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Most familiar life forms on Earth live in the surface
biosphere where liquid water, sunlight, and the essen-
tial chemical elements for life are abundant. However,
such environments are not found on Mars or anywhere
else in the solar system. On Mars, the surface environ-
mental conditions of pressure and temperature prevent
formation of liquid water. Furthermore, conditions at
the Martian surface are unfavorable to life due to in-
tense ultraviolet radiation and strong oxidizing com-
pounds that destroy organic compounds. However, sub-
surface liquid water on Mars has been predicted on the-
oretical grounds. The recent discovery of near surface
ground ice by the Mars Odyssey mission, and the abun-
dant evidence for recent Gully features observed by the
Mars Global Surveyor mission strengthen the case for
subsurface liquid water on Mars. Thus, the strategy for
searching for life on Mars points to drilling to the depth
of liquid water, bringing samples to the surface and
analyzing them with instrumentation to detect in situ
organisms and biomarker compounds. The MARTE
(Mars Astrobiology Research and Technology Experi-
ment) project is a field experiment focused on search-
ing for a hypothesized subsurface anaerobic chemoau-
totrophic biosphere in the region of the Rio Tinto, a
river in southwestern Spain while also demonstrating
technology relevant to searching for a subsurface bio-
sphere on Mars. The Tinto river is located in the
Iberian Pyrite belt, one of the largest deposits of sulfide
minerals in the world. The surface (river) system is an
acidic extreme environment produced and maintained
by microbes that metabolize sulfide minerals and pro-
duce sulfuric acid as a byproduct. Evidence suggests
that the river is a surface manifestation of an under-
ground biochemical reactor. Organisms found in the
river are capable of chemoautotrophic metabolism us-
ing sulfide and ferric iron mineral substrates, suggest-
ing these organisms could thrive in groundwater which
is the source of the Rio Tinto. The MARTE project
will simulate the search for subsurface life on Mars us-
ing a drilling system developed for future Mars flight
to accomplish subsurface access. Augmenting the drill
are robotic systems for extracting the cores from the
drill head and performing analysis using a suite of in-
struments to understand the composition, mineralogy,
presence of organics, and to search for life signatures
in subsurface samples. A robotic bore-hole inspection
system will characterize borehole properties in situ. A
Mars drilling mission simulation including remote op-
eration of the drilling, sample handling, and instru-
ments and interpretation of results by a remote sci-
ence team will be performed. This simulated mission
will be augmented by manual methods of drilling, sam-
ple handling, and sample analysis to fully document
the subsurface, prevent surface microbial contamina-
tion, identify subsurface biota, and compare what can
be learned with robotically-operated instruments. The
first drilling campaign in the MARTE project takes
place in September 2003 and is focused on character-
izing the microbiology of the subsurface at Rio Tinto
using conventional drilling, sample handling and labo-
ratory analysis techniques. Lessons learned from this
"ground truth” drilling campaign will guide the devel-
opment of robotic systems and instruments needed for
searching for life underground on Mars.

B51G-06 1140h INVITED

Records of our Early Biosphere
Illuminate our Origins and Guide our
Search for Life beyond Earth

David J Des Marais (650-604-3220;
David.J.DesMarais@nasa.gov)

Ames Research Center, MS 239-4, Moffett Field, CA
94035-1000, United States

A scientific “mission of exploration to early Earth”
will help us chart the distribution of life elsewhere.
‘We must discriminate between attributes of biospheres
that are universal versus those attributes that represent
principally the outcomes of long-term survival specifi-
cally on Earth. In addition to the basic physics and
chemistry of matter, the geologic evolution of rocky
habitable planets and their climates might be similar
elsewhere in the Universe. Certain key agents that
drive long-term environmental change (e.g., stellar evo-
lution, impacts, geothermal heat flow, tectonics, etc.)
can help us to reconstruct ancient climates and to com-
pare their evolution among populations of Earth-like
planets. Early Earth was tectonically more active than
today and therefore it exhaled reduced chemical species
into the more oxidized surface environment at greater
rates. This tectonic activity thus sustained oxidation-
reduction reactions that provided the basis for the de-
velopment of biochemical pathways that harvest chem-
ical energy (“bioenergetics”). Most examples of bioen-
ergetics today that extract energy by reacting oxidized
and reduced chemicals in the environment were likely
more pervasive among our microbial ancestors than
are the presently known examples of photosynthesis.
The geologic rock record indicates that, as early as
3.5 billion years ago (3.5 Ga), microbial biofilms were
widespread within the coastal environments of small
continents and tectonically unstable volcanic islands.
Non oxygen-producing (non-oxygenic) photosynthesis
preceded oxygenic photosynthesis, but all types of pho-
tosynthesis contributed substantially to the long-term

increase in global primary biological productivity. Evi-
dence of photosynthesis is tentative by 3.5 Ga and com-
pelling by 2.7 Ga. Evidence of oxygenic photosynthesis
is strong by 2.7 Ga and compelling by 2.3 Ga. These
successive innovations transformed life from local com-
munities that survived principally by catalyzing chemi-
cal equilibration to a globally dominant agent that cre-
ated and sustained widespread chemical disequilibria
in the environment and shallow crust. Major biogeo-
chemical perturbations ca. 2.3 to 2.0 Ga, 1.3 Ga, and
also 0.8 to 0.6 Ga, contributed to the irreversible oxi-
dation of the global environment and perhaps also trig-
gered evolutionary innovations (e.g., the development
of multi-cellular biota) that became the foundations of
our modern biosphere. Understanding the nature and
timing of this ascent of life is crucial for discerning our
own beginnings. This understanding also empowers our
search for the origins, evolution and distribution of life
elsewhere in our solar system and beyond. (This work
was supported by the NASA Astrobiology Institute.)
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Evolutionary and Ecological Sequelae of
Mass Extinctions: Examples From the
Continental Triassic-Jurassic
Boundary
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Jessica H Whiteside! (845-365-8621;
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1L amont-Doherty Barth Obs., 61 Route 9W, Pail-
sades, NY 10964, United States
The Triassic-Jurassic boundary at ~200 Ma marks
one of the five major mass-extinctions of the Phanero-
zoic and, depending on the metrics used, was similar
in magnitude to the K-T mass extinction. In continen-
tal environments about 50% of all tetrapod families are
eliminated and although floral diversity change is dif-
ficult to gauge, a similar proportion of palynomorph
taxa disappear at the boundary. The extinction event
appears to have been very abrupt, followed by a roughly
900 ky super-greenhouse period characterized by in-
creased precipitation. We hypothesize a series of bio-
logical consequences of the drop in diversity and associ-
ated super-greenhouse based on observations of the ear-
liest Jurassic assemblages, largely from eastern North
America. 1) The drop in diversity results in a col-
lapse of ecological interactions that tend to stabilize
the composition of regional biotas and buffer them from
invading forms. Triassic assemblages show consider-
able biogeographic provinciality despite the existence
of Pangea, but the earliest Jurassic assemblages were
extraordinarily homogenous with many vertebrate gen-
era being essentially global in distribution. 2) Ini-
tially the post-boundary terrestrial assemblages were
comprised of eurytopic trophic generalists, with animal
communities with few herbivores, but abundant carni-
vores and detritivores subsisting on aquatic-based food
webs. The earliest Jurassic tetrapod footprint record
is overwhelmingly dominated by the footprints of cer-
atosaurian theropod dinosaurs, the latter having skull
characteristics usually associated at least in part with
piscivory. 3) The dramatic size changes over very short
periods of time were likely due to an absence of com-
petition (i.e., ecological release). The maximum size of
theropod dinosaur footprints increased by about 25%
within 10 ky following the boundary, corresponding to a
doubling of mass. 4) Representatives of clades with in-
trinsically high rates of speciation tend to form species
flocks after the boundary. Species flocks of semionotid
fishes dominated earliest Jurassic giant rift lakes in
eastern North America, but not Triassic or later Early
Jurassic lakes in the same basins. Based on footprint
data, it is quite possible that there were also species
flocks of morphologically similar ceratosaurian thero-
pod dinosaurs in the Early Jurassic.

B51G-08 1210h INVITED

The astrobiology of Titan

Jonathan I. Lunine (520-621-2789;
jlunine@lpl.arizona.edu)

The University of Arizona, 1629 E University Blvd.,
Tucson, AZ 85721, United States

The known organic environments in the solar sys-
tem other than the Earth and certain meteorites are
in the outer solar system. Those of astrobiological po-
tential are Buropa, Titan, and comets. Titan is of in-
terest because its nitrogen-methane atmosphere gener-
ates hydrocarbons and nitriles which fall to the sur-
face and are protected from damaging particle and UV
radiation by a thick atmosphere. Further chemistry,
including in the presence of transient and localized ar-
eas of cryovolcanic- or impact-generated liquid water,
may proceed on the surface in staccato fashion over ge-
ologic time. The Cassini-Huygens mission will initi-
ate the detailed exploration of Titan in 2004, and this
fall NASA solicited mission concepts for post Cassini-
Huygens missions to Titan. A focus group on the as-
trobiological exploration of Titan has been founded by
the NASA Astrobiology Institute under the leadership
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of the author. It will provide science rationales from an
astrobiological perspective on the future exploration of
Titan, i.e. beyond Cassini-Huygens, through electronic
discussions and workshops. Early results of the Focus
Group will be described in this talk.

URL: http://www.nai.arc.nasa.gov/institute/focus—
groups.cfm

B52A MCC: Level 2 Friday 1330h

An Ecohydrological Perspective on
Woody Plant Encroachment in
Semiarid Regions II Posters (joint with
H)

Presiding: R L Scott, USDA
Agricultural Research Service; D
Breshears, Los Alamos National
Laboratory
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The Progression of Shrub Encroachment
Into a Desert Grassland in Southern
New Mexico from 1936-2003
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1USDA/ARS/Jornada Experimental Range, New
Mexico State University, 2995 Knox St., Las Cruces,
NM 88003, United States

2Department of Animal and Range Sciences, New

Mexico State University, Las Cruces, NM 88003,

United States

Woody plant encroachment into arid and semiarid
grass-dominated landscapes has been noted in many
parts of the Southwestern United States. This shrub
advance has been observed on both the USDA-ARS Jor-
nada Experimental Range (JER) and the adjacent New
Mexico State University Chihuahuan Desert Range-
land Research Center (CDRRC) in southern New Mex-
ico using varying ground survey techniques extending
back to 1858. These two experimental ranges have
also been imaged numerous times using aerial photog-
raphy (and recently with high resolution commercial
satellites) starting with USDA flights in the 1930’s.
Since 1936, thirty-seven separate aerial photography
missions have been flown over parts of JER/CDRRC.
Because rangeland remediation treatments are common
in the Jornada Basin, it is difficult to find areas where
no treatments, especially herbicide applications, have
been employed to arrest the shrub advance. Aerial pho-
tographs were analyzed over Pasture 2 on the CDRRC
where no herbicides or other treatments had been ap-
plied. There are 22 separate overflight dates cover-
ing Pasture 2 from 1936 to 2003. The aerial photos
were scanned and digitized to analyze the amount of
grass cover and its change over 60+ years. Despite en-
countering numerous difficulties in analyzing a greatly
varying aerial photo data set (including varying reso-
lutions, spectral intervals, moisture conditions, time of
year of observation, and appearance of grass cover), the
aerial photos provide an invaluable historic record. The
grass cover obtained from remote sensing data in Pas-
ture 2 is compared with the less frequent conventional
vegetation ground surveys. The changing amounts of
grass cover with time are related to various outside fac-
tors such as persistent drought periods. The rate of
shrub advance across Pasture 2 has a direct influence
on changes in the water, carbon, and energy cycles of
these arid lands.

B52A-1022 1330h POSTER

Bush Encroachment and Soil
Biochemistry: Controls and
Feedbacks in Kalahari Rangelands

Andrew J. Dougilll (+44-113-3436782;
adougill@env.leeds.ac.uk)

Andrew D. Thomas? (444-161-2471568;
a.d.thomas@mmu.ac.uk)

1 University of Leeds, School of the Environment,
Leeds LS2 9JT, United Kingdom

2Manchester Metropolitan University, Department of
Environmental and Geographical Sciences, Manch-
ester M1 5GD, United Kingdom
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In the Kalahari of Southern Africa the main eco-
logical change following cattle-based agricultural inten-
sification has been grass removal and bush encroach-
ment, notably of Acacia mellifera. A conceptual ’state-
and-transition’ model has expressed changes to vege-
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tation communities in Kalahari rangelands. However,
many uncertainties remain as to the controls, processes
and feedbacks leading to bush encroachment, due to
previous inadequate spatial scales of data collection.
The aim of integrated research from four sites across
the Kalahari was to characterise the controls and feed-
backs between ecological changes, soil properties and
livestock grazing. Key research questions include: Do
changes in soil water and nutrient cycling occur with,
and/or cause, bush encroachment?; and, what mech-
anisms can explain the perceived resilience of Kala-
hari soils? Research includes process studies of nutri-
ent leaching and mineralization; controlled plot stud-
ies examining the impacts of surface nutrient inputs
and disturbance; local-scale analyses of spatial patterns
of soil biochemistry and bush cover; and ranch-scale
assessments of ecology and soil properties. The re-
sults demonstrate that bush encroachment has not been
caused by, nor is it associated with, increased leach-
ing of soil water and nutrients into the subsoil. Nu-
trient adsorption in the surface layer explains much of
the resilience to soil chemical changes, together with
the low mineralization rates that enable synchrony be-
tween nutrient availability and plant uptake by surface
roots. The main encroaching bush species all have ex-
tensive surface rooting systems to enable their com-
petitive dominance following intensive grazing. Bush
encroachment is associated with increased spatial het-
erogeneity of surface nutrients with enhanced concen-
trations under bush canopies. This enrichment results
from both plant canopy inputs, and the more exten-
sive biological soil crust cover found in protected sub-
canopy niches. As total nutrient concentrations are en-
hanced in the better-developed biological soil crusts,
that are preferentially formed under A. mellifera, there
is potential for a positive feedback mechanism that
can explain the rapid spread of bush encroachment in
Kalahari rangelands. However, encroachment could be
curtailed if a nutritious grass resource is retained in
the enriched sub-canopy niches. Sustainable rangeland
use requires informed management to retain sub-canopy
grass cover and seed resources to prevent the continued
spread of A. mellifera cover.

B52A-1023 1330h POSTER

Rainfall Partitioning Within Juniper
Canopies: Hydrologic Implications for
Semiarid Communities

M. Keith Owens! (830-278-9151;
m-owens@tamu.edu)

Robert K. Lyons? (830-278-9151;
rk-lyons@tamu.edu)

Chris L. Alejandrol (830-278-9151;
c-alejandro@tamu.edu)

1exas Agricultural Experiment Station, 1619 Garner
Field Road, Uvalde, TX 78801, United States

2Texas Cooperative Extension, 1619 Garner Field
Road, Uvalde, TX 78801, United States

Juniper canopies are ideally structured to intercept
rainfall and redirect it to the base of the tree, thus
altering the hydrology of the site. The amount of wa-
ter redirected, and the amount lost to interception and
evaporation, may be a significant portion of the annual
rainfall. We monitored interception and rainfall parti-
tioning in juniper canopies at 10 sites covering a 24 to
36 inch rainfall gradient over a 3 year period. Aver-
aged over all 10 sites, about 47% of the precipitation
falling on juniper trees is intercepted by the canopy of
the tree and evaporated back to the atmosphere, 5%
is intercepted by the litter and duff beneath the tree,
and 48% actually reaches the ground surface for either
recharge or plant growth. The amount of rainfall inter-
cepted by the canopy is most affected by the intensity
and duration of the storm. At high intensities, such as
.5 inch over a 3 hr period, only 20% is intercepted by
the canopy and litter. The remainder is available for
either plant growth or aquifer recharge. When rainfall
is less intense, such as 3 inches over a 19 hour period,
all of the rainfall less than .5 inch is intercepted by the
tree and litter. Not until nearly 1 inch of rain has fallen
does an appreciable amount of water actually reach the
ground surface beneath the tree. Most of the rainfall
events observed over the last several years have been
small events of less than .5 inches. These events, al-
though common, do not contribute to soil water under
juniper trees and are largely ineffective.

B52A-1024 1330h POSTER

How Plant Functional-Type, Weather,
Seasonal Drought, and Soil Physical
Properties Alter Water and Energy
Fluxes of an Oak-Grass Savanna and
an Annual Grassland

Dennis _Baldocchil (baldocchi@nature.berkeley)

Liukang Xu! (lkxu@nature.berkeley.edu)

1 University of California-Berkeley, Dept Environmen-
tal Science Policy and Mgt 151 Hilgard Hall, Berke-
ley, ca 94720

Savannas and open grasslands often co-exist in
semi-arid regions. How these contrasting landscapes
affect the exchanges of energy remain to be quantified.
Here we examine how a number of abiotic, biotic and
edaphic factors modulate water and energy flux densi-
ties over an oak/grass savanna and an annual grassland
that coexist in the same climate but on soils with differ-
ent hydraulic properties. The net radiation balance was
greater over the oak woodland than the grassland de-
spite the fact that both canopies received similar sums
of incoming short and long wave radiation. The lower
albedo and lower surface temperature of the transpiring
woodland caused it to intercept and retain more long
and shortwave energy during the dry period. The ob-
served differences in net energy exchange had profound
impacts on canopy evaporation and sensible heat ex-
change. The woodland evaporated about 380 mm per
year and the grassland evaporated about 300 mm per
year. Differences in the water holding characteristics
of the soils at the two sites account for this difference
in evaporation, and provide a partial explanation why
the vegetation differs at the two sites. The response
of evaporation to diminishing soil moisture was quanti-
fied using information on volumetric water content, soil
water potential of the root zone and predawn water po-
tential. When soil moisture was ample, after recharging
winter rains, values of latent heat flux density, normal-
ized by the equilibrium evaporation rate, were greater
for the grassland than for the oak savanna. The grass-
land died and quit evaporating when the water content
of the soil dropped below the permanent wilting point
(-1.5 MPa). The oak trees, on the other hand, were
able to transpire, at low rates, under very dry soil con-
ditions (soil water potentials down to -4.0 MPa). The
trees were able to endure such low water potentials and
maintain basal levels of metabolism because a few ex-
ploratory roots tapped deep water sources during the
dry season and the density of the woodland remained
low.
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Response of Stream to Variation in
Vegetation in Pedernales Watershed

Li_ Shen! (979-845-1553; shenli@tamu.edu)

Bradford Wilcox! (979-845-1899;
bwilcox@tamu.edu)
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1Bradford Wilcox, 2126 TAMU, College Station, TX
77840, United States

Natural water level changes in an aquifer are mainly
due to changes in the groundwater recharge and dis-
charge conditions of the aquifer. Increased stream flow
in response to brush removal will be most apparent in
springs and small headwater streams, because small in-
creases in subsurface flow are unlikely to create measur-
able in discharge of mainstream channels located down-
stream (Wilcox, 2002). The major objective of this
study tries to estimate the flow of springs responding
from brush management. In this research, we measured
and reported on the flow at 30 spring sites during the
summer in 2003. There are twelve springs in Blanco
County, and the others are in Gillespie County. There
are three spring sites with heavy salt cedar in the upper
watershed, four spring sites with moderate salt cedar
in the upper watershed, six spring sites with light salt
cedar in the upper watershed, fourteen spring sites with
grassland and oak woodland, and three spring sites in
the grassland without salt cedar. Because there is sig-
nificant heterogeneity of flow between different vegeta-
tion types, we regroup the amounts of flow with same
interval into seven groups. The highest average amount
of flow is with grassland and oak woodland, and the
lowest average amount of flow is with grassland. The
amounts of flow are significant different between vege-
tation types (Chi-Square < 0.01). Spring flow is low in
grassland. More springs dried out in the sites with salt
cedars or oak woodland.
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Climate controls on tree-grass
composition and function in savannas

Christopher A Williams! (9196605463;

christopher.a.williams@duke.edu)

John D Albertsonl (9196605493;
john.albertson@duke.edu)

1Duke University, 217 Hudson Hall, Duke University,
Durham, NC 27709, United States

Climate fluctuations are believed to trigger nonlin-
ear vegetation dynamics in savanna, such as transition
from a state of grass and wood coexistence to a per-
sistent woody state, potentially altering land surface
response to climate forcing. We examine sensitivity
of wood-grass composition to climate perturbations as
well as changes in evapotranspiration and productivity
as a function of vegetation composition by analyzing
results from numerical simulations. Experimental re-
sults from our previous work motivate a simple mod-
eling approach to dynamics of grass and woody plant
functional types. The model estimates daily carbon
exchanges from soil moisture limitation of potential
evapotranspiration coupled to water use efficiency, and
tracks daily carbon fluxes to update vegetation frac-
tional cover of wood and grass biomass over multiple
decades. We use coherence, phase, and transfer func-
tion measures to quantify the degree of coupling be-
tween rainfall with transpiration for a range of grass
and woody states. A shift in vegetation composition
from grass to woody dominance decreased the coher-
ence of transpiration with rainfall at daily to weekly
timescales and increased the peak phase-lag of land sur-
face response from 2 to 7 days. We also estimate cli-
mate controls on the rate of recovery of the wood-grass
state from fire and grazing disturbances.
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Rainfall Simulation Study of a Hillslope
Covered in Dense Juniper
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225 Animal Industries MS 2126, College Station,
TX 77843, United States

3 Texas Agricultural Experiment Station, 1618 Garner
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Over the last hundred years, the semi-arid region
of Southwestern United States has undergone a con-
siderable change in landscape. The region that was
once primarily covered by native grass has been in-
vaded with brushy species, such as ash juniper (cedar)
and mesquite. This brush encroachment has resulted
in a major effect on the hydrologic cycle. With new
brush species dominating the once grass-covered land-
scape, new trees are believed to transpire more water
on an annual basis. In addition, the tree canopy traps
more water through interception, which makes the wa-
ter more susceptible to evaporation. It is thought that
these processes limit water infiltration into the satu-
rated zone, which results in less groundwater recharge.
An alternative belief is that these new trees promote in-
filtration and groundwater recharge by creating prefer-
ential flow paths via extensive deep roots, which chan-
nel water through the vadose zone to the groundwater.
A current research project examines the hydrologic in-
teractions of water and brush as a means of quantify-
ing the amount of available water for recharge to the
aquifer. This project on the Texas Parks & Wildlife De-
partment’s Honey Creek State Natural Area lies within
the drainage area of the Edwards Aquifer. By using the
Texas A&M above-canopy rainfall simulator, rainfall
events were applied to a 7 m by 14 m plot dominated by
cedar species. The research plot was instrumented to
record surface runoff, lateral subsurface flow, soil mois-
ture, canopy interception, juniper transpiration, stem
flow, and through fall. To monitor lateral subsurface
flow, a 2 meter deep trench was excavated at the base
of the plot. Initial rainfall simulation results will be
presented.

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-#7, 2003.
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The Use of the SWAT Model to
Optimize Water Yield from Brush
Control in the Upper Guadalupe
River Basin
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The encroachment of wooded species in herbaceous
dominated rangelands has caused pronounced ecologi-
cal change. Plot scale studies indicate a decrease in
available water due to increased evapo-transpiration
from wooded species. When these effects are modeled
over an entire basin, significant hydrologic impacts are
observed. The results of these studies have encouraged
the implementation of state subsidized brush control
To effectively realize
such a plan, effort must be made to determine what

in several watersheds in Texas.

hydrologic characteristics define optimal sites for brush
control to obtain the greatest (if any) increase in wa-
ter yield from removal. The influence of soil depth,
slope, and brush cover were assessed using the Geo-
graphic Information Systems (GIS) version of the Soil
and Water Assessment Tool (SWAT) for the Guadalupe
River basin. The SWAT model was used to simulate the
removal of brush species from locations that were char-
acterized by combinations of: 1. shallow soil layers to
enhance infiltration to underlying fractured substrate,
2. moderate slopes to increase runoff to stream chan-
nels, and 3. locations that are covered by the thickest
extents of wooded cover. Characteristics for optimal
sites were chosen by the increase in water yield for each
unit area of treatment.
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Rainfall Simulation at the Hillslope
Scale: A Technique for Understanding
the Role of Shrubs in the Water Cycle
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Reducing woody vegetation cover may be an effec-
tive way of increasing water supplies in semiarid land-
scapes. Using public monies to subsidize the control of
woody vegetation for this purpose has broad support
among the public. In Texas, around 30 million dollars
has been spent or appropriated for this purpose. Unfor-
tunately, there is remarkably little scientific evidence
for the efficacy of brush management for increasing wa-
ter supplies. In an effort to better understand the influ-
ence of woody plants on the water cycle, we have estab-
lished several hillslope-scale rainfall simulation stud-
ies. Water is applied from above the tree canopies, at
various rainfall intensities, onto sloped plots measuring
approximately 7 x 15 m (slope < 3%); the parameters
measured and recorded are transpiration, interception,
soil water, lateral subsurface flow, and surface runoff.
In addition, the isotopic composition of subsurface wa-
ters is analyzed. We have found that in the semiarid
and rocky terrain of the Edwards Plateau, lateral sub-
surface flow is the dominant mechanism of runoff gen-
eration. We have also found that in areas where juniper
cover is extensive, there is little surface runoff. Our in-
vestigations, although just getting under way, are be-
ginning to shed light on how trees may potentially alter
the water cycle and at what scale(s) these alterations
may be important. Large-scale rainfall simulation is

proving to be a useful technique for collecting detailed
information on the role of woody plants in the water
cycle, and we believe that simulations at scales even
larger than that of the hillslope are feasible and will
prove equally useful.
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To understand how woody encroachment into grass-
land influences water and carbon cycling in semiarid
environments, we measure ecosystem-scale water and
carbon fluxes and identify factors that control variabil-
ity of the fluxes. Flux measurements are made using
both the Bowen ratio and eddy covariance methods,
accompanied by measurements of soil moisture and ra-
diation. We present data from both a grassland site
and a shrubland site, situated within 2 km of each
other at the Sevilleta LTER site in central NM. The
study includes data from three summer monsoon sea-
sons, the time of year when rainfall and evapotranspi-
ration (ET) are greatest and both grasses and shrubs
are active. Midday available energy is higher at the
grassland than at the shrubland by about 20 percent,
or 80 Wm-2. At both sites, evaporative fraction (EF,
the fraction of available energy partitioned to latent
heating) is strongly correlated with surface soil mois-
ture. However, the sensitivity of EF to surface soil
moisture is about 30 percent lower at the grassland
site. The differences in available energy and EF offset
each other, yielding (1) remarkably similar time series
of ET and (2) an identical relationship between ET and
water content at the two sites. Decreases in soil mois-
ture, EF, and ET are rapid at both sites, about 2-3
days. In contrast, variability in net ecosystem exchange
of carbon has both a fast and slow response compo-
nent. Short bursts of respiration occur after most rain-
fall events, whereas periods of net assimilation last for
several weeks but only follow intervals with substantial
rainfall.
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The most direct effects that woody plant encroach-
ment may have on local and regional hydrology include
altering evapotranspiration rates; modifying runoff
processes and creating different microclimate and re-
gional climate. Over the last one hundred years, west-
ern Texas has experienced significant woody plant en-
croachment. Shrub control is now commonly viewed as
a viable way to increase catchment water yield. How-
ever, there are few process-based studies evaluating
brush removal and related water yield. The catchment
water yield, recharge processes and runoff processes
are directly interrelated. This project on the Texas
Parks & Wildlife Department’s Honey Creek State Nat-
ural Area, in conjunction with other NRCS and USGS
projects, is aimed at providing insight into runoff pro-
cesses over the Edwards Aquifer contributing zone on
the Edward’s Plateau of Texas. Field observation of
runoff processes from Honey Creeck Experimental Wa-
tershed led us to hypothesize that the majority of the
storm runoff from that catchment is precipitation event
water and overland flow dominates during the event.
The isotopically-based hydrograph separation of event
hydrograph indicates that an appreciable amount of
pre-event water contributed to the event hydrograph.
This demonstrates the importance of subsurface flow
in the runoff generation in this catchment. The study
site geomorphology and topography preclude the flood
wave effect and saturation overland flow mixing mech-
anism proposed by similar studies for large amount of
pre-event water discharge during the storms. However,
the riparian zone and water table responses can ex-
plain such phenomenon in our study site. The results
show that groundwater-surface water dynamics must
be considered in water balance studies in the catch-
ment, whether the groundwater is transient saturation,
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perched aquifer or water table aquifer. Groundwater-
surface water dynamics should also be considered when
designing a brush control project or evaluating long
term brush control effects.
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The recent expansion of Juniperus ashei (Ashe ju-
niper) on the Edwards Plateau of Central Texas has im-
portant implications for the ecosystem structure, pro-
ductivity and hydrology of the region. Ashe juniper
expansion may negatively impact the ecology and hy-
drology of the Edwards Plateau. The Ashe juniper’s
morphology, rooting habit, and ability to photosynthe-
size throughout the year suggests greater water loss will
occur in areas where Ashe juniper is prevalent com-
pared to areas dominated by grasses. However, past
studies have reached conflicting conclusions regarding
Ashe juniper’s effect on the water budget. A better
understanding of the patterns of Ashe juniper’'s water
use will aid in the understanding of how the Ashe ju-
niper affects groundwater recharge, herbaceous produc-
tivity and evapotranspirational water loss. Stable iso-
topes of hydrogen and oxygen from precipitation, soil
water, plant xylem water, and groundwater reveal the
current ecosystem hydrology. A comparison of the iso-
topic compositions of potential water sources and ju-
niper stem water indicates the source water utilized by
the Ashe juniper. At the Honey Creek State Natural
Area, Comal County, Texas the plant, soil and spring
water as representative groundwater were sampled at
approximately two month intervals over an annual cycle
from two adjacent watersheds and analyzed for hydro-
gen and oxygen isotope composition. Soils were sam-
pled at depth intervals of 5 to 10 cm and soil water con-
tent measured. Mass balance calculations using oxy-
gen isotope data from the dry periods of the year, late
summer and winter, indicate the Ashe juniper derives
between 72% and 100% of it water from groundwater.
In contrast, during the wet periods of the year, spring
and fall, mass balance calculations indicate that be-
tween 45% and 100% of Ashe juniper’s water is derived
from soil water. Hydrogen isotope data from a subset
of samples are consistent with these results. Bowens ra-
tio measurements of evapotranspiration were compared
with isotope data to partition evaporative and transpi-
rative water loss from Ashe juniper stands and grass
areas. The isotope data from the dry and wet periods
of the year show a seasonal shift from nearly exclu-
sive groundwater use by the Ashe juniper during the
dry season to significant soil water use by the juniper
during the wet season. This seasonal shift indicates
the presence of Ashe juniper can appreciably reduce
groundwater resources both by lateral roots intercept-
ing potential recharge during the wet season and di-
rect uptake of groundwater by deep roots during the
dry season. Ashe juniper will directly compete with
grasses for soil water during the wet season, limiting
herbaceous productivity.
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Recent papers on ecohydrology have discussed how a
"tragedy of the commons” effect, in which the compet-
itive evolutionary outcome is lower than the ecosystem
optimum (e.g. maximum productivity), may arise in
plants because of a trade-off between resource-uptake
rate and resource efficiency. Using simple deterministic
and stochastic models of soil water balance and ecosys-
tem response to water stress, we investigate how effi-
cient water-use strategies can evolve and persist against
more aggressive but less efficient strategies of water
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use. Survival of plants and coexistence of different
species is discussed in relation to their drought toler-
ance and water use efficiency, under conditions of tem-
poral and spatial environmental variability
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Survivability of bacteria during impact events has
implications both for the transport of life between plan-
ets and development of organisms on Hadean Earth and
other planets during the period of heavy bombardment
which ended 3.5 Gyr before the present [1]. We envi-
sion that life existed within internal rock surfaces im-
mersed in the early ocean. We performed shock recov-
ery experiments on live E. coli bacteria to determine sur-
vival rate vs. shock pressure. Samples of 2x107 cells
were suspended in ~107° 1 of a buffer solution (TE:
a 10:1 solution of Tris and EDTA), sealed into stain-
less steel chambers that are impacted by 1.5 mm thick
flyer plates at 670-760 m s~ ! using a 20 mm gun. Re-
covered liquid was mixed with a nutrient broth (LB:
growth medium containing tryptone, yeast extract and
NaCl) and spread on a Petrie dish containing agar (a
polysaccharide growth medium extracted from marine
algae Rhodophyceae). Recovered samples were cultured
for ~16 hours at 37° C. In addition, sample bacteria
studied under an optical microscope with DAPI fluores-
cent stain to verify presence of bacteria in shock recov-
ered samples. Initial and reverberated shock pressures
in HpO varied from 0.2 to 2.0 and 2.4 to 14.9 GPa re-
spectively. We modeled the bacteria cell walls with stil-
bene, pg=1.16 g cm ™3, Ug=2.866+1.588up and the
cell interiors as water. Upon initial loading the net
strain imposed on E. coli that just caused non-survival
for 1076 s duration stress was 2.8. If this strain is
characteristic of that tolerable by E. coli, we predict
that shock stresses of 25 MPa, 25 kPa and 25 Pa are
sustainable upon shock loading by 0.1 ms, 0.1 s and 100
s shock duration pulses. Such shock durations are in-
duced by 2.5 m, 2.5 km and 2,500 km diameter silicate
impactors. References: [1] Maher K.A. & Stevenson
D.J., Nature, 331, pp.612-614, 1988

B52B-1035 1330h POSTER

Definitive Mineralogical Analysis of
Martian Rocks and Soil Using the
CheMin XRD/XRF Instrument

David F. Blake! (650-604-4816;
dblake@mail.arc.nasa.gov); Philippe Sarrazin?
(psarrazin@mail.arc.nasa.gov); David L. Bish?
(bish@indiana.edu); David Vaniman?
(vaniman@lanl.gov); Steve Chipera?
(chipera@lanl.gov); Stewart Collins3

(stewart.a.collins@jpl.nasa.gov); Charles Bryson4
(cbryson@att.net)

INASA Ames Research Center, MS 239-4, Moffett
Field, CA 94035-1000, United States

2Los Alamos National Laboratories, MS D469, Hy-
drology, Geochemistry, and Geology, Los Alamos,
NM 87545, United States

3 Jet Propulsion Laboratory, CCD Imaging Group MS
300-315L, Pasadena, CCA 91109, United States

4Bryson Consulting, 19270 Quinn Ct., Morgan Hill,

CA 95037, United States

The search for evidence of life, prebiotic chemistry
or volatiles on Mars will require the identification of
rock types that could have preserved these. Anything
older than a few million years will either be a rock, or
will only be interpretable in the context of the rocks
that contain it. The key role that definitive mineral-
ogy plays is a consequence of the fact that minerals
are thermodynamic phases, having known and specific
ranges of temperature, pressure and composition within
which they are stable. More than simple compositional
analysis, definitive mineralogical analysis can provide
information about conditions of formation, past cli-
mate, water activity, the fugacity (activity) of bio-
logically significant gases and the like. The CheMin
XRD/XRF instrument is capable of definitive miner-
alogical analysis. A wide variety of minerals and rocks
has been analyzed utilizing 40 KV accelerating voltage
and 0.25 amps beam current (10 watts). Interpretable
patterns of single minerals can be obtained in a few
minutes and quantifiable patterns of complex rocks can
be obtained in a few hours. A CheMin flight prototype
is being designed for the Mars '09 MSL opportunity.
It will utilize a CCD detector based on the MER ’03
camera and a miniaturized, low-power carbon nanotube
field emission X-ray tube. The CheMin flight prototype
will weigh less than a kilogram and will operate with as
little as five watts of power (although increased power
will result in shorter data acquisition times).

B52B-1036 1330h POSTER

Development and Test of a Probe to
Remotely Sense Microbial Life

Nathan Bramalll (bramall@socrates.berkeley.edu)
Ryan Bayl

Buford Pricel

1y.C. Berkeley Department of Physics, 366 LeConte
Hall, Berkeley, CA 94720, United States

Fluorescence spectroscopy is a powerful and highly
sensitive tool useful for remotely searching for sub-
surface microbial life. Ubiquitous biomolecules in mi-
croorganisms (e.g. tryptophan and NADH) have unique
autofluorescence spectra that allow them to be opti-
cally detected at low levels even in the presence of
a fluorescence background from minerals. Based on
this technique, we have developed and tested a first-
generation Biospectral Logger (BSL); an instrument
suitable for logging boreholes and aquatic environments
which uses a 370 nm excitation source and a bank of
seven notch-filtered phototubes to record the spectrum
of microbial NADH fluorescence. The first generation
BSL was constructed and tested in Lake Tahoe, where
it recorded chlorophyll fluorescence that peaked at a
depth of about 57 m and then decreased with depth.
NADH fluorescence was found to peak and fall off with
chlorophyll for shallow depths, but then began increas-
ing again at deeper depths, which agrees with the re-
sults of independently performed cell counts. In order
to optimize the discrimination between microbial life
and its environment, we used a laboratory fluorimeter
to map out the emission spectra of a diverse collection
of microbes and minerals as a function of excitation
wavelength, which we varied between 224 nm and 460
nm. Based on these data, we have planned future devel-
opments of the BSL technology that make it more selec-
tive and able to be used in more extreme environments
such as deep mine boreholes, permafrost, deep-ocean
settings, and ultimately Martian permafrost, where its
greatly-increased sensitivity will be sufficient to detect
microbial concentrations down to 1 cell/cm3 in media
with relatively low background
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Detecting organics buried deep beneath the surface

of a planet is a fundamental step to constrain the pres-
ence and evolution of life on a planet. This is especially
true for Mars with barren-life surface owing to extreme
settings (UV flux, P atm and T). However, organics
and/or viable microbes could still preserved at some
deeper locations on Mars [e.g.,1]. This work presents
the first nitrogen isotope (619 N) data for deeply buried
Early Tertiary fossil soil Unit (Core 197-1206A-40R;
307.5-309.9 mbsf). They were RCB-cored from the vol-
canic basement at Site 1206 (Koko Seamount, 34°56°
N; 172°9° E) during the ODP Leg 197 (Emperor
Seamounts, north Pacific). These Fe-rich, palagonite-
bearing soils were formed on the top of subsiding atolls

and subsequently buried by lava flows in a near shore
environment [2]. Burial rates higher than average sub-
sidence rates ensured the isolation of these fossil soils
in a present-day sub-basement setting and their de-
coupling from the ocean and the atmosphere for likely
>54 Ma. Leg 197 soils contain very low, but reli-
able amounts of total organic carbon (TOC=0.01-0.12
%wt, £ 0.02%, N=36; [2-3]). The single fossil soil unit
has stable isotope values more negative (i.e., §'3C-
org. = —25.3% /00 to —26.2°/50:[4]) and §1°N-tot =
—9.5% /606 to +2.5° /50 than those of exposed Hawaiian
counterparts (i.e., 6 12N-tot = >=0°/00 to +8.5%/00).
This isotopically lighter Ntot could be interpreted as
bacterial fractionation throughout the N-cycle either
occurred in the past (Barly Eocene/Late Paleocene)
and changing organic source (C-3, C-4-plants, bacte-
rial) and N-cycle associated processes. However the
existing data-set [2-4] need to be compared with mi-
crobiological data to establish the potential for these
soils to serve as a suitable analog for a possible Mars
near-surface/deep biosphere.

[1]Mancinelli, R.L, 2000. Planet. Space Sci., 48:1035-
1043; [2] Shipboard Scientific Party, 2002, Proc. ODP,
Init. Repts. 197: College Station, TX; [3] Bonaccorsi,
R., 2002. EOS Trans AGU, 83(47), Fall Meet. Suppl.
Abstract;[4]Meyers, P.A., 1997. Org. Geochem., 27,
5/6:213-259.
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Ophiolite sequences, sections of lower oceanic crust
and upper mantle that have been thrust onto continen-
tal craton, are located in northern and central Cal-
ifornia. These rock suites provide easily accessible
outcrops that likely parallel the rock types on Mars.
We have begun investigating and characterizing these
sites in order to understand better the processes that
may be responsible for the water chemistry, mineral-
ogy and biology on Mars. The ophiolites found in
northern and central California include the Trinity,
Josephine, Coast Range and Point Sal, and all are ap-
proximately 160 million years old. These ophiolite bod-
ies are actively serpentinizing. Fluids from serpentiniz-
ing springs are generally alkaline, with high pH and
H2 contents, indicating that the mafic rock composi-
tions control the fluid chemistry through water-rock re-
actions during relatively low-grade hydrothermal pro-
cesses. The general reaction describing the serpen-
tinization of olivine is given by: olivine 4+ H20 = ser-
pentine + brucite 4+ magnetite + H2.
lyzed the petrography and mineralogical composition
of a number of rock samples collected from the Coast
Range Ophiolite near Clear Lake, CA by electron mi-
croprobe. The remnant primary mineralogy is fairly
uniform in composition, with an olivine composition of
Fo90, and with pyroxene compositions of En90 for or-
thopyroxene and End9Wo48Fs03 for the clinopyroxene.
There are several generations of alteration products,

We have ana-

comprised mostly of serpentines that are magnesium
rich, with magnetite, brucite and carbonates observed
as accessory minerals. The oxidation of iron in the fer-
rous component of olivine (and pyroxene) results in the
generation of H2, as indicated by the presence of mag-
netite. The formation of carbonates can be taken to
indicate the presence of CO2 in the altering fluids. The
H2 generated through water-rock reactions in these sys-
tems may provide an energy source for chemolithoau-
totrophic ecosystems, while the CO2 serves as a carbon
source. The identification of several species of Archaea
from these rocks, including an alkalophile, indicates
that these geochemical environments do serve as habi-
tats. We suggest that serpentinizing springs in mafic
to ultramafic terranes may be the most likely areas on
Mars to be habitable.
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