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ABSTRACT

- The hydrochenﬁical h'tstery of igro‘und water in the arid southeastern Hueco
‘ BOI:edn was investigated by collection of soill‘-moi‘sture"samples from unsaturated
Sili'cit:lastic‘bolson~fill sedirments‘ and ground—Water samples from the Diablo Plateau
_aqurfer the Hueco- Bolson silt and sand aquer and the Rio Grande alluvial aquifer.
Major mlnor and- trace solutes stable isotopic composmons and actlwtles of tritium
and carbon-14 were measured in groun‘d—water‘ samples; ‘major solute concentratlons
we,re" determined in sOiI—moisture samvples. Soil samples Were collected to determine
the type and amount of material that could berreadily dissolved by recharge water.
' Cere samples ef Cretaceous carbonate and bolson-fill material were analyzed to |
determine the mineralegy of sediment and aquifer matrix.
~ The Hueco Bolson and Diablo Platean‘aquifers ‘contain mainly’ Na—‘SO4 ground
water that derlved solutes’ by carbonate and gypsum dlssolutlon coupled with
‘exchange of aqueous calcium and magnesnum for sodlum on clay minerals and other
| Jion exchange sites. Rio Grande ground water is domlnated by sodium and chloride
derived from dissolut'ton of salts precipitated iny-i}rrigated fields during times of high
- evaporation. All grou‘nd waters appear to acquire major compositional characteristics
'.early ‘;in the flow history, ‘principally through reaetfons_ in the unsatutated zone.
’e‘Ages eStin1ated from tritium and carbon—14 activities show that Rio Gra_nde

_greunvd watersare youngest, reflecting the short flow paths from land surfac‘e
foll‘oWing irrigation, infiltrat}ion‘, and deep penetrat'ton ‘and frotn the river to sample‘d

wells.'vG.round \'/vater'.‘.f,rom the Diablo Plateau and Hueco Bolson aquifers ranges .in

) ‘lag_e’"k.frorn a few hundred to nearly 29:00'0 yr. Carbon-14 ages and tritium -activities
do not vary systema‘tically along a ﬂew: path; h9Wever, the oIdest‘ waters occur in

wells near the center of the bolson pediment.- The irregular distribution of carbon-14



and tritium indicates that the Bolson and Diablo Plateau aquifers are internally
complex, and flow velocities are not readily predictable solely on the basis of the

- potentiometric gradient and estimates of regional porosity and permeability data.

INTRODUCTION

Purpose and Scope

Geologic and hydrologic ihvestigations of twd areas in Trans-Pecos Texas were
initiated in 1985 at: the request of the Texas Low-Le\}el Radioactive Waste Disposal
Authority (TLLRWDA), which had selected these area$ as candidates to host a low-

| “level radioactive waste repository. Re’sﬂlts of the bpreliminary investigation (Kreitler
and others, 1986, 1987) led to more detailed studies of the southeastern Hﬁeco

Tlelson near Fort Hancock, Texas. As part of this work, water samples from all
accessible wells and éprings were evaluated to determine hydrologic and
hydrochemical factors that could impact the suitability of the area to host a
radioactive waste repository. This investigation also presents an opportunity to
iﬁvestigate the hydrology and ground-water geochemistry of arid land where the
unséturated‘zone is exceptionally thick. This report surﬁmarizes ‘the results of an
extensive ground-water sampling program conducted in>1988 and 1989, combined bwith

data derived from earlier studies and related work conducted during the same period.
Location

The Hueco Bolson (fig. 1) is a major basin in the southeastern Basin and

Range physiographic province. It is located in Trans-Pecos Texas and southeastern . -



New Mexico, extending along and northeast of the Rio Grande from the Quitman
| Mountains near Sier(a Blanca tb the Franklin Mou‘nta‘ins near El Paso and :north into
New Mexico. In Texas it is bounded to the noftheas£ by the Diablo Plateau and to
the southwest by the Chihuahua tectonic belt, a 4pa-rvt of the Laramide fold belt.
Mva‘jor topographic and gedgraphic features of the area are the (1) Rio Grande to the
southwest, (2) ‘Arroyo Alamo, Camp Rice Arroyo.'Arrioyo Cambo Grande, Arroyo
Madden, and Arroyo Diablo that dissect the bolson surface, (3) Campo Grande |
Mountain, which rises more than 200 ft above the bolson surface. and (4) Diablo
Plateau, Whiéh_ lies above the bolson surface and is separated from it by an
escarbment of more than 400 ft; | |

| - The bolson developed during regional east-northeast extension and- normal
faulting approximately 24 million years ago (Henfy and Price, 1985). This tectonic
activity resulted in topographically high ranges separated by low basin.s».‘The_ Hueco |
Bolson was filled mainly with fine sand, silt, aﬁd clay brought from New Mexico and
Colorado by the Yancestral Rio Grande in late Pliocene and early Pleistocene time; the
Sierra Madre Occidental and Ioc’al topographic highs ‘were sources of coarser Basin-
- filling detritus (Strain, 1973). The Hueco Bolsoh lies within the northern Chihuahﬁan '
Desert and has a subtropical arid climate ‘(Thornthwai‘te, 1931, as modified by Larkin
~and Bomar, 1983) characterized by high mean ahnual temperatures. marked
‘temperature fluctuations -over b‘road diurnal and ahnuél ranges, I‘ow mean annual

precipitation, and wide extremes in seasonal and annual precipitation (Orton, 1964).
Major Aquifer Units

Regional structure and stratigraphy are summarized here only as they affect the

major aquifers. The oldest strata from which ground water is pumped are Cretaceous



carbonate’.and clastic rocks of the‘ Finlay, Cox, and Bluff Mesa Formations tllat

' _ underlie bolson sediments and form the Diablo Plateau. Water-bearing ‘units- in these-
strataare grouped together and designated the Diablo Plateau aduifer (Mullican ‘and
"‘?Se‘nger, 1989). Whether there is one integrated aquifer system in the Cretaceous ,
carbonate rocks or several unconnected or poorly connected carbonate aqurfers is not
resolved In this report we group all samples from the Drablo Plateau aquifer because
- geochemical and hydrologic criteria are madequate for distinguishing different aquifers
or different hydrochemical histories of the - ground-water samples.

Cenozoic bolson-fill sediments constitute a"second major aquifer unit. l\/lost
wells that produce water from the Hueco Bolson silt and sand aquifer (Texas '
Department of Water Resources, 1984) do so from sand lenses that occur. between
clays and silty .clays. ’Pnysical discontinuities are common' within the bolson fill both
because of the lenticular nature of the sand, silt, and clay deposits, and because the
‘basin fill ‘may be displaced by Basin and Range'faults. Hydrologic discontinuities also
are expected however, information is insufficient to allow mapping of separate aquifer R
umts The bolson l"ll is therefore considered a srngle aquifer unit for the purposes of
this hydrochemical investigation. |

The third major aquifer'iks in the Qu’aternary alluvium-of the Rio Grande. This
Rio ‘Grande alluvial aquifer ‘is. probably physically more homogeneous th‘at the other
2 two. but»extensive pumping from wells and local recharge during times of high
: irrig’ation‘ ‘may result in minor hydrochemical heterogeneities in the ground-water

~ system.
' Potentiometric. Surface

The regional potentiometric surface map has been constructed on the basis of

water-level measurements (fig. 2). The general trend shows high water levels on the



Diablo Plateau that decrease toward the southwest. Ground-water flow as a result of
' thé: pqtentiometric surface configuration should be from the Diablo Plateau toward
the Rio Grande. Depths to water in the study area are as great as 590 ft; the water

~ table is nearer land surface on the Plateau and in the Rio Grande alluvium (fig. 3).

INFORMATION SOURCES ‘

Water Samples

Relati‘vely few sources of _grbunvd-water samples exist because the study area |s
sehiarid, the watér table is deep, and specific yields are low. Druring 1988 and 1989,
ground-water samples were collected from 16 W‘elyls and 1 spring. Two of these wells
were drilled and completed: specifically for this project, and several other abandoned
wells were recompleted for hydrologic testing and sample collection. Eleven wells and
1 sipring Were sampled repeatedly during tHe 12-month ﬁeriqd of vinvestigation.
producing a total of 39 water samples. This data base is augmented by 14 samples
collected during ‘a previous investigation ‘(Kreitler and others, 1986. 1987) and 3
, analysesbreported by the Texas Water DeVeIopment Board and the Texas Department
of Water Resources. | |

Two soil-moisture samplers were installed in each of three wells to collect
watér from the unsaturated zone. ‘Samplers were placed at depths ranging from 23.5
~to 110 ftr in strata that were considered most likely to yield water on the basis éf
| stratig-raphivc information‘ derived from a neafby stratigraphic test borehole that was
cored and geophysically logged. The soil-moisture samplers consist of a porous |
ceramic cup attached to 1.5-inch—diameter, high-temperature PVDC pipe. Two internal
check values are arr‘angéd‘suchithat the cup could: be placed undervaéuum to collect -

water, which could then be driven to the surface under pressure for collection



(Wood, 1973). Prior to installation the ceramic cups Wefe thoroughly acid-cleaned and
rinsed with distilled water to remove soluble ions ‘that could contaminate water |
‘samples. Th-e; ceramic cups‘ wer‘e seated in 200-mesh silica flour to ensure good
contact’,bet\}veen cup and sediment, and a‘vacu'um of 20 inches of rh'ercury was

placed on the samplers after installation was complete.
Soil Samples

‘Soil types i’n’ the southeastern Hueco Bolson have been regionally mapped
(Texas Agricukltural Experiment Station, 1973) and ca‘n be correlated with the more
detailed descriptions of soils to the northwest in El Paso County (Jaco, 1971). Soil
~on the ’Di'ablov Plateau is .described as calcareous, gypsiferous loamy outwash and
sediment, whereas soil on the bolson is described as ‘sandy, loamy, alkaline,
calca‘reous wind-laid deposits. Soil developed on the Rio Grande aI‘Iuvium is described
as calcareous loamy to clayey material that supports salt-tolerant grasses, salt cédar.
aﬁd cottonwood trees. Other studies have found that solutes derived from soils
significantly affect the composition of stream (Miller and Drever, 1977) and spring
(Smith and Drever, 1976) waters; therefore, soil samples from the Diablo Plateau,
the bolson pediment, and the Rio Grande alluvium were collected for chemical and

mineralogic characterization as part of this hydrochemical investigation.

METHODS

Ground-Water Samples‘

Y~Gr<y)und—water samples collected from the three principal aquifers  (table: 1)

~ during the 1988-89 field season were analyzed at the collection site for unstable



conétitueﬁts and‘ were treated and preserv"ed for laboratory analysis of major, minor
’ahd'frace' inorganic components, selected organic constituents, and stable (I?O,» D'.-
3¢, ar‘lda‘MS) ‘and cosmogenic (3H and 14C) isotopic compositions.. Complete
s‘ampling procedures are described'in a Spécific Work Instruction prepared fbr this
study (Fisher, 1989); these methods are briefly summarized as follows.

| All sample con.ta.iners and equ‘ipment"used for field testing of unstable species‘
were thoroughly cleaned and rinsed prior to each samplir:g trip. At the well site, pH.
Eh, and water temperature were measured in a flow cell connected to the well such
that the sample was ‘not‘ exposed to the atrﬁosphere, Measureménts wé.re monitored
fbuntil values had stabilized, at which time final va‘lues were recorded and the well
was considered sui‘t“able for sampling. Alkalinity was determined by titration at the
«wel‘l site, and the resulting titration curves were examined to ascertain that ‘carbonate_
spécies were tHe major sources of alkalinity. A 300 mL BOD bottle was rinsed, the
sample wés added, and all air bubbles were dis‘.k‘)dged. The sample was then
preserved for determination of dissolved oxygen concentration; this measurement was
performed later the same day ‘b‘y titration with ~‘sodium thiosulfate. -

‘Aliqu‘ots for measurement of major, minor, and trace cations and anions, stable

’ isbotopic compositions. of oxygen, hydrogen'.‘ carbon, and sulfur, tritium activity,
dissolved sulfide‘, total orgénic carbon, and cyanide were passed through a 0.45 u
filter and preserved. Three 50 L carboys Were filled with s‘a‘mple and 500 ml
saturated ammoniacal strontiumr chléride was added to raise the pH above 11. Later
‘the same day the strontiurﬁ carbonate precipifate from each carboy was trahsferrve.d
toa 1 quart jar without exposure to the ’atmosbhére.v Thisv» precipitate was removed,
rinsed, and dried»in a COz—frée atmosphere for subsequent carbon-14 analysis.
Chemical analyses were performed at the Bureau of Economic Geology Mineral

Studies Laboratory. Tritium activities ‘were determined by the University of Miami



Tritium Laboratory. Stable isofopic compositidns and Carbon-14 activities were
measured at thAevUniversity of Arizona Lab’oratory éf Isotope ' Geochemistry. Total
_ organic carboh, dissolved sulfide. and cyahide were analyzed at Core Laboratorieé,
Corpus Chri»sti,l Texas. - }
Sanﬁbles collected . during 1988 and 1989 provide the primary data base for this
"report. Samples‘covilected during earlier inyestigations ‘(Kreitlevr and others, 1986,
1987) or reported by the Texas Water Development Board‘or the Texas Department
of Water Resources lack field measurement of unstable constituents and thus are less
complete analyses. However, data from these samples are included in the following
discussions because they provide important information from wells that could not be

‘sampled during the recent field investigations.
Soil-Moisture Samples

Water drawn to the samplers under vacuum was forced to sample containers at |
the surface under moderate air pressure. Because of the pressure changes during
col-lectiOn and sampling and because of the small volumes of water that could be
“removed from the unsaturated section. only the major and some minor constituents
could be analyzed. Despite these limitations, the major species present in soil water

are useful in interpreting the origin of deeper ground waters.
Soil Samples

Soils in the study area have a crust that is a fraction of an inch to a few

inches thick and is ‘significantly better consolidated than underlying,matérial. Paired



samples of this crust were collected on the Diablo Plateau, on the bolson, and on
the Rio Gran‘dey alluvium. Each pair from the plateau and the bolson consists of‘one
sample from a topographically high site where rainfall or surface runoﬁ‘ would drain
quickly ‘and one from a low site that could function as a drainage path or infiltration
area: On the Rio Grande alluvium, one sample was collected from a crop field that
had a Ibng history of irrigétion. and one sample was taken from an area that had
‘never been cultivated where surface runoff ponded during heavy rainfall or runoff
events‘ and subsequently ,evapora‘ted. :

“Each of the six samplés was homogehized and a 75-gram subsamplé was
placed in a flask with 100 ml distilled water. The soil-water mixture was shaken for
15'minutes, after which the leachate was removed by c,entfifugation and passed
through a 0.45 pu filter. This process was repéated to givé extra‘ctién times of 15,
240, and 360 minutés. Each leachate solution was aﬁalyzed to determine the amount

of readily soluble ions that could be removed from surface soil samples.
Core Samples

Five samples of Fort Hancock Form‘ation bolson fill were céllected from core at
depths of 147 to 537 ft to aid interpretation of the chemical e\)olution‘ of ground
water compositions. Mineralogic,composition of ‘the whole-rock samp!e and of the
clay-size fraction was determined by standard X-ray diffraction (XRD) analysis. A
representative split of each sample was leached in distilled water, ahd the leachate
was analyzed by standard methods to determine water soluble constituents.
Exchangeable cations were displaced into ‘solut'ionv from a second split of each sample

(Thomas, 1982), and the composition of the exchangeable ion population was -



measured to evaluate the amount and composition of exchangeable cations and total

cation exchange capacity.

RESULTS

Ground-Water Samples

The chemical composition of ground-water samples is listed in tables 2 and 3;
- isotopic compositions are shown in table 4. Ten additional trace metals were
determined for all samples collected in 1988 and 1989 but are not listed in table 3
because they were found to be at or below detection limits for all samples. These
metals and their detection limits in mg/L are Cr (0.03), Cu (0.03), Ni (0.06), As
(0.12), Cd (0.03). Pb (0.25). Sn (0.06), Co (0.03). Se (0.28). and Ag (0.0002). The
mean charge balance (meq cations/meq anions) for samples collected in 1988 and
1989 is 0.96 (10=0.15) for 38 analyses. Data from previous studies and reported by
the Texas Water Development Board or Texas Department of Water Resources are
included here because these samples extend the sparse data coverage to areas that
could not be resampled. Stable isotope compositions (table 4) are given in parts per
thousand (o/oo) with respect to the standards SMOW (oxygen and hydrogen). PDB
(carbon), and CDT (sulfur). Uncertainties (°/oo 20) in stable isotopic data are <2.0
(6D), <0.4 (6345), and <0.2 (6180 and 613C). Tritium activity is reported in tritium
units (TU: one TU:3H/1H ratio of 10'18). with accuracy and precision certified to be
0.1 TU or 3.5%. whichever is larger. Carbon-14 activities are reported as percent
modern carbon (pmc, table 4) with analytical uncertainty as listed for each sample.
Many wells and one spring were sampled repeatedly for this investigation.

These data permit evaluation of possible changes in water composition over time.
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" Nine wells were sampled both in 19867 and in 1988-89. Of these, four present valid
comparisbns of water chemistry OVér a 2-yr périod. Other samples include spring
Waters that seep into a standing pool (No. 106), water collected from a holding tank
beéause the windmill-driven pump had not been opérating for several weeks prior to
trhe» 1988‘sa‘mpling (No. 107), water from a well that had recently been completed
“and may have not yet been developed sufficiently to remove all drilling fluid (No.
92), and water from an irrigatibn well that shows Iargé seasonal variations in
corﬁposition »(No. 110). Table 5 summarizes the major ionic compositions of wells
safnpled in’ 1986 and again in 1988 or 1989. In most cases, 1986 compositions are
rslightly I6Wer than 1988-89 compositions. However, the differences are not cbnsistent
for all ions and are within the uncertainty expected for separate sampling and |
analytical runs. This suggests vthat»compositiovnal changes over a 2-yr period are not
significant.

‘Four wells and one spring were sampled quafterly from summer 1988, to spring
1989 (table 6). Comparison of major ionic compositions for these samples shows
minor, nonsystematic variation attributable td random errors in sampling and analysis
in thrée of the four samples (No. 97. 108, and 93). Well No. 110, an irrigation well
that pumps from Rio Grande alluvium, shows marked »comp'ositional changes. These
variations are attributed to the effects of irrigation, dissolution of salts on irrigated
fields. and soil water evaporation, as discussed in a later section, With‘ thié_, |
exception, the major ionic compositions of ground waters sampled quarterly for a
1-yr »period remain essentially constant, within the resolution of analytical unceriainty. :
‘Long—term quarterly rﬁonitoring of Sélected wells and springs may' show systematic
seasonalv variations in ground-water compositions that‘ could provide imiportar‘lt
information about the regional hydrologic'system."‘Sucvh’trends cannot be identified in

the available data.
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Salinity varies widely within each major aquifer. Mean, minimum, and maximum
concentrations of total dissolved solids (TDS) are 1,590, 800, and 2,900 (mg/L) for
' Diéblo P‘Iateau aduifer ground waters; 1,730, 1040, and 3,830 for Bolson aquifer |
bground"waters; and 2,890, 940, and 5,703 for Rio Grande alluvium ground waters,
respéctiv'ely. Total dissolved solids values do not vary systematically either among the
principal ‘_aqui-fers or with geographic position (fig. 4). The distribution of
hydrochemical facies as determined by predominant cations and anions shows a more
regular pattern regardless of salinity. All samples ‘from Rio Grande aIluvium have
sodium and chloridevas the prédominant cation gand anion, resbpec'tively. Most ground
wat‘er from wells or springs on the bolson pediment or the edge of the Diablo
Plateau, whether from bolson or Diablo Plateau aquifers, has sodium and:sulfate a§
‘the predominaht cation and anion, respectively. Samples from the Diablo Plateéu
aquifer collected from wells away from the edge of the plateau have sodium and
bicarbonate as the major catfon and anion, respectively. One well from the Diablo
Plateau aquifer near the toe of the escarpment produces calcium-sulfate water.

lonic speciation and mineral svaturation states of the ground waters coIllected in
1988 and 1989 were computed by the geochemical modeling program vSOLMNEQ“
(Kharaka and Barnes, 1973, with revised thermodynamic data provided by Kharaka in
1986). Samples that lacked field pH measurement, that were collected from holding |
, tanks because w‘indmill—driven pumps were not fuhctioning. or that were taken from
springs of .very low discharge were not included in the SOLMNEQ runs because the
water -composit_ion was unlikely to represent geochemical conditions in the aquifer.
‘-Diss‘o'lved AI was set at 10'v6 moIaIl (0.027 mg/‘L) because this is the approximate
value expected for aluminum concentrations determined by bayerite or gibbsite
(polymo‘rphs‘of AI(OH)3)."the phases most likely to control Al concentrations ini

shallow siliciclastic sediments at neutral to slightly alkaline conditions (Hem, 1985).
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This was necessary ks'o th‘at‘ the satUra’tion of‘ aluminosilieate minerals cOuId be
estimated desplte the lack of Al analyses Calculated values for the ionic strength of
the water samples range from 0.0155 to 0 1074 molal, correspondlng to an activity
of water of O.9997vtq' 0.9974. These values indicate that the ground waters are
sufﬁciently dilute thet SOLMNEQ can accufatefy comp‘ute thermodynamic activities o/fv
aqueous Speaes | | |

Results of the SOLMNEQ program show that all waters are highly
oversaturated with common aluminosilicate and silicate minerals because of the high
vobserv‘ed dissolved Si concentrations. TotAaI aqueous Si.in the grdund-water samples
~ ranges up to 17.6 mg/L. In contrast, results of SOLMNEQ simulations show that
Hueco Bolson groun‘d water should contain oﬁly about 6 mg/L Si at observed
- temperatures if eoncehtrations were controlled by saturation with quartz, the
dominant silicate minkeral in alluvium, bolson, and carbonate strata.
Equilibrium between grpund water and common carbonate or sulfate minerals

Was evaluated by computing the appropriate saturation index (Sl), equal to the |
~ logarithm ef the ion activity product minus the Iogaﬁthm of the dissolution ir'eaction

equilibrium constant at sample terhperature. A value of zero indicates equilibrium,
negative values indicate undersaturation, and positive values indicate oversaturation.
Because dissolutiOn and precipitation reaction rates may be slow and because such
reactions may have hlgh activation energles a state of undersaturatlon or
oversaturation does not mdlcate that a partlcular mineral is being dissolved or
precipitated, respectively. These indices are significant, however, because they show
which reactions are not thermodynamically peseible. Water oversaturated with a
particular phase cannot dissolve :that phase; nor can water undersaturated with some

‘phase precipitate that phase. Ground water from the Bolson and Diablo Plateau
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aquifers is essentially saturated with calcite ‘and possibly also with dolomite, whereas
~ water from the Rio Grand‘e alluvium is slightly oversaturated with both these

' min_eralé. Des‘pite high sulfate concentrations in >many of the water samples, none are
saturated with gypsum (table 7).

Stable isotopic compositions of oxygen and hydrogen generally cluster ‘between _
values of -6 to -8 °/oo and -45 to -65 ®/oo SMOW, respectively (fig. 5). All
samples from the bolson aquifer fall within this rénge. The mést depleted isotopic
compositions are found in wells on the Diablo Plateau and in the Rio Grande
alluvium, reaching values as low as 6120 of about -11 °/00 ‘and 6D of -85 °/oo.
‘respectively (fig. 6). Values for samplyes from wells on the bolson pediment. are iess
_ deplete‘d'regardless of host aquifer.

Hueco Bolson ‘ground waters ‘are not -in oxygen or hydrogen isotopic equilibrium
with common sedimentary minerals. Carbonate minerals typically control oxygen
isotopic’ compositions in ground waters and formation waters. The isotopic
combosition of local carbonates has not been measured for this study:; howevér. it
can be reasonably estimated. The‘ main local so;irce of carbonate is the Cretaceous
strata that compose the Diablo Plateau aquifer. Sedimentary carbonates typically have
oxygenrisotopic compositions that range betweeﬁ 0 and -5 °/oo PDB (31 to 26 0/oo
| SMOW: Veizer, 1983). O'Neil and others (1969, as revised by Friedman and O’Neil,
- 1977) show fhat the equilibrium oxygen isotopic. composition of calcite and water is
related by the fractionation equation

10’lna = 2.78 x 10°T2 -2.89, | (1)
Whére a is the iSotope fra*cktiOnation factor, T is degrees Kelvin, and 10%Ina closely
apbroxifnéies the differénce between the isotopic composition of the minerai and
‘wate‘r. At 25°C. this equation predicts that water in isotopic equilibrium with calcite
of 6730 = 31 or 26 °/oo SMOW should be 2.6 or -2.4 °/oo, respectively. These |

calculated equilibrium values are much higher than the values observed in Hueco

14



Bolson gro.und waters, indicating that the waters have not reacted with calcite
suffieiently extensively to attain i,sotc)pivc equilibrium. | |
'Contro‘ls ‘on the hydrogen isotdpic composition of ground waters are less well
‘knownb.‘ Clay minerals are the only significant hydrogen reservoir in the Hueco BeISon.
end i.sotopic-relations between water and clay minerals af surface temperatures are
relatively‘ well estabvlished» (Lawrence and Taylor, 1971). Water equilibrated with
kao'lini_te or smectite at surface temperatures in the Hueco Bolson would be expecvted
to ha‘ve hydrogen and oxygen isotopic compositions of about -50 to -80 °/oo and 15
to 20 °/oo SI\/IOW respectively, depending on the isotopic composition. of local
meteoric water. These hydrogen isotopic values are within the range observed in__t‘he
ground waters, but the absence of such enrichedoxygen isotopie ‘compositions . |

confirms that equilibration between water and clay minerals has not occurred. "
Soil-Moisture Samples

Sodium and bicarbonate are the /major cation and a‘nion, respectively, in all
samples (table 8) The few availabie dissolved silica values are higher than most
concentratrions‘ observed in either ground-water samples (table 2) or in leachate from
“soil samples (discussed in the following section). ‘The high silica content of soil-
moisture samples may be due in part to di"ssolution of some silica flour that was
"usedv to ensure contact between the ceramic cup of the soil-moisture sampler and the

encasing sediment.

Soil Samples

The composition of leachate from the irrigated Rio Grande alluvium sample

differs significantly from all other leachate compositions (table 9). Calcium and

15



bicarbonate are the most abundant Ié‘achable ions inb all samples except the irrigated
Rio ‘Gra‘ndé alluvium: extremely high amounts of ‘sod.ium, chloride, and nitrater are
readily removéd from the irrigated sample. Magnesium, calcium, and sulfate also are
vmuch ‘more abundant in leachate from thg,irrigated Rio Grande sample than in other
samples. Dissolved silica is high in all samples and is readily removed from thé

sediment even after only 15-minute exposure to water.
Core Samples

X-ray diffraction (XRD) patterns indicate that quartz is the predominant silt-
sized or larger component .of the bolson sédiments; calcite is present in minor .
“amounts in some samples,kas is ‘potassium feldspar. 'Alfhough XRD analysis hasbnot
identified gypsum as a major or minor phase in the analyzed bolson sediments
(Fuentes and others, 1987, 1988; this study). gypsum is common in trace amounts
in surface sediments. Gypsum is also observed as discrete beds or as disseminated
crystals in both the Fort Hancock and Camb Rice Formations (T. C. Gustavson,
personal cbmmunication. 1989). The clay-size fraction contains illite, an expandable
clay tentatively identified as chlorite/smectite, and kaolinite. The XRD pattern of
clay-size material is very complex, indicating that other clay minerals may be present
~in_amounts that cannot be identified in the presence of illite, kaolinite, and
expandable clay. Similar results have been reported in previous work (‘Daniel and"

Nelso}n, 1987; Fuentes and others, 1987)‘.

ORIGIN OF SOLUTES

General Trends of Major Solutes

Two major compositional characteristics are common to nearly all ground
waters in the Hueco Bolson area. First, most ground waters contain high silica
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concentrations that range to 17.6. mg/L Si (table 2), with a mean value of 11.4. In
comparisoh. values for saturation with quartz, cristobolite-A, and amorphoué silica
computed by SOLMNEQ (Kharaka and Barnes, 1973) are about 3, 8, and 51} mg/L
Si, respectively. The high Si concentrations observed in ground-water samplesb and
the ease with which Si is leached from soils (table 9) suggest that silica is derived
mainly from amorphous phytoliths that can constitute as much as several percent by
weight of grasses and the hardened spines that typify ‘arid-climate vegetation (Iler,
1979). |

A second common characteristic is that all water samples except those from
the Rio Grande alluvium show an excess of sodium relative to chloride (fig. 7).
Sodium andb‘chloride are gerlerally considered to be the most mobile cation and
anion, respectively, in ground water; once released from minerals, they are most likely
to -remain in solution. A sodiurh/chloride molal ratio approximately equal to unity is
usually attributed to halite dissolution, whereaa a ratio greater than unity is typically
interpreted as reflecting sodium addition from silicate weathering reactions (e.g.,
Mackenzie and Garrels, 1966; Meybeck, 1987). This explanation does not appear valid
for Hueco Bolson ground water because (1) waters that derive solutes by silicate
weathering reactions have bicarbonate as the most abundant anion, \rvhereas
bicarbonate is of secondary imr:)ortance in all but one sample analyzed in this study,
(2) water involved in- typical silicate Weathering -reactions _should have silica
concentrations controlled by saturation with kaolinite or other clay rninera|s. if not by
quartz (Mackenzie and Garrels, 1966), whereas all of the ground-water samples
analyzed in this study are highly oversaturated with respect to all common clay
minerals, and (3) very few unstable silicate minerals that would be subject v‘_to

weathering reactions have been ‘identified in" surface sediments-or:bolson fill.. -

17



A third shared characteristic of Water samples from the Bolson and bDiabIo
Plateau équifefs ‘and from,the‘ unsaturated zone is a Strong correlation betweén
dissolved sodiufn and sulfate (fig. 8). The excess ofvmolal sodium over chloride, even
.thbugh silicate ‘v‘veathering reactions seem unimportant in controlling water
compositions, and the proportionality between sodium and sulfate suggest that
dissplution of gypsum and exchange of aqueous divalent cations for sodium 6n clay
minerals is the most likely explanation for the abundance of sodium and sulfate in

most Hueco Bolson ground waters. Plausible reactions include

CaCO, + H' = Ca*? + Hco,. 2)
CaMg(CO,), + H" = Ca*? + Mg*? + 2HCO,. (3)
+2 2
CasO, = Ca*? + 50,2 and - )
Na,clay + Ca*? + Mg*? = CaMg-clay + 4Na™, (5)

where Na4—clay and Ca,Mg-clay represent a clay mineral that has four ion exchange
sites filled by either four Na™ ions or‘by Ca*? and Mg+2. The equilibrium constant
for reaction (5) has the form

K = (aNé+)4(aCa—|\/|g—clay) | (6)
(aCa+2) (al\/lg+2) (aNa,-clay).

' ~ where a denotes the thermodynamic activify of éach species. As calcium

- concentrations increase because of calcite, dolomite, and gypsum dissolution, ion
exchange reactions proceed between aqueous species and exchangeable ions on clay
minefal surfaces. According to equation (6). as divalent cations are added‘ to solution
by “mineral dissolution. the number of exchange sites occupied by sodium must

- decrease and‘the number of exchange sites occupied by divalent cations must
increase. No anions are added to solution as a result of cation exchange; therefore
the total ‘positive' éharge of the solution remain‘sx constant. With increasing ion
‘exchange driven by ihcreasing gypsum or carbonate d‘issolution. therefore, the sum

(2mNa++mCa+2+mMg+2)‘ must increase proportionately. - This relation accouhts very
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_We'll for the relations between calcinm, ‘magnesium, sodium, sulfate, and carbonate
- alkalinity in water from the Diablo Plateau and Bolson«‘aqUifers;‘it also accounts for

the major ionic compositions in water from the unsaturated zone (fig. 9).
Characteristics Unique to Rio Grande Alluvium Ground Waters

Major compositional differences between ground-water samples from the Rio
Grande a‘IIuviurn and water from/the_unsattirated zone, Bolson and Diablo Plafeau
aquifers muét be underst(v)od‘ in terms of the history of’t‘ne Rio Grande and Upper
Rio Grandé Valley. A predominance of sodium and chloride over other cations and
anions, respectively.* is the most obvious difference‘betweenaground-_water from. the
Rio Grande alluvial aquifer ’and other ’ground waters in the “Huecoi Bolson (fig. 4).
Rio“Grande ground waters" also have the nignest mean concentr-ations of magnesiu‘rh,
calcium, and potassium. Furthermore, ither‘e is a ,deficiency of molal sodium relative to
chloride in many Rio Grande samples (ﬁg 7) indicating that halite is not the sole
con:tribut‘or of chloride to Rio Grande ground water.

Intensive irrigation in the Upper Rio Grande ‘Basin (north of Fort Quitman,’
Texzis) began in the early 1880’s; prior to that time the Pueblo Indians irrigated
crops even before Spanish explorers came to the. région. Post-1880 irrigation,
combined with a series of droughts . in the 1940's and 1950’s, resulted in serious
degradétion of river qnality and depos‘itionof large quantities of saits in ‘irrigated
ﬂelds_(e.g., Young, 1981). Irrigation water‘beco‘m’e‘s concentrated on fields and in the
‘shaillow subsurfa"ce by evaporation. The»resulting saline water eventuaily returns to
the shallqw alluvial aquifer or tn the ri\ier. ‘where it is subsequently used to irrigate

fields doi/vnstréam.' As consequences of heavy irrigation, ‘the Rio Grande has -high
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sodium, chloride, and TDS concentrations (No. 105, table 2). and large amount of
salts are >precipitated on irrigated fields. For example, Young (1981) estimated that
approximately 10 tons of salt per acre were applied in the Lower El Paso Valley and
Hudspeth Valley in 1955. These salts are readily soluble and can contribute
significant amounts of sodium, calcium, magnesium, chloride, and sulfate (irrigated
Rio Grande alluvium sample, table 9) when excess irrigation percolates below the root
zone and recharges the aquifer.

One soil sample from an irrigafed field does not adequately represent the
amount and composition of Rio Grande irrigation salts, nor does the leaching
experiment we performed necessarily simulate the derjivation of solutes from shallow
sediments by recharge to the Rio-Grande alluvial -aquifer. Nevertheless, leachate from
the soil sample shares many compositional characteristics with Rio Grande ground

water. Leachate from the irrigated Rio Grande sediment sample has sodium and

chloride as the dominant cation and anion, respectively, whereas all other soil

leachates have calcium and bicarbonate as the dominant ions (table 9). Irrigated and

nonirrigated Rio Grande soils also have higher leachable concentrations of potassium,

magnesium, and sulfate than any other surface sediments.
Minor and Trace Solutes
Saturation states of minerals that commonly limit concentrations of minor and

trace species were computed using the SOLMNEQ code (Kharaka and Barnes, 1973).

None of the ground waters are saturated with celestite, the mineral that typically

controls strontium concentrations in natural waters (Hem, 1985). Fluorite is at or

near saturation in 13 ground waters, principally those from the Diablo- Plateau
aquifer; all ground waters sampled are saturated with barite. Fluorite and barite

solubility probably control fluoride and barium concentrations in" most ground-water
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samples, although‘ the presence of fluorite and barite has not been confirmed in the

few sediment samples examined. Concentrations of other minor and trace elements

(table 3) are apparently not limited by mineral-water equilibrium.

AGE OF GROUND WATER

Background

Under favorable conditions the age of ground water can be determined from the

activities of the cosmogenic  isotopes tritium (3H) and carbon-14 (14C) (summarized

by Gat, 1980, and Mook, 1980). Both tritium and carbon-14 are produced by the

interaction of cosmic-ray neutrons with -atmespheric- nitrogen; however, ages based on

the ‘radioactive decay of -carbon-14 and tritium in ground water ‘dbo, not necéssarily

record the same time interval. Tritium is rapidly incorporated into water molecules

and removed from the atmosphere as precipitation. Tritium ages therefore reflect |
Iength of time since a water sample was last in open communication with the
atmosphere. Cosmogenic carbon-14 eﬁters the carbon cycle as carbon dioxide, Whiéh
is subsequently incorporated in 6rganic matter, carbonate minerals, ‘and aqueous

carbonate species. Carbon-14 ages therefore reflect the time since ground water was

last free to exchange carbon isotopes between water and atmospheric or soil gas

carbon dioxide.

The short “half-life of tritiuhﬁ’ (12.26 yr) should make this an ideal isotope for
tracer studies and age determinations of water thét was removed from contact with
the’ atmosphe‘re less than4abouvt 75 yr ago. Howéver, two major problems exist. The
first is that vthe tritium content of atmospheric water vapor and 'precipitatio‘n varies
régionally and seasonally, so it"fs difficult ‘to determine the initial-activity -of tritiQm

in recharge. The second is that massive amounts of tritium were produced during
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atmospheric testing of nuclear bombs in the 1950's to mid-1960's. Atmospheric
tritium Ievels‘eXceeding 2,200  TU were reported‘ in the northern heMisphere in-1964.

‘Altheugh approximetely 2 tritium half-lives have passed since atmospheric testing of -

~ nuclear devices ended, levels as high as several hundred TU could still remain in

- some ground waters. Post-nuclear testing activities of atmospheric tritium are
probably on the order of ‘abo,ut 25 TU, but local variavtions are not well'documehted.
Small -amounts ef tritium can bebproduced by natural- subsurface processes, so values
in the range 0.05 to 0.5 TU are poseible in water that is very old.

| The ha‘If;Iife of carbon-14 fs ‘5,730 yr. -maki‘ng‘it‘suitable for resolving ages of -
about 35,0007yr or less. In ground-water investigations, however, other sources and
'sinks of carbon must be- evaluated before ages- can be estimated. from carbon-14 _
activity (Pearson and White, 1967; Pearson and Hanshaw, 1970 Wigley, 1975;
Wigley and others, 1978); First, the initial carbon-14 activity must be determined.
Usually this is taken to be thevcarben—14 activity of soil gas at the location and
time of rercharge. Second, a correction must be made to account for the fact thar
hatural waters commonly derive older carboh that contains no carbon-14 from |
- diseolution of carbonate minerals. Third, if carbonate minerals are precir)itated from
ground Wa_ter,v' some carbon-14 will be removed from solution to the solid phase.

For the simple case where. rechérge acquires carbon-14 frorrr CO2 in_soil gas
and also dissolves carbonate nﬁineralsv thatk ‘cohtain no carbon-14, the standard

-equation for calculating age from percent modern carbon is

years = - 5,730 In | 14c (pmc) ‘ (7)
: o 13 13 :
In 2 1001(6 Cwater/ recharge)
(Pearson and White, 1967). Values of 1¢ pme and 613water for Hueco Bolson

- ground waters are given in table 4. A value of -17 °/oo PDB for 5137C‘ was
. . recharge
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chosen to represent soil gas in arid west Texas (Rightmire, 1967). Computed carbon-

14 ages are given in table 4.

13(: which in turn

Such ages are sensitive to the value used for & .
: recharge

~ depends chiefly on the type of vegetation present in the recharge area, the percent of
‘land surface covered by vegetation, and the mean annual temperature at the time of
recharge. Thé value of -17 °/oo was chosen for age calculations because Rightmire

(1967) found that the 613C value of soil carbon dioxide in west Texas ranged from

in other arid

-15 to -19 °/oo with a mean value of -17 °/oo. Values for 613¢
‘ » . x recharge

~ terrains range from about -16 to -19 °/oo (Rightmire and Hanshaw, 1973; Parada

and others, 1983). In other areas and climates, 67°C may be as low as -25

recharge

~ °Joo- (Pearson and White, 1967). To evaluate the effect of the assumed 53 ‘
: ; : rechgrge

value on calculated ‘Hueco Bolson ground-water carbon-14 ages, we repeated the

calculation for samples that have low and high pmc values using measured pmc and

513 values and setting 613 equal to -16 and -19 rather than -17 °/00.
water recharge ‘ :
Ground water sample No. 97 (pmc=5.97, 513Cwatéf: -4.36 °/oo) gives ages of
12,550, 12050, and 11,130 yr for 63C = -16. -17. and -19 °/oo respectively.
recharge . )
Ground water sample No. 92 (pmc=87.64, 613cwater: -9.41 o/oo) gives ages of .

recharge

3.297, 3,799, and 4,717 yr for st3c = -16, -17, and -19 9/00- respectively.

Therefore the uncertainty ‘in the value of 613Cwa affects the age estimates of table

ter

4 by less than approximately 1,000 yr.

Equation (7) is based on the assumption that the isotopic composition of
“rechérge‘water can be adequately represented by a single value and ffh4at soil gas and
. mineral éafbonate are the sole sources of diSsoIved ca.rbon‘ in _ground water. ‘The

v"validity of these assumptions can bg evaluated by testing the rhass balance 'relat»io.n

‘between the concentration ‘and isotopic composition of dissolved carbonate (Pearson.

and White, 1967). If ground-water samples meet the criteria for application of
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equation (7). a plot of thé logarithm of total dissolved carbonate versus the

logarithm of (6°C__ /6'3C_ ) should define a straight line. With the exception

water recharge

“of samples from the irrigation well (No. 110), Hueco Bolson ground water samples
(fig. 10) generally fall along a linear trend. The width of the Iinéar, data band

suggests that the true value of s13¢ varies from -17 to nearly -25 °/oo for

“recharge
some samples. Nevertheless, the Iiﬁear trend of the plotted data strongly suggests
that dissolved cérbonate is a two-component mixture of mineral and soil carbon of
variable isotopic compoéition: .thereforé it is valid to apply equation (7) to these
samples. |

| Incongruent dissolution isba‘ third factor that can affect carbon-14 ages of
~ground water (Wigley--and others; 1978)‘.---As--»previously discussed, recharge in the
Hueco Bolson rapidly ‘dissolves .cal‘cite and/or dolomite to saturation. ‘Subsequént
dissolution oflgypsum raises the con?;ehtration and the’rmodyn‘amic activity of calcium
in gfound Watér, some of which is removed by ion exchange and some of which may
be removed by precipitation of carbonate minerals. If carbonate precipitation occurs,
some carbon-14 also will be remb\}ed. thus reducing the carbon-14 activity of ground
water and yielding an apparent age»that is greatér than the age of the water. These

effects are thought to be insignificant but cannot be:' quantitatively: evaluated for

Hueco Bolson ground water.
Age of Hueco Bolso‘n‘ground ‘water
Data from Hueco Bolson ground waters generally show the expected inverse
relation between tritium activity and carbon-14 age (fig. 11). However, some Rio

‘Grande ground waters- have nearly 22 TU and carbon-14 ages- of -about 4,500 yr (367

tritium half-lives), and one sample from the Bolson aquifér contains about 3 TU and
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~ has a calculated carbon—14 age of nearlyk -29 000 yr (over 2 300 tritium haIf—Ilves)
vClearIy the two types of data are not recordrng the 'same tlme interval in all -

~ samples. |

Comparisqn.of tritium and carbon-14 isotopic activities in ground ,water samplesv

R ”‘sugégests that ypnng. oId.‘and mixed water is present in the Hueeo Bolson. Young

water is characterrzed by high tritium actrvrty and low carbon- 14 ages, old water is

,characterrzed by low tritium activity and high carbon 14 age values, and mixed water
: has derlved tritium and carbon514 from drfferent sources, as demonstrated by h_|gh

tritium cpntent and‘ high bcarbon—14iage in the same Water sample.

| Ground water that contains rno’re than about 1 TU is considered young. As

previously-»disc'ussed, TU- valuesless than-one can-be-maintained -by. natural. geolpgic

' processes ‘therefore, tritium activities less than unity are not valid age indicators. A

reasonable estimate of ambient tritium activity is provrded by analyses of sample 105
(Rio Grande) and well 110 (Rio Grande irrigation weII). Tritium activities for these
samples range to 27 TU (table 4), vt1ith a mean value of 20.5. If the highest
measnred tritium activity*(27 TU for Rio Grande irrigation well 110; table 4) is

' , assumed to represent modern amrbient recharge. 5 half—lives or approximately 60 yr
are sufficient to reduce ground water tritium activity to less than 1TU. Carbon-14
ages of a few thousand years are possrble for these samples because of the

uncertarnty in 613C Therefore, samples that contam more than about one TU

recharge
and that have carbon-14 ages less than a few thousand ‘years (fig. 11) represent
»re!atively recent‘recharge. Such ‘water is found in the DiabI‘o Plateau aquifer at wells
: on ‘the Drablo Plateau and near the toe of the escarpment (fig 12).

Ground water that contalns Iess than 1 TU. and has a carbon 14 age in excess

“of several-' thousandyears is’ con5|dered old. 'ln; most- samples the carbonate

‘concentration and carbon isotopic. compositions suggest that application of equation
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(7) is justified (fig. 10). therefore the carbon-14 age probably gives a representative

age for such ground waters within the u‘ncértainty' that results from not knowing the

precise value of 613 for each §ample. This type of ground water occurs in

recharge

the Diablo Plateau aquifer in wells. on| the plateau and on the. bolson pediment, in

the Bolson silt and sand aquifer, and iissues from a spring at the base of the

plateau escarpment (fig. 12);
High tritium activities and carbonﬁ—14 ages of several thousand years in Rio
, 1 . '
Grande ground water is readily explained as reflecting a mixture of (1) ground-water

that has been isolated from the ét'mdsjphére for Severél hundred to several thousand
yearé. and (2) water that was ‘rapidly &recharged during times of high irrigafion or |
high séasonal— rainfall.- Type -(-1)'watér-}'woulyd-»-have»no-- detectable -tritium. and.could. _ .
- contain significant'amounfs of 'carbona;ie derived»from bbth soil gas and dissolution |
of :carbonate minerals. Type (2) water.iwohld h_ave high tritium activity and could
'conta‘in very little dissolved carbonate ‘If it passed quickly through the unsaturated
zone, and if most readily soluble carboinate phases had been removed from the -

‘ o , \
unsaturated zone earlier in the recharg%e episode; The result of mixing'types (1) and
(2) would be a ground water in whichg the carbonate kisot,opic System reflected the
age of type (1) water but the tritium activity reflected the time ‘since typé (2) water
was in isotopic communication with the 'atmosp‘here. An age of 500 to 600 yr seems
reasonéble for sample 93 (fig. 12) on the Basis of both_tritium -and carbon-14 |
, c‘ompos‘itions. Sample 126 from the Bolson aquifer has the oldest calculated carbon-
14 age but also contains approximately 3 TU (fig. 12 and table 4). This well was
sampled shortly after completion, and appears to show effects similar to the Rio
Grande irrigation wells. The carbon isotopic system ihdicate‘s that the water is very

old;" however; tritium ‘datasuggest a young water. It is likely that the true -age of .-

the ground water is accurately represented by the carbon isotopic data, whereas high
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tritium activity reflects the presencevof some water that was used in drilling and
completing the well. Subsequent srampvles from this well contained less than 0.3 TU:
however, results of carbon-14 a'nalyses for Samples collected in 1989 have not yet
been reported. |

The regio‘nal distribution of trifium and carbon-14 values (fig. 12)> shows general
features that are ‘consistebnt with the di‘stri‘bution of hydrochemical (fig. 4) and
hydrologic characterisﬁcs. Ground water from the Rio Grande ‘alluvial aqui_fér generally
contains a high‘percent ‘of modern carbon-14 ‘and high tritium activities. These rdata
are consistent with bwat‘er compositions that would result ‘from mixing old ground
water (recharged prior to extensive irrigation and containing relatively high carbonate
- concentrations, old-carbon-14; -and negligible- tritium)-and- recent ‘recharge,_(rep,resenting
either irrigation water or high seasonal rainfall, containing modern carbon—14 but low
total dissolved carbonate, and having high tritium acti‘vity). |

Ground water from.wells on the Diablo Plateau contains about 6 to 43 pércent
modern ‘cavrbon and 0.07 to 21.9 TU‘(tabIe 4). Conditions for valid application of
“equation (7) appear to be met; however, contradictions between t»ritium activities and
carbon-14 agés exist for water from wells 96 and 112 (fig. 12). Waters from these‘
two wells apparently represent mixed carbon and tritium sources. Such mixing is
likely in carbonate terrain where recharge along fractures can allow young water to
quickly reach the water table and mix with older water of the regional flow system.
Other wells yield water that contains negligible tfitium and has cafbon—14 ages of
'sevéral‘thousand years. Carboh—l4 ages probably reflect the true age of these ground
waters. | ‘

One spring (No. 106) and one well (No. .114) produce water from the Diablo

Plateau équifer at the toe of the escarpment (fig. 12). Water from the spring must.
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be collected from a standing pool because ‘of the very low discharge rate; therefore,
exchange of both hydrogen and carbon with the atmosphere is Iikely..“On the basis
of the lowest tritium activity measured, spring water must be at least more than
60 yr old. Well 114 is located near the toe of the fault-bounded escarpment -and
contains triﬁum and carbon-14 activities that do not yield consistent age estimates.
Contamination of ground water by recent recharge along the fault plane is likely
because of the position and shallow depth of the well (approximatély 100 ft). The
calculated carbon-14 age probably reflects the maximum possible‘age of this water.
As previously discussed, this iS the only water that does not have sodium as thé
most abundant cation, probably because ion exchange has been less sjgnificant in the
hydroche‘mical evolution- of -this- sample. - - -

Wells on the bolson pediment sample ‘both Diablo Plateau and Bolson aquifers.
Calculated carbon-14 ages Qf a few thousand to nearly 28,000 yr probably represent
the true age of ground water for all but one sample. The singie case of conflicting
isotopic activities (No. 113, fig 12) ‘occurs in a well near the escarpment base and
probably reflects mixing of old water that has traveled within the Diablo Plateau

aquifer and more recent recharge that moved vertically down from the surface with

little interaction between water and bolson sediments or aquifer matrix.
SUMMARY

The major solufe chemistry of Huéco Bolson ground water is generally not
controlled by solution-mineral ‘equilibrium but rather by reactions such ‘as mineral
dissolution and ion exchange whose progress rates are not limited by precipitation
~kinetics. Calcium and bicarbonate levels reflect  dissolution of cal‘cite and perhéps

dolomite until saturation is reached. Gypsum is also dissolved, but gypsum is
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apparently not present in sﬁfficient quantitiés for safuration to bé achieved.
DissOIution of carbonate minerals and gybsum raises the divalent cation concentration
in '.ground‘-Water and‘ soil-wa.ter samples, which drives exchange of aqueous divalent
cations :for sodium on ion exchange sites; ‘This coupled process ‘resuits in water
compositions dominated by sodium and sulfate in most samples from the Bolson ‘and
DiabIQ Plateau aquifers. Diablo Plateau ground waters that have bicarbonate as fhe
mostv abundant anion occur only from wells on the Plateau. These waters have
dissolved less gypsum relative fo calcite than  waters that have sulfate as the most
abundant anion. The single ground-water sample from the Diablo Plateau aquifer that’
has calcium as the most abundant cation (No. 114) occurs at the base of the
plateau iescarpment.r This ‘water - differs- from-other-Diablo Plateau. ground .waters in
that it ‘has encountered little clay or other phases with ion exchange capacity.
Suppo"rting evidence for this interpretation is that this samble has a low potassium
content; potassium may be exchanged from clays but much less readily than sodium.
The wafer from this well is also relatively young, suggesting that a number of pore
volumes of water sufficient to saturate all ion exchange sites may have passed since
the ﬂow path was established.

‘The major solute characteristics of Hueco Bolson ground waters - are apparently .
established early in the flow history, largely by processes that occur at the sediment
surface. Evidence to support this conclusion includes the observation that the
composition of soil leachate and soil-moisture samples fall on the same compositional
evolutioh trends as Diablo Plateau and Bolson ground water. Soil leachate contains
the same major Species as Bolson and Diablo Plateau ground water, but in
proportions that reflect simple dissolution without ion exchange. Soil-moisture sampIeS
from bolson sediments well -above - the ‘water- table- show -the same- major‘ solutes. -as

soil leachate and ground waters from the Bolson and Diablo Plateau aquifers and
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also show evidence that ion exchange of sodium on clay for calcium and magnes"i’um '
in" solution has 6ccurred. The fact that gfound-Water samples ‘from carbonate. strata

- sampled ‘at wells on the Diablo Plateau where soil thickness ranges from zero to
~only a few tens of feet is compositionally ‘similar to soil moisture and ground waters
from bolson silicicléstic strata is further ‘evidence that geochemical processes in the
vadose zone establish the manr featurés of ground-water ch‘emi’stry.

Ground water in the Rio Grande alIuVial aquifer also apparently derives most
major solutes from: dissolution of salts at the sediment surface. Alluvium from an
irrigated field readily yields high ’conce'ntrati‘o'n's of sodium énd chloride, the most
abundant solutes in Rio Grandé' ground water. Potassium, magnesium, calcium, silica,
-sulfate, and nitrate -also-are readily available-in i‘r‘rigated -surface sediments,

Ground-water ages estimated from ‘tritium- and - carbon-14 acﬁvities ‘range from
modern fo’r most Rio Grande ground waters to nearly 28,000 yr. Water less than
1,000 yrs old is fbund along the Rio Grande, in wells on the .Diéblo Plateau, and in
wells and springs near the toe bf the plateau escarpment. The three oldest waters
(approximately 14,500 to 28,000 carbon-14 yrs) are produced from wells on the
bolson pediment from both the Bolson and Diablo Plateau aquifers. Age distributions
for Diablo Plateau or Bolson -aquifer waters do not vary systematically along the. .
potentiometric gradient, suggesting that both Bolson and’,DiabIo Plateau aquifers have |

vefy heterogeneous hydrolbgic.properties.
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FIGURE CAPTIONS -

- Figure 1. Location 'rnap shoWing ‘major geographic features of the southeastern Hueco
- .Bolson, well locations and identification numbers, and- ground-surface elevations. ’

Figure 2. Map of the potentiometric surface as determined from water-level

. ‘measurements’ (after Mullican and Senger. 1989). The closed potentiometric high on
the Diablo Plateau is interpreted on the basis of water-level measurements to the

north, northeast, and east that are not shown on this map.

Figure 3. Hydrologic  cross section snowing vertical relations between Diablo Plateau
and Bolson aquifers and depth to water (after Mullican and Senger, 1989).

,FigUre 4. Map showing distribution of total dissolved solids concentrations and
distribution of predominant cation and anion in ground-water samples.

Frgure 5 Plot of 5180 versus 6D, Hueco Bolson ground waters. So||d Ime |s the
global meteoric water line (Craig, 1961)

‘Figure 6. Map showing dis.tribUtivon of 6180,'and 6D in Hueco Bolson ground waters.

Figure 7. Plot of Na' versus CI" in Hueco Bolson ground waters, soil-moisture
samples, and soil leachates. w ‘ :

Figure 8. Plot of Na®-CI" versus SO *2 in Hueco Bolson ground waters, 50|I moisture
samples and soil leachates.

Figure 9. Plot of 2Na++Ca+2—|—l\/lg+2 versus SO4+2 in ground waters, soil-moisture
samples, and soil leachates. LA ,

- S ' 13 ‘
Figure 10.‘.>Plo‘tlof log alkalinity versus log (6Y‘Cwater/—17).
Figure 11. Plot of tritium activity versus carbon-14 ége in ground-water samples.:

Figure 12. Map showing distribution of trrtlum activities and carbon-14 ages in
ground water samples :



Table 1. List of ground-water samples by aquifer.

Aquifer ~  BEG well identification
‘Diablo Plateau 22, 91, 95, 96. 97, 106, 112, 113, 114, 115, 116
Bolson 98, 99, 107, 108, 111, 126

Rio Grande 92, 93, 109, 110



Ls6e 90 0/8L  €£$§ e Lec '8 '8 /88 '€ 00¢L VN . VN vv'8 0/°8 0'9¢ 88/67/9 loL-¢y-8y  LOL

vy €L 047z 0TS L9t VN VN /069l €€ 0SZlL VN VYN 0S°/ VN 74 98/7Z/1  10L-Z¥8F LOL
GZ8¢ 8§/ 0691l 818 6¢ Vx4 90 69 0ISL /Z¥Z ¥60lL 00°0 0SL- €€/ $6'8 S0 88/S/Z1 8vE-8F 66
9oL ¥/  SE€ Y41 r4Y4 133 8Ll 8¢ 80 T/ 887 0€'S. 09 ¥8/ €6, 0T¢ 68/11/S S-Zh8y 86
6l¥L 80> 95§ L2l z62 VYN 6/ V€ €05 09l 09¢ vo'L VN 008 VN 0'€Z  68/€/S L06-¥€-87 .  9LL
vl €0 0£S Lt €0€  7%4 S8 ¥E€.  8€S  L'LL  S9€ 09°0 VN . 208 0S,. 0€Z 68/81/1  106vE-8r 9Ll
69€L  S0>  SZS 8zl 8/7 VN VN S€ v8F €SL  T9€ VN VN 06/ VN ovlL 98/€l/7  106vE-8F 9LL
6¥9L  S0> 0§ L£1 Ly VYN VN ¥/ - €/L€ 1'TT  vSY VN VN 26 VN 06l 98/¥L/z  108-9¢-8F SLL
818 gLl 08 L ¥0€ €€ 78 8L 0Ll 8L 89 €T 06 8’8 0z, 012 88/9/01  106-S€-8¥  ¥LL
£68 ovL  ObE 4 £62 90¢ 6/ L't oSkl 087 95 VN YN 908 07,L 0ST  88/9/¢L 106-S€-8F  ¥LL
108 €L ST oL ¥8¢ VN VN SL  OILlEL 9vZ SS VN VN 197/ VN o'LL 98/Zl/z  106-S€-8v ¥LL
lvZL 8Ll 8y 88 9¢€ VN VN € 1’42 LSy /€2 VN . VN 10°8 VN 0°0Z 98/11/7 108-S€8F €LL
798 = €97 89l 911 r4: 74 VN VN #S 919 " €6l /L1 VN VN . ¥L'S VN ovlL 98/€l/z  108-LZ-8v TLL
888l 80l 679 Lrl 449 VYN S8 §L 0CE  6VT - 06¥ vT'€ VN lr'g - oz8 0Tl 68/€/S Lov-s€-8y 90l
v00Z 9% 0zL yid! olLs 19S L'OL €S T/LE €8T SE€S 09°9 VN = 878 S1'g  S'LL 68/97/1  1OV-SE-8F 90l
190z €0L 089 81 6.S 10Z /'8 VLl 78T 9ST 79§ VN VN £9'8 0£'8 . 0'€C 88/S/0L  lOV-SE-8F 901
¥8SL  €/1  0€S - /L1 144 99¢¥ v, 8¢ L¥E 86L LY VN VN 658 0S8 092 88/67/9 - lOV-SE8F 901
8L/l €1lL  0ZS 8L LoS VN VN 9V 897 67T Si¥ VN VN 19'8 VN 0'6 98/zz/1L  lov-S€-8F 90l
9181 80> 209 LLL 96¥ 88Y 'Ll 0S 090l 78k €9¢ 00'¥ 00€ 608 90, - 0l 68/T/S [-87-8Y L6
8L . ¥O 009 €81 L6V Y14 6LL €S O0€ELL LTS  LLE 09°€ VN 68/ 09 0Ol 68/9Z/1 [-87-8v L6
089l T/ 08S 18l 6.5 r4R9 9Ll I'S 09l O06r L9€ 00°S ooy ZL'S 0z, 002 88/9/01 £87-8Y 16
8691 80L 00§ €1 86t r4Ly I'tL ¥¥  0%0L L'Sk  SSE VN VN 608 00, 02 88/0€/9 878y L6
S/0L  6'€T  00€ 8Ll Y43 9€€ /6 9T OV9 087 LT VN VN 818 ov'. 0/z - 88/0€/9 7958 96
LT6 L7 0fT 88 9¢€ 443 6/ 0€ 979 697 991 VN VYN SL'8 09, 002 88/0€/9 €-9¢-8F S6
6¥6 vy 042 L LLE 062 £L 0t 6TE YTl vee 09°€ 067 ¥L'8 09, 0¢€ 68/8C/v I"€b8y L6
06z 92 oL €L¥ 9s 9¢ S/ TS 0€0L 09l 0Z8 oL ¥ ovZ 69 S8/ 002 68/¥Z/v v-se8y TT
908¢ 60L  09€L L9 9 vs L LS 000L 09l ¥8/ 00°€ o€ ¥S°/ S8 0S¢ 68/91/¢ p-se8y CT
€59 6'€T  OlZL . 9S¥ 4 VN 9 89 /L€L 9EL  SO8 VN VN  6¥/ VN VN 88/S/01 rse8y 7T
saL  foON YOS D Augeyy  Aueyy IS 3 2D BN eN uwebhxo (aw) npd - pd (Do) aeq al ai

qeq PRl paAjossiq - yg qel PRl 1 DML D34

‘sajdwies J91em-punolb ul ainjesadwal pue ‘y3 ‘Hd ‘(1/bw) suol Jofew jo syuswaInseaw Alojeloqe| pue piRl{ g 3|qel



sishleuy ON = YN

L0/1 80> vlv L6€ LYE 6Z€ €91 €/ 09Ll /T 6/f 820 08~ €8/ L 00z 68/L/S ¥Z9-lv-8%  OLL
6145 0T 0Z0L  062C LOS 80S vZL 8¥L 070S 0/EL o0zl 00 VN 68/ €69  S6l 68/8L/1  ¥79-l¥y8y OLL
L1z 70> 078 0491 99¢ 91§ 9/l vIL 0€8€ 8'l6 668 VN 0€- 18/ 0zL 012 88/S/01  ¥79-ly8y OLL
vI8E OF¥L 0ZZ ozgl €LY S6¥ S/l VLl 0ZrE S8 I8 VN VN S8/ 0L 08¢ 88/S/L ¥79 L8y  OLL
y09€  S0>  0/Z ostL S6v VN VN 87l 0/8€ /16 188 VN VYN 69°/ VN 06l 98/1Z/l  ¥79-lv8F OLL
LISL S0>  SIE 999 96 VN VN 9%l 8€ 6€CT 98 VYN VN  £0'8 VN VN 98/1Z/1  819-L¥8F 601
6 9'9 414 <8l vz VYN YN 8/ 698 S8L 981 VN YN 08/ VN oLl 98/1Z/L dpueinoly SOl
£697 80>  /6€ 0SLL ¥61 L0 871l €/ 096l 98 LS/ - 96 067 €08 197 012 68/LZ/¥ v-zr8y €6
7697 L'V 08¢ €511 r{\14 8/1 SEL €4 OEHL Ty VL 80°€ VN 78’/ 69, 0€l 68//1/1 vzr8y €6
99z T0> 08¢ oSLL L1 907 €€l 0L 06ZL TLE 8¥L 09°0 ore SL'S 0L 05 88/¥/01 y-Zr8y €6
4 3YAA ) 0zg ozLL €6l L61 9ZL $9 0TEL /LSE Ol VN VN /6L VAN 1% 74 88/S/L -8y €6
98€Z 897  0fS 188 Sl v9l VL LLL 008 T/8 TV VN VN  #8¢ 089  0'S 88/82/9 0S8y 76
€89 08¢  IL€ oslLL 6LL VN VN /'SL 0€0F OVLL Shb VN VN 6L VN 0¥z 98/9/S 0S8y 6
ve6L 99 08 86€ ¥9 LS 00L OV T/9 6L 195 86°L 09Z 06/ €78 00C 68//C/v  10£-S€-8F 971
S08L /9L 0€Z 98¢ 0Z 79 ZoL L' ST9 T8 449 01 VN $9°/ vze 0Lz 68/61/1  10/-S€8F 971
0$8lL €8l OLL 9Ly 09 VN VN ¥¥ 20/ 69 6¥S VYN VYN 69°L VN 0Ll 98/€Z/v  10£-S€-8F 971
9ZLL 60l OvE SSl1 8% €€C 8vlL € 9/¢ SLL g€ vsT 00€ 008 09, 02 68/2/S L06-€€-8F  LLL
yoEL S/ 09¥ 681 64T v6¢ /1 6F  1'ST SE€lL €/L€ VN VN vE's 0s'8 08l 66/S/0L  106-€€-8Y  LLL
LELL 87l 09¢€ SSl 124 95z S¥L T¥ /L8 9LL OLE VN VYN vL'g 0L, 092 88/9// L06-€€-8%  LLL
PSLL  ¥LL 09 891 44 VN VN ¢ 89 SOL [/Z€ VN VN 608 VN 01z 98/zz/1  106-€€-8F LLL
98yl €€ 69¥ 092 ¥92 95T 69l ¥¥ 09 6Ll 6lF e 08Z +0'8 8L  Oo¥z  68/L/S vYov-zv-8¥ 80l
g6l v 09% VLT €9¢ 244 S9L 9% 68 LSl /Ll¥ 0€’€ 0ZlL 88/ 96/ 08l 68//L/L YO¥-Th8y 80OL
so¥L S (1]97 192 T4 1LT 991 9% €9¢ 1L Sl¥ S/L°L 0SE  8b'8 06’2 0VT 88/¥/0L  ¥Ov-Z¥-8F 801
9lYL  ¥'9 00t 69¢ €9C €2¢ 8SL OF T9E SLL Tl VN VN LL'g 0SZ 09z  88/L/L yov-zv-8¥ 801
88€lL LS S6€ 6SC €97 VN YN S¥ /L¥E 6Ll Olp VN VN  /6/ VN 44 98/1Z/l  ¥Ov-Z¥8¥ 80l
sarL foN YOS D Aueyy  Aueyy 1S ) 2D BN eN wbAxo  (rw)  pd Hd o) ajeq ai ai
qe] pRi paajossia Yyl qe] PRl 1 DML  Dig

"(panupuOd) Z 3|qe L



VN VN VN ¥'0> > 0> v'0> L§°¢ o og’c sl €20 £000 VL0 <00 900 S9'v 88/S/TL 66

60 $0°0> 10°0> d d d zo> oLl 9L 00 vL'L L0 ZTL0 ¥00 . SO0 €0°0 S0 68/LL/S 86
1'0 00> 100> d d d 0> 077 0 080 S0 L00  S€0 200>  0/0 100 06'C 68/5/S 9Ll
VN VN VN - T¥l > T0>  v0>  £0°S 0 080 ¥80 L000  0£0 200> . €90 100 6T 68/8L/L 9LL
¥N VN WN ¥N VN - VN YN  0f¥ YN OL'L VN  £00 YN VN 0Z°0 Zro (8T 98/€L/T 9Ll
“WN WN WN VN VN VN S0> ol€ VN  SL'L VN ZLo VN VN SLZ £0°0 ze'e  98/vL/T  SLL
YN WN VN S 6 70> 70> 080 ¥0  0L0> LEO0 900  ZEO0 200> 200 ¥0°0 658 88/9/0L ¥LL
WN WN WN 8¢ > TO> TO 080 1'0> 0T0 €20> ZL'0O 820 Z00>  +0°0 ¥0°0 6v'L 88/9/L LI
VN YN WN VN VN VN VN 060 YN  +¥#0 YN = €00 ¥N YN 200> €00 0S°Z 98/ZL/T  ¥LL
VN ¥N VN WN VN VN VN  09°L VN /L0 VYN  S00 N ¥N L0 £0°0 06'c 98/LL/z €Ll
VN VN VN YN VN VN VN 64T YN ¢vL'L VN 900 VN VN S 0L0 200 /L 98/EL/T Tl
76T S0°0> 100> d d d 0>  0LF 60 060 T¥lL €10 - £€00> 00>  SLO €0°0 8/'L 68/€/S 90l
VN WN WN 9'Lg > to 0> 658 1'0 00'L Z9L SL'0O  €0°0> 700> - €00 200 68'L 68/9Z/L 901
VN WN WN 86 8 0 v'0 €0°S S0 00l 66'L 9L'0  £€00> 200> 800 £0°0 L6'L 88/S/0L 901
VN WN WN 99z > ¥0 v'0  0f¥ €0 040 8L /LL'0O €00 200> ~ Z00>  ZOO 09'L 88/6Z/9 901
VN ¥N ¥N VN VN VN YN - £S°S YN  VEL YN €10 ¥N WN Z0°0 z00 €9'L  98/zZ/L  90L
L'EL  S0°0> L0°0> d d d 0> 0.7 80 09L 780 OLO 00 TO0> 200>  ZOO e 68/Z/s L6
VN N WN g6z > Tl 9'0 $8'E €0 09L €60 LL'O SO0 200> €00 z0'0 or'e 68/97/L L6
VN YN WN g6z > Tl zo> 15T 1’0 oFL 880 LL'O 900 Z00> 200>  Z00 79'c  88/9/0L L6
VN WN ¥N ver > 1L 0> 087 o0 Oo¥L  ¥80 910  L00 TO0> 700> 00 ve'e  88/0¢/9 L6
VN N ¥N &l > S0 0> 0S¥ 1’0 060 SS90 ZL0O ZEO ZOO>  Z00>  ZOO 18'L 88/0£/9 96
VN VN VN €€l > 60 0> 00 1’0 040 SS0O LL0O SO0 Z00> 200>  Z00 6/'L 88/0£/9 S6
L1'0>  $0°0> L0°0> d d d o> 0¥ L0 0S50 6V0 SO0  ¥FO €00 LT0 200 vS'L  68/8Z/v L6
96 00> 100> d d d zo> ol €0 04T ¥TL TI'0  £00>  ¥00 700> 100> 8Ty e68/¥I/v Tt
¥N WN VN d d d zo> oLl 0 0ST 89l SLO LI'o  S00 $0°0 £0°0 65 68/9l/s T
VN N VN VN YN VYN 70 09°€ 1'0  0ZT 80L SL'O SO0 20O 200> 700 85'€  88/S/0L T
D0L @pying apedy (/bn)  bH YHN 4 I ig | n uz un 34 eq IS era  aql
_ _ n , D3d

*so|dwes Ja1em-punoib ui (7/6wy) suoj adely pue JOUl “€ djqe]



a6l
VN
VN
VN
VN

VN

VN

Viy
VN
VN
VN

VN
VN

vl
VN
VN

S6lL
VN
VN
VN

€l
VN
VN
VN
VN

VN
VN

00>
VN
VN
VYN
VN

VN
VN

500>
VN
VN
VN

VN
VN

00>
VN
VN

S0°0>
VN
VN
VN

00>
VN
YN
YN -
VN

VN
VYN

L0°0>
VN
VN
VN
VN

VN

VN

1L0°0>
VN
VN

VN

WN

VN

L0°0>
VN
VN

L0°0>
VN
VN
VN

10°0>
VN
VN
VN
VN

VN
VN

d
7T
&3
8T
VN

VYN
VN

d
0>
0>
o>

(W]
VN

d
6'C
VN

d
9°0¢
8¢l
VN

d
9'¢C
9'vC

0c
VN

[A)
VN

D01 apyins  apiuedd  (1/6n)
n

d
>
>
>
VN

VN

VN

>

g
g

>

VN

s
¥N

o

>
VN

>
[
>
VN

>
VN

bH

0>
¥'0>
0>
VYN

VN

VN

(Al
0>
(Al

0>
VN

0>
VN

o>
o>
VN

0>
o>
[AVg
VN

o>
VN
$D

Buipuad sisAjeuy =
sisA|eue oN = YN

0> 080 ¥o 050 0¢0 SL0 €0°0> ¢S°0 LS°0 00 €6'L  68/L/S  OlLL
¥'0> 080 0 00°¢ 69°0 €e0 €0°0> 660 LT 90°0 09'0L 68/8L/L 0Ll
o 14l o or'L FARY 8C°0 €0°0 8L Le¢ S0°0 669 88/s/0L OLL
<0 080 A 0z'L 8¥°0 9¢'0 €0°0 9L 8/°L S0'0 9s'S  88/S/L (1
VN 19°0 VN LT°¢ VN 9¢°0 VN VN Se'L 90°0 69'9 98/17/L OLL
VN 6¢€°0 VN 650 VN Lco VN VN 00 L00 €v'L 98/1Z/L 601
VN 99°0 VN <o VN LL'o VN VN 69°0 90°0 9¢’L 98/1z/L SOl
o>  ol'L 80 00°L £E°0 6L°0 €0°0> €00 ¢0°0> 90°0 T 68/ltly €6
¥'0 8/°L L0 00°L 44Y 6L°0 €0°0> ¢€0°0 ¢0°0> £0°0 ¥z 68/LL/L €6
Ay 980 L'0> 060 €0 0c0 €00 00 c0°0> £0°0 0¢€'c 88/v/oL €6
Ay oz'L L'0> 060 $e0 87°0 €0°0 ¥0°0 c0°0> £0°0 Tt 88/s/tL €6
(A ov'L L'o> 09°L L2°0 €0 660 ¢0°0> 00> S0°0 vs'8 88/8T/9 T6
VN ov°L VN 06°L VN <o VN VN £0°S (440 06 98/9/S Z6
0> 00¢ L1'0> 0c¢¢ 101 600 90'0 c0°0> ¢0°0> €00 se€'L 68/Ltly 9Tl
v'o>  /[EY L0 0L oL oLo €0°0> 200> €0°0 €00 oF's 68/6L/lL 9Tl
VN oty VYN oL¢ VN oLo VN VN €L'0 6L0 0¢'8 98/et/y 9Tl
0> 09¢ L'o 080 12%Y 600 S0°0 0’0 00 L0°0 080 68/Z/S LLL
0> 890 Lo 09°0 L£°0 LLO ¥0°0 c00> 0°0> 200 88°0 66/S/0L LLL
o 0c'e L0 09°0 ¥$°0 sLo Lo €00 €0°0 200 820 88/9/L LLL
VN €0'¢ VN L0°L VN oLo VN VN 6v°0 00 18°0 98/ZZ/L LLL
S0 0g'¢ &4 00°L €90 LL'O €0°0> 200> 200 4y £0°L 68/1/S 80l
¥yo> /LT L'0> 0/°L 99°0 LLo €0°0> 200> c0°0> €00 So'L  68//1/1 80l
€0 06°L 0 00°L £€9°0 cLo €0°0> 200> ¢0°0> 4 oL'L 88/¥/oL 80l
¥'0 0Z°¢ L0 060 650 FANY) €0°0> 200> 00 <00 L€ 88/L/L 801
VN JANA VN LYANN VN oLo VN VN S0°0 ¥0°0 oL 98/LZ/L 8ol
o 08¢ €0 09°C 99°L €0 £0°0 00> €0°0 0’0 L0°T 88/6T/9 L0l
VN SO°L VN 99°¢ VN 97’0 VN VN ¥0°0 ¢0'0 0z'e 98/TZ/L L0l
YHN | | 14 d n uz UN 34 eg IS oled  dl
D3d

“(panunuod) € a|qey



Table 4. Isotope composition of ground-water samples.

BEG
ID

22
22
22

91
95

106
106
106
106
106

112
113
114
114
114
115
116
116
116

98

99

107
107

108
108
108
108
108

111

111
111

126
126
126

DATE

.10/5/88

3/16/89

‘ 4/24/89

4/28/89
6/30/88
6/30/88

6/30/88
10/6/88
1/26/89

5/2/89

1/22/86
6/29/88
10/5/88
1/26/89

5/3/89

2/13/86
2/11/86
2/12/86

7/6/88
10/6/88

2/14/86

2/13/86

1/18/89

5/3/89
5/11/89
12/5/88

1/22/86
6/29/88

1/21/86

7/1/88
10/4/88
1/17/89

5/1/89

1/22/86
7/6/88
10/5/99
5/2/89

4/23/86
1/19/89
4/27/89

Percent

Modern Carbon

21.90

- 27.20

5.97
7.40
6.60

43.00
36.90
60.00
61.08
61.80

9.60

8.90
6.60

16.60

61.00 *

43.50
52.30
56.30

21.80
20.90

3.30

NA

p

p

p
+1.10
+0.40
+0.28

+ 0.40
+0.30

+0.37
+ 0.42
+0.80
+1.8

+ 0.36

+0.36
+0.30

14C Age
(corrected)

NA
P

13037

13465
14522

8288
6914
NA

28718

313¢
NA
p
P
P
-5.80
-5.40

-4.36

-18.10

Tritium

NA
0.14
0.00

1.10
0.00
5.61

0.62
0.53
0.59
0.51

<0.80
NA
NA
2.64
2.85

11.80
3.74

20.67
14.00
11.60

0.50

1.52
0.00
0.40

0.60
P

<0.80
NA

<0.80
0.35
<0.08
NA
0.18

<0.80
0.10
NA
0.00

3.30
0.28
0.25

3180

NA
-7.9
-7.4
-8.3

-8.0

-7.0

-8.4

oD

NA
P
P

334s
NA

10.9
11.4

-0.5

ZoN hzow w= o
>N N NPWoo Vo

o

P P
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Table 4 (continued).

BEG

110

DATE

5/6/86
6/28/88

7/5/88
10/4/88
1/17/89
4/27/89

1/21/86
1/21/86

1/21/86
7/5/88
10/5/88
1/18/89
5/1/89

NA = No Analysis
P = Analysis Pending

Percent

Modern Carbon

87.64
51.85

52.90
50.10

116.00

109.00:

112.70
107.60

NA
+1.04

+1.08
+0.70
+ 0.60

P

NA

P
>

H H+ H+ +
Yoo=o

N NON
OOoOON

14C Age
(corrected)

NA
3799

638

564

518
P

NA
NA
4106
3661

4512
4356

813¢

NA
-9.41

-8.16

-8.40

-8.00
P

NA
NA
-12.00
-11.90

-11.10
-10.80

Tritium
NA
10.90

0.00
0.00
0.06
0.11

24.40
27.20

8180

NA
-7.9

10.6

N
11.1
11.0
-9.1
-7.4

-8.8
-8.3

NA
-9.2
-9.2

oD

NA
-55.0

-80.0
NA

P

P
-69.0
-71.0

-74.0

534S

NA
5.5



Table 5. Comparison of major ion compositions (mg/L) in wells sampled in both
1986 and 1988 or 1989.

Well No. Na Ca HCO3 SO4 Cl
114 1986 55 131 284 275 10
1088 56 145 297 340 12
116 1986 362 48.4 278 525 128
1989 365 53.8 303 530 131
108 1986 410 347 263 395 259
19088 412 36.2 263 320 269
111 1986 327 26.8 242 360 168

1988 310 28.7 248 360 155



~Table 6. Major ionic compositions (mg/L) of samples collected quarterly from
‘g‘sunnner 1988 to spring 1989

Well season Na = Ca HCO SO, ci

3 4

o7 summer 355 104 4908 - 500 173
~ fall - 361 106 379 580 181
. winter 371 - 113 497 600 - 183
~spring 363 106 - 496 602 177

108 = summer = 412 36.2 263 400 269
fall 8 415 36.3 2065 450 - 261
winter 417 . 389 263 - 460 274
spring 419 36 0 . 264 . 469 260

93 summer 710 - 1327 193 320 1120

fall 748 1292 177 - 380 1150
winter 747 143 202 380 1153
spring Y 136 194 . ..397 . 1150
110  summer 842 342 473 720 1320
' fall 899 383 366 820 1670
winter . 1220 - 502 501 1020 . 2290

spring 379 116 347 414 397



Table 7. Values for mean saturation index and standard deviation (1g) for ground-
water samples from each principal aquifer

Mineral Aquifer

Bolson Diablo Plateau . Rio Grande
Calcite - -0.022 (0.329 0.034 (0.200 0.360 (0.311
Dolomite -0.397 (0.583 -0.216 (0.473 0.356 (0.579
Gypsum -1.432 (0.342 -1.174 (0.260 -0.941 (0.296




Table 8. Results of chemical analyses of soil-moisture samples..

 Sample Depth Date Ca Mg Na K HCO, SO

3 4

17a-1 54 10/24/88 356 65 117 7.7 237 102

1722 54 10/24/88 356 6.4 123 7.7 223 110
" 17a-3 54 12/06/88 344 67 129 7.9 - 260 107
17a-4 54 1/28/89 342 80 157 120 220 150

16a-1 78  10/24/88 235 53 190 47 350 132

16a-2 78  12/06/88 252 59 210 52 370 154

©16b-3 110 10/24/88 211 69 102 52 230 49

Depths are in feet; analytical data are in mg/L.
--: not analyzed A . o
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