Geofisica Internacional

ge :f 1S1Ca ISSN: 0016-7169
"“.E mﬂﬂinﬂm silvia@geofisica.unam.mx

Universidad Nacional Auténoma de México
México

Steinich, Birgit; Bocanegra, Gerardo; Sanchez, Eva
Basement topography and fresh-water resources of the coastal aquifer at Acapetahua, Chiapas,
Mexico
Geofisica Internacional, vol. 38, nim. 2, april-june, 1999, pp. 107-115
Universidad Nacional Autbnoma de México
Distrito Federal, México

Available in: http://www.redalyc.org/articulo.oa?id=56838205

How to cite [ é)\_,- //!

Complete issue - .
P Scientific Information System

More information about this article Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal
Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative


http://www.redalyc.org/revista.oa?id=568
http://www.redalyc.org/articulo.oa?id=56838205
http://www.redalyc.org/comocitar.oa?id=56838205
http://www.redalyc.org/fasciculo.oa?id=568&numero=2711
http://www.redalyc.org/articulo.oa?id=56838205
http://www.redalyc.org/revista.oa?id=568
http://www.redalyc.org

Geofisica Internacional (1999), Vol., 38, Num. 2, pp. 107-115

Basement topography and fresh-water resources of the coastal
aquifer at Acapetahua, Chiapas, Mexico

Birgit Steinich, Gerardo Bocanegtand Eva Sanchéz
! Unidad de Ciencias de la Tierra, Instituto de Geofisica, UNAM, Campus Juriquilla, Querétaro, MEXICO.
2 |Instituto de Geologia, UNAM, Cd. Universitaria, México, D.F., MEXICO.

Received: November 3, 1998; accepted: February 24, 1999.

RESUMEN

El acuifero costero de Acapetahua, Chiapas, en el sureste de México, consiste en una unidad hidroestratigrafica compue
de sedimentos continentales con un basamento cristalino. Se realizaron veinticuatro sondeos de resistividad y se tontaron cincu:
y una muestras de agua con el fin de determinar las caracteristicas basicas del acuifero, como son la geometria deisacuifero \
reservas de agua dulce. La topografia del basamento se caracteriza por cumbres y valles profundos. La profundidad al basam
varia entre unos pocos metros y varios cientos de metros. Los altos del basamento se encuentran a lo largo de la Hnea coste
distancias entre 4 y 15 km de la costa, reduciendo considerablemente el espesor del acuifero. La zona de transicion entre &
salada y agua dulce coincide en el espacio con los altos del basamento, que representan actualmente el limite debaeuifero de
dulce hacia la costa. Con base en la geometria del acuifero de Acapetahua determinada con los modelos de resistiecad]y consid
los valores de sélidos totales disueltos de las muestras de agua, el volumen méximo de poros saturados de agua duloe fue estir
en 75 kn.

PALABRAS CLAVE: Chiapas, acuifero costero, geometria del acuifero, interfase agua salada/agua dulce.

ABSTRACT

The coastal aquifer of Acapetahua, Chiapas, southeastern Mexico, consists of one hydrostratigraphic unit composed
continental sediments overlying a crystalline basement. Twenty-four resistivity soundings were conducted and fifty-one wate
samples were taken in order to determine basic aquifer characteristics such as aquifer geometry and fresh water reserves.
basement topography in the study area is characterized by hills and deep valleys with highly variable basement depths rang
from less than ten meters to several hundreds of meters below surface. Basements hills reduce the aquifer’s thicknésg consider:
along a zone at distances between 4 and 15 km from the coastline. The location of the transition zone between sea and fresh w
coincides in space with the basement crests. These crests represent the limit of the fresh-water part of the aquiferaaste nea
region. Based on the aquifer’'s geometry determined from resistivity models, and total dissolved solids of the water samples,
maximum value for the pore volume saturated with fresh water in the aquifer of Acapetahua was estimatedl at 75 km

KEY WORDS: Chiapas, coastal aquifer, aquifer geometry, salt/fresh-water interface.

INTRODUCTION Despite the availability of surface water throughout the yea

the use of ground water may be given priority since the de

The southern part of the state of Chiapas consists of a pendence on precipitation rates disappear and a better cor

coastal plain less than 35 km wide between the Sierra Madre lation with other favorable conditions such as temperatur
de Chiapas and the Pacific ocean. Topography is smooth only or availability of manpower may optimize the yield.

on this narrow plain (INEGI, 1994a), while altitudes rise rap-

idly landwards from less than 100 m above mean sea level However, there is little information available about the

(amsl) to more than 3000 in the Sierra Madre de Chiapas. hydrogeology of the aquifer systems of the Pacific coast «

Climate is tropical, rainfall is intense during the hurricane Chiapas. Miillerried (1957) gave a description of the geol

season that lasts from May to November, and there is no ogy of the state of Chiapas. Based on this information,

well-defined winter season (Moran-Zenteno, 1994; unique hydrostratigraphic unit composed of continental sed

Mdillerried, 1957). ments of Pliocene and Quaternary age overlaying the cry

talline basement of Precambrian (Mullerried, 1957) and/c

The coastal plain is used for limited agricultural activi-  Paleozoic (L6pez-Ramos, 1982) age, may be assumed

ties (e.g. the cultivation of citrus fruit) and widespread stock the coastal aquifer. There is no evidence of a confining lay:

breeding. Climate and topographic conditions favor an in- (Mdllerried, 1957; Moran-Zenteno, 1994), so the aquifer ma

tensification of agricultural activities. Sustainable manage- be assumed unconfined. There is no information about tl

ment of the coastal aquifer is the basis of such development. depth of the basement, and therefore no realistic estime
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may be made about the aquifer’s geometry and fresh water be a high percentage of the total available land in a narro

resources.

The location of the salt/fresh-water interface as a func-
tion of the exploitation of a coastal aquifer is a sensitive pa-
rameter for the impact of water extraction on the aquifer’s
water balance. Overexploitation has led to drawdown cones
and to sea water intrusion in many coastal aquifers in the
Mexican Republic and elsewhere (e.g. Andrews, 1981;
Steinichet al, 1998; Steinich and Chavarria, in press; Chen
et al, 1997). Sea water intrusion is often related to an ad-
vance of the fresh/salt-water interface landward and the re-

coastal band such as the study area.

The objectives of this study are: (1) to describe the ge
ometry of the coastal aquifer of Acapetahua, (2) to dete
mine the location of the salt/fresh-water interface and (3) t
estimate the fresh water resources of the aquifer ¢
Acapetahua.

DESCRIPTION OF THE STUDY AREA

The study area is located at the Pacific coast of the ste

placement of fresh by brackish water in the pores. Second- of Chiapas in southeastern Mexico. It consists of an area p:
ary effects such as salinisation of soils may have specially allel to the coast line between°3®’ and 9310’ west and

high impact namely in areas with high evaporation indices, 15°00" and 1530’ north. It is 53 km long and between 23
as is the case for the study area. Salinisation make soils un-and 32 km wide (Figure 1). The area is limited to the soutt
suitable for agricultural activities and may lead to the deso- west by the coast of the Pacific ocean and to the northeast
lation of vast areas along the coast (Steieical, 1998). A the Sierra Madre de Chiapas. The rivers Novillero and Vad
sustainable management of the ground water resources mustAncho are located near its northwestern and southeaste
consider this risk of desolation of cultivated land which may limits, respectively (Figure 1). The topography is flat through
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Fig. 1. Overview of the study area. Twenty-four Schlumberger soundings are shown as black,stdrsvater sample sites are shown as
open circles (0). (a) and (b) are the locations of the resistivity soundings represented in Figure 2.
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out the area with altitudes ranging from sea level at the coast equivalent models were interpreted for basement depth. Fift
line to 100 m above mean sea level (amsl) at its northeasternone water samples were taken in November, 1997 from d
limit (INEGI, 1994b). While isolated hills are reported else- mestic water supply wells; locations are shown in Figure
where within the coastal band, there are no such structuresAll samples were taken from the upper 5 meters of the aqt
in this segment (INEGI, 1994a). fer. Samples were filtered to remove particles larger than 0
pum. Alkalinity was determined in the field by Gran titration

(e.g. Stumm and Morgan, 1981) using a Hach kit and 1.6
METHODOLOGY H,SO, Samples were taken in four 10 ml vacutainers pe
site, two for the analysis of anions and two for cations. The

Twenty-four Schlumberger resistivity soundings were were stored in a cooler and in a dark refrigerator°a€ 4

conducted in November, 1997 and January, 1998. Maximum previous to analysis. Anions were analyzed using an ic
AB/2 spacings were 675 m in all cases. Locations are shown chromatograph and cations by flame atomic absorption. A
in Figure 1. All measurements were made with a SYSCAL analyses were conducted at the Institute of Geology at tl

R1 resistivity meter. Locations were determined with a GPS Autonomous National University of Mexico (UNAM). De-
Garmin 47. Schlumberger soundings were interpreted using tailed analyses are reported by Steinich and Sanchez-Rami
a FORTRAN code written by the senior author, based on (1998). For the purpose of this study, total dissolved solic
digital linear filter theory (Koefoed, 1979) and on the auto- were determined as the sum of the analyzed ions. All sampl
matic interpretation method presented by Zohdy (1989). The used in this study had a mass balance error of less than &
multilayer step-function model for each sounding was sim- All figures except Figure 2 were generated with the Gener
plified using Dar Zarrouk functions (Zohdy, 1989). These Mapping Tool (GMT) version 3 (Wessel and Smith, 1995).
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Fig. 2. Data and resistivity models of two soundings, (a) and (b). Field data is represented as solid circles (+) anesigpeitead of the
model curves as asteriskg.(The dashed line represents the multilayer step-function models, the solid line is the interpreted simplified
model. Locations are shown in Figure 1.
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RESULTS AND DISCUSSION soundings conducted in the study area: curve (a) in Figure
shows one example. The dashed line represents the resis
ity model interpreted from the corrected field data, the soli
line is the simplified layer model (Zohdy, 1989) used her:
The aquifer of Acapetahua consists of porous material for the interpretation of depth of basement. Resistivity val
composed of continental sediments of Pliocene and Quater- ues vary between 130m and 600Qm at depths down to
nary age. Rivers draining the Sierra Madre de Chiapas have 140 m below surface and rise rapidly to resistivity value:
been the transport agents of this material, so porosity in hori- higher than 100@m at this depth. A resistivity contrast like
zontal and vertical directions is variable. No evidence exists the one observed in curve (a) of Figure 2 was not detected
of any confining layer (Millerried, 1957). On the regional all soundings. Curve (b) in Figure 2 shows an example of
scale, the aquifer of Acapetahua may be described as onemodel where all resistivities are less than Q@®0 and with-
hydrostratigraphic unit. One of the most important basic pa- out a deeper abrupt rise. In this case, the depth to the ba
rameters is the depth to the crystalline basement in this area.ment is larger than the total thickness of the interpreted r

Aquifer geometry

The knowledge of this depth, together with the topography,
allows an estimation of the aquifer’s geometry and volume.

The electrical resistivity of the continental sediments
is of the order of 1to several 10Qm, whereas the resistiv-

sistivity model of approximately 200 meters (above the in
finity layer). On the base of the twenty-four resistivity mod-
els, a “depth-of-basement”-map was generated (Figure 3
In the southeastern and northwestern parts of the study ar
where no depth of the basement could be determined fro

ity of the crystalline basement is of the order of @t or the resistivity soundings, interpolated depths using the va
higher (e.g. Dobrin, 1981). An abrupt rise of the resistivity ues of the surrounding sites are reported (Figure 3). Dept
may be observed in several of the twenty-four Schlumberger of the basement vary between a few meters bmsl near t
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Fig. 3. Depth to the basement; values are in meters relative to mean sea level.
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coast in the northwestern part of the study area and possibly
several hundreds of meters in its southeastern and northwest-
ern part.

Figures 4 and 5 show the two sections A and B of the
aquifer, respectively (see Figure 3 for location). It may be
observed that the aquifer’s geometry is characterized by a
basement topography with hills and deep valleys which is a
continuation of the similar topography of the Sierra Madre
de Chiapas northeast of the study area. Crests that consider-
ably reduce the aquifer thickness may be observed at a dis-
tance of 4 km from the coastline in the northwestern part
(Figure 4) and a distance of 11 km from the coastline in its
southeastern part (Figure 5). In the segment of the coastal
band that corresponds to the study area, none of these crest:
reach the surface. However, northwest of the study area iso-
lated hills may be observed within the coastal band (INEGI,
1994a).

Salt / fresh-water interface

The classification of ground water with respect to its
quality is a function of the amount of its total dissolved sol-
ids (TDS). Water with less than 1000 ppm of TDS is consid-
ered fresh water (Freeze and Cherry, 1979). Water with TDS
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Fig. 4. Section A, see Fig. 3 for location. Vertical exaggeration is
60:1. Arrows show the limits of the transition zone, values above
the arrows are in TDS.
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Fig. 5. Section B, see Fig. 3 for location. Vertical exaggeration i
60:1. Arrows show the limits of the transition zone, values abov
the arrows are in TDS.

above this values may be classified as brackish (between 1C
and 10 000 ppm) or saline water (above 10 000 ppm). TD
of the ground water of the aquifer of Acapetahua varies bt
tween values less than 100 ppm near the Sierra Madre
Chiapas and approximately 10 000 ppm in its southeaste
part (Figure 6). Figure 6 shows that the TDS gradient is hig
between 500 and 1000 ppm. This zone is hamed here t
‘transition zone’ between fresh and brackish water and |
shown in Figure 6 as a gray shaded band. The part of
aquifer between this band and the coastal line is invaded |
brackish or saline water, whereas water northeast of the tre
sition zone may be considered fresh water.

It may be observed in Figure 6 that the transition zon
is not parallel to the coast line. The area of the aquifer ir
vaded by sea water is less than 5 km wide in the northwe:
ern part of the study area and more than 15 km wide in i
southeastern segment. In the same Figure 6, it may be ¢
served that the presence of lagoons, filled with saline wat
(Mullerried, 1957) represents a typical surface manifeste
tion of the area between the transition zone and coastal li
(INEGI, 1994b).

The limits of the transition zone are shown in the resis
tivity sections Aand B (Figures 4 and 5) as arrows. It may b
observed in these figures, that the 1000 ppm limit coincide
in space with the crests of the basement. A comparison k
tween these sections and the TDS-map (Figure 6) implie
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Fig. 6. Lines of equal Total Dissolved Solids (TDS). The gray shaded band is the transition zone, explanations in the text.

that the crests of the basement near the coast divides the aquithe continental sediment layer. The limit between this laye
fer in two parts. One from the crest towards the coast and and the basement represents therefore the lower limit of tl
another from the crest land inward. The former part is com- aquifer. The depth to the water level is less than 1 m acro
pletely invaded by sea water and is characterized at the sur-vast areas near the coast and descends to maximum val
face by the presence of saline water lagoons. The latter is theof 10 meters at the northeastern limit of the study area; f
fresh water aquifer; only this part may be considered as the the purpose of this estimation, the totality of the continentc
fresh water reserve of the study area. The high crest near thesediments is assumed to be saturated. The upper limit of t
coast that may be observed in Figure 4, reduces the aquiferaquifer coincides therefore with the topography levels withir
thickness to less than 10 m and may act as a protection bar-the study area. Figure 7 shows the thickness of the aquifer
rier for the fresh water aquifer, preventing sea water from derived from the depth-of-basement data presented in Fi
intruding further inland. The described configuration of the ure 3 and the topography (INEGI, 1994b).

aquifer is that of its natural state, since almost no ground

water extractions are occurring. In the horizontal directions, aquifer limits are taken a:

follows. (1) The presence of fresh water is limited to the vol
ume from the 1000 ppm isoline inland. There is no informa

The knowledge about the aquifer geometry and the lo- tion about the curvature of the interface as a function of dept
cation of the salt /fresh - water interface may be used to esti- SO for this estimation the curvature is assumed to be zero. {

mate the fresh water resources of the aquifer of Acapetahua. The limit of the study area to the northeast coincides wit
the 100 m topography level and (3) the limits to the soutf

Due to the geology settings, the aquifer coincides with east and northwest coincide with the limits of the study are

Fresh water resources
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The projection of this fresh water portion of the aquifer values with depth before the abrupt rise of the resistivity &
described by these limits is presented in Figure 7 as a gray observed in various resistivity curves may be related to th
shaded area, including the transition zone. Topography, phenomenon (Figure 2). However, all water samples wel
depth-of-basement and thickness values are gridded on a 1'xtaken from the uppermost part of the saturated zone; no de
1’ grid. The average thickness of the fresh water part of the wells exist actually in the study area where the bottom of th
aquifer calculated based on the above assumptions has a valuaquifer could be monitored.
of 250 m, the corresponding volume is 30GkAssuming a
medium porosity of 25% (e.g. Steiniehal, 1997), there is CONCLUSIONS
abo_ut 75 kriipore volum_e _saturated with fresh Wat(_ar in the The aquifer of Acapetahua is a 53 km long segment
_aqwfer of_Ac_:apetahya. Itis important to _stress that this amount a system of aquifers along the Pacific coast of the state
is an optimistic estimate for the following reasons: (1) The Chiapas. Based on twenty-four resistivity soundings an

top of_the basem_ent was not observed in all soundings. Aqui- fifty-one water samples, basic aquifer characteristics wel
fer thicknesses in the southeast and northwest parts of theinvestigated in this study;

study area may be smaller than interpolated. (2) Any realis-
tic, non-zero value for the curvature of the salt/fresh-water The aquifer consists of one hydrostratigraphic unit o
interface tends to reduce the fresh water part of the aquifer, continental sediments overlaying a crystalline basemer
and (3) the water quality may decrease with depth. Sea wa- There is no evidence for a confining layer, so the aquife
ter that intrudes beyond the basement barriers near the coastamay assumed to be unconfined. The basement topograg
line tends descend behind them by gravity and accumulate consists of hills and deep valleys as a continuation of th
at the bottom of the basement depressions. The trend to lowertopography of the Sierra Madre de Chiapas at the northes

0 km

10 km 200 km 1

15°30' g /

15° 20'
15° 10' PACIFIC
OCEAN
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Fig. 7. Thickness of the continental sediments that host the aquifer of Acapetahua. Values are in meters.
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of the study area. Aquifer thickness varies between less than tional Commission of Science and Technology (CONACYyT)
10 m and several hundreds of meters. Basement crests neaEva Sanchez was supported by a graduate fellowship throu
the coast reduce the thickness of the aquifer to such an ex-L. Marin by the Direccién General de Asuntos del Person:
tent that they may act as protection barrier against intruding Académico (DGAPA, Proyect IN107595) at UNAM. Isabel
sea water at some places. Based on the classification of naturalSimén Velazquez (Institute of Geology, UNAM) assisted witt
water presented by Freeze and Cherry (1979), the 1000 ppmthe geophysical field work and Faustino Juarez Sanchez (I
TDS-isoline was taken as representive for the salt/fresh - stitute of Geophysics, UNAM) with the analysis of the wa-
water interface in this study. This 1000 ppm TDS-isoline co- ter samples.

incides with the basement crests in the aquifer of Acapetahua.
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The study area represents 19% of the coastal band of
the state of Chiapas. Since there is no evidence for a sub-
stantial change in overall conditions of the remaining part of
this coastal band relative to the aquifer of Acapetahua, it may
be assumed that the aquifer characteristics proposed in this
investigation are representive for the whole Pacific coast of
the state of Chiapas. Any planning of ground water manage-
ment and the location of exploitation wells may be under-
taken on the basis of this type of unconfined coastal aquifer
that consists of only one hydrostratigraphic unit and a highly
variable depth to basement.
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