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GEOLOGY AND HYDROLOGY OF MESITA DEL BUEY 

by 

William D. Purtymun and William R. Kennedy 

ABSTRACT 

:Mesita del Buey is used for the disposal of wastes con
taminated by radionuclides, of toxic or explosive chemicals, 
and of classified materials. These are buried in pits or 
shafts dug into the mesa surface. The mesa, covered by a 
clay-like soil, is underlain by a series of ashfalls of 
rhyolite tuffs from 240 to 590 ft thick. The tuffs are above 
the main aquifer of the Los Alamos area which lies at a depth 
of about 1,000 ft. Stream flow in adjacent canyons is inter
mittent. Water in the alluvium of the stream-connected 
aquifer in the canyon south of the mesa is recharged by storm 
runoff, The hydrologic characteristics and conditions of the 
soil, tuff, and seal material used to cover the wastes 
indicate no recharge to the stream-connected aquifer or main 
aquifer through the soil, buried wastes, or tuff at Mesita 
del Buey. 

INTRODUCTION 

Mesita del Buey is part of the Pajarito 
Plateau about 4 miles southeast of the com
munity of Los Alamos, New Mexico (Fig. 1). 
The mesa, designated Technical Area 54, is 
used for the disposal of wastes contam

inated by radionuclides, of toxic or explo
sive chemicals, and of classified materials. 

These are buried in pits or shafts dug into 

the mesa surface. Disposal operations on 
the mesa began in 1956. 

The geology and hydrology of Mesita del 

Buey were studied. The mesa, covered by a 

clay-lil;:e soil, is underlain by a series of 
ashflows and ashfalls of rhyolite tuff, 

The ashflow units underlying the mesa top 
were mapped. Logs of a supply well and 

test holes in Pajarito Canyon, south of 
the mesa, were used to correlate the sub
surface geology. Joint systems in the upper 
ashflows in the disposal areas were ana
lyzed. Hydrologic data on soil and tuff 
moisture, surface water, stream-connected 

aquifers, and the main aquifer were col

lected. The erosion rates of the tuff were 
estimated. The study was to determine the 
geohydrologic pattern in relation to the 
disposal operations. 

Mesita del Buey is a narrow southeast
trending mesa about 2 miles long and a 
quarter of a mile wide (Fig. 2). The mesa 

surface slopes gently from an altitude of 

about 6,900 ft near its western margin to 
about 6,600 ft near its eastern end. It is 

bounded on the north by an unnamed canyon 

and Canada del Buey, and on the south by 

Pajarito Canyon. The canyons have cut 50 

to 100 ft below the surface of the mesa. 
The edges of the mesa are vertical or near

vertical cliffs, with steep slopes at their 

bases. The ashflows on the north-facing 
slopes at the foot of the mesa are covered 

with detrital alluvium, whereas those on 

the south-facing slopes are exposed. 
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ascending order, they are the Guaje, Otowi, 

and Tshirege Members. 

Guaje Member. The Guaje Member is an 

nshfall pumice with a thin layer of water

laid pumiceous tuff that rests on the Puye 

Formation and the Chino Mesa basalt. The 

Guaje consists of gray lump-pumice fragments 

as large as 2 in. in diameter. Glass shards 

and crystals of quartz and sanidine are 

present in the cellular structure. The 

upper 2 to 3 ft is reworked pumice and tuff, 

The Guaje does not outcrop at Mesita del 

Buey, but below the surface it varies from 

about 3n to about 10 ft thick from west to 

east in Pajarito Canyon. 

Otowi Member. The Otowi Member is a 

lirht gray, nonwelded. pumiceous, rhyolitic 

tuff It contains quartz crystals, glass 

shards minor amounts of mafic minerals, 

an<' \'Drying amounts of rock fragments of 

rh~olite. latite, and pumice in a fine

grained ash. The Otowi is mostly ashflows, 

but contains several beds of reworked tuff 

and pumice at the top. It does not outcrop 

at Mesita del Buey but is found subsurface 

(Fig. 3). 

Tshirege Member. The Tshirege Member 

is a series of ashflows of rhyolite tuff 

which have been classified according to de

grees of welding, i.e., nonwelded, moder

ately welded, and welded tuffs.~ The non

welded tuff has high porosity, only light 

cohesion of glassy fragments, and crumbly 

fracture. The moderately welded tuff has 

less porosity, moderate cohesion, slight 

deformation of glassy fragments, and a some

what brittle fracture. The welded tuff has 

low porosity, good cohesion, a high degree 

of deformation by flattening of glassy 

fragments. and a brittle fracture. Most of 

the pores are capillary in size. The fol

lowing shows porosity range in each class

ification. 

Nonwelded tuff 

Moderately welded tuff 

Welded tuff 

Range (Vol %) 
40 to 60 

30 to 55 

15 to 40 

The Tshirege Member has been divided 

into three units, determined by Baltz et 

al. 3 where it outcrops in Mortandad Canyo~ 

The Tshirege at Mesita del Buey was mapped 

using these units. At Mesita del Buey, as 

at Mortandad Canyon, Unit 1 has been sub

divided into units la and lb, and Unit 2 

into 2a and 2b (Fig. 2). At Mesita del 

Buey, Unit 3, a nonwelded to moderately 

welded pumiceous tuff, is absent. 

Unit 1. The lower unit of the Tshirege 

Member consists of two layers, similar 

in lithology but different in color and 

welding. The lower layer is designated 

Unit la and the upper, Unit lb. 

Unit la is a light orange to light 

brown, pumiceous tuff breccia. It con

tains numerous pumice lumps as much as 

6 in. long, with small quartz crystals 

and rock fragments of latite and rhyo

lite. The tuff ranges from nonwelded 

to moderately welded and weathers to a 

steep slope. In places, a vertical wall 

with a talus slope at the base has 

formed. Unit la overlies the reworked 

sediments at the top of the Otowi Member. 

The upper part of the unit is exposed in 

Canada del Buey along the eastern edge 

of the mesa (Fig. 2). In the subsurface 

at the western part of the mesa, Unit la 

is about 30 ft thick, thinning to less 

than 10 ft to the east. 

Unit lb is a grayish brown tuff con

taining larger quartz crystals but fewer 

and smaller rock fragments of pumice, 

latite, and rhyolite. The unit is mod

erately welded and weathers to a verti

cal wall or steep talus slope. It is 

separated from the underlying Unit la 

by a notch, cau~ed by weathering in a 

vertical wall, or is recognized as a 

talus slope lying on the bench formed at 

the top of Unit la. Unit lb outcrops in 

lower Canada del Buey east of the mesa. 

Its thickness averages about 25 ft. 

Unit 2. Unit 2 forms the walls and 

surface of Mesita del Buey. It consists 

of several ashflows, divided into lower 
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is exposed. The light, brown, clay-like 

soil is derived from weathering of the tuff, 

The primary soil constituents are quartz 

and feldspar wHh the clay minerals mont

morillonite and illite. 4 

The alluvium overlying weathered tuff 

in the stream channels north of the mesa 

is probably no more than 3 to 4 ft thiclt. 

It consists of sand-size quartz and sani

dine crystals and crystal fragments, and 

pebble-to cobble-size fragments of latite, 

rhyolite, and pumice derived from weather

in~ and erosion of the tuff, 

The alluvium in Pajarito Canyon, south 

of the mesa, is 20 to 30 ft thiclt. About 

1/2 mile southeast of Area "G" the canyon 

has cut to base level on the basalt, and 

the alluvium fans out on top of the basalt. 

The canyon heads on the flanl:s of the moun

tains and contains pebbles, cobbles, and 

boulders of latite and rhyolite, the vol

canic flow rocl>s that form the mountains. 

The sand-~rain-size material is derived 
in part from weathered tuff. Gravels from 

pits in this canyon have been used for 

road construction and concrete mix. 

GEOLOGIC STRUCTURE 

The Rio Grande depression near Los 

Alamos is 25 to 30 miles wide. Mesita del 

Buey lies within the depression. The esti

mated thiclmess of volcanic roclts and sed

iments overlying the basement complex of 

Precambrian crystalline rocks is about 
12,000 ft. 5 

The upper ashflows at Mesita del Buey 

dip 2 to 3 de~rees to the southeast. The 

ashflows of the Bandelier Tuff thin east

war(' because these younger rocl:s lie on 

top of the older basalt (Fig. 3). The 

basalts ori~inated from volcanic centers 
to the east, and flow was north and west 

into the area, forming a topographic high 
before the tuff was laid down. 
Joint Systems. The ashflows of the 

Bandelier tuff are broken into a number of 

bloc::s by joints, formed by shrinkage 

(tension) as the ash flow cooled. The near-

vertical attitude of most of these joints 

and the curved form of some, are indicative 

of formation by cooling. The joints are 

more numerous in welded than in nonwelded 

tuffs because the welded tuffs were laid 

down at higher temperatures. 

The joints are classified as master 

and minor joints. Master joints are nu

merous and long, and may pass through one 

or more ashflows. A single unit may con

tain several ashflows emplaced at different 

times, but the joint pattern of the older 

layer may tend to govern formation of 

joints in the younger layer as it cools. 

Also, two or more ashflows may be laid down 

in rapid succession and cool as a single 

unit with joints forming in the flows at 

the same time. 
The master joints are vertical or 

nearly vertical and generally dip 70 de

grees from the horizontal. The vertical 

trend may be straight or slightly curved. 

The dip is deflected slightly when the 
joint enters a unit with different density 

or degree of welding. 

Minor joints dip at angles less than 

70 degrees. They are more numerous near 

the tops of ashflows and do not persist 

as they intersect the master joints. 

A joint traced vertically through an 

ashflow may be closed in places and open 

in others. Locally the opening may be 

as much as 2 in. wide, but most openings 

are less than 1/4 in. wide. Joints ter

minatin~ in the base of the soil zone or 

in exposed tuff on the mesa surface are 

filled with light-brown clay which may ex

tend 3 to 4 ft below the surface. Below 

the brown clay, the joint openings are 

filled, or the joint faces are plated, 

with a light-gray clay. The light-gray 

clay is derived from weathering of the 

tuff and from minerals leached from the 

tuff by water and precipitated along joint 

openings before development of the near

surface brown clay that seals the joint at 

the surface. 
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4 ft with clay that acts as a seal and pre

vents precipitation from infiltrating the 

tuff. 

SURFACE WATER 
Stream flow in the canyons north of 

Mesita del Buey is intermittent flow from 
storm runoff. These canyons head on the 
Pa,iarito Plateau and have a small drainage 
area. Stream channels in the canyons are 
narrow with few if any cut banks, indicating 
small and infrequent runoff. 

Pajarito Can~ron, south of the mesa, 
heads on the flan!~s of the mountains to the 

west and has a larrre drainage area. The 
intermittent flow in the canyon is from 

sprin~ snowmelt and summer thunder showers. 
Gravel pits in the canyon usually contain 

ponded water. Some intermittent return 

flow occurs about 1 mile southwest of the 

mesa, where the alluvium laps on to a 
basalt flow. 

STI1Et.M-CONNECTED AQUIFERS 

The alluvium in the canyons north of 

Mesita del Buey is thin and contains no per
ennial water owinr, to the small amount of 

l'Unoff. 

The intermittent stream in Pajarito 
Canyon, howe,·er, recharges a perennial body 
r:>f \'tater in the stream-connected aquifer in 

the alluvium. As is t~·pical of stream
connected aquifers. the water table is high
est du~ing the sprinr; from snowmelt and in 

late summer from showers. In the fall and 
early summe:..· the water table declines. 
Gravel pits in the canyon have been dug into 

the top of the stream-connected aquifers. 

MAIN AQUIFER 

The top of the main aquifer (capable of 

municipal and industrial water supply) lies 

at a depth of about 1,200 ft along the 
flanks of the mountains to the west and 

slopes gently eastward toward the Rio Grande. 

The aquifer is recharged by precipitation on 

the mountains and in deep canyons cut into 

the western part of the Plateau. 8 The water 

moves eastward toward the Rio Grande where 
part is discharged into the river through 
seeps and springs. The rate of water 

movement computed from aquifer tests of 

supply wells is estimated to be 1 ft/day. 9 

From Mesita del Buey to the Rio Grande is 

about 4 1/2 miles, so we estimate that any 

water will tal~e over 60 years to move from 
beneath the mesa to the river. 

EROSION RATES OF TUFF 
Vital to the containment of wastes 

buried at Mesita del Buey is the rate at 
which the tuff encompassing the wastes 
erodes. Some of the wastes contain radio
nuclides with a very long half-life. 

There is no practical method to deter

mine the erosion rate of the tuff during 

the short time that the mesa has been used 

for waste disposal. Erosion rates can be 
approximated by relating the age of the 

tuff to its past erosion. Erosion rates 

based on these assumptions are conservative 

because the tuff probably eroded faster 
initially than at present. The area is 

more stable since the stream channels in 

Canada del Buey and Pajari to Canyon ha·1e 
cut to a temporary base level on the re

sistant basalt. 

Radiometric dating indicates that the 

tuff was emplaced about J. .1 million :rears 
ago. 5 The thickness of Unit 3 tuff eroded 
from the surface of the mesa at Area G is 

estimated to be about 80 ft 0n the basis 
of geologic sections on the plateau where 
this unit is preserved. Its erosion rate 

for the past 1.1 million years is about 
-5 7.2 x 10 ft/year. Vertical downcutting 

in the canyons has been estimated at 

1.9 x 10-4 ft/year in Canada del Buey and 
-4 1.6 x 10 ft/year in Pajarito Canyon. 

Wilden and Criley6 estimated the vertical 

downcutting in major canyons to be 5 to 
-4 8 x 10 ft/year. At Area G, horizontal 

erosion at the top of the mesa is estimated 
to be about 4.5 x 10-4 ft/year. 

Wastes are buried in the natural con
fines of the tuff to a level 2 ft below the 

mesa surface and then covered and mounded 
over with 6 to 8ft of tuff, Considering 

the vertical erosion of 2 ft of tuff on the 
mesa top at a rate of 7.2 x 10-5 ft/year, 
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Transport of contamination by surface 

runoff on the mesa seems unlil~ely because 

the '.'.rastes are buried. 

Little if any water from precipitation 

or surface runoff infiltrates through the 

seal material overlying wastes in filled 
!):its. There is not enough water to leach 

the contaminants from the wastes and move 
them into the tuff, The bottoms of the 
pits are underlain by about 590 ft of tuff 
along the western part of the mesa and 

about 240 ft of tuff along the eastern edge. 

The hydrologic characteristics and condi
tions of the soil, seal material, and tuff 

indicate no recharge to the stream-connected 

aquifers or main aquifer through the surface 
soil, buried wastes, or underlying tuff at 

Mesita del Buey. 

The natural moisture content of the un

saturated tuff is in the range in which 

moisture is redistributed by diffusion. 

Contaminants may be transported by diffusion 

i£ ~ases or volatile fluids are placed in 
shafts or pits. Diffusion may ta!~e place 
throu[','h the tuff where there are large 

amounts of !)Ore space, through open joints, 
or along contacts between ashflows. 

vertical and horizontal erosion rates 
of the tuff surrounding the waste in pits 
or shafts indicate that under present cli

matic conditions the estimated life of the 
pits will be about 27,000 years. Routine 

maintenance to control erosion of the seal 

material will extend this life. 
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