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Research Plan for the Investigation of Water, Energy,
and Biogeochemical Budgets in the Luquillo Mountains,

Puerto Rico

By Matthew C. Larsen, Paul D. Collar, and Robert F. Stallard

Abstract

The Luquillo mountains of eastern Puerto Rico are the site
of U. S. Geological Survey research into biogeochemical and
geomorphic processes that control the movement and transfor-
mation of water, energy, bedrock weathering products, and
nutrients in the earth-surface environment. This study was
begun in 1990 and is scheduled to last three years, with the
possibility of being extended for further data collection. The
study area for this research effort includes the 113 square
kilometer Luquillo Experimental Forest that is administered by
the U.S. Forest Service. The Luquillo Experimental Forest has
been the site of ongoing research since 1988, as part of the
National Science Foundation's Long Term Ecological Research
program. In addition, comparative studies are being conducted
in the Rio Grande de Loiza basin (Loiza basin), an urban and
agriculturally developed 600 square kilometer watershed
located immediately to the west of the Luquillo Experimental
Forest.

The principal elements of the study described in the report
are as follows:

1. Determination of biogeochemical budgets: water,
energy, carbon, nutrient, ion, sediment, and gas budgets will be
calculated in two Luquillo Experimental Forest watersheds
instrumented with meteorologic, soil, hydrologic, and ground-
water monitoring equipment. A monthly time series of samples
is being collected. In addition, intensive sampling is under-
taken during selected storms.

2. Study of weathering, mass-wasting and mass-storage
processes in undeveloped watersheds of contrasting lithology:
chemical-weathering, erosion, and mass-wasting processes in
watersheds underlain by the two dominant rock types (volcani-
clastic and quartz diorite) are being compared. The effects of
mass wasting on biogeochemical cycling in each rock type will
be evaluated through a compilation of physical, chemical, and

mineralogic properties for a chronosequence of landslides.
Water and sediment budgets will be used to develop a
conceptual model of hillslope hydrology and landform
evolution.

3. Comparison of weathering and gas fluxes in developed
and forested watersheds: paired basins were selected and gaged
in the relatively undisturbed Luquillo Experimental Forest and
in the agriculturally developed Loiza basin. Budgets of all
major aqueous constituents will be compared and contrasted in
the developed and forested basins of similar lithology.

4. Measurement of reservoir and agricultural pond gas
fluxes: methane production is being measured in selected reser-
voirs and agricultural ponds in and near the Loiza basin and
Luquillo Experimental Forest. A regional methane budget will
be calculated.

INTRODUCTION

Understanding and predicting global environmental change
has become a major social and scientific concern of the late
20th century. Scientists from many disciplines and nations
around the world have mobilized in this endeavor. During the
past three decades, atmospheric scientists have made substantial
progress in developing models that account for most of the
important components of the climate system. Significant
progress is needed, however, in the understanding of the
processes associated with the exchanges of water, energy, and
carbon between the earth's surface (including vegetation) and
the atmosphere. Progress in this latter area requires the
knowledge and skills of specialists in fields such as hydrology,
biology, geology, and geochemistry, as well as the atmospheric
sciences.

To strengthen biogeochemical investigations of ecological
systems and the dynamics of the interactions of water, energy,
nutrients, and gases, the U.S. Geological Survey (USGS)

Introduction 1



Global Change Research Program initiated a nationwide
program entitled Water, Energy and Biogeochemical Budgets

(WEBB). The purpose of WEBB is twofold: to improve undert

standing of processes controlling terrestrial water, energy and
biogeochemical fluxes, process interactions, and process
relations to climatic variables; and to improve the capability to
predict terrestrial water, energy, and biogeochemical budgets
over a range of spatial and temporal scales. This study was
begun in 1990 and is scheduled to last three years, with the
possibility of being extended for further data collection.

WEBB process studies are being implemented as a
systematic program of intensive, long-term field investigations
in Colorado, Georgia, Puerto Rico, Vermont, and Wisconsin.
Study sites were selected on the basis of geographical and
environmental diversity. Sites having extant parallel data
collection or WEBB-related process investigations were given |
priority. The sites include multidisciplinary research locations,
such as the National Science Foundation sponsored Long-Termf
Ecological Research sites, the U.S. Forest Service Experimental
Forests, and the United Nations Educational, Scientific, and |
Cultural Organization study areas known as International
Biosphere Reserves. A major emphasis of WEBB investiga-
tions is the development and maintenance of strong collabo-
rative research relationships among scientists in other Federal
agencies and the academic community.

Research at the Puerto Rico WEBB site addresses the
biogeochemistry of weathering and erosion in the Luquillo
mountains. The research will focus on how mass wasting and
other hillslope erosive processes control rates of erosion, the
composition of solid and dissolved erosion products, and
nutrient and carbon dynamics in the soils of the watershed.
This research is accomplished by the development of
biogeochemical budgets based on regular monthly sampling
and storm sampling, the study of hillslope geomorphic and
hydrologic processes, and the study of biogeochemical
processes in soils. In addition, the effects of agricultural devel-
opment on nutrient budgets and gas budgets will be investi-
gated. This research problem involves a comparison between
developed and undeveloped watersheds of (1) water, sediment,

and nutrient budgets, and (2) gas fluxes from artificial ponds
and lakes.

Purpose and Scope

This report describes the USGS research objectives for the
WEBB ssite in the Luquillo mountains of Puerto Rico (fig. 1).
The study area is briefly described and specific research
methods to be used are outlined. This report serves as a
planning document for the WEBB study in Puerto Rico.

Previous Studies

Tbe Lugquillo Experimental Forest (LEF) is one of the few
tropi¢al forest areas in the world that has been studied inten-
sively and comprehensively described. Odum and Pigeon
(1970) provide a detailed description of the LEF in one of the
few comprehensive publications that summarize a humid-
tropical forest system. Two other comparable studies of humid-
tropiéal forest systems were done in Panamd (Leigh and others,
1982) and Malaysia (Malayan Nature Society, 1978).

Numerous time-series of meteorologic, hydrologic,
ecololgic, sociopolitic, and miscellaneous data are available for
the LEF and are listed in separate publications (Brown and
others, 1983; Mosquera and Feheley, 1984). Previous meteoro-
logic|data in the LEF includes those collected by Bogart and
others (1964), Briscoe (1966), Baynton (1968), Odum and
other$ (1970), and Scatena (1989 and 1990). Soil-water avail-
ability and movement have been studied by Lugo-Lépez and
otheris (1968), Edmisten (1970), and Jordan (1970a and 1970b).
Studies of soil-moisture responses to rainfall in the LEF are
limited (Larsen and Torres-Sanchez, 1990), although soil-
moisture responses to rainfall on other Caribbean islands have
been studied by Anderson and Burt (1978), Anderson and
Kneale (1980), and Anderson (1983). Variable weathering
rates of the differing bedrock lithologies in the LEF and
elsewhere in the humid tropics are well documented (Beaven
and I?umbleton, 1966; Dixon and Robertson, 1970; Beinroth,
1971; Deere and Patton, 1971; Boccheciamp, 1977; Beinroth,
19825 Stallard, 1988). Weathering processes in alluvium
derived from the San Lorenzo batholith in southeastern Puerto
Rico preliminarily have been described by Collar and others
(1990).

BASIN CHARACTERISTICS

e study area consists of parts of the Rio Mameyes (17.8
km?) and Rio Icacos (3.3 km?) basins in the 113 km? LEF, and
parts of the Rio Cayagués (26.4 km?) and Rio Candvanas (25.5
km?) basins in northeastern Puerto Rico (fig. 1). The climato-
logic,i geologic, and topographic characteristics of these basins
and of Puerto Rico are highly variable. These characteristics are
described in the following sections along with soils and land-
use history in the Luquillo mountains.

Climate and Hydrology

e island of Puerto Rico is situated at the eastern end of the
Greatbr Antilles, 1,700 km southeast of Miami, Florida, and is
locatéd in the path of the easterly tradewinds. These winds
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3. What is the rate and relative importance of these
transport processes?

4. How do weathering rates and reactions differ between
soils exposed on mass-wasting scars and undisturbed soils?

5. What happens to carbon and plant nutrients in soils
subject to mass wasting as compared to stable soils?

6. Does material stored as colluvium or alluvium undergo
significant further weathering before it is transported out of
the system?

Obijectives

The objectives of the weathering processes research include
the following:

(1) Compare water, energy, biogeochemical, and sediment
budgets from the Mameyes watershed, which drains volcani-
clastic rocks, and the Icacos watershed, which drains quartz
diorite, and determine the effects of bedrock lithology on
biogeochemical process interactions.

(2) Develop a conceptual model describing biogeochemical
process interactions occurring on mass-wasting scars through
time as a function of bedrock lithology and landslide type.

(3) Describe the biogeochemical cycling differences
between mass-wasting scars and undisturbed soils, and the
biogeochemical characteristics of different parts of individual
landslides, including the headscarp, exposed failure plane, and
the transported colluvium at the base of the landslide.

Approach

A comprehensive evaluation of the weathering reactions
typical of each rock type will be made on the basis of the
composition of stream water, stream sediment, bedrock, and
soil. Budgets calculated from time-series data in the Mameyes
and Icacos watersheds will be compared to evaluate
biogeochemical dissimilarities. The importance of each rock
type in contributing P, and possibly Ca and K to biota will be
evaluated on the basis of the chemistry of the rocks and soils
and the gas-flux characteristics of the two watersheds. The
parallel study of two fundamentally different rock types, both of
which are widely distributed throughout the tropics, enhances
process-level research.

Isotopic studies within these two areas of different rock
types will be considered for four purposes:

1) to constrain mass balances and reaction models,

2) to assist in the identification of minerals that are
weathering,

3) to provide estimates of rates of processes, and

4) to enable the distinction between organic and
inorganic processes.

Isotopes, which can be measured in either solid-phase or
aqueous samples, include 13C and “C, ¥Sr, “Be, *S, N, ¢Li, and
/U disequilibrium. The pseudo-isotope of Si--Ge will be
evaluated in stream water. Ga may also be studied as a psuedo-
isotope of Al. Oxygen and hydrogen isotopes are inappropriate
because of poor isotopic definition resulting from the low
latitude and proximity of the ocean to the study area.

From the group of more than 1,800 landslides that have
been mapped in the LEF, several landslides were selected for
sampling of soil and saprolite and for measuring gas fluxes.
This information provides a means of comparing the
biogeochemical signatures of mass-wasting events.

The bracketing of landslides by aerial photography provides
an estimate of landslide age to within 10 to 15 years.
Landslides predating aerial photographs for the LEF (1930's)
can be dated by geomorphic evidence and by estimating the age
of vegetation on the landslide scar. After the selection of
several landslides for intensive scrutiny and the selection of two
unaffected slopes for control studies, a detailed soil sampling
program will be instituted. Mineralogy and chemistry will be
assessed in various parts of landslides and to varying depths in
the soil and saprolite. Soil-monitoring equipment was
emplaced at selected sites for spatial and temporal analysis of
soil moisture, soil-gas composition, and biogeochemical gas
fluxes. Lysimeters were emplaced for collection of monthly
composites of soil water. All measured parameters will be
statistically related to the age of the landslide in an attempt to
describe the transformation of biogeochemical processes
through time.

The quartz diorite and granodiorite exposed in portions of
the study area are mineralogically similar to (1) granodiorite
exposed at the WEBB site at Panola Mountain, Georgia
(Hooper and others, 1990); (2) granite at the Loch Vale,
Colorado, WEBB site (Baron and Bricker, 1987); and (3)
granitic terrain in California, where weathering processes are
currently being studied by USGS researchers (Harden and
Taylor, 1983).

The volcaniclastic rocks are similar to watersheds being
studied in Panam4 in conjunction with the Puerto Rico WEBB
study (see Collaborative Research section). Comparisons of
weathering reactions and rates in humid-tropical, humid-
temperate, alpine, and semi-arid-temperate climates will be
made on the basis of independent research efforts in the
respective study areas.

Research Plan for the Investigation of Water, Energy, and Blogeochemical Budgets 11



Comparison of Weathering and Gas Flux in
Developed and Forested Watersheds

The effects of human disturbance of tropical ecosystems
need to be described and quantified in order to assess climato-
logic, geomorphic, and ecologic responses to the rapid
destruction of tropical forests worldwide by the expansion of
agriculture and the harvesting of trees.

Problem

Puerto Rico resembles typical tropical environments clima-
tologically and geologically more than any other area within the
United States. It, therefore, provides an accessible location for
the study of the effects of degradation of, and land-use changes
in the humid-tropical environment. Humid-tropical ecosystems
occupy 25 percent of the earth's land surface, yet the global
importance of tropical biogeochemical interactions is dispro-
portionately greater than the fraction of land surface covered.
Rivers in the humid tropics are responsible for 50 percent of the
water, 65 percent of the dissolved silica, 38 percent of the
dissolved ions, and 58 percent of the dissolved organic carbon
entering the oceans from land (Milliman and Meade, 1983).
These rivers account for 30 to 50 percent of the suspended-
sediment discharge to the oceans. Estimates of carbon reserves
vary, but between 25 percent and 56 percent of global biomass
is in tropical forests, and as much as 42 percent of terrestrial
carbon-dioxide fixation may occur there. Land clearing by
burning in the tropics may reduce biosphere nitrogen fixation
by 9 to 20 percent. Much of the world's population growth in
the indefinite future is expected to be in the humid tropics
(United Nations Educational, Scientific, and Cultural Organi-
zation, 1990). This growth is accompanied by unprecedented
conversion of natural landscapes into agricultural lands.

Cycling of water in tropical forests typically involves infil-
tration into shallow soil layers, return of water to the
atmosphere through transpiration, and subsequent return of
water to the biosphere through precipitation. Deforestation
causes soil compaction, increases runoff, and decreases transpi-

ration. Reduced transpiration results in reduced precipitation;
the self-perpetuating decrease in the volume of water available
within the ecosystem could promote desertification. Once
forests are removed from Amazonia, their return might be
impossible in the modified (drier) hydrologic regime (Shukla
and others, 1990). No comparative studies of evapotranspi-
ration in developed and undeveloped watersheds have been
published that quantify the effects of deforestation on
biogeochemical processes.

12 Research Plan for the Investigation of Water, Energy, and Bia

Deforestation, urbanization, and other land-use practices are
widely recognized to increase sediment yields in the tropics by
an order of magnitude or more (Douglas, 1967; Rapp, 1977,
Richardson, 1980). This effect has been described in the Loiza
basin (Gellis, 1991). Because soils are an important reservoir
for biogeochemically active substances, their removal by
erosion has direct implications on nearly all biogeochemical
cycling. Tropical soils are often depleted in base cations and
nutrients. Slash and burn practices typical of some tropical
agricul‘}ural nations attempt to ameliorate the nutrient poverty
of the soil by recovering (as ash) the nutrients present in
vegetation. These nutrients are, in turn, leached into rivers and
groundi water.

The‘} clearing of land strongly affects fluxes of important
gases. Burning of vegetation oxidizes carbon to CO, and
decreases the diurnal CO, uptake and O, production by plants.
This also results in reduced methane consumption by bacteria in
soils (Keller and others, 1991). The creation of agricultural
ponds in these cleared areas provides new sources of methane.
Land clearing and subsequent application of fertilizers to
agricultural areas can increase the production of nitrous oxide
in soils (Keller and others, 1991).

Gas emissions and uptake of CO, and N,O have been
examined by Keller and others (1986). They report that
tabonuco forests are a strong source for N,O and a sink for CH,,
whereas palo colorado, mountain palm, and dwarf forests are
weak N,O sources and moderate to strong CH, sources.

Objective

The objective of this phase of the research is to compare the
processes of physical and chemical weathering, biological gas
flux and evapotranspiration in two forested watersheds and in
two wdtersheds that have been converted to pasture and
farmland. A study of the composition of stream water draining
these watersheds will enable an understanding of the effects of
land use changes on the physical and chemical processes in the
humid tropics.

Appraach

Paired basins have been selected from forested areas of the
LEF (Mameyes and Icacos watersheds) and from agriculturally
developed parts of the adjacent Loiza basin (Rio Candvanas and
Rio Cayaguds watersheds, fig. 1). Stream water chemistry and
sediment concentration in all four watersheds are monitored
biweekly and during selected storms. On a more limited scale,
soil chemistry and mineralogy from the developed watersheds
will be examined with techniques described above for investi-
gations in the LEF.

)geochemical Budgets in the Luquillo Mountains, Puerto Rico



Gas fluxes in agricultural areas may be evaluated through
spatial and temporal measurement of CO,, NO,, and CH,. The
dissimilarities between the gas fluxes of the developed and
forested areas should provide a diagnostic indication of the
effects of fertilization on increasing NO, emissions from the
soil. The effects of deforestation on the presumed decrease in
CH, consumption of soils will be quantifiable in this manner.
Similarly, the comparison should reveal the effects of agricul-
tural development on CO, flux.

A comparison of biogeochemical budgets calculated from
data collected in the two forested and two developed water-
sheds will enable the quantitative distinction between the fluxes
in natural and human disturbed settings. The results should
yield valuable insight into the effects of perturbation on the
metabolic, chemical, and physical processes that control such
fluxes in the tropical environment.

Reservoir and Agricultural Pond Gas Fluxes

A methane budget for northeastern Puerto Rico is needed to
evaluate differences between methane production and
consumption in forested and developed parts of the basin.
Methane release from tropical areas accounts for at least 50
percent of atmospheric methane (Fung and others, 1991). Most
soils contain methanotrophic bacteria; the rate of consumption
of methane typically exceeds the rate of production at anaerobic
microsites in the soil. Methanogenesis is normally significant
only in the sediments of shallow, standing water. In Panama,
the bacteria in one hectare of shallow pond or lake produce
approximately the same amount of methane that is consumed
by soil bacteria in 400 hectares of pristine forest (Stallard,
1988). Budgeting of methane, therefore, is highly sensitive to
spatially restricted inputs from shallow inland water bodies.

Problem

Few studies have documented the sources and rates of
methane production and consumption in the humid tropics.
Because of the major land-use changes occurring in the humid
tropics at the present time, much information is needed.

Objective

The objective of the pond gas-flux research is to develop a
methane budget for northeastern Puerto Rico. Additionally,
various methane sources and sinks will be described and
compared.

Approach

The consumption of methane will be quantified during the
preliminary reconnaissance survey and subsequent gas-flux
analyses. Methane production will be estimated from fluxes of
methane in the Lago Loiza (fig. 1) and in shallow impound-
ments used for agricultural and livestock purposes throughout
the Loiza basin. Additionally, methane production will be
measured in ponds created by landslide-blocked tributaries in
the LEF. Outgassing from these impoundments will be
quantified using inverted funnel-shaped bubble collectors. A
gas chromatograph will be used to determine the composition
of evolved gases and to characterize the metabolic processes
that cause outgassing from submerged sediments.

COLLABORATIVE RESEARCH

An objective of the WEBB program is to foster cooperative
efforts within the USGS, as well as federal-interagency and
federal-university research cooperation. The WEBB multi-
disciplinary approach is strengthened by these interactions,
some of which are described below.

Kinetics of Water-Rock Interaction: Puerto Rico

Studies parallel to the main thrust of the Puerto Rico WEBB
research in the Icacos watershed are being directed by a group
of USGS geochemists in Menlo Park, California (Arthur White,
Alex Blum, Marjorie Schulz, and Thomas Bullen). They are
concentrating on mechanisms affecting biogeochemistry on
spatially small scales, through the soil zone and across the soil-
rock interface. This involves the characterization of soil water
and chemical fluxes, and calculation of weathering rates of
specific primary minerals based on controls, which affect
surface reaction, surface areas, fluid chemistry, and secondary
mineral formation. It is envisioned that the resulting data can
be compared with, and integrated into, watershed-wide
processes and mass-balance models.

Specific activities include:

1) Three instrumentation nests, including zero-tension and
tension water samplers, tensiometers, and gas samplers,
were installed at ridge top and hillslope locations in the
Icacos watershed. Two rainfall collectors and one
throughfall collector were also installed at the site. Rainfall
data from a tipping-bucket raingage at a streamflow gaging
station located several hundred meters east of the instrumen-
tation nests are transmitted by satellite.

2) During installation of the site, soil cores were collected
for measurement of water content and hydraulic
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conductivity using centrifuging methods developed by the
unsaturated-zone research group at Menlo Park.

3) Bulk solid-state chemistry of the soils will be analyzed.
Strain models, (Brimhall and Dietrich, 1987) will be used to
calculate volumetric and elemental losses from the soils.
These results will be compared to mass losses based on
mineral variability.

4) The primary mineralogy was characterized by the USGS
Mineral Separation Laboratory in Menlo Park, and bulk
chemical and isotopic analyses including Sr, Ca, Li, Pb, in
addition to the rare earths, were done. The surface
chemistry, surface area, and morphology of specific types of
minerals, including K-feldspar, plagioclase, hornblende, and
micas will be characterized by Brunauer, Emmett, and
Teller (BET) method, Transmission Electron Microscopy
(TEM), X-ray Photoelectron Spectroscopy (XPS), atomic
force microscopy, and other methods, at Menlo Park and the
Center for Material Characterization at Stanford University,
Palo Alto, California.

5) Experimental dissolution studies will be run on separated
mineral phases, principally feldspars, to determine reaction
rates of natural materials.

6) NETPATH-type models (Plummer and others, 1991),
using chemical fluxes and isotopic variations in the water
and soils, will be constructed to quantify weathering rates.
These rates will be compared to the time dependent data
from the chronosequence study and to other WEBB sites
exposed to different climatic conditions.

Smithsonian Tropical Research Institute:
Panama

Robert Stallard, Ellen Axtmann, and Deborah Martin,
USGS, Boulder, Colorado, have been involved in a variety of
research projects over the past 5 years in cooperation with the
Smithsonian Tropical Research Institute (STRI) in Panama4.
These research projects involve the investigation of
biogeochemical processes in a humid tropical environment.
The Barro Colorado Nature Monument in Panam4 is
maintained by the STRI and is the site of this research. The
objective of this National Aeronautics and Space Adminis-

tration-supported research was to study methane production and

consumption in different environments (forests, swamps, and
lakes), and to study methane flux related to different hydrologic
conditions (Keller and others, 1991). Two parallel studies were
developed in conjunction with this project. One study is of
weathering, erosion, and soil formation on Barro Colorado
Nature Monument (Johnsson and Stallard, 1989). Numerous

sample%s of soils, stream sediments, and water from streams,
rain, and soils were analyzed. The second study used hydro-
logic, meteorologic, and land-use data from the Panamé Canal
basin for studies of global climate change. An 80-year time
series of hydrologic data is maintained by the Panam4 Canal
Commission and STRI for sites within the hydrologic basin of
the Panamd Canal, including the Barro Colorado Nature
Monument.

A new project, funded by the Environmental Studies
Program of STRI, was begun by Stallard in 1991, in parallel to
the Puerto Rico WEBB program. The objective of this project
is to use long-term chemical sampling to characterize the
processes that control the distribution and transport of major,
important minor, and nutrient elements (Al, C, Ca, Cl, F, Fe,
Ge, H, K, Mg, Mn, N, Na, O, P, S, Si, Sr, Ti, and Zr) through
the surface environment of Barro Colorado Island. Solid,
dissolved, and gaseous phases will be analyzed. Two water-
sheds will be monitored. One stream drains an andesite plateau
(not subject to landslides) and can be compared directly to the
watershed on quartz diorite in Puerto Rico. The other stream
drains a steeply sloping terrain underlain by marine volcani-
clastic bedrock and limestone. Soils are thin and contain
abundant expanding clays (montmorillonite), which are not
abundant in the study areas of Puerto Rico.

Long-Term Ecological Research: Puerto Rico

The USGS staff have a history of collaboration with
numerous LEF research efforts. The National Science
Foundation-funded Long-Term Ecological Research Program,
initiated in 1988, has fostered this cooperation and resulted in
the interactions listed below.

Meteorologic stations: Frederick Scatena, hydrologist with
the U.;. Dept. of Agriculture, Institute of Tropical Forestry
(ITF) worked with the USGS staff to site, construct, and
instrument four meteorologic stations in and east of the LEF.
The mdteorologic stations were purchased by the ITF and
installef by the USGS. The stations transmit by satellite to the
USGS satellite receiving station in San Juan, Puerto Rico.
Meteorplogic data from these stations and an additional USGS
meteorplogic station in the Rio Icacos valley are shared by the
USGS and the ITF.

Effects of Hurricane Hugo: A joint ITF/USGS publication
(Scatena and Larsen, 1991) details some of the physical effects
of the 1989 hurricane on the LEF and describes an index for
compatring hurricanes that have affected Puerto Rico during the
past 100 years.

Soi] chemistry: Matthew Larsen, USGS, assisted
University of Pennsylvania Geology Professor, Arthur Johnson,
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and Ph.D. student, Daniel Zarig, in locating and describing
landslide sites in the LEF for soil sampling.

Landslide modeling: Matthew Larsen is working with State
University of New York, Syracuse, College of Environmental
Science and Forestry, Professor Charles Hall, and graduate
students, Neil Pederson and Edwin Everham, in the testing and
evaluation of an LEF landslide prediction model.

Puerto Rico Department of Natural Resources/
University of Puerto Rico

The USGS collaborates with researchers from island-based
institutions and is currently involved in a joint study of runoff
effects on corals. Richard M. Webb, USGS, is directing the
investigation in cooperation with the Puerto Rico Department
of Natural Resources and the University of Puerto Rico
researchers on the effects of runoff and sedimentation on coral
vitality at the mouth of the Rio Grande de Loiza. Water-quality
data generated by the WEBB project at the Rio Can6vanas will
be utilized in the coral study.

USGS/Puerto Rico Aqueduct and Sewer
Authority Lago Loiza Basin Uplands Erosion

A joint USGS/Puerto Rico Aqueduct and Sewer Authority
study of erosion processes in the uplands of the Lago Loiza
basin was begun in 1990. Lago Loiza, the principal water
supply for San Juan, is experiencing rapid siltation resulting
from urbanization and industrialization in the basin. The joint
study, directed by Richard M. Webb, with William J. Wolfe,
and Allen C. Gellis, USGS, monitors sediment yield at 12 sites
in the basin. These sites are located on hillslopes under pasture,
crop, forest, and active construction, and are instrumented with
Gerlach troughs and erosion pins. Stream sediment is
monitored on several rivers in the basin, including the Rio
Cayaguds.

Centre National de la Recherche Scientifique,
Campus Orsay, France

The study of the cosmogenic radionuclides, “Be (t+=1.5
Myr) and #Al (t+=0.7 Myr), in quartz provides an independent
estimate of long-term denudation rates. These radionuclides are
produced near the ground surface by cosmic rays striking soils
and bedrock. Quartz is used because of its resistance to
chemical weathering and its chemical purity. It will be assumed
that denudation in the Rio Icacos watershed has been steady for
the last 100,000 years. To estimate in situ production of
cosmogenic '“Be and *Al, in a soil profile, one needs to know

altitude, aspects, and approximate soil composition. A
Geographic Information System (GIS) model of the basin will
be used to calculate in situ production over the entire basin and
to predict the average cosmogenic isotopic composition of
quartz being transported out of the basin. Major disagreement
between measured and predicted composition would refute a
steady-state hypothesis. In addition, the predicted isotopic
composition of quartz from various landform elements (peaks,
ridges, slopes, valley floors) will be compared with samples
from those elements. A high degree of variance in measured
isotopic composition from a particular landform element would
indicate long periods of stability, followed by rapid erosion (for
example, mass wasting). Eric T. Brown of Centre National de
la Recherche Scientifique will be working with Stallard and
Larsen in this effort.

Center for Marine Science, University of
Southern Mississippi, Stennis Space Center

The geochemistry of aluminum in the weathering process
and in streams is of interest, because it is a major earth element.
Aluminum interacts with phosphorus and organic carbon, it is
an important soil colloid, and it may be toxic in certain situa-
tions. The crustal geochemistry and solution chemistry of
gallium are similar to that of aluminum. Gallium has been used
as a less reactive analogue for aluminum and allows for the
study of factors influencing the weathering and stream behavior
of aluminium. This study builds on the concepts developed by
Murnane and Stallard (1990) to describe the effects of chemical
weathering and erosion on silicon. Here, germanium and
silicon form an elemental pair analogous to aluminium and
gallium.

A proposal submitted to the National Science Foundation
(NSF) by Alan M. Shiller, Center for Marine Science,
University of Southern Mississippi, Stennis Space Center,
would continue previous NSF-funded research on the geochem-
istry of gallium relative to aluminum in streams and in the
weathering process. This proposal, endorsed by Larsen and
Stallard in letters to the NSF, includes time series data
collection of stream waters in the LEF and several sites in
(1) the southwestern U.S. (carbonate basins in west Texas or
New Mexico), (2) an organic-rich basin in the southeastern
U.S., (3) volcanic drainages in the Pacific Northwest, and
(4) other WEBB sites or experimental forests, if cooperative
arrangements can be made. The sampling of highly weathered
solids that occur in tropical watersheds may help to establish an
upper limit for the mobilization of aluminum to the dissoived
phase. This three-year study would begin in June 1993. Work
that Stallard is doing on germanium and silicon in the study
basins will be compared with the work of Shiller.
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