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ABSTRACT

The hydrochemical history of ground water' in the arid southeastern Hueco
Bolson was investigated by collection of soii‘-moisture Tsamples’- fro‘m unsaturated
siliCiclastic bolson-fill sediments‘ and ground-water samples from the Diablo Plateau
‘aquifer, the HuecoBoIson silt and sand Faquifer, and the Rio Grande alluvial aquifer.
Major, minor, and- trace solutes, stableisotobic compositions, and activities of tritium
and carbon-14 were measured in ground-water sampvle's: major squte concentrations '
were determlned in soil-moisture samples Sonl samples were collected to determine
the type and amount of materlal that could be readily dissolved by recharge water.
Core samples of Cretaceous carbonate and bolson-fill material were analyzed to,
determine the mineralogy of vsediment _an_d' aquifer matrix.

The Hueco Bolson and Diablo Plateau aquifers contain mainly Na—‘SO4 ground
water thavt derived »_solutes' by carbonate and gypsum dissolution, coupled with
‘exchange of aqueous calcium and magnesium for’sodium on clay minerals and other
ion "exchange‘sites. Rio Grande ground water is dominated by sodium and chloride
derived from dissolution of salts precipitated -in irrigated fields during times of high
evaporation All ground waters appear to acquire major compositional characteristics
early in the flow history princrpally through reactions in the unsaturated zone.

Ages estimated from tritium and carbon-14 actlvmes show that Rio Grande
_ground waters are youngest reflecting. the short flow paths from Iand surface
following irrigation, |nf||trat|on, and deep penetratlon “and from the river to sampled
wells. Ground Water"‘ffrom tvhe_ Diablo Plateau and Hueco Bolson aquifers ranges in
. agex.from a few 'hundred to nearly 29, OOO yr. Carbon-14 ages and tritium activities
do not vary systematrcally along a ﬂow path; however, the oldest waters occur in

wells near the center of the bolson pediment The irregular dlstrrbutlon of carbon 14



and tritium indicates that the Bolson and ‘Diablo Plateau' aquifers are internally
complex and ﬂow veIocmes are not readlly predlctable soIer on the basrs of the

- potentiometric gradlent ‘and estlmates of reglonal porosrty and permeablhty data.

INTRODUCTION

Purpose and Scope -

. Geologic'and hydrologic investigations of two» areas in T'rans-P-ecos Ter(as were
‘|n|t|ated in 1985 at the request of the Texas Low- Level Radioactive Waste Dlsposal o
‘Authorrty (TLLRWDA) whrch had selected these areas as candldates to host a Iow-
level radioactive waste rep05|tory Results of the prellmmary mvestlgatlon (Kreltler .
and others, -1986. 1987) led to more- detalled studles of ‘the southeastern Hueco
Bolson near 'Fort Hancock, Texas. As part..of thls work.r Water samples from all
accessible wellvs and springs were evaluated to determine hydrologic and |
hydrochemical factors that could impact the suitabilityi of the are’a»'to host a
radioactive waste repository. This investigation also presents an opportunity to :
»investigate ‘the hydbrology and ground-water }geochemi‘stry of arid 'landv where: the
} unsaturated zone is exceptlonally thick. Thls report summarizes the results of an
extensrve ground water sampling program conducted in 1988 and 1989 combmed W|th ‘

- data derived from earlier studies and related ‘w_ork_condu,cted during the same .perlod.
‘Location

" The Hueco Bolson (fig‘."l‘)_ is a major basin in the southeastern Bas'in,lb and

Range physiographic‘ pror/inoe.’ It is located in Trans-Pecos Texas andusoutheasvte‘rn



New Mexico, extending along ‘and northea'St:‘of the Rio Grande from the Quitman

l\/lountams near Srerra Blanca to the Franklln Mountalns near El Paso and north into

New Mexico. ln Texas it is bounded to the northeast by the Dlablo Plateau and to
the. southwest by the Chlhuahua tectonic belt, a part of the Laramrde fold belt
‘ lVlaJor topographlc and geographlc features of the area are the (1) R|o Grande to the
southwest, (2) Arroyo Alamo Camp che Arroyo Arroyo Campo Grande, Arroyo | |
Madden, and Arroyo Diablo that dlssect the bolson surface, (3) Campo Grande |
Mountain, which rises more than 200 ft above the bolson surface, and (4) Dlablov |
Plateau, which li'es'v above the bolson surface and is separated from it by an
escarpment of more than 400 ft; ' | l’ e

~"The bolson developed durlng regionali east'—northeast ext‘ensi‘on- and normal ‘;
faulting approxrmately 24 mllllon 'years ago (Henry and Price, 1985). This tectonic
activity resulted in topographlcally high ranges separated by Iow basms " The Huecol |
Bolson was ﬁlled mainly with fine sand. silt, and clay brought from New Memco and |
Colorado by the ancestral Rio Grande in late Pliocene‘ and early Plelstocene time; vthe',
Slerra lVladre Occrdental and local topographlc hlghs were sources of coarser basm-
filling detritus (Strain, 1973). The Hueco Bolson lies wrthm the northern Chlhuahuan ‘
Desert a’nd has a sUbtropical arid climate (Thornthwaite’ 1931 : as modn‘"ed by Larkin
B and Bomar 1983) characterlzed by high mean annual temperatures marked
temperature fluctuations -over broad dlurnal and annual ranges low ‘mean annual

precipitation, and wide extremes in seasonal and :annual precipitation (Orton. 1_964)‘.

Major Aquifer Units

Regronal structure and stratrgraphy are summarlzed here onIy as they affect the .. . .

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



carbonateand clastic rocks of the leay Cox and Bluff Mesa Formatrons that

' » underhe bolson sediments and form the Diablo PIateau Water beanng units- in these
‘strata are grouped together and desrgnated the Dlablo Plateau aquer (I\/Iulhcan and
'V,Senger 1989) Whether there is one mtegrated aqurfer system in the Cretaceous ,
ca"r"bonate rocks or several unco_nnected or 'poorIy connected carb_onate aqurfers is not -
resolved. 'vIn this report we group aII samples frOm the .Diablo Plateaur aquifer because
geochemical and hydrologrc crlterra are madequate for drstmgurshmg drfferent aquers ., :
or drfferent hydrochemical hlstorles of the ground water samples ‘

Cenozmc bolson fill sedlments constltute a second major aquifer unrt Most
wells that produce water from the Hueco Bolson silt and sand aqurfer (Texas /
‘Department of Water- Resources 1984) do so from sand Ienses that occur. between
clays and “silty clays Physrcal drscontmumes are common’ W|th|n the bolson fill both
because of the lenticular nature of the sand, silt, vandk. clay deposrts, 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 se,parate aquifer .
units. The boIsoh‘f"rII is therefore consi'dere”d‘.' a ‘single aquifer ‘unitv"for the purposes of -
this hydrochernical investigation. | a “

The third major aquifer'is in the Quaternary aI_Iurrium of»thev;Rio Grande. This
Rio ‘Grande alluvial aquifer -'isvprobabfy» physicallfy more hohogeneou_s th‘at the other |
two‘,, but'e_xtensive oumping‘from wells and Ioca_l rechar.ge ,during‘ times of high |
irrig"ation. may result in minor hyd}rochemical heterogen‘eities 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 tow.ard the southwest - Ground-water flow asaa-result of‘
the potentrometrlc surface confguratron should be from the Dlablo 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 P.lateau ‘and .in .the »RIO Grande alluvium - (fig. 3).

INFORMATION SOURCES

Water Samples

Relatlvely few sources of ground water san1ples exist because the‘study area rs
semlarrd ‘the water table is deep and specrflc yrelds are low. Durlng 1988 and 1989
ground-water samples-were collected from 16 ‘wells and 1 spring.. Two._of these,wells ,‘ .
were drilled v_a'nd completed: specifically‘ for‘.ithis project, and .several other al)a_ndoned
wells were recompleted for hydrologic "testing an.d sample collection. Eleven wells and
1 spring were’s’ampled repeatedly during the ‘1-2-7m‘onth perlqd of ‘-investi'g’ation.
producingla total ef‘ 39 water sarnples. This da‘ta» base is augmented by 14 samples
~ collected during a previous investigatiOn ‘(.Kreitler and others, ‘198‘6, 1987) .and 3
analyses‘ reported by the Texas Water De-‘velopmentBoard and the TeXas Depa'rtrnent
of Water Resources.-‘ | | |

Two soil- m0|sture samplers were rnstalled in each of three ‘wells to collect
water from the unsaturated zone. Samplers were placed at depths rangmg from 235
to 110 ft in strata that were consrdered most Irkely to yreld water on- ‘the basrs of
| stratigraphic mformatron derrved from a nearby stratrgraphlc test borehole that. was
‘cored and geophysrcally Iogged The soil- morsture samplers consrst of a porous

ceramic cup attached to 1.5- mch drameter hlgh temperature PVDC p|pe Two |nternal .

check values are arranged such that the cup could be placed under vacuum- to collectv;u. :

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



(Wood, 1973). _P‘rior' to installation the ceramic cups weie thoroughly ‘acid—vcleaned iand
rinsed with distilled water.,‘to ren‘qoye"-soluble‘ions,lthat :’conld' COntaminate‘ water |
'samples The ceramic cups ‘were seated |n 200—mesh sslica flour to ensure good
contact between cup and sediment and a vacuum of 20 |nches of mercury was :

placed on the samplers after mstallat-lon was complete_.
Soil Samples -

‘Soil types i‘n'vthe sdutheastern Hueco Bolson have been regionally --map’ped
(Texas Agricultural Experiment Station, ‘1973) vand can bb‘e correlated with the moie
detailed descriptions‘of soils to the northwest in‘El Paso County (JacO‘ 197‘1)' Soil
“on. the Diablo Plateau is descnbed as calcareous gyp5|ferous loamy outwash and |
i sedlment whereas 501l on the bolson is descnbed as sandy loamy alkaline,
| calcareous wmd—lald deposits. Soil deVeIoped on the R|o=>Grande alluvnum is described ,
as calcareous vleamy to clayey material‘that supports salt-tolerant grasses, salt cedar, .-
and, cottonwood trees. Other studies have found.. that solutes derived from'soils |
signiﬁcantly affect the composition of ‘stream (Mil_ler and Drever‘, 1977) and spring
(Smith and Drever,‘ 1976) waters; therefore, sdil-.samples"from the Diablo -Plateau'.
the bolson pediment.i‘ and the Rio Grande aIIUVium were collected for cheinical and

mineralogic characterization as part of‘this,hyerChemical investigation.

METHODS

_ Ground-Water ,San’lp’les»;

" Ground-water samples colle'cted'f‘rvom‘the three principal"aquifers-'(table; 1)

during the 1988-89 field sea’son were analyzed at the collection site for u,nst_able



‘constituents and weré .trea‘tedr and:preserved for,-laboratory»'analysis of .ma‘jor‘ minor
~and trace inorganic components selected organlc constltuents and stable ( O D’.'
Be o, | d 34S) and cosmogenlc ( H and C) |sotop|c composrtrons Complete :
samplmg procedures are descnbed ina Speafc Work Instructron prepared for ‘this
study (Frsher 1989) these methods are brlefly summarlzed as foIIows
Al sample contamers and equrpment used for field testlng of unstable speaesi
. were thoroughly cleaned and rmsed prror to each samplrng trip. At the well srte pH -
‘Eh and water temperature were measured in a ﬂow ceII connected to the weII such
that the sample was not exposed to the atmosphere Measurements were monrtored
"f.untll values had stablhzed at whrch time flnal values wererecorded and the well
was considered surtable for'sampllng.‘ Alkallnrty'twas determrned by tltratron _atvthe :
~well site, and the r'e's.ulting‘_ .ti,tratbion curves j~vvere “examined to ascertain that carbonate
species 'were"thbe major sources of alkalinrty‘ A 300-‘mL BOD bottle was rinsed. the
sample was added, and all air bubbles were drslodged The sample was then |
preserved for determmatron of drssolved oxygen concentratlon this measurement was
performed Iater the ‘same day by trtratron W|th sodlum thlosulfate | |
Allquots for measurement of major, minor,. and trace catrons and anions. stable

~isotopic composrtlons of oxygen hydrogen carbon and sulfur tritium activity,
” _:dlssolved sulflde total orgamc carbon and cyanlde were passed through a 0.45 p
frlter and preserved Three 50 L carboys were frlled wrth sample and 500 ml |
- saturated ammomacal strontlum chlonde was added to raise the pH above 11. Later
'»the same day the strontlum carbonate precrpltate from each carboy was transferred
toia 1 quart Jar wrthout exposure to - the atmosphere Thls precrpltate was removed
‘rlnsed and drred |n a cO —free atmosphere for subsequent carbon 14 analysrs

Chemlcal analyses were performed at the Bureau of Economlc Geology Mrneral

Studres Laboratory Trrtlum actrvrtres were determmed by the Unlversrty of Mlaml i



Tritium »Laboratory Stable-'iso‘topic composifions and earbon-14 activltie’s were
measured at the Umversuty of Anzona Laboratory of |sotope Geochemlstry Total
organlc carbon dlssolved sulflde and cyanide were analyzed at Core Laboratones
Corpus Chnstl Texas. | “
Samples collected during 1988 and 1989 provide the prlmary data base for th|s
report. Samples collected durlng earlier mvestngatnons (Kreltler and others, 1986.
‘, 198?) or reported by the Texas Water Development Boardor the Tex‘avs Department
o_l Water Reso_ur‘ces_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 ‘co’uld not be

sampled during the recent field investigations.
Soil-Moisture Samples

Water drawn to the samplers under ’f\‘/‘acuum‘ was forced to sample containers at
the surface under moderate air ‘pressu.re. .Becvause of tne pressure changes'during”
coll’ection and‘ sampling and because of the small volu“mes"of water that could be
, removed from fhe unsaturated section,"only't-he major and some'm_inor'.co,n'stituents
could be analyzed. Despite these limitations, the k‘major:-species present in soil water

are ,usefnl in_interpreting the origin of deeper ground,‘W'aters.
Soil vSamples

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

inches thick and is 'Significantly’bettel consolidated than underlying material. Paired



samples of this crust were collected on the Di}ablo'Plateau, on the bolson, and on "

the Rio'Gfrande alluvium. Each pair from the plateau and the bolson consists of one

samplelfrom a topographically high site vvhere'_rainfalli- or s.urface runoffvvould drain ‘,‘-_V"
qu,ickly ‘and one from a low slte that cou-ld'function as a drai'nage path or infiltration
area: On the R|o Grande alluvium, one sample was collected from a crop ﬂeld that
had a long hlstory of |rr|gat|on and one sample was taken from an area that had
‘never been cultlvated where surface runoff_pond,ed durlng heavy rainfall or runoff _'
events and subsequently evaporated. L | |

| 'Each of the six samples was homogenized and a 75-gfam subsample Was
'placed in a flask with 100 ml drstllled Water The 50|I water mixture was shaken for
15 minutes, after which the leachate was: removed by centrrfugatron and passed
through a 045 pu filter. Thls process was- repeated to give extraction times of 15,
240, and 360 minutes. Each Ieachate solutron was analyzed to determlne the amount

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

Five‘samples’ of Fort Hancock ‘Formation‘bolson-»fi_ll Were‘collected from. core "at; :
depths of 147 to 537>ft‘to aid _interpretation of‘thechernical, evolution of gr‘oUnd*
water. composrtlons Mmeraloglc composrtron of the whole-rock - sample and of the
clay-size fractlon was determmed by 'standard X ray drffractlon (XRD).anaIy5|s. A
,repreSent’ative split of each sample Was leached in dis'tilled»water ‘and the leachate
- was analyzed by standard methods to determlne water soluble constltuents |
Exchangeable cations were drsplaced into solutlon from a second spllt of each sample

(Thomas. 1982),“ and'theb composition of the exchange,able ion populatlon-wasvv .



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 Iisted in tables 2 and 3;
isotopic compositions are shown in table 4. Ten additional trace metals were
determined for all sampiés 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 (°/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 (6*'s). and <0.2 (6'%0 and 6"3C). 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 unceftainty 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 1986” énd in 1988-89. Of these, four present valid
comparisbns of water chemistry over a 2-yr périod. Other samples include spring "
waters that seep into a standin“g pool (No. 106), water collected from a holding tank
beéause the windmill-driven pump had not been operafing for several weeks prior to
‘the 1988 sampling (No. 107), water frofn 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 large seasonal‘ variations in
composition (No. 110). Table 5 summarizes the major ionic compositions of wells
sampled in 1986vand again in 1988 or 1989. In most ‘cases. 1986 compositions are
slightly lower than 1988-89 compositions. However, the differences are not consistent
for all ions and are within the unéertainty expected- for separate sampling and
analytical‘ runs. This suggests that‘ compositional changes over a 2-yr period are not
significant.

Four wells and one spring were sampled quarterly from summer 1988, to spring
1989 (table 6). Comparison of major ionic compositions for these samples shows
minor, nonsystematic variation attributable to random errors in sampling and analysis
in threé of the four samples (No. 97. 108, and‘ 93). Well No. 110, an irrigation well
that pumps from Rio Grande alluvium, shows marked compositional changes. These
variations are attributed to theveffects of irrigation, dissolution of salts on irrigated
fields, and soil water: evaporation, -as discussed in a later sectibn. ,With‘ this
exception, the major ionic compdsitions of ground waters sampled quarterly for a
1-yr period remain essentially constant, within the resolution of analytical uncertainty.
Long-term quarterly monitoring of selected wells and springs may' show systematic
seasonal variations in ground—watér compdsitibns that could provide imbp_ortal‘wt
information about the regional hydrologic system. ‘Such trends cannot be identified in

the available data.
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Salinity varies widely within each fnajor aquifer. Mean, minimum, and maximum
concentrations of total dissolved solids (TDS) are 1,590, 800, and 2,900 (mg/L) for
" Diablo Plateau aquifer ground waters; 1,730, 1040, and 3.830 for Bolson aquifer
ground waters; and 2,890, 940, and 5,703 for Rio Grande alluvium ground Wéters.
respectively. Total dissolved solids valdes do not vary systematically either among the
principal aquifers 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 alluvium have
sodium and chidride'as tHe predominant cation and anion, respectively. ‘Most ground
water from wells or springs on the bolson pediment or the edge of the Diablo
Plateau, whether from bolson or Diablo Plateau aquifers, has sodium énd'sulfate as
the predominant cation and anion, respectively. Samples from the Diablo Plateau

aquifer collected from wells away from the,edge of the plateau have sodium and
bicarbonate as the major cation and anion, respectively. One well from. the Diablo
Plateau aquifer near the toe of the escarpment produces calcium-sulfate water.

lonic speciation and mineral saturation states of the ground waters collected in
1988 and 1989 were computed by the geochemical modeling program SOLMNEQ
(Kharaka and Barnes, 1973, with revised thermodynam,ic data provided by Kharaka in
1986). Samples that lacked field pH measurement, that were collected from holding
tanks because windmill-driven pumps were n.ot functioning.' or that were taken from
springs of very low discharge were not included in the SOLMNEQ runs. because the
water composition was unlikely to represent geochemical conditions in the aquifer.
Dissolved Al was set at 10"6 molalv (0.027 mg/L) because this is the approximate
value expected for aluminum concentrations dete;mided by bayerite or gibbsite
(polymorphs)of ‘AI(OH)3),'the phases most likely to control Al concentrations in

shallow siliciclastic sediments at neutral to slightly alkaline conditions {Hem, 1985).

12



Thrs was necessary ) that the saturatlon of alumlnosrlrcate minerals could be
‘estrmated desplte the lack of Al analyses Calculated values for the ionic strength of‘
'the water samples range from 00155 to 0 1074 molal correspondmg to an actlvrty
.of water of 09997 to 0.9974. These values indicate that. the ground waters are
suffrcrently dilute that SOLMNEQ can accurately compute thermodynamrc actlvrtles of
aqueous species. | o |
Resul_ts of the:‘SOl_MNEQ program -show't-hat all vvaters are highly
oversaturated with ’common aluminosilicate»»and si‘llc_ate minerals‘ becausev of the high
‘ _'observed dissolved Si concentrations.» Total aqueous’ Siin the grou'nd—vvater ‘samples
) ranges up to 1‘7.}6 ‘mg/L. In co‘ntrast, 'results of SOLMNEQ simulations show that
Hueco Bolson ‘groun'd water should COnt'ain ‘only about 6 mg/L Si at observed .
- temperatures if concentration's were c‘-ontrolled by.saturation with quartz, the
"dominant silicate mineral |n aIIulem,, ‘bolson, and'carbonate strata.
“‘E‘quilibrium between ground water and‘common\_'carbonate or sulfate minerals

]vvas evaluated by compUtin‘g the' appropriate-saturation index (SI). equal to the
- logarithm of the ion: activity produict vminus thvev Iogarithm of ‘the‘dis's‘olutlo'n ‘r‘eactio_n
: equnlrbrlum constant at sample temperature A value of zero indicates equilibrium, R
negatrve values rndrcate undersaturatlon and posrtrve vaIues rndlcate oversaturatlon
Because drssolutlon and’ precrpltatron reactron rates may be slow and because such
reactions . may have hrgh actlvatron energles a state of undersaturatron or o
oversaturatron does not mdlcate that a partrcular mlneral is belng drssolved or -
precrpltated respectrvely These |nd|ces are srgmfrcant however because they show
WhICh reactrons are not thermodynamrcally possrble Water oversaturated with a
partlcular phase cannot drssolve that phase nor can water‘undersaturated wrth some

:_"phase precrprtate that phase Ground water from the Bolson and ‘Diablo Plateau

13



aquifers is essventially saturated With" calcite and possibly also with dolomite, 'whereas
~water from the R.io’Grande' alluviumv'is sllghtly;_6ver$at.drated'with both these |

' min_erals. Despite‘high sulfate eon,centrations in ‘lmany of the water samples, none are
saturated with gypsum (table 7).

Stable |sotop|c composrtlons of oxygen and hydrogen generally cluster between »
values of -6 to —8 /oo and -45 to 65 /oo SMOW respectrvely (frg 5). AII i
samples -from the bolson aquifer fall W|th|n this range. The most depleted isotopic
compoSitiOnS :are found in wells on the Diablo Plateau and in the RiolGrande
alluvium, reaching values as low as '5180;10f abodt -11 °i/oo ‘and 6D of -85 ‘_’/oo.
respectively (fig. 6). Values for eamples from wells on ‘the,bolson pedinﬂlent, are less
depleted regardless of host aquifer. - |

Hueco Bolson "ground waters -are not .in ‘oxygen or hydrogen is>Otopic lequilibr,ium
with common sedimentary minerals. Carbonate minerals typically control oxygen
isotopic compositions in ground waters and formation waters. The isotopic
composition of local carbonates has not been measured for this study; 'however, it
can 'be reasonably estimated. 'l'he, rhain loea’l so‘tirce of carbonate is the’ Cretaceous

strata that compose the Diablo Plateau aquifer. Sedimentary carbonates typically' have

oxygen rsotoprc compositions that range between 0 and -5 ° /oo PDB (31 to 26 °/oo o

SMOW; Velzer. 1983) o Neil and others (1969 as revised by Fnedman and ‘O'Neil,
1977) show that the equilrbrlum,oxygen .,rsotoprc,, composrtlon of ea_lcrte and,"water is
related by the lfractionation eq_uation" : | | |

| 10°ha = 278 x 10°T2 280, o
Where a is the |sotope fractlonatron factor, T is degrees Kelvin, and 10 Ina closely

appro;umat_es the drfference between the |sotop|c ‘composmon of the mineral and

~ water. At 25°C, this equation \prediets_'that water in isotopic equilibrium with calcite e

of 6180 = 31 or 26 /oo SMOW should be 2.6’1 or -2.4 ° /oo, respectively; These

calculated equilibrium values are much higher than the values observed in Hueco
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Bolson grdund waters, indicating that the waters have not reacted with calcite
suffi‘ciently eXtehsiver to attain isotobic equilibrium.

Controls jon the hydrogen isotdpic c}orvnpobsition of ground waters are less well
known. Clay minerals are the only significant hydrogen reservoir in the Hueco Bolson,
énd i.sotopic re‘létions between water ‘and clay minerals at surface tehperatures‘ are
relatively well established (Léwrence and Taylor, 1971). Water equilibrated with
kaolinite or ’sm‘ectite at surface temperatures in the Hueco Bolson would be expected
to have hydrogen and oxygen isotopic compositions of about -50 to -80 ®/oo and 15
to 20 °/oo SMOW respectively, depending on the isotopic composition of local
meteoric water. These hydrogen isotopic values are within the raﬁge observed in the
ground waters, but fhe absence of such enr’iched‘~ oxygeh isotopi_c compositions. .

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

Sodium and bicarbonate are the_e major cation and anion, respectively, in all
samples (table 8).> The few available dissolved silica values are higher than most
concentrafions observed in either ground-water samples (table 2) or in leachate from
“soil samples‘(discusséd in the following section). The high silica content of soil-
moisture samples may be due in‘,part, to di:ssolution of some sii_ica flour that was
'used- 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
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bicarbonate are the'mostabundant leachable ions in all samples ‘exc‘ept‘ the irrigated
Rio ,Gran’d'e alluvium: extremely high ,“arnounts‘.‘ of 'sodiumb. chloride, and 'nitrate‘ are
readily renjoved from the irrigated sample. Magnesiuna. ‘calcium, and -sulfate' also are-
‘much more abundant in leachate fromhthe' irrigated rRio Grande eample‘than' tn other
samples Dissolved 5|l|ca |s high in. all samples and is readily removed from the

sedrment even after only 15 minute exposure to Water
Core Samples

X-ray diffraction (XRD') patterns indieate that quarti is the 'predom'inant silt-
sized or larger. component of the bolson sediments; oalci‘te _is;pres‘ent in_»,'n1in,or,. o
~amounts in some sarhples,'as ‘i.s‘rbpvot‘assium‘feldspa.r.jr'AIthough XRD analysis hasdno’t
identified gypsum as a mvajor or minor phase in the analyzed bolson sdediiments .‘
(Fuentes and others, 1987, 1988; this study), gypsum’ is common in trace.‘amounts
in surface sedhnents. Gypsum is also observed as discrete beds or as disseminated
crystals in both the Fort Hancook' and C"am;v) Ri‘ce Formations (T. C. vGusta‘vson,_
personal communication, 1989). The cla:y—size fraction contains illite, an expandabtle.
clay tentatively'identified as chlorite/smectite,"and kaolinite. The XRD oattern,of ‘
clay-size material is very complex, indicating that other clay minerals m'ay be pres'ent
“in_amounts that cannot ‘be. |dent|f|ed in the presence of |I||te _kaolinite, and
,expandable clay Similar results have been reported in prevrous work (Danrel and

‘Nelson. 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) wrth a mean value of 11.4. In
comparrson values for . saturatlon with quartz, cnstobohte A, and amorphous S|I|ca
‘computed by SOLMNEQ (Kharaka and Barnes,v1973) are about 3, 8, and 51 mg/L
Si, respectively. The high'Si concentrations,observed in ground-water sampl(:gs" and
the ease with which Si is leached ‘from soils (table 9) suggest that silica isb derived
mamly from amorphous phytohths that can constitute as much as several percent by
weight of grasses and the hardened splnes that typlfy arld cllmate vegetatlon (i_Ier,
1979). |

VA 'second commOn characteristic is that' all water samples except thotsefrom
the "Rio Grande alldvium show an excess ot sodium relative to chlor‘ide (fig. 7).
Sodium and-'chioride‘are”generally considered to- be'the_.,most.rnobil-e ~cation ,,and
-anion' respectively ‘in ground water"vonce' released ‘from ‘minerals, they are most likely
to -remain in solutlon A sodium/chlorlde moIaI ratlo approximately equal to unity is
usually attrlbuted to halite dlssolutlon whereas a ratio greater than unlty is typlcally
interpreted as reflectlng sodium addition from silicate weathering reactions (e.g..
Mackenzie and Garrels, 1966; I\/Ieybeck, 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 mo_st ab‘undant anion, v‘vhereas’-"i :
bicarbonate is of secondary importance in all but one’ sample analyzed in this stu'dyi
(2) water involved in typical silicate 'v‘vi‘/eathering .,-_reactions _should have silica |
“concentrations controlled by saturation with kaolinite or other ciay rninerais -if not by
quartz ‘(Mackenzie and Garrels, 1966) whereas all of the ground water samples
analyzed in thls study are hlghly oversaturated with respect to all common clay
mmerals. and (3) very few unstable silicate mmerals that would be subject to

- weathering reactions have been |dentrfied in" surface -sedlments'or;—boison fill. oo
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A third shared characteristic of water samples from the Bolson and Diablo
Plateau aquifers and from the’ unsaturated zone is a strong correlation between
dissolved sodium and sulfate (fig. 8). The‘ excess of molal sodium over chloride, even
though sificate weathering reactions seem unimportant in control»ling water
compositions, and the proportionality between sodium and sulfate suggest that
dissolution of gypsum and exchange of aqueous divalent cations for sodium on 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*? 4+ Hco,, @
CaMg(CO,), + H™ = Ca*? 4 Mg*? + 2HCO,. (3)
€S0, = Ca™? + 50,72 and - (4)

Na,-clay + cat? 4+ I\/Ig+2 = Ca.Mg-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 = _(aNa*)*(aCa-Mg-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 aq"ueo-usrspecies and exchangeable ions. on clay
minefal surfaces. According to equation (6), as divalent cations are added‘ to solution
by»mineral,dissvolution, the. number of exchange,sités 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 bpositive' charge of the solution remainvs.’ constant. With increasing ion
exchange driven by ihcreasing gypsum or carbonate d‘issolution, therefore, the sum

(2mNa++mCa+2+ml\7|g+2)‘ must increase proportionately. - This relation ‘accounts very -
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_We'll for the relations between :ea‘lciurn. ‘magnesium,’ -so\diurvn,",s”ulfate. and ‘earbonate
~ alkalinity in water from the Diablo Plateau and Bolson: aquifers; it also accounts for

~ the major ionic _compositions in_water from the '~unsa'turated zone (fig. 9)
Ch'aracterlsties‘ Unique to Rio Grande Alluylum Ground Waters

lVlaJor composmonal drfferences between ground water samples from the RIO
Grande alluwum and water from the: unsaturated zone, Bolson and Dlablo Plateau
- aquers must vbe understood in -terms'of -the hlstory of thef R|o Grande .and‘ -Upper'
Rio Grande Valley A predommance of sodium and chlonde over other cations and
“anions, respectrvely is the most ob\nous dlfference between ground Water from the
Rio Grande alluVial- aqurfer.tand other’“ground waters in the 'Hueco Bolson (ﬁg 4)‘
Rro Grande ground Waters also have the hlghest mean concentratlons of magnesmm, '
bcalcmm and potassrum Furthermore there is a def'cnency of molal sodrum relative to
chlorlde in many Rio. Grande samples (f'g 7) |nd|catmg that hal_rte is not the sole
_"contrrbutor of chlorlde to Rio Grande ground water | |

Intensive irrigation in the ,Upper;“Rlo Grande'Basln (north of‘Fort Quitman’.’.
lTean) ‘b'egan in‘the'j early.'18'80'5"}'-prlorlto‘that‘-'tlme-lthe"'Puebl‘otlndians' irrigated;-' ‘
crops even before Spamsh explorers came to the reglon Post 1880 |rr|gat|on
'combrned with a serres of droughts in the 19405 and 1950's," resulted m serlous :
degradatron ofrrver,qﬂuahty and deposrtron: of Iarge quantrtles of salts _-m ‘|rr|gated"‘
. _,l'eld's (e g‘ Youhg 1981) lrrig.ation w‘ate‘r becom’e'-s 'concelntrated'o:n ’fields -and in t'he

’shallow subsurface by evaporatron The resultlng sallne ‘water eventually returns to

' vthe shallow alluvral aquer or to the rlver where it is subsequently used to |rr|gate

fields .downstream.‘ As 'consequenc_es: ofjheavy v}lrr-lgatlon.»the Rio Grande has hrgh»

19



sodium. chloride, ‘and TDS concentrations (No. 105, table 2). and large amount of

salts are ‘precipitate‘d 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. Thése salts are readily ‘soluble and can contri’butev
significant amounts of sodium, calcium, magnesium, chloride, and sulfate (irrigated
Rio Grande alIQvium sample. table ‘9)>when excess irrigation percolates beIQwvthe root
zone and recharges the aquife>r.

One soil sample frbm an 'irrigatled field does not ’adequabtely fepresént the
amount and co‘mpos>i'tion of Rio Grande irr’i‘gation»isalts‘,_ nor does the feaching
experiment we performed necessarily simulate the derivation of solutes from shallow
sediments by recharge to the Rio -Grande -alluvial -aquifer;-Nevertheless,-wIeachéte,from, ;
the soil sample shares many cdmpositional characteristics w‘ith"R;io .Grand‘é ground

water. Leachate from the irrigated Rio Grande sediment sarhple 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 Ieach_able concentrations of potassium,

magnesium, and sulfate than any other surfacelvsedimen_ts.
Minor and Trace Solutes

Saturation states of minerals that commonly limit concentrations of minor and

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

None of the groun’d’ waters are saturated with -celestit_e. 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 aIthOugh" the presenCe of fluorite and barite has not b'een confirmed in the
few sedrment samples examlned Concentrations of other minor ‘and trace elements

(table 3) are apparently not Ilmlted by mmeral Water equrhbrlum B

AGE OF GROUND WATER

Backgrou nd

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

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

_ 'bnyat,i1980, and Mook, 1980). Both tritium and carbon-14 are produced;‘by the‘

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

the radioactive decay of:carbon-14 and tritium in ground water ‘do not necessarily

record the same time_interval. Tritium is rapidly 'inCOrporate,d into water molecules

and removed from the atmosphere as precipitation. T»ritium ages therefore reflect |
Iength of time since a water sample was last in open commumcatron wrth the
atmosphere Cosmogemc carbon 14 enters the carbon cycle as carbon droxrde which
is subsequently mcorporated in orgamc matter, carbonate mlnerals and aqueous -
carbonate speC|es Carbon- 14 ages therefore reflect the time' since - ground water was .

last free to exchange carbon isotopes betWeen water and,atmospherlc_ or soil gas

:carbon dioxide.

The short " half-life o’f tritium' (12.26 yr) should miake“this an ideal isotopefor
tracer studres ‘and age determmatlons of water that was removed from contact with

the atmosphere Iess than about 75 yr ago. However two major problems exlst The

ﬁrst is that the tritium content of‘atmospherlc water vapor and precrpitatlon_ varies

regionally and seasonally, so it is “difficult “to determine the initial-activity -of -tritium- .

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 rhid—I%O'S. Atmospheric

tritium levels exceeding 2,200 TU were reported in' the northern hemisphere in 1964.

‘Although apprbx’ima'tely 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 afmospheri(; trifiu‘m are
probably on the order _ofv about 25 TU, but local variations are not well documented.
Small amounts Qf tritium can be produced by natural‘v subsurface processes, so values :
in the range 0.05 to 0.5 TU are p055|ble in water that is very old.

The half-life of carbon-14 is 5,730 yr, maklng it suitable for resolvmg ages of
about 35,000 yr 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 the carbon-14 activity of soil gas at the location and
time of recharge. Second, a correction must Be made to account for the fact thaf
hatural waters commonly derive olde‘r ca'rb‘oh that contains no carbon-14 from
dissolution of carbonate minerals. Third, if carbonate minerals are prec-ibitated from
ground  water, 'some carbon-14 wi" be removed from solution to the solid phase.

For the simple case where. recharge acquires carbon-14 from CO2 in soil gas

and also dissolves. carbonate minerals. that contain. no .carbon-14, the standard

-equation for calculating age from percent modern carbon is

~years = 5730 In ) ¢ (pme) - n
' 13 13
In 2 100(6 Cwater/ recharge)
(Pearson and White, 1967). Values of ¢ pme and 613water for Hueco Bolson
ground waters are giVen ‘in' table 4. A value of -17 o/'oo PDB for 613C . 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

Such ages are sensrtlve to the value used for &' C . which in turn
. “recharge' :

:depends chlefly on the type of vegetatron present in the; rechar‘ge :area',: the :perCent of
‘land surface covered *by'vegetation and t'he mean an‘nual -‘temp'erature ‘a't‘ th‘e‘ time of

recharge The value of 17 /oo was chosen for age calculatrons because Rrghtmlre
(1967) found that the 6 C value of soll carbon dlomde in west Texas ranged from |

-15 to 19 /oo with a mean value of 17 °/oo. Values for 5! C in other arid
‘recharge

terrains range from about 16 to -19 /oo (nghtmrre and Hanshaw 1973 Parada

and others, 1983) ln other areas and climates, 3¢ may be as low as -25

recharge

°/oo (Pearson and ‘White, ~~1967) To- evaluate the effect of - the assumed 3¢
recharge

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

calculatron for samples that have low and hrgh pmc values using measured pmc and

13

61 ater Values and setting 61°C equal to -16 and -19 rather than 17 °/oo.

recharge
13 C

water

Ground water sample No. 97 (pmc—5.97.‘ 6 -4 36 °/oo) grves ages of

12,550, 12050, and 11,130 yr for 613 C = -16, -17 and 19 /oo respectrvely

recharge

Ground water sample No. 92 -(pmci87.64, e -9 41 °/00) glves ages of .

water -

3,297, 3 799, and 4,717 yr for 613C = -16, —17»,- and- -19 ./oovrespectlvely;,

recharge

13C

Therefore the uncert-arnty “in the value of ¢ affects.the age estimates of table

Walel’
4 by Iess than approxrmately 1000 yr

Equation (7) is based on the assumptron that the |sotoprc composrtlon- of
recharge water can be adequately represented by a srngle value and that soil gas and
| ~mineral carbonate are the sole sources of drssolved carbon in ground water. The
v"valrdlty of these assumptrons can be evaluated by testing the mass balance relatron

‘between the concentration ‘and rsotoprc composrtron of drssolved carbonate (Pearson

and White, 1967). If g}round—water samples.meet' the criteria for appli’cat’ion of
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equation (7). a pIot of the loganthm of total dlssolved carbonate versus the -

logarithm of.(6 C /613C should define a stralght line. Wlth the exceptlon

water recharge)

of “samples from the irrigatron well (No. 110), Hueco Bolson ground water samples

(fig. 10) generally fall along a lrnear trend The wrdth of the l|near data band

13c

suggests that the true value of &
, recharge

vanes from -17 to nearly -25 /oo for
some samples. Nevertheless the lmear trend of the plotted data strongly suggests
that dlssolved carbonate is a two—component mixture of mineral and soil carbon of
variable isotopic composition:r therefore it 'is-valid to apply equation (7) to these

: ‘s‘ampl_es. ‘ “ | |

| Incongruent 'dissolution i’s-ba third factor that can,affectvcarbonellll ages of |

. -ground— -water -(iWigleyr--'andfothers; 1—978)}- As-previously .discu'ssed.,.. recharge. in_the ,i »
l-lueco'BoIson rapidlv‘dissolvesicalcitecand/or dolomite to saturatiOn 'Subsequent )
dlssolutlon of gypsum raises the concentratlon and thermodynamlc actrwty of caIcnum ‘
in ground water, some of WhICh is removed by ion exchange and some of WhICh may»'
be re.moved by -‘precrpltatron_ of carbonate mlnerals-.' lf carbonate precrpltatlon.»occurs.
some carbon-14 also will be removed, th’us, reducing the vcarbon—14 activity of ground '
water and yielding an apparent age that is greater than the age of the..wate‘r: 'These

effects are thought to be m5|gn|flcant but ‘cannot be: quantltatlvely evaluated for

"Hueco Bolson ground water.
Age of Hueco Bolsongrdund water

Data from Hueco Bolson ground waters generally show the expected |nverse

relatlon between trrtlum act|V|ty and carbon 14 age (frg 11). However some Rro

Grande ground waters have - nearly 22 TU and carbon 14 ages of about 4500 yr (367:; o

tritium half-lives), and one sample from the Bolson aqun‘er contams ‘about 3 TU .and -
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~ has a calculated carbon 14 age of nearly 29, 000 yr (over 2,300 tritium half—hves)

Clearly the two types of data are ‘not recordmg ‘the ‘same trme interval in all

- samples.

Comparison of tritium and carbon-14 isotopic activities in ground ,water samples

R ”‘suggests that young, old, and mixed water is present in the Hueco Bolson. Young
water is charactenzed by high tritium act|V|ty and low carbon-14 ages, old water is
,characterlzed by low tritium actlwty and high carbon 14 age values, and mixed water
: has derlved tritium and carbon-14 from different sources, as demonstrated by hlg_h

tritium content‘and‘bhigh c‘arbon—14i age in"the same water sample.

Ground'water that contains more than about 1 TU is considered young. As

processes: 'therefore. tritium activities Iess than ‘vumty are not valid age indicators. A
vrea‘sona;ble estimate. of ambient tritium aCtrVity‘is provided by analyses of ‘sample 105
(Rio Grande)and well 110 (Rio Grande irrigation we”). Tritium ~activities for the.se
samples range to 27 TU (table 4),’vr/ith a mea‘n 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 ambient 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 p055|ble for these samples because of the

,uncertalnty in 613C_ - Therefore, samples _that contain _more than about one TU

recharge
and that have carbon-14 ages Iess than a few thousand years (fig. 11) represent
re!atlvely recent recharge. Such water is found in the Diablo Plateau aquifer at wells
on the Dlablo Plateau and near the toe of the escarpment (fig. 12).‘

Ground water that ‘contalns less than 1 “TU and has arcarbon—14 age in excess

~of several thousand-years is" considered old. In-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 uncertainty b-.th‘at results from not knowing the =

. o / Lo ; ; g .

L3¢ for each s‘
recharge ‘

precrse value of 6 amvple. This type‘of_ground water occurs in

the Diablo Plateau aquifer in wells on the plateau an.d on_the. bolson pediment, -in

the Bolson silt and sand aquifer, and issuesfr’om a spring at the base of the

plateau‘escarpment (fig. 12); '

High tritium activities and carbon-14 -ages of several thousand-years in Rio

Grande ground water is readrly explalned as reflectlng ‘a mixture of (1) gro'u'nd—water

l

that has been rsolated from the: atmosphere for - several hundred to several thousand N

years, and (2) water that was rapldly |recharged dunng times of hrgh |rr|gat|on or

hlgh seasonal rainfall.- Type (1) Water \would have no- detectable trrtlum “and. could
~contain’ 5|gmf|cant amounts of carbonate derlved from both soil gas and drssolutlon
of : carbonate minerals. Type (2) water\would haye hlgh trltlum actrwty and could
'contam very Ilttle dlssolved carbonate f it passed qurckly through the unsaturated
‘zone, and if most readily soluble carbonate phases had been removed ‘-fr‘om»the 3

unsaturated zone earlier in the recharge episode. The result of mixing types (1) and

(2) would be a ground water in which the carbonate “‘isotopic system» reflected -the“
 age of type (1) water but the tr‘vitiu'm activity- reflected‘ the "-‘time since: type (2) water
was. in isotopic communlcatlon wrth the atmosphere An age of 500 to 600 yr seems
reasonable for. sample 93 (fig. 12) on the basrs of both tr|t|um and carbon 14 |
: com.posmons. Sample 126'from the Bolsonaqurfer has the oldest calculated carbon- |
14 .age but also contams approximately 3 TU (Fg 12 and table 4) This well was
sampled shortly after completlon and appears to show effects srmrlar to the Rio :
»Grande |rrrgat|on wells The carbon lsotoprc system mdrcates that the water is very
oId however; tritium data- suggest ‘a young water. It is likely that the true -age of .

the ground water is accurately represented by the carbon |sotop|c data whereas hrgh
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trit,ium activity reflects the presenc.e V»Of sorne water' th'at ‘was used in drilling and
: completmg the well. Subsequent samples from th|s well contalned less than 03 TU
however results of carbon- 14 analyses for samples collected in 1989 have not yet -
been reported

The reguonal dlSthutIOI’llOf trltlum and carbon 14 values (fig3 v,1_2')} shows g‘enerall
features that are consistent wrth the dlstnbutlon of hydrochemrcal (fig. 4) and
hydrologlc charactenstrcs Ground water: from the Rio Grande Kalluvral aqurfer generally
contains a hlgh percent of modern carbon 14 and hlgh ‘tritium act|V|t|es These data
_are con5|stent with water composrtlons that would result from mixing old ground
water (recharged prior to extensive |rrrgat|on and contammg relatlvely high carbonate
- concentrations; ‘old »c-arbon—.14: -and negllglble;-trrtl_um—)w-and» recent. recharge .,(rep,r__e,se'n‘_tmg
either irrigatlon water or high s'easonal : rainfall ‘contaivning modern carbon—lll but low
total dlssolved carbonate and having high tr|t|um actlwty) |

Ground water from wells on the Dlablo Plateau contains about 6 to 43 percent
modern carbon and 0.07 to 21.9 TU '(table 4). "Conditions for valid application of |
'equation (7) appear to be met:l however‘. contradictions vbetween“tritiUm activlties va‘nd, _
carbon-14 ages‘exist for water from wells 96 and 112 (fig. .12)'_:»W'aters from these‘
two wells a,pparentlyt represent ‘mixed carbon and tritium sources_.j Such : mix.lng;is .t
likely in carbonate‘terrain where recharge along fractures can allow young water to
~ quickly reach the\water table'and mlx wrth ,}:olde“r‘,-water_.._of the _regio:n,»al flow system.
-Other wells yield water that contains ’negligible'tr_itlum‘ and has‘carbon—v14‘ ‘ages of
»several‘thousand' years. C‘ar_bon—1’4 ages probablv' reflect the .truel age of these ground
waters. ‘ : _‘ o o | » -

One sp.ring ('l\lo. 106) and-one - well (l\lo. .114l produce water from the‘Diablo

" Plateau aquifer at th‘e toe of the escarpment'(ﬁg."lZ)ﬁ ~'>W~a’t_er~ from'-’th‘e ‘spring must. .-
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be collected from.a standing pool because rof the very lowf’discharge r'ate:‘therefore,
exchange. of both hydrogen and 'carbon With,"the atrnosphere is likely.f‘-‘(v)'n the basis
of ‘the lowest tritium-activity‘measured.b sprlng water mdst be at .least more than
60 yr old. Well 114 is located near the toe of the fault-bounded escar_pmentl and
contains tritium and carbon-14 activities that do not yield consistent age‘estimates.
Contan1ination of ground water by recent recharge along the faultvplane‘is likely |
because of the position and shallow depth of the well (.approximately 100 ft). Tne
calcula‘ted carbon-14 age probal)ly reflects the - maximum possiblev'age of this water.
As prveviously discussed, this is -th'e only 'wa‘ter that does not hal/e sodiulm'as the,
most abundant cation, probably because ion exchange has been Iess srgnlflcant in the
»hydrochem|cal evolution- of -this- sample

Wells on the bolson pediment-sample'both Diablo Plateau ‘and Bolson"‘aqui‘fers.
Calculated_ carbon—14 ages of a few ;thousand to nearly 28,000 yr probably represent
the true age of ground water for all but one sample. The singleicase‘ of conflicting
isotopic activities (No. 113, fig“12) ‘occur,s in a well near the escarpment base and
probably reflects mlxing of old water that has traveled within the Diablo Plateau
aquifer and more recent recharge that moved vertically down from the surface wi‘th

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

The major solute'cheniistry of Hdeco Bo’lson ground water is generally not
controlled by solutidn-mineral ‘equilibrium l)ut rather b)l r‘eactio,ns’» such "as mine‘ral
~ dissolution and ion exchange Whose progress rates are not hmlted by precnpltatlon'
~ kinetics.” Calcium and blcarbonate levels reflect dlssolutlon of calcrte and perhaps.»

dolomite until saturation is reached. Gypsum is also dissolved, but gypsum ‘is
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apparently not present in sufficient quantities for ,saturation to b‘e achieved.
: Dlssolution of carbonate mmerals and gypsum rarses the dlvalent cation. concentratlon
in: ground water and soil- water samples Which drives exchange of aqueous dlvalent
cations . for sodlum on ion exchange sites. This coupled process results in water
' composmons dommated by sodlum and sulfate in most samples from- the Bolson ‘and
Diablo Plateau aquifers. Diablo Plateau ground waters that have bicarbonate as the
most abundant anion occur onIy from wells on the Plateau. These waters have
, dissolved less gypsum relative to calate than Waters that have sulfate as the most
“abundant anion. The smgle ’ground—water sample_ from the Diablo Plateau aquer»that'j i
has calciUm as the most abundant cation (No 114) occurs at the base of the
plateau es‘carvpment; This water differs- from- ot-h‘er-vv-[l)iablo Plateau. g‘ro.und -waters_in.
that it has en'countered’ little clay or other ’phases with ion exchange ca,pacity.
- Supporting evidence for this interpretation is that'this sample has a low potassium
content;. potassium may be exchanged from clays but much less readi‘ly than sodium.
- The water from this well is also relatively‘vyoung, 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 vwaters:are apparently ..
established early in the flow hiStory', -Iargel‘v by procesSes that occur at the sediment
surface.‘t Evidence to support this. conciusion.,includes the_..obvser_vation tha‘t the
composition of soil Ieachate and soil-moisture sam-pies fall on the same compositional
evolution 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 dlssolutlon without ion exchange. Soil- morsture samples
from bolson- sedlments ‘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 exbcylviange“of,sodium. on clay: fdr calcium andmagnes'ium |
in solution :ha}s:-bc:cubrvred. The fact that gbe’nd;Water samples from ‘ca'rvbonate, strata
v sampledb at Wélls on the Diablo Plat'ea:u.w_here‘ fsb‘il’thic‘kness ‘ranges 'frbrﬁ "ze'ro‘ to
“only ,a_féwtens of feet is compositionéllyf‘_s'ivmilar‘ to~‘$oilumoistufe and ground waters
from bolson siIicicIéstic ,stréta is furthér ‘e\"iidéhce that géocherhical ,prdcésseé ‘:’in the
\)adosev zone establish' the ‘major featurés of grQLjnd—Water‘.ch'enﬁ’st‘r»y;‘ |

| "G_ro‘und vvvat‘er‘ ,in,the Rib Grande aIIuQiaI aqvuifer also éppér‘éntly' deﬁves most
major solutes frorh dissolution of sélts at the sediment surface. ‘AIIuviu‘m from an
imigated field readily yields high concentrations of sodium and chloride, the most
‘abundant solutes in Rio Grande grou’}n‘d Wa_t.érv.‘ 'vPotaSSium-., magnesi‘um, célcium. silica,
r.»sulfatve, and -nitrate »~a|:'so-~~,are‘-read?|y- available-in- ilr‘riiga}ted .s.ﬁrfaCe -sediments. . o

Ground-water ages estimated from “tritium aﬁd“. carbon-14 .avctli‘vitievs ‘rang'e“frqm 3

‘modern fo‘r'mos't Rid Grénde'ground waters to -ne‘arlyi 28,000 yr. Watér less than -
1,000 >yrs old is found along the Rio Grande, "‘in}' we‘lI‘s :’oh ‘the {Diéb'.ld 'Pléte‘au,‘ and m
~wells and springs near the toe éf the plateau escarpment. The th_ree 'olde'St ‘waters
'(approxima‘t_ely" 14,500 to 28,000 carbon-14 'yrs;) are -‘v'prqdu‘ced from.wells on ’thé f
bolson pediment from both the Bdlson”and Diablo Plateau aquifers. Age “distributions -
for Diablo Plateau 6r ‘Bolson -aquifer “waters do not- vary -systematically -along the. . s
potentiometric .gradient. suggesting thét .b‘oth ‘:Bo'lson and 4Dia.blo‘ Plateau aqu,ifer_s have |

vefy, heterogibeneousb ‘hydrolbgic. properties. -
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FIGURE CAPTIONS

- Figure 1. Location map showing ‘major geographic features of the southeastern Hueco
~.Bolson,” well locations and identification numbers. and- ground-surface elevations.

,“Flgure 2. Map of the potentlometrlc surface as determlned 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. Hydrologrc Cross sectron showmg vertlcal relations between Diablo Plateau
~and Bolson aquers and depth to water (after Mullican and Senger 1989)

Figure 4. Map showing distribution of total, dissolved solids conc'entrations' and
distribution of predominant cation'and anion in ground-water samples.

Flgure 5 Plot of 6 O versus 6D Hueco Bolson ground waters Solld llne |s the '
-global meteorlc water line (Cralg 1961) ' o

‘Figure 6. Map Showing ‘di:s.trvibutiAOn of 5180_’-and 6D in HueCO Bolson _fground'vwater‘s." :

Figuvre 7. Plot of Na® versus CI" in Hueco Bolson ground waters sorl morsture
'samples, and soil !e’achates. : :

Frgure 8. Plot of Na™t —CI versus SO +2 |n Hueco Bolson ground waters, sorl m0|sture
samples and soil Ieachates . :

Flgure 9. Plot of 2Na +Ca+2—f-Mg+2 versus SO +2 |n ground waters soil- morsture -
samples, and soil leachates. : . . -

| 13
Frgure 10. Plot of log alkalrmty versus log (6‘ ,water/ 17)
Figure 11,..P|o't of tritium activity"verSus carbon'—,14 ége' in ground-water samples. .

anure 12. l\/lap showmg dlstrrbutron of trmum 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



Téblé 2. Field and laboratory rheasureme‘nts of major ions (mg/L), pH, Eh, and temperature in ground-water samples.

BEG  TWC , T Field Lab Eh  Dissolved ' Field  Lab
ID ID Date O pH . pH (mv) Oxygen Na Mg Ca K Si Alkalinity  Alkalinity Ccl - SO4 NO; ~ TDS
22 48-354 10/5/88 NA ~ NA 7.49 NA - "NA 805 13.6 73.7 68 6.4  NA 72 456 1210 239 2653
22 48-35-4 3/16/89 25.0 8.25 7.54 30 3.00 784 16.0 100.0 5.7 7.2 54 64 461 1360 =~ 10.9 2806
22 48-35-4 4/24/89 20.0 7.85 7.69 240 4.70 820 - 16.0 103.0 5.2 7.5 56 - 56 473 1410 7.6 2901
91. 48-43-1 4/28/89 - 32.0 7.60 8.14 290 3.60 234 124 329 3.0 7.7 290 311 71 270 4.4 949
95 48-36-3 6/30/88 200  7.60 8.1 5 NA = NA 166  26.9 62.6. 3.0 7.9 344 336 88 230 327 927
96 48-36-2  6/30/88 270 7.40 8.18 NA ~ NA 221 28.0 64.0 26 9.7 336 325 118 300 @ 23.9 1075
97 48-28-7 6/30/88 27.0 7.00 8.09 NA NA 355- 451 104.0 44 110 512 498 173 >500 10.8 1698
97 48-28-7 10/6/88 20.0 7.20 8.12 400 5.00 361 49.0 106.0 51 116 512 379 - 181 580 7.2 1680
©97 48-28-7 1/26/89 14.0 6.70 7.89 NA 3.60 371 521 113.0 53 119 495 497 183 600 0.4 1842
97 48-28-7 5/2/89 21.0 7.06 8.09 300 4.00 363 48.2 106.0 50 111 488 496 177 602 <08 1816
106 48-35-401 1/22/86 9.0 NA ‘ 8.61 NA NA 475 229 26.8 46 NA NA 501 148 520 113 1718
106 48-35-401 6/29/88 26.0 8.50 8.59 NA NA 411 19.8 34.7 3.8 7.4 466 454 117 - 530 173 1584
106 48-35-401 . 10/5/88 23.0 8.30. 8.63 NA NA 562 25.6 282 114 8.7 701 579 158 - 680 10.3 2061
106  48-35-401  1/26/89 11.5 8.15 8.28 © NA 6.60 535 283 37.2 53 1041 561 510 147 720 4.6 2004
106 » 48-35-401 5/3/89 120 870 - 811 NA . 324 490 249 320 7.5 8.5 NA 542 - 147 629 108 1888
112 48-27-801 2/13/86 14.0 NA ‘ 8.14 ~ NA NA 177 193 = 61.6 54 NA NA 282 7 116 168 263 862
113 4835801 2/11/86 200 NA 801 NA ~ NA 237 431 771 34 NA NA 336 8 438 118 1241
114  48-35-901  2/12/86 11.0 NA 7.61 NA NA 55 24.6 131.0 1.5 NA NA 284 10 275 113 801
114 - 48-35-901 7/6/88 25.0 7.20 -8.06 NA NA 56 28.0 145.0 2. 7.9 306 297 12 340 14.0 897
114  48-35-901.  10/6/88 21.0 7.20 848 90 1232 - 68 - 27.8 112.0 1.8 8.2 323 7 304 7 280 11.8 818
115 48-36-801  2/14/86 19.0 NA 7.92 NA NA 454  22.1 37.3 74 NA NA 411 137~ 570 <0.5 1649
116 48-34-901  2/13/86 14.0 NA 7.90 NA NA 362 153 484 35 NA  NA 278 128 525 <05 1369
116 = 48-34-901  1/18/89 23.0 7.50 8.02 NA 0.60 365 17.1 53.8 34 8.5 274 303 131 530 0.3 1421
116 48-34-901 5/3/89 23.0 NA 8.00 NA 1.04 360 16.0 50.3 34 7.9 NA 292 127 556 . <0.8 1419
98 = 48-42-5 5/11/89 32.0 7.93. 7.84 260 5.30 288 . 7.2 20.8 3.8 118 336 252 125 335 74 1046
99  48-34.8 12/5/88 20.5 895 733 -150 0.00 1094 247 - 151.0 6.9 0.6 27 29 818 1690 = 7.8 3825
107  48-42-101  '1/22/86 245  NA 7.50 NA NA 1250 353 169.0 77  NA NA 161 520 2270 1.3 4422

107 48-42-101  6/29/88 26.0 8.70 8.44 NA = NA 1200  23.1 88.7 8.2 8.5 231 212 533 1870 - 0.6 3951



Table 2 (continued).

BEG TWC T Field Lab Eh  Dissolved Field Lab
ID ID Date (°C) pH pH (mv) Oxygen Na Mg Ca K Si Alkalinity  Alkalinity Cl SO4 NO5  TDS

108 48-42-404 1/21/86 22.5 NA 7.97 NA NA 410 - 119 34.7 45 NA NA 263 259 395 5.1 1388
108 48-42-404 7/1/88 26.0 7.50 8.11 NA NA 412 115 36.2 40 15.8 273 263 269 400 6.4 1416
108 48-42-404 10/4/88 240  7.90 8.48 350 1.75 415 121 36.3 4.6 16.6 277 265 261 450 5.5 1465
108 48-42-404 1/17/89. 18.0 7.96 7.88 120 3.30 417  13.1 38.9 46 165 244 263 274 460 54 1493
108 48-42-404 5/1/89 24.0 7.82 8.04 280 2.42 419 119 36.0 44 16.9 256 264 260 469 3.3 1486
111 48-33-901  1/22/86  21.0 NA 8.09 NA NA 327 105 26.8 42 NA ~ NA 242 168 360 114 1154
111 48-33-901 7/6/88 26.0 7.70 8.14 NA NA 310 11.6 28.7 4.2 145 256 248 155 360 128 1137
111 - 48-33-901  10/5/99 18.0 8.50 8.34 NA NA 373 13.5 25.1 49 174 294 279 189 460 7.5 1364
111 48-33-901 5/2/89 27.0 7.60 8.00 300 2.54 321 11.5 27.6 43 148 233 248 155 340 109 1126
126 48-35-701  4/23/86 17.0 NA 7.69 NA NA 549 6.9 70.7 = 44 NA NA 60 416 710 183 1850
126 48-35-701  1/19/89 21.0 8.24 7.65 NA 1.70 523 8.2 62.5 4.1 10.2 62 70 386 730 16.7 1805
126 48-35-701  4/27/89 20.0 8.23 7.90 260 1.98 567 7.9 67.2 4.0 10.0 51 64 398 804 6.6 1934

92  48-50-2 5/6/86 24.0 NA 7.79 NA NA 445 1140 403.0 157 NA NA 119 1180 371 28.0 2683

92  48-50-2 6/28/88 25.0 6.80 7.84 NA NA 422 87.2 2800 11.7 174 164 145 881 530 26.8 2386

93  48-42-4 7/5/88 24.0 7.55 7.97 NA NA 710 35.7 1320 6.5 126 197 193 1120 320 0.7 2534

93 48-42-4 10/4/88 25.0 7.70 8.15 340 0.60 748 372 129.0 70 133 206 177 1150 380 <0.2 2646
93 48-42-4 1/17/89- 13.0  7.69 7.82 NA 3.08 747 41.2 143.0 73 135 178 202 1153 380 4.1 2692

93 48-42:4 4/27/89 21.0 7.67 8.03 290 3.96 757 38.6 136.0 73 128 201 194 1150 397 <0.8 2697
105 Rio Grande 1/21/86 11.0 NA 7.80 NA ‘NA 186 18.5 86.9 78 NA NA 214 185 234 6.6 942
109 48-41-618 1/21/86 NA NA 8.07 NA NA 486 239 238 146 NA NA 96 555 315 <05 1517
110 48-41-624 1/21/86 19.0 NA 7.69 NA NA 881 91.7 387.0 128 NA NA 495 1450 770  <0.5 3604
110 48-41-624 7/5/88 28.0 7.20 7.85 NA NA 842 785 3420 114 175 495 473 1320 720 14.0 3814
110 48-41-624 10/5/88 21.0 7.20 7.81 -30 NA 899 91.8 383.0 124 17.6 516 366 1670 820 <0.2 4271
110 48-41-624 1/18/89 19.5 6.93 7.89 NA 0.70 1220 137.0 502.0 148 174 508 501 2290 1020 20 5719
110 48-41-624 5/1/89 20.0 7.42 7.83 -80 0.78 379 271 116.0 73 163 329 347 397 414 <0.8 1707

NA = No Analysis



Table 3. Minor and trace ions (mg/L) in ground-water samples. ,
BEG v . U

ID Date Sr Ba Fe Mn Zn Li B Br o F NH;  Gs Hg  (ug/l) Cyanide = Sulfide TOC
22 10/5/88 3.58  0.02  <0.02 002 005 015 1.08 220 0.1 360 02 NA NA  NA NA NA  NA
22 3/16/89 359  0.03 0.05 005 011 015 1.68 250 0.2 170 <0.2 P P P NA NA  NA
22 4/24/89 428 <001  <0.02 004 <003 012 124 270 03 310 <02 P P P <0.01  <0.05 9.6

91 4/28/89 1.54  0.02 027 003 044 005 049 050 01 470 <02 P P P <0.01  <0.05 <0.1

95 6/30/88 1.79 002  <0.02  <0.02 005 011 055 070 0.1 400 <02 09 <2 133 NA NA  NA
96 6/30/88 1.81  0.02  <0.02 <0.02 032 012 065 090 0. 450 <02 05 <2 164 NA ~ NA NA
97 6/30/88 3.34 002  <0.02 <002 007 016 084 140 0.2 280 <02 1.1 <2 29.4 NA NA  NA
97 10/6/88 3.62 002 = <0.02  <0.02 006 011 0.88 140 0.1 251 <02 12 <2 298 NA NA  NA
97 1/26/89 3.40  0.02 003 <002 005 011 093 160 03 385 06 1.2 <2 298 NA NA ~ NA
97  5/2/89 3.42 002 <0.02  <0.02 004 010 082 160 08 270 <02 P P p <0.01  <0.05 13.1

106 1/22/86 1.63  0.02 0.02 NA NA 013 NA 134 NA 557 NA NA NA NA NA NA  NA
106 6/29/88 1.60 ~ 002  <0.02  <0.02 003 017 128 070 03 430 04 04 <2 266 NA NA  NA
106 10/5/88 1.97  0.03 0.08 <002 <003 016 199 1.00 0.5 503 04 04 8 298 NA NA  NA
106 1/26/89 1.89  0.02 0.03 <002 <003 015 162 100 0. 859 <04 04 <2 316 NA NA  NA
106 5/3/89 1.78 = 0.03 015 <0.02 <0.03 = 0.13 142 090 0.9 4700 <02 = P P p <0.01  <0.05 29.2

112 2/13/86 172 002 010 NA NA 006 NA 114 NA 279 NA NA NA NA NA NA  NA
113 2/11/8 3.90  0.03 0.71 NA NA 005 NA 077 NA 160 NA NA NA NA NA NA  NA
114 2/12/86 7.50  0.03  <0.02 NA NA 003 NA 044 NA 090 NA NA NA NA NA NA NA
114 7/6/88 7.49  0.04 0.04 <002 028 012 <023 020 <O0.1 080 02 <02 <2 3.8 NA NA ~ NA
114 10/6/88 859  0.04 . 002 <002 032 006 031 <010 0.4 0.80 <02 <02 9 5 NA NA  NA
115 2/14/86 332  0.03 2.15 NA  NA 012 NA 115 NA 310 <05 NA NA NA NA NA NA
116 2/13/86 2.87 012  0.20 NA  NA 007 NA 110 NA 430 NA NA  NA NA NA NA  NA
116 1/18/89 2.79  0.01 0.63 = <0.02 030 007 084 080 0.2 503 <04 <02 <2 142 - NA NA  NA
116  5/3/89 2.90  0.01 070  <0.02 035 007 075 080 02 220 <0.2 P P P <0.01  <0.05 0.1

98 5/11/89 0.45 = 0.03 0.05 ~ 0.04 0.12 0.11 114 . 070 16  1.10  <0.2 P P P <0.01 <0.05 20.9

99  12/5/88 4.65 = 0.06 0.02 0.14  0.07 0.23 1.52 330 0.2 2.51 <04. <04 <4 <0.4 NA NA “NA



Table 3 (continued).

BEG u
ID Date Sr ~  Ba Fe Mn Zn Li B Br | F NH4 Cs Hg (ug/L) Cyanide Sulfide TOC
107 1/22/86 3.20 0.02 0.04 NA NA 0.26 NA 2.66 NA 1.05 NA NA NA NA NA NA NA
107 6/29/88 2.07 0.02 0.03 <0.02 0.07 0.35 1.66 2.60 0.3 2.80 0.4 <0.2 <2 15.2 NA NA NA
108 1/21/86 1.01 0.04 0.05 NA NA 0.10 NA 1.25 NA 2.37 NA NA NA NA NA NA NA
108 7/1/88 1 37 0.02 0.02 <0.02 <0.03 0.17 0.59 = 0.90 0.1 2.20 0.4 <0.2 <2 20 NA - NA NA
108 10/4/88 1.10 -0.02 <0.02 <0.02 <0.03 0.12 0.63 1.00 0.2 1.90 0.3 <0.2 <2 24.6 NA NA NA
108 1/17/89 1.05 0.03 <0.02 <0.02 <0.03 0.11 0.66 1.70  <0.1 277 <04 <0.2 <2 226  NA NA NA
108  5/1/89 1.07 0.02 0.02 <0.02 <0.03 0.11 0.63 1.00 2.4 2.30 0.5 P P P <0.01 <0.05 13
111 1/22/86 0.81 0.02 0.49 NA ’ NA 0.10 NA 1.01 NA 2.03 NA - NA NA NA NA NA NA
111 7/6/88 0.78 0.02 0.03 0.03 0.11 0.15 0.54 0.60 . 0.1 3.20 0.2 <0.2 <2 15.8 NA NA NA
111 10/5/99 0.88 0.02 <0.02 <0.02 0.04 0.11 0.71 0.60 0.1 0.68 <0.2 <0.2 6 20.6 NA NA NA
111 5/2/89 0.80 0.01 0.02 0.02  0.05 0.09 0.54 0.80 0.1 260 <0.2° P P P <0.01 <0.05 19.5
126 4/23/86 8.30 0.19 0.13 NA NA 0.10 NA 2.10 NA 4.30 NA NA NA NA NA NA NA
126 1/19/89 5.40 0.03 0.03 <0.02 <0.03 0.10 1.02 1.70 0.1 437 <04 <0.2 <2 2.9 NA NA NA
126 4/27/89 7.35 0.03 <0.02 <0.02 0.06 0.09 1.01 220 <0.1 2.00 <0.2 P P P <0.01 <0.05 1.4
92  5/6/86 9.70 0.42 5.07 NA NA 0.22 NA 1.90 NA 1.40 NA NA NA NA NA NA NA
92 6/28/88 8.54 0.05 <0.02 . <0.02 0.99 0.23 0.27 1.50 <0.1 1.40 0.2 <0.2 <2 10.0 NA NA NA
93 7/5/88 2.22 0.07 <0.02 0.04 0.03 0.28 0.35 0.90 <0.1 1.20 0.2 <0.2 <2 <0.2 NA NA NA
93 10/4/88 2.30 0.07 <0.02 0.02 0.03 0.20 0.43 0.90 <0.1 0.86 0.2 <0.2 <2 <0.2 NA NA NA
93 1/17/89 2.24 . 0.07 <0.02 0.03 <0.03 0.19 0.44 1.00 0.1 1.78 0.4 <0.2 <2 <0.2 NA NA NA
93 4/27/89 2.42 0.06 <0.02 0.03 <0.03 0.19 0.37 1.00 0.8 1.10 <0.2 P P P <0.01 <0.05 41.4
105 1/21/86 1 36 0.06 0.69 NA NA 0.11 NA 0.22 NA 0.66 NA NA NA NA NA NA NA
109 1/21/86 1.43 0.01 0.02 NA NA 0.21 NA 0.59 NA 0.39 NA NA NA NA NA NA NA
110 1/21/86 6.69 0.06 1.35 NA NA 0.26 NA 2.27 NA 0.61 NA NA NA NA NA NA NA
110 7/5/88 5.56 0.05 1.78 1.62 0.03 0.36 0.48 1.20 0.2 0.80 0.2 <0.2 <2 2.8 NA NA NA
110 10/5/88 6.99 0.05 2.31 1.82 -0.03 0.28 0.57 1.40 0.2 0.45 0.2 <0.4 <4 3.4 NA NA NA
110 1/18/89 10.60 0.06 2.74 0.99 <0.03 0.33 0.69 2.00 0.2 0.80 <04 <0.2 <2 2.2 NA NA NA
110 5/1/89 1.93 0.02 0.51 0.52 <0.03 0.15 0.30 0.50 0.4 0.80 <0.2 P P P <0.01 <0.05 19.2

NA = No analysis
P = Analysis Pending



Table 4. Isotope composition of ground-water samples.

BEG
ID

22
22
22
91

95

115
116
116

98
99

107
107

108
108
108
108
108

111
111
111

11

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

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

+0.37

+0.42

+0.80
+1.8

+0.36
+0.36

- +£0.30

NA

+0.42
+1.80
1.3

+1.00

+ 0.80
NA

14C Age
(corrected)
NA
P
P
P
3665 -
1282

12050

11889

11296

NA
NA
NA
NA
NA
746
3343

699
228
13037

13465
14522
P

14747
NA

638
1983
282
327

8288
6914
NA
28718

P

313C
NA
P
P
P
-5.80

-5.40

-4.36

-16.80

-9.60
-9.40
-9.20
-9.20

-10.10
-8.20
NA

-18.10

- Tritium

NA
0.14
0.00
1.10
0.00

5.61

<0.80

3.30
0.28
0.25

-10.7
-8.0
9.0
9.4
7.4
7.5

-8.0
-0.5

6.9

-6.5

NA
-7.0
-7.0

-7.3
-6.3

NA
-7.3

-83
-8.0
-8.4

-71.0

-52.0
-56.0

NA

-58.0
-58.0
NA

. -50.0

-58.0
-54.0

-49.0

NA

- -83.0
-62.0

-59.0

- -28.5
-48.0

334s
NA

33
3.4
4.9

5.1

.-1.8

1.4

x5

hZuw w=
NPwoeo VvVo
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o Z X - !
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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

NA

4
>

H H+ H+ H+
Yoo=o

P

N NON
OQOON

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
p

Tritium
NA
10.90

0.00
0.00
0.06
0.11

24.40
27.20

8180

NA
-7.9

-10.6

NA
-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 ~  HCO SO Cl

3 4
114 1986 55 131 o284 275 10
1988 56 145 207 340 12
116 1986 362 48.4 278 525 128
: 1989 365 53.8 303 530 131
108 1986 410 34.7 263 395 259
1988 412 36.2 263 320 269
111 1986 - 327 268 242 360 168

1988 310 28.7 248 360 155



~Table 6. Major ionic compositions (mg/L) of samples collected quarterly from
‘summer 1988 to sprlng 1989 : ‘ .

“V\’/e"_ season  Na | Ca . HCO SO R CI

97 summer ~ 355 104 . 498 ©h00 173
- fall 361 106 379 580 181
winter 371 . 113 497 600 - 183
spring 363 106 496 602 17

108  summer =~ 412 36.2 263' 400 269
- fall - 415 363 265 - 450 - 261
winter 417 . 389 - 263 . 460 - - 274
spring .~ 419 360 .24 469 - 260

- 93 summer - 710 1327 . 193 2320 1120
fall 748 1202 177 - 380 1150
winter 747 143 200 380 1153
spring 757 - 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 0 M4 397



Table 7. Values for mean saturation index and standard deVIatlon (10) for ground-
water samples from each prmcnpal aquifer

Mineral = Aquifer

Bolson - Diablo Plateau . Ri‘o 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..

) SRR

' Sample Depth  Date  Ca ~ Na K HCO, SO

237 102
223 110
260 107
220 150
359 132
370 154
230 49

7

C17a1 54 10/24/88 356 _
13

1722 54 10/24/88 356
17a-3° 54 12/06/88  34.4
1724 54 1/28/89 342
16a-1 78 10/24/88 235
1622 78 12/06/88 252
16b-3 110 10/24/88 211

—
N
O

157
190 4.
210
102

@@w@@ow‘

wowo~NsU

CTOENNNN
TCNNNO O NN

Depths are in feet; analytlcal data are in mg/L
--: pot analyzed



Table 9. Results of leaching surface sediments. in distilled water for 15, 249, and -360 minutes.

milligrams solute per gram sediment.

Aquifer Time Na K Mg Ca Fe

Diablo Plateau 15 2.8  14.3 4.5  42.8 2.5
high area , 240 2.8 21.7 . 6.9 76.7 2.3
: 360 . @.6 24.3 7.9 . 86.3 9.5
Diablo Plateau 15 2.1 - 5.2 - 2.9 57.2 8.5
low area 240 nd 7.4 3.9 59.9 2.2
’ - 360 ~ond 8.2 . 4.5 65.9 2.1

Bolson : 15 2.3 21.6 7.0 61.2 9.1
arroyo 249 2.3 24,9 3.4 48.4 9.5
‘ 360 2.1 26.5 3.5 46.4 2.2

Bolson . - 15 1.0 19.6 1.0 33.9 16.5
interarroyo o 240 .4 17.8 3.6 48.2 1.3
’ TL3eg T 1.8 19.5 3.8 53.8 9.5
Rio-Grande : 15 726 . 29.8 43.5 262.6 2.1

irrigated 7 240 744 29.1 43.3  257.3 . @.

360 750 30.8 '43.0 . 267.0 0.1

Rio Grande 15 7.5 48.9 3.1 . 37.4 42.4
not irrigated 249 ~-18.8 44.2 . 8.7 - 68.8 .2
' - 360 9.7 46.5 9.8 72.9 1.0

17.

Si

22.2

@

16.9

13.3
14.2

57.7
15.6

15.3.

92.4

20.2

i8.6

18.9
14.
13.0

- 220

15.7
20.8

w .

S0
10.8

11.7

©

(o]
@

900

876
913

7.9
19.9
10.4

Concentrations are in

cl

w

949
949
937

o on
@ @

HCO
-130

1245
281

120

162
175
170

173
169

965

166

178

92
112
119

122
295
289

~
o

® o

188
170

NN O
Q=
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