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ABSTRACT

This paper presents the resu1ts oi an initial study, using the
stable isotopes of deuterium and oxygen of groundwater near the border
area around Samalayuca Dunes and Juarez (Mexico) and Co1umbus (U.S.A.).
We found that the groundwater around Columbus is isotopica11y different
from the Samalayuca Dunes. Area and we observed that the isotopic enric~
ment at Juarez Valley is due mainly to a mixture between groundwater
coming from the Samalayuca Ounes area and from the Juarez Valley aquifer.

RESUl-lEN

Este artículo presenta los resultados de un estudio inicial,
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utilizando los isótopos estables del hidrógeno y del oxígeno en el agua
subterránea cercana a la zona fronteriza, alrededor de los Médanos de
Samalayuca y Juárez (México), y Columbus (U.S.A.). Se encontró que el
agua subterránea alrededor de Columbus es isotópicamente diferente a la
de la zona de los Médanos de Sama layuca y se observa que el enriqueci-
miento isotópico en el Valle de Juárez es atribuible principalmente a
una mezcla entre el agua subterránea que proviene de la zona de los Mé-
danos de samal~yuca y del acuífero del Valle de Juárez.

INTRODUCTION

Thennoelcctric plants in northern Mexico requirc large quanti-
tics of fresh water for cooling. The plant near Samala)11C:l, Chihuahua,
uses groundwater and as the region is extremely arid (average precipi-
tation less than 250 mm) groundwater is a valuable resource and recharge
is slow. Thus it.is necessary to understand the behavior and properties
of the aquifers to avoid difficulties in the future, like in other parts
of the country previously reported (1,2).

Previous geological studies (3) reported the possibility of the
existence of two aquifers near Samalayuca Hill (Fig. 1). According to
RangeI (3) one of the aquifers is confined and probably related to a
major aquifer in the Columbus, N. M. area, and the other is a water ta-
ble aquifer in the sand of the Samalayuca Dunes. Ariel Construcciones (4)

suggested that groundwater flows out of the Samalayuca dunes to Juarez
Valley.

In this study we have provided isotopic data to show thc rela-
tions oí water in the &u&~la)~ca Dunes aquifcr to groundwater in the
other aquifers of the region.

GEOLOGICAL FEATURES

The study arca is located physiographically in the Basin and
Range Province (S) and it is charactcrized by a major anticlinorium with
Mesozoic limestones and Jurassic quartzites fonning elongated rangcs
with a NW-SE strike.

Farther west, igneous rocks are prevalent in the uplands but
in the study area outcrops oí igneus rocks occur only at the south and
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Fig. 1 Map of the study area showing sampling places and grou~dwater
flowlines after Ariel (4). Rangel (3) and McLean (15) .

narth limits. The cretaceous limestoncs are cxccllent aquifers in sorne

pinces.
Rangel (3) reports that the intcnnontane valleys are underlain

by alluvium consisting mainly oí clays and sand, up to 800 m thick, over-
lain by la~ustrine deposits which inelude an evaporitic layer. Over mueh
oí the area the surface material is colian sand, in dunes, up to 100 m
thick.

Surface TUn off that rcaches thc valley during the brief, in-
tense, staTInS of the rainy season, intncdiately infiltrates, thus there
are no natural channels in the valley.
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SAMPLING AND ANALYSIS

Water samples were collected froo irrigation wells and springs
oí the Samalayuca Dunes, and from irrigatían wells elsewhcre in the re-
gían, using narrow-neck glass bottles for the isotopic analysis aOO po1-r
ethylcne flasks far chemical analysis. The samples were transported dire
ctly to the laboratory to begin analysis.

The Oxygcn-lB analysis were prcparcd 3t IFl.JNM.l, according to
the Epstein and ~byeda technique (6) based in the isotopic analysis of
COZ' in a triple col lector mass spcctrarnctcT, previously equilibrated
with a sample aliquot according to thc following Teaction:

Deuterium analysis where done in collaboration with the Water Resources
Division of the U. S. Geological Survey 3t Reston, Va. using the zinc
technique far thc quantitative reduction of water according to the reac-
tion:

O Zn 450'C 11 +
HZ + 2 ZnO.

The analysis of the evolved hidrogen was performed in a double col lector
mass spectrometer.

Oxygen-18 and deuterium analysis are reported as usually (7) in
per mil deviation (~,) from a standard sample called ~~i (Standard Mean
Ocean Water) according to the definitions

6D =( and

\o,'hcrcthe R and R are the isotopic ratios of corresponding isotopes
x s

(D/IIor 180/160) in sample and standard respcctively.
~mjor-ion chemical analysis were done according to the laborato~

ry analysis methods described by Skougstad (8) in the ehemical laboratory
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of Brieada ~1Óvilde Perforación, C.F.E.
Isotopic data 300 results of majar ion chcmical analysis are

sho.TI in Table l.

DISQJSSION

10 help the interpretation we plotted the isotopic data oí this
work and that of Payne and CarcÍa (9) with the Craig's meteoric water
line (10). Using the combined data we could recognize three well-de-
fined groups of groundwatcr as shm..'J1 in Fig. 2.
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Fig. 2 ISOTOPE COMPOSITION OF GROUND WATER AT BORDER A~
The lettered samples are froro the wark of Payne a)
bered samples correspond to present work.

and the num-

Group (Samala)~ca Dunes).- This ground.atcr fits geographycally with
Samalayuca Dunes are .'lOO falls under the rncteoric line suggesting that it

has undergone cvaporation in the processes oí precipitation aOOinfiltra-
tioo (11). ~Iostprecipitation events in this area originate in the Gulf
of Mcxico which have an isotopic distribution slightly 3bovc the rncteoric
line (12)



TABLE 1

ISOTOPIC ANALYSIS (PES mI DEYIATION FROM SMOW) AND MAJOR
ION CHEMICAL ANALYSIS (mEQUIYALENTS)

,180 Ca+. Hg.+ + K' lIeo~ CO; SO~ el" NO"Samplc 'D Na 3
1 -71. 2 -10.0 0.12 0.16 13.61 0.12 5.98 0.05 6.96 1. 4 S 0.00
2 -73.6 -10.0 0.53 0.24 10.43 0.12 5.59 0.10 5.18 1.38 0.01
3 -72.6 9.7 0.08 0.10 15.13 0.11 6.50 0.24 6.41 1.73 0.02
4 -73.2 9.7 1. 4 5 0.46 14.09 0.17 6.10 0.06 7.64 2.47 0.00
S -74.0 - 9. S 0.60 0.11 11.09 0.13 5.74 0.10 5.20 1.33 0.00
6 -76.5 - 9.6 0.11 0.10 16.39 0.05 4.91 0.20 8.60 2.32 0.00
10 -88.9 -11 .1 4.10 0.95 2.44 0.08 3.08 0.00 2.56 1.93 0.00
11 -90.6 - 11 • 1 3.75 0.78 2.24 0.08 2.73 0.00 1.92 2.22 0.00
12 -93.0 -11..2 2.25 0.67 2.08 0.07 2.58 0.02 O. g S 1 • óS 0.00
13 -82.8 .10.4 4.$0 1. 84 15.83 0.09 4.37 0.00 10.83 7.OS 0.00
14 .84 . 1 -10.S 7. 00 2.09 12.26 0.11 3.23 0.00 10.89 8.61 0.00
15 -85.4 -10.2 5.80 0.92 12,48 0.10 4.48 0.00 9.45 6.20 0.00
16 -80.1 ,10.4 4.35 0.66 9.91 0.10 3.98 0.00 5.24 6.58 G.OO
20 -61 .7 8.1 0.14 0.15 25.35 0.11 4.46 0.24 12.95 9.10 0.01
21 • {¡ 2 • 7 8.1 1.80 0.97 24.40 0.15 4.09 0.00 14.01 9.75 0.0022 -65.5 7.7 2..'0 2.89 32.17 O. S6 7.67 0.00 t 9.58 10.24 0.0023 -67.2 7.7 1.00 0.23 H.67 0.12 4.64 0.02 7.47 4.90 0.0224 -60.9 7.0 1.9S 1.30 13.43 0.16 2.19 0.00 10.29 3.56 0.0525 - se,. 5 6.9
26 -56.6 6.8 1. 90 0.45 12.91 0.04 3.62 0.07 9.04 3.02 0.0027 -SS.S 6.6 5.95 3.03 3.41; 0.04 3.10 0.00 8.72 0.54 0.0128 -58 .S 6.4 0.50 0.10 11.48 0.10 5.58 0.28 6.64 1. 18 0.0229 .61. S 6.0 19.46 3.11 0.74 0.00 l." 0.00 21.40 0.34 0.00
30 - 53.8 6.4 6.00 3.31 4.65 0.03 2. 64 0.00 10.SO 0.70 0.0031 - 54 . 7 6.2 1.30 2.64 21.55 0.07 8.11 0.00 12.25 5.74 0.0032 -58.3 5.9 2. 10 0.10 1. 01 0.04 1.10 0.00 2.16 0.21 0.00
33 -51.9 6.2 5.95 3.10 4.03 0.04 2.02 0,00 10.SS 0.85 0.0034 -53.S 6.2 2. ¡S 1 .28 0.98 0.04 2. 16 0.00 2.67 O.2S 0.0035 -55.0 6.2 4.40 0.67 1.87 0.03 1 .37 0.00 5.67 0.24 0.0136 -51.0 6.1 9.90 2.35 2.90 0.12 3.07 0,00 12.76 0.44 0.0237 - 53 . 8 6.1 4.65 1. OS 1.33 0.03 1.98 0.00 4.86 0.24 0.0038 -53.0 5.9 8.85 1. SO 0.93 0.04 I.94 0.00 1G. 19 0.34 0.00
39 -52.5 S . (1 8. 1S 3.14 3.C3 O.O(! 2.60 0.00 11.00 O.71 0.00

N 40 .49.8 4.8 0.70 a. 11 8.22 0.09 3.93 o 13 5.32 0.74 0.00'" 41 -.13.7 4.7 0.12 0.11 13.04 0.03 -l.8U 0.12 5.04 3.11 0.02<>
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Group II (Juarez Valley).- This grollndwater is found in the wells in
Juarez Valley. The isotopic enrichment increases in the SE direction
according to ground\.¡atcr flow as was previously reported by Payne .lOO
García (9)

Group 111 (Columbus).- Groundwater frcm the Columblls area has an isoto-
pie eontent different from that of the Samalayuea funes grOllp.

In Srunalayuea funes around Samala}'lea Hill the samples 37, 38,
39 (springs), 33, 32, 29 (shallow water around 15 ro depth) and 34, 28
(deep water arOllnd 160 ro depth) show no eorrelation between isotopie
enrichment and depth. Thus, hcre, there is no isotopic evidence of two
aquifers, 3t least within the range of depths sampled.

According to water flow lines (Fig. 1), isotopic contents of
s""'ples 20, 21 and 23, probably show the inflllenee of groundwaters
coming from Villa Ahumada to the south of the study area. The isatapie
content of samplc 22, from thc other sirle of the 5anktlayuca Dunes indic~
tes the influenee frcm the aquifer of group 111 (Columblls). The wide
dispersion in the isatapie data frC1Tl groundwater at Samalayuca lAmes can
be explaincd by the faet that these waters rcflect the extreme arid eon-
ditians of the area. The seant precipitatían itself presents a wide isotg
pie dispersion, as can be secn írem data fram the statian at the City
of Chihuahua, ab(~t 250 km South of the studied area (13).

Graup 11 waters. represent the stable isatapie composition of
groundwater taken írom irrigation ~ells in Juarez Valley. The points
fall on a line and thc previOlls report of Payne and Gareía (9) elassi-
fied it as an evaporative linc because the increase in isotopic enrich-
ment corresponded to an increase in salinity of the water and to the di-
rCLtion of the hydraulic gradient in the val ley. The most cnriched
(6180) and saline waters wcre found farthcst from the City of Juarcz,
then Payne a~t r~rcía (9) eoncluded that isotapie data indieated that the
increase iJa salinity is duc to evaporation and thc gradual increase in
isatapic cnrichmcnt south~ardda~TI the vallcy ~uggest a re-c)~ling of thc
excess irrigatíon water, with the re~ul!ant increase in salinity. In this
~'Ork, \o/efoWld a 5trong corrclatian (0.97) ar:lOng graup 1 (Samalayuca
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Dunes) and group II (Juarez Valley) to the linc 60=6.226180+16.5, as
shown in Fig. 2.These faets and the groundwat~r flow lincs (4) (see
Fig. 1), a11 suggest th~t the isotopic enrichment obscrved in Juarez
Valley is caused by a mixture oí grolmdwater c~ning [rcm Samalayuca
[Ames and grOlrndwatcr eran the Juarez aquifer which is flowing in the
N\\'-SEdirection. We do not neglect the significancc oC the recycling
process in the increase oí salinity oí the waters.

Chemically, waters oí the area are mainly calciu~-sulphate 01'

soditun-sulphates types and wc obscrved that, at the S..'lmalayuca Hill arca.
thefe was a strong cheroical dilution and undersaturation in caIcite,
dolomite, aragonitc and gypSil~ as ealeulatcd from WATFQF(14), sugges-
ting a significant infiltratían oí meteoric waters through the permeable
surfacc oí this part oí the sand dunes.

As a preliminary conclusion we beli~'ethat thc Colt~bus aquifer
belongs to a different hydrogeological system with little relation to
Samalayuca Dunes aquifer. The groundwater in the Samala)uca Dunes is
flowing north"~rdto Juarcz Valley, as in a nO~11 free aquifer which
pcrhaps rcceives TImportant recharge from precipitation around the 3rea oí
Samalayuea Hill.
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