commonly gently sloping to nearly level. 

Although well drained, they may be highly saturated with moisture for 
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several months. Texture is quite variable, ranging from sandy loam to 
clay loam, though loam texture is most common. The consistency when 

wet is slightly sticky and when dry, hard to slightly hard. Color is 

strongly influenced by the nature of the parent material but is most com¬ 

monly reddish brown. Unlike the series soils, trinchera soils are quite 

free of stones. As in the major soils series, content of organic matter 

is quite low and potassium and phosphorous are deficient. 

The distribution and extent of trinchera plots, and hence of 
trinchera soils, is given later in Part IX. The more specific data on 

trinchera soils derived from the trenching of trinchera plots are presented 

in Part VII. 
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IV. WEATHER 

A. Sites of Weather Observations 

A site adjacent to Base Camp was chosen for the weather shelter 

(Photograph 6) largely because of its easy access for weather observa¬ 

tions, made hourly from 0700 to 2200 hours as well as during rain 

storms at whatever time they occurred. The weather shelter, rain 

gauge, anemometer, and other recording and sensing instruments were 

located on the first terrace of Huitle Arroyo, 4 feet above and 35 feet 

from the stream. The valley here is 350 feet below the uppermost sur¬ 

face of the volcanic plateau. The flood plain and first terrace are 200 

feet wide between the valley slopes. The site had a northeast exposure. 

The elevation of the weather station was calculated to be 5, 348 feet. 

Several small wooden outbuildings stood 40 to 100 feet from the shelter 

and several 15 to 25 feet high oak trees were within 30 feet. The weather 

shelter and nearby recording equipment stood within an 18 by 72 feet plot 

originally used as a kitchen garden, whose 4 feet high enclosing wooden 
fence fortunately offered protection from the ranch animals. The sur¬ 

face of the soil temperature plot was kept as free as possible of vegeta¬ 

tion. The dry soil was brown in color (Munsell Color 7. 5 YR 4/2). 

Satellite weather stations for more limited observations were 

located at the following sites: 

1. Trinchera 18, Area A. Two hundred feet higher than Base 

Camp, this trinchera is situated within a southwest-facing, 20 feet deep 

ravine. It is shaded by oak and juniper trees. 

2. Trinchera 58a, Area A. This site is 125 feet higher than 

Trinchera 18. It also faces southwest but is on a slope rather than in 

a ravine and has little vegetational cover. 

3. Trinchera 441, Area B. This site is in the upper portion of 

a broad U-shaped valley, 100 yards below a major escarpment. It is 

approximately 50 feet higher in elevation than Base Camp and faces 

southeast. Trinchera 441 is under light shade from pines. 

4. Airstrip. This site is located at the north end of the north¬ 

west-southeast arm of the airstrip, 380 feet above Base Camj The flat 

surface has no vegetational cover here. 



B. Weather Sensing and Recording Equipment 

The following instruments were placed in the Weather Bureau 

type, medium-sized shelter: a minimum thermometer, a maximum 
thermometer, an official dry bulb thermometer, a Belfort hygrothermo- 

graph (USWB spec. 450.8202), a Friez U.S. Army Signal barograph 

(ML-3), and a Piche evaporimeter. 

Adjacent to the shelter was located a Belfort recording rain gauge 

(USWB spec. 450. 2201 and 450. 2203). A Belfort totalizing anemometer 

was situated on a 10. 0 feet high mast, on which at 0. 5, 1. 0, 3. 0, and 

6. 0 feet above the ground surface were placed shielded Yellow Springs 
Instrument air temperature thermisters. Yellow Springs internal 
probe thermisters were placed on the soil surface and at 0. 25, 0. 5, 1. 0 

and 2. 0 feet depths to measure soil temperatures. A Yellow Springs 

wide-range telethermometer was used to measure the temperatures of 

both the soil and air. A Duvdevani type dew gauge was placed 1 foot 
above the ground surface. Four small, clear plastic rain gauges were 
fastened to the fence 4 feet above the ground to record rainfall for rain¬ 

fall intensity records. A Swan Federer Tanner economical radiometer 

built at the University of Denver Geography Department was mounted 

4 feet from the ground surface for measurement of net radiation.* 

At the 4 satellite stations, official Weather Bureau thermometers 

were placed in the shade 3 feet above the ground. Each station also had 

a clear plastic rain gauge placed 3 feet high and away from any masking 

influence of trees. 

C. Observations and Analysis 

Weather observations began at Base Camp at 0700 hours on 18 

June 1964 and continued through 1800 hours on 12 August 1964, a total 

period of 56 days. As previously mentioned, regular observations 

were made hourly from 0700 to 2200 hours. The rain gau^e, hygro- 
thermograph, and barograph recorded continuously. The precipitation, 

temperature, and relative humidity charts were changed daily and pres¬ 

sure charts every 4 days. In addition, rainfall intensity measurements 

were gathered at every occurrence of a severe rainstorm. 

* Dr. B. C. Goodell, Research Forester, Colorado State University, 

Ft. Collins, Colorado, was very helpful in providing information and 

many parts necessary for the construction of the radiometer. 
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Observations at the satellite stations were not made systemat¬ 
ically; consequently, only the deviations from Base Camp mean observa¬ 
tions are given. 

Climatic data for Nuevo Casas Grandes were obtained locally 
from the weather observor for the period 1 June through 12 August. 

Climatic data for Rancho Agua Salada were obtained from the rancher, 

the observor at this small and recently established recording station 

(elev. 7, 185 ft. ) located approximately 20 miles north of Rancho los 

Charles. The period 1 June through 31 July only was available here. 

D. Typical Daily Weather 

Figure 2 shows hygrothermograph traces for two days: 1100 

hours, 21 June, to 1130 on 22 June 1964 and 1100 hours, 3 August, to 

1100 on 4 August 1964. These charts were chosen to illustrate the cli¬ 

matic elements of temperature and relative humidity during two typical 
summer days, one (21-22 June) before the rainy season began and the 

other (3-4 August) during the rainy season. For the futher orientation 

of the reader, narrative accounts of the weather on those representa¬ 
tive days are given below. 

21-22 June. The minimum temperature occurred just before the 
sun rose at 0645. There was a rapid rise of temperature under clear 

skies with thin, broken cirrus clouds and calm air. Nearly uniform 

high temperatures were recorded from 1330 to 1830 hours, under skies 
with one-tenth or less cloud cover. With the increase of temperature 

in the morning came a corresponding steady decrease in relative humid¬ 

ity. Then from 1400 to 1900 hours relative humidity readings became 

uniform. The sun set behind the mountains at 1830 hours. From this 

time until the sun rose the following morning, temperatures decreased 
steadily and uniformly, and relative humidity rose correspondingly. 

Saturated or near saturated air occurred from 1 to 1-1/2 hours just be¬ 

fore and after sunrise. No precipitation fell. 

3-4 August. Minimum temperatures again occurred just before 

the sun rose at 0715 hours. Temperature rose rapidly under clear skies 

until 1200 to 1230 hours when skies typically began to become cloudy. 

Cloud cover reached 6/l0 to 8/10 by MOO hours. Between 1350 and 

1500 hours . 34 inch of rain fell, resulting in a rapid decrease in tempera¬ 

tures. Low clouds reduced visibility to a quarter of a mile. Following 

the thunderstorm the skies cleared somewhat and temperatures increased 

until the second high for the day was reached just before sunset. After 
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Figure 2 Hyg rothermograph Records for 21-22 June and 3-4 August at 

Base Camp. 
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sunset there was a uniform decrease in temperatures and an increase 

in relative humidity until 2000 hours when the skies were completely 

overcast and the rate of temperature decrease was markedly reduced. 
Saturated or near saturated conditions of the air remained from then 
until 0830 in the morning. 

E. Temperature 

Figure 3 shows graphically the maximum-minimum and diurnal 
ranges of dry-bulb temperatures for the 56 day observational period. * 

The absolute maximum of 101° was recorded on 5 July and the absolute 

minimum of 33° on 23 June. The mean temperature for the period was 
72. 3° and for the month of July--the only full calendar month observed-- 

73. 3°. The mean maximum for the observational period was 88. 7°. 

The daily average deviation from the mean maximum was 3.9°. The 

mean minimum temperature for the observation period was 56.4°, with 
the daily average deviation from the mean 3.4°. 

From the data in Figure 3, several generalizations can be made: 

1. Maximum temperatures show a periodicity of 5 to 6 days of 
gradual increase of temperatures, followed by several days of high tem¬ 

peratures, then 5 to 6 days of gradually decreasing maximums before 
another cycle begins again. 

2. A similar periodicity of minimums is less apparent but still 
observable. 

3. Many of the warmest days were preceded by low minimum 
temperatures. 

4. From 8 July to the end of the observational period, maximum 

temperatures were lower and minimum temperatures were higher than 
during the earliest part of the period. 

Time of Occurrence of Minimum Tempe rature s. As shown by 
Figure 4, slightly over 66 percent of the minimum temperatures were 

recorded between 0630 and 0700 hours. Seven percent of the occur¬ 

rences were recorded in the preceding half hour (0600-0630), and an 
adaitionai 7 percent were recorded in the following half hour (0700- 

0730). Thus, time of minimum temperature is highly correlated with 

the time the sun rose from behind the nearby mountains. 

* The numerical data is given in the Appendix A. 
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HOUR 

MAXIMUM TEMPERATURE 

(%! 

65* 

60 

HOUR 

MINIMUM TEMPERATURE 

Figure 4. Time of Occurrence of Minimum and Maximum Temperatures, 

Base Camp. 



The remaining occurrences almost entirely resulted from warm¬ 

ing conditions early in the morning, initiated by precipitation and cloud 

cover which upset the normal situation. 

Time of Occurrence of Maximum Temperatures. As shown by 

Figure 4, the occurrence of maximum temperatures had a much broad¬ 

er time distribution. The majority of daily maximums were recorded 
between 1300 and 1600 hours, and only a few percent differences sep¬ 
arate frequencies between 1200 to 1630 hours. A combination of high 

sun angle and variable mid and late afternoon cloudiness resulted in 

maximum temperatures occurring over a variety of times. 

Frequency of Maximum Temperatures. Figure 5 shows a range 

of 27 degrees between the highest maximum cemperature of 101° and 

the lowest maximum temperature of 74°. The 101° temperature was 

recorded at the end of the dry season, and the 74° maximum was re¬ 

corded during a day of almost complete overcast and gentle rain. 

Frequency of Minimum Temperatures. Figure 5 shows a range 

of 25 degrees between the highest minimum temperature of 63° and the 

lowest minimum temperature of 38°. The 38° minimum was recorded 

early in the study period before the rains began, under clear sky condi¬ 

tions, and following a period oí high diurnal ranges with daytime maxi¬ 

mums nearly all above 90°. 

Duration of High Temperatures. The frequency and duration 

of temperatures above 85° are shown in Tables 3 and 4. Slightly over 

two-thirds of the days had temperatures over 85° for an hour or longer, 

and slightly less than one-third of the days had temperatures over 90° 

for an hour or longer, most of these occurring during the period 30 
June to 8 July. Although the absolute maximum for the observation 
period was 101°, temperatures above 100° had durations less than an 

hour long. 

Index of Discomfort. Many attempts have been made to derive 

an ojbective index of sensible temperature, or the temperatures 

actually felt by the human body. Among others, these include Taylor 

(1946), Stone (1941), Minard (1961), and Thom (1957). The latter is 
used here to show the daily maximum discomfort experienced during 

the study period. The formula developed by E. C. Thom is an index 

of sensible temperatures called a discomfort index, or DI. * 

* DI = 0. 4 (Td + Tw) + 15. The quantity Td = dry-bulb temperature. 

Quantity Tw = wet-bulb temperature. Temperatures are degrees 

F ahrenheit. 
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Figure 5. Temperature Frequency (Maximum and Minimum Tempera¬ 

tures), 18 June to 1¿ August, Base Camp. 
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TABLE 3 

Duration of Temperatures Above 85°, 90°, 95°, and 100' 

Base Camp 

18 June - 12 August 

Duration in 

Hours 85' 

Number of Occurrences 
90° 95° 1001 

1 

2 
3 
4 

5 

6 
7 

8 

9 

E of hours 

7 

8 

8 
3 

3 

7 

2 
2 
1 

155 

2 
6 

6 
3 
1 

0 

1 
1 

0 

64 

0 

3 

3 
0 

0 

0 

0 
0 

0 

15 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

TABLE 4 

Days Recording Temperatures Less Than 85°, 85°, 90°, 95°, and 

100° for One Hour or Longer 

Base Camp 

18 June - 12 August 

Less than 85‘ 

Frequency (Percent) 

85° 90° 95 100' 

7. 1 32. 1 67. 9 28. 6 0 
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Table 5 shows the daily maximum DI experienced at Base Camp. 
According to Thom, "People feel discomfort as the index rises above 

70, with over half uncomfortable with the index over 75. Everyone will 

be uncomfortable by the time the index reaches 79, most people feeling 
the discomfort acutely by this time. As the index passes above 80, 
discomfort becomes more serious. " * 

Temperatures at Satellite Stations Compared to Base Camp. As 
previously stated, in analysis of satellite station data, only the devia¬ 

tions from Base Camp mean observations are given. The observed 

temperatures were grouped into two classes for comparison: tempera¬ 
tures observed from 0800 to 0900 hours and those from 1200 to 1600 
hours. 

Table 6 presents the difference of mean temperatures at each 
satellite station from Base Camp means. Lower means were recorded 

from 0800 to 0900 hours at all of the satellite stations except Trinchera 
441, which did not differ significantly from Base Camp. From 1200 to 

1600 hours the two stations in Area A recorded lower mean temperatures 
than Base Camp, the airstrip did not differ, and Trinchera 441 was 2° 
warmer. 

Comparison of Temperatures at Base Camp, Nuevo Casas 
Grandes, and Rancho Agua Salada. Figure l shows the monthly mean 

temperatures for Nuevo Casas Grandes based on a 15-year period. For 
the month of July, 1964, the only complete month for the 56-day obser¬ 
vational period, the Nuevo Casas Grandes mean of 79. 9° was 1. 6 

degrees higher than the 15-year mean. However, this is not a great 
enough deviation to suggest that July was exceptionally or unusually 

warm at Nuevo Casas Grandes. Further substantiation is offered by 

the fact that the June, 1964, mean temperature of 77.4° was 0. 3 degrees 

cooler than the 15-year mean. The mean temperature for July at Base 

Camp was comparatively cooler: 73. 3° or 6. 6 degrees below that re¬ 

corded at Nuevo Casas Grandes. Base Camp also had lower mean maxi¬ 

mum and minimum temperatures in July: the mean maximum at Base 

Camp, 89°, was 5. 1 degrees below the July mean maximum of 94. Io 
at Nuevo Casas Grandes; and a mean minimum of 55. 7° at Base Camp 

was 9. 6 degrees cooler than the 65. 3° at Nuevo Casas Grandes. 

* Thom, E. C., (April, 1959), Weatherwise, 12, no. 2, 59. 
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TABLE 5 

Max:mum Discomfort Index 

Base Camp 

18 June - 12 August 

Date Index Date Index 

18 June 75 
19 76 
20 78 
21 78 
22 79 
23 78 
24 77 
25 76 
26 76 
27 77 
28 74 
29 76 
30 78 

1 July 78 
2 79 
3 79 
4 80 
5 81 
6 78 
7 76 
8 75 
9 75 

10 76 
11 77 
12 77 
13 73 
14 77 
15 76 

16 July 75 
17 78 
18 79 
19 81 
20 77 
21 78 
22 77 
23 76 
24 71 
25 75 
26 79 
27 77 
28 78 
29 79 
30 74 
31 71 

1 August 71 
2 73 
3 76 
4 77 
5 75 
6 79 
7 77 
8 76 
9 76 

10 77 
11 78 
12 76 
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TABLE 6 

Deviation of Temperatures at Satellite Stations From Temperatures 

at Base Camp 

Mean Temperature Difference 

Time Period Trinchera Trinchera Trinchera Airstrip 
_18_58a_441_ 

0800-0900 hrs. -2.5° -2.0° none -2.0° 
1200-1600 hrs. -4.0° -1.0° +2.0° none 

Daily weather data which included minimum and maximum tem¬ 

peratures and precipitation were also obtained from Rancho Agua Salada, 

7, 185 feet in elevation and approximately 20 miles north of Rancho los 

Charles, for the months of June and July, 1964. Further data for this 

station as well as any monthly temperature and precipitation means have 

been unobtainable, thus far. The data available are included only to test 

the representativeness of the observations made at Base Camp. The 

July mean at Rancho Agua Salada was 66. 4°, or 6. 9 degrees cooler than 

that at Base Camp, slightly more than 1,800 feet lower in elevation. 

The mean maximum of 77. 9® at Rancho Agua Salada was 11.1 degrees 

cooler and the mean minimum of 54. 5® was 2. 4 degrees cooler than those 
means at Base Camp. These lower mean temperatures at Rancho Agua 

Salada are due to the considerably reduced daytime maximums rather 

than to any lower nighttime temperatures. 

Table 7 summarizes the differences between the mean tempera¬ 

tures of these three stations, and Figures 6 and 7 show the relationship 

of the daily maximum and minimum temperatures for the stations, as 

discussed below. 

TABLE 7 

June-July Mean Temperatures at Base Camp, Nuevo Casas Grandes, 

and Rancho Agua Salada 

Base 

Camp 

Nuevo Rancho 
Casas Grandes Agua Salada 

June 15-year Average* 

June, 1964 

July 15-year Average* 
July, 1964 73. 3®F 

77.7® F 

77.4"F 

78. 3®F 

79. 9®F 

61. 5®F 

66.4® F 

* Wernstadt, F. E. , (1961), World Climatic Data: Latin America and the 

Caribbean, Pennsylvania State University, Dept, of Geography, p. 54. 
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In general the pattern of maximum temperature« for all three 
stations follows the same course. The effects of elevation and exposure 
are shown in the lower temperatures for the two mountain stations. 
Warming periods, as illustrated by the period 28 June - 5 July, as well 
as cooling periods, as illustrated by 6-9 July and 20-25 July, are coin¬ 
cident for all three stations. The extreme high temperatures occur in 
close correlation, although there may be a day lag between the three 
stations. Several anomalies exist, notably 11 July, 27 July, and 10-12 
August. On 11 July rain fell at Base Camp and Agua Salada, but not at 
Nuevo Casas Grandes. On 27 July there is no obvious explanation for 
the lack of similarity in temperature between Nuevo Casas Grandes and 
the two mountain stations. During the period 10-12 August, while there 
was considerable cloudiness and some rain at Nuevo Casas Grandes, 
heavy afternoon cloudiness with several torrential thunderstorms 
occurred at Base Camp. Closer correlation between the maximum 
temperatures of the three stations existed before the rainy season com¬ 
menced the first week of July than after it began. 

The daily minimums of the three stations correlate very well. 
The lowest minimum temperature was recorded on the same day, 23 
June, at all three stations. There was also a gradual increase in the 
minimum temperatures following the beginning of the rainy season, al¬ 
though this feature is more noticeable at Base Camp than at che other 
two stations. 

In conclusion, although the two mountain stations differ consid¬ 
erably in elevation, their daily traces of maximum and minimum tem¬ 
peratures appear to be more closely correlated than that of Nuevo 
Casas Grandes and Base Camp. 

F. Vertical Air and Soil Temperatures 

Along with hourly weather observations from 0700 to 2200 hours, 
measurements of free air temperatures and soil temperatures were 
made from 6 feet above ground level to 2 feet below ground level. Fig¬ 
ure 8 shows graphically the mean hourly air and soil temperatures (data 
in Appendix C), and diurnal ranges of soil temperatures are shown in 
Figures 9, 10, and 11. Three weeks were selected, as follows: 

1. Week 1 (19-24 June, 18 June missing): A period of high 
diurnal ranges of temperatures and little cloud cover, before the begin¬ 
ning of the rainy season. 
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2. Week 5 (16-22 July): A period of moderate diurnal tempera¬ 
ture ranges, considerable cloud cover, and late afternoon and evening 

thunde r showe r s. 

3. Week 8 (6-12 August): A period of moderate diurnal tem¬ 
perature ranges, variable cloudiness, with several heavy thunderstorms. 

Week 1. In Figure 8 appears the mean hourly vertical air tem¬ 
pe raturê~Õ7ÕÕ~to 2200 hours for the period 19-24 June. The most striking 
feature of this graph is the close correlation of all temperatures for all 
heights 0. 5-6. 0 feet for the period 0700 to 1100 hours and from 1800 to 
2200 hours. A marked temperature gradient occurs between 0. 5-6. 0 
feet from 1200 to 1700 hours. The lowering of temperatures 1200 to 
1300 hours undoubtedly results from increased cloudiness in the early 
part of the afternoon. A second maximum of air temperatures occurs 
at all levels between 1500 and 1700 hours under conditions of clearing 
skies. Also observable is a long plateau of high temperatures from 1100 

to 1700 hours. 

Figure 8 also shows graphically the mean hourly soil tempera¬ 
tures for the week 19-24 June, Appendix C gives surface and subsurface 
soil temperatures, and Figure 9 shows the diurnal range of soil tempera¬ 
tures. Of particular note is the very high diurnal range of soil surface 
temperatures, slightly over 80 degrees, with the daily maximums 
occurring between 1300 and 1400 hours. There is a very great dampen¬ 
ing of diurnal temperature fluctuations with depth, with only a 1 degree 
diurnal range at 1 foot depth. A lag occurs in soil warming with depth 
so that daily maximums at 0. 25 feet occur between 1800 to 2000 hours, 
4 to 6 hours after the occurrence of the surface maximums. At the 0. 5 
feet level the occurrence of the maximum temperature possibly is after 
2200 hours when observations were not made. The mean temperatures 
for 0700 to 220') hours are as follows: 81. 5° at 0. 25 feet; 79. 0° at 0. 5 
feet, a reduction of 2. 5 degrees; 76. 5' at 1. 0 feet, a reduction of 2. 5 
degrees; and 72. Io at 2. 0 feet, a reduction of 4. 4 degrees. 

Week 5. One month later (16-22 July) after the rainy season 
began, after ?.. 85 inches of precipitation had fallen, and during a period 
when 0. 88 inches of rain fell from 6 storms, air and soil temperatures 

had changed considerably. 

Differences in air temperature from the situation of Week 1 are 
apparent immediately. There is a greater temperature gradient be¬ 
tween all levels from 0800 to 1100 hours than during Week 1. Now there 



is no plateau of high temperatures from 1100 to 1700 hours, and a con¬ 
siderable reduction of temperatures exists at all levels in the early 
afternoon. A double maximum of air temperatures is more marked 
than before, again due to clearing skies in the middle of the afternoon. 
There is a much lower range of diurnal temperatures at all levels with 
a lower temperature gradient between all levels during the middle of 
the day from 1100 to 1700 hours. The onset of decreasing afternoon tem¬ 
peratures is at 1400 hours rather than at 1700 hours as during Week 1. 

As compared with Week 1, there is a much lower diurnal range 
for the surface temperatures and a slightly reduced diurnal range for 
the 0. 25 and 0. 5 feet depths. Diurnal ranges for the 1. 0 and 2. 0 feet 
levels remain negligible. Maximum soil surface temperature occurs 
later in the day, between 1400 and 1600 hours. Maximum temperature 
at 0. 25 feet depth is several hours earlier than during Week 1, at 1700 
hours rather than the 1900 hours of Week 1; and it extends over 4 hours 
to 2000. The mean temperatures for the period 0700 to 2200 hours are 
as follows: 77.4° at 0. 25 feet; 75. 8* at 0. 5 feet, a reduction of 1.6 
degrees; 74. 7* at 1. 0 feet, a reduction of 1. 1 degrees; and 72. 0° at 
2. 0 feet, a reduction of 2. 7 degrees. In comparison with the earlier 
observational period, mean soil temperatures have been reduced for 
the 0. 25, 0. 5, and 1. 0 feet levels, with the greatest reduction in the 
0. 25 feet level; and there was only a small decrease in the mean tem¬ 
perature of the 2. 0 feet level. There has also been a reduction in the 
temperature gradient between all levels. 

Daily fluctuations of soil temperatures are shown by Figure 10. 

Week 8. This period (6-12 August) occurred at the end of the 56- 
day observational period, during a time of variable cloudiness with late 
afternoon and night heavy thunderstorms, when a total of 3.42 inches of 
rainfall fell. In many respects, the air temperature curves (Figure P) 
are intermediate in character between those curves plotted for the first 
two periods. The diurnal range of temperatures at all levels was 
greater than during Week 5 but less than during Week 1. The effect of 
early afternoon cloudiness is apparent, and the lack of mid- and late- 
afternoon thunderstorms is shown by the second peak of maximum tem¬ 
peratures at 1500 to 1700 hours. The nearly uniform temperatures 
between 1700 and 1800 hours, first observable in the 16-22 July period, 
are again present. 

The most significant features of the graph for mean soil tempera¬ 
tures during Week 8, especially in comparison with Week 5, are: (1) the 



higher diurnal range of temperatures on the surface and at the 0. 25 feet 
level; (2) reduced temperature gradients between the 0. 5, 1. 0, and 2. 0 
feet levels; (3) earlier occurrence of the maximum temperature on the 
surface; and (4) later occurrence of the maximum temperature at the 
0. 5 feet level (1800 hours rather than at the previous 1700 hours). As 
a result of the deep wetting of the soil following the summer storminess 
the mean temperatures at all levels were lower than during Week 5. 
The mean temperatures for this period, 6-12 August and the tempera¬ 
ture gradients are as follows: at the 0. 25 feet level the mean tempera¬ 
ture was 74. 3°; at 0. 5 feet. 72. 8°, a reduction of 1. 5 degrees; at 1. 0 
feet, 72. 7°, a reduction of 0. 1 degrees; andat 2. 0 feet, 70. 9°, a reduc¬ 
tion of 1.8 degrees. 

Figure 11 shows graphically the diurnal range of temperatures 
for each level during Week 8. 

G. Sky Cover 

Table 8 summarizes sky cover observations during three 
selected periods: Week 1 (18-24 June), Week 5 (16-22 July), and Week 
8 (6-12 August). Table 9 gives the mean cloudiness by hour for the 
three weeks. 

TABLE 8 

Sky Cover During Three Selected Weeks 

Base Camp 

Frequency (%) of Observations 
Sky Cover 
(tenths) 

Week 1 
18-24 June 

Week 5 
16-22 July 

Week 8 
6-12 August 

Clear (<^0. 1 ) 
Scattered (.1-.5) 
Broken (. 6 - . 9) 
Overcast (1.0) 

50 
35 

7 
8 

11 
42 
37 
10 

2 
50 
39 

9 

Week 1. The June period had overwhelmingly the least amount 
of cloud cover: 50 percent of the observations recorded clear skies and 
mean cloudiness was 0. 21. From 0700 to 1100 hours mean cloud cover 
was 0. 1 or less. Skies became cloudier from 1200 to 1500 hours with 
the greatest cloudiness of 0.4 occurring at 1500 hours. Then, until the 
last cloud observations were made at 2000 hours, there was a gradual 
decrease to 0. 2. 



TABLE 9 

Mean Hourly Cloud Cover During Three Selected Week* 

Base Camp 

Cloud Cover in Tenth* 
Week 1 Week 5 Week 8 

Time 18-24 June_16-22 July_6-12 Augu*t 

0700 
0800 
0900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 

. 10 

. 05 

. 10 

. 05 

. 10 

. 25 

.25 

. 30 

.40 

.35 

. 35 

. 30 

.20 

.20 

. 50 

. 50 

. 25 

. 2:/ 

.20 

.31 

. 50 

. 55 

.60 

. 70 

. 50 

.40 

.60 

.65 

.45 

. 60 

. 50 

.40 

.30 

. 30 

.40 

.45 

. 50 

. 50 

. 55 

. 65 

.40 

. 50 

If = . 21 X = .46 ff = .46 

Week 5. In the July period the mean cloudiness had risen to 
0.46. Most observations reported scattered clouds (42 percent) or 
broken skies (37 percent), and only 11 percent of the observations were 
of clear skies. In early morning at 0700 and 0800 hours the mean 
cloudiness was 0. 5, these ¿louds often taking the form of low stratus 
clouds. Then from 0900 to 1100 hours the skies cleared. Between 
1200 to 1600 hours the skies became progressively overcast until a 
maximum cloud cover of 0. 7 was reached at 1600 hours. At 1700 to 
1800 hours occurred a period of clearing, which was followed by in¬ 
creased cloudiness at 2000 hours, the time of last observation. 

Week 8. For the August period, mean cloudiness was 0.46. 
A greater majority of the observations than ever reported scattered 
clouds (50 percent) and broken skies (39 percent). Only 2 percent of 
the observations were of clear skies. There was considerable morning 
cloudiness. Skies cleared around noon, with 0. 3 cloud cover at 1100 
and 120J hours. From 1300 to 1800 hours the skies became more 
overcast with the greatest amount of cloudiness, 0. 65, occurring at 
1800 hours. From then until 2000 hours the skies cleared somewhat. 
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Although the mean cloudiness was 0.46 for both the July and 
August periods, the July week had somewhat clearer morning skies 
(0900 to 1100) and cloudier afternoon skies (1200 to 1600) than did the 
August week. 

H. Radiation 

As previously mentioned, a net radiometer was built following 
the plans outlined in Soil Bulletin No. 4, Department of Soils, College 
of Agriculture, University of Wisconsin, by Swan, Federer, and 
Tanner. This instrument was used to record net radiation at Base 
Camp during times of no possible precipitation. Readings were nor¬ 
mally made during the day from 0800 to 2100 hours. Appendix B gives 
net radiation, dry bulb air temperatures, and surface and 0. 25 feet 
soil temperatures for all times when net radiation was measured dur¬ 
ing the 56-day study period. 

Figure 12 shows net radiation, dry bulb air temperatures, and 
cloud cover for 5, 13, and 23 July 1964. High temperatures parti¬ 
cularly characterized 5 July. On this day there were 8 hours of 90° 
and over recordings, reaching a maximum of 101. 3*, the absolute 
maximum for the study period. Skies were fairly clear but hazy and 
air was calm. In contrast, 13 July was a day of considerable cloudi¬ 
ness, thunder, but no moisture, moderate warmth with 4 hours over 
80° and a maximum of 84°, and calm air. July 23 was a day moderately 
cloudy and warm, with 7 hours over 80°, a maximum of 85°, and calm 
air. 

I. Pressure 

At the time the weather instruments were set up (17 June 1964 
at 1600 hours) the barograph was set at 29. 92 inches Hg. On 1 July at 
12C0 hours the barograph was adjusted to correlate better with the 
adjusted sea level pressure readings at El Paso, Texas; Douglas, 
Arizona; and Ciudad Chihuahua, Chihuahua. Using these three stations 
as references the barograph was reset 0.25 inches Hg. lower. 

From 18 to 27 June there was a well-developed diurnal cycle of 
pressure change. Highest pressures were recorded between 0900 to 
1200 hours, and minimum pressures between 1800 to 2000 hours. 
Pressures rose slightly after 2000 hours and remained essentially con¬ 
stant until 0600 hours the following morning, when the rise to the diurnal 
or daily peak it 1200 hours began. This diurnal range had a magnitude 
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of . 08 to . 10 inches Hg. Figure 13 shows a barogram from 1130 hours, 
21 June, to 1100 hours, 25 June, which well illustrates this pattern. 
This chart does not reflect the 0. 25 inches Hg. adjustment. 

From 26 June to 7 July the diurnal cycle became irregular. 
Some days recorded little, if any, diurral pressure change; while other 
days experienced a marked fall in pre««nrA <r. late afternoons and 
early evenings. From 7 July to 12 August only occasionally were there 
any diurnal pressure changes, these of the magnitude of 0. 02 inches Hg. 
or less. Figure 13 shows a barogram from 1100 hours 27 Julv to 1100 
hours 31 July, which is representative of this situation. This chart 
does reflect the 0. 25 inches Hg. readjustment made of 1 July. 

J. Precipitation 

The general pattern of precipitation in the Sierra Madre Occi¬ 
dental has been described in Part I. Figure 14 and Table 10 show the 
amount of rainfall daily during the 56-day study period and Table 11 
summer rainfall at the Rancho los Charles Base Camp, as well as at 
Nuevo Casas Grandes and Rancho Agua Salada. In Appendix D are given 
the major features of each storm with at least 0. 01 inches of rainfall, 
and it should be noted that occasionally several storms occurred during 
a single 24-hour period. Tables 12 and 13 show the frequency of pre¬ 
cipitation amount and duration per storm, and Table 14 compares the 
time of beginning of storms at Nuevo Casas Grandes and Base Camp. 

Amount of Rainfall. During the 56-day period, 45 days recorded 
a trace o’* more of rainfall, with 34 of these days recording a measure- 
able amount. The total amount was 11.24 inches. The quantities were 
disposed very unevenly over the period as follows: 0. 39 inches in 
June, 6. 90 inches in July, and 3. 95 inches in the first 12 days of 
August. 

Table 12 shows the relative frequency amount per storm. 
Nearly 40 percent of the storms recorded only a trace of moisture, 
while 9 percent recorded 0. 51 inches or more of moisture. 

Rainfall Intensity. The technique for measuring rainfall inten¬ 
sity used four plastic farm-type rain gauges mounted adjacent to and 
at the same height as the recording rain gauge. The time of each 
storm beginning was noted on a stop watch. After 10 minutes the 
amount that had fallen was recorded and the first gauge was emptied. 
At the end of the second 10-minute period the second gauge was read, 
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Figure 13 Barograms, 1130 Hours 21 June - 1100 Hours 25 June and 
1100 Hours 27 July - 1100 Hours 31 July, Base Camp. 
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Figure 14. Daily Rainfall, Base Camp, Nuevo Casas Grandes, and 

Rancho Agua Salada, 18 June - 12 August. 
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TABLE 10 

Daily Rainfall for Base Camp, Nuevo Casas Grandes 
and Rancho Agua Salada 

Date 

18 June 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1 July 
2 
3 
4 
5 
6 
7 
8 

9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

18 June - 12 August 

Base Camp Nuevo Casas Grandes Rancho Agua Salada 
(Inches)_(Inches)_(Inches) 

T 
T 
. 12 
. 27 
T 
T 
. 26 
. 02 
T 
T 
T 
. 06 
. 93 
. 83 
. 11 
. 05 
. 02 
. 52 
T 
. 46 
. 18 
. 04 
. 14 
. 02 
. 11 
. 52 

. 04 

T 
T 

T 
T 
T 
T 
. 40 
. 04 
. 04 

. 16 
1. 28 

. 08 

. 32 

. 92 

. 08 

. 20 

. 40 

T 

. 40 

. 32 

. 92 

. 12 

. 20 

. 40 

. 08 

. 44 

. 08 

. 32 

. 06 



TABLE 10 (Cont. ) 

Base Camp Nuevo Casas Grandes Rancho Agua Salada 
Date_(Inches)_(Inches)_(Inche s ) 

22 . 07 
23 . 24 
24 . 17 
25 .25 
26 . 94 
27 T 
28 T 
29 .42 
30 . 05 
31 .49 

1 August . 04 
2 T 
3 . 34 
4 
5 . 03 
6 
7 .22 
8 . 08 
9 . 02 

10 

11 .98 
12 2.24 

. 12 

. 12 

. 24 

. 20 

. 08 

. 12 
1. 64 

. 04 

. 60 

. 24 

. 32 

. 28 

. 16 

. 10 

. 24 

. 44 

. 26 
No Data 
No Data 
No Data 
No Data 
No Data 
No Data 
No Data 
No Data 
No Data 
No Data 
No Data 
No Data 



TABLE 11 

Summer Rainfall at Base Camp, Nuevo Casas Grandes, 
and Rancho Agua Salada 

Base 
Camp 

Precipitation in Inches 
Nuevo Rancho 

Casas Grandes_Agua Salada 

June: 
Total 1964 0. 39* 
15-Year Average** 

July: 
Total 1964 6.90 
15-Year Average** 

August: 
1-12 August, 1964 3.95 
15-Year Average** 

18 June-12 August, 1964 11.24 

0. 08 
0. 53 

4. 04 
3. 58 

3. 52 
3.40 

7. 64 

0. 60 

5. 38 

* Although observations began on 18 June, inquiries at nearby ranches 
confirmed that no precipitation had fallen in June before the 25th. 

**Wernstadt, F. E. (1961), World Climatic Data: Latin America and 
the Caribbean, Department of Geography, Pennsylvania State Univer 
sity, p. 54. 



57 

TABLE 12 

Amount of Rainfall per Storm 

Base Camp 

18 June - 12 August 

Frequency (%) of Observations 
Amount in Inches _ n = 64 

< °' 01 39. 0 

0.01-0.10 218 

0-11-0-20 li.o 

0. 21 - 0. 30 6 

0. 31 - 0.40 j 5 

0.41 - 0. 50 4 7 

0. 51 - 0. 60 j 5 

0. 61 - 0. 70 j 5 

0. 71 - 0. 80 0 

0. 81 - 0. 90 0 

0. 91 - 1. 00 4 7 

>1.00 i>5 



TABLE 13 

Duration of Rainstorms With 0.01 Inches or More Precipitation 

Base Camp 

18 June -12 August 

Frequency (%) of Observations 
_Duration_ _n = 39 

< 30 min. 17.9 

2 0-59 min. 15.4 

l Hr. - 1 hr. 29 min. 10.2 

1 Hr. 30 min. - 1 hr. 59 min. 10.2 

2 hr. - 2 hr. 29 min. 7.7 

2 hr. 30 min. - 2 hr. 59 min. 2.5 

3 hr. - 3 hr. 29 min. 10. 2 

3 hr. 30 min. - 3 hr. 59 min. 5.1 

4 hr. - 4 hr. 29 min. 5.1 

4 hr. 30 min. - 4 hr. 59 min. 5.1 

5 hr. - 5 hr. 29 min. 10 2 
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TABLE 14 

Time of Storms at Base Camp and Nuevo Casas Grandes 

Occurrence by Hour of Beginning 
% Frequency 

18 June - 12 August 

Hour 
Base Camp5!' 

n = 39 

Nuevo Casas Grandes** 
n = 24 

0100-0159 7.7 
0200-0259 2.6 
0300-0359 0 
0400-0459 0 
0500-0559 0 
0600-0659 0 
0700-0759 0 
0800-0859 0 
0900-0959 0 
1000-1059 0 
1100-1159 0 
1200-1259 2.6 
1300-1359 7.7 
1400-1459 12.8 
1500-1559 5.1 
1600-1659 10.2 
1700-1759 2.6 
1800-1859 5.1 
1900-1959 7.7 
2000-2059 12.8 
2100-2159 2.6 
2200-2259 10.2 
2300-2359 5.1 
2400-2459 2.6 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12. 5 
12.5 
4. 2 

12. 5 
0 
8. 3 

20.9 
25.0 

4. 2 
0 

* Minimum amount 0.01 inches 
** Minimum amount 0. 04 inches 



that amount less the amount of the first 10 minutes was recorded, and 

the second gauge was emptied. This procedure continued until the end 

of the storm. Some problems were associated with this technique: 

(1) with small amounts of rainfall a large proportion of the drops 

adhered to the sides of the gauge, causing difficult recording; and (2) 

under extremely heavy intensity there was some loss due to splashing. 

The most intense rainfall period during any given storm was 

usually during the first 10 to 20 minutes. Rarely did the amount of the 
second 10-minute period exceed that of the first. Characteristically, 

only 30 to 50 percent of the first 10-minute total fell in the second 10 
minutes. 

The greatest amount falling in 10 minutes was 1. 05 inches dur¬ 

ing the storm of 12 August. The most frequent amount recorded was 
less than 0. 01 inches per 10 minutes. 

Time of Beginning and Duration of Storms. No rainfall was re¬ 
corded between the hours of 0300 and 1159. The greatest frequency of 

storm beginnings occurred from 1400 to 1459 hours. From 1500 to 
2459 hours there was little significant difference in the frequencies, 

considering the number of storms involved. However, slightly more 
storms occurred in the evening and night (after 1859 hours) than in 

the afternoon. The two most severe storms began very near midnight, 
both before and after 0100 hours. 

A relatively large proportion (20 percent) of the storms were of 

considerable duration--4 hours or more. However, the amount of pre¬ 

cipitation falling after the first hour was usually rather negligible. 

Brief storms of 30 minutes or less duration occurred in 18 percent of 
the cases. 

Hail. Very soft hail occurred for a few minutes on on® occasion. 

Dew. Dew was observed on 39 mornings. Seven of these morn¬ 

ings recorded both rain and dew; therefore, measurable amounts occurred 
on 32 days only. Of the 56 days of observation, 13 mornings recorded 

no dew and 4 mornings are missing dew observations. Table 15 shows 

the occurrence of dew by amount as recorded by the Dudevani Dew Gauge. 



TABLE 15 

Quantitative Occurrence of Dew 

Base Camp 

18 June - 12 August 

Dew Number* Frequency ml. of moisture** 

1 
2 

3 
4 

5 

6 
7 

8 

6 
8 

5 
8 

2 
3 

0 

0 

. 12 

. 36 

. 38 

. 88 

. 30 

. 60 

0 

E 32 E 2. 65 

* Dudevani number 

««Derived from figures included with the Dudevani dew gauge 

Variation in Amount of Rainfall Between Base Camp, Trinchera 

58a, and Airstrip. Rainfall from 23 separate storms was recorded by 
a rain gauge situated at the satellite weather station in the open adja> 
cent toTrinchera 58a, 0. 8 miles east of Base Camp. A total of 5. 52 

inches of moisture fell here, varying from 0. 01 to 0. 98 inches of rain¬ 

fall during separate storms. From these same storms 6.26 inches of 

moisture fell at Base Camp. For 11 of the storms, Base Camp re¬ 
corded a larger amount thanTrinchera 58a; for 10 storms, Base Camp 

recorded less; and in two instances the amounts were the same. The 

mean difference in amount recorded was 0. 08 inches. Expressed dif¬ 
ferently, the rainfall atTrinchera 58a averaged 93 percent of the 

amount recorded from the same storms at Base Camp. 

Moisture was recorded for 24 separate storms by a rain gauge 

situated in the open at the northwest end of the airstrip, 1. 9 miles 
northeast of Base Camp. From these storms a total of 10. 39 inches 

of moisture fell at the airstrip, varying from 0. 01 to 2. 0 inches. Rain¬ 

fall occurred at Base Camp during only 21 of these storms, recording 

7. 84 inches total precipitation. During 8 storms a greater amount was 



recorded at Rase Camp than at the airstrip, while during 12 storms the 

greater amount was recorded at the airstrip, and for 1 storm both sta¬ 

tions recorded the same amount. The mean difference in amounts re¬ 

corded was 0. 33 inches. The rainfall at the airstrip averaged 135 

percent of the amount recorded from these storms at Base Camp. 

In summary, while these two satellite stations were close enough 

to Base Camp so that in most instances rain occurred at all three 
places, the amount that fell varied considerably, particularly in com¬ 

paring the airstrip to Base Camp. The great variability in amount and 

occurrence ¿?eems to be a very important attribute of the summer 

storms of the Sierra Madre Occidental, as, of course, it is of many 
mountainous areas. 

Comparison of Rainfall at Base Camp, Nuevo Casas Grandes, 

and Rancho Agua Salada. Table 11 gives in summary form and Table 10 

and Figure 14 in daily form the differences in precip tation between the 
three stations. Table 14 shows the time of occurrence of 24 storms 

(. 04 inches, or 1 mm. , or more precipitation) at Nuevo Casas Grandes 

and 39 storms (0. 01 inches or more) at Base Camp. The following gen¬ 
eralizations about precipitation at the three stations can be made: 

1. Although June in Nuevo Casas Grandes was considerably 

drier than average, July recorded 12 percent more than average pre¬ 

cipitation and during the first 12 days of August 0. 12 inches more rain¬ 

fall was recorded than the average for the whole month. It thus seems 
possible that during the 56-day study period precipitation at Nuevo 
Casas Grandes was somewhat greater than normal. 

2. From the limited material available, it is extremely 
hazardous to generalize on the probable greater precipitation in the 

mountains. A suggestion may be made, however, that 25 to 50 percent 

more rainfall occurs during the summer months, June through August, 

at Rancho los Charles and Rancho Agua Salada than at Nuevo Casas 
Grandes. 

3. The comparison shown in Table 14 suggests that the time of 
occurrence of storms is later during the day at Nuevo Casas Grandes 
than at Base Camp. 

4. Although rainfall may occur at all three stations on the same 

day, this situation is undoubtedly a result of chance as most of the 

storms are very local, as the previous sub-section indicated. 
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K. Relative Humidity 

The lowest relative humidity readings during the 56-day study 

period were recorded 1400 to 1630 hours on 23 June when the relative 

humidity stood at 14 percent. The temperature at this time was 93° to 

97°. The greatest duration of high relative humidity occurred from 
1500 hours, 27 June, to 0900 hours, 28 June, a total of 18 hours. Tem¬ 

peratures during this period never exceeded 65°. 

Hourly Relative Humidity. Table 16 shows the mean relative 

humidity by hour for three weekly periods: Week 1 (18-24 June), Week 

5 (16-22 July), and Week 8 (6-12 August). 

In the period 18-24 June just before the beginning of the rainy 

season, nighttime relative humidity readings were 40 to 90 percent, with 

saturation normally occurring just before sunrise. Following sunrise 

at 0700 hours there was a steady decrease in relative humidity. The 
lowest mean of 29 percent was recorded between 1500 and 1600 hours. 

Then came a gradual increase in relative humidity to 0700 hours the fol¬ 
lowing morning when the mean relative humidity was 95. 3 percent. 

During Week 5 mean relative humidity readings of 98+ percent 

were recorded during nights from 2200 hours to 0800 hours the next 

morning. Following sunrise relative humidity steadily decreased to 
1400 hours when the mean relative humidity was 41.9 percent, higher 

by 13 percent than the mean low of Week 1. After 1400 hours, the rel¬ 

ative humidity began to increase until saturation occurred around 2100 

hours. 

During Week 8 mean relative humidity readings of 98+ percent 

were again recorded at night between 2200 and 0800 hours. The mini¬ 

mum of 51 percent relative humidity which occurred at 1600 hours was 

22 points higher than the minimum of the June period. 

Comparison of Relative Humidity at Base Camp and Nuevo 

Casas Grandes. Table 17 shows the weekly mean relative humidity for 

0600, 1200, and 1800 hours at Base Camp and Nuevo Casas Grandes. 
Relative humidity readings were nearly always greater at Base Camp. 

The four exceptions all occurred during Weeks 1, 2, and 3, mostly at 

1800 hours. 

The greatest difference between the two stations was observed 

at 0600 when relative humidity readings of over 90 percent occurred 
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TABLE 16 

Hourly Mean Relative Humidity During Three Selected Weeks 

Time 

0100 

0200 

0300 

0400 

0500 

0600 
0700 

0800 

0900 

1000 

1100 

1200 

1300 

1400 
1500 

1600 

1700 

1800 

1900 

2000 

2100 

2200 

2300 
2400 

Base Camp 

Mean Relative Humidity in % 

Week 1 Week 5 Week 8 

18-24 June_16-22 July_6-12 August 

63. 6 
71. 1 
78. 3 

83. 9 

89. 7 
94. 3 

95. 3 
73. 0 

56. 9 

46. 9 
38. 4 

33. 1 

31. 7 

29. 7 

29. 1 
29.4 

29. 6 
32. 6 

36. 0 
41. 0 

46. 6 
51.4 

56. 9 
62. 3 

98+ 
98 + 

98+ 

98+ 

98+ 
98+ 

98+ 

98+ 

83. 9 
72.4 

60.9 
50. 7 

48. 0 

50. 6 

53.4 
57. 1 

60.4 

58. 4 

63. 6 

80. 9 
93. 7 

98+ 
98+ 

98+ 

98+ 

98+ 

98+ 

98+ 

98+ 
98+ 
98+ 

98+ 

89. 0 

79. 9 
67.4 

57. 4 

56. 4 
52. 0 
42. 3 

51. 3 
62. 3 

67. 6 

81. 3 

85. 7 
94. 7 
98+ 

98+ 

98+ 



TABLE 17 

Weekly Mean Relative Humidity at Selected Hours 

Base Camp and Nuevo Casas Grandes 

Date & Location 
Mean Relative Humidity in % 

Hour:0600 1200 1800 

18-24 June 

BC* 
NCG** 

25 June - 1 July 

BC 
NCG 

2-8 July 

BC 

NCG 

9-15 July 

BC 

NCG 

16-22 July 

BC 

NCG 

23-29 July 

BC 
NCG 

94.3 33.1 32.6 
55.8 31.8 38.8 

98.0 36.1 36.1 

73.7 38.8 36.1 

97.6 35.0 38.4 

62.1 32.8 42.4 

97.7 51.3 67.1 

80.6 50.0 45.4 

98.0 50.6 57.9 
77.8 51.7 45.4 

98.0 49.0 60.0 

80.1 48.4 53.2 

30 July - 5 August 

BC 98.0 

NCG 83.6 

6-12 August 

BC 98.0 
NCG 83.0 

60.1 81.6 

56.6 55.5 

57.4 67.6 

50.0 45.8 

Base Camp 

** Nuevo Casas Grandes 
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uniformly throughout the summer at Base Camp. In contrast, mean 
relative humidity readings at Nuevo Casas Grandes at 0600 never ex¬ 

ceeded 83. 6 percent, which nevertheless was the highest mean value 

there. In the week before the rainy season began, 18-24 June, the 

0600 mean at Nuevo Casas Grandes had been as low as 55. 8 percent. 
These higher early morning relative humidity readings at Base Camp 

probably resulted from the lower minimum temperatures there than 

at Nuevo Casas Grandes. 

The closest correlation between the two stations occurred at 

1200 hours, when the differences were usually only 1 to 3 percentage 
points. Relative humidity readings at 1800 hours, while more similar 

for the two stations than the 0600 hour readings, did not show the close 

correlation of the 1200 hour readings. This situation may be a result 

of the great variability in the appearance of the rainy season showers 

and thunderstorms. 

L. Evaporation 

Evaporation measurements were made by means of a Piche 

Evaporimeter placed inside the weather shelter at Base Camp. Table 

18 shows the daily mean evaporation for each weekly period during the 

56-day study period. 

TABLE 18 

Daily Mean Evaporation 

Base Camp 

18 June - 12 August 

Date Daily Mean Evaporation in ml. 

25 June - 1 July 

2-8 July 

9-15 July 
16-22 July 

23-29 July 
30 July - 5 August 

6-12 August 

18-24 June 7. 7 

3.9 
4. 6 

2.6 
3. 1 

2. 5 

2.4 

2.4 
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A great decrease in the amount of evaporation occurred after the 

first week as a result of increased relative humidity, the occurrence of 

the first storms of the rainy season, reduced daytime temperatures, 
and reduced air movement--all of which took place in the second week. 

In the week of 2-8 July very high temperatures for the first 6 

days resulted in an increase in evaporation over the preceding week. 

M. Wind 

A totalizing anemometer with a starting speed of 2 mph was 

placed 10 feet above the ground adjacent to the weather shelter. Table 

19 shows the daily run of the wind, and Table 20 shows the relative fre¬ 

quency of wind speed and wind direction for the 8 weekly periods during 

the study. 

Wind Speed. Eighty-seven percent of the hourly observations 

recorded calm air conditions. The highest wind speed, 12 mph, was 

observed 18 June at 1600 hours. Wind speeds from 0700 to 2200 hours 

were generally light. 

The highest values were recorded in June before the rainy season 

began. After the beginning of the heavier rains on 7 July, measurements 

of over 26 miles per day became unusual. Such a daily run as the 32. 5 

miles of 29 July was exceptional once the rainy season commenced. 
This amount was due to unusually strong winds that preceded and accom¬ 

panied an evening thunderstorm. 

Wind Direction. As shown by Table 20, in every week except 

one, less than 17 percent of the observations gave wind direction. Calm 

air was overwhelmingly the most normal situation. At those observa¬ 

tions when wind was blowing, no single direction (or several directions) 

is predominant. However, both before and after the rainy season the 

most common directions were those with either an easterly or westerly 

component. 
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TABLE 19 

Daily Run of the Wind 

Base Camp 

18 June - 12 August 

Date Miles per Day Date Miles per Day 

18 June 

19 
20 

21 
22 

23 

24 

25 

26 
27 

28 

29 
30 

1 July 

2 
3 

4 

5 

6 
7 
8 

9 
10 

11 
12 
13 
14 

15 

62. 5 

42. 6 

44. 2 
81.8 

35. 5 
52.4 

46. 1 

29. 2 
32. 5 

16. 1 
24. 3 

19.4 

24. 5 

31.4 

19. 0 
25. 6 

25. 0 

29.9 
29. 3 
22. 0 

12.9 
12. 1 
11. 3 

15. 3 
23. 8 
20. 1 

17. 3 

19. 6 

16 July 12.0 
17 21.7 

18 23.0 

19 21.2 
20 24.7 

21 26.4 

22 26. 0 

23 27.9 
24 14.4 

25 19.6 
26 19.7 
27 19.4 

26 14.7 

29 32. 5 
30 7. 8 

31 5. 0 
1 August 11.8 

2 14. 5 

3 14. 9 
4 22. 6 

5 15. 1 

6 17. 9 
7 27. 3 

8 26. 2 
9 15.4 

10 22.3 

11 19.3 
12 13.7 



W
e
e
k
ly
 
W

in
d
 S

p
e
e
d
 
a
n
d
 
D

ir
e
c
ti

o
n

 

69 

U 
o 
« 

CQ 

« 
3 
oc 
3 
< 
ra 

ao 

Z 

u 
c 
V 
3 
Ü* 
u 

Ui 

c 
0 
4-» 
o 
4) 
U 

T3 
C 

£ 
</) 

V) 

u 
V3 

u 

u 
z 

>S 
o 

X 
(X 

c V c 
w > c 

£ O 
a 
u 

(*4 Î3 rg X 
a 

•o J, S 
0) 
V 
a 

V) 
T3 
c (« 

u 

0s •—« M 

O <M 

tM rg ~h — 

TJ. —I 

in —. 

in — 

i-M (NI 

—i cvl 

m rg 

N ^ r- PO 

X — 

<M 

—i rg 

^ in rg 

m 
PO 

O 
in 

rg 
O' 

in 
O' 

rg 

PO 

00 

in ~-i 

pó 
ao 

00 
O' 

in 

in 
O' 

PO 
O' 

01 
c 
3 

Tf 
rg 

I 
00 

3 

§ 

in 
rg 

>> 
ï»' *2 

3 

00 
i 

rg 

3 
•“i 
m 

* 
O' 

3 

(M 
rg 

i 
vO 

3 

O' 
rg 

I 
PO 
pg 

a 
3 
00 
3 
< 
in 

3 
•-> 
O 
PO 

« 
3 
00 
3 
< 
rg 

I 
vO 



BLANK PAGE 



71 

V. VEGETATION* 

To the superficial eye the Cavilan is a hard and stony 

land, full of cruel slopes and cliffs, its trees too gnarled 

for post or sawlog, its ranges too steep for pasturage. 
But the old terrace-builders were not deceived; they 

knew it by experience to be a land of milk and honey. 

These twisted oaks and junipers bear each year a crop 

of mast to be had by Wildlings for the pawing. The deer, 
tuvkeys, and javelinas spend their days, like steers in a 

cornfield, converting this mast into succulent meat. 

These golden grasses conceal, under their waving 

plumes, a subterranean garden of bulbs and tubers, 

including wild potatoes. Open the crop of a fat little 

Mearn's quail and you find an herbarium of subsurface 
foods scratched from the rocky ground you thought bar¬ 

ren. These foods are the motive power which plants 

pump through that great organ called the fauna. ** 

A. Introduction 

The general aspect of the vegetation that Leopold saw in this 

area is that of a savanna or open woodland. The mast he referred to 

is a result of many species of oak which are prevalent in the landscape. 

Photograph 3 provides an aerial view of the vegetation typical of this 

area, with pines dominating the left center edge of the picture and oaks 

dominating the remainder. Another important tree in this region is the 

Alligator Juniper (Juniperus pachyphloea). Two species of pine are 

important in this area, the Chihuahua Pine (Pinus chihuahuana) and the 

Long-needled Pine (Pinus apacheca), and these are generally found on 

the more favorable sites. On xeric sites, such as south-facing slopes 

or places with little or no soil, oaks are the dominants, usually as 

gnarled trees less than 25 feet in height. When these oaks were ex¬ 
amined, to determine the species present, we were confronted with a 

bewildering array of combinations of characteristics that made identi¬ 

fication in the field impossible. They exhibited very striking examples 

of intergradation of several species, in addition to the fact that there 

is also a lot of intraspecific variation in some species groups. 

* This section was written by Robert R. Ream. 
** Aldo Leopold (1949). "Song of the Cavilan, " A Sand County .Almanac 

and Sketches Here and There, New York: Oxford University Press, 

pp. 150, 151. 
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One exception to this confusing assemblage of oaks is the 

Silverleaf Oak (Quercus hypoleuca), an evergreen oak with leaves 

similar to an olive, and quite distinct from other oaks present. 

A rough map was made of the vegetation in the study area 
(Map b), but it must be realized that the vegetation here is a very 

complex mosaic and the map generalizes this to show areas where one 

type is more prevalent than another. Oaks are abundant throughout 

the study area, but pines are much more restricted in their distribu¬ 

tion, partly because of their requirement for a more mesic site than 

oaks. Probably of far greater importance however, is the fact that 
much of this area has been logged, removing the pines and leaving 

oaks and junipers to dominate the landscape. The area shown on the 

map as Juniper Woodland is an area which is a flat plateau that exhibits 

only charred stumps of the pine forest that must have covered the 

plateau less than 50 years ago. Human influence on the vegetation has 
been especially great in the last 25 years. Not only has much of the 

pine forest been decimated, but the number of cattle using this area as 

grazing land has increased greatly in recent years. This can be ob¬ 

served in the ground layer vegetation which is now dominated by weedy 
annuals, but less than 30 years ago war dominated by grama grass 

(Bouteloua spp. ) and other perennial herbs (A. Leopold, 1949). 

Presently, there is no ground cover at all until the rains begin 

in July, bringing up annual weeds, wild onions, and other unpalatable 
species. The vegetation in this area reflects the strongly seasonal 

climate, already discussed in this paper. Most oaks are deciduous 

and many of them do not put out new leaves until the end of the dry 

season in July. When the study team first arrived in this area, the 

landscape had the aspect of a winter landscape, since many trees were 
without leaves and the ground was completely barren. 

B. Vegetation of Study Areas A and B 

The vegetation in these two areas was sampled in order to 

obtain information about composition, structure, and any effect that 
trincheras may have on the vegetation. The sampling that was done 

was limited to woody stems 1 inch dbh or greater (dbh is diameter at 

breast height or 4. 5 feet). These stems will be referred to as trees in 

the remainder of this paper, even though some are saplings in forestry 
terminology. This will also eliminate the problem of what to call 

dwarfed shrub or brush stems of oak species that never really become 

trees. In order to assess the possible significance of the trinchera 
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effect on the vegetation, a distance sampling method was used at 100 

points in each of the two study areas. From a point halfway across the 

top of each trinchera, the distance to the closest individual was mea¬ 

sured; this is called the closest individual distance. Next, the closest 

individual distance was determined from a point halfway between two 

successive trincheras along the drainage. This, then, provided us 

with b0 pairs of measurements to compare significance of the trinchera 

effect. In addition, the distance was determined from each of the 

closest individuals to its nearest neighbor tree. This not only in¬ 

creased the sample size for composition and structure estimates but 

also provided a means by which we could get an estimate of the degree 

of aggregation in each stand. 

For each of the ¿00 individuals sampled, basal area and height 

were measured and the species, as far as possible, was recorded. 

Basal area was measured at breast height (4. 5 ft. ). Specimens were 

collected for each species encountered during the sampling, as well as 

some herbaceous species that were found in flower at the time. These 

specimens include the great variety of oaks that were found and which 

have not been identified to date. 

Composition of the Vegetation In terms of species presence, 

the two study areas are very similar; but in terms of density, dominance, 

and height there is a marked difference between the two areas. Tables 

21 and 22 summarize the data by species for Areas A and B. In these 

tables density refers to the number of individuals sampled for each 

species, dominance is the total basal area for each species, and height 
is the sum of all individual heights for each species. The relative 

values for each of these represent the percent that each species con¬ 

tributes to the total. The importance value for each species is the sum 

of the relative density, relative dominance, and the relative height. 

Oaks are important components in both study areas, with a total 

importance value of 196 in Area A and 92 in Area B, out of a total pos¬ 

sible of 300. In terms of density, or number of stems, oaks are more 
numerous than pines and junipers in both areas. Junipers in Area A 

had a total importance value of 64, while Chihuahua Pine, the only pine 
present, had an importance value of 37. In Area B pines had a total 

importance value of 141, and Alligator Juniper had an importance value 
of 67. In terms of density, however, only 30 percent of the individuals 

in Area B are pines, while 39 percent are oaks and 31 percent are 

junipers. The high importance value of the pines in this area is a 

result of the much greater height and basal area of individual pine 
trunks. 
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Structure of the Vegetation. Structure of the vegetation in the 

two study arear is markedly different, and this is most noticeable in 
the aspect or physiognomy. Figure 15 illustrates the difference in dis¬ 

tribution of tree heights between the two study areas. It is important 

here to note differences in the taller height classes, or the right hand 

side of the figure, because this is where the big difference in physiog¬ 

nomy occurs. In Area B, pines which average 40 to 50 feet in height 

are the aspect dominants, and this area has the appearance of a pine 
savanna or woodland. Although there is an occasional pine in Area A, 

the general aspect is that of oak brush or oak woodland, with individuals 

averaging 15 to 25 feet in height. 

In terms of actual stand density the two areas are very similar, 

Area A having 82. 3 trees per acre and Area B, 86. 8 trees per acre. 

Table 23 shows the distance measurements that were obtained, each 

figure indicating an average of 50 measurements. The density esti¬ 

mates given above were determined from the average distance to 

closest individual measurements. If trincheras were producing no 

effect on tree distribution, then the average distance to the closest 

individual from points on trincheras would be nearly the same as the 

average for points placed between trincheras. However, Table 23 
shows that there is a difference of 2. 0 feet in Area A and 5. 2 feet in 

Area B, in both cases the distance from the point on the trinchera 
being shorter. Wnen tested for significance with the ^ test, the dif¬ 

ference in Area A was not significant but in Area B it was highly sig¬ 

nificant at the 1 percent level. 

TABLE 23 

Distance Measurements in Areas A and_B____ 

Point on Point between 
Trinchera Trinchera Average 

(Feet)_(Feet)_(Feet) 

AREA A 

Distance to Closest Individual 

Distance to Nearest Neighbor 

AREA B 

Distance to Closest Individual 

Distance to Nearest Neighbor 

10.5 12.5 11.5 

7.7 8.5 8.1 

8.6 13.8 11.2 

9.3 10.8 10.1 
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Figure 15. Frequency Distribution of Tree Heights 



In a randomly distributed population the nearest neighbor dis¬ 

tance should be about 20 percent greater than the closest individual 

distance (Cottam and Curtis, 1956). If 20 percent is subtracted from 

the nearest neighbor distance, then the ratio of the closest individual 

distance to the corrected nearest neighbor distance should be about 

1.0 with a random population. In a regular population, where all indi¬ 
viduals are equally spaced, this ratio is 0. 5, and in an aggregated 

population the ratio would be somewhere above 1. 0, depending upon the 

degree of aggregation. When this index of dispersion or ratio of the 

two distance measurements was applied to the average distance mea¬ 

surements for Areas A and B, it was found that Area A had a ratio of 

1. 70 and Area B had a ratio of 1. 33. This indicates that the individuals 

in Area A are quite highly aggregated while those in Area B are slightly 
aggregated. 

C. Discussion 

Because of the complexity of the topography, soils, and climate 

in the study area, the resultant vegetation is also complex and difficult 

to interpret. Trees were associated more closely with trincheras than 

with the area between trincheras, but only Area B showed a highly sig¬ 

nificant association. It is assumed that this association is a result of 

influences on the environment produced by the trincheras. Some likely 

factors might be (1) an increase in soil moisture, (2) an increase in 

soil depth, (3) an increase in fertility, or (4) any combination of these. 

Lack of a significant association in Area A may be due to the fact that 

this area was dominated almost entirely by oaks; and the dispersion of 

oaks tends to be quite aggregated, so that there are large areas that 

are quite open and also areas with dense clumps or clones of oak. 

This aggregated dispersion pattern of oaks is a result of their vegeta¬ 

tive reproduction, or growth by means of shoots from an original 

parent plant. Because of this aggregated dispersion of individuals, the 

distance measurements taken would tend to be much more variable and 

statistical significance would therefore decrease. This pattern of dis¬ 
persion is further substantiated by the two indexes of dispersion values 

discussed in the last paragraph, 1. 70 for Area A and 1. 33 for Area B. 

Recent human exploitation has perhaps produced the greatest 

barrier tc logical explanation of vegetation pattern and distribution. 
Lack of a significant association of vegetation with trincheras in Area 

A is due, in part at least, to recent human disturbances. There are 

many stumps of large old pine trees scattered throughout Area A, indi¬ 

cating that many of the original pines in this area have been logged off. 



Most of these stumps are charred, and many trees in Area A exhibit 

fire scars. Whether these fires were initiated by humans or by 

lightning, they have had an effect on the vegetation and have probably 

caused an increase in the degree of aggregation of individuals. When 

an individual oak stem is burned off, there is still a woody basal 

plate immediately below the surface of the ground which has not been 

damaged; and the following year a number of new shoots will emerge 

from this basal plate, producing a clump of oak stems. Several 

lightning fires wore observed by the trinchera study team during the 

summer of 1964, but most of these were limited to large old pine 

trees which had been struck. Fire is a common occurrence in this 

area; therefore, the pines in this region have adaptations such as 

thick bark which make them resistant to fire. 

Heavy grazing has so changed the ground layer vegetation that 
no attempt was made to sample it for comparison of the two areas or 

to detect the effect of trincheras on this vegetation. When Aldo Leopold 

first visited the Cavilan with his sons in 1937 (A. Leopold, 1949 and 

1953), exploitation of the land had barely begun; but when his son again 

visited the area in 1948, vast changes in the ground layer vegetation 
had already taken place: 

The original bunch-grass sod (largely Bouteloua hirsuta) 

of the river bottomlands and of the more accessible 

mesas already had been slicked off by concentrated 

grazing, and in its place grew spindly annual weeds, 

some native but many of Mediterranean origin. (A. S. 
Leopold, 1949). 

Since 1948 the changes in the vegetation have probably been even 

greater; and erosion has been greatly accelerated, causing destruction 
of many trincheras. As erosion is accelerated, productivity of the 
land is decreased. 

When one observes this unique area, he cannot help but wonder 
at the labor involved in building these trincheras and the tremendous 

population that this area must have supported to do this work. Cer¬ 

tainly the productivity of the land was far greater at that time than at 

present, when cattle are roaming over the area searching for the little 

forage that remains. The prehistoric tribes in this area built terraces 

which slowed down the normal erosion and increased the productivity of 

the land by increasing soil depth and infiltration of moisture. In other 



words, these Indians were an important component of their ecosystem 

and contributed to building up this ecosystem. The Cavilan area is 

very unique in the fact that two extremes in land use can be observed 

in one place. Primitive man painstakingly built up and contributed to 
his ecosystem, while modern man is tearing down or degrading the 

ecosystem on which he and his offspring must depend for their living. 
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VI. TRINCHERAS 

A. Construction of Sample Area Maps 

The locations of the 479 trincheras surveyed appear on Maps 8 

through 11. These location and relief maps for Sample Areas A, B, 

C, D, and E were drawn from plane table sheets made in the field at a 

scale of 1:600. Vertical control was established by running several 

altimétrie traverses from Base Camp to the principal bench mark in 

each sample area. The final bench mark elevation in each area was 
determined by averaging the results of these altimétrie traverses. 

B. Trincheras Surveyed 

Exhaustive searches on foot were made so that no recognizable 

trincheras, in whatever incomplete condition, were omitted in the 

mapped areas. In some cases, however, limited time forced termina¬ 

tion of surveying at the end of a plane table sheet rather than at actual 

termination of trincheras, as at the head of a particular drainage. 

For better orientation of the reader, the following sub- sections briefly 

note the location of the surveyed trincheras and adjacent unsurveyed 

ones. 

Sample Area A. The 315 trincheras located here (numbered 

1-296 with sub-letters) comprise two-thirds of all surveyed trincheras. 

Not o.ily is Area A the largest of the areas (95 acres), but also it con¬ 

tains the greatest density of trincheras. 

At the southwest several intermittent streams continue out of 

the area; trincheras occur along their course although not as densely 

as in the surveyed area above. At the northwest above Trinchera 292, 

a series of about 14 check dams, 3 to 4 feet high, 10-20 feet long, and 

often well-coursed, continues up the face of the hill. More trincheras 

probably extended up the badly eroded arroyos and hillside behind 296 

also. The remaining drainages at the north were explored and no 

further trincheras found. There are no trincheras immediately to the 

northeast of the area and on the southeast plateau surface. However, 
the slopes below the bounding escarpment probably contain some 

examples. 

Sample Area B. A total of 93 trincheras (numbered 400-486 

with sub-letters) was surveyed in this area (approximately 59 acres 

in size), the entire drainage of a small intermittent stream emptying 



directly into the Rio Cavilan. Adjoining the area on the west a similar 

but much shorter drainage area contains other trincheras, particularly 

terraces resembling 401-408. Also on the riverside but to the east on 

a higher flat area occur many linear borders. All trincheras present 

in the drainage area were surveyed, with one exception: above trinchera 
433 at the west in two small steep washes are several almost obliter¬ 

ated check dams, about 15-20 feet apart and possibly 2-3 feet high. 

Sample Area C. The 14 trincheras surveyed on this small slope 

area (approximately 9 acres) are numbered 500-513. No further check 

dams occur upslope, but there are some nearby in a small valley to the 
we st. 

Sample Area D. Forty-six trincheras (300-343 with sub-letters) 

were surveyed in this small area (approximately 21 acres), far re¬ 

moved from the other locations but chosen for its distinctive riverside 
type of trincheras, along with others. 

Limited time prevented extensive exploration of this vicinity. 

However, it is known that many walls continue up the arroyo of 307-312 

at the south of the area; and, also, 12 more occur along the main 

arroyo beyond the last check dam surveyed, 343. Remains of other 

riverside trincheras might be found with careful searching along the 
Rio Piedras Verdes, but only the 9 surveyed are clear examples in 

this vicinity. An additional riverside trinchera possibly was located 
between 304 and 305. 

Sample Area E. Only 11 trincheras (550-561) were surveyed at 

this river terrace location of 16 acres extent, since the two extensive 
linear border trincheras formed the major interest here. Further 

trincheras extend up the slope from 556. To the east of 550 and 561 
lies a concentration of settlement sites. 

C. Data Gathered 

In addition to the mapping of trinchera distribution, the princi¬ 
pal investigator and one assistant undertook to amass descriptive data 

on each individual trinchera that was surveyed. Noted was not only the 

structure itself, but also the particular environment surrounding each 
trinchera. 



Specifically, the following items were recorded: 

1. Trinchera type 

2. Condition 

3. Size: length, height, width 

4. Distance to next higher trinchera 
5. Trinchera plot size 

6. Nimber of stone courses high 

7. Type and size of rocks: maximum, minimum, average 
8. Features of construction 

9. Topographic situation 

10. Slope of land: trinchera plot, perpendicular to 

trinchera, parallel to trinchera 

11. Vegetation: in trinchera plot, adjacent to trinchera 

12. Character and depth of soil: in trinchera plot, adjacent 
to trinchera 

13. Bedrock: relation to trinchera, type and character 
14. Sketches of trinchera aspect and of trinchera 
15. Other comments 

Items 1-5 and 8 are presented for each trinchera (wherever 
possible) in Appendix E. 

With a total of 479 trincheras surveyed, obviously time was too 
short to allow detailing of all the above features for every trinchera. 

In practice, an entire inventory was made on a prepared sheet form for 

only those trincheras in good to excellent condition, allowing more or 

less complete description. Some particularly interesting trincheras 
were, in addition, excavated for analysis of construction and stratig¬ 

raphy. In many cases, a consecutive series of trincheras was so 

similar in form and setting as to allow its description as a group on a 

s.ngle sheet, with separate detailing of only the most important dif¬ 

ferences from one trinchera to another. The bulk of trincheras wer.5 

in such poor or partial condition that more brief notes sufficed for 

their adequate description. For these trincheras, size and construc¬ 
tion were always noted, and other details were recorded as they 

appeared significant. Cross references to completely described 
trincheras also speeded the process. 

Analysis both in detail and general is possible utilizing the 

above data. In Area A, for example, 20 trincheras were described 
individually with completeness, of which 3 were excavated; 71 were 

treated completely but in series; and the remaining trincheras, partly 
destroyed for the most part, were noted more briefly. 



D. Present Condition 

The trincheras probably have stood unattended and exposed to 
destructive elements of the environment for at least 500 to 600 years. 

During about the last 50 years modern settlement has added the depre¬ 

dations of cattle and lumbering activities, which change the vegetation 
and speed erosive processes and sometimes directly break down the 
trincheras. Little wonder, then, that few trincheras remain in 

pristine condition. Although trincheras still dot the countryside in 

many parts of the Sierra Madre Occidental, they can today give only 

indications of the original trinchera system. Yet, incomplete as they 
usually are individually, the remains taken together present both 

broad and detailed and, it is thought, largely accurate views of 
trincheras. 

Statuses. The present condition of trincheras is astonishingly 
varied--from nearly original to actually obliterated, with every stage 

of completeness or destruction in between. The trincheras studied can 

be classified into the following statuses, with regard to condition: 

1. Complete trinchera. This type of wall is whole or essen¬ 
tially so; only a few rocks are gone; the plot may show only slight 
erosion. An example is seen in Photograph 2. 

2. Partially complete trinchera. The full wall or most of it is 
standing in some parts although it is entirely or partly gone in other 

peaces; there is destruction to varying degrees, but in general half to 

three-quarters of the trinchera is in a near original state; the plot is 
usually partly eroded away. 

3. Fragmentary trinchera. The wall is almost entirely 

destroyed; enough stonework remains to indicate a definite wall but 
usually less than half is standing; the plot is extremely eroded so 

that soil is absent or very scanty and pebbles and rocks may litter 
the surface. 

4. Obliterated trinchera. The wall is so completely destroyed 
that either no trace of it remains or insufficient evidence remains to 

prove its presence; an unorganized concentration of rocks, hinting in¬ 
conclusively at a wall, may be present; no definite plot exists in a 
generally highly eroded area. 



The present condition of all trincheras according to the first 
three statuses was noted during the course of the trinchera survey. 

The state of obliteration being negative, essentially the present non¬ 

existence of trincheras which once did exist, obliterated trincheras 

could not, of course, be surveyed or described. Only speculations 

about them are possible, based upon the conjunction of questionable 

remains and suitable topographic situations. Hence, this state of 
obliteration will not be pursued further. 

Determinants. The present condition of each trinchera results 
from a complex of interrelated factors arising out of the structure 

itself, the fill behind it, the total environment surrounding it, and the 

care it receives. Presumably the latter category can be dismissed as 

inoperative since hundreds of years ago, for there are no records or 

evidences of use or upkeep of the trincheras in the study area after the 
period of their construction, circa 1100-1450 A. D. 

The design and engineering features of trincheras undoubtedly 

are important in determining the resistance offered by the structures 

against forces of deterioration. Size, materials, design, construction 

techniques, relation to bedrock, etc. , affect the stability of the walls. 

Some variations are more successful for longevity than others. As an 

extreme example, it cannot be doubted that the excellent condition of 

the trinchera 16 to 18a series results primarily from engineering and 

design features of these massive walls and plots, for trincheras in 

nearly identical situations (especially 79 and 80 to the west) but of 

much lesser size and inferior construction are in lar worse condition. 

At the other extreme, low single-stone alignments appear relatively 

stable, their eventual obliteration being caused by sedimentation 

around and over them rather than by destruction of the wall as such. 

For the majority of trincheras of more medium size, however, such 

correlative statements cannot yet be made, for the various design and 

engineering features are not known enough for assessment of their 
roles in the preservation of trincheras. 

The character, especially the texture, of trinchera fill appears 
to be an important consideration also. On the basis of a small sample 
of trinchera fill, the fill in Sample Areas B and D appears to be,in 

general,coarser textured and with higher porosity than fill in other 

areas. The general condition of trincheras in these two areas is 
better than elsewhere. 



The most active agencies within the environment which combine 

toward the deterioration of trincheras can be summarized as follows: 

1. Mass wasting, resulting in displacement of rocks within and 

from the walls, removal of fill by slumping, and movement of colluvium 

from nearby slopes to trincheras. 

2. Hydraulic action of water, resulting in erosion of plots, dis¬ 

placement of rocks from walls, removal of clayey mortar from walls, 

and deposition of alluvium. 

3. Biologic agents, including plants, which dislodge rocks in 

walls with root growth, and animals (including man), which displace 

rocks and disturb the terrain and vegetation. 

Extremely significant in interaction with the above are the 

broad features of the environment: topographical, vegetational, cli¬ 

matic. The torrential nature of the precipitation combined with 

extreme local relief is responsible for the effectiveness of stream 

erosion, the primary cause of trinchera destruction. But it is thought 

that the factor contributing most of all is vegetational cover. The dis¬ 

turbance of vegetation, such as has occurred in modern times particu¬ 

larly, speeds not only the erosive processes in general but also the 
deterioration of trincheras. In those areas where man and cattle have 

disturbed the ground cover least, trincheras are in the best condition. 

In consideration of the destructive elements involved, the effec¬ 

tiveness of trincheras in maintaining mantle and slowing the rate of 

erosion is remarkable. Many crucial problems remain to be solved 

before the degree of effectiveness is known. More data relative to 

these matters will be presented in later sections on construction of 

trincheras and their relation to local terrain. 

Condition of Surveyed Trincheras. Complete trincheras account 

for about 18 percent of all trincheras surveyed (85 of the total 477). 

"’ iir representation may seem surprisingly high, yet it should be 

remembered that "complete" trincheras as here defined need not be 

perfect and, indeed, in every case have suffered some small degree 

of damage. The majority of trincheras have been more damaged: 

about 65 percent (311) are partially complete. The average trinchera, 

then, is in a fair to good state of preservation. Fragmentary 
trincheras make up the remainder, 17 percent (81); thus, very poor 

remains essentially balance very good remains, both forming 

minorities. 
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The condition of trincheras tends to vary significantly from 

area to area. Although outstanding for the number, density, and 

variety of its trincheras, Sample Area A contains relatively more 
poorly-preserved trincheras than the other areas. Fragmentary walls 

total 66, or 21 percent of the total, which is higher than elsewhere. 
The bulk of trincheras is partially complete--204, or 65 percent. A 

great many of these are in relatively poor condition, with gullying, 
collapse of walls, and deposition from sheet flood all taking a toll, 

often in conjunction. However, even though their proportionate share 

is not high at 14 percent of the total, the 45 complete trincheras in 

Area A offer more than adequate evidence of original condition. 

Sample Area B, on the other hand, contains relatively well- 

preserved trincheras. Fragmentary trincheras are few (12, or 13 

percent of all). While partially complete trincheras (69, or 74 percent) 

are even more in the majority than in Area A, they tend to be in better 

condition. Partial damage usually has been caused by gullying only, 

without collapse of walls or deposition; hence, large sections of the 

walls and plots are intact though other, generally smaller, sections 

may have been destroyed by rather abrupt cuts. Such cutting of 
trincheras has been so general that the number of complete trincheras 

is reduced to 12 (13 percent). However, this latter fact does not mate¬ 

rially alter the generally better condition of trincheras here than in 

Area A. 

In Sample Area C all 14 trincheras are partially complete. 

Their condition is fairly poor as a result of re-establishment of drain¬ 

age courses in their old positions, collapse of walls, and slumping of 

the mantle. 

In the more removed location of Area D, trincheras tend toward 

relatively excellent condition. About 70 percent of the 46 trincheras 

are complete. There is no gullying on the slopes surveyed and, hence, 
a negligible amount of cutting of the walls and plots. In a few cases 

forward collapse of walls has occurred, and some plots have been 

destroyed b/ colluvium and rockfall from nearby slopes. The long 

linear border 331 is partially complete because washing out of the fill 

has left the wall exposed over part of the length. Of the partially com¬ 

plete trincheras (12 total), half are the riverside type which have been 

damaged to an unknown extent by the waters and sediments of the Rio 

Piedras Verdes. The 3 fragments of riverside trincheras are the only 

fragmentary remains found in Area D. 
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The 11 trincheras of Sample Area E also remain in relatively 

excellent condition. Seven trincheras are complete, including the long 

linear borders 550 and 561. The 4 partially complete trincheras are 

all check dams, the lowest in the drainage coursa and damaged by cut 

walls. 

E. Dimensions of Trinchera Walls 

Trincheras vary so greatly in size that one ''typical" trinchera 

does not exist. The most striking range occurs in height: from exam¬ 

ples only 1 stone or 0. 2-0. 5 feet high to 2 gigantic trincheras fully 12 

feet tall, about 15 stone courses. Extremes of length, though less 

spectacular structurally, are even more marked: 4 trincheras span 

gullys only 4-5 feet wide, while by far the longest linear border 
trinchera extends a winding length of 550 feet, with the addition of 3 

subsidiary cross-walls totaling 102 feet. In width, some walls are as 

narrow as a single stone, 0. 5 feet thick; whereas a maximum of 10 

feet in thickness is reached by one of the riverside trincheras. Such 

extremes in size testify to the considerable variety of topographic 
situations, probable purposes, and constructional techniques and skills 

involved in the building of the trincheras. 

The progression in size from smallest to largest in each dimen 

sion is far from regular, and certain sizes appear with much greater 

frequency than others. Figure 16 shows both the broad scattering and 

the marked clustering of trinchera sizes in Area A. Table 24 sum¬ 

marizes this data, as well as the more limited yet similar data from 

Areas B, C, D, and E. In the following sub-sections, height and 

length will be treated for all areas and then for each individual area. 

Width will be discussed more briefly since the data are quite incom¬ 
plete. Riverside-type trincheras are excluded from these analyses 

since they form a fpecial case. 

F. Height 

The maximum height of each trinchera wall is used in this 

analysis. Unfortunately, however, any breaks in the walls usually 

include the probable highest points, where the original as well as 

present drainage courses often run. For such incomplete walls, 

original heights have been projected as accurately as existing rocks 

would indicate. While actual remaining maximum heights were 
measured to tenths of a foot, projected heights in many cases 
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TABl.E ¿4 

Dimension» of Trincheras 

Sample Area 

Dimension A BCD 

(in feet) No. % No. % No. % No. % 

_E_ 

No. % 

Height 

10 or more 

8- 9. 9 

b- 7. 9 

4- V 9 

1- 3. 9 

0- 1.9 

Total 

Length 

100 or more 

90-99.9 

80-89. 9 

70-79. 9 

60-69. 9 

50-S9.9 

40-49. 9 

30-39. 9 

¿0-29. 9 

10-19. 9 

0- 9. 9 

Total 

Width 

4 or more 

3- 3.9 

2- 2. 9 

1- 19 

0- . 9 

Total 

4 1.3 

1 0. 3 

2 0. 6 

34 10.9 

145 46 6 

125 40.2 

311 100.0 

18 5. 7 

5 1.6 

5 1.6 

6 1.9 

10 3. 2 

17 5 4 

36 11.5 

56 17.8 

79 25. 1 

61 19.5 

21 6. 7 

314 100.0 

9 8. 0 

28 24. 7 

57 50. 4 

19 16 8 

113 100.0 

4 4 4 

4 4 4 

16 17.8 

57 63. 3 

9 10. 0 

90 100.0 

6 6 5 

1 11 

2 2. 1 

6 6 5 

4 4. 3 

12 13.0 

10 10.8 

17 18.5 

17 18. 5 

16 17. 3 

1 1 1 

92 100.0 

1 2 8 

5 14. 3 

14 40. 0 

13 37. 1 

2 5 8 

35 100.0 

1 7. 0 

1 3 9 3.0 

14 100.0 

I 7. 1 

3 ¿14 

1 7. 1 

2 14. 2 

1 7. 1 

3 ¿1.4 

2 14 2 

1 7. 1 

14 100. 0 

6 100.0 

6 100. 0 

1 2. 7 

7 18. 9 

16 4 3.2 

12 32 4 

1 2. 7 

37 100.0 

1 2. 7 

1 2. 7 

4 10. 8 

8 21.6 

11 29.7 

10 27 0 

2 5. 4 

37 100.0 

1 6. 7 

4 26 7 

9 60. 0 

I 6. 7 

15 100.0 

1 9. 1 

4 36 3 

6 64 5 

11 100.0 

4 36 3 

1 9. 1 

1 9. 1 

1 9. 1 

1 9. 1 

3 27. 3 

11 100.0 

1 33. 3 

2 66 7 

3 100 0 

Total 

No. % 

4 0 9 

6 13 

13 2 8 

68 14 7 

231 49 9 

141 304 

463 100.0 

28 6 0 

7 1.5 

10 2 1 

13 2 8 

19 4. 0 

34 7 2 

56 119 

88 18. 7 

109 ¿3 1 

84 17.9 

22 4. 7 

470 100 0 

2 0 1 

19 11 1 

59 34 4 

71 41 3 

¿I 12 2 

172 100 0 



94 

necessitated approximate measures to the nearest half foot--hence, 

the higher frequencies at heights 1. 0, 1. 5, 2. 0 feet, etc. , obvious in 

Figure 16. In k eping with such enforced generalization of data, the 

analysis of height has been kept fairly simple statistically. 

The height of each individual trinchera is seldom uniform along 

its entire length, for (1) the stones forming the top course of the wall 

vary in size and (2) most importantly, the ground level on which the 

wall is set varies in relief. Most nearly uniform in height are the 
long, low terraces and linear borders because they are situated par¬ 

allel, or nearly so, to the contours of the land. Only in adjustment to 

the microrelief, seldom over a foot, which it traverses, does the 

height of a terrace vary, as the top of the wall remains essentially 

level. For example, only 0. 6 of a foot maximum variation in height 
occurs in the 140 feet length ofTrinchera 248 (Photograph 7), which is 

located near the escarpment on the broad upper surface at the north¬ 

east end of Area A. The following heights are recorded for 248: 1. 4 

feet at the north end, 1.6 feet at the center, 1. 9 feet maximum height 

to the south of center, and 1. 3 feet at the south end. 

The greatest variations in height along individual walls occur in 

check dams, for they run generally perpendicular to contours in drain¬ 

age courses. Here, also, more surface irregularities are apt to have 

been caused by increased erosion. The more V-shaped the valley, the 
more irregular the height of the wall as its base conforms to the relief. 

A number of examples illustrate the degrees of variation in height 

encountered: 

1. Trinchera 18a, near the southwest edge of Area A, is situ¬ 

ated in a deep, narrow valley whose walls rise about 35 feet to a top 

width of about 75 feet. The 39 feet length of 18a spans the valley at a 

maximum height of 12 feet, measured at the center of the valley. But 

as the floor rises in its V-shape, the check dam constricts to 3 feet 

height on each end. 

2. A short distance up this same valley, Trinchera 3 (35 ft. 

long) was originally about 7 feet high at its center and tapers to 5 feet 

at the ends. Trinchera 4 (47 ft. long) was 5 feet high at the center and 

tapers to 2 feet at the ends. 

3. A further 450 feet up this valley, where it has widened and 

flattened greatly, Trinchera 31 extends for a distance of 121 feet, both 

straight and curving across four separate small arroyos entering from 
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above. The valley floor is uneven and interrupted at its center by an 

outcrop of bedrock. This trinchara varies in height from 1. 9 to a 
projected 4. 0 feet. 

4. CheckDam 441 in Area B is situated across the upper por¬ 

tion of a broad U-shaped valley, 100 yards oelow the high, steep 

escarpment which terminates the valley. The 74 feet length is bi¬ 

sected by a bedrock outcrop to the height of the dam. The maximum 

height of 6. 6 feet is reached in the western section of the wall and the 

eastern section varies from 2. 3 feet to a projected 4. 6 feet. 

Along the extent of individual check dams, then, maximum 

variation of height can be from about 1-9 feet, or about 25-75 percent 

of the greatest height. Frequencies of variation are not known since 

detailed information on all heights was not gathered. 

Maximum height was obtained for 463 trincheras. Within the 

total range from 0. 3 to 12. 3 feet, heights are extremely positively 
skewed: 80 percent are less than 4 feet. More specifically, 30 per¬ 

cent (141 walls) measured 0-1. 9 feet and, most outstandingly, 50 

percent (231) are 2. 0-3. 9 feet in height. Thus, the majority of trin¬ 

cheras might be generally described as low to medium in height-- 

certainly not spectacular in this dimension. Relative frequencies of 
heights from 4 feet on decline drastically. 

In generalization are the following descriptive categories of 
height and their relative frequencies: 

1. Low trincheras (0-1. 9 ft. high)--30 percent 

2. Medium trincheras (2. 0-3. 9 ft. high)--50 percent 

3. High trincheras (4. 0-5. 9 ft. high)--15 percent 

4. Very high trincheras (6 ft. or more high)--5 percent 

Sample Area A. Each sample area presents a pattern distinc¬ 
tive from the overall view of trinchera heights. Since Area A supplies 

most of the trincheras (311 with height measurement), it most closely 

follows the overall pattern, but with some significant departures. 

Heights are greatly concentrated in the lowest two classes: 

86. 8 percent of the trincheras fall below 4 feet in height. 



The lowest class, 0-1.9 feet, accounts for 40.2 percent. Most 

of these are 1. 0-1.9 feet high, however, 24 are less than a foot high. 

Such very low trincheras are virtually limited to this area--only one 
other occurs in Area B. Consisting of a single course of stones, 

sometimes backed by smaller rubble, as little as 0. 2 feet in height 

may be achieved by the trinchera as presently standing. Most rise 

0. 5-0. 8 feet. It is apparent that deposition on both sides of the stones 

often may have obscured their original height, which probably would 

have been near the height of the stones used, usually from a half foot 

to nearly a foot but sometimes as small as 0. 3 feet. Whatever their 

exact size, trincheras below a foot in height are quite remarkable, 
and their concentration in Area A is equally so. 

The modal height class is 2. 0-3. 9 feet high, with 46. 6 percent. 
High trincheras from 4. 0-5. 9 feet show a greatly declined frequency. 

Very high trincheras, all 6 feet or over, take a still more drastic 

decline in frequency, to a total of 7, or about 2 percent of the total. 

The distinction of Area A, however, lies particularly in its 4 

check dams of 10 feet and over. These, combined with a couple of 

other high walls, form an incomparably spectacular grouping at the 

west side of the area in the most deeply engorged section of the main 

drainage surveyed. Beginning at the topmost in the series, Trinchera 

5 rises 10 feet on and around massive boulders at the brink of a major 
escarpment. Directly below and only 4 feet from the base of Trinchera 

5 is Trinchera 4, which is 5 feet high. So closely related are these 2 

check dams that they give the impression of forming a single, stepped 

trinchera in which a total vertical distance of 20-25 feet is covered in 

2 stages. Then intervene 3 trincheras of 5, 4, and 4 feet heights in a 

more open, shallow portion of the valley. Next, and again at a break 
in slope, Trinchera 16 reaches 9. 2 feet to begin the most outstanding 
series of high wrlís. Trinchera 17 follows at 10. 3 feet height, then 18 

(Photograph 8) reaches the record of 12. 3 feet, and finally 18a is 12 

feet high. Below this point are several unsurveyed check dams of 

medium height. In their fairly extensive searches for trincheras in the 

Chihuahuan Sierra Madres, the University of Denver parties have found 
no other trincheras to match these in height. 

In summary for Area A: 

1. Typical trincher«>s are low to medium in height, i. e. , below 
4 feet. The majority measure 1.0-2. 9 feet high. 



2. Very low walls (less than 1 ft. ) occur in a small number of 
cases but significantly more often than in the other sample areas. 

3. High walls (4. 0-5. 9 ft. ) occur but are not frequent. 

4. Very high walls (over 6 ft. ) occur rarely, yet the highest 
(10 ft. and over) series of check dams encountered is located here. 

Sample Area B. Ninety of the trincheras in Area B yielded 

height measurements. The pattern of relative frequencies of heights 
diverges markedly from that of Area A, as well as from that of all 

areas together. In broad outline the patterns do resemble each other: 
the 2. 0-3. 9 feet class is the most common one, and frequencies of 

heights both below and above this medium height decline. But specific 

height frequencies within this general pattern are quite different in 
Areas A and B. 

The height of trincheras in Area B can be summarized as 
follows : 

1. A majority of trincheras are of medium height (2. 0-3. 9 ft. 
and especially 2. 0-2. 9 ft. ). 

2. Low trincheras are uncommon. 

3. High (4. U-5. 9 ft. ) and very high (6. 0-9. 9 ft. ) walls occur 
more commonly than in the other areas, although maximum heights 
U0 ft. or more) are not reached here. 

4. The average height of trincheras exceeds both that of Area A 
walls and of total walls surveyed. 

Area C- The 14 trincheras of this area are almost uni¬ 
formly of medium height, approximately 3 feet tall, with 500-504 the 
lowest at 2. 5-3. 0 feet. The one exception, Trinchera 505, measures 

4 feet. Thus, the average height here coincides generally with that for 

all trincheras, but the usual variations to both higher and lower heights 
are absent. 

Sample Area D. The 37 trincheras analyzed for height exclude 
the riverside structures, which form a non-comparable type. The 

pattern of variation here departs significantly from those of the other 
areas, chiefly in the greater height of the trincheras. 



To summarize for Area D, the following characteristics appear: 

1. Average height is greater than elsewhere in surveyed areas. 

Most walls are medium to high (2. 0-5. 9 ft. ) and especially tend toward 

the high class (4. 0-4. 9 ft. ). 

2. Low trincheras rarely occur. 

3. Very high trincheras are extraordinarily frequent in the 6. 0 

7. 9 feet class but also occur to 9 feet. 

4. Affinities between trinchera height in Areas B and D exist, 

but Area D is even more skewed toward tallness of trincheras than is 

Area B. 

Sample Area E. All 11 trincheras yielded height measurements. 

The distinction of this area lies in the relative prevalence of low walls, 

0-1.9 feet: 6 trincheras, or 55 percent of all, make this the modal 

class. All measure 1 foot except one, which is 1. 5 feet high. 

Almost as frequent, the 2. 0-3. 9 feet medium walls number 4. 

The highest wall is a high check dam of 4 feet. 

Thus, Area E is characterized by mainly low trincheras, some 

medium and rarely high ones. 

G. Length 

The maximum lengths of trinchera walls, to the nearest foot, 

were measured by tape in the field or were calculated from the survey 

maps. In the case of partially complete or fragmentary walls, the 

original extent was estimated in the field from evidence of aligned 

rocks, valley walls, etc. 

Though height and width are complicated by present condition of 

walls, variations in size of rocks, local relief, and type of construction, 

this dimension is generally straightforward and accurately measurable. 

Hence, very few trincheras failed to yield length data. Table 24 shows 

the frequency of lengths by 10 feet increments to 100 feet or more for 

each sample area and the total. Figure 16 presents the relationship of 

height and length in Area A. The length of subsidiary or cross-walls 

is not included in the tables and analyses. 



The highest frequency (23. 1 percent) of trincheras measures 

20-29. 9 feet long. Closely following are the nearest classes-- 10- 19. 9 
feet and 30-39. 9 feet in length. Thus, lengths are highly skewed 

positively in the 0-100+ feet range. Few trincheras measure less than 

10 feet. From 40 feet on. the longer the trinchera, the less frequently 

it occurs. The larger frequency of 100 feet or longer walls is broadly 
scattered over a range of 100-550 feet. 

In further generalization, lengths of trincheras surveyed can be 
described thus: 

1. Short walls less than 10 feet long are rare (approximately 
5 percent). 

2. Medium lengths (10-39. 9 feet) are frequent (50 percent). 
Lengths of 20-29. 9 feet are most common. 

3. Long trincheras of 40-69. 9 feet are fairly common (23 
percent). 

4. Long trincheras of 70-99. 9 feet are rare (6 percent). 

5. Very long trincheras (100 or more feet) are rare (6 percent). 

Sample Area A. The 314 trincheras measured in this area 
follow the length pattern of the total very closely. The largest class 

(25. 1 percent) measures 20-29. 9 feet. Substantial numbers also are 

near this at 10-19. 9 feet and 30-39. 9 feet. Few occur below 10 feet 

long. There is a fairly steady rate of decrease in relative frequency 
with greater length above 40 feet until the class including all walls of 

100 feet or more, which includes relatively more examples by reason 

of its broad limits. An especially numerous series of very long linear 

alignments is situated on the mesa top in this area, some of which are 
shown in Photograph 9. 

Sample Area B. The same 3 medium length classes (10-39.9 
ft. ) are most frequent among the 92 walls measured in Area B but are 

nearly equal and do not peak in the 20-29. 9 feet class as in Area A 

and the totals. Short walls of less than 10 feet occur even less than in 

Area A. The decrease in frequency with increased length is not so 

uniform as in Area A; and long walls are more common, especially 
those 50-59. 9 feet and 70-79. 9 feet long. 



Thus, trinchera lengths in Area B can be characterized as 

relatively longer than in most areas, though the average trinchera 

remains medium in length. 

Sample Area C. The size of the sample is small (14); however, 

it shows a typical length much longer than is found in either Area A 

or B. Short walls less than 10 feet long are absent and those 10-19. 9 

feet long are uncommon. A higher frequency occurs from 20 to 39. 9 

feet, but walls of 60-69. 9 feet and 80-89. 9 feet lengths are equally as 

numerous. 

Sample Area D. In the Piedras Verdes area, the distribution of 
37 lengths is much more concentrated into a few classes than in the 

previous areas--nea.rly 80 percent of the trincheras measure between 

20 feet and 49. 9 feet long. Walls below 20 feet are uncommon and 

below 10 feet, nonexistent. Thus, the average is distinctly longer 

than in Area A. However, the very long walls seldom occur here; only 

2 examples measure over 59. 9 feet long. 

Sample Area E. The 11 trincheras of this small area show an 

extreme range in length, which is, indeed, a primary reason for the 

survey here. On the one hand are several 10-19. 9 feet check dams; 

then 4 lengths are scattered from 30 feet to 69. 9 feet; and finally occur 

4 terraces and linear borders of over 100 feet lengths, culminating in 

the maximum surveyed length of 550 feet. 

H. Width 

Assessment of this dimension, referring to the greatest width 

across the top of trinchera walls, proved most difficult because of 

frequent collapse of the topmost courses, variation in size of the top 

rocks, the presence of fill and washed rocks covering all or part of the 

top, and the indefinite blending of back wall into plot. Walls of stone 

face-rubble backing construction offered the greatest problems, for 

the pebbles and small stones forming the back often make up a very 

indefinite zone. Measurements of width were taken only if a top view 
or exposed cross section clearly delineated the back of the wall (the 

face almost always was obvious). Unfortunately, as few as about a 

third of the trincheras showed width distinctly. Thus, the analysis of 

width is limited although it is instructive enough in general considera¬ 
tions of width to merit presentation. Further data appear in the sec¬ 

tions on the construction of trincheras, especially in the diagrams of 

various types of walls. 
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In the later discussion of construction, it is pointed out that 

some walls vary in width vertically, taking a wedge-shape in cross- 

sectional view with the widest end at the bottom of the wall. Horizon¬ 

tally, i. e. , along the length of a wall, overall width usually varies 

little. However, individual rocks often vary in size sufficiently to 

interrupt the width as well as the height from place to place, particu¬ 

larly in walls which utilize bedrock or massive in-place boulders in 
their construction. 

A total of 172 trincheras yielded width measurements. Table 

24 presents the classed frequencies by sample area and totals. Again, 

the riverside trincheras are omitted in that they form a special case. 

At one extreme are 5 single-stone alignments 0. 5 feet wide and 

at the oth?r extreme is a terrace wall of rubble loosely piled to a width 

of 5 feet. If descriptive terms are applied, the pattern of trinchera 
widths can be summarized thus: 

1. Trincheras are most often of medium width (1. 0-1. 9 ft. ). 
Also, many are of medium width (2. 0-2. 9 ft. ). 

2. Narrow walls of less than a foot width occur in small 
numbers. 

3. Wide walls (3. 0-3. 9 ft. ) also appear in small frequencies, 
but very wide walls (4 ft. or more) are rare. 

Sample Area A. Of the 113 trincheras yielding width measure¬ 

ments, 50 percent are of medium width (1. 0-1. 9 ft. ). The narrow 

class below 1 foot is outstandingly frequent compared with the other 

areas; in fact, all except 2 of the narrow walls surveyed are located 

here. On the other side of the modal class, the medium-wide walls 

(2. 0-2. 9 ft. ) are second most frequent with a quarter of the trincheras. 
Finally, wide walls (3. 0-3. 9 ft. ) are uncommon at 8 percent of the 
total, the largest measuring 3. 5 feet. 

Sample Area B. The 35 trincheras in this group are negatively 
skewed in comparison with other areas. Narrow walls are rare al¬ 

though 2 examples do occur. Area B seems characterized equally by 

medium and medium-wide trincheras of 1. 0-2. 9 feet width, with wider 
walls somewhat common also. This pattern of increased average 

width closely parallels the greater average height and length of trin¬ 
cheras in Area B. 



Sample Area C. The 6 trincheras yielding width data measure 

approximately 2. 0 feet and, therefore, fall into the medium-wide class. 

Sample Area D. Like those in Area B, this group of 15 trin¬ 

cheras is wider on the average than most trincheras. In fact, even 

without considering the massive riverside trincheras here, the walls 
of Area D are outstanding for their width, as well as their average 
height. 

There are no narrow trincheras and only one of medium width 
(1. 0-1.9 ft. ). The medium-wide class (2. 0-2. 9 ft. ) is modal with 60 

percent. In addition, wide trincheras (3. 0-3. 9 ft. ) have a relatively 

high frequency, and there is one very wide wall of 4 feet. 

Sample Area E. Medium-wide and wide classes are repre¬ 

sented in the 3 trinchera widths measured. Specifically, the widths 

are 2 feet and 3 feet for linear borders and 2. 5 feet for a check dam. 

I. Types of Trincheras 

The foregoing discussion of dimensions made obvious the great 

variation in sizes of trincheras. Implicit in this variation are differ¬ 

ences, both quantitative and qualitative, in the effect which trincheras 
have upon elements of the physical environment. Various dimensions 

relate to various types of trincheras. The broad presentation of varia¬ 

tion, thus, leads to the definition of specific types. 

Four principal types oí trincheras have been defined in the 

study area. Their identities are based upon several interrelated and 

mutually dependent features of both the structures and the environ¬ 
ment, as follows: 

1. The form and dimensions of the trinchera wall and plot. 

2. The physiographic situation. 

3. The relation of the trinchera to mantle. 

Defined below are check dams, linear borders, terraces, and 

riverside trincheras. The check dam type also occurs commonly ;n 

aboriginal field systems in other parts of the American Southwest. 

Linear borders have been identified at Point of Pines, Arizona, and 
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other places; and structures similar to terraces may be found else¬ 

where in the Southwest. * Riverside trincheras, however, are unique 
to the Sierra Madre Occidental, as far as is presently known. 

The 
in Table 25. 

in Table 26, 

distribution of the 4 types in the study area is summarized 

The important relationships to dimensions arc outlined 
as well as shown graphically for Area A in Figure 16. 

Check Dams. By far the most typical trinchera found in the 
study area, check dams make up 84 percent of all trincheras. Exam¬ 
ples appear in Photographs 1, 2, 8, and others. 

Their most distinctive feature is physiographic situation. 

Check dams are always situated in drainage courses perpendicular, 

or nearly so, to the drainage course and parallel to the contours of 

the /alley. The valleys in which they occur can vary greatly in depth 
and width, from extreme V-shaped to shallow U-shaped valleys. 

Nearly all conditions of channel gradient are possible, except the 
very steepest (over 30°). 

Check dams take a step-like form along a drainage course, the 
verticai or angled walls comparable to risers and the nearly horizontal 
(Io-3°) plots comparable to treads of stair-steps. They are almost 

always arranged in series with check dams a variable distance apart, 
from 5 to 180 feet but most commonly 20-30 feet. In profile (see Map 

6b), a series of check dams definitely interrupts the natural slope of 
a drainage course, superimposing a partial stepped profile. 

Check dams are invariably built so that the ends of the wall rest 
against bedrock, usually so that the wall ends are buttressed against 

the valley sides. Hence, the length of a check dam largely conforms to 

the width of the particular stream course in which it is situated; and 
lengths vary greatly, from 4 feet to 109 feet. Check dams are more 

* For comparative studies, the reader is referred to Rohn (1963), 

Herold (1961), Woodbury ( 1961), Stewart and Donnelly ( 1943), F.ack 
(1942), Stewart (1940), Brand (1936), Forde (1931), and Bryan (1929) 

Terminology is far from uniform, unfortunately, in these and in the 
present study; but this complex topic cannot be taken up in any detail 
here. 
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commonly shorter then other types, the greatest frequencies occurring 
in the lengths from 10 to 39. 9 feet. Weils less then 10 feet long ere 
exclusively check dems. Few check dams ere es long es 60 feet or 
over. The range of heights is also greet, more then for any other type 
of trinchera, from 0. 3 feet to 12. 3 feet. Most check dems (51 percent) 
measure 2. 0-3. 9 feet high, end very few are 6 feet or more high. The 
sises of check dems, then, ere not completely distinctive but rather 
overlap with those of other trinchera types. 

Check dems usually extend straight across a valley but may be 
curved or angled. Although there ere instances of connected check 
dam wells, no subsidiary wells are appended to check dems. 

Check dam plots ere invariably formed from water deposited 
alluvium. It is primarily in this sense that the walls have served as 
check dams, i. e., to catch (check) and hold (dam) alluvium rather than 
water (although some water is held in the form of soil moisture). 

Check dams as here defined compare closely with structures 
found in other parts of the Southwest, with the notable exceptions that 
check dans are much more numerous and reach much larger sises in 
the Sierra Madre. Stewart and Donnelly, Rohn, Forde, and others 
name similar structures "check dams" also; however, Hack uses the 
terms "trinchera plots" and "trinchera fields" and Woodbury uses 
" terraces. " 

Linear Borders. Although not common in the study area (7. 5 
percent of all trincheras), linear borders are quite distinctive in form, 
situation, and relation to mantle. This type consists of a long, low 
stone alignment built along a gently sloping or flat surface, together 
with an extensive plot of primarily residual mantle. (See Photographs 
6, 7, and 9. ) Since this type approaches the linear borders identified 
at Point of Pines, Arisona, by Woodbury, his designation is adopted 
here. * 

* Richard B. Woodbury, (1961), Prehistoric Agriculture at Point of 
Pines, Arisona. Memoirs of the Society for American Archaeology, 
No. 17, pp. 12-13. 

However, the linear borders reported by Woodbury differ from 
those described in this study in their situation on steeper hillsides 
in some cases, their more close-spaced and parallel arrangement, 
their apparently less stepped profile, and their lack of structure 
into wails. 





The walls of linear border« utually conaUt of a «ingle stone 
alignment or a stone face with rubble backing. Their height is invari¬ 
ably very low. mostly 1 to 3 stones high and measuring less than 2.0 
feet (down to 0. 3 ft. ), with a few up to 3. 0 feet in height. Situated On 
open slopes or mesa tops, linear borders have few limits placed on 
their extent and, thus, reach the greatest lengths of any trinchera type. 
Nearly half are 100 feet or longer, most of these from 100 to 200 feet 
but with example, to 550 feet. Other linear border, have length, from 
20 feet up. Seldom d > they form completely straight walls, although 
long section, extend nearly straight before another section angles awav 
slightly. 7 

These trincheras parallel the contours of gently sloping (1* -3*) 
or flat surfaces. In many instances, a linear border is situated just 
behind an escarpment on such a surface (see 248 in Photograph 7). 
Linear borders do not cross major drainage areas although they may 
cross minor irregulatities in the relief and miniature stream channels. 

Though usually arranged in series, the border, can be anywhere 
from 20 to 216 feet apart and are seldom exactly parallel. Linear 
borders also can occur individually, in which case they tend to be ex¬ 
tremely long. The mesa top examples in Area A (234-248, etc. ) 
illustrate series of linear borders, while 331 in Area D is an isolated 
example. 

Often there are short walls or alignments perpendicular or 
angled back from the longitudinal walls at their ends or elsewhere. 
They are generally about 10 feet long but may reach 60 feet. Such 
cross-walls never connect the linear borders and, therefore, do not 
resemble the grid borders described by Woodbury. * 

Linear borders are stepped, or terraced, only in a minor way. 
The profile of the slope of land is broken only slightly by a wall as it 
hold, the forward portion of the plot to near the low height of the wall. 
However, the borders are definite walls with fill behind rather than 
only piled rocks. 

The large plots (up to approximately 20, 000 sq. ft. in size) 
contain primarily residual mantle. Small areas of alluvial fill may be 
found directly behind the walls. 

* Ibid., p. 13. 



Terraces are considerably longer in general than check dams 
yet are usually not so long as linear borders. The largest frequencies 
of terraces measure 50 feet or longer, with a third over 100 feet to 
242 feet. None are less than 20 feet long. The walls tend to form 
straight lines more often than do other types. Cross-walls or align¬ 
ments sometimes extend back from the wall into the plot, often func¬ 
tioning to contain the fill at the sides of the plot. Usually arranged in 
series, terraces most often are 20 to 40 feet apart but may be as 
widely spaced as 100 feet. 

Like linear borders, terraces parallel contours of slopes; but 
steeper slopes, actually hillsides of 3*-10*. are utilised, to the exclu¬ 
sion of the more flat mesa tops. Although terraces as such do not 
cross drainage courses, some terraced slopes adjoin valleys so that 
the terraces seem to be continuous with check dams in the drainage 
course. An example of this situation is Hrinchera 58a, which takes 
classic terrace form throughout most of its extent near the base r>i a 
steep hillside yet terminates at its western end in low check dam form 
across a small, steep valley, just before the drainage spreads into a 
flatter bench surface. 
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Terraces. Almost as frequent as linear borders,terraces are 
in many other respects similar to them (Photograph 10). Terraces, 
too, are situated on slopes rather than in drainage courses and take a 
relatively long, low form. However, terraces vary in particulars so 
that they form a distinguishable type. * 

Most importantly, terraces have an emphatically step-like 
appearance--hence, their name. The walls are higher, more vertical, 
and generally better coursed than linear borders, more nearly ap¬ 
proaching check dam walls in these respects. Most terrace walls 
stand 2. 0-3. 9 feet high. The plots behind slope more gently (2*-7*) 
than the general slope profile, on which they are superimposed as 
step-like features. 

* Woodbury did not, apparently, find similar structures at Point of 
Pines. Instead, he uses the term "terrace" for what are here 
called "check dams. " Without elaborating the point, the author 
finds "terrace" applicable in both its original physiographic and 
agricultural senses only to slope situations, not valleys. 
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Terrace plot! are formed of both reaidual and alluvial mantle, 
the relationship between the two depending on the particular physio¬ 
graphic situation. 

■ i r t'ffij && ■ 
Riverside Trincheras. This rare type of trinchera occurs 

along the banks of permanent streams of large sise. A massive 
boulder wall or buttress structure begins on the flood plain and ex¬ 
tends into the stream, approximately perpendicular to stream flow 
(Photographs 11 and 12). Long-term stream erosion and deposition 
having left the structures in fragmentary or partial condition, it is 
problematic whether streams were crossed or how far the trincheras 
originally extended. 

The structures are formed of rounded and subangular boulders, 
mostly 2 to 4 feet on a side. In one example a boulder 8 feet in sise is 
used. The better preserved specimens show up to four rocks placed on 
top of each other and one or two rocks across the walls. There is much 
smaller (0. 6-0. 8 ft. ) rock rubble and clayey material along with the 
mass.'ve boulders but no evidence of a definite rubble core with rock 
facing. The rocks are not piled haphasardly but show some care in 
placement to form walls of considerable stability. The present height 
of the walls varies from 2. 3 to 7. 0 feet and the width from 2. 5 to 10. 0 
feet. Length has been much destroyed or obscured* and presently 
varies from 10 to 40 feet, the best preserved walls approaching the 
upper limit. 

The riverside trincheras surveyed appear in a series of 7 on 
an outside curve of the river, individual structures being spaced 60-205 
feet apart. Two further fragments are situated on the opposite bank of 
the river 180 feet away, approximately opposite 2 trincheras in the 
main series. That these paired walls opposing each other are rem¬ 
nants of walls which originally crossed the river is a speculation 
totally impossible of proof or disproof. 

Alluvial fill has accumulated on both sides of the riverside 
trincheras. The walls generally stand well above this alluvium at 
the stream end, at least. 

At the time of surveying, the moderately high waters of the Piedras 
Verdes covered some of the ends, and sand fill covered the bank 
ends of some. 
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Dittribution of Typ»«. The extremely non-uniform distribution 
of the four types of trincheras within each sample area and the study 
area as a whole is shown in Table 25. 

% 
Check dams, overwhelmingly the most frequent type, are 

especially prominent in Sample Areas A and B, where they comprise 
about 87 percent of the trincheras. They appear very frequently in 
Area D, also, although less so. However, in Areas C and E check 
dams comprise only approximately half of the trincheras. 

Although linear borders and terraces form minorities of almost 
equal total numbers in the study area (about 7 percent), their distribu¬ 
tions differ greatly. Linear borders are most prominent in Area A, 
nearly 90 percent of this type being found there. Area E is relatively 
well endowed with its two linear borders, but B and D have only one 
each and C has none. 

Terraces, on the other hand, have a low relative frequency in 
Area A. They are significantly more important than linear borders in 
Area B; and in C and E terraces far outnumber linear borders and 
nearly approach the frequency of check dams. 

Riverside trincheras, the greatest rarity among the types, 
were studied only in Sample Area D. They make up a significant 
proportion (about 20 per* ent) of the trincheras here. Also, several 
remnants of riverside trincheras were observed along the Rio Cavilan 
about a mile downstream from Rancho Cavilan and nearest to E of the 
sample areas. These fragments were not surveyed; however, their 
presence here along another river is most interesting. 

J* Design and Construction of Walls 

Although the design and construction of trinchera walls were 
not topics pursued exhaustively in the field, much was learned about 
them through the soil trenches, natural exposures of walls, and ex¬ 
terior appearance of walls. Four main wall designs were identified: 
a stone alignment, «tone facing with rubble backing, double wall with 
rubble core, and piled rubble. Each is described below and illustrated 
in cross section in Figure 17. 

Positive identification of the design of each trinchera would, of 
course, have been impossible without extensive excavation, hence dam¬ 
age to the walls. The probable classifications that field observations 



DOUBLE WALL 

WITH RUBBLE CORE 
STONE FACING 

WITH RUBBLE BACKING 

STONE ALIGNMENT PILEO RUBBLE 

TRINCHERA FILL BEDROCK 

! O I t 3 

Figure 17. Designs of Trinchera Walls Representative Cross Sections 



did allow are included in Appendix E. Many of the unclassified walls 
probably are either facing-with-rubble or double-wall designs; how¬ 
ever, surface indications did not make the distinction clear. 

Stòne Alignments. The most simple trinchera design consists 
of stones placc^ in a single or double row. The resulting narrow stone 
alignment generally appears one or two stones high. (See Photograph 
20. ) It is relatively straight in its length, which can vary from some 
of the shortest to the longest trincheras. 

The stones utilised in alignments tend to be smaller than in the 
faced designs. The rsnge of stone sise is 0. 25 to 3. 0 feet across, but 
most measure 0. 5-1. 0 feet. Variation of sises in an individual align¬ 
ment can be only a few tenths of a foot or up to 2 feet. When both 
large and small are used, the smaller ones are laid in double or more 
thickness to equal the width of the larger stones. Single stone align¬ 
ments occur more commonly than double ones, however. 

These walls utilise a minimum of small rock material in the 
interstices between the main stones. There is a general lack of rubble 
associated with them, the alignments usually appearing as clear-cut 
lines of stones. In the cases where some small rubble appears behind 
the alignment, these pebbles do not seem to be organised into the struc¬ 
ture of the wall but rather are a result of selective deposition behind 
the low barrier. 

Subangular and rounded stones are utilized. There is no rigid 
pattern for placement of the stones--sometimes rectanguloid or slab¬ 
like stones are laid flat; in other cases slabs are set on end, and 
rounded and irregular stones are placed as best they fit. If slabs are 
used, they tend to be numerous rather than isolated in a wall and they 
usually form a rather uneven top surface, extending higher than the 
fill behind. Even coursing of stone is uncommon. 

Alignments are used for check dams most often but also for 
linear borders and terraces and cross-walls on them. In addition to 
the type of alignment here treated, the riverside trincheras are essen 
tially stone alignments, albeit of a very special, gigantic nature. 

Stone feeing with Rubble Backing. A popular design for trin¬ 
chera walls, the facing-with-rubble design further develops the stone 
alignment and adds a back support to it. The wall facing consists of 



coursed stonework, usually one and two stones thick. Immediately 
behind ii a rubble backing formed of mixed clayey material, smaller 
rocks, and pebbles. 

0 

The stone facings utilize a variety of stones generally. Sub- 
angular, angular, and rounded stones are all used and shapes vary 
widely. The larger rocks (to 5. 0 ft. ) are leveled and positioned with 
smaller ones (from 0. 25 ft. ). Average stone size is on the order of 
0. 7-1. 5 feet. Large boulders often appear at the base. Good cours¬ 
ing is uncommon. The faces are mostly vertical or slanted back only 
5 -10* from vertical; however, there are examples with greater angle 
of face, to 45* or 50*, especially in the lower walls. 

The rubble backing of the wall parallels the face in a sone of 
fairly uniform width, about 1 to 2 feet. Much of the rock rubble--a 
miscellaneous mixture of rounded to angular material--measures 
0. 25-0. 5 feet on a side. The top surface of the rubble zone often is 
partly overlaid with fill from the plot, but the rubble intrudes to an 
extent that grass or weed cover is likely to be sparser immediately 
behind the wall face than further back. 

A variation on facing-with-rubble design occurs in Area D, 
where the rock used is characteristically platey, slab or wedge-shaped. 
These walls have a single-stone-thick facing of rocks (0. 1-0. 2 X 
1. 0-3. 0 X 1. 0-1. 5 ft. ) set flat. The backing, not so mixed as usual 
above, consists mostly of smaller platey rocks (0. 6-0. 8 ft. ) placed 
usually two wide. This design, then, has a wide stone facing backed 
by two small stones. 

The strengthening of these walls by the rubble backing allows 
them to be extended to greater heights than the simple alignments. 
Some check dam examples reach 7-9 feet in height. However, the 
design also adapts to low height and many linear borders and terraces 
use facing with rubble. 

Double Wall with Rubble Core. This design essentially dupli¬ 
cates the one last described--with the addition of a back stone wall to 
contain the rubble fill. In cross section the wall consists of, first, a 
facing of coursed medium to large stones, followed by a core of unas¬ 
sorted clayey material and small rock rubble, and finally a back wall 
of coursed stones, smaller than those on the face. This design of wall 
appears to be substantially superior to the other kinds in its engineer¬ 
ing qualities, and many of the larger check dams show evidence of 



being double-walled, including three of the trenched checked dams 
(18a, 29, and 414). This design was recognised in terraces and linear 
borders, as well. 

The previous description of stonework on face walls applies 
closely here also. The rocks reach larger sises, however, in the 
taller walls, with 2 and 3 feet rocks appearing mostly near the bases 
quite commonly. Few facing rocks in the larger double walls are 
under a half foot across, and most measure 1. 0-1. 5 feet. A feature 
noticed in a number of these walls was the use of slabs placed flat as 
the top course of the walls. Again, rocks used vary greatly in shape, 
and coursing is poor except in a few walls. 

The rubble core generally takes up less than a third of the total 
wall width. The back wall is similar to the front one, of mixed stones 
laid one or two thick; but its rocks are invariably smaller and the wall 
formed is generally much narrower. 

Although some of the double-walled trincheras have vertical 
faces, the majority slant in toward the top, anywhere from a few 
degrees to 45*-50* from vertical, with about 15*-30* being common. 
Since the back walls are also often slightly oblique, less than the 
faces, in cross section many of these walls take a distinctive wedge 
shape. In typical examples, walls narrow 0. 5-2. 0 feet from base to 
top. 

In two of the highest double walls (No. 17 at 10. 3 ft. and No. 
18a at 12 ft. ), the faces vary in obliqueness from base to top, near 
midway in the height the angle of face altering markedly, in one case 
to greater obliqueness and in the other to lesser. This transition in 
18a coincides with other constructional and stratigraphic differences 
so that it probably indicates separate periods of construction. * 

Piled Rubble. This final wall design might more proptrly be 
thought of as a lack of design. Unassorted rocks are simply piled 
along a sloping surface into a rough "wall". With unorganised and 
uncoursed stones, the face and top are highly irregular. These walls 
invariably present an extremely oblique face, as the piles extend 
across a relatively great width in order to gain small height. Angles 
of face from 45*-75* from the vertical are normal as the walls rise 
1-3 feet in a width of 2-5 feet. 

* See analysis of 18a soil trench in "Trinchera Soils" section. 



Larger boulders often occupy positions near the base and pos¬ 
sibly extend through the height oí the wall. Every type and sise of 
stone is used, presumably whatever is available nearby. 

Piled rubble walls could not be expected to be very strong or 
durable. Their infrequent occurrence is limited almost entirely to the 
lower trinche ras--terrace s and linear borders--which function primar¬ 
ily to stabilize mantle rather than to accumulate it. 

Additional Features of Construction. Some further generalisa¬ 
tions about construction of trincheras should be briefly made, as 
follows: 

1. The sise of rocks used varies greatly but in individual walls 
will trend toward a general sise; i. e. , small, medium, large, or 
massive. The general size correlates with height of the wall, with 
some exceptions, notably on the Rio Piedras Verdes, where the largest 
boulders of all appear in the relatively medium-high riverside trin¬ 
cheras and very large slabs make up most of the check dams. 

2. Size and shape of rocks seems to have been altered little, 
if any, by the builders of the walls; no shaping was observed. These 
volcanic rocks are extremely hard. More importantly, already well- ' 
weathered, the rocks were easily available in usable form. The form 
of rocks, then, depends mostly on local bedrock and how it has 
weathered out, as in the example of Area D check dams above. 

3. The principle of availability accounts in large part for 
rocks appearing in individual walls. Massive in-place boulders, 
washed down drainage courses or exposed from bedrock,often form 
the bases of walls; or natural ledges or outcrops are utilized for 
parts of walls. Then, the large angular rocks utilized are of exactly 
the same composition as adjacent bedrock, from which they could 
have been levered. Finally, the smaller, more rounded boulders 
used often are rock types found upslope, from where they washed 
down or were carried down by cravity or by hand. 

4. However, availability of rocks was hardly the sole guide to 
their usage; for particular sizes, shapes, etc.,were chosen for various 
placements, types of walls, and designs, as the above points have 
shown. The builders' knowledge of rocks is, for instance, shown in 
their almost complete avoidance of boulders of ash, which, although 
readily available near the ash beds, is too light-weight and easily 
weathered to make a good building material. 
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5. While great skill in stonework is abundantly displayed, so 
also is rather haphasard contraction. The majority of trincheras 
probably fall somewhere in between those extremes. 

6. The constructional technique almost always utilised bed¬ 
rock as a means of tying the walls to the land surface. Local bedrock 
outcrops, to which ends are tied, figure importantly in the location, 
extent, and shape of walls, especially check dams (Photograph 14). 
Most sit directly on bedrock as Photograph 15 shows. The exceptions 
seem to be the lower walls which stabilise pre-existing mantle, 
whether alluvial or residual. 

7. The longitudinal shape taken by trincheras follows no rigid 
pattern. While most check dams extend directly across drainage 
courses between the available bedrock outcrops, some take crooked 
paths which may or may not be related to local relief. Numerous 
check dams form fairly symmetrical curves, which can be either con¬ 
cave or convex to the plot behind, as adjacent Trincheras 18 and 18a 
illustrate. Other walls curve asymmetrically or combine curving with 
straight sections. Linear borders generally conform to slope contours 
but may wander away from them also. 

In a uniquely shaped pair of check dams in Area D, the straight 
wall of 324 is topped (extended higher) at one end by 325, which then 
departs in a curve further upulope, so that the whole takes a single step 
on one end and two steps on the other. 

8. Cross-walls extending back from linear borders and ter¬ 
races add further, greatly varied elaborations to shape. End cross- 
walls appear to function similarly to the main walls; however, the ones 
interrupting plots--almost always single stone alignments set flush 
with the plot surface--appear non-functional with regard to mantle and 
p -*y be divisions of the plots. 

K. Concluding Statement 

The trincheras studied have shown outstanding variety in sise, 
type, design, materials, and quality of workmanship. It appears that 
adaptability to terrain, available materials, intended functions, and 
individual skills and preferences all played a part. 



Yet, considerable organisation is obvious. Trincheras indi¬ 
vidually and as a group are standardised to some degree, as has 
appeared in the generalisations which can be made about them. 
Furthermore, organisation of effort must have been necessary in the 
building of such extensive systems of trincheras as these. 
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VII. TRINCHERA SOILS 

A. Introduction 

Several trinchera plots were trenched for information about the 
nature of the fill behind trinchera walls and the construction of the 
walls themselves. Particularly desired were stratigraphic records 
preserved in the fill, if such stratigraphy existed. Trincheras 18a, 
28, 29, and 246 in Area A and Trinchera Plot 414 in Area B, all 
located on Maps 7 and 8, were trenched. In each excavation but one 
(18a) the trench was taken down to bedrock. Additionally, the soil of 
Trinchera 319 in Area D was examined though not by trenching. 

The results of each of these excavations are treated below. 
Table 2 presents the prop rties of soil samples taken from many of 
the levels in the trenches. General conclusions based on the strati¬ 
graphic analysis will then be given. 

The last portion of this section contains a report on soil 
moisture i-sts. 

B. Trinchera 18a 

This trinchera is located within one of the relatively deep 
tributary valleys that drain into the Rio Cavilan Norte in Sample Area 
A. At this location the valley is approximately 30 feet deep, with walls 
of bedrock, and with a gradient of 18*. The trinchera wall is at a 
maximum 2 feet thick at the top, 39 feet long, and 12 feet high--one of 
the highest and most massive trincheras found. It is constructed of 
rather large boulders, th* general angularity of some suggesting that 
they had possibly been levered out of well-jointed bedrock portions of 
the valley wail. With a slight convexity, the trinchera wall faces up the 
valley. Fill behind the wall forms a plot of 1,056 square feet. 

A trench 3 feet wide, 14 feet long, and 5. 2 feet deep was dug 
extending from behind the trinchera wall. Four distinct layers or 
strata with clear boundaries were distinguished within the first 5 feet 
of the trinchera fill, and later the trench was deepened to include another 
layer, all of which are shown in Figure 18. In Photograph 16 of the 
trench, string lines mark the boundaries between the layers. Photograph 
18 is a profile of the fill 9 feet behind the trinchera wall and shows more 
clearly the textural and structural character of the fill. The layers in 
the fill of Trinchera 18a are described as follows: 
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Figure IS. Cross Section oí Trinchera 18a. 
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Layer 1. The uppermost layer varied from 1. 3 to 1.6 feet 
thick and was reddish brovm in color. The highest 0 8 feet (Layer la), 
exhibited a weak subangular blocky structure. The lowermost 0.6 feet 
(Layer lb),differed from la in that it was <;ssentially structureless and 
contained a discontinuous strata of very coarse sand and gravel with 
pockets 0. 5 - 0.6 feet deep. 

Layer 2 This layer varied from 1.0 to 1.8 feet thick. Again 
the layer boundary was clear and fairly abrupt. This reddish brown 
layer exhibited a moderate prismatic structure, the finest texture (clay 
loam) of any layer within the trinchera plot, and occasional small flecks 
of carbon. 

L*yer 3- This layer varied from 0. 7 to 1.2 feet thick and was 
markedly different from the other layéis in color, brown 10 YR 5/3, 
when dry. No inclusions of coarse sand or gravel were present. The 
structure was a weak subangular block 

La^er_4. Varying from 0. 8 to 1.0 feet thick, this layer was 
brown in color and exhibited negligible structure (perhaps weak granu¬ 
lar). In the lowest 0. 5 - 0. 7 feet of this layer the soil grades into a 
considerable quantity of moderate-sized, 0. 3 - 0. 5 feet angular stone 
and gravel. 

Layer 5. As the height of the trinchera wall of 18a was 12 feet, 
a trench down to bedrock was considered unfeasible, and a 5 feet deep 
trench was thought adequate for an impression of the nature of the 
trinchera fill. However, the presence of the continuous layer of rocky 
fill at about 5 feet depth (terminating layer 4) raised several questions 
which prompted the decision to go down an additional two feet in a pit 
directly behind the trinchera wall. Bfelow the layer of rock was exposed 
Layer 5, a rock-free layer similar in most all respects to Layer 2. 

Another signilicant discovery in the additional 2 feet excavated 
was the termination of the back wall of the trinchera at the point of the 
rock and gravel layer, which continued under the back wail, as did Layer 
5. It is not known whether a lower back wall existed somewhere below 
this point. Additionally important, a 0. 5 feet offset in the front trinchera 
wall at 7 feet height with differing vertical angles of wall below and 
above the offset, coincides with the termination of the back wall and the 
stony layer. (See Figure 18. ) 
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Conclusions for 18a. From this evidence there appear to have 
been more than one period of construction for the Trinchera 18a. Con¬ 
ceivably, an early wall to a height of 7 feet existed, the fill behind it 
topped by Layer 5. This potentially arable plot was then destroyed by 
deposition of rock and gravel upon Layer 5. The upper 5 feet high por¬ 
tion of the wall was then built to trap additional soil material. Whether 
this construction was done in stages corresponding with the boundaries 
between the fill layers is not known; how’ever, the clear layers within 
the fill and the distinguishable soil structure suggest that the addition to 
Trinchera 18a was built after a considerable period of time. 

C. Trinchera 29 

Located in the same drainage course as 18a, Trinchera 29 lies 
750 feet upslope and 100 feet higher in elevation. The valley here is 
considerably more open, with the valley sides more gentle than at 18a. 
The situation of Trinchera 29 is a miniature embayment only a few feet 
below one of the many small escarpments formed by the intersection of 
a contact between two lava flows and the slope. 

The trinchera wall of 29 is 3. 5 feet at its maximum height and 
73 feet long. Constructed of irregularly shaped boulders, the largest 
about 2 feet on a side, the wall shows little coursing of the stonework. 
The placement of the stones was done in such a fashion as to take 
advantage of the irregular nature of the bedrock surface. Mantle had 
filled behind the trinchera wall to an average depth of slightly over three 
feet. The trinchera plot thus formed had a nearly level surface and 
covered 4, 500 square feet. A portion of the trinchera wall had been 
destroyed, and the plot was in the process of gullying. 

A trench was dug extending back 21 feet from the trinchera wall 
and down to bedrock. In the process of trenching, a buried Trinchera 
29a was uncovered 18 feet behind 29 and parallel with it. A cross¬ 
trench 8 feet long and 4 feet wide was dug encompassing part of 29a. 
Photograph 17 and Figure 19 show the relationships between the trin¬ 
chera walls, the trenches, and bedrock. 

Two distinct strata were distinguished in the 3 - 5 feet fill be¬ 
hind the trinchera wall of 29, illustrated in Photograph 19: 

Layer 1. This stratum was composed of the uppermost 0. 7 - 
1. 0 feet portion i the fill and exhibited a rather indistinct contact with 
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the layer below. Layer 1 appeared to be the product oí the weathering 
of the fill below it. Thi« toil layer had two fairly distinct horUon*. 
The upper or A horizon varied from 0. 2 to 0. 5 feet thick, waz reddish 
brown in color, and had a weak to moderate subangular blocky structure. 
The lower or B horizon varied from the A horizon mainly in its slightly 
darker ''olor .»nd by its harder consistency when dry. There was a 
negligible difference in texture (see Table 2). 

Lãyer 2. This layer varied between 2. 2 to 4. 6 feet deep depend¬ 
ing upon the irregular surface of the bedrock upon which it lay. This 
fill material was very friable when dry, exhibited no tendency for indi¬ 
vidual soil or fill particles to cluster, and had a considerable variance 
in texture from place to place. As shown by Photographs 17 and 19, 
this fill showed abundant evidence of its having been deposited by water 
action. Within the layer were numerous strata and lenses of angular 
and subangular pebbles 0. 03 • 0. 10 inches on a aide. Two especially well- 
pronounced pebble and gravel strata were traced at 1.4 - 1.6 feet and 
2.4 - 2.8 feet below the surface. A very large proportion of the fill was 
composed of rocks (particles 2mm. or larger in size), about equally 
divided between fragments of the lava flow upon which the fill rested and 
of the volcanic ash which outcropped 300 feet upslope from 29. 

D. Trinchera 29a 

As previously mentioned, during the trenching of the fill of 29 a 
buried trinchera -- 29a -- was uncovered. Very low, only 1.2 feet 
high, this trinchera was built upon a 0. 6 - 0. 8 feet thick base of small 
rocks (up to 0. 6 feet on a side) in a matrix of clayey fill. Trinchera 
29a was traced for 8.4 feet parallel to Trinchera 29. Three layers 
were detected in the fill behind the wall, as outlined in Photograph 20, 
as follows: 

Layer 1. Other than its being more shallow due to erosion of 
the trinchera plot at this location, Layer 1 material behind Trinchera 
29a was not significantly different from Layer 1 behind Trinchera 29. 
In fact, lying well above Trinchera 29a, Layer 1 material was uninter¬ 
rupted and continuous from its start behind 29 to the end of the trench 
behind 29a. 

The upper and lower contacts of this layer are traced 
by string and stone in Photograph 20. Layer 2, though much more 
shallow (approximately 1. 0 ft. thick), exhibited the same qualities as 
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Layer 2 behind Trinchera 29. Oí particular note is the continuation of 
the 1.4-1.6 feet gravel strata. Also uninterrupted by trinchera wall 
29a, Layer 2 material appears to be continuous from behind 29 to the 
termination of the trench. 

Layer 3. Below Layer 2 and resting upon the rock and clay 
platform upon which Trinchera 29a was constructed was a 1 foot thick 
layer of matetial exhibiting a moderate prismatic structure and a loam 
texture. The contact between Layers 2 and 3 corresponded with the 
height of the top of trinchera wall 29a, and Layer 3 exists only behind 
29a. In front of 29a at the same level is the Layer 2 material of 29 (see 
Figure 19). 

Conclusions for 29 and 29a. The relationship between Trincheras 
29 and 29a and the levels of mantle behind them suggest a sequence of 
construction and deposition. It is probable that Trinchera 29a was con¬ 
structed first either to collect or to stabilize soil behind it. The second 
stage was the construction of 29, which trapped stream-carried deposits 
beuind it. These materials accumulated to such a depth (Level 2) that 
29a and its plot (Level 3) were covered. The uppermost foot of this fill 
subsequently has been weathered to produce a soil (Level 1) similar in 
many respects to that which was behind 29a (Level 3). 

E. Trinchera 28 

Located in the same drainage course as 18 and 29, Trinchera 
28 is 35 feet down the valley and 15 feet lower in elevation than 29. 
During reconnaissance prior to surveying, several aligned stones were 
found exposed by a small gully that was in the process of eroding the fill 
behind Trinchera 12. A 3 feet wide and 8 feet long trench was dug 
parallel to the exposed stones, uncovering more of what was then recog¬ 
nized as a trinchera and numbered 28. The height of this trinchera was 
very irregular, varying from 0. 5 to 2. 1 feet. Unlike the wall of 29a, 
Trinchera 28 was built directly upon the bedrock surface. 

Behind Trinchera 28 lay three recognizable layers of fill: 

Layer 1. Varying between 0. 2 and 0. 8 feet thick, Layer 1 was 
in most respects similar to Layer 1 (topsoil) in the fill of 29. This 
layer was being very actively eroded. 

Layer 2. Below Layer 1 was a layer of alluvial fill 0. 6 - 1.3 
feet thick, ending at a level even with the top of the trinchera wall. 
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This material was very similar in character to the Layer 2 oí Trinchera 
29 in that it had no structure, contained numerous small fragments of 
rock, and showed a bedded character indicating water deposition. 

Layer 3. Next was a layer of mantle 0.3 - 0. 7 feet thick lying 
directly behind the trinchera wall fron« its top level to bedrock. Ex¬ 
hibiting marked structurai and textural differences from the fill above 
it, Layer 3 was similar to Layer 3 material found behind Trinchera 29a. 
This layer had the definite appearance of a soil which had been covered 
by the deposition of Layer 2 material, i.e. , Layer 3 was a buried soil. 

Fill in Front of 28. Unlike the situation at 29a where a decided 
difference existed in the material on either side of the buried trinchera, 
at 28 the layers were essentially the same on both sides of the wall. In 
front of Wall 28 were found the following: 

1. Layer 1 material (topsoil) continued to a somewhat greater 
depth (maximum 1. 2 ft. ) due to lack of gullyir.g. 

2. Layer 2 material (alluvial fill) continued in front of 28 down 
to a depth corresponding with the top of the trinchera wall. There 
appeared to be no difference in this fill from one side of the trinchera 
to the other. 

3. Below this alluvial fill and below the top of the wall was a 
layer of mantle similar in color, texture, and structure to the assumed 
buried soil behind 28. This layer varied from 0. 5 to 0. 9 feet thick and 
rested upon bedrock. 

Since the trench was not extended downslope, it is not known 
whether these fill layers continued as far as Trinchera 12, 32 feet in 
front of 28. 

Conclusions for 28. Several possible explanations must be 
admitted for the levels present and the lack of interrupting influence by 
Trinchera 28 upon the surrounding fill. A first possibility is that Layer 
3 material had been formed by the weathering of some earlier accumu¬ 
lated fill behind Trinchera 12 when it was at a lower height and that 28 
was intruded into or behind this soil. Then the modification of Trin¬ 
chera 12 caused a deposition of alluvial fill (Layer 2) to cover this Layer 
^ material. Finally, Layer 1 would have formed from the topmost part 
of Layer 2. 
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There is the second possibility that the Layer 3 material found 
on either si ie -í Trinchera 28 was residual soil and that 28 was con¬ 
structed to reduce the erosion of the original mantle rather than to 
accumulate fill. Similar functions may have been served by 28a, a 
second and untrenched trinchera upslope from 28, as well as other pos¬ 
sible trincheras now buried by the fill (Layers 2 and 1) accumulated 
behind 12. Trincheras 28 and 28a were so low that they would have 
been rather ineffectual in causing the accumulation of waterborne fill, 
but they could have been quite effective in maintaining or stabilizing 
the earlier residual soil. In this case, the accumulation and formation 
of Layers 2 and 1 would probably have been related to modification of 
Trinchera 12, as in the first explanation above. 

F. Trinchera 246 

This trinchera was located in Sample Area A on a broad struc¬ 
tural terrace rather than in a drainage course as were the previous 
trenched trincheras. The trinchera wall was 117 feet long, averaged 
1.2 feet high, and was constructed of two courses of rounded rocks, 
averaging 0.6 feet on a side,which rested on the bedrock surface The 
land sloped little -- 1 to 2 percent perpendicular to the trinchera wall-- 
and the rocks of the wall were aligned so as to follow the contour of the 
land. The large plot behind the wall measured 5,900 square feet. Trin¬ 
chera 246 was one of several in the area of similar dimensions and 
construction. 

The dark reddish brown soil behind Trinchera 246 varied from 
0. 6 to 0. 8 feet deep. There was no evidence of any soil horizons. This 
clay loam soil exhibited moderate subangular blocky structure and in the 
lowest 0. 1 - 0. 2 feet contained fragments of parent material (lava flow). 
The soil was essentially stoneless. 

Although no samples were taken for comparison, soil adjacent 
to Trinchera 246 and uninfluenced by it or othur trincheras did not differ 
macroscopically in color, texture, consistency, or structure from the 
soil behind and in some way controlled by 246. The only difference 
noted was the degree of stoniness: while the soil behind Trinchera 246 
was essentially free of stones, soils adjacent had a slight covering of 
stones. 

Thus, Trinchera 246 does not appear to have in any way actively 
affected soil formation, as did Trincheras 18a and 29. The trinchera 
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was probably constructed only to maintain and stabilize the soil. 
Initially, or perhaps gradually as the soil was tilled, the stones from 
the field were removed and used to extend the trinchera wall. 

G. Trinchera 414 

The trinchera wall of 414 in Area B was 42 feet long, 3 feet 
high, and 3. 1 feet thick, composed of two courses of stone with rubble 
fill between them. Topographically 414 was situated at the lower end 
of a stream course, 600 feet away from its junction with Rio Cavilan. 
The greatest part of the drainage area of thii small basin lay upslope 
from 414. The valley here was relatively open though asymmetric with 
a steep south slope and a gentle north slope. The gradient of the stream 
course at this point was 1 to 2 percent. Trinchera 414 had been com¬ 
pletely cut through at one end by erosional agencies and the bedrock 
floor of the valley, upon which 414 had been built.exposed. 

Slumped fill was cleared back for an extent of 4 feet from the 
cut portion directly behind the trinchera wall to expose the fill as shown 
in Photograph 21. 

Unlike the trenches in Area A, the Trinchera 414 excavation 
showed no discernible strata or layers of fill. No observable soil had 
formed or was in the process of forming on the uppermost portion of 
the fill. The only color difference throughout the entire fill was a slight 
darkening of the top 0. 3 feet. Samples of the fill were taken at three 
depths, 0. 5, 1.5, and 2. 5 feet; and all yielded the same textural grade 
of loam. No layers of gravel appeared; however, occasional small 
stones were noted. 

Although time did not allow for more than one trench to be dug 
in Area B, fill samples taken with a soil auger from a representative 
number of other trinchera plots confirmed the above soil description as 
an apt generalization for trinchera soils of Area B. The homogeneous 
character and lack of textural and other observable variations in the 
trinchera fill of this area contrast strongly with the definite stratified 
appearance with definable layers of the soils in similar check dam plots 
of Area A. The possible explanation lies in the location of Sample Area 
B completely within a drainage basin eroded from the red volcanic ash. 
This material weathers rather rapidly into a coarse granular mantle 
which appears to vary little in character anywhere within the area. In 
Area A, on the other hand, there is a considerable variation in the 
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character oí the bedrock, both within any drainage area and in the 
sample area as a whole, a heterogeneity which has been mirrored in 
the stratified appearance of the depositional trinchera fill The con¬ 
trasting homogeneity of the fill in Area B does not stand in evidence 
of lack of water deposition but rather of the homogeneous nature of the 
volcanic ash parent material, which lacks any xenoliths or other com- 
phcating features 

H. Trinchera 319 

As shown by Map 10, Trinchera 319 in Sample Area D is 
ocated in a short, steep ephemeral stream course that flows into the 

Rio Piedras Verdes. The trinchera wall, S4 feet long and 7. 2 feet 
igh. is in a state of complete preservation. Although one of the high- 

est trmchera. in this area, 319 is formed of relatively small „one. 
1 to 2 feet on a side, which are well coursed. As in all ol the higher 
..'.cheras, the wall of 319 rests upon bedrock, a light grey fels'e 

JrapITT °n PeS iS Very ,hi" and extrernely Stony (see Photo- 

Illustrated in Photograph 15. showing the base of Trmchera 319 
and its contact with the underlying fel.ite bedrock, is an interesting 
phenomenon seen not only at 319 but also at other trinchera, in Area D 

tacTlf th h a 8maU P°01 OÍ Water U «cumulating at the con¬ 
tact of the trmchera and the bedrock, to be absorbed by the fill of the 
next lowest trinchera. This evidences the presence of soil moisture in 
the trinchera fill and the gradual movement of the moisture downslope 

rough the fill to the bedrock contact of the trinchera wall. While this 
phenomenon had been observed before in Area D*. i, was no, obs rved to 
this extent in any other area in 1964. 

The fil1 oi »*> the trincheras in Area D being nearly at a state of 
■ eld capâcity at the time they were surveyed, no trenching of the fill 

r;ld,vrrr‘edrin thi’ "**• a *oii >am»>u ^ .ou ., 
a depth between 0. 5 and 1. 5 fee, is described a. to textural and oïher 
properties in Table 2. The trinchera fill in Sample Area D. as exoress-d 
by the fill of 319, was considerably more stony than in any o-.her area 

one. varied in size from several tenth, of a foot in diameter to 0. 6 fee, 
or more on a side. 

* in'l963.XtUr,ÍO° int° the area U,er in *he rainy sea*on’ Ule A“«-«. 
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!• Conclusions Concerning Trinchera Soils 

Based upon the preceding data, conclusions can be made about 
the fill behind trinchera walls as follows: 

1. Both transported and residual mantle are found behind trin¬ 
chera walls. Many of the very long, low walls (1 ft. or less high often) 

seem to have been constructed for the primary purpose of stabilization 
of the residual mantle or reduction of the effects of sheet flood erosion 
upon the mantle. 

2. There is no indication that the fill behind the trincheras 
was accumulated by any other process than the normal process asso¬ 
ciated with water deposition and mass wasting. 

3. Much evidence indicates that the process of water deposition 
of mantle behind trinchera walls took place over some considerable 

period of time. This is evidenced by observable layers varying in tex¬ 

ture, color, and structure, dependent upon environmental conditions at 
the time of the deposition. 

4. There is evidence that in some cases fill material was 
allowed to cover and obscure the original residual mantle. 

5. A sufficient period of time has elapsed since the accumula* 

tion of mantle in the trinchera plots for weathering to have significantly 
modified the uppermost 1 foot of the fill in most sample areas. There 

are observable textural, structural, and color differences with incipi¬ 
ent horizons forming in the top portion of the fill. 

6. The fill shows no indications of disturbance during the 
time the fill accumulated (as, for example, would have occurred as a 

result of soil mixing in cultivation, disturbing the stratified nature of 
much of the fill). 

7. Some trinchera walls have been extended in height during 
their history. Coincident with such modifications are certain distinct 
levels in trinchera fill. 

J. Soil Moisture* 

On numerous exploratory trips into the study area it was ob- 

served that water seepage was present at the base of many of the higher 
* Thi« section was written by William A. Howard. 



trincheras. Since these observations were made during the dry 
season, the question of the importance of trincheras a. moisture 
storage devices was posed. It was thought that a method for getting 
at this question would be to take soil samples in those areas not 
immediately behind trincheras, such as in areas where the soils 
were thin, as on terraces and flats, and compare the moisture con¬ 
tent with those samples taken directly behind the trincheras where 
the greatest mantle accumulations are found. Since the study was 
to commence during the dry season and extend into the rainy season, 
this period of time would facilitate a comparison of retention and 
absorption rates through the climatic extremes. 

It was decided, after weighing the merits of various soil 
moisture determinaticn methods, to use the so-called gravimetric 

method. Two factors favored this choice. First, a definite quanti¬ 
tative measure of moisture present results from its use; and second, 
the gravimetric method is amenable to field conditions, a factor 
quite necessary to the overall study. Unlike many other methods 
the actual steps for carrying out the gravimetric method can be con- 
ducted in the field. There is no necessity to fall back to the laboratory 
although facilities for weighing and drying the samples must be pro¬ 
vided .or. Briefly, the steps necessary in the gravimetric method are 
as follows; 

*• Init>»Uy. >* ■« important to obtain samples of soil that are 
representative of speciftc soil depths. Care must be taken to insure 
a minimization of moisture loss by evaporation. To facilitate this 
samples are placed in nearly airtight containers. These containers 
are then accurately weighed, dried to constant weight, and an oven-dry 
weight derived. y 

Z. Soil tubes .re employed to obtain samples. Suri- tubes make 
it possible to obtain sample, without any danger of contamination with 
other soil Also, damage to a sample site is minimized through the use 
of tubes. Increment, are marked on the tubes, and this allow, soil 
cores to be obtained at any depth. In practice, the depth of samples 
should conform to soil horizons or layers so that a given sample doe. 
not include different types of soil material. 

3. After samples have been collected, it is necessary for 
fresh weights to be determined, preferably as soon as the samples are 
brought in from the field. Once fresh weights have been obtained, the 



132 

samples are then dried to derive oven-dry weights. From this step 
certain computations are necessary to obtain soil nu a sture content in 
percent of oven-dry weight, percent by volume, and inches of water. 

a. Net oven-dry weight = oven-dry weight (tare weight + 
weight of rock) 

b. Weight of water = fresh weight - even-dry weignt 

c pw = weight of water X 1QQ 
net oven-dry weight 

d. Pv s Pw X bulk density of soil 

e. Inches of water = ganches of soil represented 
100 

Pw is moisture as percent of dry weight, and Pv is moisture as per¬ 
cent of volume. * 

Ideally, daily soil samples for moisture determination should 
have been taken. This would have allowed for an optiraum determina¬ 
tion of moisture variance in the period of time the study covered. Un¬ 
fortunately, the press of time and the division of labor ruled this out 
as a possibility. Rather, samples were taken periodically, when 
personnel could be released from other tasks, in the hope that some 
approximation of moisture variance could be derived. Beginning June 
22 and continuing through August 10, samples were taken on an average 
of nine day intervals. Areas where samples were collected are found 
on Map 7. After these samples were subjected to the necessary treat¬ 
ment so that moisture content could be determined, the data derived 
were analyzed to see what moisture changes occurred over the period 
of time involved. Unfortunately, the results were quite inconclusive 
on the importance of trincheras as moisture storage devices. A number 
of factors may have worked in combination to have brought about this 
condition. 

V David F. Olson Jr. and Marvin D. Hoover (1954), "Methods of Soil 
Moisture Determination Under Field Conditions," Station Paper 
No* 3®: U. S. Department of Agriculture - Forest Service. South¬ 
eastern Forest Experiment Station, Asheville, North Carolina 
pp. 2-6. 



Fir«t, the period of time elapsed from one sampling to another 
may have been too long for a proper accounting of precipitation that 
occurred during intervening periods. Another factor contributing to 
the lack of realism was the degree of stoniness and rockiness over the 
whole study area. During certain sampling periods, personnel actually 
thought it necessary to seek out samples commensurate in depth with 
previous samples. This task proved to be quite difficult because of the 
stoniness and rockiness of the areas being sampled as well as the thin 
character of almost all soils in those areas not directly behind trinchera 

It would seem reasonable that in those areas where soils are 
thin the retention and absorption rates should show some variance as 
compared to those areas directly behind trincheras where greater accu¬ 
mulations of mantle are found. Taken as a whole, there is some 
indication from the data collected that such a relationship does, in fact, 
exist. However, conclusive generalizations cannot be made at this 
time. 

The importance of further attention to soil moisture and the 
hydrologic ramifications of trincheras is pointed up in the vegetation 
investigations conducted during the summer. In Area B there was an 
obvious control exerted on vegetation by trincheras as reflected through 
density and pro« ictivity. The most likely cause was soil moisture. 
In future work on the overall problem of trincheras, intensive work is 
needed on the hydrology of the type area, as well as continued work on 
this problem of soil moisture. 

Table 27 gives a comparison of three test pits and the variance 
of moisture based on the inches of water actually contained in the soil 
sample at the time of collection. 



TABLE 27 

Kt-prf (tentative Soil Moisture Data 

Inches of Moisture Present at Certain Sampling Periods 

Natural Area I Trinchera #29 Natural Area IV* 
Depth Inches of Depth Inches of Depth Inches of 

_(Inches) Moisture (Inches) Moisture (Inches) Moi sturt 

0.13 (Surface) 0.07 
0.85 6 0.97 
0.76 12 1.76 
1.50 24 2.72 
1.11 36 2.98 
1. 06 

June 22 (Surface) 
6 

10 

0. 10 

0.65 
0. 74 

(Surface) 
6 

12 
24 
36 
48 

July 2 

July 10 

July 22 

July 29 

(Surface) 0.68 
6 0.67 

11 1.14 

(Surface) 0. 52 
6 1.32 

12 0.45 

(Surface) 0. 36 
6 2.22 
8 0.83 

(Surface) 0.48 
6 1.96 

12 1.42 
24 2.54 

(Surface) 0.67 
6 0. 88 

12 0. 9V 
24 1.96 

(Surface) 0.64 
6 1.98 

12 0.81 
24 2.04 
36 1.34 

(Surface) 0. 56 
6 1.93 

12 0.54 
24 0.97 

(Surface) 0.77 
6 2. 10 

12 3.84 
24 1.99 
30 0.49 

(Surface) 0. 30 
6 0.99 

12 1.02 
1.75 

36 1.15 

(Surface) 0.60 
6 1.07 

12 1.46 
24 2.95 
36 1.44 

(Surface) 0.66 
6 1.41 

12 1.32 
24 3. 18 
36 2.34 

(Surface) 0. 53 
6 1. 36 

12 1.44 
24 2.66 
36 2.22 

August 10 (Surface) 0.25 

6 1. 54 
(Surface) 0. 15 

6 1.53 
12 0.84 
24 1.12 
30_0.49 

** «* 

* Natural Area IV does not appear on the map indicating the locations of moisture 
test pits. It was located at the north end of the cornfield across the stream from 
the campsite. 

** Sample, were not collected for this site on Augu.t 10 because of an intense 
storm that cut off the camp from the site. 



VIII. POLLEN ANALYSIS 

Eight soil samples were taken at various depths in the fill 
behind Trinchera 18a in Area A and Trinchera 414 in Area B for the 
specific purpose of pollen analysis. It was hoped that some further 
information would be gained about environmental conditions at the time 
the trinchera fill was being deposited, as well as about possible uses 
of these structures. 

Five samples were collected in the fill of Trinchera 18a: at 
0.75, 2.0, 2. 5,and 4.4 feet. Also, a sample of surface soil was col¬ 
lected immediately adjacent to 18a. At Trinchera 414 the two samples 
collected were at 1. 5 and 3. 0 feet. 

Since the University of Denver has no facilities for the analysis 
of pollen, the samples were sent to Dr. Paul S. Martin of the Geo¬ 
chronology Laboratory, University of Arizona, who so generously 
carried out the analysis. His report is presented below: 

"Only . . . the surface soil adjacent to Trinchera 18a yielded 
enough pollen for a 200 grain count, as follows: 

Tree pollen: Pinus 99 
Quercus 3g 
Juniperus 14 

Non-tree pollen: Cheno-ams 20 

Short-spine compositae 12 
Long-spine compositae 4 
Gramineae 9 
Ephedra l 
Euphorbia 1 
cf. Dodonaea 1 
Unknowns ¿ 
Fungal spores abundant 
Selaginella l 

Fungal spores and Selaginella were also abundant in Trinchera 
18a, 0. 75 feet, which contained a few pollen grains of pine and oak. 
Pine and fungal spores were present but scarce at 2. 0 feet and were 
very rare or absent in the other six samples. 

* Paul S. Martin, Personal communication, January 22, 1965. 
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IX. RELATIONSHIPS BETWEEN TRINCHERAS, TERRAIN, 

AND MANTLE 

A. Introduction 

This concluding section presents some of the most important 

aspects of the trinchera-pi.ysicul environment interrelationship. 

Four types of terrain are defined, and their distribution in the 

sample areas is described. In each type of terrain occur certain char¬ 

acteristic relationships between trincheras, terrain, and mantle. On 

the one hand, physiographic features influence and determine the place¬ 

ment of trincheras. On the other hand, trincheras exercise control: 

the effects of trincheras upon mantle are proiound. 

Since Area A was surveyed and described in greater detail than 

the other sample areas, it will be amlyzed at greatest length. Portions 

of Area A were '■'hosen for mapping of the trinchera-bedrock-mantle 

relationship (Maps 6a and 6b). 

B. Definition of Terrain Types 

Within the general region four terrain types were recognised. 

These types are defined by their surface configuration and relationship 

to the drainage pattern, as follows: 

Type 1 : gently sloping terraces and mesas. The slopes of these 

surfaces range from Io -4°, and they are largely structurally controlled. 

There is little stream dissection, although the surfaces are bounded by 

pronounced escarpments. 

Type short, steep gradient ephemeral stre. m valleys. Five 

to thirty feet deep, these valleys have been incised into the slopes of the 

mesas and mountain masses. 

Type 3: narrow, often steeply sloping interfluves. Slopes vary 

from 9° - 30° and over. The surfaces are often interrupted by pronounced 

breaks of slope associated with the varying nature of the underlying vol¬ 

canic rocks. The greatest proportion of the Study Area consists of this 

terrain type. 

Type 4: flood plains and stream terraces of the permanent 

streams. Flood plains from 30 to 150 feet wide are ccupied by the 



permanent streams. Rising 4 to 8 feet above each flood plain is a single, 
very discontinuous stream terrace, varying from a few yards wide to a 
maximum of 800 feet. A relatively small proportion of the Study Area 
lies in this terrain type. 

C. Terrain Types of the Sample Areas 

Drainage patterns and surface configurations vary over the Study 
Area so that the terrain of each sample area is distinctive. 

Sample Area A. The bedrock in Area A is a gently dipping (5°) 
series of volcanic flows and ashes, striking S 88° E and dipping to the 
south (see geology inset on Map 6b). The flows are from 10 to 24 feet 
thick, with considerable textural differentiation from base to top. The 
basal portions are quite dense and massive, while the upper portions 
are typically vesicular or pillowy. Numerous escarpments and nick 
points characteristically occur at the point of this textural change within 
each flow rather than at the contacts between flows. The trace of these 
nick points and escarpments does not give a simple stair-stepped appear¬ 
ance to the terrain but is considerably complicated by the stream pattern, 
which has formed numerous embay ment s and has isolated knolls of bed¬ 
rock. Terrain Types 2 and 3 are found in this geologic situa*ion in 
Area A. 

In the southeast portion of the area there is less dissection, and 
the relief is well-adjusted to the nearly horizontal attitude of the bed¬ 
rock. In this geologic situation in Area A are found rnesa and terrace 
flats, Terrain Type 1. 

Sample Area B. The bedrock in Area B is entirely of red vol¬ 
canic ash. Three terrain types are represented: stream valleys and 
interfluves (Types 2 and 3) and flood plain and stream terraces (Type 
4). In contrast to Sample Area A, the gradients of the short ephemeral 
streams, which flow directly into the Rio Cavilan, are uninterrupted by 
pronounced escarpments or nick points. Exposed bedrock surfaces are 
not as numerous in these valleys as in Area A. The river occupies a 
relatively wide flood plain of 120 to 150 feet. Rising 6 to 8 feet above 
the flood plain and extending back several hundred feet is a well-formed 
stream terrace. 

Sample Area C. Two terrain types are represented in this area: 
Type 2 (ephemeral stream valleys) and Type 3 (interfluves). The bed¬ 
rock here is red volcanic ash, and upon it has formed a very sandy 
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mantle. The slope is about 10*. Adjacent to the sample area under 
slightly steeper slope conditions, 15* - 20*, the bedrock is completely 
exposed. 

Sample Area D. Although 20 miles north of the principal study 
area, Area D lies within the same physiographic province and also is 
underlain by bedrock of volcanic origin, felsite in this case. A major 
permanent stream, Rio Piedras Verdes, has cut down 300 to 350 feet 
through a broad mesa, forming a river valley with steeply sloping 
sides (see Photograph 13). Two terrain types are found on the eastern 
valley slope: Types 2 and 3. 

Of great importance in Area D is Terrain Type 4, for on the 
flood plain and stream terrace of the Rio Piedras Verdes are situated 
the unique riverside trincheras. The channel of this permanent stream 
is 60 to 150 feet wide. On the east bank of the river, a discontinuous 
stream terrace rises 4 to 6 feet above the flood plain and extends back 
45 to 600 feet from the stream to meet the steep valley slope. The 
terrace alluvium is almost invariably under cultivation where it is ex¬ 
tensive enough (see Photograph 12). 

Sample Area E. Approximately one mile up the Rio Cavilan 
from Sample Area B lies Area E. This area is underlain by volcanic 
flows. Here a small structural terrace has formed, rising 35 feet 
above the river and extending back 250 to 350 feet from it. This terrace 
has a slope toward the river of 1* - 3*. Although the other terrain 
types are found here, only the major type--l, mesa and terrace flats-- 
will be discussed. 

D. Terrain Type 1: Trinchera Placement and Mantle Control 

On gently sloping terraces and mesa lands are found only one 
type of trinchera--linear borders--whose long, low forms generally 
parallel the contours (see Part VI for the description of linear borders). 

In Type 1 situations away from trincheras, the mantle* is from 
0. 6 to 1. 5 feet deep (see the previous discussion of Soil Ser es C). Re¬ 
sidual mantle has developed in place upon the lava flows. Variation 
from place to place is almost entirely of depth and stoniness, with 
reduced depth and increased stoniness closely correlated. The degree 

* In the following discussion, mantle refers to all of the unconsolidated 
material resting on top of bedrock, which, of course, includes soil. 
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of rockiness is high: up to 30 percent of the surface has exposed bed¬ 
rock and up to 30 percent of the surface is covered by rocks.* (See 
Photograph 5. ) 

Specific data about the placement of the linear borders and 
their effect upon the mantle come from Areas A and E. 

Sample Area A. Map 6a shows the location of trincheras within 
the mesa and terraced flats of Sample Area A and features of bedrock 

and mantle. Only one type of trinchera is found in this portion of the 

area--hnear borders. Two examples, Trincheras 247-248 and 214- 

214a, will illustrate the placement of trincheras and their effect upon 
mantle. 

Trinchera 248 is poorly coursed, 140 feet long, and varies from 
1. 0 to 1.9 feet high (see Photograph 7). Similar in height, Trinchera 

247 is 53 feet long; both are built 5 to 6 feet behind and parallel to the 

escarpment of this terraced surface so that immediately east of 247-248 

the slope; drops off steeply. Such a physiographic location--just upslope 

from and parallel to a major escarpment--is common for linear borders. 

To the west and behind 247-248, the terrace or mesa land extends with 

a gradient of 1.0' to 1. 5*. Between 247 and 248 is an exposure of bed¬ 
rock utilized by the two trincheras as a tie-in point. 

The effect of these trincheras upon the terrain has been to 

stabilize the mantle and protect it from sheet flood erosion at this criti¬ 

cal position where a break of slope occurs. The mantle behind 247-248 

averages 0. 8 feet deep, while in front of the wall downslope it averages 

0. 2 to 0. 3 feet deep. No bedrock is exposed in 247-248 plots. The 

mantle is free of stones, although there is a fair amount of gravel in the 
mantle. 

In contrast, to the southwest of the plots, although the mantle 

is the same depth, 10 to 20 percent of the terrace surface is covered 

by exposed bedrock and/or stones. To the north the mantle averages 

0. 4 to 0. 6 feet deep and 30 to 50 percent of the surface is rock or stone 
covered. 

* Soil Survey Manual, U. S. Department of Agriculture Handbook No. 

18, 1951, Washington, D. C. , pp. 216-223. "Stoniness refers to 

the relative proportion of stones over 10 inches in diameter in or on 

the soil. . .Rockiness refers to the relative proportion of bedrock 
exposures either rock outcrops or patches of soil too thin over bed¬ 
rock for use, in a soil area." 
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In the second example, linear borders 214-2 14a (Photographs 

9 and 22), the combined length is 127 feet and height varies from 1. 2 

to 2. 5 feet. The trinchera walls are two stones high, not well coursed. 

A cross-wall extends 48 feet fromTrinchera 214, a common feature of 

linear borders. The slope upon which these trincheras are built is at 

the maximum for linear borders--3°. No irregularity of the bedrock 
occurs at this situation. 

The mantle in the trinchera plot behind 214-214a varies between 

0.6 and 0. 8 feet deep and is essentially free of stones though slightly 

gravelly. To the south of 214-214a, however, a marked change occurs 

in the character of the mantle, as Photograph 22 shows. Here, below 

the control of 214-2 14a, the mantle averages 0. 3 to 0.4 feet thick, and 

stones and bedrock cover 25 to 50 percent of the surface. To the west 

and northwest the mantle depth is 0. 2 to 0. 4 feet, and stones and bed¬ 
rock exposures cover 30 to 60 percent of the surface Upslope (north¬ 

east) where more linear borders are found (217, 222, etc.), mantle 

conditions improve and are similar to those found in Trinchera Plot 
214-214a. 

The relationship between linear borders and mantle character¬ 
istics in Terrain Type 1 of Area A, as illustrated by Map 6a and the 
above examples, can be summarized thus: 

1. Linear border trincheras control in total 32. 8 percent of the 
terrace and mesa mantle. 

2. Trinchera-controlled mantle is somewhat deeper than that 

not behind trincheras. Of even greater significance is the smaller per¬ 

centage of stones and the lack of exposed bedrock in trinchera-controlled 
mantle. 

3. In several locations (247-248, 234, 236, 214-214a) linear 
border trincheras have been effective in protecting the mantle from 

erosion. However, in several other locations (244, 235, 239, 217) their 
control of erosion cannot be well established. 

4. Although not proved conclusively, the lower degree of stoni¬ 
ness of trinchera-controlled mantle could be explained adequately by the 

systematic clearing of stones from these plots by the original construc¬ 

tors. By this means, two purposes could have been served, clearing of 
the plots and stabilization of the mantle. 
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Samp 1< Area E Two extremely lonK linear borders. 550 and 
561. were surveyed on the terrace surface in Sample Area E Trin¬ 

chera 550 bounds the edKe of the terrac e escarpment for a distance of 

350 feet, then at the eastern end it turns obliquely upslope about 25 to 

eet on the terrace. This linear border, now in relatively poor 

condition, originally stood 1 5 to 2. 0 feet high It maintained and 
stabilized the mantle on the terrace, much as Trinchera 248 did in 

Sample Area A. Upslope 150 feet and roughly paralleling part of 550 
is Trinchera 56 1, a linear border with similar functions. 

The contrasting character of the mantle upslope in the trinchera 
plot and i ownslope from 550 is vividly shown in Photograph 23. The 

mantle surface behind 550, and thus controlled by the wall, is ejsentially 

free of stones; while downslope from 550 the surface is 60 to 80 percent 
stone-covered. No difiere ices exist, however, in mantle depth or 

other mantle characteristics. Similar but less marked differences in 
stoniness were noted for Trincheras 552 and 553 

Mantle control by trincheras on the terrace surface in Area E, 
then, consists primarily of maintenance of mantle; and the clearing of 

s ones from the plots was important in the wall construction also. The 

linear borders are so long and their plot*, so extensive that an extremely 

high proportion of the land in the area is under their control--about 3. 2 
acres, or 91 percent of Area E. 

I?rrain TVPe Trinchera Plac ement and Mantle Control 

The steep-gradient ephemeral stream valleys of the Study Area 
provide the situation for the overwhelming majority of trincheras, the 

check dams. Previous descriptions of check dams and their construc¬ 
tion (Part VI) have shown that dimensions .md form are extremely 

influenced by particular features of terrain. Terrain controls upon 
check dam placerr »nt will also be demonstrated below. 

Functions of mantle control are more striking for check dams 
than for any other trinchera type. Where no check dams have been 

built in Ter rain Type 2 and gradient is over 6° to 8°, the bedrock is 

normally exposed on the valley bottom and up the slopes for a distance 

of to 15 feet Under conditions of lower valley gradient, i. e. , less 
than 6 , the floor of the valley may be covered with several tenths to 

1 foot or more of alluvial and colluvial material. Whatever mantle is 

present tends toward a highly heterogeneous nature, with considerable 



quantities of rock, gravel, and sand. That trinche 

altered these mantle conditions will be made clear 
Areas A B, and D. 

ras have greatly 

by examples from 

Sample Area A. Map 6b shows a portion of Terrain Type 2 in 
Sample Area A and presents the relation of the trincheras, bedrock. 

and mantle. In the mapped section, the one tvpe of trinchera found in 

stream valleys is the check dam type, ranging in height from 0. 5 feet 
(Trinchera 37) to 12. 3 feet (18) and in length from 6 feet (26) to 121 

feet (31). Most of the check dams were constructed in fairly deep 

vaiieys outlined by pronounced escarpments, the only exceptions being 
those placed on the upper two layers of volcanic rock (yellow and red 
ash). 

It will be noted that check dams are placed to take the best 

advantage of rock outcrops to anchor the ends of the walls. In almost 
every instance the orientation of the ends of the walls is such that 

minor irregularities in the bedrock are used for support. Outstand- 

mg examples occur at Trincheras 65, 66, 22, 23, 24, 31, and 45. 

Wherever possible trincheras in stream valleys are located just above 
nick points in the valley gradient, examples being found in 4,5.8, and 

29. In this way a maximum of fill could be controlled by a minimum of 
trinch-ra wall construction. 

Under conditions of steep valley gradient.check dams were 

spaced according to the head-to-toe rule, which was also followed in 

the construction of check dams in Pike and San Isabel National Forests 

Colorado, in the 1930's (Heede, i960). This rule specifies that the 

sedimentary fill of a lower check dam will terminate just at the base of 

the next highest check dam. In the cross section on Map 6b, Trincheras 

17, 18, and 18a well illustrate this principle. Where valley gradients 

are lower, this rule was not so strictly followed, thus allowing for more 

uniform fill depth but necessitating the construction of more and higher 

trincheras than absolutely necessary. In the cross section.Trincheras 
30, 31. and 35 illustrate this variation from the head-to-toe rule. 

In consideration of time and effort in construction ind amount 
of fill possible, the building of such extremely large trinchera walls as 

the series 16 to 18a is somewhat puzzling. The return in cultivable 

area (if the plots were used for crops) for energy output was pitifully 

small, An equal expenditure of energy at some other location would 

have yielded far greater returns However, it must be remembered 
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that once such a complete trinchera system as that in Area A was 
initiated, protection of the lower plots by the construction of upstream 
check dams became necessary; and check dams did continue down the 
drainage course for nearly a half mile farther. Although not mapped 
or studied, in other areas the placement of extremely high trincheras 
did not necessarily protect lower, more vulnerable trinchera plots. 

In marked contrast to mantle in valley situations under no trin¬ 
chera control is the depth ol mantle behind check dams, clearly 
delineated for representative plots in the cross section of Map 6b. 
The depth of mantle caught immediately behind each check dam equals 
the height of the wall, except insofar as it has been eroded; and the 
mantle becomes shallower toward the edges and higher in the plot. In 
character, also, trinchera fill differs greatly from uncontrolled mantle: 
whereas the latter is highly stony and heterogeneous, trinchera fill is 
almost completely free of stones and is composed of alluvial strata, 
each of which is homogeneous. The earlier analyses of soil trenches 
at 18a, 28, 29, and 414 detail the nature of this fill. 

That check dams accumulate mantle (alluvium) is primary and 
has been pointed out abundantly before. An additional funct on of some 
dams probably was maint- nance of original mantle in valleys and behind 
earlier check dams (see Soil Trench 28). As the plots fill and there¬ 
after, maintenance of fill becomes a more important aspect of trinchera 
control over mantle. Considering their antiquity and the lack of any 
upkeep for hundreds of years, the effect of check dams even today in 
maintenance of mantle in ephemeral stream valleys is remarkable. 
However, in most all instances the remaining alluvial fill in trinchera 
plots is now in the process of being carried away by erosive agencies. 
Only behind Trincheras 16 through 18a is fill accumulating under present 
conditions. * 

Of the 5. 04 acres in Terrain Type 2 included in Map 6b, check 
dams control 2. 26 acres, or 44. 8 percent of the stream valley area. 
Thus, compared with the other types of trincheras in other terrains of 
Area A, check dams have had the greatest relative influence upon the 
depth and character of mantle. 

* The test trench at 18a described in Part VII was completely filled 
with alluvial deposits following the storm of 12 August 1964. 
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Sample Area B. As in Area A, one main type of trinchera was 
constructed within stream valley terrain--check dams. In part because 
of the more open nature of the valleys, trinchera walls were larger than 
in most areas. The more uniform gradient of the valley seems to have 
resulted in more limited range in trinchera heights. The arrangement 
of check dams is related to the much simpler geology, with fewer rock 
outcrops and nick points: the walls tend to parallel each other more 
closely, and the spacing of walls (distance apart) is much more uniform 
and dependent almost entirely upon the valley gradient, as for example 
in the spacing of 409-412 in comparison to 425-43 ). 

Over most of the valley floors in areas oí no trinchera control, 
1 to 2 feet of gravelly mantle rest upon bedrock. The mantle behind 
check dams is deeper and less stony, but the contrasts are far less 
marked than in Area A. (See the discussion of Trench 414 in Part VII. ) 
Check dams control a total of about 3 acres of land, which places them 
as by far the most influential type in Area B. 

An interesting exception to the rule that only check dams occur 
in stream valleys is Trinchera 440, which is actually a terrace inter¬ 
related with Check Dams 439, 440a, and 486. Terrace 440 parallels 
the gentle valley slope just beyond the lowest part of the valley, which 
is presently being gullied. Perpendicular to the three check dams, 440 
begins at about the top level of 439 and raises a height of 2. 5 to 2. 9 feet, 
a terrace plot this high thus being formed along the slope. The tops of 
Check Dams 440a and 486 are on a level with 440, as they are built 
higher on the stream course and rise with the gradient. Generally 
similar mantle is found behind both the terrace and the check dams. It 
appears that 440 functioned both to accumulate and maintain mantle and 
possibly to organize it into a more regular surface. 

Sample Area D. Mapped in a steeply-graded drainage course 
(Terrain Type 2) flowing into the Rio Piedras Verdes was one of the 
best preserved of all systems of trincheras found (Photograph 13). 
Unique features of this series of check dams include extremely close 
spacing and several unusual wall and plot shapes (234, 235, 236). 

More than any trinchera system studied, this one strongly con¬ 
trols the mantle in a drainage area. Considerable surface (about 70 to 
90 percent) on the adjacent slopes is exposed bedrock and coarse stone 
litter, but bedrock exposures occur at no place in the drainage course 
except below the first check dam. Although several walls are completely 
cut through (Photograph 1), trincheras lower on the slope maintain the 
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gradient to such an extent that large parts of the trinchera plots still 

remain. In most cases both walls and plots are essentially intact. 

At the base of many trinchera walls where they come into con¬ 

tact with the bedrock, pools of water had accumulated from moisture 

percolating through the trinchera fill above (see discussion of soil test 

for 319 in Part VII). Thus, in this system of trincheras exists out¬ 

standing evidence of not only accumulation and maintenance of mantle 

but also conservation of moisture by the check dams. 

Excellent as it is, the check dam system in Area D controls 

only 0. 4 acres in total. 

F. Terrain Type 3. Trinchera Placement and Mantle Control 

A very small number of trincheras are situated in the terrain 
most common in the Study Area, steeply-sloping stream interfluves. 
The trincheras here are terraces, which parallel slopes and usually 
parallel each other in series. They are constructed on bedrock, but 
the relationship to local terrain features is not nearly so close as in 
check dams. 

In Terrain Type 3 the mantle is 0. ? to 0.6 feet deep, with the 
smaller values being most freq\ient (see discussion of Soil Series B). 
The mantle is predominantly residual, although on the footslopes it is 
quite often transported. The character of mantle varies greatly from 
place to place, and combined rocks and stones may cover 30 to 90 per¬ 
cent of the surface of interfluve slopes (Photograph 4). 

Sample Area A. That portion of Terrain Type 3 in Sample Area 
A which is mapped in 6b provides the situation for only five trincheras: 
Terraces 14, 15, 61, 58a, and 58b. The extreme stoniness of the mantle 
as well as its thinness in most places apparently all but precluded any 
development of trincheras here. 

Trinchera 58a, which will serve as an example of an interfluve 
slope trinchera, is 136 feet long, 2 feet high, of poorly coursed rock. 
The westernmost 34-feet section of this wall has many of the attributes 
of a check dam as the slope here is interrupted by a small stream course, 
which is a common variation in the placement of terraces. Over its 
greatest extent 58a is a well-developed terrace, with several cross- 
walls on its almost level plot of nearly 60-feet width. 
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Mantle in the plot varies between 0. 8 and 1.8 feet deep and is 
largely stone-free. Quite heterogeneous in character, it shows develop¬ 
ment in part from the weathering of the yellow volcanic ash upon which 
58a is built. Most of the mantle, however, has resulted from weather¬ 
ing of the red ash that outcrops on the surface 150 feet further up slope, 
from where it has been transported downslope. Possibly, alluvial fill 
caught behind the check dam portion of this trinchera was spread out to 
add depth to the very minimal mantle originally found at this location. 

Up slope from 58a, the smaller terrace plot of 58b has mantle to 
a depth of 0.6 to 1. 0 feet. Downslope from 58a, outside of trinchera 
control, mantle is almost completely absent and bedrock is exposed on 
80 percent of the surface. 

Thus, the effect of the terraces in Terrain Type 3 has been 
toward both maintenance and accumulation of mantle; and the plots 
exhibit marked differences in depth, stoniness, and rockiness from 
slope areas not under trinchera control. 

Relatively little mantle is controlled by trincheras in Terrain 
Type 3 situations mapped for Area A (Map 6b): of 7. 44 acres total, 
only 0. 52 acres, or 7. 0 percent, is under trinchera control. 

Sample Area B. The interfluves of Area B are similar in char¬ 
acter to those found in Area A. Here occurs thin mantle with 30 to 50 
percent of the surface in rock or stone cover. 

Nine Area B trincheras are situated in Terrain Type 3 : terraces 
401-408 and iinear border 408a. The slope of the land surface here is 9° 
to 10*. The terraces average 2 feet high, with the mantle behind 0. 1 to 
1. 5 feet deep. The terrace plots are covered with considerable quantities 
of small rounded rocks washed down from higher slopes. 

The mantle on the slope adjacent to the trincheras is similar in 
rockiness and depth, though somewhat shallower. These terraces have 
accumulated little or no mantle. Their effect has been primarily to 
arrange the mantle into more usable surfaces, presumably for cultivation. 

Sample Area C. Terraces 500-505 occur in a Terrain Type 3 
situation in Area C. Behind the 2. 5 to 4.0 feet high terrace walls (see 
Photograph 10), the mantle varies from 1 to 2 feet deep; while mantle 
on adjacent slopes varies between 0. 5 and 0. 7 feet deep. The mantle in 
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the trinchera plots is markedly more free of rock (other than from 
fallen trinchera walls) than adjacent uncontrolled slopes. 

The overall effect of these terraces, as those in Sample Area 
B, is the organization of the mantle into surfaces more suitable to culti¬ 
vation than were the original slopes. The six terraces are substantially 
more important in mantle control than the check dams (506-513) located 
in a shoi , steep-gradient valley upslope from the terraces. 

Sample Area D. Considerable surface of the stream interfluve 
slopes here has exposed bedrock and coarse stone litter, usually about 
70 to 90 percent of the slopes. This terrain type contains only one 
linear border (331), constructed a few feet upslope from a steep escarp¬ 
ment. In contrast to most trincheras in Area D. this one has deteriorated 
greatly. The original mantle accumulated or maintained in a large plot 
behind the wall has been completely washed away. 

G. Terrain Type 4 : Riverside Trinchera Control 

Preliminary explorations in 1962 raised the possibility that 
trincheras of extremely massive structure, appearing to cross the per¬ 
manent stream partially or possibly completely, were located on the 
Rio Piedras Verdes. Subsequently located (Sample Area D), riverside 
trincheras have been found to take the form of buttresses or groynes 
which may occur opposite each other on both banks of the river but which 
show no evidence of continuation across the stream itself. (See the com¬ 
plete description in Part VI. ) 

Seven riverside trincheras are built on the eastern bank in the 
flood plain of the river, spaced from 60 to 205 feet apart. Above the 
flood plain the stream terrace rises to near or more than the height of 
the trincheras, which are covered by the terrace mantle for unknown 
distances at their bank ends. 

The area of stream terrace mantle between the river and the 
steep valley slope, totaling 1. 3 acres, is under control by the riverside 
trincheras. The effect of the trincheras is to stabilize the bank on this 
outside bend of the river and to ^.^otect it from erosion. Also, like 
groynes along coasts, over a long period of time the trincheras have 
accumulated alluvium on both sides of the walls, to the extent that they 
have been partly covered. 
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The accumulation of the 1.3 acres of alluvial fill and its main¬ 
tenance may well have been the main functions of these riverside 
trincheras, similar to the mantle control functions of other types of 
trincheras. Certainly any other possible functions, such as water con¬ 
trol, are not indicated by the evidence available. 

H. £xtent of Mantle Control 

Table 29 summarizes the amounts o* mantle controlled by trin¬ 
cheras. The square footage in all trinchera plots (itemized in Appendix 
K) is given by type of trinchera, and total acreages under trinchera 
control are compared with totals surveyed in each area. 

In keeping with its vastlv greater number of trincheras and 
larger size than the other ar. s, Area A has more trinchera-controlled 
land: 10.6 acres, or 11. 1 percent of the total 95 acres in Area A. Lin¬ 
ear borders and check dams are about equally important, again shewing 
the proportionately high return (at least in terms of mantle control) from 
the comparatively few but long trincheras on the mesa top. 

Of the 58. 8 acres in Sample Area B, 4. 1 acres (7. 0 percent) of 
mantle surface are under some degree of trinchera control. Although 
they are present, the differences in mantle which trincheras can effect 
are not nearly so marked here as in Area A. 

A smaller proportion of mantle is controlled by trincheras in 
Area C than in any other area. In the 8. 8 total, only 4. 5 percent or 
0.4 acres, lies behind trincheras. 

Well adapted to the terrain in most cases, the varied trincheras 
in Area D combine to form a system highly effective in mantle control. 
Trinchera-controlled mantle totals 1.7 acres, or 7. 9 percent of the 
area. Most of this is stream terrace material around and behind the 
riverside trincheras. 

The highest proportion of land--21 percent--is controlled by 
trincheras in Area E, for linear borders of great length and with large 
plots dominate this small area. 

I. Conclusions 

A definite interrelationship between trincheras, terrain, and 
mantle has been established. In particular, the following conclusions 
emerge from the data examined: 
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1. Trincheras are situated in a variety of terrain types, in¬ 
cluding gently sloping terrace and mesa flats, steep gradient ephemeral 
stream valleys, generally steep slopes and interfluves, and permanent 
stream flood plains and terraces. Of these, the second terrain type 
provides situations for an overwhelming majority of trincheras, nearly 
all being the check dam type, and about 40 percent of the trinchera- 
controlled mantle. Terrace and mesa terrain is equally as important 
in area controlled, for although the number of trincheras (linear borders) 
here is small, their length is great. Flood plains and stream terraces 
are the site only of the few specialized riverside trincheras, which 
ne/ertheless account for a relatively large land area. The most irregu¬ 
lar, steep, and poorly mantled terrain, the interfluve slopes, are also 
the most infrequently used for trincheras. 

2. The specific placement of trincheras is influenced or deter¬ 
mined by terrain features. Major examples are the location of linear 
borders and check dams at nick points and the tops of escarpments, the 
abutment of trinchera walls (especially check dams) with bedrock and 
outcrops, and the spacing of check dams in relation to the valley 
gradient. 

3. The form of trincheras is influenced or determined by the 
terrain situation, as seen in the conformation of length and to some 
extent height of check dams to their valley sites, in the alignment of 
linear borders and terraces along slopes, and in the minimal height but 
maximal length of linear borders in their flat sites. 

4. Trincheras of all types and in all situations have had impor¬ 
tant influence on mantle. Distinct differences in depth and character 
separate mantle in natural areas unrelated to trincheras from mantle in 
trinchera plots, with the latter being almost always deeper and less 
stony and rocky. 

Trincheras function to control mantle in a variety of ways 
depending on trinchera type and terrain situation. Accumulation of 
alluvium is primary in check dams and probably in riverside trincheras; 
thus, accumulation of mantle occurs mainly along stream courses. It 
also takes place to some extent in terraces and linear borders. This 
function could be stated as the formation of plots of soil more suitable 
to cultivation than surrounding areas. 

6. Trincheras function, also, to maintain and stabilize mantle, 
either residual or transported. This is a primary function of trincheras 
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on gently sloping or flat surfaces. Although a secondary function gener¬ 
ally in check dams, terraces, and riverside trincheras, maintenance of 
mantle continues in importance in preservation of walls, plots, and 
surrounding terrain to the present time. As parts of this function, trin¬ 
cheras reduce runoff and soil erosion. 

7. Mantle is organized into more usable surfaces by the building 
of trinchera v/ails and their plots. Aspects of mantle organization are 
the levelling of surfaces behind walls, the clearing of stones which are 
added to the walls, and the markirg of field boundaries. 

8. The total acreage controlled by trincheras, approximately 20 
acres, comprises about 10 percent of the land total surveyed. Controlled 
mantle ranges fram 4. 5 to 21. 2 percent in the various sample areas, 
which are representative of varying degrees of trinchera-development of 
the terrain. Similar mantle control is reached on other hillsides and 
valleys where trinchera systems of at least moderate extent have been 
developed. 

9. The above effects of terrain upon trincheras and trincheras 
upon mantle are of major importance in the whole trinchera-physical 
environment relationship. In this study it has been possible only to sug¬ 
gest other equally significant aspects of the relationship. The effect of 
trincheras upon the hydrological cycle, particularly the role of check 
dams as moisture reservoirs, promises to be a valuable topic for inquiry. 
Also, the place of trincheras in prehistoric farming patterns needs much 
attention. 

Clearly, scientific inquiry along the Rio Cavilan and in all the 
trinchera country of the Sierra Madre Occidental can go far from the intro¬ 
duction provided by this study. The many applications of trinchera studies 
to problems of land utilization, soil conservation, and water conservation 
become ever more obvious. The most pressing need of all may well be 
that this search for knowledge be hastened lest it find itself without sub¬ 
ject matter. Though they have resisted, blended with, and even buttressed 
the environment for centuries, the trincheras cannot long survive under 
the land use practices of today. Modern man once again is destroying the 
very things which can teach him so much about man's role in the physical 
environment. 
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APPENDIX A 

Minimum and Maximum Temperatures (*F) at Base Camp, Nuevo 
Casas Grandes, and Rancho Agua Salada 

18 June - 12 August 

_Base Camp 
Date Mini- Maxi 

mum mum 

June 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
July 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 

11 
12 
13 
14 
15 
16 
17 

56. 0 
52.0 
49. 5 
52.0 
46.0 
38.0 
52. 5 
50, 5 
53.0 
58.0 
54.0 
48. 5 
52.0 

51.0 
54.0 
50.0 
59.0 
52. 5 
53.0 
60.0 
60. 5 
57. 0 
53.0 
56.0 
59.0 
60. 0 
54. 5 
55.0 
56.0 
60. 0 

88.0 

89. 0 
90. 0 
91.0 
94.0 
97.0 
90. 5 
85.0 
85. 5 
90.0 
86. 9 
90.0 
97.0 

95. 5 
94. 0 

100.4 
98. 6 

101.0 

95. 0 
93. 0 
85. 0 
82. 0 
87. 0 
88. 0 

89. 0 
84. 0 
88.0 

88. 5 
89. 5 
95. 0 

Nuevo Casas Rancho Agua 
Grandes Salada 

Mini 
mum 

60.8 

64.4 
62. 6 
62.6 
57. 2 
66. 2 
62.6 
59.0 
64.4 
60.8 
62. 6 
69.8 

68.0 
68. 0 
69. 8 
68. 0 
68. 0 
69. 8 
68. 0 
64. 4 
62.6 
59. 0 
68. 0 
66.2 
60. 8 
60. 8 
64.4 
68. 0 
68.0 

Maxi 
mum 

93.0 

95.0 
97.0 
97.0 
93.0 
91.0 
88.0 
90.0 
90.0 
93.0 
97.0 

100. 0 

102.0 
102.0 
104.0 
102.0 
99 0 
97.0 
95.0 
93. 0 
87. 0 
99.0 

100. 0 
90.0 
81.0 
91.0 
95.0 
97.0 
97.0 

Mini¬ 
mum 

50. 0 
52. 0 
46. 0 
54. 0 
46.0 
39. 0 
46. 0 
45.0 
48. 0 
54. 0 
55.0 
48. 0 
52.0 

57.0 
55. 0 
52.0 
63.0 
50.0 
55.0 
59. 0 
57. 0 
54. 0 
50. 0 
54. 0 
57. 0 
55. 0 
54. 0 
50.0 
54. 0 
59. 0 

Maxi - 
mum 

79. 0 
77. 0 
81.0 
79. 0 
79.0 
84. 0 
81.0 
77. 0 
72. 0 
75.0 
86. 0 
75.0 
82. 0 

84.0 
86.0 
88.0 
84. 0 
88.0 
86. 0 
84. 0 
81.0 
87. 0 
72. 0 
77. 0 
77. 0 
75. 0 
64. 0 
73. 0 
75.0 
79. 0 
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APPENDIX A (Cont. ) 

Date 
Base Camp 

Mini- Maxi¬ 
mum mum 

Nuevo Casas Rancho Agua 
Grandes_Salada*_ 

Mini- Maxi- Mini- Maxi¬ 
mum mum mum mum 

July 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
August 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

61.0 93.0 
60.0 89.5 
60.0 87.5 
57.5 87.5 
59.0 89.0 
60.5 85.0 
56.5 77.0 
59.0 87.0 
56.0 89.5 
56.0 89.5 
55.0 89.0 
55.0 89.0 
59.0 80.0 
60.5 74.0 

61.0 76.0 
59.0 82.0 
55.0 86.0 
57.0 87.5 
63.0 82.0 
57.0 92.0 
55.5 93.5 
59.0 89.0 
62.0 83.5 
57.0 87.5 
59.0 87.5 
57.0 86.0 

66.2 
69.8 
64.4 
62.6 
69.8 
64.4 
66. 2 
64.4 
62.6 
62.6 
62.6 
62.6 
66.2 
66.2 

62.6 
59.0 
62.6 
62.6 
69.8 
64.4 
64.4 
66. 2 
62.6 
64.4 
66. 2 
62.6 

95.0 
97.0 
93.0 
93.0 
93.0 
90.0 
88.0 
86.0 
95.0 
88.0 
95.0 
93.0 
91.0 
87.0 

86.0 
84.0 
93.0 
93.0 
93.0 
86.0 
99.0 
91.0 
91.0 
95.0 
97.0 
99.0 

57.0 
59.0 
57.0 
50.0 
55.0 
54.0 
54.0 
55.0 
48.0 
52.0 
54.0 
52.0 
54.0 
54.0 

79.0 
75. 0 
79.0 
75.0 
77. 0 
77.0 
73.0 
70.0 
70.0 
81.0 
77.0 
79.0 
81.0 
72.0 

* No data available for Rancho Agua Salada after July 31 
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APPENDIX B 

Net Radiation. Dry Bulb, Soil Surface, and -.25 Foot Soil Temperatures 
Base Camp 

27 June to 12 August 1964 

«• 

Net Dry Bulb Soil Surface -.25' Soil 
Date_Time Radiation Temperature Temperature Temperature 

27 June 0900 .1730 67* 
1000 .0101 74* 
1100 1.0733 84* 
1200 1.0871 85* 
1300 .8113 88* 

28 June 1000 .4525 69* 
1100 1.2168 77* 
1200 1.3530 82* 
1300 .7325 83* 
1400 .2580 84* 

29 June 0900 .3818 64.5* 
1000 .8555 72* 
1100 .7750 79* 
1200 1.3575 86* 
1300 1.5106 88* 
1400 .7171 86* 

30 June 0800 .1179 59* 
0900 .5210 68* 
1000 .9055 78* 
1100 1.1207 86° 
1200 1.8269 90.5* 
1300 .9538 91* 
1700 .0994 82* 
1800 .4628 83* 
1900 -.0963 79* 
2000 -.0844 76* 
2100 -.1034 73° 
2200 -.1034 70* 

1 July 0700 -.0700 56* 
0800 .0245 64* 
0900 .3482 71* 
1000 .7819 78* 
1100 1.0572 85* 
1200 1.1240 90* 

80* 
102* 

125* 
138* 
137* 
84* 

106* 
117* 
114.5* 
116* 
78* 
89* 

103* 
115* 
124* 
109* 
63* 
84* 

103* 
117* 
131* 
127. 5* 
93* 
99» 

82. 5* 
79* 
74* 
72* 
56* 
73* 
91* 

109* 
125* 
137* 

75* 
74* 
74.5* 
76* 
78" 
71* 
72* 
72* 
73. 5* 
75* 
66* 

66* 

68* 

70* 
73* 
75* 
68* 

68" 

68* 

70* 
73* 
75* 
81* 
81* 
81. 5* 
81* 
80* 
80* 
72* 
71* 
70* 
70* 
72* 
74* 
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APPENDIX B (Cont. ) 

Net Dry Bulb Soil Surface -. 25' Soil 
Date_Time Radiation Temperature Temperature Temperature 

1 July 
(cont. ) 

2 July 

3 July 

4 July 

5 July 

1300 .9698 
1700 -1.2071 
1800 -.0300 
0700 -.0799 
0800 .1315 
0900 .4750 
1000 .8521 
1100 .8719 
1200 .1379 
1300 .7449 
1600 .2380 
1700 -.0522 
1800 .0264 
0800 .1587 
0900 .5245 
1000 .9143 
1100 1.1761 
1200 1.2880 
1300 1.0414 
1400 .9891 
1000 .8719 
1100 1.1296 
1200 1.0515 
1300 .9278 
1400 .9268 
1500 .5148 
0900 .5377 
1000 .3999 
1100 1.0967 
1200 .8782 
1300 .8295 
1400 1.2039 
1500 1.1262 
1600 .9162 
1700 .4379 
1800 .3309 
1900 -. 1461 
2000 -.1949 
2100 -.2099 

90. 5* 
81° 
/8“ 

55° 
62° 
69. 5° 
76° 
82° 
91° 
90* 
86° 

80° 
77° 
64° 
70* 
80 # 
85* 
93' 
93° 
94° 
82° 
90.5* 
93. 5* 
92. 5* 
96° 
92. 5° 
74. 5° 
79. 5* 
86. 5° 
94° 
94* 
94* 
98. 5° 
95* 
95° 
94.5° 
90* 
85° 
76* 

137° 
92* 
80° 
56* 
69* 
80* 
92* 

104* 
120* 

115* 
108* 
83* 
81* 
67* 
85* 

104* 
121* 

132* 
132* 
129* 
110° 

128* 
133° 
129* 
129* 
124° 
96* 

112° 

129* 
134* 
126* 
133* 
146* 
142* 
127.5* 
122* 

96* 
85* 
78.5* 

77* 
82* 
81* 
72* 
71* 
70* 
70* 
71* 
73* 
75* 
79* 
79* 
79* 
68* 

67* 
67* 
70* 
73* 
75* 
78* 
72* 
73* 
74* 
76* 
79* 
80.5* 
72. 5* 
72. 5* 
74" 
76* 
77* 
79* 
81* 
83* 
84. 5* 
81* 
86* 
86. 5* 
86* 
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Net Dry Bulb Soil Surface -.25' Soil 
Date_Time Radiation Temperature Temperature Temperature 

6 July 0800 .0696 66* 
0900 .3754 71* 
1000 .7521 80* 
1100 1.0606 86* 
1200 1.1855 91* 
1300 1.2195 91.5* 
1400 .0594 88* 
1700 .1614 72* 
1800 .1067 74* 
1900 .0368 75* 

7 July 0700 -.0403 62* 
0800 .0781 65* 
0900 .2999 71* 
1000 .6533 81* 
1100 .4262 80.5* 
1200 .4634 81* 
1300 1.3576 84* 
1400 .9128 85* 
1500 .5709 86* 
1600 .2225 80* 

8 July 0800 .0128 66* 
0900 .2890 66.5* 
1000 .5008 70* 
1100 .5740 74* 
1200 .7951 77* 
1300 .5320 79* 
1400 1.5970 82* 
1500 .6895 82* 

9 July 0900 .1360 65* 
1000 .2534 66* 
1100 .5700 71* 
1200 .5875 74* 
1300 .9870 81* 
1500 .2405 78* 
1600 .0029 74* 

10 July 0700 -.0401 54.5* 
0800 .0989 60* 
0900 .4098 65* 

77. 5* 
95* 

115* 
134* 
138* 
147* 
113* 
82* 
81* 
78* 
63* 
69* 
86* 

105* 
103* 
105* 
134* 
130* 
125* 
105* 
70* 
75* 
82* 
80* 
91* 
88* 

104* 
100* 

79* 
75* 
83* 
87* 
93* 
85* 
77* 
58* 
68* 

79* 

75* 
75* 
75* 
76* 
77. 5* 
79* 
81* 
83* 
83* 
82* 
74* 
73. 5* 
73* 
73. 5* 
74. 5* 
75* 
76* 
78* 
79* 
80* 
71.5* 
71* 
71* 
71.5* 
73* 
74* 
75* 
76. 5* 
70* 
70* 
70* 
71* 
72* 
74* 
75* 
68* 

67* 
66* 



APPENDIX B (Cont. ) 

D-itg 

10 July 
(cont. ) 

11 July 

12 July 

13 July 

Net Dry Bulb Soil Surface -. 25' Soil 
Time Radiation Temperature Temperature Temperature 

1000 .8296 70“ 
1100 1.2090 77“ 
1200 1.4724 81“ 
1300 1.6228 85“ 
1500 .4329 80“ 
1600 .4838 83“ 
1700 . 1549 79“ 
1800 -.0300 75“ 
1900 -.0408 72.5“ 
0800 .1020 64“ 
0900 .3347 69“ 
1000 .5833 72“ 
1100 .3509 76“ 
1200 1.4389 82“ 
1300 1.5727 88“ 
1400 1.2587 82.5“ 
0900 .1794 65“ 
1000 .8238 77“ 
1100 .4634 79" 
1200 .9114 81“ 
1300 1.4383 84.5“ 
1400 1.0990 86“ 
1500 .0160 80“ 
0800 .1247 67“ 
0900 .3885 72.5“ 
1000 .7359 74“ 
1100 1.1232 79.5“ 
1200 1.5677 82“ 
1300 .8434 80.5“ 
1400 .4129 80“ 
1500 .0607 76“ 
1600 .2473 73“ 
1700 .1168 74“ 
1800 .1045 73“ 
1900 .0028 71“ 
2000 -.0825 69“ 
2100 -. 1327 66“ 
2200 -.1115 64“ 

87. 5“ 
95“ 

101“ 

106“ 
90“ 
88“ 

81“ 
75“ 
73“ 
69“ 
76“ 
85“ 
83“ 

105“ 
118“ 
88“ 

69“ 
85“ 
86“ 

92“ 
110“ 

121“ 

92“ 
68“ 

77“ 
84J 
82“ 
97“ 
91“ 
85“ 
80“ 
78“ 
79.5“ 
77“ 
74“ 
68“ 

66“ 

64“ 

66“ 

67“ 
71“ 
73“ 
76“ 
77“ 
77“ 
77. 5“ 
77. 5“ 
69“ 
69“ 
70“ 
70.5“ 
71.5“ 
72“ 
74. 5“ 
69“ 
68.5“ 
70“ 
72“ 
74“ 
75“ 
77“ 
69“ 
68“ 

69“ 
70“ 
73“ 
74.5“ 
76“ 
77“ 
77* 
77. 5“ 
77. 5“ 
77“ 
77“ 
76“ 
76“ 
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Date Time 
Net 
Radiation 

Dry Bulb Soil Surface -.25' Soil 
Temperature Temperature Temperature 

14 July 0800 .0569 63.5* 
0900 .4810 69* 
1000 .8467 75* 
1100 1.1969 80* 
1200 1.3899 83.5* 
1300 1.4839 84* 
1400 1.2316 87° 

15 July 0700 -.0300 57* 
0800 .0984 61* 
0900 .2369 62* 
1000 .8216 67* 
1100 1.1972 74* 
1200 1.1518 77* 
1300 1.5870 79* 
1400 1.4464 83* 
1500 1.4543 84* 
1600 .4769 83* 
1700 .8185 85* 
1800 .5009 85* 
1900 .3678 85* 

16 July 0700 -.0603 56.5* 
0800 .1688 61* 
0900 .6079 68* 
1000 .6594 73* 
1100 1.3458 77* 
1200 .6337 81* 
1300 .1672 79* 
1400 .7772 83* 
1500 .5369 84* 
1700 .3408 78* 
1800 .1316 78* 
1900 -.0300 75* 
2000 -.1259 72* 
2100 -.1236 69* 

17 July 0700 -.0707 60* 
0800 .1342 64* 
0900 .3110 70.5* 
1000 .8322 77* 

66* 

77* 
90* 
86* 

99* 
111* 

111* 

60* 
65* 
72* 
74* 
82* 
94* 

102* 

105* 
110* 

95* 
102* 

98* 
93* 
62* 
70* 
80* 
83* 
83* 
86* 

81* 
105* 
89* 
87.5* 
80* 
75* 
72* 
68* 

61* 
68* 

78* 
VO* 

68* 

68* 

70* 
71* 
72. 5* 
74.5* 
76.5* 
70* 
70* 
68* 

67* 
68* 

71* 
72* 
74* 
76* 
77* 
78* 
79* 
79.5* 
71* 
70* 
70* 
70* 
71.5* 
73* 
75* 
76* 
77* 
78* 
78* 
78* 
78* 
78* 
71* 
69* 
70* 
71* 
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Date 

17 July 
(cont. ) 

18 July 

19 July 

20 July 

21 July 

Net Dry Bulb Soil Surface -. 25' Soil 
Time Radiation Temperature Temperature Temperature 

1100 
1200 
1300 
1400 
1500 
1600 
1700 
0700 
0800 
0900 
1000 
1100 
1200 
1300 
1500 
1600 
1700 
1800 
1900 
2000 
1000 
1100 
1200 
1300 
0700 
0800 
0900 
1000 
1100 
1200^,- 
1300 
1400 
1800 
0800 
0900 
1000 
1100 
1200 

1.2491 
1.4157 
1.0066 
1.6717 
1.3661 
1.1207 
.4748 

-.0608 
.0700 
.4574 
.8817 

1.1491 
1.4267 
1.5058 
1.3448 
1.0812 
.7643 
. 2247 
.0388 

-.0735 
.8435 

1.2571 
1.4167 

. 1578 
-.0402 

. 1963 

. 5494 
1.0127 
1.2652 
1.7093 
1.0569 

. 5432 

. 3625 

.0647 

. 2573 

.8552 
1.2721 
1.7152 

80* 
86* 

87* 
89* 
90* 
89* 
87* 
62* 
68* 

72* 
76* 
81* 
83.5* 
84. 5* 
88* 

90* 
82.5* 
80.5* 
78* 
76* 
78° 
82* 
87* 
80* 
61* 
71* 
72* 
77* 
80. 5° 
86* 

85* 
80° 
77* 
59* 
60. 5° 
65* 
72* 
79° 

87* 
101* 

102* 

121* 

121* 

118* 
101* 

64* 
69* 
82* 
92* 
89* 

100* 

111.5* 
122* 

120* 

108* 
91* 
75* 
79* 
93* 
90* 

111* 

89* 
64* 
74* 
82* 
90* 
90* 

108* 
114* 
96* 
81* 
63* 
68* 

74* 
79* 
90* 

72. 5* 
74* 
75. 5* 
78* 
79* 
80* 
81* 
74* 
73* 
73* 
73. 5* 
75* 
76.5* 
78* 
81* 
82* 
82* 
83* 
83* 
83* 
74* 
76* 
77. 5* 
79* 
73* 
74* 
74* 
74. 5* 
76* 
77* 
79* 
81* 
82* 
72* 
72* 
72* 
72* 
73* 
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Net Dry Bulb Soil Surface -.25' Soil 
Date_Time Radiation Temperature Temperature Temperature 

21 July 1300 1.6197 82.5° 
(cont.) 1400 1.5927 86* 

1500 .5076 84° 
1600 .8947 85° 
1700 .1080 76° 
1800 .0030 73° 
1900 -.0408 72.5° 
2000 -.1242 70° 
2100 -.1030 69° 
2200 -.0928 69° 

22 July 0700 -.0704 60* 
0800 .0701 65° 
0900 .4345 72* 
1000 .8552 76° 
1100 1.0884 80.5° 
1200 1.1362 84° 
1300 1.1275 85* 
1400 1.5601 87.5° 
1500 1.2397 88.5° 
1600 1.0687 86* 
1700 -.0300 76° 
1800 -.0300 73* 

23 July 0800 -.0723 62.5° 
0900 .3694 68.5* 
1000 .8729 74° 
1100 1.1930 77.5° 
1200 1.2899 82.5° 
1300 1.3267 83° 
1400 1.4157 84.5° 
1500 1.0043 84° 
1700 .6753 84.5° 
1800 .3902 85. 5# 
1900 -.0300 78* 
2000 -.1259 72.5° 

24 July 0700 -.0403 60* 
0800 .0766 62* 
0900 .5967 68° 
1000 .8876 72.5° 

101" 

103° 
83° 
91* 
80° 
76" 
75. 5" 
69° 
M 
M 
59" 
74* 
91" 

105" 
119.5* 
117" 
124* 
136" 
132" 
125. 5" 
88* 

84" 
68" 

85° 
100" 

104.5" 
121.5" 

132" 
133" 
115" 
115" 
97" 
83. 5" 
77. 5" 
64" 
67" 
83" 
92" 

74. 5* 
76. 5" 
78* 
79. 5* 
80’ 
81" 
81" 
80’ 
80’ 
79’ 
74’ 
73’ 
73° 
73. 5° 
75’ 
76" 
77. 5’ 
79" 
81’ 
82’ 
82. 5’ 
83’ 
74’ 
73° 
73. 5’ 
74’ 
75’ 
77’ 
78. 5’ 
80’ 
81" 
82’ 
82" 
82’ 
65° 
73’ 
73" 
73’ 
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Date 
Net 

Time Radiation 
Dry Bulb Soil Surface -. 25' Soil 
Temperature Temperature Temperature 

24 July 
(cont. ) 

27 July 

28 July 

29 July 

30 July 

1100 .6387 
1200 .7745 
1800 .0691 
1900 -.0730 
0800 .1832 
0900 .4829 
1000 .9108 
1100 1.3048 
1200 1.4943 
1300 1.6404 
1400 .8369 
1500 .9945 
1600 1.0414 
1700 .8871 
1800 .2003 
1900 -.0624 
0800 .0024 
0900 .3371 
1000 .7772 
1100 1.1568 
1200 1.4032 
1300 1.7897 
1400 1.2244 
1500 .2920 
1600 .0512 
0800 .0434 
0900 .4396 
1000 .7603 
1100 1.1214 
1200 1.0885 
1300 1.0569 
1400 1.4248 
1500 1.4556 
1600 .2460 
1800 .3427 
1900 -.0408 
0700 -.0809 
0800 .0344 

74* 
76* 
71" 
68* 
60* 
65* 
71* 
77* 
83* 
85* 
85* 
86* 
86* 
87* 
84* 
77* 
61.5* 
69* 
74. 5* 
81* 
85* 
88* 

86. 5* 
84* 
80* 
59* 
69* 
74* 
79* 
82. 5* 
84* 
86* 
88* 

78* 
79* 
73* 
59* 
61* 

96* 
96* 
86* 

71* 
68* 

78* 
89* 
99* 

104* 
108* 
108* 
100* 

111* 

110* 

88* 

78* 
65* 
80* 
96* 

111* 

124* 
127* 
130* 
115* 
98* 
65* 
82* 
99* 

112* 

114* 
132* 
136* 
130* 
96* 
90* 
79* 
62* 
67* 

74* 
75* 
77* 
76* 
68* 

68* 

68* 

69* 
71* 
73* 
75* 
77* 
78* 
79* 
80* 
80* 
72* 
71* 
71* 
72* 
73* 
75* 
77* 
78.5* 
79.5* 
71* 
71* 
70* 
71. 5* 
73* 
74. 5° 
76* 
78* 
79* 
81* 
80. 5* 
73* 
73* 
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Date_Time 

30 July 0900 

(cont. ) 1000 

1100 
1200 

1300 

1400 
1700 

31 July 0800 

0900 

1000 

1100 

1 August 1000 

1100 

1200 

1300 

2 August 1000 

1100 

1200 

1300 

1400 

1500 

1600 

3 August 0800 

0900 

1000 

1100 

1200 
1300 

4 August 0800 

0900 

1000 

1100 

1200 
1300 

1400 

1500 

1600 
1700 

l^et Dry Bulb Soil Surface -.25' Soil 
Radiation Temperature Temperature Temperature 

. 3772 

. 7667 

1. 1114 

1.1809 

1.0364 
. 0703 

-.0074 

. 0679 

. 3734 

. 5398 

.4110 

.4446 

.4558 

. 6709 

. 6049 

. 2214 

. 8382 

1.1580 

1.4537 

1.2249 
1.1930 

. 5630 

-.0513 
. 3258 

. 7628 

1. 1214 

-.1102 

1.4235 
-. 0407 

. 3647 

. 6049 

. 9684 

1.4389 

1.2409 
. 9598 

1.3359 
. 9450 

. 2586 

68. 5* 

71° 

74° 

78° 
79« 

72. 5° 
70“ 

64° 

69° 
72° 

72° 
688 
70° 

72° 

73° 

72° 

75° 

75. 5° 
78° 

79° 
79. 

79° 
61° 
68° 

73° 

80° 

818 

84° 

618 
68° 

72° 

79° 
82° 

83° 

85° 

86° 

86° 

83° 

83° 
90° 

98° 

93° 

93° 

78° 
78° 

68° 

80° 

83° 
81° 

798 
84° 

938 

87' 

91° 
98. 58 

104.5° 

1038 

95. 58 
87° 

88. 5° 
59° 

81° 

96° 
110° 

1128 
132° 

66° 

81° 

88° 

98° 

1058 
96° 

106° 

104° 

101° 

86° 

72° 

72° 

72. 5° 
73° 

74. 5° 

76° 
78° 

71° 

71° 

71° 

71. 58 

?08 

70° 

71* 

71° 

69. 5° 
70° 

718 

72. 5° 

74° 

75. 58 

76. 5° 

69° 
68° 

68° 

698 
71° 

738 
71° 

70. 5° 

70. 5° 
71° 

71.5° 
73° 

75° 

76.58 
78° 
79« 
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Net Dry Bulb Soil Surface -.25' Soil 
Date_Time Radiation Temperature Temperature Temperature 

4 August 1800 
(cont. ) 1900 
5 August 0800 

0900 
1000 

1100 

1400 
6 August 0800 

0900 
1000 

1100 

1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 

2100 

2200 

7 August 0800 
0900 
1000 
1100 

1200 

1300 
1400 
1500 
1600 
1700 

8 August 0800 
0900 
1000 

1100 

1200 

1300 

. 0723 
-.0733 

. 0025 

.4259 

. 8787 

.4821 

. 6823 

. 0059 

. 3734 

.8006 
1.2089 
1.4067 
1.5903 

. 5507 
1.3191 
1. 1099 

. 7276 

. 0625 
-.0520 
-. 1259 
-. 1131 
-. 1330 

. 0021 

. 3622 

. 6709 
1. 1214 
1.4248 
1.2571 
1.2817 
1.2689 

. 9950 

. 7573 

. 0679 

. 3258 

. 5474 
1.3676 
1.0709 
1.3359 

77. 5° 
75* 
64* 
68. 5° 
78° 
78° 
80. 5° 
62' 
68. 5* 
73. 5° 
79. 5* 
85* 
88° 

85* 
88 # 

88. 5* 
88. 5* 
84° 
80. 5° 
75. 5* 
70. 5* 
68. 5' 
62° 
68. 5° 
69. 5° 
81.5° 
86. 5# 
88. 5° 
88. 5° 
88. 5° 
89. 5# 
86. 5° 
64° 
72° 
74.5* 
78° 
80° 
84* 

81° 
758 
69° 
85 * 
96* 
90* 

123* 
65* 
80. 5* 
91.5* 

106* 
115.5* 
127* 
102* 

126* 
120* 

108* 
88. 5* 
80* 
74* 
70* 
66.5* 
64* 
81.5* 
97* 

113.5* 
127.5* 
135.5* 
132.5° 
133.5* 
124* 
114* 
66* 

81* 
89* 

103.5* 
107* 
109* 

79. 5* 
79* 
73* 
73* 
73* 
78. 5° 
76* 
70* 
69* 
69* 
69. 5* 
70. 5* 
72. 5* 
74* 
75. 5* 
77* 
78* 
78. 5* 
79* 
79. 5* 
79* 
79. 5* 
71.5* 
70. 5* 
70. 5* 
71* 
71. 5* 
73* 
75* 
76. 5* 
77. 5* 
79* 
72* 
72* 
71.5* 
72* 
73* 
74* 
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Date_Time 

8 August 1400 
(cont. ) 1500 

1600 
9 August 0800 

0900 
1000 

1100 

1200 
10 August 0800 

0900 
1000 
1100 

1200 

1300 
1400 
1500 
1600 

1700 
1800 
1900 

11 August 0800 
0900 
1000 

1100 

1200 

1300 
1400 
1500 
1600 

1700 
12 August 0900 

1000 

1100 

1200 

1300 
1400 

Net 
Radiation 

. 4687 
1.3065 
1.0414 

. 0445 

. 2802 

. 5097 

. 5780 
1.4175 

. 0324 

. 1095 

.7114 
1.0009 
1.3433 
.5512 

1.4281 
. 3700 

1.0849 
.2440 
. 1174 
. 0031 
. 0118 
. 2254 
. 7309 

1.1195 
1.3337 
1.5016 
1. 5113 
1. 3477 
1.1682 
1.4878 

. 0665 

. 5066 

. 9976 
1.2567 
1.5308 

Dry Bulb Soil Surface -.25'Soil 
Temperature Temperature Temperature 

81.5° 958 76° 
84° 1148 77.5° 
81.5° 1110 78° 

63° 67° 73.5° 
67.5° 78° 73° 
73.5° 85° 72° 
75.5° 87° 72° 
80.5° 106.5° 72° 
58.5° 64° 70° 
60.58 68° 70° 
66° 78° 70° 
72° 100.5° 69“ 
81° 107* 70° 
77“ 100° 70.5“ 
81.5° 120“ 72° 
80“ 96.5“ 73“ 
83. 5° 103° 74.5° 
79.5° 95“ 75“ 
80.5“ 85.5“ 76.5“ 
75“ 80“ 77° 
59“ 64“ 69“ 
63.5“ 70“ 69“ 

70“ 79“ 68.5“ 
75“ 94° 69.5° 
78“ 100“ 70“ 
81“ 105° 71“ 
83“ 106“ 72“ 
84“ 105“ 73.5“ 
85“ 99° 75» 
80“ 84* 77“ 
62.5 68“ 68“ 
67“ 75* 68“ 
71“ 88“ 68“ 
78“ 92“ 69.5“ 
81“ 99° 70.5“ 
82.5“ 101“ 72“ 
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Mean Hourly Surface and Sub-Surface Temperatures at Base Camp 
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_Depth in Feet_ 

Time Surface 0.25 0.5 1.0 2.0 

0700 56.8 75 1 

0800 77.5 74.4 

0900 92.7 74.1 

1000 112.5 74.8 

1 100 131.4 76.2 
1200 137.7 77.8 

1300 140.4 81.5 

1400 140.4 82.1 

1500 136.1 83.5 
1600 133.2 85.1 

1700 124.2 86.7 

1800 108.0 87.4 

1900 91.1 87.7 
2000 83.1 87.1 

2100 75.5 86.2 

2200 71.5 85.2 

78.3 77.0 72.0 

77.7 77.0 72.0 

77.2 76.7 72.0 

77.2 76.8 72.0 

77.0 76.8 72.1 

77.0 76.8 72.1 

77.5 76.8 72.5 

77.8 76.8 72.3 

78.4 76.7 72.2 

79.0 76.5 72.3 

79.8 76.5 72.1 
80.7 76.3 72.0 

81.4 76; 2 72.0 

81.8 76.1 72.1 
81.4 76.0 72.0 

81.8 76.0 72.0 
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16 July to 22 July 

_Depth in Feet_ 
Time Surface 0. 25 0. 5 _1.0_2. 0 

0700 62.7 72.8 
0800 71.7 72. 1 
0900 78.7 72.2 
1000 89.5 72.7 
1100 91.1 74.0 
1200 101.8 75.3 
1300 103.2 76.8 
1400 110.8 78.5 
1500 105.9 79.8 
1600 111.1 80.4 
1700 91.4 81.0 
1800 84.8 81.2 
1900 76.4 81.1 
2000 73.0 81.0 
2100 70.0 80.4 
2200 68.2 80.0 

75.1 75.0 72.0 
75.0 75.2 71.8 
74.7 75.1 71.8 
74.2 75.3 72.1 
74.2 75.1 72.2 
74.6 75,1 72.1 
74.6 75.0 72.1 
75.1 75.0 72.1 
75.6 74.6 72.1 
76.1 74.3 72.2 
76.6 74.6 71.7 
76.9 74.1 71.8 
77.3 74.3 72.0 
77.7 74.6 72.0 
77.7 74.3 72.1 
77.7 74.3 72.1 



Time 

0700 

0800 

0900 

1000 

1100 
1200 

1300 

1400 

1500 
1600 

1700 

1800 

1900 

2000 

2100 

2200 
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6 August to 12 August 

Depth in Feet 

Surface 0. 25 0. 5 1.0 2. 0 

60. 1 
65.0 

75. 3 

84.9 
98. 9 

108. 0 

109.6 

108.4 

106. 9 

106. 6 

93. 5 

80. 5 

77. 1 

73. 0 
70. 1 

68. 3 

70. 9 

70.6 
70. 1 

69.9 
70. 1 
71.0 

71.8 

73.6 

75. 1 
76. 3 

77. 1 

80. 3 

78. 6 

78. 7 

78. 2 

77.8 

72.8 

72.6 
71.8 

71.9 
71.7 

71.6 

71.5 

71. 1 

71.9 
72.4 

72.9 

73. 3 

74. 3 
74.8 

74. 8 

75. 1 

73. 3 

73. 1 

73. 1 

73. 1 
73.0 
73.0 

72. 7 

72.6 

72.6 
72. 3 

72. 5 

72.4 

72.6 

72.6 

72. 7 

72.3 

71. 1 

71.3 
71. 1 

70. 9 

70.9 
70. 9 

71.0 

70.9 
70.9 
70.8 

70.9 
70. 9 

71. 1 
71.0 

71.0 

70.8 
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APPENDIX E 

Le |¿e nil : 

Condition: 

C = 

P = 

F = 

Type: 

CD = 

T = 

LB = 

R = 

Di sign: 

A = 

F/R = 

D = 

R = 

Characteristics oí Trincheras 

Complete 

Partially complete 

Fragmenta ry 

Check dam 

Terrace 

Linear border 

Riverside trinchera 

Stone alignment 

Stone facing with rubble backing 

FViuble wall with rubble core 

Piled rubble 

Di stance 

to Next 

Trinchera Condition Length Height Width Trinchera Type Design P'ot Sire 

_(Feet)_(Sq. Feet) 

AREA A 

1 F 48 

2 P 37 

3 P 3S 

4 P 47 

5 P 54 

6 P 62 

6a F 65 

7 F 50 

8 P 75 

9 P 40 

10 P 109 

12 P 97 

14 P 65 

15 P 42 

16 C 4R 

17 C 35 

18 C 41 

18a C 39 

19 P 31 

20 P 16 

21 P 37 

22 F 23 

23 P 41 

24 P 33 

25 P 30 

26 P 6 

27 C 33 

28* C 

28a* C 

29 P 73 

2<la* P 

4.0 2.0 47 

4.0 1.5 40 

7.0 -- 25 

5.0 -- 6 

10.0 -- 130 

1.5 -- 31 

0.5 -- 35 

1.5 - - None 

5.0 1.5 41 

3.0 2.0 44 

3.0 2.8 57 

4.0 -- 32 

3.0 -- 38 

3.0 -- 15 

9.2 -- 58 

10.3 -- 30 

12.3 3.0 31 

12 0 2.0 44 

1.5 -- 30 

3.0 -- 12 

2.0 -- 30 

1.0 -- 17 

3.0 -- 20 

1.5 -- 33 

3.3 -- 30 

1.5 -- 60 

1.0 1.0 50 

2. 7 15 12 

3.0 1.5 None 

3.6 2.2 62 

1.5 1.1 46 

CD F/R 1.200 

CD F'R 700 

CD -- 500 

CD -- 250 

CD -- 7. 100 

CD -- 1.400 

CD - - 1, 000 

CD -- 1,200 

CD -- 2.000 

CD -- 2. 100 

CD -- 6.213 

CD -- 4.900 

T - - 1,R00 

T -- 900 

CD -- 1.914 

CD -- 660 

CD -- vOO 

CD D 1.056 

CD -- 350 

CD -- 130 

CD -- 350 

CD -- 500 

CD -- 400 

CD -- 300 

CD -- 350 

CD -- 25 

CD A 1.750 

CDD 

CD 

CD D 4.500 

CD A 

* Buried trinchera 



JO 

î I 

32 

33 

34 

34 

341 
35 

36 

37 

38 

39 

40 

41 

42 
43 

44 

45 

46 

47 

47) 

48 

49 

50 

51 

51a 

52 

53 

54 

55 

56 

57 

58 
58s 

581 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

70s 

70h 

70c 

71 

72 

APPENDIX E (Cont. ) 

Condition Length 

P 

P 

C 

P 

P 

F 

F 
P 

F 

F 

F 

F 

F 

F 

F 

P 

F 

F 

F 

F 

F 

P 

P 

P 

P 

F 

P 

P 

P 

P 

C 

F 

F 

C 

P 

P 

C 

F 
P 

P 

P 

F 

P 

P 

P 

P 

F 

F 

F 

F 

F 

F 
F 

45 

121 

26 

32 
18 

20 

8 

23 
c J 

42 

22 
30 

33 

15 

20 

23 

21 

10 

40 

14 

14 
16 

27 

24 

26 
20 

28 

36 
49 

18 

22 

14 

40 

136 

155 

35 
50 

21 

10 

14 

19 

35 

30 

12 

27 

36 

32 

22 

23 

20 

18 

6 
8 

Height Wi'lth 

(Feet) 

2. 5 

4. 0 
3. 0 

2. 0 
3 2 

3. 0 
2.8 

1.5 

2. 0 

0. 5 

1.0 

0. 8 

1.0 

1. 2 

1.5 

2. 0 

2. 7 

2. 5 

2. 5 

1. 5 

1.5 
2. 0 

2. 8 

3. 0 

1.0 

2. 5 

0. 5 

2. 0 

1.5 

3. 5 

3. 1 

1.3 
0. 2 

2. 0 

2. 7 

1.0 
0. 8 

3. 0 

0. 7 

0. 7 

0. 7 

2. 0 

2. 0 
0. 3 

0. 8 

1 0 

2. 0 

3. 0 

3. 0 

3. 0 

3. 0 

4. 0 

4. 0 

I. 0 

1.3 

1.0 

1.0 

1.0 

1.0 

0. 7 

0.7 

0. 7 

0. 7 

0. 7 

0. 7 

0. 7 

3. 0 

1. 3 

2. 0 

1.7 

0. 7 

0. 7 

0. 7 

0. 9 

0. 9 

1.0 

Distance 

to Next 

Trinchera Type 

10 

28 

45 

27 

15 

10 

10 
48 

16 

26 

25 

19 

13 

1 1 

20 

None 

12 

None 

49 

22 
None 

16 

28 

25 

75 
50 

27 

25 

None 

45 

None 
28 

33 

35 

18 

27 

35 

None 

12 

10 

21 
37 

15 

30 

40 

None 

35 

22 

26 

20 

None 

16 

18 

CD 

CD 

CD 
CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

LB 

CD 

CD 

LB 

LB 

CD 

CD 

CD 

CD 

T 

T 

CD 

CD 

T 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

Design Plot Si*e 

(Sq. Feet) 

A 

F/R 

D 

A 

A 

A 

A 

A 

A 

800 

3. 100 

490 

400 

150 

65 

45 

400 
50 

650 
250 

350 

400 

O0 

150 

200 

225 

;oo 
600 

125 
40 

400 

500 

225 

500 

300 

1. 050 

1. 100 

500 

125 

460 

900 

1, 700 

4, 700 

2, 000 

600 

1. 200 
500 

300 

300 

400 

600 

500 

400 

250 

400 

400 

150 

200 
150 

200 
50 

50 



74 

7S 

7 6 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

95 

96 

97 

98 

99 

100 

101 
102 
103 

104 

105 

106 

106s 

107 

108 

109 

110 
112 
113 

114 

1 14p 

1141 

115 

1 16 

117 

118 

119 

120 
121 
122 
123 

124 

199 

APPENDIX E (Cort. ) 

Condition Length 

P 
P 
F 
P 
F 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
F 
P 
P 
P 
P 
P 
r. 
P 
P 
p 
P 
P 
p 
p 
p 
F 
P 
P 
p 

F 
P 
P 
P 
F 
F 
P 
C 
C 
C 
C 
P 

F 
P 
P 
P 
P 

16 

36 

11 
31 

15 

10 

10 

33 

26 

38 

23 

20 

22 
12 
20 

25 

35 

25 

lb 
11 
5 

7 

9 

55 
69 

10 

36 

10 

23 

65 

47 

54 

25 

45 

16 

28 

8 

34 

11 

40 

30 

25 

28 

13 

28 

15 

27 

61 

80 

7 

45 

30 

10 

Height Width 
_ (Feet) 

3.0 

3.0 

0. 5 1.0 

15 

3. 0 

4.0 

4. 0 

2 0 1.0 

3.0 

2.2 

2.0 
1.2 
4.0 

4. 0 

3.0 1.0 

4 0 3.0 

4. 0 

3. 0 

4. 0 

5.0 3.0 

4.0 2.0 

4.0 2.0 

2.4 1.2 

3.0 3.5 

4. 0 

4.0 

2.4 

3. 5 

5.0 1.8 

4.0 2.5 

4. 0 

1.2 
3. 0 

4.0 2.0 

3. 0 

4.0 

2.5 

3. 0 

3.0 

2 4 

1.0 

1.0 

1.0 

1.5 
2. 0 
1.0 

2. 5 

1.6 
4.0 2.0 

2. 0 

Di stance 
to Next 
Trinchera Type 

30 

27 

58 

25 

32 

65 

17 

None 

20 

16 

20 

16 

27 

12 
20 

None 

29 

35 

27 

37 

40 

27 

20 

None 

42 

25 

30 

30 

20 

27 

25 

30 

None 

None 

24 

24 

40 

61 

40 

20 

75 

None 

48 

20 

23 

20 

27 

85 

70 

48 

None 

80 

70 

CD 
CD 
CD 
CD 

CD 

CD 
CD 
CD 

CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

LB 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

Desi gn 

A 

D 
F/R 

FR 
F/R 
D 
D 

A 
A 
A 
A 
R 

F/R 
D 

Plot Sire 
(Sq. Feet) 

825 

1. 100 

1, 500 

550 

350 

150 

150 

250 

30G 

580 

650 

400 

550 

210 
300 

175 

450 

550 

200 

175 

10 

250 

200 

13. 200 

4. 400 

100 

900 

650 

400 

900 

1. 500 

I. 100 

900 

750 

500 

30 

500 

150 

800 

600 

300 

1, 680 

430 

550 

400 

1. 500 

5. 700 

3. 800 

600 

3, 300 

4. 100 

I. 550 
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I)i stance 

to Next 

Trinchera Condition Length Height Width Trinchera Type Design Plot Sire 

_(Feet)_(Sq. Feet) 

126 

127 

128 

129 

130 

131 

132 

133 

134 
135 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

149a 
150 

ISOa 

151 

152 
153 

154 

155 

156 

157 

158 

159 

159a 

159b 

160 

161 

162 
163 

164 
164a 

165 

166 

167 

168 

168a 

169 
170 

171 

172 

P 

P 

F 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

F 

P 

P 

P 

P 

P 

P 

P 

P 

P 

F 

P 

P 

P 

C 

P 

P 

P 

P 

P 

P 

C 

C 

C 

C 

P 

F 
P 

C 
C 

P 

F 

P 

P 

F 

C 

F 

P 

P 

21 

16 

24 

21 

15 

45 

68 

31 

45 

55 

19 

25 

20 

22 

32 

23 

35 

15 

26 

25 

37 

51 

20 
20 

17 

20 

10 

15 

19 

20 

31 

7 

38 

27 

37 

40 

92 

26 

20 

27 

42 
40 

22 

45 

20 

17 

25 

108 

25 

36 

30 

20 

I 0 

I . 5 

2. 5 

2. 0 

3. 0 

3.0 

3. 0 

1. 5 

2. 7 

1.6 
1.8 

2. 0 

1.5 

2. 0 
2. 0 

3. 0 

3. 0 

3. 0 

3. 2 

3. 0 

3. 5 

3. 0 

2. 2 
3.0 

4. 5 

4. 0 

1.5 
0. 2 

2. 5 

12 

1.5 
1.0 

4.8 

2. 5 

1.0 

2. 0 

4. 0 

1. 5 

1.0 
2.0 

1.0 

0. 5 

1.5 
1.0 

1.5 

1.5 

0. 7 

1.8 

1 5 
1.8 

2. 0 

1.5 

2. 5 

1.7 

1.5 

1.2 

1.2 

2. 2 

1.9 

2.0 

2.0 

0. 5 

1.5 

2. I 

1.5 

2.0 

2.0 

2.0 

2.0 

37 

30 

30 

21 

37 

38 

25 

None 

54 

85 

21 

25 

27 

10 

12 

30 

20 

30 

20 

42 

30 

25 

15 
40 

31 

30 

42 

26 

None 

None 

None 

None 

25 

23 

25 
None 

35 

62 

17 

None 

75 
None 
None 

63 

None 

40 

60 

50 

50 

None 

14 

21 

CD -- 600 

CD -- 550 

CD -- 650 

CD -- 400 

CD F/R 100 

CD -- 1.900 

CD F/R 2,500 

CD F/R 600 

CD D 2, 100 

CD D 1,900 

CD F/R 850 

CD D 450 

CD F/R 200 

CD -- 250 

CD F/R 900 

CD -- 500 

CD D 500 

CD -- 75 

CD -- 500 

CD D 400 

CD D 1,000 

CD -- 1,700 

CD F/R 300 

CD F/R 300 

CD D 500 

CD D 200 

CD -- 250 

CD A 125 

CD -- 1,300 

CD -- 200 

CD A 350 

CD -- 350 

CD F/R 600 

CD -- 500 

CD R 1,000 

CD R 3, 000 

CD F/R 2. 300 

CD -- 400 

CD -- 500 

CD A *00 
CD -- 2.500 

CD -- 1.700 
CD A 1.200 

CD R 1.900 

CD R 750 

CD -- 200 

CD F/R 1.700 

LB R 5, 800 

CD D 1.600 

CD F/R 400 

CD F/R 40C 

CD F/R 450 



175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 
19 1 ¡ 

193 

194 

195 

196 

197 

198 

199 

200 

202 

202) 

2021 
202. 
202. 

203 

204 

205 

206 

207 

208 

208( 

209 

210 
211 

212 
213 

213i 
214 

214 

216 

217 

220 
221 
222 

T
 

T
 

¿01 

A PP KN nix E (Cont ) 

Di stance 

to Next 

Condition Length Height Width Trinchera Type Design Plot Size 

(Feet)_(Sq. Feet) 

F 

F 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

F 

P 

P 

C 

P 

F 

F 

P 

P 

P 

F 

H 

P 

P 

F 

F 

F 

F 

F 

P 

P 

F 

P 

P 

P 

F 

P 

C 

P 

P 

P 

P 

C 

c; 
c 
y 

p 

c 
p 

25 

33 

37 

1 1 

20 

23 

19 

3 

23 

31 

35 

37 

25 

40 

11 

7 

35 

37 

16 

10 

39 

34 

15 

20 

4 

13 

22 
20 

6 

15 

25 

20 

5 

17 

6 
26 

15 

6 
6 

1.0 

2.0 

3. 7 

3. 0 

1.4 

2. 4 

1. 3 

1.2 

2. 0 

1.3 
1.9 

2. 0 

2.6 
3.0 

1.0 

3. 1 

2. 0 

1. 5 

3. 0 

3. 0 

2. 0 

6. 0 

5.4 

5. 7 

1.0 

1.5 

2. 5 

2. 0 

2.0 

1.0 

3.0 

2. 5 

3. 0 

2. 4 

3. 2 

3. 0 

3. 0 

2. 5 

2. 4 

2 4 

23 0. 5 

90 1.0 

15 2. 0 

59 2.0 

45 2. 0 

25 1.9 

150 1.2 

77 2. 5 

45 1. ' 

111 10 

30 2.0 

40 1.0 

87 1.3 

1.0 

1.5 

1.9 

1 0 

3.0 

3.0 

3.0 

1.5 

1.0 

I . 5 

I 5 

1. 5 

24 

35 

25 

None 

None 

33 

25 

23 

19 

18 

35 

26 

21 
30 

16 

48 

100 

None 

17 

20 

22 
16 

9 

46 

22 
None 

100 

20 

25 

25 

21 
30 

30 

17 

30 

15 

27 

27 

None 

32 

35 

32 

15 

7 

180 

None 

50 

45 

None 

CD -- 700 

CD -- 600 

CD -- 400 

CD -- 100 

CD F/R 600 

CD -- 800 

CD F/R 600 

CD -- 500 

CD F/R 325 

CD -- 600 

CD A 900 

CD A 700 

CD F/R 225 

CD -- 700 

CD -- 125 

CD -- 15 

CD R 700 

CD A 900 

CD -- 525 

CD -- 25 

CD -- 650 

CD F/R 400 

CD F/R 175 

CD F/R 280 

CD -- 20 

CD F/R 75 

CD F/R 300 

CD D 300 

CD -- 30 

CD 

CD D 100 

CD D 20 J 

CD -- 150 

CD -- 25 

CD -- 150 

CD -- 30 

CD -- 200 

CD F^R 100 

CD F/R 30 

CD -- 30 

LI3 A 800 

LF3 D 1.700 

LI3 D 400 

L.I3 D 500 

CD -- I. 300 

1.13 -- 200 

1.13 R 7,600 

LI3 R 2. 050 

LB R 

50 

25 

2.0 None 

1.5 32 

LB 

CD R 

CD 

LB D 

3, 000 

700 

1. 800 

2. 900 
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Trine her* 

¿2Í 

¿¿4 
¿¿S 

2 ¿6 
227 

228 

221 

230 

231 

232 

233 

234 
235 

236 

237 

238 

239 

240 

241 

242 

24 3 

244 
245 

246 
247 

248 
249 

250 

251 

252 
253 

254 

256 

257 

258 

259 

260 

261 

262 

!63 

264 
265 

266 
267 

268 
269 

270 

270* 

271 

272 

273 

274 
275 

Condition Length Height 

C 

C 

P 

P 

P 

P 

c 
c 
c 
c 
p 

p 

F 

P 

P 

P 

F 

P 

P 

P 

C 

C 

C 

C 

P 

c 
p 

c 
p 

p 

c 
p 

p 

p 

p 

c 
p 

p 

p 
p 

p 

p 

p 

p 

p 

F 

F 

F 
P 

P 

P 

P 

P 

222 

45 

30 

32 

20 

31 

50 

87 
51 

41 

85 

370 

111 
124 

238 

88 

100 

175 

67 

22 
'•8 

131 

194 
1 17 

53 

140 

125 

90 

34 

:o 
52 
43 

43 

50 

25 

52 

73 
70 

60 

52 
47 

40 

20 
17 

18 

35 

17 

20 

35 
8 

34 
17 

20 

1. 5 
1.0 

1.4 

1. 3 

1.2 
0. 5 

1.0 

1. 5 
0. 6 

3. 5 

2. 0 

1. 1 
1.0 

1. 1 

1. 1 
0. 5 

o. 6 

I. 5 
0. 8 

0. 3 

1. 1 
0. 5 

1. 1 

1. 2 

1.0 

1.6 

1.4 
1. 7 

2. 0 
0. 9 
2.0 

2. 0 

2. 0 
3. 0 

1.0 

2. 0 

1.0 
0. 9 

2. 0 

2. 5 

2. 0 

2. 0 

1.2 
2 5 

2. 0 

1 0 

1. 0 

2. 0 

2. 0 
1.6 

2. 0 
2.0 

2. 0 

Width 

(Feet) 

2. 0 
1.8 

0. 7 

0. 5 

0. 5 

1.5 

2. 0 

2 0 

2. 5 

0. 5 
2. 0 

1.5 
0. 7 

0. 5 

1.4 
1.2 

1.2 

2. 5 
1.0 

1.4 

1.0 

3. 0 

1 2 

1. 5 

1.5 

1.5 

1.5 

I. 5 

1.5 

Di stance 

to Next 

Trinchera Type 

216 

26 

50 

45 

51 

175 

50 

110 
87 

95 

None 

63 

112 

None 

47 

43 

None 
None 

114 

30 

None 

45 
90 

23 

86 

36 

95 
87 

17 

15 
38 

33 
38 

33 

20 

80 

50 
45 

10 

27 

41 
38 

41 
70 

None 

87 
15 

None 

82 
None 

23 

22 

21 

LB 

LB 

CD 

CD 

CD 

T 

T 

T 

CD 

CD 

CD 

LB 

LP 

LB 

LB 

LB 

LB 

LB 
LB 

LB 

LB 

LB 

LB 

LB 

LB 

LB 

T 
CD 

CD 

CD 
CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 
CD 

CD 

CD 

Design 

D 

D 

A 

A 

R 

f/r 

f/r 

R 

D 

D) 

A) 

F/R 

F^ R 
A 

A 

F/R 
F/R 

f/r 

f/k 

f^r 
A 

D 

A 

A 

F/R 

F/R 

A 

F R 

f/r 

f/r 

f/r 

D 

f/r 
D 

F/R 

f/r 
13 

FR 

F/R 

f/r 

Plot Size 
(Sq, Feet) 

24. 300 

1, 200 

1. 400 

1. 400 

1. 500 

9. 800 

3, 100 

9. 600 

4. 200 
6, 400 

1. 700 

21. 700 

13. 900 

10.400 

15. 600 

5. 000 
19. 800 

9. 100 

1. 000 

11, 600 

15.600 

6, 300 

5. 900 

5. 800 

5. 200 
8, 000 

5. 700 
350 

450 

1. 400 
1. 300 

700 

950 

225 

4. 600 
3. 500 

2. 400 

500 
850 

850 

1. 400 

500 
125 

0 

5. 200 

150 

200 

500 

30 

400 

250 

200 

¡ 
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Trinchera Condition 

276 p 
277 p 

278 p 

278a P 
279 p 

280 F 
281 p 

282 p 

283 C 

284 P 
287 p 

288 p 

289 p 

290 p 

291 p 

292 F 

293 P 

294 P 

295 p 

296 p 

AREA B 

400 C 
401 p 

402 C 

403 C 

404 C 

405 C 

406 C 
407 C 

408 C 

408a P 

409 F 

410 p 

411 F 
412 P 

413 F 

414 P 
415 p 

416 p 

417 p 

418 p 

419 p 

420 p 

421 p 

422 P 
423* p 

424 P 

425 P 
426* P 

Length Height Width 

_(Feet) 

26 3.0 

20 2.0 

28 5.0 

15 1.2 

48 2.8 

2.0 
13 2.0 

10 3.0 

16 4.0 

10 2.4 

40 1.5 
76 3.0 

38 1.6 

57 2.9 

55 2. 5 

25 2.4 
67 1. 3 

30 2.0 

48 2.0 

43 1.7 

1.5 

1.5 

2. 2 

1.5 

29 

242 

67 

88 

120 
100 

38 

55 

115 
27 

30 

38 

12 
10 

11 

20 

21 

21 

39 

34 
’8 

38 

74 

51 

17 

72 

52 

26 

8. 7 

2. 0 

2.0 

2. 0 

2.0 

2. 0 

2. 5 

2. 8 
2.2 

1.5 
3. 5 

4. 0 
8. 0 

9. 0 

3. 0 

4.6 

2. 7 
5. 0 

9. 3 

5. 5 

2 5 

2. 0 

5. 0 

2. 9 

4 4 

7. 0 

2. 0 

2. 7 

0. 8 

5.0 

1.0 

1.5 

3. 1 

2.6 

2 1 
3. 8 

2. 0 

3. 0 

2.6 
2. 9 

Di stance 

to Next 

Trinchera Type 

32 
None 

22 
27 

20 

Nene 
22 

25 
20 

None 
15 
37 

17 

12 

24 

12 

35 
30 

25 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

T 

T 
CD 

CD 

Design Plot Size 

_(Sq. Feet) 

F/R 300 

F/R 200 

450 

200 
600 

f/r 

A 

D 

F/R 

FR 

D 

A 

D 

) 

F/R 

100 

50 
100 

40 

750 

1. 600 

300 
500 

550 

200 

2. 400 

900 

500 

300 

105 

45 
37 

50 

54 
58 

35 

97 

28 

None 

105 

90 

135 
8 

80 

65 

62 

90 

60 

68 

60 

60 

95 

22 
51 

60 

30 
25 

CD D 1.450 

T F/'R 11.500 

T D 5.500 

T R 6.200 

T R 5. 000 

T R 3, 700 

T R 1.000 

T F/R 550 

T D 6,800 
LB -. <>50 

CD -- 3.500 

CD D 3.500 
CD -- zoo 

CD D 600 

CD D 200 

CD D 2,050 

CD D 1,400 

CD D 2.300 

CD D 3,400 

CD F/R 3.200 

CD D 1.700 

CD -- 2.050 

CD D 9.600 

CD D 3.900 
CD 

CD D 5.200 

CD D 2.900 
CD A 

* Buried trinchera 
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Trinchera Condition 

427 P 
428 P 
429 P 
430 P 
431 P 
432 P 
433 P 
434 P 
435 C 
436 P 
437 P 
438 P 
439 P 
440 P 
440a P 
441 P 
442 P 
443 P 
444 P 
444a* P 
445 P 
446 F 
447 P 
450 P 
451 P 
451a P 
452 P 
453 P 
454 P 
455 P 
456 P 
457 P 
458 P 
459 C 
460 P 
460a* F 
461 P 
462 P 
463 P 
464 P 
465 P 
466 P 
467 P 
468 P 
459 P 
470 P 
471 P 
472 P 
473 P 
474 P 
475 C 

Length Height Width 
_ (Feet) 

50 
60 
55 
38 
55 
65 

100 

45 
50 
22 
50 
52 
66 
41 
15 
74 
40 
76 
92 

102 
36 
73 
31 
47 
35 
50 
51 
38 
43 
88 

25 
18 
24 
41 

8 

30 
22 
45 
11 
25 
17 
24 
19 
27 
25 
31 
27 
42 
47 
36 

4.0 
2.6 
1. 7 
4. 0 
4. 5 
7. 0 
4. 5 
4.8 
5.6 
2.0 

3. 0 
3.0 
3. 0 
2. 9 
3.4 
6.6 
5. 0 
5. 0 
3.6 
2.0 

4. 2 
2. 0 
2. 5 
6.0 
3.0 
0. 7 
2.5 
3. 0 
2. 5 
3. 0 
3.0 
3. 2 
2. 5 
3.0 
2. 0 
2.0 

2. 7 
2. 7 
3.0 
2. 3 
1.5 
2.0 
2. 0 
2.0 
3. 0 
2. 5 
2.9 
1.8 

2. 6 
1.3 
2. 9 

2. 1 
2.0 

2.0 

1.4 
2. 1 
2.6 
3. 3 
1.6 

3.8 

0. 7 
1.0 

1.0 

1.5 

2.0 

1.6 

1.0 

1.0 

1.6 

Distance 
to Next 
Trinchera Type Design 

19 
30 
25 
22 
24 
58 

None 
70 

105 
27 
2' 

53 
45 

None 
12 

128 
40 
57 
15 
36 
28 
28 

None 
85 
35 
32 
30 
49 
55 
87 
85 
45 
65 

100 

20 

40 
35 
40 
22 
18 

20 

33 
59 

None 
11 

None 
40 
36 
15 
20 

80 

CD F/R 
CD 
CD D 
CD F/R 
CD F/R 
CD F/R 
CD F/R 
CD D 
CD D 
CD D 
CD F/R 
CD D 
CD D 

T D 
CD D 
CD D 
CD D 
CD 
CD D 
CD 
CD 
CD 
CD 
CD 
CD 
CD A 
CD F/R 
CD F/R 
CD F/R 
CD F/R 
CD D 
CD 
CD D 
CD F/R 
CD 
CD D 
CD F/R 
CD F/R 
CD 
CD F/R 
CD 
CD 
CD 
CD 
CD 
CD 
CD D 
CD 
CD D 
CD D 
CD D 

Plot Sire 
(Sq, Feet) 

950 
1. 300 
1. 300 

900 
950 

3. 700 
2, 200 

3. 400 
1, 600 

700 
1. 400 
2. 200 

2. 100 
700 
300 

2. 900 
2, 200 

3. 200 
4. 100 

2, 500 
1. 300 
1, 000 
1, 700 
1, 500 
1, 200 
1. 800 
2. 600 
2. 600 
1, 900 

11, 800 
1. 150 
1, 200 

250 
1. 250 

950 
550 
550 
100 

250 
250 
250 
300 
250 
350 
400 
350 
400 
750 

4. 000 

* Buried trinchera 
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Trinchera 

476 
477 
478 
478a 
478b 
478c 
479 
480 
481 
482 
483 
484 
485 
486 

AREA C 

500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 

AREA D 

300 
301 
302 
303 
304 
305 
305a 
306 
306a 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 

Condition Length Height 

C 17 2. 1 
P 30 3.0 
F 10 2.0 
F 15 2.0 
F 15 2.0 
F 10 4.0 
F 24 1.8 
F 18 1.0 
P 27 
P 47 3.0 
P 34 2.5 
P 70 2. 5 
P 17 1.0 
F 50 2.5 

Distance 
to Next 

Width Trinchera 
(Feet)_ 

1.0 50 
55 
¿0 

12 

35 
60 
57 
30 

-- None 
50 

2.0 16 
2.0 None 

28 
50 

Type Design Plot Size 
_(Sq. Feet) 

CD -- 900 
CD -- 800 
CD -- ISO 
CD -- 100 
CD -- 150 
CD D 100 
CD -- 360 
CD -- 300 
CD F/R 350 
CD -- 1.900 

T F/R 800 
T F/R 1.600 

CD -- 450 
CD F/R 2, 700 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

68 3.0 
78 3.0 
80 3.0 
87 3.0 

135 3.0 
87 4. 0 
60 3.0 
36 3.0 
48 3.0 
33 3. 0 
33 3.0 
28 3.0 
26 3.0 
19 3.0 

22 
36 
21 
38 
12 
30 
21 
15 
20 

15 
16 
14 
12 

None 

T D 
T D 
T D 
T D 
T D 
T D 

CD D 
CD D 
CD D 
CD D 
CD D 
CD D 
CD D 
CD D 

1. 400 
3, 100 
1, 700 
2. 500 
2. 400 
2. 000 

1. 300 
400 
700 
350 
350 
300 
250 
200 

F 
P 
P 
P 
P 
P 
F 
P 
F 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

10 2.3 3.0 
24 7.0 6.0 
27 4.1 3.5 
18 3.5 
36 5.7 5.0 
36 4.0 10.0 
10 2.6 3.0 
40 6.0 8.0 
10 2.4 3.0 
48 5.5 
42 5.0 3.0 
50 5.5 
40 2.5 
38 5.0 
25 5.0 2.5 
20 7.5 
35 9.0 
40 5.5 
56 5.0 

160 
112 
98 

115 
205 

60 
60 

None 
None 

24 
II 
15 
9 

20 

None 
50 
45 
23 
23 

R 
R 
1 
R 
R 
R 
R 
R 
R 

CD 
CD 
CD 
CD 
CD 
CD 

CD 
CD 
CD 
CD 

A 
A 

A 

F/R 

F/R 
F/R 
FR 
FR 
F/R 

* a- 
0 *» 
o 
o 
ÍM 

IT 

I 
600 
300 
400 
200 

400 
250 
200 

350 
800 
800 
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Trincheras Condition 

317 C 
318 C 
319 C 
320 C 
321 C 
322 C 
323 C 
324 C 
325 C 
326 C 
327 C 
328 C 
329 C 
330 C 
331 p 
332 C 
333 C 
334 C 
335 C 
336 C 
337 c 
338 C 
339 C 
340 p 
341 C 
342 C 
343 C 

AREA E 

550 C 
551 p 
552 C 
553 C 
554 C 
555 C 
556 C 
553 p 
559 p 
560 p 
561 C 

Length 

V’ 

43 
54 
17 
47 
59 
27 
37 
33 
31 
34 
25 
21 
26 
95 
24 
33 
24 
31 
48 
60 
40 
22 
18 
25 
30 
37 

Height 

7. 0 
5. 0 
7. 2 
3. 5 
6. 2 
6.4 
3. 9 
3. 0 
2. 0 

3. 0 
5. 8 
3. 0 
4. 3 
6. 0 

1.0 
3. 0 
4. 0 
2. 5 
3. 0 
4. 0 
4 3 
2. 5 
4. 1 
4. 0 
4. 3 
7. 0 
2. 5 

Width 
(Feet) 

2. 5 
2.5 
3.0 

2. 0 
3. 5 
4.0 
2. 5 

2. 0 
2. 0 

2.5 

1.5 

3.0 
2.0 

Di stance 
to Next 
T rincheras 

25 
40 
26 
33 
31 
30 
15 
13 

5 
22 
26 
30 
25 
13 

None 
18 
20 

15 
39 
11 
17 
13 
15 
10 

21 
12 

Type Design 

CD F/R 
CD 
CD 
CD D 
CD F/R 
CD D 
CD F/R 
CD F/R) 
CD F/R) 
CD 
CD F/R 
CD D 
CD D 
CD 
LB A 
CD F/R 
CD 
CD F/R 
CD D 
CD 
CD 
CD F/R 
CD F/R 
CD 
CD 
CD F/R 
CD F/R 

Plot Size 
(Sq. Feet) 

600 
650 
600 
200 

600 
700 
200 

550* 

500 
600 
400 
500 
200 

1. 9r0 
600 
500 
350 

1, 300 
600 
650 
250 
200 

200 

450 
300 
500 

555 
43 

112 
130 
50 
67 
38 
13 
16 
15 

280 

3. 0 

1. 5 
1.0 

1.0 

1.0 

1.0 

1. 0 

3. 5 

4. 0 
3. 0 

2. 5 

2. 5 

2.0 

140*+ LB 
87 CD 
45 T 
36 T 
23 T 
28 T 

None CD 
26 CD 
30 CD 
25 CD 

None LB 

D 102,500 
F/R 700 
R 4,400 
R 3, 700 
R 1,600 
R 1,700 
R 600 
D 150 
D 200 

150 
F/R 36,200 

* In one with 324. 
** 140 ft. on E, 75 ft. on W 



PHOTOGRAPHS 
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Photograph 1. Check Dam Trincheras Near Rio Piedras Verdes. 

Area D, 335-9. 

Photograph 2 Check Dam Trincheras Near Rio Cavilan, Outside 
Study Area. 
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Photograph 4. Representative Slope Land, Area A. 
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Photograph 5. Representative Mesa Land, Area A. 
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Photograph 6. Aerial View of Base Camp. The Weather Shelter can be 

Seen in the Fenced Enclosure at Lower Left. Unsurveyed 

Trincheras Are on the Slope Above. 
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Photograph 8. Trinchera 18. Check Dam, Max. Height 12. 3 Feet. 



Photograph 9. Aerial View of Trincheras 212. 214, 214a. 217, 223. 
Linear Borders. 

etc. 
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Photograph 10. Terrace Frinchera 505. West End. Max. Height 1 Feet. 

Photograph 11. Riverside Trincheras 305 and 306. 
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Photograph 12. Aerial View of Riverside Trincheras on the Rio Piedras 
Verdes. 
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Photograph 13. Aerial Vie"/ of Sample Area D. Showing Riverside Trincheras 

in Foreground, Check Dams at Center, and Linear Border at 
Right Center. 
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Photograph 14. Abutment of Check Dam 434 with Bedrock Outcrop. 
Height 4 Feet. 

Photograph 15. Contact of Base of Trinchera Wall 319 with Bedrock. A 

Small Pool of Water has Collected Here. 
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Photogr¿iph lo. Aspect of Trinchera Plot and Trench at 18a. Layers 1-4 

are Outlined. 

Photograph 17. Aspect of Trinchera Plot and Trench at 29. Trowel Rests 

on Buried Trinchera 29a. 



Photograph 18. Profile of Trinchera Fill. 18a. 9 Feet Bel. Trinchera 

Photograph 19. Profile of Trinchera Fill. ¿9, 15 Feet B< * Trincher. 

A 
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Trinchera Fill, 18a, 9 Feet Behind Trinchera Wall. 

‘ Trinchera Fill, 29, 15 Feet Behind Trinchera Wall. 



Photograph ¿0. Buried Trinchera 29a. Layers 1. 2, and 3 are Outlined. 
Trowel Rests on Bedrock. 

Photograph 21. Trench at 4 14. Tape Rests on Bedrock. 
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Photograph 22. View from Trinchera Plot 214, Over 214a, and Toward 

the South. 

Photograph 23. Linear Border 550 Eastern End. 
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