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CHAPTER XIV 

ASSESSMENT OF TECTONIC HAZARDS TO WASTE 
STORAGE IN INTERIOR-BASIN SALT DOMES 

R. Kehle 

Turk, Kehle, and Associates 

From the point of view of a structural geologist, mature salt domes loca
ted within the interior salt basins in the northern Gulf of Mexico region 
would make ideal sites for the storage of nuclear waste. Not only is the area 

tectonically quiet, but the mature domes within the region are judged incap
able of reactivation. Storage sites located in the northern gulf region would 
be free from many geologic hazards, such as earthquakes, active faults, moun
tain building and uplift, which may affect many otherwise suitable locations. 
Additionally, the core of a salt dome is impermeable to water, except at shal
low depths where cracks and fissures may exist. These flaws in salt domes can 
heal themselves at burial depths of more than a few hundred feet. The capabi
lity of salt to exhibit fluid-like flow at low temperature and stress is also 

important in sealing off either a repository itself or any flaw in the struc
ture introduced by a geologic event. 

The principal reason for the notable absence of earthquakes, volcanoes, 
active faults, and mountain ranges in the northern gulf region is that the 
area lies well within the boundaries of the North American tectonic plate. 
This plate is a large, virtually rigid, crustal mass that is comprised of the 

Gulf of Mexico, most of the North American continent, and much of the north
western Atlantic Ocean. Most major tectonic and volcanic activity occurs 
along the boundaries of such plates, not within their interiors. However, 
some severe types of tectonic activity do occur within the interiors of major 
plates. But the northern gulf region is free from such activity, and none is 
expected to develop during the next million years. 
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A few low-magnitude earthquakes have originated in the region. Most of 

these earthquakes are presumably the result of differential basement subsi
dence caused by active sediment loading by the Mississippi delta or by water 
loading resulting from the filling of large surface reservoirs. Comparable 
seismic events pose no hazard to waste storage in salt domes. A change in the 
tectonic regime must precede the generation of significantly larger events. 
No such change is expected to occur within the next several million years. 

Faulting of the near-surface sedimentary rock overlying the basement is 
characteristic of the region, but none is developing presently. Most superfi
cial faulting in the region results directly from growth of salt domes. Few, 

if any domes, are actively growing today. Furthermore, a truly active dome, 
or one that has a capacity for reactivation, should not be selected for a 
repository site. For this reason, no active fault would be present in the 
vicinity of a storage site. Another important point is that superficial 
faulting does not penetrate the core of a salt dome. Such faults are confined 
to the sediments surrounding the dome. Thus they pose no hazard to a storage 
facility located within a dome. 

As well as being located in a benign tectonic region, mature domes in the 
interior salt basins of the northern gulf area are themselves incapable of 
destructive mischief. Mature domes are stable and "extinct." They are incap

able of renewed growth because, by definition of a mature dome, the reservoir 
of salt that fed the salt spire has been exhausted. 

The evolutionary st~te of an interior-basin salt dome is readily deter
mined through analysis of a grid of reflection seismic profiles across the 
dome, provided that the data quality is good and that adequate data reach to 
below the depth of the pre-salt surface. A significant error in identifying a 

dome's evolutionary status is highly unlikely. However, even a gross error 
need not affect the safety of a repository, because the maximum growth rate 
known to have been experienced by an interior-basin salt dome is 2,000 feet 

per million years (at Hainesville dome, Wood County, Texas). Even uplift 
rates of this magnitude would not prohibit the design of an acceptable 
facility. However, sites with lower uplift rates are available. These high 
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uplift rates are limited to immature domes, in which salt is extruding from 
the underlying salt pillow in response to rapid sediment loading. Such 
immature domes would not be selected for repository sites, because they are 
readily identified from seismic profiles. 

A more likely error would be to select a dome nearing maturity. Such a 

dome may still have a small reservoir of salt remaining in the underlying salt 
pillow. Uplift rates common to domes of this type are much lower than those 
characteristic of domes in the extrusion state, being on the order of a few 
tens of feet per million years. Consequently, if a nearly mature dome was 
selected as a repository host, the associated uplift rates would be 
insignificant in any design considerations. 

STABILITY OF SALT DOMES 

Many "piercement" salt domes of the northern interior salt basins could 

serve as safe, permanent, storage sites for both nuclear and chemically toxic 
wastes. Suitable domes are stable and inactive, having reached their final 
evolutionary configuration at least 30 million years ago. They are buried at 
depths below the level to which erosion will penetrate during the prescribed 

storage period, and they are not subject to reactivation in the future. The 
cores of these salt domes are impermeable, permitting neither the entry nor 
the exit of ground water or other unwanted material. 

Stable Domes 

Stable domes are those that have reached their final evolutionary configu
ation. This status is characterized by a salt spine protruding from an eroded 
hole in the roof of a collapsed salt pillow. The salt pillow is the reservoir 
that fed salt to the spine during an earlier period of maximum uplift. Such 
domes are not capable of reactivation, because the reservoir of salt feeding 
the growth of the spine (the underlying salt pillow) has been completely 
evacuated. Neither additional sediment loading nor submergence will reacti
vate such a dome, because the original pillow has already collapsed entirely. 
Like a flat tire from which all air has escaped, no further collapse of the 
initial salt pillow is possible after all of the salt has been squeezed from 
it. 
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Nor will the salt spine float up through the overlying sedimentary rocks. 
In fact, buoyancy, per se, is never really operative in the evolutionary his
tory of a dome. The stresses caused by buoyancy are insufficient to rupture 
the cover of sedimentary rocks. More importantly, the sediments surrounding 
the dome will not flow into the void that would be created if the dome should 
begin to rise. In fact, the salt spine itself, being more fluid than the 
surrounding sediments, would flow back into the void. It would thus terminate 
any tendency for the spine to ascend. 

Recognizing Stable Domes 

Stable domes are characterized by three factors: 1) a completely evacua
ted predecessor structure, 2) steep or overhanging flanks, and 3) continuous 
sedimentary layers across the crest of the structure. 

Determining the growth history of a candidate dome verifies its evolu
tionary state. The growth history can be reconstructed by using high-quality 
reflection seismic profiles. The profiles must cross the dome and the sur
rounding area in a variety of directions. These profiles would provide the 
data needed for a complete three-dimensional reconstruction. 

Use of seismic profiling permits the identification of a predecessor salt 

structure for each piercement dome. These predecessors may be pillows, anti
clines, or similar structures. The time at which the sedimentary cover of the 
predecessor structure is breached is readily ascertained from seismic data. 
The collapse of the predecessor structure can also be tracked. Tracking of 
the predecessor's collapse establishes conclusively whether all or most of the 
salt has been evacuated from the predecessor structure, which in turn demon
strates whether there is any possibility of the reactivation of dome growth. 
At the same time, the rate of uplift of the salt stock can be determined by 
dividing the surface area of the stock by the volume reduction of the prede
cessor structure at a number of successive times. A plot of uplift rate 

versus time for a mature dome will exhibit a maximum in the rate of uplift (as 
much as 2,000 feet per million years) during periods of maximum salt extrusion. 
A steady reduction of the uplift rate occurs after this maximum. The uplift 
rate declines to zero when all of the salt has been evacuated from the prede
cessor structure. 
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Each dome follows this evolutionary history. As soon as a dome is past 
the extrusion phase, it is incapable of reactivation. Deceleration of the 
growth rate continues until it ceases altogether. Existing observational 

skills are inadequate to identify the final date at which the last millimeter 
of uplift occurred, but that final date has no bearing on the problem at hand • 
As soon as the growth rate of a dome decelerates to a negligible value, the 
potential for further growth is limited to such a small value as to have no 

bearing on the safety of the repository. 

Not on ly are stable, mature domes free from II i nterna 1" hazard, they are 

also free from "external" tectonic processes that might endanger a repository. 
This freedom from tectonism can be attributed to their location within the 
North American lithospheric plate and to the evolutionary state of the 
interior salt basins. 

STRUCTURAL STABILITY OF THE NORTHERN INTERIOR SALT BASINS 

The northern interior salt basins of the Gulf of Mexico region are gener
ally free from diastrophic activity that might pose a hazard to the safe 
storage of nuclear wastes. This fact is not surprising, because these basins 
are located well within the North American tectonic plate. They are far away 
from both interplate and intraplate tectonic activity. Although the sediments 
in each of these basins are moderately deformed, most of the deformation 
resulted from non-diastrophic causes, principally movement within underlying 
salt layers. Those few structures resulting from crustal deformation are no 
longer active. These structures are related to one of several ancient periods 
of deformation in the region. The only movement continuing today is subsi
dence of the coastal basin, which results in oceanward-tilting of the entire 
region. This tilting, in turn, causes some adjustment between basement blocks. 
These adjustments are accompanied by the release of seismic energy, but the 
resultant low-magnitude earthquakes pose no hazard to man-made structures. 

Disruptive Tectonic Activity Within the North American Plate 

Most violent tectonic activity occurs along the boundaries of tectonic 

plates. The North American plate is no exception. Basaltic volcanoes, ten
sional faults, and earthquakes of modest magnitude characterize the divergent 
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eastern margin of the plate, which is the mid-Atlantic ridge. Explosive ande
sitic volcanoes, great earthquakes, disruptive faults, and folds characterize 
large segments of the western plate margin on the Pacific Coast and the . ~ 

southern margin in the Caribbean. Active strike-slip faults and thrusts with 
attendant major earthquakes characterize the balance of the Pacific and 
Caribbean margins. 

These active tectonic zones lie at great distances from the northern 

interior salt basins. For this reason they pose no hazard for disposal 
facilities located there. 

Violent tectonic activity is not restricted entirely to plate margins. 

Many destructive processes operate within the interior of tectonic plates. 
Most of these processes are confined to specific regions, for clearly identi
fiable reasons. For example, the broad regions overlying subducting plates 
near convergent margins experience volcanic eruptions, active faulting, and 
large earthquakes. The Mexican volcanic belt and the Pacific Northwest of the 
United States are examples of such regions. Large areas affected by back-arc 
spreading are characterized by block faults, earthquakes, and modest volcanoes. 
The Great Basin of the western United States may be such a region. Rifting, 
perhaps signaling incipient crustal breakup, is also characterized by exten
sive faults, volcanic activity, and earthquakes. The Rio Grande rift is 
probably such an area. 

None of these active regions infringes on the northern Gulf of Mexico 
region, and the tectonic activity within these regions is not likely to spread 
significantly within the next million years. 

Another predictable phenomenon is volcanic activity related to plate 
migration over hot spots on the mantle. Migration of the plate over a hot 
spot is the likely origin of volcanoes in Yellowstone and north-central New 
Mexico. The paths of migration and relative rates of movement of these 
volcanic centers show that they, too, will have no influence on the northern 
Gulf of Mexico region at any time in the next million years. 
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Cratonic basins also occur within the interiors of lithospheric plates. 

Presumably, diastrophic activity accompanies their formation and development. 
This relationship is suggested by the fact that many cratonic basins appear to 

be located over the remnents of a block-faulted crust, identifying these 
regions as ancient abandoned rifts or spreading centers. In such regions, 
most of the diastrophic activity precedes the formation of a basin. During 
filling of a basin, only subsidence-related crustal adjustments lead to faults 

and earthquakes. These events are infrequent and of low magnitude. As soon 
as they are filled to capacity with sediments, the cratonic basins cease to 
evolve. At that time they become part of the stable interior of a litho
spheric plate. 

Tectonic Activity Within the Interior Salt Basins of the Northern Gulf of 
Mexico 

The interior salt basins of the northern Gulf of Mexico region are com
pletely filled, inactive, intraplate basins. These basins, the East Texas, 
North Louisiana, and Mississippi salt basins, are underlain by a block-faulted 
basement, bordered by a nearly continuous fault system, and contain within 
them numerous salt-supported structures surrounded by local faults of varying 

types and orientations. 

Most of the structures within the interior basins are extinct. The pro
cesses that caused them are no longer operative. Minor activity along the 
southern borders of the basins is attributed to adjustments within the base
ment needed to accommodate the continued subsidence of the Gulf of Mexico 
basin to the south. It is questionable whether any of the salt structures are 
active today. A few of these structures are capable of reactivation, should 
the area become innundated and sedimentation resume, but most are either 

mature ("extinct") or nearly so. Faults and other features related to those 
few salt structures that are capable of reactivation would become reactivated 
with renewed salt movement. 

Basement Block Faulting 

There was major, pervasive, extensional faulting throughout the Gulf 

region during the early Mesozoic. This faulting resulted in significant 
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crustal attentuation, thereby converting the previous continental area into 

the series of basins that exists today. This episode of major crustal disrup
tion ceased entirely during the Middle Jurassic, about 150 million years ago. 
Some faults within this system were reactivated during the Middle Cretaceous, 
about 100 million years ago. This latter episode was short lived, probably 

confined to less than a five million year interval. 

Throughout the history of the area, these same basement faults served as 
the locus for adjustments between basement blocks during periods of basin sub
sidence. They accommodated differential subsidence of crustal blocks of dif
ferent thicknesses by permitting decoupling between the blocks. Although the 
interior basins ceased subsiding about 45 million years ago, some decoupling 
still occurs today. This decoupling is the result of active subsidence of the 
Gulf basin to the South. 

The interior basins reached isostatic equilibrium in the early Tertiary, 
because they were filled to capacity with sediment by that time. But the Gulf 
basin to the south was nearly empty. Throughout the Tertiary and continuing 
today, high volumes of sediment were deposited in the north part of the empty 
Gulf basin, causing the loaded area to subside rapidly. The crust beneath the 
northern Gulf is coupled to the southern boundary of the interior basins, so 
the subsidence of the Gulf basin dragged the southern boundary of the interior 
basins below its isostatic compensation level. The greater the depression of 
a crustal segment below its compensation level, the greater the restoring 
isostatic forces. These forces, in turn, promote decoupling along planes of 
weakness (the Mesozoic basement faults). Decoupling is accommodated piecemeal 
by small movements along the old faults accompanied by minor releases of 
seismic energy. This kind of activity is probability the cause of the few 
minor earthquakes reported from this region. 

Future earthquakes should be no larger than the earthquakes associated 

with decoupling have been, because the rate of energy storage is slow. It is 
related directly to basin subsidence, which is governed by sedimentation rates. 
These are slow processes compared to relative plate motions typical of tec
tonically active regions. The result is that in the Gulf region, the rate of 
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build-up of strain energy is comparably slow. Large strain imbalances, which 
are relieved by massive releases of seismic energy, do not occur where strain 

• build-up is so slow. The low rate of occurrence and low magnitude of the 
earth tremors recorded in the Gulf region are in accordance with the slow rate 

, of strain build-up, and no changes should be expected in the future. 

Boundary Fault System 

The system of faults bounding the northern interior salt basin is only 

indirectly related to the basement-fault systems described above. The boun
dary faults are at the outer periphery of the Triassic block-faulted terrain. 
They have a long evolutionary history, having been active about 110 million 
years, from mid-Jurassic through Eocene time. Movement along the faults 
within the boundary-fault system apparently resulted from either salt flow 
away from a buried basement scarp or from bending (because of differential 
subsidence) across a boundary between thin crust underlying the basins and 
thick crust underlying the surrounding continental mass. 

Neither process is operative today: 1) There is no bending because there 
is no subsidence. The basins are filled to capacity with sediment, so no 
accommodation by subsidence is necessary; 2) No salt flows from beneath the 
fault system because all of the salt has been evacuated previously. This 
evacuation is shown by both seismic and well data. 

Because of the nature of the causitive mechanisms, the faults in the 

boundary system are not subject to reactivation. For example, no more salt 
can escape from beneath the boundary faults, because all of the salt that was 
there has already been evacuated. Thus, this mechanism cannot cause further 
displacements. Similarly, no additional subsidence can occur in the basins 
because they are already full to capacity. This lack of potential for subsi
dence can be explained by the fact that the basins, as well as the surrounding 
continental land mass, are in isostatic equilibrium. The absence of offsets 
in Pleistocene alluvial fans and river terraces along the boundary-fault 

system confirms the lack of movement in the recent geologic past. Compre
hension of the cause of movement along the boundary-system faults makes it 
possible to state unequivocally that no future movement is possible until the 
tectonic regime changes. 
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Balcones System 

The Balcones fault system, which separates the Edwards Plateau from the 

Gulf of Mexico province, was active during the Miocene and possibly into the •. 
Pliocene. But no offsets of Pleistocene fans or terraces have been observed, 

indicating that the system has been inactive for at least two million years. ~ 

Presumably, the faulting was related to the epeirogenic uplift of the western 

United States. Although related tectonic activity continues today, it 
apparently does not result in further tilting of the High Plains of Texas. 
Consequently, the Balcones fault system is no longer active. 

The Balcones fault system is capable of reactivation, should uplift of 
New Mexico and Trans-Pecos Texas resume. It would be very difficult to give a 
probability for resumed uplift of the area and subsequent reactivation of the 
fault system. Details of the evolutionary history of incipient rifts are 
inadequately known to allow making absolute statements regarding the future 
history of this area. 

The Balcones fault system is located far from most candidate domes, so it 
poses no direct hazard to storage facilities located within the basins. How
ever, design of a storage facility ought to include protection against remote 

possible damage from medium magnitude earthquakes (5.0-5.5) generated along 
the Balcones system. 

Salt Structures and Related Faults 

Virtually all of the remaining structures within the interior salt basins 
are related to movement of the Jurassic Louann salt. Movement within the salt 
is accommodated by deformation in the overlying sediments. Structures of this 
type are local, and their formation is aseismic. Ground displacement is the 
only hazard they pose to man-made structures. Consequently, the only struc
tures that need to be considered are those associated with candidate domes. 

Generally, these faults occur only within the sediments surrounding a dome and 
do not penetrate the salt core itself. Faults that do not penetrate the salt 
core will not affect the structural integrity of a repository. Faulting in 
the sediments will result in an offset of ground water flow, which mayor may 
not be of consequence to the selection and design of a repository. Such 
determinations will need to be made on a site-by-site basis. 
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