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INTRODUCTION

Quantitative isotopic tracing of
meteoric waterin hydrothermal ore deposits
has provided much information on water/
rock interaction related to wallrock
alteration, metal transport and deposition
(e.g.,H.P.Taylor, 1974). The identification
of isotopically unaltered or only slightly
altered surface waters in hydrothermal
deposits can also potentially provide
constraints on the heat and material
balance that characterizes mixing pro-
cesses which lead to alteration and mineral
precipitation. Further, isotopic recognition
of paleo-surface waters can assist in
paleo-hydrologic reconstruction and
provide information on climatic and

tectonic evolution (e.g., Alpers and
Whittimore, 1990).

This paper summarizes new isotopic
data on various types of groundwater
and precipitation in Chile, plus isotopic
data from the literature (largely from
IAEA-supported studies) in the form
of apreliminary 8'*O and 8D contour maps
of South America. The topology of these
maps differs markedly from that published
by Yurtsever (1975; Figure 1). The purpose
of constructing these maps is to provide
a graphical reference point for the
recognition of meteoric waters in young
hydrothermal ore deposits. Similar isotopic
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Figure 1: §'°0 map of South America (adapted from Yurtsever, 1975).

maps for paleo-meteoric waters, especially
for Tertiary waters, are a matter of
current research. These maps will be
useful’ for the study of Tertiary ore
deposits, and have particular bearing
on the uplift history of the Andes.

Alarge database of stable isotopic
analyses of surface waters in South
America has been gathered over the
last three decades (e.g., IAEA, 1992)

118

from some 25 stations in IAEA/WMO
astation network. Unfortunately, fewer
such data exist for western South America,
where most of the isotopic variability
occurs. As part of the present study, 36
samples of precipitation and/or shallow
ground waters were collected along four
different traverses in Chile at approximate
latitudes of 44°25'; 42°20', 33°15'; 22°20".
Descriptions and exact locations of the
samples will be reported elsewhere.




ISOTOPIC COMPOSITION OF
WATERS ANALYZED IN THIS
STUDY

The isotopic compositions of 34 newly-
collected waters are plotted on a dD-3"*O
diagram in Figure 2. The ranges of 8'*0
and 8D are -15.28 to 3.33, and -115 to
-29, respectively. The majority of these
samples plot on or sub parallel to the
global meteoric water line (8D = 8 '*0
+ 10). The samples plotted in Figure 2
comprise principally springs, but include
several samples from rivers and shallow
wells. The data are defined by 8D =7.56
80 -0.21, which contrasts with 8D-8'*0O
relationship for waters from IAEA stations
east of the Andes, where 8D = 8.27 'O
-10.13 (IAEA, 1992). The lower “&-
excess” value (= 8D - 88'*0) of -0.21
for the Chilean waters of this study
suggests that evaporation has played a
relatively more important role in their
history than is apparent east of the Andes,

where evapotranspiration is pronounced
(Salati et al., 1979). In addition, com-
positionally different atmospheric sources
may be involved.

Samples of cold water from the
underground workings of the R-T mine,
Pampa Norte (elevation, 2900 m), and
thermal waters (hot spring, geyser, and
stream) from El Tatio geothermal field
(which are isotopically similar to the
average of Giggenbach, 1978) clearly
plot off the global meteoric water line
in Figure 2. The shift in composition
for the El Tafio samples reflects both
evaporation as well as oxygen isotope
exchange with hot rocks in the geothermal
field. The R-T Mine waters are less
easily explained. They may represent
older waters that have undergone '*O
enrichment in a paleo-hydrothermal
system, or were derived from precipitation
by evaporation during and/or before
infiltration.
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Figure 2. Plot of 6D and 8'%0 of springs and other types of waters collected in Chile;
GMWL = global meteoric water line (after Craig, 1961).
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Where springs represent an average
of local precipitation, they decrease in
3D on the order of 20%./1000m (Figure
3). The isotopic composition of samples
of precipitation (e.g., snow and rain,
Figure 3) do not appear to vary syste-
matically with respect to elevation.
Whereas springs and shallow ground
waters can provide an averaged sample
of precipitation, direct samples of pre-
cipitation reflect large variations in 8D
and 3O due to evaporation and to
“reservoir” effects during precipitation.

3D AND 30 MAPS OF SOUTH
AMERICAN METEORIC WATERS

Figures 4 and 5 illustrate, respectively,
preliminary $'*O and 8D maps for present-
day South American meteoric waters.
The topology of each map is essentially
identical owing to the linear relationship
between 3'*0 and 8D. The wide spacing
of the contours east of the Andes, par-

ticularly across the Amazon basin, is
due in large part to the isotopic effect
of recycling of meteoric water by
evapotranspiration (Salati et al., 1979).
Rain-out (or, amount-effect) may also
constitute an important factor as storms
move westward, towards the Andes in
eastern and central Argentina. The Andes
provide an effective hydrologic barrier
for the western coast. West of the Andes,
the Pacific Ocean provides relatively
little moisture (by evaporation) to easterly
winds, owing to the cold, north-flowing
Humboldt current.

The most obvious feature of the isotopic
maps (Figures 4 and 5) is the marked
orographic effect of the Andes, which
causes a progressive isotopic depletion
of precipitation at higher elevations.
Some Atlantic moisture is thought to
occasionally precipitate on the western
slopes of the Andes in northern Chile
(Aravenaetal., 1989), but this does not
disturb the fundamental and general
correspondence between isotopic and
topographic contours on aregional scale.
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Figure 3. Plot of 8D vs. elevations ( in meters) of collection sites for water from springs,
rivers (R), snow, lake water, wells, mine waters (R-T mine: Pampa Norte, Chuquicamata)
and geothermal water. An elevation effect of =~ 20 %c/1000 m is indicated for the springs.
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Figure 4. Preliminary 8*0 map of South America based on cummulative data for IAEA
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present and other studies (small dots; see list of references).
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Figure 5. Preliminary 8D map for South America. Data sources and symbols as listed
in Figure 4.
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3D AND §'*0 OF PALEO-
METEORIC WATERS AND
THEIR TECTONIC
IMPLICATIONS

Estimates of the isotopic composition
of paleo-meteoric waters, primarily from
studies of Tertiary ore deposits in western
South America, suggest that isotopic
maps for Tertiary meteoric waters should
be topological similar to those in Figures
4and 5. The datanecessary for construction
of a Tertiary isotopic paleo-meteoric
water maps like those in Figures 4 and
5 are presently being gathered. This
information, coupled with accurate ages
of alteration and mineralization, will
provide additional insight into the uplift
and topographic history of the Andes.
The data may facilitate anew, quantitative
measure of the paleo-topographic evolution
of the Andes.

ACKNOWLEDGMENTS

Water samples analyzed in this project
were graciously provided by Profs. José
Cembrano (Universidad de Chile) and
Marcos Zentilli (Dalhousie University,
Canada). The careful assistance of Don
Watanabe in the laboratory and the library
is also gratefully acknowledged. This
paper is a contribution to IGCP # 342.

REFERENCES FOR

Data sources for 8D-8'*0 Maps of South
America

Albero, M.C.; Levin, H.O.; Panarello,
H.O.; Garcia, E. and Lohn, P., 1989.
Estudio isotépico de los acuiferos
de los Valles de Tullum y Ullum-

Zonda, San Juan, Argentina: Isotope
Hydrology Investigations in Latin
America. IAEA-TECDOC- 502,
11-32.

Alpers, C. N. and Whittemore, D. O.,
1990. Hydrogeochemistry and stable
isotopes of ground and surface waters
from two adjacent closed basins,
Atacama Desert, northern Chile. Appl.
Geochem., 5, 719-734.

Aravena, R. and Suzuki, O., 1990. Isotopic
evolution of river water in the northern
Chile region. Water Res., 26, 2887-
2895.

Aravena, R., Pena, H.; Grilli, A.; Suzuki,
0. and Mordeckai, M., 1989. Evolucion
isotépica de las lluvias y origen de
las masas de aire El Altiplano Chileno.
Isotope Hydrology Investigations in
Latin America, IAEA-TECDOC-502,
129-142.

Bonorino, A. G.; Panarello, H. O. and
Albero, M.C., 1989. Evolucién
isotépica y quimica del agua sub-
terranea del acuifero profundo de la
formacion Ombucta en la regién de
Bahia: Isotope Hydrology Investi-
gations in Latin America. IAEA-
TECDOC-502, 33-50.

Changkuon, L.; Aranyossy, J. F.; Oleas,
M. and Lopoukine, M., 1989. De-
terminacion de modelo geotérmico
del Valle de los Chillos (Ecuador),
enbase ais6topos ambientales. Isotope
Hydrology Investigations in Latin
America, IAEA - TECDOC - 502,
291-303.

Darling, W. G.; Parker, J. M.; Rodriguez,
H. V. and Lardner, A. J. 1989. In-
vestigation of a volcanic aquifer system
in Costa Rica using environmental
isotopes. Isotope Hydrology Inves-

¥23



tigations in Latin America, IAEA-
TECDOC-502, 215-228.

Frischkorn, H.; Santiago, M. F. and
Serejo, A. N., 1989. Isotope study
of wells in crystalline rock of the
semi-arid northeast of Brazil. Isotope
Hydrology Investigations in Latin
America, IAEA-TECDOC-502, 73-
89.

Fritz, P.; Suzuki, O.; Silva, C. and Salati,
E., 1981. Isotope hydrology of
groundwaters in the Pampa del
Tamarugal, Chile. J. Hydrol., 53,
161-184.

Giggenbach, W.E., 1978. The isotopic
composition of waters from El Tatio
geothermal field, northern Chile.
Geochim. Cosmochim. Acta, 42,
979-988.

Grilli, A.; Pollastri, A.; Ortiz, J. and
Aguirre, E., 1989. Evaluacién de
tasas de evaporacion. Desde Salares,
utilizando técnicas isotépicas.
Aplicaciénenel Salar de Bellavista,
Chile. Isotope Hydrology Investi-
gations in Latin America, IAEA-
TECDOC-502, 155-168.

International Atomic Energy Agency
1992. Statistical treatment of data
on environmental isotopes in
precipitation. Tech. Rept. Series,
N2 331, 781p.

Kimmelmann, A. A.; Silva, E.; Reboucas,
A.C.; Santiago, M. M. F. and Gouvea
da Silva, R.B. 1989. Isotopic study
of the Botucatu aquifer system in
the Brazilian portion of the Parana
Basin. Isotope Hydrology Investi-
gations in Latin America, IAEA-
TECDOC-502, 51-71.

124

Longinelli, A. and Edmond, J. M. 1983.
Isotope geochemistry of the Amazon

Basin: A reconnaissance. J. Geophys.
Res., 88, 3703-3717.

Magaritz, M.; Aravena, R.; Pena, H.;
Suzuki, O. and Grilli, A., 1989. Water
chemistry and isotope study of streams
and springs in northern Chile. J.
Hydrology, 108, 323-341.

Pena, H., Grilli, A., Salazar, C., Orpha-
nopoulos, D., Suzuki, O., Aravena,
R. and Rauert, W. (1989). Estudio
de hidrologia isotépica en el érea
del Salar de Llamara, Desierto de
Atacama, Chile: Isotope Hydrology
InvestigationsinLatin America, IAEA-
TECDOC-502; 113-127.

Rodriguez, C. O.; Seiler, K. P. and
Stichler, W., 1980. Estudios hidro-
16gicos cualitativos y cuantitativos
mediante isétopos estables en Co-
lombia. in Rodriguez, C. O. N. and
Bricefio de Monroy C. (eds) Intera-
merican Symposium on Isotope
Hydrology, Aug. 18-22, Bogota,
Colombia, 163-177.

Sanchez, L.; Obando, E.; Jiménez, G.,
Torres, E., Alayon, E., Huget, A.;
Mosquera, F.; Vargas, M.C. and
Stichler, W., 1989. Estudio de aguas
subterrdaneas en la zona semi-arida
de Atlantico-Bolivar (Colombia).
Isotope Hydrology Investigations in
Latin America, IAEA-TECDOC-502,
191-202.

Torres, E.; Jiménez, G.; Obando, E.;
Alayon, E. and Sénchez, L., 1989.
Evaluacién del acuifero de 1a Sabana
de Bogoté utilizando técnicas iso-
topicas. Isotope Hydrology Inves-
tigations in Latin America, JAEA-
TECDOC-502, 203-213.



REFERENCES

Alpers, C. N. and Whittemore, D. O.,
1990. Hydrogeochemistry and stable
isotopes of ground and surface waters
from two adjacent closed basins,
Atacama Desert, northern Chile. Appl.
Geochem., 5, 719-734.

Aravena, R., Pena, H.; Grilli, A.; Suzuki,
O.and Mordeckai, M., 1989. Evolucién
isotépica de las lluvias y origen de
las masas de aire El Altiplano Chileno.
Isotope Hydrology Investigations in
Latin America, IAEA-TECDOC-502,
129-142.

Craig, H., 1961. Isotopic variations in
meteoric water. Science, 133, 1702.

Dansgaard, W., 1964. Stable isotopes
in precipitation. Tellus, 16, 436.

Giggenbach, W. E., 1978. The isotopic
composition of waters from the El
Tatio geothermal field, northern Chile.
Geochim. Cosmochim. Acta ,42,
979-988.

International Atomic Energy Agency,
1992. Statistical treatment of data
on environmental isotopes in preci-
pitation. Tech. Rept. Series, N2331,
781p.

Salalti, E.; Dall’Olio, A.; Matsui, E.
and Gat, J. R., 1979. Recycling of
water in the Amazon Basin: An iso-
topic study. Water Resources Res.,
15, 1250-1258.

Taylor,H. P.,Jr., 1974. The application
of oxygen and hydrogen isotope
studies to problems of hydrothermal
alterationand ore deposition. Econ.
Geol., 69, 843-883.

Yurtsever, Y., 1975. Worldwide survey
of stable isotopes in precipitation.
Rept. Sect. Isotope Hydrol., IAEA,
Nov. 1975, 40 p.




126




