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PREFACE

This is one of a series of reports prepared as part of the San Juan
Basin Regional Uranium Study, which is under the leadership of the Bureau of
Indian Affairs (BIA). The reports were used as source of material in the
preparation of the Regional Study, which is available for public examination
at BIA offices in Albuquerque, New Mexico, and Washington, D.C.

The reports listed below are a part of the series that was prepared
by the U.S. Geological Survey. These reports have been open filed by the
Survey and can be examined by the public at the Survey offices in Denver,
Colorado; Albuquerque, New Mexico; and Reston, Virginia.
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Metric Units

English units used in this report may be converted to metric units

by the following conversion factors:

English Multiply by Metric

foot 0.3048 meter

mile 1.609 kilometer
gallons per minute (gal/min) 3.78543 liters per minute



DEPTHS OF CHANNELS IN THE AREA OF THE SAN JUAN BASIN REGIONAL URANIUM STUDY
NEW MEXICO, COLORADO, ARIZONA, AND UTAH
By

Maurice E. Cooley

Abstract

During December 1977 and January 1978 about 280 measurements were made
of the depths of channels (arroyos) more than 6 feet deep in the San Juan
Basin area. More than half of the measurements were made at sites where
channel depths had been previously measured between 1964 and 1969. Some
channels in the western part of the basin had been re-measured in 1969
and in 1971.

The principal areas being dissected by arroyos are near highlands along
the margins of the basin and in uplands in the northeastern part of the basin.
The most severe dissection by arroyos and the deepest arroyos=--commonly
between 40 and 60 feet deep~-are in the southeastern part of the basin.
Dissection by arroyos is least in the central part of the basin near the
Chaco River where most arroyos are less than 10 feet deep. Elsewhere,
moderate dissection predominates with most arroyos between 12 and 40 feet
deep.

Comparison of measurements made from 1964-71 with those made in
1977-78 shows that more channels in the western San Juan Basin were filling
than were downcutting. Downcutting or filling was generally less than
2 feet. About two-fifths of the sites measured showed less than half a

foot of downcutting or filling. Maximum downcutting was 4 feet along the



Rio San Jose in the southeastern part of the basin. Maximum filling
of 7 feet was along the Chaco River at the Chaco Canyon National
Monument. Along 11 other streams elsewhere in the western part of
the basin, channels were filled 3 to 4.5 feet.

The few measurements made in the southeastern San Juan Basin
indicate that since 1964 downcutting has predominated over
filling.

Large floods during the summer of 1977 caused some change in channel
depths in the southwestern part of the San Juan Basin., Some of the
channels appeared to have been filled during the years prior to the
cutting that occurred from the 1977 floods. At other places, flood
flows aggraded (filled) channels.

The rate of erosion and arroyo formation in the entire San Juan
Basin is effected by man. The southeastern part of the basin—-having
been occupied by man for several centuries--shows the greatest effects
of man on the rate of arroyo formation. Recent urban developments,
particularly near Gallup, also appear to have affected the rate of
erosion and arroyo formation. In contrast, arroyos appear to be
aggrading below many earth-fill dams.

In general, the effects of the petroleum, coal, and uranium
exploration and development on arroyo formation have been minimal be-
cause the main trenching of the arroyos predates oil and mining operations.
Some modification—--degradation or aggradation——of the arroyos and local
trenching of new arroyos have taken place in the area of some of the mines,
Most of the observed effects from the mining operations on erosion and
aggradation relate to the discharge of mine and mill water into the nearby

streams.



Introduction

In December 1977 and January 1978 about 280 measurements were made
of the depths of channels (arroyos) more than 6 feet deep in the area of
the San Juan Basin uranium study, mainly between the south—flowing Rio Puerco1
in New Mexico near Albuquerque, Black Creek, a tributary of the west-flowing
Puerco River in Arizona, and McElmo Creek in Colorado and Utah (fig. 1).
More than half of these measurements were made at sites where channel depths had
been previously measured between 1964 and 1969. Some of the sites in the western
part of the basin were also re-measured in 1969 and in 1971. All the measurements
are shown in Plate 1 or Table 1.

The depth measurements provide baseline data useful in assessing the
effects of mineral exploration, mining, and milling and other activities
relating to the man's occupation of the land on the stream—channel and
bottom—land environments. Most of the measurement sites are in the areas
of current or projected uranium mining. Depth measurements were

not made in the northeastern part of the basin, where little future uranium

development is anticipated.

1Two rivers that drain parts of the San Juan Basin have the name Puerco—-—
the Rio Puerco in the southeastern part of the basin and the Puerco River

in the southwestern part.
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Figure 1.—~Location of the San Juan Basin and adjoining area, New Mexico, Colorado, Arizona, and Utah.



Most of the sites measured are in alluvial valleys mainly along trunk
streams such as Arroyo Chico, Blanco Wash, Sanostee Wash, Puerco River,
and Black Creek that are tributaries of the San Juan River, the Little
Colorado River, or the Rio Grande. At these sites stream gradients are
low and the bottom land is relatively wide. The location of all sites were
determined in the field using 1o X 2o topographic maps (scale 1:250,000).
All sites, drainages, towns, and highways are shown in Plate 1.

Most of the streams where depth of channel measurements were made
flow only after periods of significant rainfall or snowmelt. Only the Rio
San Jose, Rio Salado, and parts of the Rio Puerco, Mancos River, and McElmo
Creek are perennial streams. All these streams are subject to flash flooding

from major thunderstorms, which are common during the summer (figs. 2 and

3.















Description of the channels

The profiles of the channels (arroyos) are "U" shaped. The banks
or walls are nearly vertical, many being more than 20 feet high. Generally
only one high terrace adjoins the arroyo; locally two or more high
terraces are present. These terraces have been cut from alluvial materials
that at one time filled the channel. At present they are seldom if ever
flooded. Only the low inset terraces composed of younger alluvial fill
in the confines of the arroyos are commonly flooded. The low~flow channel
may occupy part or all of the floor of the arroyo depending on the develop-
ment of the inset terraces. Figure 5 shows typical profiles of arroyos
in the San Juan Basin.

The arroyos are excavated into unconsolidated alluvial fill that
forms the bottom lands of the basin. Locally, streams have cut through
the fill and are trenching the underlying sedimentary rocks. At places,
buried sandstone ledges have been exhumed and form waterfalls or rapids.
A few of the waterfalls are 20 to 30 feet high (fig. 4). In some places
as much as 50 feet of alluvium underlies the streambeds. The alluvium
exposed in the arroyo walls consists mainly of lenticular layers of
mixed sand and clay. Locally, the alluvium includes beds that contain
considerable amounts of organic material, immature soils, or wind-deposited
sand. Gravel is a relatively minor constituent, except in alluvium
deposited along drainages in highlands and on slopes flanking mesas and
escarpments.

Maps showing distribution of alluvial deposits are available for
northwestern New Mexico (Hunt, 1978) and for the part of San Juan Basin

in the Navajo Indian Reservation (Cooley and others, 1969, pl. 3).
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One high terrace cut from Naha or Tsegi One high terrace cut from Ngha or Tsegi
Formations. Typical of indian Creek Formations. Typical of Rio Puerco
and Rio San Jose

Qi and Naha
Formation
Qb undifferentiated
Two high terraces cut from Naha or Tsegi Formations. Two high terraces cut from Tsegi Formation.
Typical of Shiprock Wash at State Highway 504. Typical of Sanestee Creek at U.S. Highway 666
EXPLANATION
Qb — Modern channel and bedload deposits
Qi — Alluvium (forming inset terraces) deposited in the arroyo after the main
trenching event
Qa — Alluvium asseciated with the present period of arroyo trenching and deposited

before the main trenching event
Qn — Naha Formation
Qt — Tsegi Formation

—————— Height of major flood such as those that occurred along similar drainages
in northeastern Arizona in 1970 (Roeske and others, 1978).

Figure 5.—Typical cross sections of arroyos in the San Juan Basin.
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Synopsis of arroyvo trenching and alluvial deposition

Arroyos were noted in 1840 along the Rio Puerco and perhaps other
streams to the east of Mesa Chivato, where arroyo dissection has been
especially severe (Bryan, 1925). During the late 19th century, most ephemeral
streams and some of the small perennial streams began to rapidly deepen
their channels. The channels of the large perennial streams—-including
the San Juan, Animas, and Jemez Rivers and Rio Grande--were little affected
by the formation of the arroyos on their tributaries. In the Navajo
Indian Reservation, widespread accelerated cutting did not begin until
the 1880°s (Gregory, 1917, p. 130-131). Only a few valleys, mainly in
the south-central part of San Juan Basin and in small areas southwest
of Shiprock and near Grants, have not been affected by arroyo formation.

The first event of the arroyo forming episode was deposition,
principally sand and gravel, over the pre-arroyo valley floor (Cooley,
1962, p. B50; R. B. Morrison, oral commun., 1972). At most localities
these deposits are the coarsest sediments present except for the modern
bedload material. Generally, the deposits are less than 1 foot thick,
but at many places they are 5 to 6 feet thick. In western Redrock
Valley and along a few drainages near the Rio Puerco the deposits include
channel fills 14 feet thick.

Deposition of the coarse sediment was followed by a period of
major trenching that occurred principally before 1890 (Byranm, 1925; Gregory,
1917, p. 130-131; Gregory and Moore, 1931, p. 43) when many arroyos were
cut to their approximate present depths. Since 1890, the arroyos have

widened--some by several hundreds of feet--although many are still less than

12



100 feet wide. Some sediment has been deposited in the arroyos since the
main trenching event. This sediment (excluding the bedload material)
mainly forms low inset terraces (figs. 4 and 5), which generally are 2 to
12 feet high. In places, root crowns of cottonwood trees and other
riparian vegetation are buried in the inset terraces.

Along many drainages the arroyos have trenched alluvium that consist
of two distinct deposits, that are believed by the author to be correlative
with the older Tsegi Formation and the younger Naha Formation (Hack, 1942).
These alluvial formations have been recognized along drainages displaying
similar alluvial sequences in northeastern Arizona.

An easily identified erosion surface separates the sediments of the
Tsegi Formation from the overlying Naha Formation. Channels of this old
erosion surface generally are about two-thirds as deep and not as wide
as the present arroyos, although in places the old channels may extend
below the present arroyo beds. Along most drainages the Naha Formation
filled channels excavated into the Tsegi Formation and spread over much
of the adjacent bottom land. In a few drainages, however, the Naha
Formation only partly filled the channels and in these drainages the Tsegi
Formation forms a terrace (fig. 5). The top of the Naha Formation forms
the pre-arroyo surface that was entrenched during the 19th century.

In the San Juan Basin and nearby areas the Tsegl Formation is not
known to contain buried Basketmaker or Pueblo archaeological sites,
however, the Naha Formation contains artifacts ranging in age from about

A. D. 500 to 1300 (Basketmaker III through Pueblo I to III) (Deric
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0'Brian, oral commun., 1969). Most of the Naha Formation was deposited
by the end of Pueblo III time-—about A, D, 1300, although some aggradation

continued until terminated by the present arroyo-trenching episode.

Distribution and depths of arroyos

Principal areas of arroyos are near highlands along the margins of
San Juan Basin and in uplands occupying the northeastern part of the basin.
The most severe dissection and maximum depths of arroyos are in the area
near the Rio Puerco and east of Mesa Chivato (fig. 6). Here, Arroyo del
Valle has a maximum depth of 60 feet and the arroyo of the Rio Puerco
near La Ventana and south of Mesa Prieta is about 50 feet deep (fig. 7).
The smallest amount of dissection is in the central part of San Juan
Basin, the area north and east of the Chaco River where streams flow
in broad sand-floored channels bordered by terraces less than 10 feet
high. Many streams draining the gentle slopes and alluvial lowlands
south of the Chaco River have discontinuous arroyos. Some of the low-
land areas remain largely undissected.

Elsewhere in the San Juan Basin generally moderate arroyo dissection
predominates (fig. 6). This dissection is locally severe, especially
near highlands. Depths of most arroyos in the area are between 12 and
30 feet; maximum depth is about 40 feet. The area includes broad valleys

or slopes near Grants, Zuni, and Shiprock, which contain few arroyos.
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Figure 6.--Map of the San Juan Basin showing generalized areas of slight
to severe arroyo dissection.

1A Generally slight to moderate arroyo dissection mainly along the
larger streams such as Hunter and Escavada Washes in the northern part
of the lowlands occupying central San Juan Basin.
These streams have wide, shallow, sand-floored channels bordered
by low terraces generally less than 10 feet high. Broad uplands
between the streams are mantled by dune sand and sandy terraces and
pediment deposits. These uplands have a few relatively shallow
arroyos.

1B Generally slight to moderate arroyo dissection along only the main
streams draining the southern part of the lowlands in central San
Juan Basin. Nearly all of the few main arroyos present range between
10 and 20 feet deep. The broad alluvial flats and valley floors
in the area contain only discontinuous arroyos and some areas are
relatively undissected. Arroyo dissection is retarded by many
earthen dams.

2A Generally moderate, locally severe, arroyo dissection along most
streams draining the uplands and mountainous areas along the
perimeter of San Juan Basin. Depths of arroyos vary widely, but
depths along most streams are between 12 and 30 feet. Maximum
depth is about 40 feet.

2B Similar to 2A except this area contains some broad slightly dissected
valleys and the slightly dissected summit of Mesa Chivato. Arroyos

are not as widely distributed or generally as deep as the arroyos of 2A.
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Generally severe arroyo dissection along the Rio Puerco and some of
its main tributaries and near small Hispanic and Indian villages

on the eastern side of Mesa Chivato. Arroyos are as much as

51.5 feet deep along the Rio Puerco and 60 feet deep along Arroyo

del Valle. Arroyos commonly are more than 25 feet deep.

16
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The entire San Juan Basin shows the effects by man on erosion and
arroyo trenching. In general, the parts of the basin showing the
greatest effects of man’s activities correspond with areas 2 and 3
having moderate to severe arroyo dissection (fig. 6, map units 2 and 3).
Map unit 3, having the most severe arroyo trenching, has been occupied
for several centuries by people living in villages or towns (fig. 14).
Broad areas of the basin (principally map units 1A and 1B) generally have
been occupied only by widely scattered settlements. Recent urban developments
also effect erosion and arroyo formation along some drainages. For example,
continued deepening of the arroyo of the Puerco River (table 1) at Gallup

(pl. 1, site 19) is partly the result of more recent urban expansion.
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Conclusions and recommendations

Principal arroyo formation occurs along the highlands along the
margins of San Juan Basin and in the uplands of the northeastern part
of the basin. In these areas most arroyos are between 12 and 30 feet
deep. The greatest rate of surface dissection by arroyos and maximum
depths of arroyos, as much as 60 feet, are in the southeastern part of
the basin drained by the Rio Puerco. The smallest amount of dissection
by arroyos 1is in the central part of the basin near the Chaco River
where many streams have broad sand-floored channels generally less than
10 feet deep. Some of the broad alluvial flats south of the Chaco River
contain only discontinuous arroyos.

The entire San Juan Basin shows some effects of man on erosion and
trenching by arroyos. Man’s activities are more conspicuous along drainages
in narrower parts of valleys or on slopes where runoff tends to be confined
in channels, as evidenced by continued deepening of the arroyo of the Puerco
River at Gallup through 1971. The area of most severe arroyo dissection in
southeastern San Juan Basin has been occupied by man for several centuries.
The central part of the basin shows the least amount of arroyo dissection
and affects of man. Along some drainages where earth-fill dams have been
constructed arroyo floors are aggrading.

Measurements of the depths of channels between 1964-71 and 1977-78
indicate that at about two-fifths of the re-measured sites there was little
or no change in channel depths. Aggradation predominated over downcutting
in western San Juan Basin. In the eastern part of the basin the few data
avallable indicate that downcutting predominated over aggradation. The

maximum amount of downcutting noted was 4 feet. Maximum aggradation was
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7 feet at the Chaco Canyon National Monument along the Chaco River and
4-4.5 feet of filling occurred at places along four other drainages.

By far the largest volume of sediment deposited was in the wide channel
of the Chaco River downstream from the National Monument to the mouth
of Indian Creek. The measurements also show that cutting occurred in
some reaches of Sanostee Wash and South Fork of the Puerco River

while fi1lling occurred in other reaches during the same period.

Some of the changes in depths of channels are attribute to large

flood flows that occurred in the southwestern part of San Juan Basin
during the summer of 1977. These floods caused aggradation along streams
near State Highway 264 between Ya-ta-hey and Window Rock, and downcutting
in washes near U.S. 666 between Ya-ta-hey and Sanostee Wash, near Iyanbito,
in the Indian Creek drainage, and in the lower reaches of Chaco River.
The floods also caused scouring of some of sediment deposited in the
channels of Mexican Springs Wash and tributary washes of Coyote Wash
between 1966 and 1977. The amount of scouring was about equal to the
amount of sediment that had been deposited.

Most of the observed effects on changes in depth of channels from mining
operations have resulted from the discharge of mine and mill water. Water
from the Church Rock mines caused local arroyo deepening of as much as 8 feet.
The flow from the mine together with the floods of 1977 and local urban
development have caused some aggradation and widening of the arroyo of the
North Fork and main stem of the Puerco River upstream from Gallup. Since
1965, water from the Window Rock coal mine is believed to be the principal

cause of deepening of an unnamed tributary arroyo of Black Creek by 3.5 feet.
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In the Ambrosia Lake area, mine and mill water discharge sediment in
part derived from a large tailings pile has partially filled the arroyo
of Puertocito Wash.

Recommendations for future investigations of arroyos and stream
channels include studies of the channel geometry--the depth, width, and
configuration of the channels—-and of conditions of erosion and sedimentation
in the arroyos near the present mines and mills, at future mine and mill
sites, and at selected sites along other streams in the San Juan Basin.
Particular attention should be given to changes in riparian vegetation in
arroyos containing flow derived from the mining and milling operations and
its effects on the channel geometry, erosion, and sedimentation. Periodic
re-measuring of the depth-of-~channels are needed to help determine effects
from mining and milling operations, and from other activities of man in
the basin. Photographic documentation of the changes in the arroyos is
also needed. Lastly, information on the occurrence, distribution, and
amount of discharge of large floods and of mine and mill water discharge
should be compiled to provide data on flow conditions that will affect

channel geometry.
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