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WITH SPECIAL REFERENCE TO ITS STRUCTURAL STABILITY 
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PURPOSE OF THE STUDY 

This study· was undertaken to assess the subsurface geological factors 
that might affect the suitability of southeastern New Mexico as a possible 
site for a nuclear waste repository. 

ASSUMPTIONS AND METHODS 

The time frame within which the stability of the region has been consid

ered is one million years. It has been assumed that, within this time period, 
continental drift or movement of the North American plate will not greatly 
affect the stability of the rocks of the area. 

Five cross sections were made across Eddy and Lea Counties, New Mexico; 
four in an east-west direction and one in a north-south direction. The tec
tonic stability of the area has been judged by the available well records and 
the results of a University of Texas at El Paso seismic study of Ward, 
Winkler and Loving Counties, Texas, as well as adjacent parts of New Mexico. 
News reports of minor earthquake activity were also taken into account. 

CONCLUSIONS 

1. Southeastern New Mexico east of the Pecos River is a tectonically stable 
area with no major fault movements for the past 250 million years. No 
major tectonic adjustments are expected in the next million years. 

2. Minor tectonic adjustments during Triassic time (200-180 million years 

ago) and early Tertiary time (70 million years ago) have resulted in 
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deepening and eastward tilting of the Delaware basin. These tectonic 
adjustments have resulted in the opening of joints and consequent solu
tion of the upper part of the Salado salt. Compaction of Pennsylvanian 
and Lower Permian sediments has also contributed to the basin subsidence. 
This effect has been most severe on the west edge of the basin near the 
Pecos River and in the southeast edge of the basin adjoining Winkler 
County, Texas. 

l 

3. Recent minor seismic activity is probably the result of petroleum secon- • 

dary recovery operations. This seismic activity may result in the 
release of strain and may contribute to the long term tectonic stability 
of the area. 

GENERAL GEOLOGY 

Southeastern New Mexico is on the southwestern edge of the North Ameri

can craton. It contains the northern end of the Delaware basin of late 
Paleozoic age and the adjacent wide northern and northwestern shelves in 
northern Eddy and Lea Counties. On the extreme east in Lea County is the 
edge of the Central Basin Platform. The geological conditions and history of 
the region are well known from the information gathered from thousands of 
petroleum tests drilled during the last fifty years. Many of these holes 

were drilled to the Precambrian basement, so that the entire sedimentary 
cover has been explored. 

The surface of the area is generally very flat with new hills of recent 
sands and Triassic shales standing above the general fill of Pleistocene 
sands. The surface is about 3350 feet above sea level. 

Relation to Large Scale Structural and Sedimentational Features 

The area of interest is located in the northern part of the Delaware 

basin. This basin is bounded by the Capitan reef, a large, linear, sedimen
tary structure of Late Permian age. The depth to the Precambrian basement in 
the vicinity is about 18,000 feet, and the depth to the base of Permian age 
rocks is about 13,000 feet. The site location is some twenty-five miles west 
of the west edge of the Central Basin Platform. 
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Structure 

The structure of the bedrock in southeastern New Mexico is concealed by 
Recent sands and by residual gypsum and red clay derived from the weathering 
of the Upper Permian evaporites and red shales. Occasional remnants of 

Triassic red beds and Pleistocene sandstones, conglomerates, and caliche form 
low ridges on the surface. Thus, bedrock structures must be inferred from 
drill hole records or seismic interpretation. 

The folding in these rocks is gentle, with two to three degrees dip on 
the flanks of anticlines. The pre-Permian rocks of the east-tilted Delaware 
basin have dips of about 100 feet to the mile (one degree) to the east and 
east-northeast. However, along the edge of this basin, the development of 
the Capitan reef has resulted in an original dip in the Upper Permian beds of 
some three degrees southward toward the Delaware basin from the top of the 
reef in the north. Compaction of the fine grained clastic rocks of the Dela

ware basin during Late Permian and Triassic time may have contributed to the 
development of this basinward dip. On the east side of the basin, slight 
tectonic movement along the west side of the fault zone probably has 
accentuated the dip into the basin. 

The two well-defined folds in the area are in Antelope Ridge and Bell 

Lake fields. In Antelope Ridge the Silurian rocks, and presumably the 
underlying strata, are folded into an anticline with a dip of about two and 
one-half degrees on the flanks and a north-northeast axial trend. In Bell 
Lake, the Devonian beds are folded into an anticline with about two degrees 
dip on the flanks and a north-south axis. 

Faulting 

Knowledge of the general fault framework of the Permian basin is based on 
occasional penetration of the faults by well bores and interpretations of the 
subsurface conditions necessary to account for the position of the formations 
as shown by well logs. The displacements along those faults are confined to 
the pre-Permian rocks, with only occasionally an apparent displacement of the 

Wolfcamp (Lower Permian) rocks. The faults identified from the cross sections 
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are reverse. In well bores it is easier to detect the repetition of beds 
caused by reverse faulting than the missing beds due to normal faulting, 
because missing beds can be often accounted for by unconformities. There

fore, some normal faults may go undetected. The reverse faults are straight 
or gently curving and are of steep dip, so these faults are penetrated by 

relatively few wells. Some of these faults have been well defined in fields 
a few miles to the south in Winkler County, Texas, as well as in southeastern 
New Mexico. 

The straight traces and steep dips of these faults suggest that they 
were originally formed in Precambrian time as lateral faults. In Mississip
pian and Pennsylvanian time, compressional stresses connected with the 
Marathon-Ouachita orogeny caused extensive vertical movement and possibly 
some lateral movement along the old fault zones. The differentiation of the 
Delaware basin from the Tobosa basin occurred during this time. At the rate 
of one millimeter per year, the total 10,000 feet of displacement could take 
place in three million years, so it is probable that the displacement occur
red over several geologically short episodes distributed over the sixty mil
lion year interval from Late Mississippian to Early Permian. Most of the 
movement may have occurred during Middle Pennsylvanian. 

The east line of the West Platform fault zone extends northward from Lea 

County at the Texas boundary to the Eumont oil field. This line is drawn at 
the Lower Permian fault outcrop. The eastern part of this fault zone con
sists of several fault blocks downthrown to the west along reverse faults 
steeply dipping to the east. Total apparent displacement along this subzone 
is about 10,000 feet on the upper surface of the Precambrian basement. No 
fault displacement has been 
along this faulted subzone. 
the unusually straight line 

detected in the Upper Permian or younger rocks 
Probably a reflection of this zone is seen in 

of the western edge of the dolomite-reservoired 

Upper Permian oil fields. This same line continues southward through Winkler 
and Ward Counties and into Pecos County, Texas. It is probably due to basin
ward progradation of reefs and banks from a submarine fault scarp in the Per
mian sea. The present position of the field edge west of the fault zone 

boundary is probably due partly to this progradation of the Permian 
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carbonates and partly to slight subsidence of the basin along the faults of 
the western part of the subzone. This movement may have occurred in Late 
Permian or Early Triassic time. 

The western edge faults differ from the eastern in that they seem to dip 

to the west, but they remain reverse in sense. An apparent fault graben 
separates the two sides of the fault zone. The Late Permian Capitan reef 
follows the western side of the zone fairly closely. The exact reef location 
may depend on the relative times of movement of the two sides of the zone. 

The reef probably started its growth on the prominent submarine fault scarp 
furthest basinward. 

TERTIARY INTRUSIVES 

Cuttings from a basalt dike in the area were dated by the potassium

argon method as 30 ~ 1.5 million years old. This northeastern trending dike 
was mapped as far east as the Kerr-Magee potash mine, and it was concluded 
that this dike parallels the joints in the Capitan reef. The thickness of 
the dike in the Kerr-Magee mine is from 6 to 200 feet. Other dikes and sills 
have been reported from various wells in the Delaware basin. In areas to the 
north of the basin in New Mexico, similar dikes form prominent linear out
crops before plunging into the subsurface. By magnetic methods, these dikes 
can be traced eastward in the subsurface as far as the Texas boundary. How
ever, there have been no intrusions reported which appear to be younger than 
Miocene. 

HISTORY OF THE FAULTED ZONE SINCE LATE PERMIAN 

Because the Capitan and its connected back reef beds must have been 
deposited originally at approximately sea level, the present lower position 
of the Capitan reef on the east side of the Delaware basin indicates that 
there has been negative movement of this part of the basin or, conversely, 
relatively positive movement of the Central Basin Platform since Permian 

time. However, this movement must have been very slow and probably was 
largely accommodated by either bending or very slight displacement of the 

VIII-5 



Permian beds. Much of this movement may have been due to compaction of the 
sedimentary fill of the basin. No detectable displacement of Permian and 
younger beds can be seen in well records. 

Furthermore, there is, at present, a difference in elevation of over 

9000 feet in the top of the Capitan from its outcrop at 8700 feet in Culber
son Country, Texas, to its top in the subsurface just north of Winkler County, 

Texas, ninety miles to the east at 500 feet below sea level. The Capitan reef 
enters the subsurface at the Pecos River in Carlsbad. It extends eastward 
through oil fields to the northeast corner of the Delaware basin, where it 
curves south-southeast. Then the reef elevations remain approximately the 
same for many miles southward into Texas. This reef, as pointed out above, 
is just a few miles west of the west edge of the Central Basin Platform. The 
West Platform fault controls that edge of the Central Basin Platform. 

Therefore, it appears that the faulted zone underlying the west edge of 
the Central Basin Platform was a hinge line along which the tilting of the 
Delaware basin occurred. The evaporites overlying the Capitan and also the 
Rustler Formation at the top of the Permian section are tilted, so it seems 
fairly obvious that most of this tilting must have happened after the close 
of Permian deposition in the area. The Upper Triassic red beds thin rapidly 
to the west, and therefore it seems probable that much of this tilting occur
red in Early Triassic time. However, the continental Upper Triassic Dockum 
beds reach a thickness of 1500 feet on the Central Basin Platform, so this 
much of the tilting must have taken place in Late Triassic time. 

Recrystallization of the Salado salt in the easternmost potash mines 
northeast of the site seems to have happened on a somewhat larger scale than 
in the mines to the west. This more extensive recrystallization may have been 

a result of the slight opening of joint cracks by faulting, allowing brine to 
circulate in the halite beds and potash beds. This movement may have been 

connected with the uplift of the western side of the Delaware basin during the 
Laramide orogeny in early Tertiary time. 
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Evidence of possible more recent very slight movement along the fault 
zone at the west edge of the Central Basin Platform is the presence of thick 
early Pleistocene sands in Ward and western Winkler Counties in Texas, extend

ing into New Mexico. These sandstones apparently fill old channels that have 
been formed by the solution of underlying Upper Permian evaporites which 
immediately overlie the Capitan reef trend. It is possible that very slight 

movement in late Tertiary time opened joint planes and made solution of the 

Upper Permian salts in this area possible. 

Whether or not slight adjustments of this nature are presently continu

ing is a question that must be answered by detailed seismic studies. Recent 
news reports of earthquakes of low to moderate intensity in the region, as 
well as seismic studies by a University of Texas at El Paso group, indicate 
that very slight tectonic activity is present in the West Platform fault 
zone. Injection of fluids at high pressure into Upper Permian petroleum 
reservoirs in connection with secondary recovery operations may be the cause 

of this phenomenon. Foci of these earthquakes are at approximately the same 
depth as the displacements of the lower Paleozoic rocks in the fault zone at 
the western edge of the Central Basin Platform. 

If these quakes are indeed artifacts promoted by injection of fluids 
into petroleum reservoirs, they may be expected to cease with the end of 
major petroleum production in the region, perhaps in 100 years. These small 
quakes, however, probably relieve the strain caused by westward and south
westward stresses between the Central Basin Platform block and the lower 
standing Delaware basin crustal segment. Thus, the quakes may promote long
term tectonic stability of the area. However the case may be, the evidence 
indicates that southeastern New Mexico is now and has been a region of 
exceptional tectonic stability during the last million years. 

POSSIBLE FAULT MOVEMENTS CAUSED BY SALT SOLUTION IN THE CENTRAL 
DELAWARE BASIN 

The presence of large quantities of gypsiferous red clays and sands on 
the surface and in wells located as far as eight miles east of the Pecos 
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River indicates extensive solution of the Rustler and Salado salts. Physio
graphic evidence, such as bluffs of gypsum and Rustler dolomite on the east 
side of the river and westward dipping slopes of older limestones on the west 
side of the river, shows that the Pecos River has moved down dip to the east 
in Pliocene and Pleistocene times. This movement has been promoted by solu

tion of the Salado and Rustler salts, hydration of the anhydrite to gypsum, 
and solution of this sulphate by the underflow of the river. Later stream 
flow transported the residual clays and sands, as well as the solutions, 
downstream. 

This process seems to be continuing today and collapse of the overlying 
rocks is obviously occurring. Collapse of these rocks may cause faulting in 
the Upper Permian rocks. Although not of tectonic origin, this faulting at 
some time in the future may be capable of breaching a repository excavated in 
the Salado Formation. The Salado is especially vulnerable to such dissolu
tion, because it has numerous seams and beds of clays and sands within it 
which could act as conduits for the dissolving brines. It is also overlain 
by the basal sandstones of the Rustler, which have acted in the past as dis
solving aquifers and probably will continue to act in this way. Solution is 
aided by waters from aquifers formed in the overlying Rustler oolitic 
dolomites. 

Faults caused by removal of support by dissolution are probably of small 

displacement, perhaps a few feet. These faults would not extend below the 
base of the dissolved zone, probably the Salado. It is unlikely that they 
would be evident on the surface, because the movement would be absorbed by 
the shallow Triassic shales, Holocene sands and residual material left by 
dissolution of the salt. 

Evidence of the probable lower limit of the solution is seen in the 

wells to the west. In that area, solution has removed most of the Rustler 
formation, the Salado salt, and the upper part of the Castile Formation. The 
lower part of the Castile, however, consists of 600 feet of anhydrite varved 
with brown calcite, overlying several massive salt beds. These beds are con
fined to the Delaware basin. The beds underlie the Pecos River and show 
little, if any, signs of salt dissolution. This lack of dissolution is in 
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contrast to the almost complete solution of the younger Salado beds. Appar
ently, the relatively insoluble Castile banded anhydrite can be counted upon 
to protect the lower salts from dissolution at depth. Thus, any ~olution
caused faults probably will not extend below the top of the Castile banded 
anhydrite. A 300 foot thick salt bed in the lower part of the Castile, 
occurring at 4000 feet depth in the area, would seem to be secure from such 
solution within the next million years . 

Such dissolution-caused faults cannot be mapped from well records or 
surface examination, but they might be located by detailed high resolution 
seismic examination of southern Eddy County east of the Pecos River. It is 
possible that some very low intensity seismic activity caused by dissolution
related faulting might be detected by closely-spaced, highly sensitive seismo
meters • 
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