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EROSION AND SEDIMENTATION IN THE UPPER GILA DRAINAGE 

A CASE STUDY 

by 

R.L. Kingston and R.M. Solomon 

The upper Gila River in Arizona and New Mexico contains extremely divers~ geolo~y and_soils. _One 
geological formation that is somewhat unique to the Southw~st and t~e upper G1la_dra~nage_1s the ~1la 
Conglomerate formation. In New Mexico, this conglomerate 1s extenslVe on the maw G1la RlVer drawage, 
accounting for over 35 percent of the main basin area. 

A case study was done on the 22,580 hectare (55,793 acres) Lake Roberts \oetershed to assess the 
current sedimentation problem and its sources .. T~is study revealed interesting patterns of la~e sur
face area changes with volume changes of the or1g1nal 28.3 hectare (70 acres) man~made reservo1r over 
the last 12 years. Surface area reduction (19%) ha~ pr?gressed at_a rate_over tw1ce_that for ~o~ume . 
reduction (9%). The source of the problem stems pr1mar1ly from so1ls der1ved from h1ghly sens1t1ve G1la 
Conglomerate. 

The watershed is not uncharacteristic of the unique geology and soils typical of the upper Gila 
drainage and may furnish insight into sediment production and sources for much of the Gila headwater 
drainage in New Mexico. 

INTRODUCTION 

Sediment is a principal pollutant to both ephemeral and perennial drainages in the Southwest. This 
sediment often finds its way into lakes and reservoirs, thereby shortening their useful life. Identi
fication of sediment source areas is a first step before management action can be initiated to extend 
the useful 1 i fe of reservoirs. 

The Gila drainage within New Mexico can be considered a large source area supplying sediment that 
eventually migrates into Arizona and San Carl as Reservoir. It therefore becomes increasingly important 
to identify existing and potential sediment source areas within the drainage. Through the extrapolation 
of data from a small watershed, potential problem areas within New Mexico can be identified. 

UPPER BASIN GEOLOGY AND SOILS 

The Gi 1 a River is a major drainage of southern Arizona and southwestern New Mexico. The New 
Mexico portion comprises approximately 9,039 square kilometers (3~90 square miles) of the main basin 
and 4,921 square kilometers (1,900 sqare miles) of the San Francisco basin. These areas in New Mexico 
and Arizona are important from both a water yield and sediment production standpoint (Thorp and Brown, 
1951; Soma, 1971). 

The upper Gi 1 a River basin in Arizona and New Me xi co contains extremely diverse geo 1 ogy and so i 1 s 
(Wilson, 1962; USGS, 1965). In Arizona, the Gila River drainage lies in both the Mexican Highlands 
Section of the Basin and Range Province and parts of the Colorado Plateau Province (Wilson, 1962). In 
New f1exico the drainage lies almost entirely within the Datil Section of the Colorado Plateau Province 
(USGS, 1965). 

Geology in the upper Gila drainage in Arizona and New Mexico ranges from very old pre cambrian 
material to relatively young quaternary sediments (Cooley, 1968). One formation in particular that is 
somewhat unique to the Southwest and the upper Gila drainage is the Gila Conglomerate formation. Some
times used as a catch-all, Gila Conglomerate consists of poorly sorted sediments that range from uncon
solidated to strongly consolidated, and nonbedded to bedded (Trauger, 1972). In New Mexico, Gila Con
glomerate is fairly extensive within the Gila River draina_ge, accounting for over 35 percent of the main 
basin area and over 22 percent of the San Francisco basin (Figure 1). To a lesser extent (6.3 per-
cent of the main drainage area in New Mexico) rhyolite flows and tur"fs are occurring but they are not 
unique to the Southwest. 

Soils in the Southwest and upper Gila River drainage are as diverse and varied as the geology. In 
southeastern Arizona and southwestern New Mexico, there are over 300 soil series identified to date 
(Soil Conservation Service, 1972). These soils range from deep sandy material in alluvial bottoms, to 
extremely shallow soils on steep uneven mountain land. A large portion of these soils have hydrologic 
subgroups of C and D. This, coupled with the rainfall patterns and intensities common to the Southwest, 
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generates intense but highly intermittent runoff. Many of these soils are in active stages of erosion. 
either geologic or accelerated, and are contributing varying degrees of sediment to the Gila River and 
its tributaries. 

The Gil a River dra i na~e in New Me xi co is domina ted by the ru~ged country of the t1ogo 11 on Mountains 
and the adjacent Gila Sag (Trauger, 1972). Nearly 60 percent of the main drainage and 95 percent of the 
San Francisco drainage, within new nexico, fall within the Gila National Forest. 

On the Gila National Forest, soils have been found developing in a wide range of parent materials. 
In the vicinity of the Gila River drainage a large portion of these soils are developing on Gila Conglom
erate (Kingston and Sounders, 1975; Gass, 1973). To date on the Gila National Forest, a majority of 
these soils forming on Gila Conglomerate parent materials have been found to be relatively dark colored 
soils (Mollisols) with a wide range of soil families. Soil erodibility has been found to vary with 
parent materials (Lutz, 1935; Fletcher, 1941; Tew, 1973), but Gila Connlomerate and soils developing in 
and from Gila Conglomerate have not been studied in enough depth to correlate soil properties that 
might be related to increased sensitivity and on-site sediment production from these soils. 

These soils appear to be relatively sensitive compared to soils forming on other parent materials, 
such as basalt, andesite, etc., although, no one measurable field property stands out as being uniquely 
different for these soils. 

On a study watershed (Lake Roberts watershed), soils developing from Gila Connlomerate, and to a 
lesser extent ryholite tuff, were found to be the largest contributors to sediment production. 

SPECIFIC CASE STUDY 

With the sensitive soils within the Gila drainage, rates of sediment delivery might be considered 
high. To investigate the extent of the sedimentation problem, a small watershed containinq geolo9y and 
soils characteristics for much of the upper Gila drainage was used (Lake Roberts watershed). 

LAKE ROBERTS WATERSHED 

The delineation of the Lake Roberts watershed is the result of an earth dam built by the New Mexico 
Department of Game and Fish (Figure 2). This dam was completed in 1962 and provided a lake covering 
approximately 28.3 hectares (70 acres) with a volume of approximately 123 hectare-meters (1000 acre
feet). 

The lake and watershed are located about 32 kilometers (20 miles) north-northwest of Silver City in 
southwestern New Me xi co. The Lake Roberts water shed comprises approximately 22,580 hectares (55, 973 
acres) with elevations from 1,839 meters (6,035 feet) at the spillway to 2,747 meters (9,012 feet) above 
sea level at Rocky Point, a relief of 908 meters (2,977 feet). Slopes ranne from 0 to 15 percent in 
alluvial bottoms to near vertical on rocklands of Datil and Gila Conglomerate. Slopes less than 15 per
cent comprise approximately 17 percent of the watershed. Fifty-one percent of the watershed contains 
slopes from 15 to 40 percent while 27 percent of the watershed has slopes from 40 to 80 percent. Slopes 
in excess of 80 percent comprise less than five percent of the watershed. The lake itself accounts for 
only 0.1 percent of the watershed. 

The dominant topography is steep and rugged with uneven mountainous land over most of the watershed, 
but does encompass flat a 11 uvi a 1 bottoms a 1 ong the main channe 1 (Sap ill o Creek). Youthfu 1 v-shaped 
canyons are common, with main drainages typically long and narrow. In the headwater areas, igneous rock 
outcroppings are typical, but these outcroppings are not as dramatic as those of Gila Conglomerate at 
lower elevations. 

Surface geology. The geology of the watershed is varied and complex. Alluvial material occurs as 
deposits at the base of major drainages and is substantial along Sapillo Creek. Lower elevations are 
characterized by sedimentary Gila Conglomerate with rock outcroppings occurring frequently in narrow 
steep sloped canyons. Headwater areas are typically igneous formations constituting of basalt and rhyo
litic bed materials. Major faulting is not found within the watershed (Trauaer, 1972). The recent 
alluvium is composed of materials derived principally from Gila Conglomerate, but influences from basalt 
and rhyolite are evident toward the eastern end of the watershed. Coarse fraqment content within 60 
inches of the surface range from 10 percent gravel to 90 percent gravel, cobble, and stone. 

Soils. Twenty-four soil mapping units were identified within the watershed (Gass, 1973). These 
soils belong to 11 different series, with the Gattons series accountino for about 35 percent of the 
watershed. Shallow soils account for over 50 percent of the total area. Soil textures range from sandy 
loams to clay loams. Coarse fragment content of these soils is extremely hirh both on the surface and 
in profiles; over 65 percent of the soils are skeletal (greater than 35 percent gravel, cobble, and 
stone in the soil profile). Rock outcroppings are found throughout the watershed with significant Gila 
Conglomerate and Datil rocklands accounting for almost 14 percent of the watershed. 

Soils range from moderately high to very low in forage production potentials and high to very low 
in revegetation potentials, with less than 10 percent being high or moderately high, 58 percent moderate, 
and 32 percent low or very low. The fact that the majority of soils have moderate ratings is explained 
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generates intense but highly intermittent runoff. Many of these soils are in active stages of erosion, 
either geologic or accelerated, and are contributing varying degrees of sediment to ·the Gila River and 
its tributaries. 

The Gila River draina9e in New Mexico is dominated by the rugged country of the Mogollon Mountains 
and the adjacent Gila Sag (Trauger, 1972). Nearly 60 percent of the main drainage and 95 percent of the 
San Francisco drainage, within New Mexico, fall within the Gila National Forest. 

On the Gila National Forest, soils have been found developing in a wide range of parent materials. 
In the vicinity of the Gila River drainage a large portion of these soils are developing on Gila Conglom
erate (Kingston and Souders, 1975; Gass, 1973). To date, on the Gila National Forest, these soils form
ed on Gila Conglomerate parent materials have been found to be relatively dark colored soils (Mollisols) 
and in addition have, more often than not, developed an argillic horizon (illuvial horizon). Other than 
showing a dominate presence of an argillic horizon, there are a wide range of soil families occurring 
with Gila Conglomerate parent materials. Soil erodibility has been found to vary with parent materials 
(Lutz, 1935; Fletcher, 1941; Tew, 1973), but Gila Conglomerate and soils developing in and from Gila 
Conglomerate have not been studied in enough depth to correlate soil properties that might be related to 
increased sensitivity and on-site sediment production from these soils. 

Perhaps there is some correlation either positive or negative between the formation of an argillic 
horizon and increased erosion of soils developing on Gila Conglomerate. However, with or without the 
arigillic horizon these soils appear to be relatively sensitive compared to soils forming on other parent 
materials, such as basalt, andesite, etc. Although, no one measurable field property stands out as 
being uniquely different for these soils. 

On a study watershed (Lake Roberts watershed), soils developing from Gila Conglomerate, and to a 
lesser extent ryholite tuff, were found to be the largest contributors to sediment production. 

SPECIFIC CASE STUDY 

With the sensitive soils within the Gila drainage, rates of sediment delivery might be considered 
high. To investigate the extent of the sedimentation problem, a small watershed containin~ geology and 
soils characteristics for much of the upper Gila drainage was used (Lake Roberts watershed). 

LAKE ROBERTS WATERSHED 

The delineation of the Lake Roberts watershed is the result of an earth dam built by the New Mexico 
Department of Game and Fish (Figure 2). This dam was completed in 1962 and provided a lake covering 
approximately 28.3 hectares (70 acres) with a volume of approximately 123 hectare-meters (1000 acre
feet). 

The lake and watershed are located about 32 kilometers (20 miles) north-northwest of Silver City in 
southwestern New Mexico. The Lake Roberts watershed comprises approximately 22,580 hectares (55,973 
acres) with elevations from 1,839 meters (6,035 feet) at the spillway to 2,747 meters (9,012 feet) above 
sea level at Rocky Point, a relief of 908 meters (2,977 feet). Slopes range from 0 to 15 percent in 
alluvial bottoms to near vertical on rocklands of Datil and Gila Conglomerate. Slopes less than 15 per
cent comprise approximately 17 percent of the watershed. Fifty-one percent of the watershed contains 
s 1 opes from 15 to 40 percent whi 1 e 27 percent of the watershed has slopes from 40 to 80 percent. S 1 opes 
in excess of 80 percent comprise less than five percent of the watershed. The lake itself accounts for 
only 0.1 percent of the watershed. 

The dominant topography is steep and rugged with uneven mountainous land over most of the watershed, 
but does encompass flat alluvial bottoms along the main channel (Sapillo Creek). Youthful v-shaped 
canyons are common, with main drainages typically long and narrow. In the headwater areas, igneous rock 
outcroppings are typical, but these outcroppings are not as dramatic as those of Gila Conglomerate at 
lower elevations. 

Surface geology. The geologyof the watershed is varied and complex. Alluvial material occurs as 
deposits at the base of major drainages and is substantial along Sapillo Creek. Lower elevations are 
characterized by sedimentary Gila Conglomerate with rock outcroppi ngs occurring frequently in narrow 
steep sloped canyons. Headwater areas are typically igneous formations constituting of basalt and rhyo
litic bed materials. Major faulting is not found within the watershed (Trauger, 1972). The recent 
alluvium is composed of materials derived principally from Gila Conglomerate, but influences from basalt 
and rhyolite are evident toward the eastern end of the watershed. Coarse fragment content within 60 
inches of the surface range from 10 percent gravel to 90 percent gravel, cobble, and stone. 

Soils. Twenty-four soil mapping units were identified within the watershed (Gass, 1973). These 
soils"llelong to 11 different series, with the Gattons series accounting for about 35 percent of the 
watershed. Shallow soils account for over 50 percent of the total area. Soil textures range from sandy 
loams to clay loams. Coarse fragment content of these soils is extremely high both on the surface and 
in the profiles; over 65 percent of the soils are skeletal {greater than 35 percent gravel, cobble, and 
stone in the soil profile). Rock outcroppings are found throughout the watershed with significant Gila 
Conglomerate and Datil rocklands accounting for almost 14 percent of the watershed. 

Soils range from moderately high to very low in forage production potentials and high to very low 
in revegetation potentials, with less than 10 percent being high or moderately high, 58 percent moderate, 
and 32 percent low or very low. The fact that the majority of soils have moderate ratings is explained 
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Figure 2. Map of Subwatersheds Within the Lake Roberts Watershed. 

in part by the abundance of coarse fragments and/or steep slopes and shallow soil depths. 

Hydrologic soil group designations of C and D for over 82 percent of the watershed indicate moder
ate to high runoff potentials. Soils with hydrologic soil group designations of B, indicatin9 low runoff 
potentials,are found principally in alluvial channels and in the headwaters of Rocky Canyon (a major 
subdrainage). When slopes and vegetation are considered, runoff potentials can assume even greater 
magnitudes. 

Erosion hazards for the watershed are extreme to low, with over 10 percent rated as extreme and 52 
percent rated as high. 

Vegetation. For the lower elevations, predominant overstory vegetation is pinyon-juniper woodlands 
with grey and Emory oaks. Transition zones toward the headwaters and canyon bottoms are characterized 
by an intermixing of ponderosa pine. At upper elevations, predominant overstory is ponderosa pine with 
an intermixing of oaks, Douglas-fir, white fir, and mountain mahogany. Overstory cover is sparse at 
lower elevations, but transcends to as great as 60 percent at higher elevations. 

H~drology. In wet year, annual precipitation is as high as 63 centimeters (25 inches) at lower 
elevations, and 76 centimeters (30 inches) at upper elevations. In dry years, precipitation may be as 
small as 25 centimeters (10 inches). 

Water yield from the watershed is variable, and is generally more dependent on the frequency and 
intensity of precipitation events than on total precipitation. Yields based on climatic and stream 
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flow data are given in Table 1. Efficiencies of yield appear to be small, ranging from two percent for 
dry years to 10 percent in wet years. 

Table 1. Annual Water Yield From Lake Roberts Watershed. 

Yield Class Annual Water Yield Total Yield 
(Centimeters) (Hectare-meters) 

Good Year 4.1 (1.6 inches) 917 (7,435 acre-feet) 

Average Year 2.0 (0.8 inches) 460 (3,730 acre-feet) 

Poor Year 0.5 (0.2 inches) 116 (940 acre-feet) 

LAKE SURFACE AREA AND VOLUME REDUCTION 

In attempting to quantify sediment rates, some surveys were available for use. 

Aerial photographs have been taken of Lake Roberts from the completion of the dam until 1974. Four 
photos were available for use; (l) preconstruction photo, January, 1962; (2) March., 1965; (3) June, 1969; 
and (4) September, 1974. Additionally, three lake topographic maps were available; (1) construction 
map, 1962; (2) USGS survey, September, 1972; and (3) Forest Service survey, August, 1975. 

Surface area reduction. The concern over sedimentation of Lake Roberts stems principally from 
observable changes in surface area. The casual observer usually takes note of those phenomena he can 
readily see. Changes in reservoir volume, however, are obscured by depths of water. Fill rates have, 
therefore, been based on observab 1 e rather than combining the observab 1 e (surface areas changes) and the 
obscure (volume changes). Changes in the surface area during the last 12 years are shown in Table 2. 

Table 2. Surface Area Changes of Lake Roberts Between 1962 and 1974. 

Year Surface Area Reduction of Original 
(Hectares) (Percent) 

1962 29.1 (72.0 acres) 

1965 27.6(68.1 acres) 5. 2 

1969 25.7 (63.5 acres) 11.7 

1972 25.1 (62.0 acres) 13.7 

1974 23.5 (58.1 acres) 19.2 

Table 2 only represents the surface rate of decline, which is alarming to the occasional user. 
However, it does not accurately represent the situation. The apparent fast fill rate over the last 12 
years is best explained by an analysis of the initial lake topography. The upper end of the lake was 
not on as steep a gradient as the lower end, and depths at the upper end were relatively shallow 
(Solomon and Kingston, 1975). As sediment entered the lake, it was dropped in the shallower depths due 
to the shallow gradients, reduced streamflow velocities, and the coarse and sandy nature of sediment 
particles. Sediment was not transported to deeper water in large quantities. This phenomenon is sup
ported by the USGS survey in 1972 and the Fares t Survey in 1975. Depths in the lower end have not 
changed drastically over the last 12 years. 

Volume reduction. A more accurate appraisal of the problem is obtained by analyzing changes in 
volume. lable 3 g1ves total volume estimates at spillway height. 

Over the same 12 year time span, while surface area has been reduced over 19 percent, lake volume 
has declined by 9 percent; a rate one-half that for surface area. Based on the first 12 years of 
record, an estimate of the §urrent fill rate of the lake is 9,250 hectare-meters (7.5 acre-feet) of 
sediment per year or .410 m /ha/year (0.086 acre-feet/mi 2/year). This rate is only indicative of lake 
volume changes and does not account for sediment deposited above the lake. This rate is within expected 
values, based on other data available for reservoirs in the Southwest (Dendy and Champion, 1969). 

108 



Table 3. Volume Changes of Lake Roberts (Spillway Datum). 

Year Volume 
(Hectares) 

1962 123 (1000 acre-feet) 

1972 ll6 (942 acre-feet) 

1975 112 {906 acre-feet) 

CONTRIBUTIONS FROM A HIGH INTENSITY STORM 

Volume 
Reduction 
(Percent) 

5.8 

9.4 

Surface Area 
Reduction 
(Percent) 

13.7 

19.2 

In late October, 1972, a large storm dropped approximately 7.6 centimeters (3 inches) of rain on 
the watershed within a 36 hour period. This event was estimated to be a one in 20 year storm. The 
watershed was well saturated from rains earlier in the month. Flooding in Gila, San Francisco and 
Mimbres basins on the 20th and 21st resulted in approximately $2 million damage in Catron, Grant and 
Hidalgo counties from runoff and silting. Transect measurements, fortunately, were taken at the upper 
end of the lake both before and after the flooding (October 18 and January 20). Using these transects 
to estimate the silt load, calculations showa reduction in volume of approximately .715 hectare-meters 
(5.8 acre-feet) with an estimated 1.48 hectare-meters (12.0 acre-feet) of sediment dropped below the 
Highway 35 bridge crossing (approximately 490 meters above the lake). This one sinrm alone contributed 
over 77 percent of the average yearly sediment deposited within the lake. 

SED I ME NT SOURCES 

On-site observations of stock ponds, channel deposits, and runoff from a high intensity summer 
storm, indicate that runoff from subwatersheds at the upper end of the main channel are not intense 
except for rare events, and possibly are minor contributors of sediment to Sapillo Creek and Lake 
Roberts. Subwatersheds showing high flows and high bed and suspended loads are Rocky Canyon, Railroad 
Canyon, Skate Canyon, and Hill Canyon (Figure 2). 

Within each watershed there exists source units that can be said to contribute more sediment to 
stream channels than other units. Slope, soil characteristics, and proximity to the stream channel 
are factors influencing these rates of contribution. Using the factors mentioned, some soil units were 
identified as major source areas within subwatershed. Soils in Mapping Units 102, 103, 130, 131, 143, 
605 and 606 appear to be the major contributors where these soils are in proximity to transporting 
channels {Table 4). Soils listed in Table 4 are all derived from highly erosive parent materials. 
Together these soils account for over 50 percent of the Lake Roberts watershed. 

Table 4. Soils with Largest Contributions to On-Site 

Soil Slope 

102 - Gila Conglomerate Rockland 
(30% of Unit) 15-200% 

103 - Rockland of the Datil 
Formation (40% of Unit) 15-200% 

130- Gattons cobbly loam 15-40% 

131 - Gattons very cobbly loam 40-80% 
143 - Skates cobbly sandy loam 40-80% 

605 - Brannon very gravelly sandy 
loam 15-40% 

606 - Brannon very gravelly sandy 
loam 40-80% 

Parent Ma ten a 1 

Gila Conglomerate 

Rhyolite (tuffs & flows) 

Gil a Conglomerate 

Gila Conglomerate 
Gila Conglomerate 

Rhyo 1 i te (tuffs & flows) 

Rhyolite (tuffs & flows) 

LAKE ROBERTS WATERSHED RELATED TO THE GILA BASIN 

% of Watershed 

2.47 

2.06 

24.43 

10.73 
5.92 

4.84 

1.03 

Although the Lake Roberts watershed may not be an accurate indicator of the topogrpahy, soils, 
geology, and hydrology of the upper Gila drainage, it does offer some interesting comparisons. 
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Within the Lake Roberts watershed,the extent of Gila Conglomerate and to a lesser extent rhyolite 
derived soils is considerable. Gila Conglomerate derived material accounts for over 71 percent of the 
total watershed. Table 5 shows a comparison of the Lake Roberts watershed with the Upper Gila 
drainage in New Mexico. 

Table 5. Gila Conglomerate and Rhyolitic Parent Materials Within 
the Lake Roberts and Upper Gila Drainage. 

Ora in age 

Lake Roberts 

Upper Gil a Ora i nage 
Main Drainage 
San Francisco 

Km
Gi 1 a Conglomerate 
2 % of Watershed 

161 

3230 
1200 

71.1 

35.7 
22.3 

Rhyolitic tuffs & flows 
Km2 % of Watershed 

26.1 

572 
830 

11.6 

6.3 
16.8 

It is. of interest to note that hydrologic and erosion processes of the Lake Roberts watershed 
are affected to a greater extent from Gila Conglomerate and to a lesser extent from rhyolitic tuff 
parent materials than on the upper Gila basin. It should be pointed out that although Table 5 shows 
only about 35 percent of the main Gila draiange and 22 percent of the San Francisco drainage charac
terized by soils derived from Gila Conglomerate, this is a considerable amount of area. If Lake 
Roberts is an indicator of the sensitivity of these soils, more consideration should be given to Gila 
Conglomerate and perhaps to rhylotic tuff formations on the upper Gila drainage, as these parent 
materials may account for a considerable amount of sediment contributed from New Mexico into Arizona. 

Casual observations of surface area reductions of a lake, as pointed out in this study, are not 
necessarily true indicators for projecting lake volume reductions. In fact, these observations may 
be misleading in assessing the severity of on-site sedimentation. 

Soils on the Lake Roberts watershed, with the largest contributions to on-site sediment production, 
were those developing from Gila Conglomerate. Although there are no definite measurable soil proper
ties related to increased on-site sediment yield from soils with Gila Conglomerate parent materials, 
there appears to be a relationship between increased sensitivity to erosion and soils developing on 
Gil a Conglomerate. 

A large portion (32 percent) of the Gila River basin in New Mexico (main Gila and San Francisco 
basins) contains Gila Conglomerate and soils derived from Gila Conglomerate, which may be a major 
source of on-site sediment production to Arizona from New Mexico. 

Management of Gila Conglomerate derived soils should be done with considerable planning, as these 
soils are sensitive and disturbance may initiate accelerated unravelling of these soils. 
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