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ABSTRACT

180/160 and D/H ratio measurements have been made on groundwaters
sampled from the Rustler Formation (Ochoan, Permian) and related
rocks in the northern Delaware Basin of southeastern New Mexico.
Most confined Rustler waters at the Waste Isolation Pilot Plant
(WIPP) site and to the west in Nash Draw and confined w§§ers from
the Capitan limestone constitute one population in 6D/& ~O space,
while unconfined groundwaters inferred to originate as modern
surface recharge to alluvium, sandstones in the Ogallala Forma-
tion, the near-surface Rustler in southwestern Nash Draw, and the
Capitan vadose zone in the Guadalupe Mountains (Carlsbad Caverns)
constitute a distinctly different population; the two do not
overlap. A likely explanation for this distinction is that
meteoric recharge to most of the Rustler and Capitan took place
in the geologic past under climatic conditions significantly
different from the present. Available tritium and radiocarbon
data are consistent with this hypothesis, and the apparent age of
confined groundwaters is in excess of 12,000 radiocarbon years,
suggesting that recharge took place under wetter conditions in
the late Pleistocene. Processes governing recharge in the Dela-
ware Basin are significantly different from those in the nearby
Roswell Artesian Basin, but may be similar to those previously
des¢éribed for the Albuquerque (New Mexico) and Murray (South
Australia) Basins. Rustler water from the WIPP site and east-
central Nash Draw is not discharging from springs in southwestern
Nash Draw; the discharge there is part of a local shallow ground-
water system associated with surficial gypsum karst and discharge
from nearby potash refining. Water at the Rustler/Salado contact
at the WIPP site is of meteoric origin, but has experienced
isotope shift that increases with decreasing permeability, and is
part of the same isotopic trend as the ERDA 6 brine occurrence
and fluid inclusions from Salado Formation halite core. Radio-
metric ages of secondary Salado minerals are not consistent with
vertical mixing between deep brines and meteoric waters to form
the fluid inclusions. Mine seeps and WIPP fluid inclusions have
similar isotopic compositions, perhaps related to syndepositional
mixing of evaporite brines and rainwaters. Rustler dolomites
have not recrystallized in isotopic equilibrium with Rustler
water, but much of the gypsum in the Ochoan section has done so.



The absence of modern meteoric recharge to the Rustler at and
near the WIPP site indicates that the hydrologic system there is
not at steady state. 1Instead, the system is responding to the
cessation of local recharge, this cessation occurring some 10,000
to 30,000 years ago.
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EXECUTIVE SUMMARY

A total of 118 samples from the northern Delaware Basin in south-
eastern New Mexico, from 106 discrete locations, has been ana-
lyzed for their stable-isotope compositions. The total number of
replicate analyses was 181. These include 97 ground- and sur-
face-water samples which were analyzed for their D/H and 180/160
ratios. Nineteen carbonates, 14 of which were groundwater host-
rocks and 5 of which were travertines, were analyzed for their
180/160 and
water of crystallization of two gypsums.

13C/12C ratios. D/H ratios were determined for the

Most groundwaters were taken from pump- or bail-tests of wells in
the Rustler Formation near the Waste Isolation Pilot Plant (WIPP)
site. Three fluid-producing horizons in the Rustler Formation
have been extensively hydraulically tested, sampled, and analyzed
for various solution parameters; because these horizons occur
near the WIPP site and nearby Nash Draw (a solution valley devel-
oped in the Rustler outcrops to the west), they have been iden-
tified as likely transport media for radionuclide-contaminated
groundwaters. These three units afe, in descending stratigraphic
sequence, the Magenta dolomite member, the Culebra dolomite
member, and the basal Rustler zone near its contact with the
underlying Salado Formation. The Salado Formation contains the
evaporite sequence in which the WIPP subsurface facility is being
constructed. The hydrologic subunit that appears to have the
most regionally persistent productivity is theICulebra, and it
has supplied the most water (n=37) and aquifer-rock (n=9) samples
in this study. Three Culebra waters have been successfully
radiocarbon—dafed, and tritium measurements have been performed
on five Culebra waters and one Magenta water (Lambert, 1987).
Rustler groundwaters are under confined conditions at the WIPP
site and in many parts of east-central Nash Draw. In addition to
the Rustler Formation, the overlying Dewey Lake Red Beds have
been sampled in three localities near the WIPP site, one sample
of which has been radiocarbon-dated. Water in the Dewey Lake is
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believed to be perched in many localities, but is not regionally
persistent in its occurrence.

For comparison, several other groundwaters in the region were
analyzed. These include four samples from the Capitan limestone
where it is under confined conditions, 12 from a long-suspected
major vadose Capitan recharge zone (Carlsbad Caverns in the
northern Guadalupe Mountains), one from the Triassic rocks, and
one from alluvium. Three stormwaters, two streamwaters, and
water from Surprise Spring (discharging from the Tamarisk member
of the Rustler Formation in southwestern Nash Draw) complete the
suite of major water-sampling. A few deep-basin groundwaters
associated with Salado evaporites and deeper rocks were also
analyzed, and include four samples from seeps in salt mines (two
from the WIPP itself), one from Castile brine reservoir (the ERDA
6 occurrence), one from the underlying Bell Canyon sandstone, and
two from the Morrowan (Pennsylvanian) limestone.

According to geological, hydrological, and geochemical criteria
several samples from pump- or bail-tests were judged to be not
representative of the fluid reservoir at depth, due to probable
mixing and contamination. These include, but might not be re-
stricted to: the Magenta water from WIPP-30, the Culebra water
from P17, P15, and P18, and Rustler/Salado contact water from
P15, P18, and WIPP-27. Even though some of these water samples
were analyzed in the absence of additional criteria for evaluat-
ing their validity, their,&—values,‘if available, were not used
in the interpretations here.

Capitan, Dewey Lake, Triassic, alluvial, most Rustler, and sur-
face waters analyzed all have 6D/6180 relationships that indicate
a direct meteoric origin, with little alteration by partial
evaporation or rock/water interaction. In this context the term
"meteoric” implies only an origin from precipitation, not that
the time of such origin is necessarily "modern." The meteoric
gtoundwaters fall into one of two distinct populations of 8D and
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6180 values. The dichotomy is related to local hydrologic
conditions. All confined Rustler and confined Capitan
groundwaters fall into the range of more negative 38D and s'80
values; all have 8D values more negative than -43 &. Meteoric
waters from the vadose Capitan and water-table conditions in
alluvium define the more positive range of isotopic compositions,
and have 8D values more positive than -41 & and 6180 values
generally more positive than -5.5 %. Both populations came from
areas in the northern Delaware Basin that have a relatively
. uniform climate typical of the northern Chihuahuan desert, at
surface elevations of 3000 to 4500 ft. The three waters from the
Dewey Lake are split: one from the isotopically heavier
population and two from the lighter. One of the lighter Dewey
Lake waters has been radiocarbon dated; it has been out of
contact with the atmosphere for at least 14,000 radiocarbon
years. Three of the confined Rustler waters from the Culebra
near the WIPP site, falling in the lighter'éD/6180 population,
have radiocarbon dates between 12,000 and 16,000 radiocarbon
years. The mean 8D value of the lighter population (46 data),
which contains the four late Pleistocene groundwater dates, is
-50 %. The isotopically heavier pépulation, most groundwaters of
which can be inferred at present to have hydraulic connections
with the surface (28 data), includes nine water samples from the
Ogallala sandstone tapped by southeastern New Mexico municipal
wells and analyzed by C. J. Yapp at the University of New Mexico.
This population has a mean 6D value of -33 &, taken to represent
the isotopic composition of metéoric water that has recharged
shallow groundwater systems under present climatic conditions at
elevations of 3000 to 4500 ft in southeastern New Mexico. This
elevation range includes the elevation of the WIPP site, 3300-
3550 ft. The isotopic compositions of the two populations do not
overlap, suggesting that climatic conditions governing recharge
have not been identical for both populations in the Delaware
Basin. Both populations of groundwaters are expected to have
received recharge over at least several years; hence, their

isotopic compositions would be expected to represent recharge



over several cycles of year—to~yedr variations, and would reflect
the dominance of recharge during certain seasons rather than:
necessarily coinciding with the isotopic composition of total
weighted mean precipitation. Little systematic seasonal
variation has been observed in the shallow (isotopically heavier)
groundwaters, so the shallow (unconfined) groundwaters are taken
to represent the seasonally integrated average isotopic
composition of modern meteoric recharge.

A separation in mean 6D values as small as 10 & was used by Yapp
(1985) to infer that Albuquerque Basin groundwaters more depleted
in deuterium are relics of a previous recharge event typifying
past (possibly wetter and/or cooler) climatic conditions. The
difference in mean 86D between the two populations defined here
(-50 versus -33 &) is 17 &. The late Pleistocene radiocarbon age
obtained for Rustler and Dewey Lake groundwaters in the isotopi-
cally lighter Delaware Basin population is consistent with the
hypothesis that groundwaters now under confined conditions in the
Rustler and Capitan were recharged during, and perhaps in re-
sponse to, a past climatic event; theigrdundwater ages correspond
to ages of late-Pleistocene-age local packrat middens, which
preserve evidence of floral assemblages consistent with a cooler
and/or moister’environment than is reflected in the modern plant
community. The extremely low tritium levels in Rustler ground-
waters near the WIPP site suggest that the groundwaters are now
receiVing little if any active local recharge.

Confined groundwaters from the Rustler/Salado contact in Nash
Draw have meteoric isotopic compositions typical of other Rustler
waters. Toward the east, over the WIPP site, however, the iso-
topic composition of water from the Rustler/Salado contact shows
progressively more positive deviation in d-value ("isotope
shift") from typical Rustler meteoric values. The amount of
shift is correlative with (a) measured decreases in transmis-

sivity, (b) increasing distance from the eastern dissolution
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scarp of Nash Draw, and (c) an ihcreasing amount of halite sur-
viving in the Rustler Formation. The isotope shift is attribut-
able to an increasing amount of rock/water interaction accompany-
ing a diminishing water/rock ratio. The precise mechanism of
isotope exchange and the reactant solid phase have not been
identified, but the potential effect of anhydrite hydration to
gypsum, or the contribution of a relatively large reservoir of
exchangeable water of crystallization in existing gypsum relative
to a small amount of groundwater, should not be overlooked.

It has often been proposed that the more permeable units in the
Rustler drain the WIPP site and Nash Draw and discharge into the
alluvium and ultimately into the Pecos River near Malaga. It
has, however, been proposed by some that the Rustler draining
this area discharges to the surface a significant distance up-
gradient from Malaga, through a series of springs in southwestern
Nash Draw, the best known of which is Surprise Spring on the
northern shore of Laguna Grande de la Sal, the only perennial
lake that existed prior to potash-refining activities. Various
hypothetical flow paths in the Culgbra from other parts of Nash
Draw and the WIPP site to Surprise Spring pass through or near
the near-surface occurrence of the Culebra at WIPP-29. A com-
bination of isotopic and solute analyses has shown that (a) the
isotopic compositions of WIPP-29 Culebra and Surprise Spring
wvaters are similar, indicating that similar mechanisms governed
thevisotopic compositions of theirvwatef molecules, assuming that
they were derived from a. common .source, (b) WIPP—29 Culebra water
is not derived directly from water in other parts of the Rustler,
but is largely a partially evaporated product of potash-refinery
spillage of imported water from the Ogallala, and (c) derivation
of Surprise Spring water from WIPP-29 Culebra water requires an
immense dilution factor, using water that is isotopically heavier
than most of the known Rustler waters upgradient. Thus, waters
at Surprise Spring and WIPP-29 Culebra are of local near-surface
derivation; neither their isotopic and solute compositions nor
their geological occurrences are consistent with the proposal
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that they have been derived from other Rustler waters by simple
evaporation, and they are not discharge points from either the
WIPP site or east-central Nash Draw. They appear to be, instead,
discharge points for a local, shallow (probably water-table)
groundvwater system manifest partly in the numerous ponds that
have formed from a rising water table; the recharge for this
local system appears to be potash-refinery spillage and/or local
natural recharge entering the near-surface gypsum karst developed
in the Tamarisk member of the Rustler Formation. 1In any case,
the fluid volumes involved in the local system in southwestern
Nash Draw overvhelm any possible contributions from Rustler water
flowing from further east.

Rock/water interactions sufficient to result in isotopic shifts
in waters of the Rustler Formation are largely restricted to the
Rustler/Salado contact zone. Secondary calcite, however, has
precipitated in isotopic equilibrium with typical meteoric Rus-
tler water in the Magenta member at WIPP-33, a borehole drilled
in a circular collapse feature located between the WIPP site and
Nash Draw. None of the other analyzed aquifer rocks has isotopic
compositions that reflect similar récrystallization of dolomite,
but dissolution of some dolomite has probably occurred. The
isotopic composition of the dolomites appears to be extremely
uniform and is suggestive of an evaporitic rather than a biogenic
origin, distinct from compositions expected from récrystalliza-
tion in the presence of modern meteoric water. In addition,
Rustler gYpsum and Dewey Lake selenite vein material at AEC 8
have last been recrystallized in the presence of a water that
isotopically resembles typical Rustler meteoric water; this
precludes both total preservation of the gypsum as a primary
seawater precipitate and recrystallization in response to in-
filtration typified by local modern meteoric isbtopic composi-

tions.
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Waters from below the Rustler/Salado contact all show a sig-
nificant isotope shift from the typical array of worldwide mete-
oric 6D and 6180 values. At greater depth, where the largely
intact Salado evaporite section is unperturbed by postdeposi-
tional dissolution, no waters have been found that are derived

directly, without isotopic modification, from meteoric sources.

O'Neil et al. (1986) have suggested that fluid inclusions in
halite from the ERDA 9 corehole near the center of the WIPP site
have isotopic compositions resulting from binary mixing of mete-
oric (Rustler-type) waters and water from the ERDA 6 brine occur-
rence in the Castile Formation. The existence of vertical fluid
movement through the Salado necessary to facilitate such mixing
would, however, be reflected in a notable degree of Salado re-
crystallization. A large number of radiometric dates for Salado
minerals at various depths and geographic locations in the north-
ern Delaware Basin show concordantly that no recrystallization of
Salado evaporites has taken place since about 200 million years
ago. Consequently, the proposed mechanism for mixing of Castile
brines and meteoric water to yielq the fluid inclusions in Salado

halite is not consistent with the geochronological data.

The ERDA 9 Salado fluid inclusions lie on the same trend in
6D/6180 space as do isotopically shifted Rustler/Salado contact
brines. This suggests that Rustler/Salado brines,VCastile brine,
and ERDA 9 fluid inclusions have all evolved from an originally
meteoric fluid by similar processes of variabiy extensive rock/
water interaction. Fluid inclusions in halite from the WIPP
subsurface facility itself (Knauth and Beeunas, 1986) isotopi-
cally resemble seeps from the nearby Duval Nash Draw potash mine
and from Marker Bed 139 beneath the floor of the WIPP mine.
Although the solutes (Stein and Krumhansl, 1986) are dissimilar,
the water molecules in the two types of occurrences probably
evolved along similar paths, perhaps as suggested by Knauth and
Beeunas, by some ancient episode of mixing involving a primary
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evaporite brine and local rainfall when the evaporites were being

deposited near the surface.

Two brines analyzed here (one Morrowan and one Bell Canyon) are
typical "oilfield brines" and have isotopic compositions similar
to the mine seeps and WIPP fluid inclusions; the other Morrowan
sample has a unique isotopic composition. Material balance
calculations have shown that the 6180 value of the Bell Canyon
brine can be obtained by oxygen-isotope exchange with coexisting
calcite cement within the sandstone (which are at mutual isotopic
equilibrium), at rock/water ratios of about 200; no appeal to
evaporation or mixing is necessary. Neither the Bell Canyon nor
the Morrowan limestone is associated with evaporites, and it is
unlikely that the origin of either the high-calcium-chloride Bell
Canyon brine or the Morrowan brine (which has a total dissolved
solids content one-tenth that of saturated NaCl) has involved
partially evaporated seawater. Their geological environments
rather suggest that their observed isotopic compositions have
arisen, as suggested originally by Lambert (1978), by profound
rock/water interaction, whatever the ultimate origin of the water
molecules. |

Chapman (1986) compared the isotopic compositions of confined
meteoric groundwaters in the Delaware Basin with groundwaters in
the Roswell Artesian Basin, predominantly from thé San Andres
Limestone. Chapman proposed that (a) grdundwaters in the Roswell
Artesian Basin have 6D values that are similar to the confined
Rustler and Capitan waters in the Delaware Basin and (b) the
presence of measurable tritium in Roswell Artesian Basin ground-
waters makes them "verifiably young"; therefore, (c) "there is a
good possibility that the Rustler is currently receiving re-
charge." We conclude here that direct comparison of the isotope
systematics of the northern Delaware Basin and the Roswell Arte-
sian Basin is not éppropriate, because (a) natural recharge to

the San Andres Limestone is predominantly at elevations greater

than 5000 ft, thus imparting an artesian pressure to water pumped



for irrigation in the Pecos River Valley and introducing more
water with more negative 8-values typical of higher elevations,
d-values of precipitation at higher elevations being coinciden-
tally similar to those produced during cooler, wetter paleocli-
mates at lower elevations, and (b) extensive pumpage since 1890
has allowed surface (tritium-rich) water to move downward into
the San Andres aquifer and mix with older waters from higher
elevations, giving a mixture that appears both spuriously young
relative to travel time in the San Andres and spuriously depleted
in deuterium relative to precipitation at the elevation of Ros-
well. Instead, present recharge conditions, if any, to be ex-
pected for the Rustler at and near the WIPP site would probably
be more similar to those of the nearby Ogallala Formation than

the San Andres aquifer of the Roswell Artesian Basin.

Both the Ogallala and the Rustler underlie portions of southeas-
tern New Mexico and west Texas whose land~surface is at eleva-
tions of <4300 ft above mean sea level, experiencing rainfall
patterns significantly different from those of the mountainous
recharge area for the Principal Aquifer (San Andres) in the
Roswell Artesian Basin. Ogallala groundwaters from west Texas
whose tritiﬁm contents are »>10 TU, indicating historically modern
derivation from the atmosphere, have 8D and 6180 values cor-
responding with the local groundwater population more enriched in
heavier isotopes, as at Carlsbad Caverns and San Simon Sink;
these modern Ogallala groundwaters are isotopically distinct in
6D/6]80 space from the confined Rustler and Capitan groundwaters.
In addition, recent radiocarbon studies suggest that Culebra
(Rustler) and Dewey Lake groundwaters near the WIPP site with the
more negative 6—va1des and containing no significant tritium have
been isolated from the atmdsphere since the late Pleistocene,
which is considered the age of recharge. The more negative
d-values are in some cases similar to those of groundwaters
recharged to the San Andres in mountainous terrain aﬁ higher
elevations in a cooler climate. Despite the isotopic similar-

ities, the respective probable recharge areas for the Delaware
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and Roswell Artesian basins differ profoundly in present-day
elevation, topography, degree of drainage development, climate,
and vegetative cover. Whereas some isotopically lighter members
of the Roswell population have a component of modern tritium
probably due to pumpage-induced mixing, radiocarbon ages of some
Delaware Basin groundwaters of the same stable-isotope composi-
tion are late Pleistocene, consistent with recharge under prob-
ably cooler and wetter conditions than now prevail in the Dela-
ware Basin.

There is no significant monotonic gradient in'groundwater radio-
carbon age over a distance of 11 miles from north to south across
the WIPP site. This suggests not an area of steady-state Culebra
recharge in the north, as indicated by the modern potentiometric
gradient, but that groundwater reached several points along a
north-south line through the WIPP site at about the same time
(e.g., a "slug"-type transient recharge event probably originat-
ing west of the WIPP site in the higher-permeability zone of
Rustler outcrops in Nash'Draw, during the late Pleistocene).

The late Pleistocene epoch was a time of significantly different
climate in southeastern-New Mexico, as indicated by the juniper-
oak plant community preserved in the packrat middens of Last
Chance Canyon and Rocky Arroyo at elevations of 3700 ft (Van
Devender, 1980). At the same elevation, desert-scrub grassland
novaredominates. A climate that suppofted a juniper-oak com-
munity 10,000 to 10,500 radiocarbon years ago'(the age of the
packrat middens) would presumably be more conducive to ground-
water recharge, if the juniper-oak community developed in re-

sponse to higher rainfall.

Implications of there being little or no modern recharge to the
Rustler groundwater near the WIPP site are that (a) the Rustler
groundwater system'is not at steady state; instead, discharge
currently exceeds recharge, (b) present-day hydrologic measure-
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ments characterize a system in a transient stage that has per-
sisted for 10,000 years, and which will continue to change its
characteristics (e.g., potentiometric surface, permeability,
etc.) in the future, and (c) groundwater flow (and evaporite
dissolution) in the Rustler may presently be at temporally low
volumes and rates, relative to the past, and may increase should

a wetter climate again prevail in the next 10,000 years.
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1. INTRODUCTION

1.1 Objectives, Scope, and Limitations

Groundwater occurrences in the Delaware Basin of southeastern New
Mexico have been of considerable interest for many years, begin-
ning with the time modern humans sought to build individual and
collective lives in the arid southwest. 1In fact, the factor
limiting development of land in the southwestern United States
historically has been the availability and quality of water. As
the sporadic occurrences of surface water became heavily overcom-
mitted, the search continued underground with boreholes. In some
areas, the search for groundwater has turned up other underground
resources not preserved at the surface, in particular evaporites.
Abundant potable groundwater associated with highly soluble
evaporites is somewhat paradoxical, since (a) the evaporites do
not long survive exposure to freely circulating groundwaters, and
(b) such groundwaters, even if abundant, are seldom potable.
Nevertheless, the mere presence of groundwater in or adjacent to
evaporites has sparked considerable interest, especially if the
evaporites are to be considered hosts for various long-term
endeavors such as storage or permanent disposal of radioactive or

hazardous wastes.

Particularly prominent occurrences of groundwater in southeastern
New Mexico include the Capitan .limestone, which borders the
evaporites in the Delaware Basin, and the Rustler Formation,
which overlies the main evaporite sequence of the Salado Forma-
tion. An understanding of the geologic history of the Rustler
Formation in the northern Delaware Basin is considered to be
fundamentally relevant to the evaluation of the ability of the
bedded evaporite environment at the Waste Isolation Pilot Plant
(WIPP) to contain waste radionuclides for long periods of time.
The Rustler is deemed important because it (1) is the uppermost
evaporite-bearing unit in the Ochoan (Permian) sequence, (2) is
experiencing active dissolution where it crops out west of the



WIPP site, and perhaps elsewhere, (3) immediately overlies the
Salado Formation where the WIPP facility is being mined, and (4)
contains interbeds of brittle fractured rock that carry the most
abundant and regionally persistent occurrences of groundwater
associated with Delaware Basin evaporites.

Ever since the beginning of scientific investigations relevant to
the selection of the WIPP site in the middle-1970s, it has been
apparent that the understanding of any aspect of the geology of
the Delaware Basin and application of the geology to the WIPP
site itself would require an understanding of that aspect
throughout the basin. Thus, an understanding of the history of
groundwater movement in the Rustler Formation would probably not
be achieved without a consideration of the regional geological
context, and of other waters in the Delaware Basin. Thus far, it
has not been possible to derive the necessary data for under-
standing any aspect of Delaware Basin geology only from the
immediate vicinity of WIPP; in almost every case the story had to
be pieced together from many widespread parts of the basin (see,
for example, Bachman, 1980). Consequéntly, although one major
focus of this report is groundwater’in the Rustler Formation, we
present the stable—isotope geochemistry of several groundwater
systems and sub-systems in the Delaware Basin, discussing their
various similarities and differences in an attempt to set limits
to the various interpretations that have been and can be made
about thenmn. ‘

Geochemical determination of a groundwater system's origin and
evolution through geologic time depends on (among other things)
one's ability to unravel the effects of mixing of different
reservoirs in the subsurface. In fact the effects of mixing, an
event whose age is generally indeterminate, are typically suffi-
cient to make the atmospheric-based "absolute" dating methods,
for example, of limited value (Lambert, 1987). No single geo-
chemical method, whether it be major or minor solutes or stable-
or radoactive-isotopes, can be expected to provide a complete



unique description or characterization of a groundwater system.
Similarly, no interpretive model, regardless of how rigorous, can
expect to provide unique, unambiguous, inescapable interpreta-
tions based solely on one kind of measurement. The consistency
of a given interpretation must be compared to interpretations of
all available geological data. These axioms have been recognized

by various workers in quite different groundwater systems:

Geochemical, isotopic, inert gas contents and radioele-
ment measurements require a sound hydrogeological frame-
work to aid interpretation. 1Individually these tech-
niques can only provide limited information, but the
combination of methods used have [sic] provided cor-
roborative evidence concerning the direction of fluid
circulation in the Harwell region. [Alexander and An-
drews, 1984]

The effect of mixing can be significantly greater than
effects of different geochemical models and care should
be taken that the use of highly sophisticated mathemati-
cal procedures does not in itself imply accuracy of
interpretation. [Evans et al., 1979]

Many types of rock/fluid interactions are evident in the
geochemistry of ground waters found in Delaware Basin
rocks. It is not possible to completely characterize
these interactions from solutes or stable isotopes alone,
nor ‘through a study of water samples alone, without a
similar study of rock. [Lambert, 1978]

Whereas discussions in this work are largely limited to the
conclusions that can be made from stable isotopés in Delaware
Basin waters, some stable-isotope systematics are considered for
rocks aiso. Additionally, the discussion attempts to reconcile
the inferences based on stable isotopes with the appropriate
geological context. Hence, sources of data other than stable
isotopes will be considered in formulating an overall interpreta-

tion.

Many of the data reported here are relevant to the origin and
movement of gfoundﬁaters in the Rustler Formation near the WIPP
site. In order to provide a regional context for interpretation
of results, isotopic compositions of other Delaware Basin waters



are reported and discussed here as well, including the overlying
Dewey Lake Red Beds, seeps from potash mines and Marker Bed 139
in the WIPP mine, Castile brine reservoirs, Surprise Spring, San
Simon Sink, and Capitan waters from the southern Guadalupe Moun-
tains, Carlsbad Caverns, and the eastern Delaware Basin. The
relevant part of the Delaware Basin in southeastern New Mexico
and west Texas is shown in Figure 1, in which the large-scale
geographic relationships among various water occurrences are
illustrated. The locations of boreholes and other features near
the WIPP site are shown at a more detailed scale in Figure 2.

1.2 Previous Work

Lambert (1978) first documented the stable-isotope compositions
of confined groundwaters in the Capitan Limestone and the Rustler
Formation and concluded that they are of meteoric origin (i.e.,
ultimately derived from precipitation). However, stable-isotope
ratios of most Capitan groundwaters under confined hydrologic
conditions were distinctly different from those of other local
meteoric groundwaters whose origins'could be traced by observa-
tion and inférence to infiltra